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The enthalpies of transfer of the divalent cations and 
the alkali metal ions from water to the protic solvents 
methanol and formamide are exothermic. The endo-
thermic transfer of all cations to methanol and forma
mide from DMF and DMSO is attributable to ion-
solvent interactions which disrupt the hydrogen-bonded 
solvent-solvent interactions that occur in both CH3OH 
and HCONH2. In the case of methanol the endo-
thermicity is enhanced by the greater donor power of 
DMF and DMSO, relative to methanol. Transfer of 
cations from formamide to dimethylformamide is a 
strongly exothermic transfer. These solvents use a 
similar N C = O grouping for cation solvation and are of 
comparable donor strength so that cation-solvent inter
actions are likely to be comparable. The exothermicity 
of transfer is a function of the hydrogen-bonded solvent-
solvent interactions in formamide which are absent in 
DMF and which re-form when cations are transferred 
from formamide to DMF. 

The enthalpies of transfer of many small anions, which 
are strong hydrogen bond acceptors, from water to 
dipolar aprotic solvent are endothermic. This is be-

I t has long been recognized that of the two possible 
conformers of a cyclohexane ring the chair is far 

more stable than the boat1 - 3 and that substituents, in all 
but a few cases, tend to occupy equatorial positions.3 

However, the basic structural parameters of the cyclo
hexane system, which define essentially a flattened chair 
conformation, have been measured only during the last 
decade. For cyclohexane itself, electron diffraction 
analysis has given a value of 111.9° for the internal 
bond angle,4 and X-ray studies of several of its sub-
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cause strong anion-water hydrogen-bonding inter
actions are lost and this outweighs the gain of water-
water H bonds (vida supra) when these anions are trans
ferred from water to dipolar aprotic solvents. How
ever, the enthalpies of transfer of ClO4

- from water to 
all of the nonaqueous solvents are strongly exothermic. 
The perchlorate ion is a very weak H-bond acceptor.2 

Transfer from water of the ClO3
- anion, which has a 

pyramidal structure, is less exothermic than transfer of 
ClO4

-. This is consistent with a loss of stronger 
C103"-water interactions due to the greater hydrogen-
bonding acceptor ability of ClO3

- and its lower polar-
izability, relative to ClO4

-. The small, usually endo
thermic enthalpies of transfer of the CF3SO3

- ion from 
water indicate that this anion is a stronger hydrogen-
bond acceptor than ClO4

-, a much weaker acceptor than 
Cl -, and a slightly weaker acceptor than ClO3

-. 
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stituted derivatives5-7 have determined mean ring angles 
ranging from 110.6 to 112.1 °. As a result of minimiza
tion of bond angle strain, the internal angle thus appears 
to lie between the tetrahedral angle and the ra-paraffin 
angle of 112.7°.8 In addition, torsional strain is 
minimized by reducing the torsion angle from an ideal 
60° to values ranging from 52.9 to 57.I0.5-7 

While there is ample experimental evidence indicating 
that the chair form is also the predominant ground-state 
conformation of six-membered rings containing one sp2 
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Abstract: The crystal and molecular structure of a-acetoxy-a,2-a«r/-diphenylmethylenecyclohexane, C21H2SO2, has 
been determined by a single-crystal, three-dimensional, X-ray diffraction study. The compound crystallizes in 
space group Pbca with lattice parameters a = 24.157 ± 0.006, b = 16.758 ± 0.004, and c = 8.535 ± 0.002 A(Z = 
8). The intensities of 2929 independent reflections were measured on a Picker automatic diffractometer (Cu Ka 
radiation) and the structure was solved by the symbolic addition method. Full-matrix least-squares refinement of 
atom positions, hydrogen isotropic temperature factors, and anisotropic thermal parameters for carbons and oxy
gens converged at a final Ri = 6.5% for the 1722 reflections above background. The cyclohexylidene system is 
found in a flattened chair conformation with the 2-phenyl substituent axial as required by the theory of Au '3) 

strain. Torsion angles in the ring range from 52.9 to 57.1° (average 55.3°), and internal bond angles at sp3 hy
bridized carbons average to 110.7° Except for the C(sp 2)-C(sp3) bond distances of 1.503 and 1.515 A and the 
C(2)-C(l)-C(6) angle of 114.0°, metric parameters in the saturated ring conform quite closely to values observed in 
cyclohexanes. The C(sp2)-0 bond lengths in the acetoxy group are 1.427 and 1.358 A for the bonds to the methyl
ene and carbonyl carbon atoms, respectively. Bond distances and angles in the aromatic rings are in good agree
ment with literature values. 
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hybridized carbon atom (such as cyclohexanone9 and 
methylenecyclohexane10) definitive structural param
eters for these molecules are still lacking,1: and even the 
stereochemistry of substituted methylenecyclohexanes 
has not been thoroughly investigated by modern struc
tural methods. The situation pertaining to methylene
cyclohexanes substituted at, and allylically to, the double 
bond was discussed in 1965 when Johnson and Mal
hotra introduced the concept of A ( M ) strain.12 Their 
proposal states that if R and R ' are moderate in size in 
systems such as I they will interfere and the con-

I 

formational equilibrium should favor that form having 
the axial substituent (Ia). If the groups R and R' are 
small and do not interfere with one another, then con
formation Ib should be formed. 

C - R 

'C—R" 

Ib 

The stereochemical theorem of A a 3 ) strain, which was 
formulated as a result of experience with the stereo
chemical behavior of molecules containing substituted 
allylic groups associated with six-membered rings, was 
based on energy considerations assuming a near-planar 
arrangement of the grouping R ' C C = C R R " . How
ever, Malhotra and Johnson's interpretation13 of the 
nmr spectra which supported the assignment predicted 
by this theorem for II and III was challenged by 

OCOCH3 OCOCH, 

II 

Zimmerman and Mariano.14 More recently Bordwell 
and Yee16 have concluded that 2-phenylcyclohexane-
nitronate ions exist in the conformation where the 2 
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substituent assumes an equatorial rather than an axial 
position. 

The present single-crystal X-ray diffraction investiga
tion of a-acetoxy-a,2-a«//-diphenylmethylenecyclo-
hexane (II) was undertaken to determine whether the 
ground-state conformation in the solid is as predicted 
by the theory of A(1'3) strain. This system also affords 
a unique opportunity to compare directly the geometry 
of a six-membered ring containing one sp2 hybridized 
carbon atom with the familiar cyclohexane conforma
tion. 

Experimental Section 
A sample of a-acetoxy-a,2-awi-diphenylmethylenecyclohexane, 

recrystallized from petroleum ether (bp 30-60°), was supplied by F. 
Johnson. The colorless crystals (mp 54-55°) have a tabular habit 
with well-defined faces. A crystal of dimensions 0.12 X 0.20 X 
0.33 mm (along a, b, and c, respectively) was selected and mounted 
in a thin-walled Lindemann glass capillary with the c axis of the 
crystal approximately parallel to the capillary axis. The crystal was 
then aligned and examined by photographic methods on a Weissen-
berg goniometer to determine the space group and preliminary lat
tice constants. The reciprocal lattice symmetry Dv* and the reflec
tion conditions hkO (h = In), IM (I = In), and OkI (k = 2n) recorded 
on the hkO and hk\ Weissenberg levels establish the space group 
uniquely as Pbca (No. 61, Z)2/,

15). The crystal was then carefully 
centered on a Picker four-circle goniostat, and the dimensions of the 
orthorhombic cell were calculated by least-squares refinement of the 
setting angles of 19 reflections with Cu Ka radiation (X 1.5418 A). 
The lattice parameters a = 24.157 ± 0.006, b = 16.758 ± 0.004, 
and c = 8.535 ± 0.002 A (at 25c) are consistent with a calculated 
density of 1.178 g cm - 3 for molecular weight 306.41 and Z=S. 
The estimated standard deviations of the lattice constants, as com
puted in the least-squares analysis, were a factor of 10 better than 
the errors assigned above, which reflect our experience with sys
tematic errors and reproducibility of results under different experi
mental conditions. 

Intensity data were gathered using the 8-28 scan mode of the dif-
fractometer with Ni filtered Cu Ka radiation. The take-off angle 
of the tube was 3 °, and a counter aperture 6.0 X 6.0 mm was placed 
30 cm from the crystal; 1.5-mm diameter incident- and exit-beam 
collimators were used to restrict stray radiation. The scan speed 
was 2°/min over 28 angles of 2° + A, where A is the separation of 
the Ka doublet; this range was sufficient to allow for the observed 
mosaic spread of the crystal. Two stationary crystal stationary 
counter background counts of 15 sec were taken at each end of the 
scan. The reciprocal lattice was recorded to near the instrumental 
limit (sin 8 = 0.906) and a total of 2929 independent reflections were 
measured. A test reflection (5, 3, 1) monitored after every 50 mea
surements showed good stability. An error <x(I) = [(0.02/)2 + 
AT0 -f k2NbY>'- was assigned to the net intensity / = /V0 — A:M, of 
each reflection in order to establish the weights w(F) = 4F2JaHF2) 
for subsequent least-squares refinement, where the quantity Sw(If0I 
— |FC|)2 was minimized. Here No is the gross count, M, is the back
ground count, k is the ratio of scan time to background time, and 
the F1 are the intensities corrected for Lorentz and polarization 
effects. The 1207 reflections for which / < 0 or IJa(I) < 2.0 were 
denoted absent and omitted from the refinement. The linear ab
sorption coefficient for Cu Ka is 5.91 cm - 1 . Transmission factors 
were estimated to range from about 0.82 to 0.93, but no corrections 
were made. 

Solution and Refinement of the Structure. A scale factor (2.0) and 
overall temperature factor (B0 = 4.2 A2) were computed by Wilson's 
method and used to calculate a set of normalized structure factors 
(£'s). Assuming symbols for seven reflections, the phases of 403 of 
the largest £ 's were determined by the symbolic addition method 
using the program MAGIC of Dewar and Stone,16 which implements 
the Karle-Hauptman cr-2 relationship" 

S(Ek) = S f Z E^En-A 

(16) The Fortran package MAGIC by R. B. K. Dewar and A. Stone, 
The University of Chicago, Chicago, IU., consists of the programs 
MAGIC, LINK, and SYMPL which allow the application of the symbolic 
addition procedure to centrosymmetric crystals. 

(17) H. Hauptman and J. Karle, "Solution of the Phase Problem. I. 
The Centrosymmetric Crystal," A. C. A. Monograph No. 3, Poly-
crystal Book Service, Pittsburgh, Pa., 1953. 
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Figure 1. Stereoscopic view of a-acetoxy-a,2-a«?/-diphenylmethylenecyclohexane showing the ellipsoids of thermal motion and the number
ing system. 

where s means "sign of" and h and k are the index triples of the 
reflections. In order to determine the most probable sign combina
tion, the program LINK then examined the symbol equivalences gen
erated by MAGIC and calculated the inconsistency index 

I = HNiIO- .000001 - P3) 

for each sign combination, where Nj and P1 are respectively the 
MAGIC iteration number and the probability for symbol equivalence 

j . The most probable solution (/ = 2165) was only moderately 
favored over three other sign combinations (/ from 7237 to 9863). 
Reflections whose determination led to an inconsistency were re
jected in SYMPL, and the 318 remaining E's were given signs in ac
cordance with the most probable combination, which assumed posi
tive signs for (2, 3, 2), (18, 4, 3), (2, 15, 1), (11, 8, 5), (13, 7, 4), and 
(17, 5, 3) and a negative sign for (15,10, 4). An E map18 calculated 
from this solution showed a large number of peaks, of which six 
(with amplitudes ranging from 252 to 467 on an arbitrary scale) 
were tentatively identified as forming a phenyl group. On the basis 
of past experiences, a peak of intensity 1333, twice as strong as any 
other site, was believed to be the ether oxygen. Since similar in
consistency indices were found for three other sign combinations, 
maps based on these solutions were calculated18 but no meaningful 
structure could be extracted. Starting from a different and en
larged set of eight reflections MAGIC was run again and identified the 
same sign combination as the most probable solution. At this 
stage a normal-sharpened three-dimensional Patterson function was 
calculated18 against which the interactions resulting from the ether 
oxygen and the phenyl ring described above were systematically and 
successfully verified. With considerable difficulty the remaining 
atoms of the molecule were finally identified in the original E map. 
Their relative intensities ranged from 154 to 618. Eleven other 
peaks with amplitudes between 201 and 362 proved to be spurious. 
Subsequent least-squares refinement showed 27 (8.5 %) phases deter
mined in SYMPL to be incorrect. A posteriori application of the 
tangent formula19.20 significantly improved this phase set, however, 
and converged after four cycles to a 97.7 % correct solution. 

Six cycles of least-squares refinement of the atomic positions and 
isotropic temperature factors of the 23 atoms found in the £-map, 
using a small computer, blocks of 72 variables and a set of 736 re
flections, were not initiated.21,22 On the basis of its bond distance 
and its temperature factor, the carbonyl oxygen was distinguished 

(18) J. Gvildys, "Two- and Three-Dimensional Crystallographic 
Fourier Summation Program," based on MIFRI, Program Library B-149, 
Argonne National Laboratory, Applied Mathematics Division, Ar-
gonne, 111., April 13, 1965. 

(19) J. Karleand H. Hauptman, Acta Crystallogr., 9, 635 (1956). 
(20) R. B. K. Dewar, Ph.D. Dissertation, The University of Chicago, 

Chicago, 111., 1968. 
(21) F. P. van Remoortere and F. P. Boer, "A Full-Matrix Crystallo

graphic Least-Squares Program for the IBM 1130." 
(22) Atomic scattering factors for C, N, and O were taken from "In

ternational Tables for X-ray Crystallography," Vol. Ill, Kynoch Press, 
Birmingham, England, 1962, p 201. Hydrogen scattering factors are 
by R. F. Stewart, E. R. Davidson, and W. T. Simpson, / . Chem. Phys., 
42,3175(1965). 

from the methyl carbon after the first cycle and subsequently as
signed an oxygen scattering factor. This refinement reduced 

*i = (EII^oI - |F0j|)/2|Foj 
fromO.294 to 0.132 and 

*2 = ((Ew[Fo-F0]^EwF0
2} V» 

from 0.360 to 0.148. A difference map18 revealed clearly the cyclo-
hexylidene and phenyl hydrogens at their calculated positions with 
relative peak heights ranging from 86 to 190. The methyl hydro
gens could also be identified in reasonable positions with amplitudes 
between 117 and 162. Refinement was continued22.2S on a larger 
computer using full matrix least squares and including all 1722 re
flections above background. Anisotropic thermal motion was as
sumed for the heavier atoms and isotropic temperature factors were 
used for the hydrogens. After two cycles, in which Ri was reduced 
from 0.151 to 0.080 and R2 from 0.154 to 0.067, a correction for 
secondary extinction was applied to 11 strong low-order reflections 
that were systematically less intense than their calculated values.24 

Additional refinement23 on all parameters converged in three more 
cycles to the final discrepancy indices of Ri = 0.065 and Ri = 0.049 
for the 1722 reflections. In the final cycle the average shift in posi
tion parameters was 0.02<r with a maximum shift of 0.17a- for the 
heavier atoms and 0.06a with a maximum shift of 0.48a for the 
hydrogens. A final difference Fourier18 showed no positive or nega
tive density of magnitude in excess of 0.22 e A"3. 

Atomic parameters and their estimated standard deviations are 
given in Table I, while bond distances and angles, together with 
standard deviations computed25 from the variance-covariance 
matrix obtained in the final least-squares cycle, are listed in Table II. 
The root-mean-square components of thermal displacement along 
the principal axes, as defined by the anisotropic thermal parameters, 
are compiled in Table III. The directions of thermal motion may 
be inferred from Figure 1, in which the three-dimensional structure 
of the molecule is shown using ellipsoids to represent the aniso
tropic thermal motion.26 A table of observed and calculated struc
ture factors is available to the interested reader.27 

Discussion 
Our results establish that the cyclohexylidene system 

adopts a chair conformation whereby the 2-phenyl 
substituent assumes an axial position as predicted by 

(23) J. Gvildys, "A Fortran Crystallographic Least-Squares Refine
ment Program," based on ORFLS, Program Library 14E7043, Argonne 
National Laboratory, Applied Mathematics Division, Argonne, 111., 
March 31, 1967. 

(24) W. H. Zachariasen, Acta Crystallogr., 16,1139 (1963). 
(25) J. Gvildys, "ANL FFE, A Fortran Crystallographic Function 

and Error Program," based on ORFFE, Program Library B-115, Argonne 
National Laboratory, Applied Mathematics Division, Argonne. III., 
Sept 17, 1964. 

(26) C. K. Johnson, "ORTEP: A Fortran Thermal-Ellipsoid Plot 
Program for Crystal Structure Illustrations," Report ORNL-3794, 
Oak Ridge National Laboratory, Oak Ridge, Tenn., June, 1965. 

(27) See paragraph at end of paper regarding supplementary ma
terial. 
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Table I. Final Structure Parameters0 and Standard Deviations6 

Atom 

C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(Il) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
0(22) 
0(23) 

H(2) 
H(31) 
H(32) 
H(41) 
H(42) 
H(51) 
H(52) 
H(61) 
H(62) 
H(9) 
H(IO) 
H(I l ) 
H(12) 
H(13) 
H(15) 
H(16) 
H(17) 
H(18) 
H(19) 
H(211) 
H(212) 
H(213) 

X 

0.1455(1) 
0.1738(1) 
0.2339(1) 
0.2385(1) 
0.2087(2) 
0.1483(1) 
0.1201(1) 
0.0924(1) 
0.0415(1) 
0.0150(2) 
0.0391 (2) 
0.0895(2) 
0.1161 (1) 
0.1415(1) 
0.1660(2) 
0.1339(2) 
0.0785(2) 
0.0534(2) 
0.0847(2) 
0.1520(1) 
0.1394(2) 
0.1143(1) 
0.1899(1) 

0.173(1) 
0.252(1) 
0.255(1) 
0.277(1) 
0.222(1) 
0.229(1) 
0.208(1) 
0.131(1) 
0.129(1) 
0.026(1) 

- 0 . 0 2 1 (2) 
0.022(1) 
0.107(1) 
0.153(1) 
0.206(1) 
0.152(1) 
0.054(1) 
0.010(1) 
0.068(1) 
0.121 (2) 
0.101 (2) 
0.165(2) 

y 

- 0 . 0 2 8 2 ( 2 ) 
-0 .0383(2 ) 
-0 .0631 (2) 
- 0 . 1 3 6 5 ( 2 ) 
- 0 , 1 2 5 4 ( 2 ) 
-0 .1008(2 ) 

0.0388(2) 
0.0603 (2) 
0.0979(2) 
0.1197(3) 
0.1052(3) 
0.0678 (2) 
0.0462(2) 

- 0 . 0 9 4 9 ( 2 ) 
- 0 . 1 3 6 4 ( 2 ) 
- 0 . 1 8 2 6 ( 2 ) 
- 0 . 1 8 9 3 ( 2 ) 
-0 .1500(3 ) 
-0 .1019(2 ) 

0.1594(2) 
0.2211(2) 
0.0994(1) 
0.1605(1) 

0.013(2) 
- 0 . 0 1 4 ( 2 ) 
- 0 . 0 6 7 ( 2 ) 
- 0 . 1 4 4 ( 2 ) 
- 0 . 1 7 7 ( 2 ) 
- 0 . 0 7 3 ( 2 ) 
- 0 . 1 6 7 ( 1 ) 
- 0 . 1 4 3 ( 1 ) 
- 0 . 0 9 2 ( 1 ) 

0.112(2) 
0.155(2) 
0.121(2) 
0.058(2) 
0.018(2) 

- 0 . 1 3 1 ( 1 ) 
- 0 . 2 1 1 (2) 
- 0 . 2 2 0 ( 2 ) 
- 0 . 1 5 7 ( 2 ) 
- 0 . 0 7 8 ( 1 ) 

0.201(2) 
0.247(3) 
0.260(3) 

Z 

0.2562(4) 
0.0991 (4) 
0.1286(5) 
0.2306(6) 
0.3860(5) 
0.3592(4) 
0.2973(3) 
0.4449(3) 
0.4415(5) 
0.5789(6) 
0.7189(5) 
0.7260(4) 
0.5898(4) 

-0 .0084(4 ) 
-0 .1323(4 ) 
- 0 . 2 3 2 7 ( 4 ) 
- 0 . 2 1 4 4 ( 5 ) 
- 0 . 0948 (5) 

0.0043(4) 
0.1858(4) 
0.0645(5) 
0.1809(2) 
0.2736(3) 

0.041 (3) 
0.185(3) 
0.019(3) 
0.255(4) 
0.172(4) 
0.447(4) 
0.443 (3) 
0.303(3) 
0.458 (3) 
0.338(4) 
0.565(4) 
0.815(4) 
0.825(4) 
0.589(3) 

- 0 . 1 3 7 ( 3 ) 
- 0 . 3 1 5 ( 3 ) 
- 0 . 2 8 7 ( 3 ) 
- 0 . 0 8 4 ( 4 ) 

0.088(3) 
- 0 . 0 1 2 ( 4 ) 

0.097(6) 
0.054(5) 

104/3n 

16(1) 
19(1) 
19(1) 
17(1) 
24(1) 
19(1) 
16(1) 
14(1) 
18(1) 
22(1) 
29(1) 
31(1) 
20(1) 
21 (1) 
24(1) 
40(1) 
33(1) 
29(1) 
24(1) 
24(1) 
42(2) 
20(1) 
27(1) 

B, A2 

5.5(0.9) 
7 .3(1 .0) 
7 .6(1 .0) 
8 .0(1.1) 
9 .5(1 .6) 
9 .9(1 .3) 
4 .0 (0 .9) 
4 .7(0 .9) 
4 .0 (0 .8) 
7 .6(1 .2) 

12.6(1.6) 
6 .7(1.1) 
7 .8(1 .2) 
6 .2(0.9) 
3 .7(0.8) 
7 .3(1 .1) 
7 .4(1 .2) 

10.1 (1.3) 
5 .4(1.0) 

10.4(2.0) 
17.4(2.5) 
14.2(2.3) 

104fe 

31(1) 
34(2) 
50(2) 
63(3) 
41(2) 
38(2) 
35(2) 
36(2) 
70(2) 
82(3) 
85(3) 
67(2) 
46(2) 
39(2) 
42(2) 
42(2) 
56(2) 
90(3) 
66(2) 
35(2) 
42(2) 
36(1) 
54(1) 

1 0 % 3 

161 (6) 
183 (7) 
245 (10) 
298 (12) 
265(11) 
174 (8) 
149 (7) 
145 (7) 
212 (10) 
293 (13) 
218(12) 
141 (8) 
165 (8) 
158 (7) 
201 (9) 
165 (9) 
182(10) 
178 (9) 
174 (8) 
145 (7) 
218 (10) 
153(4) 
253 (6) 

104ft2 

-KD 
-KD 
- 4 ( 1 ) 

6(1) 
4(1) 

- 0 ( 1 ) 

-KD 
- 2 ( 1 ) 

8(1) 
7(1) 

- 8 ( 2 ) 
- 9 ( 1 ) 

-KD 
KD 
5(1) 

10(2) 
- 3 ( 2 ) 

- 1 2 ( 2 ) 
- 4 ( 1 ) 

2(1) 
- 5 ( 2 ) 

-KD 
- 1 0 ( 1 ) 

10«fr3 

4(2) 
19(2) 
18(2) 
7(3) 
1(3) 
8(2) 

- 5 ( 2 ) 
1(2) 

- 1 ( 3 ) 
14(3) 
32(4) 

3(3) 
1(2) 

17(2) 
16(3) 
9(3) 

- 5 ( 3 ) 
5(3) 

17(3) 
3(2) 

- 1 7 ( 4 ) 
- 7 ( 1 ) 

- 2 1 (2) 

1 0 % , 

8(3) 
4(3) 

- 3 ( 4 ) 
- 2 ( 5 ) 
19(4) 

- 1 ( 3 ) 
7(3) 

- 4 ( 3 ) 
14(4) 

- 4 1 (5) 
- 3 2 ( 5 ) 
- 4 ( 4 ) 

3(3) 
10(3) 
12(3) 

- 6 ( 4 ) 
4(4) 

- 2 4 ( 4 ) 
- 2 0 (4) 

2(3) 
25(4) 
8(2) 

23(2) 

J The anisotropic thermal parameters are in the form exp( — h20n 
in parentheses. 

/c2/322 - /2IS33 - 2hkfin - 2Wft3 - 2A:/j323).
 h Standard errors are given 

Malhotra and Johnson on the basis of A(1,3) strain.12 

The geometry of this six-membered ring, which con
tains one sp2 hybridized carbon atom, closely resembles 
the conformations reported for cyclohexane and its 
substituted derivatives. Although slightly shorter than 
the average length of 1.537 A tabulated28 for saturated 
hydrocarbons, the mean C(sp 3)-C(sp3) bond distance 
of 1.524 A compares well with the value of 1.528 A 
determined in cyclohexane by electron diffraction4 and 
the averages of 1.526,5 1.511,6 1.520,7 and 1.52929 found 
in substituted cyclohexanes by X-ray methods. The 
endocyclic C(sp3)-C(sp3) single bonds average 1.509 A, 
in good agreement with the literature mean values rang
ing from 1.506 to 1.510 A.2S Internal bond angles at the 
sp3 hybridized carbon atoms in the six-membered ring 
take a mean value of 110.7°, larger than the ideal tetra-
hedral value but within the range (110.6 to 112.7°) 
observed for cyclohexanes.4-7 The ring angle of 114.0 

(28) L. E. Sutton, Chem. Soc. Spec. Publ, No. 18 (1965). 
(29) P. Groth, Acta Chem. Scand., 22,143 (1968). 

± 0.3° spanned by the sp2 hybridized carbon atom is 
significantly smaller than the ideal trigonal value and the 
mean values of 117.8 and 117.4 found in cyclohexane-
1,4-dioxime30 and cyclohexane-1,4-dione,31 respectively, 
but is not unexpected in view of the C-C-C angle of 
115.3 ± 0.1° reported for isobutylene.32 Table IV 
compiles the torsion angles in the cyclohexylidene sys
tem. Their average value of 55.3° is within the range 
(52.9 to 57.1°) reported for cyclohexane derivatives,5-7 

and their spread is not larger than in disubstituted 
cyclohexanes.7 These bond and torsion angle data 
clearly define a flattened chair conformation basically 
identical with cyclohexane itself, except for the slightly 
larger internal angle at the sp2 hybridized carbon atom. 
Although steric requirements seem comparable in 2-
substituted methylene cyclohexanes and 2-substituted 
cyclohexanenitronate ions, our data do not substantiate 

(30) P. Groth, Acta Chem. Scand., 22,128 (1968). 
(31) P. GrothandO. Hassel, Acta Chem. Scand., 18,923 (1964). 
(32) L. H. Scharpen and V. W. Laurie, J. Chem. Phys., 39, 1732 

(1963). 
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A. Bond Distances, A 
Bond Length Bond Length 

B. 
Vertex Atom 1 Atom 2 

Bonds in saturated ring 
C(l)-C(2) 
C(l)-C(6) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 

Carbon-oxyg 
C(7)-0(22) 
C(20)-O(22) 
C(20)-O(23) 

1.515(4) 
1.503(4) 
1.531(4) 
1.511(5) 
1.521 (5) 
1.533(5) 

en bonds 
1.427(3) 
1.358(3) 
1.182(3) 

Exocyclic carbon-carbon 
bonds 

C(l)-C(7) 
C(2)-C(14) 
C(7)-C(8) 
C(20)-C(21) 

1.326 (4) 
1.534(4) 
1.471 (4) 
1.495(5) 

Bonds in phenyl rings 
C(8)-C(9) 
C(8)-C(13) 
C(9)-C(10) 
C(IO)-C(Il) 
C(ll)-C(12) 
C(12)-C(13) 
C(14)-C(15) 
C(14)-C(19) 

Vertex 

C(I) 

C(2) 

C(3) 

C(4) 

C(5) 

1.382(4) 
1.383(4) 
1.385(5) 
1.352(5) 
1.372(5) 
1.376(4) 
1.397 (4) 
1.382(4) 

C(15)-C(16) 
C(16)-C(17) 
C(17)-C(18) 
C(18)-C(19) 

Carbon-hydr 
C(2)-H(2) 
C(3)-H(31) 
C(3)-H(32) 
C(4)-H(41) 
C(4)-H(42) 
C(5)-H(51) 
C(5)-H(52) 
C(6)-H(61) 
C(6)-H(62) 
C(9)-H(9) 
C(IO)-H(IO) 
C(I l ) -H(I l ) 
C(12)-H(12) 
C(13)-H(13) 
C(15)-H(15) 
C(16)-H(16) 
C(17)-H(17) 
C(18)-H(18) 
C(19)-H(19) 
C(21)-H(2ir 
C(21)-H(212 
C(21)-H(213' 

B. Bond Angles, deg 
Atom 1 

C(2) 
C(2) 
C(6) 

C(I) 
C(I) 
C(I) 
C(3) 
C(3) 
C(14) 

C(2) 
C(2) 
C(2) 
C(4) 
C(4) 
H(31) 

C(3) 
C(3) 
C(3) 
C(5) 
C(5) 
H(41) 

C(4) 
C(4) 
C(4) 
C(6) 
C(6) 
H(51) 

Atom 2 

C(6) 
C(7) 
C(7) 

C(3) 
C(14) 
H(2) 
C(14) 
H(2) 
H(2) 

C(4) 
H(31) 
H(32) 
H(31) 
H(32) 
H(32) 

C(5) 
H(41) 
H(42) 
H(41) 
H(42) 
H(42) 

C(6) 
H(51) 
H(52) 
H(51) 
H(52) 
H(52) 

1.391 (5) 
1.353(5) 
1.360(5) 
1.392(5) 

ogen bonds 
0.99(3) 
1.05(3) 
1.06(3) 
0.95(3) 
0.93(3) 
1.13(3) 
0.84(2) 
0.95(2) 
0.97(2) 
0.99(3) 
1.06 (4) 
0.96(3) 
0.95(3) 
1.01 (3) 
0.97(2) 
0.95(3) 
1.00(3) 
1.07(3) 
0.92(2) 

) 0.86(4) 
) 1.06(5) 
) 0.90(4) 

114.0(0.3) 
122.5(0.3) 
123.5(0.3) 

108.3(0.3) 
111.7(0.2) 
109 (1) 
114.4(0.3) 
110(2) 
103 (2) 

112.6(0.3) 
105 (2) 
109 (2) 
110(2) 
115(2) 
104 (2) 

111.7(0.3) 
107 (2) 
105 (2) 
107 (2) 
111(2) 
115(3) 

110.6(0.3) 
107 (2) 
114(2) 
106 (2) 
107 (2) 
112(2) 

C(6) 

C(7) 

C(8) 

C(9) 

C(IO) 

C(Il) 

C(12) 

« 1 3 ) 

C(14) 

C(15) 

C(16) 

C(17) 

C(18) 

C(19) 

C(20) 

C(21) 

0(22) 

C(I) 
C(I) 
C(I) 
C(5) 
C(S) 
H(61) 

C(I) 
C(I) 
C(8) 

C(7) 
C(7) 
C(9) 

C(8) 
C(8) 
C(IO) 

C(9) 
C(9) 
C(H) 

C(IO) 
C(IO) 
C(12) 

C(Il) 
C(Il) 
C(13) 

C(8) 
C(8) 
C(12) 

C(2) 
C(2) 
C(15) 

C(14) 
C(14) 
C(16) 

C(15) 
C(15) 
C(17) 

C(16) 
C(16) 
C(18) 

C(17) 
C(17) 
C(19) 

C(14) 
C(14) 
C(18) 

C(21) 
C(21) 
0(22) 

C(20) 
C(20) 
C(20) 
H(211) 
H(211) 
H(212) 

cm 

C(5) 
H(61) 
H(62) 
H(61) 
H(62) 
H(62) 

C(8) 
0(22) 
0(22) 

C(9) 
C(13) 
C(13) 

C(IO) 
H(9) 
H(9) 

C(Il) 
H(IO) 
H(IO) 

C(12) 
H(I l ) 
H(I l ) 

C(13) 
H(12) 
H(12) 

C(12) 
H(13) 
H(13) 

C(15) 
C(19) 
C(19) 

C(16) 
H(15) 
H(15) 

C(17) 
H(16) 
H(16) 

C(18) 
H(17) 
H(17) 

C(19) 
H(18) 
H(18) 

C(18) 
H(19) 
H(19) 

0(22) 
0(23) 
0(23) 

H(211) 
H(212) 
H(213) 
H(212) 
H(213) 
H(213) 

C(20) 

110.4(0.3) 
107 (2) 
111(1) 
107 (1) 
112(1) 
110(2) 

130.1 (0.3) 
117.6(0.3) 
112.1 (0.2) 

120.0(0.3) 
122.4(0.3) 
117.6(0.3) 

121.0(0.4) 
117(2) 
121 (2) 

120.1 (0.4) 
116(2) 
124 (2) 

120.3(0.4) 
121 (2) 
118(2) 

119.8(0.4) 
120(2) 
120 (2) 

121.2(0.3) 
116(2) 
123 (2) 

123.1 (0.3) 
120.7(0.3) 
116.0(0.3) 

120.5(0.3) 
114(2) 
126 (2) 

121.8(0.4) 
119(2) 
119(2) 

119.2(0.4) 
124 (2) 
116(2) 

119.6(0.4) 
117(2) 
123 (2) 

122.8(0.4) 
118(2) 
119(2) 

110.8(0.3) 
125.9(0.3) 
123.3(0.3) 

112(3) 
106 (3) 
115(3) 
85(3) 

124 (4) 
110(4) 

116.1 (0.2) 

° Standard errors calculated from the variance-covariance matrix obtained in the final least-squares cycle are given in parentheses. 

a deformed chair conformation for the ground state of 
the latter ions.16 

The observed orientation of the axial phenyl (A) ap
pears to reflect an energy minimum with respect to rota
tion about the C(2)-C(14) single bond, and the inter

action of its ortho hydrogen atoms with the axial 4- and 
6-hydrogen atoms may well restrict its rotation in the 
isolated molecule. The phenyl is oriented so that the 
bisector of the C(l)-C(2>-C(3) angle lies approximately 
in the plane normal to the ring resulting in distances of 
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Table III. Root-Mean-Square Thermal Displacements Along 
Principal Axes of Thermal Ellipsoids (A)" 

Atom 

C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(Il) 
C(12) 

H(2) 
H(31) 
H(32) 
H(41) 
H(42) 
H(51) 
H(52) 
H(61) 
H(62) 
H(9) 
H(IO) 

1 

0.201 
0.199 
0.217 
0.211 
0.225 
0.224 
0.209 
0.201 
0.219 
0.226 
0.222 
0.227 

0.264 
0.304 
0.309 
0.319 
0.346 
0.354 
0.225 
0.243 
0.225 
0.311 
0.399 

—Axis— 
2 

0.219 
0.221 
0.268 
0.305 
0.270 
0.232 
0.215 
0.225 
0.274 
0.310 
0.303 
0.273 

N 

3 

0.250 
0.286 
0.316 
0.333 
0.320 
0.264 
0.246 
0.237 
0.329 
0.378 
0.383 
0.336 

Atom 

C(13) 
C(14) 
C(15) 
C(16) 
CO 7) 
C(18) 
C(19) 
C(20) 
C(21) 
0(22) 
0(23) 

H(I l ) 
H(12) 
H(13) 
H(15) 
H(16) 
H(17) 
H(18) 
H(19) 
H(211) 
H(212) 
H(213) 

1 

0.239 
0.204 
0.230 
0.222 
0.257 
0.247 
0.219 
0.221 
0.221 
0.217 
0.242 

0.290 
0.315 
0.280 
0.218 
0.305 
0.306 
0.357 
0.262 
0.363 
0.469 
0.424 

—Axis— 
2 

0.247 
0.233 
0.239 
0.253 
0.278 
0.272 
0.271 
0.230 
0.285 
0.231 
0.263 

s 

3 

0.259 
0.284 
0.308 
0.353 
0.320 
0.378 
0.326 
0.271 
0.365 
0.259 
0.352 

" Ordered on increasing magnitude. 

Table IV. Torsion Angles in the Cyclohexylidene Ring (deg)° 

C(6)-C(l)-C(2)-C(3) 
C(l)-C(2)-C(3)-C(4) 
C(2)-C(3)-C(4)-C(5) 
C(3)-C(4)-C(5)-C(6) 
C(4)-C(5)-C(6)-C(l) 
C(5)-C(6)-C(l)-C(2) 

Torsion angle 

- 5 5 . 9 ( 0 . 3 ) 
54.7(0.4) 

- 5 5 . 9 ( 0 . 4 ) 
54.5(0.4) 

- 5 4 . 2 ( 0 . 4 ) 
56.8(0.4) 

° Standard deviations calculated from the variance-covariance 
matrix obtained in the final least-squares cycle are given in paren
theses. 

2.63 ± 0.03 and 2.78 ± 0.04 A observed for H(19) • • • 
H(61) and H(15) • • • H(42), respectively, well outside 
the sum of the van der Waals radii for hydrogen. This 
geometry allows the ortho hydrogen H(19) to approach 
the 3-equatorial atom fairly closely, but this interaction 
may be somewhat relieved, since the C(l)-C(2)-C(3) 
angle of 108.3 ± 0.3°, small compared to the other in
ternal ring angles, and the opening of the C(3)-C(2)-
C(14) angle to 114.4 ± 0.3^increase the H(15) • • • H(32) 
separation to 2.07 ± 0.04 A. 

Small but significant distortions occur around the 
exocyclic double bond as may be seen from the bond 
angles in Table II and least-squares planes 1-3 in Table 
V. Plane 1 shows the overall deviation from planarity 
for the C(1)=C(7) bond and its immediate substituents 
and planes 2-3 measure distortion at the individual sp2 

hybridized carbon atoms. Distortion is nearly absent 
at C(I) but occurs to some extent at C(7) in such a way 
as to displace C(8) and 0(22) toward the equatorial 
plane of the saturated ring. Interactions of C(8) and 
0(22) with the equatorial hydrogen atoms at C(6) and 
C(2), respectively, are further relieved by twisting around 
the double bond. This torsion although energetically 
unfavorable33 amounts to 7.3 ± 0.4° as measured by the 

(33) F. P. van Remoortere and F. P. Boer, /. Amer. Chem. Soc, 92, 
3355(1970). 

dihedral angle between the planes defined by {C(I), 
C(2), C(7)j and (C(I), C(7), 0(22)} and rotates C(7)-
0(22) clockwise, looking down the C(l)-C(7) bond (see 
Figure 1). Finally the C(l)-C(7>-C(8) angle is opened 
to 130.1 ± 0.3°, while the C(l)-C(7)-0(22) angle spans 
only 117.6 ± 0.3°. The bending at C(7), torsional 
changes around the double bond, and distortion of bond 
angles at C(7) all serve to increase the C(8) • • • H(62) 
distance to 2.70 ± 0.02 A, essentially normal, but 0(22) 
and H(2) remain at a fairly close 2.35 ± 0.02 A. 

Nonbonded interactions of H(9) and H(13) with 
H(62) and 0(22) constrain the orientation of phenyl 
group B around the C(7)-C(8) bond in the free mole
cule. These repulsions would be maximized in the con
figuration where the C(l)-C(7) double bond is coplanar 
with phenyl B (allowing their tr orbitals to overlap). 
The observed dihedral angle of 45.5° between phenyl 
B and the plane defined by {C(l), C(7), C(8)} results in 
nonbonded distances of 2.23 ± 0.03 and 2.52 ± 0.03 A 
for H(13) • • • H(62) and H(9) • • • 0(22), respectively. 
The consequent absence of conjugation between phenyl 
B and the double bond is reflected in the C(7)-C(8) bond 
distance of 1.471 ± 0.004 A, which is indistinguishable 
from the average value of 1.466 A for C-C single bonds 
between sp2 hybridized carbons in a set of 37 com
pounds.34 

The sum of the bond angles of 360° at C(20) indicates 
that the acetoxy group is planar within experimental 
error; atom C(7) lies approximately in this plane as well 
(plane 4 of Table V). The dihedral angle of 81° with 
the plane defined by (C(I), C(7), 0(22)J brings the 
acetoxy group in an orientation where steric interactions 
with the cyclohexylidene ring and the phenyl substituent 
on the double bond are minimized. A carbon-hydro
gen bond of the methyl group eclipses the carbonyl 
function. 

The single C(sp2)-0 bonds in the acetoxy group 
(1.427 ± 0.003 and 1.358 ± 0.003 A for C(7)-0(22) and 
C(20)-O(22), respectively) differ by 0.069 A; very 
similar values were obtained for the cis isomer. It was 
previously noted7 that the C(sp2)-0 bond lengths ob
served in lactones and other systems are too short, 
compared to C(sp3)-0 bond lengths, to be rationalized 
by changes in hybridization alone. This unusual 
shortening was explained by contributions from reso
nance form IV. The "long" C(sp2)-0 bond of 1.427 A, 

—C—C=O+-C= 
i I I 

o -
IV 

only slightly shorter than the accepted value for C(sp 3)-0 
bonds (1.43 A),28 may be a "pure" C(sp2)-0 single 
bond since only small contributions are expected from 
resonance structure V. Moreover the nearly per-

1 / 
- C - C - O + = C - C -

I Ii \ 
O 

V 
pendicular orientation of the acetoxy group with respect 
to the carbon-carbon double bond precludes interaction 
between the TT orbitals on carbon and the lone electron 
pair on oxygen in the present system. The "short" 

(34) M. G. Brown, Trans. Faraday Soc, 55, 694 (1959). 
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Figure 2. Three-dimensional view of molecular packing in a-acetoxy-a,2-a«//-diphenylmethylenecyclohexane as viewed down the z axis. 
The x axis is vertical and the v axis is horizontal. The origin of the box is at 0, — 1U, 0. 

Table V. Least-Squares Planes"6 

Atom 

1 
2 
3 
4 
5 
6 

mi 

m% 
m3 
d 

Adi 
Adi 
Ad3 
Ad, 
Ads 
Ad6 

1 

C(I) 
C(2) 
C(6) 
C(7) 
C(8) 
0(22) 

20.683 
6.196 
3.080 
3.612 

0.012 
0.052 

-0.062 
0.029 
0.044 

-0.075 

2 

C(I) 
C(2) 
C(6) 
C(7) 

20.621 
5.663 
3.384 
3.704 

0.003 
-0.001 
-0.001 
-0.001 

3 

C(I) 
C(7) 
C(8) 
0(22) 

20.777 
6.695 
2.708 
3.537 

-0.009 
0.024 

-0.008 
-0.007 

4 

C(7) 
0(22) 
C(20) 
0(23) 
C(21) 

-13.448 
8.534 
5.602 
0.357 

0.024 
-0.033 

0.000 
-0.008 

0.016 

5 

C(8) 
C(9) 
C(IO) 
C(Il) 
C(12) 
C(13) 

10.938 
14.930 

-0.292 
1.784 

-0.002 
0.002 

-0.002 
0.004 

-0.004 
0.003 

6 

C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 

3.214 
-13.217 

5.123 
1.657 

0.009 
0.001 

-0.005 
-0.001 

0.011 
-0.015 

" The planes are defined by the equation mix + m^y + m3z = d. b Adi refers to the deviation in A of atom i from the least-squares plane. 

C(sp2)-0 bond of 1.358 A is within the range of values 
observed for other C(sp2)-0 bonds7 and may involve 
resonance structure IV. However, although this reso
nance form includes a carbonyl single bond and thus 
would predict a long carbon-oxygen distance there, no 
unusual lengthening is observed. In fact a rather short 
value, 1.182 ± 0.003 A, is measured for the carbonyl 
bond length. (A correction for thermal motion assum
ing the oxygen atom rides on the carbon would increase 
this value to 1.216 ± 0.003 A.) This short distance is 
consistent with the shift of the carbonyl stretching fre
quency to 1760 cm - 1 for enol and phenol acetates, com
pared to the average of 1735 cm - 1 reported for esters.35 

Because structure IV cannot explain both anomalously 
short distances, further studies of the behavior of car
bon-oxygen bond lengths in unsaturated systems appear 
to be desirable. 

Phenyl B is planar within experimental error (Table V, 

(35) K. Nakamishi, "Infrared Absorption Spectroscopy,' 
Day, San Francisco, Calif., 1962. Holden-

plane 5), while phenyl A shows small and possibly 
significant deviations from planarity (Table V, plane 6). 
The atoms which deviate most from the least-squares 
plane show also the largest out-of-plane thermal 
vibrations (Figure 1). The 12 («) C-C bond distances 
(dt) in these rings have an average value d = 1.377 A 
with a standard deviation 

<r = [t(d- dty/(n - I)]1" 
i = i 

of 0.015 A, approximately three times larger than the 
errors of 0.004 to 0.005 calculated24 from the variance-
covariance matrix. The hydrogen positions are reason
ably well behaved with bond distances ranging from 
0.84 to 1.13 A (average value 0.97 A) and from 0.92 to 
1.07 A (average value 0.99 A) for bonds to sp3 and sp2 

carbons, respectively. Hydrogen isotropic temperature 
factors range between 3.7 and 17.4 A2. 

Thermal motion and anisotropy, relatively small for 
atoms comprising the unsaturated system built on the 
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exocyclic double bond, generally increase toward the 
extremities of the molecule (Table III and Figure 1). 
The largest thermal amplitudes are approximately in 
plane for phenyl B, but C(18) and C(19) display their 
largest vibrational components perpendicular to the 
plane of phenyl A. 

The molecular packing can be seen in a three-
dimensional view down the z axis in Figure 2. N o un
usually short intermolecular contacts are present. The 
only intermolecular approaches smaller than 3.75 A are 
C(3) (x, y, z) • • • C(13) (V2 - x , y , - V2 + z) (3.649 ± 
0.005 A), C(6) (x, y, z) • • • C(16) (x, - V2 - y, V2 + z) 
(3.729 ± 0.005 A), and C(12) (*, y, z) • • • C(19) (x, y, 
1 + z) (3.708 ± 0.005 A) along the x, y, and z directions, 
respectively. Molecules related by centers of symmetry 
pack with their phenyl B rings parallel; the distance 3.86 

Very recently, the possibility of a radical reaction of 
C H 3 O 2 C C = C C O 2 C H 3 (dma) with the methyl-

platinum bond of /TOTM-PtCH3XQ2 (Q = P(CHs)2C6H5), 
I (Ia has X = Cl), was reported.1 Such an insertion 
reaction of an organometallic compound by a free 
radical process is very interesting and apparently 
consistent with other more recent reports2 of radical 
behavior by organoplatinum complexes. We have now 
examined this and related reactions in detail. 

The product previously identified1 incorrectly as the 
insertion product, r ra«s-PtXQ 2 [C(C0 2 CH 3 )=C(C0 2 -
CH3)CH3] (III) (I l ia has X = Cl), is now shown to be 
the /3-chlorovinylplatinum compound, trans-~PtXQ2-
[C(C0 2 CH 3 )=C(C1)C0 2 CH 3 ] (IV) (IVa has X = Cl). 
The radical aspects of the reaction can be attributed to 
the radically induced formation of HCl which then 
participates in the formation of IV. We have also 
studied further the importance of the 1:1 adducts 
formed from some acetylenes and I. 
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A between such planes is about 0.46 A longer than the 
closest packing between phenyls.S6 
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Results and Discussion 

Preparation and Identification of III and IV. In 
chloroform solution, Ia and dma form the 1:1 adduct 
Ha which undergoes further reaction to give a product 
containing the a,/3-dicarbomethoxyvinyl group, IVa, as 
well as ?ra«i-PtCl2(CH3)2Q2 (V), ris-PtCl2Q2 (VI), and 
small amounts of dma oligomers. The oligomers and 
free dma were removed by washing with H2O, VI was 
removed by chromatography, and IVa was isolated 
from V by fractional crystallization. The overall re
action is therefore described by eq 1 and 2a. 

CTOZJS-PtCH3ClQ2 + dma ^=±: ?ra/«-PtCH3ClQ2 • dma (1) 
Ia Ha 

(a) hv or initiator (eq 2a) 
Ha > 

(b) +HCl (eq 2b) 
//-0/M-PtClQj[C(CO2CHa)=C(Cl) CO2CH8] + V + VI (2) 

IVa 

The 1H nmr spectrum (in CDCl3) of IVa shows the 
-CO 2 CH 3 signals at 5 3.66 and 3.48 as two singlets, 
the upfield signal having satellites due to coupling with 
196Pt (Jp t H = 3.0 Hz). The phosphine-methyl signals 
at 5 1.83 and 1.76 appear as two overlapped triplets 
(2+Vp11 = 7_g a n c i g o Hz) with 195Pt satellites (/p t H = 
27.6 and 30.8 Hz, respectively) showing that the phos-
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Abstract: The reaction of /ra/w-PtXCH3Q2 (X = Cl, Br, I; Q = P(CHa)2C6H5) with RC=CCO2CH3 affords 
f/-AZW-PtXQ2[C(COOCHs)=C(Cl)R] in the presence of a radical initiator (R = CO2CH3) or by addition of HCl 
(R = CO2CH3, C6H5, CH3, H). ?ra/w-PtXQ2[C(COOCH3)=C(COOCH3)CH3] is obtained from the reaction of 
//•fl/j^-[PtCH3(acetone)Q>]+PF6- with the acetylene (R = CO2CH3) followed by treatment with LiX. Based on 
the formation of these products and other observations, a mechanism for the formation of the j3-chlorovinylplatinum 
compound in CHCl3 is proposed. This involves initial formation of the 1:1 complex with acetylene, followed by 
nucleophilic attack on the acetylene by HCl which is generated via a radical process. 
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