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Studies in the field of conformational analysis have led to the
assignment of conformational free energy differences (- AFx) to & large
number of su?:»s'l::i.1’.\19111::.1 No information has appeared on the conformational
equilibrium of the trifluoromethyl group, which is of interest compared
with other symetrical substituents (CH,, NH;, and t-Bu) because = M’cr}
may be influenced by attractive hydrogen~fluorine interactioms, An
evaluation of the conformational preference of the trifluoromethyl group
by infrared spectroacopy is now reporfed, the method adopted being
essentially that deacribed by Pickering and ll’r:‘me.2

Judging from models it seemed likely that - AFCF would be at least
as great as - AFCH?, (and probably slso - DFy +) but somewhat lower
then -~ AF, o , 80 that trifluoromethyleyclohexene (1) should exist
predaninen.i-;ly if not exclusively as conformation (Ie), This proved to be
the case, and accordingly the mobile equilibrium of giged~methylirifluoro=
methylcyclohexane (Ila w==2IIe) was studied in the expectation that the

‘additional methyl group would alter conveniently the positionm of equilibrium,
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Additivity of conformationsl energies is assumed, an assumption made

p:m-:v:iou.saly3 which appears to be generally valid.4
CFy R CF.
} ﬁ ‘__1_{=3 CF‘3
R o R gz
Ia, ReH Ie, Re=H III, ReCHy v
IIa, R=CHy Ile, ReCly IV, Re=tuBu

Compounds (II-V) were synthesised* in good yield from the corresponding
carboxylic acid by resction with sulphur tetrafluoride at 70°.° At this
temperature the oonversioﬁ (rcoOH -+RCF3) occurred with little, if any,
epimerisation in contrast to the significant epimerisation that occurred
when fluorinetion was conducted at 130°. Trifluoromethylecyclohexane was
prepared by published methods and had physicel constants identical with
recorded values.6

7

The trifluoromethyl group has been shom' to have & number of

characteristic infrared absorbance bands between 1100-3500 cm'1 and between

1. The infrared spectra of compounds (I~V) contained strong

680-750 em”
absorpticn peeks in the higher frequency range, some of which are sssociated
with CF3 stretohing vibrations, The compounds also ebsorbed between 685~
T20 an"1, the region ascribed to ()I"3 symme trical defomation.7 In view

of the sharpness of the bands, and the lack of extraneous absorptioms,

the latter region was examined in greater detail (see Table) with a

Perkin-Elmner 21 spectrometer,

e

* All these new compounds gave satisfactory analyses for C, H and F,
and were stereochemically pure (vpe).
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TABIE
[ ]
Somoound. Concentration®® Aax )
[}
cr, ‘05
I 0,237 ¥ 684 ca™ (67+0) =
1 0,300 ¥ 684 cu~'(68,1) -
e 0,245 ¥ 692 cu (43,0)  T11 cm™ ' (9.8)
I 0,329 ¥ 692 ca™'(42.5) 711 aw™(9.7)
111 0,247 M 692 on™1(64,0) =
111 0,311 M 692 cm”! (62.7) =
™ 0,276 M 687 on”~ (64,0) -
v 0,340 M 667 om™! (62.,5) =
v 0.303 M - 703 o™ (32.2)
v 0.514 ¥ - 703 o™ (31,0)
a KBr prism and (0.2 mm) cells.
b Mole/litre, oyolchexane solution at 25°,

Analytical bands, € = molar extinotion coefficiemnt,
Average of triplicate measurements,

The bands in trifluoromethyloyclohexane (I), trang-4-methyltri-

fluoromethyloyolohexane (III) snd trang-d=t-butyliriflucramethyloyolohexane

(Iv) must clearly represent symmetrical deformation of the equatorial CFB'

group as compounds (III) and (IV) are both expected to exist completely

in the conformation shown (cf. I as Ie),

The added 4~alkyl substituent

evidently has only a slight effect on both the frequency and tha e-value,

ois~4=tButyltrifluorcmethyloyclohexane (V) had & single absorption

at & higher frequency and this was assigned to axially positioned GFB.
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The spectrum of gis-4-methyltrifiuaramethyleyclohexane (TI) contained
& band &4 692 ™' snd another at 711 ™', The former is undoubtedly
due to the equatorial CF‘3 group (ITe) on the basis of its coinoidence
with the band observed in the specirum of the irspge-epimer, It seems
likely that the peak at T11 on™"! corresponds to that at 703 ™! in compound
(V) and is due to conformation (IIa), Calowlation of the constant, K, for
the equilibrium (IIa =2ITe) from the two independent coefficients (ce and
ea) gave values in remerkably good egreement and which average to 2,1,
Thus the free energy difference, = AFo, between IIa and IIe (-AFo =

~BFyy +BFy, ) is found to be 0.4 Koel/mole. Substituting 1.7 Kosl/mole®
3

¥
for = giFCH3 gives 2,1 Kcll/mole-for the oonformational preference of the
trifiuoromethyl group.

Criticism has been levelled at the practice of assuming that band
intensities of axial (or equatorial) substituents in cyclohexyl and 4-
alkyloyclohexyl derivatives are necessarily the same, The very small
discrepency between the intemsity of °GF3 in compounds (I, III, and IV)
clearly shows that the assumption is wvalid in this oue‘.9 Frequency
assignrents have &lso been criticised, but those made here are justified by
previous vmrk.7 Using the te- and es~ values already mentioned in determining
the position of the equilibrium (IIa p#IJe) gave K values in excellent
agreement, and it is doubtful that the assigned bands are due to anything
but 01‘3 absorptions,

The value (2.1 Koal/mole) for = MCFB appears a little lower then might
be.npﬂeted from comparison of values for CF3' CH3’ NE; end t-~Bu groups,

This may indicate that the axially placed (}F3 substituent hgs favourable
HeooesoF attractions which offset to some extent other highly unfavourable
non-bonded interactions. These and similar implications will be discussed

more fully in a later paper,
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