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Syntheses and biological activities are reported tor 17 of the title compounds. A progressive increase in uterotropic 
activity was seen with a systematic placement in proper stereochemical orientations of alkyl groups onto the refer
ence compound, racemic 4d-(p-methoxyphenyl)-2,d-methylcyclohexane-a-carboxylic acid (1). The activity profile 
was interpreted in terms of an estrogenic receptor model which had been proposed previously to account for biolog
ical activities seen with optical antipodes of 1. The most active compounds of the series were 10,000-18,000 times as 
active as 1 in uterotropic assays and prevented pregnancy in mated mice or rats at 0.1 mg/kgpostcoitum. 

In the previous pape r we proposed certain spat ia l areas 
on a hypothet ica l model of an estrogenic receptor site 
which are involved in the el ici tat ion of a u terotropic re
sponse (Figure l ) . 1 Th i s model was invoked pr imari ly to 
explain the approximate ly equal u terotropic potencies 
seen with the enan t iomers of (± ) -4d- (p -methoxypheny l ) -
2/i-methylcyclohexane-cv-carboxylic acid (1). We now re
port the synthesis and biological act ivi t ies of a number of 
alkylated derivat ives of 1. T h e relative uterotropic poten
cies seen with these derivat ives lend suppor t to our origi
nal hypothesis and addi t ional ly give new insights into 
s t ruc tura l requ i rements for estrogenic act ivi ty . 

C h e m i s t r y . T h e first derivat ive of 1 chosen for evalua
tion was the me thy la t ed derivat ive 7 which may be 
viewed as a " h y b r i d " of ( + )-l a n d ( - ) - l . Synthes is of 7 
was achieved as out l ined in Scheme I s ta r t ing with the 
keto ester 22 which we found to be a mix tu re of c i s - t rans 
isomers. Hydrogenat ion of 2 using a Pd catalyst gave a 
mix ture of isomeric esters 3, from which a single pure keto 
acid 4 was eventual ly ob ta ined . Th i s product was convert
ed to the acids 5-8 as indica ted . Arguments to support 
s tereochemical a ss ignments of 4-8 are as follows. Dehy
drat ion of 5 produced a single (racemic) ene acid (>. Th i s 
result requires t h a t the methyl groups in 5 (and also in 4 
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and 6) be cis (since dehydra t ion of 5, which would be ex
pected to occur in two directions, would produce two iso
mers from a 1,6-trans-dimethyl configuration). This as
s ignment is consistent with t he result repor ted by Jacobs , 
et ai, t h a t ca ta lyt ic reduct ion with P t of the keto ester 2 
is stereospecific to the ex ten t t h a t bo th methy l groups in 3 
are cis .3 Cata ly t ic reduct ion of 6 produced two isomers 7 
and 8 in a rat io of about 3 to 1. This result suggests t ha t 
the carboxyl in 6 is t r ans relative to the methyls because 
the opposite configuration for the carboxyl should result 
in only one sa tu ra t ed isomer upon reduct ion (uiz. 
Id,2/3,4$,60)t by analogy wi th the following previous re
sul ts . 4 

Addit ional ly, t r e a t m e n t of a mixture of 7 and 8 (as 
methyl esters) wi th KO-f-Bu in refluxing f-BuOH resulted 
in essentially no change in the isomeric composit ion; a 
carboxyl cis relative to the cis methyls would be expected 
to epimerize . 4 Basic hydrolysis of a mix ture of 7 and 8 
esters resulted in a preferential hydrolysis of the isomer 
which corresponded to the minor isomer from the catalyt
ic reduct ion . This result led to our ass ignment o( the 
s tereochemistry of 7 and 8 as shown. Al though preferred 
conformations of bo th 7 and 8 involve conformers with an 
equator ia l carboxyl, epimer 8 should have a greater popu
lation t h a n 7 of a conformer with an axial carboxyl, and it 
appears to us tha t hydrolysis should occur easier at an 

+ ('/. ret' 1 tor explanations of the « and J designations. All unsymmetri-
cal structures discussed herein are racemic unless otherwise noted: tor 
brevity only one enantiomeric form is shown in the schemes and tables. To 
facilitate discussion, 9, 11, and 12 are depicted in the text in different en
antiomeric forms than those shown in Table I. 
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Figure 1. Hypothetical model of estrogenic receptor showing imposition of optical isomers of (±)-l on proposed areas A-E involved in el-
icitation of biological response; see ref 1 for further explanation. 
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axial carboxyl t h a n an equator ia l carboxyl flanked by two 
equator ia l methyl groups. 

T h e biological act ivi ty seen wi th 7 p rompted us to ex
tend our s tudies to t he 2,2-dimethyl der ivat ives 16b and 
18b (Scheme II) . Ear l ier work had indica ted t h a t either 
area C or D on the receptor model (Figure 1) could be oc
cupied for estrogenic response , 1 ' 4 bu t no indicat ion is 
avai lable as to whether these areas can be occupied s imul
taneously . T h e 2,2-dimethyl acid 18b seemed capable of 
answering th is quest ion since it may be viewed as a "hy
b r id" of the biologically active d ias te reomers 1 and 12 (cf. 
12 as depicted in T a b l e I ) . T h e requisi te keto acid 15b 
proved readily accessible s ta r t ing from H a g e m a n n ' s ester 
14 and l i th ium d i m e t h y l c u p r a t e . 5 6 Th i s provided a more 
direct route to 15b t h a n a previously reported synthesis . 7 

Condensa t ion of 15b with the Grignard reagent followed 
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by dehydra t ion of the in te rmedia te hydroxy acid resulted 
in 16b, a 3:1 mix ture of - I 4 , . ! 3 isomers. Hydrogenat ion of 
16 (acid or ester) produced an 80/20 mixture of c i s - t rans 
isomers from which the pure cis acid 17b was ob ta ined . 
Epimer iza t ion of the cis ester 17a resulted in a 20/80 c i s -
t rans mix ture of esters . Hydrolysis of th i s mix tu re gave a n 
acid enriched still further in the t r ans isomer from which 
the pure t r ans acid 18b was readily ob ta ined . It is note
worthy tha t the preferential hydrolysis observed is consis
tent with our isomeric ass ignments since it is generally 
accepted t h a t equator ia l esters (preferred conformer in 
18a) saponify faster t h a n axial esters (probable preferred 
conformer in 17a). 

Schemes III and IV represent a cont inuat ion of a sys
temic p lacement of methyl groups on the pa ren t s t ruc ture 
1. Cata ly t ic hydrogenation of the ester 198 gave essentially 
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one isomer which we have assigned as the cis configura
tion 20. Treatment of the ester 20 with the Grignard re
agent resulted in the cis-A3,A4-ene esters 21a. Basic hy
drolysis resulted in a low yield of the acid 21b. Catalytic 
reduction of 21b gave approximately a 2:1 mixture of C-4 
epimers (22b). The sample of 22b which was used for bio
logical testing was an 80:20 mixture of C-4 epimers which 
was ultimately obtained from treatment of the saturated 
ester 22a (from reduction of 21a) with lithium 1-propane-
thiolate.9 

Treatment of the ester 2 (Scheme IV) with lithium di-
methylcuprate resulted in a 60/40 mixture of isomeric es
ters (23a), the minor component of which was identical 
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Table I. Relative Uterotropic Potencies of Various 2-, 3-, and 6-Alkyl-Substituted 4-(p-Methoxyphenyl)cyclohexene- and 
-cyclohexanecarboxylic Acids'2 
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a Numbers in parentheses refer to uterotropic potencies relative to compound 1 in immature 21-day-old rats (cf. ref 4 for methodology). 
All unsymmetrical structures represent racemates. Ar = P-CH3OC6H4; NA means not active at 2500 n% unless otherwise noted. 6A. Mebane, 
U. S. Patent 3,344,147 (1967). Reference 13. "An 80/20 mixture of C-4 epimers; highest dose tested was 250 ng at which no indication of 
activity was seen; the chemical precursor 21b showed a good response at the 250-^g dose level. eThe response seen here may be due to a small 
contamination with the 4(3 epimer. 

and was thus assigned the trans structure 24. Models sug
gested that catalytic reduction of 24 with hydrogen addi
tion from the less hindered face should result in predomi
nantly the a-aryl isomer 25. Experimentally, it was found 
that reduction of. 24 produced a 90/10 mixture of C-4 ep
imers; we therefore assigned the major and minor prod
ucts as the 4a (25) and 4/3 (26) epimers, respectively. 
These isomers proved different (glpc analysis of methyl 
esters) from the two C-4 epimers 22 obtained via Scheme 
III. 

The tetramethyl derivative 28a was obtained as indicat
ed in Scheme V. Prolonged basic hydrolysis of 28a gave a 
low yield of the corresponding acid 28b. Hydrogenation of 
28a gave a mixture (2:1) of saturated esters 29. Cleavage of 
the ester 29 with lithium 1-propanethiolate in HMPA re
sulted in concomitant cleavage of the methyl ether, a re
sult which was not unexpected.10 " The product 30 which 
was screened biologically was a mixture of isomers in an 
approximate ratio of 60:40. 

Scheme VI indicates the preparation of the acids 32 and 
33 from the known keto acid 31.1 2 The saturated acid 33 
is a mixture thought to be C-l epimers. 

Schemes VII and VIII depict synthetic routes used to 
obtain monomethyl and dimethyl analogs of the known 
potent estrogens 3-ethyl-4-(p-methoxyphenyl)-2-methyl-
A4- (and A3-) cyclohexenecarboxylic acids.13-1* Esters 2 
and 19 were alkylated analogously to procedures reported 

(glpc) with the cis ester 20. Hydrolysis of 23a resulted in 
the keto acid 23b (which was enriched relative to 23a in 
respect to the trans component). This acid was elaborated 
into a pure A3-ene acid which proved different from 21b 
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for alkylation of Hagemann's ester.15-16 The acid 37 was a 
50/50 mixture of A3 and A4 isomers but was unknown in 
regard to configurational composition. The saturated rela
tive 38 was similarly unknown in regard to isomeric con
tent. The acid 41 was obtained directly from reaction of 
the keto ester 40 with the Grignard reagent (after the 
usual treatment with acid), probably via intermediate 
lactone formation. The yield of 41 thus obtained was very 
low. The trans structure for 41 was assigned on the basis 
of nmr analysis which indicated trans-diaxial coupling for 
protons at C-l and C-2. Additional work-up of the Gri
gnard reaction mixture resulted in an ester which, after 
purification, was indicated by nmr and ir analysis to be 
the A2 ester 42. It is unknown whether isomerization of 
the double bond occurred during the purification or at an 
earlier stage. The A2-ene acid 43 was obtained from 42. 

Biology. Methodology for the biological assays has been 
described previously.4 All data are from oral dosing of 
aqueous solutions of sodium salts of the acids. Estrogenic 
data are summarized in a format (Table I) which provides 
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for depiction of trends seen in uterotropic activity with 
the various methylated derivatives of 1. For this purpose 
uterotropic activities are expressed as potencies relative to 
1 which is assigned as unity. Four to six dose levels were 
examined for each active compound and the derived dose-
response curve compared with that of 1 for an estimate of 
relative potency. 

As indicated previously,4 cyclohexene acids related to 1 
{cf. 9 and 10) are of approximately equal uterotropic po
tency with 1. The various new cyclohexene derivatives 
prepared thus provide an additional end point for evaluat
ing the effect of the placement of methyl groups on the 
parent structure. 

The 2,6-dimethyl derivative 7, which may be viewed as 
a "hybrid" of ( + )- and ( —)-l, had uterotropic activity 
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about 10-20 times that of 1. The fact that activity was not 
only retained but was enhanced lends support to our ear
lier hypothesis1 concerning the involvement of a spatial 
area C' on an estrogenic receptor surface (cf. Figure 1) in 
the elicitation of a uterotropic response. An enhancement 
in activity was also seen in the related cyclohexene 6. The 
lack of activity seen with 8 is expected by analogy with 
the inactive isomers 11 and 13 which possess a similar cis 
relationship between the aryl and carboxyl groups. The 
activity relationship between 7 and 8 complements argu
ments made above for their stereochemical assignments. 
A 10- to 20-fold enhancement of activity relative to 1 was 
seen in the 2,2-dimethyl derivatives 16b and 18b. In terms 
of our working receptor model (Figure 1), this indicates 
that areas C and D may not only be occupied simulta
neously but that such an arrangement actually results in 
enhancement of response. Again, total inactivity (2500 ^g) 
of the C-4 epimeric 17b supports the stereochemical as
signments made above. 

Acid 24 may be viewed as a combination of structures 6 
and 16b, each of which showed enhancement of activity 
over the parent reference compound 10. As noted in the 
table, a large synergistic effect is seen with a 750-1250 in
crease in potency relative to 10. Interestingly, a similarly 
large increase in potency was not seen with 21b. The ac
tivity level seen with acid 25 may be due to a small con
tamination with its C-4 epimer which we would expect, 
analogously with 24, to have high activity. 

In terms of the receptor model (Figure 1), 24 may be 
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viewed as occupying s imul taneous ly ei ther areas C, I) , 
and C ' or areas C, C ' , and D ' . T h e la t te r area D ' repre
sents an area complemen ta ry to D, capable of accept ing 
axial alkyl groups. Its spa t ia l re la t ionship with D is analo
gous to the enan t iomer ic re la t ionship between C and C ' . 

T h e vas t e n h a n c e m e n t s in act ivi ty seen with the te t ra -
methyl derivat ives 28b and 30 lend credence to the exis
tence of an area D ' a n d suggest t h a t areas C, C' , D, and 
D ' may accommoda te alkyl groups s imul taneous ly with a 
resul tant increase in biological response. T h e discrepancy 
between act ivi t ies of 21b and 24 suggests t h a t these areas 
differ in their relative impor tance in t e rms of complexa-
tion for max ima l response. Biological resul ts with optical 
isomers of some of the me thy la t ed der ivat ives should shed 
light on th is quest ion. 

Compounds 37, 38, and 41 represent me thy la ted deriva
tives of the known potent estrogen 3-ethyl-4-(p-methoxy-
phenyl)-2-methyl-A 4-cyclohexenecarboxylic acid . 1 3 It is of 
considerable interest t h a t 37 and 38, a l though mixtures of 
isomers, m a i n t a i n the high level of estrogenicity of the 
parent compound . An exceptionally high level of act ivi ty 
was seen wi th the derivat ive 41 . A total dose over 3 days 
of 0.3 ng of racemic 41 produced a u ter ine weight (114.8 
mg) greater t h a n t h a t (95.6 mg) obta ined with 1.0 fig of 
diethylst i lbestrol (vehicle control uter i weight 20.8 mg) . 

Hypocholesterolemic activit ies of the acids in Tab le I 
generally paral leled their t r ends in estrogenicity. In the 
normal rat hypocholesterolemic assay, 4 representa t ive re
sults were fi (5 m g / k g / d a y ; —51% change in serum choles
terol; p < 0.05); 16b (1 ; - 4 3 % ; p < 0.05); 24 (0.05; - 8 8 % ; 
p < 0.001); 28b (0.05; - 7 2 % ; p < 0.05); 30 (0.05; - 7 5 % ; p 
< 0.05). Similar ly, antifert i l i ty act ivi t ies in various pre-
and postcoital dosing regimens generally paral leled the 
estrogenic t rends seen in Tab le I. Acid 24 was completely 
effective in prevent ing pregnancy in ma ted mice or ra t s 
dosed on days 1-5 pos tcoi tum at 0.1 m g / k g / d a y . Acid 41 
was completely effective in the same dosing regimen in 
rats at 0.1 mg /kg ; an occasional p regnancy was seen at 
0.05 m g / k g . Acid 41 was not tes ted for antifert i l i ty activi
ty in mice. 

In s u m m a r y , the d a t a in Tab le I indicate a remarkab le 
increase in uterotropic act ivi ty with the sys temat ic place
men t in proper s tereochemical or ienta t ions of alkyl groups 
on the pa ren t s t ruc ture 1 and thereby lend suppor t to our 
proposed estrogenic receptor model . 

After th is work was completed, Akhrem, et al., reported 
the synthesis of 4-(p-methoxyphenyl) -2 ,3 ,6- t r imethyl-A 4 -
cyclohexenecarboxylic acid, b u t no biological act ivi ty was 
given.1 7 

Exper imenta l Sec t iont 

Melting points (capillary) and boiling points are uncorrected. 
All compounds had consistent ir and nmr spectra for assigned 
structures. Routine nmr analyses were obtained using a Varian 
A-60 spectrometer, while nmr data reported for compounds 41 
and 43 were obtained on a Varian HA-100 spectrometer. Mass 
spectral data were obtained on a LKB 9000 mass spectrometer. 
Where elemental analyses are indicated by symbols of the ele
ments, analytical results were within ±0.4% of the theoretical 
values. 

2/J,6rj-Dimethyl-4-ketocyclohexane-a-carboxylic Acid (4). A 
solution of ethyl 2,6-dimethyl-4-keto-A2-cyclohexenecarboxylate2 

(22.7 g, 0.116 mol) in EtOH (300 ml) containing 5% Pd/C (0.8 g) 
was shaken under an initial hydrogen pressure of 50 psi for 2 hr. 
Removal of the catalyst and evaporation of the solvent gave a 
quantitative yield of ethyl 2,6-dimethyl-4-ketocyclohexanecarbox-
ylate (3). A solution of 3 (22.2 g, 0.112 mol) in MeOH (60 ml) and 
H 2 0 (60 ml) containing KOH (9.35 g, 0.167 mol) was stirred at 
25° for 2 hr. Most of the MeOH was removed and the solution was 
extracted with CH2CI2. The aqueous layer contained 1.96 g (10%) 
of a mixture of three isomeric acids; this product was discarded. 
The CH2CI2 was evaporated and the residue was dissolved in 
EtOH (325 ml) and H 2 0 (65 ml) containing KOH (8.75 g. 0.156 
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mol). The solution was heated at reflux for 16 hr and then was 
worked up as above. The aqueous layer was acidified (3 N HC1) 
and then was extracted with Et20. Evaporation of the E t 2 0 left 
13.07 g (69%); recrystallization (MeCN) gave 7.59 g (40%) of 4. 
mp 162-164°. Anal. (C9H14O3) C, H. 

4-(p-Me thoxyphenyl)-2/3,6/i-dimethyl-A3-cyclohexene-a-car-
boxylic Acid (6). A Grignard solution, prepared from p-bromoan-
isole (16.6 g. 0.09 mol) and Mg (2.16 g. 0.09 g-atom) in THF (75 
ml), was added to a solution of the keto acid 4 (7.39 g, 0.04 mol) 
in THF (100 ml) with ice cooling. The mixture was stirred at re
flux for 18 hr. Aqueous 1 N HC1 (100 ml) was added with cooling 
and then the THF was removed (15 mm). The aqueous residue 
was extracted with E t 2 0 . Washing the E t 2 0 with H 2 0 caused 
precipitation of the intermediate hydroxy acid 5 (5-2 g) which was 
separated by filtration; a 1.5-g aliquot was recrystallized (MeCN) 
to give 5, mp 207-208°. Anal. (Ci6H2204) C, H. The remainder of 
5 plus 9.7 g of semisolid isolated by evaporation of the E t 2 0 were 
dissolved in toluene (120 ml) containing p-TosOH-H20 (0.8 g). 
The solution was refluxed for 2 hr with provision for azeotropic 
removal of H 2 0 . Standard work-up4 yielded as the crude product 
an acid (7.37 g, 75%), mp 138-140.5°, which appeared to be homo
geneous (glpc analysis after CH2N2); recrvstallization (MeCN) 
gave 6, mp 142-143°. Anal. (Ci6H2o03) C, H. 

4iJ-(p-Methoxyphenyl)-2/i,6/J-dimethylcyclohexane-u-carbox-
ylic Acid (7). A solution of 6 (6.00 g, 0.023 mol) in absolute EtOH 
(300 ml) containing 5% Pd/C (0.6 g) was shaken under an initial 
H2 pressure of 50 psi for 16 hr. Removal of the catalyst and evap
oration gave a quantitative yield of a mixture of 7 and 8 in a ratio 
of 3:1 (determined by glpc,J after CH2N2 treatment; retention 
times 6.45 and 7.4 min for 8 and 7, respectively). A 2.0-g aliquot 
was recrvstallized (MeCN) to give pure 7 (0.5 g), mp 131.5-132.5°. 
Anal. (C16H22O3) C, H . 

4«-(p-.Methoxyphenyl)-2ti,6f/-dimethylcyclohexane-u-carbox-
ylic Acid (8). The crude acids (3.71 g) from the above reduction 
of (i were converted to methyl esters by treatment with CH2N2. 
The mixture was refluxed for 19 hr in t-BuOH containing KO-r-
Bu. Usual work-up4 gave a product essentially unchanged in iso
meric content. A 2.77-g (0.01 mol) quantity of this product in 
EtOH (40 ml) and H 2 0 (8 ml) containing KOH (1.30 g, 0.02 mol) 
was heated at reflux for 20 hr. Usual work-up4 gave 0.61 g (23%) 
of acids 7 and 8 in a ratio of 1:4, respectively. (The unhydrolyzed 
ester was shown to be pure 7 methyl ester.) Recrystallization 
(MeCN) gave 8. mp 161.5-164°. of >95% puritv. Anal. 
(C 1 6 H 2 2 0 3 )C ,H. 

2,2-Dimethyl-4-ketocyclohexanecarboxylic Acid (15b). To a 
solution of 0° of lithium dimethylcuprate5 (0.88 mol) in E t 2 0 f 1 
1.) there was added, dropwise with stirring, a solution of Hage-
mann's ester 14 (73.0 g, 0.40 mol) in E t 2 0 (500 ml). The mixture 
was stirred at 22° for 40 min and then was poured into an aque
ous solution (pH 8-10) of NH3 and NH4C1. The resultant mixture 
was extracted several times with E t 2 0 , and the combined ex
tracts were washed with water and dried (Na2S04). Removal of 
the solvent and distillation of the residue gave 68.1 g (81%). bp 
72-85° (0.1-0.2 mm), of ethyl 2,2-dimethyl-4-ketocyclohexanecar-
boxylate (15a) containing about 10% of unchanged Hagemann's 
ester. The latter was removed in the next step since it is unstable 
to basic hydrolysis.15 

A solution of the product (68.0 g, 0.34 mol) in EtOH (400 ml) 
containing KOH (23.0 g, 0.4 mol) and water (80 ml) was heated 
at reflux for 5 hr. The alcohol was removed at 10 mm and the so
lution was extracted with E t 2 0 . The aqueous phase was cooled 
and acidified (3 N HC1). The title acid was extracted into Et,20 
and the solution was washed, dried, and evaporated to leave 46.6 
g; distillation gave 15b (33.2 g, 57%) of bp 113-119° (0.2 mm) as a 
waxy, hygroscopic solid [lit.7 bp 160-170° "bath temperature" 
(0.4 mm)). 

l-(p-Methoxyphenyl)-2,2-dimethyl-A4(A3)-cyclohexenecar-
boxylic acid (lfib) was prepared from the acid 15b and 2 equiv of 
p-methoxyphenylmagnesium bromide as described above for (i. 
The yield of l«b after recrystallization (MeCN) was 53%; mp 
137.5-139° (previous softening from 135°); shown by nmr analysis 
of the vinylic proton pattern to be a mixture of A4:A3 in approxi
mate ratio of 3:1, respectively. Anal. (C16H20O3) C, H. 

< i.s-4-(p-Methoxyphenyl)-2,2-dimethylcyclohexanecarboxylic 
Acid (17b). Catalytic reduction of 16b (4.00 g) in EtOH (100 ml) 
containing 5% Pd/C (0.5 g) gave quantitatively an 80:20 mixture 
of 17b and the trans isomer 18b, respectively (glpcj retention 

;Glass column, 6 tt x 6 mm i.d.. packed with '.i% butane-1,4-diol succi
nate polyester on 100-120 Gas-Chrom Q (Applied Science Laboratories, 
Inc.) at 190° isothermally, flow rate of 60 ml of He/min, 



Potential Antifertility Agents. 7 Journal of Medicinal Chemistry, 1974, Vol. 17, No. 12 1267 

times, Me esters, 7.0 and 9.25 min, respectively). Recrystalliza-
tion (MeCN) gave 2.83 g containing about 12% 18b. This product 
was dissolved in hot EtOH (25 ml); as the solution cooled, 18b 
crystallized as beads. The solution was observed further until for
mation of white needles was seen; at this point the supernatant 
was decanted and allowed to stand at 25° for 16 hr. Filtration 
gave pure 17b (1.23 g, 31%), mp 153-154.5°. Anal. (C16H22O3) C, H. 

trans-4-(p-Methoxyphenyl)-2,2-dimethylcyclohexanecarbox-
ylic Acid (18b). The ethyl ester 16a (prepared by Fischer esterifi-
cation of 16b) was hydrogenated as above to an 80:20 mixture of 
cis-trans isomers. A solution of the product (7.50 g, 0.026 mol) in 
r-BuOH (75 ml) containing KO-t-Bu (from 0.34 g, 0.009 g-atom) 
was refluxed for 17 hr. Usual work-up gave a product (5.93 g, 
81%) indicated by glpc to be a 20:80 cis-trans mixture. Hydroly
sis in refluxing aqueous ethanolic KOH for 16 hr as described 
above gave as the crude product 3.21 g (59%) of an acid contain
ing 95% of the trans isomer 18b. Recrystallization (EtOH) gave 
pure 18b, mp 171-173°. Anal. (C16H2203) C, H. 

Ethyl cis-4-keto-2,2,6-trimethylcyclohexanecarboxylate (20) 
was prepared from reduction of ethyl 2,6,6-trimethyl-4-keto-2-cy-
clohexene-1-carboxylate8 (19) as described above for 4. The crude 
product (100%) was used directly in the next step; glpc§ (reten
tion time, 10.35 min) indicated 99% purity. 

c('s-4-(p-Methoxyphenyl)-2,6,6-trimethyl-A3(A4)-cyclohex-
enecarboxylic Acid (21b). The ethyl ester 21a was prepared from 
the keto ester 20 and 1 equiv of p-methoxyphenylmagnesium bro
mide as described above for 6. The yield of 21a, bp 141-143° (0.05 
mm), was 43%. Anal. (C19H26O3) C, H. A solution of 21a (9.69 g, 
0.032 mol) in EtOH (100 ml) and H 2 0 (20 ml) containing KOH 
(9.00 g, 0.16 mol) was refluxed for 5 days. Standard work-up gave 
2.40 g of crude acid which was recrystallized twice from MeCN to 
give 21b (0.86 g, 10%), mp 134-136° (softening at 132°) shown by 
glpc (after CH2N2 treatment) to be a 95:5 mixture of ene isomers; 
the nmr spectrum showed a multiplet pattern for the vinylic pro
ton which appeared consistent for the A3 isomer as the major 
component. Anal. (C17H22O3) C, H. 

4-(p-Methoxyphenyl)-2,2,6«-trimethylcyclohexane-«-carbox-
ylic Acid (22b). Catalytic hydrogenation of the ester 21a (12.40 g, 
0.041 mol) in EtOH (200 ml) containing 5% Pd/C (1.20 g) gave 
quantitatively a 90/10 mixture of the C-4 epimeric esters 22a. A 
solution of 22a (6.67 g, 0.022 mol) and 150 ml of 0.45 M lithium 
1-propanethiolate in HMPA9 was stirred under nitrogen at 25° 
for 40 hr. The mixture was poured onto 0.5 JV NaOH and was ex
tracted several times with Et20. The aqueous phase was acidified 
and then extracted with fresh Et20. Work-up gave 2.00 g of acid; 
two recrystallizations (MeCN) gave 0.64 g (11%) of 22b, mp 
139.5-141.5° (softening from 135°), indicated by glpc (after 
CH2N2) to be an 80:20 mixture. Anal. (C17H24O3) C, H. 

4-Keto-2,2,6-trimethylcyclohexanecarboxylic Acid (23b). The 
ester 23a was prepared from the ester 22 and lithium dimethylcu-
prate5 by the procedure described above for 15a: yield, 67%; bp 
83-90° (0.3-0.5 mm); indicated by glpc§ to be a 38:62 mixture of 
cis-trans isomers (retention times, 10.35 and 11.10 min, respec
tively). A solution of 23a (24.00 g, 0.113 mol) in ethylene glycol 
(57 ml) and H 2 0 (7 ml) containing KOH (6.93 g, 0.136 mol) was 
refluxed for 18 hr. Usual work-up gave a mixture (15.68 g, 76%) of 
isomeric acids (23b), approximate 1:3 cis-trans content; an ana
lytical sample was prepared by short-path distillation, bp 142-
148° (0.2 mm). Anal. (C10Hi6O3) C, H. 

trarcs-4-(p-Methoxyphenyl)-2,6,6-trimethyl-A3-cyclohexene-
carboxylic acid (24) was prepared from the keto acid 23b and 2 
equiv of p-methoxyphenylmagnesium bromide as described above 
for 6. Two recrystallizations (MeCN) of the crude product gave 24 
(yield, 21%): mp 165-166.5°; shown to be different (glpc after 
CH2N2) from either of the isomers of 21b; as with 21b, the nmr 
spectrum suggested the A3 assignment. Anal. (C17H22O3) C, H. 

4«- (p -Methoxy phenyl ) -2,2,6/3-trimethylcyclohexane-«-car-
boxylic Acid (25). The acid 24 (4.00 g, 0.0146 mol) was hydroge
nated in EtOH containing 5% Pd/C as previously described to 
give quantitatively a 90:10 mixture of C-4 epimers assigned as the 
4a and 4(3 epimers, respectively. Recrystallization (MeCN-EtOH) 
gave 25 (98% pure), mp 163.5-167°. Anal. (C17H2403) C, H. 

A sample of the acid 21b was similarly hydrogenated to yield a 
2:1 mixture of C-4 epimers; the mixture was shown by glpc (after 
CH2N2) to be different from the mixture of C-4 epimers obtained 
from hydrogenation of 24. 

Ethyl 4-keto-2,2,6,6-tetramethylcyclohexanecarboxylate (27) 

§Glass column, 6 ft x 6 mm i.d., packed with 3% OV-17 on 100-120 Gas-
Chrom Q (Applied Science Laboratories, Inc.), programmed from 100° at 
4°/min, flow rate of 60 ml of He/min. 

was prepared from the ester 198 and lithium dimethylcuprate5 by 
the procedure described above for 15a: yield, 82%; bp 86-87° (0.2 
mm). Anal. (C13H22O3) C, H. 

4-(p-Methoxyphenyl)-2,2,6,6-tetramethyl-A3-cyclohexene-
carboxylic Acid (28b). The ethyl ester 28a was prepared from the 
keto ester 27 and 1 equiv of p-methoxyphenylmagnesium bromide 
as described above for 6: yield of 28a was 65%; bp 151-154° (0.3 
mm). Anal. (C20H28O3) H; C: calcd, 75.91; found, 75.41. A solu
tion of 28a (12.01 g, 0.038 mol) in EtOH (100 ml) and H 2 0 (20 
ml) containing KOH (11.20 g, 0.20 mol) was heated at reflux for 
64 hr. Usual work-up yielded 0.45 g (4%) of acid 28b, mp 142-144° 
after recrystallization (MeCN). Anal. (C18H23O3) C, H. 

Ethyl 4-(p-Methoxyphenyl)-2,2,6,6-tetramethylcyclohexane-
carboxylate (29). Catalytic reduction of the ester 28a in EtOH 
containing 5% Pd/C gave quantitatively 29 as a mixture (ca. 2:1) 
of cis-trans isomers: bp 152-155° (0.3 mm). Anal. (C20H30O3) C, 
H. 

4-(p-Hydroxyphenyl)-2,2,6,6-tetramethylcyclohexanecarbox-
ylic Acid (30). Treatment of the ester 29 with lithium 1-propane
thiolate at 25° as described above for 22a resulted in insignificant 
amounts of cleavage. The quality of the reagent was shown to be 
satisfactory when we repeated the reported9 quantitative cleavage 
of methyl mesitoate. The reagent then was condensed with 29 in 
HMPA at 65° for 21 hr. Work-up as described above gave 30: 
yield, 38%, after trituration under CH2C12; mp 174-178° {ca. 
60:40 mixture of cis-trans isomers). Anal. (C17H24O3) C, H. 

3-Ethyl-4-(p-methoxyphenyl)-A3-cyclohexanecarboxylic acid 
(32) was prepared from 3-ethyl-4-ketocyclohexanecarboxylic 
acid12 by the procedure described above for 6: yield of 32, 43%; 
mp 127-129° (after CH2N2, glpc indicated 98% pure). Anal. 
(C16H20O3) C, H . 

3-Ethyl-4-(p-methoxyphenyl)cyclohexanecarboxylic Acid 
(33). The acid 32 was reduced catalytically in EtOH by the usual 
procedure described above: yield of 33, 38% after two recrystalli
zations from methylcyclohexane; mp 74-80°; shown by glpc (after 
CH2N2) to be a 92:8 mixture of isomers. Anal. (C16H22O3) C, H. 

2,6-Dimethyl-3-ethyl-4-ketocyclohexanecarboxylic Acid (36). 
The keto ester 22 (21.45 g, 0.109 mol) was added over 15 min to a 
stirred solution of NaOEt (from 2.64 g of Na, 0.115 g-atom) in ab
solute EtOH (90 ml). The solution was stirred at 25° for 40 min, 
and then ethyl p-toluenesulfonate (23.00 g, 0^115 mol) was added. 
The mixture was heated under reflux for 3.5 hr. Work-up gave a 
product (22.36 g) indicated (glpc) to be a mixture of the alkylated 
ester 34 (56%), unchanged 2 (35%), and unknown impurities (pos
sibly C-l alkylated products).16 Pure 34 could not be obtained 
from distillation (2-ft spinning-band column). The best fractions 
[bp 77° (0.07 mm)] contained 82% 34 (two diastereomers) and 
14% 2 (two diastereomers). Hydrogenation (5% Pd/C in EtOH as 
above) gave a product which was distilled (2-ft spinning-band 
column) to give the ester 35 [bp 64-65.5° (0.06 mm), 10.60 g] as a 
mixture of isomers. Refluxing for 16 hr of 35 in aqueous ethanolic 
KOH as above yielded 36 (7.59 g, 82%) as an oil (mixture of iso
mers) which was used in the following preparation. 

2,6-Dimethyl-3-ethyl-4-(p-methoxyphenyl)-A3(A4)-cyclohex-
enecarboxylic acid (37) was prepared from the keto acid 36 as 
described above for 6: yield, 2.23 g (20%); mp 144-158°; indicated 
by nmr to be ca. 50/50 mixture of A3 and A4 isomers. Anal. 
(C18H2403) C, H. 

2,6-Dimethyl-3-ethyl-4-(p-methoxyphenyl)cyclohexanecar-
boxylic acid (38) was prepared from catalytic hydrogenation (5% 
Pd/C in EtOH) of 37: yield of 38, 52%, after two recrystalliza
tions (MeCN) to mp 135-155°; glpc (after CH2N2) indicated a 
minimum of four isomers, the major of which comprised about 
70% of the total. Anal. (Ci8H2603) C, H. 

Ethyl 3-Ethyl-4-keto-2,6,6-trimethyl-A2-cyclohexenecarbox-
ylate (39). The ester 19s (25.0 g, 0.119 mol) was added to a solu
tion of KO-t-Bu (from 4.64 g of K, 0.119 g-atom) in r-BuOH (95 
ml) while cooling to maintain the temperature below 38°. A solu
tion of ethyl iodide (18.6 g, 0.119 mol) in f-BuOH (20 ml) was 
added and the mixture was stirred under reflux for 3.5 hr. Usual 
work-up gave 39 (26.24 g, 93%), bp 86-89° (0.1 mm). Anal. 
(C14H22O3) C, H . 

Ethyl 3-Ethyl-4-keto-2,6,6-trimethylcyclohexanecarboxylate 
(40). A solution of 39 (20.1 g, 0.085 mol) in EtOH (90 ml) contain
ing 3 N aqueous HC1 (12 ml) and 5% Pd/C (1.1 g) was shaken 
under H2 (50 psi initially) until theoretical uptake was observed. 
Usual work-up gave 40, bp 64-65° (0.1 mm). Anal. (C14H24O3) C, 
H. 

frans-3-Ethyl-4-(p-methoxyphenyl)-2,6,(i-trimethyl-A3-cyclo-
hexenecarboxylic acid (41) was prepared from the keto ester 40 
and 1 equiv of p-methoxyphenylmagnesium bromide as described 
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above for 6. After treatment with p-TosOH'H20 and usual work
up the crude yield of 41 was 5% which recrystallized (MeCN) to 
pure 41: mp 164.5-167.5°; ir (KBr) 1700 c m - 1 ( C = 0 ) ; nmr 
(CDC13) 5 7.0-7.7 (q, 4, J = 8.5 Hz, aromatic), 3.78 (s, 3, CH3O), 
2.7 (m, broad, 1, CH3CH), 2.4-1.8 (overlapping m, 5, CHC0 2H 
and Cfl2C=CCH2), 1.2-1.05 [doublet overlapping two singlets, -J 
= 6 Hz, 9, CHCHs and C(CH3)2], and 0.87 (t, 3, J = 7.5 Hz, 
CH2CH3); scale expansions and spin decouplings confirmed the 
assignments as well as establishing the stereochemistry; coupling 
constant of the C-l proton (10 Hz) was indicative of trans-diaxial 
coupling; mass spectrum (70 eV) m/e 302. Anal. (C19H26O3) C. 
H. 

3-Ethyl-4-(p-methoxyphenyl)-2,(i,(i-trirnethyl--l2-cyclohex-
enecarboxylic Acid (43). The Et20 extracts which remained 
after the base extractions in the above experiment were worked 
up to leave an oil. Distillation [bp 173-182° (0.05 mm)] gave the 
S2-ene ester 42 (yield, 42%): nmr (CDC13) 0 1.70 (d, 3, J = 2 Hz, 
CH 3 C=C). Anal. (C21H30O3) C, H. A solution of the ester 42 (1.10 
g, 0.003 mol) in ethylene glycol (18 ml) and H 2 0 (3.6 ml) contain
ing KOH (2.00 g, 0.036 mol) was heated at reflux for 88 hr, Usual 
work-up gave the acid 43 (0.67 g, 67%): mp 131-132° (MeCN); ir 
(KBr) 1697 c m - 1 ( C = 0 ) ; nmr (CDCI3) <5 1.76 (d, 3, J = 2 Hz, 
CH3O-C); mass spectrum (70 eV) m/e 302. Anal. (C19H26O3) C. 
H. 
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4-aminoisofolate is only speculat ive and war ran ted exami
nat ion. It appeared tha t a l though 4-aminoisofolate pos
sesses the 2,4-diamino functions a t the pter idine moiety 
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ents a t the C9-N10 posi t ions could al ter its b inding char
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noted t h a t dihydroisofolic acid, which differs from dihy-
drofolic acid only in t he exchange of the amino and meth
ylene groups a t posi t ions 9 and 10, does not behave as a 
subs t ra te for D H F R . I 

Another reason for t he synthesis of 4-aminoisofolic acid 
comes from the work of Kisl iuk and coworkers who inves
t igated the abil i ty of the classical aminofols aminopte r in , 6 

metho t rexa te , 7 and their dihydro and t e t r ahydro deriva
tives to inhibit t he enzyme thymidy la t e syn the tase and 
concluded t h a t the t e t r ahydro forms are more powerful in
hibi tors t h a n the paren t compounds . Since formaldehyde 
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The synthesis of isoaminopterin has been carried out by two methods. The first parallels the method employed for 
constructing the isofolate framework recently developed in this laboratory, which involves a novel ring closure of a 
substituted pyrimidine. The second involves the displacement of the halogen of 2.4-diamino-6-chloropteridine by 
«-amino-p-toluic acid. Isoaminopterin has been tested for its ability to inhibit the growth of two folate-requiring 
organisms. Inhibition studies of this compound were carried out on the enzyme dihydrofolate reductase. While iso
aminopterin is equally potent in its bacteriostatic activity as aminopterin. it is somewhat less inhibitory for dihy
drofolate reductase. 


