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In the course of a study on the 1.3 018- md tM6 

dlhalogenooyclohexanes(3) it was deemed intereating to obtain 

additional Information on the oonfoMtiO& rel8tionships of 

these compounds by comparing their w epeotm with those of the 

other, better known leomere. Most epectra were recorded at 35’ U 

with the aid of a Varlan A-60 Analytical HMB Speotrometer, using 

tetraznethylellane as the internal standard. In addition 

trans 1,3 dlchloro-, 1,3 dlbromo-, cle 1,3 dluhloro-, 1,) dibromo-, 

and cls 1,4 bromoohlorocyclohexee were measured at lower 

tempersture*(4). The concentrations of the solutiono in CC14 did 

not exceed ld (by weight). 

In Table 1 some of our data are presented. 

IO dimethyloyclohsxanes Brounstein and Miller fouud a oorrelation 

between the width of the abeorption line due to the ring protome ud the 

conformation of the moleculea (5). However, in the oaee of the dihalogae- 

cyclohexanee the difference* in peak width oan only give an indioation oi 

the confomation (6). The width of the 4X l beorptlon line le apeotd to 

increase in the order uial-uial (halogen), oqumtorial~ial, 
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TABLE 1 

Chemical Shifts and Peak :idths 

-CHX Absorption 

Compounds Peak Position(") Feak .Jidth(*") 

cis 1,2 dichlorocyolohexane 253 11-12 

cis 1,2 bromochlorocyclohexane 240-270 30 

cis I,2 dibromocyclohexane 263 11 

tram 4,2 dichlorocyclohexane 241 G-10 

trans ’ ,2 bromoohlorocyclohexane 255 g-1c 

trans 1,2 dibromocyclohexane 268 8-9 

tie 1.3 dichlorocyclohexane - 230 ? 25 

cis 1,:s bromochlorocyclohexane - 225 > 25 

cis 1,:s dibromocyclohexane - 228 - 25 

trans 1,3 dichlorooyclohexane 260 13 

trans 1,3 bromochlorocyclohexane 265 19 

trane 1,3 dibromocyclohexane 270 - 13 

tie 1,4 dichlorocyclohexane 243 12 

cis 1,4 bromochlorocyclohexane 246 16-17 

cis I,4 dibromocyclohexane 255 13-14 

trans 1,4 dichlorocyclohaxane 259 - 14 

trans 1,4 bromochlorocycloherane 232-270 2C 

trsns 1,4 dibromocyclohexane 257 13-15 

(t) in cps from t.m.8.; mean value; the positions are slightly 

concentration dependent. 

(mm) in cpe; measured at half the peak height. 
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trans 1,3-dibromo cyclohexwe 

6 5 4 3 2 1 Owm 

CIS l$dibromo cyclohcran 

6 5 4 3 2 1 
OF 
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equatori,il-equatorial. In general Ja-a> Ja-e), Je-e. 

A study of the newly investigated compounds at lower tomFeratures 

aad in d:ifferent solventa se+ms necessary to make definite conclusions 

possible. In the bromochloro compounds the 4HX peak wiith is cor,siLerably 

larger resulting from the increased txz.be~ of unequivalent protons, and 

the different shifts caused by drfferent substituents. 

The spectra of the cis 1.3 dihalogeno- and the trans 

1,3 dlhalogeno oompounds deserve special attention. At 35' C the 

spectra of the ~1s 1‘3 compounds consist of a rather broad line 

at low field, two septuplets at higher field and a complex part 

at high field. The width of the -CHX peak (25~~s) supports the 

oonclusion(3) that the e-e (halogen) confornation is the only 

one occurring. 14 possible interpretation of the multiplets due 

to the -CH2 protons on C2 is, that these protons give rise to 

an AT quadruplet (Jgem= 13~~~1, the lower part of which is 

distinguishable in the spectrum. The lines of this lower part 

are split into a triplet (J= 3.9~~s) by an equatorial-axial 

ooupling to the protons at Cl and C3 (the equatorial proton on 

C2 probably absorbs at lower field). The triplets again are split, 

possibly by a pair of equivalent protons at C4 and C6; one has 

to assume then a long range coupling with J= 1.9cgs. 

The spectra of the trans 1,3 compounds show a smaller peak 

width for the -CHX absorption (13c?s), a reasonable value in 

view of the a-e conformation. As a result of time averaging due 

to rapid interconversion of the two energetically equivalent 

chairforms the protons on C2 give rise to a "triplet". The 

couplin& (J= 5.5~~~1 is half the sum of the two vicinal coupling 

constants('). This value is close to that recently found for 

cyclohexane-l,+diols 03). 
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TAXIS 2 

Chemical Shifts and Coupling Constanta 

Cyclohexane Compound 

cis 1,3 dichloro- 

cis 1,3 bromochloro- 

cls 1,3 dibromo- 

trsns 1,3 dichloro- 

tram 1,3 bromochloro 

trans 1,3 dibromo- 

-C(2)E12 Peak 

Position Multlpliol 

167;180 717 

161;174 7;7 

167;180 7;7 

134 3 

139 3 

145 3 

JWlplet' 

5.5 

5.5 

5.5 

J 
“Eiept” 

1.9 

1.9 

1.9 

Measurements at Low Temperatures 

Solutions of cis and trans 1,3 dlbromo- and the 01s and 

trans I,3 dichlorocyclohexanes in OS2 were neaaured at 

temperatures down to -104OC on a 4Cmo Varian nmr epeotrometer (4). 

The spectra of the cia 1.3 isomers showed to be temperature 

independent, which confinaa that only :ho e-e (halogen) 

conformation plays a role. The spectra of the trana 1,3 oompoundr 

did change at lowering the temperature. The l ooaleaoenoa* 

temperature was found to be about -79'0 for both oompounda. 

Calculation of G* gave k-31.1 eeo"; dG’xg.9 Koal for the 

tram dibromo- and kP40.0 aec -'i dGW=9.8 Kcal for the tram 

dichloro compound. 

According to Atklnson and Lunde (9) olr 1.4 broaoohloro- 

cyclohexane is existing In the a-bromo-a-ohloro oonforution 
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only. However, the spectrum at -55tiC is essentially different 

from that at 35'C, indicating an equilibrium of two conform- 

ations at room temperature. 

Comparison of the infrared spectrum of this compound 

with those of the other dihalogenooyolohexanes leads to the 

same conclusion. 
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