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Cyclopeptide Alkaloids. Syhthesis of the Ring

System and Its Ion Affinity.
Jd. Clérk Lagarias, Richard A. Houghten and Henry Rapoport*

Contribution from the Department of Chemistry and Lawrence

Berkeley Laboratory, University of California, Berkeley, CA 394720.

‘Abstract: Several examples of the l4-membered, para-bridged

ring system of the cyclopeptide alkaloids have been synthesized
via an active’eétervcyélizatibn. The yield of monémeric}cyclo—
peptide varied from 1 to 33% and was affected by the amino acid
éubstitution pattern and amidevconformatioﬁ of the linear

peptide precursors. Both the synthetic models and a naturally

occurring cyclopeptide alkaloid, ceanothine B, bind monovalent

+

(Li+) and divalent (Ca+ ' Mg++) cations.
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" 8ince the.cOnfirmatioh"of;the,st;@dtufé5pf pandamine (1) -

~in 1966,l reports of the isolation and structure elucidation

. of -more than seventy éyclopeptide alkaloids have appéared.2

This class of natural product, particularly prevalent in plants
of the Rhamﬁaceae family; is structurally well illustrated

by frangulanine (2). The-fourteeh membered ring,_coﬁtaining

two amides and incorporating é va£iously funétionaiizedAbenzylic
positioﬁ (%), is the feature‘coﬁﬁdn ﬁo almost all of'thése'
natural products.

Although antibiotic, hypotensive, and antitussive properties

‘have been ascribed to the cyclopeptide alkaloids, no definitive

2a

pharmacological activity has been demonstrated for this class

of natural product. Recently, peptide alkaloids have shown photo--

phosphorylation inhibitor activity in spinach chloroplasts, an

observation which may be related to their function in the plant in -

which they are produced.3 The difficulty of isolaﬁing sufficient
quantities 6f.pure alkaloids, however, and the absenée of any
method for synthesis, has hampered further biological study. 1In
this account we present the synthesis of several examples of

this unusual macrocyclic system and provide evidence for specific

ion binding of the cyclopeptide alkaloids.

Synthetic goals

Our initial experimental approach was designed to develop
a generél synthetic pathway to the saturated cyclopeptides 4.
Successful preparation of these saturated models would then be

followed by syntheses directeéd to compounds with the functionalized

g
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benzylic residues-fdund~inbthe natural products (3a,b,¢),fperhaps?

~ o o~

via the saturated models_asvsubstratés;  As a simplication, we

A-B’ Components
3a ’ A"B
b r} A_B

C, A"B

of the Cyclopeptide Alkaloids

= CH=CH - 4a, R,=CH,, R.=R6=(CH2)3
= COCH,, 3 v | ] E, R5=CH3, ﬁ5=(CH3)ZCHCH2, R=H
= CH(OH)CH,, V | S; Ry=R =CH,, R5=_'(CH3)ZCHCH2

g, R3=ﬁ, Rg=R = (CH2)3

es Ry=R =H, R.=(CH,) ,CHCH,
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‘have only lead to the isolation of cyclohexapeptides.

chose to. omlt the nltrogen and alkyl re51dues on C- 8 and C 9

: respectlvely, 1n our model systems., The exclu51on of the B- hydroxy-

a-amino ac1d m01ety found in the natural product would ellmlnate
dlastereomer separatlons ‘during the planned synthesis, and the

choice of a prollne or leucine residue for R5 was made on the basis

The cyclopeptlde models ga—e ‘were chosen to test the hypothesms
that amide substltutlon should affect the course.of peptlde
cyclization. These models differ in the degree_of'subetitution
of the amide nitrogens in both of the componentvamino acids.

It is commonly accepted that amide resonance stablllzes their
planar conformation and that trans conformatlons are preferred

to cis (neglecting ‘hydrogen bonds). The strong trans preference
for the amide bond disappears when peptldes are N- methylated.4a
That 1ntramolecular.reactlon between the ends of the linear
peptide is influenced by the amide conformation has been demon-
strated in the case of cYclotripeptide synthesis. Thus 9;
membered ring cyclotripeptide can be prepared only when the amides
are tertiary (i.e. cyclotrisarcosyl4a and cyclotriprolyl4b).
Attempts'to cyclize tripeptides with primary_amino acid residues
| . ¢ rhere-

fore we chose the five peptlde models (4a-e) as our flrst . ' .

~ o A

synthetlc goals to test the amlde conformatlonal factors.

o - . H 0~
\+ : \+ /
Z=> RNHCOR' = N=C

trans . cis
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_ Synthetic'strategy

- The key reaction of our synthesis of the cyclopeptide alka-

.loids involves the cyclization step. Initially, we considered

four types of ring closure, as illustrated in Scheme I. - Among

~these, a strong choice was high dilution cyclization of an active

.'ester'(ﬁathwéy‘é); a'ééptide.cycLiZation'succesSful in the pre-

paration of cyclotripéptides4a’b?énd analogues of the antibiotics

actinomycinSa and gramicidin.Sb

- Intramolecular Michael addition
(pathway c¢), was quéstionable'because of the reversibility of

this reaction especially when forming a strained ring. Cyclization

'.Via formation of the 3,4-peptide bond (pathway b) was rejected

since this cyclization would require activation  of a carbonyl

adjacent to a chiral carbon and might lead to racemization of this

“asymmetric center if forcing conditions were necessary. Final

formation of the 1,l4-bond by Friedel-Crafts acylation was
briefly considered (pathway d);‘however, reaction conditions
necessary to effect this cyclization were'cqnsidered"too vigorous
to be compatible'with the aryl ether and amide functionalities.

For these reasons the 6,7—peptide cyclization of pathway a was

- our first choice.

Approach a. Beginning with a 3-phenyloxypropanoate- system,

- our initialysynthetic design comprised the early preparation of

a para-acylated aryl ether derivative fdliowed by formation of the
3,4-peptide bond and ultimately by the 6,7-peptide cyclization.

However, in the first step of this sequence we encountered

- difficulty in para-acylating aryl ether 5 with a-substituted

aliphatic acid derivatives (Scheme II). With trifluoromethane-
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sulfonic—carboxylic anhydride interﬁediates generated by reactioh
of carboxyllc acid chlorldes and silver trifluoromethanesulfonate,
exclusive para- acylatlon of oxygenated aromatics has been reported6
in some cases. 1In extendlng_thls method, we acylated methyl 3-
phenyloxypropanoate (§) with either acetyl chloride or isobutyryl
chloride under the reported conditions and obtained greater‘than
85% yields of isomerically pure para kefones zi and ZE. Hewever,
acylation of.?,with N-trifluorocacetyl-N-methylaminoacetyl c¢hloride
(§?) afforded none of the amino ketone. Duevto.the instability

/ .
of both aryl ether and ester moieties of 5, no Friedel-Craft pro-

.cedure successfully effected the desired acylation.

On the other hand, acylation with an a-halogenated acetic
acid derivative followed by nucleophilic displacement of the
halogen atom with an amine did afford the amino ketone 7d.

Unfortunately, the acylation of methyl 3-phenyloxypropanoate (5)

via the mixed anhydride formed from trifluoromethane sulfonic acid

and chloroacetyl chloride gave a mixture'of ortho and para isomers

in a 3/2 ratio. A similar isemer mixture was obtained when‘§_
was acylated with methoxyacetyl chloride by the mixed anhydride

procedure. Clearly this.acylation method6 is not a general one

for exclusive para acylation of oxygenated aromatic compounds.

The amino ketone.zg, alternatively, could be prepared in three
steps. The previously synthesized ketone 7a was a-brominated | .o
with bromine in ether at 0°C. Displacement of the bromide (7¢)

by methylamine in methanol then afforded a 79% conversion to the

amino ketone Zd.

Catalytic reduction of the ketone 7d always stopped at the
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benzyl aleohol stage"and-failed to give the.deeired phenylethyl-
amine, althbugh eimilar catélYtic hYdrogenetion-hydrogenolysis

conversions have been reported.7 Failhre'in eur case was due.to
decomposition of the 3-afyld§ypropanoic acia moiety in both acid

and base. This instability of the>3—aryloxypropanoic acid group

necessitated devising a new approach to the cyclopeptlde model 4

in which this functlonallty was 1ntroduced near the end of the
synthesis. .

To overcome these dlfflcultles, we env151oned the preparatlon
of the 9,10 ether linkage after the preparatlon of the 3, 4—pept1de
-bond. The synthes1s of the p—hydroxyphenylethylamlne system, the
key intermediate, proceededivia‘eataIYtie reduction of the nitro—
styrene 8 in ecetie‘acid; The amine‘g, on refluxing in doncentrated
.hydfobromie ecid, afforded tyramine hydrobremide 10 in 64% yield.
Modifying the trichloroabetaldehydew(ehloral) procedure8 by adding
triethylamine led to formylatioh of tyramine 10. Without the
addition of triethYlamine,vthe Schiff's base was the exclusive
product of this‘reaction. The resultant phenol 11 was then con-
verted to the benzyl ether %%h under standard conditions (benzyl
chloride_in refluxing acetone) and was suhsequently reduced with

lithium aluminum hydride to the N-methylamine 13b.

cH30-—®—cno — C“sO’@“\\; — RO
NO, |
" NHR'

9, R=CH,, R'=H  12a, R=CH,, R'=CHO

~

L o

~—~ 5

10, R=H, R'=H - 12b, R~C H CH, R'=CHO’
‘ il, R=H, R'=CHO . 13a, R—CH3, R'=CH

~ 3

13b, R—C H CH2, R'=CH

~ 5

3
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The:most'effeotive'method'for'the~acylation of amines 10 and
13 with N-tert- butoxycarbonylamlno a01ds9 was a leEd anhydrlde -

- 10

procedure. The ylelds of peptldes 14b and l4c from 13 and peptldes

15d and 15e from 10 were greater ‘than 90%. In the case of the pre-

~ o~ ~

paratlon of l4a via a dicyclohexylcarbodiimide (DCC) coupling, the
yield was substantially lower. However followingeether cleavagev
with BBr3 and'subsequent carbamate formation, the pure phenol 1l5a

was obtained. The N-methyl peptldes l4b, c were converted in high

~ A

yleld to the phenols 15b, ¢ by hydrogenolysis.

}53, R=CH,, RS 6~ = (CH,, )
1§§ b b, R=C_H_CH,, Rg= = (C H )ZCHCHz, R =H

¢, R=CgH, 2,R =(CH,) ,CHCH,, R =Cil,

15a, Ry=CH;, R=Rg= (CHy) 3

e b, R,=CH3, R 5= (CH3) ,CHCH,, R =H
10 cr 3—R6 CH,, R5=(CH3)2CHCH2

d, Ry=H, R=R = (CH,) 4
e, 3—R =H, Rg -(CH ) cncn

6 2 -

Wlth the phenols (lSa-e) in hand, we next considered the

alternatives for 1ncorporatlon of the three carbon propanoate

residue (Scheme III) The flrst attempted alkylation of the phenol

(lSa) with tert-butyl 3 bromopropanoate or 3-bromopropanoic acid

~
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. phenols to acrylates.

in acetone'ever'potassium‘carbonate‘lead to isolation of the cor-

responding-acrylate.and startihg phenol. Another method investigated

“to prePare'3-phenoxypropanate systems was the Michael addition of

11 . U51ng p-cresol as a model we developed

conditions. for this conversion whlch gave etheriformatlon in 80%

'yield. Employing these conditions, however, we observed no. reaction

of phenol 15a with tert-butyl acrylate.
A method for the three carbon homologation of phenols by
Michael additionﬁwith’propioléte derivatives was successful. 12

Thus we prepared methyl E- 3—phenoxypropenoate (16) by addltlon of

‘phenol l15a to methyl propiolate. If the sodium salt of the phenol

"was used, prepared with sodium hydride previous to-condensation,

the Z-isomer was theepredominant product. Catalytic hydrogenation
of_E-3-phenoxypropenoate (16) afforded the propanoatevgg'but‘this
product was extremeiy‘sensitive to alkali. Attemptea‘hYdrolysis of
the methyl ester 18 in alcoholic sodium hydroxide lead to rapid

and complete B-elimination. In confrest, hydrolysis of methyl 3-
phenoxypropenoate (16) with sodium hydroxide”waS'easily eccompiished.

The resulting acid 17 could be hydrogenated to yielﬁ the saturated

- compound 20a.. The general homologation of phenoils 1§§—e to the

~ o~

corresponding 3-phenoxypropanoic acids which Were then converted

to their p-nitrophenyl esters 2la-e is diagrammed in Scheme III.

~ oy e

The reaction of phenols 1l5a-e with benzyl propibiate followed by

~ e =

complete reduction afforded the respective 3-phenoxypropanoic acids

20a—e in hlgh yield. After preparation of p~nitrophenyl esters

13

(ONp) 21a-e with p-nitrophenyl trifluoroacetate in pyrldlne, the

condltlons for peptide cycllzatlon were next examlned.
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 decomposition of tert-butyl carbamates.

rr blb_‘

j’Cy!::li‘zation"._ Removal of the N tertvbutoxycarbonyl protectlng

group was accompllshed by dlssolv1ng the p-nltrophenyl esters 21

‘in anhydrous trifluoroacetic acid at 0 5°C (Scheme IV) By NMR

it was clear that ‘this process dld not requlre the presence of a
carbonium ion scavenger commonly used during acid catalyzed

| 45 After evaporatioh of
the excess trifluoroacetic acid,hthe residUaljamine salt 2; was
dissolved in N,N'—dimethyiacetamide and added slole to pyridine
maintained at 90°C. Studies with %%i as the model establlshed

acceptable coﬁditions for-peptlde cycllzatlon (see Experlmental

-Section). Ow1ng to the susceptlblllty of the 3—phenoxypropanoate

system to B-ellmlnate in alkali, the stablllty of the p- nltrophenyl

Aesters 21 and the’ products 4 to these reactlon condltlons was also

-~ o~

tested- both.were-stable. 051ng these conditions, the synthes1s
of each of the cyclOpeptlde monomers 4a -e on a preparatlve scale
was accompl;shed.. The yields are outllned in Table I.
In each caSe, cycllc monomer f was separated from the respective
dimer'gé by sebhadex LH-20 Chromatography.~ The spectral data (UV,

13

CD, and ~~C NMR) manifest the difference between cyclic monomers

and dimers, especially with respect to the aromatic chromophor.

In the UV, the absorption maxima of the cYClic dimers 23 are

" shifted to longer Wavelengths w1th a flvefold 1ncrease in extlnctlon

coefficient relatlve to the correspondlng cycllc monomer 4. In the
13C NMR spectra of the cycllc dimers %g, each_palr of ortho carbons,
c-12, C-16, and C-13, C-15, show a single resonance (Figure 1). On
the other hand each of" ‘the four ortho carbons C -12, ¢-13, C- 15, and

C-15 of the cycllc monomers 4 has a unlque resonance (Figure 2).
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'trated by the preparation of N-tert- butoxycarbonylamlno acids.
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The CD/spectra in the 250~300 nm range show the expected larger

interaction of the aromatic chromophor with_the asymmetric center
in the cyclic monomers 4. The differential molar extinction coef-
ficient (Ae) in this regionvis greater for the monomers than for

the dimers.

Discussion

Contrary to~the results of”cyclotripeptide synthesis;4 our

data;show that'the yield ofveyclopeptide alkaloid model 4 is

ﬂlndependent of the substitution of the amide (N-3, C-4) not involved

'-1n the formatlon of the final peptlde bond Although the linear

peptides 21a and Zld dlffer by the. substitution pattern of one- amide,
the yields of the cyclic peptides 4a and 4d are similar. The ylelds
of cyclopeptides 4b and 4e are also comparable but less than that

of 4a. Cyclopeptide 4c was obtained in very low yield. " Our results

‘show that the reactivity of the free amino group (N-6) in the

linear peptide is the major factor affecting the different yields

- of cyclic monomers. That the rate of acylation of amines is

greatly influenced by their degree of substitution is well illus-
9
The rate of acylation ‘with tert-butoxycarbonylaZide decreases in
the series proiine> 1euc1ne>>-N-methylleucine. The yields of cyclo-
peptides follow this seduenqe ofAdecreased reactivity of the'nucleo-
phile, with proline (4a and 4d) > leucine (4b and 4e) >> N-methyl-
1euc1ne (4c) | |

‘The spectral data for the cyclopeptide monomers. 4a-d indicates

that each macrocycle has ahuniqueegeometry. :Although the yield
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of cycllc peptlde is 1ndependent of the degree of amlde substltutlon

in the 11near peptlde, the conflguratlon of the cycllc product

4greatly depends on the structure of the amlde in the linear peptlde.

A discussion of conflguratlonal isomerization, its effect on the

synthesis of this tYpe of ring eystem, and its effect on ion affinity.

" of thesa cyclopeptides will be dealt‘ﬁith in a future report.

The ion binding properties-of the synthetic peptide, cyclo-

[3(4-3-aminoethyl)phenyloxypropanOyl¥L-prolyl] (4d) and a natural

14

peptide alkaloid, ceanothine B, were determined by circular di-

chroism studies in acetonitrile.15 The cyclopeptide 4d showed

-selectivity.for Mg++ and ca*t over Li* and did not interact with

Na+ and K+‘(Figures 3 and 4). Similarly, ceanothine B interacted

with Mg *+ and Ca++band not with Nat (Figures 5 and.6) Cyclic
dimers fff‘? did not exhibit metal complex1ng when observed by
circular dichroism.

It is significant'tovnote that the amino acid componente ofi
the cyclopeptlde alkaloids contain only hydrophoblc residues.
Such low molecular welght peptldes would probably have a, hlgh
solubility in the lipid layer of a blomembrane and with respect

to their ion affinities, these cyclopeptides could possess iono-

phoric activity. The high concentration of the cyclopeptide

"alkaloids in the root bark of plants may indicate an ion

solubilizing and transporting function for these alkaloids in

plant roots. Also, the reported3 effect of the cyclopeptide alkaf

loids on photophosphorylation may be due to alteration of an ion-

mediated process.

Our results indicate that this class of natural products

-
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possesses an affinity for metal ions. The determination of ion

binding constants and ionophoric activity for the cyclopeptide

models 4 and various natural peptide alkaloids is presently being

further'inVeStigated. The implication that the cyclopeptide alka-

loids may function as ionophores in the plant that produces them,

»is clearly suggested by the data,presented above_.16

Our synthetic method can be generalized and modified to

- 'include the preparation of cyclopeptides of this type in addition

- to the sYnthesis of‘peptide alkaloids. Functionalization of the

'beniylic”position (C*l) of our model sYstem 4, perhaps via‘a

-radical process, w1ll lead to systems found in the natural producLs

3. By nmeans of a substltuted proplolate the p051tlon1ng of a

varlety of groups on.C-9 can easxly be 1ncluded into our synthetlc

_;,scheme,»as can.substltuents on the aromatlc nucleus.ﬁ The 3-phenyl—

'-voxy ropenoatf119 may offer a way to: 1ncorporate a nltrogen or

substltuents on C 8.' Through synthes1s of these l4-membered

cyclopeptldes, 3 or“4§fwe can answer the questlon of what

‘?1on 1n structure affects metal complex1ng ablllty, and

experlments along these llnes are under 1nvestlgatlon._7fgf7?“”'
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. EXPERIMENTAL SECTION

" Méthods. ‘Alljreactions were performed under a nitrogen
atmosphere. Solutions were drled over Na2804 and evaporations
were done in vacuo w1th a Berkeley rotary evaporator. Uncorrected
melting p01nts were determlned on a Thomas -Hoover Caplllary MP
Apparatus and a Kofler Mlcro Hot Stage (ump) -Both H—NMR and
13C—NMRvspect:ra were taken,ln CDCl3 solutlon using 1nternal Me481
(s 0).on a Varian HR—ZZOZand'a‘TT+23 (with a Brucker WHf9O console
equipped mith an NIC-80 computer.and a Varian 25.14 MHz‘magnet)

respectively. UV spectra were taken in methanol on a Cary 118

“instrument. A model AEI-MS12 mass spectrometer with INCOS data

system'was used for determlnlng mass spectra. The gas chroma-
tography was done on (a) a F and M Model 402 High Efficiency GC
with a 5' x 1/8" glass column, 3% OV-17 (w/w) on Aeropak 30 (100-
120 mesh), and (B) a Hewlett Packard Model 5730A GC with a 3' x
1/8" glass cOlumnbandﬁthe same liquid phase and solid support. TLC
was done onlSilica'(Eastman sheets #6060) and.column chromatography
used silica gel 60 (EM*Reagents) with solvent systems: (A) CH OH/
benzene/acetone, 1/1/1; (B)‘benéene/acetone, 4/1; and (C) benzene/
Etzo, 1/1. Optlcal rotatlons were determined on a Bendlx Ericsson
ETL~-NPL Automatlc-Polarlmeter Type 43A. CD spectra were taken

17 Ion exchange

in acetonitrile on a home‘made.spectrometer.
chromatography was done w1th a mlxed bead re51n, BloRex A6501-X8~ D,
20-50 mesh, on a column 1.5 x 50 cm. Elemental analyses were par-
formed by the Analytlcal Laboratory, Department of Chemlstry,

University of Callfornla, Berkeley.



COuv~vbO0Ua7y 60 15

1 Materials. The following solvents were routlnely distilled

2 prior to use: tetrahydrofuran from sodlum benzophenone ketyl,

'3 pyridine (predrled over NaOH pellets) from BaO, and N,N'-dimethyl--
v acetamide from 47 molecular 51eves. Spectral grade acetonitrile and
s analytical reagent grade salts were employed for the ion studles.

e Meth)l 3= (4'—Acetylphenyloxy)pronanoate (7a) -- To a suspen51on

, of silver trlfluoromethanesulfonate (65.1 g, 0. 25 mol) in 750 ml
¢ Of CH,)Cl, was added a solution of acetyl chlorldev(19,9 g, 0.25
s mol) in 75 mL of CH2012 After the immediate'precipitation of

,o Silver chloride, a solutlon of methyl 3-phenyloxypropanoate (5)

., 5.6 g, 0.25 mo1)lla

in 75 ml of’ CH2Cl2 was introduced.. One half
,2 hour later the additionlof the same amounts of silver salt and

' aoetyl chloride was repeated After 1 hour, the mlxture was

13
1k flltered the filtrate was succe551ve1y washed w1th water (3 x 300
1S ml), sat. NaHCO3,(3 x 300 ml), and sat. NaCl (1 x 300 ml), drled
1;v"vand evaporated. After’distillation:(Rugelrohr), 53 g (93%) of 7a
17. was obtaihed: GC (A):Rt at 200°C, 4,3 min;'NMR 8§ 2.55 (s, 3H),
- 2.83 (t, 2H, J=7THz), 3.73 (s, 3H), 4.30 (t, 2m, :J=7ﬁz), 6.94 (d,
|, . 2H, J=10Hz), 7.76 (d, 2H, J=10 Hz). Anal. (CyH 149¢)¢ C, H.
20 Methyl 3 (4'—Bromoacetylphenyloxy)propanoate (7c) --»Bromine
’pv;iff(l 78 g, ll mmol) was rapldly'”dded ‘ lb ”slfrryvofgketone j
L, Ta (2.8 9 1 mmol) in 25 ml'of Et,0 at 0-5°C. he reaction
o Eﬁfmlxture became homogeneous when allowed to wa. z_oproom?temperature.gf

23 |
“vt;After 1 hour, the solutlon was washed w1tifdlst111ed“water (2 X 15

u]fml), sat Nanco3 (15 m1)-v”"“"jtﬁ

NaCl (15 ml), drled,:and

'“fevaporated to afford 2 65 g (80%) of: thet"romo ketone g mp 68 70°C

.o “(A) R, at 2307, 12'9'mm MR 5 fz‘ 76 (&, 21, J-mz),_.'_._v-”-'
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1 ;(s;»jﬁ);;4;27;xt;“2ng5J£7uzx; 4.32 (s, 2H), 6.94 (d, 2H, J=10Hz),

2 7.76 (4, 2H; J=lpnz).' Anal. (c12 1304Bx): C, H.

3 'Methyi*3~(4‘-N—MethylaminoacetylphenyloXy)propanoate (7d) . ~-
- A methanol solution of bromoketone 7¢c (1.81 g, 6 mmol, in 50 ml)

s was cooled to -5°C at which time a‘25% (w/w) solution of methyl-

6 émine in methanol (3.60 g, 30 mmol) was introduced. After 4 hours,
, 1IN HC1l (32 ml) wés added, aﬁd,on evaboretienband $10, chroma-

¢ tography (A), 1.36 g (79%) of.the'hygroscopic aminelhydrochloride

s 7d was obtained: NMR (f?MSO—d6)6 ’2.73 (s,HZH), 2.90 (&, 2H, J=7

., Hz), 3.23 (s, 3H), 3.70 (s, 3H), 4.38 (t, 2H, J=7Hz), 4.75 (s, 2H),

y,. ~7.20 (4, 2H, J=10Hz), 7.92 (d, 2H, J=10Hz).

12 2~ (4'-Methoxyphenyl)ethylamine (2);-; A'solution of p-methoxy-
fn 18 ,3 Wnitrostyrene (8, 50 g, 0.28 mel)layin 1.7 L of glacial acetic

- acid was added over an 8'hoﬁr'periodkiﬂto 1.7 L of glacial acetic

,s acid containing-pd/e (108, 17.7 g) and conc. H,SO, (46 g, 0.47 mol).

16 Hydrogenlwas bubbled through the solution with a gas dispersion tube

- during the édditioe end for 1 hourvafterwards; On subsequent

- isolation and dlstlllatlon, the amlne Q (3.3 g, 78%) was isolated:

1s bp 110~112°C (2 mm); NMR 8 l 10 (s, 2H), 2. 86 (m, 4H), 3.70 (s, 3H),

.o ©-83 (44, 4H, J—8 18Hz)

21 2- (4'-Hydroxyphenyl)ethylamlne ‘Hydrobromide (Tyramine Hydro-

27z bromide) (10). -~ A mixture of the amino methyl ether 9 (0.9 g,

23 72 mmol) in 300 ml 48% HBr was refluxed for 30 min. After the

24 solution was cooled in an 1ce bath the crystalllne percipitate was
2s collected and recrystalllzed from~95%-ethanol to yield 10 g (64%) of
26 10: mp 243-245°C; NMR 6 3 20 (q, 4H, J-6Hz), 4 80 (s, phenolic),

2> 7.0 (ad, 4H, J=8, 18Hz) |
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N Formyl -2~ (4'-hydroxyphenyl)ethylamlne (ll) - Whlle a

suspen51on of tyramlne hydrobromlde (10 10 g, 46 mmol) and“'

trlethylamlne (9.3 g, 92 mmol) 1n 75 ml CHCl3 was maintained at

0~ 5°C, a solutlon of trlchloroacetaldehyde (6. 76 g, 46 mmol) in
_25 nl CH.Cl3 was added dropwise over a 1 hour period. After
'refluxing for 1/2 hour, the resultant solution was eVaporafed and

the residue recrystallized from watef_yielding 4.6 g (62%) of

the N-formyl dérivative~ll? mp 97*99 Sbc-vTLC'(B) Rf 0.35

A(nlnhydrln neqg.); NMR 6 2.61 (t, 2H, J=7Hz), 3.27 (g, 2H, J= 7Hz) ,

6.61 (d 2H J—8Hz), 6 91 (d 2H,_J—8Hz),'7.86b(m, 1H), 7.92

(s, 1H), 9.0 (s, 1H) . Anal. (CgH, ,NO, ): C, H, N.

" N-Formyl-2- (4'~methoxyphenyl)ethylamlne (12a).-- To a solution

~ o~

of amine 9 (40 g, 0. 27 mol) and trlethylamlne (29.5 g, 0. 29:mol)

- in 250 ml CHCl3 cooled to 0= 5 C was added dropw1se over a 1 hour

perlod a solutlon of trlchloroacetaldehyde (43 g, 0.29 mol)

in 250 ml-CHCl3. Follow1ng reflux for 45 mlnutes, the solution

was washed with 5% aq. acetic acid (3 x 250 ml), distilled water

(L x 200 ml), sat.'NaHCO3 (1 x 200 ml), dried, and evaporated.
The residue was dlStllled to afford 44 g (92%) of the amine %%g
bp 159-161°C (2 mm);_GC (A) R at 175°C, 9.8 min; NMR 8§ 2.75 (t,
24, J= 7Hz), 3.43 (q, 2H J—7Hz), 3. 73 (s, 3H), 6. 30 (s, lH),

6.85 (d 2H, J= 9Hz), 7. os (d 2H, J—9Hz), 8.0 (s, 1H). Anal.

,(Clo 13N 2) c, H N

N-Formyl-2- (4'—benzx}oxyphe 1)ethylam1ne (l2b) A mixture

2?03 (7.9 g,

57 mmol), and benzyl chloride (3.2 g, 25 mmol) in 100 ml acetone

of 11 (4.0 g, 24 mmol), flnely powdered, anhydrous K

was refluxed for 23 hours. After filtration and evaporation, the
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‘residue was‘paifitiéned'betWeeﬁ CHCl,4 (lSOfml)-énd distilled

water (100 ml). The organicrphase”was sﬁccessively washed with
sat. NaHCO; (2 x 75 ml), 1IN HC1 (2 x 75 ml),_distilled'water‘

(75 ml) and sat. NaCl_(75.m1).erollowing drying_and evaporating,
4.7 g (76% of ;gb.waé-isolated: ‘mp 109ﬁil0°C;:TLC (B‘)‘Rf =f0.49;.

NMR & 2.73 (t, 2H, J=7Hz), 3.48 (g, 2H, J=7Hz), 4.98 (s, 2H),

5.70 (m, 1H), 6.85 (d, 2H, J=9Hz), 7.05 (d, 2H, J=9Hz), 7.33

l6'H17N02): C, H, N.

N-Methyl-2- (4 '-methoxyphenyl)ethylamine (l3a). ~- To a rapidly

(m, 5H), 8.0 (s, 1H). Anal. (C

‘stirred slurry of lithium aluminum hydride (9.10 g, 0.24 mol) in -

‘180 ml THF kept at O-5°C was added a solution of the N-formyl

compound }ga.(4é.9 g, 0.24 mol) in 100 ml THF during a 50 minute
period, then the mixture was refluxed for 30 minutes. After )
cooiing the reac;ion.mixture to 5°C, the excess hydride was
destroyed by successive addition of_9'mi water, 9 ml 15% NaOH,
and 20 ml.water and allowed to stir for an additional 30 minutes.
Filtration, evaporatioh, and distillation afforded the N-methyl-
amine 13a (30.5 g, 80%): bp»80-83°c (2 mh);,NMR § 1.20 (s, 1H),
2.40 (s, 3H), 2.77 (s, 4H),.3.62.(s, 3H), 6.77 (ad, 4H, J=8,18Hz).

Anal. (C NO): C, H, N.

10t15
N-Methyl-2-(4'-benzyloxyphenyl)ethylamine (13b). In a

manner exactly as above, the amide 12b (4.72 g, 18.5 mmol) was

reduced to amine 13b (4.2 g, 94%): bp 136°C (0.1.mm); NMR 6.2,39
(s, 3H), 2.74 (m, 4H), 4.98 (s, 2H),.6.84 (d, 2H, J=9Hz), 7.06

(@, 2H, J=9Hz), 7.32 (m, 5H). BAnal. (C NO): C, H, N.

| 16M19
‘N-Methyl-N,N'-tert-butoxycarbonyl-L-prolyl-2 (4'-methoxy

phenyl)ethylamine (%{;).-— A solution of thert-butoxycarbonyl
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" 14b as a clear oil (4.80 g, 92%): TLC (B) R

_O ;Q i -g.;é,»g u ﬁ_,i, é'vgﬁj;ﬁ; ;;@;351;,; ‘;_;f_ 19

L—proline9 (24.5 g, o 11 moll, the amine 13a’ (18 8 g, 0.11 mol)
and DCC (14. 3 g, 0. ll moll ln 1. 0 L of CHCl3 was stirred for 12

hours. FolIOW1ng removal of the urea.by filtration, the solution

' was washed with 5% acetic acid (2 x 500 ml), distilled water (1 x

500 ml), sat. NaHCO, (2 x 500 ml), and sat. NaCl (500 ml), dried

- and evaporated to yleld l4a as an oil (30 g, 73%) NMR & 1.45

~

(s, 9H), 1.85 (m, 4H), 2.8 (m, 2H), 3.0 (4, 3H, N-CH,), 3.50 (m,
4H), 3.73 (s, 3H), 4.50 (m, 1H), 6.82 (d, 2H, J=8Hz), 7.05 (4, 2H,
J=8Hz) . - - ' o |

- N-Methyl-N, N'-tert butoxycarbonyl L-leucyl-=2-(4'-benzyl-

‘oxyphenyl)ethylamlne (14b) . The temperature of a solution of

N- tert-butoxycarbonyl L—leuc1ne9 (2.77 g, 12 mmol) and N;ﬁethyl
morpholine (1.16 g, 12 mmol) in. 58 ml THF was malntalned at -15°C
while " 1sobutylchloroformate (L.57 g, 12 mmol)'was rapldly added.
One~minute.later, a_sdlution of'thé'N-methylaminewlgb (2.77 g, 12
mmol) .in 23 mlfTHF‘waéjdripped in during a:2 minute intefval
while the solution was kept below ~155C; After remOval'of the
cooling bath,'the soi@;ion was stirred for'4 additional hdurs,
filtered, and evaporét;a.. The resu1ting oil was dissolved in

100 ml ethyl acetate, washed with 1N HC1 (3 x 50 ml), sat. NaHCO,

(3 x 50 ml) and sat. NaCl (50 ml), driediandlevapofated, yielding

R 0.63; NMR § 0.92
(@a, 6H, J=6,12Hz), 115 (m, 3H), 1.48 (S; 9&), 2.77 (m, 2H), 2.90
(d, 3H, N-CHj), 3. 55 (m, 2H), 4.55 (m, 1H), 4.98 (s, 2H), 5.14
(m, 1H), 6.82 (dd, 23, J=3,8Hz), 7.05 (d, 2H 3=guz) 7.30 (m,

SH). Anal. (C27 38N2 4)., C,‘H, N.
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1 N-MethleN,N'—tert-butoxvcarbonyl—N'—methyifL—leucyl—z(4'~

z. benzyloxyphenyl)éthyiéminé_(Egc).4- The'coupling of N~-tert-butoxy-
fn 19 3 carbonyl-N—meﬁhfl—L-leucineg’19 [1.86 g, 7.6 mmol, [a]é5 -37.9°

4 '(g 0.7, CHSCOZH] and N-methYlamine %% (l,83 g, 7.6 mmol) was

¢ accomplished Wifh_the mixed anhydride procedure utilized for the

¢ DPreparation of l4a. The peptide {%c was isolated in 91% yield

~ o

, (3.24 g): TLC (C) R, 0.56; NMR § 0.89 (m, 6H), 1.45 (m, 12H),

£
¢ 2.68 (4, 3H, N-CH, carbamate), 2.73 (t, 2H, Jé8Hz), 2.89 (m, 3H,

o N-CHj), 3.43 (m, 2H), 3.75 (m, 1H), 4.98 (s, 2H), 6.83 (4, 2H,

.o J=8Hz), 7.06 (4, 2H, J=8Hz), 7.30 (m, 5H). Anal. (C,gH, N,0,):

.1 G/ H, N, | ‘

12 N—Methyl—N;N'~tert—bu£bxycarbonyl—L—prolyl-z—(4'4hydroxy

.3 Pphenyl)ethylamine (}5a).—- To a benzene solution (20 ml) of the

- peptide l4a (3.09 g, 8.5 mmol) was added boron tribromide (2.56

1s 9 10.2 mmol); ‘The resulfant heterogeneous mixture was refluxed
le for 6 hr. After removal of the solvent, the residue was

|, partitioned between 10% NaOH (50 ml) and CH,C1l, (3 x 20 ml).

- After adjustment‘of the'pH to.9.7; the aqueous layer was washed
- with CH2C12 (3 x 25 ml) .and evaporated to a light yellow oil

weighing 1.40 g (67%). That the O-methyl group was completely

20

,, Temoved was established by NMR.f This oil (1.40 g;.5.6.mmol)vwas

. dissolved in‘lO ml of dioxane and 10 ml of water, -and the pH

23 was maintaiﬁed at 8,§:With 1N NaOH ﬁith a.autotitrator. - After

- 2 hr, the pH was adjusted to 2.0, the reaction mixture was

,s extracted With_CHZCJ_.2 (3 x 25 ml), the CH,Cl, was evaporated and

- the residue was chromatoggaphed-(B) affording the phenol'}§a (L.37 g,
. 70%) as an oil? TIC (B) gfiQ.2,.nihhydrin’negative, FeC13/K3Fe(CN)6
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(2.5 g, 100%): TIC (C) R

21

positive; NMR § 1.43 (s, 9H), 1.8 (m, 4H), 2.75 (m, 2H), 2.9 (d,
3H, NCH,}, 3.2-3.8 (m, 4H), 4.58 (m, 1H), 6.85 (m, 4H), 8.60 (m,

1H). Anal. '(C19H28N204): Cc, H, N.

N—Methyl‘N,N'—tert-bdtOxycarbonyl4L~leucy1—2+(4frhydroxy

'Ehenyl)ethylamine (15b) .-~ After a slurry of P4/C (700 my, 10%)

in 25 ml'ethanol was treated with Hz at 32 psi for 30 min, a
solution of benzyl ether 14b (4.77 g, 11 mmol) in 70 ml ethanol
was introduced and was hydrogenated at 30 psi for 3 h,» After
filtering, the solution was evaporated to }§b, én Qil wgighing

3.82 g (100%): NMR § 0.91 (dd, 6H, J=6,13 Hz), 1.36-1.61 (m, 3H),

'1.41 (s, 9H), 2.78 (m, 2H), 2.90 (d, 3H, NCH;), 3.50 (m, 2H), 4.52

~(m, 1H), 5.18 (m, 1H), 6.68 (4, 2H, J=8Hz), 6.93 (4, 2H, J=8Hz).

Anal. :(C,,H3,N,0,): C, H, N.

N-Methyl-N,N'-tert-butoxycarbonyl-N-methyl-L-leucyl-2~(4'-~

WhydrOXyphenyl)ethylaﬁine'(lSc).-—.In a manner exactly as abhove,

. benzyl ether l4c (3.10 g, 6.6 mmol) was cohvertéd to phenol 15¢

f'0.49, FeClB/K3Fe(CN)6 pgéé#%?é; N&R §
0.89 (m, 6H), 1.44 (s, QH), 1.43-1.45 (m, 1H), 1.57 (t, 2H, J=8

Hz), 2.70 (m, 5H), 2.90 (m, 3H), 3.47 (m, 2H), 3.76 (m, 2H), 4.59
and 4.80 (m," 1H), 5.00 (m, 1H), 6.70 (m, 2H), 6.95 (m, 2H).
Anal. (C S

21H34M04) ¢+ C, H, N.

N,N'-tert-Butokyéarbonyl—L—Erolyl-2—(4'—hydroxyphényl)

" ethylamine (154). ~- As a solution of N¥tert-butoxycarboﬁyl-L—

p_roline9 (7.53 g, 35 mmol) énd_N;methylmorpholine (3.54 g, 35
mmol) in 175 ml THF was cooled to -15°C, isobutylchloroformate
(4.78 g, 35 mmol) was rapidly added. After 1 mih,'a solution of

tyramine hydrobromide le}_7.63 g, 35 mmol) an8‘triethylamine
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6.91 (4, 2H, J=8Hz), 7.86 (m, 1H). Anal.

22

(3.54 g, 35 mmol) in 70 ml of DMF was’ added 1n a 2 mln perlod

| whlle ‘the temperature was’ malntalned at -12°C., Four hours after

the removal of the coollng bath the reactlon mlxture was flltered

and evaporated. The reSLdue was dlssolved in ethyl acetate-

" (200 mlI,.washed with 1IN HC1 (3-x 100 ml), sat. NaHCO3 (3 x 100 ml),

and sat. NaCl (I x 100 ml);:dried,.ahd,evaporated;mgiving 11.3 g

(97%) of pure 15d: 'NMR - § 1.40 (s} 9H), 1.70-2.20 (m, 4ﬁ); 2.66

(m,'ZH), 3.25—3‘48’(m, 4H), 4.18 (m, 1H), 6.72 (d,.ZH,'J=8Hz),

(C18H26N204): c, H, N;
N,N'etert—Butoxycarbonyl—L—leu¢y1-2—(4'—hydroxyphenyl)

ethylamine (15e).-- The coupling of N-'-tert—butoxycarbonyl—L—leucine9

(2.31 g, 10 mmol) and tyramine hydrobromide (10) (2.18 g, 10 mmol)

was accomplished exactly as above to give pure 15e¢ as an oil

(3.2 g, 89%): NMR &0.87 (d, 6H, J=6Hz), 1.43 (s, 9H), 1.5 (m,

3H), 2.3 (4, 2H, J=7Hz), 2.6 (t, 2H, J=7Hz), 4.54 (m, lH), 6.8

(dd, 4H, J=8,18Hz). Anal. c, H, N.

_ (C19H30N20,)
Benzyl E-3-(4'-B-N,N'-tert-Butoxycarbonyl-L-prolyl-N-methyl-

aminoethyl) phenyloxypropenoate (19a) .-~ A mixture ofbphenol 15a

(1.18 g, 3.4 mmol), N-methylmorpholine (0.34 g, 3.4 mmol) and
benzyl propiolate (1.09 g, 6.8 mmol) in 20 ml of THF was allowed
to stand for 3 hr at room temperature. After evaporation of the
solvent, the residue was dissolved in 60 ml.ef ethyl acetate,. |
‘washed with 0.2N HC1 (3 x 20 ml), water (éO ml), sat. NacCl (20 ml);
dried, and evaporated. The resultant eil Was chromatdgraphed :

(sio,, 100 g, Et,0) to give 1.55 g (90%) of 19a: NMR & 1.47 (s,

2'
9H), 1.6~2.1 (m, 4H), 2.63-3.1 (m, 2H), 2.95 (s, 3H), 3.2-3.75

(m, 4H), 4.55 (m, 1H), 5.18 (s, 2H), 5.58 (4, 1H, J=12Hz), 6.91
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(d, 2H, J=8Hz), 7.11 (d, 2H, J=8Hz), 7.38 (s, 5H), 7.83 (4, 1H,
J=12Hz). Anal. (C29H36N2961‘.'C' H, N. 7 .
Benzyl E-3-(4'-g-N,N'-tert-Butoxycarbonyl-L-leucyl-N-methyl

above, phenol 15b (3.90 g, 11 mmol) was converted to 19b (5.3 g,
943%) after chrbmatOgraphy (200'gISephadex LH-20, methanol): NMR
§ 0.92 (ad, 6H, J=6,12Hz), 1.1-1.8 (m, 3H), 1.43 (s, 9H), 2.80
(m, 2H), 2.91 (4, 3H);.3.50 (m,'2H), 4,52 (m, 1H), 5.12 (m, 3H),
5.5 (d, 1H, J=12Hz), 6.90 (d, 2H, J=8Hz), 7.13 (d, 2H, J=gHz),

7.28 (s, SH), 7.73 (d, 1H, J=12Hz). Anal, (C c, H, N.

30H40N29%) *

Benzyl E-3-(4'-B-N,N'-tert-Butoxvcarbonyl-N'-methvl~L-leucyl-

" N-methylaminoethyl)phenyloxypropenoate (lgc).-— The acrylate l19c

(2.32 g} 70%) was prepared from phénol 15¢c (2;34 g, 6.2 mmol) as

above: TIC Rg 0.27 (Et,O/hexane, 1/1); NMR 6 0.88 (m, 6H), 1.43

£
(m, 9H), 1.51 (m, 3H), 2.66 (s, 3H, NCHj), 2.77 (t, 2H, J=7Hz),
2.91 (4, 3H, NCH;), 3.47-3.68 (m, 3H), 4.98 (m, 1H), 5.10 (s, 2H),
5.50 (d, 1H, J=12Hz), 6.89 (4, 2H, J=8Hz), 7.1l (d, 2H, J=8Hz),

7.27 (s, 5H), 7.70 (d, 1H, J=12Hz). Anal. (C C, H, N.

31542N2%)
Benzyl E-3-(4'-B-N,N'-tert-Butoxycarbonyl-L-prolylamino-

ethyl)phenylbxyprgpenbate (léd).—-.The conversion of phenol 154

(5.37 g, 16 mmol) to 194 (7.9 g, 99%) was accomplished as above:

mp 99-101°C; TLC (Et,0) R, 0.14; NMR § 1.41 (s, 9H), 1.82 (m, 4H),

2.82 (m, 2H), 3.30 (m, 2H), 3.45 (g, 2H, J=7Hz), 4.17 (m, 1H),
5.11 (s, 2H), 5.50 (d, 1H, J=12Hz), 6.91 (d, 2H, J=8Hz), 7.1l
(@, 2H, J=8Hz), 7.28 (m, 5H), 7.73 (d, 1H, J=12Hz); [al’> -52.6°
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Benzyl E 3 (4'-3 N N‘—tert Butoxycarbonyl L- 1eucylam1noethyl)

1_was converted to 19e (3.98 g, 92 ), an oil: NMRG 0 9 (4, 6H,

J=6Hz), 1.4 (s, 9H), 3.0 (t, 2H, J=THz), 3.5 (q, 2H, J=7Hz), 5.0
(m, 2H), 5.6 (d, 1H, J=12Hz), 6.89 (d, 2H, J=8Hz), 7.1l (4, 2H,
J=8Hz), 7.3 (s, 5H), 7.80 (d, 1H, J=12Hz) . |

3- (4'-3—N N'- tert Butogycarbonvl L—prolyl N-methylaminoethyl)

"Eheqyloxypropan01c Ac1d (20a) .= A mixture of 1l9a (1.51 g, 3.0 mmol)

and Pd/C (10%, 100 mg), in 15 ml ethanol was hydrogenated at 37 psi

for 1.5 hr. After'filtration and evapbration, gpa (1.25 g,'lOO%)

‘was obtained: NMR § 1.43 (s, 9H), 1.6-2.2 (m, 4H), 2.6-3.1 (m,

44), 2.75 (t, 2H, J=7Hz), 2.95 (s, 3H), 3.28-3.9 (m, 4H), 4.2 (t,
2H, J=7Hz), 4.55 (m, 1H), 6.78 (d, 2H, J=8Hz), 7.1 (d, 2H, J=8Hz),

9.5 (s, 1H). Anal. (C C, H, N.

2232206
3-(4'-g-N,N'~tert-Butoxycarbonyl-L-leucyl-N-methylaminoethyl)

phenyloxypropanoic Acid (ggb).—— With the above procedure, the
hydrogenation of %gb (1.29 g, 2.5 mmbl) afforded the.acid 20b
(.03 g, lOO%f: NMR § 0.90 (d4d, 6H, 6,12Hz, 1.1-1.8 (m, 3H),
1.41 (s, 9H), 2.77 (m, 2H), 2.89 (d, 3H, NCHy), 3.5 (m, 2H), 4.15
(t, 2H, J=5Hz), 4.55 (m, 1H), 5.48 (m, 1H), 6.73 (4, 2H, J=8Hz),

7.00 (4, 2H, J=8Hz). Anal. (C. C, H, N.

23836N2%) *
" 3=-(4'-g~-N, N'—tert—Butoxycarbonyl—N'-metgyl—L—leucyl—N—methyl

'amlnoethyl)phenyloxypropan01c Acid (20c).-- The conversion of 19c¢

(2.02 g, 3.8 mmol) to the acid 20c (1.65 g, 97%) was accomplished
under the above conditions: UV Amax (e} 277 nm'(1585), 283(1331);
NMR§ 0.89 (m, 6H), 1.44 (s, 9H), 1.53 (m, 3H), 2.68 (m, 3H),

2.77 (m, 2H), 2.91 (m, 3H), 3.43 (m, 2H), 4.16 (t, 2H, J=5Hz),
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. 4.98 (m,. IH), 6 76 (d 2H, J 8Hzl, 7 05 (m, 2H) - Anal. (C24 38 206):

: 3-(4'-B—N,N@~Eert~EﬁEOXYCarbdnyI—L—prply1aminoéthy1)phenyloxy

]propahoic Acid (204) .-=~ In a manner exactly'as above 194 (5.04 g,

~ o~

10 mmol) was converted to %Qd (4.13 g, 100%): NMR § 1.43 (s, 9H),
1.82 (m, 4H), 2.70 (m, 2H), 2.77 (t, 2H, J=7Hz), 3.39 (m, 4H),
4.16 (t, 2H, J=7Hz), 4.22 (m; 1H), 6.73 (d, 2H, J=8Hz), 6.98 (d,
2H, J=8Hz), 8.90 (m, 1H); [al2® -56.4° (c 0.87, CH,OH). Anal.
(Ca1H30N0%): €. H, N. |
3(4'-B-N,N‘~tert-Butoxycarbonyl—L—leucylaminoethyl)phényloxy

“propanoic Acid (20e).-- The conversion of }9e (3.80 g, 7.4 mmol)

to gge (2.88 g, 92%) was accomplished as above: NMR § 0.88

(d&, 6H, J=5Hz), 1.41 (s, 9H), 1.57 (m, 3H), 2.68.(t, 2H, J=7Hz),
2.74 (t, 2H, J=7Hz), 3.41 (q, 2H, J=THz), 3.68 and 4.02 (m, 1H),
4.17 (t, 2H, J=7Hz), 5.14 (m, 1H), 6.36 (m, 1H), 6.75 (a, 2H,
J=8Hz), 6.98 (d, 2H, J=8lz). 1a)2® -26.7° (C 1.1, CH4OH).

Anal. ¢, H, N.

(Cp2H34N;06) | |
p-Nitrophenyl 3~(4'-g-N,N'~-tert-Butoxycarbonyl-L-prolyl-

N—methylaminoethyl)phenyloxyperanoate (21a).-— A mixture of the

acid %ga (4.94 g, 12 mmol) and p—nltrophenyl trlfluoroacetate13
(2.64 g, 12 mmol) in 25 ml pyrldlne was stirred for 4.5 hrf After
evaporation, the residue was diésolved inv200 ﬁl of ethyl acetate
and washed with 0.3N HC1 (3 x 100 ml), sat. NaHCO, (2 x 100 ml),
H,0 (100 ml), and sat. NaCl (100 mli. Chrématography (C) of the
residue after evaporation afforded the p-nltrophenyl ester 2la

(4.48 g, 70%): NMR g 1.42 (s, 9H), 1.6-2.3 (m, 4H), 2,6—3.2

(m, 7H), 3.3-3.8 (m, 4H), 4.32 (t, 2H, J=7Hz), 4.55 (m, 1H), 6.83
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(d, 2H, J=8Hz), 7.13 (d 2H J= HZ), 7 28 (d 2H J—10Hz), _n,8 T

(4, 2H, J=10Hz).. Anal. (c HygN o Yo C H N.

p-Nitro henyl 3- (4'-8 -N,N" tert Butoxycarbonyl L—leucyl o
P

—methylamlnoethyl)phenyloxypropanoate (21b) -—In a manner

'(d, 2H, J=10Hz). Anal. (C

methanol): TLC (Et,0) R,

exactly as above 20b (954 mg, 2 2 mmol) was converted to p—'

'nitrophenyl ester 21b (1.04 g, 82%): TIC (Et20)'Rf'0.32; NMRIS

0.94 (da, 6H, J=6,12Hz), 1.43 (s, 9H), 1.62 (m, 3H), 2.77 (t,
2H, J=7Hz), 2.90 (4, 3H, N-CH,), 3.06 (t, 2H, J=7Hz), 3.55 (m,
2H), 4.31 (t, 2H, J=7Hz), 4.57 (m, 1H), 5.18 (m, 1H), 6.80

(4, 2H, J=8Hz), 7.03 (d, 2H, J=8Hz), 7.24 (4, 2H, J=10Hz), 8.20
,gH3gN30g): C, H, N.

p-Nitrophenyl 3-(4'~g-N,N'-tert-Butoxycarbonyl-N'-methyl-L-

- leucyl-N-methylaminoethyl)phenyloxypropanoate (2lc).-- The

preparation of the ester 2lc from the acid 20c (813 mg, 1.8 mmol)
was accomplished as in the eérlier'examples.‘ The 0il was isolated
pure (859 mg, 83%) after chromatography (200 g Sephadex LH 20;

£
1.52 (m, 3H), 2.67 (s, 3H), 2.73 (t, 2H, J=7Hz), 2.89 (d, 3H, .

0.42; NMR 6 0.89 (m, 6H), 1.44 (s, 9H),

N-CH,), 3.03 (t, 2H, J=7Hz), 3.43 (m, 1H), 3.68 (m, lHO, 4.28 (t,
2H, J=7Hz), 4.73 and 4.95 (m, 1H), 6.77 (d, 2H, J=8Hz), 7.06
(d, 2H, J=8Hz), 7.20 (d, 2H, J=10Hz), 8.18 (d, 2H, J=10Hz).

Anal. (C C, H, N.

30t41N30g) |
p-Nitrophenyl 3-(4'-8-N,N'-tert-Butoxycarbonyl-L-prolylamino

ethyl)phenyloxypropancate (21d). In an analogous manner, 204

(3.45 g, 8.5 mmol) was converted to p-nitrophenyl ester 21d;

3.88 g, 87%, after Chromatography (200 g Sephadex LH 20; methanol):

NMR § 1.43 (s, 9H), 1.64-2.18 (m, 4H), 2.7 (m, 2H), 3.05 (t, 2H,
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7.22 (d, 2H, J=10Hz), 8.17 (@, 2H, J=10Hz). Anal. (C

J=7Hz), 3.23-3.52 ‘(m, 4H);‘4;18 (m,.1H), 4.30 (t, 2H, J=7Hz),
6.80 (d, 2H, J=8Hz), 7.05 (d, 2H, J=8Hz), 7.24 (d, 2H, J=10Hz),
8.19 (d, 2H, J=10Hz). Anal. (C,,H3N3Og): C, H, N.

'p*Nitrophenyl 3—(4'{B*N;NV—terthButoxycarbOnyl¥LFleucylamino—

ethyl)phenyloxypropanoate Kg}e).—-vAs-above gpe (2.70 g, 6.4 mmol)
was converted tbrp~nitrophenyl7ester-Q}e (2.57 g, 74%): mp 116-

118°C; TILC (benzene/ethyl acetate), R. 0.5; NMR S 0.89 (d, 6H,

£
J=6Hz), 1.41 (s, 9H), 1.61 (m, 3H), 2.70 (t, 2H, J=7Hz), 3.01 (t,
2H, J=7Hz), 3.43 (m, 2H), 3.93 (m, 1H), 4.30 (t, 2H, J=7Hz), 4.75
(m, 1H), 6.03 (m, 1H), 6.80 (d, 2H, J=8Hz), 7.04 (4, 2H, J=8Hz),
2gH37N30g) ¢
c, H, N.

Cyclo[3~(4-g-N-methylaminocethyl) phenyloxypropanoyl-L-prolyl] (4a)

and.Cyclo[3-(4—8*N—methylaminoethyl)phenyloxypropanqyl—Ljprolyl]2(23a)

The p-nitrophenyl ester 2la (719 mg( 1.33 mmol) was dissolved in

10 ml of anhydrous trifluoroacetic acid at 0-5°C. After 1 hr the

solvent was evaporated to give an o0il (1.20 g) which was dissolved

in 600 ml of N,N'-dimethylacetamide. The resultant solution was

"added over a 50 hr period with a metering pump to 600 ml of mech-

anically stirred pyridine maintained at 90°C. The solution was
stirred and heated for an additional 10 hrs, evaporated, and the
residue was dissolved in methanol and filtered through a mixed bed
ion exchange resin. The first 100 ml of éluant was collected and
evaporated to give'a solid résidue (223 mg; 56%) from which, after
chromatography (200 g Sephadex LH 20; methanol), three fractions
were isolated. Eluted firsﬁ was 45 mg (11%) of cyclic oligomers

which was not further purified. Next was the cyclic dimer 23a,

®
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~(492). GC (A) R

28

88 mg (22%): ump 251°C (dec); UV A __ ()i 226 nm (21400), 277

(2910), 284 (2510); GC (A) R, at 275°C, 5.6 min; MS m/e (rel. int.)
604 (0.8), 303 (3), 302 (12), 183 (31), 152 (21), 124 (67),

121 (10), 70 (100), 55 (45); [al2’

+27.5° (c 0.2, CH,OH) ; CD-4E -
max

gy +2.67 (228), -0.11 (268), -0.14 (275.6), -0.14 (283),
+0.07 (287); YH NMR 6 1.36-2.36 (m, 8H), 2.5-3.1 (m, 12Hj, 3.0
(s, 6H), 3.14-4.27 (m, 10H), 6.8l (d, 4H, J=8Hz), 7.0l (d, 4H,
J=8Hz). Anal. (C34H44N4b6)4-'c (calcd.‘67;5, found 66.4), H, N.

Eluted last was ga (97 mg, 24%) obtained after sublimation
at 100°C (0.0l mm): ump 188°C; UV A __ (3)1270 nm (508), 276

at 275°C( 3.2 min; MS m/e C17H22N203 requires

25
b

L%nax nm); +8.72 (222), -1.74 (241), -1.01 (270), -0.97 (275.5) ;

t

302.1630, found 302.1636; [al +6.3 (c 0.2, CH4OH) ; CD“AEhax

NMR 6 1.74 (m, 2H), 1.89 (t, 2H, J=10Hz), 2.22 (dd, 1lH, J=5,12Hz),
2.57 (m, 1H), 2.72 (m, 2H), 2.95 (s, 3H), 3.02 (m, 1H), 3.42 (mu,
1H), 3.53 (m, 1H), 4.24 (&4, 1H, J=5,12Hz), 4.80 (t, 1H, J=11H=z),
6.77 (dd, 1H, J=2,8Hz), 7.09 (m, 3H). Anal. (Cy,H,,N,05):  C, H, N.

Cyclo[3—(4—g-N—methylaminoethyl)phenyloxypropanoyl—L~leucyl (4b)

and"Cyclo[3—(4—3-—N—methylaminoethyl)phenyloxypropanoyl—l—leucyl]2 (23b)

Dissolution of p-nitrophenyl ester 21b (665 mg, 1.2 mmol) in 10 ml
anhydrous trifluoroacetic acid at 0-5°C as above, afforded an oil
(1.03 g) after evaporation which was dissolved in dimethylacetamide
(620 ml) and added dropwise over a 50 hr'period to stirred pyridine
(600 ml) at 90°C. Stirring was continued for an additional 10 hrs;
The pyridine was evaporated and the residue was dissolved in methanol
and filtered through a mixed bed ion exchange resin to give an

oil (332 mgqg).. The crude product was purified by column chroma-
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vtography on Sephadex LH -20 1n methanol, isolating four fractions:

(1) 95 mg (259) of cycllc ollgomers, (2) dlmer 23b (123 mg, 32% %),
crystallized from ethanol:‘ ump 234°C; UVAmax (€) 224 nm (25,245),
276 (3234), 283 (2691); MS m/e (rel. int.) 636 (6), 386 (2), 362 (3),

318 (8), 43 (loo);'CD_AEmaX>(Xmax nm): -8.70 (218), -3.77 (234),

' -0.48 (278) , -0. 45 (283); NMR 6 0.83 (m, 6H), 0.93 (q, 6, J=5Hz),

1.30 (m, 4H), 1. 47 (m, 2H), 2.55 (dq,_4H J—7Hz), 2 78 (m, 4H),
2.97 (4, 4H, J=4Hz), 3.00 (m, 6H), 4.09 (m, 4H), 4.25 (m, 2H),

6.20 (m, 2H), 6.80 (m, 4H), 7.02 (m, 4H). Anal. 40¢) ¢

(C36H5,N
C, H, N; (3) was a mixture of compounds (36 mg, 10%) not further

-charactefized; (4) cyclic monomer {b (49 mg, 13%): .ump 119°C

after sublimation at 100°C (0.0) mm); UV Amax (e) 226 nm (shld,
6052), 275 (690); MS m/e (rel. int.) 319 (4), 318 (17), 276 (6),

275. (36), 44 (100); GC (B) R_ at 230°, 8.6 min; CD-AEmax ()hax nm

t
+9.84 (230);  +0.23 (275), +0.46 (284); NMR § 0.84 (dd, 4H,
J=4,8Hz), 0.92 (d, 2H, J=6.5Hz), 1.16 (m, 1H), 1.34 (m, 2H), 2.25
(dd, 1H, J=3,8Hz), 2.40 (dd, 0.5H, J=5,15Hz), 2.63 (m, 0.5H), 2.80
(m, 2.5H), 2.94 (s, 1.5H), 3.04 (s, 1.5H), 3.40 (m, 0.5H), 3.61
(m, 0.5H), 3.95 (q, 0.5H, J=6.5Hz), 4.21 (dd, 1H, J=4,11Hz), 4.53
(td, 0.5H, J=5,9Hz), 4.71 (td, 0.5H, J=5.6,12Hz), 4.92 (m, 1H),
5.62 (m, 1H), 6.68 (dd, 0.5H, J=2.3,8Hz), 6.89 (m, 2.5H), 7.17

(m, 1H). Anal. (C ): C, H, N.

18726293
Cyclo[3-(4-B-N-methylaminoethyl) phenyloxypropanoyl-N-methyl

L-leucyl] (4c) .-- The convérsion of p~nitrophenyl ester 2lc (665 mg,

1.2 mmol) to the cyclopeptides was accomplished as described above.
After ion exchange a colorless oil (21 mg) was isolated. Sephadex

chromatography (200 g LH-~20, CH3O0H) afforded two fractions:
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(l) 12 mg (3 59) whlch was not further characterlzed (2) 8 mghg'

2.2%, contalned three major components by fele (B) R at 230 Cr

18 min (208) , 21 min (14%), 32 min (56,46). These products were:

isolated by preparative GC (3% OVel7,_6‘ x 1/4"). The 18 min
component was the desired cyclic peptide 4c (1.6 mg, 0.4%):
MS m/e C,qH,N,0; requires 332.2100, found 332.2091. .The other

components were not further characterlzed

Cyclo[3-(4-3~ amlnoethyl)pheny]oxypropanoyl L-Drolyl](4d) and.

Cyclo[3—(4-B-aminQethyl)phenyloXypropanoyl—L—prolyl]2 (23d) .-~ The

conversion of p-nitrophenyl ester 21d (591 mg, 1.1 mmol) to the

.cyclopeptides was accomplished exactly as previously described.

After ion exchange a light yellow oil (244 mg) was isolated.
Sephadex chromatography (200 g LH-20, MeOH) gave three fractions.
Fraction 1 was 54 mg (17%), cyclic oligomers. Fraction 2 was cyclic

dimer 234 (110 mg, 34%): ump 221°0on crystallization from ethanol;

Y Amax (€) 224 nm (25180), 276.5 (3393), 283.5 (2855). MS m/e

576 (0.8), 374 (2), 368 (2), 124 (100), 70 (100); CD—AEmax (>\maX nm) :

-6.9 (224), ~0.29 (282), -0.45 (274.5); NMR 6 1.73 (m, 2H), 2.05
(m, 4H), 2.52 (m, 4H), 2.68 (m, 4H), 2.86 (m, 2H), 3.32 (m, 6H),
3.73 (m, 4H), 3.97 (m, 2H), 4.58 (4, 2H, J=7.5Hz), 6.81 (d, 4H,
J=8Hz), 7.01 (4, 4H, J=8Hz), 7.13 (m, 2ﬁ). Anal. (C32H40N4Oé):

C, H, N. Fraction 3 was cyclic monomer 4d (75 mg, 24%), an oil;
uv Nnax (e) 223 nm (6198 shld), 27i (568); 276 (513); GC (B)

Rt at 230°C, 12 min; MS m/e 289 (4), 288 (19), 231 (13), 70 (100);
CD—AE‘max'(')‘max nm) -12.42 (232), -2.17 (271), -1.91 (277); NMR 6
1.55 (m, 1H), 1.95 (m, 1H), 2.12 (m, 2H), 2.19 (44, 1H, J=6,13Hz),

2.34 (m, 1H), 2.75 (44, 1lH, J=10,17Hz), 2.89 (m, 2H), 3.31 (44,
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1H, J=10,17Hz), 3.49 (t, 1H, J=8Hz), 3.80 (m, 1H), 4.28 (m, 2H),

4.62 (t, 11, J=10Hz), 6.36»(m,_lH);‘éi85 (s, 2H), 7.17 (da, 2H,

S J=8, 15Hz) Anal. (c N.,O )"'c “H, N..

HyoNp03 - .
Cyclo[3- (4—g amlnoethyl)phenyloxypropanoyl L—leucyl] (4e) and

Cyclo[3 (4—3~am1noethyl)phenoxypropanoyl L- leucyl]2 (22e) -- With

"2H, J=8Hz). Anal.

the same cycllzatlon procedure, p- nitrophenyl ester 2le (588 mg,
1.1 mmol) was converted to the cyclopeptides. The resulting brown
solid was triturated in methanol and filtered. The insoluble
portion (40.2 g, 12%) was later 1dent1f1ed as cycllc dimer 22e.

~ o~

The methanol filtrate was eluted through a mixed bed ion exchange

‘resin and evaporated to give a solid residue (137 mg). Following

Sephadex chromatography (200 g, LH-20, CH3OH) three fractions were
isolated. Fraction 1 was 48 mg (15%) of cyclic oligomers, not

further characterized. Fraction 2 was cyclic dimer 22e (51 mg,

~ ~

max
(19511), 276 (2680), 283 (2267). MS m/e 609 (1), 608 (3), 306 (2),

15%): crystallized from ethanol, ﬁmp287°C; uv A (e) 224.5 nm

305 (14), 304 (69), 86 (100); CD—AgmaX (Amax nm): =5.65 (229),

+0.69 (277), +0,74 (284); NMR: § 0.93 (m, 12H), 1.66 (m, 6H),
2.65 (m, 8H), 3.26 (m, 2H, J=7Hz), 3.45 (m, 2H, J=7Hz), 4.13 -(m,
2H), 4.23 (m, 2H), 4.63 (m, 2H), 6.71 (4, 2H, J=8Hz), 6.97 (4,
(C34H48N406): C, H, N. Fraction 3 was the
cyclopeptide 4e (31 mg, 9%): pmp 199°C; uv Amax (e) 226 nm (6127),
276 (734). GC (B) R_ at 230°C, 9.5 min: 'MS m/e 305 (6), 304

. CD— A .
(29), 86 (100); cp-8e (A __ nm): +8.12 (226), +0.39 (275),
+0.50 (284); NMR 5_0.84 (d, 6H, J=6Hz), 1.33 (m, 3H),‘2.31 (m, 2H),
2.52 (m, 1H), 3.06 (m, 2H), 4.00 (ad, 1H, J=7,14Hz), 4.21 (dd,

2H, J=6,13Hz), 4.95 (t, 1H, J=10.5Hz), 5.22‘(8; 1H, J=11Hz),
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5.53 (4, 1H, J=9Hz), 6.87 (44, 1H, J=2.4,7Hz), 6.94 (44, 1H, J=2.4,
7Hz), 7.03 (44, 1H, J=2.4,7Hz), 7.09 (44, 1H, J=2.4,7Hz). Anal.

(C N,0,): C, H, N.

17124
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Table I. Isolated Yields? of Cyclopeptides from Cyclization of

 Esters 21.

Ester, 21 ‘gggpﬁer, 4 N Diméfifgg ' Other'neutfélsb_ Total
oA 0 243(33%)° 223 o 11s 573
b . 133 " 323 | 35% 80%
c ~0.439 3% 62 ~3%
a 243 343 17% 75%
e 93 15% 272 51%

a

After miked_bed ion exchange and sephadex LH—ZO chroma-

~ tography. b Uncharacterized neutral products, consisting in part
of oligomers. € This is a GC-yield based on 5a-cholestane as
internal staﬁaafd added to the reactidn mixture. d Preparative

GC followed by high resolution mass spectrometry established

the structure of monomer 4c.
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Figure 1. Fourier-transform 13C NMR spectra of cyclic dimers

in CDCl3 (~0.05 M); ggg, cyclo[3-(4-B-N-methylaminoethylphenyloxy) -
propanoyl—L—prolyl]z; ggb, cfclo[B-(4-B—N—methylaminoethylphenyloxy)—
propanoyl-L—leucyl]z;'ggd,'éyclO[3-(4-B~amihoethylphenylgxy)—
propanoyl—L—prolyl]2; 23e, cyclo[3-(4-B-aminoethylphenyloxy) -

propanoyl—LfleucyI]Q.
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Figufe'2. .Fouriér—tfansform 13C NMR spectta of cyclic monomers

in CDCl3 (~0.051§);-éa,‘cycloIB-(4—B—N—methyiémindethYlphenyloxy)—
-propanoyl;L*pfoiyi}; 4b, cyclo[3 (4~ 8 ~N- methy1am1noethylphenyloxy)—
prdpanoyl-L—leucyI], 4d cyclo[3 (4- B-amlnoethylphanyloxy)—
propanoyi—L—prolyl]; ge, cyclo[3-(4- B-amlnoethylphenyloxy)-

propanoyl-L-leucyl].
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Figure 3. Circular dichroism spectra of cyclo[3-(4-g-amino-

ethylphenyloxy) -propanoyl-L-prolyl] (fg), 9.4 x 10‘-4 M in CH3CN,

with various added salts: — « —, no salt added; — ¢ —, 9.4 x
1073 m NaClO,; — + —, 8.6 x 1073 M KPF ; """, 8.3 x 1073 M

. ' L -4 : -3
L1C104; —_, 9.2 x 10 M Mg(C;O4)2; —— 1.5.x 10 ™M Ca(ClO4)2.
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Figure 4. Circular'dichroism spectra of cyclo[3-(4-B-amino-
4

ethylphenyloxy)propanolyl-L-prolyl] (4d), 9.4 x 10°° M in CH3CN
‘with Various‘addedlsalts: _ —, ho salt added; —_ ?—, 1.0 x
107% M NaClo,; ——, 9.3 x 1073 M Mg(Clo,) ,. ;
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Figure 5. -Circular dichroism spectra of ceanothine B, 1.0 x 10
M in CH,CN, with various added salts: —_ . ;-, no salt .added;
— - —, 1.1 x 1073 M NaClo,; ——, 9.2 x 107 M Mg(ClO,),;

-, 1.5x 103 M Ca(ClQ4)é. ;
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Figure 6. Circular dichroism spectra of ceanothine B, 1.0 x 10~
M in CH3CN with various added salts: . ‘—-—, no salt added;
— + —, 1.1 x 107 M NaClo,; ——, 9.2 x 107" M Mg (C10,) ,;

9n—3 ' '
--~=, 1.5 x 10 M Ca(ClO4)2.

v
-

41

4



“41a

092

(WU HISNITIAVM
ovz 082 022 oz 002

I ] b _

.

g8 3NIHLONV3D

O¢-

ve-

8l —

¢l-

|-(WI-N)x 3¢



CowvsO0wOayyy 12

Scheme I. Cyclization Modes for the Preparation of Cyclo-

peptideVAlkaloidsf
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Scheme III. Incorporation of the Three Carbon Propanoate Residue.
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Scheme IV. Peptide Cyclization
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Appendix. Elemental Analyses.. ' o

46

Compound, 5 Mol. Formula
da CygHyN 0, :
2r i»clstéNzost
4d  CygHyN20;
de C17%24N203
7a C12%14%

T C12M1309,Br
11 CoHy1M0;
12a 1011130
12 €16"17N92
13a 108150
13b C1eH1oM0
14p Ca7tl3gN2%
lde CagMa0¥2%
15a C1ot28N20
15b C20H32N2%
15¢ C1H34M20,
154 C18M26N2%
15e C19M30M,%
192 Ca9t36M2%
1% C30M40N2%
13¢ C31H42N2%
194 C. H, N0

~ o,

28734 276

c H
ifjvsf{é_ 7.3 9.3
 67;9 8.2 8.8
1 66.6 7.0 9.7
67.1 8.0 9.2

'64.8 6.3

.47,9 4.4
65.4 6.7 8.5
67.0 %.3 7.8
75.3 6.7 5.5
72.7. 9.1 8.5
79.6 7.9 5.8
71.3 8.4 6.2
71.8 8.6 6.0
65.5 8.1 8.0
65.9 8.8 7.7
66.6 9.0 7.4
64.6. 7.8 8.4
65.1 8.6 8.0
68.5 © 7.1 5.5
68.7 7.7 5.3
69.1 7.9 5.2
68.0" 6.9 5.7

‘ C H N
67.?" .7;4 9.1
67.9 8.2 8.7
66.5 | 7.0 9.7
66.9 é,o 9.1

64.7 6.1
8.0 4.4
65.2 6.7 8.4
67.2 7.1 7.9
75.2 6.7 5.5
72.9 9.0 8.7
79.6 7.9 5.9
7;-5 8.3 5.9
72.0 8.6 5.7
65.3 8.0 8.0
65.8 8.7 7.5
66.7 9.0 7.1
64.5 7.8 8.2
64.8 8.4 7.9

' 68.3 7.1 5.6
68.6 7.7 5.3
68.9 7.9 5.1
67.9 6.9 5.7



Ccompound

Mol. Formula

20a

~ s~

20b

sy

20c

~ v

- 204

~

20e

~ s

2la

~

21b

~ v

21c

~

214

~ s,

2le

~

23a

~

23b

~

23d

~ oy

23e

~

Ca2l32N,0,

C23t3gN,04

Co4l3gN50%

C..H. N.O

21730 276

C2t34N,0,

Coet35M30,

Cogli3gN40,

C30H41N50%

277337378

C,gt37N50

C,-H__N_O

C34H44N40

C36t52N4%

C32M40M4%

C34H48N4O6

47 -

Calcd.

c H N
62.8 7.7 6.7
63.3 8.3 6.4
64.0 8.5 6.2
62.0 7.4 6.9
62.5 8.1 6.6
62.1 6.5 7.8
62.5 - 7.0 7.5
63.0 7.2 7.3
61.5 6.3 8.0
61.9 6.9 7.7
67.5 7.3 9.3
67.9 8.2 8.8
66.6 . 7.0 9.7
67.1 7.9 9.2

Found
c H N
62.7 7.6 6.7
'63.3 8.1 6.4
63.9 8.6 6.0
61.9 7.4 6.8
62.4 8.1 6.5
62.1 6.5 7.8
62.2 7.0 7.8
62.7 7.2 7.2
61.6 6.4 7.9
 6l.8 6.9 7.6
66.4 7.4 9.2
67.7 8.0 8.7
1 66.6 7.0 9.7

66.8 7.8
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