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A-The conformation of trans-4-I-butyl-cyclohexanolparabromobenzoate has been studied by 
X-ray crystallographic methods. The main results of this study are’ (i) there are indications for the existence 
of steric compression between the t-butyl group and the hydrogcns axial on C3 and Cs : (ii) contrary to the 
suggestion of various workers, no flattening is induced in the cyclohexane ring and no elongation of the 
c(tbut-c(cyclohexane) bond; (iii) the steric strain seems to be minimized by a flattening of the C1(C3C7C5) 
pyramid: (iv) the axial hydrogen on C1 nearly eclipses the carbonyl oxygen, as found in the earlier studies 
of the acetates and esters of cyclohexanols. 

THE CONFORMATIONAL ANALYSIS of mobile cyclohsxane systems has made rapid 
progress following the suggestion by Winstein and Holness,2 to use the t-butyl 
group as a conformation holding group in the cyclohexane ring. By using the 
reluctance of the t-butyl group to occupy the axial position in the ring, both Winstein 
and Holness’ and Eliel, et ~1.~~~ evaluated conformational preferences of substituents 
R in the mobile cyclohexane (1) by comparison of rates of reaction of 1 with those of 
the “anancomeric”’ systems (2 and 3). 6* ’ Subsequently, the use of t-butyl as a 
holding group was extended to the evaluation of conformational preferences by 
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equilibrium,’ and NMR methods.’ Recently, however, the use of t-butyl as a holding 
group has been subjected to criticism1o leaving open to question some or all of the 
assumptions* underlying this method. 
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l The usual assumptions’. I’ are: the t-butyl group (i) has no effect on the reactivity of the substituent 
R, (ii) must not exert polar and steric effects at the 4-position. (iii) must not distort the ring in the ground 
or the transition state 

t For part II, see ref 1 
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The results of several investigatorsiO~ 12* i3* l4 suggest that the reactivity is in- 
fluenced by the presence of the t-butyl group. The examination of the mode of action 
of formation of complexes between ICI and cyclohexane carbonitriles with different 
R-groups has led Shah-Malak and Utley” to suggest that the cyclohexane ring is 
flattened in order to relieve the steric interactions of the axial hydrogens and the 
t-butyl group. Mazaleyrat and Welvart l6 have studied the pK of several l-methyl-l- 
aminocyclohexanes and have concluded that, contrary to the assumptions alluded to 
earlier, the 4-t-butyl group has an influence on the pK of an amino group axial at Ci. 
The energy of compression of this group which inhibits solvation, is less decreased 
by a flattening of the cyclohexane ring at CJ, C4 and Cs when there is a t-butyl group 
at C& 

The idea of distortions in substituted cyclohexanes is not new’ and needs to be 
discussed only in the specific case of t-butylcyclohexanes. It was suggested at first 
by Comubert” that steric interactions must arise between one of the methyl groups 
of t-butyl and the axial hydrogens at C3 and Cs. This strain would probably find 
relief by a flattening of the ring. If there is an axial R-group on Ci and also a t-butyl 
group on C, (as in 4), then there is no such possibility of a lateral displacement of the 
axial hydrogens on C3 and Cs. Consequently, it is understandable that an axial 
R-group, by virtue of the buttressing effect, will find itself in a different environment 

depending on whether or not there is a t-butyl group at C4. The effect will be less 
pronounced for an equatorial R. However, Utley et al.‘* showed recently that in the 
case of 3 (R = --CHCl-C,H,) the t-butyl group lowers the steric strain on R, 
presumably by ring flattening which decreases the interactions between R and the 
equatorial hydrogens on C2 and Cg. The use of molecular models shows in addition 
the possibility of some distortions opposite to the flattening discussed above if there 
are sterically large equatorial substituents. These large groups can be repelled by the 
neighbouring axial hydrogens as shown in 5, thereby introducing some puckering in 
the ring. Altona and Sundaralingamig recently computed the preferred conformation 
of a t-butyl group in t-butylcyclohexane and proposed a conformation wherein there 
was not perfect staggering along the C,qtbu) bond. 

In view of the above situation, it seemed interesting to study the structure of 
trans+t-butyl cyclohexanol-parabromo benzoate (6) (hereafter referred to as PBTB) 
in order to obtain directly the conformation of the t-butylcyclohexane system. 

PBTB was prepared as described* and crystallized from MeOH at room tempera- 
ture. The crystals are triclinic, space group PI, with two molecules in the unit cell. 

l Prepared by estcriiication of rmns-4-t-butylcyclohcxanol. F = 101”. Analysis: C,,H,,O,Br, (339.3): 
t Calc. C, 60 17 ; H, 6.83. Found : C, W3 I : H, 690%). 



Conformational analysis by x-ray crystallography--III 1531 

The cell constants at room temperature (22” + 3”) are a = 9.813 (2) & b = 13.451 
(3) & c = 6.564 (3) & a = 10299 (03)“, j? = 98.88 (03)a y = 8999 (03)“, potn = 1*34/ 
cm3, /Icalf = 1.34 gJcm3. 

Using a GE-XRD-6 diffractometer equipped with a single crystal ox-renter and 
scintillation counter, three-dimensional intensity data involving 3100 independent 
reflections were measured to the limit 28 = 140” for the CuKa, (= 1.5405 A) 
radiation. The stationary crystal-stationary counter technique was employed for 
measuring the intensities and Ni-Co balance filters were used for monochromatiza- 
tion. The crystal structure was solved by the heavy-atom method and refined by 
applying Fourier and least-squares methods to an R value of 0.058. The hydrogen 
atoms were located directly from electron-density difference maps and their positional 
and individual thermal parameters refined by least-squares methods. The details of 
the structure analysis will be reported elsewhere. 

6. Bond distances in A 
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The important structural and conformational features are discussed below and 
are illustrated in 6 and 7. This study seems to be one of the first crystallographic 
structural investigation on a cyclohexane system with a 4-t-butyl group.*’ The 
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7. Bond angles in degrees 

results are compared with the theoretical predictions by Altona and Sundaralingam” 
who used empirical valence force calculations on compound 8. 
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It is interesting to see how the steric strain introduced by the t-butyl group can be 
minimized by the system. The difficulty in such an analysis is the choice of a reference 
system for comparison. Evidently it cannot be the cyclohexane itself; as the standard, 
we took 9 whose detailed structure is known from X-ray analysis.‘9*21 In Table 1 

9 

are reported the bond angles and the torsional angles of 9, the predictedlY data for 
8 and our experimental data for PBTB 6. 

(a) It is quite evident by comparison of 6 and 9 that the t-butyl group does not 
cause any flattening of the ring in PBTB. In fact. PBTB (with a mean value of 58.3 (5)’ 
for the torsion angle) appears slightly more puckered than 9 and much more 
puckered than what is predicted for 8 (predicted value 55’). It might be useful to 
cornpar? the flattening of the rings by studying the distances of C1 and C, from the 

TABLE 1 

Bond angles 6. 92’ 8 (Predicted19) 

6-l-2 109.9 111.1 1103 
l-2-3 109.6 1104 112.4 
16-S 1102 110.4 111-l 
2-3-4 112.8 110.4 1130 
6-54 110.0 110.4 112.9 
34-S 107.5 111.1 108.7 

-_ 

Mean 11@2 II@6 111.4 

Torsional angles 
6-l -2-3 57.9 57.2 54.5 
2-l A-5 60.1 57.2 55.8 
l-2-34 58.1 56.9 54.3 
14-5-4 602 56.9 57.1 
2-34-S 56.4 57.5 52.7 
34-54 57.1 57.5 54.8 

Mean 58.3 57.2 55.0 

* The average value of the standard deviations for the C-C bonds 
and C-e-C angles obtained directly from the inverse of the block 
diagonal matrix are respectively W7 A and @5” 

least-squares plane through .CZ, C,, Cs, C,. These distances for C, and C4 are 
respectively 070 A and -071 A in PBTB (6) and 068 A and -0.68 A in 9, indicating 
no flattening of the ring due to the t-butyl group. 

(b) The mean C-C bond in the ring is 1*531(6) A; the mean Cii%-C bond angle 
in the ring is 1102 (4)“. 

(c) C,-C, bond is 1.538 (7) di compared to the calculated value of 1*570A.19 
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(d) No twist greater than 3” about the C&C, bond is observed in contrast to a 
calculated value of 17”.” The hydrogens of the homo-axial Me group are almost 
perfectly staggered about the C-methyl-C., bond with respect to the three carbons 
on Cq. The hydrogens on the homo equatorial Me groups are twisted considerably ; 
up to 20” about the C-methyl-C, bonds. The thermal parameters of the t-butyl 
group are comparable to those of the other atoms in this structure and are not 
significantly larger than those observed for the other atoms.lg 

(e) The axial hydrogen on C 1 nearly eclipses the carbonyl oxygen ; the torsion angle 
about the C,,-O2 bond is -5.81”. This result is in close agreement with earlier 
studies of the acetates and esters of cyclohexanols.‘* ” The O,-HI, contact is 
2.27 A. 

(f) The ester carbonyl C = 0 is approximately co-planar with the Ph group; it is 
at a distance of O-024 A from the least-squares plane through the benzene ring. This 
plane does not occupy a symmetric position with respect to the cyclohexane ring, 

10. Contact distances 

though one would normally expect the plane to be symmetric, at least in an isolated 
molecule. The values of the torsion angle of C2 and C6 with respect to C,, about the 
02-C1 bond are respectively, - 1534” and 87.9”. This asymmetry of the molecule 
probably arises due to the differing environments of the cyclohexane and benzene 
rings in the crystal; there was no C-C intermolecular contact less than 3.4 A and 
C-H contact less than 3-l A. 

The preceding structural and conformational features of PBTB (6) do not support 
the idea that any ring flattening or bond elongationrg is caused by the t-butyl group. 
A careful study of the structural data might give answers to the following questions : 
Whether any steric strain in the system is introduced by the t-butyl group and by 
what means such strain is relieved. 
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The shortest H-H contacts between the t-butyl and the cyclohexane ring are 
listed in Table 2 and illustrated in 10. The shortest contacts between the axial or 
equational hydrogens and those on the t-butyl group are: 207 A between the 

TABLE 2. H-H Corrr~crs LBS THAN 2.4 A 

Ht.--H,. 231 A HI.--Hs 2.26 A 
HI,-& 2.31 A Ha,-H,. 2.26 A 

H,.-Hs, 2.35 A H,,-H,,,s 2.17A 
H,;- H,,, 2.18A H,,--H,, 2.31 A 
H,,-H,, 238 A H,,-H,, 2.35 A 
H,,-Ha, 2.07 A 

equatorial hydrogen on CJ, and the hydrogen of the homo equatorial Me group: 
2.18 A between the axial hydrogen on C3 and a hydrogen on the homo axial Me group, 
217 A between the axial hydrogen on Cs and a hydrogen on the homo axial Me 
group. Other H-H contacts less than 2.4 A are listed in Table 2. 

It should be remembered that the location of hydrogen atoms by X-ray diffraction 
is not as precise as can be obtained by neutron diffraction. Nevertheless, the contact 
distances obtained in this case, we believe, are a good starting point for discussing 
the sterical interactions. According to Ramachandran and Sasisekharanz3 the 
“normally allowed” and “extreme” H-H contacts have values 2.00 A and 1.90 A 
respectively. These distances were obtained from a survey of short contacts from a 
number of organic crystal structures. If we accept these distances, then all the H-H 
contacts fall within the allowed category and, consequently, any strain induced by 
the t-butyl group is minimal. 

On the other hand, following Bondi, 24 if we use the usually accepted value of 1.20 A 
for the Van der Wall radius of aliphatic hydrogens, then the shortest contacts alluded 
to earlier should cause the major strain. This strain seems to have been minimized 
mainly by a flattening of the C4 (C3C7Cs) pyramid ; the C,-C, bond being pushed 
away from the C3C4Cs plane (C3C4C, = 113*9”, C,C,Cs = 115*1”).19 

In conclusion, our results indicate the existence of steric compression between the . 
t-but yl group and the hydrogens axial on C3 and Cs, and the equatorial hydrogen 
on C,. However, contrary to the suggestions of various workers, no flattening is 
induced in the cyclohexane ring and no elongation of the C(tbu)-C (cyclohexane) 
bond, at least in PBTB. 
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