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Molecular Polarisability. The Conformations of Some Cyclopropyl 
Ketones 
By Manuel J. Aroney," Kingsley E. Calderbank, and (Mrs.) Heather J. Stootman, School of Chemistry, 

Dipole moments and molar Kerr constants are reported for the following cyclopropyl ketones examined as solutes 
in cyclohexane : dicyclopropyl ketone, cyclopropyl methyl ketone, cyclopropyl phenyl ketone, p-chlorophenyl 
cyclopropyl ketone, p-bromophenyl cyclopropyl ketone, cyclopropyl p-tolyl ketone, and cyclopropyl mesityl 
ketone. The data are analysed to provide information on the preferred solution-state conformations. 
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THE ability of the cyclopropyl group to conjugate with 
adjacent x electron systems has been the subject of many 
investigations.l-l* For example, i.r. spectroscopic ex- 
amination of cyclopropyl ketones has shown that the 
carbonyl group stretching frequency sensitively reflects 
the transmission of electron charge from conjugation 
with and through the cyclopropyl group. From the 
v(C=O) values quoted in refs. 6-8, 19, and 20, and those 
reported in the present work (which are shown in the 
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Experimental section) we see that the cyclopropyl 
group as such causes a bathochromic shift in v(C=O) 
of the order of 15 cm-l, approximately half that induced 
by the phenyl group. 

The degree of conjugative interaction in cyclopropyl 
ketones is dependent on the relative orientations of the 
carbonyl and cyclopropyl groups and is thought to be 
maximal for conformations in which the C, and C C O C  
planes are mutually orthogonal, i .e.  for the two rota- 
meric forms designated cis and trans in Figure 1. This is 
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in contrast to phenyl ketones wherein 5t electron delocalis- 
ations are greatest for a planar arrangement of the C, 
and CO groupings. In the present work we report 

(a1 cis 8 = 0" Ibl trans 8 =180° 
FIGURE 1 cis- and trans-rotanieric forms of cyclopropyl 

ketones 

measurements of the electric dipole moments and molar 
Kerr constants of a series of cyclopropyl and cyclo- 
propyl phenyl ketones and an analysis of these data to 
determine the preferred conformations of the molecules 
examined as solutes in cyclohexane. 

DISCUSSION 
Cyclo~ropyl MethyZ Ketone.-Standard methods 26.37 

were used to calculate theoretical molar Kerr constants 
for various conformations defined by angles 6 where 
8 = 0" for the cis form shown in Figure l a  and 180" for 
the trans form (Figure lb). For each geometrical model 
considered the molecular polarisability tensor compo- 
nents were computed, with reference to the X Y Z  
system of axes shown in Figure 1, using the following 
component bond and group polarisabilities : * bL(cyc1o- 
propyl) = bT(cyclopropy1) = 5-35, bv(cyclopropy1) = 
3.90; 28 bL(C=O) = 2.30, bT(C=O) = 1.40, bv(C=O) = 
0.46; 26 ~T(C-C) = bv(C-C) = 0.26; 29 

bL(C-H) = bT(C-H) = bv(C-H) = 0*65.29 
bL(C-C) = 0.97, 

The angles about the carbonyl carbon atom as well 
as that between the C, ring plane and the C-C(carbony1) 

TABLE 1 
Polarisations, refractions, dipole moments, and molar Kerr constants (from observations on cyclohexane solutions at 25") 

Solute 
Dicyclopropyl ketone 
Cyclopropyl methyl ketone 
Cyclopropyl phenyl ketone 
p-Chlorophenyl cyclopropyl ketone 
p-Bromophenyl cyclopropyl ketone 
Cyclopropyl p-tolyl ketone 
Cyclopropyl mestiyl ketone 

Concentration 
range 105w2 a.cl * 
1190-4581 6.35 
1224-3538 8.53 
1097-3318 6.07 
1 3 9 6 3 0 4 7  3-23 
1353-4122 2.67 

702-2441 5.29 
940-3021 3.61 

P *  
0.167 
0.087 
0-246 
0-333 
0.467 
0.230 
0.194 

RD/ 
Y *  6 *  Ti:' cm3 p/Dt  

- 0.016 26.3 197 24.1 2.90 
0.063 69.8 214 45.4 2.85 

0.015 -43.1 198 31.9 2.83 

0,060 -10.1 180 60.1 2.49 
0.061 -21.5 184 53.5 2.48 
0.064 117 244 50.6 3-05 
0.055 -123 213 60.1 2.71 

10'2 

- 67.5 
03LK2) r 

26.1 
134 

-27.1 
- 74.7 
250 

-315 
* Incremental changes in the dielectric constants, densities, refractive indices, and Kerr constants (AE,  Ad, ATL, and AB, respec- 

tively) were measured fur solutions having solute weight fractions w2. The coefficients, ael, 8, y,  and 6 were derived from the 
relations: aE1 = CAE/Cw2; P = ZAd/d,Cw,; y = CAn/n,Xw2; 6 = CAB/B,Cw,. t Calculated on the basis that D P  = 1 . 0 5 R ~ .  

The term w(mK,) refers to the solute molar Kerr constant a t  infinite dilution. 

EXPERIMENTAL 
Materials, Afiparatus, etc.-Dicyclopropyl ketone, cyclo- 

propyl methyl ketone, and cyclopropyl phenyl ketone were 
commercial samples which were distilled immediately before 
use to give b.p. 162-163,111, and 97-100' at ca. 4 mmHg, 
respectively. The other solutes were prepared by the 
method of Close 21 and were purified to give p-chlorophenyl 
cyclopropyl ketone, b.p. 113-115' at  ca. 0.5 mmHg, 9- 
bromophenyl cyclopropyl ketone, b.p. 10&-109" at  ca. 
1.2 mmHg, cyclopropyl p-tolyl ketone, m.p. 48-50" 
(from light petroleum), and cyclopropyl mesityl ketone, 
b.p. 97-101' at  ca. 1.0 mmHg. The i.r. spectrum of each 
compound was recorded using a Perkin-Elmer 457 spectro- 
meter; all were examined as pure liquids except for cyclo- 
propyl p-tolyl ketone which was measured in Nujol. The 
v(C=O) stretching frequencies are, in turn, 1683, 1696, 1664, 
1666, 1666, 1673, and 1680 cm-1. The following constants 
apply at  25' for cyclohexane (dried over sodium): c1 = 
2.0199; d, = 0.77389; (nl)D = 1.4235; 107(B,)D = 0.054; 
1014(~K1) = 1.35. Apparatus, techniques, symbols used, 
and methods of calculation have been described before. 22-25 

The experimental results are summarised in Table 1. 

b, are quoted throughout in A3 units. 
* The polarisability semi-axes of bonds and groups b ~ ,  b ~ ,  or 
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bond axis were taken as l 2 O O . 5  Small changes in the 
angles do not significantly affect the calculations. The 
experimental molecular refraction exceeds that calcu- 
lated from bond and group refractivities 30 by 0.1 cm3 
and this corresponds to a small polarisability exalt ation 
of 3-0-1, which we regard as a correction to the C-C 
(carbonyl) longitudinal polarisability because of conj uga- 
tion effects.% The precise direction of action of the 
permanent electric moment is difficult to specify. The 
dominant polar group is the carbonyl and calculations 
were made assuming that p(cyclopropy1 methyl ketone) 
is coincident with the C=O bond axis. The ,K(calc.) 
values so obtained when plotted against 8 result in the 
curve (unbroken) shown in Figure 2. Comparison of 
the experimental molar Kerr constant (26.1 x 
with the theoretical values indicates that the molecule 
exists completely as the cis-form. This result is in 
accord with the microwave data of Lee 31 who found no 
evidence for any species other than the cis. If, how- 
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ever, the molecular moment is not exactly coincident 
with the C=O axis but is inched e.g. 5" to that axis (cf. 
acetophenone wherein p is ca. 10" away from C=Os2) 
then the graph of ,K(calc.) against 8 is represented by 

2001 
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FIGURE 2 Plot of ,K(calc.) against 8 for (a) p(cyclopropy1 
methyl ketone) coincident with the C=O axis and (b) inclined 
at 6' to it 

the broken line of Figure 2. This results in a 93% 
contribution of cis-form withina cis-tram-conformational 
equilibrium (cf. Bartell et aLS who proposed, from elec- 
tron diffraction, a cis : trans-ratio of 80 3 15 : 20 rfr. 15). 
We conclude that cyclopropyl methyl ketone exists in 
cyclohexane solution predominantly ( >goyo) as the cis- 
form and with a minor (<lo%) trans-component. 

DicycZo$roPyZ Ketone.-The cis-cis-model in which 
each cyclopropyl group is cis to the carbonyl link is 
shown in Figure 3. The molar Kerr constant was calcu- 

cis- cis 9 z o o ,  e ' = o o  

FICIJRE 3 cis-cis-Model of dicyclopropyl ketone 

lated for this conformer on the basis that the measured 
moment is located along the C=O axis and the polaris- 
ability exaltation (Ab  = 0.3,) is equally apportioned 
along each of the two C(cyclopropy1)-C(carbony1) 
longitudinal axes. The theoretical mK is -58 x 1W2, 
i.e. close to the observed (mK2) of -67.5 x 10-l2. Other 
conformations generated from this model by rotations of 
one or both cyclopropyl groups away from a cis-diposi- 
tion, lead to calculated molar Kerr constants which are 
greater (more positive) than for the cis-cis-form. For 
example, ,K(calc.) for conformer 8 = go", 0' = 90" 
(antisymmetric rotations) is 161 x while 180" 
rotations leading to the trans-trans-form result in a 
predicted ,K of 230 x 10-l2. Dicyclopropyl ketone as a 
solute clearly exists virtually completely as the cis-cis- 
form. 

Cyclopropyl Phenyl Ketone and Cyclo$roPyJ p-Szcb- 
stztuted Phenyl Ketortes.-The following additional group 
polarisability data are required for the analysis of the 

32 J. B. Bentley, K. B. Everard, R. J. B. Marsden, and L. E. 
Sntton, J .  Clirm. SOC., 1949, 2957. 

molar Kerr constants of the molecules P-XC,H,COGH, 
where X is H, C1, Br, or Me: bL(Ph) = br(Ph) = 10.50, 

bV(C,,-Cl) = 1-50; 28 bL(C,-Br) = 6.20, &(C,-Br) = 
2-44), &(C,-Br) = 2.20; 26 bL(C,,-Me) = 3.55, b~(c,-- 
Me) = 1.90, bv(C,-Me) = 2.31.33 The direction of 
action of the electric moment for each solute was obtained 
vectorially by regarding p(res.) as the vector sum of the 
components pl and 112 in Figure 4 where p1 (= 2.85 D) 
is the moment of cyclopropyl phenyl ketone (which is 
taken along C=O) and p2 is composed of p(C,,-X) and the 
' interaction moment ' between the 1 and 4 substituents 
on the phenyl group. The values calculated for pz are: 
+1*76, 3-1.66, and -0.37 D for X = C1, Br, and Me, 
respectively. Polarisability exaltations Ab were ob- 
tained in each case from A 3  = 0.95AclRD where ARD = 
RD(obs.) - R D  (calculated by additivity 30 of component 
bond and group refractions). After allowing for the 

b(Ph)  = 6-19; 33 b~(Cm-Cl) = 4.20, b(C,-CI) = 1.95, 

FIGURE 4 Estimation of p(res.) for cyclopropyl fi-substituted 
phenyl ketones 

C(cyclopropy1)-C(carbony1) longitudinal polarisability 
correction (0.1,) found earlier, the residual Ab was added 
to the bL of the C(aromatic)-C(carbony1) bond to  correct 
for phenyl-carbonyl conjugative interactions .26 Theo- 
retical molar Kerr constants were calculated for various 
conformational models specified by angles of twist 8 of the 
cyclopropyl group and q4 of the phenyl ring. As before, 
0 = 0" for a cis-disposition of C3H, with G O .  The 
angle 4 is 0" when the aromatic C, group is coplanar with 
C=O. Only antisymmetric rotations have been con- 
sidered to minimise steric interactions between H, and 
Hb (see Figure 4). The calculations are summarised in 
Table 2. 

The experimental molar Kerr constants for the 
molecules P-XC,H,COC,H, are 134 x (X = H), 
-27.1 x (X = Br), and 
250 x (X = Me), respectively. Comparison with 
the calculated values shows clearly that for each of the 
four compounds in this group the preferred solution- 
state conformation is one defined by 0 = 25 & 5" and 
4 = 25 &5". No other combination of 0 and 4 values 
yields accord between experiment and calculation 
simultaneously for all four molecules. Examination 
of scale models indicates that the conformation (0 = 25", 
q4 = 25") is a sterically acceptable form of the molecule 
in each case; 10 + + I  values of ca. 40" or less introduce 
steric interaction between the cyclopropyl group and the 
ortho-hydrogen atoms of the aromatic ring. Further, 
twists of only ca. 25" in 0 and 4 do not greatly inhibit the 

33 R. J. W. Le F&vre and L. Radom, J. Chem. SOC. (B) ,  1967, 

(X = Cl), -74.7 x 
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TABLE 2 

Calculated molar Kerr constants for conformations of 
cyclopropyl phenyl ketone and cyclopropyl $-sub- 
stituted phenyl ketones 

Soh te 0 10*2m,K(calc.) 
Cyclopropyl phenyl ketone 0 0  

30 0 
60 0 
90 0 

180 0 
0 30 
0 90 

180 90 
25 a5 

189 
208 
266 
303 
33 1 

92 
- 193 

139 
- 49 

p-Chlorophenyl cyclopropyl ketone 0 0 38 
90 0 91 
0 30 - 68 

25 26 -31 

p-Bromophenyl cyclopropyl ketone 0 
26 

0 
26 

- 29 
- 76 

Cyclopropyl 9-tolyl ketone 0 0  202 
0 30 170 

30 19 260 

ability of either the phenyl or the cyclopropyl groups to 
conjugate with the carbonyl x electron system. 

CycZo@o$yl Mesityl Ketoute.-The experimental molar 
Kerr constant is large and negative (-315 x 10-l2) 
indicating, from the Langevin-Born theory,22 that the 
molecular moment vector must be inclined close ( ~ 3 0 " )  
to the minimum polarisability axis of the molecule which 

in turn is near perpendicular to the aromatic ring plane 
of the highly anisotropic mesityl group. Calculations 
were made using bL(mesityl) = bT(mesity1) = 16-49, 
bv(mesity1) = 11*68F4 and Ab = 1-77, The hypotheti- 
cal form 8 = 0", C$ = 0" (which is sterically impossible) 
has an algebraically positive theoretical ,,-,K since p lies 
in the plane of the highly polarisable mesityl group. 
If p is taken to act along the carbonyl bond axis the 
,K(calc.) value for this conformer is 227 x 10-l2. 

Rotating 8 from 0" leads to a greater, positive mK. As 
C$ increases from 0 to 90" the theoretical molar Kerr 
constant becomes more negative and an optimal negative 
value of -217 x is attained when 8 = 0", C$ = 90". 
The experimental mK is more negative (-315 x 10-l2) ; 
however, calculations show that for this conformation 
small variations in the location assumed for p very 
sensitively affect the calculated Kerr constant. The 
theoretical mK for this rotamer is in accord with the 
observed m(mKz) if p is directed 8" away from the carbonyl 
longitudinal axis so that it makes an angle of 22" with 
the normal to the aromatic ring plane. 
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