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Abstract-rrm-2-Benzal-6methylcyclohexanone (HI) and ~ronr-2-~-5-methylcyclopentanone 
(VII) isomer&e in the presence of acid to the endocyclic unsaturated isomers 2-benzyl&nethyl-2- 
~lohexenone (iI) and 2-benzyE5-methyl-2~eIo~n~none (VI) respectively. S&ucture proof and 
chemical conversions of H are described. I~rn~~~ti~~ of III to its c&s isomer IV was ~rnp~s~ 
by light irradiation. It is shown how to distinguish by means of W, XR and NMR spectra between 
isomeric trans benzalcyclohexanones, et’s benzalcyclohexanones and cyclohexenones. 

DUWNG their extensive work on the chemistry of cyclanones Cornubert et aL9 obsened 
the formation of two isomers in the aldol condensation of 2-me~yIcycloh~~one (I) 
with ~~ldehyde. ~ermanganate o~dation of these produ~s yielded benzoic acid. 
On this basis the solid isomer, obtained in the base catalyzed aldol reaction, was 
assigned the structure of trans.2-benzal-6-methylcyclohexanone (III) while the liquid 
isomer resulting from condensation in the presence of hydrochloric acid was described* 
as cir-2-benzal-6-methylcyclohexanone (IV). Analogous cis and PUP&S benzalketone 
structures were assigned to several other isomer pairs obtained in condensations of 
cyclohexanones and cycl~~n~nones with be~aldehyde. In the light of our experi- 
ence with endo and exocyclic unsaturated 1-tetralones* and in view of the well known 
generalization5 about the relative stability of endo- versus exocyclic doubIe bonds this 
assignment seemed questionabre. This and the scarce knowledge about the formation 
and the chemistry of cis-2-benzalcyclanoxn9 made a re-examination of the chemistry 
of the be~alcyclohexanone III and the be~cyclo~ntanone VII desirable. 

~fa~-2-~e~al-6-me~ylcyclohexanone (III) was obtained according to C~rnubert.~ 
Its UV absorption maximum7 at 284 rnp (c 16,ooO) and ozonolysis to benzoic acid 
support the early structure assignment. The spectrum of the liquid isomer of III, 

lo For a preliminary account of part of this study see A. Hassner and T. C. Mead, 7baliedron 
Letters No. 25, 1223 (1962); 
) This work was supported by Public Health Service Grant GY-4475 from the Nations Cancer 
Institute. 

* Shell Oil Co. Fellow 1960-61. 
a R. Cornubert, Bull. sot. chim. Ft. (3) 5, 513 (1938); R. Cornubert and P. Louis, Ibid. (5), 5, 520 

(1938). 
’ A. Hassner and N. H. Cromwell, J. Amer. C&m. Sac. So, 893 (1958). 
i H. G. Brown, J. Brewster and H. Schechter, J. Amer. C&em. Sot. 76,467 (1954); H. C. Brown, 

J. Org. Chem. 22,439 (1957); R. B. Turner and R. H. Garner,f. Amer. C&m. Sot. 80,1424 (1958); 
A. C. Cope, D. Ambros, E. Ciganek, C. F. Howell and 2. Jacura, Ibid. S&1750 (1960). 

l D. H. R. Barton, A. Head and P. May, 3. Gem. Sot. 935 (1957). 
7 The generalizations of R. B. Woodward (J. Amer. Chem. Sot. 64, 72 (1942)) and of H. French 

and M. E. T. Hofden (1&d. 67, 1240 (1945)) predict an absorption maximum at 288 mp; trm.s 
benzalacetone likewise absorbs at 288 rnkd. 
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knax 234 rnp (E 9,000), obtained by acid catalyzed condensation of 2-methylcyclo- 
hexanone (1) with benzaldehyde or by isomerization of 111 in the presence of hydrogen 
chloride, indicated an endocyclic unsaturated structure as in II.8 The IR spectra of 
isomers II and III are characteristically different in the carbonyl and double bond 
region (see below). Phenylacetic acid and a-methylglutaric acid as products of 
ozonolysis of the liquid isomer are best accounted for by the structure 2-benzyl-6- 
methyl-2-cyclohexenone (II) rather than by IV. The isolation of benzoic acids in the 
permanganate oxidation of II is most likely a result of side chain oxidation of 
phenylacetic acid. 

Further evidence for structure II is furnished by lithium aluminium hydride reduc- 
tion of II to 2-benzyl-6-methyl-2-cyclohexenol (XII) which except for benzenoid ab- 
sorption is transparent in the UV. Alcohol XII, an allylic alcohol, can be converted 
back to ketone II by means of manganese dioxide. By contrast, frans-2-benzal-6- 
methylcyclohexanol (IX), obtained by hydride reduction of ketone III, exhibits an UV 
maximum (244 mp, l 19,000) characteristic of styrenes.Q Attempts to prepare common 
alcohol derivatives of IX and XII were unsuccessful due to facile dehydration in these 
compounds. Addition of bromine to the unsaturated alcohol IX yielded 2-bromo-2- 
(a-bromo-benzyl)-6-methylcyclohexanol (XI), the stereochemical structure of which is 
best represented as XIa on the following grounds. The methyl group in III, IX and XI 
as well as the large bromobenzyl group in XI can be assumed to be equatorially10 
disposed leaving the configuration of the hydroxyl group in IX and XI to be deter- 
mined. An axial hydroxyl in XI would be franr to the &-bromine and treatment of 
XI with base should give rise to an epoxide. On the other hand, the formation of a 
ketone from dibromoalcohol XI would indicate on equatorial hydroxyl, cis to the C,- 
bromine, as in XIa. The product obtained from XI upon heating with dilute sodium 
hydroxide was in fact the unsaturated ketone III, obviously the result of hydrogen 
bromide elimination from a primarily formed saturated p-bromoketone. 

Chromic acid oxidation of dibromoalcohol XI yielded 2-(r-bromobenzal)-Gmeth- 
ylcyclohexanone (X) identical with the product of bromination of ?rans-2-benzal-6- 
methylcyclohexanone (III). In both cases of preparation of bromoketone X an 
equivalent of hydrobromic acid was found in the mother liquors from the product, 
indicating facile loss of the halogen acid from a dibromoketone intermediate. Analo- 
gously addition of chlorine to III Ieads to 2-chloro-(2-cK-chlorobenzal)-6-methyl-cyclo- 
hexanone. The exocyclic unsaturated structure of X was indicated by the inertness 
of the bromine in X to base and by a bathochromic shift of 12 rnp in the UV, charac- 
teristic of halogen substitution on a conjugated carbonyl system.ll Heating of bromo- 
ketonexabove its meltingpoint resulted ineliminationofhydrogenbromide and forma- 
tion among others of 2-benzyl-6-methylphenol (XIII). The latter was synthesized for 
comparison by palladium dehydrogenation of 2-benzyl-6-methyl-2-cyclohexenone (II). 

B From Woodward’s rules (cf. ref. 7) one can predict a maximum at 237 myA. An absorption maxi- 
mum of 235 m/i, c 9,600 is reported for 2-methyl-2-cyclohexenone by H. 0. House and R. L, 
Wasson, J. Amer. Chem. Sue. 79, 1490 (1957). 

B a-Methylstyrene absorbs at 251 rnp, c 17,ooO, cf. A. Gillam and E. Stern Elecfronic Absorption 
Spectroscopy p. 277. Arnold, London (1958). 

lo E. L. Eliel, S&v+eachemisfry ofCarbon Compounds Ch. 8, McGraw-Hill, New York (1962); See also 
ref. 4. 

l1 A. L. Nussbaum, 0. Mancera, R. Daniels, G. Rosenkranz and C. Djerassi, 1. Amer. Chem. Sot. 
73, 3263 (1951). 
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Acid isomerization of an exo- to an endocyclic unsaturated cyclohexanone (cf. 

III + II) also could be accomplished in the corresponding cyclopentanone system. 
Thus, heating of Iran+2-benzal-Smethylcyclopentanone (VII) with hydrogen chloride 
in cyclohexanol led to the isomer 2-benzyl-Smethyl-2cyclopentenone (VI) previously3 
described as the cis isomer of VII. The assigned structure of the cyclopentenone VI, 
which is also obtainable through acid catalyzed aldol condensation of 2-methylcyclo- 
pentanone (V) with benzaldehyde, was obvious from UV (A,, 227 rnp, l 7,900) and 
IR spectra (see below) comparison with those of the benzalcyclopentanone VII (;lmsx 
297 rnp, E 22,000). These findings raise the possibility that all “cis 2-benzalketones” 
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reported by Cornubert3 actually possess an isomeric endocyclic unsaturated ketone 
structure.la 

It is difficult to conceive of a path of isomerization of VII to VI or of III to II via 
l+addition of hydrogen chloride and indeed no such addition products could be 
isolated. A plausible explanation for the change of exo- to endocyclic unsaturated 
isomers involves the less expected protonation at the benzal carbon to form a carbo- 
nium ion alpha to the carbonyl or more likely enolization of ketone III to XIV, 
followed by protonation at the benzal carbon (cf. XV). A preferred loss of a ring 
proton leading to the less conjugated system (II rather than III) has been observed 
before4 and is probably stereoelectronically motivated. 

Although even cis-2-benzal-6-methylcyclohexanone (IV) is converted by acid into 
endo isomer II, the exo to endo isomerization described is not universally appli- 
cable. Thus, 2-benzal-6,6-diphenylcyclohexanone, 2-(pchlorobenzal)-6-methylcyclo- 
hexanone or 2-benzal-4,4-dimethyltetralone were recovered unchanged from treatment 
with hydrogen chloride in cyclohexanol. Cornubert had already shown that oc,cc- 
disubstituted cyclic ketones formed only one benzal derivative (presumably the trans 
isomer) which was not isomerized by acid. An explanation might be provided by the 
assumption that further substituents destabilize the endo relative to the exo isomer or 
that an intermediate of type XIV, which cannot form in the case of the a,a-disubsti- 
tuted ketones, is required for isomerization. We prefer the latter explanation, since, 
at least in the case of the 4&dimethyltetralone, the preferential formation of the endo 
over the exocyclic unsaturated ketone in elimination reactions has been demonstrated.4 

The synthesis of authentic cis-Zbenzal ketones was accomplished by photochemi- 
cal transformation of the tram isomers. Light catalyzed isomerization of tram to cis 
olefins is a well established reaction .18 For benzal cyclic ketones Barton noted such 
transformations in the triterpene series6 but did not characterize the photoisomers. 
UV irradiation of a methanolic solution of tranr-2-benzal-6-methylcyclohexanone (III) 
yields the cti isomer IV, ;Imax 270 rnp, E 6,700, which upon heating reverts to III and 
upon acid treatment is converted to the endocyclic unsaturated isomer II. The oxime 
of IV, however, does not isomerize when heated. 

The UV spectrum of cis benzal ketone IV indicates a lower degree of coplanarity 
of the chromophore than in the trans isomer III. An examination of molecular models 
of the two isomers (III and IV) reveals that in the tram 2-benzalcyclohexanone (III) 
the entire chromophore can be nearly coplanar; in the cis ketone IV a serious steric 
interaction between the ortho hydrogen of the benzene ring and the carbonyl oxygen 

I* H. W. Wanzlick and W. Menz, Chem. Ber. 87, 475 (1954) have shown that Cormbert’s “cis” 
isomer of 2,5dibenzalcyclopentanone is in fact 2-benzyl-5-benzA2qclopentenone. 

I8 W. B. Black and R. E. Lutz, J. Amer. Chem. Sm. 77,5134 (1955); I. Harrison, R. Hurst and B. 
Lythgoe, Proc. Chem. Sm. 269 (1959). 
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is unavoidable in a planar conformation and the benzene ring is forced out of copla- 
narity with the rest of the absorbing system. This ~ndition is reflected both in a 
decreased intensity and a hy~~hro~~ shift with respect to the irons isomer. A 
similar relationship exists between cis and lrans 2-benzal-6,6-diphenylcyclohexanone 
(see Table). 

TABLE 1. INFRARED* AND ULIRAVIOLET SPECTRA* 

A 
(G) g 

+c-0 3rcC=C A 
(cm-l) (cm-l) (cm-‘) yd 

@arty 2-&~l-6-methylcyclohexsnone {III) 284 

fraans 2-Benzalcyclohexanone 290 

trans 2-Ben&-6,6-diphenylcyclohexanone (VIIIa) 292 

rru~s 2-(a-Bromo~~~~me~yi~~obexanone (X) 296 

tr~nr 2~a-~lorobe~l~~methyl~clohe~~one 292 

frans 2-@-Chlorobenzal)-dmethykyclohexanonc 236 

tfuns 2-~-5-methylcyclopentanone (VII) 297 

trtlns 2-Benzaicyclopentanone 298 

cis 2-~e~l~methyl~clohexan~ne (IV) 270 

cis 2-BenzaI-6,6-diphenykyclohexanone (VIIIb) 268 

2-BenzyMi-methyL2cyclohexenone (II) 234 

2-Benzyl-5-methyl-2-cyclopentenone (VI) 227 

16,000 1666 (s) 

11,200 1670 (s) 

17,OOO 1670 (s) 

15,400 I670 (s) 

13,200 1675 (s) 

16,700 f 670 (s) 

22,ooo 1708 (s) 

17,ooo 1722 (s) 

6,700 1692 (s) 

7,810 1690 (s) 

9,m 1666 (s) 

7,900 1700 (s) 

1590 (s) 
1565 (m) 
1588 (s) 
1562 (m) 
lS90 (s) 
1565 (m) 
1596 is) 
1565 {w) 
1598 (s) 
1565 (w) 
1590 (s) 
1558 (m) 
1620 (s) 
1565 (w) 
1630 (s) 
1570 (m) 
1628 (w) 
1592 (w) 
1628 (w) 
1590 (w) 
1600 (ml 

1635 (m) 
1600 (m) 

76 0.9 

82 0*9 

80 I 

74 049 

77 O-8 

80 1 

88 l-1 

92 0.9 

64 O-2 

62 0.2 

66 0.6 

65 0.5 

li in 10% solution of carbon ~t~chlo~de; * in methanol; e letters in parenthesis indicate the in~nsity 

of the bands s = strong, m = medium, w = weak; 6 y = 
absorbance of C=C 

absorbance of Cd ’ 
see also ref. ISb and 16. 

The alkali promoted condensation product of 2,2-diphenylcyclohexanone and 
benzaldehyde is reported14 to absorb in the UV at 270 rnp, CE 6340. This corresponds to 
the spectrum of the cis benzalketone IV; yet a sterically hindered C~S compound VIIIb 
would be an unexpected result of a base catalyzed ~nden~tion. Fu~hermore 
2-(~hloro~~al)-6,~diphenylcyclohexanone, ;Ims, 292 mEr_ ; E 13,460, similarly pre- 
paredI appeared to be the expected trans isomer. That the effect of a pchloro sub- 
stituent on the UV absorption of the chromophore -CCOCH==CHC,H,X is negligible 
was shown by synthesis of the p-chloro analog of 2-benzal-6-methylcyclohexanone 
(see Table). When the preparation of 2-be~al-6,~diphenyl~~lohexan~ne14 was 
repeated, the product, m.p. f IO”, was indeed the tram isomer VIfIa, as indicated by 

I4 J. P. Collman, J. Org. C/MT. 26, 3 162 (1961). 
I5 Q R. L. Erskine and E. J. Waight, J. Chem. Sot. 3425 (1960); 

* The absorbance ratio y is a useful quantity even if the half width of the band,‘” which is sometimes 
hard to measure, is ignored and if spectra are run in KBr pellets. 

I8 It should be borne in mind that, unlike the rra~ulb cyclohexenones II and VI, the cisoid Zbenzal 
ketones III, VII and VIII possess a c~omoph~rc extended by the phcny1 group- Therefore, the 
A and y values here apply to Zben&cycloalkanones and to their endoeyclic unsaturated isomers 
but not necessarily to choid and rrmsofd unsaturated ketones in general. Similarly, in the UV 
spectra of these isomers the extinction coefficient c: is larger for the chid but more highly conjugated 
isomer III, than for the trmoid isomer II; the revefst would be expected in the absence of the 
phenyl group. 
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IR and UV spectra. The UV absorption maximum charged from 292 mp, E 17,000 to 
268 mp, E 7,800 when a solution of VIIIa in methanol was allowed to stand several 
days in diffuse room light. Presumably Collman’s ketoneI* had isomerized on standing 
in the light before an UV spectrum was taken. UV irradiation of a methanolic solu- 
tion of VIIIa lead to the isolation of the photo-isomer, cis-2-benzal-6,6-diphenylcyclo- 
hexanone VIIlb. 

Neither trans-2-benzal-S-methylcyclopentanone (VI I) nor trans 2-p-chlorobenzal- 
6-methylcyclohexanone could be isomerized by UV irradiation to the corresponding 
cis isomers. Presumably the photoequilibrium in these systems lies in favour of the 
trans isomer, or possibly a minor impurity may be acting as a quencher. 

It has been shown that the intensities of the C=C and of the C=O stretching 
frequencies differ in cisoid and trmsoid forms of a&unsaturated ketones.15y17 We 
found that IR spectra may be used not only to distinguish between cisoid 2-benzal- 
cyclohexanones, e.g. III, and transoid 2-benzylcyclohexenones, e.g. II, but also between 
isomeric cisoid benzalcyclohexanones, e.g. 11 I and IV. Typical characteristic curves 
are shown in’ Fig. 1. Numerical data for UV and IR spectra are given in Table 1. 
The values of A, which represents frequency differences, in cm-l, between the C=O 
and the first C=C absorption band and the significance of which has been pointed out 
earlier,17a are in the range of 75-90 cm-l for several trans 2-benzalcyclohexanones and 
cyclopentanones and 60-65 cm-l for cis 2-benzalcyclohexanones and for endocyclic 
unsaturated cyclohexenones. I6 Furthermore, the value of y, the ratio of absorbance 
of the C--C band versus absorbance of the C=O band is characteristically different 

1700 I700 1600 1700 1600 

cm-’ cm-’ cm-’ 

III IV II 

FIG. 1, Partial infrared spectra of isomeric r, p-unsaturated cyclohexanones. 

for cis and trans 2-benzalcycloal kanones .l 6b A combination of IR and UV spectral 
data can be employed to differentiate between isomers such as described. 

The NMR spectra of these isomers also yield valuable information.17d The vinyl 
proton in the cis benzal ketone VIIIb appears at 3.677. On the other hand the vinyl 
proton in the trans isomer VIIIa, being cis to the carbonyl, is deshielded due to the 
rr-electron current of the carbonyl group and is buried in the 2-5-3 r region of the 
aromatic protons. 

EXPERIMENTAL 

All m.p.s were taken on a Fisher-Johns m-p. block and are corrected. IR spectra were obtained 
in KBr pellets or as smears with a Beckmann Model IR-5 instrument. UV spectra were taken in 
soiutions of Fisher “Spectroanalyzed” methanol on a Carey Model 14 spectrophotometer. Elemental 
analyses were performed by A. Bernhard& Muelheim, Germany. 

I7 o E. A. Brande and C. J. Timmons, J. Chem. Sm. 3766 (1955); 
b R. D. Campbell and N. H. Cromwell, J. Am. Chem. SOC. 79,3462 (1957); 
c D. H. R. Barton and C. R. Narayanan, J. Chem. Sm. 963 (1958). 
d For a very recent report on this subject see D. N. Kevill, E. D. Weiler and N. H. Cromwell, 

J. Org. Chcm., 29, 1274 (1964). 
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This unsaturated ketone, m.p. 61-62” (lit.’ m.p. 61”) was prepared by condensing benzaldehyde 
with I in the presence of base, essentially following the method of Cornubert,’ or htter that of 
Johnson.1B 

2-Benzyl-dmefhyl-2-cyclohexenone (II) 

a. B’ acid isomerizution 0fI11. A solution of III in cyclohexanol previously saturated with HCI 
was heated at 6G-65” for 5 hr. Workup with water and ether followed by fractional distillation gave 
II boiling at 143-146”/4*5 mm,nD1’* 1*5525(lit.1sb.p. 172-174”/19 mm,nn” l-5546) in 70xyield. Gas 
chromatography indicated essentially one component. The semicarbazone of II, m.p. 183-185” 
(lit.ls m.p. 183”) could be hydrolyzed back to II. 

The isomerization was also carried out in n-butanol solution at 60” or in cold 80% HaSO,. 
b. By acid curulysed condensation of I. Condensation of 2-methylcyclohexanone (0.3 m) with 

benzaldehyde (0.3 m) in cyclohexanol in the presence of HCl at 65” under N* resulted in formation in 
83 % yield of II contaminated with some isomer III, as evidenced from spectra. The product, b.p. 
121.5-122”/0.9 mm was converted to pure II by further heating with HCl in cyclohexanol followed by 
fractional distillation. 

Ozonolysis of trans-2-benzul-6-merhylcyclohexunone (III) 

Ozone-rich oxygen(using a Montgomery“Controlled Ozone” apparatus, type MLP, at 5 Ibs press. 
and 500 mamp) was bubbled for 30 min into a solution of 20 g III in 100 ml ethyl acetate, cooled in a 
dry &-acetone bath. The solution was allowed to warm to room temp, then ethyl acetate was 
removed under red. press. while acetic acid was added to keep a constant volume. The acetic acid 
solution was added to a solution of 113 g 30% H,O,, 5 ml H,SO, and 200 ml water and the resulting 
solution was refluxed 2 hr. After further workup the base soluble materia1 was chromatographed on 
silica gel (Eagle, mesh 25-200). Elution with 50% ether in benzene afforded 7.6 g benzoic acid (60% 
yield) identified by IR and by an underpressed mixed m.p. with authentic benzoic acid. A mixture of 
dicarboxylic acids, eluted with more polar solvents, was not further investigated. 

Ozo&ysis of2-benzyZ-~mefhyl-2-cyclahexenone (II) 

Cyclohexenone II (20 g) ozonized by the procedure described above afforded 6.1 g phenylacetic 
acid (51%). An additional 2-O g organic acid were elut$d from silica gel with 10% methanol in ether. 
This acid mixture was ester&d with diazomethane and the resultant ester mixture was examined on a 
Perkin-Elmer Model D Vapor Phase Fractometer (Column D, “Ucpn” oil, at 172” and 15 Ibs press.). 
Eight peaks were discernible. By comparison with the retention time of authentic dimethyl ester of 
cz-methylglutaric acid under these conditions, the chromatogram of the ester mixture clearly revealed 
the presence of dimethyl a-methylglutarate to the extent of ca. 10%. 

trans-2-Benz&tram-dmethylcyclohexunol (IX) 

A solution of I.6 g NaBH, in 20 ml 0.2N NaOHaq was added dropwise, over 20 min, to 5 g III 
in 50 ml methanol. The temp was held between 20 and 25” by intermittent ice bath cooling. Stirring 
was continued for an additional 2 hr. After removal of solvent under red. press., 50 ml water was 
added and the mixture extracted thrice with 50 ml portions of ether. The dried ethereal extracts were 
evaporated to afford 2 g (40%) IX as a waxy solid, ;3,, 244 rnp; E 19,000. 

Alcohol IX resisted purification by recrystallization and did not form derivatives with common 
hydroxyl group reagents including N-benzoylimidazole. The alcohol appears to dehydrate under these 
conditions. It was converted back to ketone III by oxidation with manganese dioxide. Compound IX 
was analyzed as its dibromo derivative XI. 

2-Benzal-6-methyfcyclohexanol dibromide (XI) 

A mixture of 15 g (0.074 m) IX, 100 ml Ccl, and 1 g CaCO, was kept at O-10” while a solution 
of 13 g (0,075 m) Br, in 30 ml Ccl, was added dropwise over 30 min. The Ca salts were removed by 

lB W. J. Johnson, .I. Amer. Chem. Sot. 65, 1320 (1943). 
I* R. Cornubert and A. Haller, Bull. sot. chim. Fr. (5) 39, 1638 (1926). 
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filtration and the filtrate was washed with 10 % NaHSOl.aq. The dried organic layer was evaporated to 
leave 24 g (89 %) of a tan solid. Caution from benzene afforded colorless needles of XI (75 *A, 
m-p. 133-l 34”. (Found: C, 46.48; H, 5.25 ; Br, 43.85 ; Cl&. for C1,H,OBr,: C, 46.43; H, 5*01; 
Br, 44.14%). 

a. From 2-benz&6-methylcyclohexanone (III). To a solution of 28*5 g III in 150 ml Ccl, there 
was added 5 g CUD,. The mixture was cooled to 5” and 22-7 g Br, was added dropwise over a period 
of 20 min, with stirring. Filtration and evaporation of the 8hrat.e yielded 40 g brownish powder, 
smelling strongly of HBr. Two action from et~nol-wa~r afforded 37 g (90%) white 
needles, m.p. 118”; W,, 296 rnp (c 15,400). (Found: C, 6oGO; H, 5-50; Br, 2860; Calc. for 
C1,HUBrO: C, 6020; H, 5.37; Br, 2864 “/kr. 

b. Sy o.xtition of2-benzu~~~tkyZ~cZo~xu~o~ dfbromti (XI). A solution of 4~4 g (12 mmok) 
dibrotnide XI in 25 ml glacial acetic acid was added to an ice-cold solution of 0.8 g 00, (8 mmole) 
in 3 ml water and 25 ml acetic acid and the mixture was stirred for 16 hr until the color changed from 
red to reddish green. Workup with water and extraction with ether gave 2.2 g brown powder which 
crystallizd from ethanol-water afforded 2 g (60%) of m.p. 118”, identical with material obtained 
by route a. 

Aikali treatment of 2=benzai-&methy~cyclohexunol dibromide (ItI) 

When the dibromo alcohol XI (1.87 g) was dissolved in 20 ml 95 % ethanol containing 3.6 ml 10 % 
NaOHaq (2 equiv.), a mild cxothcrmic reaction was observed. The solution was stirred for 3 hr at 
room temp and made barely acidic with HNOI. Eva~~tion to dryness under red. press. was followed 
by addition of 30 ml ether to the residue. The ethereal solution was washed with water, dried and 
evaporated to yield 600 mg (58 “/d of III. 

2-BenzyIM-methyC2-cyciohexencrl (XII). 

This alcohol was prepared by NaBH, reduction of II in a fashion similar to that described for the 
synthesis of IX. The yield of once distilled alcohol, b.p. 14&143”/1~5 mm was 63 %. No derivatives of 
IX could be obtained due to the ease of dehy~tion. The allylic nature of the alcohol was demonstra- 
ted by its ready oxidation to ketone II with activated MnO,. 

Oxidation of XII with munganese dioxide 

A solution of 1 g XII in 25 ml Ccl, was stirred with 5 g active MnO, for 48 hr. The inorganic 
residue was removed by filtration and the filtrate was evaporated to give in essentially quantitative 
yield II, identical by IR and UV spectrum with the authentic material. 

a. By dehydtobromination of 2-(a-bromobenza~methyfcyclohexanone (XI). Bromoketone (XI; 
1-O g) was heated at 145” under red. press. for 1 hr. The initially ckar melt evolved a gas and gradually 
darkened. Chromatography on 30 g neutral alumina (City Chemical Co.) and elutions with 2: 1 
Skellysolve F (b.p. 45Ul’~benzene afforded 100 mg of a ketone, the IR sp&rum of which was 
identical to that of II. Elution with pure bemne yielded 500 mg ~70%) of a waxy solid with an 
intense phenolic odor. This material proved to be XIII, m.p. 49” (lit.*@ m.p. 50”). 

Since the reportedly preparation of XIII from acres01 was unsuccessful in our hands we prepared 
phenol XIII for comparison by the following route. 

b. By dehydrogenutton of2-benzyl-dmethyl-2-cyclohexenone (II). A mixture of 2 g II with O-4 g 
10% Pd-C was heated under N, at 250” for 14 hr. The cooled mixture was taken up in 50 ml ether 
and filtered. Evaporation of the solvent from the f&rate gave l-9 g (95 “4 XIII, m.p. 49-50”, identical 
in all respects to the product of thermal d~m~sition of bromoketone (XI). 

Into a solution of 20 g III in 150 ml CS, at 0” Cl, was bubbled for 4 hr. The soIvent was removed 
under red. press. and the residue was dissolved in 200 ml ether. Evaporation of the dried ether 

*O P. Schorigen, Ser. Dtsch. Chem. Ges. 58,2033 (1925). 



The stereochemistry of 2-benzalcyclohexanoncs and 2-benzalcyclopentanones 2209 

solution afforded 31-l g yellow oil which solidifiad on standing for 48 hr. Repeated recrystallizations 
from ethanol-water furnished pure 2-(a-chlorobe~~mtthylcyclohexanone, m.p. 118”. (Found: 
C, 71.68; H, 6.51; CI, 15.21; CaIc. for C,,H&lO: C, 71.63; H, 6.44; Cl, 15*10%). 

trans-2-Benza~-5-methylcyc&~nttwwne (VII) 

This benzal ketone was prepared by ethoxide catalyzed condensation 
according to the method of Comubert and Louis;’ m.p. (lit.* m.p. 58”). 

of V with benzaldehydc 

Cyclopentenone (VI), allegedly the ch isomer of VII, b.p. 109-l 1 lo/O*95 mm was prep& by the 
HCl catalyzed condensation of V with benzaldehyde as previously described. The semicarbazone of 
VI melts at 181” (lit.* m.p, X81’). - 

cis-2-Benzal-6methyIcycMexanone (IV) 

A solution of 20 g trms isomer III 150 ml absolute methanol was irradiated with a Hanovia 100 
watt UV lamp (type. 608A) through quartz. The heat generated by the Iight source kept the solution 
under rcflux. Aliquot samples were taken at 1 hr intervals and the course of the reaction was followed 
by UV spectra. After 9 hr the maximum at 284 m,u had entirely disappeared and a maximum of lower 
intensity was present at 270 m,u. The solvent was removed under red. press. and the residual liquid 
was distilled at 156” and 4.5 mm to give 17 g (85% of the cts isomer IV). A rapid, short path dis- 
tillation is necessary, because the photo-isomer IV reverts to the tram isomer on prolonged heating. 
Compound IV was converted with hydroxylarnine hydrochloride and sodium acetate in ethanol to 
cis-2-benzaE6methykycyclohexanone oxirne, m,p. 107”; mixed with oxime of tram ketone III it gave a 
m.p. depression of 13”. The oxime unlike the parent ketone IV was not isomer&d to its frans isomer 
on heating overnight at 150”. (Found: C, 78.03; H, 7.86; N, 6.69; Calc. for C,,HI,ON: C, 
78.10; H, 7-69; N, 6.51.) 

Ilkwnal isomerization of cis-2-benza&methykyclohexanone (IV). 

When 1 g cis isomer IV was heated at 225” for 2 hr it was quantitativeIy converted into crude tram 
isomer III. Two crystailizations from ethanol-water gave O-7 g (70%) pure III identified by spectra 
and m.p. experiments. 

Acid isomerization of IV 

A solution of 1 g IV in 15 ml methanol containing 2 drops cont. HCl was heated under reflux 
overnight. The solvent was removed under red. press. The residual liquid was essentially pure II 
identified by IR and UV spectra. 

trans-2-Benzal-6,6-~~henylcyc~ohexanone (VIII@ 

A solution of 2.3 g 2,Zdiphenylcyclohexanone and 1.6 g freshly distilled benzaldehyde in 65 ml 
1% ethanolic KOH was allowed to stand 3 days. Filtration afforded 1.6 g VIIIa, m.p. 107”. The 
freshly prepared ketone has an absorption maximum at 293 rnp (E 17,500). When a 10-&M solution 
was allowed to stand 4 days in diffuse room light, the absorption maximum dropped to 270 rnp 
(C 8,450). Reported for trans-2-bc~la,~phenylcyclohexanone, m.p. 109-l lo”, Amax 268 rnp 
(E 7,810).” 

cis-2-Benzal-6,Gdiphenykyclohexanme (VIIIb) 

A solution of 2.0 g lrans isomer VIIIa in 200 ml absolute methanol was irradiated from 15 hr 
with UV light as described for the preparation of IV. Compound VIIIb, m.p. 117-l 19” was obtained 
in quantitative yield ;Imax 268 rn/ (E 7,800). (Found: C, 88~63; H, 6.74; Calc. for CnHSrO: C, 
88.72; H, 6.55 %). 

2-(pCMorobenza&&nethyfcyclohexanone 

To a soWion of sodium ethoxide (2.3 g Na in 300 ml ethanol), there were addedpchlorobcnzalde- 
hyde (14-06 g) and 2-methylcyclohexanone (11.2 @. The resultant solution was poured into an 800 ml 
beaker and agitated overnight with a mechanical vibrator. The viscous yellow solution was poured 
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into 600 ml water and extracted thrice with 250 ml portions benzene. The combined organic layers 
were washed with 5 o/0 H$O,aq and 10% Na,COaq in 250 ml portions. The solvent was removed 
under red. press. and the residue distilled in vucuo. Ten grams of a yellow oil were collected between 
120 and 158” (3 mm). The material solidified on standing to a wax. Recrystallization from Skelly- 
solve F (b.p. 45-60”) afforded 7.3 g (32%) 2-pchlorobenzal)-6_methylcyclohexanone, m-p. 61-62*5”, 
jlueoH 286 rnp (B 16,700). It was analyzed as its oxime. ItlW 

2-(pChIurobenzal)-dmethylcyclohexanone oxime 

One gram of the ketone described above treated with hydroxylamine dihydroxylamine hydr+ 
chloride in pyridine gave an 87 % yield of the oxime, m.p. 147-150” (de+ (Found: C, 67.44; H, 6.31; 
Calc. for C,,H&lNO: C, 67.33; H, 6.46%). 


