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The reactions of isophorone oxide and piperitone oxide with sodium methoxide or potassium hydroxide in methanol or 
methanol-water mixtures have been studied. Under these conditions each oxide afforded 7-hydroxy acid derivatives corre­
sponding to a non-stereospeciric FavorskiJ rearrangement. Two abnormal displacement products 12 and 13 were obtained 
from piperitone oxide. The reaction of piperitone oxide with potassium /-butoxide in 1,2-dimethoxyethane yielded prod­
ucts corresponding to a stereospecific Favorskif rearrangement. 

It was apparent that a study of the rearrange­
ment of a 2,3-epoxycyclohexanone such as 1 
might provide a unique opportunity to determine 
the stereochemistry of a Favorskil rearrangement3 

in a cyclic system in which the group being dis­
placed was not bonded to a tertiary carbon atom. 
For example the direct displacement mechanism 2 
leading to a cyclopropanone intermediate 33-4 

should produce only the cw-hydroxy acid deriva­
tives 4 and 5. 
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A previous study6 included the reactions of piper­
itone oxide (1) isophorone oxide (6) and carvone 
oxide (7) with hydroxide and methoxide ions. 
From the oxides 6 and 7 the reported5 products are 
indicated in the accompanying equations. From 
piperitone oxide (1) two major products were 
described, a crystalline hydroxy acid m.p. 112— 
113° (now known to be 4b) as well as the methyl 
ester and lactone derived from this acid and a 
liquid (which we believe to have been a mixture) 
assigned the structure 8. The structure of the 
hydroxy acid 4b was established by further chemi­
cal transformations.5'6 
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This paper reports a study of the reactions of 
piperitone oxide (1) and isophorone oxide (6) 
with several bases. For this study a mixture of 
the epimers of piperitone oxide (1) was employed 
since these epimers, although separable, were 
readily equilibrated in the presence of bases (tri-
ethylamine in acetone) too weak to cause rear­
rangement. Reaction of piperitone oxide (1) 
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with either methanolic sodium methoxide or 
methanolic potassium hydroxide under a variety 
of conditions (Table I) afforded as major products 
the cis-hydroxy acid derivatives 4, the lactone 9, 
the trans-hydroxy acid derivatives 10 and the enol 
ether 8 as well as small amounts of the unsaturated 
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ester 11 and the methoxy piperitone 12. The pres­
ence of additional water in the reaction mixture 
favored the formation of the methoxy piperitone 12 
and a new component, the hydroxy ketone 13. 
When piperitone oxide (1) was stirred with aqueous 
potassium hydroxide, the sole neutral component 
was the hydroxy ketone 13 formed in 88% yield. 
Reaction of piperitone oxide (1) with potassium 
i-butoxide in 1,2-dimethoxyethane yielded the 
lactone 9 (70% yield) as the only neutral com­
ponent. The methyl ester 4a, prepared by reaction 
of the a's-hydroxy acid 4b with diazomethane, has 
an n.m.r. spectrum (60 mc.) fully compatible 
with the assigned structure 4a, significant peaks 
being located at 6.33r (singlet, -CO2CH3), 7.72r 

(singlet, O-H) and 8.73r (singlet, CH3-C-O), 

with two doublets ( 7 = 6 c.p.s.) located at 9.27 
and 9.17T and 9.22 and 9.12r attributable to the 
two methyl groups of an isopropyl group.7 The 
non-equivalence of the two methyl groups is 
apparently the result of restricted rotation of the 
isopropyl group in the cis isomer 4a. Assignment 
of the cis stereochemistry to the hydroxy acid 4b 
followed the ready conversion of the acid 4b to the 
lactone 9 in boiling benzene; hydrolysis of the 
lactone 9 with dilute, aqueous alkali regenerated 
the acid 4b. Treatment of either the lactone 9 
or the methyl ester 4a with a solution of sodium 
methoxide in boiling methanol afforded an equi­
librium mixture of the ester 4a (25-28%) and the 
lactone 9 (75-72%). The £ra«s-hydroxy acid 10b 
was characterized as the methyl ester 10a, m.p. 
73.5-75°. Reaction of the trans ester 10a with 
0.2 equivalent of ^-toluenesulfonic acid in boiling 
benzene afforded a mixture of the lactone 9 and 
the unsaturated ester 11 thereby establishing the 
carbon skeleton of the product. The n.m.r. 
spectrum (60 mc.) confirmed the location of the 
hydroxyl function as in 10, peaks being present 
at 6.37r (singlet, -CO2CH3), 7.92r (singlet, O-H) 

and 8.73 T (singlet, CH3-C-O-) with a doublet 

(J = 7 c.p.s.) at 9.07 and 9.18r attributable to an 
isopropyl group.7 The presence of an unsplit 
C-methyl peak at 8.73 r, the absence of additional 
peaks in the region 6.75 to 5.15r attributable to 

the grouping CH-O- and the presence of a hy­

droxyl peak at 7.92r are all consistent with the 

formulation of 10a as a tertiary alcohol. 
An authentic sample of the enol ether 8 was ob­

tained by reaction of the known enolic diketone 14 
with diazomethane. The formulation of the enol 
ether as 8 rather than as IS (R = Me) is indicated 
by the n.m.r. spectrum (40 mc.) of the material 

which has peaks at 6.45r (singlet, =C—OCH3) 

and at 8.18r (singlet, - C O - C = C - C H 3 ) with 
two doublets ( . 7 = 6 c.p.s.) at 9.00 and 9.15r and 
at 9.10 and 9.25r attributable to the methyl 

(7) S. Goodwill, J. N. Shoolery and L. F. Johnson, J. Am. Chem. 
5(K., 81, 3085 (1959). 

groups of an isopropyl group.7 The enolization of 
the a-diketone in the direction represented by 
structure 14 rather than 15 (R = H) would be 
expected since the steric interaction of an eclipsed 
methyl group and a hydroxyl group (as in 14) 
would be appreciably less than the corresponding 
interaction of an isopropyl group and a hydroxyl 
group (as in IS, R = H). 

An authentic sample of the unsaturated ester 
11 was prepared as previously described.613 Pre­
vious degradative experiments5b'6b established that 
this ester was at least in part the /3,y-unsaturated 
ester 11a. Although our product exhibited only a 
singlet peak on gas chromatography with two dif­
ferent columns, we have no evidence which rigor­
ously excludes the possibility that our product 11a 
was contaminated with the double bond isomer 
l ib . 

The carbon skeletons and locations of the car-
bonyl functions in the two abnormal products 
12 and 13 were established by the conversion of 
each substance to thymol (16) on treatment with 
a catalytic amount of ^-toluenesulfonic acid in an 
inert solvent. The infrared (12, 1670 cm. - 1 ; 
13, 1677 cm. -1) and ultraviolet (Xmax 239 m^ for 
12, 236 rmi for 13) absorption of the products 
established the presence of a disubstituted a,/3-
unsaturated ketone chromophore. The n.m.r. 
spectrum (40 mc.) of the methoxy ketone 12 has 
bands at 4.4Or (singlet, C = C H - C O - ) , 7.0Or 

(singlet, C - O - C H 3 ) and 8.08T (singlet, C = 

C-CH 3 ) with two doublets (J = 7 c.p.s.) at 9.08 
and 9.25r and 9.15 and 9.33r attributable to the 
methyl groups of an isopropyl group.7 Similarly, 
the n.m.r. spectrum (60 mc.) of the hydroxy ketone 

13 has peaks at 4.23r (singlet, C = C H - C O - ) , 

6.67r (singlet, O—H) and 8.07r (singlet, C = 

C-CH 3 ) with two doublets (J = 7 c.p.s.) at 8.98 
and 9.08r and at 9.28 and 9.4Or attributable to the 
methyl groups of an isopropyl group.7 Additional 
evidence for the location of the hydroxyl group in 
the hydroxy ketone 13 was obtained by the cata­
lytic reduction of 13 to form a mixture of diastereo-
isomers 17. Each of the two diastereoisomeric 
ketones 17 consumed one equivalent of periodic 
acid. 

The reaction of isophorone oxide (6) with either 
sodium methoxide or potassium hydroxide in 
methanol (Table II) produced the enol ether 18a as 
the major product (81-85%) accompanied by 
smaller amounts of the enolic a-diketone 18b. 
In the reactions employing potassium hydroxide, 
small amounts of the hydroxy acids 19b and 20b 
were also detected. Addition of water to the 
reaction mixture increased the yields of the hy­
droxy acids 19b and 20b as well as the enolic a-
diketone 18b. However, no abnormal products, 
analogous to the compounds 12 and 13 obtained 
from piperitone oxide, were isolated. 

An authentic sample of the enolic a-diketone 
18b was prepared by the procedure previously 
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described.8d's Reaction of the enol ether 18a 
with 2,4-dinitrophenylhydrazine yielded, in addi­
tion to the two geometrical isomers of the mono-
2,4-dinitrophenylhydrazone of 18a, the same bis-
2,4-dinitrophenylhydrazone as was obtained from 
the a-diketone 18b. The n.m.r. spectrum (40 
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mc.) of the enol ether 18a has peaks at 6.43r 
\ 

(singlet, - C = C - O C H 3 ) , 7.8Or (broad singlet, 

- C H 2 - C = C - and - C H 2 - C O - ) , 8.18r (sin­
glet, C H 3 - C = C - C O - ) and 8.93r (singlet, gemi-
nal methyl groups). The enol ether 18a also 
exhibits an ultraviolet absorption maximum at 251 
my, (cf. 8, Xmax 250 mn) consistent with its formula­
tion as a trisubstituted a,/3-unsaturated ketone. 

The mixture of hydroxy acids 19b and 20b 
was converted by reaction with diazomethane to a 
mixture of the methyl esters 19a and 20a for sepa­
ration and characterization. A solution of the 
mixed hydroxy acids in boiling toluene was con­
verted in part to the lactone 21 from which the 
pure ew-acid 19b, m.p. 116-118°, could be ob­
tained by saponification. Esterification of this 
cis-acid 19b with diazomethane afforded a sample 
of the pure cw-ester 19a. Reaction of either the 
cw-ester 19a or the trans-ester 20a with methanolic 
sodium methoxide produced a partially equilibrated 
mixture of the two esters 19a and 20a and the lac­
tone 21 thereby establishing the epimeric relation­
ship of the two esters. The n.m.r. spectrum (60 
mc.) of the cw-ester 19a has single peaks at 6.35 
(a), 6.45 (b), 8.68 (c), 8.87 (d) and 8.97 (e) r with 
incompletely resolved multiplets in the regions 
7.5 (f), 7.8 to 8.0 (g) and 8.2 to 8.3 (h) r. The as­
signments of these peaks are shown in structure 24. 

To ensure that the hydroxy acids produced from 
isophorone oxide (6) were not the a-hydroxy acids 
22b and 23b resulting from the benzilic acid rear­
rangement of the a-diketone 18b, this benzilic 
acid rearrangement was conducted as previously 
described.9 The crystalline hydroxy acid obtained 

(8) G. B. Payne, ./. Org. Chem., 24, 719 (1959). 
(9) O. Wallach, Ann., 414, 329 (1918). 
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proved to be a mixture of diastereoisomers 22b and 
23b which was converted by reaction with diazo­
methane to the esters 22a and 23b for separation and 
characterization. Both diastereoisomers 22a and 
23a were different from the hydroxy esters obtained 
from isophorone oxide (6). The n.m.r. spectra (60 
mc.) of the two diastereoisomers are very similar; 
isomer A has peaks at 6.28(a), 7.22(b), 9.00(c) 
and 9.05(d)r with a doublet (J = 6 c.p.s.) at 9.23 
and 9.33r (e) and isomer B has peaks at 6.23(a), 
6.69(b), 8.82(c) and 8.92(d)r with a doublet 
(J = 8 c.p.s.) at 9.08 and 9.22r (e). The assign­
ments of these peaks are indicated in structure 25. 
We consider the evidence available insufficient to per­
mit assignments of stereochemistry to these isomers. 

The formation of both diastereoisomeric hy­
droxy acid derivatives 19 and 20 from isophorone 
oxide (6) might be explained by partial epimeri-
zation of the cw-ester 19a after rearrangement. 
However, this explanation may be excluded for the 
formation of both acid derivatives 4 and 10 from 
piperitone oxide (1) since the m-ester 4a is not 
converted to the trans-ester 10a under the condi­
tions of the reaction. Consequently, although the 
formation of the lactone 9 from reaction of piperi­
tone oxide (1) with potassium /-butoxide in 1,2-
dimethoxyethane is stereospecific, the rearrange­
ment of this oxide 1 in methanolic sodium meth­
oxide to form both esters 4 and 10 is not a stereo-
specific process. Although the over-all trans­
formations 1 to 4 and 10 and 6 to 19 and 20 are 
analogous to the Favorskii rearrangement of a-
halo ketones,3 it is necessary to consider the pos­
sibility that the rearrangements of oxides such as 
1 and 6 proceed by an entirely different mech­
anism before the stereochemical results of this 
study may be applied to the Favorsktf rearrange­
ment. Mechanisms involving initial nucleophilic 
attack at the carbonyl function of 1 (i.e., 26) 
appear most improbable since the expected prod­
ucts 27 are formed in very small amounts if at all. 
The oxides 1 and 6 could be shown to form readily 
enolate ions 28 and 29 by demonstrating that the 
oxide 1 would incorporate one atom of deuterium 
and the oxide 6 two atoms of deuterium upon 
treatment with a mixture of triethylamine and 
acetone-^. As noted previously these conditions 
were sufficient to epimerize piperitone oxide (1) 
but were not sufficient to bring about the rearrange­
ment of either oxide.10 From a reaction of a solu-

(10) Both these and subsequently described data indicate that the 
formation of enolate ions of the type i occurs with extreme difficulty 
if at all. Since analogous enolate ions can be formed in acyclic sys­

tems [H. O. House and R. S. Ro, J. Am. Chem. Soc, 80, 2428 
•O (1958)], these results are apparently attributable to the ex­

cessive strain which would be required to form this planar 
n e system psrmitting derealization of the negative charge. 
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tion of piperitone oxide (1) with sodium methoxide 
in methanol-ix, which had been stopped prior to 
completion, the recovered oxide 1 was composed 
of approximately equal amounts of non-deuterated 
and monodeuterated material with little, if any, 
dideuterated oxide 1 present. Each of the hy­
droxy esters 4a and 10a produced contained 
essentially one deuterium atom bound to carbon. 
These results are clearly compatible with the 
proposed mechanism of the Favorskii rearrange­
ment (i.e., 1 -»• 2 -*• 3 -*• 4) if the stereochemical 
implications of this scheme are, for the moment, 
ignored. However, the data are not consistent 
with an a-elimination process (i.e., 30 and 31) or 
with other schemes which would require the inter­
vention of other intermediates capable of incor­
porating additional deuterium. 

26 27 28 

29 30 31 

Our data concerned with the non-stereospecific 
rearrangement of piperitone oxide (1) in methanolic 
sodium methoxide are consistent with the mech­
anism of the Favorskii rearrangement if the initially 
formed enolate anion 28 undergoes an ionic dis­
sociation (as in 32) to form a planar intermediate 
such as 33 3 4 rather than undergoing the direct 
displacement 2 leading to the cyclopropanone 3. 
Alternatively, an equilibrium between the two 
diastereoisomeric forms of the cyclopropanone 3 
involving a species such as 33 or its conjugate acid 
34 can be envisioned. 

The observation that the oxide 1 recovered from 
the sodium methoxide-methanol-^i reaction was 
only partially deuterated whereas essentially 
complete deuterium exchange without rearrange­
ment was realized in the triethylamine-acetone-<26 
reaction is consistent with the idea that the 
enolate anion 28 (or the free enol) undergoes ioni­
zation (i.e., 32) much more rapidly in the polar 
solvent, methanol, than in the non-polar solvent, 
acetone. 

Such a scheme not only accounts for the lack 
of stereospecificity in the rearrangement but also 
accounts for the formation of the displacement 
products 8, 12 and 13. For example, the forma­
tion of the methoxy ketone 12 may be pictured 
as in structure 35.u '1 2 In the reaction of piperi-

(11) J. S. G. Cox [J. Chem. Soc, 4508 (1960) ] recently has described 
the reaction of a 9a-bromo-ll-keto pregnane derivative i with sodium 
methoxide to form the corresponding 12a-methoxy ketone H. The 
author suggested the operation of an S N 2 , displacement involving 
the free enol Hi as illustrated in the accompanying equation. A 
similar sequence iv can obviously be envisioned for the charge 1 to 12. 
However, we believe the alternative scheme involving reaction of an 

tone oxide (1) with potassium /-butoxide in the non-
polar solvent 1,2-dimethoxyethane, a medium 
which would favor neither the ionic dissociation 
32 nor the existence of an intermediate such as 
33 or 34, a direct displacement of the epoxide ring 
(as in 2) may be involved. The subsequent in­
tramolecular rearrangement 36 could then lead to 
the lactone 9. The formation of appreciable 
amounts of the unsaturated acid corresponding to 
the ester 11a only in this experiment suggests the 
partial destruction of the lactone by the base-
catalyzed elimination 37. It should be noted 
that this interpretation of the behavior of piperi­
tone oxide (1) in solvents of varying polarity 
is consistent with the results obtained in our sub­
sequent investigation4 of the Favorsktf rearrange­
ment of a-halo ketones. However, other interpre­
tations obviously are possible.13 

One possibility which deserves serious consid­
eration is an alternative pathway leading to the 
enol ether 8 and probably the major route to the 
enol ether 18a involving the direct displacement 
of the epoxide ring (i.e., 38) by methoxide ion to 
form the intermediate 39. Base-catalyzed dehydra­
tion of this intermediate 39 would then yield the 
enol ether 8. It will be noted that use of the inter­
mediate 39 in the intramolecular displacement 
40 provides a conceivable route to the trans-
hydro xy ester 10a via the cyclopropanone 41. 
Although this process may be criticized on the 
grounds that methoxide ion is normally a poor 
leaving group and that the deuterium studies re­
quire this process to be more rapid than incorpora­
tion of deuterium into the molecule, the product 
studies (Table I) are not inconsistent with this 
possibility. Thus, the increased yields of the enol 
ether 8 at higher reaction temperatures are ac­
companied by decreased yields of the trans-acid 

intermediate such as 33 or 34 with the solvent provides an equally 
satisfactory explanation for both our observations and those of Cox. 
Furthermore, this scheme appears to be in better agreement with the 

observations of A. W. Fort [140th Meeting of the American Chemical 
Society, Chicago, 111., September 3-8, 1961. Abstracts of Papers, 
p. 19-Q] that solvolysis products rather than Favorskii rearrangement 
products predominate in the absence of high concentrations of the 
highly nucleophilic methoxide ion (ref. 4). In our experiment the 
preferential S N 2 ' attack at a tertiary center (as in iv) rather than SN2 
reaction at a secondary center is not in keeping with the behavior of 
other allylic systems [see S. Winstein, Bull. soc. chim. France, C43 
<1951); R. H. DeWolfeand W. G. Young, Chem. Revs., 56,753 (1956)]. 
As noted by the Referee, this latter objection is avoided if the enol 
pictured in iv undergoes solvolysis to form the ion 34 prior to reaction 
with methanol. This scheme, a variant of the ionization process 32 
involving the free enol rather than the enolate anion, is not inconsistent 
with our data. 

(12) Since the hydroxy ketone 13 derived from piperitone oxide 1 is 
still optically active, any mechanism proposed for the formation of this 
substance cannot involve a planar or symmetrical intermediate. 

(13) The referees have suggested three interpretations of parts of 
this work which our data do not exclude and doubtless many other 
possibilities exist. However, we see no reason to seek increasingly 
obscure interpretations of these data in the absence of experimental 
evidence indicating that the behavior of a-halo ketones and a,@-
epoxy ketones with bases are not analogous. 
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derivatives 10. Although we have been unable 
to isolate the intermediate 39 needed to eliminate 
rigorously this possibility, the observation that 
conditions which favor the formation of a-alkoxy 
ketones lower the yield of Favorskil rearrangement 
products3 and the absence of examples of Favorskil 
rearrangements with a-methoxy ketones lead 
us to believe that the displacement process 40 
does not warrant serious consideration. 
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A c k n o w l e d g m e n t . — T h e a u t h o r s a r e i n d e b t e d t o 
Professor K l a u s B i e m a n n a n d h i s a s soc i a t e s for t h e 
m a s s s p e c t r a d e s c r i b e d in t h i s p a p e r . 

Exper imenta l 1 4 

Piperitone Oxide (1).—The alkaline epoxidation16 of 
60.9 g. (0.40 mole) of ( - )-piperitone, [a] 29D - 1 8 . 3 ° (c 
9.747, ethanol), afforded 28.8 g. (42.8%) of a mixture of 
epimeric piperitone oxides, b .p . 105° (6 mm.), W24D 1.4613, 
[a]!80 + 31.6° (c 9.833, ethanol) [ l i t> ( - ) - fo rm, [a]"D 
- 1 7 7 ° (c 0.96, ethanol), b .p . 91° (3 mm.) , M20D 1.4624, 
m.p. 14.5-15.5°; (+)-form, « D + 21.0° (prepared from 
( —)-piperitone, at> —46°)]. The gas chromatogram16 

of this product exhibits two partially resolved peaks cor­
responding to epimers A and B . A series of fractional 

(14) All melting points are corrected and all boiling points art- un­
corrected. The infrared spectra were determined with either a Baird, 
model B, or a Perkin-Elmer, model 21. infrared recording spectro­
photometer fitted with a sodium chloride prism. The ultraviolet 
spectra were determined with a Cary recording spectrophotometer, 
model H M S . The microanalyses were performed by Dr. S. M. Nagy 
and his associates and by the Scandinavian Microanalytical Labora­
tory. The n.m.r. spectra were determined in carbon tetrachloride 
solution with a Varian Associates high-resolution nuclear magnetic 
resonance spectrometer, model V 43Q0B. 

(15) R. L. Wasson and H. O. House, Org. Syntheses, 37, 58 (1957). 
(16) Obtained with a column packed with No. 1540 Carbowax sus­

pended on 80-100 mesh Chromosorb. 

crystallizations of the mixture from hexane at Dry Ice tem­
peratures separated pure isomer A, a crystalline solid melt­
ing below room temperature, [<*]2MD —0.53° (c 1.04, 
ethanol) and a mixture composed of 4 1 % isomer A and 59% 
isomer B, [a]26-2D +43.6° (c 1.03, ethanol). The infrared 
spectra17 of the two fractions exhibit a band at 1705 c m . - 1 

( C = O ) with differences in the intensities of several bands 
in the fingerprint region. The ultraviolet spectra18 of the 
fractions have no appreciable absorption above 210 tn/». 
Since the epimers were readily interconverted by bases, a 
mixture of the isomers was employed for all studies sub­
sequently described. 

Reaction of Piperitone Oxide (1) with Methanolic Potas­
sium Hydroxide.—A solution of 10.0 g. (0.059 mole) of 
piperitone oxide and 7.8 g. (0.118 mole) of 8 5 % potassium 
hydroxide in 75 ml. of methanol was refluxed for 80 min. 
and then diluted with 150 ml. of water. After the mixture 
had been extracted with five 50-ml. portions of ether, the 
aqueous phase was acidified and extracted with ether. 
The ethereal solution of the crude acidic product was dried 
over magnesium sulfate and concentrated to leave 3.71 g. 
(33.9%) of crude l-isopropyl-3-methyl-«'.r-3-hydroxycyclo-
pentanecarboxylic acid (4b), m.p. 108-110°. Recrystal-
1 ization first from benzene and then from hexane afforded 
3.1 g. (28.2%) of the pure hydroxy acid as white needles, 
m.p. 112-113° [lit. m.p. 112-113°,«» 113-114°16»]. The 
acid exhibits infrared absorption19 at 1690 c m . - 1 (carboxyl 
C = O ) with a broad band in the 3 M region (O-H) and no 
significant absorption in the ultraviolet18 (e 115 a t 212 m/i). 

The ethereal extract containing the neutral products 
was dried over magnesium sulfate, concentrated and distilled 
under reduced pressure to separate fractions (4.212 g.) 
boiling in the range 80-119° (9 min.), rc23D 1.4804-1.4814. 
From the gas chromatogram80 of the neutral fraction the 
following components (% yield based on the starting piperi­
tone oxide) were judged to be present: piperitone ox­
ide (2%), 6-isopropyl-2-methoxy-3-methyl-2-cyclohexen-
one (17%), 6-isopropyl-6-methoxy-3-methyl-2-cyclohexenone 
(3%), methyl l-isopropyl-3-methyl-2(and/or 3)-cyclo-
pentenecarboxylate (7%) and a mixture of the methyl 
ester of l-isopropyl-3-methyl-<ra«s-3-hydroxycyclopentane-
carboxylic acid as well as the methyl ester of l-isopropyl-3-
methyl-a's-3-hydroxycyclopentanecarboxylic acid (12%). 
Three pure components were separated from this mixture 
by a combination of fractional distillation and gas chroma­
tography.20 

Methyl I-isopropyl-3-methyl-2-cyclopentenecarboxylate 
(11a) was shown to be identical with a subsequently de­
scribed sample by comparison of the retention times and 
infrared spectra of the two samples. The sample of 6-
isopropyl - 6 - methoxy - 3 - methyl - 2 - cyclohexenone (12) 
collected was further purified by distillation in a short-
path still under reduced pressure. The material, »2 5D 
1.4861, has infrared absorption17 a t 1670 c m . - 1 (conj, C = O ) 
and 1640 c m . - 1 (conj. C = C ) with an ultraviolet maximum18 

at 239 mAi(610,900). 
Anal. Calcd. for CnH18O2: C, 72.49; H, 9.96; mol. wt. , 

182. Found: C, 72.64; H, 10.09; mol. wt. , 182 (mass 
spectrum). 

A solution of 0.651 g. (0.00358 mole) of the methoxy 
ketone 12 and 61 mg. (0.358 mmole) of ^-toluenesulfonic 
acid in 6 ml. of seobutylbenzene was refluxed for 15 hr. 
and then cooled and extracted with aqueous sodium bi­
carbonate. The organic phase was concentrated and sub­
jected to gas chromatography20; the crude thymol collected 
from the chromatogram separated from petroleum ether as 
white prisms, m.p. 49-51°, yield 0.143 g. (26.8%), which 
did not depress the melting point of an authentic sample and 
the infrared spectra21 of the two samples are identical. 
In addition a 0.140-g. (0.933 mmole) sample of the thymol 
obtained from the methoxy ketone 12 was converted22 

to 2-isopropyl-S-methylphenoxyacetic acid, m.p. 147-149°, 
which was identified by a mixed melting point determina­
tion and comparison of the infrared spectrum with that of 
an authentic sample.22 

(17) Determined as a solution 'n carbon tetrachloride. 
(18) Determined as a solution in ethanol. 
(19) Determined as a solution in chloroform. 
(20) Obtained with a column packed with either No. 550 or No. 710 

Silicone Fluid suspended on 48-100 mesh ground firebrick. 
(21) Determined as a suspension in a potassium bromide pellet. 
(22) C F. Koelsch, J. Am. Chem. Soc, S3, 304 (1831). 
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A sample of 6-isopropyl-2-methoxy-3-methyl-2-cyclo-
hexenone (8) collected from the neutral fraction was further 
purified by a shortpath distillation under reduced pressure. 
The product, nMx> 1.4798, which was shown to be identical 
with the subsequently described authentic sample by com­
parison of infrared spectra and retention times, has in­
frared absorption" at 1677 (conj. C = O ) and 1640 cm." 1 

(conj. C = C ) with a maximum at 250 van (e 8,300) in the 
ultraviolet.18 

Anal. Calcd. for CuHi8O2: C, 72.49; H , 9.96; mol. wt. , 
182. Found: C, 72.34; H, 10.00; mol. wt. , 182 (mass 
spectrum). 

Complete product analyses of comparable reactions of 
piperitone oxide with methanolic potassium hydroxide are 
presented in Table I . 

Reaction of Piperitone Oxide (1) with Methanolic Sodium 
Methoxide.—A solution of 2.7 g. (0.016 mole) of piperitone 
oxide in methanolic sodium methoxide, prepared from 0.74 
g. (0.032 g. atom) of sodium and 30 ml. of methanol, was 
stirred a t 0° for 9 hr. and then diluted with 30 ml. of water 
and saturated with carbon dioxide. The resulting mixture 
was extracted with four 30-ml. portions of ether and the 
combined ethereal extracts were dried over magnesium 
sulfate and concentrated to leave 2.2 g. of an oil composed 
of piperitone oxide (13%), 6-isopropyl-6-methoxy-3-methyl-
2-cyclohexenone (9%), methyl l-isopropyl-3-methyl-2ra«s-
3-hydroxycyclopentanecarboxylate (45%) and a mixture 
(33%) of the enol ether 8, the m-hydroxy ester 4a and the 
lactone 9. Fractional distillation of the mixture concen­
trated the /ra?z.s-hydroxy ester 10a in the higher boiling 
fractions, b .p . 61-62° (0.1 mm.) . A solution of these frac­
tions in petroleum ether deposited the pure methyl 1-isopro-
pyl-3-methyl-/ra».s-3-hydroxycyclopentanecarboxylate (10a) 
as white needles, m.p. 73.5-75°, yield 0.271 g. (8 .4%), 
[a]3"-7D _ i o . o ° (c 1.395, E tOH) . The hydroxy ester has 
infrared absorption17 at 3660 c m . - 1 (unassoc. O-H) , 3400 
(broad, assoc. O-H) and 1725 (ester C = O ) with no sig­
nificant absorption in the ultraviolet18 (« 186 at 214 mp). 

Anal. Calcd. for CnH20O3: C, 65.97; H , 10.07. Found: 
C, 66.08; H, 10.32. 

A solution of 0.20 g. (0.0010 mole) of the trans-hydroxy 
ester 10a and 35.4 mg. (0.2 mmole) of ^-toluenesulfonic acid 
in 2 ml. of benzene was refluxed for 14 hr. and then diluted 
with ether and washed with aqueous sodium bicarbonate. 
After the organic phase had been dried over magnesium sul­
fate and concentrated, the residue, 0.175 g. of oil composed 
of 59% of the unsaturated ester 11a and 4 1 % of the lactone 
9, was separated by gas chromatography." Each of the 
two samples collected was shown to be identical with sub­
sequently described authentic samples by comparisons of 
the retention times and the infrared spectra of the samples. 

From a similar reaction of piperitone oxide with sodium 
methoxide in which the reaction mixture was refluxed for 
80 min., the gas chromatographic16 peak corresponding 
to the mixture of cis-hydroxy ester 4a and lactone 9 was col­
lected. The infrared spectrum17 of this fraction exhibits 
peaks at 1780 (7-lactone C = O ) , 1722 (ester C = O ) and 3540 
c m . - 1 (O—H) and is consistent with the spectrum expected 
of a mixture of the lactone 9 and ester 4a. A solution 
of 0.207 g. (ca. 0.001 mole) of this fraction and 2 ml. (0.0025 
mole) of 5 % aqueous sodium hydroxide in 3 ml. of methanol 
was stirred at room temperature for 4 hr. After the re­
sulting solution had been saturated with carbon dioxide and 
extracted with ether, the aqueous phase was acidified and 
extracted with ether. From this ethereal extract appro­
priate manipulations separated 0.1112 g. (52.5%) of the 
ew-hydroxy acid 4b, m.p . 112-113°, which was identified 
by a mixed melting-point determination. 

Complete product analyses for comparable reactions of 
piperitone oxide with methanolic sodium methoxide are 
presented in Table I. 

Reaction of Piperitone Oxide (1) with Aqueous Potassium 
Hydroxide.—A mixture of 8.0 g. (0.048 mole) of piperitone 
oxide, 6.24 g. (0.095 mole) of 8 5 % potassium hydroxide 
and 80 ml. of water was stirred at 0° for 20 hr. and then ex­
tracted with ether. The ethereal solution was dried over 
magnesium sulfate, concentrated and distilled under re­
duced pressure to separate 7.04 g. (88%) of <5-hydroxy-6-
isopropyl-3-methyl-2-cyclohexenone (13), b .p . 51° (0.1 
mm.) , B27D 1.4918, [O]M-7D - 1.23 (c 6.094, E tOH) , which 
exhibits a single peak on gas chromatography.18 The prod­
uct has infrared absorption17 a t 3530 (O—H), 1677 (conj. 

C = O ) and 1635 c m . - 1 (conj. C = C ) with an ultraviolet 
maximum18 at 236 im* (« 11,000). 

Anal. Calcd. for Ci0Hi6O2: C, 71.39; H, 9.59. Found: 
C, 71.34; H, 9.57. 

Reaction of a 0.150-g. (0.89 mmole) sample of the hydroxy 
ketone 13 with 15 mg. (0.087 mmole) of ^-toluenesulfonic 
acid in 1 ml. of boiling toluene for 12 hr. afforded, after the 
previously described manipulations, 0.102 g. (76.7%) of 
thymol, m.p . 49-50°, which was identified by a mixed melt­
ing point determination and comparison of infrared spectra. 

The aqueous phase from the reaction was acidified and 
extracted with ether. After the ethereal extract had been 
dried over magnesium sulfate and concentrated, an ethereal 
solution of the acidic residue (0.43 g.) was esterified by 
treatment with excess diazomethane. The mixture of 
esters obtained was composed18 of 5 % unsaturated ester 
11a, 7 1 % «>-hydroxy ester 4a and 24% trans-hydioxy 
ester 10a. 

Reaction of Piperitone Oxide (1) with Potassium t-
Butoxide.—To a cold (0°) solution of potassium J-butoxide, 
prepared from 2.75 g. (0.070 g.-atom) of potassium and 5.2 
g. (0.070 mole) of i-butyl alcohol, in 300 ml. of 1,2-di-
methoxyethane was added, dropwise and with stirring over 
1 hr., a solution of 10.0 g. (0.0595 mole) of piperitone oxide 
in 25 ml. of 1,2-dimethoxyethane. The resulting mixture 
was allowed to warm to room temperature over a 4-hr. 
period, concentrated under reduced pressure and then 
poured onto a mixture of ice and water. The ethereal 
extract of this mixture was dried over magnesium sulfate 
and distilled to separate 7.01 g. (70.1%) of the lactone of 1-
isopropyl - 3 - methyl - cis - 3 - hydroxycyclopentanecarboxylic 
acid (9), b .p . 113-114° (8 mm.) , «2 8D 1.4568, which was 
shown to be identical with a subsequently described sample 
by comparison of retention times18 and infrared spectra.17 

After the aqueous phase from the reaction had been acidi­
fied, the crude acid product, 2.1 g. isolated in the usual 
way, was esterified with diazomethane and analyzed by gas 
chromatography.18 The ester mixture consisted of the 
eis-hydroxy ester 4a (10%) and the unsaturated ester 11a 
(90%). 

Product Analyses in the Reaction of Piperitone Oxide 
(1) with Bases.—In order to obtain product analyses for 
the various reaction conditions outlined in Table I, the re­
actions were run as previously described and the neutral and 
acidic fractions were separated and weighed. The acidic 
fractions were esterified with diazomethane and analyzed 
by gas chromatography.18 The neutral fractions were 
analyzed by a combination of gas chromatograms from two 
columns.18'20 Since the «V-hydroxy ester 4a and the lac­
tone 9 were not resolved, the amounts of these two compo­
nents are listed together. In one instance an additional 
infrared analysis was employed to determine the amounts 
of these two components present. The percentage yields 
listed, based on the amount of piperitone oxide introduced 
into the reaction mixtures, were determined after calibra­
tion of the columns with known mixtures. 

6-Isopropyl-2-methoxy-3-methyl-2-cyclohexenone (8).— 
To a solution of 3.9 g. (0.023 mole) of the diosphenol 14,8d'ta 

m.p. 82-83° [lit. 83-84°, t e 82°2S '24], and 50 ml. of meth­
anol in 100 ml. of ether was added in two portions an 
ethereal solution containing excess diazomethane. The 
mixture was allowed to stand approximately a day after 
each addition. After the ethereal solution had been washed 
with aqueous sodium hydroxide and then dried over mag­
nesium sulfate, distillation afforded 2.74 g. (65%) of the 
enol ether 8, b .p . 75° (18 mm.), W27D 1.4782, which was 
shown to be identical with the previously described sample 
by comparison of retention times, infrared spectra and ul­
traviolet spectra. 

Hydrogenation of 6-Isopropyl-6-hydroxy-3-methyl-2-cyclo-
hexenone (13).—Hydrogenation of a solution of 100 mg. 
(0.595 mmole) of the hydroxy ketone in 5 ml. of ethanol in 
the presence of 10 mg. of a 10% palladium-on-carbon 
catalyst at 25° and atmospheric pressure resulted in the 
absorption of 14.9 ml. (1.02 molar equivalents) of hydrogen. 
After the solution had been filtered, diluted with ether, 
washed with water and dried over magnesium sulfate, 
concentration of the ethereal solution left 94 mg. (93%) of 
a mixture of epimeric dihydro compounds 17 containing 

(23) J. Walker and J. Read, J. Chan. Sac, 238 (1934). 
(24) R. J. W. LeFevre, F. Mosamba and R. L. Werner, ibid., 

2496 (1953). 
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Recovd. 
piperitone 

Conditions oxide (1) 

KOH (2 eq.)( MeOH, 0°, 5 hr. 1 
KOH (1.2 eq.), MeOH, refl. 80 

min. Trace 
NaOMe (2 eq.), MeOH, 0°, 5 hr. 9 
NaOMe (2 eq.), MeOH, refl. 80 

min. Trace 
KOH (2 eq.), MeOH-H2O (1:1), 

0°, 5 hr. Trace 
KOH (2 eq.), H2O, 0°, 18 hr. 
KO-Z-Bu, 1,2-dimethoxyethane 

25°, 5 hr. 

TABLE I 

REACTION OF PIPERITONE OXIDE WITH BASES 
-— —•—•—• • —-—-——'Percentage yields— 

Lactone trans 
Hy- 9 and 

Unsatd. 
ester 11a 

Trace 

Meth-
oxy-

piperi-
tone 12 

6 

4 
7 

24 

Enol 
ether 

8 

14 
5 

17 

droxy cis-hy-
piperi- droxy 
tone 13 ester 4a 

37 

23^ 
30" 

39 

13 

Hy­
droxy 
ester 

10a 

29 

16 
35 

17 

11 

70° 

Unsatd. 
acid from 

ester 11a 

Trace 

Trace 
Trace 

Trace 

Trace 
Trace 

17 

cis-Hy- trans-
droxy Hydroxy 
acid 4b acid 10b 

28 
1 

11 

20 
4 

Trace 
Trace 

Trace 

2 
1 

Total 

93 

89 

92 

84 
93 

•* In a comparable experiment in which the mixture of ew-hydroxy ester 4a and lactone 9 was formed in 2 0 % yield, infra­
red analysis indicated the presence of 7 1 % of the lactone and 2 9 % of the cis-hydroxy ester in the mixture. h Ester only. 
c Lactone only. 

7 1 % of isomer A and 29% of isomer B. The epimers 
were separated by gas chromatography25 and further puri­
fied by short-path distillation under reduced pressure. 

Isomer A has infrared absorption17 at 3550 (O-H) and 
1710 c m . - 1 ( C = O ) with an ultraviolet maximum18 at 282 
m,u (e 43). Reaction of an acetic acid solution of isomer A 
with periodic acid resulted in the consumption of 1.04 equiv­
alents of periodic acid. 

C, 70.54; H, 10.66. Found: Anal. Calcd. for Ci0HiSO2 
C, 70.51; H, 10.59. 

Isomer B exhibits infrared absorption17 at 3550 (O—H) 
and 1710 cm. : ( C = O ) with an ultraviolet maximum18 at 276 
m^i(el60). An acetic acid solution of the compound con­
sumed 1.04 equivalents of periodic acid. 

C, 70.54; H, 10.66. Found: Anal. Calcd. for Ci0Hi8O2 
C, 70.37; H, 10.41. 

Lactone of l-Isopropyl-3-methyl-a's-3-hydroxycyclopen-
tanecarboxylic Acid (9).—A solution of 5.5 g. (0.0295 
mole) of the c«-hydroxy acid 4b in 175 ml. of benzene was 
refluxed for 58 hr. with continuous separation of water. 
The resulting benzene solution was washed successively 
with aqueous sodium bicarbonate and water, dried over 
magnesium sulfate and distilled under reduced pressure. 
The lactone, collected at 99-110° (10 mm.), B27D 1.4563-
1.4564, amounted to 3.818 g. (77.1%) of material which 
exhibits a single peak on gas chromatography.20 The prod­
uct exhibits infrared absorption17 at 1780 c m . - 1 (y-lactone 
C = O ) with an ultraviolet maximum18 at 216 imi (e 110). 

Anal. Calcd. for Ci0HiCO2: C, 71.39; H, 9.59. Found: 
C, 71.37; H, 9.43. 

A solution of 0.376 g. (0.00224 mole) of the lactone and 
10 ml. (0.025 mole) of 10% aqueous sodium hydroxide in 
10 ml. of methanol was stirred at room temperature for 4 
hr. and at reflux for 15 min. The reaction mixture was 
diluted with water and subjected to the appropriate manip­
ulations to separate 0.31 g. (74%) of the cw-hydroxy acid 
4b, m.p. 111.5-113°, identified by a mixed melting point 
determination. 

M ethyl 1 -Isopropyl-3-methyl-«s-3-hy droxycy clopentane-
carboxylate (4a).—A solution of 1.81 g. (0.00972 mole) of 
the cis-hydroxy acid 4b in 100 ml. of ether was treated with 
excess diazomethane. After the solution had been stirred 
at 0° for 15 min., it was washed successively with aqueous 
sodium bicarbonate and water, dried over magnesium 
sulfate and concentrated under reduced pressure. Distil­
lation of the residue through a short-path still afforded 1.72 
g. (88.6%.) of the pure ester, b .p . 83-85° (0.4 mm.) , M29D 
1.4536, which has infrared absorption17 at 3530 (broad, 
associated O—H) and 1723 c m . - 1 (ester C = O ) with no sig­
nificant ultraviolet absorption18 (e 144 at 212 m,u). 

Anal. Calcd. for CnH20O3: C, 65.97; H , 10.07. Found: 
C, 65.67; H, 9.99. 

(25) Obtained with a column packed with 20 M Carbowax suspended 
on 80-100 mesh Chroinosorb. 

Equilibration of the cw-Hydroxy Ester 10a and the Lactone 
9. A.—A solution of 0.5 g. (0.003 mole) of the lactone in 
methanolic sodium methoxide prepared from 69 mg. (0.003 
g.-atom) of sodium and 3 ml. of methanol was refluxed for 
80 min. and then poured onto ice and extracted with ether. 
The ethereal extract was washed with water, dried over 
magnesium sulfate and concentrated to leave 0.43 g. of a 
residual oil which was distilled under reduced pressure. 
Analysis of the mixture by infrared spectroscopy indicated 
the presence of 75% lactone and 2 5 % ester. 

B.—The similar equilibration of a 125-mg. (0.625 mmole) 
sample of the «>-hydroxy ester for 80 min. in a refluxing 
solution of sodium methoxide prepared from 20 mg. (0.00087 
g.-atom) of sodium and 3 ml. of methanol afforded 110 mg. 
of a mixture containing 72% lactone and 28%. cw-hydroxy 
ester. 

Methyl l-Isopropyl-3-methyl-2-cyclopentenecarboxylate 
(11a).—A 3.8-g. sample of a mixture of cis-hydroxy ester 
4a (ca. 60%) and lactone 9 {ca. 40%) was converted to 
crude methyl 3-chloro-l-isopropyl-3-methylcyclopentane-
carboxylate, b.p. 101-125° (17 mm.) , yield 1.9 g., as pre­
viously described.60 Dehydrochlorination of this chloro 
ester as previously described5* afforded 0.85 g. of the un­
saturated ester, b .p . 215-216°, re25D 1.4555 [lit. K20D 1.4567,5" 
b .p . 208-209°, 100-101° (22 mm.),6* 94-95° (15 mm.)5"], 
which exhibits a single peak on gas chromatography.20 

The product has infrared absorption17 at 1725 c m . - 1 (ester 
C = O ) with end absorption (« 1,800 at 210 m û) in the ul­
traviolet.18 

Anal. Calcd. for CuHi8O2: C, 72.49; H, 9.96. Found: 
C, 72.24; H, 9.87. 

Reaction of Isophorone Oxide (6) with Potassium Hy­
droxide in Aqueous Methanol.—To a solution of 36.5 g. 
(0.554 mole) of 8 5 % potassium hydroxide in a refluxing 
mixture of 100 ml. of methanol and 200 ml. of water was 
added, dropwise and with stirring over a period of 1 hr., 
a solution of 35.0 g. (0.227 mole) of isophorone oxideu in 
50 ml. of methanol. After the addition was complete, 
the mixture was refluxed for 30 min. and then extracted 
with ether. The ethereal extract was washed with water, 
dried over magnesium sulfate and distilled. 

The 2-methoxy-3,5,5-trimethyl-2-cyclohexenone (18a), 
collected at 112-118° (18-19 mm.), M29D 1.4732-1.4736, 
amounted to 16.99 g. (44.5%). The product, which 
exhibits a single peak on gas chromatography,16 has in­
frared absorption17 at 1685 (conj. C = O ) and 1645 c m . - 1 

(conj. C = C ) with an ultraviolet maximum18 at 251 m/i 
(e 9,500). 

Anal. Calcd. for CioHi602: C, 71.39; H, 9.59. Found: 
C, 71.20; H, 9.31. 

The aqueous phase from the reaction mixture was neu­
tralized with hydrochloric acid, saturated with sodium bi­
carbonate and extracted with ether. After the ethereal 
extract had been dried over magnesium sulfate and con­
centrated, crystallization of the residue from petroleum 
ether afforded 2-hydroxy-3,5,5-trimethyl-2-cyclohexenone 
(18b), m.p. 91-92°, yield 3.5 g. (10%), which was identified 
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by comparison with an authentic sample,8 m.p. 91-92° 
[lit.8 91-92°] . 

The remaining aqueous phase from the reaction mixture 
was acidified and extracted with ether. The ethereal 
extract was washed with water and dried over magnesium 
sulfate and concentrated. Crystallization of the residue 
from a benzene-hexane mixture afforded 5.65 g. (14.5%) of 
a mixture of the epimeric hydroxy acids 19b and 20b, 
m.p. 93-103°. Esterification of a portion of this acid mix­
ture with diazomethane followed by gas chromatographic16 

analysis of the ester mixture indicated the presence of 88% 
of the cw-hydroxy ester 19a and 12% of the trans-hydroxy 
ester 20a. 

A 23.27-g. (0.135 mole) sample of the crude mixture of 
carboxylic acids from a comparable experiment was esteri-
fied by reaction in ether solution with excess diazomethane 
(0.159 mole). The ethereal solution was washed succes­
sively with aqueous sodium bicarbonate and water, dried 
over magnesium sulfate and distilled to separate 17.77 g. of 
the mixture of hydroxy esters 19a and 20a, b .p . 118-124° 
(8 mm.) , re29D 1.4524-1.4539. From the higher boiling 
fractions which were richer in the /rans-isomer, the pure 
methyl 3,5,5-trimethyl-/rares-3-hydroxycyclopentanecarbox-
ylate (20a) was collected by gas chromatography and 
further purified by distillation. The /rares-hydroxy ester, 
b .p . 123-124° (8 mm.) , has infrared absorption" a t 3630 
(unassoc. O—H), 3540 (broad, assoc. O—H) and 1732 
c m . - 1 (ester C = O ) with no significant ultraviolet absorp­
tion18 (e 150 at 211 m/i). 

Anal. Calcd. for Ci0H18O3: C, 64.49; H, 9.74. Found: 
C, 64.44; H, 9.72. 

The a's-hydroxy ester 19a collected from the chroma-
togram was shown to be identical with the subsequently 
described sample by comparison of the retention times and 
infrared spectra of the two samples. 

A solution of 4.8 g. (0.028 mole) of the acid mixture in 
150 ml. of toluene was refluxed for 59 hr. with continuous 
removal of water. The resulting solution was washed with 
aqueous sodium bicarbonate, dried over magnesium sul­
fate and concentrated to leave 1.75 g. (40.6%] of the crude 
lactone of 3,5,5 - trimethyl - cis - 3 - hydroxycyclopentane-
carboxylic acid (21), m.p. 53-57°. Recrystallization from 
petroleum ether followed by sublimation (40° at 0.2 mm.) 
afforded the pure lactone, m.p. 57-58°, which has infrared 
absorption" at 1780 c m . - 1 (7-lactone C = O , band appears 
as a doublet at 1774 and 1790 cm.- 1 in a 3 % solution)26 

with an ultraviolet maximum22 at 215 m^ (e 140). 
Anal. Calcd. for C9Hi4O2: C, 70.10; H, 9.15. Found: 

C, 69.85; H, 9.24. 
Acidification of the bicarbonate extract obtained in the 

lactone preparation followed by the appropriate manipula­
tions afforded 1.98 g. (41.3% recovery) of the mixture of 
hydroxy acids, m.p. 92-97°. 

3,5,5 - Trimethyl -cis-S- hydroxycyclopentanecarboxylic 
Acid (19b).—A solution of 0.235 g. (0.00152 mole) of the lac­
tone 21 in a mixture of 1 ml. of methanol and 2.5 ml. (0.00304 
mole) of 5 % aqueous sodium hydroxide was stirred at room 
temperature for 4 hr. and then extracted with ether and 
acidified. The usual work-up procedure afforded 0.220 
g. (84.0%) of the pure acid as white needles, m.p. 116-118°, 
from a benzene-hexane mixture. This acid, which was 
also isolated by a series of fractional crystallizations of the 
crude acid mixture obtained from isophorone oxide, has in­
frared absorption21 at 3400 and 3000 c m . - 1 (broad, assoc. 
O—H) and 1700 c m . - 1 (carboxyl C = O ) with no significant 
ultraviolet absorption18 (e 159 at 210 m/i). 

Anal. Calcd. for C9H16O3: C, 62.76; H, 9.36. Found: 
C, 62.76; H, 9.23. 

Reaction of a 1.3-g. (0.00755 mole) sample of this acid 
with excess diazomethane in ether solution followed by the 
usual workup procedure afforded 0.7686 g. (58.5%) of 
methyl 3,5,5-trimethyl-«>-3-hydroxycyclopentanecarboxyl-
ate (19a) as a colorless liquid, b .p . 118-119° (8 mm.) . 
The product, which exhibits oniy one peak on gas chroma­
tography,16 has infrared" bands at 3480 (O—H) and 1715 
c m . - 1 with a shoulder at 1730 c m . - 1 (ester C = O ) and no 
significant ultraviolet absorption18 (e 84 at 212 m/t). 

Anal. Calcd. for C10H18O3: C, 64.49; H, 9.74. Found: 
C, 64.51; H, 9.77. 

(26) For an analogous double carbonyl band see L. L. McCoy and 
A. Zagalo, J. Org. Chem., 25, 824 (1960). 

A solution of 0.221 g. (0.00129 mole) of the m-hydroxy 
ester 19a in 12.5 ml. (0.00545 mole) of 0.436 M methanolic 
sodium methoxide was refluxed for 4 hr. and then poured 
onto ice and extracted with ether. The ethereal extract 
was dried over magnesium sulfate, concentrated and ana­
lyzed by gas chromatography.16 From the mixture com­
posed of the cw-hydroxy ester 19a (73%), the trans-hydroxy 
ester 20a (23%) and the lactone 21 (4%), a sample of the 
trans-hydroxy ester 20a was collected and shown to be 
identical with the sample described previously, by com­
parison of retention times and infrared spectra. The similar 
epimerization of a 51-mg. (0.298 mmole) sample of the trans-
hydroxy ester 20a in 3 ml. (1.305 mmoles) of 0.435 M 
sodium methoxide in boiling methanol for 4 hr. yielded a 
mixture composed of the trans-hy&roxy ester 20a (85%), 
the cis-hydroxy ester 19a (15%) and a trace of the lactone 
21. 

Reaction of 2-Methoxy-3,5,5-trimethyl-2-cyclohexenone 
(18a) with 2,4-Dinitrophenylhydrazine.—A solution of 0.84 
g. (0.0050 mole) of the enol ether, 1.39 g. (0.0070 mole) of 
2,4-dinitrophenylhydrazine and 2 ml. of concentrated hy­
drochloric acid in 100 ml. of ethanol was refluxed for 10 min. 
and allowed to cool. The solid which separated was chro-
matographed on 80 g. of Merck acid-washed alumina. The 
first fraction, eluted with petroleum ether-ether mixtures, 
crystallized from ethanol as orange needles, m.p . 170-173.5°, 
yield 0.53 g. (30.5%). Recrystallization afforded the pure 
mono-2,4-dinitrophenylhydrazone m.p. 173-174°, which 
has ultraviolet maxima19 a t 259 mp (<• 16,100) and 387 
mM(« 29,700). 

Anal. Calcd. for C16H20N4O6: C, 55.16; H, 5.79; N, 
16.08. Found: C, 54.86; H, 5.73; N, 16.03. 

The second fraction, eluted from the chromatogram with 
ether, crystallized from an ethanol-ethyl acetate mixture 
as red-orange plates, m.p. 190-192.5°, yield 1.03 g. (58.4%). 
An additional crystallization gave the pure mono-2,4-
dinitrophenylhydrazone, m.p. 191.5-193°, which exhibits 
ultraviolet maxima19 at 261 m/i (e 16,600) and 385 nui 
(« 28,200). 

Anal. Calcd. for C16H20N4O6: C, 55.16; H, 5.79; N, 
16.08. Found: C, 55.15; H, 5.73; N, 16.27. 

The third fraction, eluted with ether-ethyl acetate 
mixtures, crystallized from an ethanol-ethyl acetate mix­
ture as red-orange prisms of the bis-2,4-dinitrophenylhy-
drazone of 3,5,5-trimethyl-l,2-cyclohexanedione, m.p. 
223-225° d e c , yield 14 mg. (0.5%). An authentic sample 
of this derivative was obtained by reaction of 36 mg. (0.23 
mmole) of the enolic a-diketone 18b with excess 2,4-dinitro-
phenylhydrazine in an ethanol solution containing 2 drops 
of concentrated hydrochloric acid. The pure bis-2,4-
dinitrophenylhydrazone crystallized from an ethanol-
ethyl acetate mixture as red prisms, m.p. 224-226° d e c , 
yield 12 mg. (10%). 

Anal. Calcd. for C21H22N8O8: C, 49.03; H, 4.31; N, 
21.78. Found: C, 49.22; H, 4.42; N, 21.68. 

In order to establish that the two mono-2,4-dinitrophenyl-
hydrazones were geometrical rather than structural isomers 
a solution of 0.20 g. (0.58 mmole) of the higher-melting 
mono-2,4-dinitrophenylhydrazone (m.p. 191.5-193°) 0.30 
g. (1.51 mmoles) of 2,4-dinitrophenylhydrazine and 5 ml. 
of concentrated hydrochloric acid in 30 ml. of ethanol was 
refluxed for 30 min. and then worked-up by chromatography 
of the crude product as previously described. The two 
mono-2,4-dinitrophenylhydrazones, m.p. 172.5-174°, yield 
38 mg. (19%), and m.p. 191.5-193°, yield 58 mg. (29%), 
were isolated as well as the bis-2,4-dinitrophenylhydrazone, 
m.p. 223-225° d e c , yield 30 mg. (10%). 

Product Analyses in the Reaction of Isophorone Oxide 
(12) with Bases.—The product analyses under the various 
reaction conditions outlined in Table II were obtained from 
reactions run as previously described. The crude reaction 
mixture was separated into a neutral fraction analyzed by 
gas chromatography,19'20 an acidic fraction insoluble in 
aqueous sodium bicarbonate from which the enolic a-
diketone 18b was isolated and an acidic fraction which was 
soluble in aqueous sodium bicarbonate. The mixture of 
dicarboxylic acids from the last fraction was esterified with 
diazomethane and the ester mixture was analyzed by 
gas chromatography.16 

cis- and trans-Methyl 2,4,4-Trimethyl-l-hydroxycyclo-
pentanecarboxylate (22 and 23).—A mixture of 25.54 g. 
(0.166 mole) of the enolic a-diketone 18b, 87.5 g. (1.32 
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Conditions 

KOH (2 eq.), MeOH, refl. 80 min. 
NaOMe (4 eq.)( MeOH, 25°, 72 hr. 
KOH (2 eq.), MeOH-H1O (1:2), refl. 90 min, 
KOH (4 eq.), H1O, 0° , 72 hr. 

TABLE II 

REACTION OF ISOPHORONE OXIDE WITH BASES 
Enol 

ether 18a 
% 

1 

Recovd. 
isophorone 

oxide (6), % 
ct-Diketone «VHydroxy 

moles) of 8 5 % potassium hydroxide and 175 ml. of water 
was heated under reflux in a copper pot for 26 hr. and then 
poured into 200 ml. of ice-water and neutralized with hy­
drochloric acid. The mixture was saturated with sodium 
bicarbonate and extracted with ether. By appropriate 
manipulations 3.4 g. (13%) of the starting a-diketone, m.p. 
90-91°, was recovered from this ethereal extract. The 
original aqueous phase was acidified with hydrochloric 
acid and extracted with ether. After this extract had been 
dried over magnesium sulfate and concentrated, crystal­
lization of the residue from hexane afforded a mixture of the 
crystalline a-hydroxy acids, m.p. 80-92° (lit. ' 88-89°), 
yield 19.4 g. (68.3%). 

Esterification of a 19.4-g. (0.113 mole) sample of these 
a-hydroxy acids with excess diazomethane afforded a 11.35-
g. (54%) mixture of o-hydroxy esters, b .p . 45-54° (0.5 
mm.), W27D 1.3415-1.3425, which was separated by gas 
chromatography.20 Both isomers have infrared absorption17 

at 3550 (O—H) and at 1725 c m . ' 1 (ester C = O ) and no 
significant absorption in the ultraviolet13 (isomer A, « 
114 at 213 my.; isomer B, « 116 at 213 mM). 

Anal. Calcd. for Ci0H18O3: C, 64.49; H, 9.74. Found 
for isomer A: C, 64.53; H , 9.65. Found for isomer B : 
C, 64.44; H, 9.77. 

Deuterium Exchange Experiments. A. Exchange Cata­
lyzed by Triethylamine.—A solution of 0.5331 g. (0.00316 
mole) of piperitone oxide, 0.4820 g. (0.00312 mole) of iso­
phorone oxide and 3.7 g. (0.037 mole) of triethylamine in 
8.6 g. (0.135 mole) of perdeuterioacetone was heated at 
100° in a sealed tube for 48 hr. and then cooled and con­
centrated. The two oxides were separated from the residue 
by gas chromatography20 and purified by distillation 
through a short-path still under reduced pressure. The 
recovered isophorone oxide (0.325 g. of 67%) contained the 
following isotopic species27-18: non-deuterated material, 
1%; <2rspecies, 10%; ^spec ies , 89%; ds-species, < 1 % . 
Similarly, the recovered piperitone oxide (0.421 g. or 89%) 
contained27'28: non-deuterated material, 16%; J1 - species, 
84%; rf2-species, < 1 % . Comparable results were obtained 

(27) The deuterium analyses were obtained with a CEC 21-103 C 
Mass spectrometer equipped with a heated inlet system. 

(28) For these deuterium analyses the parent peaks of the partially 
deuterated products were compared with the parent peak9 of the non-
deuterated samples. 

81 
85 
46 

73 

18b, % 

9 
4 

10 
15 

trans-
Hydroxy 

acid 19b, % acid 20b, % 

12 
4 

Total, 

97 
89 
70 
93 

% 

when each of the pure oxides was heated with triethylamine 
in perdeuterioacetone. 

B. Reaction of Piperitone Oxide (1) with Sodium 
Methoxide in Methanol-di.—A solution of 1.0 g. (0.0051 
mole) of piperitone oxide in methanolic sodium methoxide 
prepared from 0.117 g. (0.0051 g.-atom) of sodium and 10 
ml. of methanol-ii was allowed to stand a t 0° for 4 hr. and 
then poured into 10 ml. of cold water which had been 
previously saturated with carbon dioxide. The resulting 
mixture was extracted with ether and the ethereal extract 
was washed with water, dried over magnesium sulfate and 
concentrated under reduced pressure. The gas chroma-
togram1* of the residual neutral oil (0.95 g.) indicated the 
presence of: (a) the unsaturated ester 11a (3%) , (b) un­
changed piperitone oxide (23%), (c) methoxypiperitone 
12 (32%), (d) the /raras-hydroxy ester 10a (20%) and (e) 
a peak corresponding in retention time to the components 
aVhydroxy ester 4a, lactone 9 and enol ether 8 (22%). 
Fractions b , d and e were collected from the chromatogram. 
After the piperitone oxide (fraction b) had been further 
purified by a short-path distillation under reduced pressure, 
analysis27'28 indicated the presence of: non-deuterated 
material, 52%; di-species, 47%; <Z2-species, < 1 % . The 
/rans-hydroxy ester 10a (fraction d) , after purification by 
crystallization, exhibited no infrared absorption attributable 
to O-D stretching and contained27 '28: non-deuterated ma­
terial 1 1 % ; di-species, 89%. The fraction e was saponi­
fied with excess sodium hydroxide in aqueous methanol 
and the cis-hydroxy acid 4b was isolated and esterified to 
form the m-hydroxy ester 4a (0.055 g.) as previously de­
scribed. The infrared spectrum17 of the as-hydroxy ester 
4a, purified by collection from a gas chromatography 
column,18 indicated the absence of absorption attributable 
to O-D stretching although the ester was contaminated 
with some of the lactone 9. Analysis27'29 of this cis-hydroxy 
ester fraction indicated the presence of: non-deuterated 
material, 10%; rfi-species, 89%; rf2-species, 1%. 

(29) Since a parent mass peak of sufficient intensity for analysis 
could not be obtained with these compounds, it was necessary to use a 
fragment peak resulting from the loss of a unit of mass 28 (ethylene or. 
possibly, carbon monoxide) from the original molecule. Although the 
entire mass spectrum in each case is consistent with the analyses cited, 
the results of the analysis cannot be assumed to be more accurate than 
±5%. 
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The Stereochemistry of the Favorskii Rearrangement 
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RECEIVED APRIL 14, 1961 

A reinvestigation of the Favorskii rearrangement of l-chloro-ci.v-l-acetyl-2-methylcyclohexane (10) in the presence of 
sodium methoxide has demonstrated that the rearrangement is essentially stereospecific (forming the ester 23) in the non-
polar solvent 1,2-dimethoxyethane, but becomes non-stereospecitic (forming both esters 23 and 26) in the polar solvent 
methanol. 

S t u d i e s of t h e F a v o r s k i i r e a r r a n g e m e n t of a-
h a l o k e t o n e s 2 1 h a v e d e m o n s t r a t e d t h e i n t e r v e n ­

er This author is indebted to the Solvay Process Division of the 
Allied Chemical Corporation for a predoctoral fellowship held during 

the period 1959-1981. 
(2) For a recent comprehensive review see A. S. Kende, Org. Re­

actions, 11, 281 C1960). 
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