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Abdmc&-The tmnr and & diastereoisomers of 2-brom+&butykyclohxanone (7 and 8) and of 2-bromo-3-t- 
butyicyclobexanone (10 and 9) have been prepared and subjected to hydrogen bromide catalyzed isomerizath. 
Whereas bromoketones 7 and 8 uodement only epimcrization, isomers 9 and 10 were compktely converted into an 
equiliium mixture of ch- and tmw2-bromo-5-t-butylcyclohexanone (12 and 13). The spectral parameters (IR, 
UV, NMR), as well as the quilitium distriin of tbe coupk 74, were consistent with chair conformations for 
compounds 7, 8 and 9, but indicated for isomer 10 a flexibk form in which both the bromine-t-butyl steric 
interaction and the electrostatic repulsion between Br and CO group are relieved. 

Previous work on thermal equilibration of substituted 
cyclobexane truns - I ,2dihahdes and bromoh ydrins 
revealed the existence of a strong repulsive interaction 
between an quatorial halogen atom and a vicinal t-Bu 
substituent.‘3 This interaction, in conjunction with the 
additional steric and dipole-dipole repulsion between two 
equatorial Br atoms, caused an easy and complete 
isomer&ion of dibromide 1 to diastereoisomer 2 and an 
appreciable participation of non chair conformers of 
type I, to the conformational quihbrium of 1.’ Fur- 
thermore, a twist conformation, in which the t-butyl- 
bromine distance was higher than in the chair form and 
the BrC-C-Br torsion angle was 1520, was found by 
X-ray diffraction of cis-2,trons-~ibrom~cis4-t- 
butylcyclohexyl p-nitrobcnzoate.’ 

Since steric and dip&r effects similar to those operat- 
ing in compounds of type 1 and 2 could be anticipated 
for cis- and trons-2-bromo-3-t-butylcyclohexanones (9 
and lo), in which a C=O dipole replaces a C-Br one, an 
investigation of the HBr catalyzed isomerization of the 
latter bromoketones was expected to providt further 
information about the importance of gauche bromine-t- 
butyl interactions. Besides, in order to evaluate the effect 
of a t-Bu-C.0 eclipsing interaction, the HBr promoted 
isomerization of tins- and cis-2-bromo&-butylcyclo- 
hexanones (7 and 8) was also examined. 

Spectral data of bromoketones 7-10, prepared by oxi- 

dation under non equilibrating conditions of the cor- 
responding truns bromohydrins M of known structures 
and relative con8gurationsP are reported in Table 1. 

All spectral parameters of the two epimeric 2-bromo-6 
t-butyl derivatives 7 and 8 were consistent with the 
relative con&rations anticipated from those of the 
parent bromohydrins 3 and 4. Thus, taking 2-t- 
butylcyclohexanone as the reference, the w,, of com- 
pound 8 was increased by 28 cm-‘, in agreement with the 
presence of an equatorial bromine a to CO,’ whereas the 
n-,P* band in the UV spectrum was shifted to longer 
wavelength by 22 nm, with enhanced molar absorptivity, 
in epimer 7, as expected for an axial or-bromo deriva- 
tive.’ Moreover, the narrow multiplet and the doublet of 
doublets present in the medium field part of the NMR 
spectra of 7 and 8 clearly confirmed the presence of an 

Tabk 1. Spectral data of bromoketoncs 7- I@ 

Cqmnd IB 8 uvb rnllP 
vcro (cw’) Amax (4 tE 6 xH8.r -c (ch) a 

JAx + JBl or w+ ml 6 

2-t-ms~l~ololl~olrnanr Ins 294 21 

I 1724 316 142 4.25 (a) 6.5 1.00 

P 1739 286 24 4.60 (d 02 a) 17 1.01 

* Bolvee ccl,, b Bolvt EtOH. * 8olvant cm,. d l’ha unresolved shape of tOSe elgzml, uhioh ehould 
10 erpeoted m a doublet, le probably due to the preeence 02 small lcq range couplinge. 
8ollmnt cmcl,. 
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equatorial and an axial hydrogen Q to a Br atom, respec- 
tively.= 

In contrast, a diction between the two epime~c 
Z-brom*3-t-butylcyclohexanones 9 and 10 on the basis 

of the spectral data of Table 1 was impossible, since all 
cars were very similar for both acids and 
consistent with an axial bromine. The axial orient&ion of 
bromine in 9 was however unambiguously con6rmed by 
the NMR spectrum of its NaBH, reduction product 11 
~Ex~~~n~), and this proved a true re~tions~ be- 
tween Br and t-Bu in epimer 18.* 

The two bromokctones 7 and 8 were cleanly quili- 
brated when treated with HBr in CC& or CHCI, ~lu~n. 
The epimerizatiin, followed both through the signals of 
the protons o to bromine in the NMR spectra and by 
GLC, was carried out starting from both pure dias- 
~~~rne~. The q~~~~ ratios of 7 to 8 are report- 
ed in Table 2. 

On the other hand, bromoketone 9 completely disap 
peared after ~~10~ exposure to HBr in CHCI,, while 
an equilibrium mixm of the two isomeric 2-brom&t- 
butylcyclohexanoncs 12 and 13 was formed. The more 
abundant epimer 12 was ident&& after 
c~rna~~p~c separation, by NaI3H. reduction to the 
known bromohydrin 14.” Furthermore, the NaBH, 
treatment of the crude isomcrization product yielded, 
besides 14, the ~~reoi~rne~c b~mohy~ns 15 and 
16, arising from the reduction of the equatorial bromo- 
ketone 13.” From the ratios between 14, 15 and 16, 
dctemind by GUI, the quilibrium ratio of 12 and 13 in 
the original mixture was inferred (Tab& 2). The same 
quilibrium mixture was obtained by similar HBr treat- 
ment of the epimcric bromoketone 10. 

The acid catalyzed quiliiration of biased 2-bromo- 
cyclohexanones has been extensively investigated by 
AlIiTr “*” and more recently by Moreau and Casade- 
vail.’ *I3 The tpimerization quiliirium of these com- 
pounds, as well as the conformational quiliirium of 
2-b~m~yclo~~~ne, is deans by a balance of 
steric and polar effects, and in non polar solvents the less 
polar axial bromoketone is favoured.’ The differencts in 
the equilibrium ratios in CHC&, and Ccl, shown in Table 
2 are consistent with the higher polarity of the first 
solvent. 

On the basis of estimates of nonbonded interactions 
between t-buty1 and aubonyl group, Allinger ~u88csfe6’~ 
that 2-t-butylcyclohexanone should exhibit an appre- 

ciable population of boat forms. However, Stoiow later 
set an upper limit of 1096 upon the non&air population 
of cis- and ~~~-2-t-butyl4hy~xycyclo~~o~, and 
suggested extension of this conclusion to 2+butyl- 
cyclobcxanone itself.” As undcrlincd above, the spectral 
data of 2-b~m~~~~lcyclo~~nones 7 and 8 are in 
agreement with chair confornmtious bearing respectively 
axial and equatorial Br a to CO group. Moreover, also 
the similarity of the quiIibrium ratios of bromoketones 
7-8 with those of isomers 12-13 (Table 2), in which the 
t-Bu is far away from the CO group, indicates that the t- 
Bu-CO eclipsing interaction present in the 2-t-butylcycloi 
clone derivatives shouId not cause severe atone 
in the cyclohexanone ring geometry. 

On the other hand, the results found for 2-bromo-3-t- 
butylcyclohexanooes 9 and 19 stress the effect of a 
gauche Br-&Bu ~~~~n both on the ~~o~tio~ 
equilibrium and on the HBr promoted isomerization of 
these compounds. In fact, none of the spectral data 
reported in Table 1 for the ttwrs epimer fit the chair 
conformation with equatorial Br and t-Bu shown iu for- 
mula 10. A doublet with high couplir~ constant due to 
the axial proton u to Br coupled with an axial proton Q 
to t-Bu, an increased v-and similar A, ad c with 
respect to 3-t-butylcyclohexanone should be expected 
for such a conformation. 

L one excludes the ugly emotive chair confor- 
mation with axial Br and t-Bu, the above speclnd data 
point to a high preference of tnans-2-brom&t- 
bu~~yclohe~ne for a IkxiiIe form, which in the light 
of the results obtained in the ~~0~~ analysis of 
dibromoderivative 1 and related compounds*$ was not 
unexpected. In fact, the enthalpy Merence between 
chair and twist ~~o~~ns in cyclotron is much 
lower than in cycbhexane, and several cyclohexanone 
derivatives with a destabWn.g interaction between a 
t-Bu group and a tmm vi&al substituent have been 
reported to exist with appreciable commons of 8exible 
forms.‘6 In the case of 10, a conformation like l&, with a 
CII. 90” diedral angle between the C-H bonds u to Br and 
t_Bu, as suggested by the very low value of their coup- 
ling constant, and a large Br-?X=O torsion angk, as 
suggested by the v,,, value, has the doubk advantage of 
easing both the steric Br-t-Bu interaction and the elec- 
trostatic repulsion between Br and CO group present in 
the chair form. 

Migration of Br from the a to the Q’ position to a CO 
&roup in the presence of HBr has been frenzy 
observed” and several different mechanisms have been 

%hm ocnroaatzwtlam of bmmoketamem la tha l qu%Ubratiorr 
w8ra~O.lN la ardor to rvnld intorProleoulmr 

PotrArun*, 8, Ew8loj-m ad J. 
Boo. 0hlm.c 1249 f1967)~ 

bTdcm fma ref. 10. 
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proposed.” Moreau and Casadevall reported”b the 
absence of 2-bromo-3-t-butylcyclohexanobes (9 and 10) 
in the eqtibrium mixtures obtained by HBr catalyzed 
epimerization of the 2-bromo-5-t-butyl isomers 12 and 13 
as an evidence against the possiMity of halogen migra- 
tion during the epimerization and therefore against epi- 
merization mechanisms involving tk breaking of the 
C-Br bond. The present results show that, inversely, a 
rearrangement involving C-Br bond breaking does occur 
in compounds 9 and 10, which are completely trans- 
formed into an equilibrium mixture of 12 and 13. The 
driving force for this reamqement, taking place under 
conditions in which optically active wrens- and c&2- 
bromo-&butylcyclohexanones undergo only epimeriza- 
tion without migration or exchange of ha10gen,i3b must 
be provided by the relief of steric repulsion between 
t-butyl and axial 2-bromine in 9 and by the change from a 
flexible to a more stable chair form in the case of 10, 

In conclusion, the behaviour of the diastereoisomeric 
2-brom&-t-butylcyclohexanones provides a further 
demonstration of the importance of strong gauche steric 
interactions in determining both the conformation4J and 
the reactivity” of cyclohexane derivatives. 

-AL 

M.ps. were determined on a Ko&r black and arc uncorrected. 
The NMR spectra were rcgiatcd with a Jwl C-60 HL and a Jeol 
PS-le0 instrument, using TM5 as internal standard. The C=O 
stretching frequencies were measurtd with a Perkif&&r 238 
spcctrophotometer. The UV spectra were taken with a Zeiss 
PMQ II instrument GLC analyses of the mixtures of bromo- 
ketones 7 and 8 were performed on a Perkin-Elmer F 11 gas 
chromatograph 0tted with a 1 m glass cobmn, 25mm id. 
pacLed with 10% ctbykae glycol succinate on silanizA 
Chromosorb W 8&100 mesh [low isothcnn 1UP (8min), high 

isotherm 1400, temperature increment 6”lmin. N2 fk+w 40 mljmin; 
relative retention times: 7, 1; 8, 2.21. The mixtures of 14, IS aml 
16 were analyzed with a C. Erba Fractovap GV instrument, 
quip@ with a 1.5 m glass column, 2.5 mm i.d., packed with 
10% ethykw glycol succina!e on silrnized Chromosorb 80-100 
mesh (column llS*, evaporator and detector #loo, Nz Bow 
40 ml/min; relative retention times: 16, 1; 15, 1.29; 14, 1.53). 
h4g!SO, was always used as the drying agent. Evaporations were 
made in 00~~0 (rotary evaporator). Petroleum ether refers to the 
fraction of boiling w 3tMP. CC& and CHCI, used as the 
solvents for the isomcrizations of bromoketones were reduxed 
and recti8cd over P20, and stored over mokcular sieves. 

Bll~rnohydrinr M. The starting ptoducts $4 and 5 have bben 
prepared as described elsewhere? Isomer 4 was more con- 
veniently obtaiued by reduction of its a&a& with the stoi- 
chjometric amount of LAH in ethyl ether at room temp. for 
20min and pur&d by chromatography on a silica gel (grade 
Iii) column. 

&u,m&.e~onu 7-10. Products 7-M have been obtained by 
oxidation of bromohydrins 3A with Jones reagent in t& usual 
wayal Isomers 7, 9 and 10 were liquids; they were freed from 
solvent in DUCUO, but distiM.ion was not attempted on account of 
possibk decomposition and cpimcrization. Isomer 8 had m.p. 
7&n” from petroleum ether. (Found: C, 51.41; H, 7.39; Br, 
34.30. Cak. for C,a,,BrO: C, 5lJ2; H, 7.35; Br, 34.27%). 

R&&n of 9 and 10. A soln of NaBH, (O.Zg) in EtOH- 
water (10 ml) was added dropwise to a stirred soln of 9 (0.28 g) in 
etber (I5 ml). After stirring for 4 h at room temp., dilution witb 
water, extractioo with e&r, evaporation of the dried extract and 
crystallization form petroleum ether at -15” gave pure (GLC) 11, 
m.p. frS7V; NMR (CD&): 8 1.0 [9H, s, -C(CH,)& 2.32 (lH, s, 

-OH), 3.37 (lH, m, Wf = I8 Hz, )CBaH), 4.76 (lH, m, W!= 

6 Hz, )CHBr). (Found: C, 51.10; H, 8.57; Br, 33.72. Calc. for 

C#19Br0: C, Sl.07; H, 8.14; Br, 33.9896). 
The reduction of 10 under identical conditions geve mainly 

ci&t-butylcycbbexanol, idcntitkd by IR and GLC. 
Egim&&n of 7 and 8. Samples of 7 or 8 (0.15 g) were 

dissolved in a co. 0.2 M soln of dry HBr in CHCI, or CCL, (8 ml) 
and kft at room temp. At intervals the s&r were washed with 
water and satd NaHCO,nq, dried, evaporated ml subjected to 
NMR and GLC analysis. The mixturts were considered at quil- 
ibrium when three consecutive determinations gave the same 
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product composition. In each case the NMR analysis, based on 
the ~ignak of the protons II to bromine of 7 and 8, and the GLC 
analysis gave results agree& with each otlkr within *l%. The 
quilirium compositions, identical starting both from 7 and from 
8, are repotted in Tabk 2. 

isometization of 9 and 14. Bromoketone 9 (1.2 g) was dis- 
solved in a co 0.3 M soln of HBr in CHCI, (12Oml) and left at 
room temp. Sampks were withdrawn at intervals, worked-up as 
dcscribbd above and subjected to NMR analysis, which showed a 
progressive decrease of the 8 1.06 and 4.34 signals of 9 and the 
appearanct of signals at d 0.94.4.24 and 4.55 due to the isomeric 
bromoketoncs 12 and 13.” After 9 days a m40 equilibrium ratio 
of 12 to 13, based on the NMR signals at & 4.24 and 4.55, was 
found. 

An identical equilibrium mixture of 12 and 13 was obtained by 
similar HBr trcatmcnt of bromoketone 16, 

Chromatography of l.Og of this mixture on a 40 X 1.5 cm 
column of silica gel using petroleum ether as the tluant yielded 
pure 12 (0.25~) as a liquid;” NMR (CC4): d 0.94 [9H, s, 

-C(CH,hJ, 4.24 (IH, m, WI = 7.5 Hz. 
> 

CHBr). Further elution 
with 982 pctrokum ctherctbyl et& gave mixtures of 12 and 13 
(0.65 e). 

Rcdvctio~~ of 12. Treatment of 12 (0.2Og) with NaBH, (0.2Oa) 
as reported** gave bromohydrin 14 (0.18 g), m.p. 97.~98.P (from 
petrokum ether; lit.” m.p. %‘). 

Reduction of the quilibrivrn tnixtwn of 12 and 13. Tht similar 
NaBH, reduction of the quilibrium mixtures of 12 and 13, 
obtained by HBr catalyxod isomcrization both of 9 and of 16. 
followed by chromatography on a silica gel (grade III) column 
usin 982 petroleum ctber-ethyl etbtr as the tluant, yielded: 
pure (GLC) 15, m.p. 5655’ (from petroleum ether: lit.” m.p. 
7C750), NMR (CDCI,): d 0.86 [9H, s, C(CH,hJ, 2.70 (1H. s, 

-0H), 3.48-3.% (2H, XY part of an ABXYCD system, m >cy- 

OH and )CHBr);” pure (GLC) 16, m.p. 53’ (from petrokum 

ether: lit.” m.p. SS-56’); pure (GLC) 14. m.p. 97.5-98.5’ (from 
petrokum ether; lit.” m.p. %‘). 

GLC analysis of the crude mixtures of bromohydrins arisine 
from the reduction of the crude isomcrixation products both 
from 9 and from 10 gave the following product composition: 14, 
61%; IS, ?7%; 16.1296. 
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