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CHAPTER I
INTRODUCTION

Genipin (I), naturally occurring in Genlpa americana L.,
was shown to have the gis configuration at the rigg Junetion
(1). The same absolute configuration occurs at these centers
in the methylecyclopentane monoterpenoid nepetalactone (11),
found in the common catnip plant, Nepeta cataria L. (2,3).
The structure proof of genipin (I) depended on the isomer-
ization of 3=-methylcyclopentane=1,2~dicarboxylic acid VI with
cls carboxyl groups to the corresponding acid IV with ggggg
arrangement of carboxyl groups (3,4). However, differences
in the antlicipated optical rotation and melting point of the
isomerized trans acid IV‘and its known enantiomer VIII
strongly suggested that IV might actually be contaminated by
another isomer III,

Thus, the exact identity and stereochemistry of each
lsomer of the 3~-methylcyclopentane-l,2~dicarboxylic acids
(nepetic acids) becomes important since the configuration and
stereochemistry of these acids form the foundation for the
assignment of stereochemistry and structure of several of the
methylcyclopentane monoterpenoids.

The inconsistencies described above prompted us to

attempt synthesis of the remalining unknown isomers of the



nepetic acids to clarify the stereochemistry and absolute

configuration of genipin (I) and other methylcyclopentane

monoterpenoids. There are a total of eight optically active

diastereoisomeric nepetic aclds as illustrated by structures

IITI through X.
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The major portion of this thesis 1s devoted to the
synthesis, purification, and establishment of the stereo-
chemistry of the unknown nepetic acids and the description
of their physical properties. Correlation of the acid VI
obtained by degradation of genipin (I) with VI prepared
through an ihdependent synthesis is also described. |

The previously mentioned eight optically actlve nepetic
acids may be divided into two series of four structures, of
which one series (VII, VIII, IX, and X) have the same abso-~
lute configuration as nepbetalactone (II) about the common
asymmetric center (carbon 3 of VII and carbon 7 of II). Since
these nepetic acids are derived from nepetalactone (II), we
shall refer to them as nepetic acids of the catnip series.
Three of this series of nepetic acids (VII, VIII, and IX) were
described by earlier workers (2,5). The fourth nepetic acid
(X) remains unknown.

The remaining four nepetic acids (III, IV, V, and VI),
are identical to the nepetic acids from the catnip series
except that the stereochemistry 1s reversed for the entire
series. That 1s, III and VII, IV and VIII, V and IX, and
VI and X may be matched as antipodes. Otherwise, these pairs
have identical physical and chemical properties and members
of a pair differ from each other only by producing an equal
and opposite rotation of plane-polarized light.

This new series of aclds (III, IV, V and VI) was syn-
thesized from (+) pulegone (XVI) and we, therefore, designate

them as nepetic aclds of the pulegone series to distinguish
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them from those of the catnip series (VII, VIII, IX, and X).
It is recognized that the nepetic acids constitute iso-
mers of 3-methylcyclopentane-l,2=dicarboxylic acid. However,
for ease of description and to indicate the source of the
regspective aclds we elect to use the names described in the
preceding paragraphs. We shall follow the published prec-
edent for naming the individual isomers within a series by
giving the relationship of the functional groups first and
that of the methyl group and adjacent functional group second
(4). TFor example, structure VII is designated as the iransg,
trang=-nepetic aéﬁd (catnip series) and V is designated as the

cls,trang-nepetic acid (pulegone series).



CHAPTER IT
HISTORICAL

The 3-methyleyclopentane-l,2-dicarboxylic acids (nepetic
acids) were first obtained as degradation products of nepeta-

lactone (II) from Nepeta cataria L. (2,6). Nepetalactone (II)

is the major component and physioclogically active constituent
of the catnip plant (6). During the course of proof of struc-
ture andrabsblute configuration of nepetalactone (II), the
structure and absoclute configuration of the nepetic acid VII
at 03 was established as shown in Fig., 1 by degradation to (+)
2-methylglutaric acid (XIII) and (-)-methylsuccihic acid (XV)
(2,5). The absolute configuration of (+)-XIII and (=)=-XV had
been established by Fredga through quasi-racemate correlation

with (= lactic acld of known absolute configuration (

—_— —
lP
E ] JHpoPd 2)$c0=H [ ] KMnO,, [ 3
| 3 OH™ 4)01‘03 6 > 00H
; . (+)XIII

CHO oH"

3 00H

(-)XV

Fig. 1 - Absoclute Configuration Proof for the Nepetic Acids



The absolute configuration assigunment to nepetalactone
(II) at 07 and consequently nepetic acid (VII) at C was
confirmed by correlation with (+)-pulegone (XVI) as shown in
Pig. 2 (5). The absolute configuration of the latter had
been established as (R), by correlation with shikimic acid

. and the tartaric acids (8).

c1 H,0 ¢oHO
YRV, 3? 2 2,[ C00
(:i;:I; COOH
0

OH™
GH¢
+)XVII - -)XVIII
00H pcHO 05,550, {/l\\c
[:f::gOOH » [:J:]§ G il J::%:If
o COOH
(+) () (~) (+)XIX

Fig. 2 = Correlation of Absolute Configuration of
the Nepetic Acids with (+)-Pulegone (XVI)

(.

Since (= )-methylsuccinic acid (XV) and (+)-2-methyl-
glutaric acild (XIZI) obtalned as degradation products of
nepetalactone had opposite sign of rotation to the corre-
sponding acids (XIX and XVIII respectively) obtained through
degradation of (+)-pulegone (XVI), the (8) assignment o C,

of nepetalactone (II) and'cs of nepetic acid VII was confirmed.



A second nepetic acid (IX) having the gig,trang confige
uration was obtained from nepetonic acid (XI) through the
reaction sequence of Plg. 3 (2). The glg assignment of car=-
boxyl groups for the nepetic acid IX was based on the insol-
ubility of its barium salt (2). Evidence to suggest the ster-
eochemical assignment of gcig,trans configuration to nepetic
acid IX was obtalned by synthesis of the four possible race-
mic nepetic acids (racemic pair III and VII through pair VI
and X) (4). This synthesis will be described later.

1 0
J00H, Acetic //i\\
Anh?grige 0 03

_Anhydridg 3 0
0 H,S0 |
vy 4 ox
XI 2 |
Ba(OH)z,aqo
v
g
CO0H )
530+ //O\OBa++
— o

Ix 00H \\@/’

Flg. 3 - The Degradation of Nepetonic Acid (XI)
to ¢cig,trans-Nepetic Acid (IX)

A third nepetic acid in the catnip series, the trans,
cls isomer VIII, was obtained by degradation of the nepeta=-
lactone isomer XX to a new nepetonic acid (XXI), which in
turn was converted as shown in Flg. 4 to the trans,clis-

nepetic acid (VIII) (3).



. ' COOH _ COOH
93 or”,
=0 0
XX XXI yrrr 0%

Fig. 4 ~ Preparation of trans,cis-Nepetic Acid (VIII)

The remaining c¢is,cig~nepetic acid (X) of the catnip
" series hag not been described, but a method for its prep=-
aration from elther of the trans nepetic acids (VII and
VIII) has been developed and 1s described in the experi-
mental work of this thesis.

A synthesis of the racemic 3-methylcyclopentane~l,2-
dicarboxylic acids was reported by Fargher and Perkins (9)
in 1914, This synthesis was repeated and found to give not
acids of the nepetic acid series but rather the acid XXITI as

shown in Pig. 5 (4).

D oozl 000k ~  GH,CO0H
ro, GHCOOC " dhcooc N 2
Br . Hoooc8 : ’ <?OOC!H5
0008 0000 5, 0O0H
XXII

Pig., 5 = The fdrgher and Perkins Alleged synthesis of the
Racemic 3~Methylcyclopentane-~l,2~-dicarboxylic Acids

A synthesis of the racemic nepetic acids (racemic pairs
III and VII, IV and VIII, V and IX, and VI and X) was accom-
plished asg shown in Fig. & by conversion of the keto ester
XXITIT to the cyanohydrin followed by dehydration'and hydrol-

ysls to the methylcyclopentenedicarboxylic acids XXIV and XXV



(4). Hydrogenation of XXIV gave two crystalline acids, each

8] 0 = 0
00,C.H C0,C,H a1 co C.H

27275 27275 27275
o - = XXIII
COo,H COLH
Oy Oy e—OF
vd,l CO2H 1.1 €O H 4,1 Co C H
XXV XXIV ’

Fig. 6 - Synthesis of the Racemic Nepetic Acids

a racemate. On the assumption that cis addition of hydrogen
to the double bond of XXIV tpok place, these acids were
assigned the (¥) cis,cis and (%) trans,cis configurations

as 1llustrated by combining the pairs of enantiomeric nepetic
acids VI and X, and IV and VIII respectively. The g¢ig rela-
tionship of the carboxyl groups in (I) gls,cig-nepetic acid
(pair VI and X) was established through formation of an
insoluble barium salt and ready formation of an anhydride
from which a single racemic nepetic acid (pair VI and X) was
.obtained upon hydrolysis (2,4).

Hydrdgenation of the anhydride of the acid XXV followed
by hydrolysis also yielded two separable aclids. One was iden-
tified as the racemic gig,cig~nepetic acid (pair VI and X)
previously obtained, while the new isomer was asgigned the
cis,trans configuration (racemate pair V and IX). The cig,
trans configuration of thls latter nepetlic acld was confirmed
by the formation of an insoluble barium salt and the ease of

formation of an anhydride from which only a single racemlc

nepetic acid (pair V and IX) was obtained upon hydrolysis.
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In order to prepare the remalning racemic trans,trans
nepetic acid (pair IIT and VI), each of the enantiomeric
dimethyl ester pairs IVa and VIIIa, Va and IXa, and VIa and
Xa Were separateiy heated at reflux temperature in a solution
of sodium methoxide in methanol for 24 hours. After hydroly-
sis the trans,trans-nepetic acid (racemic pair III and VII)
wasg isolated>in varying amounts from each of the reaction

mixtures. The trans,trans structure of psir III and VII

followed from its difference in properties from the other

isomers.(2,4).

' /00002H5
Br + i, 2Na0C,Hy

\‘
Br 0000, H,
coo 00
——— C00C2E?
d,1 CO0H 4,1 0000,

Fig. 7 - Blomquist's Synthesis of the Nepetic Acids

As shown in Fig. 7, Blomquist and co-workers (10) using
a variation of the procedure of Pargher and Perkins (9) (see
Pig. 5) were able to prepare a crude acid mixture containing
what they thought to be a mixture of the four nepetic race=-
mates. However, a sample of this mixture‘of aclds did not

give an insoluble barium salt, this indicated the absence of
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any of the lsomers with gig carboxyl groups (4). PFrom refrac-
tive index studies of the methyl esters of the mixture of
aclids 1t appeared that nearly equal amounts of the racemic
lrans,trans-and trang,cig-nepetic aclds were present (4).

To date only isomers IV and VI of the nepetic acids
(pulegone series) have been described (1,11). The other
nepetic acids IIT and V of thls series have not appeared in
the literature. The gis,cig~nepetic acid (VI) was reported
to be a degradation product of genipin (I) and was obtained

as shown in Fig. 8 by hydrogenation of I to XXVI followed by

CH,OH

2770 -
. 0, COOH
—r— —
HOAc ~
COOH
00cH
3 xxvr CO0CH3 VI

Flg. 8 - The Degradation of Genipin to gcig,cis-
Nepetic Acid (VI)

oxidation with ozone and alkaline hydrogen perocxide to crude
acid VI which was purified through its barium salt (1l). An
elemental analysis indicated that this acid corresponded to
the nepetic acids in composition, and the formation of an
insoluble barium salt suggested cilg arrangement of the car-
boxyl groups. However, its physical properties did not corre=-
spond to any of the three known nepetic acids (catnip series).
This suggested that the remalning gis,cls=-nepetic acid X or
its enantiomer VI had been obtainéd. Cohfirmation of the

et ¥ e

cis,cls configuration was obtained by comparison of the infra-

Ta
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red spectra of the new acid and its dimethyl ester with the
spectra obtained from the racemic gig,gcis-nepetic acid (pair
VI and X) and its dimethyl ester (pair VIa and Xa) (4).

To distinguish between structures VI and X for the un-
known acid, the methyl half-ester was prepared, isomerized
and hydrolyzed to give a new acid, m.p. 95-100°, [a]0-66°,
which did not form an insocluble barium salt and therefore
must have been a nepetic acld with trans carboxyl groups.
This new acild was considered to be either IV of the pulegone
series or VIII of the catnip series. The known nepetic acid
VIII melted at 114°-115° G and exhibited a +85° specific
rotation which was opposite in sign to the rotation of the
new acid. Therefore, although significant melting point and
specific rotation differences existed it was concluded that
the trans,cls and cis,cis nepetic acids (IV and VI respec-
tively) derived from genipin were of the pulegone series.

Lukas, Ma, McClosky and Wolff (11) also recently repor=
ted the isolation of the trang,cis-nepetic acid (IV) through
the degradationvof furopelargone A (XXVII), a minor constit-

uent in the essential o0il of Geranium bourbon. The melting

point of acid iV (106-1100) obtained by Wolff was in rough
agreement with that of VIII (m.p. 114°). The specific rota-
tion of these acids (-76O and +85° respectively) were of

opposite sign and of the same order.
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COOR [::::L
OOOR

cooC H

XXVIII R
XXVII XXVIITa R

HoH

CH XXIX XXX

'3

Brenner (12) has reported the synthesis of trans-
cyclopentane=1l,2=dicarboxylic acid (XXVIII), a compound
similar to the nepetic acids because of the ring size and
presence of vicinal carboxyl groups. The synthesié of acid
XXVIII rested upon the intermediate ethyl 2-oxocyclohexane-
carboxylate (XXIX) prepared by combining diethyl oxalate with
cyclohexanone (XXX) in the presence of ethanolic sodium ethox-
ide and decarbonylating the product (13). An improved proce-
dure for preparing B-keto esters was described by Corey and co-
workers (14). This one-gstep addition of a carbomethoxy group
of the cycloﬁexanone XXX1 eliminates the decafbonylation step.

This reaction sequence is illustrated in Fig. 9.

CH30@00H3 R =
NaH

3 COOGH3
XXX1

Fig. 9 = Corey's B-Keto Ester Synthesis

Brenner (12) showed that addition of liquid bromine to

a cold ethereal solution of ethyl 2-oxocyclohexanecarboxyléte

(XXIX) gave ethyl 3~bromo-2-oxocyclohexanecarboxylate (XXXII).
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Distillation of bromo keto ester XXXIT at atmospheric pres-
sure followed by vacuum distillation gave in low yield a
liquid which was identified as ethyl salicylate (XXXIII)
(12). Treatment of bromo keto ester XXXII with aqueous
ethanolic sodium hydroxide resulted 1n rearrangement to
trans-cyclopentane-l,2-dicarboxylic acid (XXVIII) in 90%
yield. The identity of XXVIII was established by compar-
ison with authentic material. Thils Pavorskli-type rearrange=
ment will be discussed later,

Br O Q:coon

0 Y o GOOR

00002H5 CO0C,H XXXIV R

o5 H
XXXIT ' XXXTIII : XXXIVa R

CH3

Hu

An insight to the relative stability of the gis vs trans
configurations of vicinal carbomethoxy groups on the cyclo-
pentane ring was obtained by Fonken (15) through equilibra-
tion studies. These studies showed that the equilibrium mix-
ture of the dimethyl esters oflgig and trans-cyclopentane-~l,2-
dicarboxylic aclds (XXXIVa and XXVIIIa respectively) was 90%
trans-dimethyl ester XXVIIIa and 10% gig~dimethyl ester XXXIVa
aftér each had been éeparately heated at reflux temperature
in methanolic sodium methoxide for 2 to 14 hours. These
equilibrium data were considered reasonable when the envelope
configuration of the cyclopentane ring was taken into consid-
eration (15).

The rearrangement of @~halo ketones (cyclio and all-

phatic) in the presence of certain bases to give salts of
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carboxylic acids such as described in Brenner's work is known
a8 the Pavorskii rearrangement. The reaction course of the
Favorskii rearrangement was established by Loftfield (16a,b).
By labelling the halogen-bearing carbon (a carbon) of 2=

chlorocyclohexanone (XXXV) with 14

C and subsequent Favorskii
rearrangement with ethoxide ion, Loftfield showed that an
intermediate must have been present in which the « and o'
carbons were equivalent asg shown by XXXVI. These results were
explained by the cyclopropanone intermediate XXXVI. It was
reagsoned that cleavage of XXXVI could occur at either & car=-
bon. This was verified when half the labeled carbon was

found at each of these two carbons in the product cyeclopen-~

tanecarboxylic acid (XXXVII).

cl 3%

. CO0H
‘ 0 o 0
XXXV LXXVT XXXVII

Two major stereochemical mechanisms have been preposed
a8 the predominant path of reaction. The first of these is
. the one arising from the work of Loftfield (l6a,b), in which
the first step of the reaction is the formation of a meso-
meric carbanion by removal of an &' hydrogen followed by an
SNE' type displacement of chlorine at the @ carbon to form
thé cyclopropane lntermediate XXXVI.

More Iimportant to our studies 1s the mechanism proposed
by Aston and Newkirk (17) in which the o and o' carbon astoms

are at some time equivalent. This concept was supported by
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the work of Burr and Dewar (18). These authors proposed an

intermediate representing various states of a zwltterion

shown as follows: @’ G

0 0 0
|
/ N —» [ \ «—»/ \ / \

® © @

Fig.1l0~-Zwitterion Intermediate in the Pavorskil Rearrangement

1

The intermediate in PFig. 10 was formed by simultaneous loss
of an «' hydrogen and theva halogen, and collapse to the
cyclopropanone ring intermediate.

Both mechanisms have enolate formation through loss of
an a' hydrogen as the first and rate~determining stép and
both proceed through a cyclopropane intermediate; therefore
no conclusions have been reached through kinetic studies to
distinguish these mechanisms. However, 1t was noted that
thesé mechanisms could be distinguished by using compounds
such as the isomeric l~chloro-2-methylcyclohexyl methyl
ketones (XXXVIII and XXXIX) since the two mechanisms differ

2
ment would involve inversion of configuration at the & car-

during halogen removal (19). A synchronous‘SN displace~
bon, whereas s delocalized zwitterion formation of the type
shown in Fig. 10 would alter the stereochemistry and product
formation would be determined by steric factors.

Stork and Borowitz (19) in studying the trang-and gils—
isomers 0f l~chloro~2-methylcyclohexyl methyl ketone (XXXVIII
and XXXIX respectively) ooneiuded that the formation of the

ecyclopropanone intermediate 1s concerted (or synchronous)
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with inverslen of configuration at the halogen-bearing carbon.
The Pavorskil rearrangement of the ketone XXXVIII was accom=-
plished by adding it to a suspension of dry sodium benzyl-
oxlde in ether under a nitrogen atmosphere at 15-200. Hydrol-
yeis gave glg-1,2~dimethylcyclohexanecarboxylic acid XL,
thereby showing inversion had taken place at the halogen=-
bearing carbon atom of XXXVIII. In suppo;t of this, the re-
arrangement of kétone XXXIX under the samévcoﬁditions vielded

the ftrang-l,2-dimethylcyclohexanecarboxylic acid XLI (19).

cl 0
T g CH +H+8 CH
3 ' Vi3
H, —
3 g 3
H
XXXVIII oH3 XXXIX %H3
’ COOR ¥ COOR
+——CH —— CH
F 03 ¥ 3
XL R =H XLI R = H
XIa R = OH3 XLIa R = CH

House énd Gilmore (20) suggested that either or both
mechanistic routes may operate depending upon reaction con-
ditions. A reinvestigation of Stork and Borowitz's (19)
(XXXVIII) system showed that inversion or retention may
result depending on polarity of the reactlon medium. Reac-
tion of ketone XXXVIII with a solution of sodium methoxlde
in methanel, which is considered to be strongly polar,

yiélded a mixture of the methyl esters of XL (40.5% Xla
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formed with inversion at the a-carbon) and of XLI (51.5%

XLIa formed with retention of configuration at the a~carbon).
However, reaction of XXXVIII with a suspension of sodium
methoxlde in l,2-dimethoxyethgne, considered to be a less
polar system, produced the methyl ester XLa in 94.6% yileld.
The foregoing established the dependence of stereochemistry

of the Favorskii rearrangement on the polarity of the reac=-
tion medium for the l-chloro-2-methylcyclohexyl methyl ketones
(XXXVIII and XXXIX) and possibly other systems.

COOR
0
Br
B
XLITII R = H XLIV R = H
XLIT XLIIIa R = GH3 XLIVa R = CH3

A stereospecific Favorskil rearrangement of pulegone
dibromide XLII has been reported (21). Treatment of XLII
with an excess of sodium ethoxide in either ethanol or

dimethoxyethane gave trang-pulegenic acid (XLIII). Simi=-

larly, treatment of XLII with an aqueous potassium hydroxide
solution gave a mixture of the frans=- and gig-pulegenie
acids (XLIII and XLIV respectively). Epimerization studies
with the methyl esters XLIITa and XLIVa showed the equi=-
librium ratio to be 70:30 trans-isomer to gig-isomer. These
gtudies further showed that product specificity as well as
stereospecificity depends largely on reaction conditions

used in the PFavorskili rearrangement.



CHAPTER III
DISCUSSION

The four 3-methylcyclopentane-l,2-dicarboxylic acids
(nepetic acids III through VI) having (R) configuration at
the methyl-bearing carbon were syntheslized, separated, and
purified. Two of these acids, the trans,trans and cis,trans
acids III and V, were previously undescribed in the litera-
ture. The four isomefic acids III through VI have the same
absolute configuration (R configuration) at the methyl-bearing
carbon as the starting compound pulegone (XVI). Therefore
these aclids are named the pulegone series of nepetic acilds
as contrasted to the series of 3=methylecyclopentane-1,2~
dicarboxylic acids having opposite absolute configuration
(catnip series acids VII through X). Unless otherwise stated,
all references to nepetic aclds will be to the pulegone series.

The initial step of the synthetic procedure was the acid
hydrolysis of pulegone (XVI) to (+)-3-methylcyclohexanone
(XVII)f This reaction was studied in detaill by varying the
concentration of hydrochloric acid used, the speed of stir-
ring and the volume of steam which distilled XVII from the
reaction flask. The best acldic condition found was a 1l:2
volume ratio of concentrated hydrdchlorio acld to water.
Vigorous agltation of the two-phase reaction mixture and a

steady flow of external steam were found to give the best

19
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results. Two different routes used for the synthesis of the

nepetic acids are shown in Fig. 11.

A
_4 —
' o O
(+)XVII 50001
lB ' XIVIa i
I
’ GOOH
—_—
5 COOH
OOR
—— —
XIWIla R = OH;  III, IV, V
~C00C,Hy 6000 55, XIVIIb R = O,y  and VI
XLV XIVIb

Fig. 11 - Synthesis of the Nepetic Acids (Pulegone Series)

The major difference in routes A and B in Pig. 11 is
that the former route requlires one less step for the syn-
thesis. Synthesis route B was studlied first because a
literature precedent existed for synthesis of the similar
compound trans-cyclopentane=-l,2~dicarboxylic acid (XXVIII)
| (12). The major disadvantage of route B lies in the prep-
aration and purification of ethyl (4~methyl-2-oxocyclohexyl)
glyoxylate (XLV) in that the reagents must be completely
anhydrous to obtain reasonable yields.. Also, considerable
difficulty was encountéred during distillation of XLV and
frequently the yields were low due to tar formation. This
capricious step and the subsequent decarbonylation to give

ethyl 4Fmethyl-2~oxocyeloheXanecarboxylate (XLVIb) can be
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avoided by substituting route A which is the more efficlent
and provides a 56% overall yield of nepetic acids as compared
to the yields of 10-12% through route B.

The synthésis of the methyl 4-methyl-2~oxocyclohexane~
carboxylate (XILVIa) through route A rather than the B-keto
ester XLVIb yia route B was made possible by Corey's work on
the direct condensation of XXXI and dimethyl carbonate to glve
a B-keto ester (14). Prlor to this the condensation of di-
alkyl carbonates with cyclohexanones was belleved to give
primarily condensation at oxygen rather than carbon (22).
Corey's method entails use of a powerful base such as sodium
hydride in dioxane solvent (14). Gorey?s conditions were
adopted for the synthesis of the B-keto ester XLVIa.

While the Corey approach to the synthesis éf XLvVIa is
congidered to be suﬁerior, certaln precautions are necessary.
It was observed that during the condensation of dimethyl car-
bonate and (+)-3-methylcyclohexanone (XVII) large volumes of
hydrogen were evolved and the reaction became so vigoreus that
it was difficult to control if addition of XVII was toe rapid.
Temperature control is essential to moderate the reaction.
Cantlion should also be exercised during decomposition of the
reaction mixture since excess sodium hydride is present.

There was no improvement in yleld of XLVIa when the min-
eral oil diluent was washed from the sodium hydride.

An attempt was made to prepare the B-keto ester XLVIb
by substlituting diethyl carbonate for dimethyl carbonate in
the condensation with (+)-3-methylcyclohexanone (XVII). How~-



22

ever, gas chromatography of the main fraction from distill-
ation of the reaction product showed 1t to be 2 complex mix~
ture. An infrared spectrum of this fraction showed a striking

similarity to that of the B~keto esters XLVIa and XIVIb. Gas
| chromatography comparison of the distillation fraction with
XILVIb prepared via route B (Pig. 11) indicated that XLVIb was
one of the components of the complex mixture. It may be poss-
ible to improve the selectivity of the condensation by elim~-
inating any excess sodium hydride and carefully controlling
the temperature during the reaction and while decomposing the
reaction mixture.

The key step of the synthesis was the Favorskii re-
arrangement of the bromo keto esters XILVIIa or XLVIIb to the
nepetic acids (acids III through VI). This was accomplished
by adding bromine to an ether solution of the B~keto eéter
XIVIa or'XLVIb and subjecting the resulting bromo keto ester
XLVIIa or XIVIIb to a Pavorskil rearrangement in a boiling
solution of ethanolic sodium hydroxide (12). The reaction
product was an oily mixture of the nepetic deids III, IV, V,
and VI acecompanied by phenolic material and other minor by-
products. Some of the by-products are believed to consist
of methylcyclopentane monocarboxylic acids. The phenolic
material, as yet unidentified, can be destroyed with potassium
rermanganate without neticeable attack of the nepetic aclds.
In work-up it was found that any aqneous solution containing
the nepetic acids must be strongly acidic in erder to release

the acids and get good yields upon extraction with ether.
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Once the nepetic acids were synthesized, thelir gepara-
tion into pure isomers and stereochemical assignment became
paramount. Preliminary analytical studies with gas chroma-
tography using phenyldiethanolamine succinate (PDEAS) and
Apiezon L columns indicated that the dimethyl esters of the
nepetic acids could be separated. PFour major peaks repre-
senting the four dimethyl nepetates were observed. The indi-
vidual gas chromatography peaks were identified by success-
ively adding small amounts of dimethyl nepetates of known
absolute configuration and stereochemistry and observing an
increase in peak height and area.

The pair of clg=-esters Va and VIa, shown to be gig
through formation of water~insoluble barium salts of the
parent acids, were observed to have the longer retention
times and therefore were represented by the last two peaks
of the gas chromatography trace. The dimethyl nepetate VIa
was known to have the gis,cis configuration because it was
derived from hydrogenation of genipin (I) and was used to
establish the identity of the fourth peak in the gas chroma-
togram. Therefore, the gls,irang~ester Va corresponded to
the third peak.

The known trang,trang-dimethyl nepetate (VIIa) from the%
catnip series was also available and was used to ldentify the
first peak of the gas chromatogram (2,4). Therefore, the
remaining and second peak was assigned to the irans,cig-
dimethyl nepetate (IVa). In summary the peaks due to the

dimethyl nepetates appeared on the gas chromatogram in the
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following order: trans,trans; trans,cis; ¢is,trans and gis,

e

cis.

An inconsistent ratio of nepetic acids formed in the
Pavorskii rearrangement was observed. Particularly notice-
able was the decreased percentage of cig isomers V and VI
in later runs.

The PFavorskll rearrangement was studied in detall to
determine why these gis lsomers should be formed in rela-
tively lower yields during some reactions. Since the con-
centration of base was nearly the same in every reaction,
this factor was probably not responsible for the relative
decrease in yield of the ¢ls isomers. The Favorskil re-
arrangement of bromo keto ester XIVIIb was carried out at
room temperature and also at the reflux temperature. In
both reactlons the concentration of the base was held
constant. Gas chromatography analysis of the esterified.'
réaction products revealed thaf the nepetic acids formed
in the reaction carried out at room temperature were sig-
nificantly richer in the g¢gis,trans and gis,cis acids V and
VI as compared to the nepetic acids from the reaction

carried out at the reflux temperature. The g¢ils acids were

i —r—

essentlally absent in the reaction produet isolated from the
latter reaction.

These studies indicate that the sterically least favored
igomers+¢will form at the lower reaction temperature. These
Observations are in keeping with what is known about the

~strongly polar solution of sodium hydroxide, water, and
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ethanol used for the Favorskil rearrangement (20,21). Under
such condit;ons the cyclopropanone intermediate is probably
formed fromvthe Zwitterion intermediate (see Fig. 10), and
thus product formation would be determined by steric consid-
erations (17,18).

A study of the mechanism of the Favorskii reérrangement
must be deferred until a precise knowledge of the composition
of mixtures of the keto esters XILVIb and XILVIII as well as
the bromo keto esters XIVIIb and XLIX is known. At present
it is not known whether ethyl 6~methyl-2~oxoecyclohexanecar-
boxylate (XLVIII) is a contaminant of ethyl 4-methyl~-2-oxo-
cyclohexanecarboxylate (XLVIb). Applieation of physical
methods of analysis such as n.m.r., infrared spectroscopy
and gas chromatography failed to solve the problem.

v 000
000, H oHg

0

T XLIx

XIVITI

If XIVIII is present, it is a contaminant Whidh does not
altert the carbon skeleton of the final products (nepetic acids)
but may have a pronounced effect on the ratio of nepetic acid
isomers in the product mixture through formation of ethyl 3-
bromo-6-methyl-2-oxocyclohexanecarboxylate (XLIX) which may
provide an entirely different stereochemical reaction course.

Initially we intended to isolate the individual nepetic
aclds by preparative gas chromatography of thelr corresponding

dimethyl esters. However, the relative small difference in
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retention times between the trang,gls-and the gis,trang-di-
methyl nepetates (IVa and Va) indicated that initial sepa-
ration of the trang aclds III and IV from the gisg acids V
and VI would be helpful.

The mixture of trans nepetlic acids III and IV was
obtained almost free of the gis acids V and VI by crystalli-
zation of the oily mixture of all four isomers, or using the

reaction products from the higher temperature PFavorskiil

rearrangement reactions which contain essentially no gig

acids.
0 o
i i
c}) c> COOR
§ §
00R
L I IIT R=H .
LIla R = CHs

The mixture of g¢is nepetic acids V and VI was isolated
either as a Water-insoluble barium salt mixture or from a
mixture of their respective anhydrides L and LI. However,
the separation of the c¢ig acid isomers yia their barium salts
from a mixture of all four nepetic isomers wasg not complete.
-Analysis of the Water-soluble material after work-up showed
that some of the gis acids remained. 1In addition, small
amounts of the traug éoids were detected upon work-~up of the
Water-insoluble material. Good ylelds of a mixture of the
two ¢cls acids V and VI relatively free from the tranps acilds
IIT and IV were obtained upon hydrolysis of the mixture of

cis anhydrides L and LI formed by treatment of the oily

R
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mixture of all four nepetic acids with acetlc anhydride. This
method also provided a separation from any B-methylpimelic acid
(LII) which might have formed. The dimethyl ester (LIIa) has
nearly the same retention time as gls,cis-dimethyl nepetate
(VIa).

Since the esterification of large amounts of nepetic
acids using diazomethane was impractical, the method of
Clinton and Lagkowski (23) was used to prepare the dimethyl
esters, which were formed in good yield. The diethyl esters
of the nepetic acids were also prepared but showed no advan~-
tage over the dimethyl esters in ease of preparation or in
the resolution of their gas chromatography peaks.

Aplezon L was found to be the better of the columns
avallable for gas chromatographic separation of the dimethyl
nepetates when the factors of peak resolution, calumn sub=
strate bleeding and sample capacity were taken into aceount.
Initial separations of the individual trans dimethyl nepetateé
(IITa and IVa) using a half-inch diameter column was not com=
plete and required a second separation. This twé-step sepa-
ration procedure with the limitation of 0.5-ml. sample injec=
tion proved to be inefficient as only 15-20% recovery was
obtained.

The trans,trans-dimethyl ester IIIa and irans,cis-

dimethyl ester IVa were separated and obtained as pure
sampleg with relative efficient recovery through preparative

gag chromatography using a large~diameter column. The time
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involved in this separation was comparatively short and only
one pass through the column was necessary. The esters IIla
and IVa were saponifled to the trans,trans- and trans,cis-
nepetic acids (III and IV respectively) and each was charac=
teriged by comparison of melting points with the corresponding
isomers VII and VIIT of the catnip series (2). The dimethyl
esters IITa and IVa were characterized by comparison of their
infrared spectra with those of the corresponding racemic di-
methyl esters (4).

[
However, the peak resolution between the gilg,trang- and

the gis,cis~dimethyl nepetates (Va and VIa) was not as good
as that obtained for the two trans esters\IIIa and IVa. Also
large=-scale gas chromatography did not lend itself ﬁell to
the separation of the gis dimethyl nepetates. The separation
of the gis,trans~ and gig,gis-nepetic acids (V and VI respec-
tively) was made possible through the difference in rates of
crystallization of the gig,trans and the gig,clg barium salts.
A sample of the c¢is nepetic anhydrides L and LI was hydro-
lyzed, treated with barium hydroiide and the resulting mix~
ture was filtered, Work-up of the aqueous filtrate ylelded

a mixture of acids containing a larger percentage of the
cis,cis acid VI than gls,frans acid V when compared to the
acld mixtu?e obtained from work-up of the barium salf Pre-
cipitate. This latter acid mixture was crystallized, and
pure clg,trans-nepetic acid (V) was obtained after recrystal-~

lization from ether and petroleum ether.

The mixture of aclds recovered from the above aqueous
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filtrate was treated agalin with barium hydroxide and filtered.
Additional barium salt precipitated after 12 to 15 hours.
Since it was known that some separation was accomplished
through an initlal barium hydroxide treatment and that the
cis,clg acid VI also formed an insoluble barium salt, this
latter material was assumed to be the barium salt of the gls,
cls acld VI. Work-up of the barium salt which precipitated
from the filtrate yielded an 0il which would recrystallize
acid obtained from the degradation of genipin. Recrystal-
lization of this latter solid afforded pure gig,cigs-nepetic
acid VI and an admixture of this acid with that obtained from
the degradation of genipin showed no depression in melting
point.

The preparation of gis,cis-~acid VI via the formation of
cis anhydride mixture L and LI suggests that the remaining
unknown gls,cig-acid X of the catnip series could be pre-
pared through this same procedure.

A sample of gils,gig~dimethyl nepetate (VIa) was sapon-
ified to determine whether isomerigzation took place. The
saponification mixture was acldified, and extracted with
ether. Esterification with diazomethane, followed by gas
chromatography showed that isomerization occurred since =
mixture of all four nepetic acids III through VI was obtained
with the frang,transg acid III as the major component. For
this reason, and because of the small difference in reten-

tion times between g¢cig,trans- and gcls,cigs-dimethyl nepetates
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(Va and VIa), no attempt was made to separate the mixture of
thegse two esters on large diameter preparative scale gas
chromatography column. The n.m.r. spbectra of the nepetic
acids (III, IV, V and VI) and the respective dimethyl esters
(IIIa, IVa, Va, and VIa) provided a useful means of further
distinguishing between the individual isomers. The ring
methyl protons are apparently influenced enough by the stereo-
chemical environment that the chemical shifts of the protons
of the methyl group in the individual acids and esters are
different and thus provide =z means of identifying a partic-
ular isomer. Another distinguishing chemical shift is found
for the hydroxyl groups in the isemeric aclds and the methoxyl -
groups in the dimethyl esters.

pentane-1,2~dicarboxylic acid (XXVIII) from the Pavorskii
reaction of ethyl 2~oxo-3-bromocyclohexanecarboxylate (XXXII).
Since the preparation of the nepetic aclds afforded some of
the cis isomers, the reaction with XXXII was repeated to
determine if any gis~cyclopentane-l,2-dicarboxylic acid
(XXXIV) forms. A sample of ethyl 2~oxocycldhexanecarbox~
ylate (XXIX) was treated with bromine and the resulting

bromo keto ester (XXXII) was subjected to the Pavorskii
reaction under fhe same conditions‘uSed‘fér preparing the
nepetic aclds (III through VI). The reaction yielded the
trans acld XXVIIT as the major.product, but approximately

5% of the clg acld XXXIV was also found to be present.

These results were verified by gas chromatography of the di-

methyl esters of the reaction product, and by comparison of



31

retention times with authentic samples of jtrangs- and cis-
esters XXVIITa and XXXIVa respectively. A third minor
unidentified component which was not dimethyl pimelate

(LIITIa) was also observed.

COOR
COOR
'LIII R=4H
LIIIa R = CHj

The degradation of genipin (I) was repeated and a
sample of ¢ig,cig~-nepetic acid (VI) isolated. 1In the pre-
vious work this acid had to be l1somerized, which resulted
in a mixture of aclds with a broad melting point. The major
'component of the mixture was assigned the trans,cis ednfigu~
ration and on the basis of optical rotation assumed to be
the enantiomer of the Egggg,g;g—nepetic acid VIII of the
catnip series., Repetition of this work in our laboratory

yielded a mixture of acids melting at 90- 97 containing

trans,cis~ and trans,trans-nepetic aclds IV and III respec-

tively in a 5.3:1 ratio. The melting point of an admixture
of the cis,cis~acid obtained from the degradation of genipin
and the ¢is,gcis~acid obtained in our laboratory from pule-
gone showed no depression, whereas the racemic gis,cls~-
nepetic acid (pair VI and X) melts at 130—1320‘(4)° Thus

the configuratlion of the g¢ig,cig~nepetic acid (VI) obtained

from the degradation of genipin is unambiguously shown to
be in the opposite steric series to that of the nepetic

acids obtained from nepetalactone (II).



CHAPTER IV

EXPERIMENTAL 225 3> 4

Unless otherwise stated gll esterifications were accom=-
plished by adding to a cold e%hereal solution of the acid a
cold ethereal solution of diazomethane prepared in one of
the twe following ways:

Preparation of Diazomethane from N-Methyl=N-nitroso=-p-

toluenesulfonamide (Diazald). A mixture of 35 ml. of Carbi-

tol (diethylene glycol moncethyl ether) and 10 ml. of ether
was added to a solution of 6 g. of potassium hydroxide in 10
ml. of water all in a 200-ml. Claisen flask. The flask was

fitted with a dropping funnel, condenser, and a water bath

All melting points are corrected, and all boiling points
are uncorrected.

" Unless otherwise stated the infrared spectra were deter-
mined on Beckman IR-5 znd IR-SA spectrometers as films
on sodium chloride cells.

Grateful acknowledgment 1s made to Dr. William C.
Hamilton and his associates of the Continental 0il
Company, Ponca (Olty, Oklahoma for supplying the nuclear
magnetic resonance gpectra and for use of their prepar=-
ative gas chromatography equipment.

The columns used for analytlcal gags chromatography
were 1/8" or 1/2" x 10' columns packed with either
PDEAS, Apiezon L or LAC 886 on acid~washed Chromosorb
W (60-80 mesh).

32
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held at 70°. To this was added a solution of 21.5 g. of
Diazald in 150 ml. of ether over a period of thirty minutes
via the dropping funnel. The ethereal solution of diazo-
methane was collected in a flask set in a dry-ice acetone
bath kept at 0° (4).

Preparation of Diazomethane from N,N'-Dinitro-N,N'-

dimethylterephthalamide (EXR-10l). In a 500-ml. reaction

flask, a solution of 2.4 g. of sodium hydroxide in 20 ml. of
water, 50 ml. of Carbitol (diethylene élycol monoethyl ether),
and 150 ml. of ether were cooled to OO, and then 7.1 g. of

| EXR-101l vwas added at one time. Magnetlic stirring was started

and the reaction mixture was Warmed_sloﬁvly° The evolution

of diazomethane became apparent at 15° to 20°. In the 30°

to 40° range, the diazomefhane and ether distilled and con~

densed to a bright yellow solution. The reaction was assumed

complete when the yellow color of the EXR-lOl in the reaction

flask and of the distilling ethér disappeared. During this

reaction, the recelver was cooled with dry ice (without

acetone) and ether was added from the dropping funnel when-

ever the amount of ether in the reaction flask became small,

By this method, an ether solution containing approximately

2 g. of diazomethane was obtained from 7.1 g. of EXR~101.
During the latter part of the reactlion, the loﬁer layer

became white and viscous and stirring became difficult.

Preparation of (+)-3-Methylecyclohexanone (XVII) from

(+)-Pulegone (XVI). To a 5~-1.,two-necked flask was added

1,800 ml. of a 33.3% (by volume) solutien of concentrated
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hydrochlcric acid (sp. gr. 1.188) in water. To this was added
1650 ml. (1540 g., 10 mole) of oil of pennyroyal (Fritzche
Brothers) containing about 85% pulegone by weight.

The flask was fitted with a steam inlet tube extending
into the mixture and a 4-foot Vigreux column to which in turn
was attached a flood head. The mixture was heated and agi-
tated vigorously with a magnetic stirrer.

The material which distilled slowly as it formed between
56-80° (approximately 7 hours) consisted mailnly of acetone.
Steam was then passed into the reacting mixture until organic
material ceased to appear in the condensate (approximately
8 hours). The steam distillate was saturated with sodium
chloride and the ofganic layer separated to give crude (+)-
3-methyleyclohexanone (XVII) as a light yellow liguid. The
crude product was dried over anhydrous magnesium sulfate,
filtered, and distilled to give 722 ml. (661 g.) of color-
less (+)-3-methyleoyclohexanone (XVII), boiling at 168° (58-
60°/12.5 mm.). The semicarbazone was prepared and found to
melt at 180.5°. Gas chromatography shows that oil of penny-
royal contains several impurities. However, if it is con-
sidered to be 85% pulegone, the reaction yield is 69%.

BEthyl 4-~Methyl-2-oxocyclohexanecarboxylate (XILVIb) from

(+)—B-Methylcyclohexanone (XVII), Four moles (92 g.) of
clean sodium were added to 120 ml. of dry ethaneol (dried
over 3A Linde molecular sieve) in a 5-1., three-necked flask
equlpped with a dropping funnel, cone stirrer with glass

shaft, and a reflux condeunser with drying tube. When the
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temperature of the sodium ethoxide solution was reduced to
less than lOO, a dry, ice cold mixture of 448 g. (4 moles)
of (+)=-3%3-methyleyclohexanone (XVII) and 584 g. (4 moles) of
diethyl oxalate was added via the dropping funnel over a
period of 45 minutes. Vigorous stirring was maintained
throughout the addition, after which it was stirred an
additional 2 hourg at ice bath temperature. A thick‘slurry
formed and the reaction mixture was allowed to stand over-
night. The reaction mixture was acldified at temperatures
below 14° by dropwise addition of a cold sulfuric acid solu~-
tion prepared from 112 ml. of concentrated sulfuric acid

and 870 g. of crushed ice. The mixture was diluted to 10
liters in a 12-liter separatory funnel and the organic layer
separated. The agueous layer was extracted wlth benzene and
the combined extracts and organic layer washed with water.
The benzene was removed by distilling on a steam bath
yielding a crude concentrate of ethyl (4~methyl-2-oxocyclo-
hexyl)~-glyoxalate (XLV). However, in an attempt to distill
X1V, decomposition took place and the distillation was
stopped. An attempt to pyrolyze the mixture of crude XLV
with powdered soft giass and a trace of iron gave only a

low yleld of ethyl 4-methyl-2-oXocyclohexanecarboxylate
(XLVI@. Compound XLV was finally flash-distilled by heating
with a heating mantle under reduced pressure to give 266 g.
of colorless ethyl (4-methyl-2-oxocyclohexyl)-glyoxalate
(XLV), b.p. 110°-130° / 7 mm. or 117° / 4 mm. The yields
ranged from 32% to 37%. Some XILVIb may have resulted from
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pyrolysis durlng the distillation of XLV,

Powdered soft glass (2.5 g.) and a trace of iron were
added to 411 g. of XLV in a l-liter distillation flask heated
by an o0il bath, and stirred with a magnetic sfirrer° The oil
bath was heated to and held at 165° to 170° and at this temp-
erature 341 g. ethyl 4-methyl-2~oxocyclohexanecarboxylate
(XLVIb) was distilled under reduced pressure. The product
distilled at 110-1300 at varying unknown pressures, and was
redistilled at 59 to 60°/2 mm. in 96% yield.

Attempted Preparation of Ethyl 4-Methyl-2-oxocyclo-

hexanecarboxylate (XLVIb) Using Diethyl Carbonate. To a 1=~

liter, three-necked, round-bottomed flask fitted with a nitro
gen inlet, addition funnel, stirring shaft,‘and condenser was
added 85 g. (1.94 mole) of a 56.3% oil dispersion of sodium
hydride in 250 ml. of p-dioxane. To this mixture was added
240 ml. (2.0 mole) of diethyl carbonate. The flask was sur-
rounded by a hot water bath (80-85°) and then 60-70 ml., of
(+)=-3-methyleyclohexanone (XVII) (approximately 0.50 mole

56 g.) in 250 ml. of p-dioxane was added dropwise over a
period of 75 minutes. At first, evolution of hydrogen was
slow, but after 30 minutes evoiution\Was rapid and the hot
water bath was removed. Addition of XVII was discontinued
temporarily until the evolution of hydrogen subsided at which
time the hot water bath was replaced and addition continued.
Heating and stirring was continued for 40 minutes after the
addition was completed.

After cooling, the reaction mixture separated into two
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layers. Due to the large excess of sodium hydrlide present,
foaming took place and the reaction became hot upon addition
of a few ml. of water. After cooling, the reaction mixture
was poured into a larger Erlenmeyer flask and decomposed
slowly with dilute acetic acid.

The organic layer was separated in a separatory funnel
and the aqueous layer extracted three times with ether. The
organic layer was combined with the ether extracts and the
resulting mixture was washed successively twice with water,
twice with sodium bicarbonate solution and twice with water,
and finally with saturated aqueous sodium chloride.

The mixture was then drled with anhydrous magnesium
sulfate, filtered, and the ether distilled. Distillation
yielded several fractions. The major fraction (72~74O/l°4
mm.) gave an infrared spectrum corresponding closely to that
of ethyl 4-methyl-2-oxocyclohexanecarboxylate (XLVIb). How=
ever, gas chromatography showed i1t te be a complex mixture
of several compounds,

Ethyl 3-Bromo-~-4-methyl-2-~o0oxocyclohexanecarboxylate

(XLVIIb) from Bthyl 4-Methyl-2-oxocyclohexanecarboxylate

(XLVIb). One mole (184 g.) of XLVIb was combined with 15
ml. of dry ether in a 5-1., three-necked, round-bottomed
flask. To this solution was added dropwise 168 g. (1.05
mole) of bromine over a period of an hour. The reaction
mixture was agitated at ice-salt bath temperature throughout
the reaction and then diluted with ether and poured over

160 g. of sodium bicarbonate on ice. The ether layer was
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geparated and the aqueous layer extracted three times with
ether. The combined ether extracts were dried with magnes-
fum sulfate, filtered and the ether drawn off under vacuum
to yield a crude mixture of ethyl 3~bromo-4-methyl~-2-oxo-
cyclohexanecarboxylate (XLVIIb). A portion of the bromo
keto ester XLVIIb was distilled at 130°/0.4 mm. and a center
cut was analyzed.

Anal. Calcd. for C1OH1203Br: ¢, 45.62; H, 5.75;
Br, 30.3%6. Found: C, 45.47; H, 5.49; Br, 30.64.

3-Methylcyclopentane-1,2~-dicarboxylic Acids (III-VI)

(Nepetic Acids, Pulegone Series) from Ethyl 3-Bromo=-4-

methyl-2-oxocyclohexanecarboxylate (XLVIIb). Half the bromo

keto ester XIVIIb: - from the preceding step was added over
a period of 10 minutes to a solution of 260 g. of sodium
hydroxide in 1-1. of water and 3-1. of 95% ethanol. Nitro-
gen was passed over the reaction mixture as it was heated
with agitation. After 75 minutes, the mixture began to
reflux and the remainder of the bromo keto ester XLVIIb was
added via a dropping funnel over a period of 20 minutes.
The reaction was heated at the reflux temperature for an
additional hour. XEthanol was thén removed by stripping
with a water aspirator and heating on the steam bath. The
reaction mixture was cooled and then acidified with concen-
trated hydrochloric acid and extracted three times with
ether. The aqueous layer was extracted continuously for 8
hours., The combined ether extracts were extracted with a

golution of sodium bicarbonate. BExtraction was continued



39

until the last two extracts were basic to pH paper.

The sodium bicarbonate-insoluble, ether-soluble layer
yielded 10 g. of a dark brown liquid with a phenolle odor.
The combined sodium bicarbonate extracts were acidified
with 6N hydrochloric acid and extracted with ether. The
aqueous solution was continuously extracted with ether for
8 hours. The ether extracts were combined, dried with mag-
nesium sulfaté, and filtered and the ether was distilled to
give 113 g. of a crude oily mixture of 3-methylcyclopentane-
1,2-dicarboxylic acids (III-VI) (nepetic acids of the pule-
gone series).

To remove the phenoclic material, 12 g. of the crude
reaction product was treated with a dilute potassium per-
manganate solution until no more manganese dioxide formed.
The mixXture was made basic with a 10% sodium hydroxide solu-
tion, and then filtered. The filtrate was acidified with 6N
hydrochloric acid and extracted with ether. The combined
ether extracts were dried and the ether removed on a rotary
eVaporétor at water aspirator pressure yielding 10.2 g. of
a mixture of the four nepetic acids trans-trans (III), trans-
cis (IV), cig=-trans (V), and g¢ig~cis (VI), plus some p-~methyl-
pimelic acid (LII) and other minor impurities. The yield of
crude acid mixture based on keto ester XLVIb was 55.8%.

The olly mixture crystallized to a slurry. Filtrétion
gave solid material consisting mainly of the irans acids III
and IV, while the filtrate (and the major portion) remained

a mixture.
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When the bromo keto ester (XLVIID) was agitated at room
temperature during the Favorskii rearrangement, other reac-
tion conditions remaining the same, a higher ratio of gig
isomers was obtalned.

Preparation of Methyl 4-Methyl-2-oxocyclohexanecarbox-

Zlate (XLVIa) from (+)=3=-Methylcyclohexanone (XVII)., To a
5~liter, four~necked flask, fitted ﬁith an addition funnel,
stirring shaft, nitrogen inlet and a condenser was added 200
ml. of dfy benzene. To this was added 100 g. of a 56.3%
sodium hydride mineral oil dispersion (2.3 mole NaH), 1000
ml., of dry dioxane, and 560 ml. of dimethyl carbonate
(approximately 9 moles) in that order (14). Washing the
gsodium hydride suspension with benzene did not improve the
yield of the final product XLVIa.

To the stirred solution under a nitrogen atmosphere,
and at a constant bath temperature of 80-85°, was added
dropwise = solution of 153 ml. (140 g., 1.25 mole) of (+)=3-
methyleyclohexanone (XVII) in 100 ml. of dry- dioxane, Aftér
about one hour, the reaction became vigorous, heat was
evolved, the solvent began boiling and large amounts of
hydrogen gas evolved from the reaction. The hot=-water bath
was removed until the vigorous reaction abated. The addition
of XVII was continued for an additional 1.5 hours.

The hot~water bath was replaced and the reaction mix-
ture was heated at 80° with stirring for an additional 30
minutes. The evoelution of hydrogen gas subsided and the

reactlon mixture became viscous. Stirring was discontinued

=
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and the reactlion mixture allowed to cool, and cautiously
acldified with aqueous acetic acid., An ice bath was keDbt
available for cooling and to suppress foaming which was exper-
lenced at times.

The stirrer was removed and on settling, the reaction
mixture separated into two phases. The organic layer was
separated and added to the ether extracts 6f the water layer.
This mixture was washed successively with water, twice with
sodium bicarbonate, and finally with a saturated sodium
chloride solution. A dark-colored emulsion invariably formed
which complicated the separation. The ether extracts were
combined, dried over anhydrous magnesium sulfate, filtered
and concentrated. Distillation at 74°/2 mm. yielded 181 g.
(85% yield) of methyl 4-methyl-2~oxocyclohexanecarboxylate
(XIVIa), m.p. 22°,

Smallhscale runs were carried out under a nitrogen-
atmosphere. This Wés omitted for those runs larger than 1

mole,

Preparation and Attempted Isclation of Methyl-3-Bromo-

4~methyln2~ox0cyclohexanecarboxylate (XIVITIa). A 170-g. (1

mole) sample of methyl 4mmethyl-2~oxocycl@hexanecarbaxylate
(XLVIa) was added te 90 ml. of dry ether in a 5-=1., three-
necked, round-bottomed flask cooled by an ice bath. Bromine
(168 g., 1.05 moles) was added dropwise with sﬁirring and
cooling over a period of 75 minutes. Upon completion of
addition, the reaction mixture was stirred for an additional

15 minutes. Evolution of hydrogen bromide gas was apparent,
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The reaction mixture was then diluted with ether and poured
over 160 g. of sodium bicarbonate in ice water. This mix=-
ture was allowed to stand for 30 minutes, With ocecasional
stirring. The organic layer was separated and thé agqueous
layer extracted three times with ether. The combined ether
extracts were dried with anhydrous mégnesium sulfate, fil=-
tered, and the ether distilled; giving a crude mixture of
methyl 3—brdmo~4~methyl¥2-oxooyclohexanecarboxylate (XLVIIa).

An attempt was made to distill the bromo keto eéter
XIVIIa. However, decomposition took place and no further
attempts were made to purify or isolate XIVIIa.

Preparation of the Pour Nepetic Acids (TIT through VI)

from Methyl 3~Bromo~4~methyl-2~oxocyclohexanecarboxylate
(XIVIIa). The reaction product mixture containing the bromo
keto éster XLVIIa (from 1.8 moles XIVIa) as previously
described was divided and each portion added to a 5-liter
flask contéining 4000 ml. of 95% ethanol. To each flask was
added a solution of 230 g. sodium hydroxide in 770 ml, of
water. The reaction mixtures were heated at reflux temper~
ature for three hours under a nitrogen atmosphere. After
cooling,‘the sodium bromide was filtered out and Washed‘well
with ether. The filtrate and ether washings were combined
and then distilled to remove ethanol and ether. The remain~
ing aqueous solution was strongly acidified with concentrated
hydrochloric acid. Continuous extraction with ether for 24
hours and work-up yielded 208 g. (66% of theoretical yield)

of crude nepetic aclds III through VI. It was important that



43

the aqueous layer remain strongly acidic during the contin-
uous extraction to lnsure complete removal of the nepetic
acids.

Preparation of a Mixture of the Diethyl Nepetates (IIIDb

through VIb). A 10 g. sample of a mixture of the four

nepetic acids III through VI in a solution of 50 ml. of
benzene, 30 ml. of ethanoi, and 0.5 ml. concentrated sulfuric
acid wag heated at reflux temperatures for‘6 hours in a 250~
ml. flask‘fitted with a head for azeotropic distillation of
water. However, no‘Water layer was ébserved. -Thé benzene~
alcohol mixture was distilled at which time the solution
pecame extremely dark. Vacuum distillation yielded a mix-
ture of IITb, IVb, Vb, and VIb, the diethyl nepetates, b.D.
105-106°/1.5 ma. |

Preparation of a Mixture of the Dimethyl Nepetates

(IIIa through VIa). A 22 g. sample of the nepetic acid

mixture III through VI was added to 34 ml. methanol, 80 ml.
methylene chloride, and 6 ml. of concentrated sulfuric acid
and the mixture heated at the reflux temperature for 15 hours.
The cooled reaction mixture was washed successively with
water, twice with a saturated sodium bilcarbonate solution,
and again with water (23), The methyléne chloride was
removed through a rotary evaporator at water aspirator pres-
sure. Distillation yielded 22.1 g. (86.6% yield) of a mix-
ture of the dimethyl nepetates IIla through VIa, b.p. 62.5%
66.5°/48 mm,
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cig Nepetic Anhydrides L and LI from a Crude trans

i e Nt o

Nepetic Acid Mixture (IITI and IV). A 275 g. sample of a

crude mixture (before potassium permanganate treatment) of
trans nepetic acids IIT and IV was added to a 3-1. flask
Pitted with a short Vigreux column and distillation head.

To this flask was added 1500 ml. of acetic anhydride and the
entire mixture was heated at reflux temperature for 14 hours.
The acetic acid formed by the reaction was distilled period-
ically.

After the heating period, the acetic anhydride was dis=-
tilled at 1390, and the remaining mixture distilled under a
vacuum at 83°/0.25 mm. yielding 164.9 g. of =a crude mixture
of ¢is,trans~- and cig,cig-nepetic anhydrides (L and LI
respectively) in 67% yield.

Isolation, Separation and Purification of the gis,trans-

and cig,cig~Nepetic Acids (V and VI) from the Mixture of cig-

i e
o

Nepetic Anhydrides L and LI (see Fig. 12)., A 160-g. (1.04

moles) mixture of g¢is,trans- and ¢ls,cis-nepetic anhydrides
(L and LI) was heated four hours in the presence of several
moles of water., The resulting aqueous solution of nepetic
acids was cooled and extracted three times with ether. The
aqueous layer was labeled A and retaired. The ether extracts
were combined, evaporated énd the residue was treated with a
saturated solution of aqueous barium hydroxide until ad-
ditional precipitate or cloudiness failed to appear on further

addition. The barium salts were filtered out and washed - with

water. The filtrate and water washings were bottled and
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TABLE T

N.M,R, SPECTRAL CHARACTERISTICS OF THE NEPETIC ACIDS

AND THEIR DIMETHYL ESTERS

Compound Chemical Shifts(&)l Stereochemical
Assignment
ring CHa" -0CHs?® -0H®

III 1.109 11.9 fransg,trans-acid
IV 0.990 11.2 trans,cis-acid
v 1.134 12.4 cis,trans-acid
VI 1.107 10.7 cis,cis-acid
IITa 1.109 3.68 trans,trans-ester
-IVa 0.901 3.68 trans,cis-ester
Va 1.095 3 .64 cis,trans-ester
VIa 1.014% 3,66 cis,cis-ester

1

The chemical shifts are gilven in p.p.m.
Internal standard of tetramethylsilane

2
Doublets

3
Singlets

6) downfield from the
T.M.S.).

Ly
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labeied B. The filtered barium salt mixture was acidified
nepetic acids. This solutlon was extracted five times with
ether. The aqueous layer was saved and labeled C. The com-
bined ether layers were dried and evaporated to give 112 g.
(64% yield) of a crude mixture of V and VI. This mixture
was allowed to crystallize for 3 days. The crystals were
removed by filtration and washed with petroleum ether (66-=68O
fraction) followed by a small volume of cold ether to give
Gas chromatography of the dimethyl ester of this crude acid
showed it contained 95% of Va. Two additional recrystalli-
zations from ether-petroleum ether gave clg,trans-nepetic
acid (V), m.Dp. 131-1320;5 Gas chromatography showed it to
be free of other isomers. The clg,trans catnip acid IX has
m.p. 1%2° (2). Table I gives jthe principal chemical shifts
from n.m.r. analysis. x |

The retained aqueous solutions (A,B, and C) containing
a mixture of cls-nepetic acids V and VI were combined,
strongly acidified and extracted continuously with ether
for 12 hours. The ether extract was dried over anhydrous
magnesium sulfate, filtered and concentrated to give 56 g.
of a crude mixfgre of the gcils-nepetic acids V and VI in 32%
yileld. The overall yield of recovered glg-nepetic acids
was 96%.
| This latter crude mixture of clg-nepetic acids V.and

VI was treated a second time wlth saturated aqueous barium
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hydroxide solution. The resulting barium salt precipitate
was filtered out immediately, and the filtrate allowed to
stand at room temperature for 15 hours at which time an
additlonal crop of barium salts was obtained on filtration.
This crop of barium salts was treated with hydrochloric acid,
extracted with ether, the ether extract dried and evaporated
to give 7.6 g. of crude cis-nepetic acids enriched with g¢ig,
gig~nepetic acid (VI) as shown by gas chromatography of the
dimethyl esters. The 7.6-g. sample of crude ¢ig-nepetic
aclds was seeded with a small crystal of gcis,cigs-nepetic
acid (VI) obtained from degradation of genipin (I). On
standing for four days, needle-shaped crystals developed.

i

Piltration yielded 1.55 g. of crude cis,g;§~nepetic acid

o7

Q

(VI), m.p. 132-1340, The crude acid was further purified

by dissolving in a small volume of ether, adding an equal
volume of petroleum ether (b.p. 66-680), warming the mixture
on the steam bath and allowing to cool. Crystallization

was initiated by scratching the interior of the flask with

a glass rod. The resulting crystals were filtered out and
washed with petroleum ether to yield 0.9 g. of pure gis,cis~
nepetic acid (VI), m.p. 140-140.5°. An admixture of VI with
the cig,cis-nepetic acid from genipin (I) showed no depression
in melting point. Table I gives the principal chemical
shifts from n.m.r. analysis.

Preparation of a Mixture of the cis-Dimethyl Nepetates

Va and VIa from clg~Anhydrides L and LI, To a 5.9~g. sample

of nepetic anhydride mixture L and LI was added 10 ml. 'of
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methanol, 20 ml. of methylene chloride, and 1.5 ml. of con=-
centrated gulfuric acid. The reéulting mixture was heated
at reflux temperature for 14 hours. Water was added to the
cooled reaction mixture until two layers were obtained. The
mixture was shaken in a separatory funnel and the layefs
separated. The top aqgueous layer was discarded and the
methylene chloride layer was washed with a sodium bicarbon=
ate solution at which time the red color, which had persisted
throughout the reaction period, disappeared. After washing
again with water, the solution was dried with anhydrous mag-
nesium sulfate, filtered, and the methylene chloride dis~

tilled, giving 4.7 g. (72.5% yield) of material contalining
and VIa) as well as some minor impurities which were shown
to be present by gas chromatography.

Preparation of g¢ils,trans-Dimethyl Nepetate (Va). A

1.00 g.-sample of cis,trans-nepetic acid (V), m.p. 131-132°,
was esterified with diazomethane. Microdistillation at 1 mm.
(0il bath temperature was 1150) gave approximately 1 ml. of

cis,trangs~-dimethyl nepetate (Va). Table I gives the princi-
pal chemical shifts from n.m.r. analysis. The infrared spec-

trum of Va was almost identical to that of the racemic g¢is,

trang dimethyl ester (4).

Preparation of cis,cig~Dimethyl Nepetate (VIa). An
0.1042 g. sample of g¢ilg,cig-nepetic acid (VI), m.p. 1410,
was esterified with dlazomethane. Microdistillation at 1 mm.

(01l bath temperature was 1150) gave approximately 0.1 ml. of



51

cis,cig~dimethyl nepetate (VIa). Table I gives the principal
chemical shifts from n.m.r. analysis. The infrared spectrum
of VIa was almost identical to that of the racemic clg,cis~
dimethyl ester (4).

Isomerization of clg,cig-Dimethyl Nepetate (VIa) During

Saponification. A 0.l-g. sample of VIa was added to a solu-

tion of 5% sodium hydroxide containing a small amount of
methanol, and the resulting mixture was heated at reflux
temperature for three hours. The methanol was stripped and
the remaining agueous solution aclidified with dilute hydro-
chloric acid, saturated with sodium chloride, and extracted
continuously with ether for 24 hours. The ether extract was
dried with magnesium sulfate, filtered, and the ether evap-
orated, giving a light brown solid. Esterification via diazo-
methane followed by gas chromatography analysis showed the
brown solid to be a mixture of all four isomers with the

trans,trang isomer IIIa as the major component.

Preliminary Gas Chromatographic Separation of trang-

e
womes ceme

Dimethyl Nepetates IIIla and IVa. Preparative gas chroma-

tography conditions using the F and M model 770 gas chrom-
atograph were as follows:

(1) 15% Phenyldiethanolamine succinate (PDEAS) by
weight on acid-washed firebrick packed in 6 feet of 3/4"
" column, preparative flow 4.5, reference flow (analytical)
4.0, deteétgr temperature 2500, injection port teﬁperature

o

2107, bridge current at 150 ma., back pressure at zero and

column temperature of 180°,
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(2) 15% PDEAS on Chromosorb W packed in 16 feet of 3/4"
column, injection port at 26OO,detector at 2500, and column
temperature of 200°.

(3) A 20% Apiezon L column (8' x 1/2") under the same
set of conditions described in 1. |

Collection traps contalning steel helices and partially
filled with ether were used. These were cooled in a dry ice-
acetone bath.

Condition 2 gave the best resolution of peaks. However,
the efficiency of sample collection was low and the sample
was accompanied by considerable PDEAS column substrate bleed.
The substrate contaminant was difficult to remove from the
sampPple. The maximum size sample injected was 0.5 ml,

The column bleed wag considerably reduced when condition
3 was used. A preparative scale separation was carried out
using 0.5 ml. injections. Trap A was found to contain a 5:1

ratio of trang,trans~ester IIIa to trang,gcis~ester IVa. Trap

B contalned trans,cig-ester IVa and trans,trang-ester IIla

in a 4.3:1 ratio.

Isolation of trang,trans~-Dimethyl Nepetate (IIIa). Iso-

s-dimethyl nepetate (IIIa) was

i T

lation of the pure traus.ir
accomplished by reinjecting the sample containing IIIa and
IVa in a 5:1 ratio (Trap A). Condition 3% was used and this

gave an 0.80 ml. sample of trans,trans-dimethyl nepetate

(IIIa) shown by gas chromatograpPhy analysis to be free of

impurities. The infrared spectrum of IIIa was almost iden-~

tical to that of the racemic trans,trans dimethyl ester (4).
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Isolation of trans,cis-Dimethyl Nepetate (IVa). trans,

“ I

cig-Dimethyl nepetate (IVa) was isolated by reinjecting the
sample containing IVa and IIIa in a 4.3:1 ratio (Trap B).
This separation and purification was carried out on a 3/8" x
8' column of 60-80 mesh, acid-washed Chromosorb W coated with
15% Apilezon L. The operating conditions of the Aerograph
Autoprep model A-700 used for this separation were: column
temperature 1650, collector temperature 2200 and helium flow
120 ml./min. The collection traps were glass U-tubes con-
taining a nichrome spiral. These traps were cooled in a dry
ice~acetone bath. A 0.5-ml. sample injected in 0.05 ml. por-
tions yielded 0.25 ml. of trang,gcis~dimethyl nepetate (IVa).
The infrared spectrum IVa was almost identical to that of the
racemic trans,cls-dimethyl ester (4).

Separation of trans,trang~Dimethyl Nepetate (IIIa) and

e v Y
ittt PR A — A

trang,cig-Dimethyl Nepetate (IVa) Using Preparative Gas

Chromatography Employing Large Diameter Columns. Conditions
for preparative gas chro@atography using the large scale

unit employing 4" diameter columns developéd-by_Continental
01l Company were as follows: 20% Apiezon L on 60-80 mesh,
acid-washed Chromosorb W, carrier flow 9 l./min. at 10 p.s.i.,
injection port temperature 2500, column temperature 200°,

and thermal detector temperature 250°. A total of 65.4 g.

of mixtures containing approximately 65% trans,trans- and

v e e

35% trans,cis-dimethyl nepetates (IIIa and IVa) were injected.
The sample volumes injected ranged from 7 to 20 ml. The

collection traps were cooled by an ice bath. The materials
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collected were as follows: one gram of a leading unidenti-

fied peak, 25.6 g. of 99% pure trans,trans-dimethyl nepetate

(I1Ia), 13.2 g. of 99% pure trang,cis~dimethyl nepetate (IVa)
and 4f2 grams of a mixture of IIIa and IVa from the by-pass
trap. The total recovery was 67%. The sample containing
IITa was distilled at 69O/an mm. and collected. Sanple IVa
was distilled at 72°/1.1 mm. Table I sgives the principal
chemical Shifts 0f IITa and IVa from n.m.r. analysis.

~Preparation of trans,trans-Nepetic Acld (ITI). To 10.0

s,trangs-dimethyl nepetate (IIIa), purified through

" -

g. of tran
preparation gas chromatographj, was added 250 ml. of a 5%
sodium hydroxide solution and 175 ml. methanol. The solu~

tion was heagated at reflux temperature for 3 hours and the

methanol was distilled under reduced pressure. The remain-
ing solution was acidifiéd with hydrochloric acid and extrac-
ted with ether three times and then continuously extracted
for 28 hours. The combined ether extracts were dried wilth
magnesium sulfate and filtered, and the-ether wés’evaporated,
giving 10.3 g. of a light yellew 0il which was crystallized
upon scratching. Recrystallization from a mixture of ether

and Skellysolve F gave 3.5 g. of trans,trangunepetic gecid

(III), m.p. 119-120°. Evaporation of the solvents from the
mother ligquor and recrystallization from a mixture of ether
and Skellysolve F yielded an additional 3.6 g. of acid III.

The catnlp trans,trans-nepetic acid (VII) has m.p. 118° (2).

The total yield of trans,trang—nepetic acid (III) was 83%.

Table I gives the principal chemical shifts from n.m.r.

analysis.
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Preparation of trans,clg Nepetic Acid (IV). To 8.0 g.

of trans,cis~dimethyl nepetate (IVa) was added 200 ml. of a
5% sodium hydroxide solution and 75 ml. of methanol and the
resulting solution was heated at reflux temperafure for

three hours. Work-up as described for trans,trans-nepetic

acid (III) yielded 7.8 g. of a light yellow solid. A single -
recrystallization of this yellow solid from ether and Skelly=-
solve B yielded 2.0 g. of trang,cis-nepetic acid (IV), m.p.

113-115°, [a]os -88° (¢ 2.1, CHOL The catnlp trans,cis-
)

3)°
nepetic acid (VIII)has m.p. 114-115° (2). An admixture of IV
with the nepetic acid obtained as. a degradation product of
furopelargone A (XXVII) showed no depression in melting point
(11). Table I gives the principal chemical shifts from n.m.r.

analysis.

Preparation of a Mixture of trang~ and gig-Cyclopentane-

1,2-dicarboxylic Acids (XXVIII and XXXIV) (12). To a solu-

tion of 14.1 g. of ethyl 2-oxocyclohexanecarboxylate (XXIX)
and 5 ml., Bf dry ether contained in a 100 ml., three=-necked,
round-bottomed flask placed in a salt ice=-water bath was
added dropwise 15 g. of bromine with stirring° The reaction
mixture was diluted with ether and poured onto a mixture of
20 g. sodium bicarbonate and ice. Extraction with ether and
evaporation of the combined ether extracts gave the bromination
product XXXII.

The bromination product XXXII was heated at reflux temp-

erature for one hour with a solution of 21 g. of sodium
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hydroxide in 70 ml. water, and 1000 ml. of 95% ethanol.
Nitrogen was passed over the mixture during the heating
period. Most of the alcohol was then evaporated and the
solution was acidified with concentrated hydrochloric acld,
saturated with sodium chloride, and extracted with ether,

The combined ether extracts were washed withva satu=-
rated solution of sodium bicarbonate. The coﬁbined sodium
bicarbonate washings were acidified with 6N hydrochloric
acid, saturated with sodium chloride, and extracted with
ether. Drying and evaporating the ether gave 8.6 g. (66%
yield) of a crude mixture of cyclopentane~l,2~dicarboxylic
acids XXVIITI and XXXIV.

Part of the crude reaction product was treated with
diazomethane and analysis by gas chromatography showed it to
contain trang-ester XXVIIIa, a small amount of gig-ester
XXXIVa and a third unidentified peak which was not dimethyll
pimelate (LIa). Orystallization of the crude mixture from
ether gave pure trans-acid XXVIII, m.p. 159-160°. Ether-
petroleum ether recrystallization gave more acid with a lower
melting point.

Preparation of Pimelic Acid (LIII) from Ethyl 2-0xo-

cyclohexanecarboxylate (XXIX) (13). In a three-necked round-

bottomed 250-ml. flask fitted with a reflux condenser and a
dropping funnel was placed 10 g. (0.25 mole) of sodium hydrox~-
ide and 30 ml. of anhydrous methanol (driéd over Linde Molec~
ular Sieve 3A). The mixture was stirred by a magnetic

stirrer and heated for one-half hour. Stirring and heating
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waa continued and 10 g. of ethyl 2-oxocyclohexanecarboxylate
(XXIX) was added over a period of one hour at which time the
feaction mixture became.thick and could no longer be stirred
with the magnetic stirrer. The mixture was then heated an
additional 15 minutes without stirring, and allowed to stand
overnight. The reaction mixture was diluted with 60 ml. of
water and methyl alcohol was removed by distilling until the
temperature of the distillate reached 98°. The reaction mix-
ture was then acldified with 21 ml. of concentrated hydro-
chloric acid added dropwise with stirring. To the hot solu-
tion was added 0.37 g. of Darco and the suspension filtered
through a heatad Buchner funnel. The filtrate was cooled in
the freezer and a white precipitate formed. The precipitate
was removed by filtration and dried in the air yielding 6.3
g. (67%) of crude pimelic acid (LIII), m.p. 97-100°.
Preparation of B-Methylpimelic Acid (LII). Ethyl Y

methyl-2-oxocyclohexanecarboxylate (XLVIb) (3.8 g.) was mixed
ﬁath a solution of 5 g. sodium hydroxide in 20 ml. of water
and 200 ml. of ethanol and heated at reflux temperature for
one haur. The ethanol wag evaporated through a rotary evap~
brator at water aspirator pressure. The remaining mixture
was acidified with 6N hydrochloric acid, then extracted
several times with ether. These ether extracts were combined
and %ashed well with s sodium bicarbonate solution, and the
combined washings acidified with 6N hydrochloric acid and
extracted with ether. The ether extracts were combined and

dried with magnesium sulfate, filtéred and the ether evapo~
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rated to give a mixture containing B-methylpimelic acid (LII).
Esterification of the reaction mixture with diazomethane and
subsequent gas chromatography showed four peaks, the largest

being due to dimethyl B -methylpimelate (LIIa).

Hydrogenation of Genipin (I}. A solution of 15 g. of
genipin (I) (0.067 mole) In125ml, of glacial acetic acid was
hydrogenated at room temperature and atmospheric pressure
in the presence of three grams of prereduced platinum oxide
catalyst. During 19 hours, the solution absorbed approx=-
imately 0.084 moles of hydrogen, or 63% of the expected two
equivalents. The catalyst was removed by filtration and
the solution was treated twice with Norite. The solution
was then hydrogenated a second time in the presence of pre-~
reduced platinum oxide and found to abgorb 0.027 moles of
hydrogen during 7 hours. The total uptake of hydrogen was
0.111 moles or 83% of the expected. After removing the
catalyst, the acetic acld was distilled under vacuum and the
residue was taken up in ether and washed with sodium bicar-
bonate solution bntil the washings were basic. The eth
solution was dried over anhydrous magnesium sulfate and evap~
orated to yield 10.6 g. of orange oil.

A small sample of the o0il was subjected to thin layer
chromatography. The mixture was spotted on a silica gel
plate and eluted with a 4:2:1 mixture of petroleum ether
(40-500), benzene, and 95% ethanol. Development with iodine
vapor showed six spots, two of which were much larger than

the rest. Comparison of the Rf Values of the two main com=-
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ponents with those of samples of 9-deoxy-6,7-dihydrogenipin
(XXVI) and 1,9-anhydro-6,7~dihydrogenipin determined under
the same conditions indicated that these substances were the
chief products. The sample apparently contained only é small
amount of genipin despite the ircomplete reduction. Its
insolubility in ether probably caused it to be removed during
the washings. All of the components gave brown gpots with
iodine excepf genipin which gave a light purple spot.

Ozonolysis of a Crude Mixture of 9-Deoxy-6,7-dihydro-

genipin (XXVI) to gls,clg~-Nepetic Acid (VI). A solution of

9
P =
TEE IS

10.6 g. of the total reduction product of genipin (I) in 50
ml. of methylene chlofide was cooled to -70° and ozone was
run in until the‘solution turned blue. This required approx-
ifmately one hour. The solution was then added dropwise to a
mixture of 50 ml. of 10% sodium hydroxide and 42 ml. of 30%
hydrogen peroxide. The mixture was stirred for 30 ﬁinutes
and then methylene chloride evaporated in vacuo. An ad-
ditional 70 ml. of 30% hydrogen peroxide were added and the
solution stirred overnight. It was acidified with concen-
trated hydrochlofic acid and sodium sulﬁite was added. @Solid
sodium chloride was then sdded until the solution appeared
saturated and it was then extracted five times with ether

and the ethereal solution dried over anhydrous magnesium
sulfate. Evaporation yielded a colorless oil which was made
basic with saturated barium hydroxide solution. The precipi-
tate which formed was filtered and then acidified with 6N

hydrochloric acid. After the additlon of solid sodium
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chloride the solution was extracted three times with ether
and the ethereal solution dried over magnesium sulfate and
evaporated. A solid was obtained upon trituration of the
resulting oil with petroleum ether. This was recrystallized
from ether-petroleum ether to give 0.75 g. of solid, m.Dp.
131-135°, A second recrystallization yielded 0.5 g. of cis,

clg~-nepetic acid (VI), m.p. 1%6-138°. A sample melting at
140-141° wag obtained through additional recrystallizations.
The filtrates from this and similar ozonolysis experiments
were combined and evaporated. The barium hydroxide preclp-
itation and work-up were repeated and a sample of the semi-
s0lid which was obtalned as the product was treated with
diazomethane., Gas chromztography of the resﬁlting esters
indicated the»presence of the dimethyl_esteré of cis,cis~
nepetic acid and ¢gig,trang-nepetic acid in a ratio of 2.5:1.
These are VIa and Va respectively.

Epimerization of c¢is,clg~Nepetic Acid (VI). A solution

of 0.7 g. of gig,cig~nepetic acid (VI) in 4 wl. of reagent
grade acetic anhydride was refluxed for six hours. The
excess acetic anhydride and acetic acid were removed under
vacuun and 4.2 ml. of absolute methanol was added and the
solution heated at reflux temperature for two hours after
which part of the methanol was distilled to remove any methyl
acetate which might have formed. This solution was then
poured into a solution of 0.4 g. of sodium in 10 ml, of abso-

lute methanol and heated at reflux temperature for 30 minutes.

After the addition of 4 ml. of water, the solution was heated
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for one hour longer. Thé'methan@l’ﬂas rémdved under #aguum
and water was added. This was partially‘rem0ved'dndef
vacuum and water and benzene were added and the mixture agaln
evaporated. Sufficlent water was then added to dissolve the
salts which héd précipiﬁatgd. The solutlion was aqidified
and'gxtracted féur'timqs with ether ﬁndrthé‘éthér‘extract

was dried and evaporated. The residusl oil solidified when
t:eatcd’with'pstrbleum‘ether‘to7yield 0.6 g. of ﬁhite‘BOILd
melting broadly below 100°, This was recrystallized from
éﬁhar-pétroleuﬁ'ether to glve 9.35 g. of white soli&, m,D.
90~97%, The rilhfgte and solld Wwere comblned and evaporated.
The 0.57 g. of solid yhich remained was dissolved in ether
and treatéd with dlazomethane. After removal of the‘solvent.
the reaulting mixfure of esters was analyzed by gas-éthma-
tOsrgbhy and}found, by comparison and mixing with the qdrréi
spondlng previously prépared acid,eété;s, to odntathvthe
trans,clg~ester IVa and thevggggg.ggggg-estér IIIa in a ratic
0o 5.25:1,
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