
CYCLOHEXANE COMPOUNDS 
111. TIIE 1-METHOXY- AND 1-ETHOXY-2-E-IYDROXY-3-BROMOCYCLOHEXANES " 

ABSTRACT 

la-Methoxy-2/3- h y d r o x y - : 3 a - b r o 1 n o c ~ a  and la-methoxy- 2a-hydroxy-3/3- bromo- 
cyclohexane have been prepared by the action of hydrobromic acid on 1/3-methoxy-2a,3a- 
epoxycyclohex,lne and la-n1ethoxy-2a,3a-e~~0xycyclohexane respectively. r\ssignment of 
stereochenlical configuratioll to 1a-methoxy-2~-1~ydroxy-3a-bromocycohexa1e was made 
by catalytic debromination of the phenyl- and 1-naphthyl-uretha~~es to derivatives of 
2/3-methoxy-la-cyclo1~exa1~ol. An  alternative proof of structure was obtained by de-etherifica- 
tion of the bromohydrin to 3a-l~romo-1a,2/3-cyclohexanetliol, which was catalytically de- 
brominated to la,2/3-cyclohexanediol and oxidized via periodate to 3-bromoadipaldehyde, 
isolated as the bis-%,4-dinitrophenylhydrazone. The structure of la-methoxy-2a-hydroxy- 
38-bromocyclohexane was established by de-etherificatiol~ to 3/3-bromo-la,2a-cyclohesanediol, 
\vllich was oxitlized by periotlate 10 times more rapidly than its isomer. The corresponding 
ethoxy compoundswere prepared and their structureswere e l~~cidated in a colnpletely analogous 
manner. 

In ail earlier paper (I) the mixtures of bromohydrins resulting from the action of 
aqueous N-bromosuccinimide 011 1-inethoxy- and 1-ethoxy-cyclohexene-2 were utilized 
for synthesis of the stereoisoineric 1-methoxy- and 1-ethoxy-2,3-epoxycyclohexanes I and 
I1 (R = CI-I3 or C21-15) and led ultimately by aminoi~olysis of the latter to the l-methoxy- 
and l-ethoxy-2-1~ydroxy-3-ai~~i~~ocyclol~exanes 111 and IV (R = CH3 or C2H5). The 
formation of two oxides by the action of aqueous sodium hydroxide on each l-alkoxy- 
cyclohexene-2 bromo11yd1-in demonstrated the presence in each of a t  least two trans- 
oriented bromohydrins (2, 3), but the possibility existed that all four bromohydriiis 
V-VIII were present. Attempts to separate the broinohydrin mixtures by fractionation 
in  uaczio were unsuccessful, and attention was, therefore, directed toward preparation 
of pure bromol~ydrins fro111 the pure oxides by the action of hydrobromic acid, since it 
was anticipated that knowledge gained concerning the physical and cheinical char- 
acteristics of any of the possible components of the mixtures would facilitate the develop- 
ment of a method for separation and identification of all the components. 

li1Januscript receioed Febr~lary $3, 1961. 
Conlribzltion froln Dcfetlce Researclz CIzenzical Laboralories, Ollawa, Canada. Presenled i n  purl at lhe @nd 

Annual  Conference of the Cl~clrrical Inslitz~te of Ca1rada, I$alifns, N.S., M a y  85-27, 1959. 
Issued as D.R.C.L. Reporl No. 312. 

2For Purl 11 of this series see reference 1. 

Can. J. Chem. Vol. 39 (1961) 
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BANNARD A N D  HAWKINS: CYCLOHEXANE COMPOUNDS 

Theoretically, two bromohydrins can be formed from each oxide if ring scission occurs 
in both possible directions (4). However, our previous experience with ammonolysis of 
the oxides, in which derivatives of 3-amino-1,2-cyclohexanediol were formed exclusively 
(I) ,  together with the results obtained by Lemieux, I<ullnig, and Moir (5) on methanolysis 
of the oxides, suggested that 1-alkoxy-2-hydroxy-3-bromocyclohexanes would probably 
be the only bromohydrins forined. The work now to be described is concerned only with 
the synthesis and proof of structure of the 1-methoxy- and l-ethoxy-2-hydroxy-3- 
bromocyclohexanes. Application of the information gained therefrom to solution of 
the problem of the composition of the bromohydrin mixtures referred to above is reserved 
for a subsequent coinmunication. 

I@-Methoxy-2a,3a-epoxycyclohexane (I, R = CHI) on treatment with hydrobromic 
acid gave a solid bromohydrin, m.p. 68.5-69', in 63y0 yield. The liquid fraction isolated 
from the reaction was shown to consist of 27y0 bromohydrin (by isolation of the 
1-naphthylurethane, m.p. 185-186') and 19y0 of a 1-methoxy-2,3-cyclohexai~ediol 
(identified by periodate cleavage followed by isolation of the bis-2,4-dinitrophenyl- 
hydrazone of 2-methoxyadipaldehyde, 1n.p. 192-193.5', and by isolation of a l-methoxy- 
2,3-cyclohexanediol bis-1-naphthylurethane, m.p. 224-226') leaving approximately 
50y0 of the oil unidentified. No further attempt was made to characterize this portioil 
of the product but the suggestion is offered that it could well be a 2-methoxy-3-bromo- 
cyclohexanol forined by inethoxyl migration (6). In support of this suggestion is the 
observation (see below) that the action of hydrobromic acid on the cis oxide I1 produces 
the corresponding bromohydrin in yield with formation of only a very minor quantity 
of methoxydiol. The absence of a large fraction of unknown structure is to be expected 
in this instance because facile migration of the methoxyl group is hindered by virtue of 
the cis relationship of the methoxyl and its neighboring hydroxyl group. 

The bromohydrin was characterized by preparation of its phenylurethane, m.p. 133- 
134' (86y0), 1-naphthylurethane, m.p. 185-186' (94y0), and its acetyl derivative, m.p. 
56-56.5' (goy0), and its structure was established as la-methoxy-2P-hydroxy-3a-bromo- 
cyclohexane (V, R = CHB) by the following methods. 

The phenylurethane of the brornohydrin (IX, R = CHX) was debrominated according 
to the method of McCasland and Horswill (7) using hydrogen, Raney nickel, and an anion 
exchange resin, producing 2P-methoxy-la-cyclohexanol phenylurethane (X, R = CHI), 
m.p. 66-67.5', in 78y0 yield. The identity of the latter compound was established by 
comparison with an authentic specimen obtained from 2P-methoxy-la-cyclohexanol (8). 
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1532 CANADIAN JOURNAL O F  CHEMISTRY. VOL. 39, 1961 

Prior to use of the debro~nination method it was shown that no concomitant reduction 
of the benzene or urethane groups occurred under the conditions employed, since 
debro~nination of 2p-broino-la-cyclohexanol phenylurethane, m.p. 55-57' (9) gave cyclo- 
hexanol phenylurethane, 1n.p. 83-54.5' (lo), in 56.5% yield. The bromine atoll1 lnust 
have occupied a position trans to the hydroxyl group in the original bromohydrin since 
the latter yields the oxide I (R = CH3) on treatnlent with alltali (2, 3) and it therefore 
follows that the bromohydrin nlust be la-methox~~-2~-hydroxy-3a-bromocyclohexane 
(V, R = CI-I 3 ) .  

X similar proof of structure was obtained using the 1-naphthylurethane (XI, R = CI-I,) 
rather than the phenylurethane. During debromination, however, simultaneous reduction 
of one of the benzenoid rings occurred, leading to the tetralin derivative (XII, R = CI-13). 
The latter substance was identified by comparison with an authentic specilnen prepared 
by reduction of 2P-inethoxy-la-cyclohexanol I-nap11 thylurethane (XI I I, R = CI-I,) 
under the same conditions as used for debromination. 

It  was also shown that debromination of 2P-bromo-la-cyclol~exanol l-naphthyl- 
urethane by the hydrogen - Raney nicltel method leads to a cyclohexanol tetrahydro-l- 
naphtl~ylurethane identical with that obtained by reduction of cyclohexanol l-naphthyl- 
urethane under the same conditions. These experiments did not establish which benzenoid 
ring was reduced. I-Iowever, by analogy with worlt reported by Papa and Schwenk (11) 
it  seems probable that reduction occurred in the unsubstituted ring. 

The urethanes were used rather than the brolnohydrin V (R = CI-13) itself to avoid 
the possibility of intermediate oxide formation, which would invalidate any structural 
assigninent based on the debromination experiments since the oxide I (R = CI-13) could 
result just as readily fro111 VI as from V (R = CI-13). I t  will be demonstrated in the 
sequel, however, that the use of derivatives is unnecessary because oxide formation is 
readily preventable and, moreover, if it is forced to occur the oxide is not reduced under 
the conditions of debromination. 

De-etherification of the bromohydrin with fuming hydrobrolnic acid gave a bromodiol, 
m.p. 95-99', in 59% yield, which was further characterized via its bis-l-naphthyl- 
urethane, m.p. 210-210.j0, and diacetate, m.p. 65.5-66.5', and was shown to be a 
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BANNARD A N D  HAWKINS: CYCLOI-IEXANE COMPOUNDS 1533 

derivative of 1,2-cyclohexanediol, since periodate oxidation followed by  treatment with 
2,4-dinitrophenylhydrazine gave a 97% yield of the bis-2,4-dinitrophenylhyclrazone of 
2-bromoadipaldehyde (XV). The steric orientation of the 1,2-diol group was shown to 
be trans since debromination in the presence of Ainberlite IR-4B (01-1) resin gave dl-la12fi- 
cyclohexanediol in 91% yield. Since the bromine and its adjacent hydroxyl group in 
the original bromohydrin are in a trans orientation, it follows that  the bromodiol must 
be dl-3a-bron~o-la,2~-cyclohexanediol (XIV) and the bromohydrin must be dl-la- 
metl1oxy-2~-hydroxy-3a-bromocyclohexane (V, R = CH3) in agreement with the 
structural assignment reached on the basis of debrominatioil of the urethanes. This 
proof of structure is based on two assun~ptions. First, that no inversion of configuration 
occurs during de-etherification and second, that  elimination of bromine is not assisted 
by intermediate oxide formation. The first assumptioil was shown to  be valid by de- 
etherification of 2P-inethoxy-la-cyclohexanol under conditions identical with those used 
for the bromohydrin, when 1al2fi-cyclohexanediol was obtained in 92% yield. I t  was 
also show11 that the oxide cannot be an intermediate in the debromination reaction since 
1fi-n~ethoxy-2~t,3a-epoxycyclohexane and other oxides are not reduced by Raney nickel 
and hydrogen under the conditions used. In con~plete agreement with this result is the 
observation that  debromination of the bromodiol XIV does not proceed in the presence 
of Amberlite IRA-400 (OH) resin, whereas the use of identical conditions with the 
phenyl- and 1-naphthyl-urethanes I X  and X I  (R = CH3) had furnished high yields of 
the debrominated conlpounds X and XI1  (R = CI-Is). Debrornination of XIV is readily 
achieved, however, in the presence of Hmberlite IR-4B (OH). This behavior was explained 
when the action of the two anion exchange resins on la-methoxy-2P-hydroxy-3a-brow- 
cyclohexane (V, R = CH3) was examined. In the presence of the weakly basic resin, 
IR-4B, the bromohydrin relnains unchanged, but in the presence of the strongly basic 
resin it  is converted to the oxide I (R = CH3), which does not undergo reduction to  
a diol under the conditions used. These results underline the efficacy of the protection 
afforded against intermediate oxide forlnation by the presence of urethane groups in 
the earlier debromination experiments in which the strongly basic resin was used. 

CHz - C H Z  
\ 

CH = 2,4-DNP 
2,4-DNP \ 

C H  - C H  = 2 , 4  - DNP 

la-i\lIethoxy-2a,3a-epoxycyclohexa~~e I1 (R = CH3) on treatment with hydrobromic 
acid gave a yield of a liquid bromohydrin VII (R = CHa) b.p. 62-63' a t  0.01 mm. 
This substance was quite different from the solid bromohydrin V (R = CH3) obtained 
from the isomeric oxide, as demonstrated by comparison of their derivatives and infrared 
spectra. Conversion of the liquid bromohydrin to a 1-naphthylurethane, n1.p. 122-124", 
in 86% yield and to a liquid acetyl derivative, b.p. 63-65" a t  0.01 min in 95% yield 
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suggested that the compound was sterically pure. The proof of structure of this bromo- 
hydrin was not as  exhaustively pursued as that of its stereoisomer and the simplicity 
of the de-etherification approach led us to follow this method. Ether cleavage of the 
bromohydrin gave a bromodiol, m.p. 70.5-71°, in 74% yield together with 8% of un- 
changed starting material. The new co~npound gave a liquid diacetyl derivative, b.p. 
85-86" a t  0.1 nun, in yield and a bis-1-naphthylurethane, m.p. 176-178", in 95% 
yield. The bromodiol was shown to be a 3-bromo-1,2-cyclohexanediol since periodate 
oxidation followed by treatment with 2,4-dinitrophenylhydrazine gave the bis-2,4- 
dinitrophenylhydrazone of 2-bromoadipaldehyde (XV) which had been obtained earlier 
from similar treatment of its isomer XIV. The orientation of the hydroxyl groups in the 
lower-melting bromodiol was shown to be cis since its rate of oxidation by periodate a t  
20" was 10 times more rapid than that of its isomer. Since the liquid bromohydrin yields 
the oxide I1 (R = CH3) on treatment with alkali, it follows (2, 3) that the structure 
of the bromohydrin must be dl-la-methoxy-2a-hydroxy-3~-bromocyclohexane (VII, 
R = CH3) and the corresponding bromodiol must be dl-3P-bromo-la,2a-cyclohexanediol 
(XVI). 

A solid bromohydrin, m.p. 46-47.5", was obtained in Glyo yield by the action of 
hydrobroinic acid on the trans oxide I (R = CzHS) and was further characterized by 
preparation of the phenylurethane, m.p. 132.5-133.5' (75%), 1-naphthylurethane, 1n.p. 
196-197" (97%), and acetyl derivative, m.p. 29.5-30.5" (92%). Its structure was established 
as dl-la-ethoxy-2~-11ydroxy-3a-broi110cyclohexane (V, R = C2H5) by debromination of 
the 1-naphthylurethane X I  (R = CZH5) to the tetrahydronaphthylurethane of dl-2p- 
ethoxy-la-cyclohexanol XI1 (R = CrH6) in 88% yield and by de-etherification of the 
bromohydrin to the bromodiol XIV in 86% yield. 

As in the case of the cis methoxy oxide I1 (R = CH3), the action of hydrobromic acid 
on the ethyl homologue produced a liquid bromohydrin, b.p. 71-72" a t  0.01 mrn, in 82% 
yield. This bromohydrin failed to yield a solid 1-naphthylurethane and gave a liquid 
acetyl derivative, b.p. 72-74" a t  0.05 mm, in goy0 yield. The substance was assigned the 
structure la-ethoxy-2a-hydroxy-3P-bromocyclohexane VII (R = CzH6) since de-etheri- 
fication with hydrogen bromide gave the bromodiol XVI in 51% yield together with 
26% of unreacted bromohydrin. 

The n.m.r. spectra of the bromohydrin acetates and bromodiol diacetates were measured 
by Dr. R. R. Fraser of Ottawa University. Interpretation of these spectra according to 
the principles elaborated by Lemieux, Kullnig, Bernstein, and Schneider (12) fully 
confirmed the structural assignments made above on the basis of chemical evidence. 
An additional check on the purity of the two liquid bromohydrins (VII, R = CH3 and 
CzH5) and their corresponding liquid acetyl derivatives was thereby provided, since there 
were no abnormalities in the spectra indicative of contamination of any of these sub- 
stances with positional isomers or stereoisomers. 

In recent years considerable attention has been focused upon mechanisms of oxide 
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BANKARD .4ND HAWKINS: CYCLOHEXANE COMPOUNDS 1535 

ring scissions and the mode of addition of nucleophiles to uilsyminetrically substituted 
oxides. The results of these investigations have been summarized by Winstein and 
Henderson (4) and Parker and Isaacs (13) in extensive review articles, but no unifying 
theory capable of accurately predicting the products of such reactions has emerged. 
The stereoisomeric 1-alkoxy-2,3-epoxycyclohexanes I and I1 (R = CII3 or CzHb), which 
were first prepared by McRae, Moir, and co-workers (14, 15, IG), provided, during and 
after elucidation of their structures (5, I ) ,  useful models for examination of certain 
aspects of the mechanisms of oxide ring cleavages by careful product analysis. Investi- 
gations by McRae et al. (14), Lemieux, Kullnig, and Moir (5), and Bannard and Hawkins 
( I )  made it evident that under alkaline conditions these oxides are attacked by nucleo- 
philes such as methanol, water, and ammonia predominantly a t  position 3 (yields in 
excess of 70%). Although soine work on the opening of the oxides under acidic conditions 
by water (17) and p-toluenesulphonic acid (5) was also reported earlier, yields of 
isolated products were not sufficiently high to permit a definite conclusion to be drawn 
regarding the preferred position of attack. The results of the present work make it quite 
clear, however, that position 3 is still the preferred point of attack under acidic conditions 
and that there is apparently no tendency toward reversal of the mode of opening of 
the oxide ring in 1-alkoxy-2,3-epoxycyclohexanes as has frequently been observed for 
unsyn~nletrical oxides of the type XVII (18, 13, 15, 21). 

In the reactions cited above, opening of the oxide ring was attended by Walden 
inversion a t  position 3, which is suggestive that  an SN2 inechanisin is operating (19). This 
result agrees with the majority of evidence in the literature (13, 15, 20, 21), which supports 
the SN2 mechanisin for oxide scissions. No indication of the presence of products formed 
by ring opeiling with retention of configuration was obtained in ally of the work sum- 
marized above. This observation inaltes improbable the intervention of an SN1 process 
as a nlajor feature of the mechanism (see references 18, 4, 13, 20, 21) since under such 
circumstances at  least some cis-2,3-oriented products would be expected (13, 19, 20, 21). 
The latter mechanism may occur to a minor estent, however, because in none of the 
reactions under consideratioil was a total illaterial balance of conlpletely characterized 
products obtained. The results of Lemieux, Icullnig, and Moir (5), obtained when the 
ring was opened with water under alkaline conditions and arrived a t  by a inethod of 
product analysis which was sensitive enough to reveal minor products formed by attack 
a t  position 2, suggests that further careful product analysis is required in all these 
reactions before intervention of the SN1 inechanism to a minor extent can be ruled out. 
No clear picture of the role of polar and steric effects in determining the point of attack 
of nucleophiles on the 1-alltoxy-2,3-epoxycyclohexanes has resulted. On the basis of 
simple polar effects and the view that the important feature in SN2 processes is the 
facilitation of reagent approach (18, 19, 20) (which is adequate for explanation of the 
inode of addition to oxides of type XVII),  it would be predicted that  attack should 
occur a t  position 2, which is not the case. Lemieux, Icullnig, and Moir (5) have pointed 
out however, that the observed result is in agreement with prediction if the governing 
factor in SN2 mechanisms is ease of development of carbonium ion character in the 
transition state (22, 13, 20). Also, there is no uniformity in prediction of the position 
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of attack by the nucleophile on the basis of Angyal's (23) extension of the Fiirst-Plattner 
rule (24) which visualizes the inore stable conformer undergoing reaction to produce a 
chair forill by diaxial ring opening. This theory predicts the observed result for the cis 
oxides but not for the trans oxides. If the view is talten that steric ease of approach of 
the nucleophile deternlines the point of attack, the observed products are predicted for 
the trans oxides because attack a t  position 2 is inhibited by the presence of the inethoxyl 
group a t  position 1 in a cis relationship to the entering nucleophile, as indicatecl by 
Lemieux, I<ullnig, and iVIoir (5). I-Iowever, such an effect would be absent from reactions 
involving the cis oxides and it might have been expected that attack would occur a t  
positions 2 and 3 with equal facility. I t  seeins evident from these observations that illuch 
work still reinains to be done before the mechailisnls of oxide ring openings can be placed 
on a firm basis. 

dl-l~-&fethoxy-2~-hydroxy-3a-bromocyclo1zexune (V, R = G I 3 )  
dl-l~-iMethoxy-2a,3~-epoxycyclol~exane (42.5 g, 0.332 111ole) was dissolved in acetone 

(100 inl) and the solution was cooled with mechailical stirring to -10". Hydrobroinic 
acid (48y0, 56.0 g, 0.332 mole) was added dropwise a t  -10" to 0°, the solution was 
allowed to come to room temperature, the excess acid was neutralized by addition of 
sodium carbonate, the precipitated salt was removed by filtration, and the solutioll was 
evaporated to dryness in vacuo. The residue was recrystallized fro111 ether, yielding 43.9 g 
(63.3y0) of dl-la-nlethoxy-2P-hydroxy-3a-bi-oinocyclohexaie as colorless needles, n1.p. 
68.5-(39". Calc. for C71-11302Br: C, 40.22; I-I, 6.27; Br, 38.22y0. Found: C, 40.10; H ,  6.25; 
Br, 38.10y0. A liquid fraction (13.1 g), b.p. 65-G7" a t  0.03 mm, was also obtained which 
was shown to contain more of the bronlohydrin V (R = CH3) and a 1-inethoxy-2,3- 
dihydroxj~cyclohexa~le (see below). 

Derivatives of dl-ia-iMethoxy-2~-hydroxy-3a-bromocyclolzexane 
The phenylurethane (IX,  R = CH3) was obtained in 86.1% yield, lll.p. 133-134", 

after recrystallizatioil from %yo ethanol. Calc. for C141-11803NBr: C,  51.23; I-I, 5.53; 
N, 4.27; Br, 24.35%. Found: C,  51.13; H, 5.35; N, 4.21; Br, 24.72%. 

The 1-naphthylurethane (XI,  R = CI-13) was obtained i11 94.4y0 yield, m.p. 185-18G0, 
after recrystallization from ether. Calc. for C18H2003NBr: C, 57.15; I-I, 5.33; N, 3.70; 
Br, 21.13y0. Found: C,  57.16; 11, 5.28; N, 3.91; Br, 21.12y0. 

The acetyl derivative was obtained in 90.0y0 yield as colorless needles, m.p. 5G-56.5", 
after recrystallizatioil from ether-heptane. Calc. for CBIIljO3Br: C,  43.04; H, 6.02; 
Br, 31.82%. Found: C,  42.99; 11, 6.13; Br, 32.08y0. 

dl-la-Adethoxy-90,Sa-cyclohexanediol Bis-I-na;bhthylt~rethane 
A salllple (1 .OO g) of the liquid fraction fro111 preparation of la-methoxy-2P-llydroxy- 

3a-bron~ocyclohexane was treated with I-nap1~tl~ylisocyanate (2.00 g) a t  70". The crude 
mixture of resultant 1-naphthylurethai~es was washed with petroleunl ether, then frac- 
tioilally crystallized froin ether, yielding 0.43 g (27y0) of dl-la-methoxy-2P-hydroxy- 
3a-bromocyclohexane 1-naphthylurethane, 1n.p. 185-186"-identified by nlixed lnelting 
point and infrared spectrum, and 0.41 g (13y0) of dl-la-i~~ethoxy-2~,3a-cyclol~exa1~ediol 
bis-1-naphthylurethane, 1n.p. 224-226". Calc. for C2&1280jN2: C, 71.88; I-I, 5.82; N, 
5.78%. Found: C, 71.72; I-I, 5.84; N, 5.94%. 

*Al l  ?ilelli?zg Poi?zts are z ~ ? z ~ o r r e ~ f ~ d .  
tMicroa?zalyses by J.  G. Helie of these laboratories. 
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BAXNARD AND HAWKINS: CYCLOHEXANE COMPOUNDS 1537 

2-Methoxyadipaldehyde Bi~-2,~-dinitrophe~zylhydrazo~ze 
A second portion (1.00 g) of the above-mentioned liquid fraction was dissolved in 

ethanol (20 1111) and treated with sodiuin metaperiodate (3 g in 50 in1 water). The solutioil 
was lcept for 4 hours a t  room temperature, evaporated to dryness in vacz~o, and extracted 
with ether. After evaporation, the residue fro111 the ether extract was treated with 2,4- 
dinitrophenylhydrazi~le reagent (25). The bis-2,4-dinitrophenylhydrazone of 2-methoxy- 
adipaldehyde separated as a yellow solid and after recrystallization from ethyl acetate 
had m.p. 192-193.5'. Yield, 0.64 g (19y0). Calc. for C191-I2009N8: C,  45.24; H,  4.00; 
N,  22.22%. Found: C, 45.31; H ,  4.17; N,  21.80%. 

Debromination of dl-2p-Bromo-la-cyclohexanol Phenylurethane 
dl-2~-Broim~o-1a-~y~1ohe~ai~o1 phenylurethane (cf. Bedos (9)), m.p. 55-87O (0.900 g, 

3.02X mole), was debroininated by the same inethod as described below for dl-la- 
methoxy-2P-hydroxy-3a-broinocyclohexane phenylurethane. The crude product after 
recrystallization from ethanol-heptane furnished 0.57 g (86.5y0) of cyclohexanol phenyl- 
urethane, m.p. 83-84.5", alone and in admixture with an authentic sample (cf. Stengl 
et al. (10)). 

dl-20-ll4ethoxy-1 a-cycloIz~'~~anol Derivatives 
dl-26-i\lIethoxy-la-cyclolmexanol was prepared by the nletl~od of \Vinstein and Hender- 

son (8) and converted to the phenylurethane in 82% yield, m.p. 66-67.5', after recrystal- 
lization from aqueous ethanol. Calc. for C14H1903N: C, 67.45; I-I, 7.68; N, 5.G2%. Found: 
C, 67.40; 1-1; 7.54; N,  5.70y0. The 1-naphthylurethane was obtained in 77y0 yield, n1.p. 
111-112', after recrystallization froin ether-heptane. Calc. for C181-I~103N: C, 72.22; 
H, 7.07; N, 4.69%. Found: C,  72.31; I-I, 7.09; N, 4.74y0. 

Debronzination of dl-la-iV1ethoxy-2~-hydroxy-Soc-bromocyclohexaze Phenylt~rethane 
dl-1a-Methoxy-2~-11ydroxy-3a-broinocyclohexane phenylurethane (0.900 g, 2.74 X 

mole) was dissolved in ethanol (50 ml), Raimey Niclcel W-7 (26) catalyst (10 g) and 
Amberlite IRA-400 (01-1) resin (2 1111) were added, and the inixture was shaken for 24 
hours a t  rooin temperature a t  40 p.s.i. hydrogen pressure. The inixture was filtered and 
the filtrate was evaporated to dryness in vact~o yielding a crystalline residue, which, after 
recrystallization from ether-heptane, furnished 0.53 g (78y0) of d1-2~-inethoxy-la- 
cyclohexanol phenylurethane (X, R = CH3), m.p. 66-67.5', alone and in admixture 
with an authentic specimen. The infrared spectra of the two sanlples (KBr pellet) were 
also identical. 

dl-2P-i14ethoxy-la-cyclohexanol Tetrahydro-1-naphthylz~retha?ze (XII ,  R = CH3) 
dl-2P-Methoxy-la-cyclohexanol 1-naphthylurethane (0.200 g, 6.7 X 10-"mole) was 

reduced by the same inethod as described for dl-la-methoxy-2P-hydroxy-3a-broino- 
cyclohexane phenylurethane except that ethanol-benzene (2:1, v/v; 30 ml) was used as 
solvent. Recrystallization of the crude product froin aqueous ethanol gave 0.199 g 
(98.5%) of fine colorless needles, 1n.p. 89.5-91°. Calc. for C18FI~503N: C,  71.25; H ,  8.31 ; 
N, 4.62y0. Found: C, 71.26; H ,  8.27; N, 4.6770. 

Debromination of dl-la-iV1ethoxy-2P-Izydroxy-Scr-bromocyclohexane 1-Naphthylz~rethane 
dl-la-i'Iethoxy-2P-hydroxy-3a-brornocyclolexane 1-naphthylurethane (1.00 g, 2.65X 

inole) was debroininated by the same method as given for dl-2P-methoxy-la-cyclo- 
hexanol 1-naphthylurethane. The crude product was recrystallized froin aqueous ethanol 
yielding 0.690 g (86y0) of dl-2P-methoxy-la-cyclohexanol tetrahydro-1-naphthylurethane, 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



1538 CANADIAN JOURNAL OF CHEMISTRY. VOL. 39. 1961 

m.p. 89.5-91°, alone and in admixture with an authentic specimen. The  infrared spectra 
(KBr pellet) of the two substances were also identical. 

dl-20-Bromo-la-cyclohexanol I-Naphthylurethane 
This compound was obtained in 75% yield from dl-20-bromo-la-cyclohexanol (27) 

after recrystallization from ether, m.p. 177-177.5'. Calc. for C17H1802NBr: C, 58.63; 
H ,  5.21; N, 4.03; Br, 22.95%. Found: C,  58.54; H ,  5.19; N, 4.19; Br, 22.74y0. 

Cyclohexanol Tetrahydro-I-naphthylurethane 
Cyclohexanol 1-naphthylurethane (cf. Bickel and French (28)), m.p. 131-132.5' 

(1.10 g, 4.07X10-3 mole), was reduced by the same inethod as described for 20-inethoxy- 
la-cyclohexanol 1-naphthylurethane. Recrystallization of the crude product from 
aqueous ethanol gave 1.01 g (90.2%) of cyclohexanol tetrahydro-1-naphth~lurethane as 
fine colorless needles, m.p. 105-106.5'. Calc. for C17H2302N: C, 74.69; H ,  8.48; N, 5.12%. 
Found: C, 74.77; H ,  8.48; N, 5.15y0. 

Debromination of dl-20-Bromo-la-cyclohexanol I-Naphtlzylurethane 
dl-20-Bromo-la-cyclohexanol 1-naphthylurethane (0.340 g, 9.77 X mole) was 

debrominated by the same procedure as described for dl-20-methoxy-la-cyclohexanol 
1-naphthylurethane. Recrystallization of the crude product from aqueous ethanol gave 
0.250 g (93.7%) of cyclohexanol tetrahydro-1-naphthylurethane as colorless needles, 
m.p. 105-106.5', alone and in admixture with an authentic specimen. The  infrared 
spectra (KBr pellet) of the two samples were also identical. 

I 

Conversion of dl-la-Methoxy-20-hydroxy-3a-bromocyclohexane to dl-l0-Methoxy-2a,3a- 
epoxycyclohexane via Amberlite I R A - 4 0 0  ( O H )  Res in  

dl-la-Methoxy-2~-hydroxy-3a-bro1nocyclohexane (4.18 g, 0.02 mole) was placed in a 
500-ml pressure bottle together with Amberlite IRA-400 (OH) resin (40 ml) and ether 
(200 ml) and the mixture was shaken for 24 hours a t  atinospheric pressure. The resin 
was collected, washed with ether (100 ml), and the filtrate and washings dried over 
anhydrous sodium sulphate. The  ether was removed by distillation a t  atmospheric 
pressure, after which the residue was fractionated in vaczbo yielding 2.18 g (85.1y0) of 
dl-1~-methoxy-2a,3a-epoxycyclohexane as a colorless oil, b.p. 60-61" a t  12 mm, nDZ5 
1.4511. The substance was identified by its infrared spectrum (1). 

Attempted Reduction of dl-10-Methoxy-2a13a-epoxycyclohexane with Raney  Nickel and 
Hydrogen 

dl-10-Methoxy-2a13a-epoxycyclohexane (6.00 g, 4.68 X mole), dissolved in ether 
(100 ml), was shaken with Raney nickel catalyst (10 ml) a t  room temperature under 40 
p.s.i. hydrogen pressure for 24 hours. The  mixture was filtered, the filtrate was concen- 
trated by removal of the ether a t  atmospheric pressure, and the residue was distilled 
in vacuo yielding 5.60 g (93.4y0) of unchanged starting material, b.p. 54-55' a t  10 mm, 
which was identified via its infrared spectrum (1). 

Action of Amberlite IR-4B ( O H )  Res in  on dl-la-Methoxy-20-hydroxy-Scr-bromocyclohexane 
( V ,  R = CH3)  

dl-la-Methoxy-20-hydroxy-3a-bromocyclohexane (1.00 g, 4.78X10-3 mole), dissolved 
in 95% ethanol (100 ml), was shaken for 24 hours with Amberlite IR-4B (OH) resin. The  
mixture was filtered, and the filtrate was allowed to  evaporate to dryness a t  room tem- 
perature in an  evaporating dish. The  residual crystals were collected, recrystallized from 
ether, and identified as  dl-la-methoxy-20-hydroxy-3a-bromocyclohexane by their melting 
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BANNARD A N D  I-IAWKINS: CYCLOHESANE COMPOUNDS 1539 

point of 68-69", alone and in adnlixture with an authentic specimerl. Recovery, 0.925 g 
(92.5%). 

De-etheri$cation of dl-l0-iMethoxy-2~-hydroxy-30-bromocy~lokexane (V, R = CI53) to dl-30- 
Bromo-la,2p-cyclohexa~tediol ( X I  V) 

dl-l0-;\'Iethoxy-2~-hydroxy-30-bromocyclohexa1e (1.05 g, 5.0X10-3 mole) was finely 
ground and heated for 1.5 hours in a sealed tube a t  65" with fuming hydrobromic acid 
(1.0 mi, 68y0, 1.57X10-? mole). The pale yellow solution was transferred quantitatively 
to a 250-ml, round-bottomed flask (in ca. 50 ml of water), the excess acid was neutralized 
by addition of solid sodium bicarbonate, and the solution was evaporated to dryness 
in vacuo. The residue was transferred to a Soxhlet extractor, extracted for 4 hours with 
anhydrous ether, and the extract evaporated to dryness. Crystallization of the product 
from ether gave 0.861 g (88.8%) of dl-30-bromo-l0,2p-cyclol~exanediol as colorless prisms, 
1n.p. 98-99'. Calc. for CGHllO?Br: C, 36.94; H ,  5.68; Br, 40.97%. Found: C, 36.96; 
H ,  5.64; Br, 41.07%. 

Derivatives of dl-30-Bromo-10,2~-cyclohexaned~iol (XIV) 
The bis-1-naphthylurethane was obtained in 84.5% yield as  fine colorless needles, 111.p. 

210-210.5", after recrystallization from acetone. Calc. for C,sH?504NzBr: C, 63.04; H ,  
4.72; N ,  5.25; Br, 14.98%. Found: C, 62.89; I-I, 4.93; N, 5.49; Br, 14.68%. 

The diacetate was obtained in 95.1y0 yield as fine colorless needles, 111.p. 65.5-66.j0, 
after recrystallization from ether-heptane. Calc. for C I ~ H ~ ~ O ~ B ~ :  C, 43.03; H ,  5.42; 
Br, 28.63y0. Found: C, 43.17; H ,  5.62; Br, 28.73%. 

dl-l0,2P-Cyclohexa~zediol from dl-2P-Methoxy-10-cyclohexanol 
dl-2~-Methoxy-l0-cyclol~exa11ol (0.650 g, 5.0X10-3 mole) was heated for 1 hour a t  75" 

with fuming hydrobro~nic acid (3.0 1111, 6870, 4.70XlO-? mole) in a sealed tube. The 
product was isolated by the same procedure as  described for the de-etherification of 
dl-l0-1nethoxy-2~ydroxy-30-bromocyclolexa11e, except that final purification was 
effected by sublimation i n  vactlo. I11 this manner, 0.533 g (92.0y0) of colorless crystals, 
m.p. 104.5-105.5", alone and in admixture with an authentic speci~nen of dl-l0,2P-cyclo- 
hexanediol, were obtained. 

Debronzination of dl-SO-Bromo-1 0,2b-cyclohexanediol ( X I  V) 
dl-3cr-Bro1no-l0,2~-cyclohexanediol (0.400 g, 2.05X10-3 mole) was placed in a 500-1111 

pressure bottle together with ethanol (100 ml), A~nberlite IR-4B (01-1) resin (3 g), a ~ l d  
Raney nickel catalyst and shaken for 24 hours under 40 p.s.i. hydrogen pressure a t  room 
temperature. The mixture was filtered and the crystalline residue, which resulted from 
evaporation to dryness of the filtrate, was sublimed in vaczlo, yielding 213 mg (90.3%) of 
colorless crystals, 1n.p. 104.5-105.5", alone and in admixture with an authentic specimen 
of dl-l0,2P-cyclohexanediol. The infrared spectra of the two specimens (KBr pellet) were 
also identical. 

2-Bromoadipaldehyde Bis-2,4-dinitrophenylhydrazone (X V) from dl-30-Bromo-10,2b-cyclo- 
ltexanediol ( X I  V) 

dl-30-Bromo-l0,2P-cyclohexanediol (1.00 g, 5.12X10-3 mole) and sodium meta- 
periodate (4.18 g, 2x10-? mole) were dissolved in water and the solution was kept over- 
night at  25", then evaporated to dryness in vaczlo a t  room temperature. The residue was 
extracted with ether and the latter was removed in vacuo. The product was dissolved in 
ethanol and treated with 2,4-dinitrophenylhydrazine reagent (25). The yellow precipitate 
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was collected and washed three times with hot ethanol yielding 2.75 g (9G.8y0) of 
2-bromoadipaldehyde bis-2,A-dinitrophenylhydrazone, m.p. 154-155" (with decomposi- 
tion). Calc. for CleHl-iOeNsBr: C, 39.07; I-I, 3.10; N, 20.25; Br, 14.44%. Found: C, 
39.35; H,  3.09; N, 19.90; Br, 14.41y0. 

dl-la-Alethoxy-2a-hydroxy-SP-bromocyclolzexane (VII ,  R = C?13) 
The procedure was identical with that used for the preparation of dl-la-methoxy-2P- 

hydroxy-3a-bro~nocyclohesane (V, R = CH3) except that the cis oxide I1 ( R  = CI-13) 
(12.0 g, 9.37X10-"mole) was employed as starting material. The  crude liquid product 
was fractionated in vacuo yielding 18.3 g (93.370) of a colorless viscous oil, b.p. 62-63" 
a t  0.01 mm; nD2' 1.5080. Calc. for C71-Il3O2Br: C, 40.22; 1-1, 6.27; Br, 38.22y0. Found: 
C, 40.01; I-I, 6.17; Br, 38.27y0. 

Derivatives of dl-la-i\letlzoxy-2a-hydroxy-~-bro1no~y~lolzexane 
The 1-naphthylurethane was obtained in 86.5% yield, m.p. 122-12A0, after recrystalli- 

zation fro111 acetone - petroleulm ether (65-110"). Calc. for CleH2oOaNBr: C, 57.15; I-I, 
5.33; N, 3.70; Br, 21.13%. Found: C, 57.27; H ,  5.16; N ,  3.80; Br, 20.83%. 

The acetyl derivative was obtained in 95.5yo yield as a colorless liquid, b.p. 63-65" a t  
0.01 111111; ED"? 1.4828. Calc. for C9H1503Br: C, 43.04; 13, 6.02; Br, 31.82y0. Found: C, 
43.00; I-I, 5.94; Br, 32.07y0. 

De-etlzer$cation of dl-la-iUetlzoxy-Za-hydroxy-SO-bromocyclohexane to dl-SP-Bromo-la,2a- 
cyclohexanediol (X VI) 

dl-la-i\iIethoxy-2a-hydroxy-3~-bromocyclol1er;ane (2.09 g, 1.OX 10+ mole) was subjected 
to ether cleavage under collditions identical with those used for its stereoisomer. The 
resultant mixture of oil and crystals (1.82 g) was washed with anhydrous ether to dissolve 
the oil, and recrystallization of the residue from anhydrous ether gave 1.44 g (73.8y0) of 
dl-3P-bromo-la,2a-cyclohexanediol as colorless prisms, m.p. 70.5-71". This substance was 
shown to be quite different from its stereoisonler, by comparison of their infrared spectra 
(KBr pellet). Calc. for C6H1102Br: C, 36.94; H ,  5.68; Br, 40.97y0. Found: C, 37.11; H ,  
5.43; Br, 40.78y0. The oil fraction from this preparation was distilled in an air bath a t  
25-30" a t  0.001 ~ n l n  pressure yielding 170 mg (8.1y0) of colorless oil, nD2' 1.5085, identified 
via its infrared spectrum as dl-la-metl1oxy-2a-hydroxy-3~-bromocyclohexae (VII, 
R = CH3). 

Derivatives of dl-SP-Bromo-la,2a-cyclohexanediol 
The bis-1-naphthylurethane was obtained in 95.3% yield as colorless crystals, n1.p. 

176-178", after recrystallization from ethyl acetate. Calc. for C2eI-12504N2Br: C, 63.04; 
H,  4.72; N ,  5.25; Br, 14.98y0. Found: C, 63.20; H ,  4.73; N,  5.15; Br, 15.14y0. 

The diacetyl derivative was obtained in 95.0y0 yield as a colorless viscous oil, b.p. 
85-86' a t  0.1 111111 pressure; 7ZD2' 1.4810. Calc. for C101-1150.+Br: C, 43.03; H ,  5.42; Br, 
28.63y0. Found: C, 43.02; I-I, 5.20; Br, 28.93y0. 

2-Bromoadipaldeliyde Bis-2,4-dinitrophenylhydrazone (XV) from dl-SP-Bromo-la,2a-cyclo- 
hexanediol (X VI) 

The procedure used was identical with that given for the periodate oxidation and sub- 
sequent 2,4-dinitrophenylhydrazol~e formation from dl-3a-bromo-la12P-cyclohexai~ediol 
(XrV). The bis-2,4-di~~itrophenylhydrazone was obtained in 95y0 yield, m.p. 154-155", 
and had an infrared spectrum (KBr pellet) identical with that  of an authentic specimen 
of XV. 
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B.ANK.ARD .AND HAWKINS: CYCLOHESANE COMP0I:SDS 1541 

Periodate Oxidation of dl-3a-Bromo-1 a,WP-cyclolzexanediol ( X I  V) and dl-30-Bronzo-1 a,2a- 
cyclolzexanediol (X VI) 

The experimental procedure used for periodate oxidation of the bromodiols XIV and 
XVI was identical with that described earlier for oxidation of the 9-nitrobenzoyl deriva- 
tives of the 3-amino-l,2-cyclohexanediols ( I ) ,  except that the determinations were per- 
formed a t  20" and 14-mg samples of the bromodiols were used. The results showed 
uptake of 1 mole of periodate by the cis diol in 15 minutes and by the trans diol in 180 
minutes. Comparison of the t i  values (1.75 minutes for XVI and 18.0 for XIV) indicated 
that the rate of oxidation of the cis diol is approximately 10 times that  of the trans diol. 

dl-la-Ethoxy-W~-lzydroxy-3cu-b~0~1zocyclolexane ( 17, R = C2H5) 
dl-10-Ethoxy-2a13a-epoxycyclohexane (I,  R = C?I-Ib) (14.2 g, 0.100 mole) on treatineilt 

with hydrobroinic acid in the same manner as describecl for its lower hoinologue gave 
13.6 g (C~1.07~) of dl-l~-ethoxy-2~-11ydroxy-3a-brornoc~~clol1exane as colorless needles, 
111.p. 46-47.5", after recrystallization froill ether. Calc. for CsIH1502Br: C, 43.07; I-I, 6.78; 
Br, 35.82y0. Found: C, 42.01; I-I, 6.58; Br, 35.G1%. 

Derivatives oJ dl-la-Ethoxy-2P-hydr0.t.y-3a-bro~nocyclohesane 
The phenylurethane (IX,  I t  = CrI-15) mas obtained as fine needles in 73.3y0 yield, m.p. 

132.5-133.5", after recrystallization from ether-heptane. Calc. for C151-12003NBr: C, 52.G4; 
H, 5.89; N ,  4.09; Br, 23.35%. Found: C, 52.G8; I-I, 5.84; N,  4.1G; Br, 23.38%. 

The 1-napllthyluretl~ane (XI ,  R = C.1-15) was obtained in 96.670 yield as fine needles, 
1n.p. 196-197", after recrystallization from ethyl acetate. Calc. for C191-12203NBr: C, 
58.17; H, 5.M; N,  3.57; Br, 20.37y0. Found: C, 58.32; I-I, 5.46; N,  3.88; Br, 20.04y0. 

The acetate was obtained as fine colorless needles in 92.4y0 yield, 1n.p. 29.5-30.5", 
after recrystallization froill 7%-hexane. Calc. for CI0I-II7O3Br: C, 45.29; 11, 6.46; Br, 30.1470. 
Found: C, 45.58; I-I, G.28; Br, 30.31y0. 

dl-20-Etljoxy-la-cycloheza~zol l-AVaplztlzylz~retlza~ze ( X I I I ,  R = C2H5) 
dl-2P-Ethoxy-la-cyclohexanol (b.p. 75-77" a t  11 m m ;  nD2j 1.4538) was prepared in 

73% yield by the same method (8) as used for the corresponding methoxy compound 
(cf. i\iIousseron et al. (29)) and lvas converted in 94.2% yield to the 1-naphthylurethane, 
which was obtained as fine needles, 1n.p. 131-132O, after recrystallizatioil from ethyl 
acetate. Calc. for C191-12303N: C, 72.81; I-I, 7.40; N, 4.47y0. Found: C, 73.08; I-I, 7.39; 
N, 4.G7%. 

dl-WP-Etlzoxy-la-cyclohexanol Tetralzydro-1-naplzthylz~retlzane ( X I I ,  R = C?H5) 
dl-20-Ethoxy-la-cyclol~exanol 1-naphthylurethane (0.830 g, 2.66X10-3 mole) was 

reduced by the same method as described for dl-20-methoxy-la-cyclohemol l-naphthyl- 
urethane. Recrystallizatioil of the crude product from aqueous ethanol gave 0.760 g 
(90.3y0) of fine colorless needles, 111.p. 71-72.5", of the tetrahydro-1-naphthylurethane. 
Calc. for C19Hy03N: C, 71.88; I-I, 8.57; N,  4.41%. Found: C, 71.80; H, 8.67; N, 4.58%. 

Debromination o j  dl-1 a-Ethoxy-20-lzydrosy-5cu-bromocyclohexa 1 -Naplztlzylj~rethane (XI ,  
R = C?Hb) 

dl-la-Ethoxy-2~-hydroxy-3a-broi~~ocyclohexane 1-naphthylurethane (0.900 g, 2.88X 
mole) was debrominated by the same method as described for dl-20-methoxy-la- 

cyclohexanol 1-naphthylurethane. The crude product was recrystallized from aqueous 
ethanol yielding 0.G40 g (87.9%) of dl-2p-ethosy-la-cyclohexanol tetrahydro-l-naphthyl- 
urethane as colorless needles, 111.p. 71-72.j0, alone and in admixture with an authentic 
sample. The infrared spectra (5% in carbon tetrachloride) were also identical. 
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dl-Sa-Bromo-la,20-cyclohexanediol (XIV) from dl-la-Ethoxy-20-hydroxy-Scr-bromocyclo- 
hexane ( v, R = C?IT6) 

dl-la-Ethoxy-20-hydroxy-3a-bromocyclolexane (1.12 g, 5.0X10-3 nlole) was sub- 
jected to ether cleavage under conditions identical with those described for the lower 
homologue. The crude product was recrystallized from ether yielding 831 mg (85.7%) of 
colorless prisms, m.p. 98-99', alone and in admixture with an authentic specimen of 
dl-3a-bromo-la,20-cyclohexanediol. 

dl-la-Ethoxy-2a-hydroxy-Sp-bronzocyclohexane (VII ,  R = c2IT5) 
dl-la-Ethoxy-2a,3a-epoxycyclohexane (11, R = C2H6) (14.2 g, 0.100 mole) was treated 

with hydrobromic acid in the same manner as  described for dl-l0-methoxy-2a,3a-epoxy- 
cyclohexane. The crude liquid product was fractionated in vacuo yielding 18.3 g (82.0y0) 
of dl-la-ethoxy-2a-hydroxy-3~-bromocyclohexa1e, b.p. 70-71" a t  0.01 mm;  nD25 1.4971. 
Calc. for CBHI6o2Br: C,  43.07; H ,  6.78; Br, 35.82%. Found: C, 43.11 ; H,  6.85; Br, 35.69%. 

dl-la-Ethoxy-2a-acetoxy-3Sbromocyclohexane 
dl-la-Ethoxy-2a-hydroxy-30-bromocyclohexaie (2.23 g, 1.00XlO" mole) was heated 

under reflux for 1 hour with acetic anhydride (10 ml). The excess anhydride was removed 
by distillation in vacuo and the residue was distilled in vacuo yielding 2.39 g (90.2y0) of 
colorless inobile oil, b.p. 64-64.5" a t  0.01 min; ED" 1.4760. Calc. for C10H1703Br: C, 45.29; 
H ,  6.46; Br, 30.14%. Found: C,  45.13; H, 6.13; Br, 30.25y0. 

De-etheriJication of dl-1 a-Etho.vy-2a-hydroxy-3-bromocyclohe.vaze to dl-30-Bromo-1 a,2a- 
cyclohexanediol (X VI) 

dl-la-Ethoxy-2a-hydroxy-30-broinocyclol~exae (2.23 g, l.OXlO-? mole) was subjected 
to ether cleavage under conditions identical with those described for its l~omologue, yield- 
ing a nlixture of oil and crystals (1.67 g) which, after recrystallization froin anhydrous 
ether, gave 988 ing (50.6%) of colorless prisms, 111.p. 70.5-71°, alone and in admixture 
with an authentic sainple of dl-30-bromo-la,2a-cyclol~exanediol (XVI). The residual oil 
was distilled in an air bath a t  28-33O a t  0.001 mm pressure yielding 588 mg (2G.4%) of 
colorless oil, n D 2 V  .4981, which was identified as dl-la-ethoxy-2a-hydroxy-30-bromo- 
cyclohexane (VII, I< = C2115) via its infrared spectrum. 

ACI<SOWLEDGMESTS 

We are indebted to I'rof. R. U. Lenlieux and Dr. R. R. FI-aser for measurement and 
interpretation of the n.1n.r. spectra of the bromohydrin acetates and broinodiol diacetates, 
to Dr. R. Y. Moir for a helpful discussion, to Mr. A. A. Casselman for preparation of 
quantities of the ethoxybroinohydrins, to Dr. G. A4. Brown for assistance, and to Mr. R. 
Gravelle for measurement of infrared spectra. 

REFERENCES 
1. R. A. B. BANNARD and L. R. HAWKINS. Can. J. Chem. 36, 1341 (1958). 
2. P. D. BARTLETT. J. Am. Chem. Soc. 57, 224 (1935). 
3. D. H. R. BARTON, D. A. LEWIS, and J. F. MCGHIE. J. Che~n. Soc. 2907 (1957). 
4. S. WINSTEIN and R. B. HESDERSON. I n  Heterocyclic compou~~ds.  Vol. 1. John  Wiley & Sons, Inc., 

New York. 1950. p. 29. 
5. R. U. L E M I E U ~ ,  R. I<. KULLNIG, and R. Y. MOIR. J. Am. Chem. Soc. 80, 3237 (1958). 
6.  S. WINSTEIN and L. L. INGRAHAJI. J. Am. Chem. Soc. 74, 1160 (1952). 
7. G. E. MCCASLAND and E. C. HORSWILL. J. Am. Chem. Soc. 75, 4020 (1953). 
8. S. WINSTEIN and R. B. HENDE~~SON.  J. Am. Che~n. Soc. 65, 2196 (19q3). 
9. P. BEDOS. Bull. soc. chim. France, 39, 252 (1926). 

10. H. STENGL, F. FICHTER, and H. AIINI. Helv. Chim. Acta, 19, 392 (1936). 
11. E. SCHWENK and D. I'APA. U.S. Patent No. 2,475,718 (July 12, 1919); Chem. Abstr. 43, 7510i (1949). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



BANNARD A N D  HAWKINS: CYCLOHEXANE COMPOUNDS 1543 

12. R. U. LEMIEUX, R. I<. KULLNIG, H. J. BERNSTEIN, and W. G. SCRNEIDER. J .  Am. Chem. Soc. 80, 
6098 (1958). 

13. R. E. PARKER and N. S. ISAACS. Chem. Revs. 59, 737 (1959). 
14. J. A. MCRAE, R. Y. MOIR, J .  W. HAYNES, and L. G. RIPLEY. J. Org. Chem. 17, 1621 (1952). 
15. R. Y. MOIR. M.A. Thesis, Queen's University, Kingston, Ont. 1942. 
16. S. W. FENTON. M.Sc. Thesis, Queen's University, Kingston, Ont. 1946. 
17. R. Y. MOIR. Ph.D. Thesis, McGill University, Montreal, Que. 1948. 
18. R. G. KADESCH. J. Am. Chem. Soc. 68, 41 (1946). 
19. C. K. INGOLD. Structure and mechanism in organic chemistry. Cornell University Press, Ithaca, 

New York. 1953. 
20. E. S. GOULD. Mechanism and structure in organic chemistry. Henry IHolt & Co.. New York. 1959. - 

Chap. 8. 
21. A. A. FROST and R. G. PEARSON. Kinetics and mechanism. John Wiley & Sons, Inc., New York. 

19.53. C h a ~ .  11. - -  

22. A. STREITWEISER. Chem. Revs. 56, 571 (1956). 
23. S. J. ANGYAL. Chem. & Ind. (London), 1230 (1954). 
24. A. FURST and PL. A. PLATTNER. Abstracts of Papers, 12th International Congress of Pure and Applied 

Chemistry, New York. 1951. p. 405. 
25. R. L. SHRINER. R. C. FUSON, and D. Y. CURTIN. I n  The svsteinatic identification of organic com- 

pounds. 4th kd. John ~ i l e y  & Sons, Inc., New York. 1956: p. 111. 
- 

26. H. ADICINS and H. R. BILLICA. J. Am. Chem. Soc. 70, 695 (1948). 
27. C. 0. Guss and R. ROSEXTHAL. J. Am. Chem. Soc. 77, 2549 (1955). 
28. V. T. BICKEL and H. E. FRENCH. J. Am. Chem. Soc. 48, 747 (1926). 
29. M. MOUSSERON, R. GRANGER, and A. MERLE. Bull. soc.  chin^. France, 459 (1947). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




