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Abstract-Axial-axial and axiaI-equatorial coupling constants (J, and J,) have been obtained 
directly from the NMR spectra of simpIe AR systems in a number of cis- and room-l-(substituted)- 
2-arylcyclohexanes-3,3,6,6+i4 measured in several solvents. Variations in J, and J- have been 
observed with various substituents. No simple correlation is found between electronegativity of 
substituents and substituent effects on coupling constants. A review of J, and J, in six-membered 
ring compounds is given. 

DIHEDRAL angle dependency of coupling constants between protons on adjacent 
carbon atoms makes PMR the most powerful single tool now available for configura- 
tiona1 and conformational analysis of substituted six-membered ring compounds. 
It is now well recognized, however, that in addition to angle dependency of coupling 
constants there exists superimposed substituent effects which are difficult to predict. 
Fortunately these effects are not significant enough to interfere in the differentiation 
between axial-axial and axialequatoria1 orientation. In the investigation of sub- 
stituent effects on coupling constants much attention has been given to the electro- 
negativity of substituents. Although many authors report linear decrease of JHu 
with increase in electronegativity of substituents the results of such correlations 
have not produced consistent results. A serious difficulty in such correlations involves 
the availability of meaningful electronegativity values for functional groups of more 
than one atom. The electronegativity values of Cavanaugh and DaileyS for polyatomic 
functional groups, used by Wilhamson,4 are undoubtedly complicated by magnetic 
anisotropy factors. It is interesting to note that no simple correlation is founds 
between geminal Jun and the electronegativity values of the halogens in CH,DX, 
where X is F, Cl, Br or I, although the relative eIectronegativity values of the halogens 
are among the most reliable. Through valence bond treatment of substituent effects, 
Gutowsky and Juan* have correlated Jlk, with the s character of the carbon hybrid 
orbital of the C-H bond, There is little doubt that some relationship exists between 

H 

I 
substituent effects on Jca and on JHIi in H-C-C-X fragments, and it therefore 

1 Fellow of the American Foundation for Pharmaceutical Education, 1961-63; 
McNeil Citation Fellow, 1962-63. 

* Public Health Service prcdoctoral Fellow, 1962-63. 
a J. R. Cavanaugh and B. P. Dailey, J. Chem. Phys. 34, 1099 (1961). 
’ K. L. Williamson, J. Amer. Chm. Sot. 85, 516 (1963). 
5 I-L J. Bernstein and N. Sheppard, J. Chem. Phys. 37,3012 (1963). 
a H. S. Gutowsky and C. Juan, Discussions Faraahy Sot. 34, 52 (1962). 
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seems very improbable that any simple direct correlation should be expected between 

electronegativity of substituents and their effects on JnH in such fragments, since 
no such simple correlation is found for JcH. 

Although substituent effects on JHn are usually not significant enough to inter- 
fere in the differentiation between axial-axial and axial-equatorial or equatorial-equa- 
torial orientation of hydrogens on adjacent carbons they undoubtedly contribute to the 
considerable variations in reported axial-axial coupling constants (J,) and axial- 

equatorial coupling constants (Jae). Reported values for Jae range from 2 to 7 c.p.s. 
and values for J, from 5 to 13.4 c.P.s.~-~ Values of 3-4 c.P.s.~*~ and 2.72 c.p.s.16 have 
been reported for Jee. The theoretical treatment of Karplus30 predicts 9.2 and 1.72 
c.p.s. for Jaa and Jae respectively. Gutowsky and Juan6 have observed JIrrr 

of 12.3 c.p.s. for the adjacent lrans hydrogens in (2, 2) metacyclophane (a molecule 
of fixed conformation), but JHH values of 3.2 and 4.0 c.p.s. were observed for the 
gauche hydrogens, indicating that the trans dihedral angle is not exactly 180”. 

Values reported from our own laboratories for substituted cyclohexanes have 
centered around 1 l-5 c.p.s. for J,, and 3.5-4 c.p.s. for J8C.13~17~*8~21~28 Since we 
have not always reported values for individual compounds1’v21 this is now done in 

Table 2. Table 1 lists values reported from other laboratories. The low values for the 
carbocyclic compounds listed in Ref. 8 have been shown to be in error.ll It is 
of interest to note that most of the other low values in Table 1 were obtained from the 
signal of the proton on the anomeric carbon in heterocyclic compounds,8~20~2j 

Coupling constants listed in Table 2 were obtained directly from the spectra by 
simple first order treatment. With the exceptions of the lrans nitro compounds the 

values were obtained from the signal of the proton on C-2 of cis-2-aryl-l-substituted 

7 R. U. Lemieux, R. K. Kullnig and R. Y. Moir, J. Amer. Chem. Sot. 80, 2237 
B R. U. Lemieux, R. K. Kullnig, H. J. Bernstein and W. G. Schneider, J. Amer. Chem. Sue. 83, 

6098 (1958). 
* A. D. Cohen, N. Sheppard and J. J. Turner, Proc. Chem. Sue, 118 (1958). 

lo J, 1. Musher, 1. Chem. Phys. 34, 594 (1961). 
I1 J. I. Musher, 1. Amer. Chem. Sot. 83, 1146 (1961). 
I* G. E. McCasland, S. Furuta, L. F. Johnson and J. N. Shoolery, J. Amer. Chem. Sot. 83, 2335 

(1961). 
Is A. C. Huitric and J. B. Carr, J. Org. Chem. 26, 2648 (1961). 
lo J. N. Shoolery, L. F. Johnson, S. Furuta and G. E. McCasland, J. Amer. Chem. Sot. 83, 4243 

(1961). 
I6 K. L. Williamson and W. S. Johnson, J. Amer. Chem. Sot. 83,4623 (1961). 
I6 F. A. L. Anet, J. Amer. Chem. Sot. 84, 1053 (1962). 
I7 A. C. Huitric, W. G. Clarke, Jr., K. Leigh and D. C. Staiff, J. Org. Chem. 27, 715 (1962). 
I8 A. C. Huitric and W. F. Trager, J. Org. Chem. 27, 1926 (1962). 
lD F. J. Schmitz and W. S. Johnson, Terrahedron Letters 647 (1962). 
z” P. W, K. Woo, H. W. Dion, L. Durham and H. S. Mosher, Tetrahedron Letters 735 (1962). 
t1 W. F. Trager, F. F. Vincenzi and A. C. Huitric, J. Org. Chem. 27, 3006 (1962). 
zp J. Tadanier and W. Cole, J. Org. Chem. 27, 4610 (1962). 
2a G. Slomp and F. A. MacKellar, Tetrahedron Letters 521 (1962). 
zp B. Belleau and Yum-Kin Au-Yound, J. Amer. Chem. Sac. 85,64 (1963). 
*c. J. M. van der Veen, J. Org. Chem. 28, 564 (1963). 
I* H. 0. House and H. W. Thompson, J. Org. Chem. 28,360 (1963). 
47 R. J. Abraham and J. S. E. Holker, J. Chem. Sot. 806 (1963). 
fa A. C. Huitric, W. S. Stavropoulos and B. J. Nist, J. Org. Chem. 28, 1539 (1963). 
2s H. Booth and N. C. Franklin, Chem. kd. 954 (1963). 
3o M, Karplus, J. Chem. Phys. 30, 11 (1959). 
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TABLE 1. AXIAL-AXIAL AND AXIAL-EQUATORIAL COUPLING CONSTANTS 

IN SIX-MEMBERED RING COMPOUNDS’ 

Compounds J, c.p.s. Jw c.p.s. References 

1 a, 3a-Dimethoxy-2&acetoxycyclohexane 
la, 3b-Dimethoxy-2a-acetoxycyclohexane 
A series of acetylated aldopyranoses 
A series of saccharides 
Alla-Quercitol 
Actinamine 
TulaQuercitol 
Phenyldecalones 
Dioxane 
6-Methyl-3-piperidinol 
Traw3,3,4,5,5,-Pentadeuterio-4-r- 

butylcyclohexanol 
3,3,4,4,5,SHexadeuteriocyclohexyl 

acetate 
Desosamine 

Diacetyldesosamine hydrochloride 

6a-Hydroxy-17ethylenedioxy-3sr 
5a+zycloandrostane 
I ,1,4,4-Tetramethylcyclohexy l cis- 

2,6diacetate 
A series of cholestanes, cholestane-3- 

ones and 2-ones 
A series of deuterated cholestane-Zones 
A series of 2-Bromo-3-oxo-steroids 
Phthalimidocyclohexane and its tram 

Z-ethyl derivative 

9 
64 
5-8b 

6*2-8.8b 
9 
9 

10 
10 
9.4” 
9.2 

11.07 

2.6 
2-3*2b 

2.3-3~8~ 
3 
3 
2 
4 
2.7’ 
4.4 
4-31 

11.43 4.24 

7-8b 10.2 
12.0 11.1 
7*6b 10.4 

12.5 Il.1 
12d 
11.5” 
12.35 

3.9 1.8 
4.0 
4.2 1.9 

4-34 
4*4e 
4.25 

9.5-l 3.1 2-5-7.4 

124--13.4 
11.4 11.6 

64-7.0 
5.7-8 

3.8 3.95 

7, 8 
8 
8 

25 
14 
23 
12 
26 
9 

24 
16 

16 

20 

20 

22 

10 

15 

19 
27 
29 

a Values obtained from the literature. 
b Values obtained from the signal of the proton on the anomeric carbon atom. 
r Obtained from 13C satallites. 
rt Values from the acetate. 
e Values from the p-nitrobenzoate. 

cyclohexanes. The constancy of J 88 in these compounds is not unexpected even with 
a variation of the substituent on C-l (providing no distortion of bond angle results), 

H 

1 
because the coupling constants were obtained from essentially the same AR-C-C- 

fragment between protons on C-2 and C-3. 
Current work in our laboratories has required the synthesis of certain tram-2- 

arylnitrocyclohexanes-3,3,6,6,-d,. These compounds serve as ideal intermediates 
for the preparation of several 1,2-disubstituted cyclohexanes giving simple AB systems 
from which J, and J,, can be obtained unambiguously from first-order spectra, and 
from which substituent effects on coupling constants can be observed. Such compounds 
have been prepared and the pertinent NMR data is given in Tables 3 and 4. In the 



2148 A. C. HUTIRIC, J. B. CARR, W. F. TRACXR and B. J. N~sr 

trans series (Table 3), with the exception of the trifluoroacetate salts of VIII and IX 
in trifluoroacetic acid, the signals of H-l and H-2 were both clean doublets in which 
the peaks showed slight broadening due to coupling with adjacent deuterium atoms. 
Deuterium decoupling on compound III and VII gave very sharp doublets with no 

change in coupling constants. The spectra of VIII and IX in trifiuoroacetic acid 
give nice doublets for H-2 but the signals of H-l are complicated by coupling with the 

TABLE 2. AXIAL-AXIAL AND AXIAL-EQUATORIAL COUPLING CONSTANTS 

IN SUBSTITIJTED CYCLoHEXANEP 

Compounds J 118 J ae References 

cis-2-o-Tolylcyclohexanol 
ck-2-(u-Chlorophenyl~yclohexanol 
cis-2-(mChlorophenyl)cyclohexanol 
cis-2-@Chlorophenyl)-cyclohexano1 
2-o-Tolylnitrocyclohexane 
2-p-Tolylnitrocyclohexane 
2-(+Chlorophenyl)nitrocyclohexane 
2-(m-Chlorophenyl)nitrocyclohexane 
2-(p-Chlorophenyl)nitrocyclohexane 
cis-2-pTolylcyclohexylamine 
cis-2-(m-ChlorophenyI)cyclohexylamine 
cis-2-(pChlorophenyl)cyclohexylamine 
I-Ethynyl-2-o-tofyfcyclohexanol 
1 -Ethynyf-2-m-tolylcyclohexanol 
1 -EthynyI-2-ptolylcyclohexanol 
1 -Ethyl-cis-2-o-tolylcyclohexanol 
truns+t-Butylnitrocyclohexane 

11.8 ll*S* 
11.6 11~0~ 
11.6 II-lb 
11.2 10-P 
11.8’ 10.jd 
12~1~ 10-6d 
12.4” 1O.P 
12.2” lO-8d 
1 I-6” 10~7~ 

11.6 
11.6 
11.8 

11.5” 10.7’ 
1 l-6” 10.5’ 
11.5” 10.2’ 

11.2 
II-3 

3-8” 3.gd 
4-2d 
4.ld 
3.9 
3.P 

3.4’ 3*5f 
3.7” 3*9f 
3-6” 4-O 

3.5 
4.2 

13 
I7 
17 
17 
21 
21 
21 
21 
21 
21 
21 
21 
28 
28 
28 
28 
18 

0 Values previously obtained in our laboratories. In the aromatic substituted compounds the 
values were obtained from the signal of the proton on C-2 unless otherwise specified. 

b Values for the corresponding acetates. 
c Values obtained from the spectra of the cis isomers, 
d Values obtained from the sextet of the proton on C-l of lruns isomers. 
L Values for the cis isomers (OH axiat). 
f Values for the fauns isomers (OH equatorial). 

protons on the nitrogen, In the cis series (Table 4) every compound had at least 
one of the signals of the AB system appearing as a well-defined doublet from which 
Jae could be obtained directly, but in certain compounds one of the signals was 
poorly resolved due to broadening resulting from coupling with adjacent deuterium 
atoms. The signals of both H-l and H-2 were well-defined doublets for the hydro- 
chloride salts of XV and XVI measured in D,O. The signals of I-I-l were well-defined 
doublets in the free amines XIII and XIV measured in tertachloroethylene, XIV 
measured in pyridine, the nitro compounds X and XI and the hydroxy compound 
XII, but in these compounds the signals of H-2 were poorly resolved, the complica- 
tions being least for the nitro compounds. With the trifluoroacetate salts of XV and 
XVI in trifluoroacetic acid the signals of H-l were complicated from coupling of H-l 
with the protons on the nitrogen but the signals of H-2 appear as well-defined 
doublets. Deuterium decoupling on XI and XIV gave two very sharp doublets in 
each case with no change in coupling constants. The well-defined doublets for the 
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signals of H-l in all free amines measured in tetrachloroethylene and their hydro- 
chloride salts measured in D,O show that the nitrogen protons are not coupled with 

H-l in these compounds, indicating a rapid exchange of the nitrogen protons at the 
given conditions. The suppression of exchange in trifluoroacetic acid is as expected. 

The results listed in Tables 3 and 4 show considerable substituent effects on coupling 
constants. These effects cannot be explained altogether on the basis of bond angle 
changes. Effects due to bond angle changes resulting from steric interactions would 

not be expected to be in the same direction for the cis and trans isomers of each 
diastereoisomeric pair. Substituent effects resulting from bond angIe changes due 
to intramolecular hydrogen bonding of the OH or NH, groups with the w electrons 
of the aromatic ring in IV,VI,VII, XIII and XIV should be sensitive to solvent changes, 
but the coupling constants in IV, VI, VII and XIV were found to remain constant 

when the solvent was changed from carbon tetrachloride or tetrachloroethylene to 
pyridine. In pyridine the hydroxyl or amino groups are hydrogen bonded to the 
solvent. This is evident from the large downfield shift of the signal of the protons 
from these functional groups in pyridine. The constancy of the coupling constants 
of XIII, XV, and XVI when measured as the hydrochloride salt in D,O or the tri- 

fluoacetate in trifluoroacetic acid indicates that bond angle changes are slight in these 
systems in the two different solvents. 

It should be noted that the direction of substituent effects on coupling constants 

for compounds listed in Tables 3 and 4 is not one of general decrease of coupling con- 
stants with increase in electronegativity of substituents. The effect is actually in the 
opposite direction in going from the hydroxyl group to the benzoate and from the 

amino group to the ammonium cation. The nitro group is certainly more electro- 
negative than a hydroxyl or an amino group, but the coupling constant are larger 

for the nitro compounds than for the corresponding alcohols or amines. The dis- 
crepancy of these results with results of authors who have found a linear decrease 

in JHH with increase in electronegativity of substitutents cannot be reconciled on 
the basis of effects arising from bond angle changes in compounds listed in Tables 
3 and 4. It should be noted that JBa of compound I is in good agreement with the 

coupling constant between the trans protons in (2, 2) metacyclophane.s 
The experimental results reported in this communication re-emphasize the power 

of NMR as a tool in configurational and conformational analysis, but they also 
demonstrate that caution must be exercised in looking for simple explanations 
for substituent effects on coupling constants. The results also re-emphasize the serious 
hazards involved in making calculations of bond angles from coupling constants. 

Compounds 11 through XIV were prepared by methods previously described for 
the preparation of the corresponding hydrogen containing compounds.17az1 The 
synthetic scheme involves a Diels-Alder condensation of butadiene with the appro- 
priate rrans-p-nitrostyrene to give the irons-4-nitro-5arylcyclohexene. Hydrogenation 
of the double bond gives the corresponding trans-2-arylnitrocyclohexane, which can 
be isomerized to the cis isomer. Reduction of the nitro compounds gives the corre- 
sponding amines. The selective incorporation of deuterium on carbons 3 and 6 of 
compounds I through XVI was accomplished by using butadiene-1 ,l ,4/l-dq31 instead of 
butadiene in the Diels-Alder condensation step of the synthetic scheme. The alcohols 

w A. C. Cope, G. A. Eierchtold and D. L. Ross, J. Am. Chem. Sm. 83, 3859 (1961). 
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IV and XII were obtained from rrans-4-nitro-5o-tolylcyclohexene-3,3,6,6-da by 
converting this compound to the corresponding ketone by a Nef reaction, followed by 

lithium aluminum hydride reduction of the ketone and subsequent hydrogenation 
of the double bond. The mixture of trans and cis alcohols IV and XII were separated 
by elution chromatography on alumina. The hydrogen containing compounds 
corresponding to compounds II, VI, VII, VIII, IX, X, XI, XIII, XIV XV and XVI 
have been reported in reference 21, those corresponding to IV and XII have been 
reported in reference 13, and that corresponding to 111 has been reported in reference 
17. Compound I was prepared by reacting the tosylate of XII with lithium aluminum 
deuteride. A certain amount of elimination product also resulted from this reaction, 
as is evident from the NMR signal of a vinylic proton at 4.7,. The signals of the 
elimination product did not interfere in any way with the doublet of H-2 of compound 
I and the components were not separated. 

The spectra were determined with an HR-60 Varian spectrometer as solutions of 
about 20% in the solvents listed in Tables 3 and 4. The chemical shifts, expressed 
as tau units, are referred to tetramethylsilane used as internal reference for solutions 
in carbon tetrachloride, tetrachloroethylene, pyridine and trifluoroacetic acid, and 

to the (CH&$i- signal of sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) for 
solutions in deuterium oxide. Calibration was don: by the side band method. 
Repeated runs gave a probable error of 50.2 cycles 
in Tables 3 and 4. 

for coupling constants reported 
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