142

J.C.S. Perkin II

Calculation of Molecular Geometries of Some Halogeno- and Piperidino-
cyclohexenones by Dipole Moment Analysis

By D. Pitea "t and G. Favini,t Istituto di Chimica Fisica, Universita, 95125 Catania, Italy

The electric dipole moments of some halogeno- and piperidino-cyclohexenones are reported and discussed in

comparison with the corresponding «B-unsaturated ketones.

The dipole moment values support the view that in

the cyclohex-2-enone series the vinyl-carbonyl system is coplanar, whereas in the 5,5-dimethyl derivatives steric
interaction between the 5(ax)-methyl and the carbon atoms of the ~C=C—C=0 system may occur. They yield no
definite evidence regarding the structures of the 2-methyl derivatives.

KINETIC results! of nucleophilic substitution on 3-
halogenocyclohex-2-enones (Ia)—(IIIa) and (IIb) by

7 )
£
R X
(I) R‘'=Rt=H a; X =0Cl
(II) R‘=H,R2=Me} b; X = Br

(III) R' = Me, R2 = H c; X = Piperidine

piperidine have shown that 3-chlorocyclohex-2-enone
(Ia) reacts faster than 3-chloro-5,5-dimethylcyclohex-
2-enone (IIa). This lack of reactivity seems to depend
on a different geometric configuration of the two sub-
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strates. An examination of scale models shows that
the introduction of a 5(ax)-methyl in (Ia) results in
steric interference opposing the coplanar configuration
of the conjugated C=C-C=0 system.

In connection with our programme of kinetic studies,
further information was required on the geometric
configuration of these substrates. Electric dipole
moments of compounds (Ia)—(IIIa), (IIb), and (Ic)—
(IIIc) have been measured. A theoretical analysis has
also been made.

EXPERIMENTAL

Almost all the substituted cyclohex-2-enones were
purified by preparative g.l.c., and a Carlo Erba Fractovap
model GV was used for this purpose.

3-Halogenocyclohex-2-enones.—These compounds were
prepared from the corresponding cyclohexane-1,3-diones
(commercial samples) by reaction with PCl; or PBry in
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anhydrous chloroform as described.?® The resulting crude
oil was distilled through a short Vigreux column under
reduced pressure and the separated halogeno-derivative was
purified by preparative g.l.c. using a 2m x 10 mm column
packed with WEAS (209,) coated on Chromosorb P (30—
60 mesh). This procedure afforded: 38-chlorocyclohex-2-
enone (Ia), colourless oil, b.p. 58 °C at 2 mmHg, %, 1-5172
(1it.,5 1-5008) (Found: C, 55-1; H, 58. CgH,ClO requires
C, 552; H, 549%); 3-chlovo-5,5-dimethylcyclohex-2-enone
(I1a), colourless oil, b.p. 109 °C at 14 mmHg, »;?* 1-5066
(lit.,* 1-4935) (Found: C, 60-5; H, 6-8. CgH,,ClIO requires
C, 60-55; H, 7-0%); 38-bromo-5,5-dimethylcyclohex-2-enone
(IIb), colourless oil, b.p. 121 °C at 25 mmHg, #,% 1-5191
(lit.,* 1-5202) (Found: C, 47-15; H, 565. CgH,,BrO
requires C, 47-3; H, 5:45%,); 3-chloro-2-methylcyclohex-2-
enone (111a), pale yellow oil, b.p. 60 °C at 2 mmHg, #,?
1-5145 (Found: C, 58:35; H, 6-4. C,H,ClO requires C,
58-15; H, 6-25%).

3-Piperidinocyclohex-2-enones.—A solution of the corre-
sponding cyclohexane-1,3-dione (0-03 mol) and piperidine
(0-03 mol) in benzene (100 ml) was refluxed in an apparatus
connected to a Dean—Stark head. As soon as the calculated
volume (0-5 ml) of water had been collected, the solvent was
evaporated and the residual red oil was extracted with light
petroleum (b.p. 40—60°) by a liquid-liquid extractor.

The solvent was evaporated and the solid or liquid
piperidino-derivative residue was recrystallized from light
petroleum (b.p. 40—60°) or separated by distillation
through a short Vigreux column under reduced pressure and
purified by preparative g.l.c. using a 2 m X 10 mm column
packed with SE 30 (20%) coated on Chromosorb P (30—60
mesh). These procedures afforded the following com-
pounds: 3-piperidinocyclohex-2-enone (Ic), pale yellow oil,
b.p. 135 °C at 0-08 mmHg (Found: C, 73-5; H, 9-55; N,
7-8. C,;H;;NO requires C, 73-7; H, 9-55; N, 7-89%,)
which was also obtained as white crystals (from light
petroleum b.p. 40—60°) with m.p. near room tem-
perature; 3-piperidino-5,5-dimethylcyclohex-2-enone (Ilc),
white crystals, m.p. 89 °C (from light petroleum, b.p.
40—60°) (Found: C, 753; H, 10-2; N, 6-6. C;;H, NO
requires C, 75-3; H, 10-2; N, 6-75%,); 3-piperidino-2-
methylcyclohex-2-enone (Illc), pale yellow oil, %, 1-5734
(Found: C, 74-5; H, 10-05; N, 7-25. C;,H,,NO requires
C, 74-55; H, 9-9; N, 7-25%,).

Dipole Moments.—Electric dipole moments were deter-
mined by measuring the dielectric constants, refractive
indices, and specific volumes of benzene solutions at
25 4 0-05 °C. For dielectric constant measurements a
Dipolmeter W.T.W. model DMO1 equipped with a gold-
plated DFL1 measuring cell was used; the sensitivity,
Acefe, was of the order of 107 at 2 MHz. The refractive
indices were measured by a Bausch-Lomb Abbe refracto-
meter to 4-3 X 1075, The specific volumes were measured
by a 10 ml Ostwald pycnometer calibrated by use of the
solvent, which was filled from the dielectric cell immediately
after the dielectric measurement had been made.

The equation of Halverstadt and Kumler 1° was used to

2 A. Crossley and H. La Seur, J. Chem. Soc., 1903, 83, 110.

3 A. Crossley and P. Haas, J. Chem. Soc., 1903, 83, 494.

4 A. Crossley and H. La Seur, J. Chem. Soc., 1907, 91, 63.

5 M. Mousseron, F. Winternitz, and R. Jacquier, Compt. rend.,
1947, 224, 1062.

¢ R. Frank and H. Hall, J. Amer. Chem. Soc., 1950, 72, 1645.

? L. Bateman and F. Shipley, J. Chem. Soc., 1955, 1996.

8 S. 1. Zav’yalov and G. V. Kondrat'eva, Zhur obshchei Khim.,
1961, 30, 3987 (Chem. Abs., 1962, 57, 12,346¢).
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calculate solute molar polarization (4, P,) at infinite dilution,
assuming the following solvent properties 1! at 25°C:
dielectric constant (g,) 2-2725; specific volume (V) 1-1445.
Molar refractions (Rp) for the sodium D line were obtained
from measured refractive indices of solutions; ! no allow-
ance was made for atomic polarization. For compound (Ia)
the Rp value was calculated from the refractive index and
density of the pure substance.®? The solute molar electronic
polarizations (Pg) were also calculated from the electronic
polarization of cyclohex-2-enone (Pg = 27-24),® plus a
value for each substituent; the latter was taken from

TABLE 1 *
10%w, 105(g;y — &) 105(Vy, — V) 105(n.42 — u,2)
3-Chlorocyclohex-2-enone (Ia)
237 2125 —70
495 4475 —149
533 4806 —159
709 6399 —218
1018 9189 —307
3-Chloro-5,5-dimethylcyclohex-2-enone (IIa)
253 1819 —82 32
440 3098 — 144 57
539 3830 —175 68
698 4913 —228 88
1001 7163 — 326 125
3-Bromo-5,5-dimethylcyclohex-2-enone (IIb)
237 1265 —103 12
423 2335 —186 24
598 3340 —262 36
728 4029 —316 45
964 5453 —423 60
3-Chloro-2-methylcyclohex-2-enone (IlIa)

83 510 —51 39
129 787 —80 69
174 1084 —108 90
255 1547 —159 129
294 1789 — 182 150

3-Piperidinocyclohex-2-enone (Ic)
208 5305 —65 58
444 10,829 —139 122
614 15,193 —192 172
857 21,312 —268 240
1032 26,288 —322 286
3-Piperidino-5,5-dimethylcyclohex-2-enone (Ilc)
225 4838 —62 62
413 8624 —114 115
551 11,690 —153 144
687 14,516 —191 180
965 20,583 —267 248
3-Piperidino-2-methylcyclohex-2-enone (I1Ic)

69 1088 —30 35
110 1791 —48 56
188 3245 —83
200 3399 —88 101
284 4885 —125
380 6651 —167 191
538 9405 —237 271

* w = Weight fraction; ¢, and ¢,, are the dielectric con-
stants for solvent and solution respectively, ¥, and V,, are the
corresponding specific volumes, and #, and #,, the corre-
sponding refraction indices.

® W. Benson and A. Pohland, J. Org. Chem., 1965, 30, 1129.

10 I, F. Halverstadt and W. D. Kumler, J. Amer. Chem. Soc.,
1942, 64, 2988.

11 R. J. W. Le Févre, ‘ Dipole Moments,” Methuen, London,
1953, p. 56.

12 7. W. Smith, ‘Electric Dipole Moments,” Butterworths,
London, 1955, p. 58.

13 D. J. Bertelli, personal communication.
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TABLE 2 *
Compound de/dw —dV/dw dn?/dw Py/cm3 Rp/cm? Pg/cm3 u/p

(Ia) 9-04 4 0-01 0-305 + 0-003 237-3 32-56 31-96 341 4 0-01
(IIa) 7-15 4 0-05 0-326 + 0-001 0-124 + 0-001 209-7 41-79 41-04 320 4 0-03
(IIb) 573 4+ 0-04 0-438 + 0-002 0-066 + 0-001 216-5 44-65 43-74 3-26 4 0-02
(I1Ia) 6-05 4- 0-04 0-623 + 0-002 0-513 + 0-010 151-7 36-78 36-50 2:72 4 0-03
(Ic) 254 + 03 0-:312 + 0-001 0-279 + 0-002 847-4 53-26 53-44 6-44 + 0-05
(IIc) 21-3 4 0-1 0-277 + 0-001 0-249 + 0-003 822-2 62-56 62-53 6-34 + 0-03
(IIIc) 17-8 + 01 0-440 + 0-001 0-502 + 0-001 628-2 5842 57-98 5-54 4 0-02

* Errors in de/dw, dV/dw, and dn?/dw are quoted as 4- probable errors ¥ and based on the least-squares plot.

combined to give the quoted error in p.

tabulated 4 values of bond electronic polarizations. The
values agree to within 1 cm3. Results are reported in
Tables 1 and 2.

CALCULATIONS

The theoretical analysis has been carried out by estimating
separately the 6- and n-contribution to the dipole moment.
In the calculations the following assumptions were made.

(1) The o-dipole contributions were calculated as vector
sum of the bond moment values M (A-B): t

A-B C-H
M 0-00 18

c-O
0-80 17

C—Cl
1-59 18

C—-Br
1-56 1

C'pa——Cspl
0:30 18

The ., for the Cyp-piperidine group was derived in the
following way. Dipole moment values of 1-methyl-
piperidine 18 and 1-phenylpiperidine 1® are in good agree-
ment, both in magnitude and direction, with those of
trimethylamine 20 and NN-dimethylaniline 2! respectively.
Then, to a first approximation, it should be possible to
assume for the w-dipole component in 1-phenylpiperidine
the same value estimated 2%%?% for the true mesomeric
moment in NN-dimethylaniline. From this latter and the
gross moment of 1-phenylpiperidine, the p, value for the
Cspr-piperidine group can be found; it is estimated to be
121 D (p, = 0-56i — 0-33] + 1-02k, where i, j, and k
denote unit vectors directed along the positive directions
of the #, y, and z axes, respectively, in the Figure).

(2) The n-dipole contributions were calculated by the
HMO method.
The values of the Coulomb («;) and resonance (By)

+ The convention here used to define bond moment is that
A is the positive end of the dipole in M (A—B).

14 R. J. W. Le Févre and K. D. Steel, Chem. and Ind., 1961,
670.

15 R. T. Birge, Phys. Rev., 1932, 40, 207.

16 C. W. N. Cumper, Tetrahedron, 1969, 25, 3131.

17 J. B. Bentley, K. B. Everard, R. J. B. Marsden, and L. E.
Sutton, J. Chem. Soc., 1949, 2957.

18 R. J. Bishop, L. E. Sutton, D. Dineen, R. A. Y. Jones, A. R.
Katritzky, and R. J. Wyatt, J. Chem. Soc., 1967, 493.

19 M. Aroney and R. J. W. Le Févre, J. Chem. Soc., 1960, 2161.

20 R. J. W. Le Févre and P. Russell, Trans. Faraday Soc.,
1947, 43, 374.

21 R. J. B. Marsden and L. E. Sutton, J. Chem. Soc., 1936, 599.

22 K. B. Everard and L. E. Sutton, J. Chem. Soc., 1951, 2821.

23 7. W. Smith, J. Chem. Soc., 1961, 81.

These errors are

integrals given by Bonnet and Cocordano ¢ were used for
the vinyl-carbonyl core C=C—C=0:

w0, =a-4 078
o =0+ 028 By =118
ag=o+ 018 Be =058
a3 =a+ 018 2 = B

‘When X = halogen, the following parameters were used:
a = a+ 178 Boor = 05 8
ABr = % =+ 1-4 ﬁ BGBr = 05 ﬁ

According to Julg’s treatment,?® previously applied to
af-unsaturated ketones,2® the parameters were corrected
to take into account the perturbating effect of the sub-
stituents and of the ring, the latter being replaced by two
methyl groups in positions 6 and 4.

‘When the heteroatom X was the piperidine nitrogen, the
parameters oy = o 4+ 1478 and Boy = 1058 have been
selected as the most reasonable values fitting the m-contri-
bution to the dipole moment of 1-phenylpiperidine.

(3) To the best of our knowledge there are no structural
data on the interatomic distances of vinyl-ketones; there-
fore, the following bond lengths were chosen: rgg 1227,
70,0, 1'471, and vg g, 1-337 A as estimated from bond orders
in cyclohex-2-enone; vgy 1-718, 7opr 1:86, 7oy 1-43,
Y C(sp?)C(sp®) 1-505 and ¥0(sp®)C(sp?) 1-533 A. were selected as
standard values. All valence angles in the vinyl-carbonyl
system were assumed to be 120°.

RESULTS AND DISCUSSION

In the cyclohex-2-enone series (I) the dipole moment
values are greater than those in the corresponding 5,5-
dimethylcyclohex-2-enone series (II). These differences
are significant and may also be found in dipole moments
of analogous «p-unsaturated ketones such as cyclohex-
2-enone (IV) (x = 3:62 D 27, carvone (V) (x = 3:17 D 17),

SINe;

0 0
Iv) V)

(VD)

and isophorone (VI) (u =402 D% in carbon tetra-
chloride; 3-96 D % in dioxan).

24 M. Bonnet and M. Cocordano, Bull. Soc. chim. France,
1962, 1705.

2% A. Julg, ‘ Chimie theorique,” Dunod, Paris, 1964, p. 291.

26 R. Luft and J. Basso, Bull. Soc. chim. France, 1967, 968.

27 D. J. Bertelli and T. G. Andrews, jun., Tetrahedron Letters,
1967, 4467.

28 D, Izsak and R. J. W. Le Févre, J. Chem. Soc. (B), 1966,
251.

20 'W. D. Kumler and G. M. Fohlen, J. Amer. Chem. Soc., 1945,
67, 437.
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The experimentally observed decrease in dipole
moment can be accounted for by the following ex-
planations.

aB-Unsaturated Ketones.—Calculations were made by
assuming coplanarity of the vinyl-carbonyl skeleton and
the results for the n- and s-components and the total
moments are collected in Table 3.

TABLE 3

Calculated =, 6, and total dipole moments of «B-un-
saturated ketones

Com- n®)/ P-(:V)/ n2)/ F'cu.lc/ l‘exp/
Compound  ponent D D D D D
(IV) T —0-25 2-54 365 3-62¢
o 052 1-10
V) T —0-26 2-24 3-19% 3-17¢
al 0-26 095
(VI) wyp = 0° T —0-31 3-04 4-29
o 0-26 1-25 4024
wyp = 30° T —0-34 270 077 403 [ 3-96°¢
o 0-20 1-14 0-48

¢ From ref. 27.
the MeC.CH, group.
ref. 29.

b Estimated by neglecting the moment of
¢ Fromref. 17. 4 Fromref. 28. ¢ From

The total calculated moment of cyclohex-2-enone (IV)
agrees well with the experimental one; the direction of
this moment can also be estimated by an analysis of the
vector difference between cyclohex-2-enone and cyclo-
hexanone (x= 3-08 D?% moments. The difference
between the o-components can be easily calculated.
That between the m-components will make only a small
angle with the y-axis (see Figure), ¢.¢. in cyclohex-2-enone
the p,(x) is very small compared with the p,(y); more-
over p.(x) will be negative and p,(y) positive. Then, a
relation u.(¥) = —Au,(y), with small % values, holds
between p,(*¥) and p,(y). The calculations for different
% values in the range 0-05—0-15 give almost no change
for the p, and a mean value p, = —0-25i 4 2-51j
results, in good agreement with that reported in Table 3.
From the geometry that will be reported later, the o-
component was also calculated using the method
suggested by Del Re and Berthod-Pullman.3® The
estimated value p, = 0-14i 4- 0:89j - 0-01k is smaller
than that calculated from bond moments; taking into
account the inaccuracy of the two methods there is
reasonable agreement between the two values.

The calculated moment for the 2-methylcyclohex-2-
enone is not directly comparable with the true moment;
however, it is in agreement with the experimental
moment of carvone (V) if, owing to the free rotation
around the C,—Cge axis, the contribution of the iso-
propenyl group to the total moment is small.

The actual moment of isophorone (VI) is smaller than
the calculated one. This discrepancy may be explained
if we admit that the vinyl-carbonyl skeleton is not co-
planar for steric reasons.3l A4 priors, the steric strain
can be relieved either by twisting around the essentially

30 () G. Del Re, J. Chem. Soc., 1958, 4031; (b) H. Berthod and
A. Pullman, J. Chim. phys., 1965, 62, 942.

31 A. G. Pinkus and H. C. Custard, jun., J. Phys. Chem., 1970,
74, 1042.
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single bond (w,) or by twisting around the essentially
double bond (wy) or, finally, by a conrotatory or dis-
rotatory twisting around the two bonds.

The wy3 and disrotatory possibilities have been re-
jected as they cause an increase in dipole moment. In
the other two cases the dipole moment values at different
interplane angles are smaller than the value of 429 D
calculated on the assumption of a coplanar vinyl-
carbonyl skeleton. Only for the w,, twist, however, are
the strains in the «, 8, and y valence angles small; for
g9 = 30° a good agreement with the experimental dipole
moment is obtained (Table 3).

We shall have to consider whether the twist angle can
be justified by steric reasons. For this purpose, the
steric crowding between the 5(ax)-methyl and the carbon
atoms C(1), C(2), and C(3) has been estimated.

For the coplanar configuration of the vinyl-carbonyl
skeleton, from the previously reported geometrical data,
we obtain: « = 105°, 3 = 108°, y = 110-5° while C(5)
is 0-78 A above the xy plane. The methyl groups have
been treated as pseudo-atoms X localized at the middle
of the normal from the plane of the hydrogens to the
carbon atom (rx¢ 1702 A). Using Hendrickson’s re-
lation 32 to estimate the C(8)-C(5)~C(6) angle (110-3°),
the distances between 5(ax)-methyl and C(1), C(2), and
C(3) are found to be 2-97, 3-14, and 3-00 &, respectively.
These values are all smaller than the touching distance
(4 36 A) as determined from the van der Waals radii.33

The following values are obtained for the twisted con-
figuration with e, = 30°: « = 116-2°, 8 = y = 113-3°.
The C(8)—C(5)—C(6) angle is estimated to be 108-7° and
the distances between the 5(ax)-methyl and C(1), C(2),
and C(3) are 3-60, 3-71, and 3-30 A, respectively; the
latter is slightly less than the touching distance.

These calculations seem to justify the »; = 30° angle
even apart from any strict energetic treatment and to
support the evidence from dipole moment analysis.

TABLE 4
Calculated =, o, and total dipole moments of 3-halogeno-
cyclohex-2-enones

Com- I"("’)/ I"(y)/ P"(Z)/ F'calcll I”exp/
Compound  ponent D D D D D
(Ia) T —0-55 2-80 3:39 3-41
o 1-90 031
(ITa) @ T —0-58 248 075 320 320
4 1-83 019 048
(ITb) @ T —070 263 076 329 325
4 1-81 021 048
(IIIa) T —0-55 2-51 2-88 273
o 1-64 016

4 Values for the twisted configuration with w,; = 30° (see
text).

3-Halogenocyclohex-2-enones.—The same preferred geo-
metry assigned to each of-unsaturated ketone was
applied to the corresponding 3-halogenocyclohex-2-
enones. Results are given in Table 4.

32 J. B. Hendrickson, J. Amer. Chem. Soc., 1961, 83, 4537.
3% L. Pauling, ‘ The Nature of the Chemical Bond,” Cornell,
Ithaca, 1963, p. 260.
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It can be seen that the calculated dipole moments for
derivatives (Ia), (IIa), and (IIb) are very close to the
experimental ones. The validity of the result for
compound (IIIa) is not quite so clear owing to the un-
certainty in the conformation of the corresponding «p-
unsaturated ketone.

3-Piperidinocyclohex-2-enones—The dipole moment
calculations for derivatives (Ic) and (IIc) were made by
assuming that they contain the piperidine ring as a
‘ chair ’ to which the cyclohexenone group, being large,
is attached by an equatorial bond.181%3¢  For derivative
(ITIc) an examination of a scale model clearly shows
steric interference between the piperidine ring and the
2-methyl group: as a result, the conformation may be
affected in many ways. Tentatively, calculations were
made for a coplanar vinyl-carbonyl group by twisting
the piperidine ring through an angle 6 about the C-N
single bond. The results are summarized in Table 5.

For derivatives (Ic) and (IIc) the actual moments are
greater than the calculated ones, but the relative values
are in agreement. The difference in the absolute values
could be due to an inadequate selection of the para-
meters for p, calculations. When this difference is taken
into account, an angle of twist 6 ca. 30° can be estimated
for derivative (IIIc).

3¢ (g) R. W. Baldock and A. R. Katritzky, J. Chem. Soc., (B)
1968, 1470; (&) J. B. Lambert and R. G. Keske, Tetrahedron
Letters, 1969, 2023.
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In conclusion, analysis of the dipole moments supports
the view that in compounds (Ia), (Ic), and (IV) the
vinyl-carbonyl system is coplanar, whereas it is twisted

TABLE 5

Calculated w, o, and total dipole moments of 3-piperidino-
cyclohex-2-enones

Com- I‘L(;'")/ F'(y)/ F‘(Z) / P-calc/ chp/
Compound  ponent D D D D D
(Ic) - —180 526 —030 612 644
o 108 077 1-02
(ILc) @ - —1.76 479 053 587 634
. 102 066 1-50
(I1Ic) § = 0° - —1:86 517 —030 593 )
o 082 062 1-02
=130 = —1:37 404 —017 516
o 108 107  0-89 554
0=160° = —069 269 —004 415 [°
o 127 139 051 f
f=90° —0-21 180 000 350 |
o 1-3¢ 151 0-00 J

“ Values for the twisted configuration w,, = 30° (see text).

through ca. 30° about the C(1)-C(2) bond in compounds
(I1a), (IIb), (IIc), and (VI). For derivatives (IIIa),
(ITIc), and (V) the evidence is uncertain.

Financial support from the Italian C.N.R. is acknow-
ledged.
[1/1124 Received, July 2nd, 1971]




