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--The stcrcoiromaic pukgonc oxiides I and II undergo a &rax@& Favonkii rearrange- 
ment when treated with sodium m&oxide in rcfluxing glyme. The major producta are identi5ed 
by rpaxroswpic ~psurem~lts and by conversion to puk@c cstaw (X A,B) and pukganolidcs 
(XIII A,B). Abnornvl opening of the cydopropanone iotcrmcdiatts predcminates, and the protona- 
tion at c-0 procsede with exclusive retention of configuration. The con5guratiom a.ui@ to I and II 
inaprrviarrpap&mustthcrcfo~bcfcvascd. 

ALTHOUGH an epoxide derivative of pulegonc was prepared almost four decades ago,l 
the isolation and characterization of pure diastereoisomeric pulegone oxides was not 
accomplished until 1963 .*a* The physical properties of these stereoisomers, reported 
in our earlier paper,* 8fe repeated in Table 1. As part of our previous investigation, 
interpretations of IR, UV and NMR spectra and ORD led to the assignment of 
configurations B and A to isomers I and II respectively. However, the recent report‘ 

TADLE 1. SOYB PRO~TIPS OF THE. PUUOONE oxmet 

Isomer m.p. 

I 59” 303 w (31) 1727 an-’ +48Q 
II w 303 (31) 1728 - 196 

I 

9 G:.’ 0 . . 9 0 

A 
A B 

of a reversal in the “Octant Rule”& as applied to conjugated cyclopropyl ketones and 
epoxy ketones has seriously weakened this correlation. The data presented4 con- 
vincingly supports the thesis of Octant Rule reversal in compounds of structure III; 
but examples having Spiro con6guration (Iv) were limited and the argument assumed 
involvement of near o&ants, a fact not evident from models. Since the pulegone 
oxides fall into the latter category, a change in our initial assignment was not required; 
nevertheless, we though it advisable to resolve any uncertainty by effecting a direct 

1 M. N. Prikshacv, Buff. Sot. C&n. Fr. (iv) 41,687 (1927). 
* W. Rcush and C. K. Johnson, 1. Org. Ckm. 28,2S57 (1963). 
’ E. Kline and G. Ohloff, Tefr&e&on 19.1091 (1963). 
* C. Djuassi, W. Klyne. G. Ohloff and E. Klein. Terrahedron 21, 163 (1965). 
‘W. Moffitt, R. B. Woodward. A. Moamwi IZ. W. Klyne and C. Djaasai. 1. Amer. Chcm. Sue. 

83.4013 (1961). 
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configurational correlation by chemical means. This has now been accomplished 
by means of a stereospecific Favor&ii reaction. 

The Favor&ii rearrangement of a-halo ketones to carboxylic esters is believed to 
proceed via cyclopropanone intermediates. a*7 Since stereospecitlc rearrangement has 
been observeda in nonpolar solvents, the formation of the cyclopropanone ring must 
in these cases occur by by direct displacement (as in Vg) without intervention of a 
meson&c xwitterion species such as VI. The lack of stereospeciticity sometimes 
observed for reactions in polar solvents has in fact been attributed to the involvement 
of such xwitterionic intermediates. l&-l* A related characteristic of reactions in polar 
solvents is the often significant and sometimes predominant formation of solvolysis 
products (e.g. a-alkoxy ketones), probably as a result of xwitterion stabilization in 
these solvents. 

a (+)j ..,- 
0(-l 

V VI 

At the beginning of this investigation, it was not at all certain that the Favorskii 
rearrangement would provide a satisfactory means of determining the confIgurations 
of the pulegone oxide stereoisomers. Only a few examples of Favorskii rearrangements 
with a&epoxy ketones are known,iti*” and Smissman” has pointed out that an 
entirely different mechanism may operate in these substrates. Assuming a similar 
mechanism, however, the potential complexity of the reaction is illustrated in Chart I. 
In order to effect a stereospecific transformation of I and II, it was clearly necessary 
to avoid formation of the zwitterion intermediate VIII. Experience suggested this 
would be most readily accomplished by employing a nonpolar solvent for the rearrange- 
ment, a fact nicely illustrated by the work of HousP (Es. 1). 

’ A. S. Kende. Org. Reueriuns 11,261 (1960). 
* N. Turro and W. Hammond, 1. Amer. Chem. &c. 87.3258 (1965). 
@ G. Stork and 1. Borowitz, J. Amer. Ckm. SM. 82,43Q7 (1960). 
* A previous suggestion by House and Thomp~n~~ (and more ruxntly by Smisaman et a/.“) that in 

confcxmationally rigid &hcyclohexanoncs an equatorial orientation of X is nassnry for 
rearrangement, should be reconsidered in view of the rcaxtt work by H. 0. Howe and G. A. 
Frank, J. Org. Chem. 30.2948 (l%S). 

I0 H. 0. House and H. W. Thompson, J. Org. C&m. 23,164 (1963). 
I1 E. Smissman, T. Lunkc and 0. Kristianscn, 1. Amer. Ckm. Sot. 88,334 (1966). 
lti H. 0. House and W. Gilmore, J. Amer. Ckm. Sk J33.3972 (I%1 ); 

b H. 0. Hcasc and W. Gilmore. Ibid. 3980 (1961). 
1’ R. Deghcnghi, G. &Ming and G. PapineauGouturc. Chad. 1. Ckm. 44,789 (1966). _ 
I4 W. Treibs, Bcr. Dtsch. Ckm. Gcs. 66,610. 1483 (1933) and earlier papers. 
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(1) 

By analogy with other Favorskii rearrangements,6 base catalyzed opening of 
cyclopropanones VIIA and VIIB would be expected to occur at the least substituted 
acarbon atom, yielding IX, and IX, respectively. It is, however, the products from 
“abnormal” cyclopropanone cleavage that will be of value in the correlation of 
cotiguration. The pulegenic acids (X, and X,) and the puleganolides (XIII,, and 
XIII,) have been isolated and unambiguously characterized by Wolinsky.“*” Thus, 
if the rearrangement oi I and II leads stereospecifically to products that are readily 
converted to puleganolides or pulegenic acid derivatives the correlation will be 
successful. There were in fact reasons for believing that “abnormal” opening would 
predominate in these reactions. We had previously observed” that cholestane4one- 
S/l, 6jLoxide (XIV) gave a mixture of XV and XVI (R = H and Me) when treated 
with methanolic potassium hydroxide. The stereochemistry of XVI was not rigorously 
demonstrated, and in the absence of similar experiments with the corresponding 
a-epoxide no conclusions concerning the stereospecificity of this reaction could be 

ti + @ (2) 
CO,R I 

xv XVI 

KOU 
YeOII 

XIV 

made. In 1963 it was reported l8 that a mixture of pulegone oxide stereoisomers 
reacted in refluxing ethanolic sodium ethoxide to give a 3: 1 mixture of XIII* and XI* 
in an overall yield of 20%. It was not possible to interpret this result unambiguously, 
and the rearrangement may have been stereoselective rather than stereospecific. 

The above observations were encouraging but it was recognized that even if 
“abnormal” cyclopropanone opening predominated in the rearrangement of the 
pulegone oxides, a complex array of products could still result. Thus, the electro- 
philic protonation at the a-carbon atom may occur with retention of configuration 
(giving XI, and XIa) or inversion (giving XII, and XIIa) or both. Furthermore, if 
the acids or esters initially formed in the rearrangement are epimerized, any stereo- 
specificity inherent in the reaction could very well be lost. 

Favorskii rearrangement of the pulegone oxide stereoisomers (I and II) was 
effected by refluxing a 1.2dimethoxyethane (&me) solution of each isomer with 
ca. four equivalents of sodium methoxide. The solvent contained approximately 
0.3 % water which caused the Favorskii products to form as the acids rather than the 

lb J. Wolinsky, H. Wolf and T. Gibson, /. Org. Gem. 28,274 (1963). 
I* J. Woiinsky, T. Gibson, D. Ghan and H. Wolf, Terruhrdron 21, 1247 (1965). 
I’ Ronald LcMahicu, Ph.D. thesis. Michigan State University, 1963. 
lo S. Achmad and G. Cavill. Awrr. 1. Chm. 16, 858 (1963). 
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more readily epimerized methyl esters. These acids were easily separated from a 
small amount of neutral material and represented a 70 to 85% conversion of the 
epoxy ketone. The mixture of esters produced by treating the crude acidic product 
with diaxomethane was analyzed by VPC. Pure samples of the various components 
were collected and identified by IR and NMR spectroscopy. The results of these 
experiments are presented in Table 2. 

Tmu. 2. AQDIC ~~ooucm FUROX PAVORSKII IlEAmA~tyENT OF I AND II 

%r ’ 4 

Isomer XI XII 
-- -__ _-_ - 

% Yield . 
XIII* XJ Xh XVII 

I 29 w - - - 

II 12 - 21 11 33 

l Obtained by VPC analysis. 

21 
IS 

The rearrangement of isomer I is remarkably stereospecific, and although the 
products from isomer II have suffered some epimerization of the carboxylate groups, 
the stereospecificity in this reaction is clearly evident. Methyl rrans-pulegenate 
(Xa, R = CH,) and rruns, rrans-hydroxy ester XI* (R = Me) were both converted 
to cb, rrmrs-puleganolide (XIII,,) by refluxing with a methanol-hydrochloric acid 
mixture. The spectra of X,, (R = CHJ and XIII* were identical with those of 
authentic samples. lo In parallel reactions Xa (R = Me) and XI, (R = Me) were 
converted to the cis, ci.r-puleganolide (XIII,). Although the stcreoisomeric pule- 
ganolides (XIII* and B) are poorly resolved by our VPC procedures, the IR and NMR 
spectra have strong characteristic absorptions that permit easy identification and 
analysis. 

The absence of hydroxy acids XIII and XIIn and of cis, cis-puleganolide (XIIIu) 
among the products of these reactions is striking. In order to rule out the possibility 
that facile epimerization of these compounds had occurred during the lengthy reflux 
with base, a 4: 1 mixture of XIII, and XIIIa was subjected to identical treatment 
and was recovered unchanged after similar work up. Furthermore, when the Favor- 
skii rearrangement of II was carried out for a much shorter reaction period (1 hr 
us. 19 hr) the only significant change in the products was recovery of ca. 40% of the 
epoxy ketone. No attempt was made to separate or rigorously identify the fmethyl- 
cyclopentylcarboxylic acid mixture (XVII A and B) obtained from both pulegone 
oxide isomers. This material is undoubtedly formed from the “normal” Favorskii 
products (IXA and B) by retroaldol fragmentation, as originally suggested.M The 
Favor&ii rearrangement of both I and II also yielded a small amount (ca. 10%) of a 
neutral material which did not absorb in the carbonyl region of the IR. We have not 
investigated this mixture, since Prof. Cavil1 has notified us that a study of these neutral 
products is now in progress. 

DISCUSSION 

Two unusual aspects of these Favorskii rearrangements deserve elaboration. The 
first is the predominate “abnormal” opening of the cyclopropane intermediates, 

” Kindly provided by Ref. J. Wolinsky. 



19S8 W. Rxuscn and P. hhnxwm 

which finds analogy in the rearrangements of a$dihaloketones6 For example, 
pulegone dibromide is converted to a mixture of frans- and cis-pulegenic acids by 
heating with aqueous alkali.U*m*u Tw o explanations for this mode of reaction readily 
come to mind. Either the inductive effect of the electronegative B_subst.ituent is 
strong enough to reverse the predilection for cleavage at the less substituted a-carbon 
(Eq. 3). or a concerted cyclopropane opening+limination process (Eq. 4) provides 
an energetically favored alternate reaction path. It is not possible to choose between 
these mechanisms on the basis of the c+dihaloketone reactions, since only elimination 
products are obtained. However, in the epoxy ketone work reported here only a 
small portion of the substrate undergoes B-oxygen elimination; consequently, we 
favor the former rationale for the abnormal opening. 

The second noteworthy feature in these rearrangements is the exclusive retention 
of configuration during electrophilic protonation at C-4. Although this stands in 
striking contrast to the predominant inversion of conf@ation observed” in the base 
catalyzed opening of I-nortricyclanol to norcamphor (Eq. 5), it agrees well with the 
principles of carbanion substitution disclosed by the comprehensive studies of Crarx~~ 

According to the latter work, the stereochemical course of cleavage reactions in 
which a carbon-carbon bond is broken heterolytically depends on the solvent employed 
and the cation accompanying the base. In solvents of low dielectric constant and with 
alkali metal cations a high degree of retention of contiguration was observed. The 
stereochemistry was relatively insensitive to the concentration and pK, of the electro- 
philic reagent and the structure of the leaving group. When solvents having high 

y 0. Wdacb, k&b@ AM. 414,233 (1918). 
*a J. Wolinsky and D. Ghan, 1. Org. Chrm. Jo,41 (1965). 
” A. Nickon. J. Hammons, J. Iambat and R. Williams, 1. Amer. Chem. Sot. 8$3713 (1963). 
n D. J. Cram, Fun&menfals of Carbanion Chemistry p. 144. Acadanic Press. New York (1965). 
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dielectric constants and p&s were employed (e.g. DMSO), complete racemimtion 
occurred in almost every case. Similar results attended the use of quatemary ammo- 
nium bases in low dielectric constant solvents. Finally, proton donating solvents 
having high dielectric constants gave moderate inversion of configuration. Since our 
reaction conditions clearly fall into the first classification, the retention of C0tQuration 

at C-4 appears reasonable. The mechanism presented in Eq. 6 is based on Cram’s 
suggestions. Alternatively, an intramolecular protonation as in Eq. p may play an 

important role. An explanation for the opposite stereochemical course observed in 
cyclopropanol openi@* remains to be found. At first we believed the answer lay 
in the acidic solvents (ROH) used by Nickon and DePuy. Thus, inversion of config- 
uration requires that a proton donating species be available at the back side of the 
carbon atom experiencing electrophilic substitution (e.g. XVIII). The relatively 
small amounts of Bronsted acids present in our experiments would tend to be oriented 
at the front of the cyclopropane system (as in Eq. 6), and consequently retention of 
cotiguration would result. However, Prof. G. W. K. Cavil1 has carried out similar 
rearrangements of I and II using ethanol as a solvent, and finds retention of conf@ra- 
tion to be predominant .y The suggestion that inversion transition states (e.g. XVIII) 
are preferred when sufficient acid is available is thus untenable. 

The chief difference between Prof. Cavill’s results and ours appears to be the 
absence of pulcgenic acid derivatives among his products. This fact is nicely ex- 
plained by considering the relative concentrations of protons donors in the two 
studies. The Australian group worked with a proton rich system in which carban- 
ionic intermediates could not long survive. On the other hand, the low concentration 
of acids employed in our work has prevented the solvation necessary for internal 
stereospecific protonation (Eqs. 6 and 7) from being achieved in all cases. Some of the 
cyclopropanone intermediates must therefore suffer heterolysis to a carbanionic species 
which, in the absence of a proton source, can only collapse to hydroxide ion and a 
pulegenic acid derivative. 

The stereospecific Favorskii rearrangement reported here requires that our initial 
assignment of configurations B and A to isomers I and II respectively must be reversed. 

y ‘t%c OH group of the dimcthykarbinol side chain could also provide an internal proton source. 
In this czuc the transfer may proceed by both retention and invasion of configuration at C-4; 
however. hydrogen bonding to an oxygen function at C3 would favor rctcntion. 

U C. H. DcPuy and F. Brcitbcil.I. Amw. Chem. Sot. 85,2176 (1963). 
” We thank Rof. Catill for communicating his findings to us prior to pubkation. 
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This leaves us with the problem of how to best interpret the data from which the 
previous assignment was made. A detailed conformational analysis of these isomers 
will be presented in a future paper, and for the present discussion it is sufficient to 
point out that conformations Ia and IIa adequately account for the properties of I and 
II. In this interpretation the octant rule is applied in the normal fashion. 

la 1Ia 

EXPERIMENTAL 

VPC analyses wax made with em Acrograph A-90-P instrument. 1R spectra wvc Wed 
with a Perkin-Elmer 237B spectrophotomctcr. NMR spectra wcredctumincd with a Varian associates 
A-60 high resolution spa%rornetcr. using TM!3 as an internal standard. 

Re(ppmts. Pukgonc oxide isomen I and II were prepared according to the procedure in our 
earlier papa’ and exhibited properties identical to those reported therein. 

Dimethoxycthanc (&me) was obtained from Aldrich Chemical Co. The amount of water 
present in this solvent was determined by reaction with NaH, the H, evolved being measured by a 
gas bum. Values from @2S to 030% were obtained. 

Comnumial MoONa (Ma&son, Cokman and Bell) was used. 

FatnuskU reacrbn of pulqotw oxide I 

A. A soln of I (300 tug, 1.8 mmoks) and McONa (435 mg, 89 mmoks) in glymc (30 ml) was 
rcfluxedforl9hr. Aher~ling,tbe~hm~takenupinethaandutrectcd3timeswith 
10% NaOHaq. The combined aqueous portions were acid&d with HClaq (pH < 1). and then 
extracted with ether. The combined c&r extracts, after being washed, dried and evaporated, ykldcd 
210 mg of an oily ac%lic material. 

The original organic layer was waded, dried and evaporated, yielding 115 mg of a light oil. 
Analysis of this mataial by VPC (4% QF-1 on 60/80 Chromoaor bGat140°)dkcloacdthatthcmajor 
component was glyme &a. So”/; the remaining neutral products (retention times 3.3 and 4.4 min) 
cxbibited OH absorption but no Co absorption in the IR. 

The crude acid products were mcthylatcd with diazomcthanc, and analysis (WC same conditions) 
showed 3 components having rctcotion times of 1.3.2.5 and 6.5 min. Those were idcntitkd as XVII, 
XA and XIA (R - Me) (intqatcd areas 3:4:7 rcspscinly) by a combination of spcctnxqic 
and ckmkal cvidcna. 

(I) The IR spectrum of XVII showed CO absorption at 1730 cm-i. but no OH bands. Only 
end absorption was observed in the UV. The NMR qaztrum exhibited a pair of doubkts at 7 943 and 
8.97 (J 5 7 c/s. ara 3), a singlet at 7 6.41 (area 3) and broad absorption from T 79 to 8.9 (area 8.3. 

(2) ThcIRspoctnimofXA(R - Me) was identical with that of an authentbc mmpk of methyl 
rrunr-pukgcnatc.*D The NMR spectrum exhibited a doubkt at T 8.99 (J - 7 c/s, area 3), a pair of Me 
singlets antered at I 840 and separated by 5 c/s (area 6). a singlet at T 6.42 (area 3) and broad 
absorption from T 79 to 8.3 (area 6). 

(3) TheIRspaxrumofXIA(R = Me) showed OH absorption at 3XXJ an-i and Co absorption 
at 173Ocm-*. The NMR spazma~ exhibited a doublet at T 8.98 (J - 6 o/s, area 3). a singlet at 
z 890 (area 6). a singlet at 7 6.37 (arra 3) and broad absorption from 7 7.5 to 8.8. 

(4) Commslon o/XA ro XIHA. A soln of XA (R - Me) (60 mg) in 2 ml McOH containing 
@5 ml cont. HCl wu rcfluxed for 7 hr. The reaaion mixture was dissolved in etbcr. washed. dried 
and conccntratcd. The oily residue (40 mg) was anal@ by VI% (5 % FFAP on 60/8O Cluomosorb G 
at 1W); the most readily eluted component was unreacted XA (19’4. a minor unidcntilkd material 





1962 W. Revsal and P. MATI’ZWN 

Trearmenr of XlIIA cud XlXIB with &se 

A soln of XIIIA (SO m& XIIIB (1s mg) and McONa (87 mg)io 6 ml glymc was rcfluxcd for 19hr. 
A work-up similar to that used previously gave 48 mg crude material (both neutral and acidic) which 
was treated with diaxomcthane (no apparent reaction) and analyzed by WC. Only re~~vcred starting 
material wax detected. 

Nora a&d In proof-A razntly reported study by P. Wharton and T. Blair, 1. Org. Chum. 31,2480 
(IS%). has shown that endo- and ao-7-hydroxy-l,6d&thyl[4.1.Olbisycloheptanc undergoes base 
catalyzd ring o+ng (potium t-butoxide in t-butyl akohol) with >90% rrtcntioo of conllgura- 
t&L 
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