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The relationship between the physical properties 
of geometrical isomers and their configuration has 
long been of interest. Two empirical rules have been 
established, the 17017 Auwers-Skita or Conforma- 
tional Rule,'-'" and the van Arkel or Dipole 
R ~ l e . ~ ' , ~  These rules have recently been delineated in 
their area of application and restated by Allinger3: 
the Conformational Rule, applying to alicyclic epi- 
mers not differing in dipole moment, states that 
the isomer of smaller molecular volume and there- 
fore higher density, index of refraction, and boiling 
point has the higher heat content, whereas the Di- 
pole Rule, applying to geometrically isomeric ole- 
fins, states that the isomer of higher dipole moment 
has the higher boiling point, refractive index, and 
density. 

In the cases which have been carefully ~ t u d i e d , ~  
it has been found that all three of the physical prop- 
erties indicated follow the appropriate rule, al- 
though there is one instance-cyclodecene-where 
the refractive index and density of the cis and trans 

isomers follow the Dipole Rule3c but the boiling 
points of the isomers are i d e n t i ~ a l . ~ , ~  We wish to re- 
port now that in the case of the epimeric 2-, 3- and 
4-methylcyclohexanols, whereas the refractive in- 
dex and density follow the Conformational Rule, 
the boiling points do not, as shown in Table I. 

From the work of Skita and Faust' it is evident 
that in each series the diequatorial isomer, which is 
the more stableof the pair,s is also the isomer of lower 
enthalpy. Hence the Conformational Rule would 
lead one to predict that the diequatorial isomer 
(trcsns-2-, cis-3- and trans-4-methylcyclohexanol) 
should have a lower boiling point, refracti1.e index, 
and density than its respective epimer.g The table 
shows that this is true of the refractive indices and 
densities but not of the boiling points. The Con- 
formational Rule has been rationalized?" in terms of 
molecular volume, inasmuch as smaller molecular 
volume should lead to increased density, increased 
refractive index, and increased magnitude of dis- 
persion forces (and therefore increased boiling 
point) on one hand and to increased internal repul- 
sion and thus increased enthalpy on the other. We 
suggest that whereas in the case of the methyl- 
cyclohexanols the diequatorial isomers have smaller 
molecular volumes, there is superimposed on this a 
specific interaction due to intermolecular hydrogen 
bonding. Infrared spectral evidence suggests'O that 
such intermolecular hydrogen bonding is greater in 

TABLE I 
PHYSIC.4L CONSTANTS O F  METHYLCYCLOHEXANOLS 

Heat of 

Isomer tion' "C./Mm. Pressure nD (Temp.) G./Ml. (Temp.) Csls. /G. 

cis-2 e,a 165"/760 mm. . 1.4648 (18.2) 0.9356 (18.0) 9127.9 f. 4 
trans-2 e,e 166.5"/760 mm. 1.4613 (19.7) 0.9241 (19.7) 9047.5 7 
~ i s - 3 ~  e,e 173'/745 mm. 1.4550 (20) 0.9145 (20) 9073.7 =t 7 

cis-4 e,& 168-169"/745 mm. I .  4543 (21.5) 0,9129 (21.5) 9080.5 f: 4 
trans-4 e,e 172-173'/745 mm. 1.4531 (20.7) 0.9118 (20.7) 9038.2 f: 10 

Con- 
forma- Boiling Point,b Refractive Index' Density' Combustion,' -- 

t r ~ n s - 3 ~  e,% 168-169'/745 mm. 1 ,4564 (21,8) 0.9173 (21,8) 9119.2 f 7 

' a means axial, e means equatorial. Ref. 7 .  
For stereochemical assignment, see H. L. Goering and C. Serres, J .  Am. Chem. SOC., 74, 5908 (1952); D. S. ?;owe and 

Data from this work, confirmed, in the case of the 2-isomer, by ref. 7. 

D. B. Denney, J .  Am. Chem. SOC., 74, 5912 (1952); S. Siegel, J .  Am. Chem. SOC., 75, 1317 (1953). 

(1) K. von Auwers, Ann., 420, 84 (1920): A. Skita. Ber.. 
56, 1014 (1923). 

(2) R. B. Kelly, Can. J .  Chem., 35, 149 (1957). 
(3) N. L. rlllinper, (a1 Exnerientia. 10. 328 (19541: ib) , ,~ ~I 

J .  Org. Chem., 21; 915' (1956j; (c) J. 'A& Chem. SOC., 79, 
3443 (19571; (d) J .  Am. Chem. SOC., 80, 1953 (1958); (e) 
J .  Am. Chern. SOC., in press. 

(4) A E van Arkel, Rec. Trav. chim., 51, 1081 (1932); 
53, 246 (1934). 

(5) A. T. Blomquist, R. E. Burge, and A. C. Sucsp, 
J .  ,4m. Chem. Soc., 74, 3636 (1952). 

(6) We are aware of two other cases where there is some 
confusion about the application of the rules, viz. the case 
of the methyl and ethyl hexahvdrophthalates, A. Skita and 
R. Rossler, Bcr., 72, 265 (1939) and the case of the 3,5- 
dimethylcpdohexanols, A. Skita and W. Faust, Bsr , 72, 
1127 (1939:. These cases should probably be reexamined 
See also ref. 2. 

the diequat'orial isomer than in the equat'orial- 
axial isomer. In  the latter, the hydroxyl function 

( 7 )  A. Skitn and W. Faust, Ber., 64, 2878 (1931). The 
order of refractive indices and densities has I)een confirmed 
by several other investigators. 

(8) E. Id. Eliel and R. S. no, J .  9 7 n .  Chem. Soc., 79, 5992 
(1957). 

('3) 4 complication is introduced hv the  fwt  that in t,he 
3-methylc~clohesanol series the cis-(e,e) isomer of lower 
enthalpy has been reported t,o have R higher dipole moment 
by 0.16 debye units: A. Skita and W. Fanst, Ber., 72, 1127 
(1939). However, t,his difference is small, and the refractive 
indes and density data suggest that in this case the Con- 
formational Rule and not the Dipole Rule should be applied. 

(10) E. E. Pickett and 11. E. Ungnade, J .  Am. Chenr. 
Soc., 71, 1311 (1949); H. Goering, R. 1,. Reeves and H. H. 
Espy, J. Am. Cham. Boc., 78, 4926 (1956); E. G. Peppiat 
and R. J. Wicker, J .  ChLm. SOC., 3122 (1955). 
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will be the predominantly axial group*-" and will 
therefore be less accessible to intermolecular hy- 
drogen bonding, leading to a decreased boiling 
point on the part of the equatorial-axial isomers, 
contrary to the Conformational Rule. 

The boiling points here reported were found by 
fractionating commercial methylcyclohexanol mix- 
tures through a four-foot Podbielniak column and 
identifying the fractions by their characteristic 
infrared spectra." This is a convenient way of ob- 
taining the pure epimers in this series.I2 

EXPERIMENTAL 

Commercially available 2-methylcyelohexanol, 3-methyl- 
cyclohexanol, and 4-methylcyclohexanol (Eastman) were 
distilled through a 4'-Podbielniak column at  a reflux ratio 
of 1OO:l to  120:l. Of a charge of 300-500 h., about one 
third to  one half was obtained as quite pure epimers (infra- 
red evidence), the remainder being forerun, intermediate 
fractions, holdup and residue. In the case of the 2-isomer, a 
forerun of cyclohexanol was obtained, identified by infrared 
spectrum. It is necessary to use a charge free of the cor- 
responding methylcyclohexanone, as the latter is not satis- 
factorily separated from the lower-boiling alcohol. Recent 
batches of E K  methylcyclohexanols have been spectro- 
scopically free of ketone. 
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difunctional dienes, the condensation of vinyl- 
magnesium bromide with glutaraldehyde (I) has 
been accomplished to give 60y, yields of 3,7-di- 
hydroxy-l18-nonadiene (11). This diol (11) was 
easily acetylated with acetyl chloride and pyridine 
to give 3,7-diacetoxy-1,8-nonadiene (111) in 7370 
yield. 

then 
2CHZ=CHMgBr + OHC(CH2)aCHO --+ 

H I 0  
1 

I1 
OCOCHn OCOCHI 

CH,=CHCIHCH2CH2CH2~HCH=CH~ 

The preparation of 3,7-dihydroxy-1 ,&nonadiene 
(11) marks the first successful condensation of an 
aliphatic dialdehyde with a Grignard reagent. 
Previous to this, the only Grignard reactions with 
dialdehydes were those in which the 1,2- 1,3- and 
1 ,Cphthalaldehydes were used. 3-6 The Grignard 
reagent and the dialdehyde involved in this syn- 
thesis possess no unique structural features, so the 
reaction can probably be regarded as a general one 
for the preparation of aliphatic secondary diols. 

Pyrolyses of the diacetate (111) in an effort to 
prepare the corresponding methylenebis(l,3-bu- 
tadiene) gave only tarry products. 

I11 

(11) E. I;. Eliel and C. A. Lukach, J .  Am. Chem. Soc., 79, 
5986 (1957). 

(12) ADDED IN PROOF: Three recent publications have 
dealt with the convenient preparation and analysis of meth- 
ylcyclohexsnols: W. Huckel and J. Kurz, Chem. Rer., 91, 
1290 (1958) ; W. Huckel and A. Hubele, Ann., 613,27 (1958) ; 
R. Komers, K. Kochloefl, and V. Bazant, Chem. & Ind. 
(London), 1405 (1958). These communications have been 
anticipated by our earlier papers8.11 to  which none of them 
refers. Ref. 8 describes optimal preparative methods for pure 
methylcyclohexanols (though less convenient than the pres- 
ent distillation method), Ref. 11 describes analysis of methyl- 
cyclohexanol mixtures by infrared and gas chromatographic 
methods. After this note was submitted, a publication ap- 
peared by CV. Huckel, M. Maier, E. Jordan, and W. Seeger, 
Ann., 616, 46 (1958) in which the anomalous boiling points 
of the alkylcyclohexanols are ascribed to intermolecular hy- 
drogen bonding. 

EXPERIMENTAL7 

Glutaraldehyde (anhydrous) (I). The 25% aqueous glutar- 
aldehyde obtained from the Union Carbide Chemical Com- 
pany was saturated with sodium chloride and extracted 
five times with ether. The ether extract was dried over 
anhydrous magnesium sulfate for 24 hr. and distilled. After 
a small forerun, a large main fraction boiling a t  83-85" (15 
mm ), n y  1.4338, was obtained. [Longley and Emerson* 
give: b.p. 75-81' (15 mm.), naS 1.4330.1 

This dialdehyde reacted at room temperature to give a 
quantitative yield of glutaraldehyde bis(2,4-dinitrophenyl- 
hydrazone), m.p. 192-193' [literatures m.p. 192.5-193.3'1. 

S,7-Dihydroxy-l ,&nonadiene (11). Using vinyl bromide 
(75.0 g., 0.70 mole), magnesium (17.0 g., 0.70 mole) and 
tetrahydrofuran (300 ml.), a solution of vinylmagnesium 
bromide was prepared in the usual manner,% 

A Grignard Condensation of Glutaraldehyde' 
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Continuing a study2 of some of the reactions of 
vinylmagnesium bromide in an effort to  prepare 

* Address after Jan. 1, 1959: Chemistry Dept., Waterloo 
College, Waterloo, Ont., Canada. 
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