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ABSTRACT

THYROID HORMONE ANALOGS:

SYNTHESIS, THYROMIMETIC ACTIVITIES, MOLECULAR ORBITAL STUDIES,

AND QUANTITATIVE STRUCTURE-ACTIVITY CORRELATIONS

Stephen Winters Dietrich

Ph. D. Dissertation

Department of Pharmaceutical Chemistry

School of Pharmacy

University of California

San Francisco

Experimental and theoretical studies were utilized in examining

the structure-activity relationships of the thyroid hormones and ana

logs in both in vivo and in vitro assays, with emphasis in particular

on investigating the specific molecular interactions involved in bind

ing to nuclear receptors and plasma proteins. Nine new thyroid hormone

analogs (halogen-containing and halogen-free) were synthesized and

tested for thyromimetic activity in the rat antigoiter bioassay and/or

in binding to solubilized rat hepatic non-histone nuclear protein

receptors. Molecular orbital calculations (CNDO/2 and ab initio) were

used to: (1) conduct the first extensive quantum mechanical study of

intramolecular hydrogen bonding in ortho-substituted phenols and thio

phenols; (2) examine the intermolecular hydrogen bonding of ortho

substituted phenols and phenoxides as model systems for binding of the

outer (phenolic) ring of the thyroid hormones and analogs to nuclear

receptors and plasma proteins, respectively; (3) investigate the con

formations of ortho-alkyl phenols; and (4) provide a preliminary con



formational study of the alanine side chain of thyroid hormone analogs.

Quantitative structure-activity relationship studies of the thyroid

hormones and analogs were used to examine: (1) in vivo antigoiter bio

assay activities; (2) in vitro binding to intact rat hepatic nuclei, to

solubilized rat hepatic non-histone nuclear protein receptors, and to

the plasma protein thyroxine binding globulin (TBG); and (3) correla

tions between in vivo activities and in vitro binding to nuclear recep

tors. The substituent parameters 3'SIZE-I and INTERACT (derived from

MO calculations and experimental data) were utilized as estimates of

3'-substituent "size" greater than iodine and the intramolecular inter

actions of the 3' and 5' substituents with the 4'-OH, respectively.

The results of these experimental and theoretical studies of the

thyroid hormones and analogs can be summarized as follows:

(1) In vivo antigoiter activity and in vitro binding to nuclear

receptors are enhanced by bulky, lipophilic 3 and 5 substituents and by

size-limited, lipophilic 3' substituents.

(2) Any 5' substituent bulk or lipophilicity decreases in vivo

activity and in vitro binding to nuclear receptors by interfering with

4'-OH hydrogen bonding with the receptor and/or by direct steric inter

action with the receptor.

(3) In vivo activity is enhanced by electron-donating 3' and 5'

substituents, which discourage plasma protein binding and encourage

analog movement into cells.

(4) Binding to nuclear receptors probably involves hydrogen bond

donation by the 4'-OH to the 5' side of the receptor, with attractive

and/or repulsive interactions between the 3' and 5' substituents and

the 4'-OH affecting the latter's 3"/5' orientation.



(5) With adjustments made for in vivo metabolism, in vivo activ

ity correlates well with in vitro binding to nuclear receptors, indi

cating that the latter is probably the first step in initiating subse

quent hormonal responses.

(6) Except for 3' and 5' substituent influences on 4'-OH ioniza

tion, distribution, at least within the range of analog lipophilicities

studied, does not play a major role in determining whole animal activ

ity.

(7) Binding to TBG is proportional to the degree of 4'-OH ioniza

tion.

(8) The free energy of in vitro binding to nuclear receptors can

be partitioned into substituent contributions, which can themselves be

partitioned into contributions due to the physico-chemical properties

of the substituents.
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CHAPTER ONE: INTRODUCTION

The two thyroid hormones, thyroxine (TA; 1–1) and 3,5,3'-triiodo

thyronine (T3; 1–2) elicit a multitude of biological responses and are

R I

HO O CH,CH(NH,)cooh

I I

1–1, R = I

1–2, R = H

essential for normal growth and development.” A number of hypotheses

have been proposed to relate the various structural features of the

thyroid hormones and analogs (1–3) to the expression of their biological

effects. These include: (a) the unique role of iodine excitation to



the long-lived, reactive triplet and its participation in energy

transfer processes;” and (b) participation of the ether oxygen and

phenolic hydroxyl in quinone-mediated electron transfer.”

R5, *6. Rs

4' 1

3' 2 : 3

Classical structure-activity studies” have ruled out these two hypoth

eSeS • In view of recent studes, it might be proposed that the

association between hormone and receptor may induce in the latter a

conformational change, which is responsible for initiating subsequent

hormonal effects. This has refocused attention on the structural and

stereochemical aspects of the hormone, as they relate to receptor

interactions with emphasis in particular on: (a) the importance of the

phenyl-X-phenyl conformation, as influenced by X and the 3, 5, 2', and

6' substituents; (b) specific hydrophobic, hydrogen bonding, and steric

interactions of the 3', 4', and 5' substituents with receptors; and (c)

the importance in transport, metabolism, and receptor binding of the

1 position side chain length, conformation, stereochemistry, and asso

ciated charges. A number of physico-chemical studies of the hormones and

analogs utilizing X-ray crystallography,” NMR spectroscopy,” and

theoretical MO calculations,” as well as analog structure-activity
2, 8, 18–23studies, have consistently supported the structural and stereo

chemical dependence of thyromimetic activity.



An important recent advance in the study of the thyroid hormones and

analogs has been the development of suitable in vitro assays for thyro

mimetic activity. These assays measure the binding affinities of thyroid

24, 25hormones and analogs to isolated intact rat hepatic nuclei, to

- - - 26–28 -solubilized rat hepatic nuclear non-histone proteins, 6 and to various

29, 30purified plasma proteins. The results of these studies have shown

that: (a) There are binding sites with high affinity and low capacity

for the thyroid hormones and analogs in the chromatin of cell nuclei, **
T., (1-2) having an apparent binding constant K = 6.1 x 10° M-1.33 For3

rat hepatic cells these nuclear receptors have been solubilized” and

characterized as acidic, non-histone proteins of approximately 60,000

31, 32 (b) for binding of analogs to both rat hepaticmolecular weight;

intact nuclei and solubilized nuclear protein, there is a quantitative

1:1 correlation between log K and log (in vivo rat antigoiter activity),

once adjustments are made for well-established in vivo metabolism of

certain analogs;**** and (c) for thyroxine analogs there are many

similarities, but also significant differences, between the structure

binding affinity relationships for interactions with nuclear receptors

and with plasma proteins.

The apparent binding constants reflect the thermodynamics of

binding rather than actual biological activity. Their in vitro measure

ment avoids the difficulties arising from distribution, metabolism,

and the sequence of events between binding and biological response and

provides a unique opportunity to examine the physical origins of the

binding interactions without such complications. The in vivo binding

of thyroxime and analogs to plasma proteins has primarily been viewed

as a mechanism for transport and storage in the blood.” However,



the partial similarities of the structure-binding affinity relationships

for analog binding to nuclear receptors and to certain plasma proteins,

as well as the availability of the X-ray crystallographic structure

of prealbumin,” encourages the further physico-chemical study and

evaluation of analog binding to plasma proteins. It is hoped that

elucidation of the specific physical interactions that occur upon binding

to the plasma proteins may be applied, at least in part, to better

understanding of those that occur upon binding to nuclear receptors.

Thus, it appears that the in vitro "test systems" are among the best

currently available for the physico-chemical study of thyromimetic

activity.

In an attempt to better understand and explain the structure

activity relationships of these in vivo and in vitro assays, as well

as to investigate the specific molecular interactions involved in the

binding to nuclear receptors and plasma proteins, a number of experimen

tal and theoretical studies were undertaken.

Nine new thyroid hormone analogs were synthesized in the course of

these studies. The rationale for desiring to determine the thyromimetic

activities of these analogs was based on a combination of molecular

orbital studies, quantitative structure-activity relationship consider

ations , and the qualitative structure-activity relationships of the

thyroid hormones and analogs. Chapter Two describes this rationale,

as well as the synthetic procedures.”
A number of these analogs were tested for thyromimetic activity

in the rat antigoiter assay and/or in binding to solubilized rat hepatic

nuclear protein. Descriptions of these assays and the results obtained

26,36are presented in Chapter Three. A description of the detailed



recalculation and standardization of analog activities in the rat anti

goiter assay is also included.

Chapter Four describes a number of quantum mechanical studies on the

thyroid hormones and analogs. As a preliminary study, the first exten

sive molecular orbital study of intramolecular hydrogen bonding in

ortho-substituted phenols and thiophenols was conducted.” As a model

system for the binding to nuclear receptors and plasma proteins of the

outer (phenolic) ring of the thyroid hormones and analogs, subsequent

calculations were conducted on the intermolecular hydrogen bonding of

ortho-substituted phenols and phenoxides, as well as on the conformations

of ortho-alkyl phenols.” The results of some preliminary calculations

on the conformation of the alanine side chain are also described.”

The results of a large number of quantitative structure-activity

relationship studies of the thyroid hormones and analogs are presented

in Chapter Five.25,26,39,40 Rat antigoiter activities, binding to rat

hepatic intact nuclei and solubilized nuclear protein and to thyroxine

binding globulin, and correlations between the in vivo and in vitro

thyromimetic activities were examined.

Comments on future experimental and theoretical investigations,

including utilization of analog structure-activity studies (especially

in elucidating the specific molecular interactions involved in binding

to macromolecules), are presented in Chapter Six.

Appendix I contains a detailed tabulation of the recalculated and

standardized rat antigoiter bioassay activities.

Appendix II contains listings of computer programs which were

written and used in the quantitàtive structure-activity relationship

studies.



CHAPTER TWO : SYNTHESIS OF THY ROID HORMONE ANALOGS

QUALITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS

A series of experimental and theoretical analog studies?, 16, 17,38,41

have established that with certain (1arge) 3, 5 substituents there are

two local minima as a function of 01, 02 (the dihedral angles connect

ing the phenyl rings) in which the two aromatic rings are mutually per

pendicular. These conformations ("distal" has the R3, away from the

inner ring; "proximal" has the R3, toward the inner ring) are of approx

imately equal energy and are readily interconvertible at room temperature.

In vivo rat antigoiter assay activities and in vitro binding to nuclear

receptors directly reflect the dependence of thyromimetic activity on

the ability of the 3, 5 substituents to influence the diphenyl ether

conformation. Adding a 2'-CH, substituent leaves only one local minimum

in which the 2' group is distal to the inner ring. Bearing this in mind,

the analog structure-activity relationships for the in vivo rat antigoiter
24–26,42,43

assay and in vitro binding to nuclear receptors can be

briefly summarized as follows for the 3', 4', and 5' substituents:



1. Maximal activity results from monosubstitution ortho to the

4'-OH by a moderately lipophilic alkyl or halogen 3'-substituent, which

binds in a size-limited pocket (approximately the size of iodine) of

the nuclear receptor.

2. It is the distal conformation (Figure 2–1) and not the proximal

conformation (Figure 2–2) which is the active form of analogs monosub

stituted ortho to the 4'-OH (as shown, in particular, by the activities

of 2'-CH, conformationally "locked" analogs).

3. Disubstitution (3' and 5') ortho to the 4'-OH decreases activ

ity (as compared to monosubstitution) in direct proportion to the size

of the second ortho substituent.

4'-OCH4. A 4'-OH imparts maximal activity, with 4'-NH , and2 ” 3

4'-H groups decreasing activity by 10 to 100 fold. (In in vivo studies

the phenolic OH may be replaced by functional groups which can be meta

bolically converted to it. Such compounds exhibit significant but not full

thyromimetic activity as compared to the corresponding free phenolic

compounds.)

Similarly, the structure-activity relationships for in vitro binding

of analogs to the human plasma protein, thyroxine binding globulin

(TBC), 29.30 can be briefly summarized as follows for the 3', 4', and

5' substituents:

1. Maximal binding results from disubstitution ortho to the 4'-OH

by moderately lipophilic, electron—withdrawing 3' and 5' substituents.

2. Monosubstitution (relative to disubstitution) ortho to the

4'-OH and electron-donating 3',5' substituents significantly decrease

binding.



*
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3. For monosubstitution ortho to the 4'-OH, the same size limita

tions apparently exist for the 3' substituent as with the nuclear

receptors.

4. 4'-OCH2, 4'-NH2, and 4'-H substituents result in a 30 to 50

fold decrease in binding, as compared to the 4'-OH.

- - º - - - - - - 2.8On the basis of the in vivo rat antigoiter activities of analogs, T’
24, 25the binding of analogs to intact rat hepatic nuclei and to solubil

ized nuclear protein,” and the pH dependence of in vivo binding of

T3 and T4 to rat hepatic nuclear non-histone proteins,” it appears that

the un-ionized 4'-phenolic hydroxyl is forming an intermolecular hydrogen

bond with some appropriate functional group of the "receptor". In con

trast, studies of the relative binding affinities of analogs to TR629, 30

show that it is probably the 4'-phenoxide ion that binds to this plasma

protein.

Prealbumin has also been found to strongly bind the thyroid hormones

and analogs with a qualitative structure-activity picture similar to TBG:

i.e., binding affinity increases as the pKa of the 4'-OH decreases.”
In addition, X-ray crystallographic studies” of prealbumin show that

the vicinity of the binding site where the 4'-OT apparently binds contains

no charged amino acid side chains, but rather a serine hydroxyl. On the

basis of these X-ray studies and the similarity of TBG and prealbumin

dependence of binding of thyroxine analogs on the 4'-OH PKa, we have

assumed that the 4'-OT binds in both proteins via a hydrogen bond.

The measurement of in vitro equilibrium binding affinities of

thyroxine analogs as apparent binding constants K permits the analysis

of such binding affinities in terms of individual group contributions
26,42to the free energy of binding, according to the following approach.

The apparent free energy of binding (AG) of an analog to nuclear
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receptors or plasma proteins can be estimated by:

AG = -RT 1m K (Eqn. 2–1)

where: R = the ideal gas constant

- 1.987 x 10° kcal/(mole-deg)
T = the experimental temperature (°K)

The contribution of group (s) [AG (X)] present at a certain position (s)

on the molecule to the free energy of binding is determined relative

to group (s) Y present at the same position (s) by:

AG (X) AG (AX) - AG (AY)

—RT 1 n [KAx/Kay] (Eqn. 2–2)-

where : AG (AX) the apparent free energy of binding of the analog

containing group (s) X at a certain position (s)

AG (AY) = the apparent free energy of binding of the analog

having the reference group (s) Y at the same position (s)

*Ax and *Ay = the corresponding analog binding constants

The validity of this "additivity" assumption is best verified if AG (X)

values determined from more than one pair of structurally different

compounds are similar. When two or more groups are far apart on the

molecule, the additivity assumption has been found to be valid.***

When the groups are close together (e.g., 3', 4' disubstitution), inter

actions between them result in significant deviations from additivity.

SYNTHETIC RATIONALE

Preliminary molecular orbital calculations on the intramolecular

hydrogen bonding in ortho-substituted phenols, as well as subsequent

calculations on the interactive effects of ortho-substituents on the
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intermolecular hydrogen bonding of ortho-substituted phenols (see Chapter

Four), suggested that 3' and 5' substituents can affect the hydrogen

bonding of the 4'-hydroxyl with nuclear receptors. This assumption was

verified by the finding that the contributions of 3' and 4' substituents

to the free energy of binding to solubilized rat hepatic nuclear protein

significantly deviate from simple additivity due to interactions between

these substituents. In particular, it was qualitatively observed”

and then semi-quantitatively shown (see Chapter Five) that the contribution

of the 4'-OH to the free energy of binding is (a) increased by steric

repulsion with and electron withdrawal by the 3' substituent, and (b)

decreased by hydrogen bond formation with and electron donation by the

3'-substituent. These findings suggested that the 4'-OH is binding to

the nuclear receptor by hydrogen bond donation toward the 5' side of the

phenolic ring (i.e., away from the 3' substituent).

4'-Deoxy-3,5-diiodo-3'-isopropyl-L-thyronine (2–1) was specifically

synthesized for testing in binding studies in order to enlarge the

number of data points with which these 3"/4' substituent interactions

could be studied. In addition, it would provide a direct estimate of

the contribution of the 3'-isopropyl to the free energy of binding to

the nuclear receptor. There is direct evidence for in vivo metabolic

O CH,CH(NH,)cooh

(CH3) 2CH I



12a

4'-hydroxylation of 4'-deoxy analogs.” This is supported by the observed

enhancement of the activities of 4'-deoxy analogs in in vivo assays,”
as compared to their binding affinities to solubilized rat hepatic

nuclear protein.” This enhancement due to 4'-hydroxylation in vivo can

be accounted for in correlations between in vivo activities and in vitro

nuclear binding by use of an indicator variable.” 2–1 should be hydroxylated

in vivo to the most active thyroid hormone known, 2–2. Hence, of equal

importance for the synthesis of 2-1 was to test the reliability of

correlations between in vivo antigoiter activities and in vitro binding

affinities to solubilized rat hepatic nuclear protein in predicting

HO O CH,CH(NH,)cooh

(CH3)2CH I

the former based on the observed values for the latter (see Chapters

Three and Five).
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X I

HO O CH,CH(NH,)cooh

(CH3)2CH

2–3, X = C1

2–4, X = Br

2–5, X = I

Synthesis of the 3,5-diiodo-3'-halo-5'-isopropyl-L-thyronines

(2–3, 2–4, and 2-5) was desired for several reasons:

1. Of the over 500 thyroxine analogs synthesized,” essentially

all 3',5'-disubstituted analogs possess identical 3' and 5'

substituents: e.g., dimethyl, dichloro, dibromo, diiodo, etc.
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These three analogs provide a means for deviating from this

trend and for the mixing of 3' and 5' alkyl and halo

substituents.

2. This mixing Öf 3' and 5' alkyl and halo substituents provides

analogs with total 3' and 5' electronic contributions (i.e.,

sum of sigma constants for 3' and 5' substituents) lying between

those of the 3',5'-dialkyl analogs and those of the 3',5'-dihalo

analogs. This increased randomness of 3',5' substituent elec

tronic effects, as compared with 3',5' substituent hydrophobicities,

helps to insure a greater lack of colinearity between these

physico-chemical properties. Orthogonality of the associated

substituent parameters enables more precise estimation of the

relative importance of 3',5' substituent electronic and lipo

philic properties.

3. According to the model of outer ring binding to receptors, the

inherent lack of substitution symmetry of the phenolic ring

of each of these analogs should be reflected in their nuclear

receptor binding affinities by a combination of effects,

including: (a) inverse correlation of thyromimetic activity

with the proximal substituent size; (b) occupation of the

distal position by a larger substituent (i.e., the isopropyl

here); and (c) orientation of the 4'-OH away from the distal

3'-isopropyl and towards the proximal 5'-halogen: i.e., in

the direction in which the 4'-OH is proposed to donate a

hydrogen bond to the receptor.

3,5-Diiodo-3',5'-diisopropyl-thyronine (2-6) had previously been

Synthesized as the DL analog” and demonstrated very low hypochlesteremic

activity (ability to lower plasma cholesterol levels) (<0.1 relative
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-
100)” and fairly weak binding to intact rat hepatic nuclei

to L-T3
cº , , 24, 25

(1.4% relative to L-T3 = 100%). It was never tested for rat

(CH3)2CH I

HO O CH,CH(NH,)cooh

(CH3)2CH I

2–6

antigoiter activity. Thin layer chromatographic inspection of a sample

of this compound indicated significant contamination with the 4'-O-methyl

ether (2–7) due, apparently, to incomplete hydrolysis of the protected

analog (2–8). In view of the importance of 5" substituent bulk in

decreasing antigoiter activity and nuclear binding and in increasing

TBG binding, the L-analog of 2–6 was synthesized in order to provide a

(CH3)2CH I

CH,0 O CH,CH(NH,) cooh

(CH3)2CH
2–7

sample of this analog which would be free of 4'-O-methyl ether (2–7)

contamination and whose thyromimetic activities could be compared
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(CH3)2CH I

CoCH,
CH,0 O CH2CH

Cooc, is
(CH3)2CH I

3’ 2 2–8

directly with other L-analogs without the complications of side chain

stereochemistry differences. 4'-O-Methyl-3,5-diiodo-3'5'-diisopropyl

L-thyronine (2–7) was initially synthesized to insure that samples

of 2–6 contained none of this compound as impurity.

4'-O-Methyl analogs are apparently 0-demethylated in vivo.”
The enhancement of the in vivo antigoiter activities of these 4'-O-

methyl analogs, as compared to their much lower in vitro binding

affinities to solubilized rat hepatic nuclear protein, can be accounted

for in correlation of these in vivo activities with in vitro binding

affinities by use of an indicator variable which takes into account their

in vivo metabolic transformation to the more active 4'-OH compounds”
(and see Chapter Five). 4'-O-Methyl-3,5-diiodo-3'-isopropyl-L-thyronine

(2-9) was synthesized in order to increase the limited number of 4'-O-
"ethyl analogs with which such correlations could be made. 2-7, although

*9t originally synthesized with this purpose in mind, could also be used

to extend such 4'-O-methyl analog studies.
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CH,0 CH,CH(NH,)cooli

(CH3)2CH

For rat antigoiter activities, binding to rat hepatic intact nuclei

and solubilized nuclear protein, and binding to TBG, the 3' substituent

apparently binds in a size-limited, hydrophobic pocket approximately the

size of iodine.25, 30, 38,39, 56 That is, a negative steric effect is

25, 39,56observed, especially utilizing quantitative structure-activity studies

(and see Chapter Five), for 3' substituents larger than iodine in direct

Proportion to the distance which such substituents extend out from the

3'-ring carbon further than a 3'-iodine. 3,5-diiodo-3'-n-propyl-L-

thyronine (2–10) was synthesized with the specific intent of comparing

its thyromimetic activities with those of the isomeric 3,5-diiodo-3'-

isopropyl-L-thyronine (2–2). The lipophilicities of the

HO O CH,CH(NH,)cooh

CH.CH CH2
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3'-n-propyl of 2-10 and of the 3'-isopropyl of 2–2 are approximately the

same (T (n-propyl/benzene system) = 1.55; T (isopropyl/benzene system) =

1.53)?’ The "sizes" of these two substituents as they extend out from

the 3'-ring carbon are, however, quite different. In addition, the

"steric bulk" of these two substituents, as reflected in their steric

interactions with the 4'-hydroxyl, are also quite different (see Chapter

Four). Hence, the activity of the 3'-n-propyl analog (2–10) was expected

to be somewhat less than that of the 3'-isopropyl analog (2–2). As it

turned out (see Chapters Three and Five), the thyromimetic antigoiter

and nuclear binding activities of the 3'-n-propyl analog (2–10) were

found to be considerably less than those of the corresponding 3'-iso

propyl analog (2–2), indicating just how crucial the exact interactions

of the 3'-substituent with both the 4'-OH and with the nuclear receptor

are.

3,5-Dimethyl-3'-n-propyl-L-thyronine (2–11) was synthesized for

CH3

HO O CH,CH(NH,)cooh

CH2CH2CH2 CH,
2–11

testing for thyromimetic activities in order to: (a) increase the

number of halogen-free, 3,5-dimethyl analogs for which thyromimetic

activities are available for analysis; (b) compare its activities

(just as with 2-10) with the corresponding 3'-isopropyl analog (2-12);

and (c) further investigate the additivity (or lack of) of
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CH

HO O CH,CH(NH,)cooh

(CH3)2CH CH

2–12

3, 5, and 3' substituent contributions to thyromimetic activity.

SYNTHETIC SCHEMES

The synthetic pathways to the desired thyroid hormone analogs are

presented in Figures 2–3 through 2–8. In most cases, well established

general procedures for the synthesis of intermediates and the final

analogs were utilized, although modifications were required for several

reactions. It was found that several of the desired amino acid analogs

could not be sufficiently purified by isoelectric reprecipitation/

recrystallization from acidic or basic ethanolic solutions. Final puri

fication of these compounds (to give analytical purity suitable for

physical measurements and bioassay) was accomplished by means of prepara

tive thin layer chromatography. All of the amino acid side chains were

of L-stereochemistry (S configuration).

Protection of the amino acid side chain of 3,5-diiodo-L-tyrosine

(2–13) was accomplished by N-acetylation with acetic anhydride in base”

and then carboxyl esterification with EtOH utilizing p-toluenesulfonic

acid” to give the desired N-acetyl-3,5-diiodo-L-tyrosine ethyl ester

(2-15). The unhindered 2-isopropylphenol (2–16) and 2–n-propylphenol
59

(2-18) were O-methylated in Claisen's alkali’’ with Me280, to give the
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corresponding substituted anisoles” (2–19 and 2–21). 0-Methylation

of the very hindered 2,6-diisopropylphenol (2–17) was accomplished

by treating sodium 2,6-diisopropylphenoxide in dioxane” with Me2SO4.
Attempts to convert 2-isopropylanisole (2–19) and 2–n-propylanisole

(2–21) to the corresponding di- (3–substituted—4-methoxyphenyl)-iodonium

iodides (2–22) and 2–24) by general synthetic methods” utilizing iodine

tris- (trifluoroacetate) resulted in poor yields. Drastic modification

of the reaction workup conditions resulted in increased, acceptable

reaction yields. The yield for conversion of 2,6-diisopropylanisole

(2–20) to di- (3,5-diisopropyl-4-methoxyphenyl)-iodonium iodide (2–23)

with iodine tris- (trifluoroacetate) was doubled (as compared to the

literature preparation”) by allowing the reaction to proceed for 20

hours at room temperature (literature” reaction conditions: refrigerated

overnight and then 3 hours at room temperature). Apparently the two

ortho isopropyl groups of 2,6-diisopropylanisole (2–20) sterically force

the OCH, out of coplanarity and, hence, conjugation with the aromatic

ring. The resulting decrease in electron donation to the ring carbon

para to the OCH, group reduces the reactivity of this position, necessi

tating the more "drastic" reaction conditions. In contrast, the essential

1y unhindered conjugation of the OCH., of 2-isopropylanisole (2–19)3

and 2–n-propylamisole (2–21) provides adequate electron density at the

4-position for rapid reaction of these compounds. The same conjugation

of the OCH., , however, also increases the instability of the resulting3”

substituted dianisyl-iodonium iodides (2–22 and 2–24). The modified

reaction workup for these two compounds apparently avoids much of the
53

product decomposition. Condensation of 2-15 with the substituted
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I

/NH,
HO CH,CH

COOH

I

2–13

Ac20

I

Nicoch,
HO CH,&

COOH

I

2–14

|~~
I

NHcoch,
HO CH2CH

cooc, H,
I

2-15

Figure 2-3. Synthetic pathway to N-acetyl-3,5-diiodo-L-tyrosine ethyl
ester (2-15).
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2–18, R

Figure 2–4.

OH QCH,
R" R R"

Me...SO
2 4 N

2"
Base

iPr; R' = H 2–19, R = iPr; R' = H

R" = iPr 2–20, R = R' = iPr

nPr; R' = H 2–21, R = nPr; R' = H

I (CF2C00),
NaI

CH,0 <—

2–22,

2-23,

2-24,

Synthetic pathway to the substituted di-(p-anisyl)-iodonium

iodides.
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I

/Nicoch,
HO CH,CH +

cooc, is
I

2–15 Cu

TEA
-

= R ' =
MeOH 2–23, R = R iPr

2–24, R = nPr; R' = H

R 99H3 R' R5, I

/Nicoch,
+ CH30 O cº

COOCAH
I 2°5

I R3,

2–25, R = iPr; R' = H 2-28, RA, - Pr; Rs. - H
2–26, R = R' = iPr 2-8, Ra, - Rs. - iPr
2–27, R = mpr; R' = H 2–29, R3, = nPr; R5, = H

*5. I HI, HBr,

/NH, Or HC1

RO O CH,CH HOAC\coon
R3, I

Figure 2-5. Synthetic pathways to the 3,5-diiodo-L-thyronine analogs.
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I

HO O CH,CH(NH,)cooh

(CH3)2CH I

2–2

$0.012,
Brz/HOAc,
Or NaI/I,■ etNH,

N/

X I

HO O CH,CH(NH,)cooh

(CH3)2CH I

2–3, X = Cl

2–4, X = Br

2–5, X = I

Synthetic pathway to the 3,5-diiodo-3'-halo-5'-isopropyl-L-

thyronines.
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to

3,5-dimethyl-3'-n-propyl-L-thyronine
(2-11).
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(CH3)2CH

OH

2-32

Figure 2–8.

(CH3)2CH

(CH3)2CH

Synthetic pathway

thyronine (2-1).
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Figure 2–8. (Continued)
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dianisyl-iodonium iodides (2–22, 2–23, and 2–24) in MeOH with copper

powder and triethylamine yielded the protected thyroid hormone analogs

(2–28, 2–8, and 2–29). As further verification of the structures of the

substituted dianisy1-iodonium iodides (2–22, 2–23, and 2–24), the pre

viously unreported substituted 4-iodo-anisoles (2–25, 2–26, and 2–27)

were isolated and characterized as by-products of these condensation

reactions. Hydrolysis” of 2–28, 2–8, and 2–29 with HI (or HBr) in HOAc

yielded the desired 4'-OH thyroid hormone analogs (2–2, 2–6, and 210).

Hydrolysis” of 2–28 and 2–8 with HC1 in HOAc yielded the corresponding

4'-0CH, thyroid hormone analogs (2-9 and 2–7). Treatment of 3,5-diiodo

3'-isopropyl-L-thyronine (2–2) with S02C12, Bro in HOAc, and 12/NaI in2

70% aqueous ethylamine yielded the desired 3,5-diiodo-3'-halo-5' isopropyl

L-thyronines (2-3, 2-4, and 2-5).

Treatment of N-acetyl-3,5-diiodo-4-(3'-n-propyl-4'-methoxyphenoxy)-

L-phenylalanine ethyl ester (2–29) with CuCN in refluxing pyridine”
gave the corresponding 3,5-dicyano compound (2–30) in excellent yield.

Hydrolytic reduction of 2–30 with H,--Pd/c in refluxing, purified p
9,

cymene provided the corresponding 3,5-dimethyl compound (2–31).

(Careful purification and drying of the p-cymene” and anhydrous reaction

conditions were found to be extremely critical for this reaction. The

slightest moisture or impurities in the p-cymene very effectively poisoned

the catalyst.) Hydrolysis” of the protected analog (2-31) with HBr

in HOAc under N2 yielded the desired 3,5-dimethyl-3'-n-propyl-L-thyronine

(2-11).
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N-Acetyl-3,5-dinitro-L-tyrosine ethyl ester (2–33)”,63

in pyridine was treated” with Meso,C1 and then condensed with

freshly distilled 3-isopropylphenol (2–32) to give N-acetyl-3,5-

dinitro-4-(3'-isopropylphenoxy)-L-phenylalanine ethyl ester (2–34).

Without isolation of intermediates,” the NO2 groups of 2–34 were

reduced (H,--Pd/c in HOAc) to give 2–35, the NH., groups of 2–35 were2

diazotized (nitrosyl sulfuric acid) to give 2–36, and the diazonium

groups of 2-36 were replaced (NaI/I./urea) to give the 3,5-diiodo

compound (2–37). Hydrolysis” of 2–37 with HC1 in HOAc gave the

desired 4'-deoxy-3,5-diiodo-3'-isopropyl-L-thyronine (2–1).

EXPERIMENTAL SECTION

Melting points, determined with a Thomas-Hoover Uni-Melt stirred

oil capillary tube melting point apparatus, are uncorrected. 60 MHz

proton magnetic resonance (PMR) spectra were determined with a Varian

Model A-60A PMR spectrometer. PMR chemical shift values are expressed

in 6 units (parts per million) relative to a TMS internal standard. For

the presentation of the PMR spectra, the following abbreviations are used:

s= singlet, d = doublet, t = triplet, q = quartet, m = multiplet, comp

m = complex multiplet. Infrared (IR) spectra of liquid phenols and

anisoles were recorded neat as thin films with a Perkin-Elmer Model 337

grating infrared spectrometer. Microanalyses were performed by the

Microanalytical Laboratory, University of California, Berkeley, Calif.

Optical rotations were measured with a Perkin-Elmer Model 141 Polarimeter

(microcell: 10 cm path 1ength, 1 ml cell volume).

Thin layer chromatography (TLC) was routinely used to check the

purity of samples, to follow the progress of reactions, and to analyze
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elutent fractions obtained with column chromatography of samples.

For presentation of the TLC data, the following abbreviations are used

for plate types: A = pre-coated silica gel sheets with flourescent

indicator (100 u coating on flexible plastic sheets; Eastman Kodak

Company, #13181); B = pre-coated 4-channel silica gel plates with

flourescent indicator (250 u coating on glass with pre-absorbent 1oading

zone; Quantum Industries, Inc., #5052); C = pre-coated alumina sheets

with flourescent indicator (100 u coating on flexible plastic sheets;

Eastman Kodak Company, #6063).

The following general procedure was used for preparative TLC of

several of the amino acids (50 to 120 mg per plate). 20 cm x 20 cm

pre-coated silica gel plates with floures cent indicator (1000 u coating

on glass with pre-absorbent loading zone; Quantum Industries, Inc.,

#5080) were developed with CHC1,-MeOH-conc. NH, OH (20:10:1). After3 4

air drying 5 minutes and oven drying 10 minutes, the appropriate zones

were manually removed with the aid of brief and careful UV visualization.

The plate scrapings were extracted for 20 minutes with warm anhydrous

EtOH and filtered through filter aid, washing with warm anhydrous EtOH.

(Extraction of the scrapings with acidic or basic solutions was found to

also extract the flourescent indicator.”) After addition of a small

amount of water and several drops of concentrated HC1, the ethanolic

solution was reduced to a minimal volume (rotary evaporation). This

was heated on a steam bath for 1 minute, and then the pH was adjusted

to 5.2 with hot H2O and hot 2N sodium acetate. After allowing to cool2

to room temperature, the solution was refrigerated overnight. The

precipitate was collected by centrifugation, washing with cold H.,0, and

dried in vacuo to give the purified amino acid.
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N-Acetyl-3,5-diiodo-L-tyrosine (2–14). 3,5-Diiodo-L-tyrosine

(2–13) (50.00 g, 115.5 mmoles; Nutritional Biochemicals Corporation)

was acetylated with acetic anhydride using the method of Barnes, et al.,”
* 87%). MP 113-119° (lit.”to give this compound (48.08 g, 87%; lit.

112–118°).

N-Acetyl-3,5-diiodo-L-tyrosine Ethyl Ester (2–15). N-Acetyl-3,5-

diiodo-L-tyrosine (2–14) (140.0 g, 294.7 mmoles) was esterified with

EtOH using the method of Barnes, et al.,” to provide this compound

(124.5 g, 84%; lit.” 88%). MP 154–155° (lit.” 154-155°). [a]."
=

+13.1° (c, 2.0, EtOH) (lit.”[4].” = + 15.4° (c, 2.0, EtOH)). TLC (UV)

RF (A: CHC13) 0.35, RF (A: CHC12–EtOAc/9:1) 0.45, RF (A: C6H6) 0.03.3

2-Isopropylanisole (2–19). 2–Isopropylphenol (2–16) (312.00 g;

2.29 moles; Aldrich Chemical Company, Inc.) in Claisen's alkali.” WaS

methylated with Me2SO, utilizing the general procedure of Dhami and

Stothers” for the O-methylation of unhindered phenols. Distillation

in vacuo of the crude reaction product yielded the desired anisole

(237.83 g, 69%). BP 47-48°/1.2 mm Hg (lit.” 198–199°/751 mm Hg). PMR

(CDC13) & 1.20 (d, J = 7 Hz, 6H, iPr-CH3), 3.36 (m, J = 7 Hz, 1H, iPr-CH),
3.79 (s, 3H, 0-CH3: present in 2–19, absent in 2-16), 5.50 (concentration

dependent, s, 1H, O-H: present in 2–16, absent in 2–19), 6.7–7.4 (comp m, 4H,

Ar-3,4,5,6 H).

2,6-Diisopropylanisole (2–20). This compound was prepared utilizing

the method of Coffield, et al.,” for the preparation of sodium 2,6-diiso

propylphenoxide in dioxane. A total of 16.55 g (720 mmoles) of sodium

metal was dispersed in 1500 ml of dioxane at 101° with vigorous stirring.

After cooling to 60°, a solution of 128.29 g (720 mmoles) of 2,6-diisopro

pylphenol (2–17) (Ethyl Corporation) in 150 ml of dioxane was added
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dropwise over a 30 minute period. A slow evolution of hydrogen was

observed. The still vigorously stirred mixture was heated to 101°.

After 35 minutes no further hydrogen evolution occurred and the sodium

metal dispersion had disappeared. The solution was cooled to 56° and

70.0 ml (93.31 g, 740 mmoles) of Me2SO, was added dropwise over a 10

minute period, with a resultant slight warming. (A11 steps to this

point were run under H,80,-dried N2.) After stirring at room temperature

all night, the green-brown solution was filtered to remove the inorganic

precipitate and the solvent was removed by rotary evaporation. The

resulting red oil in 500 ml ether was washed with 20% NaOH (100 ml, 2x)

and then with H20 (100 ml, 2x). The organic phase was dried over Na2SO,
and filtered. After removal of solvent, the resulting red oil was

distilled in vacuo to give the desired anisole (125.29 g, 90.5%). BP

66 74°/3 mm Hg). IR 3575 cm." (phenolic OH:48–48.5°/0.5 mm Hg (1it.

present in 2-17, absent in 2-20). PMR (CDC13) ô 1.23 (d, J = 7 Hz, 12H,

iPr-CH3), 3.34 (m, J = 7 Hz, 2H, iPr-CH), 3.72 (s, 3H, 0-CH3; present in

2-20, absent in 2-17), 4.91 (s, 1H, O-H: present in 2-17, absent in 2–

20), 7.10 (s, 3H, Ar-3,4,5 H).

An attempt to prepare 2–20 from 2–17 using the method of zimmer”

resulted in the formation of no 2–20 and recovery of only 2-17.

2-n-Propylanisole (2–21). 2-n-Propylphenol (2-18) (100. 47 g, 738

mmoles: Aldrich Chemical Company, Inc.) in Claisen's alkali.” was methylated

with Me2SO, utilizing the general procedure of Dhami and Stothers” for

0-methylation of unhindered phenols. Distillation in vacuo of the crude

reaction product yielded the desired anisole (81.32 g, 73%). BP 76–

65 207–209°/757.7 mm Hg). IR 3500 cm." (phenolic OH:80°/1.8 mm Hg (1it.

present in 2-18, absent in 2-21). PMR (CDC13) § 0.95 (t, J = 7 Hz, 3H,

nPr-CH3), 1.65 (comp m, 2H, nPr-CH3C-Ar),



33

2.64 (t, J = 8 Hz, 2H, nPr—CH2—Ar), 3.80 (s, 3H, 0-CH3: present in2

2–21, absent in 2–18), 4.94 (s, 1H, O-H: present in 2–18, absent

in 2–21), 6.7-7.35 (comp m, 4H, Ar-3,4,5,6 H).

Di- (3-isopropyl-4-methoxyphenyl)-iodonium Iodide (2–22). A

67,68 of the synthetic procedure of Blank, et al.,” Wasmodification

used. To 38.3 ml (41.4 g, 406 mmoles) of acetic anhydride, cooled to

+5°, there was added with stirring 13.7 ml of fuming HNo, (Sp. Gr.

Å. 1.5) with the temperature being allowed to rise to, but not beyond

15°. With the temperature kept below 20°, 12.69 g (50.0 mmoles) of

finely powdered iodine and then 25.6 ml of CF,Cooh were added. The

mixture was then stirred for 30 minutes, during which time the tempera

ture rose to room temperature, the iodine completely dissolved, and

nitrogen oxides were evolved. The clean light yellow-orange solution

was concentrated under reduced pressure (H,0 aspirator and then vacuum

pump) at 30° until all the colored fumes of oxides of nitrogen had

disappeared. The resulting clear light yellow solution of iodine tris

(trifluoroacetate) was dissolved in 45 ml of acetic anhydride. This

solution was kept between -15° and -30° while a solution containing

30.04 g (200 mmoles) of 2-isopropylanisole (2–19), 88 ml of acetic

anhydride, and 12.8 ml of CF,C00H was added in about 20 minutes. The3

dark green solution was stirred for 1 hour, the solution being allowed

to rise to room temperature. After stirring for an additional 15

minutes, the dark green solution was poured onto 20.0 g solid Na2S205
and 100 g solid Nal. With ice bath cooling, 1000 ml ice water was

rapidly added to give a clear yellow aqueous phase and a dirty yellow-brown

solid. Benzene (120 ml; just enough to disperse the solid) was added

with very vigorous stirring to give a clear yellow aqueous phase and an
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orange organic phase in which was suspended a yellow solid. Addition of

1350 ml heptane with very vigorous stirring yielded an orange organic

phase and a pale yellow benzene-heptane-H,0–precipitate emulsion.2

Filtration, washing with heptane (300 ml) gave a very pale yellow-white

solid, which was dried in vacuo at room temperature and protected from

1ight (44.64 g, 81%; lit.” prep 86%). MP 151–154° (decomp.) (lit.”
164–166°). (The purity of this compound is adequate for the subsequent

condensation reaction.) TLC (B: CHC13) streak from origin (length of

streak dependent on compound load on TLC plate).

Di- (3,5-diisopropyl-4-methoxyphenyl)-iodonium Iodide (2–23). A

modification” of the synthetic procedure of Blank, et al.,” was used.

A solution of iodine tris- (trifluoroacetate) (prepared, as for 2–22,

from 42.0 ml (45.4 g, 445 mmoles) of acetic anhydride, 16.2 ml of fuming

nitric acid, 15.00 g (59.1 mmoles) of finely powdered iodine, and 30.3

m1 of CF,CooH) was dissolved in 45 ml of acetic anhydride. This solution

was kept between −5° and -10° while a solution containing 45.46 g (236

mmoles) of 2,6-diisopropylanisole (2–20), 105 ml of acetic anhydride,

and 15 ml of CF,Cooh was added in about 20 minutes. The clear yellow

solution (protected from light) was then stirred at room temperature for

20 hours, during which time the solution turned red. The solvents were

removed in vacuo (H2O aspirator and then vacuum pump at 40°) and the

resulting clear, yellow-orange oil was dissolved in 420 ml of absolute

MeOH. The methanolic solution was cooled with an ice bath and then

diluted with 150 ml of a 10% Na2S205 solution. 120 g of KI in 750 ml

H20 was added dropwise with stirring over a 20 minute period, yielding a

clear yellow solution and a bright yellow oil; the latter crystallized

after overnight refrigeration of the mixture. The precipitate was

collected by filtration, ground in mortar with hexane, and filtered

again, yielding a 11ght yellow-white solid, which was dried in vacuo at

room temperature and
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protected from light (48.51 g, 65%; lit.” prep 33%). MP 141–144°

(decomp.) (lit.” 160-162). (The purity of this material is adequate

for the subsequent condensation reaction.) TLC (UV) (B: CHC13) streak

from origin (length of streak dependent on compound load on TLC plate).

PMR (CDC13) & 1.17 (d, J = 7 Hz, 12H, iPr-CHA), 3.30 (m, J = 7 Hz, 2H,
iPr-CH), 3.74 (s, 3H, 0-CH3), 7.67 (s, 2H, Ar-2, 6 H).

Di- (3-n-propyl-4-methoxyphenyl)-iodonium Iodide (2–24). A modifi

67,68 of the general procedure of Blank, et al.,” was used.cation

A solution of iodine tris- (trifluoroacetate) (prepared, as for 2–22,

from 35.5 ml (38.4 g, 376 mmoles) of acetic anhydride, 13.7 ml of fuming

nitric acid, 12.69 g (50.0 mmoles) of finely powdered iodine, and 25.6

ml of CF,CooH) was dissolved in 45 ml of acetic anhydride. This solution

was kept between -15° and -30° while a solution containing 30.04 g

(200.0 mmoles) of 2-n-propylanisole (2–21), 88 ml of acetic anhydride,

and 12.8 ml of CF2COOH was added in about 20 minutes. The dark green-black

solution was stirred for 1 hour, the temperature being allowed to rise

to room temperature. The solution was then poured onto 20.0 g solid

Na2S205 and 100 g solid NaI. With ice bath cooling, 1000 ml of ice

water was rapidly added to give a dark oil and a dirty red-brown aqueous

phase. Benzene (200 ml; just enough to dissolve the oil) was added with

very vigorous stirring to give a clear light yellow aqueous phase and

a dark red organic phase. Addition of 1100 ml of heptane with very

vigorous stirring for 30 minutes yielded an orange organic phase and

an emulsion of H20, organic solvents, and a yellow-white solid.

Filtration, washing first with H20 (100 ml) and then with heptane

(600 ml) yielded the product as a white solid (tinted slightly yellow),

which was dried in vacuo at room temperature and protected from light
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(22.05 g, 40%). MP 137–139° (decomp.). (The purity of 2–24 at

this point is adequate for its use in the subsequent condensation

reaction.) An analytical sample was prepared by recrystallization

(three times) at room temperature as follows. Crude 2–24 (500 mg) was

dissolved in about 10 ml of benzene. Heptane was added slowly with

stirring to give a fine precipitate. Filtration yielded the recrystallized

compound, which was dried in vacuo at room temperature and protected

from light (213 mg of highly purified material after three recrystalliza

tions). MP 145.5–147° (decomp. ). TLC (UV) (B: CHC13) streak from origin

(1ength of streak dependent on compound load on TLC plate). PMR (CDC13)
& 0.86 (t, J = 7 Hz, 3H, nPr-CH3), 1.56 (comp m, 2H, nPr—CH2—C–Ar),2

2.54 (t, J = 7.5 Hz, 2H, nPr-CH,-Ar), 3.78 (s, 3H, 0-CH3), 6.78 (d,

J = 8.5 Hz, 1H, Ar-5 H), 7.70 (d, J = 2 Hz, 1H, Ar-2 H), 7.89 (q, J = 2

Hz, J = 8.5 Hz, 1H, Ar-6 H). Analysis: C20H26.1292; Calculated C,

43.50; H, 4.75; I, 45.96; Found C, 43.31; H, 4.50; I, 46.04.

N-Acetyl-3,5-diiodo-4-(3'-isopropyl-4'-methoxyphenoxy)-L-phenyl

alanine Ethyl Ester (2–28). The general procedure of Blank, et al.,”
was used. A mixture of 32.72 g (59.3 mmoles) of di- (3-isopropyl-4-

methoxyphenyl)-iodonium iodide (2–22), 16.56 g (32.9 mmoles) of N-acetyl

3,5-diiodo-L-tyrosine ethyl ester (2–15), 5.0 ml of triethylamine, and

329 mg of copper powder in 395 ml of anhydrous MeOH was stirred vigorously

at room temperature for 27.5 hours (the reaction flask being protected

from light). The mixture was filtered and the filtrate was evaporated

to a syrup, which was dissolved in 275 ml of benzene. The benzene solution

was vigorously stirred for 30 minutes with 82 ml of 3% aqueous HC1.

Precipitated triethylamine hydrochloride was removed by filtration,

washing with an additional 150 ml of benzene. The organic phase was
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washed with H20 (175 ml, 2x), 10% NaOH (175 ml, 2x), and again with

H20 (175 ml, 2x), dried over Na2SO4, and filtered. Removal of the

solvent yielded an orange, "wet" solid, which was ground up in a

mortar with 50 ml of hexane. Filtration, washing with hexane, gave

a clean white solid, which was air dried (8.87 g, 41%; 1it.” prep .

from the 3,5-dino, analog of 2–28 gave 72%). MP 129–130° (lit.”
129-131°). [...]." = + 49.6° (c. 1.0, CHC1,) (lit.” [a]: = + 41.6°

(c, 1.0, CHC13)). TLC (UV) RE (A, CHC13) 0.48.
N-Acetyl-3,5-diiodo-4-(3',5'-diisopropyl-4'-methoxyphenoxy)-L-

phenylalanine Ethyl Ester (2–8). Conditions similar to those of Blank,

et al...” for preparation of the DL-analog were used. A mixture of

19.83 g (312 mmoles) of di- (3,5-diisopropyl-4-methoxyphenyl)-iodonium

iodide (2–23), 8.71 g (173 mmoles) of N-acetyl-3,5-diiodo-L-tyrosine

ethyl ester (2–15), 2.6 ml of triethylamine, and 180 mg of copper

powder in 210 ml of anhydrous MeOH was stirred vigorously at room

temperature for 24 hours (the reaction flask being protected from 11ght).

The mixture was filtered and the filtrate was evaporated to a syrup,

which was dissolved in 70 ml of benzene. The benzene solution was

vigorously stirred for 10 minutes with 45 ml of 3% aqueous HC1. Precip

itated triethylamine hydrochloride was removed by filtration, washing

with benzene. The organic phase was washed with H20 (35 ml), 10% NaOH

(35 ml), and again with H20 (35 ml), dried over Na2SO4, and filtered.

Removal of the solvent yielded an orange oil, which could not be trit

urated or crystallized. The oil, initially dissolved in 6 ml of

benzene, was chromatographed on a column of 300 g of Silica ge1 (60–200

mesh, Grade 950; Matheson Coleman & Bell), eluting throught the elutropic

solvent series cghg/CHC13/EtoAc/EtOH (total elutent volume = 2.5 1).
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TLC inspection enabled combination of the appropriate 100 ml elutent

fractions #14–20 (EtOAc/EtOH solvent range approximately), complete

removal of solvents from which yielded the desired compound in analy

tically pure form (3.72 g, 31%; lit.”
5

18% for the DL-analog). MP
29
D

CHC13). TLC (UV) RF (A: C6H6) 0.03, RF (A: CHC1,) 0.47, RF (A: EtOAc)

68–70° (1it. 3 147–148° for the DL-analog). [G] = + 41.0° (c, 2.0,

0.55, RF (A: acetone) 0.73, Rf (A:. MeOH) 0.76. PMR (CDC13) ■ 1.18 (d,

J - 7 Hz, 12H, iPr-CH3), 1.30 (t, J = 7.5 Hz, 3H, Et-CH3), 2.03 (s,
3H, Ac-CH3), 3.10 (d, 2H, 3-CH,), 3.30 (m, J = 7 Hz, 2H, iPr-CH), 3.72
(s, 3H, 0-CH3), 4.28 (q, J = 7.5 Hz, 2H, Et-CH2), 4.81 (m, 1H, Q-CH),

6.48 (s, 2H, Ar-2',6' H), 6.72 (shift concentration dependent, d, J =

8 Hz, 1H, N–H), 7.72 (s, 2H, Ar-2, 6 H). Analysis: C26H3312N1953
Calculated C, 45.04; H, 4.80; I, 36.61; Found C, 45.21; H, 4.91; I, 36.46.

N-Acetyl-3,5-diiodo-4-(3'-n-propyl-4'-methoxyphenoxy)-L-phenylalanine

Ethyl Ester (2-29). The general procedure of Blank, et al.,” WaS

followed. A mixture of 9.50 g (17.2 mmoles) of di- (3-n-propyl-4-methoxy

phenyl)-iodonium iodide (2–24), 4.81 g (9.56 mmoles) of N-acetyl-3,5-

diiodo-L-tyrosine ethyl ester (2–15), 1.43 ml of triethylamine, and 96 mg

of copper powder in 115 ml of anhydrous MeOH was stirred vigorously at

room temperature for 24 hours, the reaction flask protected from 1jight.

The mixture was filtered and the filtrate was evaporated to a syrup,

which was dissolved in 45 ml of benzene. The benzene solution was

stirred vigorously for 30 minutes with 24 ml of 3% aqueous HC1. Precip

itated triethylamine hydrochloride was removed by filtration, washing

with an additional 150 ml of benzene. The organic phase was washed with

H20 (30 ml, 1x; 50 ml, 1x), 10% NaOH (50 ml), and again with H20 (50 ml,

2x), dried over Na2SO4, and filtered. Removal of the solvent yielded a
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dark brown-red oil. Repeated triturations (with ether and heptane)

yielded a white solid, which was dried in vacuo (3.54 g, 57%). MP 136

137°. An analytical sample was recrystallized from hot ether/heptane:

MP 137–137.5°. [a]: = + 48.8° (c. 2.0, CHC13). TLC (UV) RE (A, CHC13)
0.49. PMR (CDC13) & 0.92 (t, J = 6.5 Hz, 3H, nPr-CH3), 1.28 (t, J = 7
Hz, 3H, Et-CH3), 1.57 (m, 2H, nPr—CH2–C–Ar), 2.04 (s, 3H, Ac-CH3), 2. 552

(t, J = 7 Hz, 2H, nPr-CH2-Ar), 3.03 (d, J = 6 Hz, 2H, B-CH2), 3.75
(s, 3H, 0-CH3), 4.20 (q, J = 7 Hz, 2H, Et-CH,), 4.80 (m, 1H, Q-CH),

6.25-6.70 (m, 3H, Ar-2',5',6' H), 6.80 (d, 1H, N–H), 7.62 (s, 2H, Ar-2,6

H). Analysis: C23H2712N1953 Calculated C, 42.41; H, 4.18; I, 38.97;

Found C, 42.29; H, 4.10; I, 39.02.

N-Acetyl-3,5-dinitro-4-(3'-isopropylphenoxy)-L-phenylalanine

Ethyl Ester (2–34). The general reaction conditions of Blank, et al.,”
as modified by Jorgensen, et al...” were used with slight modifications.

Technical (60%) 3-isopropylphenol (2–32) (Aldrich Chemical Company,

Inc.) was purified by distillation in vacuo (BP 66.5-68°/0.25 mm Hg;

86-87.5°/0.65 mm Hg; lit.” 228°/760 mm Hg). Purity of 2–32 was examined

by: (1) Gas chromatography” with a Varian 2100 series Chromatographic

Instrument (with flame ionization detector); > 99% purity but not separated

from commercial p-isopropylphenol (Dow Chemical Company) on two different

columns; retention time = 5.70 min. , 3% OV-225, 6' x 2 mm glass column,

flow = 18 ml N2/min. , 140° C.; retention time = 3.94 min. , Carbowax 20-M,

6' x 2 mm glass column, flow = 24 ml N2/min., 200°C; (2) Comparison of

thin film IR spectrum of 2–32 with Sadtler Standard grating IR spectrum

#1073 of p-isopropylphenol; qualitatively indicated 2–32 to be essentially

pure, but minor p-isopropylphenol contamination could not be rule out;

(3) Comparison of PMR spectra of 2-32, p-isopropylphenol, and mixtures;
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also indicated that 2–32 was essentially pure, but could contain

minor (v10%) p-isopropylphenol impurity.

To 44.09 g (129 mmoles) of N-acetyl-3,5-dinitro-L-tyrosine ethyl
9,63

e Ster (2–33) in 300 ml of dry pyridine there was added dropwise

with stirring 11.0 ml (16.28 g, 142 mmoles) of MeS0,01, and the mixture2

was heated under reflux for 2 minutes. After some cooling, 34.31 g

(252 mmoles) of freshly distilled 3-isopropylphenol (2–32) was added

with stirring and the mixture was heated under reflux for 20 minutes.

Most of the pyridine was removed in vacuo and the residue was taken up

in CHC13 (470 ml). The CHC1, solution was washed successively with3

2N HCl (235 ml, 2x), 2N NaOH (235 ml, 1x; 120 ml, 3x) (to a light yellow

aqueous solution), and saturated aqueous NaC1 (235 ml) and was dried over

Na2SO4. After filtration the CHC1,
to give the product first as an oil and, with more complete solvent

was removed under reduced pressure

removal, finally as a glass (44.04 g, 75%). Attempts to triturate the

oil or crystallize the oil or glass yielded only oils. The glass was

judged to be analytically pure by TLC, PMR, and elemental analysis

(see below). (As determined by weight changes upon drying the oil to

the glass, the former contained almost imperceptible amounts of solvent.)
29

D

Rf (B: CHC13) 0.21, RF (A: CHC13) 0.49, Re (B: EtOAc) 0.53, Rf (C: CHC13)
MP 54–56°. [a]", = + 42.8° (c, 2.0, CHC1,). TLC (UV) Re (A. cºhe) 0.06,

0.69. PMR (CDC13) § 1.20 (d, J = 7 Hz, 6H, iPr-CH3), 1.25 (t, J = 7 Hz,

3H, Et-CH3), 1.98 (s, 3H, Ac-CH3), 2.84 (m, 1H, iPr-H), 3.25 (d, J = 6
Hz, 2H, 3-CH2), 4.22 (q, J = 7 eps, 2H, Et-CH,), 4.88 (m, 1H, a-CH),
6.6 (d, 1H, N–H), 6.4-7.4 (comp m, 4H, Ar-2',4',5',6' H), 7.96 (s, 2H,

Ar-2, 6 H). Analysis: Co., H., eM,09: Calculated C, 57.51; H, 5.48;22*25°3°8'

N, 9.15; Found C, 57.37; H, 5.42; N, 9.06.
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N-Acetyl-3,5-diiodo-4-(3'-isopropylphenoxy)-L-phenylalanine

Ethyl Ester (2–37). The general reaction procedure of Blank, et al.,”
was used. A solution of N-acetyl-3,5-dinitro-4-(3'-isopropylphenoxy)-

L-phenylalanine ethyl ester (2–34) (7.95 g, 17.3 mmoles; as a very

viscous oil) in 173 ml of glacial acetic acid was reduced in a Parr

apparatus in the presence of 1.73 g of 10% Pal/C under an initial pressure

of 33.5 p/1% (2.28 atm) of hydrogen. When no further pressure drop had

been observed for 25 minutes (50 minutes total; 85% of the theoretical

H2 pressure decrease), the catalyst was removed by filtration through

filter aid and the filtrate was added to a stirred, cooled nitrosyl

sulfuric acid solution (prepared by slowly adding 6.81 g of sodium

nitrite to a mixture of 144 ml of sulfuric acid and 58 ml of glacial

acetic acid at 60–70°) at such a rate that the temperature was maintained

at 0–5°. After all the amine had been added, the tetrazonium solution was

stirred and cooled an additional hour. It was then added rapidly to

a mixture of 15.23 g of sodium iodide, 19.03 g of iodine, and 3.46 g of

urea in 317 ml of H20 and 317 ml of CHC13. Stirring was continued for

1.5 hours at room temperature. The aqueous layer was extracted with

CHC13 (100 ml, 3x) and the CHC13 phase and extracts were washed in turn

with H20 (200 ml, 2x), 5% sodium carbonate (200 ml, 2x), and H20 (200 ml,

2x). After drying over calcium chloride and then filtration, the solvent

was removed to give a dark red oil, which gave only an oil upon repeated

attempts to triturate with various solvents. After removal of the

solvents to give an oil again, attempted crystallization from aqueous

EtOH yielded only an oil. Complete removal of the aqueous EtOH in vacuo

yielded a red glass, which becomes a red-brown powder upon being

pulverized (8.63 g, 80% crude yield). MP 64–67°. TLC (UV) Re (B: CHC13)
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0.29, Rf (B: EtOAc) 0.55, Rf (C: CHC13) 0.75. Analysis: C22H2512N194'

C2H4OH: Calculated C, 43.19; H, 4.68; I, 38.03; N, 2.10; Found C,

43.42; H, 4.43; I, 37.92; N, 2.41.

Elution of the glass from a column packed with acid alumina

(Brockmann Activity Grade 1; J. T. Baker Chemical Co.) with CHC13,
subsequent combination of the appropriate elutent fractions (as determined

by TLC: see above), removal of solvent, failure to crystallize from aq.

EtOH, and final complete (as possible) removal of solvent in vacuo yielded

a red glass, which gave a yellow-brown powder upon pulverization. MP

64–68°. [al:”- + 46.6° (c. 2.0, CHC1,). PMR (CDC13) & 1.22 (d, J = 7 Hz,
6H, iPr-CH3), 1.28 (t, J = 7 Hz, 3H, Et-CH3), 2.02 (s, 3H, Ac-CH3), 2.87

(m, 1H, iPr-CH), 3.03 (d, J = 6 Hz, 2H, 3-CH,), 4.20 (q, J = 7 Hz, 2H,
Et-CH2), 4.82 (m, 1H, O,-CH), 6.38 (d, J = 8 Hz, 1H, N–H), 6.5–7.4 (comp

m, 4H, Ar-2',4',5',6' H), 7.63 (s, 2H, Ar-2, 6 H). Analysis: C22H2512N194'
1/2EtOH: Calculated C, 42.87; H, 4.38; I, 39.40; N, 2.17; Found C, 43.26;

H, 4.17; I, 39.44; N, 2.34.

N-Acetyl-3,5-dicyano-4-(3'-n-propyl-4'-methoxyphenoxy)-L-phenyl

alanine Ethyl Ester (2–30). The general procedure of Barnes, et al.,"
as used by Jorgensen,et al...” was utilized. A solution of N-acetyl-3,

5-diiodo-4-(3'-n-propyl-4'-methoxyphenoxy)-L-phenylalanine ethyl ester

(2–10) (3.938 g, 6.05 mmoles) in dry pyridine containing cuprous cyanide

(2.65 g, 29.6 mmoles) was heated under reflux for 6 hours. After cooling

to room temperature, the reaction mixture was poured into 120 ml of ice

water. After stirring for 10 minutes, the resulting yellow-green solid

was collected by filtration, washed with cold H20 (400 ml), and then

stirred for 30 minutes in a mixture of 125 ml of 2N NH, OH and 90 ml of4

CHC1q. After filtration through filter aid, the CHC13 layer was separated,3
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gently (to avoid emulsions) washed successively with 2N. NH,0H (50 ml),

H20 (50 ml), 2N HC1 (50 ml), and H20 (50 ml), and finally dried over

Na2SO4. After filtration the CHC13
to give the crude product (2.63 g, 97%). Two recrystallizations from hot

was removed under reduced pressure

anhydrous EtOH with decolorizing carbon yielded (after drying in vacuo)

a total of 2.14 g (79%) of the purified, fluffy white crystalline product.
29
D

0.09, Rf (A: CHC13) 0.36. PMR § 0.92 (t, J = 7.5 Hz, 3H, nPr-CH3), 1.27

MP 154–155°. [a] = +54.6° (c, 2.0, CHC13). TLC (UV) Re (B: CHC13)

(t, J = 7 Hz, 3H, Et-CH4), 1.60 (m, 2H, nPr—CH2—C–Ar), 1.99 (s, 3H,2

Ac-CHA), 2.58 (t, J = 8 Hz, 2H, nPr-CH,-Ar), 3.13 (d, J = 7 Hz, 2h,2

3-CH,), 3.78 (s, 3H, 0-CH3), 4.21 (q, J = 7 Hz, 2H, Et-CH2), 4.78 (m,
1H, 0–CH), 6.38 (d, J = 7 Hz, 1H, N–H), 6.75 (s, 3H, Ar-2',5', 6' H),

7.63 (s, 2H, Ar-2, 6 H). Analysis: C25H27N395: Calculated C, 66.80;

H, 6.06; N, 9.35; Found C, 66.99; H, 6.07; N, 9.42.

N-Acetyl-3,5-dimethyl-4-(3'-n-propyl-4'-methoxyphenoxy)-L-phenyl

alanine Ethyl Ester (2–31). The hydrogenation was carried out under the

conditions described by Block and coy” and used by Jorgensen, et al.

p–Cymene (994%, Aldrich Chemical Company, Inc.) was purified exactly

as described by Block and coyº” and was stored under N2. A three-necked

flask (100 ml) was fitted with a thermometer, gas dispersion tube, and

reflux condenser, the tip of which led to a second dispersion tube, dipping

beneath the surface of H20 (100 ml) containing Methyl-Red indicator.

N-Acetyl-3,5-dicyano-4-(3'-n-propyl-4'-methoxyphenoxy)-L-phenylalanine

ethyl ester (2-30) (1.297 g, 2.89 mmoles) was dissolved in freshly puri

fied p-cymene (50 ml) containing 10% Pd/C (0.70 g), the reaction system

having been flushed with N Hydrogen was bubbled through while the2.

temperature was maintained at 168–171°. The ammonia evolved was
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absorbed and titrated against 0.1N HC1. The reaction became slower

near its end and virtually ceased when 98% of the theoretical amount

of acid had been neutralized (1.75 hours). After allowing to cool to

60°, the catalyst was removed by filtration while hot through filter

aid, washing copiously with acetone. The solvents were removed in

vacuo (rotary evaporation: H.,0 aspirator at 50° and then to 95°) to give2

a yellow oil. 20 ml heptane was added and the mixture was refrigerated.

The oil completely crystallized over a period of 3 days. Pulverization

and then filtration, washing with ice cold heptane, gave the white

crystalline product, which was dried in vacuo (1.102 g, 89%). MP 86–88°.
30

[a], = + 23.3° (c, 1.0, EtOH). TLC (UV) Rf (A: CHC13) 0.46. PMR

(CDC13) 0.91 (t, J = 7 Hz, nPr-CH3), 1.23 (t, J = 7 Hz, 3H, Et-CH3), 1.58
(m, 2H, nPr-CH,-C-Ar), 1.98 (s, 6H, Ac-CH3), 2.08 (s, 3H, Ar-CH3), 2.472

(t, J = 7.5 Hz, 2H, nPr-CH,-Ar), 3.07 (d, J = 6 Hz, 2H, 3-CH,), 3.732

(s, 3H, 0-CH3), 4.13 (q, J = 7 Hz, 2H, Et-CH2), 4.80 (m, IH, a-CH),
6.30 (d, J = 7 Hz, 1H, N–H), 6.4-7.0 (s, 5H, Ar-2, 6, 2', 5' 6' H). Analysis

C25H33N105; Calculated C, 70.23; H, 7.78; N, 3.28; Found C, 70.18; H, 7.68;

N, 3.37.

3,5-Diiodo-3'-isopropyl-L-thyronine (2–2). Utilizing the procedure

of Blank, et al.,” N-acetyl-3,5-diiodo-4-(3'-isopropyl-4'-methoxyphenoxy)-

L-phenylalanine ethyl ester (2–28) (10.00 g, 15.35 mmoles) was hydrolyzed

in a solution made of hydriodic and glacial acetic acids to yield the

desired product (8.37 g, 96%; 1it.” 84%). MP 223–225° (decomp.) (lit.”
225-226°). [2].”- + 32.0° (e, 0.8, Eton-in HC1/3:1 by volume) (lit.”

D

[a].” = + 23.2° (c, 0.8, EtOH-1N HC1 by volume)). TLC (UV, ninhydrin)

RF (B: CHC1.,-MeOH-conc. NH,0H/20:10:1) 0.32, Rf (B: iProH-conc.3

NH,0H/4:1) 0.44, Rf (B: CHC12-MeOH-conc. NH,0H/10.5:1) 0.58, Re (B:3

CHC13-MEOH-conc. NH,0H/10:20:1) 0.78.

f
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3,5-Diiodo-3',5'-diisopropyl-L-thyronine (2-6). A mixture of

1.01 g (1.46 mmoles) of N-acetyl-3,5-diiodo-4-(3',5'-diisopropyl-4'-

methoxyphenoxy)-L-phenylalanine ethyl ester (2–8) in 20 ml of a solution

made of equal volumes of constant boiling hydrobromic (or hydriodic)

and glacial acetic acids was heated under reflux for 5 hours, cooled,

and poured into 85 ml of ice water. After adjustment of the pH to 5.1

with concentrated NH, OH, the precipitate was collected by filtration,4

washed with H20, and dried in vacuo to give a very light brown solid

(77.9 mg, 88% crude yield). MP 221–223° (decomp.). Repeated recrystalli–

zations from acidic aqueous EtOH by adjustment of the pH to 5.2 with hot

H20 and hot 2N sodium acetate gave material that gave erratically erroneous

elemental analyses. Final purification was accomplished with preparative

0.26 to 0.52 removed from plate.
53

TLC: 108 mg/plate; developed 15.7 cm; Rf
This yielded 40.1 mg of a pure white solid. MP 232–234° (decomp.) (1it.

235–236° for the DL-analog). [a]." = + 22.6° (c, 0.5, EtOH-1N HC1/3:1

by volume). TLC (UV, ninhydrin) Rf (B: CHC1.5-MeOH-conc. NH,0H/20:10:1)3

0.37 (separated from 2–7, Re 0.41). PMR (CF,CooH) ô 1.28 (d, J = 7 Hz,f

12H, iPr-CH3), 3.47 (m, 2H, iPr–H), 3.67 (d, J = 7.5 Hz, 2H, B-CH2), 5.00

(m, 1H, O,-CH), 6.99 (s, 2H, Ar-2',6' H), 7.8–8.1 (broad peak, 1.8H by

integration, NH,”), 8.35 (s, 2H, Ar-2, 6 H); in particular, spectrum

completely 1acking any 0-CH., peak. Analysis: C., a Hoe I., N, 0 1/4C,h OH3 21°25* 2° 1' 4 5

(the amino acid associates very strongly with EtOH): Calculated C,

41.60; H, 4.30; I, 40.89; N, 2.26; Found C, 42.02; H, 4.31; I, 40.82;

N, 2.30.

3,5-Diiodo-3'-n-propyl-L-thyronine (2–10). A mixture of 910.4 mg

(1.398 mmoles) of N-acetyl-3,5-diiodo-4-(3'-n-propyl-4'-methoxyphenoxy)-

L-phenylalanine ethyl ester (2–29) in 18.2 ml of a solution made of equal
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volumes of glacial acetic and hydriodic (47–51%) acids was heated

under reflux for 4 hours, cooled, and poured into 73 ml of ice

water. After adjustment of the pH to 5.0 with concentrated NH,0H, the

mixture was cooled and filtered, washing with H20. The precipitate

was dried in vacuo (726.1 mg, 91.6%). An analytical sample was recrys

tallized from hot aqueous EtOH containing several drops of concentrated

HC1 by the addition of hot H,0 and hot 2N sodium acetate to pH 5.1.2

The resulting precipitate was collected by centrifugation, washing with
31

H20, and was dried in vacuo. MP 209–212° (decomp. ). [alp = + 25.3°

(c, 1.0, EtOH- 1N HC1 /3:1 by volume). TLC (UV, ninhydrin) Rf (A:

CHC15-MeOH-conc. NH,0H/20:10:1) 0.31. Analysis: C18H1912N10A-3/4H20:
Calculated C, 37.23; H, 3.56; I, 43.71; Found C, 37.53; H, 3.61; I,

43.60.

3,5-Diiodo-3'-chloro-5'-isopropyl-L-thyronine (2–3). Sulfuryl

chloride (0.25 ml, 420 mg, 3.11 mmoles) was added in one portion to a

suspension of 3,5-diiodo-3'-isopropyl-L-thyronine (2–2) (1.001 g,

1.77 mmoles) in 60 ml glacial acetic acid at room temperature. The

mixture was stirred at room temperature for 1 hour, the solid dissolved,

and the reaction solution turned clear light yellow. The reaction mixture

was then poured into 150 ml 2N HC1. After adjustment of the pH to 5.2

with concentrated NH,0H, the mixture was filtered and the solid was

washed with H20 to give the clean white product, which was dried in vacuo

(971 mg, 91%). MP 228–229° (decomp. ). [a]." = + 26.8° (c, 1.0, EtOH-1N

HC1/3:1 by volume). TLC (UV, ninhydrin) Rf (B: CHC15-MeOH-conc.
NH,0H/20:10:1) 0.37 (separated from 2–2, Rf 0.32), RF (B: iProH-conc.

NH,0H/4:1) 0.44 (not separated from 2–2, RF 0.44), Rf (B: CHC15-MeOH-conc.
NH,0H/10.5:1) 0.61 (barely separated from 2–2, Re 0.58), Re (B: CHC13–f
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MeOH-conc. NH,0H/10:20:1) 0.78 (not separated from 2–2, Re 0.78).f

Analysis: C18H1801112N194; Calculated C, 35.93; H, 3.02; C1, 5.89;

I, 42.19; N, 2.33; Found, C, 35.66; H, 3.02; C1, 6.10; I, 41.94; N,

2. 34.

3,5-Diiodo-3'-bromo-5'-isopropyl-L-thyronine (2-4). To 3,5-

diiodo-3'-isopropyl-L-thyronine (2–2) (1.002 g, 1.77 mmoles) dissolved

in glacial acetic acid (53 ml) and concentrated hydrochloric acid (12

drops) was added dropwise (by injection through a rubber septum into the

reaction vessel), at 50–60°, a glacial acetic acid solution (87 ml)

of bromine (327 mg, 2.05 mmoles). After stirring an additional 20 minutes

at 55–60°, the solution was allowed to cool to 40°, decolorized with sodium

metabisulfite, diluted with 150 ml H20, and adjusted to pH 5.0 with

concentrated NH,0H and 2N sodium acetate. Filtration, washing with 200

ml H20, yielded a yellow filtrate and a clean white solid, which was

recrystallized from hot aqueous EtOH containing a few drops concentrated

HC1 by adjustment of the pH to 5.0 with hot H,0 and hot 2N sodium2

acetate. After allowing to cool to room temperature, the solution was

cooled on an ice bath. The precipitate was collected by filtration and

washed with H20 to give the product, which was dried in vacuo (919 mg,

81%). MP 225–227° (decomp.). (After refrigeration for 2 weeks, the

yellow filtrate yielded an additional 118 mg (10%) of product upon

filtration.) [g].” = + 27.4° (c, 1.0, EtOH-1N HC1/3:1 by volume). TLC

(UV, ninhydrin) RF (B: CHC1A—MeOH-conc. NH,0H/20:10:1) 0.36 (separated3

from 2–2, Re 0.32), RF (B: iProH-CONC. NH,0H/4:1) 0.44 (not separatedf

from 2-2, Re 0.44). Analysis: C, a H, a Br, I., N, O, : Calculated C, 33.46;f 18°18° 1+2"1°4'

H, 2.81; Br, 12.37; I, 39.29; N, 2.17; Found C, 33.46; H, 2.88; Br,

12. 21; I, 39.54; N, 2.23.
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3,5,3'-Triiodo-5'-isopropyl-L-thyronine (2–5). To a stirred,

ice bath cooled solution of 3,5-diiodo-3'-isopropyl-L-thyronine

(2–2) (1.01 g, 1.78 mmoles) in 70% aqueous ethylamine (33 ml) a solution

of 12 (568.2 mg, 2.24 mmoles) in 40 ml of 1M aqueous KI was added

dropwise in 5 minutes. The mixture was stirred for 15 minutes with

and then 30 minutes without ice bath cooling. The excess iodine was

reduced with an excess (10 ml of a 1M solution) of aqueous NaHSoa.
After stirring an additional 5 minutes at room temperature, the pH of the

clear yellow-orange solution was adjusted to 5.0 with glacial acetic

acid, cooling with an ice bath. After dilution with 200 ml H20, the

precipitate was collected by filtration, washing copiously with HoO,

to give a clean white solid, which was dried in vacuo (1.02 g, 83%).
32
D

volume). TLC (UV, ninhydrin) RF (B: CHC1

MP 206–207° (decomp.). [o] = + 26.4° (c, 1.0, EtOH-1N HC1/3:1 by

5-MeOH-conc.NH,0H/20:10:1)

f 0.32). Analysis: C18H1813N1943 Calculated

C, 31.19; H, 2.62; I, 54.94; N, 2.02; Found, C, 31.46; H, 2.73; I,

0.36 (separated from 2–2, R

54.62; N, 2.15.

3,5-Dimethyl-3'-n-propyl-L-thyronine (2–11). To 504 mg (1.18

mmoles) of N-acetyl-3,5-dimethyl-4-(3'-n-propyl-4'-methoxyphenoxy)-L-

phenylalanine ethyl ester (2–31) dissolved in 10.0 ml glacial acetic acid was

added 10.0 ml constant boiling hydrobromic acid. The mixture was

refluxed for 5 hours under a positive N., atmosphere, cooled to room2

temperature, and poured into 80 ml ice water. With ice bath cooling,

the pH was adjusted to 5.2 with concentrated NH,0H. The solution was

allowed to rise to room temperature while stirring vigorously. The

precipitate was collected by filtration, washing with H,0, and was2

dried in vacuo to give a light brown solid (340 mg, 84% crude yield).
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Final purification was accomplished by preparative TLC: 109.4 mg on

two plates; developed 16.0 cm; RF 0.15 to 0.45 removed. This yielded

a clean white solid (23.7 mg). (After removal of the EtOH from the

preparative TLC filtrate, a second crop (16.4 mg) was obtained.) MP
30
D

TLC (UV, ninhydrin) Rf (B: CHC1

207-209° (decomp.). [o] = + 21.4° (c, 0.4, EtOH-1N HC1/9:1 by volume).

5-MeOH-conc. NH,0H/20:10:1) 0.31. Analysis:

C20H25N104°2/3 H20: Calculated C, 67.58; H, 7.47; N, 3.92; Found C,

67.50; H, 7.16; N, 3.81.

3,5-Diiodo-4-(3'-isopropylphenoxy)-L-phenylalanine (2–1). The

general reaction conditions of Blank, et al.,” were used. A mixture

of N-acetyl-3,5-diiodo-4-(3'-isopropylphenoxy)-L-phenylalanine ethyl

ester (2–37) (1.00 g, 1.61 mmoles) in 20 ml of a solution made of equal

volumes of concentrated hydrochloric and glacial acetic acids was heated

under reflux for 4 hours (an additional 10 ml of concentrated hydrochloric

acid being added after 2 hours), cooled, and poured into 120 ml ice

water. Concentrated NH,0H was added, with ice bath cooling, to pH 5. 2.

After further cooling, the precipitated solid was filtered, washed, and

dried in vacuo to give a light brown solid (772 mg, 87% crude yield).

This was recrystallized from hot aqueous EtOH containing several drops

concentrated hydrochloric acid by addition of hot H.,0 and hot 2N sodium2

acetate to pH 5. 2. The solution was allowed to cool to room temperature

and was filtered. The precipitate was washed with H,0 and dried in vacuo2

to give a light brown solid (686 mg, 77%). MP 216-218° (decomp.). Pre

parative TLC (see below) later showed this sample to contain minor

impurities. Final purification was accomplished by preparative TLC:

113.2 mg on two plates; developed 14.8 cm; removed Rf 0.37 to 0.59.

This yielded a clean buff-colored solid (84.8 mg). MP 220.5–222°
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(decomp. ). TLC (UV, minhydrin) Re (B: CHC15-MeOH-conc. NH,0H/20:10:1) 0.41.

[a]."
- + 20.5° (c, 0.4, EtOH-1N HC1/9:1 by volume). Analysis:

C, oh, o I., N, 0., : Calculated C, 39.22; H, 3.47; I, 45.82; N, 2.54;18*19°2°1°3'

Found C, 39.76; H, 3.72; I, 45.82; N, 2.45.

3,5-Diiodo-4-(3'-isopropyl-4'-methoxyphenoxy)-L-phenylalanine

(2–9). A mixture of 451.4 mg (0.693 mmole) of N-acetyl-3,5-diiodo-4-

(3'-isopropyl-4'-methoxyphenoxy)-L-phenylalanine ethyl ester (2–2) in

13.5 ml of a solution made of equal volumes of concentrated hydrochloric

and glacial acetic acids was heated under reflux for 4 hours, cooled to

room temperature, and poured into 55 ml of ice water. The pH of the

solution was adjusted to 5.0 with concentrated and 2N NH,0H. The white

precipitate was collected by filtration, washed with H,0, and dried in2

wacuo to give the clean white product (379 mg, 99%). An analytical sample

was recrystallized from acidified aqueous EtOH by adjustment of the pH

to 5.2 with 2N NaOH. The precipitate was collected by centrifugation,

washing with H20, and was dried in vacuo. MP 216–217° (decomp.). [a]."
=

+24.2° (c, 1.0, EtOH-1N HC1/3:1 by volume). TLC (UV, ninhydrin) Rf (A:

iPrCH-conc. NH,0H/4:1) 0.52. Analysis: C22H2712N1943 Calculated C, 42.39;

H, 4.37; I, 40.72; Found C, 42.49; H, 4.38; I, 40.60.

3,5-Diiodo-4-(3',5'-diisopropyl-4'-methoxyphenoxy)-L-phenylalanine

(2–7). A mixture of 1.01 g (1.45 mmoles) of N-acetyl-3,5-diiodo-4-(3',

5'-diisopropyl-4'-methoxyphenoxy)-L-phenylalanine ethyl ester (2–8) in

20.0 ml of a solution made of equal volumes of concentrated hydrochloric

and glacial acetic acdis was heated under reflux for 4 hours, cooled,

and poured into 80 ml of ice water. With ice bath cooling, the pH was

adjusted to 5.2 with concentrated NH, OH. The precipitate was collected4

by filtration, washed with H20, and dried in vacuo to give a tan solid.
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This was dissolved in 190 ml EtOH plus several drops 2N NaOH, filtered

to remove a small amount of undissolved material, and then diluted,

first with 190 ml 2N NaOH, and then with 500 ml H20. With ice bath

cooling, the pH was adjusted to 5.0 with hydrochloric acid. The

solution was filtered, washing with 500 ml H.,0, to yield a light tan

solid that was dried in vacuo (311 mg, 68%). MP 216–218° (decomp. ).

[a]." = + 25.4° (c, 1.0, EtOH-1N HC1/3:1 by volume). TLC (UV, ninhydrin)

RF (A: iPrCH-conc. NH,0H/4:1) 0.51, RF (B: CHC15-MeOH-conc. NH,0H/20:10:1)
0.41. Analysis: C22H2712N104: Calculated C, 42.39; H, 4.37; I, 40.72;

Found C, 42.49; H, 4.38; I, 40.60.

4-Iodo-2-isopropylanisole (2–25). Complete removal of solvent

(H20 aspirator/rotary evaporation/50°) from the hexane filtrate obtained

with synthesis of 2–28 yielded the crude product as a clear orange-red

viscous liquid (23.52 g, 81.2% based on 4.1% yield for the condensation

reaction). PMR (CDC13) § 1.16 (d, J = 7 Hz, 6H, iPr-CH3), 3.23 (m,

J = 7 Hz, 1H iPr-CH), 3.74 (s, 3H, 0-CH3), 6.53 (q, J = 9 Hz, J = 2.5 Hz,

1H, Ar-6 H), 7.25-7.5 (comp m, 2H, Ar-3, 5 H). An analytical sample was

distilled in vacuo. BP 124.5–125.5°/1.0 mm Hg. Analysis: C10H131191;
Calculated C, 43.50; H, 4.74; I, 45.96; Found C, 43.57; H, 4.77; I, 45.88.

4-Iodo-2,6-diisopropylanisole (2–26). On the basis of TLC inspection,

100 ml elutent fractions #3-7 (CHC1, solvent range approximately) were3

combined from column chromatographic purification involved with synthesis

of 2-8. Complete removal of solvent (H,0 aspirator/rotary evaporation/

34°) yielded the crude product as a clear light yellow very viscous

liquid (18.02 g, 99.4% based on 31% yield for the condensation reaction).

TLC (UV) RF (A: CHC13) 0. 54. PMR (CDC13) ■ 1.18 (d, J = 7 Hz, 12H,

iPr-CH3), 3.27 (m, J = 7 Hz, 2H, iPr-CH), 3.69 (s, 3H, 0-CH3), 7. 40
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(s, 2H, Ar-3, 5 H). An analytical sample was distilled in vacuo.
o -> eBP 103–104.5°/0.20 mm Hg. Analysis: C13H191191: Calculated C,

49.07; H, 6.02; I, 39.88; Found C, 49.00; H, 5.94; I, 39.90.

4-Iodo-2-n-propylanisole (2–27). Removal of the solvents from

the trituration mother 1jiquor from synthesis of 2–29 (H20 aspirator/

rotary evaporator/35°) yielded the crude product as a viscous red oil

(7.10 g, 88.8% based on 57% yield for the condensation reaction). PMR

(CDC13) ■ 0.92 (t, J = 6.5 Hz, 3H, nPr-CH3), 1.58 (m, 2H, nPr—CH2–C–Ar),2

2.53 (t, J = 7 Hz, 2H, nPr-CH,-Ar), 3.73 (s , 3H, 0-CH3), 6.51 (d, J = 8.5

Hz, 1H, Ar-6 H), 7.25-7.55 (comp m, 2H, Ar–3, 5 H). An analytical sample

o - e -was distilled in vacuo. BP 92-93°/0.075 mmHg. Analysis: C10H131191;
Calculated C, 43.50; H, 4.74; I, 45.96; Found, C, 43.69; H, 4.90; I,

45.86.
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CHAPTER THREE: THY ROMIMETIC ACTIVITIES OF SOME THY ROID

HORMONE ANALOGS

In vivo biological test systems have been developed over the years

for a large number of the various biological responses that the thyroid

hormones and analogs elicit. These assays include: (1) induction of

71–76 (2) elevation of various basal metabolic

9,79–82

amphibian metamorphosis;

77,78
rates; (3) goiter prevention; (4) serum cholesterol

83, 84lowering; and (5) reversal of fetal hypothyroidism.” More recently,

several in vitro assay procedures have been developed for measuring

relative binding affinities of the thyroid hormones and analogs to:

********** (b) intact cell
and (c) solubilized nuclear proteins.” The most reliable

(a) various purified plasma proteins;

nuclei;”
and largest set of in vivo activities has been obtained utilizing the

rat antigoiter bioassay. The various in vitro binding affinities have

shown good reproducibility, and the number of analogs for which various

binding affinities have been measured is even now increasing rapidly.
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The rat antigoiter activities and/or binding affinities to

solubilized rat hepatic nuclear protein were determined for eight of

the analogs newly synthesized for this study. This investigator par

ticipated in the planning and conducting of these antigoiter assays,

while the binding assays were conducted in toto by another member of

this research group.” Hence, a detailed description of the antigoiter

assay procedure and only a brief description of the binding assay procedure

are included in this chapter.

RAT ANTIGOTTER BIOASSAYS

Five of the thyroid hormone analogs newly synthesized for this study

and a number of other analogs were tested for their thyromimetic anti

goitrogenic activities in three rat antigoiter bioassays. The results of

these in vivo studies, as well as a detailed assay description, are

presented below. A discussion of the recalculation and standardization

of analog activities in the rat antigoiter bioassay is also presented

in this section.

Assay Description.

The rat antigoiter bioassay is based on the "short loop" feedback

control of pituitary thyrotropin (TSH; thyroid stimulating hormone)

secretion by circulating thyroid hormones and analogs. An "antithyroid"

drug such as thiouracil or propylthiouracil in the diet blocks the

biosynthesis and release of T3 and T4 from the thyroid gland. The

lowered levels of circulating thyroid hormones stimulate an increased

thyrotropin secretion from the pituitary, 1eading to increased thyroid

tissue development and circulation and eventually to an enlarged thyroid

gland called a goiter. Such goiter formation is well achieved within
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the ten day length of the bioassay. Graded doses of either the

reference compound or the analog to be tested are administered daily

by subcutaneous injection. The relative activity of an analog is esti

mated (based on a standard log dose vs. response curve) by the molar

dose of the analog, relative to that of the standard (T3 Or TA), required

to cause 50% reversal of the drug-induced goiter.

The detailed bioassay procedure is as follows. Solutions of the

analogs were made up a day or two before the injections were to begin

and were prepared so that they could be compared to the reference compound

on a molar basis. An arbitrary molar ratio value of 1.00 was assigned

to the dose of L-T, containing 1 lug of L-T, per 100 g of rat body weight4

or to the dose of L-T., containing 0.25 ug of L-T, per 100 g of rat body3

weight, depending on which was used as the reference compound. Solutions

were prepared so that the dose administered to a 100 g rat was contained

in 0.125 ml of solution (the calibrated volume of a tuberculin syringe).

Samples were weighed on a Cahn Electrobalance. Stock solutions were

prepared by dissolving in normal saline (0.9% aqueous NaCl) 0.01 N in

NaOH to a total volume of 10.0 ml or 25.0 ml (depending on compound

solubility). Appropriate aliquots were diluted to 25.0 ml with normal

saline 0.01 N in NaOH. Compounds which were found to have limited solubility

in this saline solution or whose stability in basic solution was ques

tionable (based on previous experience” or on color development upon

solution) were dissolved in absolute EtOH to a total volume of 10.0 ml.

Appropriate aliquots were diluted to 25.0 ml with normal saline. These

solutions were decanted into 50 ml multiple dose vials, which were

fitted with a septum, capped, and stored in the refrigerator when not

in use.
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Male Long-Evans (assays #1 and #2) or Sprague-Dawley (assay #3)

rats (Simonsen Laboratories, Gilroy, Calif.), weighing between 70 and 100

g when obtained, were housed three to a cage. A11 were fed a normal

diet of powedered Simonsen Rat Maintenance Diet for two days prior to

the start of the assay. (This was done in order to allow them to

"settle in", establish a regular feeding regimen, and hence insure a

fairly constant intake of thiouracil in their feed.)” Groups of six

rats were used for each reference compound or analog dose. The thiouracil

and normal control groups contained six to twelve rats. The normal

control received a normal diet and a11 other animals received 0.3%

thiouracil in their feed (thiouracil obtained from the Nutritional

Biochemicals Corporation and incorporated into the normal feed by the

Pharmaceutical Technology Laboratory, School of Pharmacy, University of

California, San Francisco). Diets were begun one day before the injections

were started. The normal and thiouracil control groups were injected

with normal saline 0.01 N in NaOH. The other groups were injected with

the reference compound or analog at the predetermined dose levels. The

volume of solution injected was determined on the basis of daily weighings

as follows:

Rat Weight (g) Volume of Solution (ml)

60 - 79 0.075

80 – 99 0.100

100 – 119 0.125

120 – 139 0.150

140 – 159 0. 175

160 – 179 0.200

180 - 199 0.225

200 – 219 0.250
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After 10 days of injections, the animals were sacrificed by

ether-chloroform inhalation on the eleventh day. After determining

the body weight, the thyroid glands were excised, kept moist with normal

saline on filter paper, cleaned of extraneous tissue under a dissecting

microscope, blotted on a filter paper, and immediately weighed to the

nearest 0.1 mg. (In any one assay, the same individual performed all

of the final cleanings of the thyroid glands in order to insure, as

best possible, a consistent degree of extraneous tissue removal from

the glands.)

Thyroid weights were converted to mg/100 g body weight and mean

values were calculated for the control groups and for each dose level

group of the reference compound or of the analog. The statistical

analysis of the data was performed as follows:**
--

*Tu = average thiouracil control thyroid weight/100

g body weight

*compá = average compound thyroid weight/100 g body

weight

S = standard deviation for X
Tu Tu

S = standard deviation for X
compa compa

N = number of rats used to calculate X
Tu Tu

N = number of rats used to calculate X
compa compa

2 2

s?
=

(NTu - 1) *Tu "compa
-

**compa
p

-NTu + "compá 2

T

s.... = , / (s_*/N.) + (s ºn O
diff p : "Tu p compa

ºp Vº
+ "compa’/"Tu"compa’
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(X.
-

)/Tu T *compá *diff (Eqn. 3-1)"calcd
-

"calcd is compared with tabulated Student's t critical point values

to test whether X < X (a "one-tailed" test). (Of course, ifcompq Tu

compa * *Tu, then there is no need to perform the test.) "calcd' for

a particular compound at a particular dose, is compared with tº’, the

Student's t critical point value with DF = (N – 2) degrees+
Tu "compá

of freedom at a probability of P. If

DF DF
*P1 “. "calcd ‘. *P2

at which it can be stated that

is obtained by interpolation linearly with log p;90
then the level of significane, "calcd'

< x.*compá *Tu,

DF
t — t

log P = 10g P1 + (1og P., - 10g P1) calcd P1calcd 1 2 1
tDF

-
tDF

P2 P1

(Eqn. 3–2)

If tDF > t Or t > tPF then the level of significance
75% calcd calcd 99.9% en the LeVel O g

at which it can be stated that X < X... is merely given as < 75% or
compa Tu

> 99.9%, respectively. Similarly, statistical analysis can be performed

to determi
- -

:
O determine whether *compá > *NC, where

*Nc = average normal control thyroid weight/100 g body weight

Recalculation and Standardization of Analog Activities.

The steadily increasing interest in quantitative structure-activity

3, 25, 39, 40,56,91–95 alcorrelation studies of thyroid hormone analogs nd

the inherent need in such studies of the most accurate and complete



59

listing of analog activities have prompted us to recompile and re-evaluate

(as completely as reasonably possible) the activities of these analogs

in the rat antigoiter biological assay. Development of the bioassay

procedure can be roughly traced as follows:

1943: The maintenance or restoration of normal thyroid

weight by administration of thyroxine to rats

simultaneously treated with thiouracil first used

as the basis of an assay procedure for 1,.”
1949 : Estimation of relative activities of analogs as compared

80
Ta.

1957: Use of 10g dose vs. response curves to estimate

activities of analogs.

1962: Standard use of 34
: thiouracil inclusion in solid food in preference

to inclusion in the drinking water, where the

bitter taste discourages the rats from drinking

and results in uneven thiouracil injection.

: doses of analogs in units of ug (or umoles)/100

g body weight/day in preference to ug (or umoles)/

rat/day.

: analog activity estimates based on molar rather

than weight ratios.

1974: Use of analog stock solutions containing no base in order

to avoid decomposition of particularly 1abile analogs.”
1976 : Conversion from L-T, to L-T., as standard reference

4 3
95

compound.

.
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*

A careful review of the literature revealed that many investigators

had based estimates of analog activities on weight rather than molar

ratios as compared to T3 Or Ta. In view of the necessity of as accurate

as possible molar activities for meaningful quantitative structure-activity

correlation studies, we decided to recalculate the rat antigoiter bio

assay activities of all known analogs on a molar basis.

Both T., and T, (D, L., and DL stereoisomers) have been used as3 4

standard reference compounds in rat antigoiter bioassays. In addition,

literature estimates (some based on molar ratios; others based on weight

ratios) of the activity of T3 have ranged from 300% to 1000% that of
83,96–110

4 *

reference-compound scale and vice versa have characteristically involved

T Conversion of analog activities from the T., to the TA3

a scaling factor of from 5 to 8. Peripheral deiodination from both

aromatic rings of iodinated thyroid hormones and analogs has been shown

50,111–122to occur in vivo. In particular, studies utilizing 14C- Or

*I-1abeled TA have given estimates of about 17% conversion of secreted

T4 to T3 in the ratlló and of about 33% conversion of daily T4 production
112

to T3 in man.

Metabolic deiodination of TA can give rise to formation of the much

more active analog T3, while metabolic deiodination of T3 leads only to

analogs with very low activities. Variations in peripheral deiodination

rates in vivo (between rats in the same and in different assays) could

hence cause larger variations in the apparent TA activity than in the

apparent T3 activity. In a similar comparison, contamination of a

reference T4 sample with small amounts of the much more active T3 is

1ikely to lead to 1arger variations in activity than contamination of

a reference T3 sample with small amounts of the less active TA and

other halogenated thyronines. As a result, we concluded that L-T3

º

º
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is a better choice than L-T, Or DL-T, as a standard reference compound

and that all of our molar recalculations of rat antigoiter bioassay

activities would be with L-T., (DL-T., , where comparison was originally3 3

to DL-T., or DL-T,) as the reference compound. After careful examination3

of the literature, a large number of comparisons of T3 and TA activities

were omitted from our recalculation of the relative T3 and TA activities

for one or more of the following reasons:

1. Form of T4 (Na salt pentahydrate; free amino acid; stereo

chemistry) not specified.

2. Compounds administered orally.

3. Too few dose levels.

4. Purity of compounds possibly questionable (especially

possible To contamination of TA).3

5. Method of dosaging unclear or seemingly arbitrary.

On the basis of the remaining T., vs. T, activity studies 97–99,101,105,1083 4

the corrected molar activity of L-T3 was calculated to be approximately

is arbitrarily set equal to5.53% that of L-T If the activity of L-T4 * 3

100%, then L-T, has a relative molar activity of (1/5.53) x 100% = 18.1%.4

That the apparent T, activity in vivo may be increased by peripheral4

T4 -> T3 deiodination is supprted by the fact that the in vitro relative

to intact rat hepatic nuclei and to solubilized

24, 25
binding affinities of L-T,
high affinity rat hepatic nuclear protein "receptors" are 12.5%

and 13.85%,” respectively, of that of L-T3.
In Tables I-1 through I-11 of Appendix I are presented our recal

culated rat antigoiter bioassay molar activities of thyroid hormone

analogs. The values were calculated as follows:

1. Activities initially reported on a weight basis were converted

to a molar basis.
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For any assay containing L-T3 Or DL-T, as the reference

compound or as an analog, the activities of the analogs

were calculated as relative to the L-T, Or DL-T, activity.

For assays containing L-T, Or DL-T, (and neither L-T,

DL-TA) as the reference compound or as an analog, the

Or

activities of the analogs relative to L-T, Or DL-T, Were

divided by our calculated scaling factor of 5.53 to give

estimates of the analog activities relative to L-T, Or DL-T3,
respectively.

When there is more than one literature report of an analog

activity, an average value was taken.

Certain reported analog activities were omitted in calculating

the average molar activities for the same reasons as with the

T3 VS - T4 comparison and/or if the activity differed unreasonably

from two or more other reported activities.

If only one activity has been reported for an analog but the

reported activity seems questionable based on qualitative

and/or quantitative correlations of structure with activity,

the value is listed but the question of its reliability is

noted.

If the activity is merely reported as zero, it is given as

such. If the activity is reported as zero at a certain highest

dose 1evel, the activity is given as a “ X% value; use of such

a maximal activity as the actual analog activity in quanti

tative structure-activity studies is at best risky since

in general the activity of the analog is probably well below

this maximal value, but was not determined exactly.
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The main fact to be noted from these recalculated molar rat antigoiter bio

assay activities is that the qualitative picture of correlation of structure with

activity for the thyroid hormone analogs remained unchanged. Only the

exact quantitative activity estimates necessary for the most accurate

quantitative structure—activity correlation studies have been altered.
9, 82

Although the details of the rat antigoiter bioassay are available, ”

the following guidelines are recommended to insure optimal reproducibility

and accuracy:

1.

2.

Goitrogen supplied in solid food; not in drinking water.

Subcutaneous injections, rather than oral route, for analog

and reference compound administration.

Doses in ug (or umoles)/100 g body weight/day; not ug (or umoles)/

rat/day.

Activity estimated on a molar basis for 50% inhibition of

goitrogen-induced goiter; full log dose vs. response curve

highly preferable.

Use of L-T3 as standard reference compound should give more

accurate and reproducible results.

Thin layer chromatographic (and/or other methods of) inspection

of analog and reference compound purities; very important,

because the routes of synthesis to and the labilities (especially

with time) of thyroid hormone analogs often give rise to

significant impurities, both hormonally active and inactive.

One additional scaling factor can be used for analogs with alanine

side chains so that variations in activity due to the alanine side chain

stereochemistry can be eliminated: i.e., so that for an analog with an

alanine side chain, the estimated activity of the L-analog relative to

*
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L-T, may be calculated. The activity of an L-analog relative to L-T3

is of course unchanged. The activity of a DL-analog relative to DL-T,

is assumed to be equal to what the L-analog activity relative to L-T3

would be. The activity of a DL-analog relative to L-T, is divided by

3 = 59% that of -1,”, to give the estimated

activity of the L-analog relative to L-T

0.59 (activity of DL-T

3' This estimate of DL-analogs

having about 59% the activity of their L-analogs is (as with all other

estimations concerning scaling antigoiter activities) only a fairly

approximate value. It should, however, provide a slightly more accurate

scaling factor than merely assuming the activity of an L-analog to be

2x that of the corresponding DL-analog in that it does take into account

the low, yet significant, in vivo activity of the D-stereoisomer. Such

scaling should obviously only be applied to analogs with an alanine side

chain in the 1-position.

Results and Discussion.

The compounds tested for their thyromimetic activities in the three

rat antigoiter bioassays are 1isted in Table 3–1. The detailed results

of the three assays are presented in Tables 3–2 through 3–4. The

corresponding log dose vs. biological response curves are presented in

Figures 3–1 through 3–3. A combined summary of the analog activities

determined in these assays is presented in Table 3–5. The reference

compound was L-T, (3–2) in the first two assays and L-T, (3–1) in the
third assay. All of the compounds in the first assay were underdosed.

The approximately 50% reversal with the highest L-T, (3–2) dose, however,

permitted evaluation of the activities of at least some of the analogs

tested. Dose levels were more accurate for assays #2 and #3, complete

.



65

log dose vs. response curves, or at least spanning of 50% goiter

reversal, being obtained for most of the analogs. All activities

mentioned below in discussion of the assay results are relative to

L-T3 (3–1) = 100% (either by direct comparison in assay #3 or by

conversion to the L-T3 reference compound scale for assays #1 and #2).

The single dose evaluation of the activity of 4'OMe-I, iPr(3–15)2

as 19% is consistent with 0-demethylation in vivo permitting the analog

to demonstrate partial activity as compared to the free 4'-OH analog

L-I, iPr (3–3: 142.1z*). The other 4'-OMe analog, L-4'OMe-I

was, like 4' OMe-I

2sBu (3–16),

2iPrº (3–15), assayed in order to increase the scant

number of 4'-OCH, analogs for which in vivo activities are available.

3–16 was apparently underdosed in its one testing, and its activity

from the assay can only be estimated as < 21%.

L-I, iPr (3–3) and L-Me

order to reaffirm their previously determined activities and to provide

2 iPr (3–8) were included in the assays in

direct comparison with the corresponding nPrand s Bu analogs. The 108%

activity determined for L-I, iPr(3–3) is slightly 1ower than but consistent

with the previous evaluations of the activity of this compound.”
2

The values of 4.22% and 3.94% activity determined for L-Me., iPr(3-8)2

are consistent with the only other previously determined value of 3.25% 9

and once again reaffirm that halogen is not an essential feature for

thyroid hormone activity.

Initial predictions of the activities of L-I., nPr(3–5) and L-Me., nPr
2 2

(3–9) were much too high and only the much higher dose levels of the

third assay allowed evalution of the activities of these two compounds

as 39.5% and 2.36%, respectively. That the activities of these two

compounds are significantly lower than those of their corresponding iPr
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Table 3–1. Thyroxine Analogs Tested in the Three Rat Antigoiter

Bioassays.

R5, 5

4." O CH,CH(NH,)cooh

R3, 3

Compound Abbreviation =
R3, R5, RA

3-1 L-T, I I H OH

3-2. L-T, I I I OH

3–3. L-I, iPr I iPr H OH

3–4. L-IziPrz I iPr iPr OH

3-5. L-I, Pr I nPr H OH

3–6. L-12sbu I +s Bu H OH

3-7. L-I,NO2 I No, H OH

3–8. L-MeziPr Me iPr H OH

3–9. L-MeanPr Me nPr H OH

3-10. L-Mezsbu Me +s Bu H OH

3–11 L-4'H-1, iPr I iPr H H

3-12 L-4'H-1,F I F H H

3-13 L-4'H-1,01 I C1 H H

3–14. L-4'H-1, Br I Br H H

3-15. L-4'OMe-1, iPr I iPr H oCH,
3-16. L-4'OMe-Ias Bu I +s Bu H OCH2
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Table 3–2. Rat Antigoiter Bioassay #1 of Thyroid Hormone Analogs.”

Mean

Daily Thyroid

Compound º Molar :* "calcd” "calcdº
Injected 100 g Ratio 100 g

(ug) (mg + sq)

Normal
--- ---

9.48 + 1.15 17. 922 > 99.9%
Control

Thiouracil –––
---

29.96 + 2.54
- - - ---

Control

L-T,” 0.600 0.600 28.57 + 4.30 0.682 < 75%

1.000 1.000 26.37 + 5. 39 1. 476 91.5%

1.667 1.667 20.08 + 4.17 4. 956 > 99.9%

1.75%

L-I, iPr 0.064 0.100 29.19 + 4.40 0.371 < 75%

0.128 0.200 27.88 + 6.90 0.693 < 75%

L-Izmpr 0.064 0.100 27.24 + 5.19 1. 153 86.5%

0.128 0.200 25.26 + 3.13 2. 856 99.1%

L-12sBu 0.065 0.100 22.52 + 4.38 3.599 99.8%

0.131 0.200 32.60 + 5.55 8
---

L-MeziPr 1.545 4.000 28.35 + 4.45 O. 770 77.3%

3.091 8.000 18.51 + 3.26 6. 786 >99.9%

7.5F

L-MeanPr 1.545 4.000 28.79 + 3.82 0.625 <75%

3.091 8.000 31.89 + 3.72 g
---

L-Mezsbu 1.608 4.000 29.51 + 3.37 0.261 <75%

3.217 8.000 24.04 + 4.75 2. 692 98.9%

f
^,11
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Table 3–2. (Continued)

Daily Mean

Compound Dose Molar º: t b P C
Injected per Ratio g calcd calcd100 g per

100 g

L–4'OMe- 0.981 1.500 21.11 + 8.03 2. 574 98.6%
I, iPr f

1.65

L–4'OMe- 1.004 1.500 30.13 + 3.79 3
---

I. sbu
2 >1.5%

L-1,No," 64.135 100.0 28.31 + 4.41 0.779 77.5%

>100%

“six rats in each control and experimental group.

"calculated using Eqn. 3-1.

‘Confidence level at which the mean thyroid weight for this dose level

or for the untreated control may be considered to be significantly

1ower than the mean thyroid weight for the thiouracil control. Cal

culated using Eqn. 3-2.

“Untreated control group; all other rats received 0.3% thiouracil

in their diets.

*Sodium L-thyroxine pentahydrate.

*Molar dose ratio required to cause 50% reversal of thiouracil-induced

goiter.

*Mean thyroid weight at this dose level 2 mean thyroid weight for the

thiouracil control; hence, this may be considered an inactive dose.
"Five rats in this group.



Table 3–3. Rat Antigoiter Bioassay #2 of Thyroid Hormone Analogs.”

...” Mean
Compound per Molar Thyroid t b P

- -
Weight calcd calcdInjected 100 g Ratio per 100 g

(ug) (mg 4 sq)

Normal
--- ---

9.26 + 2.00 7.093 >99.9%
Control

Thiouracil ---
---

29.68 + 6.78
--- ---

Control

L-T, 1.000 1.000 26.16 + 5.45 1. 060 85.0%

1.590 1.590 22.09 + 1.55 2. 664 99.0%

2. 520 2. 520 12.80 + 4.11 5.431 >99.9%

4.000 4.000 8.34 + 2.01 7. 412 >99.9%

1.60%

L-I, iPr 0.128 0.200 25.81 + 3.22 1. 292 89.2%

0.221 0. 346 12.78 + 7.14 4. 632 >99.9%

0.383 0. 600 9.17 + 5. 70 6. 092 > 99.9%

0.268"

L-I, nPr 0.128 0.200 29.36 + 5.54 0.096 < 75%

0.221 0.346 34.07 + 9.63 9.
---

0.383 0.600 24.03 + 5.40 1. 706 94.4%

L-12sbu 0.131 0.200 25.31 + 2.24 1. 508 92.3%

0.226 0.346 21.80 + 6.77 2. 207 97.7%

0.392 0. 600 16.25 + 6.09 3.906 > 99.9%

0.362*

--
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Table 3–3. (Continued)

Daily Mean

º; ... : : 'ealed "ealed
100 g per 100 g
(ug) (mg + sq)

L-Me, iPr 1.545 4.000 26.05 + 10.25 . 831 79. 4%

3.090 8.000 18.36 + 5.31 . 433 99.8%

3. 662 9.480 17.96 + 11.75 .464 98.6%

6. 181 16.00 9.37 + 6.68 . 715 >99.9%

7.34%

L-MeanPr 2.318 6.000 33.66 + 5. 34 g
---

4. 230 10.95 30.06 + 4.80 g
---

7.727 20.00 24.65 + 4.96 . 553 92.8%

L-Megsbu 2. 413 6. 000 25.98 + 3.44 . 225 88.1%

4. 403 10.95 22.55 + 6.91 .980 96.6%

8.042 20.00 9.35 + 4.78 . 334 >99.9%

9.94

*Six rats in normal control and each experimental group.

Nine rats in thiouracil control group.

*T*see corresponding footnotes, Table 3–2.

|



Table 3–4. Rat Antigoiter Bioassay #3 of Thyroid Hormone Analogs.”

Daily Mean

: ... : : "calcd "calcd00 g per 100 g

(ug) (mg + sq)

Normal
--- ---

11.19 + 1.27 13. 741 99.9%
Control

Thiouracil ---
---

39.07 + 5.22
--- ---

Control

L-T3 0.0625 0.250 33.96 + 4.93 1.992 96.8%

0.125 0.500 32.78 + 5.67 2. 345 98.4%

0.250 1.000 27.21 + 3.64 4. 960 >99.9%

0.500 2.000 11.87 + 4.40 10.928 >99.9%

0.92*

L-T,” 0.912 2.667 32.61 + 2.34 2. 857 99.4%

2.731 8.000 19.25 + 5.48 7. 4.76 >99.9%

5.1%

L-12nPr 0.327 1.500 32.64 + 7.38 2. 151 97.6%

1.307 6.000 7.48 + 1.84 14.202 >99.9%

2.33%

L-MeanPrs.934 45.0 22.41 + 7.67 5. 469 >99.9%

23. 74 180 7.85 + 1.99 13.972 >99.9%

39f

L-121Pr." 3.509 15.0 38.58 + 6.63 0.172 <75%

14.04 60.0 33.54 + 7.71 1. 811 95.6%

L–4'H- 0.095 0.450 41.04 + 7.43 g
---

12 iPr
0.381 1.800 38.71 + 7.10 0.123 <75%
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Table 3–4. (Continued)

Daily Mean

Compound Dose Molar Thyroid t C P d
Injected per Ratio Weight calcd calcd

100 g per 100 g
(ug) (mg + sq)

L–4'H- 10. 12 50.0 28.79 + 5.05 3.979 > 99.9
IAF

2 40.48 200 14.17 + 4.09 10.174 >99.9%

66*

L–4'H- 1. 878 9.00 34.94 + 2.32 1.828 95.7%
I2C1

7. 514 36.0 9.51 + 1.81 13. 301 >99.9%

11.83%

L–4' H- 1. 129 5.00 25.34 + 2.22 6.099 >99.9%
I, Br

4. 516 20.0 8.58 + 0.88 13. 997 >99.9%

5.1%

*Six rats in each

group, and twelve
b–

experimental group, seven rats in normal control

rats in thiouracil control group.

*see corresponding footnotes, Table 3–2.

"compound precipitated from both dose level injection solutions.

º
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Table 3–5. Summary of Rat Antigoiter Bioassay Results.

Activity
Compound Activity (% L-T3) From

Assay
#

L-T3(3-1) 100 3

L-T, (3–2) 18.0 3

L-I,iPr (3-3) 108° 2

L-I,iPrz (3-4) b 3

I-I,nPr (3-5) 39.5 3

L-I,sbu (3–6) 79.9° 2

L-I,NO, (3–7) <0.32° 1.

L-MeziPr (3-8) 4. 22, *3.94° 1, 2

L-MeanPro-9) 2. 36 3

L-Megsbu (3-10) 2.88, *2.91° 1, 2

L-4'H-1,iPr (3–11) b 3

L-4'H-1,f (3–12) 1. 39 3

1-4 'H-1,c1 (3-13) 7.78 3

1-4 'H-1, Br (3-14) 18.0 3

I-4 "OMe-1,1Pr (3-15) 19° 1

2.21° 1.L–4 " OMe-12sbu (3–16)

a
Activity determined relative to L-T

CCInvert from L-T, to L-T
4

4 divided by 5.53 to

3 reference compound scale.

As say results inconclusive.



77

analogs explicitly demonstrates that activity is influenced not only

by 3' substituent hydrophobicity but also by the specific conformational

size, and steric characteristics of the 3' substituent. Despite its

conformational flexibility and its lipophilicity about equal to that of

a 3'-iPr-substituent, the 3'-nPr substituent apparently also makes a

negative steric or hydrophobic contribution to activity due to its

extending out from the 3' position considerably further than I or iPr.

The activities of L-I.,s Bu (3–6) and L-Me2 2sbu (3–10) were determined as

79.9% and 2.91%, respectively. This qualitatively suggests that the

3'-sbu substituent bulk or average distance it extends out from the 3'

position further than iodine (which will be greater than for even nPr)

can be balanced in part by increasing the 1ipophilicity of the 3' substituent.

This point will be more quantitatively developed with structure-activity

correlations in Chapter Five. The 2 0% activities of L-Me, nPr(3–9)2

and L-Megsbu (3-10) also reaffirm that halogen is not essential for

thyromimetic activity.

Of additional interest is the fact that the activities of both

the 3,5-1,-thyronines and the 3,5-Mez-thyronines are of the order

H is Me & iPrix sBu > nPrfor 3' substituents. This suggests that in

Vivo activity is not a function of distribution for these two sets of

analogs, which differ considerably in their 1ípophilicities, but rather

is directly related to 3' substituent lipophilicity and inversely

re. Lated to 3' substituent size or bulk greater than iodine.

The activity of L-I, iPrº (3–4) was not determined, because upon

refrigeration this compound precipitated from the injection solutions.

At tempted injection of the suspensions apparently failed due to the

**ability of most of the suspended solid to be drawn into the injection
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syringes. In order to insure solubility, future in vivo evalution of

this analog should probably utilize: (1) a 100% ethanolic stock

solution (with a drop or two of water to effect solution), appropriate

fractions being diluted with 100% EtOH to give the injection solutions;

and (2) storage of the injection solutions at room temperature.

The « 0.32% activity determined for L-I,NO2 (3–7) is consistent
with a moderately hydrophilic 3' substituent, a high degree of 4'-OH

ionization due to the 3'-No, (favoring TBG binding), and (for the fraction

of the analog which has an unionized 4'-OH) a very strong intramolecular

Hydrogen bond between the 3'-No, and the 4'-OH, preventing 4'-OH hydrogen

bond donation to the nuclear receptor.

The activities determined for L-4'H-1, F (3–12), L-4'H-1,Cl (3–13),

and L-4'H-1, Br (3–14) (1.39%, 7.78%, and 18.0%, respectively) can be
compared with those of the corresponding 4'-OH analogs (1.12%, 4.88%,

123and 23.78%, respectively"T"). When compared in addition with the

activities of several other 4'-H and 4'-OH analogs,” it becomes

evident that in vivo 4'-position hydroxylation of 4'-H analogs can

lead to activities ranging from significantly less than to slightly

8reater than those of the corresponding 4'-OH analogs. Although further

Study is obviously needed in this area, the data suggests that the

degree or rate of 4'-position hydroxylation in vivo might be inversely

related to the bulk of 3' and 5' substituents, which could provide some

steric hindrance to this metabolic transformation. The low in vivo

activity of L-4'H-I2iPr(3–11) is consistent with its low in vitro
birading to solubilized rat hepatic nuclear protein (see below) but is

inconsistent with an expected high activity due to metabolic transformation

to L-I, iPr (3–3). Further purification and/or structural verification
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of the sample prepared may be necessary to elucidate this ambiguity.

As mentioned earlier, we have proposed the permanent conversion

from L-T, (3–2) to L-T, (3–1) as the reference compound for future rat

antigoiter bioassays. The determination of an 18.0% activity for L-T,

(as directly compared to L-TA) in the third assay is in excellent agree

ment with our calculated average estimate from the 1iterature data of

18.1% activity. It thus also provides substantial justification for and

validity of our proposal for switching to the L-T, reference compound

scale.

The dose levels of the analogs tested in the first two bioassays

were qualitatively estimated based on the known qualitative structure

activity relationships of the thyroid hormones and analogs. This led to

inaccurate dosing for several analogs in these assays. For the third

assay, the dose levels of all of the analogs for which activities were

obtained were estimated by calculation from correlations of in vivo

activities with in vitro binding to solubilized rat hepatic nuclear

Protein (using Eqn. 5–42). This permitted fairly accurate determination

of the analog activities by choosing dose levels 1/2x and 2x that calculated

*s necessary for 50% goiter reversal. The success of this method, as

demonstrated by the third bioassay results, obviously speaks to its

further utiliztion in future assays.

IN VITRO BINDING TO SOLUBILIZED RAT HEPATIC NUCLEAR PROTEIN

studies* have indicated that the thyroid hormones cause sequential

in creases in nuclear RNA synthesis, nuclear RNA-polymerase activity,

*Y*oplasmic ribosomal and microsomal RNA levels, and finally cytoplasmic

**Yme synthesis. As mentioned earlier, most cell nuclei contain non

his tone proteins strongly associated with the chromatin, which
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possess high-affinity, limited-capacity binding sites for the thyroid

hormones and analogs. ** These non-histone nuclear proteins can be

so Lubilized with retention of binding affinity for the thyroid hormones

and analogs. ***** The binding affinities of thyroid hormones and

analogs to intact rat hepatic nuclei and to solubilized non-histone

nuclear protein correlate well with the in vivo thyromimetic activities

of the coumpounds, once metabolic effects are taken into account”

(and see Chapter Five). Apparently the binding to such nuclear receptors

is the first step in initiating the events which lead to subsequent

hormonal expression through enzyme synthesis (Figure 3–4).

Seven of the analogs newly synthesized for this study were tested

for their binding affinities to solubilized rat hepatic nuclear protein

receptors.” A brief assay description and a summary and discussion

°f the assay results are presented below.

Assay Description.

Rat livers are homogenized and then centrifuged to obtain intact

**t hepatic nuclei. The nuclei are lysed by sonication, and high salt

Sºncentration (0.2 M (NH4)2SO4) is utilized to solubilize the nuclear

**tein. Centrifugation yields a supernatant containing the desired

*on-histone nuclear protein. Relative binding affinities of analogs

**e obtained by determining (by Scatchard analysis) the ability of

***Ying analog concentrations to competitively displace *-i-T,
from the nuclear protein under equilibrium conditions at T = 25°C.

Results obtained can be expressed as KA = analog equilibrium association
C O

*stant, as (KA/KT ) x 10° = relative binding affinity of the analog
3(r

*lative to L-T, = 100), or as AG, - -RT Inka = free energy of analog
b Aind ing to the nuclear protein receptor (R = ideal gas constant = 1.9872
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Tab Le 3–6. In Vitro Binding Affinities of Thyroid Hormone Analogs

to Solubilized Rat Hepatic Non-Histone Nuclear Protein.”

Rs. I

Ra' O CH,CH (NH,) COOH

R3, I

K, / b C

Compound R3, R5, R4, A KT3 -AGA
x 10% (kcal/mole)

L-T3 (3-1)* I H OH 100 12.42

L-121 Pr, (3–3) iPr iPr OH 1. 10 9.75

+-I2nPr (3-4) nPr H OH 23.97 11.58

+-I2iPro1 (3-17) iPr C1 OH 52.56 12.04

+-I2iPrBr (3–18) iPr Br OH 21.95 11. 52

L-12 iPr (3–19) iPr I OH 12.41 11.19

L-4'H-1, pr (3–11) iPr H H 0.492 9.28

+-4'one-1,1pr (3–15) iPr H OMe 6.820 10.83

&l

At T = 25° C.

*inding affinity relative to L-T3 = 100. KT3 = 1. 29 x 10° M-1.
C

*A = -RT Ink.
ad

Re Ference compound.
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X 10–3 kcal/deg. mole).

Results and Discussion.

The results of the binding assays of the analogs newly synthesized

for this study to solubilized rat hepatic nuclear protein are presented

in Table 3–6.

The binding affinities (relative to L-T, = 100) of L-I3 2

iPrT (3–19), and L-I

iPr (3–3),

L-I,iProl (3–17), L-I,iPrBr (3–18), L-I, 2

were determined as 89.15,” 52.56, 21.95, 12.41, and 1.10, respectively.

iPr; (3–20)

These results qualitatively support the concept that binding affinity

is: (1) indirectly related to 5' substituent size or 1jipophilicity; and

(2) increased by electron withdrawing 3'5" substituents which orientate

the 4'-OH toward the 5' position. This will be developed further and

more quantitatively in Chapter Five.

The decrease of binding affinity for L-4'OMe-I, iPr(3–15) (relative2

binding affinity = 6.820), as compared to L-I, iPr(3–3) (relative binding2

affinity = 89.15°), is consistent with previous results” demonstrating

loss of binding upon replacement of 4'-OH with 4'-OMe. The binding affinity of

L-4'H-1, iPr (3–11) is inconsistently low, as compared with other 4'-H
analogs,” which tend to bind with approximately the same affinity as their

4'-OMe analogs. This once again suggests the need for further evaluation

of purity and structure of the sample prepared. The relative binding

affinity of 23.97 for L-I,nPr (3–4) is consistent with: (1) previous
results,” which generally show relative binding affinities of 3'-alkyl

analogs being slightly less than their corresponding rat antigoiter

activities; and (2) both 3' substituent hydrophobicity contributing to
11and "size" detracting from binding affinity.
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The binding affinities of these (and other) analogs are used

in Chapter Five for the development of quantitative structure-activity

relationship correlations of thyroid hormone analogs.
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CHAPTER FOUR: MOLECULAR ORBITAL STUDIES

The thyroid hormones and analogs have been the subject of a limited

number of extended Hücke1123,126 and CNDO/2” molecular orbital studies,

which have mainly focused on a qualitative analysis of diphenyl ether

ring geometries and of the relative conformer populations. The more

precise CNDO/2 calculations,” as well as more recent and more extensive

CNDO/2 studies*** of this area, have confirmed that: (a) certain

3,5 substituents are capable of "locking" the diphenyl ether thyronine

nucleus into the approximately equal energy distal and proximal conforma

tions, which are readily interconvertible at room temperature; and

(b) this "10cking" ability is directly related to the size of the 3,5

substituents and to thyromimetic activity.

In this chapter are described the results of the molecular orbital

calculations undertaken to elucidate the role of the outer ring

substituents (3',4', and 5') and of the alanine side chain in determining

the in vivo and in vitro thyromimetic activities of the thyroid hormones

*na analogs. These CNDO/2 and ab initio molecular orbital calculations
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include:

1. A preliminary study, in which the first extensive theoretical

examination of the intramolecular hydrogen bonding and

interactions in ortho-substituted phenols and thiophenols is

provided.”
37, 38

2. Conformational analyses of a number of Ortho-alkyl phenols.

3. The intermolecular hydrogen bonding of Ortho-substituted phenols

and phenoxides, as model systems for the binding of the outer

ring of thyroid hormones and analogs to nuclear receptors and

plasma proteins, respectively.”
4. A preliminary conformational analysis of the naturally occurring

alanine side chain.”

COMFUTATIONAL DETAILS

- 127-129The CNDO/2 molecular orbital method was used in some of these

calculations. Except for the halogens the standard atomic parameters

Were used. Except where noted the halogen parameters employed were

those previously used by Kollman, et al...” and only s and p, but no

* G rBitals were used for F, C1, Br and I. Unless specifically noted,

**=rn dard geometrical parameters (selected as suitable average values
130,131from available experimental data) were used. In particular,

if *Vailable, bond lengths were taken directly from reference 130 and

if **Ot, they were selected from reference 131. For comparison with

the CNDO/2 results and experimental data, ab initio molecular orbital

**culations using the Gaussian 70 quantum chemistry program” with

an. STO-3G basis set 19% were carried out in selected cases.

As will be shown below, we found that the ability of ortho-iodophenols
to

form intramolecular hydrogen bonds is best predicted when the iodine
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Slater exponent, I? is given a value of 1.20 instead of the value

of 1.09 originally used by Kollman, et al.” In order to examine the

effects of varying eft, we conducted a series of CNDO/2 calculations

on model systems. The results of these studies are presented in

Tab 1es 4–1, 4–2, and 4–3.

The first and simplest model system we examined was CHA-I.
CNTX0/2 searches for minimum energy C-I bond 1engths as a function of

of r led to a prediction at 2/. = 1.09 of a bond distance of 2.07 X,
which only slightly underestimates the experimental value of 2.14 X.

This underestimation increases slightly as */ increases to 1. 20.

When e■ = 1.09 the experimental dipole moment is greatly overestimated.

As •■ . is increased, however, the predicted dipole moment decreases,

although it is still somewhat overestimated at e/ = 1. 20. The

at Cºmic population on I varies very 1ittle as eft is varied. Variation

of ~/. has little apparent effect on either the overestimated dipole

"O ments or the atomic populations on I of iodobenzene and C2H51.

The rotational barriers in ethane and in C2H5T were examined as a

furn ction of •■ . CNDO/2 predicts the rotational barrier for ethane

fairly well. At ef, = 1.09 the rotational barrier for C2H5T is slightly

9Ye restimated. As % is increased to 1. 20 the predicted rotational

**rrier comes into better agreement with the experimental value. The

****erally reasonable agreement of these results with the experimental

d at a provides some confidence in our use of e■ = 1. 20 when examining

the intramolecular hydrogen bonding of ortho-iodophenols. This must

be Viewed with some caution, however, in that the interactions of I in

*hese model systems may be quite different from those involved in
i
** ramolecular hydrogen bonding in ortho-iodophenols. It appears, though
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that a ef, value of 1.2 does reduce the exchange repulsion between

I and neighboring atoms enough to bring such properties as rotational

barriers and hydrogen bonds, which involve I---H non-bonded interactions,

in to reasonable agreement with experiment.

A CNDO/2 search for a minimum energy "con" in phenol led to a

prediction of 110°, consistent with the neutron diffraction studies of

Frey, et al.,” who found C–0–H angles of 111.1° and 113.0° for the

phenolic hydroxyls of L-tyrosine and L-tyrosine HCl, respectively. It

is also consistent with the concept of lone pair — lone pair repulsions

on the oxygen reducing the magnitude of "coh from the pure sp” value

of 120° for a hydroxyl conjugated with an aromatic ring (just as lone pair
139

- Lone pair repulsions on oxygen reduce "HOH of water to 104.52 from

the pure sp” value of 109.47°). Frey, et al., 1* also found C-O bond

lengths of 1.369 Å and 1.378 K and O-H bond lengths of 0.982 Å and

0.989 Å for the phenolic hydroxyls of L-tyrosine and L-tyrosine • HCl,

*■ s Pectively. These values are close to the values of 1.36 Å and 0.96 $130

We used for the phenolic C–0 and 0–H bond lengths, respectively. Further

justification for our use of °Coh = 110° for phenols in all subsequent

“a T-culations in these studies was provided when it was found that the

CNDO/2 energies of all the ortho-halophenols (cis and trans conformers),

ºf all the unsymmetrical 2,6-dihalophenols ("cis" and "trans" conformers),

***i of ortho-cresol (cis and trans conformers; all CH3 rotamers) are all

**-grificantly lowered when the phenolic "coh is decreased from 120°

t c +10°, as seen in Table 4–4. (Further comment will be made below on

** Erends in this table.)

**
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Table 4–1. CNDO/2 Geometry Searches for "Best" C-I Bond length

in ch,”

eft R(C-Dealed.*

1.09 2. 07

1. 145 2.00

1. 20 1.94

*R CC-H) = 1. 10 Å; all angles tetrahedral.
b 134R

- -CC-I) expr1 = 2.1% X.

Ta EP Le 4–2. CNDO/2 Rotational Barriers C.H.” (kcal/mole).

calcd expti"

H
---

2. 21 2.75°

I 1.09 4.16

1. 145 3.93

1. 20 3. 72

---
3.2 +0.5°

al

RCC–H) = 1. 10 Å; R(C-C) = 1.54 X; R(C-I) = 2.14 R; all angles

F*trahedral.
b

A E = E —E
eclipsed staggered.

C

Ref erence 135.

-º
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Table 4–3. CNDO/2 Dipole Moments and Atomic Populations.

Compound g’, "enca" "exptl” *iºn On I

ch, 1° 1.09 2.47 53. 040

1. 145 2. 39 53.04.1

1. 20 2. 32 53. 042

---
1.64°

cº,” 1.09 2.56 53.060

1. 145 2.60 53.074

1. 20 2.64 53.087

---
1.90°

PhI 1.09 2.72° 53.06.7°

1. 20 2.72% 53.084°

---
1.70°

a
"alc - a Lated at minimum energy geometries of Table 4–1.

b
See E Gotnote a, Table 4–2 for geometries.

C
From reference 17 at R(C-I) = 2.086 X.

d
R(C–E D = 2.05 X.

e

Reference 136.
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ecolº Zecon

4–1 4–2

Because we were also interested in examining the intramolecular

hydrogen bonding of ortho-methoxyphenol, we conducted a CNDO/2 search

for a minimum energy "coc for anisole (4–4; CH3 protons staggered).

The resulting prediction of "coc = 113° was used in subsequent cal

°ulations on ortho-methoxyphenol.

& e ^Q3 € ^QCOH COC
RH-C■ 12% ºf

7 / 5
i

Ra
4–3 4–4

This Value is not far from "coc = 116.9° found for the two aromatic
140"ethosey groups of 1-rotenene in the X-ray crystal study of Arora, et al.

+r order to estimate relative populations of different conformations
Or **ernetries of certain molecules, classical Boltzmann distribution
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Table 4–4. CNDO/2 Energy Dependence of ortho-Substituted Phenols

(4–1) and 4-2) on °COH:

calcdAP® coh = 110° -> °coh - 120°)

(kcal/mole)

X Y "21st." 4-1 4-2

H H 1.90
---

F H 2.25 1.98

Cl H 2.63 1.95

Br H 2.38 1.92

Ib H 1.98 1. 87

F C1 2. 30 2.71

F Br 2. 27 2.46

F Ib 2. 22 2. 07

C1 Br 2. 65 2.43

C1 Ib 2.59 2.04

Br Ib 2. 33 2.00

CH, H 0 1.46° 1.96%
30 1.96% 1.95%

45 2.16° 1.94%

60 2.23° 1.94%

T

**
--

b 2L ses refers to structure 4–3 where Re=R,-Rs-Y-H.
F = 1.20.

“d
f 32, - 0° for structure 4–3.
1232, - 180° for structure 4–3.

-º-

º
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partition functions, T = 298° K, and constant entropy contributions

between the different conformations or geometries were assumed (see

references 141 and 142 for discussion and examples of this type of

treatment).

Our assumption that AS for the cis + trans conversion for unsymmet

rically ortho-substituted phenols and thiophenols is essentially zero

is supported by experimental thermodynamic studies on ortho-tert-butylphenol,

2-tert-butyl-6-methylphenol, 143 ortho-bromophenol, 144 2,4-dibromo–6–

tert-butylphenol,” and ortho-iodophenol”. (See reference 146 for

a more complete discussion of this area.)

INTRAMOLECULAR HYDROGEN BONDING IN ORTHO-SUBSTITUTED PHENOLS AND

THIOPHENOLS

Although molecular orbital calculations have been carried out on a

wide variety of hydrogen bonded systems,” relatively few studies have

involved molecules with an internal hydrogen bond. The intramolecular

hydrogen bonds of the enol forms of malonaldehyde and acetylacetone

have been examined by a number of MO methods. ***** Murthy, et al., 1*
used EHT and CNDO/2 MO methods to study intramolecular hydrogen bonds and

their effects on cis-trans isomerism in ortho-fluorophenol, ortho

nitrophenol, and salicylaldehyde. The influence of intramolecular

hydrogen bond formation on the conformation of 1,3-propanediol has been

*xamined by Johansson, et al.,” using ab initio MO calculations. Such

**udies have generally given reasonable estimates of the energy of intra

"olecular hydrogen bond formation, although most have dealt with systems

which form unusually strong intramolecular hydrogen bonds due to internal

- 149–153 - -&eometry COnStraint S. It is somewhat surprising, however, that

143

;
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more MO studies of intramolecular hydrogen bonding have not been

undertaken in view of the fact that a wide variety of biologically

active compounds possess as necessary for activity functional groups

capable of forming intramolecular hydrogen bonds.

Some of the first examples of intramolecular hydrogen bonding to

be studied experimentally were a number of ortho-substituted phenols.””
Interest in these molecules was stimulated by the observation of two IR

O-H stretching bands. From relative IR 0-H stretching intensities, the

amounts of "cis" hydrogen bonded and "trans" non-hydrogen bonded con–

formations and hence the energy of the intramolecular hydrogen bond

could be estimated. In this manner, for example, Pauling” first

estimated the intramolecular hydrogen bond energy of ortho-chlorophenol

to be about 1.4 kcal/mole. Since then, the intramolecular hydrogen

143,144, 155–165

i
Il CC1,

bornding of a number of ortho-substituted phenols
160,166

and

unsymmetrical 2,6-dihalophenols has been similarly examined in

various solvents and in the gas phase. 0–H torsional frequencies of the

cis and trans conformations of a number of ortho-substituted phenols have

been used to calculate the enthalpy differences between the two con

*’” The intramolecular hydrogen bonding of ortho

trifluoromethylphenol has been examined by Doddrell, et al.,168 using
19

formations.

EHT and CF F and OH *H chemical shift studies. schaefer” has3

P*oposed 11 near relationships of intramolecular hydrogen bond energies

**th Oh H chemical shifts as well as with 0-5 torsional frequencies.

170,171 have also used OH *H chemical shifts for theAllan and Reeves

**udy of intramolecular hydrogen bonds in ortho-substituted phenols.

It has been shown that the phenolic 4'-OH of the thyroid hormones

** analogs is essential for maximal in vivo and in vitro thyromimetic
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activity?,24,25.50,54,55,172 The role of this phenolic OH has been

1ogically ascribed to involvement in hydrogen bond formation with some

appropriate receptor functional group. Little attention has been

paid, however, to ortho-substituent interactions with the phenolic OH

group, especially with respect to their effect on both intramolecular

and intermolecular hydrogen bond formation. Because of the paucity of

theoretical MO studies of intramolecular hydrogen bonding and because

of our interest in the thyroxine system, we have undertaken the first

extensive theoretical examination of the intramolecular interactions

of ortho-substituents with the phenolic OH group of various phenols

(as model systems) using CNDO/2 and ab initio MO calculations. We also

examined the intramolecular hydrogen bonding of several ortho-substituted

thiophenols in order to compare their hydrogen bonding with that of the

phenols.

The questions to which we address ourselves in this section are

158,160,167, 170 of intramolecular(1) Can we explain the "anomalous" order

hydrogen bonding strengths in the ortho-halophenols (C1 & F : Br - I) 2

(2) Can our theoretical model explain the minimum energy conformational

and hydrogen bonding energies of other ortho-substituted phenols? (3)

Specifically, for ortho-CF.,-phenol, why is the larger hydrogen-bonded3

Peak in the IR shifted to higher frequencies from the free O-H stretching

frequency” (to our knowledge, the only known hydrogen bond where such

* effect occurs)? (4) Can we rationalize the observed far and near

infrared absorption spectra using our calculations? and (5) Can we

P*edict the intramolecular hydrogen bond energies and properties of

*tho-substituted phenols and thiophenols not yet determined experimentally?

;

º
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In tramolecular Hydrogen Bonding in ortho-Halophenols.

The first ortho-substituted phenols we examined were the ortho

halophenols. CNDO/2 and ab initio cis + trans energy differences and

data from a number of sources and representative of a variety of

experimental and theoretical methods are presented in Table 4–5.

A CNDO/2 value of 1.09 for the iodine exponent jº does not adequately

predict the intramolecular hydrogen bond strengths of ortho-iodoohenols,

as seen in Table 4–6. Increasing 9°, to 1. 20 significantly improves

Hs 3 2H

the agreement of the CNDO/2 results with the experimental data. Because

of this improvement, we elected to use a value of 1.20 for 34 in all

subsequent calculations. Our CNDO/2 calculations predict that the order

°f intramolecular hydrogen bond strengths for the ortho-halophenols is

Cl < Br > F > I, while the ab initio calculations, although lacking the

Br and I compounds, suggest the order C1 Å. F > Br > I. The various

*Perimental data give the order to be either C1 > Br > F > I or

Cl < F > Br > I, depending on the experimental method of study and the

*°lvent used. Our calculations should relate most directly to the gas

Phase where the order appears to be C1 * F - Br - 1.167

*

h
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Table 4–5. Experimental” and Theoretical Values for Intramolecular

Hydrogen Bond Strengths of the ortho-Halophenols

(4-5 and 4-6).

X AE (4-5 + 4-6) Methog of Solvent Ref.
(kcal/mole) Study

F 0.2 A ---
148

1.1 B ---
148

1.44 C Cyclohex. 167

1.63 C Vapor 167

1. 37 B
--- ×

1.68 D --- *

CL 1.62 C Cyclohex. 167

1.63 C Vapor 167

1.44 E CC1, 160

2.38 E CC1, 158

2. 36 F CS2 170

2. 30 B
--- *

1.77 D --- ×

Br 1.57 C Cyclohex. 167

1.53 C Vapor 167

1.21 E CC1, 160

2. 15 E CC1, 158

2.14 F CS2 170

1.68 B --- ×
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Table 4-5. (Continued)

X AE (4-5 + 4-6) Method,of Solvent Ref.
(kcal/mole) Study

I 1.45 C Cyclohex. 167

1. 32 C Vapor 167

1.08 E CC1, 160

1.54 E CC1, 158

1.65 F CS2 170

0.75° B --- *:

a
AE values estimated, if necessary, from the experimental data.

b
A = EHT MO calculations; B = CNDO/2 calculations; C = IR: OH torsional

frequencies; D = Ab Initio MO calculations; E = IR: OH stretching

NMR: *H chemical shifts.frequencies: F

C ef. = 1. 20.

*

This study.

º
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Table 4–6. Dependence on ºf of CNDO/2 Intramolecular Hydrogen Bond
Strengths of ortho-Iodophenols (4–1 and 4–2).

X Y *caled (4–1 + 4–2)
(kcal/mole)

I H 1.09 –0.86

1. 145 0.11

1. 20 0.75

F I 1.09 0.02

1. 20 0.68

CL I 1.09 3.14

1. 20 1. 52

Br I 1.09 2.53

1. 20 0.90

.
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Table 4–7. Experimental, CNDO/2, and Ab Initio Intramolecular Hydrogen

Bond Strengths of Unsymmetrical 2,6-Dihalophenols (4-7

and 4-8).

H H
N 2^

O O

Y X Y

Z Z

4–7 4–8

X Y Z AE(4–7 -4–8)
(kcal/mole)

CNDO/2° Ab Initio" Expt1.”

C1 F H 0.89 0.04 0.18%
C1 F C1 0.25°
Br F H 0.27 0.10"
Br F Br 0.08°
C1 Br H 0.61 0.19%
C1 Br C1 0.28°

I H 0.68% 0.36%
I I 0.33%

0.40°
C1 I H 1.52% 0.55°
C1 I C1 0.56°
Br I H 0.90° 0.70°
Br I Br 0.47°

*This study.
"Method of Study = A, footnote b, Table 4–5: Solvent CC1
C

1 120. *Ref. 160. *Ref. 166. 4 *



100

In either case, the magnitudes of the calculated internal hydrogen

bond strengths are both reasonable and in moderately good agreement with

the experimental data. Considering the relative electronegativities,

one might expect the order of intramolecular hydrogen bond strengths to

be F 2 C1 > Br > I. Yet both the theoretical calculations and the

experimental data are in agreement with the fact that ortho-fluorophenol

forms a weaker internal hydrogen bond than expected. This finding will

be discussed in more detail below.

In order to further investigate this "anomalous" trend in the

intramolecular hydrogen bond strengths of the ortho-halophenols, we next

examined the intramolecular hydrogen bonding of the unsymmetrical 2, 6–

dihalophenols. The CNDO/2 and ab initio results are summarized in Table

4-7. Experimental data on some unsymmetrial 2,6-dihalophenols is also

presented for comparison. The CNDO/2 calculations predict the intramolecular

hydrogen bond strength order of the halogens of the unsymmetrical 2, 6–

dihalophenols as C1 > Br > F > I. Again, although lacking the Br— and

I-containing compounds, the ab initio calculations suggest the order to

be C1 * F > Br - I. The CNDO/2 calculations generally slightly overestimate

the differences between the relative hydrogen bond strengths. Once

again, however, both the experimental data and the theoretical calculations

predict an anomalously weak intramolecular hydrogen bond for F when

located ortho to a phenolic OH group.

This "anomalous" ordering of the intramolecular hydrogen bond

strengths of the ortho-halophenols has been attributed to differences

in :
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1. Interactions of halogens with solvent. 143,160,162,163,173,174
2. Tendencies to dimerize.”

3. Deviations from optimal hydrogen bonding

geometries 158,163,166,167,171,173
4. Intrinsic hydrogen bonding capabilities of the halogens.”
5. Inductive and mesomeric capabilities of the halogens.”
6. Repulsive halogen——oxygen and halogen--hydrogen "interorbital"

interactions.”

Since both the experiments and ab initio calculations find the

"anomalous" order (C1 - F - Br 2 I) to hold for gas phase intramolecular

hydrogen bonding, we feel explanations 1 and 2 can not be used to

explain the anomalous Order.

The next possible explanation we examined was geometric. The

optimal strength for an intermolecular 0–H– – H hydrogen bond should

-
o.147,175occur when 6

HOX Hence, the magnitude of the deviation of

"Hox from 0° should be reflected in a corresponding deviation in the H– – X

hydrogen bond strength. Although there is a full 10° variation in "Hox

in the ortho-halophenols (Table 4–8), the difference in "Hox between

X=F (50.54°) and X=C1 (44.26°) is only 6.28°, too small a change to

account by itself for the weaker than expected H – – F hydrogen bond.

Based on the angles alone, ortho-iodophenol ("Hox = 39.11°) should form

the strongest hydrogen bond. Besides the hydrogen bond angle, the

intramolecular geometry constraints might cause some repulsions which do

not folow the same order as electronegativity. By comparing R (H– — "caled
and the sums of Van der Waals radii for H + X (Table 4–8), one can see

that the degree of overlap of the Van der Waals radii of H and X is in

the order F & C1 < Br & I. In particular, while there is significant
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overlap for C1, Br and I, for F the overlap is considerably less.

This suggest that the weaker than expected intramolecular hydrogen bond

of F in ortho-fluorophenol may be partially due to the unfavorably (as

compared to the halogens of the other ortho-halophenols) large H – – F

internuclear distance. This is qualitatively supported by the fact that

the CNDO/2 calculated energy dependence on 6 s apparently essentiallyCOH +

independent of the ortho-substituent for the trans conformers of the

ortho-monosubstituted phenols, but not for the cis conformers (Table 4–4).

As 6 H is decreased from 120° to 110° for the cis conformers of theCO

ortho-halophenols, R(H – – X) decreases and the overlap of the H and

X Van der Waals radii should increase. For ortho-fluorophenol, the minimal

overlap of the H and F Van der Waals radii at "coh = 120° is not signif

icantly changed at °COH = 110°. For ortho-chlorophenol, the overlap

of the H and C1 Van der Waals radii significant (and perhaps nearly

optimal) and hence AP®coh = 110° -> "coh = 120°) is much larger than for

ortho-fluorophenol. Thus, decreasing 6 from 120° to 110° causes aCOH

small increase in hydrogen bonding for Ortho-fluorophenol and a larger

increase for ortho-chlorphenol, in addition to the inherent stabilization

seen in phenol. This causes the AEC0 coli = 110° -> "coh = 120°) ordering

to be C1 > F > H for X. While the overlap of the Van der Waals radii

also increases significantly for X = Br and I, apparently the overlap

is greater than the optimal value and H – – X repulsive interactions

also increase significantly as 6 is decreased, to the point whereCOH

AE - o - o -"coh 110° -> "coh 120°) is only slightly greater for ortho

iodophenol than for phenol itself. These trends for the cis ortho

halophenols are mirrored by parallel trends for the unsymmetrical

2,6-dihalophenols (Table 4–4).
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Table 4–8. Geometrical Parameters and Halogen Electronegativities

for the cis ortho-Halophenols (4-5).

b
Electroneg- "Hox R(H -- x)" R(0 - - x)" ºvan der Waals Radii

X ativity of (8)
xa (degrees) (8) (8) H+X X+O

F 4.0 50. 54 2. 26 2.75 2.67 2.99

C1 3.0 44.26 2.35 2.94 2.97 3. 29

Br 2.8 41.96 2.41 3.03 3.08 3. 40

I 2.5 39. 11 2.49 3.16 3.27 3. 59

*Reference 178.

"calculated based on the geometries used in our calculations.

*Reference 179 ; Van der Waals radii values used were: H, 1.20 X;

o, 1.52 Å; S, 1.80 Å; F, 1.47 Å; C1, 1.77 &; Br, 1.88 X; I, 2.07 Å.
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Geometrical constraints clearly do not provide a complete and

satisfactory explanation for the order of the intramolecular hydrogen

bond strengths. To determine what the "intrinsic" hydrogen bond

acceptor capabilities of aromatically substituted halogens are, we

carried out a series of CNDO/2 and ab initio model calculations on the

intermolecular hydrogen strengths of the four different H,0/halobenzene
dimers. This was done so that we might examine the deviations of the

hydrogen bond strengths and the halogen – – H and halogen – – 0 inter

nuclear distances of the ortho-halophenols from the "ideal" equilibrium

values of these model systems. The model system geometry (4–9: Y = H)

was defined as follows. The halogen, oxygen, and proton involved in the

hydrogen bond are colinear since this geometry should give maximal
147, 175hydrogen bond strength. The 0–H bond involved in the hydrogen

bond lies in the plane of the halobenzene in order to best approximate
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the cis geometry of the respective ortho-halophenol. The second

O-H bond of H20 1ies in a plane perpendicular to the halobenzene

ring plane in order to minimize any interactions of this second H,0 proton2

with the halobenzene. With "cox = 180°, a geometry search for the

minimum energy R (X - – 0) was conducted for each halobenzene (see 4-9).

Then, at this minimum energy R (X– – O), a geometry search (30° variations

in "cxo to 90°) for the minimum energy "cxo was conducted. The results

are presented in Table 4–9 and help a great deal in explaining the

CNDO/2 and ab initio orders for the intramolecular hydrogen bond strengths

of the ortho-halophenols. The calculated orders of equilibrium inter

molecular hydrogen bond energies for the H,0/halobenzene dimers are2

C1 > F > Br > I (CNDO/2) and F 2 C1 > Br 2 I (extrapolating for the

Br and I points, ab initio). So the ab initio calculated intermolecular

hydrogen bond energies apparently are of the same order as the halogen

electronegativities, as expected. With CNDO/2, however, the F value is

anomalously out of 1jine with the trend expected for the halogen electro

negativities. The ab initio ordering appears to be the correct one for

these intermolecular hydrogen bonds, since experimentally the ordering for

intermolecular hydrogen bond strengths is F 2 C1 2 Br 2 I for the

phenol/cyclohexyl halide dimers 18l. 18%
183

and for the phenol/n-penty 1 halides

dimers. The CNDO/2 intramolecular hydrogen bond strengths of the

ortho-halophenols (Table 4-1) range from 35% to 45% of the intermolecular

hydrogen bond strengths of the respective H,0/halobenzene dimer model

Systems. These decreases from the theoretically "optimal" intermolecular

hydrogen bond strengths appear with CNDO/2 to be due to the geometrical

constraints of the ortho-halophenols. On the other hand, the ab initio

intramolecular hydrogen bond strength of ortho-fluorophenol is approximately

*qual to the intermolecular hydrogen bond strength of the respective H,0/
fluorobenzene
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Table 4–9. CNDO/2 and Ab Initio Hydrogen Bond Energies and Geometrical

Parameters for H.,0/Halobenzene Dimers (4–9)*.
2

b,c
- -

c, d
- - e*caled "cxo R (X °caled R (X "caled

X Y (kcal/mole) (degrees) (8) (8)

F H 3. 82 180 2.56 1.60

3.92 120° 2.56 1.60 | S
C

C1 H 5.50 180° 2.97 2.01 X 3
C

Br H 3. 73 180° 3.20 2.24

I H 1.94 180° 3.47 2.51

F H 1.52 180 2.91 1.95

2.09 120° 2.91 1.95 o
•r

C1 H 0.66 180 3.93 2.97 :
C

0.91 120° 3.93 2.97 ( H
-DF oh' 2.21 120° 2.91" 1.95%| ||

c1 oh' 0.97 120° 3.93" 2.97"

*H,0 geometry: see note 180.
bAE = hydrogen bond strength.

*AE and R(X - - 0) calculated exactly with CNDO/2. With ab initio,
R (X - - 0) calculated to + 0.07 R; AE and R (X - - 0) then estimated

by a three point quadratic fit.
d o

º
- -

°caled = minimum energy R (X - - . value at "cxo = 180°.º
- -

*caled = R (X - — °caled – 0.96 Å.
0-H trans to X.

g O e -6 -

CXO minimum energy *cko value for 30° variations in "czo from
180° to 90°.

"Minimum energy geometry for H2O/C6H5X dimer.
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dimer model system, and the ab initio intramolecular hydrogen bond

strength of ortho-chlorophenol is actually significantly greater than

the intermolecular hydrogen bond strength of the respective H,0/chloro
benzene dimer. It appears reasonable that a significant amount of this

greater intramolecular hydrogen bond strength in ortho-chlorophenol

might be due to relief of 0 – – C1 repulsions existing in the trans

isomer (4–6: X = Cl) rather than to the intrinsic H – – C1 hydrogen bond

strength. The overlap of the halogen and 0 Van der Waals radii is

approximtely equal for all 4 of the H,0/halobenzene dimers (Table 4-9)

but increases dramatically as a function of halogen size from very

little for ortho-fluorophenol to quite significant for ortho-iodophenol

(Table 4-8). This, coupled with the ab initio AE(cis + trans) for

ortho-chlorophenol being much greater than AE for the H,0/chlorobenzene
dimer, suggests that the intramolecular hydrogen bond energies of the

ortho-halophenols may be in part due to the phenols attempting to

relieve halogen – – 0 repulsion and in part due to specific H – – halogen

attractions. O – – halogen repulsive bond orders increase F • C1 < Br “ I

and H – – halogen attractive bond orders increase I ~ Br > C1 > F (see

below) and, thus, it is not surprising that the observed hydrogen bond

strengths do not folow the order of electronegativity. The order of

intramolecular hydrogen bond strengths parallels the intermolecular

order in the CNDO/2 calculations because this method is known to generally

underestimate interatomic repulsions. So, the intrinsic H – – halogen

attractions play the dominant role in this series.

The ab initio intermolecular hydrogen bonding results for the

H,0/halobenzene dimers are not totally definitive because we have used

a model hydrogen bond (HOH – – X – C6H5) to represent the intramolecular
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hydrogen bonds and have compared them with the actual ortho-x-cºh,0H
intramolecular hydrogen bond. We thus calculated and compared the

hydrogen bond energies of H,0/ortho-halophenol dimers (4–9: Y = OH

trans to X) with the intermolecular hydrogen bond energies of the

corresponding H,0/halobenzene dimer (4–9: Y = H). In order to enable

direct comparison of hydrogen bond energies, the hydrogen bonding

geometries of the H,0/ortho-halophenol dimers were taken to be the

minimum energy geometries calculated for the corresponding H,0/halobenzene
dimers. As can be seen from Table 4–9, an ortho-hydroxyl substituent

slightly increased the intrinsic hydrogen bonding capabilities of

fluorobenzene and chlorobenzene by essentially the same percentages:

5.9% and 6.5%, respectively.

Reversing the situation, the effect of an ortho-halo substituent

on the intrinsic hydrogen bonding capability of phenol was next examined.

For C6H5OH as a proton donor to H20 (4–10: X = H, Y = 0), a "1inear"2
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dimer was assumed with the two monomeric units lying in perpendicular

planes and with the two O atoms and the H involved in the hydrogen bond
147, 175

colinear. 6 (see 4–10) was taken as 57° (from the STO-3G H,02
184 - -

dimer value ). Only R (the 0 - - 0 internuclear distance) was varied

in our geometry search. The ab initio minimum energy geometry determined

for the H,0/c OH dimer was then assumed (in order to enable direct6H5
comparison of hydrogen bond energies) for calculating the intermolecular

hydrogen bond energies of the H,0/ortho-halophenol dimers (4–10: X = F

or C1; Y = 0). As seen in Table 4–10, an electron—withdrawing, ortho-halogen

increases the intermolecular hydrogen bonding energy of phenol as a

proton donor. The increases, however, are of the opposite order (F with

a 3.8% increase < C1 with a 12.5% increase) as the halogen electronegativities

(F - C1), probably as a result of the ability of F to more easily (than

C1) donate electron density by resonance back into the aromatic ring and

hence to the OH group. Mulliken populations show that in both the

halobenzenes and the ortho-halophenols, the fluoro compound donates

^ 0.04 more T electrons into the ring than the chloro. (The O + T charge

of fluorine (-0.130) is slightly more negative than that of C1 (-0.117).)

The partial positive charge on the proton is also consistent with the

relative strength of 0–H as a proton donor, being + 0.217 (phenol),

+ 0.220 (trans o-F phenol) and + 0.224 (trans o–Cl phenol). This suggests

that C1 in ortho-chlorophenol may have a greater effect than F in ortho

fluorophenol in reinforcing the intramolecular hydrogen bond. Estimating

the intrinsic hydrogen bond energy for the dimer ortho–F–C, H, OH — — —6” 4

F-cºhs-ortho-OH by (hydrogen bond energy for ortho-OH-ceh,F — — — H-0–H

dimer) x (hydrogen bond energy ratio for ortho-F-ceh,0H
- - -

OH, dimer
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Table 4–10. CNDO/2 and Ab Initio Hydrogen Bond Energies (AE)” and
Geometries” for H,0/o-x-C
(4–10 and 4–31).

6 4H, YH (Y = 0 or S) Dimers

Y S Y =

stºº. X CNDO/2 Ab Initio CNDO/2 Ab Initio

4-31 H R 2.90 3.35 2.54 2. 79

AE 2. 31 2.57 6. 12 4.31

4–10 H R 2.76 3.56 2.56 2.64

AE 10.54 l. 12 6.04 8.97

4–10 F R 2.64°

AE 9. 31

4-10 C1 R 2.64%

AE 10. 10

“Energies in kcal/mole.

bR = Y - - 0 internuclear distance in 3.

‘Minimum energy R value for H2O/CH 30H dimer 4–10.
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VS - H-0–H — — — OH

1
2 dimer) = (2.21 kcal/mole) x (9.31 kcal/mole/5.88

kcal/mole 84), a value of 3.50 kcal/mole is obtained.

That this is significantly larger than the actual ab initio

calculated intramolecular hydrogen bond energy of Ortho-fluorophenol of

1.68 kcal/mole can, as before, be primarily ascribed to deviations in

ortho-fluorophenol from the "optimal" hydrogen bonding geometry. A

similar estimation of the intramolecular hydrogen bond energy of Ortho

chlorophenol yields a value of (0.97 kcal/mole) x (10.0 kcal/mole/5.88

kcal/mole) = 1.67 kcal/mole, which is still slightly less than the actual

ab initio calculated intramolecular hydrogen bond energy of ortho-chloro

phenol of 1.77 kcal/mole. Taking into account the non-optimum geometry

of the intramolecular C1 – – H-0 hydrogen bond, it seems very surprising

that this estimated intermolecular hydrgoen bond is weaker than the

intramolecular hydrogen bond. Evidently there is an apparent enhancement

of intramolecular hydrogen bond energy in ortho-chlorophenol that is

not reflected in these simple model systems.

It is clear from this comparison of the intra- and intermolecular

hydrogen bonding capabilities of the halogens, however, that the mesomeric,

inductive, and intrinsic hydrogen bond properties of the halogens

(possible explanations 4 and 5) are not the major reason for the fact

that the intramolecular hydrogen bond in ortho-chlorophenol is stronger

than the corresponding bond in ortho-fluorophenol.

As an additional model system for the intramolecular hydrogen bonding

of the cis ortho-halophenols (4–5), we conducted ab initio examinations of

the intermolecular hydrogen bonding of the H-X — — — H-0–H dimers

(4-11: X = F or C1). The results of these studies are presented in

Table 4-11. A "linear" dimer was assumed with the two monomer units
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1ying in one plane. For the initial energy-minimization, the X, 0,

and H atoms involved in the hydrogen bond were assumed to be colinear”,”

(4-11: 6' = 0°). Geometry searches were conducted simultaneously for

both R(X - - 0) and 6 (see 4–11). The 6 value obtained was used in all

subsequent calculations. As expected, the dimer hydrogen bond was greater

for HF (4.79 kcal/mole) than for HC1 (1.19 kcal/mole). Hydrogen bond

energies were then calculated for the dimers upon changing either the

minimum energy R(X - - 0) distance to the R (X - – 0) distance in the

corresponding ortho-X-phenol and/or the minimum energy 0' angle (0°)

to the 6H angle of the corresponding cis ortho-X-phenol. R (F - – 0)OX

for the minimum energy H-F — — — H-0–H dimer is only slightly less than

R (F - - 0) for ortho-fluorophenol. Hence, the dimer energy is only

slightly decreased upon changing the R(F - – 0) distance of the minimum

energy dimer to that of cis ortho-fluorophenol. Variation of 0 ' from

0° to 6 for cis ortho-fluorophenol, however, results in over 80% lossHOX

of hydrogen bond strength. Simultaneous variation of R (F - - 0) and
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Table 4–11. Geometries and Ab Initio Hydrogen Bond Energies (AE) of

H-x - - - H,0 Dimers (4-11).”

R (X - – 0) 6b 6 b AE

X (8) (degrees) (degrees) (kcal/mole)

FC 2.65° 70° Oe 4. 79

2.65 70 50.54% 0.91

2.75% 70 O 4.54

2.75% 70 50.54% 1.01

c1d 3.60° 77e Oe 1.19

3. 60 77 44.26% 0.66

2.94% 77 O –4.51

2.94% 77 44.26% —1.81

*H,o experimental geometry: see note 180.
*see 4-11.
*HF experimental geometry: R(H-F) = 0.9170 §: from reference 131.
*HC1 experimental geometry: R(H–C1) = 1.2745 X: from reference 131.
*Minimum energy dimer geometry; 6 was calculated to 1° and R (X - - 0)
was calculated to 0.01 R.

‘Equal to R (X - - 0) for ortho-X-phenol: see Table 4–8.

*Equal to *Hox for cis ortho-X-phenol: see Table 4–8.
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6' to the cis ortho-fluorophenol values results in a large hydrogen

bond energy bond energy loss dominated by the 6' change but slightly

compensated for by the increase in R (F - - 0). The situation is quite

different, however, for the H-C1 – – – H-0–H dimer. Changing 0 ' from

0° to the cis ortho-chlorophenol "Hox value results in loss of 50%

of the hydrogen bond strength, much less than for the fluorine case .

R(C1 – – 0) in the H-C1 – — – H-0–H minimum energy dimer is much

greater than R (C1 – – 0) for the ortho-chlorophenol. Changing R (C1 – – O)

to the ortho-chlorophenol value, therefore, causes a large C1 – – H

repulsion that results in 1arge net dimer repulsion. Simultaneously

changing 6' and R (Y — - C) to the corresponding cis ortho-chlorophenol

values results in a net dimer repulsion dominated by the C1 – – H

repulsion but significantly compensated for in part by allowing the

0–H bond to move off te C1 – – 0 axis. Although this is a very simplified

model system for the intramolecular hydrogen bonding of the ortho-fluoro

and ortho-chloro-phenols, these results suggest that the deviations of

the intramolecular hydrogen bond strengths from values which should be

intrinsically possible may be due primarily to deviation of °Ho fromX

0° for ortho-fluorophenol and to H – – C1 repulsion (due to a small

R(C1 – – O)) in ortho-chlorophenol. In the latter case, deviation of

°HOx to larger angles actually might relieve this H – – C1 repulsion.

On this basis one might intuitively predict that 6 H for the cisCO

ortho-halophenols should increase F & C1 < Br & I, although experimental

evidence is not available to test this hypothesis. As a corresponding

model for the X – – 0 repulsions in the trans ortho-halophenols

(4–6), we calculated the repulsion energies for the H-X — — — OH 2

dimers (4-12: X = F or C1: all atoms coplanar: H-X bond bisecting
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H-O-H angle: R (X - – 0) = R (X - – 0) for the ortho-X-phenols). The

ab initio calculations surprisingly predict the repulsive energies for

4–12

the two dimers to be essentially the same: 1.54 kcal/mole for HF - - OH,
and 1.53 kcal/mole for HC1 – – – OH., . This simple model system, however,2

is unable to reflect any influence that F and C1 might have on the

X – – 0 repulsion by inductive and resonance electronic effects.

We examined one further set of geometries for the HX/H,0 dimers

in order to attempt to approximate the ortho-X-phenol geometries more

exactly. The geometries of the HX/H,0 dimers (4–13 and 4–14) were

chosen such that R (X - – 0) = R (X - – 0) for the corresponding ortho

X-phenol (Table 4–8), the X-H, O-H1, and O-H, bonds have the same

vectorial orientations as the F-C, 0–H and 0–C bonds for the corres—

ponding ortho-X-phenol, and the H-0 — — — X angle of 4–13 =

\O \

\,L_* HSS
\ *ox,

2
\ 2
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4–14

*Hox for the corresponding cis ortho-X-phenol (4–5) (Table 4–8). (4–13

and 4–14 reflect the geometries of the corresponding cis and trans con

formers, respectively, of the corresponding ortho-X-phenols (4–5 and

4-6) and should reflect more accurately (than 4-11 and 4–12) the spatial

distributions of electron densities of the H, X, and 0 atoms of these

phenols. This requires an H 0 °nox of 110° and R(0-H) of 0.96 X.) AE2 O

(4–13 + 4–14) values can then be used to estimate the intramolecular

hydrogen bond strengths of the corresponding ortho-X-phenols. The

ab initio calculations gave A E (4-13 + 4-14) values of -4.75 kcal/mole

and -1.08 kcal/mole for X=F and C1, respectively. However, the total

energies for these structures was v 300 kcal/mole above those for the

isolated monomers, so it may be that this difference only reflects a

relief of H - - H repulsions in the trans conformation.

We also tried to estimate the physical forces behind these H-bonds

by comparing the energies of the para-halophenols with those of the cis

and trans conformations of the corresponding ortho-halophenols. These
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results are presented in Table 4–12. It appears that one can not use

the para-ortho energy comparison as support for the importance of

0 – – halogen repulsion effects, since the inductive effect of two

electronegative groups ortho is more destabilizing for the fluoro

(more inductively withdrawing than the chloro). The mesomeric effect

of F might also contribute to lowering the ortho-halophenol (cis-trans)

energy difference since it makes F more positive. However, this is not

the dominant effect since our calculations find that fluorobenzene is

still capable of forming stronger intermolecular bonds than chlorobenzene.

Additional insight into the nature of intramolecular hydrogen bonding

of the ortho-halophenols and unsymmetrical 2,6-dihalophenols comes from

examining the atomic populations and bond orders of these compounds

(Tables 4-13 and 4–14). In all cases electron density is shifted from

the phenolic proton to both the phenolic oxygen and the halogen upon

hydrogen bond formation. With the ab initio calculations the majority

of the electron density shift is from the phenolic proton to the proton

accepting halogen, with much less of the shift from the phenolic proton

to the proton-donating oxygen. These same qualitative charge density

shifts have been noted before. 148,154 The H, O, and halogen charge

densities, as well as the H – – halogen and 0 – – halogen bond orders,

are affected very little by the substitution of a second halogen ortho

to the phenolic OH for both the CNDO/2 and ab initio calculations. This

is supported by the fact that the difference between the intramolecular

hydrogen bond strengths (CNDO/2 or ab initio) of any two of the ortho

halophenols (Table 4–5) is in each case almost equal to the energy

difference between the two conformations of the corresponding unsymmetrical

2,6-dihalophenol (Table 4–7). These observations somewhat surprisingly
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Table 4–12. CNDO/2 and Ab Initio Relative Energies of ortho-Halophenols
(4–5 and 4–6) and para-Halophenols (4–15).

(4–5 + 4–15) (4–6 - 4–15)
*caled *caled

(kcal/mole) (kcal/mole)

X CNDO/2 Ab Initio CNDO/2 Ab Initio

F –0. 17 –0. 51 -1.54 –2. 19

C1 2.67 0.32 0.37 —1.45

Br 2. 31 0.63

I 1.09 0.33
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suggest that the two halogen substituents ortho to a phenolic OH

interact essentially independently with the OH group.

In summary, it seems that a combination of explanations 3 and 6 is

the major cause of this "anomalous" hydrogen bond order in the ortho

halophenols. The fact that ortho-fluorophenol is further from an optimal

hydrogen bond geometry than ortho-chlorophenol makes the hydrogen bond

in the F-compound weaker than one might expect. However, there also

appear to be significant repulsions in the trans conformation (4-6) of

ortho-chlorophenol which make its AE(cis + trans) unusually large when

compared to the AE for forming an intermolecular C1 – – – H-0 hydrogen

bond.

Intramolecular Hydrogen Bonding in Other ortho-Substituted Phenols.

We next chose to examine the intramolecular hydrogen bonds in

other ortho-substituted phenols in order to compare their properties

with those of the ortho-halophenols. While CNDO/2 calculations provide

reasonable CH3 rotational barriers for both the cis and trans conformers

of ortho-CH3-phenol (Table 4–15), they predict that the most stable cis

conformer is 0.84 kcal/mole more stable than the most stable trans

conformer (each with the CH3 group staggered with respect to the OH

group). This is in contrast to the repulsive interaction that one might

expect to exist between the CH3 and OH groups in the cis conformer.

Experimental evidence (Table 4–16) confirms the existence of this

repulsion in that it shows that the trans conformer is slightly more

stable than the cis for ortho-methyl-phenol. Also, AE(cis + trans)

for ortho-tert-butyl phenol increases to a sligthly 1ess negative

value upon substitution of a CHA group in the other ortho position.
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Table 4–13. CNDO/2 and Ab Initio Atomic Populations of Phenol,
ortho-Halophenols, and Unsymmetrical 2,6-Dihalophenols

(4–1 and 4–2).

Total Atomic Populations

4-1 4–2.

X Y H O X Y H O X Y

H 0.885 8. 250 –––
---

0.885 8. 250 –––
---

H 0.844 8. 242 9.202 ––– 0.853 8. 235 9. 196 –––

C1 H 0. 847 8.255 17.086 ––– 0.854 8. 245 17.082 –––

Br H 0.846 8.259 35.058 ––– 0.855 0.248 35.053 –––

H 0.843 8.259 53.081 ––– 0.854 8. 245 53.074 –––

F C1 0. 843 8. 237 9. 199 17.072 0.844 8. 240 9. 194 17.076

Br 0.844 8. 240 9. 200 35. 042 0.844 8. 245 9. 194 35.046

I 0.843 8.238 9. 199 53.060 0.841 8. 244 9. 193 53.066

C1 Br 0.846 8. 253 17.083 35.048 0.845 8.255 17.078 35.053

C1 I 0.845 8.251 17.081 53.068 0.842 8. 254 17.076 53.075

Br I 0.845 8.255 35.052 53. 069 0.842 8.256 35.047 53.077

H 0.783 8. 300 –––
---

0.783 8.300 –––
---

F O. 778 8.299 9. 143 ––– 0. 780 8. 297 9. 130 –––

C1 H 0.776 8. 300 17. 134 ––– 0.776 8. 290 17. 117 –––

F C1 0. 770 8. 288 9. 135 17. 109 0.763 8. 297 9. 122 17. 126

º
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Table 4–14. CNDO/2 and Ab Initio Bond Orders of Phenol, ortho-Halophenols,
and Unsymmetrical 2,6-Dihalophenols (4–1 and 4–2).

Bond Orders

4-1. 4–2.
X Y H– — X O— — X O— — Y O–H H– — Y 0– — X 0– — Y O–H

H
---- ---- ----

0. 5371 ––––
- - - - ----

0. 5371

F H 0.0021 -0.0006 –––– 0.5367 –––– –0.0003 –––– 0. 53.71

C1 H 0.0175 –0.0050 –––– 0. 5343 –––– –0. 0013 –––– 0. 5371

Br H 0.0237 –0.0065 –––– 0. 5335 –––– –0.0014 –––– 0. 5369

H 0.0247 –0.0065 –––– 0. 5337 –––– –0. 0013 –––– 0. 5368

C1 0.0021 –0.0006 –0. 0013 –––– 0.0175 –0.0003 -0.0051 ––––

Br 0.0021 –0.0006 –0.0014 –––– 0.0237 –0.0003 –0.0066 ––––

I 0.0021 –0.0006 -0.0014 –––– 0.0247 –0.0003 -0.0066 ––––

C1 Br 0.0173 –0.0049 –0. 0014 –––– 0.0235 –0. 0013 -0.0065 ––––

C1 I 0.0173 –0.0050 –0.0014 –––– 0.0245 –0.0014 –0.0065 ––––

Br I 0.0234 –0.0065 –0.0014 –––– 0.0244 –0.0015 -0.0064 ––––

H
---- ---- ----

0. 5375 ––––
---- ----

0. 5375

F H 0.0046 –0. 0010 –––– 0. 5356 –––– 0.0000 –––– 0. 5390

C1 H 0.0076 –0. 0077 –––– 0. 5404 –––– 0.0000
----

0. 5395

F C1 0.0045 –0. 0010 –0.0006 0.5373 0.0077 0.0000 –0. 0078 O. 5416

º
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Our ab initio results (Table 4–15) agree with the experimental data;

with the CH3 group staggered with respect to the OH group, the

trans conformer is found to be more stable by 1.53 kcal/mole. The

spurious attractive interaction between OH and CH., in the CNDO/2 cal3

culations (apparently an artifact of the approximations of the method)

can be seen from the decrease in the CNDO/2 intramolecular hydrogen bond

strengths of ortho-chloro- and ortho-iodo-phenol (Table 4-5) upon addition

of a CH3 group in the other ortho position (Table 4–15). After a complete

CNDO/2 geometry search of ortho-methylphenol (15° variations in the

CH3 rotation and 30° variations in the OH rotation), it was found (assuming

a Boltzmann distribution between all conformers) that the net energy of

the cis conformers ) that the net energy of the cis conformers (4–5: x=CH3:

–90° 3 *1234 < 90°) was still 0.57 kcal/mole less than the net energy of

the trans conformers (4–5: x=CH, 90° & < 270°).*1234
CNDO/2 calculations on ortho-isopropylphenol and ortho-tert-butyl

phenol (Table 4–15) gave more reasonable results than were obtained for

ortho-methylphenol, especially with respect to phenolic OH/ortho-alky1

repulsive interactions. The most stable trans OH conformer of the ortho

isopropylphenol was found to be 1.56 kcal/mole more stable than the most

stable cis OH conformer; for ortho-tert-butylphenol, this energy difference

is 4.48 kcal/mole. Assuming a Boltzmann distribution between the various

cis and trans isopropyl rotamers of Table 4–15, it was found that the

net energy of the trans-OH isopropyl rotamers is 1.23 kcal/mole less than

the net energy of the cis-OH isopropyl rotamers. The corresponding energy

difference in the t-butyl case was 4.31 kcal/mole. Thus, even though

CNDO/2 underestimates repulsions, it still gives the correct sign for

AE(cis + trans) for ortho-tert-butyl- and ortho-isopropyl-phenol.
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Table 4–15. CNDO/2 and Ab Initio Conformational Dependence of Energies
of ortho-Alkylphenols (4–3) (Relative Energies in kcal/mole).

º: Ab Initio
R6 R7 R8 * "21st." 1234 "1234a

0 180 O 180

H H H H 0 1.92 0.95 ––– ---

30 0.72 0.91 –––
---

60 0.00 0.84 1. 53 0.00

H ch,” ch,” H 0 1.64 0.60 –––
---

30 1.56 1.69 –––
---

60 3. 80 2.10 –––
---

90 81.2 4.81 ---
---

120 51.5 3.42 –––
- - -

150 79.2 2.47 –––
---

180 4.52 0.00 –––
---

CH,” CH,” ch,” H 0 49.8 1.65 –––
- - -

30 79.0 2.39 –––
---

60 4.48 0.00 –––
---

H C1 60 1. 48 0.00 –––
---

60 0.00 0.04 –––
---

F F F H O 2.97 2.50 3.09
---

25
--- ---

3.02
---

30 0.02 2.53 0.04 –––

33 0.00 –––
--- ---

35 0.02 ––– 0.00 –––

40
--- ---

0.15
---

45 0.32 –––
--- ---

60 0.64 2.50 0.84 0. 12

*In degrees.

CH3 protons in staggered conformation.
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Table 4–16. CNDO/2 , Ab Initio, and Experimental Intramolecular Hydrogen
Bond Strengths of ortho-Substituted Phenols (4–1 and 4–2).

AE(4–l + 4-2) (kcal/mole)

X Y CNDO/2 Ab Initio Expt1.

CH3 H 0.84% —1.53 –0.86%
–0.29%, 4.
-0.51j"

iPr H -1.56%
---

tRu H -4.48%
---

—1.38" |
—1.575 'k
-1.38"
–3.04%

tRu CH
--- ---

—1.05"> *
-1.06%
–2.22%

CF3 H 2.50% 0.12% >0 and a 2.5" "
No,” H 8. 29

---
6. 6.5°
2.1P
4.7%

oh” H 1. 37 3.27 2.29% , r

º H 1. 32
---

2.0.
C6H5 H 1.66

---
2.73* *
1.45°.

CHO" H 6.02 7. 44 7.09°
1.8P
3.6%

CN H 2.01 ---
1.73%. 1

*structure 4-17. *Structure 4-20.
*structure 4-16. ‘see Table 4–15.

‘structure 4-18: CH3 group staggered. *Reference 185: Method of study =

"structure 4-19: "2156 = 90° ºrchanies force field
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Table 4–16. (Continued)

"Method of study IR OH torsional frequency: Cyclohexane solution.
i
Reference 157.

"Method of Study IR OH stretching frequency: CC1, solution.

*Reference 164.

*Reference 185: Method of study = dipole moment: CC1, solution

"Estimated from reference 161.
n Reference 186.

°Reference 169: Method of study = OH 'H chemical shift: CC1, solution.

*Reference 149: Method of study = EHT.

*Reference 149: Method of study = CNDO/2

* Estimated from references 169 and 176.

*Reference 187.

H ---H HO''S f/ No O * No
d JN: O

H^ o” chº

.H
.* N

H^

4-19 4-20
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That the alkyl and phenolic OH groups of the ortho-alkylphenols

interact in a repulsive and not an attractive manner is emphasized by

the *oh values of various ortho-substituted phenols (Table 4–17).

Ortho-substituents that are capable of forming intramolecular hydrogen

bonds with the phenolic OH cause *OH of the cis conformer to shift to

lower frequencies, for the trans conformer being relatively unaffected.*OH

For ortho-alkyl substituents which have repulsive interactions with the

phenolic OH, v for the cis conformer is shifted to higher frequencies,OH

*OH for the trans conformer being relatively unaffected. An intramolecular

hydrogen bond should lengthen the O-H bond, decreasing the O-H bond energy

and consequently v Conversely, it has been suggested” that stericOH"

interactions between an ortho-alkyl substituent and the phenolic OH narrow

the potential energy well of the 0–H stretching mode by repelling the

phenolic proton, cause the 0–H bond to shorten, and increase VOH"

Ortho-CF3-phenol is an unusual case in which there are apparently

both attractive and repulsive interactions between the CF, and phenolic3

OH groups. Ortho-CF., -phenol displays two v H bands” (Table 4–17): a3

more intense band (3624.6 cm") shifted to higher frequency from v

O

OH

for phenol (and apparently corresponding to the cis conformer) and a less

intense band (3605 cm") at about v H for phenol (and apparently correspondO

ing to the trans conformer). These assignments are confirmed by the

tWO YoH bands for 2–Br–6—CF -phenol” (Table 4-17): one at a v3

(3510.4 cm") about equal to v

OH

OH for the cis conformer of ortho-bromophenol

(Table 4–17) and one of less intensity (3616.9 cm") at about the *OH

assigned to the cis conformer for ortho-CF., -phenol. Konovalov, et al.,”3

also observed a "OH doublet at 3605 and 3626 cm." for ortho-CF3-phenol
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Table 4–17. Experimental *OH and *oh values” for ortho-Substituted
Phenols (4–1 and 4–2).

—1
Von (cm )

-1, b
X Y 4–1 4–2 Avon (cm ) Ref.

H 3610.5
--- ---

163

H 3591 C C 163

C1 H 35.45 3608 63 163

Br H 3522 3604 82 163

I H 3499 3600 101 163

CH3 H 3614 C C 157
tEu H 3647 3607 –40 157

tRu CH3 3649 3610 –39 157
iPr H 3614 C C 164

C6H5 H 3564.9 3606.9 40 185

CF3 H 3624.6 3605 —19.6 161

CH3 Br 3616.9 3510.4 –106.5 161

*All determined in CC14.
ba, -

Av V OH (4–2) *OH (4–1)
C

*OH (4–1) A. Woh (4-2)
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and assigned the higher frequency to the cis conformer. They also

found that with increasing temperature the intensity of the 3605 cm

band increased while that of the 3625 em." band decreased. This study

gave a AH (cis + trans) value of 0.9 kcal/mole. In contrast to the
161, 186above studies, Marler and Hopkins* assigned the 1ess intense

3606 cm." V and the more intense 3624 cm."
OH *OH of ortho-CF2-phenol3

to the cis and trans conformers, respectively. In addition, they found

that the ratio of the integrated intensities of the 3624 cm." band to the

3606 cm." band increased with increasing temperature. Their data yields

values of AH (cis + trans) = 1.4 kcal/mole and AS (cis + trans) = v 6

cal. /deg/mole. This rather large AS for intramolecular hydrogen bond

formation is inconsistent with experimental AS values that are essentially
143–145

zero for other ortho-substituted phenols and with theoretical

considerations.” We support the assignment of the higher v H frequencyO

to the cis conformer based on our calculated AE(cis - trans) values (see

below), AS (cis + trans) considerations, and the more abundant (although

still scant) experimental evidence supporting this assignment. Further

experimental studies on ortho-CF, -substituted phenols are certainly3

indicated for the resolution of the previous experimental ambiguities.

That ortho-CF3-phenol does form intramolecular hydrogen bonds is

also supported by 19F NMR solvent shift and dilution studies.” Hence,

like the ortho-alkylphenols there is apparently a repulsive steric

interaction between the CF, and the phenolic OH, causing "OH for the cis

conformer to be shifted to a higher frequency. And 1jke the ortho

halophenols there is also an attractive hydrogen bond interaction between

the CF3 and the phenolic OH, causing the cis conformer to be more
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stable relative to the trans conformer. The results of our CNDO/2

and ab initio calculations on ortho-CF3-phenol are presented in Table3

4–15. For the cis conformer, both methods of calculation predict an

identical energy minimum (with one of the F cis to the OH and rotated

33° up from the ring plane), as well as nearly identical CF, rotational

potentials. For the trans conformer, the CNDO/2 calculations predict a

shallow rotational potential about 2.50 kcal/mole less stable than the

cis conformer energy minimum, whereas the ab initio calculations predict

the trans conformer to be only 0.12 kcal/mole less stable than the cis

conformer energy minimum. The fact that the v H intensity for theO

ortho-CF3-phenol cis conformer is "several times" that for the trans

conformer and the fact that the *OH intensity for the 2–Br–6–CF, -phenol3

conformer with the OH cis to the Br is greater than that of the conformer

with the OH cis to the cº,” suggests that the actual intramolecular

hydrogen bond strength of ortho-CF3-phenol lies somewhere between our

CNDO/2 value of about 2.50 kcal/mole and our ab initio value of 0.12

kcal/mole. This is supported by the AH (cis + trans) value of 0.9 kcal/mole

of Konavalov, et al.,” for ortho-CF3-phenol.
We also carried out calculations on the cis-trans isomerism of ortho

substituted phenols for a selection of ortho-substituents capable of

forming intramolecular hydrogen bonds with the phenolic OH. The CNDO/2

and ab initio results are presented in Table 4–16. The CNDO/2 results

are in fairly good agreement with the experimental data for the chelated

ortho-No,- and Ortho-CHO-phenols, for the weak intramolecular hydrogen

bonding of the ortho-OH- and ortho-00H2-phenols, and for the weak3

0-H - - - T intramolecular interactions of the ortho-CN- and ortho-Cahs
phenols. The ab initio hydrogen bond strengths for the ortho-OH

and ortho-CH0-phenols are in slightly better agreement with the experi
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mental data than the CNDO/2 results.

A CNDO/2 study was also conducted on the intramolecular hydrogen

bonding of salicylic acid with the relative energies of conformers 4–21,

4–22, and 4-23 predicted as 0.00, 1.38, and 4.62 kcal/mole, respectively.

That 4–21 is actually the intramolecularly hydrogen bonded conformer

that predominates is supported by the IR studies of Mori, et al.”

H
Nº. H

O O
..H

|
H C

No.2 º ozº
4–21

No

H
W. H
\ ^
Or

gº

4–23

Thus, both CNDO/2 and minimal basis ab initio methods are capable

of qualitatively reproducing almost all of the experimental data (except

for the ortho-CH, with CNDO/2) for intramolecular hydrogen bonding of
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ortho-substituted phenols. The ab initio calculations yield semi

quantitative agreement with experiment in the molecules studied and rank

correctly the intramolecular "hydrogen bond" strengths in the series

CHO > OH > C1 Å. F S. CF3- H > CH3.

Intramolecular Hydrogen Bonding in ortho-Substituted Thiophenols.

Having examined the ability of CNDO/2 and ab initio calculations to

predict the interactions of the phenolic OH with the ortho-substituents

of ortho-substituted phenols, we next examined the abilities of the two

computational methods to predict the intramolecular hydrogen bonding

capabilities of ortho-substituted thiophenols. A CNDO/2 geometry search

for a minimum energy 0 in thiophenol yielded a value of 98°, whichCSH

was used in all subsequent CNDO/2 and ab initio calculations on the

thiophenols. As a parallel to the phenol studies, the intramolecular

hydrogen bonding of the ortho-halothiophenols was examined first and the

results are presented in Table 4–18. The CNDO/2 and ab initio calculations

are in agreement with ortho-fluorothiophenol forming an intramolecular

hydrogen bond about half the strength of the intramolecular hydrogen

bond of ortho-fluorophenol. For the ortho-halothiophenols, however, the

CNDO/2 calculations predict intramolecular hydrogen bond strengths about

150% of those for the corresponding ortho-halophenols. These CNDO/2

results for ortho-chloro-, ortho-bromo-, and ortho-iodo-thiophenol are

inconsistent with one's intuition based on pKa values” that SH is a

poorer proton donor than OH. In contrast, the ab initio calculations

predict the trans conformer of ortho-chlorothiophenol to be 2.79 kcal/mole

more stable than the cis conformer. Experimentally two v H bands areS

191,192actually observed for Ortho-chloro- and
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Table 4–18. CNDO/2 and Ab Initio Energy Calculations on Thiophenol and

ortho-Halothiophenols (4-24, 4–25, and 4–26).

v(90°)*(kcal/mole) v. - AE(4-24 - 4-25) V." (kcal/mole)
(kcal/mole)

X CNDO/2 CNDO/2 Ab Initio CNDO/2

0.35 0.00 0.00 0.35

0.89 0.75 0.82 0. 51

C1 4.00 3.53 –2. 79 2.23

Br 4.16 3.46
---

2.43

I 2. 28 1. 38
---

1.59

*V (90°) = AE(4–25 + 4–26).

"calculated from V (90°), V1, and Eqn. 4-3.

H
H H
N 2^ W

S S S

Xs
º

X X
4–24 4–25 4–26
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192
ortho-bromo-thiophenol. The SH band for the cis conformer was found

to represent no more than about 20% of the population for the Ortho

chloro- and ortho-bromo-thiophenols, in agreement with the ab initio

but not the CNDO/2 calculations. Some insight into the source of this

discrepancy between the CNDO/2 and ab initio calculations is provided by

the bond orders, atomic populations, and geometrical parameters found

in these calculations (Tables 4–19, 4–20, and 4–21). Upon the trans

to cis conformational transition, there is a rise in the S – – X repulsive

bond order (especially for the ab initio calculations). For the cis

conformer there is a positive H – – X attractive bond order in the

CNDO/2 calculations on all four ortho-halothiophenols and in the ab

initio calculations on Ortho-fluorothiophenol. Rather dramatically,

however, a large repulsive ab initio H – – X bond order occurs for the

cis Ortho-chlorothiophenol conformer. As the halogen size increases

R(H – – X) increases very little for the ortho-halothiophenols while

the sum of the Van der Waals radii for H + X increases significantly.

The amount of H – – X overlap of the Van der Waals radii is about the

same for the ortho-halophenols and ortho-halothiophenols for each X.

Just as R (O - – X) increases more slowly for the ortho-halophenols than

the sum of the Van der Waals radii for 0 + X as the halogen size increases,

so also R(S - – X) increases more slowly for the ortho-halothiophenols

than the sum of the Van der Waals radii for S + X. The amount of S — — X

overlap repulsion (i.e., the amount R(S - – X) is less than the sum of

Van der Waals radii of S and X) for the ortho-halothiophenols is signifi

cantly greater, however, than the amount of 0 – – X repulsion for the

ortho-halophenols for each X. The C1 > Br > IX F CNDO/2 attractive
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Table 4–19. Geometrial Parameters of the cis ortho-Halothiophenols (4-24).

al a. a ŽVan der Waals radii”
X *alsº R (H– — °caled R (S- — °caled (8)

(degrees) (8) (8) H + S S + X

F 45.05 2. 23 2.96 2. 67 3.27

C1 38. 79 2.25 3.13 2.97 3.57

Br 36.45 2. 27 3. 20 3.08 3.68

I 33.50 2. 32 3.31 3.27 3. 87

a - -Calculated based on the geometries used in our calculations.
"see footnote c, Table 4–8.

Table 4–20. CNDO/2 and Ab Initio Bond Orders for the ortho-Halothiophenols
(4-24 and 4–25).

Bond Order

4–24 4–25

X H– — X S— — X S— — X

F 0.0023 –0. 0010 –0. 0005

C1 0.0285 –0.0086 –0.0015 #
Br 0.0423 –0. 0121 –0.0015 S.

No

I 0.0556 –0. 0151 –0.0015

F 0.0023 –0.0030 0.0000 E |&
H.

C1 –0.0075 –0.0222 –0.0043 ■
O
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Table 4–21. CNDO/2 and Ab Initio Atomic Populations for Thiophenol and
the ortho-Halothiophenols (4-24 and 4–25).

Total Atomic Populations

4–24 4–25

X H S X H S X

--- --- - - -
0.988 16. 100 ---

0.962 16.091 9. 200 0.981 16.077 9.198 a
C1 0.958 16. 117 17. O71 0.986 16.093 17. 080 à
Br 0.953 16. 128 35.037 0.988 16.098 35.051 NS
I 0.946 16. 133 53.040 0.989 16.097 53.056

--- --- ---
1.029 15. 854 –––

F 1.017 15. 855 9. 141 1.027 15. 845 9. 136

C1 0.994 15. 862 17. 130 1.026 15. 829 17. 126 ;
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intramolecular hydrogen bond strengths for the ortho-halothiophenols

reflect these trends, but apparently, as with the 0 - - X repulsions in

the phenols, the CNDO/2 calculations tend to poorly represent the

S — — X repulsions. The ab initio attractive intramolecular hydrogen bond

strength for ortho-fluorothiophenol and repulsive intramolecular

interactions for ortho-chlorothiophenol reflect not only these trends

but also the ability of the ab initio calculations to correctly represent

and weight the H – — X attraction and S – – X repulsion. However,

they are not always completely successful in this weighting (see below).

As a direct comparison of the intramolecular hydrogen bonding

capabilities of the ortho-substituted phenols and thiophenols, we next

looked at ortho-hydroxythiophenol. Based on the intensities of the "SH

and von bands of the various possible conformers (4–27, 4–28, and 4–29)

of ortho-hydroxythiophenol, David and Hallam.” suggest that the con

formations 4–27 and 4–29 are present in about equal amounts in dilute

CC1, solution. As seen from Table 4–22 the CNDO/2 results appear to

agree with the experimental results.” concerning the relative stabil

ities of the conformers, but the ab initio results do not. While bond

orders (Table 4–23) do not directly reflect these differences, they do

suggest that the differences in the CNDO/2 and ab initio results are due

not so much to their differences in handling the H – – S and H – - O

interactions but more to their differences in handling changes in the

0 - – S repulsive interactions.

Because of these differences of the CNDO/2 and ab initio calculations

in representing the intramolecular attractive and repulsive interactions

of the ortho-halo- and ortho-hydroxy-thiophenols, we conducted CNDO/2

and ab initio calculations on the intermolecular hydrogen bonding of the
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Table 4–22. CNDO/2 and Ab Initio Relative Energies for the Conformers of
ortho-Hydroxythiophenol (4–27, 4–28, and 4–29).

Conformer Relative Energies (kcal/mole)

CNDO/2 Ab Initio

4–27 0.07 2.14

4–28 0.98 1. 20

4–29 0.00 0.00

H H
/ No 2^

/ O
f

S S
2^ _^

H H

4–27 4–28

H
H- - - 2^

| -O
S

4-29
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Table 4–23. CNDO/2 and Ab Initio Bond Orders for the Conformers of
ortho-Hydroxythiophenol (4–27, 4–28, and 4–29).

Bond Orders

CNDO/2 Ab Initio

Conformer H- - 0 H– — S 0 — –S H - - O H – – S 0 — — S

4–27
---

0.005.7 –0.0016
---

0.0064 –0.0056

4–28
--- ---

–0. 0006
--- ---

–0.0002

4–29 0.0070
---

–0.0014 0.0025
---

–0.004.8

Table 4–24. Ab Initio Hydrogen Bond Energies (AE)” and Geometrical
Parameters” for H2O/HAs Dimers (4–30).

Proton Donor

2 2

2.54 1. 86 STO-3G

R 3. 33 3. 37 basis set"
6 76 46

E 3.9 3. 8
431G

3.66 3.59 basis set

6 78 22

“Energies in kcal/mole.
bR = 0 – – S internuclear distance (in Å); 6 in degrees: see 4–30.

*These results from this study.
“These results from reference 194.
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H2O/H2S, H,0/phenol, and H,0/thiophenol dimers. This was done in order

to provide some reference points with which to compare the CNDO/2

and ab initio calculations on the intramolecular interactions of the

ortho-substituted thiophenols.

For the H2O/H2S intermolecular hydrogen bonding, a "linear" dimer

(4–30: X=S and Y=0, or vice versa) was assumed, with the two monomer units

lying in perpendicular planes with the X, Y, and H atoms involved in the

180, 193hydrogen bond colinear. A geometry search was conducted simul—

taneously for both R (the 0 – – S internuclear distance) and 6 (see 4–30).

The results of our ab initio calculations with an STO-3G basis set and

a previous ab initio study” using a 431G basis set are presented in

Table 4–24. As noted before.” the STO-3G basis set predicts AE values

1-2 kcal/mole less than the 431G basis set AE values. Except for slightly

shorter R values, the STO-3G geometries are very similar to the 431G

geometries for the H,0/H,s dimers. As would be expected, AE for H2S
as the proton donor is significantly less than for H20 as the proton2

donor.

We next examined with CNDO/2 and ab initio calculations the inter

SH dimers. For C. H. YHmolecular hydrogen bonding of the H2O/C6H 6*55



140

(Y=S or 0) as a proton acceptor (4–31), a "linear" dimer was assumed

with Y – – H-0 lying in the ring plane and on a line bisecting "cyh

of C6H5)(H. Y — – H-0–H all 1jie in a plane perpendicular to the ring

plane in order to minimze the interactions of the second H,0 proton

4–31

with C6H5)(H. For C6HsVH as the proton donor (4–10: X=H) a "linear"

dimer was assumed with the two monomer units lying in perpendicular

planes and with the Y, 0, and H atoms involved in the hydrogen bond

colinear. 6 (see 4-10) was taken as before as 57° for Y=0 (from the STO-3G

H20 dimer value).” and as 46° for Y=S (from the STO-3G H2S/H2O dimer

value for H2S as proton donor: Table 4–24). Only R (the Y - - 0

internuclear distance) was varied in our geometry searches. Several

interesting observations can be made from the CNDO/2 and ab initio

results, which are presented in Table 4–10. The CNDO/2 calculations

on the H2O/C6H4OH dimer with phenol both as the proton donor and as

the proton acceptor yield AE and R values very close to the CNDO/2 AE

(5.9 kcal/mole) and R (3.3 X) values for the H,0/H,0 dimer (4–30:
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X=Y=0 with 0 = 0° and H.,0 experimental geometry).””
2 Our ab

initio calculations on the H2O/C6H5OH dimer give a AE that is more

than twice as large for phenol as the proton donor than for H20 as the

proton donor. This larger AE is accompanied by a smaller R value.

Conversely, our ab initio calculations on the H2O/Cah;SH dimer give a

AE that is more than twice as small for thiophenol as the proton donor

than for H20 as the proton donor. This smaller AE is accompanied by a

larger R value. Our ab initio calcuations predict Cah;SH to be both a

poorer proton donor and a poorer proton acceptor than phenol. In each

case AE and R correspond well with AE and R for the corresponding

H2O/HAs dimer (Table 4–24). While our CNDO/2 calculations give a reason—

able approximation for AE for thiophenol as a proton acceptor, they

grossly overestimate the AE for thiophenol as a proton donor. Apparently

this same error is reflected in our CNDO/2 calculations predicting very

attractive hydrogen bonds for the ortho-halothiophenols (Table 4–18).

That the ab initio calculations predict relative instability for

conformer 4–27 of ortho-hydroxythiophenol can possibly be rationalized

inspecting the geometries of all three ortho-hydroxythiophenol conformers

(4–27, 4–28, and 4–29) (Table 4–25). The 0 – – H Van der Waals radii

overlap for 4–29 is significantly less than the rather large S – – H

overlap for 4–27. In contrast to CNDO/2 underestimating O - - halogen

repulsions in the ortho-halophenols, apparently ab initio may overestimate

the S – – H repulsions for 4–27. However, the observed relative inten—

sities of the S-H and 0–H stretches make a precise estimate of the amount

of conformers 4–27–4–29 in o-hydroxythiopenol ambiguous.
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Table 4–25. Geometrial Parameters of ortho-Hydroxythiophenol

Conformers (4–27, 4–28, and 4–29).

R(0– -ºiled R (S- *aled * R(0– "...ied Ivan der Waals
radii

Conformer (8) (8) (8) O+S S+H O+H

4-27 2.97 2. 37
---

3. 32 3.00 –––

4–28 2.97
--- ---

3.32 –—— ———

4-29 2.97
---

2. 23 3.32 ––– 2.72

a - -Calculated based on the geometries used in our calculations.

"see footnote c, Table 4–8.
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Infrared Spectral Properties of ortho-Substituted Phenols.

The ortho-halophenols (except for ortho-fluorophenol) exhibit

in "inert" solvents two 0–H stretching frequencies, Von; one

approximately equal to V of phenol and corresponding to the transOH

non-hydrogen bonded conformer; the other shifted to a lower frequency

and corresponding to the cis intramolecularly hydrogen bonded conformer.

(Ortho-fluorophenol exhibits only a single (but broad) "OH because *OH

for the cis conformer *on for the trans conformer). The difference

(Avoli) between the two frequencies is of the order F & Cl < Br “ I

(Table 4–17). Both the experimental data and our CNDO/2 and ab initio

calculations indicate that the order of intramolecular hydrogen bond

strengths of the ortho-halophenols is most likely Cl A. F > Br > I

or C1 > Br > F > I (depending on which studies are cited). This is in

conflict with the Badger-Bauer rule” which states that *Voh (the

shift to lower frequencies upon hydrogen bond formation) is directly

proportional to the hydrogen bond strength. This discrepany has been

attributed 169,106.17% to these intramolecular hydrogen bonds being

highly bent from an ideal colinear geometry for 0–H — — X and to the

H - - X distances being fixed by the molecular geometry of the phenols
198

at values not necessarily equal to the preferred interacting distances.

It appears” that for the ortho-substituted phenols AVoh is a measure

of the amount of H – – X overlap and not the net energy of the OH and

X interactions, which, for example, will include the 0 - - X repulsion.

Both our CNDO/2 and ab initio calculations support this hypothesis.

The cis conformer H – – X bond orders (Table 4–14), providing some

measure of the H - - X interaction, correlate well with the AVoh values
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(Table 4–17) but not with the intramolecular hydrogen bond strengths.

The experimental Av shifts to 10wer frequencies should be paralleledOH

by similar decreases in the ortho-halophenol O-H bond orders upon

hydrogen bond formation. The CNDO/2 phenol and trans ortho-halophenol

0–H bond orders are all essentially the same, just as the experimental

phenol and trans ortho-halophenol Avo values are essentially the same.H

In addition, the CNDO/2 calculated 0–H bond order decreases upon hydrogen

bond formation for the ortho-halophenols closely parallel the corresponding

experimental Av values (except for the I 0–H bond order which isOH

slightly out of line). While the ab initio calculated 0–H bond orders

are also fairly constant for phenol and the trans ortho-halophenols, the

ab initio 0–H bond order decreases of the two ortho-halophenols upon

hydrogen bond formation do not correlate with the corresponding exper

imental Von values.
In order to see whether either the CNDO/2 or ab initio calculations

could predict the experimental Avoh values for the ortho-halophenols,

we conducted geometry searches for the minimum energy 0–H bond lengths

for phenol and the ortho-halophenols. Assuming a harmonic oscillator

model for changes in energy with R(0–H) variation near the minimum

energy R(0–H), force constants (k) and hence the "OH values were cal

culated for the O-H stretch (Table 4–26). The CNDO/2 calculations

overestimate the "expected" equilibrium R(0–H), k, and von, values. TheOH

CNDO/2 ortho-halophenol v values, even though slightly overestimated,OH

are in reasonable agreement with the experimental data both in magnitude

and ordering (except for I which is slightly out of line). The CNDO/2

cis ortho-halophenol equilibrium R(0–H) values vary in essentially the

Same Inanner as AVoh for the halogens. The ab initio calculations give
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reasonable estimates for the ortho-halophenol R(0–H) min values

and "OH values that are less overestimated than for the CNDO/2 calculations.

However, the ab initio calculations do very poorly in predicting the

magnitude of Avo for the ortho-halophenols.H

Because of this insensitivity of the ab initio calculations to

AVoh for the ortho-halophenols, we decided to investigate this area

further. Assuming again a harmonic oscillator model for the O-H stretch:

1/2 k (*)
In

(),

1/2 Pn

where: K.), = the expectation value of x” of the nth 0–H stretching
energy level

X =
|Rø-0

-

R(0-H), in
(), = expectation value for V (the potential energy

of the 0–H bond) in the nth 0–H stretching

energy level

E
In

energy of the nth 0–H stretching energy level

= (n + 1/2) hvon
Then: (...) = E /kn n

ru

Assuming *OH ^ 3600 cm * gives:

k = 7.65 x 10° ergs/emº

(Eqn. 4-1)

- -
—1Fo = 1/2 hº = 1800 cm

- h v = –1E1 3/2 `oh 5400 cm

Eqn. 4-1 then gives 1/2

() = 0.068 &x

O

1/2
= 0.118 &(),

º
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Table4–26.CNDO/2andAbInitio0–HStretchingMinimumEnergyBondLengths,ForceConstants,Frequencies,
andFrequencyShiftsforPhenolandVariousortho-SubstitutedPhenols(4-5). R(0-H),in(8)k(x10°ergs/emº)won(en’)Avo'(cm")

X
CNDO/2"AbInitio"CNDO/2"AbInitioCNDO/2AbInitioCNDO/2AbInitio

1.03230.9851.666.2O.999253184118------ 1.03280.9871.65241.00035296412122–3

C11.03780.9851.58410.9996518.54119133—1 Br1.0387---1.5664---5156---162--- I
1.0374---1.5881---5.192---126--- ch,"1.0347---1.6224---5248---70--- CHO"1.0480.9901.42340.95414.915402440394 ohf1.0330.9861.6406O.997752774115413 º1.0381---1.6043---5218---100--- CF3---0.981---0.9984---4117

---1

*Calculatedusingleastsquaresquadraticfitusing
7to14pointsevenlyspacedfromR(0–H)
=
1.018to1.068. "calculatedusing

a
threepointquadraticfit(R(0–H)
=
0.98,0.99and1.00X).Leastsquaresquadraticfits to5pointsat0.01Ä

intervals
ofR(0–H)from0.96to1.01Xgavepoorresultsdueto

anharmonicityoverthis R(0–H)range.

Iri-º-º-a
º
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Table4–26.(Continued) on(phenolwasassumed
tobeequalto"Ohforthetransconformers(4-6)ofeachofthe
ortho-halophenols.

TheYoHvaluesinthistablethereforerefertothe
ortho-halophenol
cis
conformers.Also,AYohVoH (trans)

–Yoh(cis
)
Kºoh(phenol)
–̀oh(cis).

d ------o

Structure4-3:R6-R7R8Y=H;"2156
=60°. ‘structure4–20. ‘structure4–16.

g -**------o

Structure4-3:RéR7RF;Y=H;"215633
ho

Structure4–3:R6=R,-Rs-F;
Y=H;"2156
=30°.
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We expected that for a phenol the energy difference between these two

R(0–H) geometries might give a better indication of the H - - X interactions

than the harmonic oscillator "OH for two reasons. First, the comparison

occurs on a portion of the 0–H stretch curve that is steeper and hence

more sensitive to variations in the environment around the O-H bond,

compared to the 1ess steep portion of the curve around R(0–H) min.

Secondly, by comparing energies at the respective Fo and F1 values of x
1/2

correspondings to (*) , we would be looking at the portions of theIn

curve where the the proton spends a good portion of its time in the

ground and vibrationally excited state. The results, given as
2\!/? 2\l/?AE(K.)

->
(...) ), are presented in Table 4–27. AlthoughO 1

the ab initio results do qualitatively suggest shifts to 10wer 0–H

stretching frequencies for the cis ortho-fluoro- and ortho-chloro-phenols,

the sensitivity of the model is poor and it does not predict the correct

order for X=H, F, and C1.

As stated earlier, the ortho-CF2-phenol is unusual in that the3

hydrogen bonded (cis) 0-H stretching peak is larger than the trans, but

shifted to higher frequencies from the trans O-H stretch. A CNDO/2

geometry search for a minimum energy 0–H bond length for ortho-CF.,-phenol3

(Table 4–26) gives a R(0–H) min value which is longer than the CNDO/2

calculated R(0–H) min value for phenol. From the data points used in

the search, a vot, was obtained which incorrectly predicts a shift to

H for the cis conformer of about 100 cm". A

OH

lower frequency for Vo

similar ab initio geometry search yielded a R(0–H) min value that is

shorter than the ab initio calculated R(0–H) min value for phenol and a

"OH for the cis conformer that is about equal to the ab initio calculated

*OH value for phenol (Table 4–26). For ortho-CF3-phenol the ab initio

AE ( @)
—3-

()." ) value, in contrast to the ortho-fluoroO 1

º

-;
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and chlorophenol cases, is larger than for phenol, suggesting a

steeper 0–H bond stretch potential for ortho-CF3-phenol than for

phenol. This in turn suggests that this steric repulsion between

the hydrogen-bonded CF and OH groups causes the v H shift to higher3 O

frequency observed for the cis conformer of ortho-CF3-phenol.
From the geometry of our calculations, the internuclear distance

between the phenolic proton and the closest F of the CF, group for the3

minimum energy CF3 rotamer of the cis conformer of ortho-CF3-phenol is

calculated to be only 1.70 X. Comparison of this value with the

H– – F internuclear distances for the cis conformer of ortho-fluorophenol

(2.26 X) (Table 4-8) and for the equilibrium H,0/fluorobenzene dimer

(1.50 Å, ab initio: Table 4-9) and with the sum of Van der Waals radii

for H + F (2.67 X) (Table 4-8) suggests that for ortho-CF, -phenol:3

1) The intramolecular hydrogen bond strength is due to the expected

attractive interaction of the pehnolic proton with the F atom; 2) The

repulsive interaction of the phenolic proton with the F atoms is due

to the latter being forced (because of geometrical constraints) into

very close proximity with the former in order to maximize the attractive

interaction of the two; and 3) This repulsive interaction due to

the H – – F internuclear distance being forced to be so small is reflected

in our ab initio calculations by a shortened 0–H bond length, an increased

0–H bond stretching force constant, and a shift in v to higherOH

frequency. This shortened H – – F internuclear distance for the closest

F atom in the minimum energy cis-CF, -phenol conformer is reflected in3

the H – – F bond order (0.0169, CNDO/2; 0.0264; ab initio), which is

significantly greater than the value for the cis ortho-fluorophenol
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Table 4–27. Ab Initio Calculations on the O-H Stretching Potential

Energy Curve for Various Phenols (4–5).

1/2
AE(ºx”. º ->

<ºp"
X (kcal/mole)

H 5. 32

F 5. 25

C1 5. 30

b
CF, 5. 40

CHO" 4.76

oHº 5.30

*See text for derivation of sº values

*structure 4–3: R2 = R-, - Ro = F : Y = H, 0 = 30°
—" 6 7 8 3. 5 2156 -

‘structure 4–20.

"structure 4–16.
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conformer (0.0021, CNDO/2; 0.0046, ab initio). In addition, *HoF
for the most stable cis ortho-CF,-phenol conformer is only 23.4°, a3

much more favorable value than for the ortho-halophenols.

157,167,174
In a series of articles Fateley, et al., have assigned

phenolic OH torsional frequencies to the cis and trans conformations of

al number of ortho-substituted phenols and then used these to calculate

the enthalpy difference between the two conformations for each (Table

4–28). They assumed the potential associated with the internal rotation

of the phenolic OH to be adequately represented by the Fourier cosine

series

V (o) = 1/2 # Wn (1-cos n o) (Eqn. 4-2)

which could be truncated at n = 2 for most ortho-substituted phenols.

(Approximate calculations have shown that higher terms are negligibly

small.”) Equating V (o) with our "1234 of 4–1,

V (% =
V1(1-cos Ø )/2 + v., (1-cos 2 @1234? 1234 1234)/2

(Eqn. 4–3)

For an ortho-substituted phenol, W., is equal to the energy difference1

between the cis and trans conformations and V2 corresponds to the OH

rotational barrier with the V1 (cis/trans) contribution factored out;

i.e. , V2 is essentially the energy required to rotate the phenolic OH

out of conjugation with the aromatic ring; differences in V2 reflect

differences in the inductive and resonance interactions of the different

ortho-substituents with the phenolic OH. From our MO calculations we

can derive values for V1 and V2, which, together with corresponding

experimental values, are presented in Table 4–28. For phenol itself

the ab initio calculations overestimate the experimental V2 rotational
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Table4–28.CNDO/2,AbInitio,and
Experimental
OH
RotationalEnergiesforPhenolsand
ortho-Substituted Phenols(4–1,4–2,and4–32).

C

W
(90°)(kcal/mole)v,”(kcal/mole)

V2
(kcal/mole)

XY
CNDO/2AbInitioCNDO/2AbInitioExpt1.CNDO/2AbInitioExpt1.

2.885.130101012.885.133.56°,"

FH3.525.591.371.681.63">n2.844.754.72m,
n

1.44",
9
4.44">9

C1H4.656.152.301.771.63",
n

3.505.265.46",
n

1.62">95.16">9

BrH4.26
---

1.68---1.53",
n

3.42---5.40",
n

1.57n,
0
5.15m,
9

IH
3.53---0.75---1.32",
n

3.15---4.97",
n

1.45",
9
4.47m.9

ch,"
H
3.53---0.84–1.53–0.86°3.11---A

3.29°2%

–0.29°." –0.85°
4

CH,"CH,”3.28---ol---ol3.28–––3.41°4,2.31P cF.H5.12–––v2.50–––~0.9%ºv3.87–––A
3.34°-P CHO8H8.84---6.027.447.09°5.83------ No."

H
11.05–––8.29---6.65°6.91–––---ofH3.28---1.373.27

a
2.29°,
+

2.60------ º,H3.37---1.32---2.00°."2.71---5.94°29 C2HH
4.09---1.66---2.739,
q

3.26---4.52°2%

**-
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Table 4–28. (Continued)

*V (90°) = AE (4-1 - 4.32).

"vi - AE(4-1-4-2).
*Calculated from V (90°), V1, and Eqn. 4-3.
d

- - - - = ostructure 4–3: R6
-

R7
-

R8 = H; "2156 60°.
2nd CH3 staggered the same as the first with respect to the OH.

f
- - - - - V - E-I - - O

Structure 4-3: R6
-

R7
-

R8 = F; Y=H; "2156 = 33°.

*Structure 4-20.
"structure 4-17.
*structure 4-16.

'structure 4-18: CH3 group staggered.

structure 4–19: "2156 = 90°, i.e. with the two rings perpendicular.
By definition.

"Method of study
"Reference 167.
°Method of study

IR OH torsional frequency: Vapor state.

IR OH torsional frequency: Cyclohexane solution.

*Reference 185: Method of study = Force field molecular mechanics calculations.
*Reference 157.
*Reference 186: Method of study IR OH stretching frequency; CC1

OH *H chemical shift ; CC1

“Estimated from references 169 and 174.

"Reference 199.

4 solution.
solution.*Reference 169: Method of study 4

4–32
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barrier by a much larger amount than the CNDO/2 underestimation of V2.
The ab initio calculations, however, agree extremely well with both

the magnitudes and ordering of V1 and V2 for ortho-fluoro- and ortho

chloro-phenol in the vapor state, but are higher than the values of V1

and V2 in cyclohexane. This suggests an explanation for part of the

overestimation by ab initio of V, for phenol itself since this experimental2

value was also measured in cyclohexane solution and not in the vapor

state. The agreement of the CNDO/2 calculations with the experimental

V1 values for the four ortho-halophenols is moderately good. Interestingly,

the ordering of V., for the ortho-substituents of the ortho-halophenols2

and phenol itself is C1 > Br > I > H > F for CNDO/2, C1 > H > F for

ab initio, and C1 > Br > I > F > H experimentally. Apparently, changes

in V2 of the ortho-halophenols (as compared to phenol) are determined by

two factors. First, the greater the electronegativity of the Ortho

substituent (F - C1 > Br > I > H), the better it is able to inductively

withdraw electron density from the phenolic ring, causing the phenolic

oxygen to donate electron density into the ring, thus increasing the

phenolic C–0 double bond character and hence V Second, the greater2’

the ability of the ortho substituent (F -> C1, Br, I - H) to donate

lone pair electron density by resonance into the aromatic ring, the

better it is able to oppose the delocalization of the phenolic oxygen

lone pair electrons into the ring, hence decreasing V The interpretation2 ”

of our results are consistent with a study” on para-fluorophenol in

which it was found that the para-fluoro-substituent actually decreased

V2 (as compared to phenol) by 0.60 and 0.53 kcal/mole in experimental

and ab initio studies, respectively. As seen in Table 4–28, the CNDO/2

and ab initio calculations generally give reasonable predictions for V2
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for the ortho-OH-, NO,-, CN-, CH0–, C6H5-, CF3-, and OCH

although the CNDO/2 results tend to underestimate the experimental

3-phenols,

V2 values (where available for comparison) slightly more than the

ab initio results.

Fateley and Carlson” found that the phenolic OH torsional

frequency region was more complicated than at first expected for

ortho-methylphenol. This apparently is due to the CH3 rotational

potential being superimposed upon the phenolic OH rotational potential.

With the CH3 group staggered with respect to the phenolic OH, CNDO/2

gave a value for V., of 3.11 kcal/mole (Table 4–28) in good agreement
157

2

with Fateley and Carlson's experimental value of 3.29 kcal/mole.

With the addition of a second ortho-methyl group, the CNDO/2 V2 value

rises slightly to 3.28 kcal/mole, paralleling a rise in the experimental

V2 value to 3.41 kcal/mole.”
In order to test the validity of truncating the Fourier cosine

series, Eqn. 4-2, at n = 2 to give Eqn. 4-3 for the potential associated

with the internal rotation of the phenolic OH group, we calculated with

CNDO/2 the variation of the energy of phenol and of ortho-chlorophenol

at 15° increments of rotation of the OH group. Multiple least squares

linear regression analyses were then conducted, using the CNDO/2 energies

with Eqn. 4-2, including various combinations of the higher order terms.

The results (Table 4–29) lead to the following conclusions concerning

these calculations. Although the inclusion of "n terms with n > 2 is

statistically justifiable, the changes in V1 and V2 induced by these

inclusions are small enough so that quite accurate approximations of

V1 and V2 can be obtained from Eqn. 4-3. As theoretically expected, the

.

3.
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changes induced in V, and V., by the inclusion of Wn terms with n > 21 2

is such that V1 is affected only by inclusion of Wn terms with n odd

and V2 is affected only by inclusion of Wn terms with n even. The

magnitude of any "nt term is only between 5% and 20% of the "n term.2

Assuming a Boltzmann distribution between the conformers used for

these regressions, it was found that the net energy of the cis conformers

(4–5: -90° () < 90°) of ortho-chlorophenol was 2.33 kcal/mole less1234

than the net energy of the trans conformers (4–5: 90° S Ø 270°),<

1234

in very good agreement with the value of 2.30 kcal/mole obtained for V 1.

considering only AE(cis - trans). That this complete an analysis gives

almost identical results with the simple AE(cis + trans) type of

analysis provides additional justification for the latter's use in

analyzing such cis/trans conformational changes. However, this AE

(2.3 kcal/mole) is not the same as the V, derived from the 1east squares1.

fit to the Fourier series (1.93 kcal/mole). Thus, the experimental values

derived from the V1 (the torsional frequencies in the IR) may not be

quantitatively comparable to the AE values derived by other methods, such

as relative intensities of the O-H stretching peaks in the near IR.

CNDO/2, ab initio, and experimental dipole moments for a number of

compounds examined in this study are presented in Table 4–30. Both

CNDO/2 and ab initio qualitatively predict trends in the dipole moments

for families of compounds in the table. Although there are a few

relatively large devitions from the experimental values, most of the

calculated dipole moments are in reasonable agreement with the experimental

values.

,
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Table4–29.LeastSquaresFitofCNDO/2OH
RotationalPotential
toEqn.4-2forPhenoland

ortho-Chlorophenol (4–5).

-.
a,bEquation4–2
:V(o)=#Wn(1-cosn)/2

XEqn.Intercept
V1V2V3VAV5W6 H4–40.0752.897

(+0.071)(+0.120)

H4–50.0002.8730.182

(+0.000)(+0.004)(+0.004)

H4–60.0002.8720.1820.005

(+0.000)(+0.000)(+0.000)(+0.000)

C14–70.2881.9793.534

(+0.250)(+0.322)(+0.324)

C14–80.1431.9313.5340.339

(+0.208)(+0.237)(+0.236)(+0.237)

C14–90.1631.9793.4920.313

(+0.223)(+0.255)(+0.258)(+0.258)

C14–100.0171.9313.4920.3390.313

(+0.029)(+0.030)(+0.030)(+0.030)(+0.030)

C14–110.0041.9263.4920.3350.3130.036

(+0.011)(+0.011)(+0.011)(+0.011)(+0.011)(+0.011)

C14–120.0001.9263.4900.3450.3120.0360.012

(+0.001)(+0.001)(+0.001)(+0.001(+0.001)(+0.001)(+0.001)

*

—-
--*
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Table 4–29. (Continued)

*a = % for 4–5.1234

*For both phenol and ortho-chlorophenol, 13 data points at 15° intervals

from 0 = 0° to 0 = 180° were used in the regressions. Wn values given

for each equation are for the particular values of n included in that

regression. Values in parentheses are 95% confience intervals. The

inclusion of each additional higher order term (n + 2) is (by F-test

analysis) statistically (at >. the 95% confidence 1evel) significant.
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Table 4–30. CNDO/2, Ab Initio, and Experimental Dipole Moments (D).

A. Halobenzenes (C6H5x)
X -ucated (CNDO/2) calcãº Initio) "expt1° Solvent

F 1.68 0.93 1.57–1. 66 Vapor

. 39–1.51 C6H6

C1 2.00 2. 28 1. 75 Vapor

1.58 C6H6

Br 2.08
---

. 70–1. 79 Vapor

. 50—1.57 C6H6

I 2. 72
---

. 70–1. 71 Vapor

. 25—1. 39 C - H
6 6
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Table4–30.(Continued)
B.

Ortho-SubstitutedPhenols(o-X-C2H5OH:4–5and4–6).

Healed(CNDO/2)6°5 Healed(AbInitio)"exptl"

X4-5.4–6.Avg.”4-5.4-6,Avg.”
H1.73---1.731.22---1.221.55°

F1.393.391.570.742.110.811.32 C11.533.641.571.423.411.512.19

1.
24–1.43

Br1.563.721.68---------1.27–1.39 I
1.84"4.16"3.72"---------1.54

1.90°4.24"2.97° 1.96%4.32°2.48°
No,"4.217.064.21---------3.13–3.22 CHO3.303.923.302.242.612.242.86–2.91 ohº3.002.662.972.151.502.142.60–2.64

Solvent Vapor



;

Table4–30.(Continued) OCH.8 iPrº tRu CF COOH

Healed(CNDO/2)
2.862.572.83 2.495.002.57 1.751.771.75 1.8091.57P1.76 1.82%1.56%1.73% 1.901.53°1.55 1.95%1.52%1.57% 1.8991.61P1.61 1.89%1.61%1.61% 1.93°4.39P1.97 1.92*4.39%1.98% -------2.06"

Healed(AbInitio)"exptl”Solvent
4–54–6Avg. ---------2.37-2.44Caha 1.45P1.00P1.031.42–1.55Caha

W

---------1.35C6H6 0.92*2.84P1.82 ---------2.65Dioxane
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Table4–30.(Continued)
Healed(CNDO/2)Healed(AbInitio)"expt1.*Solvent

C.

Para-Halophenols(p-X-Cºh,0H;4–15)
X4–154–15 F

1.951.432.10–2.17C6H6 C12.152.512.22–2.4C6H6 Br2.21---2.14–2.28C6H6
I
2.71---2.21C6H6 D.

Ortho-SubstitutedThiophenols(o-X-Cºh,SH:4–24and4–25)
X4–244–25Avg.”4–244–25Avg.”

H2.26---2.260.75---0.751.18–1.34C6H6
F
2.473.722.750.601.650.81 C12.734.002.731.552.942.921.98C6H6 Br2.774.052.77---------1.96C6H6

I
3.024.553.16--------- OH------3.327------1.78%
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Table 4–30. (Continued)

E. H., X: Experimental Geometry2 - |l a Solvent
|I (Ab Initio) "exptl.Healed (CNDO/2) calcd T —

X H2X H2X

0% 2. 15 1. 73 1.82° Vapor

saa
---

1.02 0.90–1.01 Vapor

“From reference 136 unless otherwise noted.
"calculated as a simple weighted average assuming a Boltzmann distribution

between 4-5 and 4–6.
*A "best" average experimental value.

"structure 4-17.
*Structure 4–20.
‘structure 4–16.

*Structure 4–18.

"structure 4–19: () = 90°.
i —t-" " 2156
Structure 4-3: R6

=
R7

-
R8 = Y = H.

'structure –3: R5 = Y = H; Ré
-

R7
-

CHA (staggered).
*structure –3: R5

-
R6

-
R7

-
CH3 (staggered); Y = H.

*structure 4–3: R5
-

R6
-

R7 = F; Y = H.
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Table 4–30. (Continued)

•º■ .= 1.20.
p – a no02156 - 60°.
*Calculated assuming a Boltzmann distribution between the conformers of

Table 4-15.

r
- o92.156 = 30°.

S
- o*2156 = 33°.

*Calculated assuming a Boltzmann distribution between conformers of Table

4–15.

Ul - o02156 - 180°.
"Calculated assuming a Boltzmann distribution between conformers 4–21,

4–22, and 4–23.

W From reference 185.

*Calculated as a simple weighted average assuming a Boltzmann distribution

between conformers 4–24 and 4–25.

*Calculated assuming a Boltzmann distribution between conformers of

Table 4–22.

*Experimental geometry: see note 180.

**Experimental geometry: see note 193.



159

Conclusions.

With a few exceptions, the CNDO/2 MO method generally does a

fairly reasonable job in reproducing the experimental intramolecular

interactions (and in particulr the experimental A E values) for Ortho

substituted phenols. The probable underestimation by CNDO/2 of the

intramolecular hydrogen bond strength for ortho-fluorophenol can be

viewed as only a minor deficiency in the method. That the cis conformer

of ortho-methylphenol is found by CNDO/2 to be more stable than the trans

is, however, a more serious error. For most of the phenols studied in

this article, the ab initio M0 method does at least as well and often

better than CNDO/2 in reproducing the experimental intramolecular

interactions of ortho-substituted phenols, especially of ortho-fluoro

and ortho-methylphenol. Both the CNDO/2 and ab initio calculations

do well in predicting and providing some insight into the phsyical origins

of the "anomalous" ordering of the experimental intramolecular hydrogen

bond strengths of the ortho-halophenols. These studies suggest that

the intramolecular interactions of the ortho-halophenols are mainly

determined by a competition between the attractive and repulsive

H - – halogen interactions in the cis conformer as well as the

0 - - halogen repulsions in the cis and trans conformers. In addition,

these interactions are a strong function of the H-0 – – X angle. The

calculations suggest that the magnitudes of the *OH shifts for the cis

conformers of the ortho-halophenols are determined by the magnitude of

the H – – halogen interactions, which do not necessary reflect the net

intramolecular hydrogen bond energies. Similar physical effects are

apparently operative in Ortho-CF2-phenol. In this compound, the3

H - – F distance is foced to be sufficiently close in the more stable
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cis conformer, so that one observes a shift to higher frequency for the

O-H stretch, as well as predicts (ab initio) a shortened 0–H bond

length in this conformer. Low temperature neutron diffraction might

be used to test this prediction.

The ab initio calculations are successful in reproducing the limited

experimental data for the ortho-halothiophenols. The importance of

considering X – – S repulsion effects, which should be greater than

X – – O repulsion, is clear from these studies and experiments. The

prediction that ortho-fluorothiophenol favors the cis hydrogen-bonded

conformer and ortho-chlorothiophenol the trans (the opposite trend in

cis stability from the ortho-halophenols) is a clear indication of the

greater repulsive forces involved in ortho-interactions when both substit

uentS are from the second row.

Our calculations indicate that the theoretical methods we have

employed are capable of yielding a better understanding of the important

forces determining the near and far IR properties of ortho-substituted

phenols and thiophenols.

This study suggests a number of avenues for further work:

1. In the area of semi-empirical MO theory, we have done a very

limited variation of the parameters of the I atom, but clearly more

systematic variations in the spirit of Dewar, et al.,” are possible

and would likely lead to a set of parameters which can better predict

both intramolecular and intermolecular hydrogen bonding effects of I

(as well as Br, C1, and F) than the parameters we used in this study.

2. We have also used model intermolecular H-bond potentials to

gain insight into the nature of intramolecular H-bonding. This should
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prove of utility in studying intramolecular H-bonded systems with

more conformational flexibility, such as 1,3 propanediol,” where

one can use such calculations to separate conformation and H-bond effects

in determining the final minimum energy structure.

3. The ab initio calculations with a minimal basis set do a very

good job in predicting the hydrogen-bonding properties of the Ortho

substituted phenols and thiophenols, with the possible exception of

ortho-hydroxythiophenol. The Mulliken populations for the thiophenols

are strange (S st and H 6T), but the net dipole moment has the

opposite direction, indicating that the wave function represents the

polarity in a satisfactory manner. The intermolecular potential surfaces

for the H,0/C SH dimers (thiophenol as the proton donor or acceptor)6H5
also support the net S ST/H st polarity in the wave function. However,

more accurate calculations on ortho-hydroxythiophenol would probably

be instructive, in order to see if they can reproduce the qualitative

- - - - - - º
191relative conformational stabilities determined by David and Hallam.

4. We have also examined some of these ortho-substituted phenols

and thiophenols for which there is no direct quantitative AE(cis + trans)

data. So we hope the calculations presented here will be an impetus for

further experimental physical chemical studies.

5. Our results suggest that to reproduce Av for the X-H stretch in

H-bonded systems may require a careful analysis of the anharmonic part

of the proton potential. For a crude estimate of relative frequency
2\1/2 2\ 1/2

shifts, E( (*) ) – E ( (x ) may be a better guide than directly1. O

calculated AVxH.
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INTERMOLECULAR HYDROGEN BONDING IN ORTHO-SUBSTITUTED PHENOLS AND

PHENOXIDES

There are numerous plausible nuclear receptor and plasma protein

binding sites one could imagine in order to explain the outer ring

structure-activity relationships of the thyroid hormones and analogs.

Therefore, we decided to use experimental and theoretically calculated

inter- and intramolecular hydrogen bond strengths of ortho-substituted

phenols and phenoxides in order to examine:

1. Likely orientations for possible nuclear receptor and plasma

protein proton donor and proton acceptor groups.

2. The relative biological activities for different 4' substituents.

3. Possible reasons for the the "non-additivity" effects in binding

for 3', 4' substituted analogs.

Following the extensive theoretical CNDO/2 and ab initio examinations

of the intramolecular hydrogen bonding and interactions of ortho-subs

tituted phenols, we examined the intermolecular hydrogen bonding of

ortho-substituted phenols as a model system for the unionized phenolic

ring binding to nuclear receptors and the intermolecular hydrogen bonding

of ortho-substituted phenoxides as a model system for the ionized phenolic

ring binding to TBG. H20 was used both (a) as a model proton acceptor

in the nuclear receptor when the unionized phenol is functioning as

a proton donor (4–33) and (b) as a model proton donor in the nuclear

receptor when the un-ionized phenol is functioning as a proton acceptor

(4–34) or in TBG when the ionized phenol is functioning as a proton

acceptor (4–35).

The geometry of the model system for proton donation of a phenol

to H20 (4–33) was defined as follows. The two monomeric units lie in
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perpendicular planes with the phenolic OH and 0 of the H,0 coplanar

with the aromatic ring and with the aromatic ring plane bisecting

*Hoh of the H20. Variations in hydrogen bond energies (AE) were then

determined with respect to variations in R, 0, and 6 for phenol

(4–33: X=Y=H) and are presented in Table 4–31 and Figs. 4–1 and 4–2.

With Ø = 0°, R and 6 were simultaneously varied to give minimum

energy values for R, 6, and AE of 2.63 Å, 47° and -8.93 kcal/mole

(CNDO/2) and 2.54 8, 12°, and -6.63 kcal/mole (ab initio), respectively.

With R fixed at these values, variations in the minimum energy values

of AE and 6 were then determined as a function of 0. As can be seen in

Table 4–31, the variations in 6 with respect to Ø are more reasonable

for ab initio (formation of a bifurcated hydrogen bond as Ø increases)

than for CNDO/2 (H,0 protons practically directed at the phenolic 0

at Ø = 70°). Hence, all further CNDO/2 and ab initio calculations were

performed using the ab initio minimum energy values of R and of 6 as a

function of Ø. Although the ab initio are greater than the CNDO/2 AE

values, the shapes of the ab initio and CNDO/2 AE vs. Ø curves for

phenol are approximately the same and all minimize at Ø = 0° (0–H––H

colinear) (Fig. 4-1 and 4–2).

The geometry of the model system for H20 as proton donor to a phenol

(4–34) was defined as follows. The two monomeric units lie in perpendic

ular planes with the phenolic OH and the H–0 of the H,0 involved

in the hydrogen bond coplanar with the aromatic ring. The 0 – – H-0

involved in the hydrogen bond are colinear since this geometry should

give maximal hydrogen bond strength.” The second O-H bond of the

HoO lies in a plane perpendicular to the aromatic ring plane in order to2

minimize any interactions of this second H20 proton with the phenol.
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Variations in CNDO/2 and ab initio AE values were then determined for

simultaneous minimum energy variations of R and °C for phenol (4–34:OO

X=Y=H) and are presented in Table 4–32 and Fig. 4–3 and 4-4. In contrast

to phenol as the proton donor to H,0, the CNDO/2 are greater than the ab

initio AE values, although the shapes of the ab initio and CNDO/2 AE
ºv

VS - "coo curves are approximately the same and both minimize at "coo ~ 1.25°

(hydrogen bond approximately bisecting 6 H of phenol). All furtherCO

CNDO/2 and ab initio calculations were performed utilizing these CNDO/2

and ab initio, respectively, minimum energy values of R as a function

6 -of "coo
The geometry of the model system for H20 as a proton donor to a2

phenoxide (4–35) was defined as above for H20 as a proton donor to a2

phenol (4–34), except the phenolic proton is left out and the phenoxide
202R(C–0) shortened to 1.33 X. Variations in CNDO/2 AE values were

then determined for simultaneous variations of R and "coo for phenoxide

(4–35: X=Y=H) and are presented in Table 4–33 and Fig. 4-5. The minimum

energy R values are essentially invarinat (and are considerably shorter

-
4 - - -than for 4–34) as "coo is varied. As "coo is varied, AE varies very

little, minimizing at 6 O & 125° and is about 3.5 to 4 times AE forCO

the corresponding phenol--HOH dimer (4–34). All further CNDO/2 calcu

lations were performed utilizing these CNDO/2 minimum energy values of R

as a function of "coo:
Utilizing the reference geometries for 4–33, 4–34, and 4–35, as

defined above for X=Y=H for minimum energy, R, 0, 0, and °C values,OO

AE values were calculated for a variety of variations of X, Y, and geometrical
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Table 4–31. CNDO/2 and Ab Initio Hydrogen Bond Energies (AE in kcal/mole)

of Phenol as Proton Donor to H,0 (4–33: X = Y H).

(°)

R(8) 0 10 20 30 50 70

O#| 2.63° AE 8.93 8.70 7. 36 5. 62 2.87 1.89
'E b
H 6 47 58 67 77 98 126

2.63° AE 6.05 5.64 4. 72 3.49 1.51 1.06

s b
■ 6 47 58 67 77 98 126
O 2.54° AE 6.63 6.42 5. 52 4.18 1.69 1.52

6" 12 11 17 24 73 157

*Minimum energy (Ab Initio) value for phenol at 6 = 0°.

"Minimum energy (Ab Initio) values for phenol at R = 2.63 8.

‘Minimum energy (CNDO/2) value for phenol at 6 = 0°.

*Minimum energy (CNDO/2) values for phenol at R = 2.54 3.
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Figure 4-1. Ab Initio hydrogen bond energies (AE: kcal/mole) of

various phenols as proton donors to H20 (4–33).2
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Figure 4-2. CNDO/2 hydrogen bond energies (AE: kcal/mole) of various

phenols as proton donors to H20 (4-33: X = H); "ch,
group staggered; *Pr CH3 groups pointed away from OH

and staggered.
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Table4–32.CNDO/2andAbInitioHydrogenBondEnergies(AEin
kcal/mole)
ofH

Phenol(4–34:
X=Y=H).

20asProtonDonorto

COO

110120125130140160180

o ÉAE3.334.144.314.304.052.530.46 3|E|R(8)*2.832.802.792.792.802.903.37
&AE5.946.166.126.065.834.772.83 sb■R(8)2.572.562.542.562.562.602.74 *Minimumenergy(AbInitio)valuesforphenolateach

0

*Minimumenergy(CNDO/2)valuesforphenolateach

COO" "coo:
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Figure 4–3. Ab Initio hydrogen bond energies (AE: kcal/mole) of H,0
as proton donor to various phenols (4–34).
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Figure 4–4. CNDO/2 hydrogen bond energies (AE: kcal/mole) of H,0 as

proton donor to various phenols (4–34: X = H); "ch,
group staggered; *ipr CH3 groups pointed away from OH

and staggered.
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parameters and are presented graphically in Fig. 4-1 through 4–5 and/or

are described below.

It was found that the CNDO/2 AE values were only very slightly affected

(+ 0.2 kcal/mole maximum) for Y=H and X=H, F, C1, Br, I, CH4, iPr, or3”

OH for 4–35. In contrast, the change in the ab initio AE values for

Y=H and X=H, F, or C1 for 4–33 (see Fig. 4-1) and 4-34 (see Fig. 4–3)

are much larger. In almost all cases, the direction of change of AE as

X varies is as expected: i.e., electron—withdrawing X substituents reduce

the electron density on the phenolic 0, decreasing AE for 4–34 and 4–35.

and increasing AE for 4–33; electron-donating X substituents of course

have the opposite effect.

The situation is quite different when the Y substituent is varied

in that it is capable of sterically interacting with the H20 molecule.

From the CNDO/2 and ab initio AE potentials for 4–33, 4–34, and 4–35.

as functions of Ø or 6 and of Y, as presented in Fig. 4-1 throughCOO

4–5, the following observations can be made. Strong repulsive interactions

result between Y and the H20 molecule for small values of Ø for 4–33.
These repulsive interactions decrease as % increases, until the AE for

the Y-substituted phenol equals that of unsubstituted phenol once the

H20 and Y-substituent are no longer within contact distance. Obviously,

the larger Y is, the larger the repulsive H,0/y interactions are and

the larger the Ø value must be before AE returns to the unsubstituted

phenol value. The same hold for 4–34 and 4–35, replacing Ø with "coo:

The CNDO/2 H,0/Y repulsive AE potentials are much "harder" than the

corresponding ab initio ones.

It was also found for both the CNDO/2 and ab initio calculations

that the electronic effects of the X substituent and the electronic and
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Table 4–33. CNDO/2 Hydrogen Bond Energies (AE in kcal/mole) of H20 aS

Proton Donor to Phenol (4–35: X = Y = H).

COO

110 115 120 125 130 140 160 180

AE 22. 52 23. 11 23.67 23.74 23.68 23. 31 22. 20 21. 74

Ra 2. 36 2.35 2.35 2.35 2.35 2.35 2.35 2.35
}

*Minimum energy (CNDO/2) values for phenoxide at each "coo:
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Figure 4-5. CNDO/2 hydrogen bond energies (AE: kcal/mole) of H,0 as

proton donor to various phenoxides (4-35); "ch, group

staggered.
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steric effects of the Y substituent on the AE of intermolecular

hydrogen bond formation are essentially additive for 4–33, 4–34, and

4–35. That is, X and Y act essentially independently in their influence

on intermolecular hydrogen bond formation.

For 4-33, 4–34, and 4–35, for various X and Y substituents, the

magnitudes but not the general shapes of the CNDO/2 AE potential curves

were changed upon slightly increasing the R values.

Variation of AE upon movement of the H2O molecule oxygen out of the2

phenol or phenoxide plane was also examined with CNDO/2. Maintaining

6 = 110° for 4–33 and the phenolic hydroxyl coplanar with the aromaticCOO

ring, movement of the H,0 out of the ring plane and hence loss of2

0–H – – 0 colinearity resulted in a large hydrogen bond energy loss for

phenol (4–33: X=Y=H) for more than about 20° movement of the H20 oxygen

out of the phenol plane. For 2,6-diiodophenol (4–33: X=Y=I) a similar

movement results in loss of H,0/I repulsion but no sgnificant overall

phenol/H,0 attraction. Maintaining 0 = 125° for 4–34 and the phenolicCOO

hydroxyl coplanar with the aromatic ring, movement of the H,0 out of the

aromatic plane retains 0–H – – 0 colinearity. Hence, such a movement has

almost no effect (1oss of AE v 0.3 kcal/mole) for phenol (4–34: X=Y=H)

and results in a significant (AE v. 4.5 kcal/mole) phenol/H,0 attraction

for 2,6-diiodophenol (4–34: X=Y=I). A similar result was found for

movement of H20 out of plane for the phenoxide/H,0 model system (4–35)

[as for the phenol/H,0 model system (4–34) l for phenoxide (4–35: X=Y=H)

and 2,6-diiodophenoxide (4–35: X=Y=I). On the basis of these calculations

and analysis of various binding activities, some tentative conclusions

can be drawn concerning the probable nature of the intermolecular

hydrogen bonds which are formed between thyroid hormone analogs and the
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plasma proteins and nuclear receptors to which they bind. The binding
28

4. Although thisaffinity of L-T., to TBG is only 9% that of L-T3

binding difference can be explained primarily on the basis of the pKa's
of the 4'-hydroxyl group of these two analogs, the geometrical orientation

of the proton donor on the TBG molecule must be such that the 3' and

5' iodines provide little if any steric interference to this hydrogen

bond formation. If this were not the case, then, the binding affinity

of L-T, would not be expected to be so much greater than that of L-T3.
This suggests, using 4–35 as a model system and examining Fig. 4-5,

that the geometrical orientation of the TBG proton donor probably is

such that either the C-O – – proton donor angle is substantially > 125°

and/or that the proton donor's approach to the phenoxide ion is substan

tially out of the phenoxide ring plane.

For binding to the nuclear receptor, the situation is considerably

more complicated. First, the 4'-phenolic hydroxyl could be functioning

either as a proton donor (model system 4–33) or as a proton acceptor

(model system 4–34). Second, the inverse correlation of binding affinity

with the size of the 5'-substituent could be due éither to direct

steric interaction of the 5'-substituent with the receptor and/or to

steric interference of the 5'-substituent with intermolecular hydrogen

bond formation between the 4'-hydroxyl and the receptor. Third, whether

the 4'-hydroxyl is functioning as a proton donor or acceptor, the phenolic

hydroxyl could be directed either "cis" or "trans" to the 3'-position.

This question of 4'-hydroxyl functioning as a proton donor or acceptor

to receptor is then best approached by examining relative in vitro
24, 25

abinding potencies of analogs to intact rat hepatic nuclei nd

26,43to solubilized rat hepatic nuclear protein receptors. (This
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eliminates complications due to differences in analog metabolism

and binding to plasma proteins in vivo.) In particular, if the 4'-

hydroxyl were functioning as a proton acceptor, then one would expect

(as with TBG) the binding affinities of analogs to be inversely proportional

to the pKa of the 4'-hydroxyl. The in vitro binding studies have shown

however, that the binding of analogs to these nuclear receptors is

only slightly affected by the electronic interactions of the 3'- and

5'-substituents with the 4'-hydroxyl. In addition, the binding to

nuclear receptors is approximately equal for analogs with 3'-alkyl or

3'-halo substituents of approximately equal lipophilicities. The relative

binding affinities and physical properties of 3',4'-substituted analogs

support the model of the 4'-hydroxyl functioning as a proton donor

which is directed "trans" to the 3'-position. The contribution of the

4'-hydroxyl to the AG of binding to solubilized rat hepatic nuclear

protein receptors can be calculated (Eqn. 2–2) as the difference in AG

values for binding of a 4'-deoxy analog and the corresponding 4'-hydroxy
26,43compound. Such AG values have been calculated (for 4–36) as

-1. 23, -1.61, and –1.91 kcal/mole for R., , = H, CH, , and thu, respectively.3' 3

HO O CH,CH(NH,)cooh

R3,

4–36

|

;
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This is in agreement with the results that would be expected if the

increasing bulk of these 3'-alkyl substituents were orienting the

4'-hydroxyl toward the 5'-position and a proton acceptor on the receptor.

Similarly, the calculated AG contribution of the 4'-hydroxyl group

with 3'-monohalo substitution is inversely related to the strength of

the intramolecular hydrogen bond that would have to be broken in order

to orient the 4'-hydroxyl toward the 5'-position (AG (4'-OH) = -1.47,

–2.03, −2.48, and -3.60 kcal/mole for 3'-F, 3'-C1, 3'-Br, and 3'-I,

respectively). That the 3'-halogen substituents (especially Br and I)

enhance the AG for the 4'-OH group suggests that the 3'-halogens are

significantly enhancing the 4'-OH proton donor ability (consistent with

the ab initio results). A receptor proton acceptor on the 3' side is

unlikely because bulky 3' substituents (e.g., Br or I) would certainly

interfere with any hydrogen bond between the 4'-OH and such a receptor

group. (One can not exclude the possibility that the hydrophobic

interactions of the 3'-substituent with the receptor are inducing small

conformational changes in the receptor such that there is a direct

cooperativity in binding between the 3'-hydrophobic interaction and the

4'-hydrogen bond.) With this model, it becomes plausible to ascribe at

least part of the intolerance of the nuclear receptor to 3', 5' disubsti

tuted compounds to steric interference of the 5' substituent with the

4'-OH — — — receptor hydrogen bond. Our theoretical studies predict

strongly repulsive potentials for bulky 5'-substituents if Ø (see

4–33) = 0° (i.e., for a colinear hydrogen bond). Although 5'-bulk is

detrimental for in vivo activity and in vitro binding, even a group as

large I causes only a 5 to 8 fold loss in activity (a AG loss for

binding of v 1.27 kcal/mole). This suggests that the receptor proton
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acceptor is probably so oriented that steric interaction with 5'-

substituents is somewhat reduced, e.g., by orientation either slightly

out of the phenolic ring plane and/or with Ø > 0° (see 4–33). It

appears that a 5'-substituent sterically interferes with either hydrogen

bond formation between the 4'-hydroxyl and receptor and/or also

decreases activity by direct repulsive steric interaction with the

receptor.

In order for the model of the 4'-hydroxyl as a proton donor

directed towards the 5'-postion to be acceptable, it must also be

able to account for the low in vitro binding affinities of various
24, 26

4'-OCH., , 4'-H, and 4'-NH., analogs. Benzene/H,0 dimers (to model3 * 2

the 4'-H substituent) (optimal phenol/H,0 geometries for 4–33 and

4–34 with H then replacing OH) gave (CNDO/2 calculations) only very small

repulsive interactions for H,0 as proton donor (-0.69 kcal/mole) or2

as proton acceptor (0.27 kcal/mole). With CNDO/2, anisole (to model

the 4'-methoxy substituent) was found to be as good a proton acceptor

as phenol. Then using 4–33, (X=Y=H), replacing the OH proton with a

staggered CH3 group, the dimer gives rise to repulsive interactions, the

magnitude of which depend on R and the CH3 conformation. Experimentally

4'-0CH, analogs are generally found to bind with affinities similar to those of the

corresponding 4'-H analogs, in agreement with a 4'-OH donor model.

The AE for aniline (to model the 4'-NH., substituent) as proton2

donor to H20 was calculated by CNDO/2 to be -3.85 kcal/mole with the

NH2 group coplanar with the aromatic ring and with "HNH = 120°. The

microwave spectrum of aniline,” however, predicts that the NH, group

adopts an out-of-plane angle of v 37.5° with "HNH A. 113.1°. With the

microwave spectrum geometry for aniline” and with H20 as a proton
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Figure 4–6. CNDO/2 dependence of Energy (relative, in kcal/mole; )

and °cNH (in degrees; ----- ) of aniline (4–37) on *1234
(in degrees).
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acceptor (but with the H20 oxygen coplanar with the ring plane and with2

the closes N–H bond), CNDO/2 predicts a AE for the dimer of only

–2.56 kcal/mole. The CNDO/2 energy and "cNH profile for inversion

of the NH, group of aniline is given in Fig. 4–6. Assuming the 4'-OH

proton donor model, it is clear why the 4'-NH, binds less strongly than

4'-OH, but it is not clear at this point why the 4'-NH., compound should2

bind less strongly than the 4'-OH or 4'-OCH., to nuclear receptors. A3

reasonable model pictures a receptor proton acceptor location which

is out of the outer ring plane. This allows a weak 0-H - - - H bond,

but an H . . X distance which is too short for 4'-NH2, resulting in

steric repulsion.

Steric bulk in the 3'-position is disadvantageous for nuclear or

TBG binding, but only for substituents which extend out from the molecule

25, 26,56 This suggestsa distance greater than about the group size of I.

that the 3'-substituents do not sterically interfere with an interaction

of the 4'-position with receptor or TBG, but rather that the 3'-substituent

binds in a size-limited pocket approximately the size of I. However,

since the 3'-substituent might influence the cis-trans isomerism of the

4'-OH, we carried out a conformational analysis for several ortho-alkyl

phenols. The results of these conformational analyses are presented

in Fig. 4–7 through 4–9 (see also the intramolecular hydrogen bonding

studies above). The most striking feature of the conformational energy

maps and our previous calculations on the ortho-alkylphenols is that

the lower energy conformations prefer Ø > 90° + 30° (although2156

favoring "2156 > 90°) with Ø fairly unrestricted within this ■ º1578 2156

range. Branching on the carbon alpha to the ring tends to increase

the energetic favorability of conformations with "2156 > 90°, as
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would be expected. In general, the alkyl groups tend to extend up

and away from the hydroxyl group, although no great preference is

seen for fully extended conformations. With the OH cis to the

= 0°), conformations with Ø < 60° tend to be1234 2156

completely excluded. The conformational preference of alkyl chains

alkyl group (%

to orient up and away from the phenolic hydroxyl could be detrimental

with respect to binding in that these very orientations could be such

that the chains would sterically be interacting with the 3'-pocket

receptor surface. Any 3'-substituent with more than a 2 carbon cháin

(e.g., 3'-n-propyl) is significantly less tightly bound to nuclear

receptor than those of similar total size (3'-iPr), with only 2 carbon

extensions from the 3' position.

Further experiments will be interesting in order to test this

"picture" of the receptor. One might test 4'-H or F, 5'-OH or CH,0H
compounds in order to ascertain whether 5'-substituents interfere with

4'-H-bonding or because there is steric repulsion with the receptor.

The fact that 4'-0CH, is not less tightly bound than 4'-H suggests the

receptor H bond acceptor can move to relieve steric interactions with

the methyl group. The relative inactivity of the 4'-NH., group is sur2

prising, and it might be interesting to test 4'-N(alky1), to completely

remove the proton donor functionality. If our reason for the inactivity

of the 4'-NH., is correct, 4'-N(CH2 might not further decrease binding.322

-
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CONFORMATION OF THE ALANINE SIDE CHAIN

The length, stereochemistry, and associated charges of the

1-position side chain of the thyroid hormones and analogs are

extremely important in determining in vivo (see Tables I-1, I-8

and 1–9 of Appendix I) and in vitro (see Table 4–34) thyromimetic

activities. Many of the in vivo activity differences can be ascribed”
to differences in metabolic susceptibilities and clearance rates of the

different side chain variations. However, the in vitro activities

(Table 4–34) clearly indicate that there are inherent differences in the

binding of the various side chains of thyroid hormone analogs to nuclear

receptors and to TBG. Hence a preliminary CNDO/2 conformational analysis

study of the naturally occurring alanine side chain was undertaken.

For analysis of the amino acid side chain conformation, 4–OCH2–3, 5–Io3 2

L-phenylalanine (4–40) was used as a model system. The CH, and NH +3 4

groups were assumed to be staggered.” Conformation studies were

performed utilizing variations in $1
-

*CeC107Cs, 62
-

*C107C3N9,

and 63
-

*No.98°16911. Taking 61 = 270° and 62 = 180° (the fully

extended "transoid" conformer with the least expected steric repulsions

of the NH," and COOT with the aromatic ring), 15° variations in 63 led

to a minimum energy at 345°. 63 was taken as 345° in all further calculations.

15° variations in 61 and *2 led to the energy local minima listed in

Table 4–35. Besides these minima, there are two very steep minima at

61 = 60°/240° and 62 = 210° which are about 20 kcal/mole more stable

than the local minimum 61 = 75°, 6., = 300°. Bonds orders show that2

this stabilization is due to an unexplainable attractive interaction

between the carboxyl group and C2-H and Cº-H and is apparently an

artifact of the approximations of the CNDO/2 M0 method. From the

calculations it can be concluded that for the model system (4–40)
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Table 4–34. Dependence of In Vitro Thyromimetic Activities of Thyroid
Hormones and Analogs on 1–Position Side Chain.

R5, I

HO O Ri

R3, I

4–39

Binding to Binding
Intact Rat to

Hepatic
Nuclei a TBG b

R1 R3, R5, (% L-Ts) (% L-T,)

CH,COOH I H 100
---

CH,COOH I I 5 3.6

CH,CH,COOH I H
---

0.3

I ---CH,CH,COOH I 1.7

D-CH,CH(NH,)cooh I H 70
---

L-CH,CH(NH,)cooh I H 100 9. 0

D-CH,CH(NH,)cooh I I ---
54

L-CH2CH(NH,)COOH I I 12.5 100

L-CH,CH(NHCOCHA)cooh I I
---

25.0

*References 24 and 204.

*References 30.
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studied: (1) there is no great preference for either a cisoid (61 A 90°)

or a transoid (61 A. 270°) conformation; (2) %2 may assume any of the

expected staggered values of approximately 60°, 180°, or 300°; (3)

6 A. 345°; and (4) the various *1, 6., conformers are readily inter3 2

convertible: barriers between 61 conformers , 7.5 kcal/mole and between

92 conformers à 4 kcal/mole. These theoretical results are in agreement
10–14, 206–208 ofwith a 1arge number of X-ray crystallographic studies

aromatic amino acids and thyroid hormone analogs, with the small (and

not unexpected) exception that the transoid conformation is usually (but

not always) observed. The MO and X-ray studies emphasize the fact that

the amino acid side chain can probably assume whatever conformation is

required to maximize binding interactions. Further CNDO/2 studies,

attempting to lock the side chain conformation by use of 2-CH, or 2, 6–

(CH3)2 groups were also performed. Unfortunately, again because of the

spurious cool/c, and C6 attractions, it was impossible to estimate

quantitatively from these calculations the ability of these CH2 groups3

to 10ck or restrict the side chain conformations (except where direct

steric interactions result). Despite this, it would be useful to synthesize

and test the binding activities of 2- and 6-substituted analogs, especially

With regards to the ability of these substituents to restrict the side

chain conformations.
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Table 4–35. CNDO/2 Conformational Energy Local Minima of Alanine Side

Chain (4–40) (Energy in kcal/mole).

61 62 E

105 60 3. 12

285 60 2.87

90 180 A, 0°

270 180 A, 0°

75 300 0.00

255 300 0.19

a
See text.
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CHAPTER FIVE: QUANTITATIVE STRUCTURE-ACTIVITY CORRELATIONS

Although the structure-activity relationships of the thyroid

hormones and analogs have been investigated most extensively over the

1ast 30 years through the synthesis and testing of approximately 500

analogs,” with very few exceptions such studies have involved quali

tative rather than quantitative evaluation of activities. This 1ack of

quantitative structure-activity studies has apparently been due to:

(1) 1ack of a substantial number of consistently reliable activities;

(2) enormous variability of assay types; and (3) the complexity and

number of physico-chemical properties which affect the activities

of the thyroid hormone analogs. The first two of these deficiencies

have been in part eliminated by the extensive compilation and re-evaluation

of in vivo activities (reference 2 and 8, and Appendix I), as well

as by the recent extensive determination of accurate in vitro binding
24–26,43affinities to nuclear receptors and plasma proteins.” The
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third set of problems has step-by-step been clarified by series of

experimental, classical analog, and theoretical studies (as outlined

in Chapters One and Two), and hopefully in part by this study.

A large number of quantitative structure-activity relationship

correlation studies of the various activities of thyroid hormones and

analogs were undertaken in the course of these studies. For reasons

of clarity and of space limitations, however, only the results of those

studies representing final QSAR models or developmental stages of the

correlations are presented in this chapter. Listings and origins (where

appropriate) of substituent parameters used in the correlation studies

are presented first. Rat antigoiter bioassay activity correlations are

the first examined, since all previous QSAR studies of the thyroid

hormone analogs have involved in vivo activities. After presentation

of the previously uninvestigated area of using QSAR methods to analyze

various in vitro binding affinities, correlations between in vivo

activities and in vitro binding affinities are presented.

SUBSTITUENT PARAMETERS AND COMPUTATIONAL DETAILS

Values for the substituent parameters utilized in these quantitative

structure-activity relationship studies are presented in Table 5–1.

For an electronic parameter for 3' and 5' substituents, °p WaS

utilized, under the assumption” that the electronic effect of a

substituent on an ortho position should be comparable to that on the

Para. 93.5 - 93, + 95 . As the electronic effects of 3' and 5'

substituents were assumed to be expressed through the ionization and/or

hydrogen bonding of the 4'-OH, , was set equal to 0.0 for 4'-H°3'5

and 4'-OCH, analogs for in vitro assays. This was not done for
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correlations involving in vivo activities, since it was assumed 4'-H

and 4'-0CH, analogs would be metabolized to the corresponding 4'-OH

analogs in vivo.

In agreement with the results of Kubinyi,” choice of a system for

T values was not found to be crucial to the overall results of the

correlations; using T values from different systems did not substantial

ly change the equations derived. The number of known T substituent

constants is largest for the benzene system ("Bz), thus requiring the

fewest estimations of unknown values. Hence, unless otherwise noted,

T = Tsz was used for all 3, 5, 3', and 5' substituents. "35 = "3 +

T5. "3 5' - "3" + "5 .
I2' = an indicator variable for 2' substitutions (there was not

enough variation in 2' substituents for use of a steric or

hydrophobic parameter)

= 0 for 2' substituent = H

= 1 for 2' substituent not = H (including 2',3'-(CH),)
I4' H = an indicator variable for 4'-H analogs

= 1 for 4' substituent = H

= 0 for 4' substituent not = H

14'0CH, = an indicator variable for 4'-0CH, analogs

= 1 for 4' substituent = oCH,
= 0 for 4' substituent not = 0CH

3

INTERACT is a parameter derived from experimental data and MO

calculations and is an estimate of the free energy change (in kcal/mole)

for orientation of the 4'-OH from cis to the 3' substituent to cis to

the 5' substituent. Values of INTERACT listed in Table 5–1 are3'

for a 3' substituent with the 5' substituent
H. INTERACT, (i.e. ,

H) = –INTERACT., " .for a 5' substituent with the 3' substituent 3



193

Table 5–1. Substituent Parameters Used in Structure-Activity Correlations

Substituent gº º "sz" INTERACT,

0.00 0.00 0.00 0.00

F 0.06
---

0.14 1.37%
C1 0.23

---
0.71 2.30°

Br 0.23
---

0.86 1.68%
I 0.18

---
1. 12 0.75%

OH –0. 37 –0. 49 –0.67
---

No, 0.78
---

–0. 28 8.29*
CH3 –0. 17 0. 51 0. 56 –0.51°

C2H5 –0.15 0.97 1.02 T.F
i-C3H7 –0.15 1. 30 1. 53 -o-º:
n-C3H7 –0. 13

---
1. 55 –0. 72

i-CAH6 -0.12% 1.81" 2.00"
---

s-C,H, (+) -0.12% --- 2.00° -1.01%
t-C4H9 –0. 20 1.68 1.98 —1.57°
c-C6H11 –0. 22

---
2.51

- - -

C6H5 –0.01 1. 89 1.96
---

CF3 0.54
---

0.88.
---

2',3'-(CH), 0.04
---

0.999
---

º values from reference 57 unless otherwise noted.
From the 3-substituted phenoxyacetic acid system; from reference
209 unless otherwise noted.

C -From the benzene system; from reference 57 unless otherwise noted.
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Table 5–1. (Continued)

Substituent Esº 3' SIZE > I

H 1. 24 0.0

F 0.78 0.0

C1 0.27 0.0

Br 0.08 0.0

I –0. 16 0.0

OH
---

0.0

NO2
- - -

0.0

CH 0.0" 0.0

C2H5
---

0.127

i-C3H7 0.47% 0. 253

n-C3H7
---

0. 405

i-CAH9
---

1. 160

s–C.H., (+)
---

0.707

t-C4H9
---

0.920

c-C6H11
---

2.46

C6H5
---

2. 22

CF3
---

0.0

2',3'-(CH),
---

0.0

*CNDO/2 estimate; see Tables 4–5 and 4–16.

*Experimental value; see Table 4–16.

*CNDO/2 interpolation between Me and tRu experimental values; see Table

4–16.
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Table 5–1 (Continued)

*From reference 210.

"Estimated.
“Estimate from reference 56.

30.99 = 3/4 (1.32) for 2',3'-(CH), since it was assumed that only

approximately 3 of the 4 carbons could be fitting into the 3'

substituent hydrophobic pocket.

*From reference 211 unless otherwise noted.

*From reference 212.
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Thus, INTERACT (3',5' disubstitution) = INTERACT., , + INTERACT Since3 * 5

the "INTERACT" effects of 3' and 5' substituents were assumed to be

expressed through their influencing the hydrogen bonding capabilities

of the 4'-OH by virtue of their orienting capabilities, INTERACT was

set equal to 0.0 for 4'-H and 4'-OCHA analogs for in vitro correlations.3

The parameter 3' SIZE > I (based on bond distances, Van der Waals

radii, and conformational considerations) is an estimate of the average

distance a 3' substituent extends out from the 3' position further

than iodine. Iodine and smaller 3' substituents were assigned values of

0.0 for this parameter. Utilizing the bond distances used in our MO

calculations (Chapter Four), an estimate of 2.0 8 178 for the Van der

Waals radii of a CH, or CH., ( ) group, and Van der Waals radii of2 3
3

Bondi,” 3'SIZE > I values were calcualted as follows. First, the

*VW, CH

distance (r.) was calculated to the furthest out non-hydrogen atom

from the 3' carbon atom. For 3' substituent = H, r, - 1.09 8. For

3' substituent = OH, r, - distance to H. For 3' substituent = chex, r, -

distance to C4" for a ciº-equitorially-substituted cHex. For 3"

substituent = Ph, r, - distance to H on C for a C., , ,—substituted Ph.4" 1"

The appropriate heteroatom, H, or CH2 Van der Waals radius was then

added to *z to give ro , = approximate average Van der Waals size of3'

a 3' substituent extending out from the 3' carbon. 3'SIZE > I values

were calculated as follows:

3' SIZE > I = r2: - ra, (I)
= rs. - 4.12 3.

= 0.0 if r2 - 4.12 X & 0.0
For acyclic 3' alky1 substituents, 3'SIZE > I values were calculated

in a slightly different manner in order to take into account conformational

flexibility:
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r, (n) = Calculated distance to the furthest carbon for an alkyl

chain n carbons long in a fully extended, staggered

conformation

ra, (n) = Calculated r2: value for an alkyl chain n carbons long

in a fully extended, staggered conformation

-
r, (n) + r VW, CH

= r., (n) + 2.0 X
3

3'SIZE > I (n) Calculated 3' SIZE > I value for an alkyl chain

n carbons 10ng in a fully extended, staggered

conformation

= rs, (n) - ra. (I)

-
ra, (n) – 4. 12 X

= 0.0 if r-, - 4.12 Å 0.00
3'

In particular, calculated values are:

3's IZE > I (n=1) = 0.00 &

3's IZE > 1 (n=2) = 0.38 &

3's IZE > I (n=3) = 1.74 &

A three-fold conformational rotation for branching at the carbon

o, to the 3' carbon was then examined in order to calculate the average

distance a particular 3' acyclic alkyl substituent extends out from the

3' carbon. For example, a 3' CH3 substituent, for the three staggered

C-carbon rotamers, extends out (in a particular direction) as a carbon

chain n=1 carbons long for all three rotamers. Hence,

3' SIZE > I(CHA) [3'SIZE > I (n=1) + 3'SIZE > I (n=1)

+3'SIZE > I (n=1) 1/3

(0.00 8 + 0.00 8 + 0.00 Å)/3

0.00 &
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A 3' Et substituent, for the three staggered o–carbon rotamers, extends

out (in a particular direction) as a carbon chain n=1 carbons long for

2/3 of the rotamers and as a carbon chain n=2 carbons long for 1/3 of

the rotamers. Hence:

3'SIZE > I (Et) [3'SIZE > I (n=1) + 3'SIZE > I (n=1)

+ 3'SIZE > I (n=2)]/3

(0.00 8 + 0.00 8 + 0.38 X)/3

0.127 X

A 3'iPr substituent extends out as a carbon chain n=1 carbons long

for 1/3 of the rotamers and as a carbon chain n=2 carbons long for

2/3 of the rotamers. Hence:

3'SIZE > I (iPr) [3'SIZE > I (n=1) + 3'SIZE > I (n=2)

+ 3'SIZE > I (n=2) J/3

(0.00 Å + 0.38 8 + 0.38 K)/3

0.253 &

Similarly:

3'SIZE > I (nPr) [3'SIZE > I (n=1) + 3'SIZE > I (n=1)

+ 3'SIZE > I (n=3)]/3

– (0.00 8 + 0.00 8 + 1.74 Å)/3

0.580 &
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3'SIZE > I (s Bu) [3'SIZE > I (n=1) + 3'SIZE > I (n=2)

+ 3'SIZE > I (n=3) 1/3

(0.00 8 + 0.38 X + 1.74 Å)/3

0.707 3

3'SIZE > I (iBu) [3'SIZE > I (n=1) + 3'SIZE > I (n=1)

+ 2×3'SIZE > I (n=3) J/3

(0.00 8 + 0.00 8 + 2*1.74 Å)/3

1.160 &

For 3'-i Bu, the 3'SIZE > I (n=3) value was multiplied by two to take

into account the branching at the 3-carbon atom

3'SIZE > I (tRu) = [3'SIZE > I (n=2) + 3'SIZE > I (n=2)

+ J/3r

VW, CH,

= 2.0 Å was used in place of 3' SIZE > I (n=2)
3

for the third o-carbon branch. The 3'-tRu is the only 3'-alkyl

'-
For 3'-tbu, *VW, CH

substituent with a third non-hydrogen o–carbon branch, and apparently

this extra steric bulk, by interaction with the receptor and/or with

the 4'-OH, adds an extra negative steric influence to this group.

Although this is admittedly a "fudging" factor to account for the

apparent extra steric bulk of the 3'-tbu substituent, the necessity
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of its inclusion to "fit" the relative activity of this substituent

provides additional insight into the strict conformational and size

requirements of 3' substituents; i.e., the third non-hydrogen O-carbon

branch of this substituent does add an additional negative steric

interaction beyond that attributable to the average distance the 3'

substituent extends out from the 3' carbon further than I (see below).

All regression correlations of this study were performed with

PROGRAM QSAR47 (Appendix II), utilizing standard multiple regression

techniques. Details of the computational methods are presented in the

program documentation (Appendix II). For presentation of the regression

equations:

Values in parentheses after regression coefficients are 95%

confidence intervals.

R = the multiple least squares regression coefficient.

N = the number of data points used in the calculation of the

regression equation.

S = the overall standard deviation of the regression.

FDFN, DFD (ealed) = the calculated F statistic value for DFN

degrees of freedom in the numerator and

DFD degrees of freedom in the denominator.

(Z%) = the Ž confidence 1evel at which *DFN, DFD (ealed) is

significant.

(<75%) for F(calcd) < F (75%).

(>99.9%) for F (calcd) > F (99.9%).

For F(XZ) < F (calcd) < F (Y?4), (Z%) is obtained by extrapolation

linearly with log (z) .90
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F (calcd) – F (Y)
1og (Z) = 10g (Y) + [1og (X) – logo)|[=#-F#–

On the basis of the qualitative in vivo structure-activity rela

tionships of the thyroid hormone analogs (in particular, only 3'

substituent "size" > I decreases activity, all 5' substituent "size"

decreases activity), for analogs with R3, # R the larger substituent5 * >

was assumed to be the 3' substituent and the smaller substituent was

assumed to be the 5' substituent.

RAT ANTIGOITER BIOASSAY ACTIVITIES

Except for the correlations of this study, there have been few

other 56,91-94 quantitative SAR studies of in vivo activities of the

thyroid hormones and analogs and none using in vitro activities. These

previous studies, however, did not specifically restrict analysis

to data from a single assay type in a single animal type: the studies

examined thyroxine-like activity in amphibia,” mammalia,” rodents,”
and the rat. 56,94 Although various metabolic, antigoiter, and meta

morphosis activities are often similar, significant deviations do

occur between specific assay types,” In the previous studies, DL

corrections were simply L = 2x DL or were not made at all, and DL- or

L-T, was used as the reference compound. In addition (and most certainly

unknown to the previous investigators) activities had not been correct

ed from a weight to a molar basis. In order to conduct our studies with

the largest, most accurate possible set of experimental data for a

single assay type, we conducted our in vivo quantitative SAR correlations

solely with rat antigoiter bioassay activities. Unless otherwise noted,
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all activities were corrected to a molar basis, and for comparison of

L-analogs with L-T3 as the reference compound (see Chapter Three for

details).

The first attempt to quantitatively study thyromimetic activity

(and one of the early quantitative studies of structure-activity

relationships) was a study of Bruice, et al.,” who derived equations

relating thyroxine-like activity in amphibia and mammalia of the type

of Eqn. 5–1:

log (% thyroxine-1ike activity) = k \, f + c

(Eqn. 5-1)

where Y, f = f + f OR."+ fx + fx, + fx'X

and fx, f, , and for, are empirical constants for 5-1.X."

For the action of thyroxine analogs on rodents, Hansch and Fujita.”

developed Eqn. 5–2 for structure 5–2. R3, and R5, = various halogen
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5"

HO O CH,CH(NH,)cooh

combinations. T values are from the the 2-substituted phenol system.

O = °p values. Thyroxine-like activity = A, relative to L-T, = 100.

log (A) - - 1.13% (1,50° 7.435 was, - 16.323 cars,
–0. 287

(Eqn. 5-2)

N = 9 R = 0.884 S = 0. 660

Although the accuracy of biological data available and our conception

of the SAR of thyroid hormone analogs have both changed immensely since

this study, it was in part on the basis of Eqn. 5-2 (predicting activity

to be optimal for moderately lipophilic, electron-donating 3',5'

substituents) that more extensive examination of the thyromimetic

activities of 3',5' alkyl-substituted analogs was encouraged.

Much more recently Kubinyi’” developed a 1arge series of

equations considering thyroxine-like activity of thyroxine analogs

in the rat, as an example of a mixed approach to quantitative structure

activity relationships based on Hansch and Free-Wilson analysis. For
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analogs of the type 5–3, they utilized: T values from the benzene

system: °p values for 3',5' substituents

5' 5

HO O CH,CH(NH,)cooh

3' R3

E S -

-

Esq.,
-

Esr
0 for values > 0 (i.e., for substituents with

Esq., > E1)
an approximate measure of 3' substituent size > I

(see later discussion).

COrr

3 *

sum of 3' and 5' steric influences on activity.

: Es' = Essº + ES

: [I] and (CH3] = Free-Wilson parameters for group contributions

of I and CH3, respectively, based on a

With these parameters, their results can be summarized with Eqns. 5–3

Br T 0.00.

through 5-5 for a wide variety of substituent types.

log (A) = + 1.673 (+0.324) – 1.242 (+0.969) 93."3 5 5'

COrr+ 1.714 (+0.600) Esa, + 0.856
(Eqn. 5–3)

N = 10 R = 0.984 S = 0. 201
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log(A) = + 1.908 (+0.517) 13, 5, -2.151 (+1.517) ga's,

+ 1.871 (+0.700) Ess, - 1.598
(Eqn. 5–4)

N = 13 R = 0.946 S = 0.347

1og (A) = + 1.569 (+0.251) T 3, 5, – 1.582 (+0.555) 93. 5.

+ 1.493 (+0.299) Es' + 0.176 (+0.159) [I]

– 0.563 (+0.195) ICH,) — 1.348 (Eqn. 5-5)

N = 23 R = 0. 965 S = 0. 250

All three of these equations predict in vivo thyromimetic activity to be

proportional to the sum of 3' and 5' substituent lipophilicities and

electron-d

(1)

(2)

(3)

onating capabilities. In addition it is predicted that:

Utilizing Eqn. 5–3 and 5–3 (R3 = Re = I; Re , = H), 3' substituent5

steric bulk greater than iodine (estimated by re,”
reduces activity.

Utilizing Eqn. 5–4 and 5–3 (R3
-

R5 = I; R3, = substituents

not sterically "1arger" than I), any 5' substituent bulk

(estimated by Essº) reduces activity.

Utilizing Eqn. 5–5 and 5–3, activity is reduced by the sum of

steric bulk of 3' substituents larger than iodine and of 5'

substituents (estimated by Es') and is of the order I ~ Br > CH3

for R3 and R5 substituents.
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56,94 are importantThe QSAR studies of Hansch” and Kubinyi

and represent the evolving understanding of in vivo thyromimetic

activity structure-activity relationships. The choice and significance

of the substituent parameters utilized in these previous studies will

be examined below.

As an examination of the possibility of a parabolic dependence of

in vivo thyromimetic activity on lipophilicity, a preliminary study

of in vivo rat antigoiter bioassay activities (BA) of 3,5-diiodo-thyronines

(5–4: Table 5–2) yielded Eqn. 5-6, utilizing i■ values derived from the

3–substituted phenoxyacetic acid system, a simple L = 2x DL correction

factor, L-T, = 100% as reference compound, BA values not corrected to4

a molar basis, and R3, = substituents all with approximately the same

electronic contributions in order to restrict analysis to an inspection

of the 1/* parabolic relationship.

1og (BA) = + 1.358 (+0.541) + 2.405 (+ 1.076) T 3'

2
–1.192 (+0.652) "3"

(Eqn. 5–6)

N = 8 R = 0.936 S = 0.383

1og (BA) maximized for ideal T3" = 1.01

Squared independent variable cross correlation matrix

--
2"3" TT "3" element = 0.847

Development of Eqn. 5-6 is presented in Table 5–3. Eqn. 5-6 is

highly significant and supports the study of Hansch and Fujita,”
which predicts a parabolic dependence of activity on compound lipophilicity.
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Two factors, however, raise the possibility of whether this T/T 2

relationship truely represents a distribution phenomenon or rather

a steric effect for large 3' substituents: (1) As first noted at

the time of this study,” activity rises linearly with "3, up to

"3" iPr' but then sharply drops for larger "3. values. This can be

seen in Table 5–2 from the deviations of log (BA) from 10g (BA)calcd obsd?

(2) As to be shown quantitatively below, and as was observed at the

time of this study,” binding of analogs to intact rat hepatic nuclei

(where distribution should not be a factor) also peaks at v "3" iPr

and then sharply decreases for larger "3" values.

After a series of developmental studies, the essentially equivalent

Eqns. 5-8 through 5–11 were developed as the simplest, most general

equations for predicting in vivo thyromimetic rat antigoiter bioassay

activities (BA) for structures of the type 5–5 (Table 5–4). Biological

5' 5

Raº O CH,CH(NH,)cooh

3' 3

data used for calculating the equations is presented in Table 5–5. The

representative stepwise development of Eqn. 5–8 is presented in Table

5-6. The independent variable squared cross correlation matrix for the

variables utilized in these equations is presented in Table 5–7.
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Table 5–2. Data Used in the Formulation of Eqn. 5–6 Correlating Rat

Antigoiter Activities (BA) for Thyroid Hormone Analogs (5–4).

I

HO O CH,CH(NH,)cooh

R3, I

5–4

Data BA (%) log (BA)
- arººt R3, Obsd. Obsd. calcd.” Dev.

l OH 1.5 0.176 –0. 107 0.283

2 H 10 1.000 1. 358 –0. 358

3 Me 85 1.929 2. 274 –0. 345

4 Et 550 2. 740 2.569 0.172

5 iPr 1000 3.000 2.469 0. 531

6 tRu 120 2. O79 2.033 0.046

7 iBu 60 1. 778 1. 805 –0.027

8 Ph 22 1. 342 1.644 –0. 302

“Uncorrected to a molar basis. L-T, = 100%. Assuming L = 2x DL.

"calculated with Eqn. 5–6.
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Table 5–3. Stepwise Development of Eqn. 5–6.

Eqn. # Eqn. and Statistical Data

5–7 1og (BA) + 1.186 + 0.594 a.

R = 0.572 S = 0.813

*1,6 = 2.91 (83.6% vs. mean)

5-6 F = 17.62 (99.4% vs. mean)2,5
-

F = 22.09 (99.4% vs. Eqn. 5–7)1,6
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Table 5–4. Structures of Thyroid Hormone Analogs (5–5) Used in
Deriving Eqns. 5–8 through 5–11.

Data

Point # Abbreviation R3 R5 R3, R5, Raº

1 3Me–3'I-T Me H I OH

2 Me3–T Me Me Me OH

3 Me4–T Me Me Me Me OH

4 3' iPr—Me2–T Me Me iPr H OH

5 3'nPr—Me2–T Me Me nPr H OH

6 3's Bu-Me2–T Me Me sBu H OH

7 3'I-Me2–T Me Me H OH

*8 5Me-T1 Me I H H OH

9 5Me-33'-T2 Me I H OH

*10 C13–T C1 C1 C1 H OH

11 55' C12–33" —T2 I C1 I C1 OH

12 3' iPr-Br2–T Br Br iPr OH

13 Br3–T Br Br Br OH

*14 Brá–T Br Br Br Br OH

15 3'I-Br2–T Br Br I H OH

16 3'5' I2–Br2–T Br Br I OH

17 55 'Br2–33" —T2 I Br I Br OH

#18 5Br–33" —T2 I Br I OH

*19 33" —T2 I H I H OH

20 T2 I I H OH

21 3'Me-T2 I I Me H OH

22 3'5"Me2–T2 I I Me Me OH

23 3' Et-T2 I I Et H OH
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Table 5–4. (Continued)

Data

Point # Abbreviation R3, R5, R4,

24 3' iPr-T2 iPr H OH

25 3' iPr–355 " —T3 iPr I OH

26 3'nPr–T2 nPr H OH

27 3'iRu–T2 iBu H OH

28 3's Bu–T2 sBu H OH

29 3't Bu-T2 tBu H OH

30 3' Ph-T2 Ph H OH

31 3' NO2–T2 No, H OH

32 3'OH-T2 OH H OH

33 3' F-T2 F H OH

#34 3'5' F2–T2 F F OH

# 35 5' F-T3 I F OH

36 3' C1-T2 C1 H OH

37 3' 5" C12–T2 C1 C1 OH

38 3' Br–T2 Br H OH

× 39 3'5" Br2–T2 Br Br OH

40 T3 I H OH

41 T4 I I OH

42 4 'OCH3–3' iPr–T2 iPr H OCH

43 4'OCH3–3'tBu-T2 tRu H OCH

44 4'OCH3–T3 I H OCH

:
Not used in calculating Eqns. 5-8 through 5–11.
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Table 5–5. Data Used in the Formulation of Eqns. 5-8 Through 5–11

Correlating Rat Antigoiter Bioassay Activities (BA) for
Thyroid Hormone Analogs.

Data” BA . . b log (BA)
Point obsd C

# Obsd. Calcd. Dev.

1 0.12 –0.9.21 –0. 598 –0. 322

2 0. 54 –0. 268 –0. 398 0.130

3 0.36 –0.444 –0. 461 0.017

4 3.60 0.556 0.493 0.063

5 2. 36 0.373 0.326 0. 047

6 2.91 0.464 0. 520 –0.056

7 0.90 –0.046 0. TO2 –0. 148

#8 0.093 —1.032 –0. 487 –0. 545

9 6. 24 0.795 0.802 –0.007

* 10 0.091 —1.041 –0. 059 –0. 982

11 2. 27 0.356 0.662 –0. 306

12 30.0 1. 477 1. 244 0.233

13 4.63 0.666 0. 502 0.163

$14 0.065 -1. 187 0.132 —1. 319

15 16. 87 1. 227 0.853 0.375

16 1.97 0.294 0. 437 –0. 142

17 2.83 0. 452 0.807 –0.356

*18 71.98 1.857 1. 178 0.679

#19 0.056 —1.252 0. 102 —1.354

20 0.81 –0.092 0.214 –0. 305

21 14.47 1. 160 1.003 0.157
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Table 5-5. (Continued)

log (BA)

*::: ***
C

# Obsd. Calcd. Dev.

22 9. 04 0.956 0.940 0.016

23 93.5 1.971 1. 412 0.559

24 142.1 2. 153 1. 894 0.258

25 55. 36 1. 743 1.478 0.265

26 39.5 1.597 1. 727 –0. 131

27 7. 74 0.889 1. 382 –0. 493

28 79.9 1.902 1.921 –0.018

29 21.7 1. 336 1. 687 –0. 351

30 3.50 0.544 0.011 0. 534

31 0.18 –0.745 –0. 568 –0.177

32 0.27 –0. 569 –0.411 –0. 157

33 1. 12 0.049 0.354 –0. 305

* 34 0.43 –0. 366 0.281 –0. 648

#35 6.03 0.780 1. 430 –0. 650

36 4.88 0.688 0.967 –0.278

37 3. 80 0. 580 0.638 –0.059

38 23.78 1. 376 1. 153 0.224

39 1.58 0.199 0.782 –0. 584

40 100.0 2.000 1. 503 0.497

41 18.1 1. 258 1.087 0.171

42 19.0 1.279 1. 132 0.147
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Table 5–5. (Continued)

Data” log (BA)

Point BA b C

# obsd Obsd. Calcd. Dev.

43 2.35 0.371 0.925 –0. 554

44 11.25 1.051 0.741 0.310

*See Tab1e 5–4.

"see Appendix I.

L-T, = 100 = reference compound.3

*Calculated using Eqn. 5–8.

Corrected to a molar basis.

:
Not used in calculating Eqns. 5–8 through 5–11.

Assuming L = DL/0.59.
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Table 5–6. Stepwise Development of Eqn. 5-8.

Eqn. # Eqn. and Statistical Data

5–12 log (BA) - + 0.056 + 0. 620 "3.

R = 0. 511 S = 0. 698

*1,34 = 12.01 (99.8% vs. mean)

5–13 log (BA) = — 1. 722 + 0.898 "35 + 0.674 "3"

R = 0. 754 S = 0.541

*1,33 = 23.61 (>99.9% vs. Eqn. 5–12)

5–14 log (BA) = — 2. 319 + 1.082 "35 + 1. 106 "3"

– 0.933 3' SIZE > I

R = 0.862 S = 0. 424

*1,32 = 21.60 (>99.9% vs. Eqn. 5-13)

5–15 log (BA) = – 2.518 + 1. 171 "35 + 1.191 T3 .

– 0.988 3' SIZE > I
-

0.632 I4'0CH,

R = 0.892 0.384

F = 8.16 (99.2% vs. Eqn. 5–14)l, 31
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Table 5–6. (Continued)

Eqn. # Eqn. and Statistical Data

5–16 log (BA) = - 2.546 + 1.217 as + 1.196 ■ a,

— 1. 115 3' SIZE > I – 0.667 O 3 - 5

– 0.696 I4'OCH 3

R = 0.924 . S = 0. 332

*1,30 = 11.51 (99.7% vs. Eqn. 5–15)

5–8 F = 4.77 (96.0% vs. Eqn. 5–16).
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Table5–7.IndependentVariableSquaredCrossCorrelationMatrixforEqns.5-8through5–11.

TT3'SIZE
>ITI4'OCH3'5*"35'93.5.5*353

"3.1.0000.0020.7450.0510.0080.4110.0060.041 "51.0000.2180.1180.9490.0520.0040.022 "351.0000.0010.1700.2040.0010.011 °3′5
1.0000.059O.O.970.0030.011 Essº1.0000.0590.0010.024 3'SIZE

>I
1.0000.0240.009 "351.0000.040 IA'OCH1.000

3
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log (BA)

log (BA)

log (BA)

log (BA)

. 588

. 240

. 282

. 762

36

... 790

. 225

. 190

. 756

36

(+0.

(+0.

(+0.

(+0.

. 588

. 240

. 522

. 762

36

. 561

. 137

.951

. 719

36

54.6) + 1.251 (+0.243) "35

233) "3" – 1.189 (+0.340) 3'SIZE > I

.321) is, - 0.557 (+0.453) 93, s,

414) 14'0CH,
(Eqn. 5–8)

R = 0.935 S = 0.312

.616) + 1.241 (+0.243) was

.231) 1, - 1.183 (+0.339) 3'size > 1

. 222) Ess" - 0.606 (+0.442) °3, 5

415) 14'0CH,
(Eqn. 5–9)

R = 0.934 S = 0.313

(+0.546) + 1.251 (+0.243) "35

(+0.233) was, - 1.189 (+0.340) 3'size > 1

(+0.436) is, - 0.557 (+0.453) gºs,

(+0.414) 14'0CH,
(Eqn. 5–10)

R = 0.935 S = 0.312

(+0.761) + 1.194 (+0.256) T 35

(+0.231) was, - 1.132 (+0.356) 3's IZE - I

(+0.301) Ess, - 0.804 (+0.472) oars,

I4!(+0.440) OCHA (Eqn. 5–11)
R = 0.925 S = 0.334
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On the basis of Eqns. 5-8 and 5–9, we arrive at the following

conclusions concerning in vivo rat antigoiter bioassay activities:

(1) Activity is enhanced by bulky, lipophilic 3 and 5 substituents

(135). This is consistent with the concept of thyromimetic activity

being directly related to the ability of the 3 and 5 substituents (by

virtue of their size or bulk) to constrain the diphenyl ether thyronine

nucleus to the two approximately equal energy, readily interconvertible

proximal and distal conformers. Because of the near colinearity of T and

group size for 3 and 5 substituents, however, it is not possible to rule

out or confirm an inherent hydrophobic effect for the 3 and 5 substituents.

(2) Although directly related to 3' substituent 11pophilicity (T3, ),
activity is also decreased by 3' substituent steric bulk which extends

out from the 3' position further than iodine (3'SIZE > I). Kubinyi’”
COr

3 * * derived from Esused Es (see above and Eqn. 5–3) as an estimate3'

of 3' substituent size or steric bulk greater than iodine. Es is a

measure of the steric effect of a substituent on a reaction site or

binding position located ortho to or on the next atom to the substituent.

For essentially symmetrical substituents (e.g., H., F, Br, I, CH tBu),3 *

Es is also a good measure of how far a substituent can extend out from

say the 3' position. For substituents with conformational flexibility

to move by internal rotations away from the "ortho" position (e.g.,

nPr, cHex, iBu, Ph), however, Es will not reflect substituent "size"

extending out from the position. Indeed, Kubinyi." was forced to exclude

analogs with 3'-iBu and 3'-Ph substituents from his correlations utilizing

COrr - - - ºEsq. . The ability of 3'SIZE > I to account for the negative,

"greater than iodine" steric effects of Et, iPr, nPr, tRu, iBu, Ph, and

sBu 3' substituents indicates that this parameter more accurately (than
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COrr
Esq. ) represents this effect.

(3) Activity is enhanced by electron donating 3' and 5' substituents

(93.5"), as previously observed by both Hansch” and Kubinyi.”
(4) Activity is decreased by 5' substituent lipophilicity (T5)

or bulk (Essº). The almost complete lack of orthogonality between "5" and

ES (see Table 5-7) allows prediction of the detrimental effect of5'

5' substituents by either parameter (Eqns. 5-8 and 5–9), although in most

correlations Ts, was found to be a slightly better predictor of the

negative 5' substituent effects than ES5, .

(5) Activity correlates well with an indicator variable (14'0CHA)

for the 1ess active 4'-OCH, analogs which are metabolized to the naturally

occurring 4'-OH analogs in vivo.

Following the example of Kubinyi." (Eqns. 5–3 through 5–5), Eqns.

5–10 and 5–11 utilize 5 instead of T 3. alone. Inspection of theT3

equations shows, however, that Eqn. 5–10 is merely a linear combination

of the variables of Eqn. 5-8 and hence ( since Te , and Ese, are so5 5

well correlated) Eqn. 5–11 is essentially equivalent to Eqn. 5–9; i.e.,

log (BA) a (T3, 5 , )
-

b ("s")
is equivalent to

log (BA) a (T3) — (b-a) (75.)
and due to the T -, --Es lack of orthogonality5 * 5'

1og (BA) = c(T3, 5, ) + d (Essº)
is essentially equivalent to

1og (BA) = e ("3, ) + f(Esg.)
As only negative effects on activity are observed for 5' substituents, the

+ T3, ■ -75, or + Ess, model, and not the + T 3. 5./-75, Or +Ess, model, makes
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more intuitive sense and is favored by the principle of parsimony; all

things being equal, one accepts the simplest model.” Synthesis and

testing of analogs with 5' substituents which are considerably more

orthogonal in T and Es should help to resolve this ambiguity.5 * 5'

Because the coefficients of the Es terms are nearly identical in

Eqns. 5–3 and 5–4, both Es values were combined by Kubinyi." as Es' =

ES5, + re,ºr. Combination of originally separate variables in this

manner can be misleading since this implies that the magnitudes and

mechanisms of the effects described by the two original variables are

equivalent and additive. Such equivalence may not hold, however, for

analogs not yet studied. In addition, if the original model is wrong,

then the relative importance of the variables may be different than

in the original model. This is especially evident from our in vivo
COrr

studies which show that Kubinyi's" T 3, 5, /ES3, /Ess, model is
COrr

essentially equivalent to a T3, ■ ºs 3. /Ess, model: the former model,

, ºr + Essº alteration.

The poor prediction of the activities of the analogs in Tables 5-4

but not the latter model, would allow the Es' = Es

and 5–5 which were not included in the regression calculation of Eqns.

5–8 through 5–11 can be almost entirely ascribed to questionable synthesis

and/or to questionable activity determinations. The correlations of

Eqns. 5–8 through 5–11 can really be considered quite good correlations

considering that the synthesis and testing of the analogs were conducted

by a large number of different investigating groups during an over 30

year period.

For the correlations presented below for in vitro binding of analogs

to rat hepatic intact nuclei and solubilized nuclear protein, essentially

identical equations could be obtained in almost every case for a T3 ■ is'
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model, for a T3, ■ ess, model, for a "3, 5, /75' model, or for a 73, 5, /ES5'
model (just as described above for the correlations involving in vivo

antigoiter activities). Since in most cases the best correlations were

obtained with the "3" / 5. model, it is the model for which equations

are presented, although the other models (because of 1ack of "5" and

Ess, orthogonality) can not be ruled out (but see concluding remarks at the

end of this chapter).

An unsuccessful attempt was made to expand Eqns. 5-8 through 5-11 to

include 4'-deoxy analogs by inclusion of the I4'H indicator variable.

This failure is apparently due to: (1) uncertainty in the antigoiter

activities of some of the 4'-deoxy analogs; and (2) unequal in vivo

hydroxylation of different 4'-deoxy analogs (possibly because of

varying 3' and 5' substituent bulk affecting the ease of in vivo

hydroxylation). The antigoiter activities of 4'-deoxy analogs certainly

deserves further study, especially with respect to 3' and 5' substituent

influences on in vivo hydroxylation.

BINDING TO INTACT RAT HEPATIC NUCLEI

Utilizing the analogs of Table 5–8 and data of Table 5–9, the

correlation Eqn. 5–17 for in vitro binding of analogs to intact rat

hepatic nuclei (BN) was derived for structures of type 5–6. The

appropriate stepwise development of Eqn. 5–17 and independent variable

squared cross correlation matrix are presented in Tables 5–10 and 5-11,

respectively.
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log(BN) = - 3.292 (+0.660) + 1.680 (+0.290) i■ as

+ 1.147 (+0.362) "a ~ 1.218 (+0.307) 3's IZE - I

- 0.873 (+0.289) is, - 0.920 (+0.432) 12'

– 2.049 (+0.411) I4'H
(Eqn. 5–17)

N = 25 R = 0.969 S = 0. 280

Just as was found for the correlations of in vivo rat antigoiter

activities, binding of analogs to intact rat hepatic nuclei is enhanced

by 1arge, lipophilic 3, 5 substituents (T35) and is decreased by 5'

substituent size or 1.jpophilicity (estimated here by T 5: ) and by 2"

substitution (I2'). Of interest is that the 3' substituent apparently

binds in a hydrophobic pocket (T3: ) approximately the size of iodine

(3'SIZE > I). That this same size-limited, 3' substituent hydrophobic

effect is observed for in vivo and in vitro activities suggests that

for the former it is reflecting receptor binding and not distribution.

The inherent loss of 4'-OH binding for 4'-deoxy analogs to the intact

nuclei can be seen from the indicator variable (I4 'H). In contrast

to the in vivo quantitative SAR, addition of a 93. 5. parameter is not

significant.

QSAR studies represent extrathermodynamic linear free energy

correlations of activity with the physico-chemical properties of the

analogs. In vitro equilibrium binding affinities, Ka, such as measured
with binding to intact nuclei or proteins, permit direct correlation

of the apparent free energy of binding (AG) with the physico-chemical

properties of the analogs:
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Table 5–8. Structures of Thyroid Hormone Analogs (5–6) Used in
Deriving Eqns. 5–17 and 5–24.

R5, R5

R4, O CH,CH(NH,)cooh

R3, R2, R3

5–6.

Data
Point

# Abbreviation R3 R3 R3, R5 R4, R2,

×1 T2 I I H H OH H

2 3' C1-T2 I I C1 H OH H

3 3'Me-T2 I I Me H OH H

4 3" Et-T2 I I Et H OH H

5 3" iPr-T2 I I iPr H OH H

6 3't Bu-T2 I I tBu H OH H

7 3' iBu-T2 I I iBu H OH H

8 3' Ph-T2 I I Ph H OH H

9 3' chex–T2 I I cHex H OH H

10 2' 3" Me 2–T2 I I Me H OH Me

11 2'5' Me 2–T2 I I Me OH Me

#12 2 "Me-5'I-T2 I I I OH Me

13 Napth-T2 I I a H OH a

14 T3 I I I H OH

15 T4 I I I I OH H
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Table 5–8. (Continued)

Data
Point

# Abbreviation R3 R5 R3, R5, R4, R2,

16 3'5" C12–T2 I I C1 C1 OH H

17 3'5"Me2–T2 I I Me Me OH H

18 3'5' iPr2–T2 I I iPr iPr OH H

19 4'H-T3 I I I H H

20 4 'H-3' CF3–T2 I I CF, H H
21 4'H-3'Me-T2 I I Me H H

22 3' iPr-Br2–T Br Br iPr H OH H

23 Me3–T Me Me Me H OH H

24 Me4–T Me Me Me Me OH H

25 3' iPr–Me2–T Me Me iPr H OH H

26 33" —T2 I H I H OH H

27 R—T3 I H I I OH H

*2',3'-(CH),
*

Not used in calculating Eqns. 5–17 and 5–24.
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Table 5–9. Data Used in the Formulation of Eqn. 5-17 Correlating

In Vitro Binding to Intact Rat Hepatic Nuclei (BN) for
Thyroid Hormone Analogs.

a 1og (BN)
Data

Point b
# *obsd Obsd. Calcd.* Dev.

#1 0.3 – 0.523 0.472 –0. 995

2 6.2 O. 792 1.286 –0. 494

3 13.5 1. 130 1. 114 0.016

4 21.0 1. 322 1. 487 –0. 165

5 104.0 2.017 1.918 0.099

6 38.5 1.586 1. 622 –0. 037

7 20. 0 1. 301 1. 353 –0.052

8 2.0 0.301 0.016 0.285

9 1.4 0.146 0.355 –0. 209

10 1.1 0.041 0.194 –0. 153

11 0.1 – 1.000 –0.937 –0.063

× 12 0.3 –0. 523 —1.426 0.903

13 8.0 0.903 0.687 0.216

14 100.0 2.000 1. 756 0.244

15 12.5 1.097 O. 778 0.319

16 4.5 0.653 0.666 –0. 013

17 6.2 0.792 0.625 0.167

18 1.4 0.146 0. 582 –0. 436

19 0.4 –0. 398 –0.293 –0. 105

20 0.2 –0.699 –0.568 –0. 131

21 0.2 -0.699 –0.935 0.236
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Table 5–9. (Continued)

Data" 1og (BN)
Point b

# *obsd Obsd. Calcd.* Dev.

22 36.0 1.556 1.045 0. 512

23 0.1 —1.000 –0. 768 –0. 232

24 0.1 —1.000 —1. 257 0. 257

25 0.7 –0. 155 0.036 –0. 191

26 0. 5 –0. 301 –0. 126 –0. 175

27 0.1 —1.000 -1. 104 0.104

*See Table 5–8.

*From references 24 and 25. No DL/L correction. On a molar basis.

BN = (KA/KT3) x 100, where KA = equilibrium association constants for

analog A. BN = relative binding affinity (relative to BN(T,) = 100 as

reference compound).

*Calculated using Eqn. 5-17.
*

Not used in calculating Eqn. 5–17.
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Table 5–10. Stepwise Development of Eqn. 5–17.

Eqn. # Eqn. and Statistical Data

5–18

5–19

5–20

5–21

1og (BN)

log (BN)

log (BN)

log (BN)

F

F

— 1. 753 + 1. 070 "35

R = 0. 499 S = 0.870

*1,23 = 7.63 (98.8% vs. mean)

– 2.003 + 1. 284 T — 1. 471 I4'H
35

R = 0. 697 S = 0. 736

F1.22 - 10.11 (99.5% vs. Eqn. 5-18)

– 2.370 + 1. 215 "35 + 0. 436 "3.

— 1. 323 I4 'H

R = 0.742 S = 0. 704

*1,21 = 3.08 (90.4% vs. Eqn. 5–19)

3.598 + 1. 475 TT + 1. 411 T
35 3 *

1.121 3'SIZE > I – 1.509 I4'H

0.872 S = 0.526

2, 20 " 11.52 (>99.9% vs. Eqn. 5–19)

1.21 - 17.5% (299.9% vs. Eqn. 5-20)
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Table 5–10. (Continued)

Eqn. # Eqn. and Statistical Data

5–22 log (BN) = – 3.422 + 1.503 "35 + 1. 453 "3"

— 1. 288 3'SIZE > I – 0.778 T5 .

– 1.782 I4'H

R = 0.934 S = 0. 396

*1,19 = 16.41 (>99.9% vs. Eqn. 5–21)

5–17 *1,18 = 20.05 (>99.9% vs. Eqn. 5–22)

Table 5–11. Independent Variable Squared Cross Correlation Matrix

for Eqns. 5–17 and 5–24.

T 7 7

"3" "5" "35 3' SIZE > I I2 I4 "H

"3. 1.000 0.019 0.007 0. 621 0.145 0.028

"5" 1.000 0.006 0.047 0.003 0.043

"35 1.000 0.042 0.040 0.040
3' SIZE > I 1. 000 0.031 0.031

I2 1.000 0.018

I4 'H 1.000
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AG = -RT ln (KA) (Eqn. 5–23)

33
—1 at T = 310° K, and theUsing Eqn. 5-23, Kra = 6.1 x 107° M

data of Table 5–9, Eqn. 5–17 can be converted (with the resulting data

of Table 5–12) to the equivalent Eqn. 5–24:

-AG = +4.955 (+0.936) + 2.384 (+0.412) was

+ 1.626 (+0.514) wa■ – 1.727 (+0.435) 3'SIZE > I

- 1.239 (+0.409) is, – 1.305 (+0.612) I2'

– 2.906 (+0.584) I4'H

(Eqn. 5–24)
N = 25 R = 0.969 S = 0.396

Eqn. 5–24 is extremely interesting in that it now allows estimation of

the kcal/mole contributions to the free energy of binding of various

analog structural features and physico-chemical properties. For

example, for each T unit of the 3' and of the 3, 5 substituents, Eqn.

5–24 predicts 1.63 and 2.38 kcal/mole contributions, respectively, to the

free energy of binding.

Of particular interest is that the 4'-OH apparently contributes

^2.91 kcal/mole to the free energy of binding, a reasonable value for

net hydrogen bond formation between the 4'-OH and a nuclear receptor.
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Table 5–12. Data Used in the Formulation of Eqn. 5–24 Correlating

In Vitro Free Energy of Binding to Intact Rat Hepatic
Nuclei (AG) for Thyroid Hormone Analogs.

-AG (kcal/mole)"
Data a

Point
# Obsd." calcd." Dev.

#1 8. 883 10. 294 —1.411

2 10. 749 11. 449 –0. 700

3 11. 228 11. 205 0.023

4 11. 500 11. 734 –0. 234

5 12. 486 12. 346 0.140

6 11. 874 11. 926 –0.052

7 11. 470 11.544 –0.074

8 10. 052 9.648 0.404

9 9. 832 10. 128 –0. 296

10 9.684 9. 900 –0. 217

11 8. 206 8. 296 –0.089

#12 8. 883 7. 602 1. 281

13 10.906 10. 600 0.306

14 12.462 12. 116 0.346

15 11. 181 10. 728 0.452

16 10. 551 10. 569 –0.018

17 10. 749 10. 511 0.237

18 9. 832 10. 450 –0. 618

19 9. 060 9. 209 –0. 149

20 8.633 8.819 –0. 186



227b

Table 5–12. (Continued)

—AG (kcal/mole)"
Data
Point

# Obsd.* calcd." Dev.

21 8. 633 8.298 0.335

22 11. 832 11. 106 0.726

23 8. 206 8. 536 –0. 329

24 8. 206 7.842 0.364

25 9. 405 9. 676 –0. 271

26 9. 198 9. 446 –0. 249

27 8. 206 8.059 0.148

*See Table 5-8.

See text for derivation.

“From data of Table 5–9.

"calculated using Eqn. 5–24.

:
Not used in calculating Eqn. 5–24.
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BINDING TO SOLUBILIZED RAT HEPATIC NUCLEAR PROTEIN

Utilizing the analogs of Table 5–13 and the data of Table 5–14,

the correlation Eqns. 5–25 and 5–26 for in vitro binding of analogs

to solubilized rat hepatic nuclear protein (BS) were derived for analogs

of structure 5–7. The appropriate stepwise development of Eqns. 5–25

and 5–26 and the independent variable squared cross correlation matrix

are presented in Tables 5–15 and 5–16, respectively.

log (BS) = - 0.304 (+0.380) + 1.675 (+0.420) T3 .

– 2.118 (+0.876) 3'SIZE > I – 0.634 (+0.406) "5"

– 1.540 (+0.375) I4 H – 1.347 (+0.489) 14'0CH,

(Eqn. 5–25)
N = 31 R = 0.946 S = 0.400

log (BS) = - 0.222 (+0.430) + 1.546 (+0.445) T 3.

– 1.904 (+0.825) 3'SIZE > I – 0.780 (+0.391) T5 .

– 1.553 (+0.366) I4'H - 1.323 (+0.447) 14'och,

+ 0.958 (+0.793) 93, 5, - 0.114 (+0.109) INTERACT

(Eqn. 5–26)
N = 31 R = 0.960 S = 0.364

Utilizing Eqn. 5-25, we can draw the following conclusions concerning

in vitro binding of analogs to solubilized rat hepatic nuclear protein:
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Table 5–13. Structures of Thyroid Hormone Analogs (5–7) Used in

Deriving Eqns. 5–25, 5–26 and 5–33.

R5, I

R4 O CH,CH(NH,)cooh

R3, I

5–7

Data
Point

# Abbreviation R3, R5, R4,

l 4 'H-T2 H H H

2 4'H-3'Me-T2 Me H H

#3 4 'H-3" iPr-T2 iPr H H

4 4'H-3't Bu-T2 tRu H H

5 4 'H-3' F-T2 F H H

6 4 'H-3' C1—T2 C1 H H

7 4' H–3' Br—T2 Br H H

8 4 'H-T3 I H H

#9 T2 H H OH

10 3'Me-T2 Me H OH

11 3" iPr-T2 iPr H OH

12 3'nPr–T2 nPr H OH

13 3'tbu-T2 tEu H OH

14 3' F-T2 F H OH
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Table 5–13. (Continued)

Data
Point

# Abbreviation R3, R5, Raº

15 3' C1—T2 C1 H OH

16 3' Br–T2 Br H OH

17 T3 I H OH

18 4'OCH3–3'Me-T2 Me H OCH,

19 4'OCH3–3' iPr-T2 iPr H OCH,

20 4'OCH3–3't Bu-T2 tEu H OCH,

21 4'OCH3–T3 I H OCH,

22 3' NO2–T2 No, H OH

23 3's Bu–T2 sBu (+) H OH

24 4' H–3'5' Me 2–T2 Me Me H

25 T4 I I OH

26 3'5' iPr2–T2 iPr iPr OH

27 3'5" C12–T2 C1 C1 OH

28 3'5" Br2–T2 Br Br OH

29 3" iPr-5' C1-T2 iPr C1 OH

30 3' iPr-5 'Br–T2 iPr Br OH

31 3" iPr-355'-T3 iPr I OH

32 4 'H-3' NO2–T2 No, H H

33 3'5"Me 2–T2 Me Me OH

#34 4'OCH3–3'5"Me2–T2 Me Me oCH,

335 4'OCH3–3's Bu-T2 sBu (+) H oCH,
*

Not used in the calculation of Eqns. 5–25, 5–26, and 5–27.
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Table 5–14. Data Used in the Formulation of Eqns. 5-25 and 5–26

Correlating In Vitro Binding to Solubilized Rat Hepatic
Nuclear Protein Receptors (BS) for Thyroid Hormone Analogs.

Data” 1og (BS)
Point

# *obsdº Obsd. Calcd." Dev. calcd." Dev.

1 0.01 –2.000 –1. 844 –0. 156 – 1.775 –0. 225

2 0.225 –0. 648 –0.906 0.258 –0.910 0.262

#3 0.492 –0. 308 0.183 –0. 491 0. 108 –0.416

4 0.335 –0. 475 –0. 476 0.001 -0. 467 –0.008

5 0.01.36 —1.866 –1. 610 –0. 257 – 1.559 –0. 308

6 0.118 –0. 928 –0.654 –0. 274 –0. 678 –0. 250

7 0.24 –0. 620 –0. 403 –0. 217 - 0. 446 -0. 174

8 0.23 -0.638 0.032 -0.671 -0.044 –0. 594

#9 0.082 -1.086 –0. 304 –0. 782 –0.222 -0. 864

10 3. 30 0. 518 0.634 –0. 116 0.538 -0. 020

11 89.15 1.950 1. 723 0.227 1. 630 0.321

12 23.97 1. 380 1. 435 –0.055 1. 359 0.020

13 8.45 0.927 1.064 –0. 138 1.073 -0. 146

14 0.164 –0. 785 –0. 069 –0. 716 -0. 105 -0.681

15 3. 73 0. 572 O. 886 –0.314 O. 834 -0. 262

16 15. 89 1.201 1. 137 0.064 1. 136 0.065

17 100.0 2.000 1.572 0. 428 1.596 0.404

18 0.17 –0. 770 –0. 713 –0.057 -0. 680 –0.090

19 6.82 0.834 0.376 0.458 0.338 0.496

20 0.27 -0. 569 –0.283 —Q. 286 -0. 237 –0. 332
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Table 5–14. (Continued)

log (BS)
Data"
ºnt *obsd Obsd. Calcd.* Dev. Calcd. Dev.

21 1. 29 0.111 0.225 –0. 115 0.186 –0.075

22 0.225 –0. 648 –0. 773 0.125 –0.852 0.204

23 78. 29 1. 894 1.549 0.345 1.522 0.371

24 0.145 –0. 839 —1.261 0.422 — 1. 347 0. 508

25 13.85 1. 141 0.863 0.279 0.980 0.162

26 1. 10 0.041 0.754 –0. 713 0.179 –0. 138

27 3.71 0. 569 0.436 0.134 0.762 –0.192

28 5. O7 O. 705 0. 592 0.113 0.876 –0. 172

29 52.56 1. 721 1. 274 0.447 1.624 0.097

30 21.95 1. 341 1. 178 0.163 1.436 –0.095

31 12.41 1.09.4 1.014 0.080 1.080 0.014

32 0.038 —l. 420 –2. 313 0.893 –2. 208 0.788

33 0.845 –0.073 0. 280 –0.353 –0. 120 0.046

* 34 0.335 –0. 475 —1.068 0.593 —1. 117 0.642

#35 1. 29 0.111 1.549 —1. 4.38 1.522 -1.412

*From Table 5–13.
*From references 26 and 43.

relative binding affinity (relative to BS(L-T,) = 100

No DL/L correction. On a molar basis. BS

compound) = (KA/KT3) x 100, where K, =
for analog A.

*Calculated using Eqn. 5–25.

"calculated using Eqn. 5–26.

A

as reference

equilibrium association constant

*
Not used in calculating Eqns. 5–25 and 5–26.
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Table 5–15. Stepwise Development of Eqns. 5–25 and 5–26.

Eqn. and Statistical DataEqn. #

5–27 log (BS) = + O. 689 – 1.737 I4 'H

R = 0. 709 S = 0.812

*1,29 = 29.25 (>99.9% vs. mean)

5–28 log (BS) = –0.165 + 0.760 T 3. — 1. 360 I4 'H

R = 0. 820 S = 0. 669

*1,28 = 14.65 (>99.9% vs. Eqn. 5–27)

5–29 1og (BS) = - 0.036 + 0.829 T 3. – 1.533 I4 'H

— 1. 138 14'och,

R = 0.884 S = 0.556

*1,27 = 13.51 (99.9% vs. Eqn. 5–28)

5–30 log (BS) = - 0.393 + 1. 433 "3" — 1.634 3'SIZE > I

— 1. 388 I4'H – 1.086 14:0CH,

R = 0.923 S = 0. 467

F1.26 - 12.41 (99.8% vs. Eqn. 5-29)

5–25 F = 10.35 (99.6% vs. Eqn. 5–30)1, 25
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Table 5–15. (Continued)

Eqn. # Eqn. and Statistical Data

5–31 log (BS) = - 0. 429 + 1. 755 "3" - 2. 114 3' SIZE > I

– 0.651 "5" — 1.465 I4 'H

- t
1. 327 I4 oCH, + 0.523 °3, 5

R = 0.951 S = 0.391

*1,24 = 2.24 (82.9% vs. Eqn. 5–25)

5–32 log (BS) 0.182 + 1.567 TT – 2.038 3' SIZE > I3'

– 0. 678 "5 – 1.599 I4'H

— 1. 352 14'0CH, – 0.045 INTERACT

R = 0.948 S = 0. 402

*1,24 = 0.81 (<75% vs. Eqn. 5–25)

5–26 *1,23 = 4.67 (95.7% vs. Eqn. 5–31)

*1,23 = 6.26 (97.6% vs. Eqn. 5–32)

F = 3.62 (95.5% vs. Eqn. 5–25)2, 23 T
-
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Table5–16.

IndependentVariableSquaredCrossCorrelationMatrixForEqns.5–25

5–26,and5–33.

"3""5"93.5.3'SIZE
>II4"H

14'och,INTERACT

"3"1.0000.0380.1190.6020.1210.0360.291 "5"1.0000.0060.0070.0830.0520.099 93.5.1.0000.1030.0200.0070.329 3'SIZE
>I

1.0000.0250.0250.086 I4'H1.0000.0610.000 14'0CH,1.0000.000 INTERACT1.000
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(1) Just as was found for binding of analogs to intact rat hepatic

nuclei, the 3' substituent apparently binds in a size-limited (3'SIZE > I),

hydrophobic (73, ) pocket, while any 5' substituent bulk or lipophilicity

(estimated here by " ; , ) is detrimental to binding.

(2) Indicator variables again reflect the inherent 1oss of 4'-OH

hydrogen bonding with the receptor due to replacement with a 4'-H

(I4'H) or with a 4'-0CH, (14'0CHA).
Addition of a 0 5 * term alone or of an INTERACT term alone to Eqn.3

5–25 is not significant (see Table 5–15). Simultaneous inclusion of both

terms, however, (to give Eqn. 5–26) is significant at the 95.5% confidence

level. The signs of the regression coefficients indicate that binding

is enhanced by electron—withdrawing substituents which orient the

4'-OH towards the 5' position. This suggests that the 4'-OH donates

a hydrogen bond to the 5' side of the nuclear receptor. This also suggests

that the negative effect of 5" substitution might be due to interference

with 4'-OH hydrogen bond formation with the receptor and/or to direct

steric interaction of the 5' substituent with the receptor. These results

are consistent with the results of our MO studies of Chapter Four, which

support the model of 3' and 5' substituents interacting with and affecting

the hydrogen bonding of the 4'-OH to the nuclear receptor.

As was done for the binding of analogs to intact nuclei, we converted

1 at T = 29.8° k,26 andEqn. 5–26 (using Eqn. 5–23, KT3 = 1. 29 x 10° MT

the data of Table 5–14) with the resulting data of Table 5–17 to the

equivalent Eqn. 5–33:
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Table 5–17. Data Used in the Formulation of Eqn. 5-33 Correlating

In Vitro Free Energy of Binding to Solubilized Rat Hepatic

Nuclear Protein (AG) for Thyroid Hormone Analogs.

Data” -AG (kcal/mole)"
Point

# Obsd.* calcd." Dev.

1 6.969 7. 275 –0.306

2 8. 812 8. 455 0.357

×3 9. 276 9.843 –0. 567

4 9.048 9.059 –0. 011

5 7. 151 7.570 –0. 419

6 8. 430 8. 771 –0. 341

7 8. 851 9.088 –0. 237

8 8. 825 9. 636 –0. 810

#9 8. 215 9. 392 -1. 178

10 10. 403 10. 430 –0.027

11 12. 355 11.918 0. 437

12 11.577 11. 549 0.028

13 10. 960 11. 159 –0. 199

14 8. 625 9. 553 –0. 928

15 10. 475 10.832 –0.357

16 11. 334 11.245 0.089

17 12. 423 11. 872 0. 551

18 8.646 8. 769 –0. 122

19 10.833 10. 156 0.677

20 8. 920 9. 37.2 –0. 452

21 9. 846 9.949 –0. 102
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Table 5–17. (Continued)

Data” -AGG.cal/mole)"
Point

# Obsd.* calcd." Dev.

22 8. 812 8. 534 0.278

23 12. 278 11. 772 0. 506

24 8. 552 7. 859 0.693

25 11.252 11.032 0.220

26 9.752 9.940 —0.188

27 10. 472 10. 734 –0. 262

28 10. 657 10. 891 –0. 234

29 12. 042 11.910 0.132

30 11. 525 11.654 –0. 129

31 11. 187 11. 168 0.020

32 7.759 6. 685 1.074

33 9. 596 9. 533 0.063

* 34 9.048 8. 173 0.875

× 35 9. 896 11. 772 -1.875

*See Table 5–13.

"see text for derivation.

*From data of Table 5–14.

"calculated using Eqn. 5–33.
+:

Not used in calculating Eqn. 5–33.
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-AG = + 9.392 (+0.587) + 2.108 (+0.607) T3 .

– 2.597 (+1.125) 3' SIZE > I – 1.064 (+0.533) T5 .

- 2.117 (+0.499) 14 'H - 1.804 (+0.610) 14 'och,

+ 1.306 (+1.080) ca, s, - 0.155 (+0.149) INTERACT
(Eqn. 5–33)

N = 31 R = 0.960 S = 0. 496

Comparing Eqns. 5–24 and 5–33, there are quantitative differences

in the AG contributions of the outer ring substituents to the free

energy of binding of analogs to intact nuclei and to solubilized nuclear i.

protein receptors, although the qualitative picture remains unchanged.

Of particular interest, Eqn. 5–33 predicts a 4'-OH net hydrogen bond of

v2.1 kcal/mole with the receptor. The accuracy and level of significance

of the binding data is generally better than for binding to intact

nuclei. On this basis, the AG substituent contributions might be

considered to be more accurate for Eqn. 5–33 than for Eqn. 5–24, although

the differences could also be due to actual differences between the two

assay systems.

These free energies for binding of analogs to solubilized rat

hepatic nuclear protein receptors provide an additional means of more

closely inspecting the interactive effects of the 3' and 5' substituents

on the hydrogen bonding of the 4'-OH with nuclear receptors. Utilizing

the procedure outlined in Chapter Two for the partitioning of substituent

contributions to the free energy of binding (using Eqn. 2–2 and the

data of Table 5–17), -AG (OH) values can be calculated from Eqn. 5–34:

—AG (OH) = -AG (5-8) — -AG (5–9) (Eqn. 5–34)
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For a variety of 3' substituents, it can be seen (from the -AG (OH)

values presented in Table 5–18) that the free energy of binding of the

4'-OH to nuclear receptors is not constant from compound to compound:

i.e., there are interactive effects between the 4'-OH and the 3'

substituent which affect the value of -AG (OH).

I

~~~~~~
R4, I

Using G 3, 5, and INTERACT (for 5–8) as substituent parameters which

should reflect the interactive effects of the 3' and 5' substituents

*
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Table 5–18. Data Used in the Formulation of Eqns. 5–35 Through 5-37

Correlating -AG (OH) for Thyroid Hormone Analogs.

—AG (OH) (kcal/mole)"
Data

Point R... * C d# 3' Obsd. Calcd. Dev.

#1 H 1.25 2. 37 1. 12

2 Me 1.59 1.33 –0. 26

#3 iPr 3.08 2.01 —1.07

4 tEu 1.91 2.14 0.23

5 F 1.47 1.51 0.04

6 C1 2.05 2. 12 0.07

7 Br 2. 48 2.76 0.28

8 I 3. 60 3.26 –0. 34

9 NO 1.05 1.03 –0. 02

*See structures 5–8 and 5–9.

"see text and Eqn. 5–34 for derivation.

*From data of Table 5–17.

"calculated using Eqn. 5–37.
*

Not used in calculating Eqns. 5–35 through 5–37.
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with the 4'-OH and its hydrogen bonding to nuclear receptors, Eqns.

5–35 through 5–37 were derived:

-AG (OH) = + 2.095 (+0.982) – 0.465 (+2.871) 93 5'

N = 7 R = 0. 183 S = 0.896

(Eqn. 5–35)

*1,5 = 0.17 (<75% vs. mean)

-AG (OH) = + 2.208 (+0.944) – 0.106 (+0.276) INTERACT

(Eqn. 5–36)
N = 7 R = 0.404 S = 0.833

F = 0.098 (K75% vs. mean)1, 5
-

-AG (OH) = + 2.370 (+0.357) + 9.206 (+4.118) 93. 5.

– 1.028 (+0.425) INTERACT

(Eqn. 5–37)

N = 7 R = 0. 960 S = 0.286

F = 45.09 (99.6% vs. Eqn. 5–35)1,4
-

F1 4 * 38.50 (99.6% vs. Eqn. 5–36)

F2 4 * 23.40 (99.3% vs. mean)

It can be seen that neither °3' 5" or INTERACT alone correlates very

well with -AG (OH). Simultaneous inclusion of both terms is highly
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significant, however (Eqn. 5–37). This result is consistent with Eqn.

5–33, which also predicts the 4'-OH hydrogen bond to be enhanced by

electron—withdrawing 3' and 5' substituents which tend to orient the

4'-OH towards the 5' position. The magnitudes of the regression coefficients

of Eqn. 5–37 are significantly larger than the corresponding ones of

Eqn. 5–33. This could be due to: (1) the high degree of correlation

between O. 5 and INTERACT for the compounds used to derive Eqn. 5-37;3

independent variable squared cross correlation matrix element = 0.942

for O --INTERACT; and (2) the partial colinearity of o , and3' 5" 3' 5

INTERACT with the other parameters for the compounds used to derive

Eqn. 5–33 (see Table 5–16). Further studies in this area obviously

call for a set of compounds with 93. 5. and INTERACT, as well as the

rest of the other variables, a great deal more orthogonal in order to

provide better acceptability for the + ga, g, ■ –INTERACT model and to avoid

the possibility of chance correlations (see comments at the end of this

chapter). Eqn. 5–37 does predict that the 4'-OH, without the interactive

effects of the 3' and 5' substituents, is apparently forming a hydrogen

bond with the nuclear receptor with a net intrinsic hydrogen bond strength

of 2.37 kcal/mole. The deviation of the -AG (OH) value for data point

#1 of Table 5–18 from this value is consistent with the questionable purity

of the analog tested. The same holds for the large discrepancy between

the observed and calculated -AG (OH) values for data point #3 of Table

5–18. A similar type analysis for analogs which contain 5' substituents

could provide some insight into whether the 5' substituent, in addition

to electronically and orientationally affecting the 4'-OH hydrogen

bonding with the receptor, exerts its negative influence on thyromimetic
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activity by: (1) merely sterically interacting with the receptor;

(2) sterically interfering with 4'-OH hydrogen bonding with the

receptor (see the MO calculations of Chapter Four); or (3) a combination

of (1) and (2).

BINDING TO THY ROXINE BINDING GLOBULIN

As shown above, in vivo rat antigoiter bioassay activities are

enhanced by electron-donating 3' and 5' substituents. In contrast,

in vitro binding to nuclear receptors is apparently enhanced by

electron—withdrawing 3' and 5' substituents, as they influence the

association of the 4'-OH with the nuclear receptor. This can be

rationalized in part by inspecting the quantitative SAR for the in vitro

binding of thyroid hormone analogs of structure 5–10 to the plasma

protein thyroxine binding globulin (TBG), the principal transport and

storage site for the thyroid hormones in human plasma. Utilizing the

analogs and data of Table 5–19, the correlation Eqn. 5–38 was derived.

The appropriate stepwise development of Eqn. 5–38 and the independent

variable squared cross correlation matrix are presented in Tables

5–20 and 5–21, respectively.

1og (TBG) = - 0.098 (+0.704) + 0.563 (+0.496) "3 5

- 1.100 (+0.482) 3'size > 1 + 2.366 (+1.676) cars,

(Eqn. 5–38)
N = 10 R = 0. 962 S = 0. 355

Hydrophobic bonding by 3' and 5' substituents (73, 5, ), size-limited

at least for the 3' substituent (3'SIZE > I), contributes only moderately
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to binding. Of greater importance, however, is the apparent binding

of the 4'-phenoxide to this plasma protein, as indicated by the large,

positive °3' 5" regression coefficient. It thus appears that in vivo

activity is enhanced by electron-donating 3' and 5' substituents, which

discourage plasma protein binding and encourage passage of the unionized

4'-OH across cell membranes.

Preliminary reports” indicate that halogen-free analogs are capable,

upon maternal administration, of effectively transversing placental barriers

and mediating thyroid hormone effects in the fetus. This could be

especially important in treating fetal hypothyroidism (which has been

implicated as preventing normal fetal development, expressed, for

example, by respiratory-distress syndrome at birth”) by administration

of a compound which has low maternal activity but high fetal activity.

The high fetal activity is probably due in part to the lack of suscepti

bility of the halogen-free analogs to fetal deiodinases. Also of

importance, however, is the fact that the halogen-free analogs readily

cross the placental barriers, while the natural hormones T3 and T4 do not.

This can not be a distribution phenomenon based on compound 1ípophilicity,

since T., and T4 are more lipophilic than any of the active halogen-free3

analogs. It appears instead that the degree of in vivo 4'-OH ioniza

tion is the determining factor for whether an analog can cross the

placental barriers. T3 and T4, with their much more highly ionized

4'-OH's, are more tightly bound to plasma protein and will resist

passage across the placental barrier while ionized (even with an

unionized 4'-OH, these compounds are apparently too large to cross º -
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Table 5–19. Analog Structures and Data Used in the Formulation of

Eqn. 5–38 Correlating In Vitro Binding to Purified
Thyroxine Binding Globulin (TBG) for Thyroid Hormone
Analogs (5–10).

R5, I

HO O CH,CH(NH,)cooh

R3, I

5–10

Data 1og (TBG)
Point a b
# Abbreviation R3, R5, TBG Obsd. Calcd. Dev.

Obsd.

1 T4 I I 100.0 2.000 2.016 –0. 016

2 T3 I H 9.0 0.954 0.959 –0.005

* 3 T2 H H 0.07 -1. 155 –0.098 —1.057

4 3'5"Me 2–T2 Me Me 0.29 –0. 538 –0.272 –0.266

5 3'OH-T2 OH H 0.06 –1.222 –1. 351 0.129

6 3'Me-T2 Me H 0.28 –0. 553 –0.185 –0. 368

7 3' Et-T2 Et H 1.59 0.201 –0.018 0.220

8 3't Bu-T2 tRu H 0.67 –0.174 –0. 468 0.294

9 3'i Bu-T2 iBu H 0.10 -1.000 –0. 532 –0. 468

10 3' Ph–T2 Ph H 0.04 -1. 398 –1. 461 0.063

11 3" iPr-T2 iPr H 3.53 0. 548 0.131 0. 417

º
;
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Table 5–19. (Continued)

*From reference 30. TBG = relative binding affinity to TBG (relative

to TBG (T,) = 100) = (KA/KT4) x 100, where KA = equilibrium association

constant for analog A. No DL/L correction. On a molar basis.

"calculated using Eqn. 5–38.
:

Not used in calculating Eqn. 5–38.
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Table 5–20. Stepwise Development of Eqn. 5–38.

Eqn. # Eqn. and Statistical Data

5–39 log (TBG) = + 0.220 + 3.481 °3′ 5

R = 0. 731 S = 0. 770

*1,8 = 9.17 (98.1% vs. mean)

5–40 1og (TBG) = + O. 592 – 0.777 3' SIZE > I

+ 3. 571 93 5

R = 0.911 S = 0. 497

F1,7 = 12.24 (99.0% vs. Eqn. 5–39)

5–38 F = 7.72 (96.5% vs. Eqn. 5–40)

h
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Table 5–21. Independent Variable Squared Cross Correlation

Matrix for Eqn. 5–38.

"3 5 °3' 5" 3' SIZE > I

"3" 5. 1.000 0.316 0. 259

°3' 5" 1.000 0.001

3' SIZE > I 1.000

:
;
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the barrier, due to the bulk of the I atoms). In contrast, the

3,5-dimethyl-3'-alkyl-thyronines, with the smaller Me groups and

essentially unionized 4'-OH, are weakly plasma protein bound and readily

cross the placental barriers. It thus appears that the degree of 4'-OH

ionization, as determined by the electronic influences of the 3' and 5'

substituents, affects not only the degree of palsma protein binding,

but also the ease with which analogs are able to cross cell membranes

and the placental barriers.

CORRELATIONS BETWEEN IN VIVO AND IN VITRO ACTIVITIES

Utilizing the analogs of Table 5–22 and the data of Table 5–23,

Eqn. 5–41 correlating in vivo antigoiter activities (BA) with in vitro

binding to intact rat hepatic nuclei (BN) was derived.” The appropriate

stepwise development of Eqn. 5–41 and the independent variable squared

cross correlation matrix are presented in Tables 5–24 and 5–25, respec

tively. Eqn. 5–42 was originally derived” for correlation of in vivo

antigoiter activities (BA) with in vitro binding to solubilized rat

hepatic nuclear protein (BS). Utilizing the analogs of Table 5–26 and

the data of Table 5–27 (improved and expanded from the data used in the

derivation of Eqn. 5–42), Eqn. 5–43 was derived for correlation of in

wivo antigoiter activities (BA) with in vitro binding to solubilized rat

hepatic nuclear protein (BS). The appropriate stepwise development

of Eqn. 5-43 and the independent variable squared cross correlation

matrix are presented in Tables 5–24 and 5–28, respectively.



Table 5–22. Structures of Thyroid Hormone Analogs (5-11) Used in

Deriving Eqn. 5–41.

R5, R

Ra X CH,CH(NH,)cooh

R3, R2. R

5–11

Data

jºint Abbreviation R3 Rs R3, R5, RA R2,

1 T3 I I I H OH H

2 T2 I I H H OH H

3 3'Me-T2 I I Me H OH H

4 3' Et-T2 I I Et H OH H

5 3'iPr-T2 (L) I I iPr H OH H

6 3't Bu-T2 I I tEu H OH H

7 3' iBu–T2 I I iBu H OH H

8 3' Ph-T2 I I Ph H OH H

× 9 3' chex–T2 I I CHex H OH H

10 3' C1-T2 I I C1 H OH H

11 3' 5" C12–T2 I I C1 C1 OH H

12 3'5"Me 2–T2 I I Me Me OH H

13 T4 I I I I OH H

14 3'iPr-T2 (DL) I I iPr H OH H
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Table 5–22. (Continued)

Data
Point

# Abbreviation R3 R5 R3, R5, R4, R2. X

* 15 3'5' iPr2–T2 I I iPr iPr OH H 0

16 4'H–3'Me-T2 I I Me H H H 0

17 4 'H-3' CF3–T2 I I CF3 H H H O

18 4 'H-T3 I I I H H H O

19 Me 3–T Me Me Me H OH H O

20 Me4–T Me Me Me Me OH H O

21 3' iPr–Me2–T Me Me iPr H OH H 0

22 2'3' Me 2–T2 I I Me H OH Me 0

23 2'5' Me 2–T2 I I H Me OH Me O

24 2 "Me-5'I-T2 I I H I OH Me 0

25 Napth—T2 I I a H OH a 0

26 4 'NH2—T2 I I H H NH, H 0

27 33" —T2 I H I H OH H 0

28 33'5"—T3 I H I I OH H O

29 3' iPr-Br2–T Br Br iPr H OH H 0

* 30 3' I—iPrz–T iPr iPr I H OH H O

31 MB-T3 I I I H OH H CH2

× 32 MB-T4 I I I I OH H CH2
* 33 SB-T2 I I H H OH H S

34 SB-T3 I I I H OH H S

*2", 3'-(CH)
*: 4

Not used in calculating Eqn. 5–41.

|



252

Table 5–23. Data Used in the Formulation of Eqn. 5–41 Correlating

In Vivo Antigoiter Activities (BA) with In Vitro Binding
to Intact Rat Hepatic Nuclei (BN) for Thyroid Hormone Analogs.

Data” b C log (BA)
Point BA BN log (BN) d# Obsd. Obsd. Obsd. Obsd. Calcd. Dev.

1 100.00 100.00 2.000 2.000 1.701 0.299

2 0.81 0.30 –0. 523 –0.092 –0. 140 0.049

3 14.47 13.5 1. 130 1. 160 1. 067 0.094

4 40.8 21.0 1. 322 1.611 1. 207 0.404

5 142.1 104.0 2.017 2. 153 1.714 0. 439

6 21. 7 38.5 1.586 1. 337 1. 399 –0.062 s

7 7. 74 20.0 1. 301 0.889 1.191 –0. 302

8 2.03 2.0 0.301 0.308 0.461 –0. 154

*9 –––– 1.4 0.146
----

0.348
----

10 4.88 6.2 0.792 0.688 0.820 –0. 131

11 3. 80 4.5 0.653 0. 580 0.718 –0. 138

12 9. 04 6. 2 0.792 0.956 0.820 0.136

13 18.1 12.5 1.097 1. 258 1.042 0.216

14 83. 4 100.0 2.000 1.916 1.701 0.214

* 15
----

1.4 0.146
----

0.348
----

16 2.71 0.2 –0.699 0.433 0. 847 –0. 414

17 13.56 0.2 –0.699 1. 132 0. 847 0.286

18 27. 12 0.4 –0. 398 1. 433 1.066 0.367

19 0. 54 0.1 —1.000 –0. 268 –0. 489 0.221

20 0.36 0.1 —1.000 –0.444 –0. 489 0.045
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Table 5–23. (Continued)

Data” b C 1og (BA)
Point BA BN log (BN) d
# Obsd. Obsd. Obsd. Obsd. Calcd. Dev.

21 3. 60 0.7 –0. 155 0.556 0.128 0.428

22 9.04 1.10 0.041 0.956 0.271 0.685

23 0.18 0.1 —1.000 –0. 745 –0. 489 –0. 256

24 0.36 0.30 –0. 523 –0.444 –0. 140 –0.303

25 18.08 8.0 0.903 1. 257 0.901 0.357

26 0.27 0.76 –0. 119 –0. 569 0.154 –0. 723

27 0.25 0. 50 –0. 301 –0. 602 0.021 –0.624 s

28 0.125 0.1 —1.000 –0.903 0. 489 –0. 414

29 30.0 36.0 1.556 1. 477 1. 378 0.100

×30
----

0.2 –0.699
----

–0. 269
----

31 54.25 250. 0 2. 398 1. 734 1.992 –0. 258

%32
----

2.6 0.415
----

0. 544
----

#33
----

1. 3 0.114
----

0.324 ----

34 13.82 100.0 2.000 1. 140 1. 701 –0. 561

*See Table 5–23.

*From Appendix I. No DL correction. On a molar basis. Relative

to L-T3 = 100.

‘see footnote b, Table 5–9.

"calculated using Eqn. 5-41.
*k

Not used in calculating Eqn. 5–41.
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stepwise Development of Eqns. 5-41 and 5–43.Table 5–24.

Eqn. and Statistical Data

+ 0.404 + 0.635 log (BN)

R = 0. 820 S = 0.522

*1,27 55.43 (>99.9% vs. mean)

F -

1, 26 27.64 (>99.9% vs. Eqn. 5–44)

+ 0.597 + 0.548 log (BS)

R = 0. 779 S = 0. 692

*1,24 = 37.08 (>99.9% vs. mean)

+ 0.383 + 0.720 log (BS) + 0.984 I4 'H

R = 0.915 S = 0.454

*1,23 = 32.75 (>99.9% Vs. Eqn. 5–45)

F = 7.38 (98.6% vs. Eqn. 5–46)

|
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Table 5–25. Independent Variable Squared Cross Correlation

Matrix for Eqn. 5–41.

1og (BN) I4 'H

1og (BN) 1.000 0.095

I4'H 1.000
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Table 5–26. Structures of Thyroid Hormone Analogs (5-12)
Used in Deriving Eqn. 5–43.

Ra, O CH,CH(NH,)cooh

R3, I

5–12

Data *

Point

# Abbreviation R5 R3, R5, R4,

1 4 'H-T2 I H H H

#2 T2 I H H OH

3 4'NH2—T2 I H H NH2
4 4 'H-T3 I I H H

5 T3 I I H OH

6 4'OCH3–T3 I I H OCH,
7 4'H-3'Me-T2 I Me H H

8 3'Me-T2 I Me H OH

*g 4'OCH3–3'Me-T2 I Me H OCHA
10 3" iPr-T2 I iPr H OH

11 4'OCH3–3' iPr-T2 I iPr H OCHA
12 3's Bu-T2 I +sBu H OH

#13 4'H–3'tBu-T2 I tRu H H

14 3' tEu–T2 I tEu H OH
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Table 5-26. (Continued)

Data

* Abbreviation R R3, R5 RA"

15 4 " OCH3–3" tBu–T2 I tBu H OCH3
16 4 "H–3" 5 "Me2–T2 I Me Me H

k17 4" OCH3–3"5"Me 2–T2 I Me Me och,
k 18 4 "H–3" NO2–T2 I NO2 H

19 3" NO2–T2 I NO2 OH

20 4"NH2–3"Me–T2 I Me NH2
21 4 "NH2–3 "5 "Me2–T2 I Me Me NH2 *

22 33" –T2 H I H OH

23 3" F–T2 I F H OH

24 3" C1–T2 I C1 H OH *

25 3"Br–T2 I Br H OH
| 3

26 T4 I I I OH

k27 4 "H–3" iPr–T2 I iPr H H

28 3*n Pr–T2 I nPr H OH

29 4 "H–3"Br–T2 I Br H

30 4 "H–3" C1–T2 I Cl H

31 4 "H–3" F–T2 I F H

k32 3* 5 "iPr–T2 I iPr iPr OH

k33 4 "OCH3–3" sBu–T2 I +sBu H OCH,
34 3* 5 "C12–T2 I C1 C1 OH

k 35 3 "S * Br2–T2 I Br Br OH

k 36 3 "iPr–5" C1–T2 I iPr C1 OH

k37 3"iPr–5 "Br–T2 I iPr Br OH

k 38 3" iPr–355 "–T3 I iPr I OH

%k
Not used in calculating Eqn. 5–43.
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Table 5–27. Data Used in the Formulation of Eqn. 5-43 Correlating

In Vivo Antigoiter Activities (BA) with In Vitro Binding
to Solubilized Rat Hepatic Nuclear Protein (BS) for

Thyroid Hormone Analogs.

º: BAP BS* 1og (BS) logº),
# Obsd. Obsd. Obsd. Obsd. Calcd. Dev.

1 1. 24 0.01 –2.000 0.093 –0.082 0.175

× 2 0.81 0.082 —1.086 –0.092 –0. 548 0. 457

3 0.036 0.0031 –2.502 —1.444 — 1. 620 0.176

4 27. 12 0. 230 –0. 638 1. 433 0.949 0.484

5 100.0 100.0 2.000 2.000 1. 788 0.212

6 11.25 1. 29 0.111 1.051 0.981 0.070

7 2.71 0.225 –0. 648 0.433 0.942 –0. 509

8 14.47 3. 30 0. 518 1. 160 0.666 0.494

%9
----

0.17 –0. 770
---

0.314
---

10 14.2.1 89.15 1.950 2. 153 1. 750 0.402

11 19. 0 6.82 0.834 1. 279 1. 528 –0. 249

12 79.9 78. 29 1. 894 1.902 1. 708 0. 195

*13
---

0.335 –0. 475
---

1.073
---

14 21. 7 8.45 O. 927 1. 336 0.976 0.361

15 2.35 0.27 –0. 569 0.371 0.466 –0.095

16 0.054 0.145 –0. 839 –1. 268 –0.361 –0.907

* 17 --- 0.335 –0. 475
---

0. 537
---

#18 --- 0.038 —1.420
---

0.358
---

19 0.18 0.225 –0. 648 –0.745 –0. 216 –0. 528

20 0.036 0.031 – 1.509 —1.444 –0. 868 –0. 576

;
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Table 5–27. (Continued)

Data” log (BA)

rººt BAP BS* log (BS) d
Obsd. Obsd. Obsd. Obsd. Calcd. Dev.

21 0.13 0.041 — 1. 387 –0. 886 –0. 776 –0. 110

22 0.25 0.688 –0.162 –0. 602 0.151 –0. 753

23 0.65 0.164 –0. 785 –0. 187 –0. 320 0.133

24 4.88 3. 73 0. 572 0. 688 0.707 –0.018

25 23.78 15. 89 1. 201 1. 376 1. 183 0. 193

26 18.1 13.85 1. 141 1. 258 1. 138 0.120

* 27
---

0.492 –0. 308
- - -

1. 199
---

28 39.5 23.97 1. 380 1.597 1. 318 0.278

29 18.0 0.24 –0. 620 1. 255 0.963 0.292

30 7.78 0.118 –0. 928 0.891 0.730 0.161

31 1. 39 0.01.36 —1.866 0.143 0.020 0.123

× 32
---

1. 10 0.041
---

0.305
---

# 33
---

1. 29 0.111
---

0.981
---

34 3. 80 3. 71 0. 569 0. 580 0. 705 –0. 125

* 35 1.58 5. 07 0.705 0.199 0.808 –0. 609

* 36
---

52.56 1. 721
---

1. 576
---

#37
---

21.95 1. 341
---

1.289
---

#38
---

12.41 1. 09.4
---

1. 102
---

*See Table 5–26.

"see footnote b, Table 5–23.

*See footnote b, Table 5–14.

"calculated using Eqn. 5–43.
*

Not used in calculating Eqn. 5–43.

}

;
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Table 5–28. Independent Variable Squared Cross Correlation Matrix

for Eqn. 5–43.

1og (BS) I4 'H 14'och,

1og (BS) 1.000 0.210 0.001

I4'H 1.000 0.064

14'0CH, 1.000
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1og (BA) = + 0.241 (+0.170) + 0.730 (+0.134) log (BN)

+ 1.116 (+0.484) I4'H
(Eqn. 5–41)

N = 29 R = 0.917 S = 0.371

log (BA) = + 0.261 (+0.207) + 0.853 (+0.152) log (BS)

+ 1.164 (0.466) I4'H + 0.609 (+0.437) 14'och,

(Eqn. 5–42)
N = 22 R = 0. 943 S = 0. 410

log (BA) = + 0.274 (+0.192) + 0.757 (+0.135) log (BS)

+ 1.159 (+0.362) 14'H + 0.623 (+0.387) 14'och,

(Eqn. 5–43)

N = 26 R = 0.937 S = 0. 402

It thus appears that in vivo antigoiter activities (BA) correlate well

with in vitro binding to intact rat hepatic nuclei (BN) and with in

vitro binding to solubilized rat hepatic nuclear protein (BS), with

adjustments made for in vivo metabolism of 4'-deoxy (I4'H) and 4'-OCH,
(14'0CH3) analogs. (Data Point #16 = 4"H-3'5"Me2-T2 of Tables 5-26 and

5–27 was assigned a value of 0 for I4 'H in that the two 3' and 5'

CH3 groups apparently sterically inhibit the in vivo hydroxylation of

this analog.) The deviations of the intercepts from 0.0 and of the

log(BN) and log (BS) regression coefficients from 1.0 reflect not only

the minimal accuracy of some of the in vivo data, but also differences

in analog plasma protein binding, metabolism, elimination, and 4'-OH

ionization effects in vivo.
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Addition of a C term to Eqn. 5-43 was not significant, even3 * 5'

though log (BA) and 10g (BS) correlate with -o (Eqn. 5–8) and with3' 5"

+ 93. 5. (Eqn. 5–26), respectively. This is not completely surprising,

however, since the °3′ 5 values used for deriving Eqns. 5-8 and 5–26

differ for the 4'-deoxy and 4'-0CH., analogs (see the discussion above3

concerning substituent constant choices). Further examination of this

area will certainly be of interest.

CONCLUSIONS

The results of all of these quantitative structure-activity

relationship correlations can be briefly summarized as follows:

(1) The correlations confirm that both in vivo antigoiter activity *

and in vitro binding to nuclear receptors are enhanced by bulky,

1ipophilic 3 and 5 substituents and by size-limited, lipophilic 3'

substituents and are decreased by any 5' substituent bulk or lipophilicity.

(2) In vivo activity is enhanced by electron donating 3' and 5'

substituents, which prevent plasma protein binding and encourage movement

of the analog into cells.

(3) In vitro binding probably involves hydrogen bond donation of

the 4'-OH to the 5' side of the nuclear receptor.

(4) The good correlations between in vivo antigoiter activities and

in vitro nuclear receptor binding reflect that the latter is probably

the first step in initiating subsequent hormonal responses (as expressed

through protein synthesis).

(5) Except for 3' and 5' substituent influences on the degree of

4'-OH ionization (and hence on the degree of plasma protein binding),
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distribution, at 1east within the range of analog lipophilicities

studied, does not play a major role in determining whole animal

activities.

(6) Binding of analogs to TBG is strongly influenced by the degree

of 4'-OH ionization.

(7) The success of our use of the 3'SIZE > I and INTERACT parameters

in these QSAR studies indicate that they are reasonable estimates of

the physical properties they were designed to predict. Hopefully these,

or similarly derived parameters, may be of use in future QSAR studies

of the thyroid hormone analog or other systems for which the "traditional"

substituent parameters are unable to account for particular physico

chemical properties of the analogs.

A diagramatic representation of the overall picture of thyroid

hormone analog binding to nuclear receptor is presented in Figure 5–1.

As mentioned above, one of the difficulties involved in the QSAR

examination of thyromimetic activities is the lack of orthogonality

between some of the substituent constants. This is especially evident

and Es...— ."35 35

The complete synthesis and testing of each new thyroid hormone analog

for: (1) T 5, and Es (2) 03 5 and INTERACT; and (3)5 : 3

requires considerable effort, time, and expense. In order to obtain

the maximal amount of information for the fewest number of new analogs,

therefore, it will be necessary to insure that future design of new

analogs takes into account the orthogonality of substituent constants.

Pre-synthesis substituent constant cluster analysis” and examination

of substituent constant squared cross correlation matrices should

certainly be utilized in such analysis. Some "intuitive" suggestions
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(based on the known qualitative and quantitative SAR's for the various

thyromimetic activities of the thyroid hormone analogs, previously

observed (see above) lack of orthogonality between substituent constants,

and possible ease of synthesis) can be made, however, for a number of

new substituent combinations:

(1) 3'-COR, where R = H, CH3, C2H5, C H7, etc. : strong3

intramolecular hydrogen bond with the potential for varying

the substituent "size" and lipophilicity.

(2) 3'-I, 5'-Me; 3'-Br, 5'-Me: g3, 5, as for 3'-iPr;
^\,

C 3' 5" ^\,

5'-halogen, but INTERACT * –INTERACT as for 3'-iPr, 5'-halogen.
(3) 3' and/or 5' substituents with T and Es substituent constants

not correlated: e.g. NH2, NMe2, NEt3, CH2OH, C2H5OH.
(4) 3'-nBu; 3'-nAmyl; 3'-CH (CH,) C.H., ; 3'-CH (CoH for further3’ > 3 27. 5)2:

investigation of the T and "size" 3'-substituent requirements

for thyromimetic activity.

(5) 3, 5-(CF and other 3, 5 substituents with greater orthogonality322
of and Eso's . Although thyromimetic activities have been"35 35

examined for a wide variety of 3, 5 substituents, finite quantitative

activities are available for only a limited number of 3,5

substituents (F, C1, Br, I, CH3) and for these "35 and Esq5
are well correlated. In addition to thyromimetic activity

being influenced by the ability of the 3, 5 substituents to

"lock" the diphenyl ether nucleus into the proximal and

distal conformations, 3, 5 substituents larger than iodine

(e.g., iPr, SPh) (1arger than bromine for TBG binding”)
also exert a negative steric influence on activity (see

Appendix I). Determination of finite quantitative
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Figure5-1.

Diagrammaticrepresentation
ofthyroidhormoneanalogbinding
tonuclearreceptor.

42,215
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thyromimetic activities for a wider variety of 3,5 substituents is

most necessary for determining the relative importance in influencing

thyromimetic activities of 3,5 substituent lipophilicity, "size" or

"bulk", and conformational flexibility (as this affects the diphenyl

ether conformation).
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CHAPTER SIX: CONCLUDING REMARKS

The thyroid hormones and analogs have proven to be an excellent

system for the experimental and theoretical studies presented here. The

results of the synthetic and bioassay investigations, coupled with the

molecular orbital studies and quantitative structure-activity correlations,

have helped to further define and to provide a better understanding of

the structural requirements, physico-chemical properties, and interactive

effects of the outer ring substituents, as they influence the various

thyromimetic activities. The ready accessibility of thyroid hormone

nuclear receptors, as well as other assay systems (e.g., in vivo

antigoiter assay, in vitro binding to plasma proteins, etc.) provide

opportunities for further research. The partitioning into substituent

contributions of the free energy of interaction with macromolecules,

coupled with available and potentially available X-ray structures

for these macromolecules, will provide an opportunity for examining
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the physical origins of these interactions. Further theoretical studies

(e.g., MO, QSAR, electrostatic potential models) will most certainly

play a role in the examination of these interactions. Additional

experimental studies (e.g., determination of AH and AS of binding to

macromolecules, further thyromimetic activity determinations, fetal

studies, biochemical investigations of nuclear receptors) will be equally

important. Of special interest, at least in retrospect from these

studies, will be the design, synthesis, and testing of analogs with

physico-chemical properties which are considerably more orthogonal than

those presently available. This alone should help to provide a better

understanding of the physical origins of specific analog--macromolecule

interactions. The thyroid hormones and anlogs truly do provide the

potential for molecular-level investigation of the structural, physical,

and mechanistic properties of the until—recently-elusive "receptor".
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APPENDIX I: RECALCULATED AND STANDARDIZED RAT ANTIGOITER BIOASSAY

ACTIVITIES OF THY ROID HORMONE ANALOGS

See text for discussion and explanation of the recalculation and

standardization.

Table I-1. Thyronines: 3, 5, 3", and 5' Substitutions.

Table I-2. Thyronines: Sterically Fixed (2' Substituted;

Including 4' Substitutions).

Table I-3. Thyronines: 4' Substitutions.

Table I-4. 1'-Napthyl Ethers of 3,5-1,-Tyrosine.

Table I-5. 2'-Napthyl Ethers of 3,5–13–Tyrosine.
Table I-6. Thyronines: Bridge Variations.

Table I-7. Thyronines: Alanine Side Chain Position Isomers.

Table I-8. Benzoic, Acetic, Propionic, and Butyric Acid

Side Chain Analogs.

Table I-9. Other Side Chain Variations.

Table I-10. Aliphatic and Alicyclic Ethers of 3,5-1,-Tyrosine.
Table I-11. Odds and Ends.



§

TableI-l.

RatAntigoiterBioassayActivities. Thyronines:
3,5,3',and5'

Substitutions.
5'

HOO

CH,CH(NH,)cooh 3'

No.DLR3RsR3,R5,RelativeMolarActivity

%
DL-TRef.
%
L-T,Ref.

1DLHHHHO80

DLHHFH80

3LHHIH
<0.006217

DLHHIHO2180
103,219

4LHHII
<0.008217

DLHHIIO218O219

5DLCHAHHH0220 6DLCH3HIH
0.12220 7DLCHCHHH0220



§

TableI-1.(Continued)

RelativeMolarActivity

No.DLR3R5R3,R5,%
DL-T,Ref.
%
L-T,Ref. 10LCHACHAiPrH3.609,36,95 11LCH,CH,nPrH2.3636,95 12LCH3CH3sBu(+)H

2.9136,95 13LCH3CHAIH
0.90
9

DLCH3CHAIH
0.65220,221

20DLiPriPrIH0223,224 21DLsBu(+)sBu(+)HHO2238LCH3CH3CHAH0.54
9 9LCHACHACHACHA0.36

9 14DLCH3IHH
0.054220 15DLCH3IH3.62220 16DLiPrHiPriPr0222 17DLiPriPrHHO223 18DLiPriPrCH3HO223 19DLiPriPrBrH0223 22DLsBu(+)sBu(+)BrHO223



§

TableI-1.(Continued)

RelativeMolarActivity

No.DLR3R5R3,R5,%
DL-T,Ref.
%
L-T,Ref. 23DLsBu(+)sBu(+)IH0223 24DLco,Hco,H

HHO225 25DLNH,NH,HH0225 26DLNH,NH,CHAHO225 27LNo,No,HHO101 28LNO2NO2II0101 29LSEtSEtHH0226 30LSEtSEtiPrH0226 31LSPhSPhHHO226 32LSPhSPhiPrH0226 33DLC1C1C1H
0.09181,106 34DLC1C1C1OHoa227,228

35DLC1C1C1C1>0.01481,106
×
0.2097 36LC1IC1I2.27102 37LBrBriPrH

30.0229 38DLBrBrBrH4.6381,106,

230



;

TableI-1.

(Continued

RelativeMolarActivity

No.DLR3R5R3,R5%
DL-T,Ref.
%
L-T,Ref. 39DLBrBrBrBr0.065”81,230 40DLBrBrIH16.8781,230 41DLBrBrII1.9781,230 42LBrIBrI2.83102 43DLBrIIH41.75231 44LIHHH<0.006217

DLIHHH<0.1997

45LIHIH0.05697,217

DLIHIFI<0.2597

46LIHII<0.03217

DLIHII<0.12596,97

47LIIHH0.8197,101,217

DLIIHH0.90°23

48LIICH3EI14.4723,232

DLIICH,H8.2898



§

TableI-1.(Continued)

RelativeMolarActivity

No.DLRRR3,R5,%
DL-T,Ref.
%
L-T,Ref. 49IICH3CH39.04232 50IIEtH

93.598

DLIIEtH40.898,99

51IIiPrH7.4998

IIiPrH
142.136,95,98,99

DLIIiPrH
47.098

52LIIiPrI55.36°99 53LIInPrH
39.536,95 54LIIiBuH7.7499 55LIIsBu(+)H79.936,95 56LIItRuH

21.7054,233 57DLIIPhH2.0398 58IINo,H
<0.3236,95 59IIOHH0.27234 60DLIIFH1.1280,81



§

TableI-1.(Continued)

RelativeMolarActivity

No.DLRRR3,R5,%
DL-TRef.
■
L-T,Ref. 61DLIIFF0.4380,81 62DLII>6.0380 63IIC1H4.88235 64IIC1C13.80235 65DLIIBrH

23.7881,106,

230

66DLIIBrBr1.5881,106 67IIIH7.5084,108

IIIH100e

DLIIIH100e59108

68IIII3.07%83

IIII18.1

36,95,97,98,99,

101,105,108

DLIIIIv9.04236



§

TableI-1.(Continued) *"little
ifany

thyroactivity". "Reliabilityquestionable. *Onlyonedoselevel. "Unsureofanalogpuritybecausesynthesiswasneverreported. *Referencecompound. "Analogadministeredorally.



§

TableI-2.RatAntigditerBioassayActivities.
Thyronines:StericallyFixed(2'
Substituted;Including
4'

Substitutions). Rs.R;

Ra'O

CH,CH(NH,)cooh R3,R2,R3

RelativeMolarActivity

No.DLR3-RsRaR2,R3,R5,%
L-T,Ref.

1DLNo,HCH3HCHA021 2DLIHCHAHO
21,23

3DLIHCH3CH3O21,23 4DLIHCH3CH3H
0.05421,23 5DLIHiPrHO23 6DLIHiPrHCH3O23 7IHOHHHO237 gaIHOHI0.054237



§

TableI-2.(Continued)

RelativeMolarActivity

No.DLR3-RsR4,R2,R3,R5,■
L-T,Ref. 9DLICH3CH3H23 10LICH3OHH237 11DLIOHCHAHH

<0.1821,23 12DLIOHCH3HCH3<0.1821,23 13DLIOHCH3H
0.3623 14LIOHCH3CHAH

10.8523

DLIOHCHACH,H9.0421,23

17DLIOHiPrHCHA0.3621,23 18LIOHOHHHO237 19DLIC1CH,HCH3021,23 º,DLIC1CH,CH3HO23 21LIIIHOHO237
*"ortho-Thyroxine". *"meta-Thyroxime".



§

TableI-3.RatAntigoiterBioassayActivities.
Thyronines:
4'

Substitutions. 5'5

*a,O

CH,CH(NH,)cooh R3,R3

RelativeMolarActivity

No.DLRA-R'sR4,R3,R5,%
L-T3Ref.

1DLiPrNH,HHO223 2DLsBuNH,HH0223 3LSEtOCHAiPrH0226 4DLIHHH0.7223 5DLIHCH3H2.7151 6DLIHCH3CH30.05423 7DLIHCF3H
13.5651 8LIHOHH0.18237



§

TableI-3.(Continued)

RelativeMolarActivity

No.DLRA-RRaR3,R5,%
L-T3Ref. 9IHFH1.3936,95

10IHC1H7.7836,95 11IHBrH
18.036,95 12DLIHH>27.1251 13DLICHAHHO51 14LICHAOHHO237 15LINH,HH

<0.03682 16LINH,CH3H
<0.03682 17LINH,CH3CH30.1382 18LINH,IH>0.2782 19LIOCH,iPrH1936,95 20LIoCH,sBu(+)H<2136,95 21LIOCH,tRuH

<2.3554 22LIOCH,OCH,
H0234 23LIOCH,

IH
11.2555 24DLIOCH,

II
<0.0355,103,238



§

TableI-3.(Continued)

RelativeMolarActivity

No.DLRA=RR

3“54'%L–TRef.

3*5*3

25DLIDL-CH,HCOOH
HHO239

NH,



§

TableI-4.RatAntigoiterBioassayActivities.
1'-NapthylEthersof

3,5-1,-Tyrosine. R3,I

RaO

CH,CH(NH,)cooh
I

R5,

R7.

RelativeMolarActivity

No.DLRRaR3,R5,R7,■
L-T,Ref. lDLHHHHH0.5722,23

2LHHHHOH<0.036240 3DLHHHOHH
<0.036240 4LHCH3HHH

<0.036240 5LHNHHHHO240



§

TableI-4.(Continued)

RelativeMolarActivity

No.DLRRaºR3,R5,R7.%
L-T,Ref. 6LHOHHHH18.0823,240

DLHOHHHH>18.0823

7DLHOHBrHH5.2423 8DLHOCHAHHH0.8922 9DLCoCH,OCH,
HHH
0.9023



š

TableI-5.

RatAntigoiterBioassayActivities. 2'-Naphthy1Ethersof

3,5-1,-Tyrosine.
R3,

O

CH,CH(NH,)cooh

R6.

7

RelativeMolarActivity

No.DLR3,R6R7.%
L-T,Ref.

lDLHHH
0.03623 2LOHHH

<0.036240 3LHOHH
0.36240 4LHHOHO240



■

TableI-6.

RatAntigoiterBioassayActivities. Thyronines:BridgeVariations. HOX

CH,CH(NH,)cooh II

RelativeMolarActivity

No.DLXR5,%
DL-T,Ref.
%
L-T,Ref. lL--I0233 2DLSH23.8281,106

3DLSI0.2181 4DLCHH54.25
9



§

TableI-7.RatAntigoiterBioassayActivities.
Thyronines:AlanineSideChainPositionIsomers. R5,Rs

HO–-OR1

R3,*2.RaR2

RelativeMolarActivity

No.DLR1R2R3R5R2,R3,R3,■
L-T,Ref.

1DLHHCH3CH3cºcoonCH3CH3O
220,221

NH,

2DLIH
cºcoon
IHIH<0.27241

NH,

3DLI
cºcoon
HIHIH<0.27241

NH,



š

TableI-8.

RatAntigoiterBioassayActivities. Benzoic,Acetic,Propionic,andButyricAcidSideChainAnalogs. 5."5

R4,OR1

R3,R2,R3

RelativeMolarActivity

No.R1R4,R3R5R2,R3,R5,%
DL-T,Ref.
%
L-T3Ref.

1.
COOHOHHHHHHO104 2

COOHOHHIH
0.081103,104

3
COOHOHIIHII0.027242,2430.02497,

101,103,104
4
COOHOCH,No,N0,HHH
<0.1997 5

CH,COOHOHIHHHH<0.2197 6

CH,COOHOHIHHIH<0.2997 7

CH,COOHOHIHHII<0.3697 8
CH,COOHOHIIHHH<0.2997



É

TableI-8.(Continued)

RelativeMolarActivity

No.R1RAR3R5R2,R3,R3,4
DL-T,Ref.
Ž
L-T,Ref. 9

CH,CooHohIIiPrH13.2398 10CH,CoohOHIIIH19.11026.43
55,96,97,98,244

11CH,CooHohIIII
23.01029.10
96,97,244

12
CH,COOHOHIICH3CH3H0.81245 13CH,COOHOCH,NH,NH,HH

<0.1797 14
CH,COOHoch,No,No,HH<0.2097 15

CH,COOHOCH,
IIHH

<0.2997 16
CH,COOHOCH,
IHH
4.5855,97,98 17

CH,CH,COOH
OHHHthuthu<0.05246 18

CH,CH,COOH
OHNH,HHH<0.1397 19

CH,CH,COOH
OHNo,No,HIIO101 20

CH,CH,COOH
OHBrBrHtRutRu<0.05246 21

CH,CH,COOH
OHIHHH<0.1797 22

CH,CH,COOH
OHIHIH<0.2597



š

TableI-8.(Continued)

RelativeMolarActivity

No.R1RA,R3R5R2,R3,R3,4
DL-T3Ref.
%L–TRef. 23

CH,CH,COOH
OHIHH.3197 24

CH,CH,COOH
OHIIHHH.2597 25

CH,CH,COOH
OHIIHCH3CH30.6997 26

CH,CH,COOH
OHIIHIH15.20°100,102
.
5896,97,103,247 27

CH,CH,COOH
OHIIHII13.35°100,102
.
6696,97,101,103

28
CH,CH,COOHOCH,NHHHHH.1497 29

CH,C#,COOHOCH,
IHHHH.1997 30

CH,CH,COOHoCH,
IIHIH.99247 31

CH,CH,CH,COOH
OHIIHHH.2597 32

CH,CH2CH2COOH
OHIIHIH2.81020.7397 33

CH2CH2CH2COOH
OHIIHII3.31020.8797

*Reliabilityquestionable.



#

Tab1eI-9.

RatAntigoiterBioassayActivities. OtherSideChainVariations. R5,R5

RaºOR1

R3,R2,R3

RelativeMolarActivity

No.R1Ra,R3R5R2,R3,Rs,A
DL-T,Ref.
%L–TRef. 1

Cooch,OCH,NH,NH,HHH<0.1797 2
Cooch,OCH,NH,NH,HNH,H<0.1797 3

cooch,OCHANo,NO2HHH<0.2097 4
Cooch,OCH,
IIHHH

<0.2997 6

CH,COOEtOCH,No,No,HNo,<0.2497

CH,COOCH2CH2NCEt)4-HC1
OHIII6.5298

8

CH,COOCH2CH2NCEt),
HClOHIICH3CH31.01245



&

TableI-9.(Continued)

Re1ativeMolarActivity

No.R1R4R3R5R2"R3,Rg,z
DL-T3Ref.
%
L-T,Ref. 9

CH2COOCH2CH2N(Et)2-HC1
ocH,
I
CH,CH3H0245 10

CH2CH2COOEtoCH,NH,HH<
0.1597 11
*
OHIHHH<0.40102

OH

12
~~~~
OHIIHIH5.01102

OH

13
DL-CH2#HCooH
OHIIHII3.82102

OH

14
CH2CH(C00H)2
OHIIHIH0.08248 15

CH2CH(Cooh),
OHIIHII0.06248 16

CH2CH(CooEt),och,NH,NH,HHH
<0.1997 17

CH2CH(cooEt),och,
IIHHH

<0.3097 18
CH,cocooH
OHIIHIH0.106102 19

CH2COCooH
OHIIHII0.031102 20

CH=CHCOOH
OHNO,NO2HII0101



#

TableI–9.(Continued)RelativeMolarActivity No.R1R4R3R5R2R3"Rg,z
DL-TRef.
%
L-T3Ref. 21

CH=CHCOOH
OHIHII11.671023.8997,101 22

CH=CHCOOHOCH3NOHHH<0.1897 23
CH=CHCOOEtOCH3NOHHHH
<0.2097 24

CH=CHCOOEtOCH3NONOHHH<0.2797 25NH2OHIIHHH<0.1103 26NH2OHIIHIH0.1103 27NH2OHIIHII<0.1103 28NH,OCH3
IIHHH0.1103 29

CH2CH2NH2
OHIIHHH0.1103 30

CH2CH2NH2
OHIIHIH1.1103 31

CH2CH2NH2
OHIIHII0.1103 32

DL-CHCOOH
OHIIHII0.031"242,243,

*,249

33
DL-enjicoon
OHIIHII4.29242

NHCOCH
3



§

TableI-9.(Continued)

RelativeMolarActivity

No.R1RaºRaR5R2,R3,Rs.4
DL-T3Ref.
z
L-T,Ref. *

-chºcoonOCH,
IIH
OCH,
H0234

NHCOCH,
35

L-CHACHCOOEtOCH,
IIH
OCH.,
HO234

233

COCH
3

36
L-CH2CHCOOEtOCH,
IIHIH12.1496

NHCOCH,
37D-CH,HCOOHOHIIHHHob227,228

e2

38
Dubºcoon
OHIIHII0°250

HONH,

39i.OHIIHII2.04251

bi-cºcoon CH3

40CH2OHIIHBrBrOd252

\ -ch—cool NH,



É

TableI-9.(Continued)

RelativeMolarActivity

No.R1RA,R3R5R2,R3,Rs,A
DL-T,Ref.
■
L-T,Ref. 41

CH2CH2OH
OHIIHHHO253 42

CH,CH,0H
OHIIHIH5.42253 43

conBCH,cooh
OHIIHII<0.1280 44O

OCH,No,NOHHH<0.2597

j-w
-CH=CN.2°

NO
2

“Mouseantigoiterassay. *11ttle
orno
thyroactivity". *Possiblyverylowactivity. "weakbiologicalactivity".



É

TableI-10.

RatAntigoiterBioassayActivities. AliphaticandAlicyclicEthersof

3,5-1,-Tyrosine. I

/ºr

R"OCH,CH

2V
COOR."

I

RelativeMolarActivity

No.DLRR"R"%
L-T,Ref.

1DLHH

CH2CH2CH2CH3
O23 2DLHH

CH,CH,CH2CH2COOH
023 3DLHH

CH2CH2CH2NCH3)2
023 4LHH

4-pyridyl
O254 5DLCoCH,

H

CH,CH=CH,
023 6DLCoCH,

H

cyclohexyl
O23 7DLcoCH,

H

3-cyclohexenyl
023 8DLCoCH,

H

6–0H-3-cyclohexenyl
O23 9L

CoCH,C2H54–pyridyl
O254



É

TableI-11.RatAntigoiterBioassayActivities.
OddsandEnds.

RelativeMolarActivity

No.DLAnalog
%
DL-T,Ref.
%
L-T3Ref.

lDL080O255

I

HOO
H,CH(NH,)cooh

I

2DL09,221

CR.3OH

HOCH3 (CH3)2CHCH,CH(NH,)cooh
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APPENDIX II: COMPUTER PROGRAMS

This appendix contains listings of the computer programs written

and used in the quantitative structure-activity studies. PROGRAM QSAR47

was used to perform the actual QSAR calculations and requires three

on-line magnetic disk direct access files:

1.

2.

3.

FTABLES:

WCFILE:

SFILE : A

510 formatted (7F9. 2) records each with a length

of 63 bytes.

Contains the critical F statistic values needed

by PROGRAM QSAR47.

Created by PROGRAM FILLFTBL.

346 formatted (60I1, 612) records each with a

length of 72 bytes.

Contains the weight card values needed by PROGRAM

QSAR47 when the "ALL" option is used.

Created by PROGRAM FILLWCF from cards punched

by PROGRAM PUNCHWC2.

temporary (scratch) disk space.

Used by PROGRAM QSAR47 to save a summary of the

title cards and regression equations for listing

at the end of the regressions.

Fixed-format, blocked records each with a length

of 120 bytes.
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PROGRAM QSAR47

C*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C
C

PR, GRAM QSAR47

Cº. # 4 & 9 & 0 & 0 & 0 & # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

QSAR = QUAN TITATIVE S T RUCTURE ACT I V IT Y RELATIOf...SHIPS

47 = THAT MAGICAL NUMBER FROM whl CH ALL GOOD THINGS ARE DER IVED

tº $ tº tº tº tº tº 43 + 3 + + ++++ tº tº ++++++ tº 43 + + + 3 + 3 ++ tº tº tº tº tº 43 + tº tº tº ++++++++ 4 + tº tº ++ tº +3 ºr 43 + + 43 + ++ tº + ++ tº ++ tº tº tº tº

PROGRAM QSAR 47 IS A MULTIPLE LEAST SQUARES L I FAR REGRE.SSION ANALYSIS
PROGRAM ESPECIALLY Uts IGNED FOR (BUT NOT LIMITED TO APPLICATIONs witH)
QSAR STUDIES IN Mt () I C INAL CHE MISTRY

-

QSAR47 w AS PROGRAMMt D AND DEBUGGED ON AN IBM 370 MODEL 145
COMPUTER BY : STEVE DIETRICH

Ut. Pt. R T MENT OF Pría RMACEUTICAL CHEMISTRY
SCHOOL OF PHARMACY
UN IV tº S II Y OF CAL IFORNIA
SAN FRANCISCO - CAL I FORN IA 94 143
APRIL • 1976

THE PROGRAM WAS DE BUGGED IN WATF IV AND STORE D AS AN ON-LINE DISK.
PR IV tº TE PROGRAM IN F OR TRAN He

43 tº tº $ tº tº tº tº tº tº tº tº 3 tº tº tº tº tº tº tº tº 4 tº + 3 + 4* tº 43 + 4 + + ºr tº tº 4 tº 4 tº tº tº 4+ + + 43 tº tº ºth tº ºr tº + 3 + + + + tº + + + ºr tº 3 tº º q + + +

GENERAL REFERENCES : C. DANIEL AND F • Se WOOD
* F I TT ING E (JUAT I UNS TO DAT A

w Il EY INTERSCIENCE • Ne Y, ( 1971 )

G - A • PALL
* I NTH ODUCTION TO SC : truT IF IC COMPUT ING !
APPLE TON-CE. NTURY-CR OF T S v N. Y., ( 1971 )

I - H - WOMNACOTT ANU R • J, won NACOTT
* INT KODUCT OR Y STAT IST ICS -
St CONU t■ ) I I ION
JOHN Wl LEY & SONS • INC, 9 NY ( 1972)

© tº tº tº tº tº 43 + 4 + + 4 + tº tº tº tº tº 43 + 4 ++ tº º tº tº tº tº º tº tº tº 43 + 43 tº tº tº tº tº tº tº tº 43 ++ tº tº tº tº tº tº tº ºr tº tº tº tº tº º º tº tº tº tº tº º 'º º º 'º º

THE FEATURES OF THIS PROGRAM ARE :
1 . ALL CAL CULAT I ONS ARE DUNE IN UOUBLE PRECISION (REAL *8) •
c. ANY NUM H8 - OF T IT LE CARDS MAY BE USED,
3. VALUES FROM l TO 15 INDEPEN■ try T V AF'■ AHLES MAY BE SUPPLIED BY

THE USE * >
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4 •

5 •
c •

9 •

10 -

l 1 -

THE PROGRAM WILL (AT THE USER • S OPT ION) GENERATE AND ALLOW
Rt. GRESS I ON w ITH ANY NUMBER OF 1 T 0 1 0 ADL IT IONAL
INUE PE NUt. NT V AR I At+LES, WHICH ARE GE tº ERAI tu FROM THE
SUPPLIEU INUE PE NUF N T V ARIABLES: St E HELOW.
DATA FROM 2 TO 99 (HUT SEE 8tlOw) DATA P0 INTS MAY BE USED,
A T THE USt K - S OPT I ON, SPECIFIC UAT A P() I NIS w l LL NOT BE
INCLUUED IN CAL CULATING THE RE GRESS [ON EGUATIONS •

DE PE Nut NT V AR I Abu E VALUES DO NOT NEED TO BE ENTERED FOR .
THE SF. UAT A FOINT S.
ANY S INGLE RE GRESS ION MAY USE FROM 1 TO 15 OF THE
INUE Pt. N■ )t N T V ARIABLES •
THE PE (3H E SS I ONS THE M St LVES ARE SPECIFIED BY WEIGHT CARDS IN
ONE OR HOTH OF 2 METHODS : SINGLt. KEGRESSIONS w IT H SPECIFIC

INDEPENDEN, T V AR I Abu-ES MAY BE
INDICATED BY A SINGLE WE IGHT CARD,
WITH THE * ALL OPT ION - ALL
POSSI tº LE COMBINAT IONS OF ANY 1 TO
1 0 INUE PEN■ )t NT V ARIABLES
SPECIF IED ON THE WE IGHT CARD WILL
HE RUN e

PROGRAM OUTPUT CONS ISTS OF : LIST INGS OF ALL OF PENDENT
ANU INDEPENDENT V ARIABLE VALUES 9
ME ANS • STANI) ARD DE VIATIONS • AND
• * * BY THE NUMBERS OF THE DATA
PO INT S NOT USED IN THE
REGRESS I ()N CALCULATIONS •

: FOR EACH REGRESSION:
-

: THE RE GRESSION EQUATION WITH
95% CONFIDENCE INTERVALS FOR
THE INTERCEPT AND INDEPENDENT
VARIAbl ■ COEFF ICIENTS e

: EST IMATED VALUES ( AND
UE VI A J IONS FRUM THE ACTUAL
VALUES) OF THE DEPENDENT
VARIA-LE • BASED ON THE
REGRESS I C)N E () UAT ION e

: ALL RELE VANT STAT IST ICAL DATA
F OR THF REGRESSION IN AN
ANOVA (ANALYSIS OF WAR IANCE)
TABLE •

: * IDEAL • VALUES FOR EACH
INDEPENDENT V ARIAbl E X FOR
EQUA T J ONS CONTAIN ING THE
INDEPENDENT WAR I Abu-t X 0NLY AS
X ANL) x **2 TERMS ,

: ALL I HE CAL CULATEU F TEST
VALUES AND THE INTERPOLATED
PERCENT AGE CONFIDENCE LEVELS
F OR COMAP A H IS ON OF EACH
E UUA T ION WITH ALL OTHER
■ QUAT I ONS WHICH A RE SUBSETS OF
I T • SF E SUt, ROUT I tut F TEST Se

: THE IN E PENUE NI V ARIABLE CROSS
CURRt. LAT I ON AND SQUARE D CROSS
CURRE LAT I ()N MATR ] CES e

MAXPTS • THE MAX IMUM NUMBER OF DATA P0 | NT S ALLOWED ~ MAY Bt
CHANGt U BY ALTER ING : AR RAY S I ZH S IN FACH SUBROUTINE AND IN

THE MA INPROGRAM,
: VALUE OF MAX P T ~ I N THE FIRST EXECUT ABUt.

STAT t MF NT OF THF MA INPROGRAM,
A PERMANENT ON-L INF D 1 SK U 1 - ECT ACCt. SS FILE FT At Lt S
(CREATED BY THE PROGRAM F I LLF TBL) CUNT A INS THE CRITICAL F
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12.

13.

l” .

15 .

16 .

17.

STAT IST IC VALUES NEEDt () tº Y THIS PROGRAM.
A PERMANtt, T ON-LINE DISK DIRECT * CCESS FILE wor ILE
(CREAl ■ L) b Y THE PH2OGH AM F I LL wo F F ROM CAR■ ) S PUNCHED b Y THE
PROGPAM PUt, CHWC 2) CONT A INS THE w8 I GHT CARD VALUtS NtEDED BY
THIS PROGRAM whit N THE * ALL • OPT 1 UN IS US tu º
THE TEMPOR, R Y (SCR AT Cri) DISK SPACE SFILE IS USED BY THE
PROGRAM TO SAVE A SUMMA+ Y OF THE TITLF CARDS AND
RE GRESS I ()N t QUAI IONS FOR LIST ING AT THE END OF THE
RE GRESS I ()NS ,
THE MATR ] x 1 NVERS 1 ()N INVOLVEU w I T H E * CH K E GR t SSION EMPLOYS
LARGF S T P 1 v () T E L E MENT SE ARCHES IN OF Yt R TO MINIMIZE
ROUND-OFF H. RRORS DUE J U SMALL U I VI SOPS •
A T THE USE. H. S OPI I UN, I Ht PROGRAM WILL INTERNALLY CALCULATE
FOR EACH DAT A POINT :
DEPt. NLE N T V ARIABLE VALUE

= LOG (VALUE OF ONE OF THE INDEPENDENT V ARIABLES )
OR

= LO(, ( ) . / VALUE OF ONE OF THE INDEPENDENT V ARIABLES) •
AT THE USE R S OPI ION, THE PROGRAM w l UL INTERNALLY CALCULATE
FOR FACH (YA I A POINT :
VALUE OF ONE OF THE INDEPENDENT WAR I A BLES

= LOG (VALUE OF UNE OF THE OTHER INDEPENDENT
V AR 1 Ab LES) ,

THIS CAN E E DONE FOR FROM 1 TO 3 OF THE INDEPENDENT
V AR I. At LFS •
FOR ANY SINGLE SET OF DATA POINT S. THE MAXIMUM tyUMBER OF
ALLOWE U R b GKESSIONS ( 1099 = 7.6 MORE THAN THE NUMBER OF
REGRESS I ONS RUN w I TH THE • ALL • OPT ION AND 1 0 INUEPENDENT
V ARIABLES) MAY BE CHANGED BY ALTER ING ARRAY SIZES IN EACH
SUBROUT INE AND IN THE MA IN PROGRAM e

tº tº tº tº # 8 tº tº tº tº 5 # tº 8 tº tº tº tº tº tº tº tº tº tº tº #4 + 4 + 4 +, ++ tº ############################## * * * * * *

1 -

2.

3 •

THE DATA IS ENTERED IN THE FOLLOW ING STEPS :
ANY NUMBER OF TITLE CARDS •
FORMAT (A76) •
ENTER THE VALUE 1 ON THE NEXT CARDe
FORMAT ( 7.9X • I 1 ) •
ON THE NEXT CARD ENTER : DVAR

: LOGY
THE DEPENDENT VARIABLE NAME
O L) E FAULT

USER w I LL ENTER DEPFNDENT
V ARIABLE VALUES

> 0 AND & 16 = OPT ION
= PROGRAM w T LL

INTE. PNALLY
GENE RATE FOR
■ ACH U A T A POINT
I HE DEPENDFNT
VARI At Lt. VALUE =
LOG (VALUE OF THE
(LOGY) TH
INDEPENUE NIT
VARI At Lt. )

OPT ION
PROGRAM W T LL
INT E H NALLY
GENERATE FOR
EACH DATA POINT
THE UEPENDENT
V ARIABLE VALUE

> - 16 ANU C 0
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4 e

= -LUG (VALUE OF
THE (-LOGY) TH
INUEPENDENT
V AR 1 ABLF) •

: NI = THE NUMPER OF USE R SUPPLIED
INUE Pt's■ ) ENT V ARIABLES •
AN INDE Pt. NUt. NT V AR 1 ABLE
INTERNALLY GENERATED ACCORDING
TO THE LOGX OPT ION (SEE FELOw)
IS CONSIDE RED TO BE A USER
SUPPL it■ ) INDE Pt. NDENT VARIABLE •

: OPT I UN (K) • K = 1 , || 0
= 0 = 08 H A ULT
= 1 = GPT ION

whERE : I HE PROGRAM w. ILL GENERATE AND
ALLU, RE (3 kt SSION WITH THE
(N + 1 - )TH INDEPENUENT V ARIABLE

IF X ( I w J) = THE VALUE OF THE JTH
INUEFENUE NI V ARIABLE FOR THE ITH
DATA PO 1 NT :

X ( I 1 b) = x (I 1 ) #32
X. ( I 1 / ) = x (I • 2) # 82
X. ( I 8) = x (I • 3) **2
x ( I. 19) = x (I, 4) **2
X. ( I - 20 ) = x (I 1 ) #33
X. ( I - 21 ) = x (I • 2) tº #3
X ( I - 22) = x (I - 1) *X ( I w 2)
X. ( I 23) = x (I 1 ) *X ( I w 3)
X. ( I 24 ) = x (I 1 ) *X ( I º z) **2
X ( I 25 ) = x ( I - 1) + X ( I v 3) **2

: LOGX (Ky 1 ) • K = 1 - 2
LOGX ( K - 2) • K+ 1 v 2
LOGX (K-3) • K = 1 - 2

L0(2): (1 ., L.) = 0
= DEFAULT

L06X ( l ; L ) > 0 AND & 16

= PROGRAM WILL
| NIE RNALLY
GENERATE FOR EACH
UATA PU INT •
VALUE OF THE
LO(-X (1 - L.) TH
INDEPENDENT
VAPIABLE =
LQG (VALUE OF THE
LOt X ( 2 v L ) TH
INDEPENDENT
VA- IABLE) •

FORMAT (A8 - I 3 - 1 X • Izº 1 X • 10 I 1 - 5x * 6 I2)
NEXT tin T tº INDVAR (I) • I = 1 - I VTOT
WHERE : INLV AR (I) = THE NAME OF THE ITH INDEPENDENT

VA- I At Lt.
: I W T OT = N I • NUMBER OF PROGRAM-GENERATED INDEPENDENT

WAR I ABLES
ENTER THE NAMFS OF THE SUPPLIED ANU PROGRAM-GENERATED
INDEPENDENT VARA IABLES IN OF DEP tG 2 FOR I = 1 - 2 - 3 - 16 - 18 °
ON ONt. CAF U W IT H F ORMAT (5 (A8 - 2X) ) THE FIVE INUEPENDENT
VARIABLE NAMES WOULD BE ENTERED -
FORMAT ( 8 (A8 - 2 K.) ) •

5. FOR EACH LATA POINT ENTER: I CALC = 0 IF THE DATA POINT WILL
BE USED IN THE



3.18

REGPESSION CALCULATIONS
= 1 IF THE DATA POINT WILL

NOT - E USEU IN THE
REGRESSION CALCULATIONS
BUT A VALUE FOR THE
DEPENDENT V ARIABLE w ILL
! E ENTE RED,

= 2 IF THE DATA POINT WILL
NOT H E USED IN THE
REGRt SS I ON CALCULATIONS
ANU A v ALUE FOR THE
DEPENDENT WAR I AHLE
w ILL NUT BE ENTERED e

THE NAME OF THE DATA
PO INT .

: Y = THE UF PENUt.NT V ARIABLE VALUE
FOR THE DATA POINT •
IF LOGY OPT ION IS USED -
VALUES OF 0 , SHOULD HE
■ NTERED FOR E. A■ H DATA POINT •

: X ( I w J) • J- 1 - NI = I HE INDEPENDENT
VARI At LE VALUES
OF THE I TH DATA
POINT FOR THE NI
USER SUPPLIED
INDEPENUENT
VARI Abu-ES

- VALUES OF 0 e
SHOULD HE
■ NTERED FOR
THOSE
INUE PENUENT
VARIABLES WHICH
WILL HE
GENERATED BY THE
LO(3 x OPTIONs

: XNAME.

FORMAT ( I 1 - 1 X • Al 6 - 2x 9 (6F 1 0 , 5) ) •
6. ENTER THE VALUE 1 ON THE NEXT CARD.

FORMAT ( 1 X • I 1 ) •
ALSO ENTER 0 - 1 - OR 2 blank CARLS SO THAT THE TOTAL NUMBER
OF CARDS truTER tL) IN THIS STEP = NUMHER OF CARDS ENTERED FOR
E ACH DATA PU INT IN STEP 5.

7. ENTER THE wb. IGHT CARDS • US ING ONE AND/OR BOTH OF THE TWO
METHOUS tº t LOW 3

A. F. CR A SINGLE RE GRESSION - PUT A 1 IN EACH COLUMN
CORRESPOND ING TO THE NUMBERS OF THE INDEPENDENT
VART ABLES DES I RED IN THE RE GRESSION E QUATION,
F ORMAT ( 25 I 1 ) •

B. THE • ALL • CPT ION. PUT A 1 IN EACH COLUMN
CURRESPONDING TO THE NUMBE PS OF THE INDEPENDENT
v AH, I Abl E S OF WHICH ALL POSSIBLE COMBINATIONS WILL
HE PUN AS Rt. GRESSIONS • ALSO PUT A 1 IN COLUMN 79,
F ORMAT ( 25 I 1 - 53X • I 1 ) •

8, ENTER I HE VALUE 1 ON THE NEXT CARD,
FORMAT ( 79Y S T 1) .

9, IF ANOTHE F. K.E.G.R.E.SSION ANALY'S IS IS TO BE DONE • RETURN TO
STEP 1 - O THE Rw I SE • THAT IS ALL •

tº º º ºr ºld tº * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * g tº tº tº º tº º q + 4 + 3 + 3 + 4 + 3 + 3 + 3 + 4 + · · + 4 + · tº
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C** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C

- º

C MA INPROGRAM: CONTROLS THE CALL ING OF THE WAR IOUS SUBROUT INES º

C -

C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C
C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C

VARIABLE DEFINITIONS:
DVAR = NAME OF THE DEPENDENT V ARIABLE
I = C()NV tºnT IONAL USE AS DO LOOP V ARIABLES • SUBSCRIPTS -

COUNT ERS • ET C.
I BEG IN = COUNT ING V ARIABLE WHICH IS USED TO CONTROL

NUMBER AND WHICH OF OTHE R V ARIABLES ARE
PR l NTEL) - CAL CULATED w I I H . ETC,

ICALC ( 1) = 1 = PROGRAM w I LL NOT USE ITH DATA POINT IN
-

CAL CULATING THE RE GRESSION E QUAT IONS
= 0 = PROGRAM WILL USE THE ITH DATA POINT IN

CAL CULATING THE Rt. GRESSION E QUATIONS
IFND = COUNT ING VARIABLE whº I CH IS USED TO CONTROL

NUMHE R AND WHICH OF O THE R V AR 1 ABLES ARE PRINTED 9
CAL CULATED WITH ETC,

IF = DATA SET REFERENCE NUMBER FOR PERMANENT ON-LINE
Me GNE I I C D ISK DIRECT ACCESS FILE OF CRITICAL F

-
STAT IS TIC VALUE TABLES

IMUONE = PROGRAM TE KMINAT ION FLAG
INU VAR (J) = NAME OF THE JIH INDEPENDENT V ARIABLE
IP = DATA SET REFERENCE NUMBER FOR CARD READER
IV (J) = t XTERNAL NUMBER OF THE JTH INTERNAL

INDE. Ptt■ )ENT V ARIABLt J- l IVTOT : SEE
SUBROUT INF RE AU 1 FOR M05'E DET AI LS

IVTOT = TOTAL NUMBER OF INDEPENDENT WARIABLES
= N I + NOPT

IW = DATA SET REFERENCE NUMBER FOR PRINTER
J = CONVENT IONAL USE AS DO LOOP V ARIABLES • SUBSCRIPTS -

COUNTERS • ETC,
K = CONV th/T I ONAL USE AS DO LOOP V ARIAbu-ES • SUBSCRIPTS -

COUNT ERS • ETC,
L = CONVH. NT IONAL USE AS DO LOOP V ARIABLES • SUBSCRIPTS •

COUNTEPS • ETC.
LINES = NUMBER OF LINES THAT HAVE BEEN PRINTED ON A

HAGE : USED FOR PRINT ING CONTROL
M = CONVENT 1 ONAL USE AS DO LOOP V ARIABLES v SUBSCRIPTS•

COUNTERS • ET C.
MATX x (J - K ) = SUMA ING OVER ALL N UATA POINTS

( ( X ( I J) - XAVG (J) )* ( x ( 1 ° K ) - XAVG (K) ))
MAXPTS = MAX IMUM NUMBER OF UAT A P■ ) 1 N T S ALLOWED
N = NUMBER OF DATA POINTS WH1 CH w I LL HE USED IN

CAL CULATING THE RE GRESS 1 UN tº at 1A TIONS
NT = NUMBER OF SUPPLIEL) l NOt Pt. NUt.tv T V AR 1 Abu-ES
NIV (J) = THE N' JMBER OF INUE Pt. NUE N T WAR I AHLES INDICATED

FOR RE GRESS I CN H Y THE JI H RE GRESSION WEIGHT
CARD

NLINES = MAX l MUM NUMBER (t. I THE F SYSTEM Ut FAUL T OR USER
St.JPPL I E D VALUt) OF LINE.S PRINT E L PER H AGE

NOPT = NUMREH OF INUE PENDENT V AR 1 A BLF. S. wril CH w ILL RE
INTF RNALLY GENE. H. A.T. t. U tº Y I HE PROGRAM FROM THF
SUPPLIED INUt Pt NUt. NT V AR I ARLES

NORt. G = NUMHER OF UAT A POINT S WHICH WILL NOT BE USEO
I N CAL CULAT ING THE RE GRE SSION E QUATIONS

NT OT = I () T AL NUMHt R OF DATA HºO 1 NTS

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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= N + NOREG
Nwc = TOTAL NUMBER OF REGRESSION w8 IGHT CARDS READ

(F ROM CARD RE AUER AND FROM we f I Lt) , EACH OF WHICH
w I LL CAUSE A S INGLE RE GRESS I ON TO > E. PERFOR ME■ )

RR (WiCN) = THE • S(JUAH E D (MULT I FLt.) RE GRESS I CN COEF F I CIENT
FOR THE ( wCN) TH RE GRESSION
R** 2
VR H G / TOI V AR

SDx (J) = STANDARD LEV IATION OF THE JTH INUEPENDENT
v AP I At LE

SD Y = S T ANDARD DE V 1 ATION OF THE DEPENDENT V ARIABLE
SF l LE = UAT A St T H E FERENCE NUMB tr. FOR TEMPORARY

(SCRA. T CH) ON-L INF MAGNE I I C D ISK SPACE FOR
STOR AGE OF SUMMA - Y Or T I I l.E CARDS AND
RE GR b SS I ON t (JUAT IONS W IT H ASSOCIATED
ST AT IS I ICS ( I O BE LIST E D r. T END OF RUN)

StJMXY (J) = SUMMING OVER ALL N DATA POINTS
-

( ( x (I J) - X AVG (J) ) 9 (Y ( [ ] - Y AVG) )
TOI V AR = TOTAL VARIAT I ON OF THE UF PENUE NI V ARIABLE
wO (J. K.) = F OR THE JI H RE GRESS I CN 9 THE K = N IV (J)

INTERNAL NUMBERS OF THE K INDEPENDENT
V AR I. A BLt. S SPt. CIF I EU FOR THE RE GRESSION

WCF ILE = DATA SET Rt. FERENCE NUM RER FOR Pt.HMANENT
ON-L 1 NE MAGNET I C U ISK UIRECT ACCESS FILE OF
RE GRESS I ON WE IGHT CAROS

x (1, J) = v ALUE OF JTH INDEPENDENT v ARIABLE FOR THE ITH
DATA POINT

x AVG (J) = MEAN OF THE JT H INDEPENDENT V ARIABLE
XNAME ( I K ) = NAME OF THE IT H DAT A POINT : K = 1 - 2
Y (I) = VALUE OF DEPENDENT V ARIA BLF FOR I. TH DATA POINT
Y AVG = ME AN OF THE DEPENDENT V ARIABLE

IMPL ICIT RF AU #8 (A-H, Q-Z) • INTEGER*2 (I-N.)

# * * * * * * * * * * tº ######################## 3 tº # 3 + 43 + 4 + 43 tº tº tº + 8 + + 4 + 4 + 8 + + 3 + 4 + tº +++ tº tº +

REAL * B INDv AR (25) • XNAME ( 100, 2) • Y (100) , x ( 100 - 25) w x AVG (25) •
x SDX (25) • MATXX (25 - 29 ) • RR ( 1 1 00 ) , MAT ( 15 - 15 ) • INVMAT ( 15 - 15)

INTE GER tº 2 I F * 4 • WCF I Lt. * 4 • SFILE * 4 - I kº. 4 - I wº 4 • OPT I UN (10) •
X I CALC ( 100 ) , NI V ( l l 00) • W C ( l l 00 - 15) • F II. F W C ( 10 - 6) • IV (25)

COMMON / RE AL/ DVAP INDV AR • XNAME • Yo X w. Y AVG 2 TOTVAP 9
X XAVG v SUX • SUY 9 MAT XX • RR • MAT • INVMAT

COMMON / INT GER / I F , 1 R • I w w w CF ILF • SF I L E • MAXPTS •
X IMU (JNF • NOPT • NL INES • LINES - NI 2 OPT ION 9 IV -
X I VIOT , ICALC, N, NOREG - NIOT • Ibb.G IN, IEND NWC, NIVo
X I v J - K - L - M - w C ~ FILF.WC

: INITIAL I ZE MAXPT S AND NL INES
MAXP TS = 99
NLINES = 56

C
C INITIAL I ZE DATA SET REFERENCE NUMBER VARIABLES

IR = 5
I W = 6
IF = 12
WCF I LE = 1 3
SFILE = 14

C
C CALL SUBROUTINE REAU 1 TO READ IN DATA FOR THE REGRESSIONS

10 CALL READ1
C

- -

C IF IMDONE = 1 UFON RETURN H ROM SUHROUTINE RE AU) • NO MURE REGRESSION
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:iC

ii:
::
:

ANALYSES ARE TO HE UONE AND EXIT FROM PROGRAM OCCURS •
IF (IMDONE , t Q. 1 ) GO TO 99999

IF THE PROGRAM IS TO INTERNALLY GENERATE ANY OF THE INDEPENDENT
VARI Abu t S (FROM THE SUPPL l ED INDEPENDENT WAR 1 ABLES) • SUBROUTINE CALCl
IS CALLE D TO CAL CULATE THEM,

I F (NOPT • Nt , 0) CALL CALCl

CALL SUBROUTINE CALC2 T■ h CALCULATE : MEAN VALUES AND STANDARD
-

UE VI A■ I ONS OF THE DEPENDENT AND
INDH. Pt. NLE■ , T V AR 1 Abu-ES
V ARIA II ()N OF THE DE Pt. NDENT
V AR I Abu-E.

CALL CALC2

CALL SUBROUTINE WRITE 1 TO PRINT :
; F OR taCH DAT A POINT : NUMBER • NAME • AND DEPENDENT AND

INDE P't NDENT V AR I At LH VALUES •
USEL) IN THE REGRESSION
CAL CULAT I ONS

: MEANS AND STANDARD DEV IAT IONS OF THE DEPENDENT AND
INDEP ENDENT VARIABLES

CALL WRITE 1

CALL SUBROUTINE MAT 1 TO CREATE THE MASTER MATRICES MAT XX AND SUMXY
CALL MAT 1

CALL SUBROUTINE w TCARD TO READ AND STORE VALUES FROM REGRESSION WEIGH1
CARDS FROM CARD REAUER AND/OR • IF SPECIF It D, FROM THE DIRECT ACCESS
FILE, WCF ILE •

CALL WT CARD

CALL SUb ROUTINE REGPES TO PERFORM EACH OF THE REGRESSIONS v AS
SPECIF It D H Y THE Rt. GRESSION w8 IGHT CARDS • AND TO PRINT OUT THE
Pt. SULTS •

CALL RE GRES

CALL SUBROUTINE F TESTS TO CALCULATE AND PRINT ALL OF THE F TEST
COMP e RISONS OF THE RE GRESSION E QUAT IONS •

CALL FIESTS

CALL SUBROUTINE SUMUP TO: PRI'vT (AS STORED ON THE TEMPORARY (SCRATCH)
FILE SF I Lt. ) TITLE CARDS AND A SUMMARY OF THE
REGRESS I CN tº UAT IONS AND ASSOCIATED
STAT IST I CAL DATA e
CAL CULATE AND PRINT INDEPENDENT VARIABLE
CROSS CORRE LAT I ON CUFF F I CIENT AND SQUARED
CROSS CORRE LAT I UN COE FFICIENT MATRICES •

:

CALL SUMUP

RETURN TO BEG 1 NNING OF MA IN PROGRAM TO SEE IF ANOTHER REGRESSION SERIES
IS TO BE RUN,

(-O TO 10

TRAiNSFER IS TO STATE MENT 99999 ( AFTER RETURN FROM SUBROUTINE READ 1 )
IH NO MORE REGRt. SS I ON ANALYSES ARE TO BE RUN e

99.99 CONT INUE
STUH'
ENL)
SUBROUTINE Rt AD 1
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C & sº * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *******

SUBROUTINE READ 1 : PRINT S HEAD ING FOR RE GRESSION
RE AUS T IT LE CARDS • CHECK ING TO SEE IF THERE ARE NO
MOR tº PE GRESSION RUNS TO BE RUN
Fºk 1 N T S T I ILE CARDS
wkº I T E S T I ILE CARDS ON SCR & T CH F I LE SFILE FOR
SUMMA R Y AT END OF REGRESS I On S
RE AUS AND PRINTS UE PENUt. NT I.ND INUEPENDENT
VAR. I ARLE NAMES
READS NUMBER OF INDEPENDENT V ARIA BLES TO EE
SUPPLIED AND v. HICH (IF ANY) INDEPENDENT VARI AHLES
w I LL RE IN T E PNALLY GENERATEL) b Y I HE PROGRAM
Rt AUS (FOH E ACH DATA H U 1 NT ) [YE PENUt.NT AND
1 NDE PENDENT V AR I Abu t VALUES AND WHETHER THE DATA
PO INT IS TO BE USED IN CAL C U AT ING I HE REGRESSION
E QUAT I CNS • CHECK ING FOR ENU OF DATA POINT CARDS
FLAG
I H SPECIFIED - CALCULATE FOR EACH DATA PU INT

UEPENDENT V ARIABLE VALUE = LOG (VALUE OF ONE OF
Trit. INDEPENDENT
VA, I Abu-ES)

OR = LOG ( ) . / VALUE OF ONE
OF THE INUEPENDENT
VARIABLE.S.)

VALUE OF ONE OF THE INUE H F NOENT V ARIABLES
= LOG (VALUE OF ONE OF THE O THER

INDEPENDENT V AR I Abu ES)
= THIS CAN BE DUNE FOR F ROM 1 TO 3

D IF FERENT INDEPE NUF, NT WAR I Abu-ES •

VARIABLES NOT DEFINED IN MA INPROGRAM :
LAST )
LAST 2
LOGX (K, L ) = AN OPTION USE D TU CAL CULATE THE VALUES OF

= END OF T IT LE CARDS FLAG
= E ND OF DATA POINT S P LAG

F ROM 1 TO 3 I NUE HENDENT WAR I Abu-ES AS
LOG (VALUES OF 1 TO 3 OTHER INDEPENDENT
VARI ABLES)
K= 1 - 23 L = 1 - 3
IF LOGX ( ) - L.) > 0 AND & 16 - THEN PROGRAM
w I LL CAL CULAT t F OR t a CH I TH DAT A POINT :

X ( 1 - L00X ( l ; L ) ) = LOG (X ( I L00 K ( 2 v L ) ))
LOGY = 0 = DEFAULT

> 0 AND & 16 = OPTION
= PROGRAM w I LL GENER AT t INTERNALLY

FOR E. ACH IT H DATA POINT THE VALUE
OF THE DE PE NUF NT VARIABLE Y ( I ) AS
Y ( I ) = LOG' ( x (I LOGY) )

> - 16 AND & 0 = OPT ION
= PROGRAM WILL GENER AT tº INTERNALLY

F OR t ACH ITH DATA POINT THE VALUE.
OF THE UE PEN DENT WAR IABLE Y (I) AS
Y ( I ) = -L00 ( x (I -LOGY) }

= LOG' ( ) • A X ( I v -LOGY) }
OPT ION (K) = 0 = DEFAULT

= 1 = OH ! I ON
PROGRAM w I LL GE f-ER AT tº INTERNALLY -

> * * * * * * tº tº # tº tº # tº tº tº tº tº tº tº tº tº tº tº tº tº # * {} + 4 + 4 + 8 + 3 + 4 + 4 ++ tº tº tº 4 + 8 + 3 + 4 + tº # 43 + 4 + 4 tº # tº tº #######

tº tº tº ºr tº tº tº ºr tº tº tº tº tº tº tº tº tº tº tº + tº ºr tº tº tº tº ºr 43 + 4 + 8 +} + + + 4 ++ tº tº ++ tº tº tº ++ tº tº tº 43 + 3 + +++++++ tº ++++++++ tº tº # tº tº +
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LIST • AND ALLOW PE GRESS 1 ON WITH THE +

(K. 15) IH INUE PE DENT v ARIABLE: K-1 , 10 *
TITLES = TFMPOR ARY STORAGE VARIAHLE FOR LITERAL ++

CHARACTERS OF UAT A CARDS º

- º

+* * * * tº tº tº tº 43 + 3 + 43 tº ºr tº tº tº tº tº + + + tº 5 tº tº tº ++} +} + +3 tº 4 tº tº ºr tº ++++++ tº tº tº tº tº 43 + 4 +} + tº + + 4 + 4 + 43 + 4 + + +++++++++++

I MPL 1 C IT REAL tº 8 (A-H, O-Z) • INTEGER 92 (I-N.)
REAL * 8 IND v AH (29) • XNAME ( 1.00 - 2) • Y ( 1.00 ) , x ( 1.00 - 25) • X AVG (25) •

X SUX (25) • MA TX x (25 - 25) - RK ( 1 1 00) • MAT ( 15 - 15) • INVMAT ( 15 15) w
x T I ILES ( 1.9 ) • ULOG 10

INTEGER tº 2 I F * 4 • WCF I Lt. * 4 - SF I Lt. * 4 • I R 94 - I W* 4 ~ 0}. TION (10) •
X I CALC ( 1.00) • N IV ( 1 1 00) • W C ( 1 1 00 - 15) • FILE wC ( 1.0 - 6) • IV (25) •
A LOGX ( 2 v 3)

COMMON / RE AU / DVAR , INOVAR • XNAMF • Y ~ X • YAVG , T OTVAR •
X XAVG 9 SDX • SU Y 9 MAT XX • H R 9 MAT • INVMAT

COMMON / I NT GE H / 1 F + 1 R • 1 W - w CF IL& 9 SF ILE • MAXPTS •
X IMU, ONE • NOP T , NL INES - LINES • NI 2 OPT ION 9 IV o
X I V T OT • ICALC - N - NOREG - NT 0T IEEG IN, IEND - NWC, NIV,
X I v J - K - L • M w w C 9 F 1 Lt WC

-

EQUl VALENCE (LAST 1 , LAST 2) • (XNAME • T I ILES)

C INITIAL I ZE IMDONE = PROGRAM TERMINATION FLAG
IMDONE = 0

C PRINT HEADING FOR Rt. GRESSION
wRI T E ( I W - 1 0 )

10 FORMAT ( 1 H 1 v 1.20 (1 H+) A / 4 1 X • 40HLEAST SQUARES LINE AR REGRESSION AN
XALYS IS / I H 0 , 1 20 (1 H+) // )

READ (CARD READER) ANU w8 ITE (PRINTER At , D SCR ATCH F I Lt. SF I Lt) TITLE
CAROS • CHECKING FOR tru■ ) OF FILE (TRANSFER IS THEN TO S I A T E MENT ] 80 )
AND IF THE PREVIOUS II TLE CARD READ IN WAS THE LAST T 1 WLE CARD ( IE * IF
LAST 1 = 1)

PE WIND SF ILt.
LINES = 7

20 REAU ( I R v 30 - thi■ ) = 1.80) TITLES • LAST 1
30 F ORMAT ( 19 A4 - 3x v Il )

wRITE ( I W - 40) TITLES
40 FORMAT ( ). X • 19A4 )

wR IT E (SF I L E • 30) I ITLES
LINt S = L INt S + 1
IF (LINES • GT • NL INES) LINE S = 1
IF (UAST 1 , t Q. 0 ) GO TO 20
IF (LINES • GE • NL 1 NFS-1 ) 60 TO 60
wRI T E ( I w w 50)

50 FOR MAT ( ) H 120 ( 1 Hº) )
LINES = LINE.S + |

i

t READ VALUES FOR UV AR • LOGY 9 NI - UPT ION - AND LOGX
60 FEAU ( I R v 70 ) U v A R v LOGY 9 NI • OPT ION 2 LOG x
70 F ORMAT (A8 - I 3 - 1 X w. I dº l X • , C I 1 - > X • 6 I 2)

OPT ION VALUES ARE INS Hºt C T tº U A*ND USED TO CAL CULATE NOPT ANU IV TOT •
IN ADDITION - ANU C F SPtCl Al I MPORT ANCE FOR COMPKE HENSION OF THE REST
OF THE PROG|- AM - THE AR R A Y l V ( I V T OT ) IS GENE - A T EU,
IV ( I V TOT ) ALLOWS FUF THE R C AL CULATIONS INVOLV 1 NG THE INDEPENCENT
VAR 1 AHLt S T O BE UONt SUCH THAT I NY tº NALLY w I T H IN THIS PROGRAM THF
PROGRAM-G■ NE RAT t () I NUH.H.F NUE N T V AR I Abu H S ARE SHIFT t U Tu THE UNH ILLEU
SUPPLIt U INDE PFN11E NI V AR I Ab Lt. POSI JI ONS •
F OR EXAMPLE • IF N l = 3 AND ONLY INDEPENDE NI V ARIABLE 16 IS INT tº NALLY
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GENERATED, ALL FURTHER CALCULATIONS w ILL OCCUR INTERNALLY WITH IN THE
PROGRAM AS IF INUE Pt.NUE N T V ARIABLE 16 w8 RE REALLY INDE PENDENT V ARIABLE
NUMHP R 4.
THIS IS DONE FOR PROGRAMMING E H F I CIENCY BUT IS OF NO IMPORTANCE TO THE
PROGRAM USH P , T U W HOM IT w I LL APPEAR THAT THE PROGRAM-GENERATED
INDEPENLENT V ARIABLES STILL HAVE THE IR OR I.G INALLY ASSIGNED NUMBERS •

NOPT = 0
!)0 B0 J– 1 - 10
IF (OPTION (J) • E Q. 0) G0 TO 80
NOPT = NOPT • 1
IV (NI + NOPT ) = J - 15

80 (. ONI INUE
I VTOT = NI • NOPT
DO 90 J– l ; NI
IV (J) = J

90 CONT INUE

Pt AD NAMES OF SUPPLIEU AND PROGRAM-GENERATED INDEPENDENT VARIABLES
RE AU ( I R v 1.00 ) ( INDVAR (I) • I = 1 - IVT OT )

100 FORMAT ( 8 (A8 - 2X) )

WRITE DEPENDENT AND INDEPENDENT V ARIABLE NAMES AND NUMBERS
IF (LINES . GT. NL INFS-9-2° IVTOT) wri TE ( I , 110)

1 1 0 FORMAT ( 1 H1 )
wRI IE ( I w 120) (j V AR • ( IV ( I ) , INDVAR (I) • I = 1 - IVTOT)

120 FORMAT (22H0LEPENDENT V ARIABLE = • A8/ 18H 0 INDEPT VARIABLES: , 3X •
x 12, l H. , 3X • A8/ (21 x ~ I 2 v l H. v 3X • A8) )

READ FOR EACH IT H DATA POINT : XN AME ( I ) • Y (I) • ( x ( I w J) • J-1 v NI) • AND
I CALC ( I ) y

IF SPECIFIED BY LOGY - FOR EACH ITH DATA POINT CALCULATE :
Y (I) = LOG (X ( I v LOGY) ) - IF LOGY > 0

OR
Y ( I ) = -LOG (X ( I -LOGY) ) • IF LOGY & 0

IF SPECIFIED BY THE LOGY VALUES • CALCULATE FOR EACH IT H DATA POINT :
x ( I v LQG x ( 1 - J) ) = LOG (X ( I - LOG X ( 2 v J.) ) ) • J– 1 - 3

ALSO CHECK WHETHER THE PREVIOUS DATA POINT READ IN WAS THE LAST DATA
POINT (LAST 2 = 1 ) OR NOT (LAST 2 = 0.)
ALSO CAL CULATE : N - NOREG - NT OT

N = 0
N TOI = 0
r = MAXPTS • 1
DO 160 I = 1 , K
KEAD ( IR • 130.) I CALC ( I ) • LAST 2, XNAME ( 1 - 1) • XNAME ( I v 2) • Y ( I ) •

X (X ( I w J) v J- 1 v NI )
130 FORMAT ( 2 I 1 - 2 A8 - 2X • (6 F 1 0 , 5.) )

IF (LAST2 ... t Q. 1 ) GO TO 170
IF (ICALC ( I ) . EU. 2) GO TO 140
IF (LOGY - GT • O ) Y (I) DLOG 1 () ( X ( I v LOGY) }
IF (LOGY - LT. 0) Y ( I') -DLOG 1 0 ( X ( I v -LOGY) )

140 l)0 150 J-1 v 3
IF ( LOGX (1 - J) • NE - ■ º ) X ( I - LOGX ( 1 - J) ) = DLOG 1 0 ( K ( I - LOGX ( 2 v J.) ))

150 CONT INUE
NT OT = NT OT • 1
IF (ICALC ( I ) • NE • O ) GO TO 160
N = N + 1

160 CONTINUE
170 NORE G = NT OT - N

GO TO 190

TRANSFER IS TO THIS PUINT WHEN AN ENU OF FILE IS ENCOUNTERED whilf
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A T TEMPT ING TO RE AU I ITLE

RE GRESS I ON ANALYSES ARE I
I F A VALUE OF () F OR 1 tº U■ )N
EXECUT 1 UN OF THE REGR t SS I
1 80 IMDONE = 1Ci
190 RETURN

ENU
SUBROUTINE CALC 1

C
C
C* * * * * * * * * * * * * * * * * * * * * * * * * *

SUBROUTINE CALC 1 : CAL CULA
VA Hº I AHL
Gt NH R A T
INUE PH N
THIS SU
NU T E OU

ºr tº 43 + 4 + ºr 43 + + 8 + + 4* tº tº +} + +} + +} + + 8 + +

C* * * * * * * * * * * * * * * * * * * * * * * * * *

ALL vari ABLEs ARE DEFINED

IN PART I CULAR 3 X ( I w 16 )
X ( I w 1 / )
X. ( I w l 8)
X. ( I 19)
X ( I 20)
X ( I 2 ) )
X ( I v z2)
X ( I v 23)
X. ( I v 24 )
X ( I w 25)

43 tº + + 3 + 3 + 3 + 4 + · · · + tº tº tº ++ tº tº tº tº tº

IMPL ICIT REAL * 8 (A-Ho
REAL *H INDV AR (25) •

X SDX (25) • MA TXX ( 25 s 2
INT to H. R* 2 IF * 4 - WCF

X I CALC ( 1.00) • NI v ( l l 0
COMMON /RE AL/ DV AP e

X XAVG v SU X • S D Y ~ M
COMMON / INT GE R/ 1 F , I

X I Mu'0NF • NUPT • NL IN
X I V T OT • ICALC - N -
X I v J - K • L • M W C ~ F

DO 90 J- l ; NUPT
K = IV (NI - J) - 15
GO TO ( 1 0 , 1 0 , 1 0 , 1 U , 30

10 ().O 20 I = 1 - NT OT
X ( I NI J) = X ( I w K ) **2

20 CONTINUE
GO TO 90

30 DO 40 I = 1 - NT OT

CARDS,
I H A VALUE OF 1 F OR 1 MDONE IS RETURNED TO THE "A INPROGRAM, NO MORE

O BE CONDUCTE. U AND PROGRAM EX I TS.
E 1 S K E TURNE O TO THE MA INH ROGRAM, REGULAR
ON ANALY'S IS IS CUNY INUED,

tº tº $3 tº tº tº tº tº tº 43 + 3 + 3 + + 3 +} + 43 + 3 +} + + + 43 + 4* +} +} + + 43 + + + + +++++++ 4 + º

T tS THE VALUES OF THOSE INDEPENDENT
ES wri I CH w tik E SPECIF I ED TO BE INTERNALLY
E U R Y THE PROGRAM FROM THE SUPPL 1 ED
DENT VARIABLES s
BROUTINE IS CALLED IF AND ONLY I F NOPT DOES
AL 0 ,

i
tº 43 + + 4 + + + tº +3 ºr tº tº tº tº tº tº ++ tº tº + tº +3 + + + 3 + 3 + + 4 + 4 + + + tº tº 4+ + 3 +3 ºr

-

+++++ + 4 + · ++ tº +++++++++++++++++++++++++++++++++++++++++++

IN THE MA INPROGRAM,
+y

++

++

X ( I l ) tº #2 º

X ( I 2) **2 º

X. ( I 3) # *2 - º

X. ( I 4) * *2 ©

X ( I 1) tº tº 3 +

X. ( I 2) * * 3 +3.

X ( I v 1. ) *X ( I w 2) º

X ( I - 1) *X ( I w 3) º

X ( I w l ) *X ( I v 2) tº #2 º

X ( I w 1) + x (I 3) **2 º

*

º* * * * * * * * tº tº 43 ++ tº tº tº tº tº 3 tº tº tº 43 tº tº tº ºr + tº tº tº + tº tº tº º tº tº tº º ■ º tº 43 +

O-Z) • I tº TEGER 82 (I-N.)
XN AME ( 100 - 2) • Y (100) • X (100 • 25) - XAVG (25) ,
5) , RR ( l l 00 ) , MAT ( 15, 19 ) , 1 NVMAT ( 15 , 15)
ILE *4 • SF I LE * 4 • I R + 4 - I wº 4 - UPT I UN (10) •
0) • W C ( l l 00 - 15 ) v H II F W C ( 10 - 6), l V (25)

INDV AR • XNAME • Ye X • YAVG 9 TOTVAR •
AI XX . K R v MAT • INVMA I
R v I w w WCF ILF • SF ILE • MAXPTS •
t S v L INFS 9 N I v OPT I ON 9 IV o
NCREG - NTOT ~ I BEG IN• IEND - NWC, NIV -
ILE w('

• 30 - 50 ° 50 ° 70 - 70) o K
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X. ( I w NI · J) = x. (I K-4) **3
40 CONTINUE

GO TO 90
50 [)0 60 I = 1 - NITU T.

X ( I N I J) = x (I - 1) + X ( I º K-5)
60 CONTINUE

GO TO Q0
70 | \O 80 I = 1 - NT OT

x ( I v NI : J } = x (I 1 ) “X ( I w K-7) * *2
80 CONT INUE
90 CONTINUE

RETURN
END
SUBROUTINE CALC?

C
C
C** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C **

C SUBROUT INE CALC 2 : CAL CULATES ME Atwº VARIATION - Al JD STANDARD {}

C DE VI AT I CN OF THE UE PE NUbiNT V ARIABLE tº

C : CAL CUL Al ES ME At S AND STANUAH. D. DE VI ATIONS OF THE *

C SUPPLIt U AN■ ) PROGRAM-GENERATED ( IF ANY) {}

C INUE PENDENT V AR I Abu-ES º

C +

Cº. # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C
C# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C 4

C ALL VARIABLES ARt. UEF INED IN THE MA INPROGRAMs +

C ++

C*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C

IMPL IC IT REAL * 8 (A-H, O-Z) • I JI E GERº 2 (I-N.)
-

REAL * 8 INDVAR ( 25 ) • XNAME ( ) 00 - 2) • Y ( 1.00) • X ( 1.00 - 25) w x AVG (25) •
X SDX (25) • MAI XX (25 - 25 ) w RR ( 1 1 00) • MAT ( 15 - 15) • INVMAT ( 15 15) w
X DS (, RT

INT t GER tº 2 I F * 4 • WCF ILE * 4 - SFILE * 4 • 1 R tº 4 • IW 3.4 ° OPT ION (10 ) ,
X I CALC ( 1.00) • N l V ( 1 1 00 ) • W C ( 1 1 0 () , 15 ) v F I EWC ( 1.0, 6 ) • IV (25)

COMMON / RE AL/ L) V AR • I NDVAR • XNAME • Y → X • YAVG , T OTVAR •
X XAVG - Sux • SLY - MAT XX • RR v MAT • INVM AT

COMMON / INT GE R / I H - I R v I w w w CF I LÉ SFILE • MAXPTS •
X IML) ONE • NOPT • NL INt S v LINES • NI - OPTION 9 I Vo
X I V7 OT • ICALC - N - NOREG - NT OT • Ib{G IN• IENL), NWC, NIV 9
X I v J - K - L - M - WC 2 FILE WC

C
C INITIAL I ZE VARIABLES

Y AVG = 0 ,
TOT V AR = 0,
D0 l () J- 1 v I VTOT
X AVG (J) = 0 ,
SDX (J) = 0 ,

10 CONTINUE
C
C CALCULATE YAVG T OTVAR • AND SDY

DO 20 1 = 1 ° N T OT
IF (ICALC ( I ) • EQ. 0) YAVG = YAVG Y ( I )

20 CONT INUE
YAVG = YAVG/N
[)0 30 I = 1 ° N TOT
IF (ICALC ( I ) . E. Q. 0) TUI V AR = TOTVAR • (Y (I) - YAVG) * *2
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30 CONTINUE
SD Y = DSQRT (TOTVAR/(N-1))

C
C CAL CULATE MEANS AND STANDARD DEV IATIONS OF INDF PENDENT V ARIAHLES

DO 60 J- 1 v IV T OT
()() 40 I = 1 , NT OT
IF (ICALC ( I ) • EQ. 0) XAVG (J) = XAVG (J) • X ( I w J)

4.0 CONT INUE
XAVG (J) = XAVG (J) /N
DO 50 I = 1 × NT OT
I F ( I CALC ( I ) • EQ, 0) SDX (J) = SDX (J) • (X ( I J) - XAVG (J) )**2

50 CONT INUE
SDX (J) = DSQRT (SL)}, (J) / (N-l ) )

60 (ONTINUE

RETURN
END
SUBROUTINE WRITt 1

43 tº tº tº tº tº tº # tº 44 tº tº tº tº tº tº tº + + 43 tº + tº 43 + + + 4 tº tº tº tº tº ºr tº tº tº tº tº ºr tº tº ++ tº 43 + 4 +} + 3 +} + 4 + + + tº ++ tº tº tº tº ++ tº tº tº + + + +

SUBROUT INE WRITE 1 : PRINT S VALUES FOR; N
-

NOREG
NT OT
NI
NOPT
IVT UT

.
: PRINTS FOR EACH

DAY A POINT : NUMBER
NAME
DE PE NUENT V ARIABLE VALUE
SUPPL 1 ED AND PROGRAM-GENERATED
INDE. Pt.NUt.NT V AFI Abu-E VALUES
* * * B Y U A ■ A POINT NUMBER IF THE
DATA POINT WILL N() T BE USED IN
THE Rt. G R b SS ION CAL CULATIONS

: PRINTS ME AN AND STANDARD Ut-V IAT 1 ON FOR DEPENDENT
ANU E ACH INDEPENUENT V ARIAH LE

+ tº 43 + 4 + 3 + 4 + ºr tº tº tº tº tº tº tº ++++ tº tº tº tº tº tº ++++++ tº tº +++++ tº + 4 + 4 + 3 + 3 + 43 + + + + 43 + 3 ++ tº ++++++ tº ++ tº tº º º tº

C** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C º

C VARIABLE.S NOT DEFINE U IN MA INPROGRAM : º

C : ULINE = THE LITER AL VARIABLE ". . . . . . º -
C 4

C*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
(.

IMPL IC II REAL tº 8 (A-H - 0-Z) • INTEGER 92 ( I - , )
REAL * B I N■ ) v A.P. ( 25 ) • X NAME ( 1.00 - 2) • Y ( 1.00) • X (100 ° 25') • x AVG (25) •

X SDX (25) w MATXX (25 - P5) • RR ( 1 1 00) • MA I ( 15 s 15 ) w 1 NVMAT ( 15 - 15) o
x UL 1 Nt./8H___ /

INT t GE P “2 I F * 4 • WCF IL tº 4 - SF I Lt. *4 • I R 94 - I wº 4 • OPT I UN (10) •
X I CALC ( 1.00) • N IV ( 1 1 00 ) • wº ( 1 1 00 - 15 ) v H I Ew C ( 1 0 - 6 ) • IV (25 )

COMMON / RE AL/ 1) V AR • I NUV AR • XNAME • Y ~ X • YAVG - T OTVAR •
X XAV G - SDX • SLY - M A T XX • PR v MAT • INVM AT

COMMON / INT GE R / 1 F • IK • I w w w CF I LE • SF ILF • MAXPTS •
X IMU()NE • NUPT • NL INES v Ll NES • N I • OPT ION 9 IV o
X I VI OT • I CALC - N - NOFEG - N T OT • I b{iG IN IEND - NWC - NI Vo
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:

£

:

:

x I • J, K, L - M - w Cº F I LEwC

PRINT VALUES FOR N , NURFG - N TOT , NI - NOPT - AND I WTOT
IF (LINt S : G T , NL INF S-1 2) WRITE ( I w w 10)

10 FORMAT ( 1 H 1 )
w RI T E ( I w , 20) N - NORt G - NT OT • NI • NOPI v I V TOT

20 + ORMAT ( l H0 , I 3, 4,6}+ = NUMBER OF I, ATA H IS USED IN REGRESSION CALCS/
1 HQ , I 3, 50H = NUMBER OF DATA PTS NOT USt.0 Its REGRESSION CALCS/
l H0 I 3 ° 24 H I () T AL NUMBE R DATA PTS/
l H0 I 3 - 3 tº H NUMBER OF SUPPL I H D INUE P T V ARIABLES/
1 H 0 , I 3 - 4.3H NUMPER OF PGM-G E.NERAT b-L) It, DE, P T V ARIABLES/
l H0 º I 3 - 35 H I (JT AL NUMBER OF 1 NDEP I V AR IABLE.S.)

:
IN IT I AL I Z E I BEG IN AND IFNU)

I BEG IN = 1
30 IEND = I BEGIN + 6

IF (IVT OT - LT. It ND) IEND = IV TOT

PRINT TABLE CONIAIN ING : DAT A POINT NUMBERS • NAMES • UEPENDENT AND
INUE PE NUt. NT V ARIABLE VALUES. AND ( IF
1 NU ICATE-L)) tº HY DATA POINT NUMBER

: DEPENDENT AND INUt. PEN ENT VARIABLE MEANS AND
ST ANDARL) OEV IATIONS

DO 160 I = 1 - NT OT
-

IF ( I • EQ - 1) GO TO 40
IF (LINES , LE • NL INFS-3) G0 TO 90

40 WR II E ( I W - 1 0 )
LINt S = 1

PRINT OUT TABLE HEADINGS
IF ( I BEG IN , NE • 1 ) GO TO 60
w8 IT E ( I W - 50) DVAR

50 F ORMAT (lH4 - 27 x , A8/ 30X • 4 HOBSD/ 1 H + v 2.7 x , 8 (lH_) )
LINES = LINES • 1

60 w8 l l E ( I wº. 7 U) ( INUVAR (J) • J- I BEG IN IEND)
70 F ORMAT ( ) He , 6 x , 1 OHL)AT A POINT • 19X • 7 (3X • A8) )

wR II t ( I wº. 80) (UL INF • J– I BEG IN It ND)
80 FORMAT ( 1 Hº - 24 ( l H_) , l l X • 7 (3x v A8) )

F ILLING TABLE
90 wº I T E ( I w 100) I , (x NAME ( I J) • J-1 v 2) • ( , ( I J) J= I BEGIN• IEND)

100 H ORMAT (2x , I 3 l H. 3X • 2 Ab , l l X • 7 (3) - F 8.4) )
1 r ( I BEGIN ... NE. 1 ) GO TO 120

DEPENDENT VARI At+LE VALUE LISTED Of LY I F PROVIDED
IF (ICALC ( I ) . LE. 1) whº I TE ( I w w l l 0) Y (I)

1 1 0 FORMAT ( 1. He 27x • F 8.4. )

PUT A * * * BY THE DATA POINTS WHICH WILL NOT BE USED IN THE REGRF SS 1 ON
CAL CULATIONS
120 IF (ICALC ( I ) . Gt , 1). WRITE ( I w w l 30)
130 H ORMAT (2H º 'º )

LINt S = L INE S + 1
IF (LINES , t U. N.L INFS-3) G0 1 0 140
IF ( I - LT ... NIOT ) GO TO l 60

PAGE IS FILLED AND/OR THIS PART OF THE TABLE 1 S F I■ . ISHED.
BLOCK OF F BOTTOM OF TABLt e
14.0 wº I T E ( I wº. 8 U ) (ULINE • J– l BEG IN It NU)

IF (IHE GIN , t O. 1 ) wº ITE ( I w w 150) UL 1 NE
150 F URMAT ( 1 H 27 X • A8)
160 CONTINUE
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C ADD MEAN AND STANDARD DFV IATION VALUES AT BOTTOM OF TABLE
wk 1 T E ( I W - 1 / () ) ( x AVG (J) • J- I BEG IN , IE NU)

170 F OkM AT (5 H ME AN · 3 l x , 7 (3X • F 8 . 4.) )
IF ( I BF G IN ... t ( , 1 ) w!” I T E ( I w , l l 0) YAVG
wP IT E ( I W - 1 & 0 ) (SDX (J) • J- I tit GI No I ENO)

180 FORMAT ( 3H SL) • 33X • 7 (3x , F 8, 4) )
IF ( I HEG IN ... t. Q - 1) WRIT t ( I w l l 0) SOY

C
C IF ALL THE INDEPENDE tv. T V Ak I A BLES HAVE BEEN LISTED - THEN EXIT FROM
C SUBROUT INE • OTH tº w I SE CONTINUE W IT H THE T AELE •

I F ( I ENO Eu e IV T UT ) GO TO 190
I REG IN = I FNL + 1
GO TO 30

190 CONT INUE
RE TURN
ENU
SUBROUTINE MAT 1

C
C
C++++++++ tº a # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C +

C SUBROUT INE MAT 1 : CAL CULATES THE MASTER MATRICEs SUMxY (A 1 x IVTOT º
C MATR ] X) AND MAT XX (A IV T OT X I VTOT MATRIX) *

C º

C *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C
C++ 4 + 8 + 3 + 4 + 8 + 3 + 4 + 4 + 8 + 4 + 8 + 8 + 8 + 8 + 3 + 4 + 4** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ****
C ++

C ALL VARIABLES ARE DEFINED IN THE MA INPROGRAM, º

C **

C# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C

IMPLIC II REAL * 8 (A-H 90-Z) • INTEGER*2 (I-N■ )
REAL • 8 INDV AR (25) • XNAME ( 1.00, 2) • Y (100) • X (100, 25) • X AVG (25),

X SDX (25) , MAT XX (25 - 25 ) , RR ( 1 1 00) • MAT ( 15 , 15) • INVMAT ( 15 - 15) •
X SUMXY (25)

-

INTE GE R + 2 IF * 4 • WCF ILE 84 y SFILE * 4 - I R tº 4 - I Wº 4 • OPTION (10) •
X I CALC ( 1.00) • N IV ( l l 00 ) , wC ( 1 1 00 - 15 ) F I LF W C ( 1 0 , 6) • IV (25)

COMMON / RE AL/ DVAR • I NOVAP v XNAME • Y ~ X • YAVG - T OTVAR •
X X AVG SDX • SDY 9 MAT XX • RR • MAT • INVMAT

COMMON / INT GER/ If ~ I R v I w w w CF ILF • SFILE • Mº XPTS •
X IMLONF • NOPT • NL INt S v LINES • N I - OPT ION 9 IV o
X I VI OT • ICALC - N - NOREG - NT OT • I BEG IN IENU v. NWC, NIV,
X I v J - K - L - M - w Co F I LEWC

EQUI VALENCE (SOX • SUMXY)
C
C IN IT I ALI ZE SUMXY

[)0 1 0 J- l ; I v TOT
SUMX Y (J) = 0 ,

10 (ONT INUE
C
C F ILL SUMXY

l)0 30 J- 1 - I VTOT
D0 2U I = 1 - NIOT
IF (ICALC ( I ) • EQ. 0) SUMXY (J) = SUMXY (J) • (X ( I w J) - XAVG (J) )* (Y (I

X) - Y AVG')
20 CONTINUE
30 CONTINUE

C
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C INIT 1 ALI ZE MAT xx (ACTUALLY ONLY NEED TO IN IT I ALIZE UPPER RIGHT
C T P I ANGULAR HALF OF MAI XX)

()0 b0 J- 1 v IV TOT
[JO 40 K = J~ I W T OT
MATXX (J - K) = 0 ,

40 (ONT INUE
50 (ONTINUE

C
C F ILL MAI XX • TAKING ADVANT AGE OF THE FACT THAT MATXX (J. K.) = MATXX (K, J)

UO 80 J– 1 , IV JOT
[JO / 0 K = J~ I V TOT
{\O 60 I = 1 - NT OT
IF (ICAL C ( I ) . EQ. 1 ) GO TO 60
MAT xx (J,K) = MATXx (J,K) • (X (I J) - XAVG (J) )*(X ( I K) - XAVG (K) )

60 CONT INUE
MATXX (K • J) = MATXX (Jº KY

70 (ONT INUE
80 CONTINUE

Hº ETURN
EN■ ,
SUBROUTINE W T C 0 RD

SUBROUT INE wica:0: READS THE RE GRESSIO t, w8. IGHT CARDS whl CH TELL
wha T V ARIABLES ARE TO BE INCLUDED IN EACH OF THE
RE GRESS I ()NS
whit N THE OPT ION ALL IS INVOKED TO CAUSE THE
RE GRESS I ON OF ALL HAOSSIBLE COMBINATIONS OF A
SELECT t D St T OF ] I O 1 0 1 N■ )t, Pt. NLEN I V ARIABLES 9
THE APPROPRIATE RE GRESSION w8. IGHT CARUS ARE READ
F ROM THE DI RECT ACCESS FILE WCFILE

VARIABLES NOT DEFINED IN THE MAINPROGRAM:
THE • ALL • OPTION FLAG
0 DEFAULT
l OPT ION

THE RE GRESSION OF ALL POSSIBLE COMBINATIONS
OF THE 1 TO 1 0 1 NUE Pt. NUENT VARIABLES
SPECIF IED ON THE wb. IGHT CARD WILL BE
PE RF OR MEU

ALL VAR (J) = THE INTERNAL NUMBER OF THE JT H (J- l v NALL )
INUE PENUE NI V ARIABLE SPECIF It O ALONG WITH
THE • ALL • OPT ION

FILE wo ( I J) = TEMPORARY STORAGE OF THE I = 1 TO 10
WE I GHT CARO VALUE S FOR EACH OF J = 6
w E I GHT CARDS OF A SINGLE RECORD OF
W(.FILE

■ ND OF H E GRESS I UN wit IGHT CARDS F LAG
THE NUM H H R OF INDE PE NUE NI V ARIA BLES OF WHICH
ALL POSS l BLE REGRESSION COME INATIONS WILL BE
PERF () RMt.L)

NIVF WC (6) = TEMPORARY STORAGE OF THE NUMBER OF
INUE PENDE NT V ARIABLES VALUES FOR EACH OF
J = 6. WEIGHT CARUS OF A SINGLE RECORD OF
WCF ILE

ALL

LAST
NALL

tº tº tº tº # tº q + tº 3 tº tº tº tº tº # 3 + 4 + + 3 + tº + 4 + 4 + 4 + ++ tº tº # 4 + + + ++ tº tºº tºº tº tº ### tº tº # 43 + 3 ++ tº +++++++++ tº
**

i
tº tº tº tº tº # 3 tº tº 8 tº # tº tº tº tº tº # 3 + tº 5 tº ++ tº 4 tº # 3 + tº tº tº 3 tº tº + 3 + 4 +} + 3 + 4 +} + tº #################### * *

tº tº tº tº tº tº tº tº # tº tº tº tº tº tº tº tº tº tº # tº tº tº tº tº # tº tº # 4 tº tº # tº 3 tº # 4 + tº tº tº # tº tº # tº tº + 4 + + + 43 + 4 + 4 + 4 + 4 + 4 + 8 + 8 + + tº
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:C::::
::

tº tº tº tº # 8 tº tº # 8 tº tº # tº # tº tº tº # 4 tº # tº tº + 4 +} + 4 + 4 +} + 8 + 3 + 4 + +++++++ tº tº tº # 3 tº 8 tº 33 tº tº tº + 4 + + + ++ tº * * * *

READwC (25 ) = TEMPORARY STORAGE OF THE 25 WEIGHT CARD
VALUES FOR THE POSS I RLE INDEPENUENT
V ARIABLES OF A REGRESSION , AS Rt A () FROM A
SINGLE RE GRESS I ON wb. I GHT CARD

THE ASSOC I A TED INTE GE R v AH, I Abu E FOR THE DIRECT
ACCESS FILE WCF ILE

= IND I CAT E S THE RELAT IVE POSIT ION OF A RECORD
WITH IN wo. FIUE

WCREC (J) = THE RECORD NUMBER OF THE DIRECT ACCESS FILE
w CF I LE AT WHICH THE RE AU ING OF RECORDS
CUMMENCES writ N THE • ALL • OPT ION HAS BEEN
I NVOK EU FOR J = NALL INDEPENDENT V ARIA BLES

RECORD

IMPL I C IT REAL tº 8 (A-H, O-Z) • I NTEGER 82 (I-N.)
REAL tº 8 INDVAR (25) , xNAME ( 100, 2) • Y (100) • X ( 100 - 25) w x AVG (25) •

x SDX (25) , Mr T xx (25 . 25) • RR ( l l 00 ) , MAT ( 15, 19 ) • INVMAT ( 15 - 15)
INTEGER 82 1 F + 4, , w CF I L E * * , SFILE * 4 ~ I R & 4 • I wº 4 - OPT I UN (10) •

x ICALC ( 100 ) , NI V ( l l 00) • wo ( l l 00 - 15) - H II F W C ( 1 0 , b) • IV (25) •
X Rt AU wC (25) • ALL • ALL VAR ( 10 ) , RECORD - N IVF : C (6) •
x wor'EC (10) / 1 , 2, 3, 5 - 8, 14 - 25 - 47 ° 90 °. 176/

COMMU)N /RE AL/ UV AR , INOV AR • XNAME • Y ~ X • YAVG T OTVAR •
X XAVG s SO Y - S0 Y S M ATX X • RR • MAT • INVMAT

COMMON / INT GER / I F • I R v I w w w CF ILE • SF I LE • MAXPTS -
X IML'ONE • NOPT • NL 1 NES v LINES • N I OPT ION 9 IV -
X I Vi () T , ICALC, N, NOK EG - NT OT • I BEG IN IEND NWC, NIVo
X I • J, K, L - M - W C - F I LEWC

EQUI VALENCE (OPT ION - ALL VAR)
UEFINE FILF 13 (.346 , 72, E • RECORD)

INITIAL I ZE NWC
Nw C = 0

READ v ALUES FOR READwC (25) • ALL, AND LAST FROM REGRESSION w8. IGHT CARD
10 Rt AU (IR, 20) Rt ADw C. ALL • LAST
20 FORMAT (25 | 1 , 53X • 2 I l )

IF LAST = 1 . THE PREVIOUS REGRESSION WEIGHT CAPD w AS THE LAST A*D THE
SUBROUTINE RET | IRNS TO THE MA INPROGRAM

IF (LAST • Eu e l’) GO TO 1 1 0

CHECK TO SEE IF THE • ALL • OPT ION HAS BEEN IND I CATED
IF ( ALL • EQ , 1 ) GO TO 40

NWC = NWC - 1
N IV (NWC) = 0

STORE THE INTERNAL NUMBERS OF THUSE K OF THE I'VUEPENDENT V ARIABLES
wh ICH witHE INDICATEL H OR RE GRESSION BY THE H E GRESSION A E IGHT CARD IN
wC (NwC J) • J- l K

O 30 J- l ; I V TOT
IF (READw C ( I V ( , , ) ) • F. Q , 0) GO TO 30
N IV (NWC, ) = N IV (NWC) • 1
wC (NWC - N IV (NWC) ) = J

30 CONT INUE

RETURN TO STATEMENT 10 AND READ ANOTHER RE GRESSION w8. IGHT CARD
("O TO 10

TRANSFER IS TO THIS POINT WHEN THE • ALL • OPT ION IS INDICATED ( IE * WHEN
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i

:

§

:

C
C

ALL = 1 ) •

DETER, MINE THE NUMBER = NALL AND whº ICH ( ALL VAR (J) • J-1 v NALL ) OF THE
INDEPENUENT V AR 1 ABLES OF whl CH ALL POSSIBLt RE GRESS 1 ON COMBINATIONS
WILL H E PERFORME-D

-

40 NALL = 0
[)0 b U J= 1 - IV TOT
IF ( ºt. ADW C ( i V (J) ) • EQ e 0) GO TO 50
NALL = NALL • 1
ALL VAR (NALL } = J

50 CONT INUE

THE APPROPRIATF wit IGHT CARD V ALUES FOR ALL POSSIBLE CO'B INATIONS OF
THE NALL INUEPFNUE NI V ARIAbl ES, AS wb LL AS NI vF wC, ARE Rt AD FROM THE
D I RECT ACCESS FILE wo F I LE •
READING STAR T S AT RE CORD NUMBER wo KEC (NALL ) OF WCF ILE
AS E A CH RECORD IS Rt. A U S N IVF W C AND THE INTERN AL NUMBERS OF THE
INDEPENUENT V AR I AELES INO ICA TEU F OR RE GRESS I ON ARE APPROPRIATELY
STOREL) - H OR THE 6 wb. I GHT CAF US CONTAINED IN THE RECORD » IN
N IV (NWC) AND WO (NWC - K ) • K = 1 - NALL

RECQR D = WCREC (NALL )
DO 90 I = 1 - 200
REAL (WCF ILE * RECORD . 60) FILEWC, N IVF WC

60 FORMAT (60 I 1 - 6 I 2)
-

I F ( N IVF wC (6) • NE - 0 ) F IND ( wCF ILE * RECORD)
DO 80 L = 1 - 6.

whEN NI VFWC (K+ 1) = 0 , THE KTH wb. IGHT CARD OF THIS RECORD OF WCFILE
CUMPLETES THE SET OF REGRESSION WEIGHT CARDS INvDKED BY THE • ALL *
OPT ION

IF (NIVF W C (L.) • EQ e 0) GO TO 100
NWC = NWC + 1
N IV (NWC) = N IVF W C (L)
K = 0
00 70 J- l ; NALL
IF (FILE wC (J. L.) • EQ. 0) GO TO 70
K = K • 1
WC (NWC - K ) = ALL VAR (J)

70 CONTINUE
80 CONTINUE
90 CONTINUE

RETURN TO STATEMENT 10 AND READ ANOTHER REGRESSION WEIGHT CARD
100 GO TO 10

TRANSFER IS TO THIS POINT WHEN THE LAST Wt. IGHT CARD HAS BEEN READ,
SUBROUT 1 NE NOW Rt. I likNS TO THE MA INPROGRAM e
1 1 0 CONT INUE

RETURN
ENU
SUBROUTINE RE GRES

C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C
C
C
C
C
C
C

SUBROUTINE REGRES : 1 S THE GUTS OF THIS PROGR A AND UOES THE
FOLLOW ING FOR EACH RE Grº E S S ON:

: CKE A TES THE RE GRE SS I CN MAT K I X MAI e AS
SPECIF It U + Y THE { w ( N) TH RE GRH SSI GN w8. IGHT
CAR () • FROM I HE MAS I thr M A T R 1 K M AT XX

: CAL CULATES. INVMA I • TH+ INV trºSt. MAT R IX OF MAT tº
; F ROM THE E. Lt. Mt. NIS OF THE MAT K I CE. S INVM AT AND º

:
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C++ 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + 8 + d tº a tº a tº a tº a tº # ** * * * * * * * * * * * * * * * * * * * * * * *
C
C

SUMX Y - CAL CULATES AND PRINTS FOR THE
REGRESSION ECUAT ION:

: THE IN HE RCEP I ANU I TS 95% CONFIDENCE
INTERVAL

: THE INUE PENUE NI V ARIABLE RE GRESSION
COE FF IC 1 ENT S AND THE IR 95% CONH IDENCE
I NTERVALS
ES II (AAIES OF THE DEPt. NDENT V ARIAHLE
VALUE BASED ON THE CAL CULATEU
R H G - E SSI ()N E QUAT 1 ON - FOR EACH DATA
POINT
DE V IATION OF THE EST IMATED FROM THE
ACT UAL UE PENUENT V ARIABLE VALUE FOR
EACH DAT A POINT

: S T ANDARD ERRUR AND MULTIPLE REGRESSION
COEFFICIENT
ANALY'S IS OF WAR IANCE (ANUVA) TABLE
THE • I DEAL • INUE PFNDENT V ARIABLE
V ALUH S • IF APPL I tº AELE (St E MA INPROGRAM)

: A LSO w! I TES THE REGK t SS 1 ON E QUATION AND A
SUMM, ARY OF THE ASSOC I & TED STAT IST I CS ON THE
SCRATCH F I Lt. SF I Lt.

C# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******************************

VARIABLtS NOT DEFINED IN THE MA 1 NPROGRAM :
CICUEF ( 1) = 95% CONFIDENCE INTERVAL FOR THE REGRESSION

COE FF ICIENT OF THE IT H INDEPENDENT V ARIABLE
CI INT = 95% CONFIDENCE INTERVAL FOR THE REGRESSION

INTERCEPT
DF 1 = 1 . / (NUMBER OF DEGRF.ES OF FREEDOM)

= USt D FOR INTERPOLATION OF STUDENT S T VALUES V. I TH
THE STATE MENT FUNCTION T 1 NT RP; DF 1 IS ASSOCIATED
w I TH THE STUi ENT S T VALUE T 1

DF 2 1 ... / (NUMBER OF DEGRE ES OF FREEDON, )
Ust D FOR INTERPOLATION OF STUDENT S T VALUES WITH
THE STATEMENT FUNCT ION T INT PP; DF 2 IS ASSOC I A TED
w I TH THE STUDENT S T V ALUE. I 2

IFLAG ( 1) = FLAG FOR A PARABOL IC MAXIMUM OR MINIMUM FOR
THE IT H (I = 1 , 2, 3, OR 4) INDEPENDENT
V ARIABLE

INTER = THF RE GRESSION INTERCEPT
INVMAT = ORIGINALLY A N IV ( WCN) × N IV (WCN) I DENT IT Y

MATRIX • IT IS T R ANSFORMED INTO THE INVERSE OF
THE kt. GRESSION MAT R 1 X M1, T FOR THE (WCN) TH
RF GRESSION IN THE COUPSH OF THE M A TRIX
INVE R S I ()N

1 IF INTER × 0R = 0 , 0
2 IF INT F. R < 0 , ()

I VCUEF ( I ) = THE RE GRESSION COEF F I CIENT FOR THE I TH
INDEPENUENT WAR IABLE

MAT ( I v J } = F OR THE (WCN) TH RE GRESS I ON 9 MAT IS THE
NIV ( WCN) X NI V ( WCN) iºt Gk E SSION MATRIX
CREATED FROM M AT-XX (THF MASTER MAIR IX)

= MAT XX (wC (WCN I ) • W C ( WCtv s J) )
MINMAX ( I ) = THE • IDEAL • VALUE OF THE ITH (I = 1 - 2 - 39

OR 4) I NDEPENDE NI V AR J A BLt. FOR MAX IMIZ ING
OR MINIMI 7 I NG T Ht () tº ENDENT V Akº I ABLE VALUE.

N■ )}. RES = NUMt;E. R OF RES IUUAL Utch-t ES OF F RE EDUM FOR THE

IPORM
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PIVUTC

(wCN) TH RE GRESSION
N - NI V ( WCN) - . 1

NOF TOT = TOTAL NUMBER DEGRESS OF FREEUOM FOR THE DATA
= N - 1

NM 1 NUS = NUMtºt R OF DATA FOR whº I C+! YDEV c 0, 0
NPLUS = NUM H E H OF DAT A POI tº TS FOR whº I CH YOEV > OR = 0, 0
P ARENS ( ) ) = THE LITER AL VAH, I ABLE * ( ?
PARENS ( & ) = IH t L IT ERAL VAR IABLE * ) *
PFLAG = I HF PIVOT FLAG , whl Cri T tu LS WHEN EACH F IRST

PIVO I IS FOUND
PIV COL (I) = THE PIVOT ELEMENT H L AG FOR THE II H COLUMN

UF MAT
= T E L L S NOT ONLY I F THE ITH COLUMN HAS

CONTA INED A PIVOT (NOT = 0 ) OR NOT ( = 0 ) ,
BUT ALSO ■ t-LLS wri AI tº OW CONTAINE L THE PIVOT
(VALUE OF PIV COL (I) ) • THIS IS USED IN
PLACE OF ACTUALLY ty, CHANG ING ROWS (COLUMNS
NE t D NOT Bt t XCHANGt U AT ALL ) •

PIVOT R = THE ROW NUMHER OF Trit CUPRENT PIVOT ELEMENT
PI v ROW (I) = THE PIV UT til EMENT F LAG FOR THE IT H ROW OF

MAT
= TELLS whit TriB. R THE ITH ROw HAS CONTA INEO A

PIVOT (NOT = 0 ) OR NOT ( = 0.)
PORM (I) = 1 IF I VCOE. F. ( I ) > OR = 0, 0

= 2 I H IVCUEF ( I ) < 0 , 0
R THE (MULTIPLE.) RE GRESSION COEFFICIENT
S THE REGRESSION STANL)ARU) DEV IATION
SIGN ( 1) = THE LITER AL VARIABLE * * *
SIGN ( 2) THE LITE RAL VARIABLE * ~ *
S IGN (3) THE LIT tº AL VARIABLE * – "
SS

PO INTS
THE RF GRESSION VARIANCE
S++2
vr ES/NUF RES

STORE = T E MPORARY STORAGE OF VALUES DURING THE
CALCULATIONS INVOLVEU w I TH THE INVERSION OF MAT

T = STUDENT S T VALUE WHICH WILL tº E USED WITH THE
RE GRESSION FOR CALCULATING THE 95% CONFIDENCE
INTERVALS FOR THE RE GRESSION INTERCEPT AND
INUE PENGENT VARIABLE COLF FICIENTS

T 1 = Orwt OF THE STUUENT S T VALUE S USED FOR
INTERPOL ATION w I TH THE STATE MENT FUNCI ION T INTRP3
T 1 IS ASSOC I A TED WITH NUMHER OF UE GREES OF FREEDOM
= 1 /UF ]

T2 = ONE OF THE STUDENT S T VALUES USED FOR
INTERPOLATION w 1 TH THE STATEMENT FUNCI ION T INTRP;
T2 IS ASSUCIATED w IT H NUMBE - OF DEGREES OF FREEDOM
= 1 /DF 2

T INTRP = THE STATE MENT FUNCTION T INTRP which IS USED
T 0 1 MTERPOLATE STUDENT S T VALUES FOR THE
NUMBER OF Ut. GRE ES OF FREE ()0M = NDFRES > 30

TOTAL V = T OT AL V AR 1 ANCE OF THE DATA
= T OTVAR/NDH TO I

TVAL ( I ) = STUUt N T S T V ALUE FUR I DE GREES OF FREEDOM
(I = 1 TO 30)

VRt.G = V ARIATION OF THE DATA PO 1 tº TS EXPLAINEL BY THE
RE GRESSION
THE Rt S I DUAL (OR UNExPLAINED) VAR 1 ATION OF THE
() A T A POINTS

-

VVKt G = V ARIANCE OF THE DATA POINTS EXPLAINEU b Y THE

VRES

THE COLUMN NUMHER OF THE CURRENT PIVOT E LEMENT

THE RFS IUUAL (OR UNEXPLAIN.E.D.) VARIANCE OF THE DATA
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:

i

:

RE GRESSION
= V RF GAN IV ( WCN)

-

wCN = AN INTEGER VARI Abl E THAT K E FIPS T RACK OF THE
NUMBFR OF THE RE GRESS 10N Euu AT I UN CURRENTLY HE ING
RUN

-

YDb V ( I ) = Y (I) - YEST (I)
YEST (I) = CAL CULATE O VALUE OF Y ( I ) . BASED ON THE

Rt. GR t SSION E QUATION
:

# tº # 3 tº tº tº tº tº tº tº tº tº # tº q + + 8 + 3 + 3 + 3 +3 tº tº tº * * {} + 3 + 3 + 4 + + + 4 + & # tº tº + 4 + + tº tº tº tº # tº # tº # * * * * * * * * * * *

IMPL IC IT REAL tº 8 (A-H, O-Z) • I NTEGER • 2 (I-N.)
REAL tº 8 INDVAR (zb) • XNAME ( 1.00, 2) • Y (100 \ , X ( 100 - 25) • XAVG (25) -

SUA (25) • MA I XX (25 - 25 ) • RR ( l l 00 ) , MAT ( 15 - 19 ) • 1 NVMAT ( 15 - 15) w
SUMXY (25) , U 1. BS • INT tR v I VCOE.} ( 15) • MINIMAX (4 ) • YEST ( 1.00) •
YUtv ( 100 ) , C I COth ( 15 ) , T INTRP, DSQRT •

T VAL (30) / 12. 706 - 4.303 • 3, 182 - 2. 776 • 2.57 l 2, 447 ° 2, 365 •
2. 306 • 2.262 - 2 - 228 - 2 - 20 l ; 2. 1 79 - 2 - 160 - 2 - 145 - 2. l 31 ° 2, 120°
2. l l 0 ° 2. l U 1 - 2. 0.93 ± 2. 0 86 ° 2 - 08.0 ° 2 < 0.74 • 2 * 0.69 ° 2.064 ° 2,060 °
2 - 056 - 2 - 052 - 2.048 - 2 - 045 v 2.04.2/

INT t GE R + 2 IF * 4 • WCF ILE * 4 ; SF I Lt. * 4 • IR 84 • I W*4 • OPT ION ( 1 0 ) ,
x ICALC (100), NI v ( 1 1 00) , wc ( 1 1 00. 15) • FILF wo ( 1 ( , b) . IV (25) •
x I FLAG (4) • S I GN (3) / 1 H + , 1 H-2 l H_/ . P a RENS (2) / l H ( , l H) / 2 WCN 9
x PIV ROW ( 15 ) • PIV COL ( 15 ) • PFLAG - PIVOT R • PIV UTC PORM ( 15)

COMMON /RE AL/ LV AP INDV AR • XN AME • Y ~ X • YAVG 9 TO TV AR •
X XAVG 9 SDX • St J Y - MAT x X • RR • MAT 2 INVMAT

COMMON / INT GE.P/ I F , I R v I w w w CF ILE • SF ILE • MAXPTS •
X IMU()NE • NOPT • NL I NES v LINES - N I OPTION 9 IV 9
X I VI OT , ICALC, N, NOREG - NT OT - I BEGIN• IEND NWC, NIV 9
X I - J - K - U - M - W C - F I LEWC

EQUI V ALENCE (MAT ( 1) , I VCOEF) , (MAT (16) • Yt ST ) , (MAT ( l l 6) • YDEV) •
x (MAT (216) • MI NMAX ) • (SOX • SUMXY) • ( F I Lt W C ( 1) • PIVROW) •
X (FIUE WIC (16) • Hº IV COL ) • (FILE wC (31 ) w PORM)

i

DEFINE THE STATE MENT FUNCI ION T INTRP
T INI RP (T / º T2 UF 1 - UF 2) = T 1 + ( T2 - T 1 ) w

x t ( 1./NDFRES - DH 1 ) / (DF2 - DF 1 ) )

CALCULATE TOTALV AND NOF TOT
NDF TOT = N - 1
TOTALV = TOI V AR/NDF TOT

AS SPECIFIED BY (WC (wON, J) • J- l ; NI V ( WCN) ) FOR THE (wCN) TH RE GRESSION
WEIGHT CARD, CREAT t THE RE GRESS 10N MATRIX MAT (A Ni V (wCN) X NI V ( WCN)
MATRIX ) FROM THE MASTt R MAIK IX MAI Xx . TAKING A■ )VAN IAGE OF THE FA CT
MAT XX (J. K.) = MA ( x x (K • J) AND THAT MAT (Jº K ) = MAT (K • J)

wCN = 1
10 IE NU = N IV ( WUN)

[)0 30 I = 1 . It D
L)0 20 J– I • It ND
MAT ( I J) = MAT xx (wC (WCN - I ) . WC (WCN - J) )
IF ( I • NE • J) MAT (Jº I } = MAT ( I J)

20 (ONT INUE
30 (LONT INUE

INI I I ALI Zt INVMAT AS AN IUENT 1 TY MATRIX OF ORUF R N IV ( wCN) X NIV (WCN)
ANU INI I I AL I ZE PIV ROW, AND PIV COL • THE PIVOT b LEMENT F LAGS

U0 b 0 1 = 1 . It NL)
P1 VKUW ( I ) = 0
PIV CUL (I) = 0
DO 40 J-1 v It ND
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:

i

I NVMAT ( I w J). = 0 ,
IF ( I • EQ. J) INVMAT ( I J) - le

4.0 CONTINUE
50 CONT INUE

NOW PERF ORM THF MATRIX INVERSION , CONVERT ING MAT IN TO AN IDENT IT Y
MAT - 1 x UH ORDE R N IV (w CN) ANU INVMAT INTO THE INVERSE MATRIX OF THE
UK I G INAL MAT MATRIX •
RUUNI) OH F ERRORS UUE TO SMALL DIVISORS IS MINIMIZED BY UT IL I Zi T ION OF
A St ARCH F OR THE LARGEST PIVOT ELEMENT •

FIRST DO THE PIVOT SE ARCH
U0 1 20 I = 1 . IEND
H'F LAG = 0
[)0 80 J- l ; IEND
I F (PIVROW (J) • NE • ■ ]) GO TO 80
U0 / 0 K = 1 . It NU
IF (PIV COL (K) • NE • 0) GO TO 70
I F (PFLAG . E. Q. 1) GO TO 60
PIVOT R = J
PIVOTC = K
PFLAG = 1
(-O TO 70

60 l F ( DABS (MAT (PIVOT R • PIVOTC) ) . GE. DABS (MAT ( J , KY ) ) GO TO 70
PIVOTR = J
Pi VOTC = K

70 CONTINUE
80 CONT INUE

PIVROW (PIVOY R)
PIV COL (PIVOIC)

l
PIVOTR

IF THE PIVOT ELEMENT IS EQUAL TO 0. 0 , THE RE GR FSSION tº ATR 1 x IS
SINGULAK AND SO HAS N0 UNIQUE SOLUTION: CONTROL IS THEN PASSED TO
STATEMENT 640,

IF (MAT (PIVOTR • PIVOTC) • E.Q. 0 , ) GO TO 640

NOW DO THE MATRIX INVERSION
STORE = MAT (PIVUI R v PIVOTC)
DO 90 K = 1 . It ND
MAT (PIVOTR, K) = MAT (PIVOTP, K) /STORE
INVMAT (PIVOTR • K) = INVMAT (PIVOTR • K) /STORE

90 CONT INUE
IF (NIV ( wCN) . EQ. 1 ) GO TO 120
D0 1 1 0 J-1 v I END
I F (PIVOTR • EQ, J) GO TO 1 1 0
STORE = MAT (Jº PIVOTC)
U0 l O 0 K = 1 . It ND
MAT (Jº K) = MAT (J,K) - STORE *MAT (PIVOTR • K )
INVMAT (J - K) = INVMAT (J - K ) - STORE * INVMAT (Hº IVOTR • K.)

100 CONTINUE
1 1 0 CONT INUE
1 20 CONTINUE

US ING INVMAT • CAL CULATE THE INTE RCF PT AND INUE PENDN T V ARIABLE
REGRESS I ()N COEFFICIENTS FOR THE RE GRESS 1 ()N E (), AT I ON - NOT ING WHETHER
EACH IS GREATER THAN OR EQUAL TO 0.0 (IPORM ()K PORM = 1. ) OR LESS THAN
0.0 (I PORM OR PURM = 2) •

INT tº R = YAVo
L)0 140 I = 1 . It ND
I VCOE.F. ( I ) = 0 ,
L)0 l 30 J- 1 - I try D
I VCUEF (I) = I VCOE F ( I ), * I NVMA 7 (P.I VCOL ( I ) • J) *SUMXY ( wC (WCN 9 J) )
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130 CONT INUE
PORM (I) = 1
IF (IVCOEF ( I ) . L T , () , ) PORM (I) = 2
I NIT t R = INT tº - XAVG ( wC (WCN, I ) )* I VCOEF ( I )

14.0 CONT INUE
I PORM = 1
IF (INT F.R . LT ... 0 , ) I PORM = 2

IF NOPI x 0. THE N THE V ARIABLES OF THE RE GRESSIO’, ARE CHECKED TO SEE
IF THE t (JUAT ION CONTA INS THE X ANU x * * 2 I tº MS AS THE UNLY TE RMS
INVOLV 1 NG x , writ RE x = THE 1 ST • 2ND 3RD - OK 4. T H INDEPENDENT V ARIABLE •

IF (NOPT • F Q. 0) GO TO 250
()() 24.0 I = 1 - 4
IF ( I EQ, N IV ( WCN) ) GO TO 250
IFLAG ( I ) = ()
J = 1 V ( W C (WCN I ) ) .
IF (J - GT • 4 ) GO TO 240
K = I • 1
[YU 2 1 0 L =K • I END
M = I V ( W C (WCN , L.) ) - 14 - J
GO TO (1 50 - 1 b 0 - 1 70 - 180) • J

150 (20 TO (190 - 21 0 , 2 1 0 , 2 l 0 , 200 • 2 1 0 , 200 ° 200 200 - 200 ) , M
(-O I O 2 1 0

160 GO TO (190 , 2 1 0 , 2 1 0 , 210, 200, 200,210, 200 ) , M.
GO TO 2 1 0

1 70 GO TO (190 , 2 1 0 , 2 1 0 , 2 l 0 , 2 1 0 , 200 - 2 1 0 , 200 ) , M
GO TO 2 1 0

180 IF (M = EQ, 1 ) GO TO 190
(-O TO 210

190 IF LAG ( I ) = L
GO TO 210

200 IFLAG ( I ) = 0
21 O CONTINUE

IF APPRU PR IATE • THE • IDEAL • VALUE FOR THE ITH (I = 1 - 2, 3 0R 4)
INDEPE NUENT V ARIABLE IS CALCULATED e
220 IF (IFL f. G. ( I ) • b () • 0 ) (20 TO 240

MINMAX (I) = -l . * I VCOE F (I) / ( 2. “I VCOE F (IFLAG (I)))

IFLAG ( I ) IS NOW USED TO STORE THE SIGN OF THE COEFF ICIEN.T OF THE
SQ■ Akt D INDEPENDENT V ARIA BLE TERM AS WELL AS THE MAGNIT DE OF THE
INTERNAL NUMBER OF THE COKKESPOND 1 NG UNSQUAE. R. EU INDEPENUE NI V ARIABLE

IF (IVCOEF ( I H L A G (I) ) • L T ~ 0 , ) GO TO 230
IF LAG ( I ) = wC (WCN 9 I)
GO TO 240

230 IF LAG ( I ) = -wC (WCN 9 I)
240 CONT INUE
250 (ONTINUE

CALCULATE EST IMATES OF THE DEPENDENT VARIABLE VALUES (AND DEV 1 ATIONS
OF THE St FROM THE ACTUAL VALUES), BASED ON THE CALCULA It U Rt. GRESSION
E QUATION (IE • RAS E.D ON INTER AND THE IV COt-F VALUES) F UR taCH DATA
POINT .

NPLUS = 0
NMINUS = 0
DO 270 I = 1 - NTOT
YESI ( I ) = INTER
UO 260 J– 1 c 1 tru■ )
YESI ( I ) = YEST ( 1 ) • x (I • wo ( wCN 9 J) )* I VCOE F (J)

260 CONT INUE
IF (ICALC ( I ) . Lt. , 1) YDE V ( I ) = Y ( I ) - YEST (I)
IF (ICALC ( I ) • G■ 1 ) GO TO 270
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IF ( Y CEV ( I ) . L T , 0.) NMINUS = NMINUS • 1
IF (YDEV ( I ) . GT. O. ) NPLUS = NPLUS • i

270 CONI INUE

CAL CULATE ANOVA TABLE ENTRIES : VREG - VVREG - V.KFIS • r, DFRES, S v SS v R v
AINU RR

NDF RES = N - N IV (WCN) - 1
VRES = 0 ,
• *O 280 I = 1 - NT OT
IF (ICAI C ( I ) . NE • 0) GO TO 280
VRES = VRES • YLE V ( I ) **2

280 CONI INUE
VRE: G = TOI V AR - VRES
VV Rt. G = VREU/N l V ( WCN)
SS = V RES/Nu F RES
S = DSQRT (SS)
RP (w CN ) = V Rt. G/ T OTVAR
R = DSQRT (RR (WCN) )

CAL CULATE STUDENT - S T V ALUE WHICH WILL BE USED WITH THIS RE GRESSION
F OR CALCULATING THE 95% CONFIDE NCE INTERVALS OF THE RE GRESSION
INTERCEPT (CI INI ) AND OF THE INDEPENDENT V ARIA HLE REGRESSION
COb FF IC 1 ENTS ( C 1 COEF ) •

I F (NUF RES • GT • 30 ) GO TO 290
T = I V AL (NDF RF S)
GO TO 300

290 I F (NDF RES • LE • 4.0) T = T INT ~P (2,042, 2, 021 - 1 . /30 . , 1 . /40 . )
IF (NUFRES • G T • 40 . AND, NDF RES , LE • 60) T = T INTRP (2,021 - 2,000 •

X 1 . / 40. - 1 - /60 . )
IF (NDFRES - GT - 60 - AND, NDF RES • LE. 120) T = TI NTRP (2.000 - 1 - 980 v

X 1 - / 60 . . 1 . / 120 - )
IF (NDF RF.S • GT , 120) T = T IN TRP (1 - 980 - 1 . 970 - 1 . / 120 . , 1 . /240 - )

300 CONTINUE

CALCULATE 95% CONFIUENCE INTERVALS OF THE RE GRESSION INTERCEPT
(CI l NT ) AND OF THE INDEPENDENT V ARIABLE REGRESSION COEFFICI tin TS (CICOEF) •

C I INT = 1 ... /N
1) O 320 J-1 v IEN■ )
C J COEF (J) = Tº DS (JRT (INVMAT (PIV COL (J) • J) *SS)
DO 31 0 K = 1 - 1 END
CI INT = CI INT • XAVG (WC (WCN, J.) )*,x AVG (WC (wON. K) )* INVMAT (PIVCOL (J) • K

X )
3 l O CONTINUE
320 CONTINUE

CI INT = Tº DSQRT (CI INT*SS)

BECAUSE THE SIGNS OF THF INTERCEPT AND THE INUF PENDENT VARIABLE
REGRESS 1 ON COE FH IC It, NIS ARE CONTAINEL IN IPOR14 AND PORM, FOR OUTPUT
PURPOSE S THE INTERCE FT AND INDEPENDENT VARI Abu-E RE GRESSION
COEFFICIENT S ARE St T tº UAL TO THE I R ABSOLUTE VALUES •

INT tº - DARS ( INTER)
UO 330 J- l I END
I VCOE.} (J) = DABS ( I VCOEF (J) )

330 CONTINUE

NOwe FINALLY ~ I IS TIME TO PRINT OUT THE REGRESSION E QUAT ION AND
ASSOC I AT tu STAT I ST ICS •
AT THE SAME TIMt , ALSO WRITE THE EQUAT ION AND A SUMMARY OF THE
ASSOC I AT ED STAT IST I CS ON THE SCR AT CH F I Lt. SF I U. E .

LINt S = NL INES
U0 4.00 I = 1 - N T OT
IF (LINES - Lt. • NL INF S-4 ) GO TO 360
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IF (I • NE. 1) whº I T E ( I w w 340)
340 FORMAT ( l Hº - 24 ( 1 H_) • 3 (5x • 8 (1 H_) ))

PRINT HE AU INGS FOR T A BLF TO CONTAIN Y (I) • YES I ( I ) • Aruu Y DEV ( I ) VALUES
w R. l I E ( I w w 350) wCN 9 DVAP 2 DVAR

350 FORMAT ( ) H 1 - 21 ( 1 Hº ) /
2H º º 19 × - 1 Hº /
2H 3 - 2X - 1 GHRE GRESSION - I 5 - 2X - 1 Hº /
2H 9 - 19)( , 1 Hº /
1 X • 2 1 ( 1 H+) /
l H0 - 24 X • 2 (5X • A8) /
8X • , ■ º HDATA POINT ~ 1.3× 2 6 H (OBSD) • 7X • 6 r1 (CALC) • 8X • 4 HDt V. Z
1 r * , 24 ( l H_ ) , 3 (5x • 8 (l H_) ))

L INt S = 8

i
FOR EACH DATA POINT • PRINT DATA POINT NUMBER • NAME • AND DEPENDENT
VARI ABLt. VALUE
360 y R II E ( I W - 370.) I • (XNAME ( I J) w J– l ; 2) • YEST (I)
370 F ORMAT (2X - I 3 - 1 H. , 3X • 2A, 8, 18X • F 8.4)

LINt S = L INES • 1

FOR EACH DATA POINT • PRINT v ALUES FOR Y ( I ) ANU YDE v ( I ) IF Y (I) w AS
PROVIDE U

IF (ICALC ( I ) . Lt. 1 ) whº I TE ( I W - 3-0) Y (I) • YDEV ( I )
380 F ORMAT ( 1 H+ l l X • 2 ( 18 X • F 8.4 ) )

PUT A * * * BY THE DATA POINT NUMBER IF THE DATA POINT was NOT USED IN
THE RE GRESSION CALCULATIONS

IF (ICALC ( I ) . GE , 1) WRITE (IW v 390)
390 F ORMAT (2H-9 )
400 CONTINUt.

PRINT • AT THE BOTTOn OF THE TABLE • VALUES FOR YAVG , SDY - NPLUS • AND
NMIN IS

wR II E ( I w 4, 10 ) YAVG v SUY ~ NPLUS • NMI NUS
4 10 FORMAT ( 1 H+ - 24 ( l H_) • 3 (5x • 8 (1 H_) ) /

X 5H MEAN - 25X - F 8 , 4./
X 3H SL) • 27 X • F 8.4/
X 54 x , 7 HOE Ve = • I 3/
X 54 x , 7 HDEV- = • I 3)

L INt S = L INt S + 4.
IF (LINES • Lt. NL INES-9) GO TO 430
wk II H. ( I w w 420)

420 FORMAT ( 1. H 1 )
t. INt S = 1

PRINT THE Al JOVA TABLE
430 wºº II t ( I w , 44 U ) v■ k. EG - NIV ( WCN) • VV PEG - VRES • NOF RES • SS • T OT v AR •

X NUH T OT • TO T A LV
440 FORMAT ( 1 H0 º 24, , l l HANOVA TABLE /

1 H , 60 ( ) H-) /
7H SOURCE - 1.3.x , 9HVARIAT I Otwº l 2X • 2 HDF - 1 0x • 8 HVAR IANCE/
l Hº - 10 ( ) H_ ) • 9x - 9 (1 H_) • l l x ~ 3H_* 10 x ~ 8 (l H_) /
1 l r RE GRESS I CN , 10 x , F 8.4 • 1 1 x , I 3 - 1 0x • F 8.4/
9H Rt. SIDUAL • 1 & X • F 8 - 4 - 1 1 X • I 3 - 10x • H 8.4/
1 Hº - 10 ( 1 H_ ) • 9x , 9 (l H_) • l l x ~ 3+_* 10 k - 8 (lH_) /
6H TOTAL • 15 X • F 8 - 4 • l l X • I 3 - 10 X • F 8 - 4 / / / )

LINt S = L INES • 10
IF (LINES , LE • NL 1 NFS-3) GO TO 450
WRITE ( I w w 420)
LINt S = 1

:
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PRINT VALUFS FOR N - R - RR (WCN) • S v AND SS
450 wº IT E ( I W - 4 b 0) Nº R • RR ( WCN) • S v SS

-

460 FORMAT (4H N = • I4 - 10X • 4 HR = , F 6.4 × 10X • 7+R**2 = , F 6, 4 × 10X w.
X 4HS = , F 8. 4 - 10 x , 7 HSº *2 = , F 8 , 4// )

LINt S = L INt S + 3
-

IF (LINES - LE • NL INF S-9) GO TO 470
wk 1 T E ( I w y 4, 20)
LINE S = 1

NOW PRINT THE RE GRESSION EQUATION (w IT H 95% CONFIU't NCE INTERVALS FOR
THE INTERCEPT ANU THE INDEPENDENT V AF IABLE RE GRESSION COEH F I C It NTS) •
PLACING THE ENT I RE t QUATION IN A BOX OF • * * S TO Ht LP IT S I AND OUT FROM
THE REST OF THE PRINT OUT .
TriB RE GRESSION E QUATION IS ALSO wº ITT EN ON THE SCRATCH FILE SFILE FOR
LIST ING AT THE END UF THE REGRESS I ONS •
470 w8 ITE ( Iw .480) won
480 F ORN AT ( 1 x , 120 (1 H+) / 2H tº , l l 8X • , H+ / 12H tº E QUAT ION - 15 - 103): 2

x 1 Hº / 2H tº , l l 8x , 1 H+)
LINES = LINE.S + 3
I B to IN = 1

490 IENL) = IBEGIN + 3
IF (IE N■ ) . GI - N1 V ( WCN) ) IEND = N IV ( V.CN)
IF (LINES • LE • NL 1 NES-6) GO TO 500
WRITE ( I W - 420)
L.INt S = 1

500 IF (IBF G IN ... EQ - 1 ) w/RITE (SH ILE • 51 0 ) v. CN 9 OVAR • SIGN (IPORM) •
X INTER • (SIGN (PORM (J) ) - IVCOEF (J) • INDVAR (wO (w CN 9 J) ) • J- I BEGIN•
X I trul))

5 10 FORMAT ( ///3HEQN I5 - 1 H, ° 5X • Ab , 2H = • 3x 9 A1 v F 8, 4 º'
X 4 ( 3 x . A 1 » F 8 - 4 - 1 Hº - A6) )

IF (IEEG IN .NE - 1) WRITE (SFILE • 520) (SIGN (PORM (J) ) - IVCOEF (J) •
X I NUV AR (WC (WCN 9 J) ) • J- I BEGIN• IEND)

520 FORMAT ( / / /36 x * 4 (3X • A l ; F 8 - 4 - 1 H* > A8) )
WRITE ( I W - 530) (SIGN (PORM (J) ) - IVCOEF (J) • INDVAR (WC (WCN 9 J) ) •

X J- I BEGIN It ND)
530 FORMAT (2H º , 1 18.x, 1 H+ / 2\{ * > 1 18X • , H+ / 120 x , 1 H*/2H4 tº , 27x - 4 (5X •

x A 1 ° F 8 , 4 • 1 Hº - A8) )
IF (I HEG IN ... t Q. 1) WRITE ( Iw 540) DVAR, SIGN (IPORM), INTER

540 FORMAT ( 1. He 3X • A8 - 2H = • b X • A 1 ° F 8, 4)
wRITE ( I W - 590) (H ARF NS ( 1) • S IGN ( 1) • CI COEF (J) • PARENS (2) •

x J- l BEGIN• IEND)
550 FOKMAT ( 21 x , 4 ( 122 v 2A 1 ° F H. 4 - Al ) )

wkº I T E ( I w - 560) (S 1 GN ( 3 ) • J- I BEGIN• IEND)
560 FORMAT (2H “ , l l 8x º 1 H+ / -

X l r * , ) l X • 4 (22X • Al ) )
IF ( I BEGIN . EQ. 1 ) w8 ITE ( I w 570) CI INT

570 FORMAT ( , H . , 1 /x 2H ( * , F 8.4, l'H) / 1 Hº ; 18.x, 1 H_)
LINES = LINE.S + 4
IF (IEND - Eu. NIV (WCN) ) GO TO 580
I BEG IN = IEND + 1
GO TO 490

580 wr II t ( I w s Gº 0)
590 F ORMAT (2H 9 - 1 18X • , H°/ 1 x , 120 (1 Hº ) )

wk, l I E (SF I Lt. • 600) Nº R v RR (WCN) • S
600 + ORMAT ( / 1 4 x ~ 3HN = • I4 - 10x , 4 HR = , F 6, 4 - 10X • 7HR**2 = • F6, 4 v

X 10K • 4 HS = • F 8.4. )

C NOw IF INDICATE D BY THE IFLAG ( I ) . I = 1 v 4, VALUE S v PRINT THE • IDEAL •
C INUtk’ENDENT WAR 1 ABLt. VALUES FOR MAXIMIZED ANU/OR MINI*I 7E.D DEPENDENT
C VARIABLt S.

IF (NOPT • EQ. 0 ) (30 TO 680
1)() 6.30 I = 1 - 4
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IF ( I EQ, N IV (WCN) ) GO TO 680
IF (IFLAG ( I ) . E (), 0 ) GO TO 630
I F ( I H L AG ( I ) . GI - 0 ) WRITE ( I W - 6 1 0 ) OVAR • INDVAR (IFLAG ( I ) ) •

X MINMAX (I)
6 l O FORMAT ( l H0 A 8 - 2 l H M INIMIZED FOR IDEAL • A8 - 3 H = , F 8.4. )

IF (IFLAG ( I ) . L T • O ) w? I T E ( I w 620) UV AR • INDVAR ( - 1 tº IF LAG ( I ) ) •
x M INMAX (I)

620 FORMAT ( ) HO 9 A8 - 2 l H MAXIMIZED FOR IDEAL • A8, 3F1 = , F 8, 4 )
630 CON I INUE

GO TO 680
C
C TRANSFER IS TO THIS PO INT WHEN A PIVOT ELEMENT IS FOUND TO BE ZERO
C (IE , whit N THE Rt. GRE SS I ON MAT RIX IS SINGULAR AND SO HAS NO UNIQUE
C SOLUTION) • APPROPRIATE COMMENTS TO THIS EFFECT ARE PRINTED AND
C WRIT TEN ON THE SCRATCH F ILE SFILE •

640 IEND = N IV ( WCN)
C
C NI V ( WCN) IS SET TO 99 AS A F LAG TO INDICATE (UPON ANY FURTHER
C REFERENCES TO THIS RE GRESS I ON) THAT THIS REGRESSION HAS NO UNIQUE
C SOLUTION,

N IV ( WCN) = 99
wR IT E ( I w 650) wCN 9 ( INDVAR (WC (WCN 9 J) ) • J- 1 v IEND)

650 FORM, AT ( 1 H 1 - 120 ( 1 Hº ) /
2H tº , l l 8X • , H+ /
14 H tº REGRESSION - I 59 1 0 1 X • , H+ /
2H tº , ) 18X • 1 H*/
22H tº MATRIX 1. S SINGULAR • 98X • l Hº /
2H + v ) l 8X • 1 Hº /
22H tº INDEP T V ARIABLES: • A8 - 90X • , Hº /
2H + , l l 8X , 1 H+ /
(2H + , 19X • A8 ° 90X • , H*) )

WRITE ( I W - 660)
660 FORMAT ( 1 He , l l 9X • l H* / 1 X • 120 ( ) H+) )

wR IT E (SF I Lt. • 6 70 ) WCN 9 ( INDVAR (WC (WCN 9 J) ) • J-1 v IEND)
670 FORMAT ( /8HE QUAT ION - I 5 º' 2X • 1 0 (1 H*) • 2X v 15 HMAT RIX SINGULAR//

X (5x • 8 (A8 - 5X) ))

CHECK AND SEE IF ALL THE REGRESSION S SPECIFIED BY THE WEIGHT CAt DS
HAVE BE.E.N COMPLETEO
680 IF (WCN , EQ, NWC) GO TO 690

w CN = WCN + 1

:
RETURN TO STATE v ENT 1 0 ANU DO ANOTHER RE GRESSION BASED ON THE NEXT
REGRESSION w8. IGHT CARD

GO TO 10::
TRANSFER IS TO THIS POINT when ALL THE REGRESSIONS HAVE BEEN UONE
690 CONT IN E

-

E NU FILE SFILE
RH TURN
ENI)
SUE ROUTINE F TESTS

t; ++ tº º tº tº tº tº 43 tº tº º tº tº tº 6 ºr tº tº tº tº tº tº tº ºx tº tº 3 + 43 tº G tº tº tº tº º q + ºr tº tº 43 º' tº 3 tº tº 43 tº tº 43 tº 43 + 4 +} + 3 + tº * {} tº º tº º º q + tº

SUBROUT INE. F. T E S T S : 1 - F POM THE DI RECT ACCESS FILE H I At+LES v CREATES
F MAT • A MATRIX CONTAIN ING THE CR 1 T ICAL F
STAT IST I C VALUtS (FOR 7 D 1 FF t. RENT
PPOBABILITIES) FOR COMPARISON WITH CALCULATED
F STAT IS T 1 C VALUES

2. CAL CULATES F STAT IST IC VALUES ( AND ASSOCIA TED

:
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DEGP tit S OF FREEDOM IN THE NUME RATOR AND
DE NUMINATOR) FOR COMPAR 1 SON OF EACH RE GRESSION
E■ ) UAT ION w i T H E VERY OTHER RE GRESS ION E QUt, T ION
WHICH IS A SUBSET OF 1 I

3. DE T trº M I NES tº 5 T w8 EN W H 1 Cri CR IT ICAL F S I AT IST IC
VALUE S THE CAL CULAT t|) F STAT IS TIC VALUES LIF

4 - CAL CULATES THE FST I MAT E D PERCENTAGE CONFIDENCE
LEVE LS FOR THE CAL CULAI t■ ) F VALUES

* . PPINT S : 2. A NU 4. At OVE
: WHICH INDEPENUENT VARIABLES THE

COMPARED EQUAT I UNS CONTAIN

++++++++++++++++++++++++ tº ++++++++ tº + 4 ++ tº tº + 4 + ++ tº ++++++ tº +++++++++++++++++++++++++++++++++++++++

C# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

VAR 1 ABLt.S NOT DEF INED IN THE MA INPROGRAM :
BU. ANK = THE LITER AL VARIABLE * *
DF U = POINTER whl CH TELLS THAT THF CRITICAL F

STAT IS I IC VALUES NEE-DEU FOR COMPARISON w ITH THE
CAL CULATED F VALUES ARE TO BE FOUND IN
FMAT (DF 0. NNUM.K.) T K = 1, 7 . .

F = THE CAL CULATED F TEST VALUE.
F INTRP = T E M POR ARY STORAGE OF F V ALUES WHICH ARE READ

F POM FI ABLES AND ARE THEN USED TO CALCULATE
BY INTERPOL AT I ON THE NEE DEO C R II ICAL F
STAT IS TIC VALUES

FMAT ( I v J J K ) = A MATRIX WHICH IS FILLED ( FROM THE
U I RECT ACCESS FIL E FTABLE.S.) WITH THE
CR IT ICAL F STAT IST I C VALUES NEEDED FOR
COMPARISON WITH THE F VALUES TO BE
CAL CULATED

= SEE BELOW
FPROB = THE INTEPPOLATE D PERCENTAGE CONF 1 DENCE LEVEL

OF THE CAL CULATED F TEST VALUE
FVAR 1 (I) = HLANK • IF THE E QUAT I ON WCN l CONTA INS THE

I NUE PENDENT VARI At3LE w I TH THE INTERNAL
NUMBER I ( F. XTERNAL NUMBER IV ( I ) )

= XX • IF THE E QUAT I UN won 1 DOES NOT CONTAIN
THE INDEPENUE N T WAR I Atsu. E. WITH THE INTERNAL
NUMBER I
BLANK, IF THE E QUATION WCN2 CONTAINS THE
INUE PENUENT V ARIABLE w I TH THE INTERNAL
NUMBER I (Ex T E RNAL NUMBER IV ( I ) )

= x X • IF THE t (JUAT I UN wo. Nz DUtS N() T CONTAIN
THE INDEPENDENT WAR I Abu-E WITH THE INTERNAL
NUMBER I

FVA R2 ( i )

ICOUNT
F.T. Abu-ES

= SFE HE LOw
TEMPORARY STOR AGE OF NI V (wON1 )
T E MPOR A R Y S T OR AGF () F NI V (wO Nø )
F LAG TO IND I CAT t IF I HE H VALUES NE E UEU) HOP
I NTERPOL AT I UN HAVE be EN - F A D H ROM THE U IRECT
ACCESS FILE FT At;Lt.S ( = 1 ) OR NOT ( = 0 )

IFND 1
I END 2
IFLAG

INTRP
ARE USED IN INTERPOLA I l Or be I w tEN CRITICAL F
STAT IST IC VALUES IN UK Lt R TO CAL CULATE FPR08

JENL) = AN J NU 1 CATOR F OF WHICH VALLIE OF J FMAT ( 1 v J. K.) IS
HE ING FILLED

JJ = wh-it N VALUES ARE, READ FRUM FT AHLES • JJ IS SET TO

ASSOC I ATED VARIAt LE FOR THE U IRECT ACCESS FILE

UEGR tit S OF Fk. Et DOM (UR THF I R RECI PRICALS) whl CH
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THE VALUE OF JEND SUCH THAT THE MINIMUM NUMBER
OF HE AUS FROM FT ABLE S W I LL OCCUR

N■ )ENOM = NUM BER OF UE GREES OF Fk EEI)0M IN THE
DF NUM IN A T OR OF THE CAL CULATED F VALUE FOR
b. QUAT I UN WCN1

= N - N l V ( WCN 1) - 1
NUMBER OF DE GREES OF FRE EUOM IN THE NUMERATOR
OF THE CAL CULATED F VALUE FOR COMPARING
■ QUAT I ON WCN2 TO E QUAT ION WCN 1

= N I V ( W CN l ) - N IV ( WCN2)
wh{ PE NI V ( WCN2) = 0 writin COMPARING THE MEAN WITH
w CN l
Pt RCENTAGE VALUES USED IN INTERPOLATING BET w8:EN
CRITICAL F STAT IS TIC VALUE S IN ORDER TO
CAL CULATH F PROB
THE NUM BER OF THE RE GRESS ION E QUATION WITH WHICH
ALL tou AT I ONS whil Ch ARE A SUBSET OF IT ARE PE ING

-
COMPARE U BY MEANS OF THE F TEST

WCN2 = THE NUMHE R OF THE RE GRESS I ON E QUATION WHICH IS A
SUBSET OF WCN l AND WHICH IS BE ING COMPARED WITH
w CN l BY MEANS OF THE F TEST

xx = THE LITE RAL VARIABLE * X*

NNUM

PPOB

-WCN 1

1"Plicit REAL •e (A-H,0-z) , INTEGER-2 (I-N)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******

REAL tº 8 IND WAR (25), XNAME ( 1.00 - 2) • Y (100) • X (100 v25) • XAVG (25) w
x SUX (25 ) • MATXX (25, 25) • RR ( 1 1 00 ) , MAT ( 15 - 15) - INVMAT ( 15 ° 15') o
x FMAT ( 15 s 15 , 7) • F 1 NT RP (5 - 15 - 7) • OLOG 10 º'
X I NTRP (5) / 30 e º 40 e º 60 e º 120 e º 0. Zw
X PROH (7) / 75 - 0 , 90 - 0 , 95. 0 , 97.5 - 99 • 0 , 99.5 , 99 • 9/

INTEGER + 2 I F * 4 w CF ILE * 4 • SFILE * * , 1 R*4 - I wº 4 • OPT ION (10) •
x ICALC (100) • NI V ( l l 00) • wo ( l l 00 - 15) - F 1 LFW C ( 10 - 6) • IV (25) •
x WCN l , wCN2, F V AR 1 (25) • FV AR.2 (25) • BLANK/l H / , XX/l HX/~ DFD

COMMON / RE AL/ UV AR • INDV AR • XNAME • Y - X • YAVG - TOTVAR •
X XAVG - SDX • SUY 9 MAT XX • RR v MAT • INVMD T

COMMON / INT GER/ IF • I R v I W - WCF ILE • SF ILE • MAXPTS •
X IMU, ONE • NOPT • NL INES v LINES - NI • OPTION 9 I Vo
X I VI Ol■ ICALC, N, NOPEG - NT OT • I BEGIN• IEND - NWC, NIVo
X I - J - K - L - M - WC w F I Lt WC

E OUI VAL ENCE ( x ( ) ) • F INTRP) , (X (526) • FMAT) • (ICALC ( 1) • FV AR 1) o
X (ICAL C (26) • FVA R2)

C
DEF INE FILE 1.2 (5 l 0 , 6.3 ° E • I COUNT )

THE DIRECT ACCESS FILE FTABLES CONTAINS THE CRITICAL F STAT IST IC
VALUES FOR 3 DFN = 1 TO 15

: UFD = 1 T 0 30 - 4.0 - 60 - 120 - INFINITY

SEQUENT IAL RECORD NU' (BER OF THE UIRECT ACCESS FILE FT ARLES
15 tº ( I-1 ) • J

WHERE : UFN
: UFO

ICOUNT

J
I FOR I = 1 TO 30
40 FOR I = 31
60 FOR I = 32
1 20 FOR I = 33
INFINITY FOR 1 = 34

EACH RECORD OF FIABLES CONTAINS CRITICAL F STAT IS TIC VALUES FOR 7
Di F FERENT PERCENTAGE CONFIDE NCF LEVELS : 79, 0%. , 90.0% º 95.0% º 97.5% o
99 • 0}, s 99,5% o AND 99 • 9% a



344

:

C
C

READ ING RECORDS FROM THE DIRECT ACCESS FILE FT ABLES • FILL FM AT ( I v J - K )
w! I TH THE CRITICAL F STAT IST IC VALUES NEEDED FOR COMPARISON w I TH THE F
VALUES TO BE CAL CULATED: I N - 1 - IV T OT ( Or N - 1 - 19 : WHICHEVER

IS LARGER) I O N - 2
= DFD

: J = 1 I O N - 1 - I
= DFN

; K = 1 TO 7
THE 7 DIFFERENT PERCENTAGE CONFIDENCE
LEVELS 75, 0% l O 99.9%

IFLAG = 0
I BEG IN = N - 1 - IV TOT
IF (IVT OT = GT. 15) I BEG IN
IF (I BEG IN , LE • (, ) I BEG IN
IEND = N - 2
I = 15 - (N - 1 - I BEGIN)
DO 200 L = IBt.G IN 9 IEND
I = I • 1
JEND = 16 - I
IF (L • GT • 30) GU) TO 30
I COUNT = 15* (L-1 ) + 1
F INU (IF • ICOUNT )
DO 20 J- l ; JE NU
READ ( I F * I COUNT • 1 0 ) (FMAT ( I v J - K J - K= 1 v 7)

10 FORMAT ( 7F 9, 2)
20 CONTINUE

GO TO 200

N - 1 - 15
l

FOR I. x 30 - F M AT ( I v J , K) VALUES ARE CAL CULATED BY I tº TERPOLATION e
ACTU; ALLY - ONLY THE UPPER LEFT TRIANGULAR HALF OF FMAT ( I J, K ) NEEDS TO
BE ( AND IS) FILLED e

IF IF LAG = 1 - THE CRITICAL F STAT IST IC VALUES ‘EEDED FOR THE
INTERPOL ATIONS HAV tal. RF ADY BEEN READ FROM FTABLES

30 IF (IFLAG , t Q , 1 ) GO TO 130
120 4.0 M = 1 v 4
INTRP (M) = 1 . / INTRP (M)

40 CONTINUE
IFLAG = 1

FIRST • SET UP THE V AR I ARLES. WHICH WILL DEF If E WHICH CRITICAL F
STAT I ST 1 C VALUES WILL BF READ FROM FIABLES FOR THE INTERPOLATIONS

JJ = JEND
D0 1 20 M- 1 - 5
I COUNT = 421 - 15 tº M
F INL (I F * I COUNT )
GO TO (90 - 60 - 70 ° 80 , 90 ) • M

50 IF (L • GE. 40) GO TO 120
GO TO 100

60 IF ( L • GE • b 0) GO TO 120
(30 1 0 1 00

70 IF (IENI) • Lt. .. 4 0 , OR • L • GE • l 20) GO TO 120
I F (IE NO e LE • 53) JJ = JEND - 40
GO TO 100

80 IF ( It ND e LE • 60 ) GO TO 120
IF ( I END . Lt. 73.) JJ = JEN■ ) - 60
GO TO 100

90 IF ( 1 END e LE. l 20 ) GO TO 120
IF (IE NU , Lt. 133.) JJ = JEND - 120

READ THE CRITICAL F STAT IS TIC VALUES NEEDt. D FOR THE INTERPOLAT IONS
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:

C
C

100 L)0 l l 0 J- 1 - JJ
READ ( IF • ICOUNT • 10 ) (FINTRP (M - J - K ) > K-1 2 7)

1 1 0 CONTINUE
120 CONTINUE
130 1 F (L • GT • 40) GO TO 140

M = 1
GO TO 170

140 IF (L • GT • 60) GO TO 150
M = 2
GO TO 170

150 IF (L .G.T. 120) GO TO 160
M = 3
GO 10 1 70

16.0 M = 4

NOW DO THE ACTUAL INTERPOLATIONS
170 D0 l 90 J-1 JEND

D0 l 80 K = 1 .. 7
FMAT ( I - J - K ) = F INTRP (M J, K ) • (FINTRP (Mº. 1 , J - K) - H INTRP (M, Jº K J } +

X ( 1 , /L - INTRP (M) ) / ( INTRP (Mº. 1 ) - INTRP (M) )
180 CONT INUE
190 CONI INUE
200 CONTINUE

NOW DO THE F TESTS FOR COMPARING EACH EQUATION (WCN l ) WITH EACH OTHER
■ QUATION (WCN2) whl CH IS A SUBSET OF I.T e

AN E QUATION IS A SUBSET OF ANOTHER E.OUATION IF :
1 - THE NUMBER OF INDEPENDENT VARIAbu-E • OF THE FIRST IS LESS

THAN THAT OF THE SE CONL),
2. ALL THE INDEPFNDENT VARIA BLES OF THE FIRST E QUATION ARE CONTAINED

IN THE SE COND EQUATION,
3. THE ME AN (OF THE DEPENDENT V AR 1 AB! E: ) IS A SUBSET OF EVERY

EQUATION: It , THE MEAN IS E-QUI VALENT TO AN E QUATION
CONTAIN ING NO INDEPENDENT V ARIABLE Se

LINES = 0
DO 440 won 1 = 1 - NWC

IF N IV (WCN1) = 99 • THE RE GRESSION MATRIX was SINGULAR AND NO F TESTS
CAN BE LONE FOR THIS EQ1 IATION

I F (NIV ( WCN1 ) • EQ. 99) (20 TO 440
IE NU 1 = N IV (WCN) )
[0 2 1 0 L = 1 - IVTOT
F WAR 1 (L.) = BLANK
H VAK 2 (L.) = BLANK

210 (ONT INUE
()0 220 M-1 v IENt) 1
F VAK 1 (WC (WCN l ; ) ) = XX

220 CONT INUE
NDENOM = N - N IV (WCN 1 J - 1
DFD = 16 - NI V ( WCN1 )
K = NWC - 1
U(\ 430 J-1 v K
*CNø = J - 1
IF (WCN2 - EQ, 0) GO TO 260

FIRST DE TERMINE IF EQUATION WCN2 IS A SUBSET OF EQUATION WCN1
IF (NIV ( wCN2) • GE • NI V ( WCN1) ) GO TO 430
IE NU 2 = N IV ( WCN2)
[)0 c 3.0 L = 1 - IVT 0T
FVAR2 (L.) = BU ANK
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C.

:

C
C

C
C

230 CONTINUE
U0 250 L = 1 . IEND2
(1() a 40 M-L • IEND1
IF (wO (WCN2 - L.) • NE • WC (WCN1 - M) ) GO TO 240

H VAK 2 (W.C. (w CN2 - L.) ) = XX
GO TO 250

240 CONT INUE
-O TO 430

250 CONTINUE

CAL CULATE THE F VALUE FOR CO's PARING EQUAT IONS WCN1 AND WCN2
NNUM = N IV (w CN 1) - N IV (WCN2)
F = ( (RR (WCN l ) - RR (WCN2) ) /NNUM) / ( ( ) • - RR (WCN l ) ) /NDENOM)
GO TO 270

260 NNUM = N IV (WCN1 )
F = (RR (WCN1) /NNUM) / ( ( 1. - RR (WCN1) ) /NDENO )

270 IF (LINES , t Q. 0) GO TO 290
IF (LINES • LE • NL INFIS-2) GO TO 310

PRINT THE F TES IS TABLE HEADINGS - INSERT ING THE Ex TERNAL INDEPENDENT
VARIA HLE NUMBERS

wr IT E ( I w w 280)
280 FORMAT ( 1. He , l l ( l H_) • 2X • 74 (1 H_) • 2x - 3 (1 +_) , 1 x ~ 5 (1 H_) • 2x 9

x 19 (1 H_) )
- -

290 WRITE ( I w w 300) ( IV (L.) º L = 1 - IV TOT )
300 F ORMAT ( 1 Hl 120 ( , H+) / 8HOF TESTS/ l H0 12m (1H+)//

X 1 HQ , 40 X • 20 HE (JN INDEPT VARI At LES • 25 X • 2 (4 x ~ 2HDF) z
x 14 X • 74 ( 1 H-) • 2x 2H IN - 4 X • 2H IN/
X 2X • 9HE QUAT IONS , 7.9X • 3HNUM - 1 x , 5HUENUM - 6 x , l l HF VALUE (%) /
X 1 H+ , l 2X • 25 ( 1 x , I 2) )

WR l T E ( I w 280)
LINES = 10

PRINT THE F TEST VALUE AND ASSOCIATED DATA
31 0 w8 ITE ( I w w 320) w CN l ; NNUM - NDE NOM - F - (FVARI ( I ) • FVAR2 (I) •

X I = 1 - I VTOT)
320 FORMAT ( l H0 , I 4 • 2 H 8, , 81 X • 2 (2X • I 3) • 3X • F 9. 2/

X l H+ s 12X • 25 (1 X • 2A 1 ) )
IF (WCN2 . EQ. 0) GO TO 340
WRITE ( I w 330) w(N2

330 FORMAT ( 1 H + v 7x , I 4)
GO TO 360

340 W - ITE ( I W - 350)
350 H ORMAT ( 1. He 7x • 4HMEAN)
360 l H (F • GT , F MAT (DF D - NNUM - 1)) GO TO 380

WP IT E ( I W - 370) PKUB (1) -

370 FORMAT ( ) H + v 1 1 0 x , 3 H (< , F 4 - 1 - 2H%) )
GO TO 420

CALCULATE Trit $ CONF 1 DENCE LEVEL OF THE F TEST VALUE.
380 DO 400 l =2 - ?

IF (F - GT , F MAT (UFD• NNUM - L.) ) GO TO 400
PROB 1 = PROB (L-1 )
H ROtx2 = PROH (L)
F PROB = 10. “º (OLOG 1 0 (PROB 1 ) • (UL (JG 1 () (PROB2) -

x DLUG 1 0 (PROB 1 ) ) * (F - F MAT ( OF D - NNUM, L-1 ) ) / (FMA I (DFD• NNUM, L.) -
x FMAT (DFI) • NNUM w. L-1 ) ) )

PRINT THE 3 CONF IUtt, Ct. LEVEL OF THE F TEST VALUE
wRIT 8. ( I w 390) F PROR

390 F ORMAT ( 1. He - 1 1 0 x < 1 H ( , F * * 1 s 2H 6) )
(-O TO 420
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400 CONT INUE
wR IT E ( I W & 10) PROB (7)

4 l 0 FORMAT ( 1 H + , 1 1 0 x , 3H ( > , F 4 - 1 - 2H%) )
420 L I Nt S = L INt S + 2
* 30 CONT INUE
440 CONT INUF.

WR II to I W - 280)
RFTURN
ENL)
SUt, ROUT INE SUMUP

tº tº + + + 4 + 4 + 43 + 3 + 4 + 3 + 3 ++ tº 43 + 4 + tº 43 + + 2 +} + 4 + + 4 +} + + 3 + 4 + 43 + 43 + 3 + + + 43 + 4 + + 3 + 3 + 3 + + ++ tº + + ++ tº ºr tº:

SUBROUT INE SUMUP : SE QUENTIALLY kt. AD ING F ROta I HF SCRATCH F I LE SFILE •
PRINT S AS A SUMMARY OF THE RE GRESSION ANALYSES :

: THE T I ILE CARDS
: THE RE GRESS I UN tº UAT IONS AND ASSOC I A TED

STAT IS TICAL UAT A
: CAL CULATES AND PRINTS THE C. OSS CURRELATION AND

SQUARFU CROSS CORRE LAT I UN M., T R ICES FOR THE
INUE PENDE NT WAR I Abu-ES

*r

C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C
-

C** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

VARI ABLES NOT Dt F I NED IN THE MA INR PROGRAM :
CCMAT = T E M POR ARY S J ORAGE • Duk ING CAL CULATIONS AND

EE FORE PR INI ING , OF I HE INDEPENDENI V ARIAH.I.E.
CROSS CORRELATION MATRIX AND LA TER () F THE
1 NDE PENDENT V ARIABLE SQUARE D CROSS CORRELATION

M A T R IX
1 whb N THE INDEPENDENT VAQ IABLE CROSS

CORRE LAT I ()N MATRIX IS tº E ING CALCUUATED AND
PRINTED

2 WHEN THE INDEPENDENT V a RIABLE CROSS
CORRE LAT I (JN MATRIX IS CP HAS BEEN CAL CUL f. TED
OR PRINTE. 1)

SUMING = T E MPORARY STORAGE OF THE RECORDS READ FROM THE
SCRAT CH F ILE SH ILE JUST BE FORE THEY ARE
PP INTED

UL INF = THF L II ERAL VARIABLE * -------- *

IFLAG

-

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

IMPL ICIT REAL tº 8 (A-H O-7) • I NTE GER 92 (I-N.)
REAL * 8 IND v A P (25) • XNAME ( 1.00 - 2) • Y (10 U) • X ( 100 • 25 ) • XA' G (25) ,

X SOX (25) • MAT XX ( z 5 - 25 ) • RR ( 1 1 00) • MAT ( 15 - 15 ) • I NVMAT ( 15 - ) 5) o
X UL INH /8H-------- / w SUM l NG ( 30 ) • CCM & T (25 - 25 ) • USQRT

J NT t GE R & 2 I F * 4 • WCF ILE * 4 • SF I LE * * * 1 R & 4 - 1 wº (, , OH T ION (10) •
X I CALC ( 1.00) • N IV ( 1 1 00) • W C ( 1 1 00 - 1% ) • H It F w( ( l ( ~ b ) • IV (25)

COMMON / Rt AL/ L VAP . I N■ )VAK • XN A Mt 9 Y 9 X • Y AVG - TO TV AR •
X XAVG v SDX • S■ )Y MAT XX • RR • MAT • 1 NVMA I

COMMON / I NT G8 R / I F • I R v I w w w CF 1 LE • SF I LE • MAXPTS -
X I MUONF • NUPT • NL | Nt S • L 1 Nt S • NI - OPT ION - IV -
X I V T OT • I CALC 2 N - NORE G s NT OT • I tº E ( IN It NU NwC - N IV -
X I v J - K • L • My WC v F I Lt WC

t QUI VALENCE (XNAMt. º SUMING ) • (MAI XX • CCM AT)
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REWIND I HE SCR A T CH FILE SFILE TO THE FIRST RELORD
H. F. W IN■ ) SF I LE

SEQUENTIALLY READ AND PRINT RECORDS OF THE SCR ATCH FILE SFILE UN'T IL AN
tnL) OF H ILE IS Rt. ACHEL). T R ANSFE R AT THAT I IME IS T U S I ATEMENT 50 e

WR 1 T E ( I w w l () )
| 0 | ORMAT ( 1 H l ; 120 ( ) H3) / 8HO SUMMARY/

x l H0 , 120 ( 1 H & ) / )
20 RE AL (SFILE • 30 t NU=5 U ) SUMING
30 FORMAT ( 30 A4 )

wk I T E ( I w y (, 0) SUMING
40 FORMAT ( 1 X • 30 A4 )

("O TO 20
50 CONI INUE

:C

FROM THE MASTER MATRIX M ATXX CREATE THE THE SYMMETK I CAL CROSS
CORRELAT 1 UN MATH IX CCMAT , I AK ING AU VANT AGE OF THE FACT THAT CCMAT ( I J)
= CCMAT ( J., I ) ANU THAT CCMAT ( I v I) = 1 - 0 , CCMAT IS EQUI V ALENCED WITH
MAT XX.

-

IF (IVT OT - E (). 1 ) GO TO 80
IE NU = IV TOT - 1
DO / 0 I = 1 . It ND
K = I + 1
U0 b0 J-K • IV TOT
CCMAT ( I J) = MATXX ( 7 - J) /DSQRT (MAT XX ( I I ) *MAT XX (Jº J) )
CCMAT ( J , I ) = CCMA I ( I J)

60 CONTINUE
70 CONT | NUE
80 UO 90 I = 1 - IV T ().T

CCMAT ( I I ) = 1 e
90 CONTINUE

:

t PRINT THE INDEPENDENT V ARIABLE CROSS CORRELAT 1 ON ATRIX -

IFLAG = 1
I BEG IN = 1

100 WP Il E ( I w w l l 0)
1 1 0 H ORMAT ( 1 Hl w 40 (1 Hº ) • 4 OH INDEPT VARIABLE CROSS CORRELATION M

X ATR ] x , 40 ( 1 Hº ) / )
GO TO 140

C
C PRINT THE INDEPENDENT VARIABLE SQUARE D CROSS CORRELAT ION MATRIX

120 w? IJ E ( I W - 1 30)
130 F ORMAT ( 1 H 1 - 36 (1 Hº ) • 48 H INDEPT WAR I ABLE SQUARE D CROSS CORRE

x LAT I ON MATP I X • 36 (1 Hº ) / )
IFLAG = 2

1 4 0 IENU = I BEGIN 9
IF (IEND GT • IV TOT) IEND = I VTOT
wR IT E ( I w , 150 ) ( INDVAR (J) • J- I b{: G IN It ND )

150 FORMAT ( ) H 0 , ] 0x • 1 0 ( 3X • A8) )
WRITE ( I wº, l b0) (ULINE • J- I BEGIN• IEND)

1 b O FORMAT ( 1 x , 8 (1 H-) • 2 X • 1 0 ( 3X • A8) )
DO 18 () I = 1 . I V T OT
WRITE ( I w , 1 70) INDVAR ( I ) • (CCMA T ( I w J) • J- IHEG IN - I tru■ ))

1 70 F ORMAT ( 1 HQ - A8 - 1 X • l 0 (5x • F 6, 3) )
l H0 CONI INUE

wRITE ( I w 160 ) (ULINE • J- I HEG IN IFND)
IF (IEND - E (), IVT OT ) GO TO 190
I BEG IN = 1 END e ]
GO TO 100

1 90 CONTINUE -

IF (IFLAG , EQ, 2) GO TO 220
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C NOW CALCULATE THE INUE PENDENT V ARIABLE SQUARt D CROSS CORRELAT I
C MATRIX BY SQUARING EACH ELEMENT OF CCMAT •

200
21.0

220

UO 2 1 0 I = 1 - I W T OT
LO z00 J– 1 - IV TOT
CCMAT ( I. J) = CCMAT ( I J) **2
CONI INUE
CONT INUE
("O TO 120
CONT INUE
RETURN
END

ON
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Supporting Programs for PROGRAM QSAR47

PROGRAM FILLFTBL.

PROGRAM FILLF I BL

A SHORT PROGRAM TO READ (FROM DATA CARDS) F CRITICAL POINT VALUES
AND THEN TO w R II E THE M ON THE ON-LINE DISK U I RECT ACCESS
FILE FT || BLES

PROGRAM w8 ITT EN BY : ST EVE U IETRICH
UEP A R T MENT OF PHARMACE-UT ICAL CHEMISTR .
SCHOOL OF PHARMACY
UNIVERSITY OF CAL I FORNIA
SAN FRANCISCO - CAL I FORNI : 94.143
APRIL 1976

PROGRAM WR ITTEN, DE BUGGED - AND USED IN WATF IV 0N AN IBM MODEL 370
145 COMPUTER AT UCSF - -

F CRITICAL POINT VALUES FROM :
BIOMETRICA TABLES FOR STAT IST IC I ANS
VOLUME I
ED IT tit) BY E. S. Pt APSON ANU H. O. HART LEY
CAM brº IDGE AT THE UNIVERSITY PRESS
F OUR TH EU IT ION ( 1956)

F CRITICAL POINT VALUES ARE READ FOR 3
PROt, ABILITY (P) = 75.0% º 90.0% 95.0% 97.5% º 99% º 99,5% o

AND 99 • 9% a
DEGREES OF FREE.UUM IN THE DENOMINATOR (■ ) FU) = 1 - 30 - 40 * 60 °

| 20 - AND 1 NFINITYe
DEGREES OF FREEDOM IN THE NUMERATOR (UFN) = 1 - 10 - 12, AND 15.

F CRITICAL POINT VALUES FOR UFN = l l ; 13 - AND 14 ARE 08TA INED
BY INTERPOLATION

THE ON-LINE DISK DIRECT ACCESS FILE FT Abu-tS CUNTA INS bl O FORMATTED
(7F

150

50

9. 2) RECORDS EA(.H. W. 1 TH A LENGTH OF 63 by TES •

REAL tº 4 INTERP
U J Mt twS I ON F (34 - 15 - 7)
UEF 1 NE FILF 1 2 (b 1 0 - 63 v E • ICOUNT )
INTERP (A - C, 1 A • I b , I C) = A * (C-A) * ( ( ( 1 - Z I b) - ( 1. ZIA) ) / ( ( 1 . / I C) - ( 1 - ZI

XA) ) )
-

I F = 12
IR = 5
()0 b 0 K = 1 - 7
U() b () I = 1 - 34.
RE AU (I K - 15u ) (H ( I J, K ) • Jal 10) • F ( I 12, K ) • F ( 1 v 1.5 ° K )
FORMAT (6 (F 9. 2 - 1 X) )
F ( I l l . K ) = 1 N J E RP (F ( I 10 - K J , F ( I l 2 - K ) • 1 0 - 1 1 0 1 2)
F (1 - 13 . K ) = IN It RP (F ( I 12 - K) • F ( I 15 - K ) • low l 3 - 15 )
H ( 1 , || 4 - K) = IN It KH (F ( 1 - 12 - K ) • F ( I w 15 or ) • 12 - 14 - 15)
CONI INUE
I COUNT = 1
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C NOW CAL CULATE THE INUE PENDENT V ARIABLE. SQUARE D CROSS CORRELATION
C MATH IX BY SQUAR ING E ACH E L E MENT OF CCMAT •

200
2 1 0

220

U0 2 1 0 I = 1 , IVT OT
'L)0 z00 J– 1 - IV T OT
CCMA T ( I J) = CCMAT ( I J) **2
CONI INUE
CONT INUE
(50 1 0 1 20
CONTINUE
RETURN
END
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Data Cards for PROGRAM FILLFTBL.

5, 83 7,50 8, 20 8.58 8, 8.2 8, 98 75.0% DFD= 1 #1
9. 1 0 9. 19 9 • 26 9, 32 9, 4 l 9, 49 75. 0% DFD= 1 #2
2.57 J. 00 3, 15 3. 23 3. 28 3.31 75, 0% DF D= 2 * 1
3.34 3.35 3. 37 3. 38 3, 39 3.41 75. 0% DF D= 2 #2
2.02 2 - 28 2, 36 2, 39 2.4 l 2, 42 75. 0% OF D= 3 #1
2.43 2, 44 2, 44 2 - 4.4 2.45 2.46 75. 0% OF D- 3 #2
l .. 81 2 * 00 2 - 05 2 < 06 2. 07 2.08 75, 0% DFD= 4 × 1
2.08 2.08 2 . () 8 2 * 0.8 2.08 2.08 75. 0; DFD= 4 & 2
1 .. 69 1 - 85 1 - 88 1 - 89 1 .. 89 1 .. 89 75, 0% DFD= 5 #1

1 .. 62 1 .. 76 1 .. 78 1 .. 79 1 s 79 1 < 78 75. 0% OF D= 6 m 1

1 s 57 1 - 70 l, 72 1 .. 72 l, 71 1 .. 71 75 - 0% DFD= 7 * 1
1 - 70 1 - 70 1 - 69 1 - 69 1 - 68 1 - 68 75.0% DFD= 7 #2
1 - 54 1 s 66 1 .. 6.7 1 - 66 1 - 66 1 s 65 75, 03, DFD= 8 #1
l 64 1 .. 64 1 .. 63 1 - 63 1 .. 62 l, 62 75 - 0% OFD= 8 #2
1 .51 1 - 62 1 s 63 1 - 63 1 - 62 1 - 6 1 75. 0%. DFD= 9 & 1
1 s 60 1 s 60 1 s 59 1 s 59 1.58 1.57 75 - 0%. DFD= 9 & 2
1 - 49 1 s 60 l, 60 1 s 59 1 s 59 1 s 58 75. 04, DFD= 1 0 & 1
1.57 1 s 56 1 - 56 1 s 55 1 s 54 1 .53 75. 0% DFD= 1 0 82
1 - 47 1 s 58 l, 58 1 s 57 1 s 56 1 .. 55 75. 0% DFD= 1 1 #1
1 .54 1 .53 l b3 1 - 52 l .5 l l .50 75 - 0% DF D = 11 #2
1 - 46 1 s 56 1 s 56 1 .. 55 1 s 54. 1 .53 75. 0%. DF D = 1.2 m 1
1 * 52 1 .51 l .5 l 1 s 50 1 - 49 1 - 48 75. 0% DFD= 1 2 42
1 .45 1 s 55 1 s 55 1 s 53 1 .52 1 - Sl 75, 0% OF D= 13 #1
1 .50 1 - 49 1 - 49 1 - 48 1 - 47 1 - 46 75. 0% DF D = 1 3 #2
1 - 44 1 - 53 1 .53 1 - 52 l .5 l 1 .50 75. 0% DFD= 1 4 × 1
1.49 1 - 48 1 .47 1 - 46 1 .45 l .44 75 - 0% DF D- 1.4 & 2
1 .43 1 .52 1 * 52 1 s 51 1 - 49 1 * 48 75. 0% DF D = 15 W 1
1 .47 1 * 46 1 - 46 1 - 4.5 l .44 1 - 43 75. 0% DF D= 15 #2
1 .42 1 s 51 l .5l 1 .50 1 - 48 l, 47 75 - 0% OF D = 16 #1
1 - 46 1 .45 l .44 1 - 4.4 1 - 4.3 1 - 4 1 75 - 0 + DF D- 16 M2
1 - 42 1 .51 1 - 50 1 - 49 1 - 47 1 * 46 75, 0% DF D= 1.7 & 1
1 .45 1 s 44 1 - 43 1 - 43 1 - 4 1 1 - 40 75. 0% DFD= 1.7 & 2
1 - 4 1 1 s 50 1 - 49 1 - 4.8 1 - 46 1 .45 75,0+ DFD= 18 ºf 1
1 * 44 1 - 43 1 * 42 1 - 42 1 - 40 1 - 39 75 - 0%. DF D= 18 ºf 2
1 - 4 1 1 - 49 l, 49 1 - 47 1 - 46 1 * 44 75. 0+ DFD= 1 9 × 1
1 - 43 1 - 42 1 - 4 1 1 - 4 1 1 - 40 1 - 38 79. 0% DFD= 19 #2
1 - 40 1 * 49 1 .48 1 - 47 1 .45 l 44 75. 0% DF D= 20 N 1
1 .43 1 - 42 1 - 4 1 1 - 40 1 s 39 1 s 37 75, 03, DFD= 20 #2
1 - 40 1 - 48 l .48 1 - 46 1 .44 1 .. 4 3 75 - 0 + DH D- 21 m l
1 - 42 1 - 4 1 1 - 40 1 - 39 1 - 38 1 s 37 75. 04, DF D= 21 tº 2
1 - 40 1 s 48 1 - 47 1 - 4.5 l .44 l, 42 75 - 0 + DF D = 22 & 1
1 .41 1 - 40 l. 39 1 - 39 l, 37 1 - 36 75, 0%. DF D= 22 #2
1 - 39 1 .47 1 - 47 1 - 4.5 1 - 4.3 1 - 42 75 - 0 + DF D= 23 & 1
1 - 4 1 1 - 40 1 - 39 1 - 38 1 - 37 1 - 35 75 - 0 + DF D= 23 M2
1 - 39 1 - 47 1 - 46 1 * 44 1 - 4.3 1 - 4 1 75 - 0 + DF D= 24 M. 1
1 - 40 1 s 39 1 s 38 1 - 38 1 s 36 1 s 35 75. 0% DFD= 24 & 2
1 - 39 1 - 47 1 - 46 1 - 4.4 1 - 4 & 1 - 4 1 75. 0% OF U- 25 a 1
1 - 40 1 s 39 l 38 1 s 37 1 - 36 1 - 34 75 - 0 + DF D- 29 M2
1 - 38 1 * 46 l - 4.5 1 * 44 1 - 42 1 - 4 1 75 - 0% OF D = 26 w 1
1 - 39 1 - 38 1 - 37 1 - 37 1 - 35 1 - 34 79.6% DFD= 26 M2
1 - 38 1 s 46 1 - 4.5 1 - 43 1 - 4 r 1 - 40 75, 0% OF D= 27 & 1
1 - 39 1 - 38 1 s 37 1 s 36 l 35 l, 33 75 - 0%. DH Dr 27 wº
1 s 38 . 1 , 46 1 .45 1 - 4.3 1 - 4 1 1 - 40 75. 0% DF D= 28 & 1
1.39 1 - 38 1 s 37 1 - 36 1 - 34. 1 - 33 75. 0% OH D= 28 #2
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1 - 38
1 s 38
1 - 38
1 - 38
1 - 36
1 - 36
1 .35
1 - 33
1 - 34.
1 - 31
l. 32
1 s 29
39, 86
58, 9.1
8.53
9, 35
5,54
5, 27
4.54
3 e 98
4 • 06
3, 37
3. 78
3.0 l
3, 59
2, 78
3, 46
2.62
3.36
2.5l
3, 29
2 - 4 1
3.23
2. 34
3, 18
2, 28
3, 14.
2. 23
3 - 10
2. l 9
3. 07
2. l 6
3. 05
2. l 3
3.03
2 - 10
3.0 l
2 * 0.8
2.99
2 < 06
2.97
2,04
2, 96
2.02
2. Q.5
2.0 l
2, 94.
1 - 99
2.93
1 - 98
e e 92
1.97

1 s 45
1 s 37
1 - 4.5
1 s 37
l, 44
l. 35
1 s 42
1 - 32
1 * 40
l. 30
1 - 39
1 - 28
49.50
59, 44
9 • 00
9 • 37
5 e 46
5, 25

-

4 • 32
3 • Q9
3, 78
3. 34
3 • 46
2.98
3, 26
2, 75
3. l l
2,59
3.0 l
2, 4 7
2, 92
2.38
2.86
2, 30
2, 81
2, 24
2. 76
2, 20
2.73
2, 15
2, 70
2. l 2
2.67
2 * 09
2, 64
2 * 0.6
2, 62
2.04
2, 6 l
2, 02
2,59
2 * 00
2.57
1 - 98
2,56
1 - 97
2,55
1 s 95
2.54
1 s 94.
2,53
1 - 93

l, 45
l 36
l .44
l. 36
1 - 42
1 - 34
l, “l
1 - 31
1 - 39
1 - 29
1 - 37
1 - 27
53.59
99 • 86
9, 16
9, 38
5, 39
5. 24
4 • 19
3.94
3 • 62
3. 32
3, 29
2, 96
3. 07
2. 72
2, 92
2.56
2.8 l
2, 44
2, 73
2.35
2, 66
2, 27
2 - 6 1
2 - 2 l
2,56
2, 16
2. 52
2. l 2
2.49
2,09
2.46
2 * 0.6
2, 44
2 - 03
2, 42
2.00
2, 40
1 - 98
2, 38
1 s 96
2, 36
1 - 99
2. 35
1 - 93
2, 34.
le 92
c - 33
1 - 9 l
2, 32
1 s 89

1 - 43
1 s 35
l .42
1 - 35

- 1 - 40
1 - 33
1 - 38
1 - 30
1 s 37
1 - 28
1 - 35
1 - 25
55 s 83
60. 19
9, 24
9, 39
5. 34
5 - 23
4 - 1 1
3 • 92
3 • 52
3 • 30
3 • l 8
2.94
2.96
2, 70
2 . 81
2.54
2, 69
2, 42
2.6 l
2. 32
2.54
2 - 25
2, 48
2, 19
2.43
2. l 4
2 s 39
2. l 0
2 - 36
2 * 0.6
2, 33
2.03
2 - 31
2 * 00
2, 29
1 s 98
2, 27
1 - 96
2, 25
1 - 94.
2, 23
1 * 92
2, 22
1 - 90
2 - 21
1 s 89
2, 19
1 - 88
2, 18
1 - 87

l, 4 l
1 - 34.
1 - 4 1
1 - 34.
1 - 39
l. 31
1 . 37
l, 29
l. 35
1 - 26
1 - 33
1 s 24
5 7, 24
6.0. 71
9, 29
9, 4 l
b. 31
5, 22
4 • Ob
3, 90
3.45
3, 27
3. l 1
2, 90
2, 88
2,67
2, 73
2.50
2, 6 l
2.38
2,52
2, 28
2.45
2. 21
2, 39
2 - 15
2, 35
2. l 0
2. 31
2.05
2, 27
2.02
2, 24.
1 - 99
2, 22
1 s 96
2. 20
1 s 93
2, 18
1 s 91.
2, 16
1 s 89
2, 14
1 .. 87
2 - 13
1 s 86
2. l l
1 - 84.
2, 10
l, 83
2,09
1 - 8d

1 - 40
1 - 32
1 - 39
l .. 32
1 s 37
1 - 30
l. 35
1 - 27
1 - 33
1 s 24
1 - 31
1 - 22
58, 20
6 le 22
9, 33
9, 42
5, 28
5, 20
4.0 l
3. 87
3. 40
3, 24
3. 05
2, 87
2, 83
2.63
2, 67
2, 4.6
2,55
2, 34
2,46
2, 24
2, 39
2, 1 7
2. 33
2 - 10
2, 28
2,05
2. 24.
2,01
2. 21
1 s 97
2, 18
1 - 94.
2, 15
1 s 91
2, 13
1 - 89
2. l l
1 - 86
2,09
1 - 84
2,08
l, 83
2 * 0.6
1 .. 81
2,05
1 - 80
2 - 04.
1 - 78
2.02
1 s 77

75 - 0%
75 - 0 +
75 - 0%
75. 0%
75, 0%
75. 0%
75, 0%
75 - 0 6
75 - 0 6
75 - 0%
7%. 0 +
75 - 0 +
90.0%
90 - 0 +
90 - 0 +
90, 0%
90, 0%
90.0 h
90, 0 K.
90 e 0%
90, 0%
90, 0%
90,0+
90, 0%
90.0%
90 e 0%
90, 0%
90, 0+
90, 0%
90, 0%
90, 0%
90, 0%
90, 0%
90, 0%
90, 0%
90, 0%
90.0%
90, 0%
90, 0%
90, 0%
90. 0%
90, 0%
90.0%
90, 0%
90, 0%
90, 0%
90 e 0%
90, 0%
90 e 0%
90.0%
90, 0%
90, 0%
90, 0+
90, 0%
90, 0%
90 e 0 +
90. 0%
90. 0%
90 - 0 +
90, 0%
90 - 0%
90, 0%

DFD= 29
DFD= 29
DF D= 30
DF D = 30
DF D = 40
DF D= 40
DF D = 60
DFD= 60
DF D= 120
DH D- 120
DFD= INF
DF D = INF
DFD= 1
DF D= 1
DFD= 2
DFD= 2
DF D = 3
DFD= 3
DFD= 4
DFD= 4
DFD= 5
DFD= 5
DF D = 6
DFD= 6
DF D= 7
DFD= 7
DFD= 8
DH D- 8
DH D- 9
OFD= 9
DF D = 10
DFO = 10
DFD= 1 1
DF D = 1 1
DFD= 12
OF D= 12
DF D= 1 3
DFD= 1.3
DF D = 14
DF D= 14
DH D= 15
D} D- 15
DF D = 16
DF D = 16
DFD= 1 7
DFD= 1 7
DFD= 18
OF D= 18
DF D = 19
DF D= 1 9
DF D= 20
DFD= 20
DF D = 21
DH D- 21
DF D = 22
DF D = 22
DF D = 23
DF D = 23
DF D = 24
D} 0 = 24
Dr D- 29
DF D = 25

#1
#2
w 1
#2
# 1
w2
# 1
#2
# 1
#2
* 1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
#1
£2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
* 1
#2
# 1
#2
#1
#2
* 1
#2
& 1
#2
* 1
M2
W 1
#2
* !
#2
# 1
#2
#1
#2
* 1
#2
#1
& 2
* 1
º, 2
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2.91
1.96
2, 90
1 , 95
2. 89
1 - 94.
2. 89
1 - 93
2, 88
1 - 93
2.84
1 .. 87
2. 79
1 - 82
2.75
1 .. 77
2. 71
1 . 72
1 6 1 4
236 - 8
18, 5.1
19, 35
10 - 1.3
8, 89
7. 71
6.09
6.6l
4, 88
5, 99
4, 21
5,59
3, 79
5. 32
3.50
5, 12
3, 29
4 • 96
3, 14
4 • 84
3.0 l
4 • 75
2.91
4.67
2.83
4 • 60
2.76
4 • 54
2, 71
4 • 49
2, 66
4.45
2, 6)
4 • 4 1
2 s 58
4 • 38
2.54.
4 • 35
2.5 l
4 • 32
2, 49
4 • 30
& , 46

2. 1 7
1 - 86
2. 1 7
1 - 85

1 - 84.
2. 15
1 - 83
2. l 4
1 - 82
2 - 09
1 .. 76
2.04
1 .. 71
1 - 99
1 .. 65
1 - 94.
1 - 60
224 • 6
24 l . 9
19, 25
19, 4
9, 12
8. 79
6 - 39
5.96
5, 19
4 • 74
4 • 53
4 • 06
4 • 1 &
3 • 64
3. 84
3 • 35
3 • 63
3, 14
3.48
2. Q8
3 • 36
2. 85
3, 26
2. 75
3 - 18
2.67
3. 1 1
2, 60
3.06
2 - 54.
3.01
2.49
2 * Q6
2 - 4.5
2.93
2 - 4 1
2. 90
2, 38
2, 87
2.35
2.84
2 - 32
2.82
2.30

2.08
1 .. 81
2.0 /
1 * 80
2.06
1 .. 79
2.06
1 - 78
2.05
1 .. 77
2.00
1 - 7 l
l, 95
l, 66
1 - 90
1 - 60
l, 85
l, 55
230 - 2
243, 9
19, 30
19.4 l
9. () l
8, 7.4
6, 26
5, 91
5. 05
4 • 68
4 * 39
4 • 00
3, 97
3.57
3, 69
3. 28
3.48
3.07
3 - 33
2.91
3, 20
2. 79
3. l l
2 e 69
3.03
2, 6 U
2.96
2.53
2, 90
2, 48
2.85
2.4 c.
2, 81
2 - 38
2, 77
2. 34
2 = 74.
& - 31
2, 71
2, 28
2, 68
2 - 25
& 66
2 - 23

2.01
1 .. 76
2.00
1 .. 75
2.00
1 .. 74
1 , 99
1 . W3
1 - 98
1. 72
1 - 93
1.66
1 .. 87
l, 60
l . 82
1 .. 55
1 .. 77
1 - 49
234 - 0
245, 9
19, 33
19, 43
8, 9.4
8, 70
6. 16
5 e 86
4.95
4 • 62
4, 28
3, 94
3. 87
3.5 l
3.58
3, 22
3. 37
3.0 l
3 - 22
2, 85
3,09
2. 72
3 * 00
2, 62
2.92
2. b3
2.85
2,46
2, 79
2, 40
2, 74
2.35
2. 70
2. 31
2, 66
2, 27
2, 63
2. 23
2, 60
2, 20
2. b /
2. 18
2,55
2, 15

90, 0%
90.0%
90.0%
90.0%
90, 0%
90. 0%
90 - 0%
90, 0%
90, 0%
90.0%
90. 0+
90. 0+
90. 0%
90, 0%
90, 0+.
90, 0+
90, 0%
90 - 0%
95.0%
95 - 0 +
95, 0%
95. 0+,
95 e 0 <
95.0%
95.0%
95.0%
95.0%
95.0%
95.0%
95, 0%
95.0%
95.0%
95.0%
95.0%
95.0%
95.0%
95.0%
95, 0+
95.0%
95, 0%
95.0%
95.0%
99 • 0%
95.0%
95.0%
95.0%
95, 0%
95.0%
95.0%
95.0%
95.0 h
95.0%
95. 0%
95.0%
95 - 0°h
95 - 0%
95,0t
98. 0%
95, 0%
95.0%
95. 0%
95.0%

DFD= 26
OF D = 26
DF D = 27
DFD = 27
DH D: 28
DH D: 28
OF D= 29
DF D = 29
DFD= 30
DF D = 30
DF D = 40
DH D- 40
OF D = 60
DH D = 60
DF D = 1 20
DF D = 120
DH D- INF
DFD= INF
DF D = 1
DF D = 1
DFD= 2
DF D= 2
DF D= 3
D} D = 3
DF D = 4
DFD= 4
DFD= 5
DF D- 5
DF D: 6
DF D = 6
Dr D = 7
DFD= 7
DFD= 8
DF D= 8
DF D = 9
DF D: 9
DFD= 10
DFD= 10
DF D- 1 1
DFD= 1 1
D} D: 12
DF D= 12
DFD= 1.3
DH Dr 13
DH D- 14
DFD= 14
DF D- 15
DFD= 19.
DH D: 16
DH D: 16
DF D = 1 7
DH D: 1 7
DF D = 18
DF D = 18
DF D = 19
UF D = 19
OF D = 20
DF D= c 0
DFD= 21
D} D: 21
DF D = 22
DF D = 22

R 1
#2
# 1
#2
# 1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
# 1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
#1
#2
M 1
#2
#1
#2
* 1
#2
#1
#2
#1
#2
& 1
#2
#1
#2
#1
#2
w 1
#2
#1
#2
#1
#2
w 1
#2
#1
#2
# 1
M2
M 1
#2
* 1
N2
* 1
& 2
#1
M2
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4 • 28
2, 44
4, 26
2, 42
4 • 24
2 - 40
4, 23
2, 39
4 - 21
2. 37
4 - 20
2. 36
4 • l 8
2.35
4. 1 7
2. 33
4 - 08
2.25
4 • 00
2, 1 7
3,92
2 * 09
3. 84
2.0 l
647, 8
94.8 s 2
38,51
39, 36
17. 44
1 4 × 62
12, 22
9,07
l 0.01
6.85
8, 8.1
5, 70
8,07
4 e 99
7,57
4 • 53
7, 21
4 • 20
6, 94.
3.95
6 • 72
3,76
6 s 55
3, 6 l
6 - 4 1
3.48
6 • 30
3. 38
6 - 20
3, 29
6 • 12
3, 22
6 * 0.4
3, 16
5, 98
3 * 10
5. 92
3 • 05

3, 4, 2
2, 3 /
3 • 40
2. 36
3. 39
2, 34.
3. 3 /
2, 32
3 • 35
2 - 31
3. 34
2, 29
3. 33
2, 28
3.32
2, 27
3 • 23
2, 18
3. 15
2. l 0
3, () 7
2.02
3 • 00
1 s 94.
799 • 5
956, 7
39 e 00
39 • 37
16 ° 04
1 4 × 54
1.0 s 65
8, 98
8 - 43
6 • 76
7, 26
5 e 60
6.54
4 • 90
6 • O6
4 • 43
5, 71
4 - 10
5 • 46
3, 85
5, 26
3, 66
5 e 10
3.5 l
4 • 97
3, 39
4 • 86
3, 29
4 • 77
3, 20
4 • 69
3. 12
4 • 62
3.06
4 •56
3 • 01
4.51
2.96

3. 03
2, 32
3. () l
2, 30
2, 99
2, 28
2 * 98
2, 27
2, 96
2. 25
2, 95
2, 24.
2.93
2 - 22
2.92
2, 2 l
2.84
2. l 2
2, 76
2.04
2, 68
1 - 96
2, 60
1 - 88
864 - 2
963, 3
39. 1 7
39, 39
15, 44
14.47
9, 98
8, 90
7, 76
6 • 68
6 • 60
5,52
5, 89
4 • 82
5 e 42
4 • 36
5, U 8
4 • 03
4 • 83
3, 78
4 • 6.3
3,59
4 • 47
3.44
4 • 35
3 - 31
4 • 24
3.21
4 - 15
3. 12
4 • U 8
3.05
4 • Ol
2, 98
3.95
2.93
3.90
2, 88

2, 80
2, 27
2. 78
2. 25
2. 76
2. 24
2. 74
2 - 22
2.73
2, 20
2. 71
2, 19
2. 7 ()
2, 18
2 = 69
2 - 16
2 - 6 1
2,08
2,53
1 - 99
2.45
1 - 91
2, 37
1 - 83
899 • 6
96.8 s 6
39, 25
39, 40
15, 10
14 - 42
9, 60
8, 84
7, 39
6 • 62
6 • 23
5.46
5, 52
4 • 76
5, 05
4 • 30
4 • 72
3.96
4.47
3. 72
4 • 28
3.53
4, 12
3. 37
4 • 00
3 • 25
3. 89
3, 15
3. 80
3.06
3, 73
2 e 99
3 • 66
2.92
3 - 6 1
2, 87
3,56
2 - 82

2. 64
2. 20
2, 62
2. l 8
2, 60
2. l b
2.59
2. 15
2.57
2. l 3
2,56
2. l 2
2.55
2. l 0
2.53
2,09
2.45
2.00
2, 37
le 92
2, 29
1 - 83
2 - 21
1 - 75 .
92 le 8
976 • 7
39, 30
39, 4 l
14 88
14 s 34
9, 36
8, 75
7, 15
6 • 52
5 e 99
5,37
5, 29
4.67
4 • 82
4 • 20
4 • 48
3. 87
4 • 24
3. be
4 • 04
3.43
3. 89
3. 28
3, 77
3. 15
3.66
3.05
3, 58
2.96
3.50
2, 89
3.44.
de 82
3 • 38
2 * 7 /
3. 33
2. 72

2.53
2, 13
2,51
2. l l
2, 49
2. 09
2.47
2. U7
2, 46
2.06
2, 4.5
2.04
2.43
2 < 03
2.42
2.01
2, 34.
1 - 92
2. 25
1 - 84
2, 17
1 .. 75
2. l 0
1 s 67
937, 1
984 , 9
39 • 33
39 • 43
14 - 73
14 • 25
9, 20
8, 66
6, 98
6 • 43
5. 82
5, 27
5, 12
4 • 57
4 • 65
4 - 10
4.32
3, 77
4 - 07
3.52
3, 88
3. 33
3, 73
3, 18
3, 60
3 • 05
3.50
2, 95
3. * 1
2 * be
3. 34
2. 79
3, 28
2, 72
3 - 22
2, 67
3. 1 7
2, 62

95.0%

95, 0%
95.0%
95, 0 +
95 e 0 +
95.0%
95 - 0%.
95 e 0 +
95, 0%
95, 0%
95 e 0%
Q5 - 0%
95 - 0%
95.0%
95.0%
95, 0%
95, 0%
95. 0%
95, 0%
9%, 0+
95.0%
95. 0 +
95. 0%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%

97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97, 5%
97.5%
97.5%
97.5 +
97.5 +
97.5 +
97.5%
97, 5+
97.5 +
97, 5*
97.5%
97.5 +

DFD= 23
DF D= 23
DF D = 24
DH D- 24
DF D = 25
DF D = 25
DF D = 26
DF D = 26
DF D- 27
DF D = 27
DF D = 28
DF D= 28
DFD= 29
DF D = 29
DF D = 30
■ )F D = 30
DF D = 40
DF D = 40
DF D= 60
DF D = 60
DF D= 120
DF D= | 20
DH D: 1 NF
DFD= INF
DFD= l
DF D- 1
DF D = 2
DF D= 2
DF D = 3
DF D = 3
DF D= 4
OF D= 4
DF D= 5
DH D: 5
DH. Dz 6
D} D- 6
OF D= 7
OF D = 7
DF D = 8
DF D= 8
DF D- 9
DFD= 9
DF D= 10
DF D = 1 0
DF D- 1 1
DH D- 1 1
DF D = 12
OF D= 12
DF D = 1.3
DF D= 13
DF D: 14
D} D: 14
DFD= 19
DF D = 15
UF D = 16
DF D- 16
DF D = 1 7
DFD= 1 7
DFD= | 8
D} D= 18
OH D: 19
DF D = 1.9

* 1
#2
#1
#2
#1
#2
# 1
#2
# 1
#2
# 1
#2
# 1
#2
# 1
#2
# 1
#2
#1
#2
# 1
#2
#1
#2
# 1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
w 1
#2
# 1
#2
# 1
#2
# 1
#2
# 1
#2.
#1
#2
* !
#2
# 1
#2
* |
#2
* 1
82
# 1
#2
# 1
#2
* 1
#2
# 1.
#2
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5. 87
3.01
5.83
2, 97
5, 79
2.93
9. 75
2. 90
5. 72
2.87
5, 69
2. 85
5, 66
2.82
5, 63
2.80
5. 6 1
2. 78
5 e 59
2. 76
5.57
2, 75
5. 42
2, 62
5. 29
2.51
5. 15
2, 39
5.02
2, 29
4052.
5928,
98 - 50
99 • 36
34 - 12
27, b7
21 - 20
14. 98
l 6 - 26
1 0 , 46
13, 75
8, 26
12, 25
6 - 99
l 1 . 26
6 - 18
1 0.56
5. 6 1
10,04
5 - 20
9 • 65
4 - 89
9 • 33
4 • 64
9,07
4 • 44
8, 8.6
4 • 28
8, 6.8
4 • 14
8,53
4 • 03

4 • 46
2.91
4 • 42
2. 87
4 • 38
2, 84
4 • 35
2. 81
4.32
2.78
4 • 29
2. 75
4. 27
2. 73
4 - 24
2. 71
4 - 22
2 = 6.9
4 - 20
2, 67
4 - 18
2, 65
4 • O5
2.53
3, 93
2, 41
3. 80
2.30
3, 69
2, 19
4,999 • 5
5982,
99 • 00
99 • 37
30, 82
27 e 49
18, 00
1 4 - 80
13. 27
1 0 , 29
1 0 , 92
8. 1 ■ º
9,55
6, 84
5 e 65
be 03
8, 02
5,47
7, 56
5,06
7, 21
4. 74
6 - 93
4.50
6 - 70
4 • 30
6.5 l
4 - 14
6 • 36
4 • 00
6 • 23
3 e 89

3. 86
2.84
3. 82
2, 80
3, 78
2, 76
3. 75
2. 73
3. 72
2. 7 U
3, 69
2.68
3, 67
2. 65
3. 65
2.63
3.63
2 - 6 1
3.6 l
2.59
3.59
2, 57
3.46
2.45
3. 34
2. 33
3.23
2 - 22
3. 12
2. l l
54 ■ º 3 e
6022 -
99 • 1 7
99 • 39
29.46
27, 35
16. 69
14 • 66
l 2, 0.6
1 0 , 16
9. 78
7. 98
8.45
6 • 72
7.59
5, 91
6, 99
5, 35
6 • 55
4 • 94
6 • 22
4 • 63
5, 95
4 • 39
5. 74
4 • 19
5.56
4 • 03
5.42
3. 89
5, 29
3, 18

3.51
2 - 77
3.48
2. 73
3. 44
2. 70
3.4 l
2.67
3. 38
2. 64
3.35
2, 6 l
3 • 33
2.59
3.31
2.57
3, 29
2.55
3. 27
2.53
3, 25
2.5 l
3. l 3
2, 39
3.01
2. 27
2. 89
2. 16
2, 79
2 . (5
5625.
6056.
99 • 25
99 • 40
28, 7.1
27, 23
15 - 98
1 4.55
1 1 - 39
10 * 05
9, 15
7. 87
7. 85
6 • 62
7, 01
5. 81
6 • 42
5, 26
5 e 99
4 • 85
5, 6 J
4.54
5 - 4 1
4 • 30
5, 21
4 • 10
5, 04
3 • 94.
4 • 89
3. 80
4 • 77
3. 69

3, 29
2.68
3.25
2, 64.
3. 22
c - 60
3, 18
2.5 /
3 - 15
a .54
3 * 1 3
2.5 l
3. 10
cº e 4 9
3.08
2.47
3.06
2.45
3.04.
2.43
3.03
2.4 l
2.90
2, 29
2. 79
2. l 7
2, 67
2.05
2.57
1 s 94.
5764.
6 l 06 •
99 • J0
99 • 4 &
28, 24
27, 05
15, b2
14 • 37
1 0 , 97
9, 89
8, 79
7, 72
7.46
6.47
6.63
5, 6 7
6 * 0.6
5. 1 1
5, 64.
4 • 71
5. 32
4 • 40
5 - 06
4 • lo
4 • 86
3.96
4 * 69
3. 80
4 • 56
3, b7
4 • 44
3.55

3, 13
2.57
3 * 09
2.53
3.05
2,50
3.02
2.47
2, 39
2, 44
2, 97
2.4 l
2.94.
2, 39
2, 92
2.36
2, 90
2. 34
2, 88
2. 32
2. 87
2. 31
2. 74
2, 18
2.63
2.06
2.52
1.94
2.4 l
1 - 83
5859 e
6 157,
99 • 33
99 • 43
27, 91
26, 87
15, 21
14 • 20
1 0 , 6.7
9, 72
8, 4.7
7,56
7, 19
6 • 31
6, 37
5, 52
5, 80
4 • 96
5, 39
4, 56
5, 0.7
4 • 25
4 • 82
4 • 01
4 • 62
3. 82
4 • 46
3, 66
4.32
3.52
4, 20
3.41

Q7.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5 +
97.5%
97.5 +
97, 5 +
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5 +
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
97.5%
99 • 0%
99 • 0%
99.0%
99.0%
99.0%
99.0%
QQ = 0 +
99.0%
99, 0%
99, 0 +
99 • 0 +
99.0%
99, 0%
99 • 0%
99.0%
99 • 0 +
99.0+
99 • 0+.
99.0%
Q9, 0+
QQ = 0 +
99.0 +
99 • 0 +
99 • G'+.
99. 0 +
99 • 0 +
99 • 0%
99, 0%
99.06
99.0%
99.0%
99.0%

OF D: 20
DF D = 20
D} D- 21
DFD= 21
DF D = 22
OF D = 22
Or D- 23
OF D = 23
DF D = 24
DF D = 24
DFL)= 25
DF D = 25
Dr D = 26
Dr D = 26
DH D: 27
OF D= 27
DF D- 28
DF D = 28
DFD= 29
DH D- 29
DF D= 30
DFD= 30
DFD= 40
DF D = 40
DF D= 60
DF D= 60
DF D= 120
DF-D= 120
DF D= INF
DF D = 1 NF
DFD= 1
OF D = 1
DF D = 2
DF D: 2
UFD= 3
DF D= 3
DFD= 4
OF D= 4
DF D = 5
DFD= 5
DFD= 6
DF0= 6
DF D = 7
DFD= 7
DF D- 8
DF D- 8
DF D= 9
DF D= 9
DF D = 10
DF D = 10
DF D = 1 1
DH D- 1 1
DFD= 12
DFD= 12
DF D= 13
DF D = 1 3
D} D- 14
OF D = 14
OF D = 19.
D} ()= 15
OF D- I 6
DF D- 16

#1
#2
#1
#2
# 1
#2
#1
#2
# 1
#2
#1
#2
# 1
#2
# 1
#2
#1

3 #2
#1
#2
#1
#2
w 1
#2
#1
#2
#1
#2
# 1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
* 1
#2
M 1
#2
w 1
N2
w 1
N2
#1
#2
# 1
#2
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8.40
3.93
8 s 29
3, 84
8, 18
3, 77
8, 10
3. 70
8.02
3, 64
7. 99
3.59
7, 88
3, 54.
7, 82
3.50
7. 77
3.46
7, 72
3.42
7.68
3, 39
7.64
3.36
7. 60
3.33
7, 56
3. 30
7, 31
3. la
7.08
2.95
6.85
2. 79
6.63
2, 64
l62 l l .
23715,
1 98.5
199 • 4
55.55
44.43
31 - 33
21 .62
22, 78
1 4 - 20
18, 6.3
10, 79
16. 24.
8. 89
14 - 69
7. 69
13. 6 1
6 • 88
l 2, 83
6 • 30
12. 23
5 • 86
1 1 - 75
5.5 c.
l 1 . 37
be 25

6 - 1 1
3 • 79
6 - 0 l
3.71
b - 93
3, 63
5, 85
3.56
5. 78
3.5 l
5, 72
3.45
5, 66
3 - 4 1
5, 6 1
3. 36
5, 57
3.32
5.53
3, 29
5. 49
3, 26
5.45
3.23
5. 42
3, 20
5. 39
3. 1 7
b. 18
2 e 99
4. 98
2,82
4, 79
2 - 66
4 • 6 l
2.5 l
20000 •
23.925,
199 • 0
199.4
49, 80
44 • 13
26, 28
21 s 35
18, 31
13, 96
14 e54
1 0.57
12 - 40
5 e 68
1 1 s 04
7,50
10 - 1 1
6 • 69
9 • 43
6 - 12
8. Q 1
5 - 68
8.5 l
be 35
8, 19
5 e 08

5, 18
3. b3
5. (19
3. 60
5. () l
3.52
4 • 94
3 • 46
4 • 87
3.40
4 • 82
3.35
4. 76
3. 30
4. 72
3.26
4 • 68
3. 22
4 - 64
3. 18
4 • 60
3, 15
4 • 57
3. la
4.54
3. 09
4 • 5 l
3. 07
4 • 31
2, 89
4 • 13
2. 72
3.95
2,56
3. 78
2.4 l
21 6 15.
24 ().9l e
199, 2
199.4
47.47
43 - 88
º4 • 26
21 - 14
16.53
13, 77
12, 92
1 0 , 39
1 0. 88
8.5 l
9, 60
7. 34.
8, 7.2
6, 54.
8, 0.8
S. 97
7, 60
be 54
7, 23
b. 20
6 • 93
4 • 94

4 • 67
3.59
4.58
3.51
4.50
3.43
4.43
3. 37
4 • 37
3.31
4 - 31
3, 26
4 • 26
3.21
4 • 22
3. 1 7
4 - 18
3 - 13
4 • 14
3 * 09
4 • l l
3 * 06
4 • 07
3.03
4 • 04
3.00
4 • 02
2 * 98
3. 83
2 - 80
3.65
2.63
3.48
2.47
3. 32
2, 32
22500,
24.224 •
1 99.2
199 • 4
46 , 19
43.69
23, 15
20, 97
15, 56
13.62
12. 03
10 - 25
10 * 0">
8, 38
8, 8.1
7, 21
7. 96
6 • 42
7. 34
5 e 85
6 • 88
5 - 42
6 • 52
5. 09
6 - 23
4 • 82

4 • 34
3.46
4 • 25
3. 37
4, 1 7
3. 30
4 - 10
3.23
4 - 04.
3. 1 7
3.99
3. la
3.94
3. 07
3.90
3.03
3. 85
2, 99
3. 82
2,96
3. 78
2.93
3. 75
2.90
3. 73
2.87
3. 70
2, 84.
3.5 l
2, 66
3.34.
2,50
3. 1 7
2, 34.
3.02
2 - 18
23056.
24426 .
199 • 3
199 • 4
45 - 39
43. 39
22,46
20, 70
14.94
13. 38
l 1 - 46
10. 03
9, 5 &
8, 18
8, 30
7.01
7 * 4 /
6 • 23
6, 87
5 • 66
6 • 4 &
5 e 24
6 • O 7
4.91
5 e 79
4 • 64

99.0%
.99. 0%
99.0%
99.0%
99.0%
9 G = 0 +
99.06
99 • 0 +
99.0%
99.0%
99.03.
99. 0 +
99 • 0%
99 - 0 +
99, 0%
99 • 0%
99 • 0 +
99 - 0 +
99, 0%
99, 0%
99.0%
99.0%
9Q e 0 +
99 - 0 h
99, 0%
99 • 0%
99.0%
99 • 0%
9Q e 0%
99 - 0%
99, 0%
99e 0%
99.0%
99.0%
99 • 0%
99.0%
99.5%
99.5%
Q9.5%
99.5%
99.5%
99.5%
99.5%

99.5%
99.5%
99.5%

99.5%
99.5 b
99.5%
99.5%
99. St
99.5%
99.5%
99.5%
99.5 b
99.5 t
99.5%
Q9.5 +
99.5%
99.5 +

DFD= 1 7
DFD= 1 7
DFD= 18
[)} D- 18
DF D = 1.9
DH D: 19
UF D = 20
DH OF 20
D} D= 21
DF D= 21
DH D- 22
DF ■ y- 22
DH D- 23
OF D= 23
OF D = 24
DF D = 24
DF D = 29
DH D: 25
DF D= 26
DF D= 26
DH D- 27
DF D= 27
DF D- 28
DF D = 28
DFD= 29
DFD= 29
DF D: 30
DF D= 30
DF D- 40
DF D = 40
DFD= 60
DFD= 60
DF D: 120
DF D-120
DFD= INF
DF D= INF
DFD= 1
DF D- 1
DF D= 2
DFD= 2
DF D- 3
DFD= 3
DFD= 4
DFD= 4
Dr D= 5
DFD= 5
DH. Dz 6
DF D = 6
DFD= 7
OF D= 7
DH D- 8
DFD= 8
Dr D = 9
DH D: 9
DF D = 1 0
DF D= 10
DFD= 1 1
D■ D= | 1
DH D- 12
Dr D = 12
DF D= 1 3
DFD= 13

# 1
#2
#1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
# 1
#2
#1
#2
#1
#2
* 1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
#2
#1
M2
M 1
#2
* 1
#2
w 1
#2
# 1
& 2
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l l e 06
5.03
10, b0
4.85
1 () • 58
4 • 69
1 0 , 38
4 • 56
10 - 22
4 * 44
10. 07
4 • 34
9, 94.
4 • 26
9 • 83
4. 18
9, 73
4 • l l
9, 63
4 • 05
9,55
3 e 99
9, 48
3, 94.
9 • 4 1
3. 89
9 • 34.
3.85
9, 28
3. 81
9. 23
3. 77
9, 18
3, 74
8, 83
3.5 l
8. 49
3, 29
8, 18
3. 09
7 e 88
2, 90
405300 •
99.290 U =
998.5
999 • 4.
167, ()
131 s 6
74 • l 4
49, 66
47, 18
28, 16
35.5 l
19, 46
29, 25
15. 02
25, 42
12, 40
22, 86
10 - 70
21 04
9 * 52

7. 92
4 • 86
7, 70
4 • 67
7 e5 1
4.52
7, 35
4 - 39
7, 21
4 • 28
7 e 09
4 • 18
6 - 99
4 • 09
6, 89
4 • 0 1
6 • 81
3, 94
be 73
3 • 88
6 • 66
3 • 83
6 • 60
3, 78
6 • 54.
3, 73
6 • 49
3, 69
6, 44.
3 • 65
6, 4 ()
3, 6 l
6 • 35
3,58
6, ■ , 7
3.35
5, 79
3, 13
5.54
2, 93
5, 30
2. 74
b 00000 •
598 100 •
999, 0
999 • 4
1 48.5
130 e 6
61 - 25
49e 00
37 el 2
27, 64.
27, 00
1 9, 0.3
21 - 69
14 • 63
18, 49
1 2 e 04.
16. 39
1 0 , 37
14 • 91
9, 20

6 • 68
4 • 72
6 • 48
4 • b 4
6 • 30
4 • 38
b. 16
4 • 25
6 • O 3
4 - 14
5, 92
4 • 04
5 e 82
3, 96
5, 73
3, 88
5, 65
3. 81
5,58
3 • 75
5, 92
3, 69
5 • 46
3, 64
5.4 l
3, 60
5 • 36
3.56
5. 32
3,52
5, 28
3.48
5, 24
3.45
4 • 98
3, 22
4 • 73
3. Cl
4 • 5 (.
2, 81
4 - 28
2, 62
54 (1400.
60 2300 •
999, 2
999 • 4.
14 l l
l 29, 9
5 to e ] 8
48, 4.7
33 - 20
27, 24
23, 70
18, 69
18, 77
14 - 3.3
15. b3
l 1 .. 77
13. 90
10 - 1 1
l 2, 55
5 e 96

6 * 00
4 • 60
5, 80
4 • 42
5. 64
4 - 27
5 e S0
4 - 14
5. 37
4. 03
5, 27
3, 93
5. 1 7
3, 85
5. 09
3. 77
5 - 02
3. 70
4 • 95
3 • 64
4.89
3.59
4 • 84
3.54
4 • 79
3, 49
4 • 74
3.45
4 • 70
3 • 4 1
4 • 66
3. 38
4 • 62
3 • 34
4 • 37
3. 12
4 • 14
2.90
3, 92
2. 71
3. 72
2.52
56.250 0 ,
605600 •
999 • 2
999 • 4.
1 37, 1
l 29, 2
53. 44
48 , 09
31 - 09
26, 92
21 - 92
18, 4 l
I 7, 19
14 e 06
14 s 39
l 1 - 54.
1 2.56
9 • 89
l l e 28
8, 75

5 e 56
4.43
5, 37
4 • 25
5. 21
4 - 10
5. 07
3, 97
4 • 96
3. 86
4.85
3. 76
4 • 76
3, 68
4 • 68
3, 60
4. 6 1
3, 54
4 • 54
3, 47
4. 49
3.42
4.43

-

3 • 37
4 • 38
3.33
4 • 34
3, 28
4 • 30
3, 25
4 • 26
3.21
4 - 23
3, 18
3, 99
2 e 95
3, 76
2. 74
3,55
2,54.
3.35
2 - 36
576400 .
6 1 0 700 •
999 • 3
999 • 4
1 34 • 6
128. 3
5 1 . I'l
47, 4 l
29, 75
c6.42
20, b 1
17, 99
l 6 - 2 l
l 3 - ? l
l 3, 49
l 1 . 19
l 1 .. 71
9, 57
1 0 , 48
8, 4.5

5, 26
4 • 25
5, 0.7
4 • 07
4, 91
3, 92
4 • 78
3, 79
4 • 66
3, 68
4 • 56
3,59
4.47
3,50
4 - 39
3.43
4.32
3, 36
4 • 26
3. 30
4 - 20
3, 25
4 - 15
3, 20
4 - 10
3, 15
4 • 06
3. l l
4 • 02
3. 07
3, 98
3 • 04

3.01
3.71
2.78
3, 49
2 e5 7
3, 28
2, 37
3, U.9
2, 19
58590 () ,
6 1580 0 ,
999 • 3
999 • 4.
1 32, 8
l 27, 4.
50 s 53
46 e 76
28 - 84
25 - 9 l
20 - 03
1 7,56
15, 52
l 3 s 32
1 2 - 86
1 0 , 84
l 1 e 13
9, 24
9, 92
8, 13

99.5%
99.5%
99.5%
99.5%
99.5 b
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%
99.5%

99.5%
99.5%

99.5%
99.5 +
99.5%
99.5%
99.5%
99.5?
99 • 5%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9f
99.9%
99.9%
99.9%
99, 9},
99.9%
99, 9}
99.9%
99.9%
99.9%
99.9%
99 • 9%

OF D = 14
DF D = 14
UF D = 1.5
Dr D = 15
DH D = | 6
DF D = 16
DF D = 1 7
DF D = 1 7
DH 0- 18
DF D = 18
O} D = 19
DFD= 1 9
D} D: 20
Dr D = 20
DF D- 21
D} D: 21
D} D= 22
DF D = 22
DF D = 23
Dr D = 23
Dr D = 24
DFD= 24
[)} D= 25
DH D: 25
DF () = 26
UFD= 26
DF D = 27
DF D= 27
DF D = 28
OF D = 28
DFD= 29
DF D= 29
DF D = 30
Dr D = 30
DF D = 40
OF D = 40
DF D = 60
DH D: 6 ()
DF D = 1 20
DF D- 120
OF D= INF
DF D- INF
DH D: 1
DFD= 1
DF D= 2
Dr D = 2
DF D = 3.
DF D = 3
OF D = 4.
OF D = 4
DF D= 5
OF D = 5
DF D = 6
OF D = 6
D} D= 7
DH D: 7
D} D: 8
OF D = 8
O} D = 9
DF D = 9
DF D- 10
DH D- 10

# 1
#2
* 1
#2
# 1
#2
# 1
#2
# 1
#2
# 1.
#2
# 1
#2
# 1
#2
# 1
# 2
# 1
#2
# 1
#2
# 1
#2
# 1
#2
tº 1
#2
#1
#2
# 1
#2
# 1
#2
# 1.
#2
# 1
#2

#2
# 1
#2
# 1.
#2
# 1
#2
# 1
#2
#1
#2
# 1
#2
& 1
#2
# 1
#2
& 1
#2
* 1
#2
§ 1.
#2
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19, 69
8, 66
l 8, 64.
8 . 00
l 7, 8 l
7,49
l 7, 14
7, 08
16, 99
6 • 74
16. 12
6 * 46
15. 72
6 - 22
15. 38
6 * 0.2
15.08
5, 85
1 4 × 82
5 • 69
14,59
5.56
14 s 38
5.44
14. 19
5.33
14.03
5, 23
13, 88
5 - 15
l 3, 74
5,07
13. 6 1
5 e 00
13.50
4 • 93
13, 39
4.87
1 3, 29
4 • 82
12, 6 l
4 • & 4
1 1 , 97
4 • 09
l 1 - 38
3. 77
10.83
3.47

13, 8 l
8 s 35
12, 97
7, 71
12. 31
7, 21
l 1 .. 78
6 - 80
1 1 - 34
6 - 47
1 0. 97
6, 19
1 0. 6.6
5, 96
1 0 , 39
9 • 76
10 - 16
5, 59
9.95
5 , 44
9, 77
5.31
9 • 6 l
5 e 19
9.47
S e () 9
9.34
4 e 99
9, 22
4.91
9, 12
4 • 83
9 • 02
4 • 76
8.93
4 • 69
8, 85
4 • 64
8, 77
4 • 58
8, 25
4, 21
7, 76
3. 87
7, 32
3 e55
6 • 91
3, 27

l 1 - 56
8 . 12
1 0, 80
7. 48
l 0 , 2 l
6, 98
9 • 73
6 • b 8
9. 34
6 - 26
9 • 00
5 e 98
8, 7.3
5, 75
8, 49
5, 56
8 * 28
5. 39
8. 10
b • 24
7. 94
5 - 1 1
7, 8 (,
4, 99
7.67
4 • 89
7, 55
4 • 80
7, 45
4 • 71
7, 36
4 • 64
7, 27
4, 57
7, 19
4 • 50
7, 12
4 • 45
7, 05
4 • 39
6 • 60
4 • 02
6. 1 7
3, 69
5, 79
3.38
5. 42
3, 10

1 ■ ) • 35
7. 92
9, 63
7, 29
9, 0.7
6 • 80
8 * 62
6 • 40
8.25
6 • (8
7. 94
5, 81
7, 68
9 • 58
7, 46
5. 39
7, 26
5, 22
7, 10
5, ■ , 8
6 • 95
4 • 95
6 • 81
4, 83
6, 69
4 • 73
6,59
4 • 64
6 • 49
4 • 56
6 - 4 1
4 • 48
6 • 33
4 • 4 l
6 • 25
4 • 35
6, 19
4 • 29
6 • 12
4 • 24
5, 70
3. 87
5 - 31
3.54
4 • 95
3', 24
4 • 62
2,96

9 • 58
7. 63
8, 89
7, 00
8, 35
6, 52
7. 92
6 - 1 3
7. 57
5. 8 1
7, 27
5,59
7 * 0.2
5 , 32
6 • 8 l
5, 13
b • 6 &
4 • 97
6 • 46
4 • 82
6 • 32
4 - 70
6 • 19
4.58
6,08
4 • 48
5, 98
4 • 39
5, 88
4 - 31
5, 80
4 • 24
5, 73
4, 17
5, 66
4 - 1 1
5,59
4 • 05
5 • 53
4 • 00
5. 13
3. 64
4 • 76
3.31
4 • 42
3.02
4 - 10
2, 74

9,09
7, 32
8, 38
6, 71
7, 86
6. 23
7,43
5, 85
7,09
5.54
6. 8 1
5, 27
6, 56
5, 05
6 • 35
4, 87
6 - 18
4. 70
6,02
4.56
5, 88
4 • 44
5, 76
4 • 33
5. 65
4 • 23
5 e 55
4. 14
5,46
4 • 06
5, 38
3, 99
5, 31
3, 92
5, 24
3, 86
5, 18
3, 80
5 e 12
3, 75
4 • 73
3, 40
4 • 37
3.08
4 • 04
2.78
3. 74
2.5 l

99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99 • Qº.
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
99.9%
QQ = Q%
Q9, 9%
99.9%
99.9%
99 • ‘9%
99.9%
99.9%
99.9%

DFD= 1 1
DFD= 1 1
OF D = 12
DF D = 12
DF D = 1.3
DF D = 1.3
DF D = 14
OF D: 14
DF D = 15
DFD= 15
DF D = 1.6
DF D = 16
DF D= 1 7
DFO = 1 7
DF D- 18
DFD= 18
OF D= 19
DFD= 19
DF D = 20
DH D: 20
DH D- 21
DFD= 21
DH D: 22
OFD= 22
DF D = 23
DF D = 23
DF D= 24
DF D= 24
DF D= 25
DFD= 25
DFD= 26
DFD= 26
DF D= 27
DFD= 27
DFD= 28
DF D- 28
OF D= 29
DH D- 29
DF D = 30
DFD= 30
DFD= 40
DF D: 40
DFD= 60
DFD= 60
DF D= 120
DFD= 1 20
DF D= INF
OF D= INF

#1
#2
# 1
#2
w 1
#2
#1
#2
#1
#2
# 1
#2
# 1
#2
# 1
#2
* 1
#2
#1
#2
#1
#2
# 1
* 2
#1
#2
#1
#2
#1
#2
# 1.
#2
# 1.
#2
#1
#2
# 1
#2
# 1
#2
#1
#2
# 1
#2
# 1
#2
# 1
#2
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PROGRAM PUNCHWC2.

PROGRAM PUNCHWC2

A SHORT PROGRAM TO PU■ , CH THE RE GRESSION wb. IGHT CARUS FOR LEASI SQUARES
LINt A R Rt. GRESSION ANALY'S IS FOR ALL POSSIBLE COME INAl IONS OF 1 T0 l ()
INDEPENut: N T WAR I Abu-ES •

-

PROGRAM ALSO LISTS WHAT IS PUNCHED,

PROGRAM WR ITTEN b Y : S T EVE DIETRICH
[) EP A R T MENT OF PHARMACEUT ICAL CHE-M1 STRY
SCHOOL OF PHARMACY
UNIVERSITY OF CAL I FORNIA
SAN FRANCISCO - CAL I FOKN IA 94 l (; 3
A PRI L - 1976

PROGRAM wº ITT EN DE BUGGED ~ AND USED IN WAT FIV ON AN It M MODEL 370
145 COMPUTER AT UCSF

PROGRAM FIRST PUNCHES THE ONE POSSIBLF COMB 1 N1, T ION FOR 1 v ARIABLE 3
THEN ALL P() SS I BLE COMBINATIONS OF FRUM l I O 2 V AR I. Ablit S ;
THEN ALL POSSI BLE COMBINATIONS OF FROM l I O 3 V ARIABLES :
AND SO UN UP TO ALL POSSIBLE COMBINAT IONS OF H POM l T0 l () VARIABLES •

FOR ALL POSSIBLE COMBINATIONS OF F ROM l Tu x v ARIABLES • THE PROGRAM
FIRST PUNCHES ALL PUSS IPLE 1 V AR 1 ABLt. COMBINAT IONS OF THE X VARIABLES :
THEN ALL Poss IBLE 2 v ARIABLE CoMBINAT I UNS OF THE x v ARIABLES;
ANU SO UN UP TO THE ONE POSSI HLE X VARI Abu-E COMBINATION OF THE X
VARIABLES

[] I Mt NSION I (10)
91 FORMAT ( 1 x s 10 I l ; 63 x , I 2 v 1 H-2 I 4)
92 F ORMAT ( 1 0 1 1 0. 63) v I 2 - 1 H- * 14 )

[90 1 0 II = 1 × 10
10 I ( I 1 ) = 0

DO 200 N = 1 - 10
NCAH US = 0
DO l l l NN = 1 ° N
l,0 l l O J1 = 1 ° N
I F ( J 1 - G T , Nº. 1 -NN) GO TO l l 1
DO 31 II = 1 ° N

31 I ( I 1 ) = 0
I (J1 ) = 1

-

IF (NN , NE - 1) GO TO 1 1
NCAKUS = NCARLS - 1
wk l T tº (6 - 91 ) l o No NCARDS
w R 1 lb (7 ° 92) I v N 9 NCARDS
GO TO 1 1 0

1 1 K2 = J 1 + 1
D0 1 09 J2=Kø N
IF ( J2 e GT • Nº. 2-NN) GO TO 1 1 0
DO 32 II =K2 ° N

32 I ( II ) = 0
I (J2 ) = 1
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12

33

13

34

14

35

15

36

16

37

17

IF (NN .NE. 2) GO TO 12
NCAR DS = NCARDS 1
wk Il E (6 - 91 ) I v N., NCARDS
wR l l E ( 7 - 92) I • Nº NCARDS
GO TO 1 09

-

K3 = J2 + 1
UO 1 08 J3=K3 • N
IF (J3 . GT, N + 3-NN) GO TO
DO 33 I I =K3 • N
I ( II ) = 0
I (J3 ) = 1
IF (NN - NE • 3) GO TO 13
NCARDS = NCAR US • 1
wR IT E (6 - 91) I - N - NCARDS
wR 1 TE ( 7 - 92) I - N - NCARDS
(>0 I O 108
K4 = J3 * 1
U() ) 07 J4 =K4 • N
IF (J4 • GT • Nº 4-NN) GO TO
D0 34 II =K4 • N
I ( I I ) = 0
I (J4 ) = 1
IF (NN - NE • 4) GO TO 14
NCARUS = NCARDS • 1
wRITE (6 - 91 ) I N 9 NCARDS
wRITE (7 ° 92.) I • N 9 NCARDS
GO TO 107
K5 = J4 & 1
DO 1 06 J5=K5 ° N
IF (J5 . GT • N* 5-NN) GO TO
DO 33 I I =K5 ° N
I ( I I ) = 0
I (J5 ) = 1
IF (NN - NE • 5) GO TO 15
NCARUS = NCARDS • 1
wk l l t (6 - 91 ) l ; Nº NCARDS
WRITE (7 ° 92) I v N 9 NCARDS
GO TO 106
K6 = J5 • 1
UO 1 05 Jó-K6 ° N
IF (J6 • GT • N* 6-NN) GO TO
DO 36 II =K6 • N
I ( II ) = 0
I (Jb ) = 1
IF (NN .NE, b) GO TO 16
NCAF US = NCARDS • 1
wk I T E (6 - 91 ) I N 9 NCARDS
wk l l ■ ( 7 - 92) I N 9 NCARDS
(2O I () l 05
K7 = Jó 1
DO 1 04 J7=K79 N
I F (J7 - GT • N* 7-NN) GO TO
U() 37 I ■ =K 7 ° N
I ( II ) = 0
I (J7 ) = 1
IF (NN , NE • 7) GO TO 1 7
NCAH. DS = NCARUS • 1
wk Il t (6 - 91) I - N - NCARDS
WR l T t ( 7 - 92) I Nº NCARDS
GO 1 U 1 04
K8 = J7 e l
(JO 1 0 3 J8 =K 8 ° N

109

1 U8

1 07

106

105
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38

18

19

102
1 03
1 () 4
105
1 06
1 07
1 () 8
1 09
1 1 0
1 1 1

140

150
160

170
200

IF (J8 - GT • N* 8-NN) GO TO
UO 38 II =K 8 ° N
I ( II ) = 0
I (J8 ) = 1
IF (NN - NE • 8) GO TO 18
NCAR US = NCARUS • 1
wk l I t ( 6 - 9 l ) I N 9 NCARDS
w8 l l E ( 7, 92) I - N - NCARDS
GO I () 1 0 3
K9 = J8 + 1
LO 1 02 J%=K9, N
IF (J9 • GT - N + 9-NN) GO TO
UO 39 II =K9 • N
1 (I l ) = 0
I (J9 ) = 1
IF (NN . NE. 9) GO TO 19
NCARDS = NCARDS • 1
wk l It ( b , 91 ) I - N - NCARDS
wR IT E (7 ° 92) I N 9 NCARDS
GO I () l 02
I ( 1 0) = 1

■ v CAR, US = NCARDS 1
wk II t ( 6 - 9 l ) I • No NCARDS
WRITE ( 7 - 92) I - N - NCARDS
CONT i NUE
CONI INUE
CONTINUE
CONT INUE
CON I INUE
CONTINUE
CONTINUE
CONT INUE
CONTINUE
CONT INUE
DO 140 Ms 1 - 10
I (M) = 0
L = 3
(20 TO (190,160.190,160,150, 160, 190,160,190.160). N
L = 5
1}0 l 70 LL = 1 - L.
NCARDS = NCARDS • 1
wR IT E (6 - 91 ) I • N 9 NCARDS
wk II t■ 7 - 92) I N 9 NCARDS
CONTINUE
STUP
END

104

1 03
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PROGRAM FILLWCF.

PROGRAM FILLw CF

PROGRAM FILL wo F. READS RF GRESSION w8. IGHT CARDS FOR Lt ASI SQUARES
Ll NtAR REGRESS I ON ANALY SES FOR ANY COMBINAT ION OF 1 I () l 0 INDEPFNDENT
V AR 1 ABLE S - THE wit I GHT CARDS HAVING B E EN PREVIOUSLY PUNCHE. D. H. Y
THE PROGRAM PUNCHWC2 ,

PROGRAM CAL CULAT tS THE NUMBER OF INDEPENDtNT V ARIABLE'S SPECIFIED BY
EACH wb. IGHT CARU FOR RE GRESS ION (NIVWC) . -

VALUES OF 6 w8. IGHT CARDS (FILE wC ( 1 0 , J) • J– 1 - 6) A ND THE tvUMBER OF
INDEPENUENT V AR 1 AHL t S IND 1 CATED FOR RE GRESS I ON H Y t ACH (N IV w C (J) •
J– 1 , 6) ARE WRITI En I NT O EACH RE-CORD OF THE ON-LINE U ISK D 1 RECT ACCt-SS
FILE WCF ILE •

THE ON-LINE DISK U I Rt. CT ACCESS FILE w CF I Lt. COR, TA INS 346 FORMAT TED
(60 I l ; 6 I2) RECORDS EACH WITH A LENGTH OF 72 by TES •

PROGRAM WR ITT EN BY : ST EVE DIETRICH
DE PART MENT OF PHARMACt UT ICAL CHEMISTRY
SCHOOL OF PHARMACY
UNIVERSITY OF CAL I FORNIA
SAN FRANCISCO - CAL I FORNI A 94 143
APRIL • 1976

PROGRAM wº ITT EN , DE BUGGED ~ AND USED IN w AIF IV ON AN Ib M MODEL 370
145 COMPUTtk AT UCSF

INTE GE R +2 FILE wC ( 1.0 s 6 ) v NI VWC (6)
UEF 1 NE FILE 1 3 ( 346 , 72 - E • JCOUNT )
I wºk = 13
I R = 5

-
JCOUNT = 1

50 REAL (IR • 100 ° E N D =900) FILEw C
100 FORMAT ( 1.0 I 1 )

DO 1.20 J-1 v 6
N IV wC (J) = 0
()0 1 1 0 K = 1 - 10
I F (FILEWC (K. J.) , t Q. 1 ) NI VWC (J) = NI VWC (J) • 1

1 1 0 CONT INUE
120 CONT INUE

wk I TH ( I wº; "JCOUNT ~ 150 ) FILE wC NI VWC
150 F \)KMAT (60 I 1 - 6 1 2)

GO TO 50
900 CONTINUE

STOP
ENL)
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