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CHAPTER I 

INTRODUCTION 
_/ 

Genipin (I), naturally occurring in GeniE§. americana L., 

was shown to have the~ configuration at the ring junction 
c 

(1). The same absolute configuration occurs at these centers 

in the methylcyclopentane monoterpenoid nepetala.ctone (II), 

found in the common catnip plant, Jie:e.et~ cataria L. (2,3). 

The structure proof of genipin (I) depanded on the. isomer­

iza.tion of 3-methylcyclopentane-1,2-dicarboxylic acid VI with 

£..!...! carboxyl groups to the corresponding acid IV with ltin.[ 

arrangement of carboxyl groups (3,4). However, differences 

in the anticipated 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 

isomer of the 3-methylcyclope~tane-1,2-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 

methylcyolopentane monoterpenoids. 

The inconsistencies described above prompted us to 
·, 

attempt synthesis of the remaining unknown isomers ot the 

1 
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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 acids as illustrated .by structures 

III through x. 

III 
II Ia 
IIIb 

OH 
: 3 

VII R = H 
VIIa R = CH3 

OOR 

OOR 

~COOR 

~COOR 

VIII R ::; :f! 
VIIIa R = OH3 

~.,..DOOR 

L-CCOOR 

V R = H 
Va R = c~ 
Vb R = 02H5 

·,;3 .JJOOR 

~COOR 

IX R =.H 
IXa R= OH 3 

OH 

&OOR 

OOOR 

VI R = H 
VIa R = CH3 
VIb R = C2H5 

H3 

OOR 

X R = H 
-x;a R = CH3 



The major portion of this thesis is 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 independent synthesis is also described. 

3 

The previously mentioned eight optically active nepetic 

acids may be divided int0 two series of four structures, of 

which one series (VII, VIII, IX, and X) have the same abso~ 

lute configuration as nepetalactone (II) about the common 

asymmetric center (carbon 3 of VII and carbon 7 of II). Since 

these nepetic acids are derived from nepetalaotone (II), we 

sh~ll 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 nepetio acids (III, IV, V, and VI), 

are identical to the nepetic acids from the catnip series 

except that the stereoohemistry is reversed for the entire 

series. That is, III and VII,.IV and VIII, V and I.X, 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 acids (III, IV, V and VI) was syn­

thesized from (+) pulegone (XVI) and we, therefore, designate 

them as ne:petio acids 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-methylcyelopentane-1,2-dicarboxylic acid. However, 

f'or ease of description and to indicate the source of the 

respective acids we elect to use the names described in the 

prece.ding 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). For example, structure VII is designated as the trans~ 
n trf1W:s•nepetio a¢1d (catnip series) and Vis designated as the 
\ 

.Q.1(!,tr~n§~nepetic aeid (pulegone series). 



CHAPTER II 

HISTORICAL 

The 3-methyloyolopentane-l ,12-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 physiologically active constituent 

of the catnJp plant (6). During the course of proof of struc­

ture and absolute configuration of nepetalactone (II)j the 

structure and absolute. configuration of the nepetic acid VII 

at c3 was established as shown in Fig. 1 by degradation to (+) 

2-methylglutaric acid (XIII) and (-)-methylsuccinic acid (XV) 

(2,5). The absolute configuration of (+)-XIII and (-)-XV had 

been established by Fredga through quasi-racemate correlation 

with (-)-lactic 

• AOOH 
booH v 

(-)XV 

A__OOH 
~OOH 
(+)XIII 

Fig. 1 - Absolute Conf11guration Proof for the Nepetio Acids 

5 
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The absolute contigurat1on assignment to nepetalactone 

(II) at c7 and consequently nepetic acid (VII) at o3 was 

confirmed by correlation with (+)-pulegon$ (XVI) as shown in 

Fig. 2 (5). The absolute configuration et the latter had 

been established as (R), by correlation with shikimic aoid 

, .. and the ta.rtari c acids ( 8 ) • 

¢(H¢ 6 o3,H2o2 . OOH 

o:Er- ·• COOH 

CH~ . . 

l 
(+)XVII (-) (- )XVIII 

600H 
OOH--•!))' 

(+) (+) (-) (+)XIX 

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

Since (-)-methylsuccinic acid (XV) and (+)-2-met~yl-

glutaric acid (XI!I) ibtained as degradation products of 
• ~!a 

nepetalactone had opposite sign of rotation to the corre­

sponding acids (XIX and XVIII respectively) obtained through 

degradation o~ ( + )-pulegone (XVI), the (S) assignment to c7 

of nepetalactone (II) and o3 of nepetic acid VII was confirmed .. 
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A second nepetic acid (IX) having the c~s,tran@ config­

uration was obtained from nepatonic acid (XI) through the 

reaction sequence of Fig. 3 (2). The~ assignment of car­

boxyl groups tor the nepetic acid IX was based on the insol­

ubility of its barium salt (2). Evidence to suggest the ster­

eochemical assignment of .w,,trans configuration to nepetic 

acid IX was obtained 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. 

Fig. 3 - The Degradat,on of Nepetonio Acid (XI) 
to cis,trans-Nepetic Acid (IX) 

A third nepetie acid in the catnip series, the ~rans, 

.w isomer VIII, was obtained by degradation of the nepeta.­

lactone isomer XX to'a new nepetonio acid {XXI), which in 

turn was converted as shown in Fig. 4 to the trans,.w-

nepetio acid (VIII) (3). 



COOH _ 
OI 

XXI =O 
• 

6:000H 
VIII OOOH 

Fig. 4 - Preparation of trans,tl!-Nepetic Acid (VIII) 

The remaining Q.1...a.,.QJ.A•nepetic acid (X) of the catnip 

· series has not been described, but a method :tor 1 ts prep­

aration from either of the trins nepetic acids (VII and 

VIII) has been developed and is described in the experi­

mental work of this thesis. 

8 

A synthesis of the racemic 3-methyloyolopentane-1,2-

dioarboxylic acids was reported by Fargher and Perkins (9) 

in 1914. This synthesis was repeated and found to give not 

acids of the nepetio acid series but rather the acid XXII as 

shown in Fig. 5 (4). 

Ar 
L!r. 

Fig. 5 

+ 

The F&:rgher ~.nd Perkins Alleged Synthesis of the 
Racemic 3-Methyleyclopentane-1,2-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 as shown in Fig. 6 by conversion of the keto ester 

XXIII to the cyanohydrin :followed by dehydration and hydrol­

ysis to the methylcyclopentenedicarboxyl1c acids XXIV and XXV 
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( 4). Hydrogenation of XXIV gave two crystalline acids, each 

0 0 

• 
. d, co2o2H5 
·· XXIII i 

Ac.o2H. Ll . 
. d,l 002H 

+ 

xxv 

Fig. 6 - Synthesis of th'3 Racemic Nepetic Ac.ids 

a. racemate. On the assumption that Q.l[ addition of hydrogen 

to the- double bond of XXIV took place, these acids were 

assigned the (±) .Q.ll,.Q.ll and (±) traU§_,.Q.ll configurations 

as illustrated by combining the pairs of enantiomeric nepetic 

acids VI and X, and IV and VIII respectively. The cis rela--
tionship of the carboxyl groups in (:t) .w,.ili-nepetic acid 

(pair VI and X) was established through formation of-an 

insoluble bari.um salt and ready formation of an anhydride 

from which a single racemic nepetic acid (pair VI and X) was 

.obtained upon hydrolysis (2,4). 

Hydrogenation of the anhydride of the acid XXV followed 

by hydrolysis also yielded two separable acids. One was iden­

tified as the racemic ili,2.1!-nepetic acid (pair VI and X) 

previously obtained, while the new isomer was assigned the 

£1!.,ifans configuration (racemate pair V and IX). The .Qi.!, 

.irans configuration of this latter nepetic acid was confirmed 

by the formation of an insoluble barium salt and the ease of 

formation of an anhydri_de from which only a single racemic 

nepetic acid (pair V and IX) was obtained upon hydrolysis. 
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In order to prepare the remaining raoemie tr1ns,trans 

nepetic acid (pair III and VI), each of the enantiomerio 

dimethyl ester Pairs IVa and VIIIa' Va and IXa, and VIa. and 

Xa were separately heated at reflux temperature in a solution 

ot sodium methoxide in methanol for 24 hours. After hydroly­

sis the ~rap.s,tra.p.s ... nepet1o a.cid (raoemic pair III and VII) 

was isolated in varying a.mounts from each of the reaction 

mixtures. The trans, t-rans structure of pair III and VII 

followed from its difference in properties from the other 

fso,ers. (2,4). 

('Br + 2 

Br 

OOOC2H5 I .. 
OH2 
"= 0000 H 2 5 

(Xoooa.,_ __ 
d,l COOH 

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

As shown in Fig. 7, Blomquist and co-workers (10) using 

a variation of the procedure of Fargher and Perkins (9) ~ee 

Fig. 5) were able to prepare a crude acid mixture containing 

what they thought to be a mixture of the four nepetio raoe­

mates. However, a sample of this mixture of ac.ids did not 

give an insoluble barium salt, this indicated the absence of 
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any of the isomers with !U.§. carboxyl groups (4). From refrac­

tive index studies of the methyl esters of the mixture of 

acids it appeared that nearly equal amounts of the raoemic 

trans,trans-and tr1n~,~i1-nepetic acids 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 III and V of this series have not appeared in 

the literature. The £l!,£..!.!-nepet1c 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 

H2 ,Pt 
HOAo .. 

XXVI VI 

Fig. 8 - The Degradation of Genipin to cis,.2.1§..-
. . Nepetic Acid (VI) · 

oxidation with ozone and alkaline hydrogen peroxide to crude 

acid VI which was 'purified through its barium salt (1). An 

elemental analysis indicated that this acid corresponded to 

the nepetio acids in composition, and the formation of an 

insoluble barium salt suggested £.i!. arrangement of the oar­

boxyl groups. However, its·physical properties did not corre­

spond to any of the three known nepetic acids (catnip series). 

This suggested that the rema.ining £1!, cis-nepetic acid X or 

its enantiomer VI had been obtained. Confirmation of the 

£.J.Ji,SUA. configuration was obtained by. comparison of the infra-
·;.. 
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red spectra of the new acid and its dimethyl ester with the 

spectra obtained from the racemic eis,c1s-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 

0 [ ] 660 and hydrolyzed to give a new acid, m.p. 95-100, a 0 - , 

which did not fonn an insoluble barium salt and therefore 

must have been a nepetic acid with trans carboxyl groups. 

This new acid was considered to be either IV of the pulegone 

series or VIII of the catnip series. The known nepetic acid 

VIII melted at ll4°-115° C 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 ooncluded that 

the trans,ai[ and cis,ci( 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 1rans,cis•nepetic acid (IV) through 

the degradation of furopelargone A (XXVII), a minor constit• 

uent in the essential oil of ~eraniW! bourbon. The melting 

point of '3;.0id IV (106-110°) obtain.ad by Wolff was in rough 

agreement with that of VIII (m.p. 114°). The s~eeif1o rota­

tion of these acids (-76° and +85° respectively) were of 

opposite sign and of the same order. 



XXVII 

\_ ... 

rYOOOR 

~COOR 

XXVIII R = H 
XXVIIIa R = c~, 

13 

Q 
C0002H5 

XXIX xxx 

Brenner· (12} has reported the synthesis of trans­

oyclopentane•l,2-dicarboxylic acid (XXVIII}, a compound 

similar to the nepetic acids beoau~e of the ring size and 

presence of vicinal carboxyl groups. The synthesis of acid 

XXVIII rested upon the intermediate ethyl 2-oxocyclohexane­

carboxylate (XXIX) prepared by combining diethyl oxalate with 

cyclonexanone (XXX) in the presence of ethanolic sodium ethox­

ide and decarbonylating the product (13). An improved proce­

dure tor preparing P-keto esters was described by Corey and co­

workers (14). This one-step addition of a carbomethoxy group 

of the oyclohexanone XXXI eliminates the decarbonylation step. 

This reacti~n sequence is illustrated in Fig. 9. 

CH20800H3 ~ 
NaH 

1ig. 9 - Corey's --Keto Ester Synthesis 

Brenner (12) showed that addition of liquid bromine to 

a cold ethereal solution of ethyl 2-oxooyclohexanecarboxylate 

(XXIX) gave ethyl 3-bromo-2-oxocyolohexaneoarboxylate (XXXII) .. · 
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Distillation of bromo keto ester XXX:II at atmospheric pres­

sure followed by vacuum distillation gave in low yield a 

liquid which was identified as etnyl salicylate (XXXIII) 

(12). Treatment of bromo keto ester XXX:II with aqueous 

ethanolic sodium hydroxide resulted in rearrangement to 

trans-cyclopentane-1,2-dicarboxylio acid (XXVIII) in 90% 

yie,ld. The identity of XXVIII was established by compar ... 

ison with authentic material. This Favorskii-type rearrange­

ment will be discussed later. 

Cr:°OOR 
OOOR 

XXXIV R = H 
XXXIVa R = CH3 

An insight to the relative stability of the .Q,l,§, vs tran§ 

configurations of vioinal carbomethoxy groups on the cyclo­

pent.ane ring was obtained by Fonken (15) through equilibra­

tion studies. These studies showed that the equilibrium mix­

ture of the dimethyl esters of ois and 1iraI_!1.-cyclopentane-1,2 ... 

dicarboxylic acids (XXXIVa and XXVIIIa respectively) was 90% 

trans-dimethyl ester XXVIIIa and 10% £ii-dimethyl ester XXXIVa 

after each had been sep~rately heated at reflux temperature 

in methanolic sodium methoxide tor 2 to 14 hours. These 

equilibrium data were considered reasonable when the envelope 

oor+figuration of the cyolopenta.ne ring was taken into consid­

eration (l.5). 

The rearrangement of a-halo ke,tones ( cyclic and ali­

phatic) in the presence of oerta~n bases to give salts of 
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carboxylic acids such as described in Brenner's work is known 

as the Favorskii rearrangement. The reaction course of the 

Favorskii rearrangement was established by Loftfield (l6a,b). 

By labelling the halogen-bearing carbon (a carbon) of 2-

ohlorocyolohexanone (XXXV) with 14 0 and subsequent Favorskii 

rearrangement with ethoxide ion, Loftfield showed that an 

intermediate must have been present in which t.he a and a' 

carbons were equivalent as shown by XXXVI. These results were 

explained by the cyolopropanone intermediate XXXVI. It was 

reasoned that cleavage of XXXVI could occur at· either ex car­

bon. This was verified when half the labeled carbon was 

found at each of these two ca~bons in the product oyolopen­

taneoarboxylic acid (XXXVII). 

(;(
Cl 

. 

0 Q* 
a' o 

:x:xxv XXXVI XXXVII 

Two major stereoohemioal mechanisms have been proposed 

as the predominant path of reaotiono The first of these is 
I 

the one arising from the work of Loftfield (l6a,b), in which 

the first step of the reaction is the formation of a meso­

merio carbanion by removal of an a' hydrogen followed by an 

SN2 ' type displacement of chlorine at the a carbon to form 

the cyclopropane intermediate XXXVI. 

More important to our studies is the mechanism proposed 

by Astcm and Newkirk (17) in which the a and a' carbon atoms 

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 zwitterion 

shown as follows: e 

Fig.10-Zwi tterion Intermediate in the Favorskii Re:arrangement 

The int.ermediate in Fig. 10 was formed by simultaneous loss 

of an a' hydrogen and the a 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 step and 

both proceed th.rough a cyclopropane intermediate; therefore 

nq conclusions have been reached through kinetic studies to 

distinguish these mechanisms. However, it was noted that 

these mechanisms could be distinguished by using compounds 

such as the isomerio l-ohloro-2-methylcyolohe:x:yl methyl 

ketones (XXXVIII and XXXIX) since the two mechanisms differ 

during halogen removal (19). A synchronous SN2 ' displace­

ment would involve inversion of configuration at the a car­

bon, whereas a delocalized zwitterion formation of the type 

shown 1n Fig. 10 would alter the ~1ereochemistry and product 

formation would be determined by sterio factors .. 

Stork and Borowitz (19) in studying the tra:g&-and S)t,s­

isomers of l-ohlC:>ro-2-methyloyelohe:x:yl methyl ketone (XXXVIII 

and XXXIX respectively) ooneluded that the formation of the 

oyelepropanone intermediate is concerted (or synchronous) 
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with inversion of configuration at the halogen-bearing carbon. 

The Favorskii rearrangement of the ketone XXXVIII was accom­

plished by adding it to a suspension of dry sodium benzyl .. 

oxide in ether under a nitrogen atmosphere at 15-20°. Hydrol­

ysis gave cis-1,2-d1methylcyolohexanecarboxyl1c acid XL, 

thereby showing inversion had taken place at the halogen­

bearing carbon atom of XXXVIII. In support of this, the re-
\. 

arrangement of ketone XXXIX under the same oondi.tions yielded 

the trans-1,2-dimethylcyclohexanecarboxylic acid XLI (19). 

XXXV(t:III H3 
COOR 

. .. OH3 
H 

XL R == H 
XLa R = CH3 

~·OH3 

~OH3 
H 

XXXIXtt=OH3 
. COOR 

CH . 3 
H 

XL! R::: H 
XLia R = CH3 

Hause and Gilmore (20) suggested that either or both 

mechanistic routes may operate depending upo~ reaction con­

ditions. A reinvestigation of Stork and Borowitz's (19) 

(XXXVIII) system showed that inversion or retention may 

result depending on polarity ot the reaction medium. Reac­

tion of ketone XXXVIII with a solution o! sodium methoxide 

in methanol, which is considered to be strongly polar, 
... 

yielded a mixture of the methyl esters of IL (40.5% XLa 
I 
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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 

methoxide in 1,2-dimethoxyethane, considered to be a less 

polar system, produced the methyl ester XLa in 94.6% yield. 

The foregoing established the dependence of stereochemistry 

of' the Favorskii rearrangement on the polarity of the reac­

tion medium for the 1-chloro-2-methyloyclohexyl methyl ketones 

(XXXVIII and XXXIX) and. possibly other systems. 

0 

XLII 

c(OR C(OOR 
XLIII R = H 
XLIIIa R = CH::3 

XLIV R = H 
XLIVa R = OH3 

A stereospeoif'ic Favorskii rearrangement of pulegone 

dibromide XLII has been reported (2~). Treatment of' XLII 

with an excess of' sodium ethoxide in either ethanol or 

dimethoxyethane gave tran§-Pulegenic acid (XLIII). Simi~ 

larly, treatment of' XLII with an aqueous potassium hydroxide 

solution gave a mixture of' the tr~ns- and oim-Pulegenic 

acids (XLITI aud XLIV respectively). Epimerization studies 

with the methyl esters XLIIIa and XLIVa. showed the equi­

librium ratio to be 70:30 trans-isomer to els-isomer. These -
studies further showed that product speoifioity as well as 

_stereospecifici ty depends largely on reaction condi ':f;;ions 

used in the Favorskii rearrangement. 



CHAPTER III 

DISCUSSION 

The four 3-methylcyclopentane-1,2-dicarboxylic acids 

(nepetic acids III through VI) having (R) configuration at 

the methyl-bearing carbon were synthesized, separated, and 

purified. Two of these acids, the tt,ans,,ir,rn and ili,:~.GI!.[ 

acids III and V, were previously undesoribed in the litera­

ture. The four isomeric acids III through VI have the same 

absolute configuration (R configuration) at the methyl-bearing 

carbon as the starting compound pulegone (XVI). Therefore 

these a.aids are named the pulegone series of nepetio acids 

as contrasted to the series of 3 ... methylcyclopentane-l,2-

dicarboxylic acids having opposite absolute configuration 

(catnip series acids VII through X). Unless otherwise stated, 

all references to nepetic acids will be to the pulegone series. 

The initial step of the synthetic procedure was the acid 

hydrolysis of pulegone (XVI) to ( + )-3-methylcyclohexanone 

(XVII)., This reaction was studied in detail 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 acidio condition found was a 1:2 

volume ratio of concentrated hydrochloric acid to water. 

Vigorous agitatio:o. 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 tor the synthesis of the 

nepetio acids are shown in Fig. 11. 

(+)XVII 

·.-00002:EI5 

XLV 

XLVIa 

OOOC2H5 
XLVIb . 

~OOOH 

~ LL 
COOH 

XLVIIa R = CH3 
.XLVIIb R = o2H5 

III, IV, V 

and VI 

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

The major difference in routes A and Bin Fig. 11 is 

that the former route requires one less step for the syn­

thesis. Synthesis rout$ B was studied first because a 

literature precedent existed for synthesis of the similar 

compound !raI_ll!.-cyclopentane-1,2-dicarboxylic acid (XXVIII) 

(12). The major disadvantage of route B lies in the prep­

aration and purification of ethyl(4-methyl-2-oxooyolohexyl) 

glyoxylate (XLV) in that the reagents must be completely 

anhydrous to obtain 1'.easonable yields/ Also, considerable 

difficulty was encountereq during distillation of XLV and 

frequently the yields were low due to tar formation. This 

capricious step and the subsequent decarbonylation to give 

ethyl 4-methyl-2-oxocyolohexanecarboxylate (XLVIb) can be 

/ 
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avoided by substituting route A which is the more efficient 

and provides a 56% overall yield of nepetic acids as compared 

to the yields of 10-12% through route B. 

Tf.le synthesis of the methyl 4-methyl-2-oxocyclohexane­

carboxylate (XLVIa) through route A rather than the P-keto 

ester XLVIb w route B was made possible by Corey's work on 

the direct condensation of XXXI and dimethyl carbonate to give 

a P-keto ester (14). Prior to this the condensation of di­

alkyl carbonates with cyclohexanones was believed to give 

primarily condensation at oxygen rather than carbon (~2}. 

Corey's method entails use of a powerful base such as sodium 

hydride in dioxane solvent (14). Corey's conditions were 

adopted for the synthesis of the ~-keto ester XLVIa. 

While the Corey approach to the synthesis of XLVIa is 
I 

considered to be superior, certain 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 diftiolllt to control if addition of XVII was too rapid. 

Temperature control is essential to moderate the reaction. 

Caution should also.be exercised during decomposition of the 

reaction mixture since excess sodium hydride is present. 

There was no improvement in yield of XLVIa when the min­

eral oil diluent was washed from the sodium hydride. 

An attempt was made to prepare the ~-keto ester XLVIb 

by substituting diethyl carbonate for dimethyl carbonate in 

the condensation with (+)-3-methylcyclohexanone (XVII). How-
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ever, gas chromatography of the main fraction from distill­

ation of the reaction product showed it to be a complex mi~­

ture. An infrared spectrum of this fraction showed a striking 

similarity to that of the ~-keto esters XLVIa and XLVIb. Gas 

chromatography comparison of the distillation fraction with 

XLVIb prepared ri~ route B (Fig. 11) indicated that XLVIb was 

one of the components ot the complex mixture. It may be poss­

ible to improve the selectivity of the conde.nsation 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 XLVIIa or XLVIIb to the 

nepetic acids (acids III through VI). This was aceomplished 

by adding bromine to an ether solution of the ~-keto ester 

XLVIa. or XLVIb and subjecting the resulting bromo keto este.r 

XLVIIa or XLVIIb to a Favorskii rearrangement in a boiling 

solution of ethanolio sodium hydroxide (12). The reaction 

product was an oily mixture of the nepetic aeids III, IV, V, 

and VI accompanied by phenolic material and other minor by­

products. Some ot \he by-products are believed to consist 

ot methylcyolopentane monocarboxylic acids. The phenolic 

material, as yet unidentified, can be destroyed with potassium 

permanganate without noticeable attack of the nepetic acids. 

In work-up it was found i;.hat any aqueous solu.tion containing 

the nepetic acids must be strongly acidic in order to release 

the acids and get good yields upon extraction with ether. 
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Once the nepetic acids were synthesized, their separa­

tion into pure isomers and stereochemical assignment became 

paramount. Preliminary analytical studies with gas chroma­

tography using phenyldiethanolamine suocina.te (PDEAS) and 

Apiezon L columns indicated that the dimethyl esters of the 

nepetic acids could be separated. Four 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 £.l!-esters Va and VIa, shown to be .!2.l~ 

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 ~,.Q.1.i 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 eis,trans-ester Va corresponded to ---
the third peak. 

The known .. ir.@:.B.@.,.i!'..~J:l§.-dimethyl nepetate (VIIa) from the~~ 

catnip series was also available and was used to identify the 

first peak of the gas chromatogram (2,4). Therefore, the 

remaining and. second peak was assigned to the l~,~is­

dimethyl nepetate (IVa). In summary the peaks dLJ.e to the 

dimethyl nepetates appeared on the gas chromatogram in the 
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following order: tr!a.~[,lr%n~; trans,~; £..U!.,trans and £.Ul., 

fil· 
An inoonsistent ratio of nepetio acids formed in the 

Favorskii rearrangement was observed. Particularly notice­

able was the decreased percentage of~ isomers V and VI 

in later runs. 

The Favorskii rearrangement was studied .in detail to 

determine why these !1.§. isomers 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 £1.[ isomers. The Favorskii re­

arrangement of bromo keto ester XLVIIb was carried out a_t 

room temperature and also at the reflux temperatureo In 

both reactions the concentration of the base was held 

eons.tant. Gas chromatography analysis of the esterified 

reaction products revealed that the nepetic acids formed 

in the reaction carried out at room temperature were sig­

nificantly richer in the ~,~r~!lJ! and cis,.2.J.! acids V and 

VI as compared to the nepetic aoids from the reaction 

carried out at the reflux temperature. The .ill aoids were 

essentially absent in the reaction product isolated from the 

latter reaction. 

These studies indicate that the sterically least favored 

isomers•will form 1:1,t the lower reaotion temperature. These 

observations are in keeping with what is known about the 

~rtrongly polar solutien of sodium hydroxide, water, and 



ethanol used for the Favorskii rearrangement (~0,21). Under 

suoh oonditiona the oyolopropanone intermediate is probably 

formed from the .Zwi tterion intermediate ( see Fig. 10), and 

thus product formation would be determined by sterio consid­

erations (17,18). 

A study of the mechanism of the Favorskii rearrangement 

must be deferred until a precise knowledge of the composition 

of mixtures of the keto esters XLVIb and XLVIII as well as .'\ 

the bromo keto esters XLV!Ib and XLIX is knewn. At present 

it is not known whether ethyl 6-methyl-2-oxooyolohexaneoar­

boxylate (XLVIII) is a contaminant of ethyl 4-methyl-2-oxo­

cyclohexaneoarboxylate (XLVIb). Application of physical 

methods of' analysis such as n.m.r., infrared spectroscopy 

and gas chromatography failed to solve the problem. 

(tooo~5 

XLVIII 

000 H 2 5 

If XLVIII is present, 1 t is a contaminant which .does not 

al tez' the carb.on skeleton of the final products (nepetio 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) wiich may 

provide an entirely different sterepohemical reaction course. 

Initially we intended to isolate the individual nepetic 

acids by preparative gas chromatography of their corresponding 

dimethyl esters. However, the relative small difference in 
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retention times between the tra:ns,cis-and the cis,trans-di-··-·-,·"-1!·····-.ii ,~- .......,,..,._ ......... 

methyl nepetates (IVa and Va) indicated that initial sepa­

ration of the :t£.~~ acids III and IV from the ,£ll acids V 

and VI would be helpful. 

The mixture of trans nepetic acids III and IV was --
obtained almost free of the cis acids V and VI by crystalli­

zation of the oily mixture of all four isomers, or using the 

reaction products from the higher temperature Favorskii 

rearrangement reactions which contain essentially no ,Q.!:,[ 

acids. 

L LI 

COOR 

OOR 
LII R = H 
LIIa R = OH3 

The mixture of Q.1.[ nepetic acids V and VI was isolated 

either as a water-insoluble barium salt mixture or from a 

mixture of their respective anhydrides Land LI~ However~ 

the separation of the £l.[ acid isomers 2J&. their barium salts 

from a mixture of all four nepetic isomers was not complete. 

Analysis of the water-soluble material after work-up showed 

that some of the~ acids remained. In addition, small 

amounts of the trans acids were detected upon work-up of the "-·-··-...... 
water-insoluble material. Good yields of a mixture of the 

two £.ll acids V and VI.relatively free from the l!:.il[ aolds 

III and IV were obtained upon hydrolysis of the mixture of 

.Q.!..[ anhydrides L and LI formed by treatment of the oily 
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mixture of all four nepetic acids with acetic anhydride. This 

method also provided a separation from any P-methylpimelio acid 

(LII) which might have formed. The dimethyl ester (LIIa) has 

nearly the same retention time as £1i,.Q.!.!~d1methyl nepetate 

(VIa). 

Since the ester1ficat1on of large amounts of nepetic 

acids using diazometllane was impractical, the method of 

Clinton and Laskowski (23} was used to prepare the dimethyl 

esters, which were, formed in good yield. The diethyl esters 

of the nepetio acids were alsQ prepared but showed no advan• 

tage over the dimethyl esters in ease of preparation or in 

the resolution of their gas ohramatography peak,s. 

Apiezon L was found to be the better of the columns 

available for gas chromatographic separation of the dimethyl 

nepetates when the factors of peak resolution, column sub­

strate bleeding and sample capacity were taken into aoeount. 

In1 tial separations of the individual .trans dimethyl nepetates 

(IIIa and !Va) using a half-inch diameter column was not com­

plete and required a seeond separation. This two-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,tra~t·dimethyl ester IIIa and trans,£!.1!­

dimethyl est_,r !Va were separated and obtained. as pure 

sample~ with relative efficient recovery through preparative 

gas chromatography using a la.rge ... 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 IIIa 

and IVa were sapon1f1ed to the 1£ans,trans- and trans,cis­

nepetio acids (III and IV respectively) and each was charac­

terized by comparison of melting points with the corresponding 

isomers VII and VIII of the catnip series (2). The dimethyl 

esters IIIa 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 £.!.§.,trans- and 

the .21.§.,~-dimethyl nepetates (Va and VIa) was not as good 

as that obtained for the two if..a~~ esters IIIa and IVa. Also 

large-scale gas chromatography did not lend itself well to 

the separation of the~ dimethyl nepetates. The separation 

of the cis,trans- and ois,cis-nepetic acids (V and VI respee-.......... . -....~ 

tively) was made possible through the difference in rates of 

crystallization of the cis,!r~:ri~ and the ~,£1.@. barium salts. 

A sample of the ~l[ nepetic anhydrides Land LI was hydro­

lyzed, treated with barium hydroxide and the resulting mix­

ture was filtered. Work-up of the aqueous filtrate yielded 

a mixture of acids containing a larger percentage of the 

cis,£..l! acid VI than £~,tr&ns acid V when compared to the 

acid mixture obtained from work-up of the barium salt pre­

cipitate. This latter acid mixture was crystallized, and 

pure .c.l.a,tra~s-nepetic acid (V) was obtained after recrystal­

lization from ether and petroleum ether. 

The mixture of acids recovered from the above aqueou, 
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filtrate was treated again with barium hydroxide and filtered. 

Additional barium salt precipitated after 12 to 15 hours. 
I . 

Since it was known that some separation was accomplished 

through an initial barium hydroxide treatment and that the 

cis,£..1.i acid VI also formed an insoluble barium salt, this 

latter material was assumed to be the barium salt of the 91:§3,, 

£1.§. acid VI. Work-up of the barium salt which precipitated 

from the filtrate yielded an oil which would recrystallize 

only after being seeded with a small crystal of the cis,£.!§. 

acid obtained from the degradation of genipin. Recrystal­

lization of this latter solid afforded pure £11!,oit-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 fil.,ili-acid VI !lJ! the formation of 

£li anhydride mixture Land LI suggests that the remaining 

unknown £.l§.,Ql!.-acid X of the catnip series could be pre­

pared through this same procedure. 

A sample of ~l@,,~-dimethyl nepetate (VIa) was sapon­

ified to determine whether isomerization took place. The 

sapon1f1cation mixture was acidified, and extracted with 

ether. Esterification with diazomethane, followed by gas_ 

chromatography showed that isomerization occurred .since ~­

mixture of all four nepetio acids III through VI.was obtained 

with the 1rans,tr1ns acid III as the major component. For 

this reason, and because of the small difference in reten­

tion times between £1..@.,~- and ~~[,cis-dimethyl nepetates 
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(Va and VIa), no attempt was made to separate the mixture of 

these two esters on large diameter preparative scale gas 

chromatography column. The n.m.r. spectra 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 in,dividual 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 a means of identifying a partic­

ular isomer. Another distinguishing chemical shift is found 

for the hydroxyl groups in the isomerio acids and the methoxyl I 

groups in the dimethyl esters. 

Brenner (12) reported isolating only the ::t~u.~-cyclo­

pentane-1,2-dicarboxylic acid (XXVIII) from the Favorskii 

reaction of ethyl 2-oxo-3-bromecyclohexaneearboxylate (XXXII). 

Since the preparation of the nepetic acids afforded some of 

the £.i[ isomers, the reaction with XXXII was repeated to 

determine if any .Q.l.g,-cyc lopentane-1, 2-dicarboxylic acid 

(XXXIV) forms. A sample of ethyl 2-oxocyclohexanecarbox­

ylate (XXIX) was treated with bromine and the resulting 

bromo keto ester (XXXII) was subjected'to the Favorskii 

reaction under the same conditions used :for preparing the 

nepetic acids (III through VI). The reaction yielded the 
·:,f . ! 

.~ acid XXVIII as the major product, but approximately 

5% of the 'Q.l[ acid 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 o:f 



retention times with authentic samples of trans- and cis­

esters XXVlIIa and XXXIVa respectively. A third minor 

unidentified component which was not dimethyl pimelate 

(LIIIa) was also observed. 

c;--COOll 
COOR 

LIII R = H 
LIIIa R = OH3 
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The de~radation of genipin (I) was repeated and a 

sample of .£.1.[, £.l.[-nepetic acid (VI) isolated. In the pre­

vious work this acid had to be isomerized, which resulted 

. in a mixture of acids with a broad melting point. The major 

component of the mixture was assigned the trans,cis configu-

ration and on the basis of optical rotation assumed to be 

the enantiomer of the i!:.~,.w-nepetic acid VIII of the 

catnip series. Repetition of this work in our laboratory 

yielded a mixture of ac1ds melting at 90-97° containing 

.i!:.aU.!!,.Q.ll- and ir.at1.[,i!:a;t11z.-nepetic acids IV and III respec­

tively in a 5.3:1 ratio. The melting point of an admixture 

of the £.lt,Q..l[-acid obtained from the degradation of genipin 

and the J2.l[,.m-acid obtained in our laboratory from pule-

gone showed no depression, whereas the racemic 2,i~,Q.i~­

nepetic acid (pair VI and X) melts at 130-132° (4). Thus 

the configuration of the .Q.l.[,Q.~-nepetic acid (VI) obtained 

from the degradation of genipin is unambiguously shown to 

be in the opposite sterlc series to that of the nepetic 

acids obtained from nepetalactone (II). 



CHAPTER IV 

EXPERIMENTA~1, 2,3, 4 

Unless otherwise stated all esterifications were accom-

plished by adding to a cold ethereal solution of the acid a 

cold ethereal solutian of diazomethane prepared in one of 

the two following way~: 

PreF~ration of Diazomethane from N-Methyl-N-nitroso-p­

toluenesulfonamide (Diazald). A mixture of 35 ml. of Oarbi­

tol (diethylene_ glycol monoethyl ether) and 10 ml .. of ether 

was added to a solution ot 6 g. of potassium hydroxide in 10 

ml. of water all in a 200-ml. Olaisen flask. The flask was 

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

1 

2 

3 

4 

All melting points arE:l corrected, and all boiling poi"nts 
are uncorrected. 

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

Grateful acknowledgment is made to Dr. William c. 
Hamilton and his associates of the Continental Oil 
Company, Ponca Oity, Oklahoma for supplying the nuclear 
magnetic resonance spectra and for us_e of their prepar­
ative gas chromatography equipment. 

The columns used for analytical gas chromatography 
were 1/8 n or 1/2'' x 10' columns packed with _either 
PDEAS, Apiez0n Lor LAO 886 on acid-washed Chromosorb 
W (60-80 mesh). 
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held at 70°. To this was added a soltition of 21.5 g. of 

Diazald in 150 ml. of ether over a period of thirty minut~s 

~ the dropping funnel. The ethereal solution of diazo­

methane was collected in a flask set in a dry-ice acetone 

bath kept at o0 (4). 

Preparation of Diazomethane from N,N 1-Din1tro-N,N'­

~1methllterephthalamide (EXR-101). 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 glycol :rrionoethyl ether), 
0 and 150 ml. of ether were cooled to O, and then 7.1 g. of 

EXR-101 was a,dded at one time. Magnetic stirring was started 

and the reaction mixture was warmed slowly. The evolution 

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

to 40° range, the diazomethane and ethet distilled and con­

densed to a bright yellow solution. The reaction was assumed 

complete when the yellow color of the EXR-101 in the reaction 

flask and of the distilling ether disappeared. During this 

reaction, the receiver 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 reaction, the lower layer 

became white and viscous and stirring became difficult. 

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

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

1,800 ml. of a 33.3% (by volume) solutien @f ooncentrateq. 



hydrochloric 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 mainly of acetone. 

Ste~ 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 organic layer separated to give crude (+)-

3-methyloyclohexanone (XVII) as a light yellow liquid. The 

crude product was dried over allhydrous magnesium sulfate, 

filtered, and distilled to give 722 ml. (661 g.) of color­

less (+)-3-methylcyclohexanone (XVII), boiling at 168° (58-

600/12.5 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%. 

Etpyl 4-Methil-2-oxocyolohexanecarboxylate (XLVIb) from 

ltl:.~Metp.;y:lojY'olohexanone (XVIIlo Four moles (92 g.) of 

clean sodium were added to 120 ml. of dry ethanol (dried 

over 3A Linde molecular sieve) in a 5-1., three-necked flask 

equipped with a dropping funnel, cone stirrer with. glass 

shaft, and a reflux condenser with drying tube. When the 
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temperature of the sodium ethoxide solution was reduced to 

less than 10°, a dry, ice cold mixture of 448 g. (4 moles) 

of (+)-3-methylcyclohexanone (XVII) and 584 g. (4 moles) of 

diethyl oxalate was added !.if! the dropping funnel over a 

period of 45 minutes. Vigorous stirring was maintained 

throughout the addition, after which it was stirred an 

additional 2 hours at ice bath temperature. A thick slurry 

formed and the reaction mixture was allowed to stand over­

night. The reaction mixture was acidified 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 aqueous layer was ext.racted with 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-oxocyolo­

hexyl)-glyoxalate (XLV). However, in an attempt to distill 

XLV, decomposition took place and the distillation was 

stopped. An attempt to pyrolyze the mixture of crude XLV 

w.ith powdered soft glass and a trace o:f iron gave only a 

low yield of ethyl 4-methyl-2-o:x:ocyclohexanecarboxylate 

(XLVI~. Compound XLV was finally flash-distilled by heating 

with a heating mantle under reduced pressure to give ~66 g. 

of colorless ethyl (4-methyl-2-oxocy'clohexyl)-glyoxalate 

(XLV), b.p. 110°-130° / 7 mm. or 117° / 4 mm. The yields 

ranged from 32% to 37%. Some XLVIb may have resulted from 
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pyrolysis during the distillation of XLV. 

Powdered sof-t glass (2.5 g.) and a trace of iron were 

added to 411 g. of XLV in a 1-liter distillation flask heated 

by an oil bath, anq stirred with a magnetic stirrer. 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 110-130° at varying unknown pressures, and was 

redistilled at 59 to 60°/2 mm. in 96% yield. 

!:~.:~.!~Pted Pre pa.£!!. ion .. 2.£-~th;t,l 4-!!eth;yl-2:2,~c;z;~±':.­

~~xanec!rbox;t,lat e (XLVIbL_u~~ £!.~thll 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 f-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-methylcyclohexanone (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 evolution was rapid and the hot 
' 

water path was removed. Addition of XVII was ~iscontinued 

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 hydride 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 Erle.nm.eyer 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 dried with anhydrous magnesium 

sulfate, filtered, and the ether distilled. Distillation 

yielded several fractions. The major fraction (72-74°/1.4 

mm.) gave an infrared spectrum corresponding closely to that 

of ethyl 4-methyl-2-oxocyclohexanecarboxylate (XLVIb). How-

ever, gas chromatography showed it to be a complex mixture 

of several compounds. 

Ethyl 3-Bromo-4-methyl-2-oxooyolohexanecarboxylate 
,_ww-._ ..... .._. •=- •• ••=•- • • -.w ;q II a w.....,..._ ____ 

.1!.f!VIfb) from Ethz_l 1±_-MethlJ:-2-0!S:.Cl_Olohexanecarboxyla te 

(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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separated and the aqueous layer extracted three times with 

ether. The combined ether extracts were dried with magnes­

ium 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 distill~d at 130°/o.4 mm. and a center 

cut was analyzed~ 

Anal. Oalcd. for o10H12o3Br: 0, 45.62; H, 5.75; 

Br, 30.36. Found: C, 45.47; H, 5.49; Br, 30.64. 

3-Methylcyclopentane-1,2-dioarboxylic Acids (III-VI) 
_._,_ ..... .._._. - .. ._....,......, .• "' - _.. ... - w.-. 

(Nepetic Acids, Pulegone Series) from Ethyl 3-Bromo-4-
... WWW WWW _._.._..,...__._.._ -

methyl-2-oxocyclohexaneoarboxylate (XLVIIb). Half the bromo 
------------~----------------------------------
keto ester ·XLVIIb · from the preceding step was added over 

a period of 10 minutes to a solution of 260 g. of sodium 

hydroxi~e 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~ a dropping funnel over a period of 20 minutes. 

The reaction was heated at the reflux temperature for an 

additional hour. Ethanol was then removed by stripping 

with a water aspirator and heating on the steam batho 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 

solution of sodium bicarbonate. Extraction was continued 
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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 phenolic 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 sulfate, 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 phenolic material, 12 g. of the crude 

reaction product was treated with a dilute potassium per-

manganate solution until no mor.e manganese dioxide formed. 

The mixture 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 
I 

evaporator at water aspirator pressure yielding 10.2 g~ of 

a mixture of the four nepetic acids il~u.[-.irn (III), :t.£~M­
Q.ll (IV), £1.[-1.r.~U.[ (V), and .£,1.§.-.Q.t[ (VI), plus some #-metbyl­

pimelic acid (LII) and other minor impurities. The yield of 

crude acid mixture based on keto ester XLVIb was 55.8%. 

The oily mixture crystallized to a slurry. Filtration 

gave solid material consisting mainly of the .ll~:U.[ acids III 

and IV, while the filtrate (and the major portion) remained 

a mixture. 
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When the·bromo keto ester (XLVIIb) was agitated at room 

temperature during the Favorskii rearrangement, other reac­

tion conditions remaining the same, a higher ratio of .w, 
isomers was obtained. 

PreparatioQ of Methyl 4-Methyl-2-oxocyclohexanecarbo!_• 

_ .yl~t_e (XLV'Ia) from (+)-3-¥et.hzlcyclohexanone (XVII). To a 

5-liter, four-necked flask~ fitted with an addition funnel, 

stirring shaft, nitregen inlet and a condenser was added 200 

ml. of dry benzene. To this was added 100 g. of a 5603% 

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 

sodium hydride suspension with benzene did not improve the 

yield of the final product XLVIa .. . ' ' 

To the stirred solution under a nitrogen atmosphere, 
0 and at a. constant bath temperature of 80-85, was added 

dropwise a solution of 153 ml. (140 g., 1 .. 25 mole) of (+)-3-

methylcyolohexanone (XVII) in 100 mlo of dry dioxaneo After 

about one hour, the reaction became vigorous, heat was 

evolved, the solvent began boiling and large amounts of 

hydroge.n 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 8o<l> with stirring for an additional 30 

minutes. The evolution of hydrogen gas subsided and the 

reaction mixture became viscous. Stirring was disoontinue(l 
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and the reaction mixture allowed to cool, and cautiously 

acidified with aqueous acetic acid. An ice bath was kept 

available t'or cooling and to suppress f'oaming which was exper­

ienced 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 of 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 

(XLVIa), m .. p. 22°. 

Small scale runs were carried out under a nitrogen 

atmosphere .. This was omitted for those runs larger than 1 

mole. 

Prepa~~~~!.~2..!.a t!..<2..~-2.Ll!~lhl_l;:3-B=£,~¥1£­

!;l-,;-met91l72-_p_?,f~~~~nec~~E.2.~1!.~E:..JX~VIIal e A 170-g. (1 

mole) sample of methyl 4-methyl-2-oxocyolohexanecarboxylate 

(XLVIa) was added to 90 ml., of dry ether in a 5-lo, three-

neoked, round-bottomed flask cooled by an ice bath$ Bromine 

(168 g .. , 1 .. 05 moles) was added dropwise with stirring and 

cooling over a period of 75 minute$. 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 

ovar 160 g. of sodium bicarbonate in ice water. This mix­

ture was allowed to stand for 30 minutes, with occasional 

stirring. The organic layer was separated and the aqueous 

layer extracted three times with ether. The combined ether 

extracts were dried with anhydrous magnesium sulfate, fil­

tered, and the ether distilled, giving a crude mixture of 

methyl 3-bromo-4-methyl-2-oxocyclohexanecarboxyla te (XLVIIa). 

An attempt was made to distill the bromo keto ester 

XLVIIa. However, decomposition took place and no further 

attempts were made to purify or isolate XLVIIa. 

~=!='~ .£.B!.~11-'2.L t.kl-~-~!lr._li§..£2.i!.£. ),.c id [_il..Il.._t1l;ro ug_h,-11.l 

!£2.in.:J!'2.tJal}. .. i:.l?..:r~~~~.:.E.:.£rntl£12.~~£e ... c a:f:J?.2.Ylill 
...(_XLY.,!_I~J.. The reaction product mixture containing the br.omo 

keto ester XLVIIa (from 1.8 moles XLVIa) as previously 

described was divided and each portion added to a 5-liter 

flask containing 4000 ml. of 95% ethanol. To each flask was 

added a solution of 230 g. sodium hydroxide in 770 ml. of 

water. The reaction m:lxt;ures 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) 

o.:f crude nepetic acids III through VI. It was important that 
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the aqueous layer remain strongly acidic during the contin­

uous extraction to insure complete removal of the nepetic 

acidSo 

P.r~f_.~tiofl of .!. MiX].lc.£~ .. of the Dieth;zl Ne~~tU~[.Jl.lle. 

!~roue;h; 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 ethanol, and 0.5 ml. concentrated sulfuric 

acid was 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 observed. The benzene­

alcohol mixture was distilled at which time the solution 

became extremely dark. Vacuum distillation yielded a mix­

ture of IIIb, IVb, Vb, and VIb, the diethyl nepetates, b.p. 

105-106°/1.5 mm. 

!£~~::_1:.,ti~ of ~-l!~!~~re ..C2.t. the .P.h~et1:l1,~~ 

.~IIIa throu~h VI~L· 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 bicarbonate solution, 

and again with water (23). The methylene 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 IIIa through VIa, b.p .. 62.5°-

66.50/48 mm. 



44 

ti[ Nepetic An.hydrides _Land LI from a Crude trans -
Nepetic Acid Mixt_ure (III and IV). A 275 g. sample of a 

crude mixture (before potassium permanganate treatment)-of 

trans nepetic acids III and IV was added to a 3-1. flask -
titted with a short Vigreu:x: column and distillation head. 

To this flask was added 1500 ml. of acetic anhydride and the 

entire mixture was heated at reflux te~perature 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 139°, a:nd the remaining mixture distilled under a 
vacuum at 83°/0.25 mm. yielding 164.9 g. of a crude mixture 

of .2.1§..,tra~- and .QJ..!,.QJJ!-nepetic anhydrides (Land LI 

respectively) in 67% yield. 

I~olation, Separation and Purification of, the ,i:U,~rm-

1;!,nd ,W,2.ll·Nepetic Acids (V and VI) from the Mixture of w­
Je;e(!.tic All.fl.;zdrides L and LI ,see Fi5-. 12l, A 160-g. (l.04 

mo·les) mixture of £!..@.,:.tr.~.U[• and .W, £.l@.-nepetio anhydrides 

(Land LI) was heated four hours in the presence of several 

moles of water. The resulting ,aqueous solution of nepetio 

acids was cooled and extracted three times with ether. The 

aqueous layer was labeled A and retained. The ether extracts 

were combined, evaporated and 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 eut and washe~,w1tb 

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

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

AND THEIR DIMETHYL ESTERS 

1 
Compound Chemical Shifts(6) Stereochemical 

Assignment 

ring CHs 2 -OCHs 2 -OH3 

III 1.109 11.9 trans,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 

IIIa 1.109 3.68 trans,trans-ester 

-IVa 0.901 3.68 tr~:r:i_f:l_,cis-ester 

Va 1.095 3.64 cis,trans-ester 

VI a 1.014 3.66 cis,cis-ester 

1 
The chemical shifts are given in p.p.m.(6) downfield from the 
internal standard of tetramethylsilane (T.M.S.). 

2 
Doublets 

3 
Singlets ~ 
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labeled B. The filtered barium salt mixture was acidified 

with concentrated hydrochloric acid to release the £11-
nepetio acids. This solution was extracted five times with 

ether. The aqueous layer was saved and labeled o. The com­

bined ether layers were dried and evaporated to give 11~ g. 

(64% yield) of a crude mixture of V and VI. This mixture 

was allowed to crystallize for 3 days. The crystals were 

~emoved by filtration and washed with petroleum ether (66-68° 

fraction) followed by a small volume of cold ether to give 

29 g. of crude £.1!.,tr~a!-nepetic acid (V), m.p. 1~4-126°. 

Gas chromatography of the dimethyl ester of this crude acid 

showed it contained 95% of Va. ~wo additional recrystalli­

zations from ether-petroleum ether gave Q.1,.[,ill:U.[-nepetic 

acid (V), m.p. 131-132°~ Gas chromatography showed it to 

be.free of other isomers. The £1[,!t~M catnip acid IX has 

m.p. 0 132 (2). Table I gives ~he principal chemical shifts 

from n.m.r. analysis. 

The retained aqueous solutions (A,B, and C) containing 

a mixture of £1.[-nepetic acip.s V and VI were combined, 

strongly acidified and extracted continuously with ether 

for 12 hours. The etheT extract was dried over anhydrous 

magnesium sulfate~ filtered and concentrated to give 56 g. 

of a crude mixture of the .Q.l.[-nepetic acids V and VI in 32% 

yield. The overall yield of recovered £1.i-nepetic acids 

was 96%. 

This latter crude mixture of Q.l[-nepetic acids V and 

VI was treated a second time with 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 

additional 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 2.lll.-nepetto acids enriched with till., 

!!l!-nepetic acid (VI) as shown by gas chromatography of the 

dimethyl esters. The 7.6-g. sample of crude ili-nepetio 

acids was seeded with a small crystal ,of £.1:!..,cl!-nepetic 

acid (VI) obtained from degradation of genipin (I). On 

standing for four days, needle-shaped crystals developed. 

Filtration yielded 1. 55 g. of crude .Q.U.,Q.U,-nepetic acid 

(VI), m.p. 132-134°. The crude acid was further purified 

by dissolving in a small volume of ether, adding an equal 

volume of petroleum ether (b.p. 66-68°), warming the mixture 

on the steam bath and allowing to cool. Orystallization 

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 O. 9 g. of pure .a!.!,.2..1!­

nepetic acid (VI), :cri.p. 140-140.5°. An admixture of VI with 

the ~,cis-nepetic acid from genipin (I) showed no depression 

in melting point. Table I gives the principal chemical 

shifts from n.m.r. analysis. 

!£ePat~tion of ~ MiJS~UrE!,_of t.he 1is-Dim~lf21.l · Nepetates 

Va and V!a from .e.1.§..-Anhydrides Land LI. To a 5.9-g. sample 
... 1$ ..... .-.-...... 

of nepetic anhydride mixture Land LI was added 10 ml. ·of 
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methanol, 20 ml. of methylene chloride, and 1.5 ml. of con­

centrated sulfuric acid. The resulting mixture was heated 

at reflux temperature for 14 hourso Water was added to the 

cooled reaction mixture until two layers were obtained. The 

mixture was shaken in a separatory funnel and the layers 

separated. The top aqueous layer was discarded and the 

methylene chloride layer was washed with a sodium bicarbon­

ate solution at •hich time the r~~ 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 containing 

a mixture of: tlt,Ufil!.!- and Q.l§.,£l[- dimethyl nepetates (Va 

and VIa) as well as some minor impurities which were shown 

to be present by gas ohromatograp~y. 

Preparation of £1.!,itta!!-Dimethyl Nepe~ate (Va). A __ ._. .. ._.,,,_. - __ ......,..._. -----,.. .......... ~ 
1.00 g.-sample of £1.li.,i~ll-nepetic acid (V), m.p .. 131-132°, 

was esterified with diazomethane. Microdistillation at 1 mm. 
0 . (oil bath temperature was 115 ) gave approximately 1 ml. of 

£1.!,trians-dimethyl nepe-t,ate (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 ~!...@., 

ll&.M dimethyl .ester ( 4). 

E_reEa.ration of ili,~-Dirneth;y:l Nepetate (VIa). An 

O .1042 g. sample of c is ,tlf-nepet io acid (VI), m .. p. 141 °, 
was esterif led with diazome.thane. Microdistillation at l mm. 

(oil bath temperature was 115°) gave approximately 0.1 ml. of 
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£1.!1,Q.l.[-dimethyl nepetate (VIa). Table I gives the principal 

chemical shifts from n.m.r. analysis. The infrared spectr~m 

of VIa was almost identical to that of the racemic U!l,£1~-

dimethyl ester ( 4). 

Isomerization of Q.l!l,Q.t§..-Dimethyl Nepetate (VIa) During --··-·-··-,--...... ~.....--·--""-'----i.-- --~--.._._ ____ _..........,._.._ .... _ 
Saponification. A 0.1-g. sample of VIa was added to a s6lu-,--·-----·--·-·..,,.....~ 
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 aqueous solution acidified 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 Yl!a diazo­

methane followed by gas chromatography analysis showed the 

brown solid to be a mixture of all four isomers with the 

l!:.@:.U.!1,:!i..!:.!a.U[ isomer IIIa as the major component. 

Preliminary Gas Chromatographic Separation of it.~-U:.[--:------·---·-·-.._.......,_, ______ ._._,_, _______ ._. __ ,.__. __ _....,.,.... __ .........., __ ~-·--
Dimethyl Nepetates IIIa 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) 
• " 0 4.0, detector temperature 250 , injection port temperature 

0 210 , bridge current at 150 ma., back pressure at zero and 

column temperature of 180°. 



52 

(2) 15% PDEAS on Chromosorb W packed in 16 feet of 3/4" 

column, injection port at 260°,detector at ~50°, and column 

temperature of 200°. 

( 3) A 20% Apie zon L column (8 1 x 1/2 11 ) under th_e same 

set of conditions described in 1. 

Collection traps containtng 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 

sample. The maximum size sample injected was 0.5 ml. 

The column bleed was 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 .i!:afl!,ltti!.E-.!-·ester IIIa to lr.~~§.,Q.i[-ester IVa. Trap 

B contained ir.~a[,Q.J..§.-ester IVa and lr.rn,iran[-ester IIIa 

in a 4.3:1 ratio. 

Isolation of it~Q..!,lt~M-Dimethyl Nepetate (IIIa). Iso-
.._._. .... ~ .. .__.... .. w _.....,...~,___......._~.._. -... ~..._......,.. 

lation of the pure .ll@!,.it~a-dimethyl nepetate (IIIa) was 

accomplished by reinjecting the sample containing IIIa and 

~Va in a 5:1 ratio (Trap A). Condition 3 was used and this 

gave an O. 80 ml. sample of ir.~!!!,:u:.au.!!-dimethyl nepetate 

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

impurities. The infrared spectrum of IIIa was almost iden­

ticial to that of the racemic .it~f,.i!:.~!1! dimethyl ester (4). 
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Isolation of lr.~!,Q.1J[-Dimethyl Nepetate (IVa). trans, ,..._.~ . ......._ 
·-IIJWl,IWIIW-- - .. -I'll.·~ ----------

.2.1.!!-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% Apiezon L. The operating conditions of the Aerograph 

Autoprep model A-700 used for this separation were: column 

temperature 165°, collector temperature 220° 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 l!'.!a-.Q.1.i,tl~-dimethyl nepetate (IVa). 

The infrared spectrum IVa was almost identical to that of the 

racemic ;u:aqf:1,.Q.ll-dimethyl ester (4) .• 

Separation of trans, trans-Dimethyl Nepe.tate (IIIa) and . ........., ....... __ ...__._ w~:': =====...._.._.wwwsww ,.,.._._...___._.,....._..._._.......... _........._~ 

.tI.~,Q.ll-Dime.thyl Nepetate (IVa) Using Preparative Gas 
•• ~-..,.._.. ,. ....... ----~----"-"'- -.-..-~m- ~ *1• . -

Chromatography Employing Large Diameter Columns. Conditions 
.._. ___ .. - ._... __ ._.... -- . -·~~--~ ............ 'Ill..... •"'-™ ......... 

for preparative gas chromatography using the large scale 

unit employing 4 11 diameter columns developed,by.Oontinental 

Oil Company were as follows: 20% Apiezon Lon 60-80 mesh, 

acid-washed Ohromosorb W, carrier flow 9 1./min. at 10 p.s.i., 

injection port temperature 2,50°, column temperature 200°, 

and thermal detector temperature 250°. A total of 6~.4 g. 

of mixtures ~ontaining approximately 65% tt~M,im!- and 

35%_ it§:.~,ili-dimethyl nepetates (IIIa and IVa) were injected. 

The sample volumes injected ranged from 7 to 20 mlo 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 :t.r.~ll.§.,!U;:~U§.·-dimethyl nepetate 

( II Ia) , 13. 2 g. of 99;16 pure trans, c is-dimethyl nepetate ( IVa) 

and 4.2 grams of a mixture of IIIa and IVa from the by-pass 

trap. The total recovery was 67%, The sample containing 

IIIa was distilled at 69°/1.0 mm. and collected. Sample IVa 

was distilled at 72°/1.1 mm. Table I gives the principal 

chemical shifts of IIIa and IVa from n.m.r. analysis. 

Preparation of ir.~,!!~ll.§.-Nepetic Acid (III). To 10.0 r.~,,...,..,-1...-,~-,-·...__..,...~,-._ __ 1_:I\WMl~·-"1'111P'J_. . ....,.~:....,.--,-,.._~...,_. __ 

g. of l.tf!.U.§.,.lI!!;ti§.-dimethyl nepetate (IIIa), purified through 

preparation gas chromatography, was added 250 ml. of a 5% 
sodium hydroxide solution and 175 ml. methariol. The solu­

tion was heated at reflux temperature for 3 hours and the 

methanol was distilled under reduced pressure. The remain-

ing solution was acidified with hydrochloric acid and extra~ 

ted with ether three times and then continuously extracted 

for 28 hours. The combined ether extracts were dried with 

magnesium sulfate and filtered, and the ether was evaporated~ 

giving 10.3 g. of a light yellow oil which was crystallized 

upon scratching. Recrystallization from a mixture of ether 

and Skellysolve F gave 3.5 g. of l!:~ll.!!,.it~la.[""Uepetic acid 
0 (III), m.p. 119-120. Evaporation of the solvents from the 

mother liquor and recrystallization from a mixture of ether 

and Skellysolve F yielded an additional 3.6 g. of a·cid III. 

The catnip l!:~,1!.~-nepetic aoid(VII) has m.p. 118° (2). 

The total yield of .:t.f:f!.U.[,l~Q.§.-nepetic acid (III) was 83%. 

Table I gives the principal che~ical shifts from n.m.r. 

analysis .. 



Preparation of .t,;ca~,.flll Nepetic Acid (IV). To 8.0 g. 
, ___ WWW_..__.............._ .... ._.... ::WWW .... W._k U .............. ._.....,.._.._ ..... _....._ 

of tra~~,a1.!-dimethyl nepetate (IVa) was added 200 ml. of a 

5% sodium hydro~ide solution and 75 ml. of methanol and the 

resulting solution was heated at reflux temperature 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 ,trap~,a1.!..::nepetic acid (IV), m.p. 

113-115°, [a]25 -88° (0 2.1, OH01 3). The catnip :U:~Q.!,ili-
D 

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 ~- and £1.[-0yclopentane-- -..- ...... ~.............._............. ..... . ..................... -
To a solu-

r 

tion of 14.1 g. of ethyl 2-oxocyclohexanecarboxylate (XXIX) 
•" 

and 5 ml. of 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 stirr~ng. The reaction 

mixture was diluted with ether and poured o.nto 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 2~ 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 

so11:2tion was acidified with concentrated hydrochloric .acid, 

saturated with sodium chloride, and extracted with ether. 

The combined ether extracts were washed with a satu­

rated solution of sodium bicarbonate. The combined 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 cyclopentari~-1,2-dicarboxylic 

acids XXVIII and XXXIV. 

Part of the crude reaction product was treated with 

diazomethane and analysis by gas chromatography showed it to 

contain ,iranf!-ester XXVIIIa, a small amount of s..1!,-ester 

XXXIVa and a third unidentified peak which was not dimethyl 

pimelate (Lia). Crystallization of the crude mixture from 

ether gave pure tr.ans-acid XXVIII, m.~. 159-160°. Ether­

petroleum ether recrystallization gave more acid with a lower 

melting point. 

Preparation _of Pimelic Acid (LIII) from Ethyl 2-0:x:o-
.... a1-=sz ... ---- - .b.S_.._, -WWW ....... W .. taw • ...... 

cyclohe:xanecarboxylate (XXIX) (13)o In a three-necked round-
---------------,--• . - ,_www 

bottomed 250-ml. flask fitted with a reflux condenser and a 

dropping fu,nn.el was placed 10 g. (0.25 mole) of sodium hydrox-
·, 

ide and 30 ml. of anhydrous methanol (dried over Linde Molec-

ular Sieve 3A). ·The mixture was stirred by a magnetic 

stirrer and heated for one-half ho·ur. Stirring and heating 
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was continued and 10 g. of ethyl 2-oxocyclohexanecarboxylate 

(XXIX) was added over a period of one hour at which time the 

reaction 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 r~action 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 acidified 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 heated 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 #-Methylpimelic Acid (LII). Ethyl 4-
~...._.,--·-·--·~--"·-,-,--..,..._., ...... ~,....-.~~,.__'liWA'·i..,_,..__,~ __ ,,_....,._.._._~·-

methyl-2-oxocyclohex~necarboxylate (XLVIb) (3.8 g.) was mixed 
~~ 

with a solution of 5 g. sodium hydroxide in 20 ml. of water 

and 200 ml. of ~thanol and heated at reflux temperature for 

one hour. The ethanol was evaporated through a rotary evap-

orator at water aspirator pressure. The remaining ~ixture 

was ~cidified with 6N hydrochloric acid, then extracted 

several times with ether. These ether extracts were combined 

and ~ashed well with a sodium bicarbonate solution, and the 

combined washings acidifie~ with 6N hydrochloric acid and 

extracted with ether. The ethe~ extracts were combined and 

dried with magnesium sulfate, filtdred and the ether evapo-
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rated to give a mixttire containing /j-methylpimelic acid (LII). 

Esterification of the reaction mixture with diazomethane and 

subsequent gas chromatography ~howed four peaks, the largest 

being due to dimethyl fJ -methylpimelate (LIIa). 

aydrogenation of Genipin '*'· A solution of 15 g. of 

genipin (I) (0. 067 mole) 1n 1~5 ml..- of glacial acetic acid was 

hydrogenated at room temperature and atmo~pheric pressure 

in the presence of three grams of prereduced platinum oxide 

datalyst. 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 absorb 0.027 moles of 

hydrogen during 7 hours. 'I'he total uptake of hydrogen was 

0.111 moles or 83% of the expected. After removing the 

catalyst, the acetic acid was distilled under vacuum and the 

residue was taken up in ether and washed with sodium bicar-
; 

bonate solution unt~l 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 oil was subjected to thin layer 

chromatography. The mixture was spotted on a silica gel 

plate and eluted with a 4:2:l mixture of petroleum ether 

(40-50°), benzene, and 95% ethanol. Development with iodine 

vapor showed six spots, two of which wer.e 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 l,9-anhydro-6,7-dLhydrogenipin determined under 

the same conditions indicated that these substances were the 

chief products. The sample apparently contained only a small 

a.mount of ge_nipin despite the incomplete reduction. Its 

insolubility in ether probably caused it to be removed during 

the washings. All· of th.e components gave brown spots with 

iodine except genipin which gave a light purple spot. 

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

genipin (XXVI) to Q.U.,.9.:Li-Nepetic Acid (VI). A solution of 
~ ... -.....-...... w M ........ .._ .......... ,._......._.~ .......... ...._._.._..~.-i"IMl~-WAWWW ::WilWWW.___,.. 

10.6 g. of the total reduction product of genipin (I) in 50 

ml. of methylene chloride was cooled to -70° and ozone was 

ru4 in until the· solution turned blue. This required approx­

imately 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 minutes 

and then methylene chlorid·e evaporated in vacuo. An a.d-

di tional 70 ml. of 30% hydrogen peroxide were added and the 

solution stirred overnight •. It was acidified with concen­

trated hydrochloric acid and sodium sulfite was addedo Solid 

sodium chloride was then •dded until the solution appeared 

saturated and it wa~ then extracted five times with ether 

and the ethereal solution dried over anhydrous magnesium 

sulfate. Evaporation yielded a colorless riil ~hioh was made 

basic with saturated barlum hydroxide solution. The precipi­

tate which :formed was filtered and then acidified with 6N 

hydrochloric acid. After the addition of solid. sodium 



60 

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.p. 

131-135°. A second recrystallization yielded 0.5 g. of Q.1.[, 

£.l[-nepetic acid (VI), m. p. 136-138°. A sample melting at 

140-141° was obtained through additional recrystallizations. 

The filtrates from this and similar ozonolysis experiments 

were combined and evaporated. The barium hydroxide precip­

itation and work-up were repeated and a sample of the semi­

solid which was obtained as the product was treated with 

diazomethane. Gas chromatography of. the resulting esters 

indicated the presence of the dimethyl esters of .Q.l,[,.£1.!a­

nepet ic acid and .Q.a, i!.la.:U-.[-ne pet ic acid in a rat lo of 2. 5: L 

These are VIa and Va respectively. 

Epimerization of £ii,Q.l[-Nepetic Acid (VI). A solution __ ;_._,,_,.__,._,~_,,.,... .. _._,_~ ........ """""'~....,,._._..._,_,_,_ . ._.,_._,_,,._. _ _,_._""""""_.~, ...... ~,~ 

of 0.7 g. of .. £.1.!jQ.l[=nepetic acid (VI) in 4 ml. of reagent 

grade acetic anhydride was refluxed for six hours. The 

excess acetic anhydride and acetic acid were removed under 

vacuum 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 ef 4 ml. of water, the solution was heated 
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tor one nour longer. The:· methanol was rem(!)red under vao.uum 

and water was added, This was pa:rttally remove.ii unde~'· 

vaouum and water and benzene were a-dded· and th.e mixture a.ga1n. 

evap!l)rated, S.uttlcient water was then addeed to dissolve the 

ea.lit$ which h.ad preoi~itat~d. The solqtlQn was a~id.t:-fled. 

and· extracted four times wlth ether and th.e ether extract 

wa.s drte.d and evapora:ti'ed. flu re'stdual oll' solfdttied whei'l.' 

treated· With pe:t~ol·eum. e_ther to yield 0,6 g. of whfte -S~l1d 

melting: 'bro•dlf b'elow 100°. This was re.oryst:-1i11e4' .. t~Om 

ethe.r~petroleum ether to give 0,35 g. of white sol1:d, 1n'.p • 

. 90 .. 97•. !he t'1l:t·~ate and solid w'ere oombtned. and evaporated. 

The 0.57 g~ o.t. so:11 .. ~ .. vthtoh remained was dtssolV~d 1.n ether 

and trea.ted w1:th di.azomethane, After re~oval ot the aolvent, 

the resta'lttng mixture rif este~s was analyzed. bJ gas· ohrc:,ma• .. 

togr~PhJ and found., by ocmparison and· mUcing w 1th.. the o,orr.e;. · 
. . . . 

sponling p:aviously Pte,pa·rell ac:rid .erfte·~s, 110. oo'nta.bf th·i 

lf.1.11,iJJ...;a.ster· IVa and t.he i£111.,i;111-este.r I,I:Ia 1». a r.at1~ 

ot s.as:1. 
:·. .. ••• 1 '. 



1 • 

2. 

3. 

4. 

6. 

7. 

8. 

9. 

1 o. 

11. 

12. 

13. 

14 .. 

15. 

_BIBLIOGRAPHY 

Djerassi, Carl, Nakano, T., James, A. N., Zalkow, L. H., 
Eisenbraun, E. J., and Shoolery, J. N., J. Org. Chem., 
26, 1192 (1961). - . 

McElva.in, S. M., and Eisenbraun, E. J., J. Am. Chem. Soc., 
77, 1599 (1955). -

Bates, R. B., Eisenbraun,. _ E. J., and McElvs.in, s. M., 
J. Am. Chem. Soc., dO, 3420 (1958). -

Bates, R. B., Eisenbraun, E. J., and McElvain, S. M., 
J. Am. Chem. Soc., 80, 3413 (1958). -

Eisenbraun, E. J., and McElvain, S. M., J. Am. Chem. Soc., 
77, 3383 (1955). -

McElvain, s. M., Bright, R. D., and Johnson, P.R., 
J. Am. Chem. Soc., 63, 1558 (1941). -

Fredga, A., Arkiv. Kemi, Mineral Geol., 24A, No. 32 (1947). -
a) Freudenberg, K., and Hohmann, w., Ann., 584, 56 {1954). 
b) _Freuden.berg, K., and Lwowski, w., Ann., 587, 213 (1954). 

Fargher, R. G., and Perkins, W. H., J. Chem. Soc., 105, 
1365 (1914). ---

Blomquis~, A._ T., Wolinsky, J.~ Meinwald, Y. c., and 
Langone, D. T., J. Am. Chem. Soc., 78, 6057 (1956). . ....... . 

Lukas, G., Ma, J. c. N., MoOloskey, J. A., and Wolff, R. E. 
Tetrahedron, g,Q_, 1789 (1964). 

Brenner, J.E., J. Org. Chem., 26, 22 (1961). -
Snyd~r, H. R., Brooks, L.A., and Shapiro, s. H., Org. 

Syn. Coll., Vol. II, 531. 

Corey, E. J., Metra, R. B., and Uda, A., J. Am. Chem. Soc., 
86, 485 ( 1964). -

Fonken, G. J., and Shiengthong, s., J. Org. Chem., 28, 
3435 {1963). -



16. 

18. 

19. 

20. 

21. 

22. 

23. 

63 

a) Loftfield, ·R. B., J. Am. Chem. Soc., 72, 632 (1950). 
b) ibid., 73, 4707 (1951). - . -
Aston, J. G., and Newkirk, J. 

3900 (1951). 
D., J. Am. Chem. Soc., 73, -

:au:rr, J .• G., and .Dewar, M. J. s., J. Chem. Soc., 1201 (1954). 

Stork, G., and Borowitz, I. J., J. Am. Chem. Soc., 82, 
4307 (1960). --

Rouse, H. o., and Gilmore, w. F., J • .Am. Chem. Soc., 83, 
3980 (1961). --

Aehmad, S. A., and Cavill, G. w. K., Aust. J. Chem., 16, 
. 858 (1963). -

Royals, E. E., "Advanced Organic Chemistry", Prentice-Hall, 
Inc., New York, p. 824 (1954}. 

Clinton, R. O., and Laskowski, s. o., J. Am. Chem. Soc., 
70, 3135 (1948). -



Thesis: 

VITA 

Phil Gary .Hanel 

Candidate for the Degree of 

Master of Science 

THE 3-METHYLCYCLOPENTANE-1,2-DIOARBOXYLIO ACIDS 
(NEPETIC ACIDS) 

Major Field: Chemistry 

Biographical: 

Personal Data: The author was born in Twin Falls, 
Idaho, on August 23, 1940, the son of I. A. and 
Grace Hanel. On June 8, 1963, he married Peggy 
Ann Didier. 

Education: The author attended grade school at St. 
Edwards in Twin Falls, Idaho, and graduated from 
Twin Falls High School in 1958. He entered the 
University of Idaho, Moscow, Idaho in 1958 from 
which he graduated with a degree of Bachelor of 
Science i.n Chemistry in 1962. He was admitted 
and entered the Graduate School of Oklahoma State 
University, Stillwater, Oklahoma the fall of 1962. 
He was accepted for graduate study in the College 
of Business at Oklahoma State University in the 
spring of 1965 where he is a candidate for the 
degree of Master of B~siness Administration. 

Professional Experience: The author was a graduate 
teaching assistant in Chemistry the 1962~63 and 
1963-64 academic years. He served as a·graduate 
research assistant during summer and fall terms 
of 1964. He was a graduate teaching assistant 
in business during the spring term. of 1965 and 
the 1965-66 school year. · 

Membership in Professional Societies: The author is 
a member of the Phi Lambda Upsilon, Hon.orary 
Chemical Society. 


