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Dissertation Abstract

The resolved enantiomers of ketamine (2-o-chlorophenyl-2-N-methyl

aminocyclohexan-1-one) have been shown to possess significant differences

in their pharmacological, toxicologic, and metabolic properties. In order

to better understand how these differences relate to stereochemistry, we

have determined the absolute configurations of the ketamine enantiomers as

their hydrochloride salts by both circular dichroism and single crystal

x-ray diffraction analysis. The preferred conformation of ketamine HCl,

as determined by 1H NMR and circular dichroism analysis, was shown to

have the aromatic ring in the axial orientation whereas the preferred

conformation of the free base has the aromatic ring in the equatorial

orientation.

Mass spectrometric data have indicated that ketamine undergoes var

ious biotransformation reactions in vitro which include stereoselective

N-demethylation and hydroxylation of the cyclohexanone ring. In order

to characterize the regio- and stereochemical features of the ring hydr

oxylation pathways we have synthesized the cis- and trans-6-hydroxyket

amine diastereoisomers and have established their relative configurations.

Racemic ketamine was treated with methyl chloroformate and the resulting

methyl carbamate was converted to the corresponding trimethylsilyl enol

ether. Oxidation of this product with m-chloroperoxybenzoic acid yielded

a mixture of the cis- and trans-6-hydroxyketamine isomers as their methyl

carbamate derivatives. The diastereomers were readily separated and their

relative configurations established by thermal cyclizations of the trans

diastereomer to 5-o-chlorophenyl-4-methyl-2-oxa-4-azabicyclo(3.3.1)nonan

3,9-dione. Cleavage of the two carbamates gave the desired products with

known relative stereochemistry.



ii

With both cis- and trans-6-hydroxyketamine in hand we investigated

the metabolism of ketamine using rat, rabbit, and human liver microsomal

preparations. GCMS analysis established that ketamine is metabolized to

trans-6-hydroxyketamine. Cis-6-hydroxynorketamine also was detected al

though cis-6-hydroxyketamine was not found in the incubation mixture.

No trans-6-hydroxynorketamine was detected in our studies. GCMS analysis

of rat, rabbit, and human liver microsomal incubations of cis- and trans

6-hydroxyketamine established that both diastereomers undergo N-demethyl

ation of the cis-isomer proved to be comparable to that of ketamine itself

and considerably greater than that of the trans-isomer. The presence of

the trans- form of 6-hydroxyketamine and absence of trans-6-hydroxynorket

amine may reflect the relative affinities of the two diastereomers of 6–

hydroxyketamine as substrates for N-demethylation.
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Chapter I l

Introduction

Ketamine (2-o-chlorophenyl-2-N-methylaminocyclohexan-1-one, J is a

dissociative anesthetic agent that was synthesized as an analog to phen

cyclidine (1-phenylcyclohexylpiperidine, 2). Ketamine displays a shorter

duration of action, absence of laryngeal spasms and decreased post anesth

etic emergence phenomena (hallucinations, vocalizations and purposeless

movements). 1,2 Ketamine also possesses significant therapeutic advantages

over other anesthetic agents including profound analgesia, short duration

of action and cardiovascular stimulant properties. However, the post an

esthetic emergence side effects have limited its clinical use mainly to

burn patients and children. 3.4

|

HCH,
O

1. 2.
Ketamine is synthesized as its racemate and it is in this form that

it is used clinically.” Recent studies involving with the resolved eman

tiomers of A HC1 have shown significant differences in their pharmacologi

cal, metabolic and toxicological properties. 6,7,8 Especially significant

were differences shown between the enantiomers with respect to their psy

chostimulant effects. This is of particular interest in view of the re

cent reports of high affinity binding sites for phencylidine in the brain

of rats.” These sites may represent receptors for the generatl class of

arylcyclohexylamines of which 2. is a member.

Presently there exists no basis in the literature for comparisons of

conformational or absolute configurational properties of l with related
->
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arylcyclohexylamines. Therefore, we undertook the following studies to

determine the prefered conformation and absolute configuration of A.'
Results and Discussion

The fact that, possesses a dissymmetric cyclohexanone ring suggested
the possible use of circular dichroism as a method for assignment of absol

ute configurations of the resolved enantiomers of 2 by application of

the octant rule. 10a, b The use of the octant rule in assigning absolute

configurations of chiroptical molecules requires a knowledge of the con

formational properties of the molecule. 10a, b Therefore, it was necessary

for us to determine the prefered conformation of L prior to analysis of

the circular dichroism spectra. A brief discription of the rule will be

presently later.

NMR Analysis of l. HCl

The hydrochloride (HCl) salt of 1 in *H,0 was selected for conformat

ional analysis by 360 MHz *H nmr studies. This was based on the ability

to resolve and assign cyclohexanone ring proton resonanaces and the need

to avoid possible interactions between the lone pair of electrons of the

amino moiety with the carbonyl moiety. This was necessary because of lack

of information on the effect these electrons have on the electronic pro

perties of the carbonyl group with respect to application of the octant

rule. 11, 12 Furthermore, we observed that the HCl salt of . gave the same

nmr spectrum as the corresponding hydrobromide (HBr) salt with which we

were able to obtain a single crystal X-ray diffraction to confirm the

results described below.

Figure 1 shows the numbering system for 1 HC1 and its 360 MHz 1H mr

spectrum in *H,0. Comparison of nmr spectra obtained at 80 MHz of deuter

ium exchanged 1 at the 6 position of the cyclohexanone ring with non ex
ave
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Figure 1. 360 MHz nmr spectrum of ketamine HCl obtained in *H20.
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figure 2. 360 MHz nmr spectrum of ketamine-6,6-d2 HCl in *H20.



Chapter I 4

changed 1. allowed us to assign the H6 proton resonances as occuring bet

ween 2.50 and 2.65 ppm. The signals of the H6 axial (H6a) and H6 equator

ial (H6e) were nonresolved at 360 MHz.

The H3e proton resonance was assigned to a broad doublet attº.32 ppm

with "gem = 13.2 Hz. This assignment was based on its down field location

compared to other cyclohexanone ring protons, to the deshielding effects

of the aromatic ring (in either chair conformation) and by the small vici

nal coupling constants characteristic of equatorial protons based on the

Karplus relationship. 13 If the proton were axial, the coupling based on

the Karplus relationship would predict a splitting pattern resembling a

doublet of doublets in the spectrum. The assignment was further supported

by observing W coupling in a homonuclear decoupling experiment involving

saturation of the H5e proton resonance in deuterium exchanged 1 HC1. 12

The doublet peaks split into a doublet of doublets with JW- 2 Hz.

The H5e proton resonance was assigned to a broad singlet at 2. 10

ppm in 1 HC1. This was based on comparisons of the 360 MHz spectra of

deuterium exchanged with nonexchanged 1 HC1 (Figures 1 and 2). The broad

singlet in J. HCl splits into a doublet (J&em = 8 Hz) when the 6 position

is deuterated. Homonuclear decoupling experiments involving saturation

of the H3e proton resonance showed W coupling with Jw- 2 Hz.

The remaining cyclohexanone proton resonances between $1.7 and 1.9

ppm were not resolved at 360 MHz. Intergration of the peak areas gave

values corresponding to four protons which can be assigned to the H3a, H4a,

H4e, and H5a protons.

The signal for the N-methyl protons of 3. HCl occurs at 42.40 ppm as a
sharp singlet which intergrates for 3 protons.

It was possible to assign the H6" proton resonance in 1 HC1 as the
*
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signal occuring at $7.8 ppm based on the following information. When deu

terium exchange of the aromatic protons of 1 HC1 was carried out under

electrophilic aromatic substitution conditions 13, 1* (see Experimental

Section, Chapter 3), it was observed that the doublet centered near 6.8
ppm collasped to a singlet. The mr spectrum showed almost complete ex

change of the other aromatic protons which was supported by mass spectral

data which indicated close to 75% incorporation of 3 deuterium atoms in

the aromatic ring. Steric hindrance at the C6' position of the aromatic

ring would decrease substitution at this position and allow it to survive

these exchange conditions. It has also been reported that electrophilic

aromatic substitution of alpha methylbenzylamine results in substitution

in the meta and para positions (C-3', C-4' and C-5' positions in 1 HC1)

with the meta position being the preferred site of attack.14

Prior to further analysis of the nmr data we undertook a study to ob

serve what effect the cooling of 1 HC1 in 70% cºh,0°H/*H,0 to -70 C had on

the interconversion of 1 between chair conformers. We observed no signi

ficant differences in the spectrum as compared to that obtained at room

temperature. The only difference present in the overall spectrum was an

increase in line broading which probable was do to an increase in the

viscosity of the solution. 16 This finding is supported by reports that

cyclohexanone rings require temperatures as low as -100 C to prevent rapid

interconversion between chair conformers and observation of individual

conformers. 17 Increasing the probe temperature failed to effect the nmr

spectrum of ...] HC1 suggesting that the conformers of A HCl are in a state

of rapid interconversion at room temperature.

Interpretation of the nmr data with respect to prefered conformations

was based on well known dipolar shielding effects of anisotropic groups
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such as the phenyl and carbonyl moieties of a HC1.1% The following equa

tion descibes the shielding effects with respect to orientation and dist

ance from the shielding group.

(3cos2 -1)/r3 = shielding effects

With the use of Dreiding models it was possible to predict clear diff

erence in shielding effects of the aromatic ring on the H3a and H3e proton

resonances if the aromatic ring were equatorial or axial (Figure 3).

An equatorial aromatic ring would be expected to show similar deshielding

º:
H-N-H

Cl
Aj O

A B

Figure 3. Chair conformations of Q. HC1.
effects on both the H3e and H3a proton resonances while an axial aromatic

ring would effect only the H3e proton resonance. In the nmr spectrum of

A HCl the downfield effect is observed on the H3e proton resonance while

the H3a proton is upfield. The upfield position of the H3a proton reson

ance indicates little or no effect by the aromatic ring. This indicates

the prefered conformation of J. HCl as being A in Figure 3 with the aroma

tic ring in the axial conformation and the amino moiety equatorial. Fur

ther support for this conformation comes from the shielding effects ob

served with the H4e proton resonance. These effects could only occur

if the aromatic ring were in the axial orientation. The downfield nature

of the H5e proton resonance relative to the H4e probably involves complex
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shielding effects by the aromatic ring and possibly the carbonyl group. 13

Further support for this solution conformation comes from the possi

bility of electrostatic or H-bonding interactions between the protonated

amino moiety and the electron rich carbonyl group. These interactions

can occur only when the phenyl ring is in the axial position. These elec

trostatic properties are consistent with our unsuccessful attempts to in

corporate deuterium in the 6 position of the cyclohexanone ring under

acidic conditions. The initial step for acid catalyzed exchange involves

protonation of the carbonyl moiety. Protonation of the carbonyl group,

however, would result in charge repulsion with the protonated amino group.

Protonation of the carbonyl group also would prevent H-bonding interact

ions with the protonated amino group.

Circular Dichroism Analysis of 1.HCl

The analysis of various optically active cyclohexanone derivatives

by circular dichroism has allowed formulation of the octant rule which

relates 3 dimensional structure with chiroptical properties of the n- *

carbonyl transition involving the sign and magnitude of the Cotton eff

ect. 10a, b The cyclohexanone ring is divide into 8 quadrants by 3 planes

which bisect the carbonyl group as shown in Figure 4. The planes are based

on chiroptical properties which indicate that these regions are nodal

planes and make no contribution to the Cotton effect. Only the four

quadrants incompassing the cyclohexanone ring will be applicable to our

studies. A positive or negative contribution to the sign of the Cotton

effect will be determined by which quadrant a particular subsituent occup

ies. No contribution will be made if the substiuent lies in a nodal plan.

In order to use the octant rule to assign absolute configurations of

optically active cyclohexanones, it is necessary to know their preferred
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Figure 4. Octant rule applied to cyclohexanone. Note that only
the four quadrants on the carbon side of the plane that
bisects perpendicularly the oxygen carbon double bond
will be considered in our studies.
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Figure 5. The octant rule applied to the (R)-enantiomer of A HC1.
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conformation in solution. Having established the solution conformation

of 1 HCl, it was then possible to analyze the circular dichroism spectra

of the resolved enantiomers of , HCl with respect to the sign of the

Cotton effect of the n-m * transition of the carbonyl chromophore. 10a, b

Figure 5 shows a diagram of the octant rule applied to the (R) enantiomer

of 1 HCl with the aromatic ring in the axial conformation as deterimined

above. A substituent (amino group) at the C-2 equatorial position of J.
HC1 has little or no effect on the sign of the Cotten effect as it would

lie in or near a nodal plan. Therefore only the axial substiuent at the

C-2 position makes a contribution to the sign of the Cotton effect.

Because the aromatic ring of (R)-1-HC1 lies in a negative quadrant, it

would give rise to a negative contribution to the sign of the Cotton

effect for the n- + transition of the carbonyl chromophore. 10a,b Because

there are no other substituents in the cyclohexanone ring to contribute

to the sign of the Cotton effect, it would be expected that (R)-1-HC1
should possess a negative Cotton effect for this transition. If a posit

ive Cotton effect were observed for an enantiomer of 1 HC1, it would

indicate that the aromatic ring was in a positive quadrant corresponding

to the (S)-configuration.

Figure 6 shows cq spectra for the (-) and (+) enantiomers of *
HCl in H20. Table I shows calculated molar ellipticities [69) and extinct

ion coefficients (at ) for the n-trº transition of the carbonyl transition

which occurs between 240 and 310 nm. Notice that (-)-1-HC1 gave rise to

a negative Cotton effect. This indicates that the aromatic ring is in

the negative quadrant and therefore (-)-l-HC1 must have the R absolute

configuration where as (+)-1-HCl has a positive Cotton effect correspond
*

ing to the (S)-enantiomer of 1.
*
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$220

-240

-260

*280

- 300

320 nm

Figure 6. Circular dichroism spectra of (-)-1-HC1 on the top and (+)-1-
HCl on the bottom. Each spectrum proceeds from 240nm at the
top and 310mm on the bottom. A deflection on the left hand
side indicates a negative cotton effect and the right hand
side a positive cotton effect.
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Table I

(-)-l-HCl in H20 3.0 mg/10 mL

4
*269- 4.25 [e]269- 1.40 x 10

4
A*27.1-4.23 [e]271- 1.40 x 10

of 275- 4.52 [e]275-1.49 x 10"
4

at 279- 3.88 [6]279- 1.28 x 10

at 283° 4-02 [e]283- 1.32 x 10"
-- 2

(+)-1-HC1 in H20 2.4 mg/10 ml

of 269-–4.63 [e]269-–1.53 x 10"
-- 4

at 271--4.57 [6]271--1.51 x 10
aç 275-–4.85 [e]275--1.60 x 10"
ae 279--4-23 ■ elz79-–1.40 x 10"

-- 4

At 316= 0.06 [6]316- 1.89 x 10°

Figure 7. Stereowiew of (-)-l-HBr
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Table II

Crystal and Refinement Parameters

Compound C13H17NOBrC1

Cell dimensions

Aa , 8.508 (2)

b, A 7. 234 (1)

C 2 A 11.621 (2)

beta, * 101.12 (2)

v, A3 701.8 (3)

Space group P21

Density observed, g/cm3 1.50

Density calculated, g/cm3 1.508

Total reflections 1665.

Non-zero reflections 1534.

Final R-index, correct enantiomer 0.061

Final R-index, other enantiomer 0.078

Final wr-index, correct enantiomer 0.014.4

Final wr-index, other enantiomer 0.0280

Final Shifts one tenth sigma
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X-ray analysis of (-)-l-HBr

To confirm our assignments of absolute configurations of the enantio

Iners of 1 HC1 we prepared crystals of (-)-l-HBr suitable for single crystal

X-ray diffraction analysis. The HBr salt of 1 was selected because bromide

atoms give better X-ray diffraction properties than chloride atoms. It

was also found that crystals suitable for X-ray studies could be obtained

easily by crystallizations of (-)-l-HBr in pure ethanol. Figure 7 shows

a stereo display of the x-ray structure determined for (-)-l-HBr. Table

II shows crystal and refinement parameters used in the analysis (see

Experimental Section). The conformation of 1 HBr in the crystal latice

has the aromatic ring in the axial conformation with the chlorine atom

close to the carbonyl moiety. Studies by nmr showed no difference in the

spectrum of the HBr salt of 1. and the HCl salt. Therefore we can conclude

that the HCl salt and the HBr salt have the same solution conformation.

Assuming the solution conformation is the same as the crystal for HBr,

the results support our nmr assignment of conformation for the HCl salt

of 1 as having the aromatic ring axial. Furthermore, the absolute config

uration of (-)-l-HBr as determined by single crystal X-ray diffraction

analysis is R. This confirms the absolute configuration as assigned by

the octant rule for the n-mº carbonyl transition in the circular dichroism

spectra.

The preferred conformations of 2. HC1 and the related cyclohexylamine

derivative (3, HCl) have been reported. 18 Both compounds have been found

to have, as the preferred conformation, the aromatic ring in the axial posi

tion. Furthermore, molecular orbital calculations support this preferred

conformation for these molecules.” The preferred conformation of 1 HC1

corresponds to that of 2 and 3. The similarities of pharmacological and
-º- *
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H.cHº,

3
ae

toxicological properties of A may now be related to similarities in con

formational properties of their functional groups. Differences with

respect to hindered rotation about the C-2-C-1' bond of the aromatic ring

of . HCl due to 1,3-diaxial interactions between the chlorine atom and

the C-4 and C-6 hydrogen atoms may play a role, in addition to steric and

electronic effects, on the biological activity of l.
Ketamine is also the only member of this class of compounds currently

being studied that possessses a chiral center. With the determination of

its absolute configuration it should now be possible to study the various

receptor binding assays for arylcyclohexylamines more co-pletely with res

pect to structural properties. The recent finding that significant diff

erences exist between the enantiomers of J. with respect to pharmacologi

cal, toxicological and metabolic profiles may now be related more meaning

fully to structural differences between the enantiomers.

Preliminary studies by us on the conformation of the free base of

1 have indicated a difference in its preferred conformation compared to

the HCl salt. Circular dichroism studies (Figure 8 and Table III) on the

free bases of J. in chloroform show a change in sign of the Cotton effect

for n-mº transition of the carbonyl chromophore. A change in sign of the

Cotton effect is indicative of a change in conformation of molecule. How

ever, further studies need to be performed to rule out the possibility of
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Figure 8.

320 I
340 •

(-)-l-free base circular dichroism spectra is
shown on the left and (+)-l-free base is shown
on the right.

Table III

(+)-l-free base in CHC13
*

3.1 mg/mL

At 244--1 .88

ae 260--0. 11

at 282--0. 10

as 315- 2.34

(-)-l-free base in CHC13

[6] 244-6 .20

[6] 260-3 .67

10] 282*-3 .29

2.6 mg/mL

at 260- 0.14

at 315-–2 .24

[6]244- 6.79

[6]260- 4.53

[6]282- 3.24

[e]315-–7.39
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involvement of the lone pair of electrons of nitrogen in this effect. 11

EXPERIMENTAL SECTION

Instrumentation: "H mr spectra were obtained at 80 MHz with a Varian FT-80

spectrometer and at 360 MHz with a modified Bruker HXS-360 spectrometer.20

Chemical shifts are reported in parts per million (ppm) relative to TMS in

c”HC13 and TSP in *H,0 and coupling constants are reported in Hertz (Hz).

Circular dichroism spectra were obtained using a Jobin Yvon dichrograph R.

J. Mark III with a cell path length of 1 cm and a sensitivity set at 5x

10-5.22 Specific rotations were obtained with a Perkin Elmer 141 electro

nic polarimeter. Melting points were obtained on a Thomas-Hoover melting

point apparatus and are uncorrected. High resolution (m/a m=10,000) mass

spectra were obtained on a modified AEI MS-902 instrument on line to a

Xerox Sigma 7 computer system with an electron energy of 70 eV, accelerat

ing voltage 8KV.

Resolution of Ketamine: Ketamine (1) was resolved according to a literature
*

method.” Using this method the (+) tartrate salt of . liberates the (-)

! free base which upon formation of the HCl salt by addition of HCl satu

rated ether gives rise to (+)-1-HC1. Also from the (+) A free base the

addition of HBr saturated ether generates the (-)-l-HBr salt. Opitical

rotation of the (-)- and (+)-1-HC1 salts correspond closely to the litera
21ture values.

Preparation of ketamine-6,6-d2: A solution of 153 mg (0.64 mmole) 1
-

free base in 2 mL pyridine and 10 mL *Hzo was prepared and heated under

reflux and nitrogen overnight. The pyridine and *H,0 were removed by

rotary evaporation with the residual pyridine removed in vacuo. The crude

product was dissolved in CH2Cl2 and washed with H20, then dried over

anhydrous Na2SO4. Rotary evaporation of the solvent followed by vacuum
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drying overnight gave 138 mg ( 90 %) of 2-6,6-d2. HRMS indicated that

2 protons had exchanged: M+ 239.1038, calcd. 239. to".5; *H nmr (c’HC13):4-
7.2-7.6 (nm, 4H, aromatic), 2.4-2.9 (nm, 2H, H6) 2.10 (s, 3H, N-methyl),

1.6–2. 1 (mm, 5H, remaining cyclohexanone protons) ppm. *H mr (c’HC13)
of J. HCl (80MHz) differs by the presence of 42.4-2.9 (nm, 2H, H6) ppm in

the spectrum. The HCl salt of 4. was prepared by dissolving the free

base in ether and precipitating the salt by dropwise addition of HCl

saturated ether. *H mr 80 MHz(*H2O): &= 7.4-7.8 (mm, 4H, aromatic), 3.2-

3.4 (nm, 1H, H3e), 2.40 (s, 3H, N-methyl), 1.6-2.4 (nm, 5H, remaining

cyclohexanone protons) ppm. *H mr (*H,0) of 1 HC1 (80 MHz) differs by

the presence of a signal at £ 2.45–2.65 ( mm, 2H, H6) ppm in the spectrum.

X-ray Analysis of (-) ketamine HBr: The stereochemistry of (-)-3-HBr was

independently established by Dr. Jon Bordner using single crystal X-ray

diffraction.23 Crystals suitable for single crystal X-ray analysis were

obtained from repeated crystalization in ethanol of (-)-1-HBr. The HBr
*

salt was analyzed according to the crystal and data collection parameters

summarized in Table II. Two one Angstrom data sets (maximum sin 6/A = 0.5)

were collected on a Syntex P1 diffractometer using copper radiation (A=

1.5418A). The two data sets contained a full hemisphere of data (the

with an incident beam graphite monochromator. All diffraction data were

collected at room temperature. Crystallographic calculations were facil

itated by the CRYM crystallographic computer system.” The use of a larger

data set facilitated the assignment of absolute configuration and was sug

gested by Subramanian and Hunt. 26 A trial structure was obtained using

the MULTAN direct methods package.” This trial structure was refined

routinely to an acceptable R-index (see Table II). The final cycles of
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full matrix least squares refinement contained the scale factor, secondary

coefficient, non-hydrogen coordinates and their anisotropic temperature

factors in a single matrix. Hydrogen positions were calculated wherever

possible. The methyl and amino hydrogens were located using difference

Fourier techniques. While the hydrogen parameters were added to the

structure factor caculations during the later stages of refinement, they

were not refined. The absolute configuration of the molecule was establº

ished at the 99.5% confidence level by the method of Ibers and Hamilton.

28, 29 A final difference Fourier revealed no missing or misplaced elect

ron density.
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Chapter II

Synthesis of cis- and trans-6-Hydroxyketamine's
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Introduction

As mentioned in chapter I ketamine is a dissociative anesthetic agent

that was synthesized as an analog of phencyclidine 92). Pharmacokinetic

studies in man have shown that the emergence phenomena associated with this

drug 1, 2 occurs when significant amounts of metabolites of J are present

in the plasma indicating that the metabolites may contribute to the pharm

acological and toxicological profile of .” The metabolic fate of ket

amine has been studied in rat, mouse, dog, monkey and man but remains only

partially understood.2 24-9

The metabolism of 1 has been shown by Chang and Glasko (1965) to in

volve N-demethylation to N-desmethylketamine (norketamine, metabolite II,

compound 3) with the subsequent formation of the unsaturated product 5,6-

dehydronorketamine (metabolite II, 3).” These metabolites initially were

identified by mass spectral analysis. 4, 8, 10 Recently the syntheses of 3
and 5 confirmed these structural assignments. 11

º

Formation of 5 led Chang and Glasko (1974) to propose the cyclohex
ºve

anone ring hydroxylated norketamines derivatives 6 and 7 as intermediates
-

in the conversion of 4 to 3.” No experimental data were presented in

the article to support these speculations. They also claimed that the

glucuronides of these compounds were present in the urine from rat, cat

and man based based on evidence obtained with 9 -glucuronidase.

Scheme I shows the metobolic pathway as proposed by Chang and Glasko for

ketamine.8

Recent work in the rat by Adams et al. led to the proposed metabolic

pathway outlined in scheme II. 12 The availability of milder nonselective

extraction techniques coupled with capillary column gas chromatography

and capillary column gas chromatography-mass spectrometry allowed these



Chapter II 22

Scheme I

| o-glucuronide
27º;

o-glucuronide

workers to partially characterize six hydroxylated -tabolites of A. The

structural assignments are tentative as no reference compounds were avai

lable for structural comparisons. Furthermore, metabolic hydroxylation

of the cyclohexanone ring of J. can result in the formation of diastereomers

[cis or trans (Z or E) with respect to the amino group] concerning which
no structural information was available.

Further interest in the synthesis of cyclohexanone ring hydroxylated

metabolites of 1 comes from recent reports by Lednicer et al. of a new
class of analgesic compounds illustrated by structure 12.13a These com—

pounds, derivatives of 4-amino-4-arylcyclohexanones, show extremely potent

opiate analgesic properties. Similarities between this class of compounds

and possible metabolites of 1 are intriguing.
•ve
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T}-KX.Br —s %.

N / s TCH cº-( )2N.
CH, CH,

12
*

The ready availability of J and the anticipated ease of functionaliz

ing the position alpha to the carbonyl group led us to attempt to synthe

size the 6-hydroxy analogs of ... The techniques developed were designed

to be applicable also to the synthesis of the 6-hydroxy analogs of norket

amine.

A variety of methods have been reported for the synthesis of alpha

hydroxyketones from ketones. These include treatment of the corresponding

enolate with molybdenum peroxide, 13, 14 oxidation of the trimethylsilyl

enol ether derivative with m-chloroperoxybenzoic acid (MCPBA), 15, 16, 17, 18
epoxidation of the enol acetate derivative with MCPBA followed by thermal

or acid catalyzed rearrangement of the epoxyacetoxy intermediate to an

alpha-acetoxyketone and hydrolysis, 14, 19, 20 and the displacement of the

corresponding alpha-bromoketone. 14, 21,22 The results described below

summarize our approaches to Z- and E-6-hydroxyketamine 9 and 10, respect

ively).

Results and Discussion

Attempted Synthesis of cis- and trans-6-Hydroxyketamine:

Bromination Pathway

The initial method selected for preparation of the 6-hydroxyketamine

diastereomers was the alpha bromination pathway outlined in scheme III.
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However, as will be described below , this pathway was only partially

successfull and led to several unexpected compounds with interesting

Scheme III*

Hºch, º, cocº,
| SS

c■ S 22 C ->

O → 2

1 13

HACN /cocshs H.C.S.A. ocells
N N

C C

Br 3 6cocº 4.
}} 15

HS JCH3
| n°

H CN£º
C

/
O OHR O .

* 19.

*(1) cgh;cocl/TEA-benzene; (2) PTT/THF; (3) K0Ac/HOAc; (4) H*/H20.



Chapter II 26

chemical properties. This pathway eventually did lead to the formation

of one of the 6-hydroxyketamine diastereomers although it was not possible

to assign the relative stereochemistry of the product.

Bromination of ketamine with phenyltrimethylammonium tribromide23

(PPT) in THF failed because of the formation of an insoluble bromine-amino

complex.2% Therefore, we elected to block the nucleophilic amino group as

its benzoyl derivative. Reaction of 1 and benzoyl chloride in excess

triethylamine (TEA) in benzene gave the corresponding N-benzoyl derivative

13 in good yield. The structure of 13 was confirmed by !h mr (Figure 1),

ms and elemental analysis.

The reaction of !3 with PTT in refluxing THF provided a cyrstalline

product which was characterized by lh nmr (Figure 1), ir, ms and elemental

analysis as the 6-bromo derivative 13. The mass spectrum displayed the

characteristic isotope pattern (2:3:1 pattern for M*:M+2*:M+4*) character

istic of compounds containing one bromine and one chlorine atom.” The

assignment of the preferred conformation of the bromo group as equatorial,

with the relative stereochemistry unknown, was based on 1H mr data which

showed the presence of an axial methine proton resonance in the spectrum.

26,27,28 The signal appears as a doublet of doublets centered at & 4.96

ppm with JHaHa - 13 Hz and JHaHe- 7 Hz. Futhermore this signal occurs in

a region characteristic of alpha bromocyclohexanones (45.0 ppm).26,27,28

If the methine proton were equatorial, the signal would be expected to

occur further upfield near 44.5 ppm with a splitting pattern characteri

stic of an equatorial proton (Scheme IV).

The presense of a single clear N-methyl proton resonance in the nmr

spectrum and the observation of only one spot on TLC indicated that we had

isolated only one diastereomer. There was no evidence for the presence of
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Figure 1. 80 MHz *H NMR (CDCl3) spectrum of }3 (top) and 43 (bottom)
with TMS as referen■ á.
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Scheme IW

JUl A■ a

the other diastereomer in the crude reaction mixture. Formation of only

one diastereomer is consistent with the mechanism of bromination as

shown in Scheme v.28,29, 30,31 Without considering steric effects, the

preferential abstraction of the axial proton H6a would be expected in

the initial step because of the greater overlap of the resulting carbanion

with the carbonyl group. The subsequent addition of bromine should occur

at the axial position (top pathway). The preference for bromination axial

will depend on steric effects of the enol 133- Opposing the above factors,

steric effects should promote equitorial proton abstraction and equitorial

bromine addition. Therefore it might be possible for the bromination to

follow the pathway outlined in the lower half in Scheme W. The fact that

we isolate only the equitorial product and only in poor yield points to the

importance of the steric effects in the bromination reaction. The yield

in this bromination reaction was less then 10% and therefore of limited

synthetic utility.

Prior to attempting alternative methods for the synthesis of 14 and
*
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Scheme V

R=NCH COC, H,

H. O. House, "Modern Synthetic Reactions", Benjamin, Phillippines, 1972,
2nd. Ed., p. 470

the acetolysis of the bromo group of 14 we elected to examine the reaction

conditions required for removal of the benzoyl group. Harsh conditions

might cause loss of the alpha bromo group (dehalogenation) by attack of BrT

at the C-Br bond to form the enolate and Brz.” Harsh reaction conditions

may also cause isomerization of the bromo diastereomer. When !3. was

heated under reflux for 2 days in concentrated HCl, only a small amount

of ketamine was detected and starting material was recovered.32 This

result was consistent with the steric hindrance present in compound 23.
Therefore it was apparent that a protecting group more susceptible to easy
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removal was required.

Bromination of Benzyloxycarbonylketamine

The benzyloxycarbonyl group was examined next since it is known to

undergo cleavage under mildly acidic conditions.33 and by reactions with

agents such iodotrimethylsilane.9% The reaction of ketamine with benzyl

chloroformate under conditions similar to those in used the formation

of 13 failed to yield the desired N-benzyloxycarbonyl derivative 16. It

was discovered that the triethylamine (TEA) base used in the reaction

reacted with benzyl chloroformate to form a salt that precipitated from

O O
|

cºcocº, CH, OCH2

\
O

16 17
zºº’ ae

the reaction mixture, thus preventing the the desired reaction. The

acylation of TEA is reported to occur preferentially if the competing

nucleophile is less nucleophilic under the reaction conditions. 35,36,37

Therefore, a less nucleophilic base then TEA was required. Anhydrous

sodium carbonate was choosen even though it is only sparingly soluble in

organic solvents. 36,38 The desired reaction was found to proceed in high

yields (>90%) to give crystalline 25. The product was characterized by

*H nmr (Figure 2), ir, ms and elemental analysis. The "H mmr spectrum

established that the methylene protons of the benzyl group are anisochro

nic, giving rise to a skewed AB quartet centered at & 5.13 ppm with Jgem"
12.2 Hz.
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Acid catalyzed hydrolysis of } in refluxing concentrated HCl/acetic

acid for 1 hour gave starting amine * in approximatedly 75% yield.32
The protecting group therefore could be removed under moderately mild

conditions.

The bromination of }% with PTT in THF was found to require vigorous

conditions and resulted in low yields of the corresponding bromo derivat

ive J.” The structure of J was confirmed by 1H mr (Figure 2), ir, ms
and elemental analysis. Based on the analysis of the pure material by TLC,

which showed the presence of only one spot, and the nmr spectrum, which

showed the presence of only one alpha methine and N-methyl singlet reson

ance, it was apparent that we had isolated only one diastereomer. The

conformation of the bromo group was assigned as equatorial based on the

nmr and ir data. 26, 27, 28, 39, 40 The bromomethine proton is centered até4.85

ppm with JHaHa = 11.9 Hz and JHaHe= 5.8 Hz. These values correspond to

those expected for an alpha axial bromomethine proton as mentioned pre

viously.26,27,28 The benzyl methylene protons are isochronic and give

rise to a singlet at & 5. 16 ppm. The resonance for the N-methyl protons

occurs at 43.03 ppm , the same frequency as observed with 16. The ketone

carbonyl stretch frequency has shifted from 1725 cm−1 in 16 to 1740 cm-l

in !. This is characteristic of alpha-halogen substituted cyclohexanone

derivatives in which the halogen atom is equatorial.39, 40 If the halogen

were axial, then, based on dipole moment arguments, little or no effect

would be expected on the ketone carbonyl stretching frequency.*0 The

carbamate carbonyl carbonyl stretch frequency occurs at 1693 cm-1 in

16 and 1695 cm-1 in 17. The mass spectrum of 17 displayed the correct
* ave *

parent ion (mass 449) and isotope pattern consistent with the presence

of a chlorine and bromine atom.” The evidence to support the diastereo
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chemistry of this product as E will be presented later.

Attempts to improve the yield of 17 by addition of anhydrous sodium

carbonate failed.” The addition of base has been used by others to remove

acid formed in the reaction process. The presence of acid has been shown

to facilitate dehalogenation and isomerization resulting in decreased

yields. 28,29,31 Attempts to improve the yield of 27 by increasing the

amount of PTT and by increasing the reaction time were unsuccessful. The

low yields observed in these bromination reactions may be a consequence

of steric hindrance at the carbon atom alpha to the carbonyl as was

mentioned with 14.
*

The low yield of this reaction forced us to look at alternative ways

to functionalize the carbon atom alpha to the carbonyl group in J. Brom

ination of . HC1 with PTT in THF gave poor yields of a brominated product

which could be assigned the cis or z configuration given in structure 18.
23 The synthesis of this compound and the corresponding trans or E diaster

eo■ ner Q9) has been published recently by an alternative method involving

addition of bromine to a solution of Q. in HBr/acetic acid. 11 The limited
amount of data presented in this article for the assignments of relative

stereochemistry stimulated us to further investigate their assignments, as

will be described later.

HS, MCH, H\,,OH,

| | .
O Br O

18 19
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The repeatly low yields with the brominating reagent PTT forced us

to consider alternative methods for brominating alpha to a ketone. One

possibility which was examined involved halogenation of the enol acetate

20.29a Initial attempts to form compound 20 from 16 by treatment of a
º * º

benzene solution of 16 with acetic anhydride in the presence of TEA fail

ed.20,29a Only starting material could be isolated. The use of pyridine

in place of TEA also failed to give product but the reaction mixture did

give a spot on TLC with a retention index similar to that of the original

amine L. A recent method for the formation of enolates of alpha-aminoke

tones reported by Garst et al.” involves reaction of the corresponding

lithium enolate with acetic anhydride or other acylating reagent. This

reaction appears to be applicable to both tertiary alpha-aminoketones

and protected secondary alpha-aminoketones. The reaction of 13 with li

thium diisopropylamide (LDA) at -78C followed by treatment of the result

ing lithium enolate with acetic anhydride yielded a product which, accord

ing to the 1H mr spectrum (Figure 3), contained the desired enol acetate

20 but contaminated with starting material. Attempts to purify the oily

mixture by crystallization and distillation were unsuccessful. Similar

difficulties in obtaining pure enol acetates have been reported.21 The

1H mr spectrum showed the presence of two singlets at & 3.13 and 1.80

ppm assignable to the methyl groups of the amino and acetyl groups, re

spectively. Also present was a low field triplet at ■ 5.80 ppm with J

4 Hz which can be assigned to the vinyl proton of 20. Our inability to

obtain compound 20 in pure form led us to abandon this approach.

The ready formation of the lithium enolate 2] of 16. by reaction of

!6. with LDA suggested the possibility of direct bromination of this salt.

The addition of bromine to 21 at - 78C was found to give after purification
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Figure 3. 80 MHz *H nmr (CDCl3) spectrum of 39 with TMS as reference.
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a 57% yield of pure ! which was identical in all respects to that obtain

ed by the direct bromination of 16. No evidence for the presence of the

Z diastereomer was obtained. The formation of only one diastereomer is

not unique in such bromination reactions.28, 31

Reaction of 6-bromo-N-benzyloxycarbonylketamine (17) with acetate anion

The next step in our proposed scheme required displacement of the

alpha-bromo group present in ! with acetate anion to form the diastereo

mers 22 or 23 (Scheme VI). Treatment of 17 with potassium acetate for 6

hours under reflux in acetic acid resulted in the formation of two major

products which were detected by TLC analysis 20,22 and isolated by prepa

rative TLC. The lh nmr spectrum of the compound with Rf- 0.61 displayed

signals for aromatic protons, an exchangeabe proton at 66.18 ppm, a skew

ed triplet at & 2.67 ppm (J- 5.6 Hz) and a multiplet at 4 2.18 ppm (Figure

4). The lack of either an N-methyl or acetate methyl proton resonance

ruled out both the E and Z diastereomers, 22 Or 23. Based on evidence to

be presented later, this compound has been shown to be the elimination

product 23. The compound with Rf- 0.22 gave a 1H mmr spectrum (Figure 5)
that displayed signals corresponding to resonances for aromatic protons,

a nonexchangeable proton centered at 4 4.73 ppm (a triplet, J- 2.3 Hz) and

a methyl group (singlet at 4 2.56 ppm). Also present were signals assign

able to cyclohexanone ring protons. Based on these data, the diastereo

meric compounds 23 and 23 could be excluded as possible structures. This

product was later shown to be the cyclic carbamate 25. Furthermore, we

found that treatment of AZ with hot acetic acid led to the formation of

both 24 and 25.
* *

Modification of these reaction conditions, such as treatment of 16

with potassium acetate in chloroform or benzene in the presence of the
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crown ether, 18-crown-6, also failed to give either diastereomer 22 or 23.-

Scheme VIa

O
||

ºf H, c{{../Coch■ c.H,

CI -> C ->
O º O 2

l 16
* *

o ?
|cºoch.cº. c8, coche.H.º

-

H£CO /
C ->

■ He
-

O 3.

*g 22

O

!' cºocheH.C. H`. º 2* 6' 55

Q\ – NCH,
/

O &
C ofch,

O
25 23
eve ,”

*(1) CeBSCH2COCl/Na2CO3-benzene; (2) LDA, Br2; (3) Act; (4) DMF.
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Instead, complex mixtures were formed which were not further characterized.

Attempts to displace the bromo group with lithium acetate in THF or acto

nitrile led to compound 2} as the only isolable product.

Attempted dehydrohalogenation of 6-bromo-N-benzyloxyketamine Ø.
The unexpected products obtained in these reactions led us to invest

igate their structures. Because both 2: and 25 could be formed by heating

J in acetic acid suggested that intramolecular processes were occuring.

Therefore, we decided to investigate the possibility that the formation of

these compounds might involve elimination reactions. Consequently we

examined the effects of reagents known to cause the dehydrohalogenation

of alpha-haloketones to give the corresponding enone 25.2%
Initially the amine 1,5-diazabicyclo (4.3.0) non-5-ene (DBN) was used

based on its poor nucleophilic properties for SN2 reactions but strong

basic properties for elimination reactions.29,42,43 when J was heated

under reflux with DBN in benzene for 3 hours we observed by 1H mr analysis

the formation of 33 but no evidence for 24. The rate of formation of 25*

was similar to that observed when 17 was heated under reflux in benzene
*

alone.

Formation of 5-(o-chlorophenyl)-4-methyl-2-oxa-4-azabicyclo-(3.3.1)-nonan

3,9-dione (25)

An alternative approach to effect elimination of alpha haloke tones

with lithium carbonate in DMF is well documented in the literature.””

42 This reaction, however, also failed to give the “,8-unsaturated ketone

25 although 23 was detected, again by lH nmr analysis. Workup of this
reaction mixture provided this product in pure crystalline form melting

at 148-149 C. Elemental analysis indicated a structure corresponding to

C14H14NO3Cl (compound 17 minus benyzl bromide). Mass spectral analysis
*
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gave a parent ion at mass 279 and the corresponding 37Cl isotope at mass

281. A fragment ion at m/z 251 corresponding to loss of CO indicated

the presence in the molecule of a ketone carbonyl group. Also present

?
cºcocº,

\
O

26
*

was a fragment ion at m/z 235 corresponding to loss of CO2 which is often

observed for a carbamate group.4% The ir spectral data indicated the

presence of two carbonyl groups. The carbonyl stretch at 1695 cm-l occurs

at the frequency of a carbamate carbonyl moiety while the carbonyl stretch

at 1750 cm-l occurs at a wave number higher than expected for a 6 membered

ring ketone bearing no alpha substiuents (1725 cm-l).45 The ketone carbon

yl stretch frequency in }J. occurs at 1740 cm−1. Therefore it appeared that

23 has a ketone group that either has a substituent in the alpha position

and/or an increased in ring strain which also can cause an increase in

wave numbers. 45,46,47 The 1 H mr data shows the N-methyl group signal

shifted downfield to 42.56 ppm as compared to £2.10 ppm in 1 (Figures 5

and 6). The signal for the N-methyl group in 16 and 17 occurs at & 3.03

ppm. This indicates that the amino moiety must be either close to a

strongly deshielding group or chemically modified as in a carbamate or

amide. No vinylic proton signals were present in the 1H nmr spectrum.

Therefore, we concluded that the nitrogen atom exists as a carbamate

functionality. The 1H nmr spectrum shows a methine proton signal as a

triplet centered at 34.74 ppm (J- 2.3 Hz) corresponding to an equatorial
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methine proton coupled to vicinal axial and equatorial protons. To

further elucidate the structure of 33, the 1 H mr spectrum of Ž in DMSO

d6 was taken prior to and after heating for 1 hour. The presence of 25
and benzyl bromide as reaction products could be confirmed by comparison

with authentic mixtures of these compounds (Figures 7, 8, and 9). Based

on the above data, we concluded that compound 25 is 5-(o-chlorophenyl)-
* -

4-methyl-2-oxa-4-azabicyclo (3.3.1) nonan-3,9-dione.

7 6 5 4 3 2 l

Figure 6. 80 MHz *H nmr (CDC13) spectrum of 1 with TMS as reference.
º
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Figure 7. 80 MHz *H NMR (DMS0-dg) spectrum of X. with TMS as reference.
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Figure 8. 80 MHz lH NMR (DMS0-da) spectrum of 17 heated in DMSO for 1
hour. The spectrum jg the same as that of 25 with benzyl
bromide. TMS was used as the reference. ave
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H.Br

– ---- –
L-L-L-I-I-I-T-I-T-I-T-T-I

7 6 5 4 3 2 1 ppm

Figure 9. 80 MHz *H nmr (DMSO-dg) spectrum of benzyl bromide with TMS.

The formation of 25 from J can be invisioned to follow the pathway

outlined in scheme VII. The first step involves an intramolecular SN2 type

attack by the carbonyl oxygen of the carbamate at the 6 position of the

cyclohexanone ring to displace bromide ion. 46,47 The nucleophilic potent

ial of the carbonyl oxygen of the carbamate and amide groups has been shown

by others. 46,47 The intermediate 3. is set up for nucleophilic attack on

the benzyl group by bromide ion to give benzyl bromide and 23. Similar

cyclization reactions involving the carbamate carbonyl oxygen have been
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- - Scheme VII Br

PhCH PhCHP. PN fºr 4.
c-NCH, C = NCH,

// /
O O

C -> C

62 o 7*: !';

&
C - NCH,

/
O

–P C <> CH, Br
O ~

29

reported in the literature.*6,47 The model cyclohexane compounds for the

the cyclization reactions (e.g. 28 or 33) possess leaving groups with

trans- relative stereochemisty in the 3 position (E) or trans- relative

sterochemistry in the 4 position from the carbamate substituted position.

Attempts to cyclize the corresponding cis-3 or cis-4 derivatives failed,

as backside attack is not possible.

O
||

Cs his *Nºtc.H.
O

|

Ts
Ts
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A literature search for compounds with the 2-oxa-4-azabicyclo[3.3.1)

nonan-3,9-dione nucleus failed to turn up any compounds with this

basic structure.” However, the related 2-oxa-4-aza-bicyclo-(3.3.1)-

nonan-3-one (39) has been reported in the literature.*6,47,48,49. The ir

spectrum of the carbamate carbonyl stretch frequency of 39 was of inter

est relative to its relationship to the cyclic carbamate 23. The ir

spectrum of 39 in a nujol mull displays a carbonyl stretch band at 1675

cm−1 and a C=N strecteh band at 1642 cm-l indicating that there is con

siderable amounts of the tautomeric form 3] present.48 These data account

for the lower then expected carbonyl stretch frequency (expected 1685-1695

cm") observed for 25. In carbon tetrachloride (CC14) the carbonyl stretch

band of 39 is reported to occur at 1681 cm-l compared to 1689 cm−1 for

ethyl carbamate. 49 The ir spectrum of 33 in a mineral oil mull showed the

presence of the carbonyl stretch band for a carbamate functionality at 1695

cm−1. This value is consident with a cyclic carbamate and is probably high

er in frequency than 39 because 25 cannot tautomerize to the imino form.*

k The existence of bicyclo-(3.2.2)-nonane derivatives in the literature
indicates the possiblity of synthesizing the isomeric cyclic carbamates
33, provided a trans leaving group can be placed in the 5 position of the
cyclohexanone ring. This would provide a rigid analog of cis-5-hydroxy
ketamine for physicalchemical and pharmacological studies.

O
|

ozº Snch,
\
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O

*—NH HQ.
- ~ N

/
O

30 31
* *

The initial cyclization step leading to formation of 25 requires that

the bromo and nitrogen functionalities present in ! exist in the trans
or E configuration to allow for the backside attack at the 6 position.

However, these groups could exist initially in the cis or Z configuration

and undergo epimerization as the first step in the reaction. To investig

ate this possiblity a sample of ! heated in acetic acid for 1.5 hours was

examined and failed to show any evidence of epimerization by either TLC

or lh nmr analysis.” The ease of formation of 2} under protic, aprotic,

neutral, acidic, and basic conditions indicates that such isomerization is

not involved. Thereby supporting the trans or E configuration assigned

to the bromo diastereomer J. Furthermore, the mechanism of bromination

of 16 to form ! (see Scheme W) indicates that the preferred conformationaw”

of 16 has the amino group axial and the aromatic ring equatorial.
*

The bicyclic carbamate 23 could be obtained in 94% yield by heating 17aw

in dimethylformamide (DMF). The use of THF as a solvent to effect the

cyclization was not successful. Therefore, it would not appear that 25
Aº

could have been formed in the direct bromination of }} With PTT in THF.

Scheme VIII shows the pathway for formation of 25 starting from ~
*

Stereochemistry of cis- and trans-6-bromoketamine

During the course of these studies the syntheses of the diastereomer
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ic 6-bromoketamines 18 and 19 ( Z and E, respectively) were reported and
-* *

Scheme VIIIa

?
ct; coch■ c.H.

CI -> C ->
O º O 2

* 15

O

C || H Otº coche.", Y — NCH,
/

O

C -> Š
Er O 3

17 %

**2 ceh;CH20coci/Na2cos-benzene; (2) LDA, Brz; (3) DMF
their configurations assigned on the basis of ir data.” We wanted to

*xamine further the stereochemistry of these compounds which might still

be **eful synthetic intermediates.

Reports by Stevens et al.” show the amino functionality of compounds
e -

& . 3– which are closely related to ketamine exist preferentially in
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the axial conformation. The results of Stevens et al. were used by Parcell

et al.” to assign the relative stereochemistry of the alpha-bromoket
-

amine derivatives synthesized by direct bromination of 1. They observed

H\, ACH,
H, N

O
33
•

by ir analysis that the preferred conformation in CC14 of one of the

* +astereomers is that with the 6-bromo group axial. They also found that

*he other diastereomer exists with the bromo group equatorial. Assuming

* he amino group to be axial these workers assigned the diastereomer with

* he bromo group in the axial orientation as the cis or (Z) compound 18

*rld the equatorial bromo diastereomer as the trans or (E) compound 12.
We felt that further documentation of these stereochemical assign

* = rates was in order and therefore we considered methods to cleave the

***=>ioxycarbonyl group present in !! to yield the corresponding trans

****eketain. product 19. Iodotrimethylsilane (commonly referred to as

**1s +5 has been used as a mild reagent to effect the hydrolysis of carbam

** = s. > amides, and esters.34, 51 Treatment of 17 with TMSI led to the iso

l ** + en of a bromoketamine diastereomer which corresponded to the trans

cºl ** = tereomer of Parcell et al. (12). To further verify this stereochemic

SR * s signment, a comparison of the 1H mr data of the HCl salt and free

* = s.s of 13 was made (Figures 10 and 11, 19.' and 19, respectively). Based
Q.

Th previous work with ketamine (chapter I), the HCl salt of the amino
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group favors the equatorial orientation due to steric and electronic

effects. Circular dichroism data indicate that as the free base the amino

group of_l prefers the axial orientation. It has been reported that alpha

bromocyclohexanone exists in CC14 with the bromo group preferentially in

the axial conformation. 30.31 This is due to strong electrostatic interact

ions between the bromo and ketone groups resulting in considerable dest

abilization of the sterically less strained equatorial conformation. 30, 31

Therefore if the amino and bromo groups of 12 were trans or E they would

be expected to exist in either of the chair conformers 19 and 19' depend

+ng on whether or not the amino group is protonated. The change in con

formation would be expected because the free base amino moiety would prefer

Br

19 19"
* *

t
he =xial orientation and the aromatic ring the equatorial. As the HCl

s = Pl * the amino group prefers to be equatorial. When this factor is coupled

Y-i tº Ha the preference of the bromo group for the axial conformation, one

Y’s ºils expect the steric interactions to have less influence on the overall

*** -sies of the two possible conformers. This change in conformation was

* = a +1, apparent in the 1H nmr spectrum of the HCl salt of J3. which dis
Yº. * =ys the bromomethine proton resonance between & 4.7 and 5.0 ppm as

Se
* Pected for an equatorial proton. The bromomethine proton signal in the
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free base was observed to occur between $5.1 and 5.5 ppm with a splitting

pattern required for an axial proton resonance. Therefore, the stereo

chemistry of this bromo derivative would appear to be trans or E. To

confirm these results a sample of 19 was allowed to react with benzyl

chloroformate which, as expected, led to the trans-6-bromoketamine der

ivative J.
Acid catalyzed hydrolysis of 37 gave both 18. and 19. Compound 19

would be expected to undergo epimerization under acidic conditions due

to 1, 3 steric hind rance between the axial bromo group and the axial aro

matic ring, 27, 28, 30, 31 which would account for the presence of 13. Scheme

IX shows how this may occur.

Reaction of the Cyclic Carbamate #: under acidic conditions

The bicyclocarbamate 23 has the functional groups of the desired

°-hydroxyketamine (9) in the correct location but in a rigid ring system.
avº

Therefore, it might be possible to open the urethane ring to generate 9
* + th known stereochemistry (z).

Initially, acid hydrolysis and decarboxylation of the intermediated

S = F b amic acid was attempted. Upon heating under reflux overnight in

**R kne ous trifluoroacetic acid (TFA) 25 failed to give the desired product

-R- TLC (2% CH3CN/CH2Cl2) analysis showed the presence of starting mater

i_ ** and a new spot at Rf= 0.48. The 1 H nmr spectrum (Figure 12) showed the

**\ , a e product to be mainly starting material. Preparative TLC of the

S = \, ae product allowed the isolation of the compound with Rf- 0.48. The

**rar- spectrum displayed aromatic proton signals, a triplet at $2.56 ppm,

SA *>road, exchangeable proton at ■ 4.3 ppm, a singlet at & 2. 12 ppm and a

*\altiplet centered at ( 2.1 ppm. Integration established that the triplet

s tº & 2.56 ppm consisted of 4 protons thus ruling out either diastereomer
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9 or 10 which would be expected to show a single methine proton resonances
*

-

in both cases. 52,53,5°. The two proton multiplet between & 1.9 and 2.3

ppm also is not consistent with either of the structures of 9 or 10.
- -

IR analysis showed the presence of an º',9 unsaturated ketone band at

16 7.O cm−1, a sharp band at 3360 cm-1, a H-bonded NH stretch of a secondary

amine (supported by 1H mr data), and a moderately intense band at 1620

cm−1 corresponding to a possible olefinic group.

|

Fr-T—T-T—T-H-I-T-I-H-
7 6 5 4 3 2

YE
* sure 12. 80 MHz *H nmr (CDC13) spectrum of 33 with TMS as reference.
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Dilution studies in CC14 showed the NH H-bonded stretch to be intramol

ecular as expected for an of -aminoke tone. The ir data (cº,8-unsaturated

ke tone) and nmr data (absence of olefinic proton signals) are consistent

with a fully substituted double bond. The 13c nmr spectrum (Figure 13)

shows a conjugated carbonyl carbon signal at $196.88 ppm compared with

195.74 ppm for the elimination product 2: (described later, Figure 17)

and 4209.13 ppm for 1 (Figure 14). Also present are four sp3 carbon atom
*

signals compared to three in the spectrum of 24 which lacks the N-methyl
*

group. The presence of a carbon–carbon double bond in addition to the

carbonyl moiety is supported by the presence of 2 additional carbon reson

ar, ces in the aromatic region of the spectrum. The EIMS (Figure 15) showed

a Parent ion at mass 235 with the 37C1 isotope ion at mass 237 and major

fragment ions involving losses of CO and Cl. CIMS showed the quasimole

*ular ions at masses 236 and 238. Derivization with N,0-bis-(trimethyl

* + lyl)-trifluoroacetamide (BSTFA) and TFAA indicated the presence of only

***e functional group in the molecule that could be derivatized. Based on

* Haese spectral and chemical results we have assigned the struture of this

S ºn pound to be 3-o-chlorophenyl-2-methylaminocyclohex-2-en-1-one (33).
***Earound 33 presumably results from rearrangement of the desired ring
S’ Pered product. A possible mechanism that accounts for the acid catalyzed

** =rnation of 33 is presented in Scheme X.

Treatment of the cyclic carbamate 25 with refluxing HBr/acetic acid

**Nº e a mixture of compounds as determined by TLC analysis (5% CH3CN/CH2Cl2).

Tº e fastest moving spot (Rf = 0.56) formed in trace amounts after 2 hours

* Rea corresponded to the elimination product 2: whose structural proof will

\se described later. A spot at Rf = 0.48 corresponded to compound 33. A

* third spot appeared at Rf= 0. 11. Preparative TLC of the crude mixture
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= = ~ e three major bands. lH nmr analysis of the compound with Rf- 0.56

*= = shown to correspond to 24. The middle band at Rf= 0.48 had a lh

rarra E spectrum corresponding to 33. The bottom band contained a compound

*** = t gave an EIMS spectrum with a parent ion at mass 315 and a 1H mr

= F^*= ctrum corresponding to cis-6-bromoketamine (18). The formation of 18
*

irra Es Sº be explained by nucleophilic attack of bromide ion at the alpha posit

HL C-ra to give initially 3: which subsequently undergoes spontaneous decarb
*>>E Srlation in the acidic medium. Epimerization of the trans bromo diast

*E= ET e Omer ;3 would be expected in the strongly acidic medium based on steric
**i-ra drance between the bromo group and the aromatic ring. Scheme XI

surrºrmarizes this possible pathway for the formation of 18.
af

Attempted hydrolysis of 25 with sulfuric acid and TFA gave only
*

de composition products. Finally acid hydrolysis with concentrated HCl/

*cetic acid gave initially the rearrangement product 33 and a faint trace
*

the elimination product 24 (detected by TLC analysis). The reaction
*

**-><ture after heating under reflux overnight showed only the elimination

of

P* <> duct and starting material by 1H mr. The hydrolysis of the rearran

*The rit product 33 to 3: under acidic conditions was observed to occur in

al seperate experiment in which 33 was to stirred at room temperature

©ve rnight in 10% HC1. Scheme X shows how 33 can be converted into the

** imination product, 24, under acidic conditions.
*

See etion of the Cyclic Carbamate # under basic conditions

Initial attempts to ring open 25 by base hydrolysis using 1.0 M NaOH/

*e OH-H2O showed no evidence of hydrolysis at room temperature in the first

2 bours. Heating the reaction mixture to reflux for 1 hour resulted in

*he formation of a new spot on TLC (5% CH3CN/CH2Cl2) at Rf= 0.63 along

With a faint spot corresponding to starting material at Rf= 0.21. After
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--Tº- additional 30 minutes the reaction mixture was analyzed by TLC and

* H. rimr. TLC showed the crude reaction material to be composed of at

i- “e as t 3 compounds with Rf- 0.63, 0.48 (faint), and 0.00. The spot at Rf

C - 5, 3 cochromatographed with the compound designated previously as 24 which

* = = formed in earlier reactions and gave an identical 1H mr spectrum.

Tºa e compound with Rf- 0.48 corresponded to the enaminoketone 33 by l'H mr.

Tº e spot at the origin consisted of a mixture of compounds. The material

*E* t the origin later was shown to contain the desired alpha-hydroxyket

== + ne 9.

The material corresponding to compound 24, with Rf- 0.63, was purif

i e ci by crystallization to give a white solid melting point 161-162C. The

rn = Eerial was characterized by 1H mr (Figure 4), ir, ms, and elemental

aria lysis. The 1H mr spectrum showed the absence of signals for the N

ºne thyl group and the alpha methine proton. No vinylic proton signals

*e re present in the spectrum and an exchangeable proton singlet was pre

serl t at &6.18 ppm. The presence of this sharp singlet is consistent with

* E-roton of a hydrogen bonded OH group. 54a A four proton triplet appears

*: < 2.67 ppm with J- 5.6 Hz. This signal most likely consists of two id
*** Eical methylene groups that are coupled to an adjacent methylene group.

This coupling constant is consistent with a more planar structure for a

°-teenbered ring system, displaying little axial/equatorial character for

the methylene protons. Also present in the spectrum is a multiplet cent

* red at & 2. 12 ppm with J- 5.6 Hz corresponding to one methylene group

$ºu pled to two similar methylene groups. The EIMS (Figure 16) gave a pa

* *r t ion at mass 222 with an exact mass of 222.0437 corresponding to an

*ºnpirical formula of C12H1102°C1. A fragment ion with an exact mass

$ºf 194.0501 corresponding to loss of CO and a base peak with an exact
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irra as s of 187.0753 corresponding to loss of C1 also were present. Finally

-lº Iº t ... ' "...". * T—I T

J 190 250 m/z

Figure 16. EIMS (70 e.v.) spectrum of 2: taken on the MS-25.

&Ba fragment ion showed an exact mass of 131.0485 corresponding to C9H70.

** ifluoroacetylation of of 3: with trifluoroacetic anhydride (TFAA) gave
* compound which displayed by EIMS a parent ion at mass 318 and a 37Cl

* so tope at mass 320. This corresponds to the addition of one trifluoro

*Setyl group to the molecule. Present in the spectrum are fragment ions

at m/z 299 (loss of F), 290 (loss of CO) and 69 (CF3). These mass spect

ral results indicate that formally 24 results from the loss of a methyl
*
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arrairae and carbonyl group from 25. IR (mineral oil mull) analysis of 24
=Ta-ws a sharp band at 3383 cm-l corresponding to a H-bonded proton. To

<■ “e termine if the H-bonding was intermolecular or intramolecular, a dilut

+ => ra ir study was conducted in CC14. The results showed no change in the

=Ta arpness of the OH stretching band, thus indicating the hydrogen bonding

tº cº Tºbe intramolecular. The presence of a carbonyl stretch band at 1665

<=rra T P supports the ms results indicating the presence in the molecule of

= <==rbonyl group. 44.45 Also present is a band at 1642 cm-1 which is sug

Ee s tive of an olefinic functionality.** The 13c nmr spectrum of 24. (Figure

* 7 D shows a conjugated carbonyl carbon atom at £195.74 ppm.” A cyclohex

are cºrne carbonyl carbon resonance occurs further downfield, near $208 ppm.55

FE-T-I-H-
2 . . - 5 } { ... . . | 6 3. .. 5 1 - 3. * * 1 2 3. 4.5 ) () , . . $ 8 3.4 ° 6 3. .. 5 4.3. 4.5 23. .. 5

TTTI. Tº Tºº Lº Tºº L I__l

Figure 17. 20 MHz 13c nmr (CDC13) spectrum of 24 with CDC13 as reference.



Chapter II 65

The 13c nmr spectrum also shows the presence in the molecule of only three

aliphatic carbon atoms. The remaining signals occur downfield in the

region where olefinic and aromatic carbon atoms are known to occur. Based

on these results the most likely structure for 2: is 3-o-chlorophenyl-2-
hydroxycyclohex-2-en-1-one.

A literature search for compounds related to % turned up 2-hydroxy

3-phenyl-2-cyclohexen-1-one (35) and the corresponding 3-p-methylphenyl

and 3-p-methoxyphenyl derivatives (37 and 38).36,37 IR data for 35 showed

a sharp band at 3380 cm-1 for a hydrogen bonded OH, a band at 1668 cm-l

for a conjugated carbonyl group, and a band at 1631 cm−1 for a double bond.

The uv spectrum of 36 in isooctane exhibited maxima at 226 nm (logé max
3.828), 233 nm (logº max= 3.700), and 309 mm (loggmax= 4.273). The ir data

H, OCH,

5.4° 5 tº 5.1%
36 37 38
ºve aw” *

of these compounds are consistent with those found for 3:. The uv data,

however, indicate that the phenyl ring in 2% may not lie in the plane of

the cyclohexenone ring as it does in 35. This may be due to steric inter

actions between the o-chlorophenyl and the 2-hydroxycyclohex-2-en-1-one

group. The uw spectrum of 25 has a maximium absorption at 274 nm (logºmax

4. 127) which indicates that 2: has less conjugation then 35 leading to a

hypsochromic shift for the Tr-rk and the n-mº transitions.

To confirm the location of the hydroxy group as alpha to the carbonyl
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group and not beta, 23. was allowed to react with o-phenylenediamine in
acetic acid. As expected this reaction gave the 1-phenyl-1,2,3,4 tetra

hydrophenazine 35 derivative. 56 The adduct was characterized by 18 nmr

(Figure 18), CIMS, EIMS, HRMS and elemental analysis. The !h nmr spectrum

_*
LILLILITTTTTTTTTTTTTTI

S 7 6, 5 4. 3 •) J O

Figure 18. 80 MHz *H nmr (CDC13) spectrum of 33 with TMS as reference.

displayed 8 aromatic proton signals between & 6.6–8.0 ppm, a methine trip
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let at $4.89 ppm (J- 6.1Hz), a methylene triplet at $3.27 ppm (J- 6.1 Hz),

and a 4 proton unresolved signal at $ 1.8–2.4 ppm. The CIMS gave a proto

nated molecular ion at mass 295 with the 37Cl isotope at mass 297. The

EIN-1s gave a parent ion at mass 294 with a 37C1 isotope at mass 296 and loss

of C1 to give the base peak at m/z 259. HRMS gave an exact mass corresp

ornd HL rig to Cishish,”Cl for the parent ion. The material proved to be

dif f icult to purify for elemental analysis and after many attempts an

ave rage of two analyses of the same sample were taken which corresponded

to the correct empirical formula.

An independent synthesis of 3: could be envisioned to follow the

Pat Haway outlined in Scheme XIII starting from the Grignard reagent derived

from 1-bromo-2-chlorobenzene. 56,58 Attempts to react this Grignard rea

germ t with 1, 2 cyclohexandione (39) resulted in a mixture of products that

Were inseparable by preparative TLC and distillation.

Scheme XIII

o

| —P. Jº — . | |
l O 28 tº | 4. tº

33 24
r

S-Cl 33
| 22

33a

"(1) Mg/ THF; (2) oxidation.
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The attempted base hydrolysis of the cyclic carbamate 35 using 1.0

M. NaOH/MeOH was repeated. This time, however, the reaction was carried

out at room temperature in an effort to decrease the formation of the

elimination product 23. After 1 day TLC (5ZCH3CN/CH2C12) analysis showed

the formation of a new compound with Rf- 0.05 together with starting

material. After 2 days a spot was present at Rf- 0.62 (corresponding to

the elimination compound 23) along with spots at Rf= 0.21 (25) and 0.05.

The most intense spot after 3 days corresponding to the elimination com

PC und 24. No compound at Rf- 0.05 could be detected after 3 day.
*

The base hydrolysis of 33 was tried again using 0.1 M NaOH /MeOH.
The reaction mixture after 3 days showed by TLC the presence of compounds

With Rf - 0.21 (25) and 0.05. After 4 days a faint spot was also present

at Rf- 0.48. The reaction was stopped at this point. Following workup,

the crude products were seperated into the 3 components by preparative

TLC. The "H nmr of the fastest moving component was identical to the

erhaminoketone 33- The band at Rf= 0.21 corresponded to starting material

25- The band at Rf= 0.05 was crystallized from benzene/cyclohexane to give

white crystals melting at 179-180 C. 1 H nmr (Figure 19) analysis showed

the presence of a methine proton resonance at $4.1-4.5 ppm (a nonresolved

multiplet), and two singlets at £ 2.78 and 3.14 ppm corresponding to N

methyl and 0-methyl proton resonances, respectively. Of interest was the

Presence of 2 exchangeable singlets at $ 2.09 and 2.18 ppm. IR analysis

showed a possible OH stretch band at 3420 cm" and a carbonyl stretch

band at 1750 cm-l corresponding to a ketone carbonyl with an alpha substit

uent .45 Also present was a shoulder at 1735 cm−1 the significance of

*hich is not understood. No evidence of a carbamate carbonyl group was

Present in the spectrum. CIMS gave a protonated molecular ion at mass 312
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with a 37Cl isotope at mass 314. The EIMS of the trimethylsilyl derivat

ive gave a parent ion at mass 383 corresponding to the addition of only

one TMS group (Figure 20). Fragment ions at m/z 368 (loss of methyl),

355 (loss of CO), and 348 (1oss of C1) are present. Trifluoroacetylation

with TFAA gave a compound displaying a parent ion in the EIMS at mass 407

with fragment ions corresponding to loss of C0, C1, and the trifluoroactyl

group. Of interest was the base peak at m/z 152 which corresponds to

the molecular formula C3H7NC1 and a possible structure for this fragment

ion is shown below. This fragment ion also is observed in ketamine der

Cl

c=NCH,

40
ºve

ivatives which possess an N-methylamino group. Elemental analysis of this

product gave as the empirical formula C15H13NO4C1. The elemental composi

tion, 1H nmr, and ms data indicate that this compound differs from the

cyclic carbamate 3: by addition of the element CH3OH. The mass spectral
data furthermore indicate the loss of CO from the compound which, as men

tioned previously, is characteristic of ketones.** The ir data also sup

ports the presence of a ketone carbonyl group in the molecule.*1, 52 There

exists three reasonable ketone containing structures which would result

from the addition of methanol to Ž. namely the methanol addition product

º (structure does not imply known relative stereochemistry) and the methyl

Carbama tes 42 and $3. The ir spectrum displays no carbonyl stretch band

for a carbamate group which, according to the ir spectrum of N-methyloxy

carbonylketamine (44), which will be dicussed shortly would be expected
ave
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O O
|| IlOCH04O C OCHSJ-ºkº. "Joch, “...focº,

/ |
O H

C

o O t C

41 42 43
* * *

to occur near 1690 cm−1. Based on the above data we have concluded the

structure of this product to be that given by 41 - Compound 3) possesses

two independent chiral centers and therefore may exist as two diastereomers.

However, TLC and 1H nmr analyses indicates the presence of only one dia

a stereomer in the crystallized material. Upon heating in refluxing acetic

acid, 41 was converted to a mixture of products. "H nmr (Figure 21) ana

lysis indicated the possible presence of a mixture of diastereoisomers.

The N-methyl and O-methyl signals were split into two lines each. A new

methine proton resonance was present at{5.47 ppm in addition to the signal

at 44 - 30 ppm due to #}• Also present was a new, exchangeable singlet at

& 2 - 14 ppm along with a new singlet at ■ 2.08 ppm. The singlet at 4 2.08

PPm was later found to correspond to the N-methyl resonance of cis-6-

hydroxyketamine 9). The lh nmr spectrum of the material obtained after

heating #! to its melting point was identical to that of *] itself, indi

*ating the stability of this molecule.

To further investigate the reaction mechanism associated with the

**Version of 25 to 24 under basic conditions and the possible role 41
wº * *

*ay play in this conversion, a sample of *} was heated under reflux in

0.2 M NaOH/MeOH and the course of the reaction was monitored by TLC.

After 6 hours three spots were present corresponding to 2: . 25 and §3.
*reparative TLC allowed the isolation and characterization of 24 and 25

*

bv l
y 1 H nin r. Therefore, 41 would appear to be an intermediate between 24

-º- -*
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and 25.
*

The role of MeCH in the conversion of the cyclic carbamate 25 to the
4-wº

elimination product 2: was examined next by substituting benzyl alcohol

for the MeOH. The room temperature reaction of 25 in 0.2 M NaOH/benzyl

alcohol gave three new spots on TLC (2xCH3CN/CH2Cl2) at Rf- 0.62, 0.49,

and 0.05 (starting material has Rf- 0.41). The spot at Rf- 0.62 cospoted

with the elimination compound 2% while the spot at Rf- 0.49 is the same

as that observed for the enaminoketone 33. Therefore, the elimination re

action can occur with alcohols other then MeOH.

Substituting MeoH with dioxane-H20 was explored next to see if the

elimination reaction of 23 to 2% could occur in an aprotic solvent. A

solution of 25 in 0.1 M NaOH/dioxane-H2O when heated overnight showed no

trace of the elimination product. No spots were present on the TLC plate

except those present at the start of the reaction.

Further attempts were made to investigate the mechanism of the elimi

nation reaction by using sodium methoxide in place of the NaOH in the

reaction. The room temperature reaction gave a mixture of compounds which,

by TLC analysis, corresponded to 2*, 23, and 41 - When this mixture was

heated , the spot corresponding to 2% increased in intensity while the spot

corresponding to *! decreased. The elimination product 24 could be iso
lated in pure form by preparative TLC. The structure was confirmed by

1 H ºnr - The conversion of 25 to 2% was shown to require basic conditions

since the cyclic carbamate proved to be stable in refluxing me thanol. It

should also be recalled that this conversion can also occur under acidic

Gonditions as was mentioned previously.

* The chanism to account for the base catalyzed conversion of 25 to 24
i

s shown in Scheme XIV. Earlier experiments had shown that 41 could be
*
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obtained when 25 was treated with methanolic NaOH under mild conditions.
*

The conversion of 41 to either 24 or 25 was shown to require base as heat
º * *

ing *} in pure methanol or neat did not promote the reaction. The place

ment of § in the reaction pathway is therefore based on its conversion

to both 3: and 23. This conversion of *} to 25 is indicated by the
reversible arrows in the initial step in this mechanism. The need for

base is readily apparent in the steps shown in this mechanism. Attempts

to observe the formation of either the cis- or trans-6-hydroxyN-methoxy

carbonylketamines (42 and §3) by reactions of 3: Or #! under mild basic

conditions for short periods of time proved unsuccessful.

Reaction of the Cyclic Carbamate with Phenyl selenide Anion

The lack of success with the acid and base catalyzed ring opening

reactions of 23 forced us to explore alternative methods to cleave the

carbamate group. The use of phenyl selenide anion for nucleophilic cleav

age of esters and lactones by SN2 attack at the acyloxy methyl atom recent

ly has been reported. 39 The use of phenyl selenide anion as the nucleo

phile of choice for these reactions was based on its potent nucleophilic

properties, its weakly basic character, its ease of synthesis, and its

poor leaving group properties. Since this reagent is a soft nuclephile,

it should attack preferencially the acyloxy carbon atom rather then the

carbonyl carbon atom.” The reaction was demonstrated to be applicable

to N-methyl-N-methoxycarbonylaniline, which first undergoes ester cleavage

and subsequent decarboxylation to give N-methylaniline. 5 9 Since selenium

is a relatively large atom, steric factors are relatively important in

this cleavage reaction.5%

Our initial studies with sodium phenyl selenide were performed on

the 43, which at the time was thought to be the methyl carbamate derivative
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% of cis-6-hydroxyketamine 99). This treatment led to the conversion of

41 to the cyclic carbarate 25 and, unexpectedly, also led to the formation

of ketamine Q). The formation of ketamine may have been the result of

the reduction of *] or a derived product with excess NaH which was used

to form the phenyl selenide anion. After the structure of 41 had been

established, this reaction no longer was pursued.

Reaction of the Cyclic Carbamate ■ with Iodotri methylsilane:

The reported successful use of iodotrimethylsilane (TMSI) to cleave

esters, amides, and carbamates stimulated us to attempt this reaction on

23.34,51 1H mr analysis of room temperature reaction mixtures at various

times up to 24 hours showed only starting material. Following 2 hours

under reflux the reaction mixture could be separated into 4 major compon

ents by preparative TLC. The top band isolated displayed a 1H mr spect

rum that was not readily assignable. The top middle band proved to be

starting material. The bottom middle band had a 1H mr spectrum (Figure

22) which showed signals assigned to the aromatic protons, an axial meth

ine proton centered at & 4.87 ppm with JHaHa = 7-0 Hz and JHaHe- 5.6 Hz, an

N-methyl signal at $ 2.10 ppm, and cyclohexanone ring protons. EIMS ana

lysis showed a parent ion at mass 363 with a base peak at m/z 236, a major

fragment at m/z 152 corresponding to C&H7NCl (49) which was discussed

previously as being a characteristic fragment in ketamine derivatives that

contain the N-methyl group. Also present in the spectrum is a fragment ion

corresponding to iodine at m/z 127. HRMS analysis of this sample gave a

parent ion corresponding to the following molecular formula: c13H,5No”C11.
The nature of the material indicated that it looses iodine upon standing

and therefore no attempt was made to obtain the material analytically pure.

Based on the above data it is still possible to assign the structure
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of this compound as the 6-equatorial iodoketamine derivative $5. The

relative configuration of this product was not established. The bottom
band displayed a "H nmr spectrum identical to ketamine (Figure 6).

A mechanism to account for formation of 45 and 1 from 25 using TMSI
* * *

is shown in Scheme XV. The formation of ketamine in this reaction is

probably due to dehalogenation of 35. The dehalogenation reaction would

be expected to occur especially in the presence of iodide anion in the

reaction mixture which forms as a breakdown product of TMSI. Presumably

the carbon-iodine bond in £ is broken by attack of IT as shown. The
reaction in chloroform or dichloromethane forms an intense brown color

(I2) which disappears with addition of a sodium sulfite solution.

The reaction of 33 with TMSI results in the opening of the urethane

ring through the formation of the intermediate 45, which subsequently is

attacked by iodide ion leading to formation of 45. If the iodide could be

replaced or removed from the reaction mixture, it might be possible to

react the intermediate $ with another nucleophile that would lead to the

desired ring opened product. With this in mind alternative trimethylsil

ylating reagents were tried that, hopefully, would be reactive enough to

form the intermediate ºf and possess a very poor nucleophile as a leaving

group in the reaction. The poor nucleophilic properties should decrease

the possiblity of it reacting with the intermediate 46. This might allow

us to capture intermediate 45 with hydroxide ion to generate the desired

ring opened product.

Initially we examined the reaction of N,0-bis-(trimethylsilyl)-tri

fluoroacetamide (BSTFA) with 3. in THF. The mixture was heated overnight

and the course of the reaction was monitored by TLC. However, only start

ing material could be detected. This result can be explained on the basis
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of BSTFA being a poorer trimethylsilyl donor than TMSI.60

Trimethylsilyl trifluoromethanesulfonate reaction with Cyclic Carbamate 25.

The second reagent tried was trimethylsilyl trifluoromethane sulfonate

(TMSOTf). This reagent is reported to have strong trimethylsilyl donating

properties. Additionally trifluoromethane sulfonate anion is reported to

be a poor nucleophile. 61,62,63 When the reaction of a solution of 25 and

TMSOTf in THF was heated it was observed that the reaction mixture turned

into a gel. This may have occured as a result of the TMSOTf reacting with

the THF. TLC (5%CH3CN/CH2CL2) analysis of a room temperature reaction of

25 with TMSOTf in benzene showed a spot at the origin and a spot corre

sponding to starting material at Rf- 0.40. Analysis of the reaction mixt

ure after two hours at room temperature showed no change. After eight

hours of heating a new product was detected on TLC at Rf.- 0.83. Following

work-up with base an additional spot was observed at Rf- 0.63. This new

product appeared to be the most abundant component of the reaction mixture.

Preparative TLC led to the isolation of this compound in •esults quantit

ies to identify it by lh nmr as the enaminoketone 33 obtained previously

by treatment of the cyclic carbamate with trifluoroacetic acid. Further

TLC purification of the least polar component of this reaction mixture

led to the isolation of the "elimination" product, compound 25. The

amount of 2: present following partitioning of crude 33 into acid increased

and suggested that 2% may be produced by hydrolysis of the rearrangement

product 33. This possibility was confirmed by the production of 24 by

room temperture acid hydrolysis of pure 33.

Formation of cis-6-Hydroxyketamine from the cyclic carbamate 33
In a subsequent attempt to form additional amounts of the elimination

compound 24 from the cyclic carbamate 25 using 2.0 M NaOH/MeoH and reflux
*
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ing for 1 hour resulted in detection of significant amounts of material at

the origin by TLC. Preparative TLC provided adequate material to isolate

the polar component remaining near the origin. This compound, which prov

ed to be basic, displayed in the 1 H mr spectrum (Figure 23) the presence

of aromatic proton signals at 47.2-7.6 ppm, an axial methine proton signal

at £4.16 ppm (nonresolved doublet of doublets), 2 methylene proton signals

at $2.8–3.2 ppm, and a N-methyl singlet at $ 2.08 ppm. The remaining sign

als for the cyclohexanone ring protons occured between $1.4 and 2.5 ppm.

IR (KBr) analysis showed a broad band at 2500–3600 cm" (OH) and a band at

1725 cm-1 (alpha-hydroxyketone).5* CIMS analysis showed a protonated mol

ecular ion at mass 254 with a 37Cl isotope at mass 256. EIMS (Figure 24)

analysis gave a parent ion at mass 253 with a 37C1 isotope at mass 255.

Fragment ions were observed at m/z 235 (loss of H2O), m/z 225 (loss of CO),

and m/z 180 [base peak, cyclohexanone ring cleavage product (M-C3H50)].

Trimethylsilylation with BSTFA showed the addition of two trimethylsilyl

groups to the parent molecule. Elemental analysis of the compound estab

lished the elemental composition to be C13H16NO2Cl. The 13c nmr spectrum

showed it to differ from 1 by a slight downfield shift in the carbonyl

carbon signal (4209. 13 ppm to 212.34 ppm). Furthermore one of the cyclo

hexanone ring carbon atom signals was shifted downfield from $29.50 ppm

to 4 73.64 ppm. Based on the above information the only structures possi

ble for this product are the 6-hydroxyketamine diastereomer 3 and 19.
Repeating the experiment but washing the crude reaction mixture with acid

and back extraction of the acid layer, after making it alkaline with ethyl

acetate, allowed the isolation of this compound without the need for

chromatography. The yield of the alpha-hydroxyketamine from 23 was 2.1%.

It was not possible to determine the relative stereochemistry of the
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product since isomerization can occur during the course of the reaction.

Because of the poor yield and the inability to determine the stereochemi

stry of the 6-hydroxylated product this pathway for formation of 9 and 19
was abandoned. The stereochemistry of this product was later shown to be

that of the cis-6-hydroxyketamine diastereomer 9. Proof of the stereo

chemistry will be described later.

Formation of Hydroxyketamines by Oxidation with m-Chloroperoxybenzoic acid.

An alternative method for formation of alpha-hydroxyketones from ket

ones involves the initial formation of the trimethylsilylenol ether, oxid

ation of the TMS enol ether with MCPBA, and hydrolysis of the TMS alpha

hydroxyketone. 15, 16, 29 This method is outlined starting from J in Scheme

XVI. The rationale for selecting the TMS enol ether, instead of the enol

acetate form of protected 2, for the oxidation was based on our inability

to purify the enol acetate.” Furthermore the product from oxidation of

the TMS enol ether with MCPBA should be more readily hydrolyzed than the

corresponding acetoxyketone product from the enol acetate oxidation. 15, 16

A mechanism to account for the per acid oxidation of TMS enol ethers is

shown in Scheme XVIII. This approach has been used successfully in the

regio selective synthesis of alpha-hydoxyketones. 15, 16

The first step in this reaction sequence involves protection of the

amino functionality to allow the selective formation of the TMS enol

ether by the lithium diisopropylamide method “l described previously and

to avoid oxidation of the amino group by MCPBA. In an effort to introduce

a less bulky group, we elected to protect the nitrogen group with the

methyloxycarbonyl instead of the benzyloxycarbonyl group used in our

earlier work. The formation of the alpha-hydroxy-N-methyl oxycarbonyl

ketamine diastereomers might also prove of benif it in helping to explain
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Scheme XVI*

º
CH, COCH,

-> ->CI
º 4, 9 2

?
cºcoch,

C |
3 O &

O
42 and 43

H H
| Sºº 3

H CN

£; \-}— \ + NC
C *, or O 10

*(1) methyl chloroformate/Na2CO3-benzene; (2) LDA/THF, TMSC; (3)
m-chloroperoxybenzoic acid; (4) carbariate cleavage.
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our earlier results on the mechanism of formation of the elimination

product 24 from 25.

The methyl carbamate 47 was obtained in moderate yield with methyl

chloroformate. The compound was characterized by 1H nmr, ir, ms, and

Scheme XVII

f
CHJCoch,

-> C –P.
1 -

48a Si(c H),
*

O
||

O
42 and 43
aw *

*(1) m-chloroperoxybenzoic acid; (2) 10% HCl .
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elemental analysis. The lH nmr spectrum showed O-methyl and N-methyl sing

lets occuring at 43.69 and 3.03 ppm, respectively. The ir (mineral oil)

displayed a carbonyl stretching band at 1723 cm−1 for the ketone group and

at 1692 cm -1 for the carbamate carbonyl group. EIMS analysis showed the

parent ion at mass 295 with a 37Cl isotope peak at mass 297. Fragment ions

appeared at m/z 232 correponding to loss of Cl and CO (base peak), at m/z

238 corresponding to loss of C4H9, and at m/z 152 corresponding to C3H7NC1

(49) the previously described fragment characteristic of ketamine derivat

ives. Elemental analysis was consistent with the structure. The method

selected for the formation of the TMS enol ether of 37 (compound 43) was

based on the procedure described by Garst et al. using lithium diisopro

pylamide.” Following the addition of chlorotrimethylsilane, work-up of

the reaction mixture provided the crude product which could be purified

by vacuum distillation. "H mr (Figure 25) analysis of 33 showed the O

methyl and N-methyl proton resonances at $3.64 ppm and ■ 2.86 ppm, respect

ively. Also of significance was the appearance of a methine proton at

5.09 ppm corresponding to a vinylic proton. Literature values for related

systems occur between $3.8 and £4.8 ppm. 19, 16.6% IR analysis showed the
presence of only one carbonyl band at 1700 cm−1 and a carbon–carbon double

bond at 1658 cm−1. Consistent with structure 48, CIMS analysis showed

a protonated molecular ion at mass 368 with a 37C1 isotope at mass 370.

cis- and trans-6-Hydroxy-N-methyl oxycarbonylketamines #2 and #:
The reaction of §§ with MCPBA in the presence of anhydrous sodium

carbonate in hexane was found to proceed at room temperature and was

essentially complete in 1 hour. 15, 16 JH nmr analysis of the product

which precipitated from the reaction mixture showed it to contain m

chlorobenzoate. Workup of the crude reaction product gave an organic
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soluble base, which, according to TLC (2xCH3CN/CH2Cl2) analysis, was

composed of compounds with Rf- 0.60 (faint), 0.55 (elimination product

2%), 0.27 (#2), and 0.10. The compound with Rf- 0.10 was isolated by

preparative TLC. The "H nmr spectrum (Figure 26) displayed * --ethyl
singlet at 63.64 ppm, an N-methyl singlet at $2.80 ppm, and a methine

proton multiplet centered at $4.4 ppm. The methine proton signal resem

bles an ABX system (JHaHa* 10 Hz and JHaHe- 7 Hz) for an axial methine

proton. The quality of the nmr spectrum indicated that this component

was not pure. CIMS analysis gave a protonated molecular ion at mass 312

with a 37Cl isotope at mass 314. The molecular weight and 1H nmr spectrum

are consistent with this compound being either cis or trans-6-hydroxy-N-

methoxycarbonylketamine (#2 or 43).
The reaction was repeated on a larger scale and the products were

isolated by silica gel column chromatography. The first fraction isolated

was shown by TLC and "H mr analyses to contain the elimination compound

25. and N-methoxycarbonylketamine (47). The last fraction isolated from

the column proved to be the desired hydroxylated derivative of N-methoxy

carbonylketamine. Crystallization from toluene gave a product that l'H

nmr (Figure 27) showed contained 0-methyl and N-methyl proton resonances

at $3.71 and 3.08 ppm, respectively. These values must be compared with

those of the compound isolated by preparative TLC, namely 43.64 and 2.80

ppm, respectively. While closely related, these two products clearly are

different. CIMS analysis of this crystal line material gave a protonated

molecular ion at mass 312 with a 37Cl isotope at mass 314. EIMS (Figure

28) showed a parent ion at mass 3 l l with the 37Cl isotope peak 8 t Ina SS

313. Present in the spectrum are fragment ions at m/z 293 (loss of

H2O), m/z 283 (loss of CO), m/z 248 (loss of CO-Cl), m/z 212 (base peak,
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loss of C5H702), and m/z 152 (C8H7NC1,40). Trifluoroacetylation and

trimethylsilylation of the compound indicated the presence of only one

functional group suspectable to derivatization. IR analysis (KBr) showed

the presence of a ketone stretch band at 1748 cm-1 and a carbonyl stretch

band at 1698 cm−1. The elemental analysis was consistent with either

diastereomer 32 Or $3. The nature of the nmr spectrum indiicated that

we had isolated only one of the diastereomers and that this diastereomer

was different from the compound isolated as the major component of the

preperative TLC described above.

The 1H nmr spectrum of the filtrate obtained from the crystallizat

ion was the same as that observed for the product isolated by preparative

TLC. This "second" product was obtained as a viscous oil that has resisted

crystallization. The EIMS of this oil was similar to that obtained with

the crystalline product. A parent ion was observed at mass 311 with 37Cl

isotope at mass 313. The fragmentation pattern displayed losses of H20,

CO, CO-Cl, and C5H702. Furthermore, the CIMS gave the same protonated

molecular ion at mass 312 with the 37Cl isotope at mass 314. The two pro

ducts did not separate on TLC with a variety of solvent systems. Attempts

to purify the oil by short path vacuum distillation and "sublimation"

failed. Analysis by HRMS provided an exact mass of cushiano,”ci,
consistent with either 42 Or 33. The complete characterization of this

material was achieved later when pure cis- and trans-6-hydroxyketmaine

were available.

Determination of Stereochemistry of 42 and 43.

Based on the data summarized above, we concluded that the oily and

crystal line products obtained from the oxidation of the enol ether 48 We re

the diastereomeric alcohols 42 and 43. We hoped to establish the relative
wº- *-
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stereochemistry of these compounds by the selective cyclization of the

cis-isomer #3 to the cyclic carbamate 25. Treatment of the oil and cryst

als under a variety of conditions (heating under neutral, basic and acidic

conditions) inevitably led to formation of the elimination product 28
These results have prompted us to conclude that the relative stereochemis

try at C-6 does not play a role in the reactions leading to the eliminat

ion product 2% (Scheme XIV and earlier discussion). These findings indic

ate that either 33 or 43 may play a role in the conversion of the cyclic

carbamate 35 to the elimination product 2.É.
The negative results obtained in our attempts to form the cyclic

carbamate by ring closure of the cis-alcohol led us to consider an altern

ate approach to this problem. It will brfecalled that pyrolysis of trans

6-bromo-N-benzyloxycarbonylketamine (17) led to the formation of the cyclic

carbamate 25. Therefore, we reasoned that conversion of the trans-alcohol
*

3. to the corresponding tosylate might lead to an adequately reactive

leaving group 46,47 that would undergo a reaction analogous to that of the

bromo derivative J. Differences in cyclization rates of the tosylates

obtained from the oil and crystals thus would allow us to assign the re

lative stereochemistry of these two products.

Both the oil and the crystalline product could be converted to the

corresponding tosyl esters although the crystalline material had to be

converted to the lithium salt prior to reaction with p-toluenesulfonyl

chloride. EIMS analyses of the p-toluenesulfonate ester of both diaster

eomeric alcohols failed to give a parent ion at mass 465, but did give an

[M-2]+ ion at m/z 463 with a 37C1 isotope at m/z 465. CIMS analyses

(Figure 29) of the same esters also failed to give a protonated molecular

ion at mass 466, but did give a weak ion 2 mass units less at m/z 464 with
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a 37Cl isotope at m/z 466. A fragment ion supporting the structure of the

esters occured at m/z 254 with a 37Cl isotope at m/z 256 corresponding

to the cyclohexanone ring cleavage product resulting from loss of C9H8SO4

or loss of the tosyl group formaldehyde. Further proof of structure comes

from 1H mr analyses which showed the following features: the tosylate 49

of 43 showed 0-methyl, N-methyl, and tosylmethyl proton resonances shifted

to $3.60, 3.00, and 2.37 ppm, respectively; the tosylate 39 derived from

*3. showed 0-methyl, N-methyl , and tosyl-methyl proton resonances at 6

3.61, 2.77, and 2.44 ppm, respectively.

These derivatives then were heated in DMF. Workup of these reaction

mixtures established that the tosylate obtained from the crystalline

alcohol (33) gave the cyclic carbamate in good yield with small amounts

of the elimination product 2: while the analagous reaction with the

tosylate derived from the oily alcohol (42) yielded primarily the elimi

nation product 2.É. Based on these results we have now assigned the relat

ive stereochemistry of the oil as cis or Z (i.e., structure 33) and the

crystals as trans or E (i.e., structure #3).
We attempted to assess the relative stabilities of the diastereomeric

alcohols 42 and 43. Under the reaction conditions used to investigate

the cyclization of the tosylates, no evidence of epimerization was observ

ed, although as mentioned earlier both compounds tended to degrade to the

elimination product 2: when heated in DMF. Attempts to effect epimeriz

ation under basic conditions (heating in a mixture of pyridine and benzene)

also failed to epimerize these alcohols. When allowed to stand overnight

at room temperature in 0.2 M NaOH/MeoH, the trans-diastereomer (#3) did

epimerize to the cis-isomer (32). The major component of the reaction

mixture was the elimination compound 24. Under these same reaction con
*
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ditions, compound º proved to be stable with respect to epimerization

although the elimination product 2% was present in the reaction mixture.

Therefore, the isomer in which the carbamoyl and hydroxy functionalities

have a cis-relationship appear to be more stable.

Formation of cis- and trans-6-Hydroxyketamine 92 and 192:
Having established the relative configurations of these diastereomer

ic alcohols, we turned our attention to the final step in the synthesis of

cis- and trans-6-hydroxyketamine, namely cleavage of the carbamoyl protec

ting group.

Attempts to remove the protecting group of 33 under the acidic con

ditions successfully employed in the hydrolysis of the corresponding ben

zyl carbamate #7 resulted in the formation of the elimination product

25. Base catalyzed hydrolysis also led to the elimination product.

These negative results caused us to turn our attention once again to

reagents which have been reported to selectively cleave esters and carba

mates similar to #2 and 3. Although our provious experience with the

cyclic carbamate was not encouraging, we first examined sodium phenylsel

enide which has enjoyed some success with compounds similar to 33 and 43.”
The reaction was initially attempted with N-methoxycarbonylketamine

(47) using 2 equivalents of sodium phenylselenide in hexamethylphosphor

amide (HMPA) and THF. Following heating under reflux for 3 hours, products

of the reaction were isolated by column chromatography. The first fract

ion eluted contained the phenylselenide components. The second fraction

contained a compound for which no structure could be assigned. The EIMS

(Figure 30) showed a parent ion at mass 263 and a 37C1 isotope at mass

265, 32 mass units (CH3OH) less than the starting material. A major

fragment ion at m/z 235 corresponds to the loss of CO. The 1H nmr spectrum
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(Figure 31) displayed 4 aromatic proton signals, an ABX quartet at $3.48

ppm which integrated between 1 and 2 protons, a methyl singlet at ■ 2.85

ppm, and the cyclohexanone ring protons. The last fraction isolated (30%)

from the column corresponded to ketamine. The same reaction with N-tenºyl
oxycarbonylketamine (16) gave ketamine in 84% yield and none of the unknown
obtained from 47.

*

Despite the positive indications we had with the two carbamate deriv

atives 16 and º of ketamine, all attempts to cleave the corresponding*

carbamates : and 33 failed. A variety of reaction conditions (varying
molar ratios of the selenide reagent to the carbamate, varying reaction

times and temperature) failed to yield the desired products. Although a

number of components were observed by TLC, the only product that could be

isolated from these reaction mixtures was the elimination compound 24.
Subsequent studies demonstrated that cis-6-hydroxyketamine is stable

in the presence of sodium phenylselenide. Therefore, it would appear that

this reagent is acting as a base catalyst promoting the elimination react

ion of 42 and 33 to form 3%. Rough kinetic analysis indicates that the

trans-diastereomer (43) undergoes this reaction more readily then the

cis-isoner 42. Presumably this difference in reactivities is a reflection

of the greater ease of enolate formation of #3 and hence greater stability

of 32 in the presence of base (recall earlier studies on empimerization

of the trans-diastereomer 43 to the cis-isomer 33).
Another method for cleavage of carbamate groups, as mentioned previ

ously with respect to the cyclic carbanate 23, involves the use of iodo

trimethylsilane (TMSI).3° 21 Initially the reaction was tried at room

temperature on the crystalline trans-diastereomer 43 using 2 equivalents
- eve

of TMSI in dichloromethane. TLC analysis indicated that no starting
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material was present after 2.5 hours. Following workup the elimination

compound 2: was detecte but TLC and "H mr analysis of the components
failed to show the presence of a 6-hydroxyketamine. Similar results wer

obtained with the oily alcohol $2.
The TMSI apparently is too reactive for the diastereomeric alcohols.

This suggested the possibility of performing the cleavage reaction on

the corresponding trimethylsilyl ether.

The reaction sequence was initially tried on the crystalline trans

isomer #3 which was treated with an excess of BSTFA and in refluxing

benzene for 1 hour. TLC analysis indicated no starting material in the

reaction mixture. Following removal of all volatile components the crude

product, a white solid, was analysis by 1H nmr, EIMS, CIMS, and elemental

analysis. The lh nmr spectrum showed the O-methyl and N-methyl proton

resonances at 4 3.72 and 3.04 ppm compared to $ 3.71 and 3.08 ppm in 33,
respectively. Also present was the trimethylsilyl proton signal at $ 0.14

ppm. EIMS showed a parent ion at mass 383 with a 37Cl isotope at mass

385. CIMS gave a protonated molecular ion at mass 384 with a 37C1 isotope

at mass 386. HRMS and elemental analysis of this compound gave the re

quired empirical formula of C18H26NO4SiCl. Based on these data this com

pound has been assigned structure 31, i.e. the TMS ether of 33. The yield

this reaction was 95%.

The reaction of the TMS ether 3. with TMSI (2.0 equivalents) in re

fluxing dichloromethane was monotored by TLC which showed almost complete

absence of starting material after 1 hour. Also, present were spots

corresponding to the elimination product 2: and a new compound with low

Rf value. It was observed that upon standing a compound crystallized

from solution. 1H nmr analysis of this material indicated that it
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possessed an N-methyl group which appears in the spectrum at $2.66 ppm.

EIMS gave a parent ion at mass 297 with a 37C1 isotope at mass 299. Frag

ment ions include m/z 269 (1oss of CO), m/z 253 (loss of CO2), m/z 180

(base peak, loss of CO2 and C3H50). The EIMS of this material differs

from that expected for 6-hydroxyketamine by the elements of carbon dioxide.

The material was not readily soluble in water or dichloromethane and the

solubility in dichloromethane was not effected by base. Further attempts

to recrystallize and and convert this material to 6-hydroxyketamine by

addition of mild acid resulted in decomposition. The filtrate obtained

after separating the above mentioned crystals was passed through a silica

gel column to yield a crystalline material that was further purified by

crystallization from isopropanol or THF/hexane. The lh nmr spectrum

(Figure 32) showed the presence of an N-methyl singlet at 32.12 ppm,

aromatic proton resonances between 47.1 and 7.5 ppm, and an exchangeable,

broad singlet at 4 4.15 ppm. Also present in the the spectrum was a

methine proton signal centered at $4.67 ppm which displayed vicinal coupl

ing indicating its axial orientation (see Scheme IV). IR (KBr) analysis

of the material showed the presence of a H-bonded OH stretch band between

3200 and 3600 cm−1 and a single carbonyl stretch band at 1705 cm−1, Corre

sponding to a ketone carbonyl. The carbonyl stretch band in ketamine

occurs at 1700 cm-l. EIMS (Figure 33) gave a parent ion at mass 253 with

a 37C1 isotope at mass 255. Fragment ions at m/z 235 (loss of H20), m/z

225 (loss of CO), m/z 180 (loss of C3H502, i.e. the product resulting from

cleavages of bonds C-1-C-2 and C-4-C-5 of the cyclohexanone moiety). The

loss of CO in the mass spectrum indicates the presence of a ketone group

and the loss of H20 indicates the presence of an alcohol moiety. EIMS

of the PFP, TMS, and TFA derivatives established the presence in the
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molecule of two functionalities that can be derivatized. Elemental

analysis gave an emperical formula of C13H16NO2C1. Based on these data

the structure of of this material can be assigned as a 6-hydroxyketamine

diastereomer. This compound differs with respect to chemical shifts of

the N-methyl and methine protons to the 6-hydroxyketamine diastereomer

previously characterized from the base catalyzed ring opening reaction

of the cyclic carbamate 23. The stereochemistry of the diastereomer now

under consideration was established by comparison of the corresponding N

methoxycarbonyl derivative with authentic trans-6-hydroxy-N-methoxycarbon

ylketamine (#3). These two products proved to be identical. Therefore,

the stereochemistry of this 6-hydroxyketamine diastereomer is trans as

as shown in structure (19).
The BSTFA derivatization of the cis-6-hydroxy-N-methoxycarbonylket

amine (#2) was tried using the same conditions as were used with the trans

isomer (#3) and gave a 96% yield of the trimethylsilylated derivative 32.
This compound was characterized by 1H nur and ms. The lh nmr spectrum

showed the O-methyl and N-methyl proton singlets at to £3.58 and 2.85

ppm, respectively, and a singlet at 60.15 ppm for the trimethylsilyl

protons. EIMS and CIMS gave spectra identical to those obtained from the

trans-isomer (3)). CIHRMS gave a protonated molecular ion at mass 384

corresponding to the emperical formula of C18H26NO4SiCl.

Reaction of 33 with TMSI under the same conditions used with 3] re

sulted in the isolation of the same 6-hydroxyketamine (2) previously

formed from the basic ring opening of the cyclic carbamate 25. These

products gave identical 1 H nmr, ir, and mass spectra. The cis stereo

chemistry of this 6-hydroxketamine isomer was confirmed by comparing

its N-methoxycarbonyl derivative with authentic cis-6-hydroxy-N-methoxy
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carbonylketamine (42).

The stabilities of 9. and 19 were examined next with respect to the

mild acid and base conditions that would be used in future metabolism

studies. Solutions of 9 and 19 in acetic acid were allowed to stir over

night at room temperature. The elimination product 25 was formed from

both isomers although the trans-isomer 19 was more susceptible to acid

catalyzed degradation than the cis-isomer 2. This difference was also

observe under basic conditions when stirred in methanolic NaOH at room

temperature for 1.5 hours, compound 19 had undergone quantitative conver

sion to the elimination product. Only small amounts of the elimination

product were formed from 9 after 1.5 hours with nearly complete conversion

to the elimination product after stirring overnight.

The stability of these diastereomeric alcohols in 0.15 M potassium

chloride/0.02M potassium phosphate buffer pH 7.4 at 37 C for 30 minutes

also was investigated. The results after workup showed no significant

formation of the elimination product 24 from either 6-hydroxyketamine.
*
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Experimental Section

2-(o-Chlorophenyl)-2-(N-methyl-N-benzoylamino)-cyclohexan-1-one (13).
To a solution of ketamine (2.645 g, 11.1 mmole) and triethylamine (5.0 mL,

35.9 mmole) in 50 mL dry benzene was added dropwise a solution of benzoyl

chloride (2.501 g, 19.8 mmole) in 15 mL dry benzene. After the addition,

the reaction mixture was stirred at room temperature overnight during

which time it turned cloudy white. The reaction mixture was washed with

H20, 10% HC1 twice, H20, 10%. KHCO3 twice, H2O thrice, dried over Na2SO4,

filtered and concentrated. The residue was crystallized from benzene to

give 3. 195 g (84%) of !3 as colorless crystals: mp 125-126 C; lb NMR
(CDC13) & = 8.08.2 (dd, 1H, aromatic H6"), 6.9—7.7 (nm, 8H, aromatic),
2.95 (s, 3H, Nmethyl), 1.5–3.5 (nm, 8H, cyclohexanone) ppm; CIMS, 342

(M+1, 37C1 isotope at mass 344).

Anal. Calc. for C20H2ONO2C1: C, 70.27; H, 5.90; N, 4.09. Found: C,

70.23; H, 5.95; N, 4.05.

6–Bromo-2-(o-chlorophenyl)-2-(N-methyl-N-benzoylamino)-cyclohexan-1-

one (14).--To a solution of }} (462 mg, 1.4 mmole) in 6 mL tetrahydrofuran

(THF) was added a solution of phenyltrimethylammonium tribromide (PTT,

565 mg, 1.5 mmole) in 4 ml, THF. Following the addition the reaction

mixture was bright orange in color. Upon heating under reflux for 1 hour

the orange color disappeared and a white precipitate formed. The reaction

mixture was then poured into 20 mL of H20 from which white crystals (402

mg) were isolated. TLC analysis of the crystals showed the presence of

two compounds with one cospoted with starting material. Recrystallizat

ion of this material from toluene/methanol gave 20 mg (3.4%) of Aft aS

pure white crystals: mp 162-163 C; *H NMR (CDC13) & = 7.0–7.7 (nm, 10H,

aromatic), 4.96 (dd, 1H, methine, JHaHa = 13 Hz and JHaHe= 7 Hz), 2.99



(s, 3H, N-methyl), 1.7–3.6 (mm, cyclohexanone ring protons) ppm; CIMS,

m/z, 420 (m+1, 37C1 and 81 Br isotopes at m/z 422 and 424).

Anal. Calc. for C20H19NO2C1 Br: C, 57.09; H, 4.55; N, 3.33; C1, 8.43;

Br, 18.94. Found: C, 56.84; H, 4.66; N, 3.28; C1, 8.30; Br, 18.78.

2-(o-Chlorophenyl)-2-(N-methyl-N-benzyloxycarbonylamino)-cyclohexan-1-

one (16).--A mixture of 2. (14.0 g, 59 mmole) and anhydrous sodium carbonate

(13 g, 123 mmole) in 300 mL of dry benzene was prepared. To this mixture

was added slowly benzyl chloroformate (13 mL, 91 mmole). The reaction

mixture was heated under reflux overnight and allowed to cool to room

temperature before adding 5 mL of TEA to destroy any remaining benzyl

chloroformate. The mixture was washed with H20, 10% HCl, H20, 107. KHCO3,

H20, dried over Na2SO4, filtered and concentrated. The mixture was cryst

allized from toluene to give 20.2 g (91%) of 15 as colorless crystals:

mp 120-121 c, *H NMR (CDC13) 4- 6.75-7.50 (nm, 8H, aromatic), 5.13 (AB
quartet, 2H, benzyl-methylene, Jaem- 12.2 Hz), 3.03 (s, 3H, N-methyl) ppm;

IR (mineral oil mull) 1725 cm−1 (Co, ketone), 1690 cm-l (CO, carbamate);

carbamate); EIMS, m/z (fragment ion, relative intensity), 371 (M*, K1,

27C1 isotope at mass 373), 336 (M-C1,13), 308 (M-C1-co, 50), 280 (M-C, H,
20), 264 (M-C7H70, 5), 91 (C7H7, 100).

Anal. Calc. for C21H22NO3Cl: C, 67.83; H, 5.96; N, 3.77. Found: C,

67.65; H, 6.13; N, 3.67.

6–Bromo-2-(o-chlorophenyl)-2-(N-methyl-N-benzyloxycarbonylamino)

cyclohexan-1-one (17. method 1).--A mixture of !º (2.548 g., 6.85 mmole),
anhydrous sodium carbonate (1.225 g, 11.5 mmole), and PTT (5.571 g, 14.82

mmole) in 70 mL THF was prepared. The reaction mixture was heated under

reflux for 6 hours during which time TLC (5% CH3CN/CH2Cl2, silica gel)

analysis indicated the presence of some starting material. Therefore,
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additional PTT (81.5 mg, 2.17 mmole) was added and the resultant mixture

was heated under reflux overnight. TLC analysis still showed significant

amounts of starting material 15. Concentration of the mixture gave an

orangish oil that was dissolved into CH2Cl2 and washed with H2O three

times, dried over Na2SO4, filtered, and concentrated to give 3.677 g

of a yellowish residue. Column chromatography (alumina oxide grade III,

benzene/hexane) led to the isolation of !! and starting material. Follow

ing crystallization from toluene 134 mg (4.4%) of pure 17 was obtained: mp

124-125 C, "H NMR (CDC13) &- 6.65-7.50 (nm, 9H, aromatic), 5.16 (s, 2H,
benzylmethylene), 4.85 (dd, 1H, methine, JHaHa = 11.9 Hz and JHaHe= 5.8 Hz),

3.03 (s, 3H, N-methyl) ppm; IR (mineral oil mull) 1740 cm-1 (CO), 1690 cm-l

(CO); EIMS, m/z (fragment ion, relative intensity), 449 (M*, K1, 37Cl

and 81 Br isotopes at mass 451 and mass 453), 414 (M-C1, K1), 370 (M-Br,

17), 152 (C8H1NC1, 39, 65), 91 (C7H7, 100).
Anal. Calc. for C21H21NO3Cl.Br: C, 55.95; H, 4.70; N, 3.10. Found: C,

56.62; H, 4.79; N, 3.05.

Method 2:--A solution of n-butyllithium (41 mL, 60 mmole, 1.6 M) in

hexane was cooled to 0 C, then 40 mL dry THF and diisopropylamine (9.6

mL, 70 mmole) added by syringe. After 10 minutes the solution of lithium

diisopropylamide (LDA) was cooled to -78 C and a solution of }} (20.28 g,

54.5 mmole) in 160 mL dry THF added dropwise. The mixture turned yellow

then clear and after 1 hour bromine (3.4 mL, 66 mmole) was added by syringe

After 20 minutes the mixture was allowed to warm to room temperature and

the reaction was quenched by addition of 150 mL 10% Na2SO3. The mixture

was extracted three times with CH2C12 and the combined CH2C12 extracts

washed with H20 twice, dried over Na2SO4 and K2CO3, filtered, and concen

trated. The clear oily residue was crystallized from isopropanol to give
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9.4 g of colorless crystals. Recrystallization from isopropanol gave

8.2 g of pure material as determined by TLC. The combined filtrates from

the crystallization were concentrated and the residue was dissolved in

THF/H20 from which were obtained an additional 8.3 g of yellowish crystals

Recrystallization from isopropanol gave 5.8 g of colorless crystals which

were identical by TLC and mp (124-125 C) to those obtained initially and

to those obtained by method 1. The overall yield of Ž was 14.0 g (57%).
2-Acetoxy-1-(o-chlorophenyl)-1-(N-methyl-N-benzyloxycarbonylamino)

cyclohex-2-ene (20, method 1). --A solution of 1% (567 mg, 1.42 mmole),

1 mL TEA, and acetic anhydride (0.40 mL, 4.24 mmole) in 20 mL dry benzene

was heated under reflux overnight. The reaction mixture was poured into

a seperatory funnel and washed with H20, 5% HC1, H20 twice, dried over

Na2SO4 and K2CO3, filtered, and concentrated to give 561 mg of a viscous

oil. 1 H nmr analysis showed the oil to be mainly starting material.

Method 2.--A solution of Aft (56.1 mg, 1.4 mmole), 3 mL pyridine, and

acetic anhydride(4.0 mL, 42 mL) was prepared and refluxed for 4 hours. TLC

analysis showed no starting material. Following workup using the same

conditions as in Method 1, 688 mg of a brownish oil was obtained that

contained material at the origin and starting material.

Method 3.--A solution of n-butyllithium (0.9 mL, 1.4 mole, 1.6M)

in hexane was cooled to 0 C and dry THF (7 mL) and diisopropylamine

(0.24 mL, 1.7 mmole) were added by syringe. After 10 minutes the resulting

so 1 ution was cooled to -78 C and a solution of !º (484 mg, 1.2 mmole) in

3 mL dry THF was added dropwise. During the addition the reaction mixture

turned from clear to yellow and then gradually back to clear. This may be

due to initial abstraction of the kinetically more reactive proton (i.e. a

benzyl-methylene proton) followed by conversion to the thermodynamically
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more stable enolate species. After stirring for 90 minutes, acetic

anhydride (0.25 mL, 2.6 mmole) was added and after an additional 10

minutes the reaction mixture was allowed to warm to room temperature.

Following concentration, the oily residue was partitioned between CH2C12

and H2O. The CH2C12 layer was washed with H20, 10%. KHCO3, H20 twice,

dried over Na2SO4 and K2CO3, filtered, and concentrated to give 483 mg of

a clear viscous oil. The crude product was separated into two fractions

by column chromatography (silica gel, Silicar 7, Mallinckrodt, 5% CH3CN/

CH2Cl2). The first fraction eluted contained 128 mg of material that

partially solidified upon refrigeration and which by TLC (5% CH3CN/CH2C12,

silica gel) analysis was shown to contain starting material and a faint

trace of a new compound at Rf= 0.48. The second fraction isolated con

tained 252 mg of a clear oil which by TLC analysis was shown to contain a

single compound with Rf= 0.48. Fraction 2 (29) was characterized by 1H
NMR (CDC13) $ = 6.97.6 (nm, 9H, aromatic), 5.80 (t, 1H, vinylic, J- 4

Hz), 5.04 (s, 2H, benzyl-methylene), 3.11 (s, 3H, N-methyl), 1.80 (s, 3H,

acetate methyl) ppm. Also present were signals corresponding to starting

material. Attempts to purify 29 by crystallization and distillation were
unsuccessful.

Attempted formation of cis- and trans-6-acetoxy-2-(o-chlorophenyl)-2-

(N-methyl-N-benzyloxycarbonylamino)-cyclohexan-1-one (22 and 23).---A
solution of 17 (300 mg, 0.66 mmole) and potassium acetate (100 mg, 1.0

mmole) in 10 mL acetic acid was heated under refluxed for 6 hours. TLC

(2% CH3CN/CH2C12, silica gel) analysis of the reaction mixture showed no

starting material. The reaction mixture was poured into a seperatory

funnel and made alkaline by addition of 2.0 M NaOH. The basic mixture

was extracted three times with CH2Cl2 and the combined CH2Cl2 extracts
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washed with H2O three times, dryed over Na2SO4 and K2CO3, filtered, and

concentrated to give 90 mg of a clear viscous oil. TLC analysis of the

oil showed at least 2 major components with Rf- 0.61 and 0.21. The

compound with Rf- 0.61 was characterized by 1H NMR (CDC13) 4- 7.05-7.25
(nm, 4H, aromatic), 6.18 (s, 1H, OH, exchangeable), 2.56 (t, 4H, methyl

ene), 2.18 (mm, 2H, methylene) ppm. This compound was later shown to

correspond to the elimination product 2#. The compound with Rf- 0.21

was characterized by *H NMR (CDC13) ■ = 7.15-7.25 (nm, 4H, aromatic), 4.73

(t, 1H, methine, J-2.3 Hz), 2.56 (s, 3H, N-methyl), 1.8-3.0 (mm, cyclo

hexanone) ppm. This compound was later shown to correspond to the cyclic

carbamate, compound 25. Similarly, when heated in glacial acetic acid,

17 was converted to a mixture of 24 and 25.
* * º

Method 2.--A mixture of 17 (70 mg, 0.15 mmole), potassium acetate
(18 mg, 0.18 mmole), and 18-crown-6 (58 mg, 0.22 mmole) in chloroform

was heated under reflux for 45 minutes. TLC (2% CH3CN/CH2C12, silica

ge1) analysis showed the presence of starting material only. After heat

ing an additional 30 minutes, a new spot was observed by TLC at Rf- 0.54.

The reaction mixture was allowed to reflux overnight and allowed to cool

to room temperature. The mixture was washed with H20 twice, dryed over

Na2SO4 and K2CO3, filtered, and concentrated to give a yellow oil. The

oil was shown by TLC analysis to contain numerous components. lH NMR

(CDC13) analysis showed mainly the presence of 18 crown 6 in the oil.

Method 3.--A mixture of potassium acetate (23 mg, 0.23 mmole) and

18-crown-6 (70 mg, 0.26 mmole) in 6 mL benzene was stirred for 30 minutes

to allow time to partially dissolve the potassium acetate. After this

30 minute period compound ! (81 mg, 0.18 mmole) was added. The room

temperature reaction was monotored by TLC which indicated the presence
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of starting materials only after 4 hours. The reaction mixture was then

heated under reflux during which time the solvent evaporated. The crude

material present in the flask was dissolved in benzene and the resulting

solution was washed with H20 three times, dried over Na2SO4 and K2CO3,

filtered, and concentrated to give 65 mg of unknown material that was

examined by 1H NMR (CDC13) 6- 6.6-7.25 (nm, aromatic), 5.10 (s, benzyl

methylene), 2.83 (s), 2.77 (s) ppm. TLC analysis indicated a complex

mixture and further purification was not attempted.

Method 4.--A solution of J (82 mg, 0.18 mmole) in 10 mL THF was

prepared and lithium acetate (30 mg, 0.29 mmole) added. The mixture was

heated under reflux overnight and monotored by TLC(57. CH3CN/CH2Cl2, silica

gel) which showed the presence of a new spot at Rf- 0.22. Following the

same workup procedure used in Method 3, 42 mg of an oil was obtained that

proved to be mainly starting material.

Method 5.--Following the same procedure used in Method 4 with aceto

nitrile as the solvent and preparative TLC (1000 , silcia gel, prewashed

with CH3CN, 2% CH3CN/CH2Cl2, PLK5F, Whatman) allowed the isolation of the

compound with Rf- 0.22. This material had the same 1H NMR (CDC13) spect

rum as the material isolated in Method l and later shown to be compound 35.
Attempted formation of 2-(o-chlorophenyl)-2-(N-methyl-N-benzyloxycar

bonylamino) cyclohex-5-en-1-one (26, method 1).--A solution of J (100 mg,

0.22 mmole) and 1,5-diazobicyclo (4.3.0) non-5-ene (DBN, 0.20 mL, 1.6 mmole)

in 10 mL benzene was prepared. The reaction mixture was heated under re

flux and the progress of the reaction was monotored by TLC (5% CH3CN/CH2Cl2,

silica gel). After 30 minutes only starting was present (Rf = 0.72) and

after 3 hours a new spot at Rf = 0.53 was present along with startins
material. The reaction was allowed to proceed overnight and then the
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mixture was allowed to cool to room temperature. The mixture was washed

with H20, 107 HCl, H20, 10%. KHCO3, H20, dried over Na2SO4 and K2CO3, filt

ered, and concentrated to give 61 mg of a yellow viscous oil that TLC

analysis showed consisted of starting material and possibly the dehydro

halogenation product 16. *H NMR (CDC13) analysis showed the presence,
*

in addition to these two compounds, of the cyclic carbamate 25 (see syn
*

thesis of 25).
ave

Method 2.--A mixture of 17 (100 mg, 0.22 mmole) and lithium carbonate

(216 mg, 13.5 mmole) in 7 mL dry dimethylformamide was heated under reflux

for 4 hours. TLC (5% CH3CN/CH2Cl2, silica gel) analysis showed no starting

material present at Rf- 0.72, with the presence of a new compound at Rf

0.38. The reaction mixture was cooled to room temperature and poured into

60 mL of H2O and extracted three times with CH2Cl2. The combined CH2Cl2

extracts were washed with H20 twice, dried over Na2SO4 and K2CO3, filtered,

and concentrated by rotary evaporation followed by vacuum drying. The

resulting clear viscous oil (77 mg) was examined by *H nmr (CDC13) 4-7.15
7.25 (nm, 4H, aromatic), 4.73 (t, 1H, methine, J- 2.3 Hz), 2.56 (s, 3H,

N-methyl), 1.8-3.0 (nm, remaining cyclohexanone) ppm; IR (mineral oil mull)

1750 cm-1 (CO), 1695 cm-1 (CO). This material was later shown to corre

spond to the cyclic carbamate, compound 25.
af

5-(o-Chlorophenyl)-4-methyl-2-oxa-azabicyclo-(3.3.1)-nonan–3,9-dione

(25).--A solution of !! (3.992 g, 8.86 mmole) in 50 mL DMF was heated under

reflux for 2 hours. The solution was then allowed to cool to room temper

ature and was concentrated in vacou to give after crystallization from

benzene/ cyclohexane 2.339 g (94.3%) of 25 which had the following proper

ties: mp 148.5-149 C; *H NMR (CDC13) 4 - 7.1-7.5 (nm, 4H, aromatic), 4.73

(t, 1H, methine, J– 2.3), 2.56 (s, 3H, N-methyl), 1.8-3.0 (nm, remaining
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eyelomexinone) ppm; IR (mineral oil mull) 1750 cm-1 (CO), 1695 cm-l;

EIMs, m/z (fragment ion, relative intensity), 279 (M*, 5, 37Cl isotope

at mass 281), 251 (M–Co, 13), 235 (M-CO2,&5), 222 (M-C2H3ON, 31), 152

(cºinci,"9. 100).
-

Anal. Calc. for C14H14NO3Cl: C, 60. 12; H, 5.04; N, 5.01. Found: C,

59.76; H, 5.09; N, 4.98.

-"
Trans-6-bromo-2-(o-chlorophenyl)-2-N-methylaminocyclohexan-1-one

(19, Method 1).--To a solution of 27 (694 mg, 1.54 mmole) in 5 mL dry
chloroform was added by syringe iodotrimethylsilane (TMSI, 0.30 mL, 2.11

mmole). The reaction mixture was stirred at room temperature and monotored

by TLC (2% CH3CN/CH2Cl2, silica gel). After 5 minutes TLC analysis showed

the presence of compounds with Rf - 0.86, 0.35, and 0.11 with no evidence

of starting material at Rf - 0.56. No change was observed by TLC analysis

after an additional 5 minutes. The reaction mixture was quenched by add

ition of 0.30 mL of methanol followed by concentration of the mixture and

addition of sodium methoxide (50 mg, 0.5 eqv.) and 5 mL of methanol. The

mixture was again concentrated and the oily residue partitioned between

CH2Cl2 and H2O. The organic layer was washed with 10% Na2SO3, H20 thrice,

dried over Na2SO4 and K2CO3, filtered, and concentrated to give 651 mg

of a yellow oil. TLC analysis showed the oil to contain compounds with

Rf ~ 0.86, 0.35, and 0.11. The ethereal solution of the oil was treated

with HCl saturated ether which resulted in the formation of a precipitate

which was characterized by *H NMR (CDC13): 4 = 4.85 (nm, methine), 2.57 (s,

N-methyl) ppm. Also present in the spectrum were signals corresponding

to the cyclic carbamate 25. The free base of the precipitate was charact

erized by *H NMR (CDC13): 4 = 5.1-5.4 (nm), methine), 2.13 (s, N-methyl).

ppm. This spectrum corresponded to that reported for the bromoketamine 19.
*
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Also present in the spectrum were the triplet at 4 4.73 and the singlet

at ■ 2.56 ppm of 25.
*

Method 2.--A solution of 37 (350 mg , 0.78 mmole) in 5 mL acetic
acid and 5 mL concentrated HCl was heated under reflux for 1 hour, after

which time TLC (27 CH3CN/CH2Cl2, silica gel) analysis showed no starting

material. TLC showed the formation of two new spots at Rf - 0.47 and 0.06.

The reaction mixture was worked up by making it alkaline (pH>1 l) and

extracting with CH2Cl2 three times. The combined CH2C12 extracts were

washed with H20 twice, dried over Na2SO4 and K2CO3, filtered, and concent

rated to give 248 mg of a clear oil. TLC analysis of the oil showed

spots at Rf- 0.42 and 0.06. Preparative TLC (2000A4, Mallinckrodt, silica,

2% CH3CN/CH2Cl2) allowed the isolation of both compounds. The compound

with Rf - 0.42 was characterized by *H NMR (CDC13): 4 - 7. 1-7.4 (mm, 4H,

aromatic), 5.05-5.45 (nm, 1H, methine), 2.13 (s, 3H, N-methyl) ppm. This

compound corresponds to the cis bromo derivative described in the litera

ture.” The compound with Rf- 0.06 was characterized by 1H NMR (CDC13): 4 -
7.2-7.7 (nm, 4H, aromatic), 4.62 (dd., 1H, methine, JHaHa = 8.8 Hz and

JHaHe = 5.4 Hz), 2.12 (s, 3H, N-methyl) ppm; EIMS, m/z (fragment ion,

relative intensity), 315 (M*, K1, 37C1 and 81 Br isotopes at mass 317 and

319), 287 (M-Co, 3), 236 (M-Br, 74), 180 (M-C3H4OBr, 100), 152 (C8H7NC1,

28, 90). The compound corresponds to literature description of the trans
bromo derivative 19. 11

->
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Acid hydrolysis of 5-(o-chlorophenyl)-4-methyl-2-oxa-4-azabicyclo

(3.3.1) nonan-3,9-dione (25, Method 1).--A solution of 2: (59 mg, 0.2 mole)
in 0.2 ml water and 5 mL trifluoroacetic acid was heated under reflux for

9 hours. TLC (5% CH3CN/ CH2Cl2, silica gel) analysis of the reaction

mixture showed the presence of starting material at Rf - 0.21 and a new

compound at Rf - 0.48. The mixture was heated under reflux overnight and

worked up to yield the crude product which was dried in vacuo. lh NMR

(CDCl3) analysis showed the presence of a mixture of compounds that

were seperated by preparative TLC (1000 as silica gel, PLK5F, Whatman, 27.

CH3CN/CH2Cl2). The top component isolated was a viscous oil that was

characterized as compound 33. *H NMR (CDC13):g- 7. 1-7.5 (mm, 4H, aroma

tic), 4.3 (s, 1H, exchangeable), 2.56 (t, 4H, methylene), 2.12 (s, 3H,

N-methyl), 1.9-2.3 (nm, 2H, methylene) ppm; 13c NMR (CDC13) 8 - 196.88

(CO), 140.66, 140.09, 133.73, 130.93, 129.95, 128.99, 127.03, 125.47,

37.99, 33.12, 32.31, 23.40; IR (neat) 3360 cm−1 (sharp, N-H), 1670 cm-l

(CO), 1620 cm-l (C=C); IR (CDC13) 3360 cm−1 (NH, H-bonded intramolecular

as was shown by dilution studies); EIMS, m/z (fragment ion, relative

intensity), 235 (M*, 67, 37Cl isotope at mass 237), 234 (M-H, 5), 220

(M-CH3, 3), 206 (M-H-CO, 35), 200 (M-Cl, 100), 178 (cloh;N*C1,15), 164

(cºn”C1); EIMS of trifluroacetylated derivative, m/z, 331 (m”, 8),

303 (m-CO, 2), 296 (m-C1, 100), 262 (m-CF3, 20); CIMS of TFA derivative

gave m/z 332 (M+1); EIMS of trimethylsilylated derivative, m/z, 307

(M*, 8), 292 (M-CH3, 100), 279 (M-co, 68), 272 (M-C1, 25); HRMS gave
elemental compositions for m/z 235 (c13H, No”C1), 234 (c135.13No”C1),
2O6 (C12H13”Cl). The TMS derivative could be cleaved by addition

of methanol to give 33 as shown by 1H NMR.
Method 2.--A solution of 25 (56 mg, 0.2 minole) in 10 mL 30-32% HBr/
- *
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acetic acid was heated under reflux overnight. TLC (same as Method 1)

analysis of the reaction mixture showed the absence of starting material

and the presence of compounds with Rf - 0.56 (faint), 0.48, and 0.11. The

pH of the mixture was adjusted to l l with 2.0 M NaOH and then was extracted

three times with CH2Cl2. The combined CH2C12 extracts were washed with H20

twice, dried over Na2SO4, filtered, and concentrated to give 31 mg of a

yellowish oil. Preparative TLC (same conditions as Method 1) allowed the

isolation of the compound with Rf - 0.48 which corresponded to 33 by 1H

NMR. The bottom band isolated had a "H NMR spectrum (CDC13) spectrum

similar to that of cis-6-bromoketamine 18.
Method 3.--A solution of 3} (49 mg, 0.17 mmole) in 5 mL conc. sulfuric

acid and 3 mL trifluoroactic acid was heated under reflux overnight. Fol

lowing the same workup procedure as used in method 2, *H NMR (CDC13) showed

only decomposition products of unknown structure.

Method 4.--A solution of 2} (72 mg, 0.25 mmole) in 5 mL conc. HCl and
2 mL acetic acid was heated under reflux. TLC (same as Method 1) analysis

showed after 2 hours the presence of compounds with Rf - 0.56 (faint) and

0.48, with starting material still present as the major component at Rf -

0.22. A precipitate formed overnight which was shown by TLC and 1H NMR

(CDCl3) analysis to correspond to the compound with Rf - 0.56, later ident

ified as the elimination product 2:. After heating under reflux overnight
the reaction mixture was allowed to cool to room temperature and was worked

*P by the same procedure as used in Method 1. "H NMR (CDC13) analysis

showed the presence of 25 and 24. No evidence of 33 (Rf.- 0.48) was present
* * *

*n the spectrum.

Basic hydrolysis of 5-(o-chlorophenyl)-4-methyl-2-oxa-4-azabicyclo

(3.3.1) nonan-3,9-dione (25, Method 1).--A solution of 33 ( 100 mg, 0.36
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mole) in 10 mL of 1.0 M NaOH/MeoH was monotored by TLC (5% CH3CN/CH2C12,
silica gel) analysis. After 2 hours at room temperature only the starting

material was present. The mixture was then heated under reflux. TLC

indicated the formation of a new compound with Rf - 0.63 (starting mater

ial Rf - 0.22) after 1 hour. After an additional 30 minutes of heating

under reflux the mixture was allowed to cool to room temperature and then

was diluted by addition of H20 and extracted three times with CH2C12 The

combined CH2C12 extracts were washed with H20 twice, dried over Na2SO4 and

K2CO3, filtered, and concentrated to give 32 mg of a white solid. TLC

analysis of this material (Rf = 0.63) showed that it corresponded to com

pound 23. The material was crystallized from benzene/cyclohexane twice

to give analytically pure 2. as colorless crystals; mp 160-161 C; 1H NMR
(CDCl3): 4 - 7.0–7.5 (nm, 4H, aromatic), 6.12 (s, 1H, exchangeable), 2.67

(t, 4H, methylene, J- 5.6 Hz), 2.17 (m, 2H, methylene, J- 5.6 Hz and 1.0

Hz) ppm; 13c NMR (CDC13) 4 - 195.74 (CO), 144. 17, 136.96, 130.32, 130.20,

130.06, 129.70, 129.58, 127.36, 36.70, 30.28, 23.45; IR (mineral oil mull)

3383 cm−1 (OH, sharp), 1665 cm−1 (CO, conjucated), 1642 cm-l (C-C); HRMS,

m/z (fragment ion, relative intensity), 222.0437 (C12H1102”ci, 32),

194-0501 (c. 15, 10°CI, 4), 187.0753 (C12H1102, 100), 159.0804 (c11H110,
13), 131,0458 (C9H70, 11); TFAA derivative, m/z, 318 (M+, 41), 299 (M-F,

1<), 290 (M-CO, 5), 283 (M-C1, 100); UV (isooctane) 274 nm (log max=

4. 127).

Anal. Calc. for C12H1102Cl: C, 64.73; H, 4.98. Found: C, 64.39;
H, 4.89.

Method 2.--A solution of : (169 mg, 0.6 mmole) in 11 mL 1.0 M NaOH/
*0H was prepared and stirred at room temperature overnight. TLC analysis

(same conditions as Method l) showed the formation of a new compound at
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Rf - 0.05 with no evidence for the elimination product 24. Also present
*

in large amounts was starting material. The reaction was stirred at room

temperature for and ther day. TLC analysis showed the presence of 24 along
-

with the compound with Rf - 0.05 and starting material. After another

day TLC showed large amounts of 24.
a’

Method 3, Synthesis of 9-hydroxy-9-methoxy-5-(o-chlorophenyl)-4-

methyl-2-oxa-4-azabicyclo-(3.3.1)-nonan-3-one (41).--A solution of 25
—w- *

(34.3 mg, 1.2 mmole) in 15 mL 0.1 M NaOH/Medh was stirred at room temper

ature for 3 days during which time TLC (same conditions as in Method 1)

analysis showed the formation of a compound with Rf - 0.05 and the presence

of starting material (Rf = 0.22). Following another day, TLC showed the

presence of a component at Rf - 0.48 (33). The reaction was worked up

the same as described in Method l to give 144 mg of white oil. The com

ponents of the crude product were seperated by preperative TLC (1000AA,

silica gel, PLK5f, Whatman, 2% CH3CN/CH2C12) which allowed the isolation

of the bottom component with Rf ~ 0.05. This material was crystallized

from benzene/cyclohexane to give #!; mp 179-180 C; 1H NMR (CDC13): 4- 7.0-
7.5 (nm, 4H, aromatic), 4.1-4.5 (nm, 1H, methine), 3.14 (s, 3H, O-methyl),

2.78 (s, 3H, N-methyl) ppm; IR (mineral oil mull) 3420 cm-1 (OH), 1750

cm−1 (co), 1735 cm−1 (shoulder on 1750 cm-l); CIMs , m/z, 312 (M+1, 37Cl

isotope at mass 314); EIMS of TFAA derivative, m/z (fragment ion, relative

intensity), 407 (M*, 5, 37Cl isotope at mass 409), 379 (M-CO, 7), 372

(M-C1, 3), 310 (M-C20F3, 8), 167 (90), 152 (C8H7NCl, 39, 100); EIMS of

the TMS derivative 383 (M+, 3, 37C1 isotope at mass 385), 368 (M-CH3, 5),

355 (M-CO, 4), 348 (M-Cl, 1 ), 167 (100).

Anal. Calc. for C15H18N04Cl: C, 57.79; H, 5.82; N, 4.49. Found: C,

57.90; H, 5.90; N, 4.36.
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Also eluted from the preperative TLC was the component with Rf - 0.48

which was shown by 1H NMR analysis to be 33.
Method 4.--A solution of 23 (2.048 g, 7.32 mmole) in 60 mL of 0.2 M

NaOH/ MeoH was allowed to react at room temperature for 7 days, concentr–

ated and partitioned between CH2Cl2 and H2O. The CH2C12 layer was washed

with H20 three times, dried over Na2SO4 and K2CO3, filtered, and concentr—

ated to give 2.022 g of a partially solidified oil. Column chromatography

(silica gel, Silicar 7, Mallinckrodt, 5% CH3CN/CH2C12) allowed the isolat

ion of 3: and 94.6 mg (41.4%) of %l as shown by 1H NMR. Following crystal

lization 700 mg (30.7%) of pure ; was obtained.

Method 5.--A solution of 33 (100mg, 0.36 mmole) in 4 mL of 0.1 M NaOH/

dioxane with enough H20 to dissolve the NaOH was stirred at room temperat

ure. After 3 days TLC (same as Method 1) analysis showed only starting

material. Following workup using the same procedure as in Method 1, only

25 was recovered.
*

Method 6.--Method 5 was repeated except that the mixture was heated

to reflux overnight with the same results.

Method 7.--A mixture of 33 (234 mg., 0.84 mole) and sodium methoxide

(60 mg, 1.11 mmole) in 8 mL Medh was prepared and stirred at room temper

ature overnight. TLC analysis (same conditions as method 1) showed the

presence of compounds with Rf - 0.63 (24), 0.31, and 0.11. The mixture

was heated under reflux for 4 hours then allowed to cool to room temper

ature and concentrated. The oil was worked up according to Method 3.

Following preparative TLC only 2: and 25 could be isolated. Heating

caused 4. to undergo elimination to 2%.
Method 8.--A solution of 25 (258 mg, 0.92 mmole) in 10 mL 0.2M KOH/
- *

benzyl alcohol was prepared and stirred at room temperature overnight.
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TLC analysis (2% CH3CN/CH2Cl2, silica gel) showed the formation of com

pounds in addition to starting material at Rf - 0.79, 0.73, and 0.65.

The benzyl alcohol was removed in vacuo and the crude product was worked

up according to Method 3. Three compounds were observed by TLC at Rf -

0.62, 0.49, and 0.33.

Method 9, Synthesis of cis-6-hydroxy-2-(o-chlorophenyl)-2-N-methyl

aminocyclohexan-1-one (9)--A mixture of 2} (1.958 g, 7.0 mmole) in 50
mL of 1.0 M NaOH/MeOH was heated under reflux for 3 hours. TLC analysis

(same as Method 1) showed spots at Rf - 0.63 corresponding to 24, Rf -

0.47 corresponding to 33, and at the origin. The reaction mixture was

concentrated and the crude oil partitioned between H20 and CH2Cl2. The

H20 layer was extracted twice with CH2Cl2 and the combined CH2Cl2 extracts

were washed with 10% HCl, H20 twice, dried over Na2SO4 and K2CO3, filtered,

and concentrated to give after crystallization 259 mg (17%) of 2:. The

10% HCl layer was made basic (pH> 1 l) by addition of 2.0 M NaOH and back

extracted with CH2Cl2 three times The combined CH2Cl2 extracts were washed

with H20 twice, dried over Na2SO4 and K2CO3, filtered, and concentrated.

The mixture showed the presence of 24 and 23 in addition to a spot at Rf -
0.03. The compounds were seperated by preparative TLC (Method 3) and the

bottom band isolated. The material was crystallized from cyclohexane to

give white crystals; mp 148-150 C; 1H NMR (CDC13) § - 7.2-7.6 (nm, 4H, aro

matic), 4.16 (dd., 1H, methine), 2.8–3.2 (nm), 2H), 2.08 (s, 3H, N-methyl)

ppm; IR (KBr) 2500–3600 cm−1 (strong broad), 1725 cm-1 (CO); CIMS, m/z,

254 (M+1, 37C1 isotope at mass 256), 236 (M+1-H,0); EIMS, m/z (fragment

ion, relative intensity), 253 (M+, 3, 37C1 isotope at mass 255), 235

(M-H20, 4), 225 (M-CO, 60), 180 (M-C3H502, 100); TMS derivative EIMS

m/z, 397 (M+, 37Cl isotope at mass 399).
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Anal. calc. For C13H16NO2Cl: C, 61.52; H, 6.36; N, 5.54. Found: C,

61.55; H, 6.28; N, 5.43.

Repeating the above procedure starting with 25 (1.642 g, 5.9 mmole)

resulted in 54 l mg of 24 (43%) and 326 mg (222) of 9.

Method 10.--A solution of 25 (200mg) in 10 mL Me■ oH was heated under

reflux for 10 hours during which time TLC analysis (same as Method 1)

showed only the presence of starting material 25. Following concentrat

ion, 1H NMR analysis showed only starting material.

Isomerization of 41.--A solution of 41 (47 mg) in 8 mL acetic acid

was heated under reflux overnight and concentrated. The oil was dissolved

into CH2Cl2 and washed with H2O three times, dried over Na2SO4 and K2CO3,

filtered, and concentrated to give a clear oil that solidified upon stand

ing. TLC (5% CH3CN/ CH2Cl2, silica gel) analysis showed spots at Rf -

0.43, 0.11, and the origin. Compound 25 has an Rf - 0.22 under these same

conditions. "H NMR (CDCl3) = 7.0–7.5 (nm), aromatic), 5.47 (nm, methine),

4.30 (nm, methine), 3.18 and 3.14 (s, Omethyl), 2.78 and 2.75 (s, N

methyl), 2.15 (s, exchangeable), 2.08 (s, N-methyl).

Base hydrolysis of 41 (Method 1).--A mixture of 41 (96 mg, 0.3 mmole)

in 6 mL 0.2 M NaOH/MedH was heated under reflux for 6 hours. TLC analysis

(5% CH3CN/ CH2Cl2, silica gel) showed the presence of compounds with Rf -

0.69, 0.31 and 0.07, which correspond to 24, 25 and 41, respectively.

Concentration of the reaction mixture gave an oil that was partitioned

between CH2Cl2 and H20. The CH2Cl2 layer was washed with H20 twice, dried

°ver Na2SO4 and K2CO3, filtered, and concentrated to give an oil. Prepar

***ve TLC (same as Method 3 for base hydrolysis of 25) allowed the isolat
ion of 24, 25, and 41.

Method 2.--A mixture of 4 l (20 mg) in 0.1 M NaOH/Me OH was heated to
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50-55 C for 15 minutes, then concentrated and worked up according to

Method 1. *H NMR (CDC13) ■ - 3.70 (s), 3.14 (s, 0-methyl of 41), 3.03
(s), 2.78 (s, N-methyl of 41), 2.67 (t, 24), 2.17 (m, 24.) ppm.

* a- *

Method 3.--A mixture of º in MeOH was heated under the same condit

ions as in Method 2. "H NMR (CDC13) analysis showed only starting
material.

Method 4.--A mixture of : (11 mg, 0.04 mmole) and sodium methoxide
(5 mg, 0.09 mmole) in 2 mL of MeOH was heated under reflux for 15 minutes

and concentrated. Following workup described in Method 2,'h NMR (CDC13)
analysis showed only the presence of starting material 41.

*

Attempted Phenyl Selenide ring opening of 41.--An oil dispersion of

NaH (61. 14%, 5.1 mg, 1.3 mmole) was activated by rinsing 3 times with 5 mL

amounts of dry THF and removing the THF/oil layer, followed by addition

of 7 mL dry THF. To the activated NAH was added by syringe benzene selenol

(0.2 mL, 1.3 mmole, 2 eqv.) followed by hexamethylphosphoramide (HMPA,

0.3 mL, 1.3 mmole) and *} (203 mg, 0.65 mmole). The sixture was heated

to reflux for 3 hours, then let to cool to room temperature and concentr

ated to give an oil that was dissolved in CH2Cl2 and washed with H20

thrice, dried over Na2SO4 and K2CO3, filtered, and concentrated to yield

a viscous oil which TLC analysis (5% CH3CN/CH2C12, silica gel) showed

was composed of compounds with Rf - 0.93, 0.65, 0.57, 0.28, and 0.07.

Preparative TLC (same conditions as in method 3 for base hydrolysis of

25) allowed the isolation of 25 and 1, as shown by *H NMR.
- *

Attempted ring opening of 25 with TMSI.--To a solution of 25 (467 mg,
*

1.67 mmole) in 5 mL dry CH2Cl2 was added iodotrimethylsilane (0.60 mL,

4.2 minole) by syringe. The mixture was wrapped in aluminum foil to pre

vent photochemical reactions and was stirred at room temperature. Shortly
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after addition of the TMSI the reaction mixture turned dark brown. After

10 minutes TLC (5ZCH3CN/CH2Cl2, silica gel) analysis showed the presence

of compounds at Rf - 0.52, 0.38 (25), 0.16, and 0.14. Prior to TLC ana

lysis to each sample was added a drop of 10% Na2SO3 to remove iodine.

After 30 minutes the spots at Rf - 0.52 and 0.14 showed marked increases

in their intensity. After 12 hours no significant differences were

evident even though starting material was still present. The reaction

mixture was heated under reflux for 2 hours and TLC analysis showed

compounds at Rf ~ 0.88, 0.74. 0.58 (most intense), 0.34 (23), and 0.16.

The reaction was stopped by addition of 5 mL MeOH and concentrated. The

brown residue was dissolved in 5 mL of MeOH and sodium methoxide (50 mg,

0.92 mole) was added. The mixture was concentrated and dissolved in

CH2Cl2 and washed with 10% Na2SO3, H20 twice, dried over Na2SO4 and K2CO3,

filtered, and concentrated to give 387 mg of a yellow oil. Preparative

TLC (same conditions as used in Method 3 for the base hydrolysis of 25)

allowed the isolation of the top band which correponded to 25 and the

bottom middle band which was characterized by: *H NMR (CDC13) 3-7.1-7.7
(nm, 4H, aromatic), 4.87 (dd, 1H, methine, JHaHa - 7.0 Hz and JHaHe- 5.6

Hz), 2.10 (s, 3H, N-methyl), 1.6-2.4 (nm, remaining cyclohexanone); EIMS,

m/z (fragment ion, relative intensity), 363 (M*, 1%, 37Cl isotope at mass

365), 236 (M-I, 100), 208 (M-I-Co, 9), 152 (C8H1NC1, 24, 74), 127 (I, 52);

HPMS 362. 9878 (c135,5N)*C11). Bottom band of preparative TLC was ident

ical to 1 by lh NMR.
*

Attempted ri nº opening of 3. with BSTFA.--A solution of 33 (426 mg,

1.5 minole) in 5 mL dry THF was prepared and BSTFA (0.5 mL, 2.9 mmole) was

added. The mixture was heated to reflux and TLC (same as analysis of TMSI

reaction with 25) analysis indicated no reaction after 24 hours.
ºve
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Attempted ring opening of 25, with TMSOTf.--A solution of 25 (494 mg,

1.8 mmole) in 6 mL dry benzene was prepared and trimethylsilyl trifluoro

methane sulfonate (TMSOTf , 0.5 mL, 2.6 mmole) was added. The reaction was

monotored by TLC (same for TMSI ring opening reaction of 25) which showed

after 4 hours at room temperature starting material and a spot near the

origin. In subsequent reactions no change was observed in the TLC even

after 2 days at room temperature. The reaction mixture was heated under

reflux and after 2 hours a new spot at Rf ~ 0.83 was present and after 5

hours this spot was the most intense. The reaction was allowed to cool

to room temperature and 20 mL of 2.0 M NaOH was added. The benzene layer

was throughly mixed with the basic layer and then was washed with H2O

twice, dried over Na2SO4 and K2CO3, filtered, and concentrated to give

385 mg of a yellow oil. TLC showed compounds with Rf - 0.83, 0.63 (most

intense, 24), 0.4 (25), and 0.03. Preparative TLC (same conditions as
*

Method 3 for basic ring opening reaction of 35) allowed the isolation of

3 bands. The top and middle bands were shown to consist of of 24 and

33, respectively. The bottom band was shown to consist mainly of 25.
4-s’

-
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2-(o-Chlorophenyl)-2-(N-methyl-N-methoxycarbonyl amino)-cyclohexan-1-

one (47).--To a mixture of * (1.68 g, 7.1 mmole) and anhydrous sodium
carbonate (1.23 g, l l .6 mmole) in 50 mL dry benzene was added dropwise

methyl chloroformate (0.6 mL, 7.8 mmole) in 5 mL dry benzene. The result

ing mixture was heated under reflux for 4 hours and allowed to cool to

room temperature and stirred overnight. The mixture (cloudy white) was

washed with H20, 10%. KHCO3, H20, 10% HCl, H20 twice, dried over anhydrous

Na2SO4 and K2CO3, filtered, and concentrated to give a white solid. The

crude product was crystallized twice from toluene to give 1.25 g (60.8%)

of colorless crystals: mp 114-115 C; *H NMR (CDC13) 4 - 6.8-7.5 (nm, 4H,

aromatic), 3.69 (s, 3H, O-methyl), 3.03 (s, 3H, N-methyl), 1.5–3.5 (nm)

ppm; IR (mineral oil mull) 1723 cm-1 (Co, ketone), 1692 cm-l (CO, carbam

ate); EIMS, m/z (fragment ion, relative intensity), 295 (M*, 9, 37Cl

isotope at mass 297), 267 (M-Co, 6), 260 (M-C1, 2), 238 (M-C4H9, 77), 232

(M-CO-C1, 100), 152 (C8H7NC1, 49, 59).

Anal. Calc. for C15H18NO3Cl: C, 60.91; H, 6.13; N, 4.74. Found: C,

60.85; H, 6.09; N, 4.71.

Trimethylsilyl enol ether of 47 (48).--To a solution of n-butyllith

ium (6.0 mL, 9.7 mmole, 1.6 M) in hexane cooled to 0 C was added 10 mL of

dry THF and dissopropylamine (1.36 ml, 9.7 mmole). Following addition the

mixture was cooled to -78 C and #! (2.28 g, 8.0 mmole) in 15 mL of dry THF

was added dropwise. The mixture was stirred at -78 C for 1 hour and then

the reaction was quenched by addition of chlorotrimethylsilane (1.23 mL,

9.7 mmole). The resultant mixture was stirred at -78 C for 10 minutes

then allowed to warm to room temperature for 45 minutes. The crude pro

duct was dissolved in hexane and washed with 10% Na2CO3, H20 twice, dried
º

over Na2SO4 and K2CO3, filtered and concentrated to give 3.27 g of a clear



Chapter II 132

oily residue. The residue was distilled by bulb to bulb distillation at

145-150 C at 2.25 mm Hg to give 2.804 g (96%) of clear oil that was homo

geneous by TLC. *H NMR (CDC13) 4- 7.0–7.6 (nm, 4H, aromatic), 5.7 (nm,

1H, vinylic), 3.64 (s, 3H, O-methyl), 2.86 (s, 3H, N-methyl) ppm; IR (CC14)

1700 cm−1 (co carbamate), 1658 cm−1 (C-C); CIMS m/z, 368 (m+1, 37C1 at mass

370).

6-Hydroxy-2-(o-chlorophenyl)-2-(N-methyl-N-methyoxycarbonylamino)

cyclohexan-1-one (42 and 43, Method 1).--To a mixture of 48 (164 mg, 0.45
aveae *

mmole) and anhydrous sodium carbonate (50 mg) in 5 mL hexane was added

m-chloroperoxybenzoic acid (85 mg, 0.53 mmole, 85%) in small portions

over 30 minutes. A white precipitate formed which increased after each

addition. The precipitate was filtered and analyzed by *H NMR (D20) which

showed it to be sodium m-chlorobenzoate. The filtrate from the reaction

mixture was concentrated and dissolved into ether, washed with 10% Na2SO3,

2.0 M NaOH, H20, and left to partition for 3 hours between the organic

layer and 10% HC1. The organic layer was washed with H20 twice, dried

over Na2SO4 and K2CO3, filtered, and concentrated to give 85 mg of

an oil. TLC (2% CH3CN/CH2Cl2, silica gel) analysis showed the presence

of compounds at Rf - 0.60 (faint), 0.55, 0.27 (47), 0.10. Preperative

TLC (1000 AA silica, PLK5F, Whatman, 2% CH3CN/ CH2Cl2) allowed the isolation

of the compound at Rf - 0.10 which displayed the following spectral char

aracteristics: "H NMR (CDC13) 9 = 7.0–7.5 (nm, aromatic), 4.1-4.6 (nm,

methine), 3.74 (d, exchangeable), 3.64 (s, O-methyl), 2.80 (s, N

methyl) ppm; CIMS m/z, 312 (m+1, 37C1 isotope at m/z 314). The acid layer

when made basic and back extracted yielded the elimination product 24.
Method 2.--To a mixture of 48 (36.8 g., 100 mmole) and anhydrous sodium

ae

carbonate (16.5 g., 0.16 mmole) in 400 mL of hexane was added m-chloroper
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\xybenzoic acid (26 g, 120 mmole, 85%) in portions over 30 minutes. The

resultant mixture was stirred at room temperature for 6 hours during which

time TLC (5% CH3CN/CH2Cl2, silica gel) analysis showed the presence of

compounds at Rf - 0.66, 0.33 Ç). and 0.13 (most intense spot). Also
present was the white precipitate. After 3 hours TLC showed no change.

The reaction mixture was heated to reflux for 1 hour which also failed

to effect the TLC. The reaction mixture was concentrated and partitioned

between ether and 10% Na2SO3. The ether layer was washed with 107 HC1

and allowed to partition for 7 hours between phases. The ether layer

was washed with 10%. KHCO3, H2O three times, dried over Na2SO4 and K2CO3,

filtered, and concentrated to give 20.5 g of a yellow viscous oil. The

initial 10% Na2SO3 layer was extracted three times with CH2Cl2 and the

combined extracts were washed with H20, 10x KHCO3, H20 twice, dried over

Na2SO4 and K2CO3, filtered, concentrated, and then combined with the oily

residue from the ether layer to give 26.3 g of a viscous oil (TLC of both

were identical). Crystals formed upon standing overnight from the initial

H20 wash and following recrystallization from toluene 2.5 g of colorless

crystals were obtained. The crystals were characterized as #3; mp 164

165 c, *H NMR (CDC13) &- 6.7-7.5 (m, 4H, aromatic), 4.40 (m, 1H, methine,
JHaua- 12 Hz and JHa■ e- 5 Hz), 3.71 (s, 3H, O-methyl), 3.08 (s, 3H, N

methyl) ppm; IR (KBr) 1748 cm−1 (Co, ketone), 1698 cm-l (CO, carbamate);

CIMs m/z, 312 (m+1, 37Cl isotope at m/z 314); EIMS m/z (fragment ion, re

Tlative intensity), 31 l (M*, ll , 37Cl isotope at mass 313). 293 (M-H20, 2),

283 (M-C0, 61), 212 (M-C5H702, 100), 152 (C5H7NC1, 40, 86); EIMS of tri

methylsily lated derivative gave mass 383 (M*, 37C1 isotope at mass 385);

EI*S of trifluoroacetylated derivative gave a mass 407 (m”, 37Cl isotope

at mass 409).
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Anal. Calc. for C15H18N04Cl: C, 57.79; H, 5.82; N, 4.49. Found: c,

57.77; H, 5.92; N, 4.36,

The yellow oil was separated into 2 major fractions by column chrom

atography (silica gel, Silicar 7, Mallinchrof.dt, 5% CH3CN/CH2Cl2) with the

first fraction isolated (4.7 g) shown by *H NMR (CDC13) analysis to corre

spond to a mixture of 2: and 37. The final fraction yielded an additional

2.5 g of pure $3 and thereby provided a total yield of 5.0 g (16%). The
filtrate from the above crystallizations displayed a pair of singlets at

$3.62 and 2.80 ppm. TLC analysis showed a major spot at Rf - 0.18 with

minor contaminents at Rf - 0.22 and 0.00. The yellowish oil failed to

yield crystalline material under various solvent conditions. Also attempts

to purify the oil by sublimation and distillation (150 C at 1.5 mm Hg)

failed. The oil was characterized as #2 according to the following cri

tera: *H NMR (CDC13) &= 7.0–7.5 (nm, 4H, aromatic), 4.1-4.6 (dd, 1H,

methine, JHaHa = 11 Hz and JHaHe- 7 Hz), 3.74 (d, 1H, exchang2.64e), 3.64

(s, 3H, O-methyl), 2.80 (s, 3H, N-methyl) ppm; CIMS 312 (M+1, 37C1 isotope

mass 314); EIMS, m/z (fragment ion, relative intensity), 311 (M*,\37Cl),

293 (M-H2O, ), 283 (M-Co, 9%), 212 (m-C5H702, 100), 152 (C8H2NC1, 49);ct
HRMS m/z 3)2, O34 (C15H18N04C1) calc. 312. c 49.

Assignment of Stereochemistry of 42 and 43.--A solution of 42 in

methanol was heated to reflux for 9 hours during which time TLC (5% CH3CN/

•CH2C12, silica gel) analysis showed only the presence of starting material.

concentration of the solution and "H NMR (CDC13) analysis showed only the
presence of starting material.

A solution of #3 in me thanol was heated for 9 hours with similar

results.

A solution of 42 in benzene was heated under reflux overnight and
*
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concentrated to an oil. TLC and *H NMR (CDC13) analysis showed only

starting material.

Similar results were obtained with 43.
*

A solution of 42 in dimethylformamide was heated under reflux for 2.5
*

hours and concentrated in vacuo. 1H NMR (CDC13) analysis showed 42 and a
ºw

trace of 24 in the residue.
º

Repeating the reaction with ;3 resulted in only starting material
being recovered.

A mixture of % in 0.2 M NaOH/MeOH was heated to reflux for 1.5 hours

during which time TLC monitoring showed the disappearence of starting

material and the formation of 23. Following the usual workup only 3:
was recovered.

Repeating this reaction with 33 gave the same results.

A solution of 33 in acetic acid was heated under reflux for 9 hours

hours during which time TLC monitoring showed the formation of 24. Follow

ing concentration of the solution, the product was partitioned between

0.2 M NaOH and CH2Cl2. Seperation of the organic layer, drying over

Na2SO4 and K2CO3, filtration, and concentration resulted in recovery

of only 24. No starting material was present.
*

Repeating this reaction with 33 gave the same results.

A mixture of #2 (30.9 mg, 1.0 minole), p-toluenesulfonyl chloride (p-
TSC1, 286 mg, 1.5 mmole), and pyridine (0.2 mL, 2.5 mmole) in 10 mL toluene

was stirred at room temperature overnight. TLC analysis (same conditions

as above) showed the presence of starting material, 42, and the formation

of a new compound with Rf = 0.62. THe reaction mixture was concentrated

and the crude product partitioned between CH2Cl2 and H2O). The organic

layer was washed with 2.0 M NaOH, H20 twice, dried over Na2SO4 and K2CO3,
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filtered, and concentrated to give an oily residue. Preparative TLC (1000

silica gel, PLK5F, Whatman, 2% CH3CN/CH2Cl2) allowed the isolation of 3

bands, with the top band (Rf - 0.83) corresponding to p-TSC1, the middle

top band (Rf -0.72) correponding to 2*, and the bottom top band (Rf = 0.61)

which was characterized as the desired tosylate 50 ; *H NMR (CDC13) 4- 6.7-

7.9 (nm, aromatic), 3.61 (s, O-methyl), 2.77 (s, N-methyl), 2.44 (s, tosyl

methyl) ppm; CIHRMS m/z 464 (M-2H”, C22H22Nogs”ci, 37C1 isotope at mass

466), 254 (M-cºisso., *'cl isotope at m/z 256); EIMs gave m/z 463
(M-2Ht, 37Cl isotope at m/z 465).

This tosylate was heated to 130 C in dimethylformamide for 5 hours.

The solvent was removed in vacuo and the crude product analyzed by lH NMR

(CDCl3) which showed mainly unreacted starting material and a very small

amount of 25. The small amount of 25 was probably due to contamination

of the oil with 43.
*

A mixture of º (67 mg, 0.2 mole), p-TSCL (76 mg, 0.4 mole), and
pryridine (26 L, 0.64 mmole) in 5 mL dry toluene was heated under reflux

for 9 hours during which time TLC analysis showed the presence of starting

materials. The mixture was concentrated and dissolved into dimethylform

amide and heated to reflux for 5 hours. The solvent was removed in vacuo

and "H NMR (CDC13) showed the formation of 23 (25%) from 43.
A solution of n-butyllithium (60 L, 0.1 mmole) in hexane was cooled

to -78 C and a solution 43 (20 mg, 0.06 mmole) in 3 mL dryTHF added drop
wise. After 15 minutes the reaction mixture was allowed to warm to room

temperature and after 30 minutes the reaction mixture was concentrated.

The crude oil was dissolved in CH2C12 and washed with H20 twice, dried

over Na2SO4 and K2CO3, filtered, and concentrated to give an oil that was

characterized as 49: 1H NMR (CDC13) ■ - 6.6-7.85 (nm), 8H, a romatic), 5.20
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5.45 (dd, 1H, methine), 3.60 (s, 3H, O-methyl), 3.00 (s, 3H, N-methyl),

2.37 (s, 3H, tosyl-methyl) ppm; CIMS and EIMS were identical to those

obtained for 50.
abº

Isomerization of # and 33.--A mixture of 42 in 0.2 M NaOH/MeoH was

stirred at room temperature overnight. Concentration of the mixture gave

an oil that was partitioned between H20 and CH2Cl2. The CH2C12 layer was

dried over Na2SO4 and K2CO3, filtered, and concentrated to give an oil

that was analyzed by *H NMR (CDC13) J- 3.64 (s, 0-methyl), 2.80 (s, N

methyl), 2.67 (t, methylene), 2.17 (m, methylene) ppm. No evidence of

singlets at ■ 3.71 and 3.08 ppm was seen. Therefore, it would appear that

42 does not epimerize under these reaction conditions to 43 but instead

gives the elimination product 24.

A mixture of 33 in 0.2 M NaOH/MeOH was stirred at room temperature

overnight. Following the above workup procedure a material was obtained

which displayed the following 1H NMR spectrum: (CDC13) 9- 3.64 (s, O-meth
yl), 2.80 (s, N-methyl), 2.67 (t, methylene), 2.17 (m, methylene) ppm.

No evidence of singlets at 43.71 and 3.08 ppm in the spectrum. Therefore,

it is apparent that the trans-isomer 43 is less stable then the cis-isomer
* -

isomer 42.
ar

A solution of 42 or 43 in pyridine and benzene was heated under re
* *

flux for 5 hours, concentrated and dried in vacuo- 1H NMR (CDCl3) analysis

showed only starting material in each case.

Acid Hydrolysis of 43.--A solution of 43 (56 mg, 0.18 mmole) in 5 mL

acetic acid was prepared and heated to reflux. Through the condenser was

added dropwise 5 mL of conc. HCl and the resultant mixture was heated to

reflux for 10 minutes when TLC analysis showed the absence of starting

material and the formation of 24. The reaction was stopped and worked up
*
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to yield 24 only.
a'

Sodium phenyl selenide reaction with #2--An oil dispersion of sodium

hydride (NaH, 61.14%, 51 mg, 1.3 mmole) was activated by rinsing it three

times with 5 mL of dry THF. To the suspension of NaH in THF (7 mL) was

added hexamethylphosphoramide (HMPA, 0.300 mL, 1.7 mmole, 2.6 eqv.),

benzene selenol (0.200 mL, 1.3 mmole, 2 eqv.), and 47 (192 mg, 0.65 mmole).

The yellow mixture was heated under reflux for 3 hours during which time

the yellow color dissappeared and a white precipitate formed. The react

ion mixture was cooled to room temperature and poured into 75 mL of H2O

and extracted three times with ether. The combined ether extracts were

washed with H2O three times, dried over Na2SO4 and K2CO3, filtered, and

concentrated to give 195 mg of a yellow oil. Column chromatography

(silica gel, Silicar 7, Mallinckrodt) allowed the seperation of the

benzene selenol and its derivatives from the reaction mixture with hexane

as the solvent system. The nature of these products will be described with

respect to this reaction as applyed to 43. The solvent system was changed

to a more polar (57. CH3C/ CH2Cl2) system which gave fraction 2 as an unknown

with the following properties: *H NMR (CDC13)4- 7.15-7.55 (nm, 4H, aroma

tic), 5.35 (dd., 1H, methine, J- 3.4 and 5.4 Hz), 3.48 (dd, 1-1.5 H), 2.85

(s, 3H, methyl), 1.25–2.20 (nm, cyclohexanone); EIMS, m/z (fragment ion,

relative intensity), 263 (M*, 6, 37C1 isotope at mass 265), 235 (M-Co, 13),

152 (C6H5NC1, 40, 18), 84 (100); TLC analysis showed the material not to

be either 2 Or #2. The last fraction eluted corresponded by TLC and 1H

NMR (CDCl3) analysis to J. Repeating the experiment gave 128 mg of
corn bined unknown and 1 (K80%).

ae

Sodium Phenyl selenide/Carbamate cleavare reaction with 16.--A suspen
zºv”

sion of sodium hydride (61.14%, 5.1 mg, 1.3 minole, 2 eqv.) in THF (7ml)
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was prepared as described above. To the mixture was added HMPA (0.300

mL, 1.3 mmole, 2.6 eqv.), benzeneselenol (200 mg, 1.3 mmole, 2 eqv.), and

16 (24.1 mg, 0.65 mmole). The reaction mixture was heated under reflux for

three hours then transfered to a separatory funnel to which H2O (10 mL) was

added. The mixture was worked up as described for 47. Following workup,
*

column chromatography (same as with 47) allowed the isolation of the nonpo
lar fraction with hexane which was characterized as a mixture of diphenyl

diselenide and benzylphenylselenide: 1H NMR (CDC13)■ - 7.05-7.70 (nm, 10H,

aromatic), 4.08 (s, 2H, methylene); EIMS, m/z, 312 (C12H10Se2). Benzene

selenol was shown to be contaminated with diphenyldiselenide as shown by:

*H NMR (CDC13) ( - 7.0–7.5 (nm, 5H, aromatic), 1.52 (s, 1H, Seh); EIMS,
m/z, 312 (C12H10 Se2), 233 (C6H6 Se). Therefore all the benzeneselenol used

in the following reactions was distilled and stored under argon in the

refrigerator prior to use. The last fraction isolated from the column

corresponded to ketamine (84%).

Attempted Phenylselenide carbamate cleavage of 42 and 43 (Method 1).

Sodium hydride (61.14%, 77 mg, 1.95 mmole, 3 eqv.) in dry THF (10 mL) was

prepared as described above. To the activated NaH was added HMPA (0.450

mL, 2.4 mmole), benzene selenol (0.300 mL, 1.95 mmole, 3 eqv.), and 33
(200 mg, 0.64 mole). The resultant mixture was heated under reflux for

3 hours, then allowed to cool to room temperature and diluted with 10 mL

of H20. The mixture was extracted three times with ether and the combined

e ther extracts were washed with H20, 10% HCl twice, H20 twice, dried over

Na2SO4 and K2CO3, filtered, and concentrated to give a yellow oil. The

oil was shown by 1H NMR (CDC13) to be composed of benzene selenol and the

elimination compound 24. There was no evidence for starting material in
-v-

the spectrum. The acid washes were combined, made basic (pH> 1 l) and
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extracted with CH2Cl2 three times. The combined extracts were washed

with H20 twice, dried over Na2SO4 and K2CO3, filtered, and concentrated

to give a a white solid that was identical by *H NMR (CDC13) to 24.
Method 2.--Sodium hydride (61.14%, 51 mg, 1.3 mmole, 2 eqv.) was

activated according to Method 1 . To the activated NaH was added HMPA

(0.300 mL, 1.7 mmole, 2.6 eqv.), benzene selenol (0.200 mL, 1.3 mmole,

2 eqv.), and 43 (200 mg, 0.65 mmole). The reaction was allowed to proceed

at room temperature with TLC (57. CH3CN/CH2C12, silica gel) monitoring.

After 15 minutes a new spot appeared at Rf - 0.35 along with the elimin

ation product 24 at Rf - 0.71. TLC analysis after 3 hours showed no
*

evidence of starting material and an intense spot at Rf - 0.71. Following

workup (Method 1) yielded the eliminition product 24 only.
*

Method 3.--Method 2 was repeated this time at 0 C and TLC analysis

showed the appearance of 2% at 5 minutes. After 4 hours no starting

material was present; the spot corresponding to 24 was most intense.
*

Workup gave 24 only.
*

Method 4.--Method 2 was repeated with 42. The reaction was monitored
- *

at room temperature by TLC (same as Method 2) which showed after 10 minutes

no evidence for formation of 24. After 2 hours 24 was detectable with
* *

st arting material being noticeable decreased. After 6 hours no starting

material was detectable and the reaction mixture was worked up (Method

2) to yield 24 only. No evidence for 9 was present in the spectrum.
*~ ar

Method 5.--Method 4 was repeated with 42 except this time the react
- a.º.

ion mixture was heated under reflux. After 15 minutes no starting material

was detect able by TLC. The major product isolated was 24.
*

Method 6.--Method 4 was repeated with 42 except this time the react
- *

ion rºm ixture was cooled to O C. TEC showed evidence of 24 after 6 hours
*
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and after allowing the reaction to go overnight no starting material was

present. Compound 24 was the major product detected.
avº

Sodium phenyl selenide reaction with 9.--Sodium hydride (61.14%, 11mg,
Wºº

0.28 mmole, 2 eqv) was activated by the procedure used in Method l. To the

NaH was added 5 mL of dry THF, HMPA (65, L, 0.37 mmole, 2.6 eqv.), benzene

selenol (43al, 0.28 mmole, 2 eqv.), and 9 (35 mg, 0.14 mmole). The react
ion mixture was allowed to react at room temperature and monitored by TLC

(Method 1). After 15 minutes, TLC analysis showed the presence of com—

pounds at Rf - 0.86 (benzene selenol derivatives), 0.58, 0.13 (starting

material), and 0.00 (HMPA). After 3.5 hours no change was apparent by the

TLC. Following workup (Method 1) a faint spot was present corresponding

to 24 which presumably formed during the workup procedure. lh NMR analysis

showed no evidence of 2:-
Iodotrimethylsilane/Carbamate cleavage of 43.--A solution of 43

(100 mg, 0.32 minole) in 5 mL distilled CH2Cl2 was prepared under argon.

To this solution was added by syringe iodotrimethylsilane (TMSI, 0.100

mL, 0.7 mmole). The reaction was allowed to proceed at room temperature.

TLC (5% CH3CN/CH2Cl2, silica gel) analysis showed after 2.5 hours the

presence of compounds with Rf - 0.73, 0.57 (faint), 0.13, and 0.00. No

starting material was detected. The mixture was worked up after 12 hours

by addition of 5 mL Med}} followed by rotary evaporation. The residue was

dissolved into 5 mL of Me OH and sodium methoxide (9 mg, 0.16 mmole) was

added. The mixture was concentrated and partitioned between H20 and

CH2Cl2. The CH2Cl2 layer was washed with 10% Na2SO3, H20 twice, dried over

Na2SO4 and K2CO3, filtered, and concentrated to give a brownish oil. The

oil was analyzed by 1H Nº.2 (CDC13) which showed the presence of 24 as thea.º.

majo r component in the mixture and a small sing let at & 2.08 ppm which
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could not be seperated from this reaction mixture. This singlet at 9 2.08

ppm occurs at the same resonance as the N-methyl resonance of of cis-6-

hydroxyketamine 9).
Synthesis of trimethylsilyl ether of #2 (32).--To a solution of 42

(9.7 g, 31 mmole) in 70 mL distilled CH2C12 under argon was added N,0–

bis-(trimethylsilyl) trifluoroacetamide (BSTFA, 13.2 mL, 50 mmole) and

2 mL of pyridine. The mixture was heated under reflux for 2 hours and

then the volatile components were removed by rotary evaporation and drying

in vacou, TLC (5% CH3CN/ CH2Cl2, silica gel) analysis showed the presence

one spot at Rf - 0.50 with no evidence of starting material. The product

(11.2 g, 94%) was characterized as 52 according to the following evidence:

*H NMR (CDC13) g- 3.58 (s, 3H, O-methyl), 2.85 (s, 3H, N-methyl), and 0.15
(s, 9H, TMS)pp.m.; EIMS, m/z (relative intensity), 383 (M*, 3, 37Cl isotope

at mass 385), 368 (M-CH3, 4), 266 (61), 73 (100); HRMS for cushagno,”Clsi
calculated for 383. 1317 and found 383. 1335.

Synthesis of cis-6-hydroxy-2-(o-chlorophenyl)-2-N-methylaminocyclo

hexan1-one (9) from 52.--To a solution of 52 (11.2 g, 29 mmole) in 70 mL

distilled CH2Cl2 was added TMSI (8.2 mL, 58 mmole). The mixture was

heated under reflux for 3 hours and then cooled to room temperature and

1 OO mL of MeOH was added. The mixture was rotary evaporated and the

residue partitioned between H20 and CH2Cl2. The CH2C12 layer was washed

with 10% Na2SO3, 10%. KHCO3, H20, 10% HCl twice, H20 twice, dried over

Na2SO4 and K2CO3, filtered, and concentrated to give 1.8 g of a yellow

oil - The oily residue showed by TLC and 1H NMR the presence of both.9

and 34. The 10% HC1 layer was made alkaline (pH>1 l) and back extracted
with CH2C12 three times. The CH2 Clo extracts were combined and washed2-12 2-12

with H20 twice, dried over Na2SO4 and K2CO3, filtered, and concentrated
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to give 5.3 g of an amber colored solid. TLC showed only the presence

of 2. The "H NMR (CDC13) spectrum and EIMS were identical to that of

2 isolated and characterized from 23. The material was sublimed and

crystallized from benzene/cyclohexane to give 3.5 g (47%) of pure product:
mp 148–150 C.

*

Synthesis of trimethylsilyl ether of $3 (5)).--To a solution of 33
(3.34 g, 11 mmole) in 50 mL distilled CH2C12 under argon was added N,0–

bis-(trimethylsilyl) trifluoroacetamide (BSTFA, 8.0 mL, 41 mole) and 2 mL

of pyridine. The mixture was heated under reflux for 2 hours and then the

volatile components were removed by rotary evaporation and drying in

wacuo. The crude product was white in color (4.01 g, 96.5%) and was char

acterized as ::: mp 180-181 c, * H NMR (CDC13) 4- 3.72 (s, 3H, 0-methyl),
3.04 (s, 3H, N-methyl), 0.14 (s, 9H, TMS); EIMS, m/z (fragment ion, relat

ive intensity), 383 (M*,37Cl isotope at m/z 385), 368 (M-CH3), 266, 73

(100); CIHRMS for clahz, No.”Clsi calculated for 384.1325 and found
384. 1381.

-

Anal. Calc. for C18H26N04C1Si: C, 56.31; H, 6.86; N, 3.65. Found: C,

56.29; H, 6.86; N, 3.69.

Synthesis of trans-6-Hydroxy-2-(o-chlorophenyl)-2-N-methylaminocyclo

hexan-1-one (10) from 51.--To a solution of 3} (4.01 g, 10.6 mmole) in 50Tzvi Pus7

mL distilled CH2C12 was added TMSI (3.1 mL, 22 mmole). The mixture was

heated under reflux for 3 hours and then cooled to room temperature and 50

mL of MeOH added. The mixture was rotary evaporated and the residue part

itioned between 10% Na2SO3 and CH2Cl2. The CH2C12 layer was washed with

H20 and allowed to stand overnight by which time a white precipitate had

fortraed. The precipitate (94.4 mg) displayed the following properties: mp

127 C ; TLC (5% CH3CN/ CH2C12, silica gel) analysis one spot at Rf - 0.06;



Chapter II 144

lH NMR (CDC13) = 2.66 (s, 3H, N-methyl) ppm ; IR (KBr) 1705 cm−1 (co);

EIMS m/z (fragment ion, relative intensity) 297 (M+, > 37C1 isotope at

mass 299), 253 (M-CO2, ), 235 (M-CO2-H20, ), 225 (M-CO2-CO, ), 180

(M-CO2C3H5O2, ). Attempts to dissolve this solid in H20 and CH2Cl2

failed. Futher attempts to dissolve this solid into 10% Na2CO3 allowed

the isolation of the desired product (10) in small amounts. The material

was found to decompose readily when the basic layer CH2Cl2 was rotary

evaporated and exposed to air. These properties point to this material as

being a carbonate salt of 10. The initial filtrate was washed with 10%

KHCO3, H20 twice, dried over Na2SO4 and K2CO3, filtered, and concentrated

to give 1.86 g of a yellow oil. Column Chromatography of the oil (silica

gel, Silicar 7, Mallinckrodt, 5% CH3CN/CH2Cl2) gave a polar component (523

ing) which showed by TLC the presence of 24. Following 2 recrystallizations

from THF/hexane and isopropanol 394 mg (14.7%) of color less crystals of

10 were obtained: mp 114-115 C; "H NMR (CDCl3) = 7. 1-7.5 (nm, 4H, a romatic),

4.5-4.85 (nd, 1H, methine), 4.15 (bs, exhangeable and coupled to the

methine proton), 2.12 (s, 3H, N-methyl) ppm; IR (KBr) 1705 cm−1 (co);

EIMS, m/z (fragment ion, relative intensity), 253 (M+, 2, 37Cl isotope

at mass 255), 235 (M-H20, 2), 225 (M-co, 50), 180 (M-C3H502, 100), 152

(CSH7NC1, 24, 90).

Anal. Calc. for C13+16 NO2Cl: C, 61.52; H, 6.36; N, 5.54. Found: C,

61 - 4.4; H, 6.35; N, 5.20.

Stability of 9 and 10. --A solution of 3. in 0.2 M NaOH/Me OH was stirr

ed a t room temperature. TLC (5% CH3CN/CH2Cl2, silica gel) monitoring

showed no evidence of 24 after 1 hour. After stirring overnight, signif

ican r amounts of 24 were present by TLC (equal intensity to 9).

Repeating this experiment with 10 showed a fter 1 hour the near absence
w”
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of starting material and the significant formation of 2: by TLC. After 2

hours no starting material was detectable. Also present was a new spot

at Rf - 0.18 whose nature was not explored.

A solution of 3 (5 mg/0.5 mL of MeOH) in 10 mL of 0.15 M KC1/0.02 M

KHP04 buffer (pH 7.4) and agitated at 37 C for 30 minutes. After adding

4 drops conc. NH4OH, the solution was extracted 3 time with CH2C12 and

the combined CH2C12 extracts were washed with H20 twice, dried over

Na2SO4 and K2CO3, filtered, and concentrated. *H NMR (CDC13) analysis

and TLC analysis showed only starting material with no evidence for 2*.
Repeating this experiment with 19 gave similar results with a

slight trace of the elimination product 2:. The elimination product was
present in similar amounts to that formed by working up a similar solution

that had not been incubated .

Attempted empinerization of 9 and 10; A solution of 2 in 0.2 mL pyridine

and 3 mL benzene was allowed to reflux for 2 hours then was concentrated

and dried in vacuo. *H NMR (CDC13) analysis showed only the presence of 9.

Repeating this experiment with 10 gave similar results with only 10
-> -

being detected by 1H NMR.
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Chapter III

Metabolic Studies of cis- and trans-6-Hydroxyketamine's
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Introduction

Despite numerous studies on the biodisposition of ketamine 9 in

several animal species and man, 1-12 the overall metabolic fate of the

agent remains poorly understood. Early work by Chang and Glaskol led to

the identification of the N-desmethyl metabolite of ketamine, norketamine

(metabolite I, 4), as a major metabolite isolated in in wivo and in in
site tale. Taº identified was the unusual unsaturated analog of

norketamine possessing a cyclohex-5-en-1-one structure (metabolite II,

5,6-dehydronorketamine, 5). Both metabolites as mentioned in chapter II

have been synthesized and completely characterized. 11 These two meta

bolites are the only metabolites of ketamine to be positively identified

in any species.

Studies in human subjects given tritium labeled ketamine13 have shown

that 91% of the administered radioactivity could be recovered in the urine

over a 5 day period.” Only 20% of the administered dose could be accounted

for as parent drug Q), norketamine (4) and 5,6-dehydronorketamine 93),
leaving 80% as unknown metabolites.

The formation of the 5,6-dehydronorketamine 93) from both in vivo and
in vitro experiments indicated the possibility of the cyclohexanone ring

being hydroxylated at the 5 or 6 position. These hydroxylated metabolites

would then undergo elimination to give_5. As mentioned in Chapter II Chang

and Glaskoë postulated the formation of the 5 and 6-hydroxynorketamines

(8 and 2) without giving experimental data to support their claims. In
chapter II the metabolic pathway for ketamine (Scheme I, Chapter II) as

proposed by Chang and Glasko was presented .

The availability of novel nonselective extraction procedures for iso

lation of organic compounds from biological samples (SEP-PAK cartridges),
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followed by sample analysis using combined capillary gas chromatography

mass spectrometry allowed the identification and semiquantitation of six

previously unidentified metabolites of ketamine. 12 Tentative structural

assignments were made based on high resolution mass spectral analysis of

key cyclohexanone ring fragment ions as will be described below.

| ,Cººr
Cl oH

-

H2 O NH, O

7 53 54
a- * aº

Cº.
l Cl H

) bH
º

loHNH, 5 HCNH g H CNH 6

55,56 9, 10 57
a- ºr * * *

Hydroxylation of the cyclohexanone ring of ketamine generates a new

chiral center in the molecule and therefore the possibility of diastereo

meric metabolites as was mentioned in chapter II. In rats there was

observed 2 possible diastereomeric 5-hydroxynorketamines Q. and 33).”
The use of mild conditions for sample workup resulted in very little

of the 5,6 dehyronorketamine 93) detected.” This finding indicates that
the elimination product 5 is an artifact formed from the analytical

ave

workup procedures previously used which included the addition of strong

base. 1-10 The addition of base to a solution of the 6-hydroxyketamines
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as was shown in Chapter II results in rapid elimination to give 23. These

results indicate the need to avoid strong base in the analytical workup

procedure.

Review of Mass Spectral Data of Ketamine and its Metabolites:

The key fragmentation pathways of the cyclohexanone rings of A, 4, and
5 as their pentafluoropropionyl derivatives are shown below in Scheme I.
aw

Scheme I

KETAMINE_PFP NORKETAMINE PFP
312 (278)

312 (278) 264, sº
H(c)—— cº-º.:*+ - - • ‘.

| CH3- N = C-C2Fs &H-ch
Ar m/z |6O A,2'-

CH - N H
-

N w* O | O
PFP

-
PFP

Ar
H-N :

■ o
PFP ‘EE

Figures 1, 2 and 3 show electron impact mass spectra of these PFP derivat

ives. Common in all of these compounds was the appearance of the molecular
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ion in low relative abundance, together with prominent fragment ions for

loss of C1 and Co.12 Also, cleavage of the cyclohexanone ring system

involving the C-1-C-2 bond was a major pathway of fragmentation in all

cases. The base peak in ketamine PFP was at m/z 160 and was shown by HRMS

analysis to correspond to the fragment ion C4H3NF5+. This fragment ion is

formed by cleavage of the amino group from the cyclohexanone ring and loss

of H2O. This fragment ion is characteristic of ketº-ºne PFP derivatives
that contain an N-methyl group.

|

wº, tº cº ºr t c <- - --- ~ : c --> --> -->
- am tº v - - - - e, w - - - - - - - -

- - - - - - - - - - ºw ºw - --

C 68
5

CI

: : º
º O

$ PFP 3.
º, MW 367

-

:

º

: M-C1-C4H40 M-Cl
264

-

* . 332 M”| | | 367| || | |, -

-I-I"------...-H...------------------4--------4-----|--

Figure 3. Electron inpact mass spectrum (70 e.v.) of PFP 5.
a."
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Present in the mass spectrum of 5 is the fragment ion at m/z 68, which
can be accounted for by a retro Diels-Alder cleavage of the cyclohexanone

ring system generating the C4H40 fragment ion. The presence of this frag

ment ion in the mass spectrum of a metabolite would indicate that the met

abolite possesses either an 2.9-unsaturated cyclohexanone ring moiety or

can form this fragment ion during electron impact fragmentation. 12

The presence of cyclohexanone ring hydroxylated metabolites of nor

ketamine were identified by key fragment ions at m/z 496 (M-Cl]* and 468

[M-C1-colt for their PFP derivatives.” The possibility that hydroxylation

had occured in the aromatic ring was eliminated by careful examination of

fragment ions formed by cleavage of the cyclohexanone ring. There is no

evidence of aromatic ring hydroxylation in any of the identified metabol

ites of ketamine. The presence of cyclohexanone ring hydroxylated meta

bolites of ketamine 1 were identified by the key fragment ion at m/z 482

Im-C1-CO)". The sites of hydroxylation in the cyclohexanone ring of meta

bolites were tentatively made by interpretations of changes in the mass

of key cyclohexanone bond cleavage fragment ions. The key cyclohexanone

bond cleavage pathways involve simultanous cleavage of the C-1-C-2 bond

and the C-3-C-4, C-4-C-5, or C-5-C-6 bonds. Further information on

the site of hydroxylation in the cyclohexanone ring comes from the

presence in the mass spectrum of the retro Diels-Alder product at m/z

68.12 This fragment ion could possible be formed from both 5 and 6

hydroxy metabolites of ketamine. Scheme 2 shows fragmentation pathways

of metabolites tentatively identified by Adams et al.”
The lack of reference compounds makes the assignment of sites of

hydroxylation in the cyclohexandme ring tentative. There exists the

possibility that hydroxylation at either the 5 or 6 position of the
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cyclohexanone ring could give rise to the retro Diels-Alder fragment ion

at m/z 68. Therefore, electron impact mass spectra of the e-ydroxyket
amines and their possible N-desmethyl derivatives should allow for the

determination of hydroxylation at the 5 and 6 positions of the cyclohexan
one ring. With the ability to determine 5 and 6 hydroxy- metabolites of

ketamine it should then be possible to determine the location of other

possible hydroxy metabolites. For example the 4 hydroxy metabolites

should be assignable when the 5 and 6 position are eliminated as possible

sites of hydroxylation and by the presence of the C-1-C-2 and C-3–C-4

bond cleavage product which would allow for the elimination of the 3

position as a site of hydroxylation.

Scheme II

HYDROXYNORKETAMINE II, IV bis-PFP HYDROxYNORKETAMINE I bis-PFP
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t Mozzº
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cis- and trans-6-Hydroxyketamine's role in characterization of the metabol

ism of ketamine.

Following the synthesis of cis-6-hydroxyketamine Q) and trans-6-

hydroxyketamine (19), reported in chapter II, it was now possible to

obtained information on mass spectral fragmentation pathways as related to

assignments of cyclohexanone ring hydroxylation locations for metabolites

of ketamine. Furthermore, the me tobolism of 9 and 19 should allow for

the formation of the corresponding 6-hydroxynorketamines (35 and 35)
which would give reference mass spectra for future metabolic studies.

The availability of both diastereomeric 6-hydroxyketamines would also

allow the assignment of relative stereochemistry at the 6 position for

metabolites of ketamine and norketamine.

A series of in vitro metabolic experiments were planned to allow

us to more completely characterize the metabolic fate of ketamine. These

studies were aimed at determining whether 9 or 10 are metabolites of
* *

ketamine, if either 9 or 10 are substrates for N-demethylation to the

corresponding 6-hydroxynorketamines (55 and 56), and to determine if the
- -

elimination product 2% is formed under metabolic conditions.

In Vitro metabolism studies in rat, rabbit, and man.

In order to investigate species differences in the metabolism of 1,
*

3, and 19 we decided to conduct a series of in vitro metabolic studies
using rat, rabbit, and human liver microsomal preparations. Rats were

selected to allow us to compare our results with previous studies by

Adams et al.” Rabbits were included because of their high N-demethyl

ation activity which should allow for the formation of the 6-hydroxynor

ketamines from . and 19. Human liver microsomes were selected to allow

for future comparisons of in vitro results with those obtained in vivo.
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Metabolism experiments were conducted using liver microsomal prepar

ations (see experimental section) at protein concentrations of approximate

ly 2 mg/mL and substrate concentrations of 1 mM in all metabolic incubates.

An NADPH regenerating system, glucose-6-phosphate dehydrogenase, Glucose

6-phosphate, and NADP+ was also used along with EGTA. The buffer used in

all the incubations was HEPES buffer at pH 7.4. The experiments were

carried out at 30 C with all experiments performed using duplicates and

repeated. Control experiments (no NADP") were performed with rat and

rabbit microsomes. The reactions were stopped by either of two methods

depending on the method used to analysis substrate metabolism. Incubates

were analyzed by either the NASH method 14 or by gas chromatography (GC)

and gas chromatography mass spectrometry (GCMS). The NASH method involves

addition of semicarbazide to the incubation mixture which traps by format

ion of a Schiffs base the formaldehyde generated during incubation. The

incubations were stopped by addition of 20% zinc sulfate followed by

saturated barium hydroxide. The amount of formaldehyde formed was meas

ured by colorimetry and was used in our studies to measure the relative

amounts of metabolism of *" 3, and }9. The assumption that N-demethylat

ion is the major pathway of metabolism of 3. 2, and 29 was confirmed in

later GC analyses. Samples prepared for GC/GCMS analysis were quenched

by freezing the incubates in liquid nitrogen and storage at -78 C until

workup for analysis.

Rat microsomal studies.

Following the preparation of rat liver microsomes (see experimental

section) a series of metabolic incubations of 1, 9, and 10 were carried
* *- *

out as shown in Table I. The microsome s were the last constituent added

to start the reactions and the samples were incubated for the times shown.
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Table
I

MICROSOMALINCUBATIONSFORNASHANALYSES

cis-6-trans-6- hydroxyhydroxy

TimeMicrosomesSemicarbazideHEPESbufferEGTA*Glu-6-Phosphate”NADP+Ketamineketamineketamin (min)20mg/mL150mM0.1M10mM30mM5mM10mM10mM10mM
150.250.11.450.30.30.30.3------- 150.250.11.750.30.3----0.3-------- 150.250.11.450.30.30.3---0.3---- 150.250.11.750.30.3-------0.3---- 150.250.11.450.30.30.3------0.3mL 150.250.11.750.30.3-----------0.3mL

*
HEPESbufferwasprepared
to0.1Mandadjusted
topH7.4.

**
Glu-6-Phosphatecontaines:Glucose-6-phosphate
(80mM),
Glucose-6-phosphate dehydrogenase

(10IU/mL),andMgCl2(40mM)ina0.1M
HEPESbufferadjusted

topH7.4.
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The results of the NASH analyses of 1, 9, and 10 are shown in Table II.
* A. ºv’

Comparison of the 15 minute incubates with and without NADP+ for the NADPH

regenerating system clearly shows that...], 9, and 19 undergo NADPH dependent
º

microsomal metabolism with the formation of formaldehyde. Therefore, both

of the 6-hydroxy isomers of ketamine appear to be substrates for microsomal

N-demethylation. The cis-6-hydroxy-isomer 9) generates similar amounts
of formaldehyde as compared to ketamine under these incubation conditions,

which suggests that both l and 3. have similar substrate affinities with4-y

respect to rates of N-demethylation. The trans-6-hydroxy-isomer (10) shows
ae

clearly a slower rate of N-demethylation than either ketamine or the cis

6-hydroxy-isomer (9).
*

Table II
Rate of Metabolism” z Metabolism”

Substrate NADP+ (nmole/mg protein/min) (N-demethylation)

ketamine + 3.6 x 10−3 11.0
- O O

cis-6-hydroxy- + 4.0 x 10−3 12.5
ketamine - O O

trans-6-hydroxy- + 2.7 x 10−3 8.5
ketamine - 0 O

* The rates of metabolism were calculated as an average of two different
experiments.

Phenobarbital induced rats.

The metabolism experiments (same conditions as with noninduced rats)

were repeated in phenobarbital induced rats to observe the effects on

the rates of metabolism of 2, 3, and 19 as measured by the NASH method.
Saline injected rats were used as controls for the phenobarbital injected

rats. Table III shows the increase in Ž metabolized of 2, 2. and !9. as

a result of phenobarbital induction. The induced rat liver microsomes

show a similar increase in rate of metabolism of ketamine and the cis-6-
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hydroxy-isomer 9 as measured by increases in formaldehyde production.
*

The induced microsomes showed a 4-5 fold increases in rates of N-demethyl

ation of ketamine and cis-6-hydroxyketamine with trans-6-hydroxyketamine

showing a slightly lower increase (4 fold).

Table III

Induced Rat Liver Microsomes

Rate of Metabolism” z Metabolism”
Substrate NADP+ (nmole/mg of protein/min) (N-demethylation)

ketamine + 15.3 x 10−3 41.6
- 0 0

cis-6-hydroxy- + 14.8 x 10−3 40.0
ketamine - O O

trans-6-hydroxy- + 8.5 x 10−3 23.7
ketamine - O O

Saline Control Rat Liver Microsomes

ketamine +

cis-6-hydroxy- +
ketamine -

trans-6-hydroxy- +
ketamine -

*The rates of metabolism
experiments.

3.2 x 10−3 8.4
O O

3.3 x 10−3 8.5
O O

2.2 x 10–3 5.7
O O

were calculated as an average of two different

Rabbit Microsomal Incubations:

Incubations using rabbit liver microsomes (see experimental section)

were performed using the same conditions shown in Table I with l, 9, and*

10. The results of the NASH method are shown in Table IV. The signific
ant difference in rate of metabolism of ketamine and cis-6-hydroxyketamine

(2) contrasts markedly with that observed with rat microsomes where they

showed similar activity. The trans-isomer (10) is metabolized at a slower

rate, approximately 60% of that of the cis-isomer (9) and 27% of that of l.
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Table IV

Rabbit Liver Microsomes

Rate of Metabolism" z Metabolism”
Substrate NADP+ (nmole/mg of protein/min) (N-demethylation)

ketamine + 4.0 x 10−3 10.7
- O O

cis-6-hydroxy- + 1.8 x 10−3 5.0
ketamine - 0 O

trans-6-hydroxy- + 1.0 x 10−3 2.9
ketamine - 0 0

*The rates of metabolism were calculated as an average from two different
experiments.

Phenobarbital induced rabbit:

Ketamine, cis-6-hydroxyketamine, and trans-6-hydroxyketamine were

incubated with phenobarbital induced rabbit liver microsomes using the

constituents shown in Table I. The 15 minute incubations were analyzed

by the NASH procedure with the results shown in Table W. The rates of

metabolism of ketamine and the cis-isomer 2 are similar in the induced

rabbit which contrasts to the differences observed in the noninduced

rabbit. There was also a significant increase in the rate of metabolism

of the trans-isomer (10) but not nearly as great as with the cis-isomer
aw

(9).
av

Table W

Phenobarbitol Induced Rabbit Liver Microsomes
Rate of Metabolism” z Metabolism”

Substrate NADP+ (nmole/mg of protein/min) (N-demethylation)

ketamine + 21.4 x 10−3 53.4
- O O

cis-6-hydroxy- + 21.4 x 10−3 53.4
ketamine - 0 O

trans-6-hydroxy- + 10.5 x 10−3 26.2
ketamine - 0 O

*The rates of metabolism were calculated as an average from two different
experiments.
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Gas chromatographic analysis of microsomal incubations.

For gas chromatography (GC) and gas chromatography-mass spectrometry

(GCMS) analysis of in vitro microsomal incubations ketamine, cis-6-hydr

oxyketamine and trans-6-hydroxyketamine were incubated for 30 minutes.

Typical experimental conditions are shown in Table WI. The incubations

were stopped by freezing the incubate in liquid nitrogen and storing at

–78 C until analytical workup. The samples, after thawing, were injected

with phenylcyclohexylmethylamine ($9, 100 ag) as an internal standard and

extracted nonselectively by passing them through a SEP-PAK cartridge (C18)

which retains only organic materials. Prior to use the C18 reverse phase

cartridges were prewashed to remove organic contaminants. The organic

material retained on the cartridge which includes substrate and metabolites

were eluted by flushing the cartridge with methanol. Following extraction

by SEP-PAK the samples were prepared as their pentafluropropionyl (PFP)

derivatives by derivatization with pentafluropropionic anhydride (PFPA)

and ethyl acetate (1:1). Following derivatization the metabolic samples

were analyzed by GC using a fused silica capillary column (see experimen

tal section).

To obtain accurate retention time values (Um) the samples were co

injected with alkanes. Peak assignments were made by comparison to retent

ion times obtained by GCMS analysis of the incubates. The GCMS results

will be described later.

No attempt was made to semi-quantitate all the peaks identified as

metabolites of the substrates but peak height ratios with respect to the

internal standard were calculated for selected peaks. The peak height

ratios are presented to show relative amounts of substrate and metabolites

and are not meant to be taken as accurate values for amounts of metabolites



Chapter III 164

formed. The main reason for not semi-quantitating was the inability to

resolve all of the metabolite peaks from other peaks present in the

incubation mixture. This was shown by comparison of incubations with

and without NADP+ in which peaks were present in both chromatograms in

the same region. Futhermore, the lack of reference compounds for quanti

tation of the detector response for the metabolites and the small peak

heights of the metabolites indicated that significant errors were possible

in attempts at quantitation. Still it is possible in some cases to

estimate the amount of metabolites formed by comparison of peak height

ratios to substrate.

GC analysis of Rat Microsomal Incubations:

Figure 4 shows a gas chromatogram for ketamine incubated for 30 minutes

with rat liver microsomes according to the conditions shown in Table WI.
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Figure 4. Gas Chromatogram of ketamine metabolism by rat microsomes.
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TableWI

MICROSOMALINCUBATIONSFORGAS
CHROMATOGRAPHYANALYSIS

c18-6-trans-6-

*
hydroxyhydroxy

TimeMicrosomesSemicarbazideHEPESbuffer"EGTA
Glu-6-Phosphate”NADP+Ketamineketamineketamine (min)20mg/ml,150mM0.1M10mM30mM5mM10mM10mM10mM

300.25---1.550.30.30.30.3-- 300.25---1.850.30.3-0.3-- 300.25--1.550.30.30.3---0.3-- 300.25---1.850.30.3---0.3- 300.25--1.550.30.30.3---0.3mL 300.25--1.850.30.3------0.3mL

*
HEPESbufferwasprepared
to0.1Mandadjusted
topH7.4.

**
Glu-6-Phosphatecontaines:Glucose-6-phosphate
(80mM),

Glucose-6-phosphate dehydrogenase
(10IU/mL),andMgCl2(40mM)ina0.1M
HEPESbufferadjusted topH7.4.
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Figure 4a. Gas chromatogram of control incubation of 1 without NADP+.
*

Table VII

RT (Um) Peak Height
Ratio

Internal 17. 22 ---

standard
A 18.02 0.53
B 18. 14 0.15
C 18.62 0.11
D 18.69 0.05
E 18.83 0.15
F 19.64 1.74
G 19.81 0.06

Table VII shows retention times and peak height ratios (peak height/

internal standard peak height) for peaks labeled in figure 4. Following

GCMS it was possible to assign some of these peaks to metabolites of

ketamine. The peak at Um- 18.02 corresponds to norketamine 9 and is

the major metabolite formed from ketamine. The peak labeled ‘B could

not be assigned to the trans-6-hydroxynorketamine (35) even though it

has the same retention time as that of the N-demethylated metabolite of
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" * -

trans-6-hydroxyketamine(19) as GCMS analysis failed to confirm the assign
r

Thent, Furthermore, a small peak appears at this retention time in the
* -

control sapple. The peak labeled C in the NADP+ microsomal incubation
corresponds to the cis-6-hydroxynorketamine (55) based on GCMS data. F

corresponds to ketamine. No other peaks in the chromatogram were assigned

because of lack of GCMS confirmation.

Figure 5 shows gas chromatograms for cis-6-hydroxyketamine (9) incub
- *

ated in rat along with a control incubation without NADP+ and Table VIII

shows retention times and peak height ratios. 220°c
... •TI

... • * C
• *

... •"
I. Se

-
,” B IC C,” In nnºis .." l9 20

º

º *

... *■
• *

-

º º -

*

tºl § |tº

120 cl." º \ |-
Time o l2 25 min

Figure 5. Gas chromatogram of 9, incubated in rat for 30 minutes:
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Figure 5a. Gas chromatogram of 9 incubated without NADP+.



Chapter III 167

Table VIII

RT (Um) Peak Height
Ratio

Internal 17.22
standard

A 17. 52 0.26 (0.24 control)
B 18.68 1.22
C 19.82 3.13

Table VIII shows a peak assignable by GCMS to the elimination product 3:
at 17.3% Um. The presence of this compound in comparible amounts in the

chromatograms of the incubates with and without NADP+ indicated that 2%

is not formed by metabolism. A sample of .2 derivatized directly failed

to show the presence of & further supporting its formation as an artifact

of the analytical workup procedure. The peak labeled B corresponds to the

cis-6-hydroxynorketamine Ç) and that labeled C corresponds to substrate.

Figure 6 shows gas chromatograms for tran-6-hydroxyketamine incubated

for 30 minutes with and without NADP+. Table IX shows retention times

and peak height ratios.
220 c
KC

|*20

| º
- W

120+
Time O 12 25 min

Figure 6. Gas chromatogram of 10 incubated in rat with NADP* for 30 minutes.
*v
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Figure 6a. Gas chromatogram of 43 incubated without NADP+ in rat.

Table IX

RT (Um) Peak height
Ratio

Internal 17.23 --

standard
A 17.55 0.60 (0.51 control)
B 18. 13 0.70
C 19.71 1. 38

Table IX shows a peak assignable to the elimination product 24 at 17.55
*

Um This was confirmed by GCMS analysis and by comparison of retention

time to known 24. The presence of 24 in similar amounts in incubates with
* º

and without NADP+ indicated that it was not formed by metabolism, but was

formed as an artifact of the analytical workup. The peak labeled B was

shown by GCMS analysis to correspond to trans-6-hydroxynorketamine (56).
This metabolite is not present in the control incubate.

Phenobarbital Induced Rats Gas Chroma graphy Analysis:

Figure 7 shows gas chromatograms for Q incubated in phenobarbital
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and saline treated rats.

ratios for induced and saline control rats.

H

..] ..."-k

Table X shows retention times and peak height

120 c
Time O l2 25 min

Figure 7. Gas Chromatogram of 1 incubated with phenobarbital induced rat.
º

Time O

Figure 7a. Gas

—ll
l2

|
--—"

chromatogram of 1
*

incubated in

-
25 min

saline control rat.
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Table X

Phenobarbital Saline
RT (Um) Peak Height Peak Height

Ratio Ratio

Internal 17.24
standard

A 17.91 0.20 --

B 18. 10 1.42 0.58
C 18.24 0.16 — (0.09)*
D 18.65 0.49 -

E 19.43 0.03 --

F 19.63 0.87 2.66
G 19.67 0. 10 --

* Control without NADP+

The significant increase in the amounts of norketamine (#. peak B) is

readily apparent in the chromatograms (norketamine peak being 21% of the

ketamine peak height in controls and 163% of the ketamine peak height in

phenobarbital induced microsomes). The phenobarbital induced rats show

an increase in ring hydroxylated metabolites that can be identified by

GCMS retention time comparisons. A larger amount of the metabolite corre

sponding to the cis-6-hydroxynorketamine (peak D) was readily apparent by

comparisons of peak heights of the phenobarbitol induced rats with normal

rat S 1% being less than 6% in noninduced (Table VII) and 35 being less

than 56% in induced rat based on peak height ] . The peak labeled A was

later shown to correspond to the 4-hydroxynorketamine (#). The peak

labeled C was later shown to correspond to a 5-hydroxynorketamine 97. Or

33) with less than 18% of the peak height of ketamine and the peak labeled

E was shown to be a possible 4-hydroxyketamine (3Z) with less than 3% of

the peak height of ketamine. The peak labeled G corresponds in retention

time to that of trans-6-hydroxyketamine with less than 11z of the peak

height of ketamine and GCMS confirmed this peak to be a 6-hydroxyketamine.

No evidence for the elimination product 24 was present in the chromatograms.
-
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A gas chromatogram of 9 incubated with induced rat liver microsomes
*

(Table VI for conditions) is shown in Figure 8 with retention times and

peak height ratios shown in Table XI. Notice the similar amounts of the

elimination product 2% present in both incubates with and without NADP+

(7 and 67 of 2. peak height, respectively). The significant increase in

the amount of cis-6-hydroxynorketamine (55) in phenobarbital induced rat

with the peak height being close to 100% of 9 and in noninduced the peak

height being less than 38%.

220 C

H 2 -1C
n°15 The n°20

... " 19|| ||

_2^
… "

...i■ A |

-
l ºl

12678
-

Time O l2 25 min

Figure 8. Gas Chromatogram of 9 incubated with phenobarbital induced rat
microsomes.

Table XI
Phenobarbitol Control

RT (Um) Peak Height Peak Height
Ratio Ratio

Internal 17. 19
--- ---

Standard

A . . 17.50 0.31 0.24
B 18.68 4. 37 --

C 19.76 4.35 3.69
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A gas chromatogram of j9 incubated with induced rat liver microsomes

(Table VI for conditions) is shown in Figure 9 with retention times and

peak height ratios shown in Table XII.

elimination product 2 in the incubations with and without NADP+.

Notice the similar amounts of the

The

N-demethylated metabolite 56 (peak B) increases from less than 30% of
*

the peak height (notice the appearance of a peak with similar retention

times as 56 in the control incubate) to less than 75% in the phenobarbital

-1-

-
• * C

induced.

2

sº *
*

—l’’ ti-i-
l2O C

Time O l2

Figure 9. Gas Chromatogram of 39 incubated with phenobarbitol induced rat

220 C

InC nC

■ '
25 min

microsomes.

Table XII

Phenobarbital Saline
RT (Um) Peak Height Peak Height

Ratio Ratio

Internal 17.23 - -

standard
-

º:

A 17.54 0.44 0.63 Q-372.
B 18. 18 1 - 18 1.25 (0.772.
C 19.72 1.56 3.82 (1.55)

*Peak height of 24 without NADP+.
** Peak heights of B and C in normal rats.
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Gas Chromatography Analysis of Rabbit Microsomal Incubations:

Figure 10 shows gas chromatograms of 4, incubated with rabbit liver

microsomes with and without NADP+ for 30 minutes and Table XIII gives

retention times and peak height ratios. 220 C

— _2^■
I.S. 2 *

e F
*

.*
*

C ... ." A "*19 ||*20
n-15 2 *

...”
.*

2 *
2 *

2 *

| > * C

\ *]] }=}^ —l———
-

120 C
-

Time 0 l2 .25 min
Figure 10. Gas chromatogram of 1 incubated with NADP+ using rabbit

microsomes. *

220 C

I.S. ...~" ■ lº
2 *

2."
~~ C nC

C ... " n° 19 || *-20
nº.15 . .”

•

' | > * ~–2–1–4– L
12 ºf C

- -

Time O l2 25 min

Figure 10a. Gas chromatogram of 1 incubated without NADP+ using rabbit
avemicrosomes.
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Table XIII
RT (Um) Peak height

Ratio

Internal 17.24 -

standard
A 18.04 0.67
B 18. 15 0.08
C 18.63 0.10 (0.05)*
D 18.70 0.13
E 19. 40 0.04
F 19.70 1.93

*peak height ratio in control rabbits

The peaks labeled A and F have the same retention times as norketamine

(4) and ketamine 9) with norketamine being 35% of the peak height of

ketamine. The peak labeled B has the same retention time as trans-6-

hydroxynorketamine (55), however, it was not possible to confirm the

assignment by GCMS. The presence of a peak with a similar retention time

in the control incubates indicated that this peak was an artifact of the

incubation mixture and not a metabolite. The peak labeled C has the

same retention time as cis-6-hydroxynorketamine (55) and this assignment

was later confirmed by GCMS. It should be pointed out that the control

samples also showed a peak with similar retention times to 35 which makes

quantitation difficult under these conditions. This peak for 35 at 18.63

Um is in the same region of the chromatogram where the PFP enol ether

of A. occurs which may explain the presence of the peak in the control

incubates. The peak labeled E may correspond to 4-hydroxyketamine (37).
Figure l l shows a gas chromatogram of a rabbit liver microsomal

incubation of 9 for 30 minutes and table XIV shows retention times and

peak height ratios of selected peaks. The formation of cis-6-hydroxynor

ketamine at 18.64 Um is clearly the major pathway for metabolism of

3. The presence in the spectrum of the elimination product 24 as mentioned*
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previously is the result of the workup procedure. The presence of a

peak at 18.15 Um is of interest as it occurs close to the retention time

of trans-6-hydroxynorketamine. GCMS data failed to support this peak

as 56. This peak was found to be present in control incubates.
º

220 c

— nC15 I.S. zº C2 * n°20

J.-\º – Jº |
Time O - l2 25 min

Figure 11. Gas chromatogram of 9 incubated with NADP+ using rabbit
zº,microsomes.

Table XV

RT (Um) Peak Height
Ratio

Internal 17.23
--

standard
A 17. 50 0.03
B 18. 15 0.04
C 18.62 0. 55
D 19.82 2.06
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Figure 12 shows a gas chromatogram of a rabbit liver microsomal

incubation of 10 for 30 minutes and Table XV shows retention times and

peak height ratios of selected peaks.
f\,.

The formation of trans-6-hydroxy

norketamine (56) at 18.09 Um at less than 197 of the peak height of 10

was confirmed by GCMS analysis.
ºv A.

The peak label C which was also present

in the control (-NADP+) incubate may be the same artifact present with

incubates of ketamine and the cis-isomer 9. The elimination product 24
- * *

is present in similar amounts in incubates with and without NADP+.

220 C

D

, nC20

..]
22

J.
A-11 Aaa 1 a-a-a-—-Laa. --* T-TV riv-VTwº

l2O C
Time O l2 25 min

Figure 12. Gas chromatogram of 10 incubated with NADP+ using rabbit
microsomes. Af

Table XV

RT (Um) Peak Height
Ratio

Internal 17.22 ---

standard
A 17. 51 0.23
B 18.09 0.31
C 18. 18 0.20
D 19.68 1.65
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Phenobarbital Induced Rabbit Microsomes Gas Chromatography Analysis.

Figure 13 shows a gas chromatogram for 1 incubated with induced
*

rabbit liver microsomes (Table VI) for 30 minutes and Table XVI shows

retention times and peak height ratios of selected peaks.
220 C

H e - le

n°15 Hº*

■ tºs. n°19

…’’ *20
... •

.*

- *

|
22*. C

_2^ |
_2^

-
|

2 . " A | |, ||
J. , - 1 l | |\||M|.

176 c
Time O l2 25 min

Figure 13. Gas chromatogram of Ll incubated with phenobarbital induced
rabbit microsomes (+NADP")

Table XVI

RTCUm) Peak Height
Ratio

Internal 17.23 -

standard
A 17.87 0.07
B 18.07 1.27
C 18.62 0.32
D 18.82 0. 13
E 19.63 1.04

The significant increase in metabolism of 1 is readily apparent with
zºº,”

the greater amount of norketamine (4) formed as seen by the increase in
*

Peak height ratio of peak B (122% of ketamine in induced rabbit and 35%

in noninduced). There was no evidence for the presence of 2% in the
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chromatogram. The peak at 17.87 Um was identified by retention time to be

4-hydroxynorketamine 93%) identified by GCMS. A significant increase in

the amount of the cis-6-hydroxynorketamine (30z in induced rabbit compared

to 7% in noninduced with the real values probably lower as a result of

a contaminant peak with the same retention time) is observed along with

the presence of a peak at 18.82 Um corresponding to a possible 5-hydroxy

norketamine (see mass spectral identifications).

Figures 14 and 15 show 2 and 10 incubated with phenobarbital induced
rabbit liver microsomes for 30 minutes. Tables XVII and XVIII show re

tention time and peak height ratio values for selected peaks.

kJ.
Time O l2

l 2 O C

25 min

Figure 14. Gas chromatogram of Å. incubated with phenobarbital induced
rabbit (+NADP+).
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Table XVII

RTCUm) Peak Height
Ratio

Internal 17.20 -

standard
A 17. 52 0.61
B 18.71 2.08
C 19.74 1. 48

22O C

..—
B ~ *

nºis zºne
... • 19

_2^ n°20
*

2. '
.”

i --" I.S.
,”

2^

.* A
...A■

-

. . .”

J.” —”
I,’

l2O C
Time O l2 25 min

Figure 15. Gas chromatogram of 10 incubated with phenobarbital induced
rabbit microsomes. Tº

Table XVIII

RT(Um) Peak Height
Ratio

Internal 17.21 -

standard
A 17. 52 0.37
B 18. 16 2.43
C 19.69 0.38
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The dramatic increases in amounts of n-denethylated 2 and !9 is read

ily apparent with the phenobarbital induced rabbit. The amount of elimin

ation product formed is similar to that observed for noninduced rabbit

microsomes, which further indicates that it is not a metabolite. In the

chromatogram of 9 there was present in similar relative amounts the peak

at 18.15 Um which was not the trans- metabolite 36 as shown by GCMS.

The efficiency of the N-demethylations of 9 and 10 to 35 and 36,•v

respectively, indicates that this might be a way to obtain 55 and 56 in
* *

large enough quantities to allow studies on their metabolic and pharmaco

logical properties.

Human Liver Microsomal Incubations Analyzed by Gas Chromatography:

Figure 16 shows a gas chromatogram for ketamine incubated with human

liver microsomes for 30 minutes using the conditions shown in previously

in Table VI. The only difference was the concentration of microsomes used

in these incubations contained 5 times the concentration of protein used

in rat and rabbit incubations. This extra amount of microsomal protein

was necessary to take in account the decreased metabolic activity of

human microsomes as compared to rat and rabbit. Table XIX gives retention

times and peak height ratios of selected peaks. I 22O C- S. ~ * G
■ ºls . . .

*19
A B -

- 20
-

2

_P
-

2 * | p ||
|*| J. Pººl.

12 25 min6. Gas Chromatogram of incubated with human liver microsomes.
•
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Table XXII

Human l Human 2
RTCUm) Peak Height Peak Height

Ratio Ratio

Internal 17.24 - -

standard
A 17.86 0.02 -

B 18.08 0.84 0.26
C 18. 37 0.02 0.08
D 18.63 0.06 0.13
E 18.86 0.04 0.05
F 19.40 0.02 -

G 19.72 1.69 2.92

The chromatogram (Figure 16) shows norketamine (peak B) as the major

metabolite formed from ketamine with human microsomes (50% of peak height

of ketamine in human 1 and 9% of peak height in human 2). Also present

based on retention time comparisons to GCMS data are possible hydroxylated

metabolites of norketamine. Peak A corresponds to 4-hydroxynorketamine

(54), peak C to a possible 5-hydroxynorketamine Q), peak D to 35, and

peak E to another possible 5-hydroxynorketamine (33). Present also in the

chromatogram is a peak labeled F which closely corresponds to 4-hydroxy

ketamine (37). The cis-6-hydroxynorketamine was present in slightly greater

amounts than the other hydroxy metabolites.

Gas chromatography mass spectrometry analysis of metabolic incubations.

Prior to GCMS analysis of metabolic incubations of ketamine, referen

ce spectra were obtained of 1, 4, 9, 10, and 24 as their PFP derivatives.
* - a-- a-- * *-

Figure 17 shows an electron impact mass spectrum of 1 as its PFP derivative

with the key fragment ions as discribed previously involving loss of CO,

loss of Cl, loss of CO-Cl, cyclohexanone ring cleavage of the C-1-C-2 and

C-3-C-4 bonds, and the fragment ion at m/z l'é0. Figure 18 shows an elect

ron impact mass spectrum of 4-PFP with the key fragment ions previously
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discussed.

Figure 19 shows an electron impact mass spectrum of 2-PFP with a

parent ion at mass 545 being present in low relative abundance. Frag

mentation ions at m/z 526 (m-F), 517 (m-CO), 510 (m-Cl), and 482 (m-CO-C1)

are present in the spectrum. The base peak at m/z 160 corresponds to

the fragment ion C4H3NF5 which is formed by cleavage of the PFP-methylamino

functionality from the cyclohexanone ring and loss of H2O. This fragment

ion can only form if there is an N-methylamino group in the molecule.

of _l f fl 3 c 39

• l

-
ch–Nicc.F

3’----2-5

tº Q- PFPCH
Fp O

4.

2.
tº q_ ::.W. 545
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-
> z z

&
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= 4 +

& LL. |, | 2 º' tº (M-PFP) * (M-co-cly."
| | | || 1 || 0 || | | || (M-C4H2O2 3, 2 tº ºn tº ºr +| | ! c1-###) |
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t, | !, 2 d: 2 > u » s: 7 M*

tº 1
tºll - | ** !. "I

i
''. 11–1–1 | ...] M |

; ot soo Soo

Figure 19. Electron impact mass spectrum of cis-6-hydroxyketamine-PFP.
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Fragmentation pathways with respect to the cyclohexanone ring indicate

that the simultaneous rupture of the C-1-C-2 bond and the C-3-C-4 bond

with the transfer of 1 hydrogen is a major pathway of fragmentation.

This same bond cleavage reaction with the transfer of C1 instead of

hydrogen is also present. Present in relatively low abundance is the

fragment ion for cleavage of C-1-C-2 and C-4-C-5 bonds at m/z 326.

Of significance in the spectrum was the absence of a peak at m/z 68,

therefore this 6-hydroxy derivative of ketamine does not undergo under

electron impact conditions a retro Diels-Alder ring cleavage.

A nearly identical mass spectrum was obtained for the trans-isomer

}9 and is shown in figure 20. Therefore, it can be concluded that the m/z

fragment ion is not formed from these 6-hydroxyketamine derivatives.

1 od 1 fi■ l. º■■ ºr +º --

CH3N=CC2's ot-c,h,0,-Prº)
1 a

|
& Q_

“opf P
HACN &

tº Q_ 1C
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* I . !'. W. 545

+
..al " 2 : 5 (M-PFP) * (M-co-Cl)

3 98 u tº 2

1 : 1 2 O 3

s

2al” 1 - 9 (M-co■
|

-
207 27 B -

s;

- 2
| [. |

5 Mt| i"fºº"Ll. all." I'll L. r—it -

Figure 20. Electron impact mass spectrum of trans-6-hydroxyketamine-PFP.
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Figure 21 shows an electron impact mass spectrum of 24-PFP with the
*

presence of the parent ion in relatively moderate abundance. Also present

are the fragment ions corresponding to loss of C1, CO, C1-CO, and PFP.

The fragment ion at m/z 151 may correspond to the rearrangment fragment 61.
*

CH=CHCH.

61
ae

GCMS analysis of metabolic incubations of cis-6-hydroxyketamine and

trans-6-hydroxyketamine allowed us to obtain reference spectra of their

respective N-demethylated derivatives which possess the same relative

stereochemistry as the parent compound. Figure 22 shows an electron

impact mass spectrum of the N-demethylated metabolite of cis-6-hydroxynor

ketamine (33. 18.63 Um) as its PFP derivative. This spectrum is very
similar to that of 6-hydroxynorketamine reported by Adams *t. al.” with

similar fragmentation pathways. Also present in the spectrum is a parent

ion at mass 531 in relatively low abundance so as not to be able to see

the 37C1 isotope peak. Major fragmentation pathways involve the loss of

Cl (m/z 496), C1-CO (m/z 468, base peak), and CO-Cl–PFPOH (m/z 304). A

key cyclohexanone ring cleavage fragment ion at m/z 325 is present in

relatively low abundance and is formed by the loss of C2H302-PFP. This

fragment ion can be accounted for by the simultaneous rupture of the C-1-

C-2 and C-5-C-6 bonds with the site of the PFP-hydroxy group at the 6

position. The fragment ion at m/z 312 is formed by loss of the C3H402-PFP

which results from the cleavage of the C-1-C-2 and C-4-C-5 bond.

A nearly identical spectrum was obtained for the N-demethylated
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metabolite of trans-6-hydroxyketamine (56, Figure 23). The absence of a

peak at m/z 68 in any of the 6-hydroxyketamine derivatives indicates that

this ion is only formed from the 5-hydroxy derivatives of ketamine.

Gas chromatography mass spectral analysis of microsomal incubations.

The metaboic incubations previously worked up for gas chromatagraphic

analyses were used for the GCMS analyses. The samples were derivatized

by the same procedure as used for GC with the solutions for injection

being about 4 fold more dilute. The samples were coinjected with alkanes

to allow accurate retention time measurements. The data generated was

analyzed by first plotting total ion current (TIC) vs scan number and

then by plotting selected ion currents vs scan number for key fragment

ions of ketamine and its metabolites. For the hydroxynorketamines ion

currents for the intense fragment ions at m/z 486 and 468 were used. The

presence of peaks on both ion currents at the same scan number greatly

simplified the data analysis. For hydroxyketamines we used the ions

at m/z 517 and 482. For the elimination compound 24 we used the ions at

m/z 333 or 368 and for 5-hydroxy metabolites we used the ion at m/z 68.

Rat microsomal incubations:

GCMS analysis of 1 incubated in the rat showed the presence of a

hydroxynorketamine with a retention time of 17.87 Um. Figure 24 shows

an electron impact mass spectrum of this metabolite generated from

ketamine-d2 (see experimental section) in which the deuterium is incor

porated in the aromatic ring. Present in the spectrum is a parent ion

at mass 534 (multiplet for incomplete deuterium incorporation) and fragment

ions corresponding to loss of C1 (m/z 499), loss of CO-Cl (m/z 471). The

presence of the fragment ion at m/z 455 results from loss of C2H40C1 which

occurs from cleavage of the C-1-C-2 and C-5-C-6 and transfer of 2H and Cl.
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This fragment ion rules out the 6-position as the site of hydroxylation

as confirmed by comparison to reference spectra. Also, present is a

fragment ion at m/z 267 which results from the loss of C4H402C1-PFP

formed from the cleavage of the C-l-C-2 and C-3-C-4 bonds and transfer of

Cl. This fragment ion rules out the aromatic ring and the 3 position of

the cyclohexanone ring as sites of hydroxylation. The absence of a peak

at m/z 68 for the retro Diels-Alder ring cleavage product eliminates the

5 position as a site of hydroxylation. Therefore, the site of hydoxy

lation must be the 4 position. The stereochemistry is unknown for this

metabolite.

At a retention time of 18.24 Um was identified a different hydroxynor

ketamine formed from metabolism of ketamine-d2 based on the presence of

the m/z 499 and 471 fragment ions. The presence of a fragment ion at

m/z 68 in the spectrum indicated the site of hydroxylation as being the

5 position. Figure 25 shows an electron impact mass spectrum of this

material. At a retention time of 18.61 Um was identified the cis-6-

hydroxynorketamine (55) based on comparison with the spectra obtained
*

from the N-demethylated metabolite of 9 with the same retention time.
*

At a retention time of 19.73 Um was identified a 6-hydroxyketamine

based on comparison of the electron impact mass spectrum with that of

of cis- and trans-6-hydroxyketamines which showed identical fragmentation

pathways. The retention time corresponds to the trans-isomer 29. There

was no evidence in the chromatograms for the formation of the cis-isomer

Ä:
GCMS analysis of 9 incubated with rat microsomes showed the format

*

ion of the N-desmethyl derivative 55 (18.63 Um) whose spectral charact
*

eristics were described previously and the elimination compound 24.
*
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GCMS analysis of }9 incubated with rat microsomes showed the format

ion of the N-desmethyl metabolite 55 (18.15 Um) with a parent ion present

at m/z 531. The key fragmentation pathways that support its structure
were described previously. Also present in the chromatogram is the elimi

nation product 2%.
GCMS analysis of phenobarbital induced rat microsomes.

GCMS analysis of 2 using liver microsomes from phenobarbital induced

rats showed a significant increase in metabolism by GC analysis. In add

ition to the metabolites previously identified in noninduced rat there

was identified a 4-hydroxyketamine at a retention time of 19.43 Um. Figure

27 shows an electron impact mass spectrum of this metabolite generated

from ketamine-d2. No parent ion was present at mass 548 but fragment ions

corresponding to loss of Cl (m/z 513) and loss of CO-Cl (m/z 485) were

present. Also present in the spectrum was a fragment ion at m/z 160 (base

peak) which indicated that the metabolite contains an N-methyl group.

The presence of a fragment ion at m/z 315 results from loss of C4H602

PFP which is formed by cleavage of the C-l-C-2 and C-3-C-4 bonds and a

hydrogen transfer. 12 This indicates that the hydroxy group is not located

in the aromatic ring or at the 3 position of the cyclohexanone ring. The

lack of a peak at m/z 68 rules out the 5 position as a site which indicates

that the 4 position must be the site of hydroxylation.

GCMS Analysis of Rabbit Microsomal Incubations.

GCMS analysis of 4. incubated with rabbit liver microsomes showed

the formation of ring hydroxylated metabolites. At a retention time of

18.63 Um was observed the presence of cis-6-hydroxynorketamine 935). The

major metabolite present in the chromatogram was norketamine (4) with no
*

other ring hydroxylated norketamines detected.
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Detected at 18.49 Um was a derivative of 1 which did not have a parent

ion but did show a fragment ion at m/z 494 indicating that this material

was not a hydroxynorke tamine as the loss of Cl would have resulted in

fragment ion at m/z 496. The presence of a fragment ion at m/z 160

indicated that this material contained an N-methyl group. Also present

was a fragment ion at m/z 366 which corresponds to loss of PFPO from a

parent ion at m/z 529. The structure of this material is most likely that

of the PFP enol of 1 (Figure 27).

GCMS analysis of the 9 and 39 showed the formation of 35 and 56*

respectively. Also detected was the elimination compound 24. No evid
º

ence was present for the elimination product 3.
GCMS Analysis of Phenobarbital Induced Rabbit Microsomes.

GCMS analysis of 2. incubated with phenobarbital induced rabbit

liver microsomes showed a greater diversity in the metabolic profile.

Present at 17.87 Um was a compound identified previously in rat as a

4-hydroxynorketamine (3%). Detected in addition was a 5-hydroxynorket

amine at 18.77 Um which is different from the 5-hydroxy-isomer detected

in rat at 18.24 Um. This compound possesses a similar mass spectrum

as that of the isomer identified in rat (Figure 28). Also identified was

trans-6-hydroxyketamine at a retention time of 19.68 Um.

GCMS Analysis of Human Microsomal Incubations.

GCMS analysis of human liver microsomes showed the presence of nor

ketamine as the major metabolit at 17.99 Um. Also present was a 4-hydroxy

norketamine previously identified in rat and rabbit at 17.90 Um, cis-6-

hydroxynorketamine at 18.63 Um previously identified in rat and rabbit, a

5-hydroxynorke tamine at 18.80 Um previously identified in induced rat

and induced rabbit, a 4-hydroxyketamine at 19.41 Um previously identified
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in rat and rabbit, and trans-6-hydroxyketamine at 19.68 Um.

Conclusion

The GC and GCMS results clearly show that the major metabolites

formed from these microsomal incubations of ketamine, cis-6-hydroxy

ketamine, and trans-6-hydroxyketamine are the N-demethylated metabolites.

This was generally true with induced rat and rabbit microsomal incubations

as well, however it should be pointed out that significant increases in the

amounts of the cis-6-hydroxynorketamine were present in both induced rat

and rabbit incubations of ketamine. Therefore, the results obtained from

the NASH analyses should be close approximations for rates of metabolism

of ketamine, cis-, and trans-6-hydroxyketamine.

The NASH results indicate that ketamine and cis-6-hydroxyketamine are

equally good substrates for N-demethylation in rat, induced rat, and in

induced rabbit. There exists significant differences in the rate of N

demethylation in noninduced rabbit. The significance of this is not under

stood at the present time. These results indicate that the form of Cyt

P450 induced by phenobarbitsl has the same substrate affinity for ketamine

and cis-6-hydroxyketamine. The trans-6-hydroxy isomer is a poorer sub

strate in all cases studied. The differences are especially great with

induced rat and rabbit microsomes. This may explain why it was possible

to identify the trans-6-hydroxyketamine as a metabolite of ketamine in

induced rat and rabbit but not the cis-6-hydroxyketamine isomer. The

trans-isomer (10) being a poorer substrate has a greater chance to accumu

late while the cis-isomer 9), if formed, is rapidly N-demethylated.
The GC and GCMS analyses of ketamine incubated in noninduced rat

and rabbit indicated that the cis-6-hydroxynorketamine (33) was the major

cyclohexanone ring metabolite formed. The trans-6-hydroxynorketamine
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(56) was not observed in any of the incubations of ketamine studied.
*

The presence of the trans-6-hydroxyketamine Q9) in rat, rabbit, and
man supports our NASH results which indicate the trans-6-hydroxy isomer

to be a poorer substrate a the cis-isomer 9). The inability to detect

by these methods the presence of the trans-6-hydroxynorketamine and the

cis-6-hydroxyketamine is probably the result of their low abundance.

The detection of the cis-6-hydroxynorketamine and not the cis-6hydroxy

ketamine may be the result as mentioned above of the rapid N-demethylation

of the cis-isomer. This stereoselectivy with respect to the detection

of the 6-hydroxylated metabolites may also be simply the result of hydr

oxylation at the 6 position of ketamine favoring the trans product and

hydroxylation of norketamine at the 6 position favoring the cis product.

Further studies are require to determine the answer.

The detection of only one 4-hydroxynorketamine diastereomer from

ketamine in rat, rabbit, and human microsomal incubations indicates

that product stereoselectivity exists at this position as well. The

finding of a 4-hydroxyketamine diastereomer makes it intriguing to

postulate that it is a precursor to the 4-hydroxynorketamine diastereomer.

It is also intriguing to postulate that the 4-hydroxynorketamine possesses

a different relative stereochemistry than the 4-hydroxyketamine, as occurs

with the 6-hydroxy metabolites of ketamine. The only way to resolve this

is to have reference 4-hydroxyketamine diastereomers.

The only 5-hydroxy metabolites of ketamine to be identified in our

studies and those of Adams et al.” are of norketamine. In rat we observed

the formation of one 5-hydroxynorketamine diastereomer while Adams observ

ed the presence of two 5-hydroxynorket amine diastereomers. 12 The major 5–

hydroxy metabolite formed in rat (18.23 Um) was different from the major
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5-hydroxy-metabolite formed in rabbit and man (18.80 Um). The significance

;of this is not understood.

The mild analytical techniques used in these studies allowed us to

show that the elimination products previously identified as 5 and 24 are

artifacts of the analytical workup procedure. The use of strong base as

shown in Chapter II should especially be avoided with respect to the ease

of elimination of the 6-hydroxyketamines to give the elimination product

24.

Scheme III shows a modified metabolic profile of ketamine in in vitro

human studies.

H, O

**, 55
OH *

H CNH 6 | H

1O2, 33 /
H;

l ! _* O

Y. NH, 5
3

ºr *...
|

-
->
7HeNH 3

57 * 6
* 54



Chapter III 198

Experimental

Metabolism Experiments.

Preparation of Rat Microsomes.--Male Sprague-Dawley rats (average
weight 175 g) were used for all rat metabolic studies. The animals were

starved for 12 hours prior to sacrificing and then sacrificed by carbon

dioxide. The livers were perfused with 50 mL of 0.25 M Sucrose/0/05 M

Tris buffer, pH 7.4, by insertion of a 16 gauge needle in their portal

veins and cutting their vena cava. The combined livers were homogenized

in 3 volumes of sucrose-Tris buffer. The homogenized livers were centri

fuged at 10,000 g for 20 minutes. The supernatant was then centrifuged

at 100,000 g for 75 minutes and the microsomal pellets resuspended by

addition to the pellet of 2 mL of 0.15 M KC1/0.02 M KH2PO4 buffer, pH

7.4, and vortexing. The combined resuspended microsomes were homogenized

and again centrifuged at 100,000 g for 75 minutes and resuspended in KC1

KH2PO4. A Lowry protein assay was performed and the microsomal suspension

deluted with rel-ºro, to give protein concentrations of 20 mg/mL.

Phenobarbital Induced Rats.--Male Sprague-Dawley rats (175 g) were

induced by administering 1.0% sodium phenobarbital (1.4 mL, 70mg/Kg) ip

for three days prior to sacrificing. Saline control rats were administer

ed 0.9% saline (1.4 mL) ip for three days prior to sacrificing.

The microsomes were prepared and diluted to 20 mg/mL by the same

procedure as used in noninduced rats.

Rabbit Microsomal Preparations. Male New Zealand white rabbits (2 Kg)

were starved for 12 hours prior to sacrificing by carbon dioxide. The

livers were perfused with 0.25 M Sucrose/0.05 M Tris buffer (250 mL), pH

7.4, by insertion of a 12 gauge needle into their portal veins and

cutting the vena cava. The microsomes were prepared according to the
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method used with the rats and diluted to give 20 mg/mL protein concentra

tions.

Phenobarbitol Induced Rabbit.-Male New Zealand White rabbits were

induced by allowing them to drink water containing 0.1% sodium phenobar

bital for 5 days or more prior to sacrificing. The liver microsomes were

prepared the same as with the noninduced rabbit.

Human Microsomes.--Human microsomes were obtained from Dr James

Trudell (Stanford University) in 1 g quantities stored at - 78 C. The

microsomes were thawed just prior to their use and resuspended into

approximately 2 mL of 0.15 M KCl/0.02 M KH2P04 buffer, pH 7.4. Lowry

protein assays were performed after the metabolic incubations to prevent

further loss of activity.

Incubation Conditions.--All incubation experiments were carried out

using the following general conditions. The incubations were carried

out at 30 C in 0.1 M HEPES (enough to make a final volume of 3.0 mL)

buffer, EGTA (0.3ml, 10 mM), and Glucose-6-phosphatase regenerating

system [0.3 mL, Glucose-6-phosphate (80 mM), Glucose-6-phosphate dehydro

genase (10 IU/mL), and MgCl2 (40 mM) in 0.1 M HEPEs buffer pH 7.4). NADP”
(0.3 mL, 5m'■ ) was either added or left out of the incubation mixture

depending on if the mixture was used as a control. Also added was semi

carbazide (0.1 mL, 150 mM) if the reaction mixture was going to be analyzed

by the NASH method. 14 Substrate was added to give a final concentration

of 1 mM. The incubations were started after letting the incubation mixture

shake at 30 C for 5 minutes and then adding the microsomal suspension. The

incubations were carried out for the times specified in the incubation

tables.

The incubations were stopped by two methods depending on procedures
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used for analysis . For those incubates analyzed by GC and GCMS the

incubation reactions were quenched by freezing them in liquid nitrogen

at 30 minutes and stored at -78 C until analysis. Those incubates to be

analyzed by NASH method were quenched by addition of 1 mL 20Z Znsoa,

followed by addition of 1 mL saturated Ba(OH)2 solution. The quenched

reaction mixture was then centrifuged to remove precipitated protein and

2.5 mL of clear supernatant taken for the NASH method. The 2.5 mL of

supernatant taken from the quenched incubation mixture was stored over

night in the refrigerator with standard solutions prior to analysis.

NASH Method.--A series of standard were prepared by adding known

amounts of formaldehyde to a solution of semicarbazide (0.1 mL, 150 mM)

in HEPES buffer (final volume of 3.0 mL) followed by quenching the react

ion with 1 mL 20% ZnSO4 and 1 mL saturated Ba(OH)2 solution. Following

centrifugation 2.5 mL of the supernatant was taken for analysis. To

each sample was added 1 mL of 2X NASH reagent and vortexed. The sample

were incubated at 60-70 C for 30 minutes then allowed to cool to room

temperature prior to measurement of absorbance at 415 nm. Following these

measurements a least squares linear regression analysis was performed on

the standards which was used to calculate amount of formaldehyde present

in the incubates. Knowing the amount of formaldehyde (A moles) present

in incubation mixtures makes it possible to calculate the amount of N

demethylation of substrate. For example: Lets assume that linear regress

ion analysis gives us a value of 1.7 x 10-7 total moles of HCHO formed

starting from 3 x 10−6 moles of substrate. This would indicate that 5.6%

5.6% of the substrate was N-demethylated to give rise to HCHO or based on

a protein content of 5 mg in the incubation mixture and a time of 15 min.

a rate of metabolism of 2.3 x 10−3 nmole/mg of protein/min.
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Analytical Workup for Gas Chromatography and Gas Chromagraphy Mass

Spectrometry.--Prior to GC analysis the frozen metabolic samples were

allowed to thaw to room temperature and spiked with phenylcyclohexyl

methylamine (0.100 mL, 3 mg/mL). The incubation mixtures were vortexed

and transfered into test tubes for centrifugation to remove precipitated

protein. The slightly cloudy mixtures were then passed through a SEP-PAK

cartridge (C18, Waters Associates, Milford, Conn.) prewashed with 5 ml

of methanol and 10 mL of water at a flow rate of 1-2 drops per second.

The SEP-PAK cartridge was then washed with 3 mL of water and the organic

material eluted with 5 mL of methanol. The methanol was removed by rotary

evaporation and the dry mixture dissolved into 0.750 mL of ethyl acetate.

A sample of 0.150 mL was taken and concentrated under nitrogen in a react

ion vial (silylated) followed by addition of 50 al of ethyl actate and

50 41 of pentafluoropropionic anhydride (PFPA). The derivatization mixture

was sealed, vortexed, and heated to 60-70 C for 30 minutes in an oven.

The reaction mixture was allowed to cool to room temperature and then

concentrated under nitrogen. The residue was dissolved into 25 A4 l of

ethyl acetate for GC and GCMS injection. In all cases the samples were

derivatized no more then 1 day prior to analysis.

Instrumentation.--A Hewlett Packard 5710A gas chromatograph equiped

with a split and splitless injector, a flame ionization detector, and a

30 M (0.25 i.d.) DB-5 (J and W Scientific, Inc.) fused silica capillary

column. A Hewlett Packard 3390A Integrator was used to record the chroma

tograms. Helium (20 PSI) was employed as a carrier gas and analyses were

carried out using a "cold trapping" technique in which samples (1.0-2.5|al)

were injected in the splitless mode with the column oven at ambient temper

at ure. Following injection the integrator and a 30 second delay clock were
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started. Following 30 seconds the oven temperature was raised rapidly to

120 C and then programmed at 4 C/minutes to 220 C. The injection and de--

tector block temperatures were maintained at 250 C throughout.

Retention times were obtained relative to a series of alkanes (ncil,

nC13, nC15, nC19, nC20, and nG22) coinjected with each sample and are

expressed in methylene unit (Um) values.

Low resolution (m/em - 600) mass spectra were carried out on derivat

ized substrates and on their metabolic incubation mixtures using a VG-7070

gas chomatograph mass spectrometer system fitted with a Hewlett Packard

5710A gas chromatograph. Conditions for the gas chromatograph were iden

tical to those described above. The same temperature program used for gas

chromatography was used. All derivatized samples were diluted with 100 Al

of ethyl acetate prior to injection of 0.7-1.0 A4L. Coinjected for accur

ate retention time determinations was the same alkanes used for gas

chromatography (0.7 L). The injector, interface, and ion source temper

atures were maintained at 250, 250, and 200 C, respectively. Mass spectra

were recorded repetitively using a scan rate of e s decade-l, electron

energy of 70 eV, accelerator voltage of KV, and a trap current between

200 and 300 A4A.
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