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Summary

The molecular structure of [(C¢H;);P].Pt(C;H;) has been determined from
three-dimensional X-ray diffraction data (R = 0.045 for 6033 reflections). The
crystal belongs to the triclinic system, space group P11, with two formula units
in a cell of dimensions: a = 18.557(2), b = 10.216(2), ¢ = 9.647(2) A, a = 98.29
(3), B = 73.44(2), and ¥ = 88.34(2)°.

One of the olefinic bonds of dimethylallene, which has no adjacent methyl
groups, is coordinated to the platinum atom: Pt—C(1) = 2.108(8), Pt—C(2) =
2.049(7) A. The coordinated dimethylallene molecule is no longer linear, the
C(1)—C(2)—C(3) angle being 140.8(8)°, which is significantly smaller than that
found in [{CsH;)s;P],Pd(C;H,). The C(1)—C(2) distance is 1.430(11) &, whereas
the uncoordinated bond distance is normal [C(2)—C(3) = 1.316(i1) Al.

Introduction

Otsuka and his coworkers have synthesized a number of allene complexes
with transition metals [1, 2]. A series of compounds (Ph;P),M(RR'C=C=CR"R")
(M = Ni, Pd or Pt, and R, R'... = H or CH;) are particularly interesting from the
point of view of their structural chemistry, because they enable us to study the
dirfferences due to the change in the metal atom as well as the effect of the
substituents in the allene ligand.

In this context, we have already reported the molecular structure of
(Ph;P),Pt(C;H,) [3] and (Ph,;P),Pd(CsH;) [4], and have discussed the nature
of the bonding and the structural differences arising from this change in central
metal atom. We now report the result of a structural investigation of (Ph;P).-
Pt(CsHg). The electronic effects as well as the steric effects of the substituents
on coordinated ethylene molecules already have been discussed by 1bers and
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his coworkers [5]. We will discuss the steric effect of the methyl groups of di-
methylallene.

Experimental

The crystals of (Ph;P),;Pt(CsH;) used in this study were kindly supplied by
Professor S. Otsuka and his coworkers of Osaka University. They are pale yel-
low and fairly stable in the air. After preliminary photographic X-ray work,
which showed the crystals belonged to the triclinic system, accurate cell
dimensions were determined by a least-squares fit of 20 values of 20 higher
order reflections measured on a Rigaku automated four-circle, single crystal
diffractometer.

Crystal data. C;,H;gP.Pt, formula wt. 787.7, triclinic, space group P1, a =
18.557(2), b = 10.216(2), ¢ = 9.647(2) A, « = 98.29(3), 8 = 73.44(2), v =
88.34(2)°, U= 1730.0(4) A%, D, = 1.56 g/cm?, Z = 2, D, = 1.51 g/cm?.

(Mo Ka,, A =0.70926 A, u = 45.3 cm™!).

Intensity data were measured on a Rigaku diffractometer, using graphite-
monochromatized Mo- Ka radiation. The setting angles of each reflection were
computed on-line with a FACOM R computer by the Busing—Levy methed [6].
The setting parameters, which determine the UB orientation matrix, were
determined by a least-squares method using the precise values of centering
angles 20, w, x and ¢ of 20 higher order reflections.

The 6—20 scan technique was employed for data collection. The integrated
intensity was determined by scanning the peak at a rate of 4°/min, and subtract-
ing the background obtained by averaging the two values measured for 7.5 sec
at both ends of a scan. The scan range in 20 was from —1.0° from the K., peak
to 1.0° from the K., peak. A crystal used for intensity measurement had the
dimensions of 0.15 X 0.20 X 0.20 mm. A total of 6033 unique reflections was
measured out to a 20(Mo- Kq,) value of 50°, and of these 503 reflections were
less than o(F) and were recorded as zero. Three standard reflections were
measured after every 50 reflections, and the intensities of these reflections
remained constant throughout the data collection. Lorentz and polarization
corrections were made, but no absorption correction was applied to the in-
tensity data (ur = 0.9), which might limit the accuracy of the present structure
determination.

Solution and refinement of the structure

The structure was solved by the conventional heavy-atom method. A
three-dimensional Patterson function was computed and interpreted to give the
coordinates of the platinum and phosphorus atoms. The remaining non-hydrogen
atoms were easily located on the successive Fourier maps.

Structure refinement was carried out by the method of block-diagonal
Ieast-squares, the function minimized being Zw(|F,|—iF.|)? with HBLS V
program [7]. The atomic scattering factors used in all the calculations were
those of Hanson et al. [8]. Anomalous dispersion for Pt and P was included in
F. [9]. A few cycles of isotropic refinement followed by anisotropic cycles, based
on the inner 4155 non-zero reflections, converged the values of R, and R, to
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Fig. 1. The dafference Fourier map showing the hydrogen atoms in the 1,1-duamethylallene moiety
calculated on the plane through (a) H(101) C(1) H(102); (b) H(101) H(102) H(403); (c) H(501) H(502)
H(503). The framework or atomic positions indicated by crosses are also drawn.

0.034 and 0.044, respectively, where R, = Z{{F |—|F ll/ZIF,]l and R, =
{Z(IFI—IF)?IZIF,1? } /2. All the phenyl hydrogen atom positions were located
from stereochemical considerations assuming the C—H bond length to be 1.08

A. However, the hydrogen atoms of the dimethylallene ligand were located

from a difference Fourier synthesis. A few more cycles were carried out using

all reflections, because it has been pointed out that the exclusion of weak
reflections might possibly introduce some systematic error in the refined param-
eters [10]. Unit weights were used for each reflection throughout the refine-
ment, because the average w(AF)® for subsets of reflections, calculated as a
function of both size of |F,| and (sin 8/A) did not deviate significantly from
each other. The final least-squares cycles reduced the values of R, and R, to
0.045 and 0.043, respectively, for 6033 reflections (R, = 0.034 for 5530 non-
zero reflections). During the last cycles, positional parameters of allene hydrogens
were refined, but only the thermal parameters of methylene hydrogens were
refined, those of methyl hydrogens being fixed to the same value as the isotrop-
ic temperature factors of the corresponding methyl carbon atoms. This proce-
dure will be discussed later. The difference map calculated on the planes through
the hydrogen atoms is shown in Fig. 1. The final positional and thermal param-
eters along with their estimated standard deviations are listed in Tables 1 and 2*.

Results and discussion

Figure 2 presents a stereo drawing of the (Ph;P),Pt(CsH;z) molecule. Figure
3 indicates the numbering scheme. The coordination geometry around the
(continued onp 116)

* The table of structure {factors has been deposit2d as NAPS Document No. 02528, with ASIS/NAPS.
c/o Microfiche Publications, 440 Park Ave. So., New York, New York 10016. A copy may be secured
by citing the document and remittung $ 1.50 for microfiche or $ 5.00 for photocopies. Advance pay-
ment is required. Make checks payable to Microfiche Publications.
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TABLE 1

ATOMIC PARAMETERS OF HEAVIER ATOMS IN (Ph3P)2Pt(CsHg). POSITIONAL PARAMETERS IN
FRACTION OF CELL EDGES AND THERMAL PARAMETERS IN THE FORM OF exp {—(8; 1h% +
Ba2k?Z + B3312 + fy2hk + By 3hl + B23kD}. STANDARD DEVIATIONS SHOWN IN PARENTHESES ARE
AFPPLIED TO THE LEAST SIGNIFICANT DIGIT.

ATOM X Y 4 B(ll}

PT 0230152(13) e37298( 2) 002227¢ ) «001983¢ 7)
Pel) «32531 ¢ 9) «34304(l6)y -,19195(17) «00224 ¢ 5)
pr2) «13891 ( 9) «23013(16) »,00011(18) 00197 ¢ 5)
cel) «1855 ( &) 0?51 ( T) «2378 { B) <0036 ( 3)
cred «2611 ([ @) 5038 ( T} W1716 ¢ T 0035 ( 3)
[} e 3153 ( &) 5733 (¢ 1) 02029 ¢ 7) «0047 ( 3)
Cce) e3917 (¢ S «5755 ( 9) «l026 (10) «0046 ( 4)
ceS «3006 ¢ &) 6596 (10) 3525 ¢10) «0069 ¢ 5)
Celly e3ll7 ¢ &) 02616 ( T) =edb667 ( 7) «0026 ( 2)
Cel2y «2970 ( &) el293 ( 7} =4,3750 ( 8) «0036 ( 3)
(@ ¥} 02854 ( 5) «0639 ( 9) =,5028 (10} 20036 ( 3
Ctle) 02895 ¢ 5) o131 (1l1) =_,6179 (10) 0042 ( &)
ccl5) e30%8 (¢ 5) ad6€6 (l1) =456103 ( 9) 20066 ([ @)
Crléy e3lbg ([ &) 03285 ( 9) 4822 ( 8) <0037 ¢ 3
c(2l) 3621 ( 4 e5006 ( 6) =,2425 (T 00030 ¢ 2)
c(22) «3098 (¢ 5) «6055 [ B) =42207 ( 9) 00039 ( 3
(L] e3332 ( ©) «7275 ( 9) =,2571 (10} «0064 ( 5)
ci2%) «%089 ( 6) «e7450 ( 9) =,3105 (11} <0075 ( 5)
c(25) 4608 ( 5) «6418 (10) =4,3299 (10) 00052 ( &)
cr26) «2385 ( 4) «2178 ( B) =_2984 ( 9) 20032 ( )
c(3l) %085 t 3) 02420 (¢ 6) =,1884 ( 7) «00192 (¢20)
Ct32) o606 ¢ &) «l786 ( 8) =,31&0 ( 9 «0030 ¢ 3)
Ci33) 05228 ( 5) «1047 ( 8) =43101 (1] «0032 ¢ 3)
C¢39) 09325 ( %) «0942 ( B) =41759 (11) 00032 ( 3)
C35) 09809 ( &) «1565 ([ 8) =,06470 ¢(10) «0035 { 3)
Cc36) 2183 ( @) 02292 { 7) =,0524 { 8) 00032 ¢ 3)
Cceld 1210 ¢ 3) 1773 L 7)) =,1751 ¢ 7 00023 ( 2)
(LT3 21083 ([ %) «0468 ( 7)) =,2259 ( 8) «0036 ( 3)
Ccal) «0925 { 5} 201706 ( 9) 43588 ( 9) 0045 t 3)
C(s%) «0889 ( 5) ell145 (10) =x4421 ( S) «0056 ([ &)
C(45) olOle (¢ 5} 02423 ( 9) =43945 ( 9] «0053 ( 4)
CCab) «1185 ¢ &) «2731 ( 8) =,2635 ( 9) «0036 ¢ 3)
Ced5l) «0440 (¢ 3) 2871 ( &) ol1l99 ¢ T2 «0021 ( 2)
ceS52) -e0154 ( &) «3086 (10} 0668 (10) 0028 (¢ 3)
CcS53) -.0863 ( 5) «3523 (11) 1620 (12) 0025 ¢ 3)
£¢54) -,0984 ( 5) «3730 (10) «3104 (12} 0036 ( M)
ce55) -.0385 ¢ 5) e35646 ( 9) e3637 ( «0043 ( 3)
cts56) «031l9 ( &) «3103 ¢ 8) «269% ( 8) «0033 ¢ 3)
cebl) 1566 ( &) 0745 { 6) «0609 ¢ 7) 20027 ¢ 2)
C¢62; 00993 ( 5) «,0015 { 8) el265 ( 9) 0065 ( 3)
ci63) <1150 ( 6) =,1184 ¢ 8) «1682 (11) <0077 (¢ 5)
Cebe) 1882 { 6) =416%9 ( 8) el@63 (111 0079 ( 5)
C(65) 02072 t 5) =e091l8 ( 8) <0777 (10) 00069 ( &)
Ct66) 02310 ( &) 0286 ( 7) «0378 ( 8) «0032 ¢ 3)
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822}

200661 ¢ 2)
00731 ¢16)
«00745¢17)

20107
0090
0092
<0152
0161
«0106
0103
«0lal
.0232
+0253
<0160
.0081
.0106
.0107
<0104
0152
L0135
0080
<0111
«0121
20100
0132
+0099
»0098
<0105
<0156
.0200
,0170
.a1ls
<0081
-0l176
<0234
0147
0152
<0132
<0071
.0102
0084
»,0085
.0119
«0093

{ 8)
(7
{ 8)
(12)
(13
{ 8)
{ 9
(L1)
(le)
(17)
(1)
t 7)
t 9)
(10)
(10)
t12)
t10)
«t 7
t 9)
(10)
g 9
(10)
t 8)
( 8)
{ 8)
t12)
(l4)
(L2}
« 91
t 7)
t13)
(17
t12)
(12)
(10)
( N}
{ 9)
t 9)
{ 9)
(10)
( 8)

B8(33}

«00763( 3)
«00783(19)
«003L ¢ 23
0101 ¢ 9}
»0080 ( 8)
.0085 ( 8)
o017 (13)
#0155 (13)
0078 ¢ 8)
e0136 (11)
«01lB5 (la)
<0132 (12)
«0107 (l1)
«0088 ¢ 9)
-.0081 ( 8)
<0148 (12)
0157 (13)
<018l (1%)
«Ol76 (l4)
JOlaa (11)
«0119 ¢ 9)
«0l61 (12)
«0195% (1)
«0267 (17)
«0216 (15)
«0125 (109
»0098 ( 8)
<0100 ¢ 9)
«Vlat (12)
20117 {11)
<0120 (11)
«0142 (1)
«0120 ¢t 9)
0167 (13)
«0263 (19)
«0234 (17)
«0137 (121
e0120 (10)
+0109 ( 9)
«0l63 (12)
«0198 (15)
20221 (16}
«02168 (1)
<0123 (10}

B(12)

-e001505(19)
-o00120 (1%)
~o00160 (14)

-90016
-400139
- 0046
-o0077
-o0073
e 0007
-40005

«0011

20023
- 0000

0002
-.001 3

»0003
-+0001
-o0058
-o007a
=,0029
-40004

«0015

0014
o007
-e0022
-+0026
-.0015
-o0031
-¢0060
=,0067
-o,0030
=o0027
-e0023

«0009

20033
=e0013
=-¢0036
-e0029
—.0006
=g 0058
-90053

«0001

«0028

«0002

t N
«n
{ 8)
(10)
(13
« 7N
« 8)
¢ 9!}
t12)
(13
t 9}
( &)
{ 8)
(10)
(12)
(1)
81
6)
8)
8)
81
91
7)
6)
7)
10)
121
1)

P e e S s e e O e

-~ o~
Lol e ]
-

t11)
(10}
(10)
t 8)
( &)
{ 9)
(11)
(i1
t 9)
t 7

B(13)

-¢00119¢ 2)
-~q00125(16)
~e00217¢16)
-90003 ¢ B)
~e00l6 ¢ T}
~,0033 ¢ B)
=e0065 (11)
-40085 (13)
=e0003 ¢ 7)
~+0031 ¢ 9)
-e0051 (11}
~.0045 (11)
-e0045 (10)
~+0031 ( 8)
-90007 ¢ )
-e0010 ¢ 9
-a0001 (12)
«0010 (14
-e0003 (12)
«-¢0006 ¢ 9)
=-e0022 ¢ 7)
-90020 ¢ 9)
-e0012 (10}
«e005%2 (1)
=-a0098 (11)
-40043 ¢ B)
=e0026 ( 7)
-9003% ¢
-e0072 (1
=e0074 {1
{1

{

— ot e e

=e00869
-90048 }
«90016 ¢ 7)
-¢0029 (1C)
-9005%5 ¢l2)

«0032 (12)

«0019 (1C)

«0013 ¢ 8)
-eQ047 ¢ T
-«0086 (10)
-90099 (l%)
-e0151 (16}
«-e0087 (11}
=90055 [ 8)

8
1
1
1
9

8l23)

000053 ¢ &)

-90001
«001¢
-e0012
«0022
0013
-e0006
-9008
e 0007
- 0065
-e0120
=012
«004
«0039
+0018
« 0040
« 0066
«0060
«01l0
«0062
«0036
~¢0014
-e0015
«0045
0131
«0043
«0012
«C028B
=e0014
«0065
«0078
«0063
«0032
-e 004
001
+001
-e0001
«0029
«0001
0078
0104
«0027
-¢0009
«0014

( 3)
« 33
tl4)
112)
(13}
(20)
« 2)
(12)
(15)
(20)
{ 2}
( 2)
(16)
tl12)
{16)
(18)
(19)
( 21
(L7
(12)
(17
(L9
(19
(20}
(l&)
(13}
(l4)
(19)
(20)
(19)
(16)
t13)
t 2)
t 3)
( 2}
(19)
(16}
tl2)
(17)
(18)
(19)
{18)
(l14)
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TABLE 2

ATOMIC PARAMETERS OF HYDROGEN ATOMS IN (Ph3P);Pt(CsHg). THERMAL PARAMETERS ARE .
IN THE FORM OF exp {—B(sin 6/A)? }. STANDARD DEVIATIONS ARE SHOWN ONLY FOR

REFINED PARAMETERS.

ATOM X Y rd B
H{101) ele3( 5) e568( 9) e266(10) 5,3(2«)
H(102) 21881 5) e392¢ 9) «320¢10) 5.6(25)
H(s01) e26( 5) e545( 9) o 154¢10) S5e3
H(202) e20&( 5) e51l1( 9) «013(10) Se3
H{«03) e%02( 5) 0659( 9) +085(10) 5,3
H(SC1) ele7( 6) «678(10) «©05¢11) 6ol
H{502) «339¢( &) e622(10) 0@01(1ll) 6al
H¢503} e322¢ 6) e 140(10) e345(11) 6,1
H(l2) 295 «077 - 286 “o5
H{l3) .213 —0039 -.512 503
H(l&) .281 .080 -.717 600
HEL15) 307 314 - 702 6e0
Hels) 331 ob3l] =eh TS UYYY
H(22) 251 593 -el?5 YY)
r¢23) 0292 «809 —elhb 6e0
H{2%) a%27 860 -¢337 6bel
Hte5) «520 «656 =¢370 6?7
H(26) 0480 o236 -e317 ©eb
H({32) o052 o187 =gah2] &e8
H(33) 5863 056 =efl10 Sek
H{34) 0581 «036 -o171 57
H(35) 9490 elaB «057 S5e2
H(Bb) .377 el76 .O‘nﬂ 309
H(&2) olll -e031 -ol62 Seol
H(63) «083 -o083 -e397 Se2
H(“' 0076 .090 -.5‘5 5.8
H%&5) «098 «316 -a459 5.8
H(40) «130 «373 =229 &Le5
H(52) -e007 292 =+050 5e5
H(53) wel33 370 o118 beb
H{54) welb5e ob03 o3B4% 6e5
H(55) =e0&6b o375 «@BO Seb
H(56) «078 294 «313 LYY ]
H(62) 04l «033 o145 6e8
H{63) 0069 =al?5 219 6e5
H(66) «200 =e257 o181 58
H(65) «305 -el2g «056 S5e5
H{66) o276 «087 =,011 3.8

platinum atom is shown in Fig. 4. The bond lengths and bond angles are listed
in Table 3.

The best plane passing through the Pt, P(1), P(2), C(1) and C(2) atoms is
represented by the equation: 0.531 X —0.785 Y + 0.319 Z + 0.522 = 0.0.
Deviations from this plane (in A) are: Pt, 0.021; P(1), 0.032; P(2), —0.081; C(1),
0.071; C(2), —0.066; whereas that of the uncoordinated carbon atom, C(3), is
—0.240 A. The dihedral angle between the two planes defined by P(1), Pt and
P(2), and C(1), Pt and C(2), is 7.8°. A similar angle has been reported for many
olefin-platinum, -palladium and -nickel complexes {11-14].

The main purpose of the present work is to compare the coordination
geometry of (Ph;P),Pt(CsH;) with (Ph,P),Pd(C;Hs ) and (Ph,P),Pt(C;H,). The
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Fi1g. 2. The stereo drawing of the (Ph3P);Pt(Cs5Hg) molecule. The thermal ellipsoids correspond to 50%
probability. Hydrogen atoms are omitted for clanty.

corresponding interatomic distances and angles found in these three compo-inds
are summarized in Table 4. Although the first two structures have been determin-
ed accurately, it is unfortunate that the structural investigation of the last com-
pound is of only limited accuracy. Nevertheless some conclusions on the struc-
ture can be drawn from these results.

We have already noted that the bonding of platinum to allene is stronger
than that of palladium [4]. This is again confirmed in the present work. The
C(1)—C(2)—C(3) angle is smaller and the C(1)—C(2) distance longer in Pt com-
plexes than in Pd analogs, although the difference is not fully significant, i.e.,

Fig. 3. The molecular structure of (Ph3P)2Pt(CgHg), and the numbering system of atoms.
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TABLE 3

BOND LENGTHS (A) AND BOND ANGLES (°) WITH THEIR ESTIMATED STANDARD DEVIATIONS

Coordinating atoms
Pt—P(1)
PL—P(2)
Pt—C(1)
Pt—C(2)
C(1)—C(2)
C(2)—C(3)
C(3)y—C(4)
C(3)—C(5)
C(1)—H(101)
C(1)—H(102)
C{4)—H{401)
C(4)y—H(402)
C(4y—H(403)
C(5)—H(501)
C(5Y—H(502)
C(5)Y—H(503)

Tripkenyiphosphine groups

P(i)-C(i1)
P(1)—C(21)
P(1)—C(31)

C(11)—C(12)
C(12)—C(13)
C(13)—C(14)
C(14)—C(15)
C(15y—C(16)
C(16)—C(11)

C(21)—C(22)
C(22)—C(23)
C(23)—C(21)
C(24)—C(25)
C(25)—C(26)
C(26)—C(21)

C(31)-C(32)
C(32)—C(33)
C(33)—C(34)
C(31)—C(35)
C(35)—C(36)
C(36)—C(31)

P(2)—C(41)
P(2)~C(51)
P{2)—C(61)

C(11)—C(42)
C(42)—C(43)
C(43)—C(44)

2.278(2)
2.303(2)
2.107(8)
2.039(7)
1.430(11)
1.316(11)
1.475(13)
1.526(14)
1.05(10)
1.25(11)
0.58(10)
0.97(10)
0.91(10)
0.98(11)
1.06(11)
0.92(11)

1.843(7)
1.814(7)

1.382(11)
1.391(13)
1.375(15)
1.373(16)
1.402(15)
1.388(11)

1.376(11)
1.392(11)
1.379(16)
1.363(15)
1.392(13)
1.393(11)

1.385(11)
1.382(13)
1.376(14)
1.388(14)
1.378(12)
1.398(10)

1.824(7)
1.834(7)
1.825(7)

1.403(10)
1.388(12)
1.373(14)

P(1)—PL—P(2)
P(1}—Pt—C(1)
P(1)-Pt—C(2)
P(2)—-Pt—C(1)
P(2)-Pt—C(2)
C(1y»—P1—C(2)
Pt—C(1)—C(2)
Pt—C(2)—C(?)
PLt—C(2)—C(3)
C(1)—C(2)—C(3)
C{2)3—C(3)—C{$)
C(2)—C(3)—C(5)
C(4)—C(3)—C(5)
Pt—C{1)—H(101)
Pt—C(1)—H(102)
C(2)—C(1)—H(101)
C(2)—C(1)—H(102)

H(101)—C(1)—H(102)

Pt—P(1)—C(11)
Pt—P(1)—C(21)
Pt—P(1)—C(31)
Pt—P(2)—C(41)
Pt—P(2)—C(51)
PL—P(2)—C(61)

PP

C(21)-P(1)—C(31)
C(31)—P(1)—C{11)

C(11)>—C(12)—C(13)
C(12)—C(13)>—C(14)
C(13)—C(14)C(15
C(14)>—C(15)—C(16)
C(16)—C(16)—C(11)
C(16)—C(11)—C(12)

C(21)—-C(22)—C(23)
C(22)-C(23)—C(24)
C(23)—C(24)—C(25)
C(214)—C(25)-C(26)
C(25)—C(26)—C(21)
C(26)—C(21)—C(22)

C(31)—C(32)—C(33)
C(32)—C(33)—C(34)
G(33)—C(34)—C(35)
C(34)—C(35)C(36)
C(35)—C(36)—C(31)
C(36)—C(31)—C(32)

C(41)—P(2)—C(51)
C({51)—P(2)—C(61)
C(61)—P(2)—C(41)

C(41)>—C(42)—C(43)
C(12)—C(43)—C(44)
C(43)—C(44)—C(45)

109.1(1)
148.2(3)
108.2(3)
102.7(3)
142.4(3)
40.2(3)
67.7¢5)
72.1¢5)
147.0¢7)
140.8(8)
125.2(8)
119.9(8)
115.0(8)
111(6)
106(5)
115(6)
108(5)
131(8)
121.7¢3)
112.5(3)
114.0(3)
121.9(3)
114.4(3)
110.6(3)

101.7(4)
101.7¢4)
100.2(1)

119.6(8)
119.7(9)
121.7(11)
118.9(11)
119.7(9)
120.65(8)

120.1(9)
120.1(10)
119.8(11)
120.9{10)
119.3(8)
119.7(8)

120.5(8)
119.2(9)
121.6(10)
119.9(9)
119.5(8)
119.9(7)

101.9(4)
102.2(4)
103.7¢4)

119.8(8)
121.2(9)
119.8(10)

{continued)
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TABLE 3 (continued)

C(44)—C(45) 1.370(14) C(44)—C(45)—C(46) 119.9(9)
C(45)—C(46) 1.384(13) C(45)—C(16)—C(11) 121.5(8)
C(46)—C(11) 1.396(11) C(46)—C(41)—C(42) 117.8(7)
C(61)—C(52) 1.366(12) C(51)—C(562)—C(53) 120.5(10)
C(52)—C(53) 1.390(15) C(52)—C(53)—C(54) 120.9(11)
C(53)»—C(64) 1.368(16) C(63)—C(64)—C(55) 118.7(11)
C(54)—C(5656) 1.371(15) C(54)—C(55)—C(56) 120.5(9)
C(55)—C(56) 1.381(13) C(55)—C(56)—C(51) 121.0(8)
C(56)—C(51) 1.379(11) C(56)—C(51)—C(52) 118.5(8)
C(61)—C(62) 1.391(11) C(61)—C(62)>—C(63) 121.3(9)
C(62)—C(63) 1.364(14) C(62)—C(63)—C(61) 120.7(11)
C(63)—C(61) 1.373(16) C(63)>—C(64)—C(65) 119.2(11)
C(64)—C(65) 1.404(16) C(64)—C(65)—C(66) 119.8(9)
C(65)—C(66) 1.389(12) C(65—C(66)—C(61) 120.3(8)
C(66)—C(61) 1.391(10) C(66)—C(61)—C(62) 118.6(7)

the greater the bending of the C(1)—C(2)—C(3) angle, the longer the C(1)—C(2)
bond length. A similar observation has been reported for tetracyanoethylene-
metal complexes [5].

The steric influence of twn methyl groups in (Ph;P),Pt(CsHj) is seen from
Table 4. The P(1)—M—C(2) angle and the P(2)—M—C(1) angle in this compound
are significantly larger and smaller, respectively, than the corresponding angles
in allene complexes. The non-bonding repulsion between the C(4) methyl group

n%n?2

L B

Fig. 4. Inner coordination geometry arcund the platinum atom. Hydrogen atoms are also shown.
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TABLE 4

STRUCTURAL PARAMETERS OF THE COORDINATION AROUND THE METAL ATOM

(PPh3),Pt(CsHyg) (PPh3)>Pd(C3H,) (PPh ;)2Pt(C3H3)
M—pP(1) 2.278(2) 2.314(2) 2.278(9)
M—P(2) 2.303(2) 2.324(2) 2.286¢9)
M—C(1) 2.107(8) 2.118(9) 2.13(3)
M—C(2) 2.049(7) 2.067(8) 2.03(3)
C(1)>—C(2) 1.430(11) 1.401(11) 1.48(5)
C(2)y—C(3) 1.316(11) 1.304(12) 1.31(5)
C(1)—C(2)—C(3) 140.8(8) 148.3(8) 142(3)
P(1)—M—P(2) 109.1(1) 109.3(1) 107.1(3)
P(1)—M—C(2) 108.2(2) 104.3(3) 104(1)
P(2)—M—C(1) 102.7(2) 107.5(3) 108(1)
M—C(2)—C(3) 146.9(6) 139.2(7) 145(3)
Angle @ 7.8 8.6 9
Reference This work 4 3

@ Dihedral angle between ML plane and the M, C(1). C(2) plane.

and phenyl groups attached to the P(1) atom may have caused this. The non-
bonded distances of C(4)...C(21), C(4)...C(26) and C(4)...C(36) are 3.507(12),
2.670(13) and 3.597(12) A, respectively. The shortest distarice between hydrogen
atoms is H(402)...H(36) of 2.50 A. These net repulsions might hinder the rota-
tion of the C(4) methyl group. Figure 1 shows the difference maps in which the
contributions of heavier atoms are subtracted, each being calculated on the plane
where hydrogen atoms of dimethylallene ligand are expected to be. The C(4)
methyl hydrogens (Fig. 1b) as well as methylene hydrogen atoms (Fig. 1a) are
clearly identified on these maps, while the C(5) methyl hydrogens (Fig. 1c) are
somewhat smeared out. This suggests that the C(4) methyl group packs in one
conformation whereas the C(5) methyl group may assume several conformations
in the crystal, the observed one being favored and occurring most often. There-
fore the parameters of C(5) methyl hydrogen atoms only give one of the probable
positions. The bond angles C(2)—C(3)—C(4) and C(4)—C(3)—C(5) are 125.2(8)
and 114.1(8)°, respectively, and are significantly different from 120° which

Fig. 5. Stereoscopic view of the crystal structure of (Ph3P);Pt(CsHg).
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would be the bonding angle for an sp? hybridized carbon atom. On the other
band, the C(2)—C(3)—C(5) angle is 120.7(8)°. The C(4) atom is —0.421 A
away from the metal coordination plane. This means the C(4) methyl group is
bent away from the bulky triphenylphosphine group. The non-bonded inter-
action described above might have caused this distortion. Five carbon atoms
which consitute a dimethylallene moiety lie almost on a plane with a maximum
deviation of 0.025 A; the dihedral angle between this plane and the plane
containing P(1), Pt and P(2) is 9.7°.

A packing diagram is drawn in Fig. 5. All intermolecular contacts are con-
sidered to be at the usual van der Waals distances, the shortest contact between
non-hydrogen atoms being 3.552(20) A [C(35) (x,y,2)...C(35) (1—x,%,2)].

All the computations throughout this work were carried out on a NEAC
2200-700 computer at Osaka University. Figures Z, 4 and 5 were drawn on a
NUMERICON 7000 system at Osaka University with a local version of ORTEP
[15]. Figure 1 is evaluated by the GPFR program [16].
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