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The carbene complex trans-[CHs (CH2 COCl& Cl& )Pt {P(CH, )* Cb Hs I2 ] - 
PF6 crystallizes in the centrosymmetric orthorhombic space group Pcca (& ) 
with a = 15.503(7), b = 1&81(l), c = 17.66(l) A. The measured density of 
1.81(l) g crne3 agrees with d(calc) = 1.81 g cmm3 for M = 703.41 and 2 = 8. 
Three dimensional X-ray diffraction data were collected on an automatic four 
circle diffractometer using MO radiation. The structure was solved by a combi- 
nation of Patterson, Fourier and least-squares refinement techniques. The final 
conventional agreement factor for the converged model is R r = 0,044, calcula- 
ted on 1763 observations for which I > 30(I), with 160 variables. The anion lies 
on a crystallographic two-fold axis of symmetry, and is disordered. The co- 
ordination geometry is essentially square planar about the platinum atom. The 
cyclic carbene l&and is almost planar and is coordinated approximately per- 
pendicular to the Pt square plane. The mean Pt-P distance is 2.305(5), the 
Pt-C(sp3 ) bond length is 2.080(18) and the C(sp: ) atom lies 2.00(2) A away 
from the platinum atom. The stucture is discussed in terms of the tmns-infiuen- 
ces of the ligands, and the character of the Pt-C(sp’ ) bond. 

IntroductioIl 

Carbene has recently become a common word in the study of organometal- 
lit compounds. Tbe similarity between the carbene ligands on tkae .metal-stabibz- 
ed complexes to the generally reactive organic molecules is responsible forthis. 
Two recent reviews [I,21 exemphfy the immense amount of research that has 
beendone in this field; 

me carbene ligands are very good adonors and are considered. to exert a’ 
strong trans-influence. Thus platinum carbene complexes have attracted special 
interest, due to the prevalence of the trans-influence in platinum chemistry. These’ 
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ligands a&also thought to be z acceptors of varying ability, depending on the 
electronegativityof the nucleophihc atom stabilizing-the C(sp2 ) atom:A con- 
siderable variety of pIatinum(I1) carbene complexes has been prepared via 
several routes [l, 3:5] . 

Crystallographic investigations of several of these compounds have been 
reported. BadIey et al. have examined the-structure of cis-[Cl* (PE& )’ 
Pt(CH3 CH2 OCNC& H5 ]] [6] . Butler and Enemark have reported the structural 
investigations of [(CH, N=C)i Pt {CH3 NHCNN(CH3 )CNHCH3 11 [B(C, HS )4 ] 
[7] and trans-[(CHj NEC)~ Pt{ C(NHCH3 )SCH2 CH3 k ] 181. These complexes 
are prepared by addition reactions to coordinated isocyanides. Cardin et al. 
have studied the cis and tram isomers of the cyclic carbene complex [Cl* (PI?& )- 
Pt {C(N(C, HS )CHZ )* }] [9] which is prepared by the cleavage of electron rich 
olefins in the presence of Pt I1 . We have been investigating complexes with carb- 
ene ligands prepared via cationic acetylenic intermediates [ 53 . These systems 
provide the possibility of investigating the x character of the Pt-C(sp” ) bond. 
The electronegative atom stabilizing the C(sp’ ) atom is either 0 or N in these 
complexes; hence one would expect a difference in the amount of stabilization 
from the metal atom to the empty p, orbital of the C(sp* ) atom, if such com- 
plexes are indeed metal stabilized carbonium ions as has been predicted [lo, 111. 
The structural investigations of frans-[CH, (CH, COCH, )Pt {P(CH, )2 C, Hs I2 ] - 
PFB [ 121 and tmns-[ CK3 {CH3 CN(CH3 )* 1 Pt CP(CH% )2 Cd Hj I2 I PF6 Cl31 have 
been reported so far. 

We now present a crystallographic study of the complex trans-[@H3 - 

(&H, COCHl CH; )Pt {P(CH, )* C!, H5 jZ ] PF, . This single crystal X-ray study was 
undertaken to examine structural manifestations of the tmns-influence in this 
sytitem of compounds and to g& further knowledge of the bonding interactions 
about the Pt and C&p’ ) atoms. The cyclic nature of the carbene ligand makes 
this complex particularly interesting. 

Experimental section 

A sample of trans-[CHJ (CH, COCHZ CH2 )Pt{P(CH, )* C, Hs }2 ] PFB was 
prepared by the method of Chishohn and Clark [5] and was kindly supplied by 
Manzer. Slow evaporation of solvent from a methylene chloride solution pro- 
duced thick, colourless, tabular crystals of suitable quality for X-ray work. 

(Anal. found: C, 35.97; H, 4.31. trans-[CH,(CmH,CH,)Pt{P(CH,),C,H,),]- 
PFB calcd.: C, 35.94; H, 4.41%) 

Weissenberg and precession photographs, taken with Cu-K, radiation using 
a largecrystal allowed unambiguous assignment of the space group. The crystals 
were found to be orthorhombic with Laue symmetry mmm. The systematic ex- 
tinctions observed were: OkZ for i odd, h0Z for I odd, and hk0 for h odd. These 
absences are consistent only with the space group Pcca, &, , No. 54 [ 143 _ 

The density was obtained hy the flotation method in a mixture of carbon 
t&&chloride and 1,2dibromoethane. The observed density is 181(l) g cmw3 
and the calculated density 1.81 g cm-?. Hence 2 = 8 and no symmetry constraints 
need be imp&d upon the ions in space group Pcca. 

-- Tbe crystal employed for data collection was studied on an optical gonio- 
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meter. The two largest faces were of the form { 0013. Faces of the forms C 1003, 
{OlO}, and {012) were also present. The crystal dimensions were 0.36 X 0.28 
X 0.13 mm as measured with a filar microscope eyepiece. The crystal was mount- 
ed in such a way that the long dimension was deliberately offset from coincidence 
with the diffractometer $ axis to minimize the possibility of multiple reflections 
[15] . Several w scans of strong reflections were recorded to check the mosaicity 
of the cry&al. The average peak width at half height. was 0.06” 1161. 

16 reflections with 28 ranging from 15 to 30” were centered.manually on a 
Picker four circle automatic diffractometer at a temperature of 22”. Least- 
squares refinement of the setting angles of these reflections gave the unit cell 
parameters and the orientation matrix, using the program PICKTT [17]. The cell 
constants so obtained are a = 15.503(7), b = 18.81(l) and c = 17.66(l) A, (Mo-Rol 
X = 0.7093 A), corresponding to a unit cell volume of 5150 A3. 

The intensities of 5348 reflections were recorded in the range 2.5” < 28 < 
50° using MO-K& radiation_ The incident beam was filtered with 0.07 mm of 
niobium foil. The take-off angle on the tube was 1.4”. The Bragg intensity of 
a strong reflection at this angle was about 80% of the maximum attainable as the 
take-off angle was increased. The counter aperture was positioned 32 cm from 
the crystal and the aperture dimensions were 0.4 X 0.4 cm. The pulse height ana- 
lyzer was set to admit only 90% of the MO-K, peak. The data were collected 
by the 0 -26’ scan technique, at a scan rate of lo per minute. A symmetric scan 
range of 1.4” was used, corrected for dispersion, and stationary background 
counts of 10 see were taken at both ends of the scan. 

Copper foil attenuators chosen to give attenuator factors of about 2.2 
were inserted automatically when the peak intensity exceeded about 7000 
counts per set during the scan. The intensities of six standards were recorded 
after every 100 reflections collected. This served as a check on the stability of 
the crystal and of the electronic equipment. The reference reflections were: 
@OO), (002), (020), (400), (020) and (002). 

As we have observed before with crystals of these cationic complexes [12, 
13J the most intense reflections seem to be affected by prolonged exposure to 
the X-ray beam. The intensities of two of the standards (ZOO) and (400) in- 
creased on average by 10%. The standards (002) and (002) showed a 28% decrease. 
In each case the peak quality was closely examined, and no significant deterio- 
ration in the structure of the peaks was observed. No decomposition correction 
was applied. The two remaining standards showed only random fhmtuations. 5348 
data were processed [18]. A standard deviation was calculated for each observed 
intensity from the formula: 

a(I) = [CT + 0.25 (tJt,, )* (B, +B, ) + @I)* ] I’* 

where CT is the integrated peak count obtained in time fc, and B1 and B2 are 
the background counts, obtained in time tb. I is the intensity and the value of p 
was assigned as 0.03. Corrections for Lorentz and polarization effects were also 
applied to the observed intensities_ All reflections with I > 20(I) were corrected 
for absorption 1191. The transmission coefficients ranged from 0.267 to 0.535. 
Of the 5348 reflections, 1763 had F* > 3o(p ), and only these reflections were 
used in the solution and refinement of the structure. 
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Sohtion and refinement 

The platinum and the two phosphine phosphorus atoms were located from 
a Patterson synthesis. A series of difference Fourier syntheses, and least-squares 
cakulations yielded positional parameters for the remaining 29 non-hydrogen 
atcrus. Refinement was eatried out OR E: with CW(&~-(_~J~~ being minimized. 
F. and F, are the observed and calculated structure amplitudes respectively; 
w is the weight, defined as w0 /c? (F% ). The atomic scatteting factors used to 
obtain F, for the Pt, P, F, 0, and C atoms were those obtained by Cromer and 
Waber [ZO] . The H atom scattering factors were from Stewart, Davidson and 
Simpson [21]. The effects of anomalous dispersion were included in the calcu- 
latkms~ a& V&U= of &f zfnd f%” were tasrerr from Cz-omcr and Liberman IZZ]. 
Alti-iQXlj@n~ syinnietry cDr&..kJnS are %inp-oSXl orl the c&k-l in spzce grmp 
Pcccn, ik -uJeDma th&Tne pho@mmis atoms 0% the xxrk.i%ktn Cop0 sq=c+h 
po&~0zW, eac)r ti& 4 fuk3 m&tipEei& k zzte ui-& C&l, S2x& &z% SW? iinion is 
constrained to two fold symmetry. Hence two PF, anions with multiplicities 
of 0.5 had to be refined. Furthermore, a close examination of electron density 
maps in the region of the anions revealed that the F atoms are disordered about 
the P atoms, though the two-fold symmetry of the sites is maintained. Two dis- 
order models, with the necessary constraints applied to the derivatives were 
calculated and refined to account for this. The fluorine atoms of the PF, anion 
were constrained as rigid groups, as were the phenyl carbon atoms 1231. A total 
of 4 F6 groups was defined, assuming 0, symmetry and a P-F distance of 
1.58 f%. . The two phenyl rigid grau~s were assigned Ddh symmetry, with a C-C 
bond length of 1.392 A. The group parameters refined consisted of a group ori- 
gin, three orientation angles, and an overall temperature factor. Individual group 
atom thermal parameters were refined at later stages for the phenyl groups only, 
An additional occupancy factor had to be refined for each of the disorder models, 
an& stiklme cons%mm\s were appXe& tomrimiaknYne%wokM symmekry a&30* 
the phosphorus atoms. Two cycles of least-squares refinement with the platinum 
an& tw 0 phospho~m atDms vikzrS%m~ zmisokrt$iczSy zn& %n~rem%irii~n~n- 
hydrogen atoms undergoing isotropic motion, gave agreement factors: 

R 
( 

=w?JI-_(~,l)* _ 
2- 

ZwF2, 
= 0.095 

Six subsequent cycles of full matrix least-squares refinement, with all non- 
hy&ogen, non-group atoms vibrating ank&ropiczSy, an6 with the z&m &s- 
order calculations included, converged the structure at R 1 = 0.047 and Rz = 
0.054. The contributions of the 10 phenyl hydrogen atoms were included in 
F, , assuming a C-H bond length of 1.0 A. Similarly, the G methylene hydrogen 
atams of the carheffe rirrg were-accaufzted far, employing a C-H &stziYxe of 
1.05 A and a H-C-H angle of 109.4’7: Electron density maps were calculated 
in B%? pkX?s Xik%c k&e rn&r~1 )lyi2rogen aZoms were e=j?uzk& kc7 ucvrrn %?r 
each of the 5 methyl groups. Three prominent peaks were observed on each 
Fotiier section. Idealized hydrogen positions were calculated to best superimpose 
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-0.0321(10) 
0.1360(10) 
0.0520(10) 
0.0520(10) 

-0.0153(7) 4.3(5) 
-O.O058<7j 6-O(8) 
-0.0637(10) -7.3<6) 
-0.1310(8) 7.4(6) 
+x1405(7) 7.2(6) 
+X0826(9) 5.3(5) 

-0.0138<6) 3.0<4) 
-0.0049<6) 6.0(9) 
-+X0642(8) 5.5(5) 
-0.1325(7) 5.6(5) 
-0.1415(6) 4.7(4) 
-0.0821<8) 3.9(4) 

0.3075<6) 
0.3075<6) 
0.2443(6) 
0.3707(6) 
O-2443(6) 
0.3707<6> 

0.2085(26) 
O-3873(26) 
0.2979(26) 
0.2979(26) 
0.2979(26) 
0.2979(26) 

4X3248(7) 
-0.1752<7) 
-0.2846(7) 
4X2154(7) 
+X2154(7) 
-0_2846<7j 

-Q.3394 
-0.1606 
--w 

z-2482(16) 
-0.251806) 

B(izrou~) =8.8(4) 

B<gronpj = 6.8(21j 

B@roup) = 9.5(7) 

B(group) =9.1(S) 

on these peaks,.utilizing the known geometry of a methyl group with a C-H 
.distance of 1.05 A and a H-C-H angle of 109.47” In the next calculation of 
structure factors;the contributions .for the 31 hydrogen atoms were included. 
A statistical examination of these structure factors in terms of various combina- 
tions of ‘Miller indices, magnitudes of P,, , X-l- sin 6 and diffractometer setting 
angles; showed F. -very much greater than F, for several strong, low-angle re- 
flections. .--. 

-me batikground corrections were considered utiehable for the reflections 
(002); (020), (022) and (122), and these reflections were omitted in the final 

. . ‘ieast-squares. klculations. Two final cycles of full matrix’refinement with all 
: ‘_ 



TABLES 

DERIVEDHYDROGENATOMPOSITIONALPARAMETBBS 

Atom x 2; t 

PhenyI hydrogen atoms 

1I-W) 

lH<3) 
lH(4) 
lH<5) 
lH16I -~_ 
=-X2) 
2~~31 
2W4) 
2H(5) 
2H(6) 

-0.0771 
-0.0182 
-0.1248 
-0.0855 
-0.2581 
-0.2242 
-0.1277 
-0.0392 
-9.1390 
-0.0573 
-9.1378 
-0.0802 
-0.2765 
-0.2814 
-9.1954 
-0.1870 
-0.1179 
-0.1879 
0.0335 
0.0199 

-9.0568 

0.1747 -0.1076 
0.2519 -0.1068 
0.2084 -0.2267 
0.2930 -0.2157 
0.2410 -0.1834 
0.3276 -0l905 
0.1910 0.1932 
0.2463 0.1868 
0.2813 0.2029 
0.0707 0.0847 
0.0175 0.0499 
0.0710 -0.0102 
0.1519 0.1641 
0.0670 0.1288 
0.0926 0.1833 
0.4385 0.0934 
0.4807 0.0323 
0.4173 -0.0010 
0.3533 0.1623 
0.4402 0.1354 
0.3991 0.1900 

(I 

-9.3561 0.1870 0.0426 
-0.4613 0.1837 -0.0563 
-0.4306 0.1224 -0.1718 
-0.2946 0.0642 -0.1884 
-0.1894 0.0675 -9.0894 
0.1080 0.3182 0.0443 
0.2093 0.3203 -0.0578 
t-1716 0.3758 -0.1751 
0.0326 0.4292 -0.1903 

-0.0687 0.4270 -0.0882 

aping hydrogenatomsare numbered sequentially lH(2) is bondedtolC<2).1H(3)isbonded to lC<3). 
etc. AU hydrogen atoms were assigned an isotropic thermal parameter. B = 4.0 A2 _ 

hydrogenatom contributionsincluded,convergedthe modelatRI = 0.044 and 

R, = 0.048. The standard deviation of an observation of unit weight is 1.71 
electrons.Thefinalpositional,lihermal,and group parameters arepresentedin 

Tablel.Refinementoftheciisordermuitiplicity parameters for the PF, anions 
gave values of 0.28(l) and 0.42(l). A final difference Fourier synthesis was 
calculated.Thelargestpeak hadanelectron density of0.73 e AW3 and was 
situated at (-0.095, 0.075, -0.225). It is therefore associated with a disordered 
PF6 anion. The derived positional parameters for the group atoms are given in 
Table 2. The hydrogen atom positions, which were not refined, are given in 
Table 3. A list of the observed and calculated structure amplitudes, given as 
10IFOf and lO]F,I is available*. 

* Th$ table of structure factors has been deposited as NAPS Document No. 2352-w& ASIS/NAPS, 
clo Microfiche Publications. 305 E. 46 tb Street, New York. New York 10017. A.copy may be 

secured by citing the document and remitting $1.50 for microfiche or $5.00 for photocopies. 
Advance payment is required. Make checks payabIe to Microfiche Publications. 



. . 460 -. 
. . ‘Z 

: 0 
C(5) 

Ccl) 

C(4) 

Fig. 1. The inner coordination sphei-e of the platinum atom. showing the carbene I&and. 

Description of the structure 

The carbene ligand and the inner coordination sphere of the cation are 
depicted in Fig. 1. In Fig. 2 is a stereoview of the cation. The shapes and sizes 
of the atoms in both diagrams are determined by the final isotropic and aniso- 
tropic thermal parameters. Table 4 contains a selection of intramolecular bond 
distances and angles. The nearest approach of the cation to the anion is 3.08 A 
between atoms C(4) and 4F(4), and is consistent with that expected for the 
packing of discrete anionic and cationic components. The PF, anion occupies 
two sets of special positions with 2 symmetry. There are two orientations of 
the F6 moiety at each site, due to the disorder of the anion. 

The cation has a coordination geometry which is approximately square 
planar about the platinum atom. The platinum atom, the two phosphorus 
atoms, the methyl carbon atom, and the carbene C(sp* ) atom all he in the 
equatorial plane. In Table 5 is shown the calculation of a weighted least-squares 
plane through these atoms. P(1) and P(2) deviate from the plane most, being 
-0.021(6) and --O-015(5) A b e 1 ow the plane respectively. The P(l)-Pt-P(2) 
angle is 178.5(2): and the C(l)-Pt-C(2) angle is 179.0(8)0 

_ - 
F&:.2. &&view of +e_ &ion. kxnq are drawn wit& 50% probability thermal ellipsoids. 



TABLE4 

SELECTBDINTRAbIOLBCULARBONDDISTANCESANDANGLBS 

Atoms Dktke <A) Atoms Ade<") 

Pt-P(1) 2.305(5) 

Pt-P(2) 2.305(5) 

ti-C<l) 2080<18) 

P(l)-Pt-P(2) 
C(l~pt--c(2) 
C(l)-+t--P(1) 
C(l)-Pt-P(2) 
C(lI-pt--P<1) 
c<2)_Pt-P(2) 

178.5(2) 
179.0(S) 
88.6(7) .:- 
90.3(7) 
92.3(6) 
88.9(6) 

P+c(2) 

WlF311) 

P(lFC(l2) 

2.00(2) 

-1.82(2) 

l-81(2) 

1.83(l) 

l&4(2) 

l-80(2) 

1.820) 

1.26(2) 

1.53(2) 

l-67(3) 

Pt-P(l)-C(ll) 
Pt-PaHaB) 

pt-PilkC(lj 
Pt-P(2)-C(21) 
Pt-P<2)-C(22) 
Pt-P(2)-2C<l) 
c(11~P(l)--c(l2) 
c(l1)-P(1)_lc(l) 
C(12)-P(l)_lC(l) 
C(21)_P(2)--c(22) 
c(21)-P(2)_2c(1) 
c<22)-P(2)_2C(l) 
Pt-C(P)_O 
~t--c(2)-C(3) 
c(2k-o-+5) 
C(2FC(3W(4) 
C(3)-C(4wX5) 
C(4FC<5)-o 
C(3FC(2W 

114.4(7) 
118.6<8> 

111.9(5) 
112.6(6) 
118.8(7) 
109.6(7) 
102(l) 
105.7(9) 
103(l) 
1040) 
105.5(S) 
105(l) 
122(2) 
125(l) 
113(2) 
105(2) 
102<2) 
106<2) 
112(2) 

C(4)--c(5) l-55(4) 

o-C(5) 1.50(2) 

Thephosphineligandshaveadistortedtetrahedralgeometry.Thephenyl 

ringslie onthesamesideoftheplatinumatomasdoesthe carbene ligand.This 

resultsinaratherlop-&dedcationaswssobservedwiththe complextmns- 

[CH3 {CH3 CN(CH3 )2 )Pt{P(CH3 )2 C6 H5 }2 ] PFs 1131. A more balanced con- 

figurationhasb6enobservedpreviouslyforthealkoxyCarbenecomplex tmns- 
[CQ (CH3 COCHJ )Pt{P(CHs )2 C6 H5 )2 ] PF6 [12]. The phosphine ligands are 

TABLE5 

WBIGHTEDLEASTSQUARESPLANES 

Atom Deviation fmm Pbme (A) 

Atoms included: Pt. P(l).‘P(ZJ. C(I). and C(2) 
Equation of Ptie: 14.09x- 7.240~-2.85&z=-3.734 

Pt 0.001(l) 
p(ij +X021(6) 
P(2) -6.015(5) 
C(l) 0.01(3) 
C(2) O.Ol(2) 

Atoma inclzuied: C(2). 0. C(3). C(4). and C(5) 
Equation of PIane: 6.580x + 17.01 y - 9.002 = 3.527 

C(2) 0.02(2) 

&I 
0.00(l) 

+.04(2) 
C(4) 0.13(4) 
C(S) -O-03(2) 
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also twisted relative to each other. The phenyl ring on one phosphine lies well. 
above.the pl&inum equatorial. plane, whereas the one -on the other phosphine- 
l&G Well below.Qis plarie. This cotit@& one of the phgsphorusqethjil carbon 
bonds in.each.phosph&e to IiF almost parallel to the platinum square plane arid 
the other to lie nearly perpendicular to this plane. The Pt-P distances have 
identical values of 2_305(5) A. CoI$rable values of 2.294(3) and 2.303(3) a 
have been obtained for the dbmple%es tins-[CH, { CH, CN(CH, )2 }Pt {P(CH, )2 - 
C, H5 I2 ] PF; -1131 and tmrzs-[CH3 (CHB C=CCH3 )Pt {P(CHs )2 C, Hs 12 ] PFe 
[24] _ All P-C distances are crystallographically equal, the mean being l-820(6) A 
Similar valqs of l-796(3) and l-805(6) A have been obtained for the com- 
plexes trarzs-[CH, (CH3 C0CH3 )Pt {P(CH3 )* C6 H5 I2 ] PFB [ 121 and trans- 
[CHB {CH3 CN(C& )z }Pt{P(CH, )* C6 H5 }2 ] PF, [13] respectively. The phos- 
phine tetrahedra are distorted away from the central platinum atom. This has 
been found in other platinum(I1) complexes containing phosphine ligands 
[12,13,24,25] _ The Pt-P-C angles range from 109.6(7) to 118_8(7)“, and 
the average ti 114(2)“_ The C-P-C angles vary from 102(l) to 105.7(9)” with 
a mean value of 104.2(6)“_ The corresponding angles in the complex tram- 
[CH3 {CH3 CN(CH3 )2}Pt{P(CH3 I2 C6 H, I2 ] PF, 1133 have mean values of 
114_4(7) and 103_4(5)“. 

The Pt-C(s~3 ) distance tram to the carbene ligand is 2.080(18) A. This 
value differs from that of’2.147(11) A obtained for the Pt-C(sp3 ) bond in 
the carberie complex trans-[ CH, { CH3 CN(CH3 )* }Pt {P( CHB )2 C, HS }2 ] PF6 
Cl33 by 3.2 G and by 2.1 0 from the value of 2.130(16) A in tmns-[CH, - 
(CH;, COCH3 )Pt {P(CH3 )z Cs H5 I2 ] PF, [ 121. The Pt-C(sp3 ) distance is 
crystallographically equivalent to the value of 2.11(2) A obtained for the 
complex trans-[CH3 (CH3 GCCH3 )Pt (P(CH, )z Cs H5 lz ] PFB 1241 where the 
acetylene ligand is assumed to exert a much weaker trans-influence than that 
expected for carbene.ligands [26]_ Moreover the Pt-C(sp3 ) distance is shorter, 
although not significantly, than the sum of the covalent radii of the atoms, which 
is 2.09 W [27] _ In the solid state, for this complex, the trans-influence phenom- 
enon is not discernible from the structural parameters, in agreement with the ’ H 
solution NMR predictions that the carbene ligands CH3 COCH3, CHJ CN(CH3 )* , 

and CH2 COCHz CH2 all have similar trans-influences [5,28]. 
The cyclic carbene ligand approaches pl_anarity. The plane of the carbene 

ligand intersects the platinum square plane at an angle of 87_3(6)“. Table 5 
contains a calculation of a weighted least-squares plane through the five carbene 
ligand atoms. C(4) is the only atom which deviates significantly from the plane. 
This atom is O-13(4) 8, above the plane, which may be caused by St&n within 
the ring. The large thermal ellipsoids representing atoms C(4) and C(5) in Fig. 1 
give evidence of considerable motion in that region of the carbene ring. 

The Pt-C(sp2 ) bond length is 2.00(2) a, which is shorter by 3.30 than that of 
2.079(13) A observed in trans-[CH, {CH3 CN(CH,)* }Pt{P(CH,), C6 HS }* ] PFB 
1131. Ir both cases there is a methyl group tmns to the carbene. Oxygen is more 
electronegative than nitrogen and therefore offers much less stabilization to the 
electron deficient C(sp2 ) atom. Indeed, the aminoalkylcarbenes are prepared 
by direct substitution of the alkoxy group by the aminoalkyl moiety in the non- 
cycfic carbenes 1281. The C(SP’ )+ bond length is l-26(2) A, compared to 
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the value of l-32(3) A in the complex cis-[Cl, PEtB Pt { C(NHCB H5 )(OC, HS ))] 
[6] which has both an oxygen atom.and a nitrogen-atom stabilizing the C(sp’ ) 
atom. The O-C(5) bond length is l-50(2) A which agrees well with the mean 
distance of l-51(4) A obtained for the ‘c@ic carbene inthe complex C&S-[h&S%- 
(COCH, CH, C)(CO), ] 1291. The C(2)-C(3) bond length is l-53(2) A and is 
equivalent to the vaIue of l-526(18) obtained for trans-[CH, {CH3 CN(CH3 jz }- 
Pt{P(CHs )Z C6 HS }2 ] PFB [13]. The mean C(sp3 )-C(sp3 ) bond distance in the 
carhene ring is 1.56(l) A. The value obtained for cis-[MnCI(COCH2 CH2 O)(CO)4] 
[29] is l-53(4) A. Except for the C(sp* )-0 bond length, none of the bond dis- 
tances around the carbene ring are significantly different. 

Of the three angles around C(2), Pt-C(B)-O and Pt-C(2 )-C(3) have values 
of 122(2) and 125(1)O respectively. These approach the expected 120” angle 
for sp” hybridization. Tine angle within the ring, C(3)-C(2)-0, is onIy 112(2)“, 
and the cyclic nature of the ring does impose some strain upon the system. This 
is further evidenced by the angles about the C(sp3 ) atoms which are alI less than 
the ideal value of 109.47”. The mean value of these three angles is 104.3(9)“. 
The value of the angle C(2)-O-C(5) is 113(2)“, the magnitude expected if the 
oxygen atom is to contain some sp* character_ In conclusion, the structural 
parameters observed in this study are consistent with the view that the carbene 
Iigand is a metaktabihzed carbonium ion. 
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