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The crystal structure of the title compounds has 
been determined from X-ray data and refined to R = 
0.048 for both compounds. Crystals of (1) are ortho- 
rhombic, space group Pna2 1 with cell dimensions a = 
19.91(l), b = 14.98(l), c = 7.82(l) A. Crystals of 
(11) are monoclinic, space group P21/n with a = 
11.07(l), b = 21.64(l), c = 10.0.5(l) 8, fl = 
91.24(3)“. The co-ordination of Pt(l1) is nearly 
square planar in both complexes. The Pt-cI bond 
lengths of 2.392(8) (1) and 2.387( 7) A (11) are equal 
within experimental errors, whereas the two 
chemically non-equivalent Pt-P bond lengths are 
significantly different in both (1) and (11). Their 
values are 2.320(9) A (tram to C,H,CHJ and 
2.247(6) ,& (trans to Cl) for (1) and 2.326( 7) 8, (tram 
to C,FJ and 2.226(7) A (trans to Cl) for (11). No 
significant difference is found in Pt-C bond lengths 
(2.05(3) in (1) and 2.08(2) 8, in (II)), which however 
appear significantly longer than the values reported 
for Pt-C bond lengths having partial double bond 
character. 

Introduction 

Since Appleton et al. [l] reviewed in 1973 the 
experimental and theoretical aspects of trans-influ- 
ence in square planar Pt(II) complexes, numerous 
structural studies on this subject have been reported 
and empirical correlations havebeen attempted [2,3]. 

For monomeric chloro-platinum( II) complexes, 
containing carbon donor ligands trans to Cl, it has 
been demonstrated that there is a correlation between 
the extent of Pt-C multiple bonding and the P&Cl 
bond length [4]. Thus the electron withdrawing 
through n-back donation from Pt to carbon, in the 

*Address all correspondence to this author. 

Cl-P&C unit, leads to a shortening of the R&C bond. 
Consequently the flow of electron density towards 
carbon increases the positive charge on the metal, 
which in turn increases the electrostatic interaction 
between metal and Cl-, provoking also a shortening 
of the Pt-Cl bond. Such a model takes into account 
the bond length values found, e.g., in the OC-Pt-Cl 
unit (Pt-C, 1.85(l) and P&Cl, 2.277(3) A) of cis- 
PtC12(CO)PPhs [5] and in the MeaSiCH*-Pt-Cl 
unit (I’GC, 2.08(l) and PtGCl, 2.415(S) A) of trans- 
PtCl(CH,SiMe,)(PPhMe& [6]. Similar effects 
should operate in the P-P&Cl unit, when electron 
withdrawing substituents are bonded to phosphorus 
[3]. In fact in cis-PtCla(PEt,)PFa, the geometry of 
F,P-Pt-Cl (Pt-P, 2.141(3) and P&Cl, 2.305(3) A) 
and EtaP-I’<1 (Pt-P, 2.272(3) and Pt-Cl, 2.357(3) 
A) units supports this model. 

These results prompted us to investigate if such a 
mechanism may be valid also for the P-Pt-X unit, 
when a phosphine is tram to X groups with different 
n-acceptor properties, such aryl and perfluoroaryl 
ligands. 

We report the crystal and molecular structure of 
cis-chloro-p-tolyl-bis(triethylphosphine)platinum(II), 
(I) and of cis-chloro-perfluorophenyl-bis(triethylphos- 
phine)platinum(II), (II). 

Experimental 

Crystal Data 
a) (1); PfC1P2Wk, M = 557.7. Orthorhombic, 

a = 19.91(l), b = 14.98(l), c = 7.82(l) A, U=2332 
A3, D, (by flotation) = 1.58 g cmw3, 2 = 4, D, = 
1.59 g cmw3; MoK&, h = 0.7107 A, p(MoKo) = 66 
cm-‘. Space group Pna21 (from structure determina- 
tion); b) (II), PtC1P2CIsFSH3,, M = 633.9, mono- 
clinic, a = 11.07(l), b = 21.64(l), c = 10.05(l) A, 
fl = 9 1.24(3)‘, U = 2406, D, (by flotation) = 1.80 g 
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TABLE 1. Atomic Parameters of Non-hydrogen Atoms (X 104) for Compound (I) with Estimated Standard Deviations in Paren- 

theses. Anisotropic temperature factors are in the Form: exp - (h2B11 + k2B22 + 12B33 + hkBl2 + h/B,3 + MB&. 

- 

X Y Z B 

Pt 
Cl 

P(1) 
P(2) 
C(1) 
C(2) 
C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 
C(10) 

C(l1) 
C(12) 
C(13) 
C(14) 

C(15) 

C(16) 

C(l7) 

Ul8) 

C(l9) 

Bll 

1647(O) 
1350(5) 
1997(3) 

568(4) 
2560(16) 
2683(17) 
3341(14) 
3861(16) 
3724(15) 
3067(12) 
4568(17) 
2807(14) 
3001(16) 
2096(15) 
2623(19) 
1394(17) 
1394(24) 
505(16) 
986(17) 

-100(13) 
-272(22) 

231(15) 
-493(20) 

B12 

1556(l) 

36(5) 
2980(4) 
1696(5) 
1202(21) 
1190(20) 

955(18) 
729(19) 
701(22) 
944(16) 
472(23) 

3228(17) 
4261(22) 
3424(23) 
2933(26) 
3760(21) 
3562(28) 

918(25) 
1183(24) 
1273(15) 
1857(33) 
2784(21) 
2693(21) 

B13 

O(7) 
-567(14) 

172(19) 

1086(16) 

-1002(57) 

-2813(57) 

-3522(66) 

-2349(67) 

-502(64) 

344(31) 

-2917(62) 

-891(47) 

-750(58) 

2355(35) 

3310(74) 

-983(45) 

-2963(7 1) 

2994(57) 

4418(22) 

-378(31) 

-1856(70) 

1970(52) 

2785(60) 

B22 B23 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

B33 

Pt 
Cl 

P(1) 
P(2) 
C(1) 
C(2) 
C(3) 

C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(11) 

C(12) 
C(13) 
C(14) 

C(15) 
C(16) 

C(17) 
C(l8) 
C(19) 

19(O) 
38(2) 
200) 
20(2) 
28(9) 
36(10) 

11(5) 
22(9) 
23(8) 
26(6) 
29(10) 

23(7) 
29(9) 
33(8) 
33(10) 
48(10) 
49(14) 

29(9) 
33(10) 

25(7) 
43(14) 

24(8) 
45(12) 

-O(O) 
-9(5) 
-7(4) 
-6(4) 

-12(19) 
-9(19) 
-7(17) 

-12(17) 
-5(20) 

7(14) 
-3(22) 

-21(15) 
-40(18) 
-13(23) 

5(25) 
35(20) 
-1(31) 

-13(23) 
lO(23) 

-10(14) 
-32(33) 

26(18) 
-18(23) 

3(5) 
4(13) 

-9(19) 
13(12) 

-66(51) 
14(54) 

5(59) 
15(60) 
19(58) 

-42(26) 

98(54) 
17(41) 
79(51) 
ll(32) 

-52(67) 
34(46) 

-55(71) 
--38(54) 

lO(24) 
-9(31) 
-3(77) 
92(43) 
37(64) 

25(O) 
270) 
270 
2X3) 
34(13) 
27(11) 
37(12) 
23(11) 
50(15) 
38(10) 
40(17) 
34(13) 
49(14) 
64(15) 
55(19) 
53(14) 
65(22) 
59(18) 
57(17) 
35(10) 

105(30) 
56(15) 
38(15) 

-22(5) 
-31(14) 

34(22) 

3(16) 
27(67) 
36(62) 

-30(69) 
-72(69) 

15(77) 
65(36) 

-89(76) 

O(50) 
-36(64) 

-3(58) 

48(91) 
47(55) 
76(90) 
61(74) 

2(29) 
9(36) 

118(5) 
-44(64) 

77(62) 

194(2) 
302(38) 
203(18) 
253(21) 
254(80) 
219(95) 
417(22) 
465(24) 
240(74) 

0(56) 
392(4) 

2031(64) 
315(17) 

4(42) 
367(30) 

64(53) 
321(13) 
261(93) 

12(40) 
55(75) 

285(13) 
279(83) 
281(96) 

cm-‘, Z = 4, DC = 1.81 g cme3 ; dMoKol) = 64 cm-’ . 
Space group P2,/n. Cell parameters were determined 
from Weissenberg and precession photographs and 
refined with an on-line automatic Siemens diffracto- 
meter. 

Intensity Measurements 
Three-dimensional intensity data were collected 

on a Siemens diffractometer by the 8-20 scan 
technique with MoKoc radiation for a maximum 28 
angle of 50” for both compounds. Crystals of mean 
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TABLE II. Atomic Parameters of Non-hydrogen Atoms (X104) for Compound (11) with Estimated Standard Deviations in 
Parentheses. Anisotropic temperature factors are in the form: exp -(h’Bit + k2B22 + Z2B33 + hkBl2 + MB13 + klB23) 

x Y Z B 

Pt 2582(l) 3183(O) 3092(l) * 

P(1) 2289(7) 3884(3) 1496(7) * 

P(2) 2607(6) 2292(3) 1798(8) * 

Cl 2875(7) 2498(3) 4933(7) * 

P(1) 4762(15) 3913(8) 4535(17) 7.9(4) 
P(2) 4884(18) 47 lO(9) 6514(20) 9.7(5) 
P(3) 2813(19) 5154(10) 7608(20) 10.1(5) 
P(4) 606(19) 4714(10) 6681(21) 10.4(6) 
F(5) 514(15) 3910(8) 4685(17) 7.8(4) 
C(7) 2386(29) 2316(15) -100(33) 8.3(9) 
C(8) 2556(29) 1666(14) -784(34) 8.0(8) 
C(1) 2615(23) 3876(11) 4524(26) 5.1(6) 
C(2) 3696(24) 4105(13) 5063(27) 5.6(6) 
C(3) 3755(23) 4524(13) 6095(26) 5.5(6) 
C(4) 2737(28) 4726(14) 6575(31) 7.4(8) 
C(5) 1675(27) 4508(15) 6154(30) 7.1(7) 
C(6) 1626(25) 4089(13) 5087(28) 6.1(7) 
C(9) 4048(28) 1833(15) 2201(31) 7.7(7) 
C(l0) 5200(36) 2287(19) 1889(42) 10.7(11) 
C(l1) 1466(29) 1687(15) 2375(33) 8.1(8) 
C(12) 161(33) 1980(18) 2419(38) 9.8(10) 
C(13) 223@(24) 4678(11) 2115(26) 5.6(6) 
C(14) 2002(29) 5182(15) 997(32) 7.8(8) 

C(15) 878(26) 3775(13) 500(29) 6.4(7) 
C(16) -257(28) 3808(15) 1372(33) 7.5(8) 
C(17) 3470(31) 3890(16) 217(35) 8.3(9) 
C(l8) 4722(33) 4064(18) 861(37) 9.4(10) 

Pt 
P(1) 
P(2) 
CI 

811 B12 B13 B22 B23 B33 

89(l) 5(l) -13(l) 22(-O) -5(2) 117(l) 
139(8) -2(6) -27(15) 29(2) O(6) 128(10) 
116(7) 11(7) 5(15) 31(2) -19(9) 196(10) 
146(8) 17(7) -39(14) 24(2) 15(7) 113(9) 

cylindrical radii I of 0.04 and 0.06 mm for (I> and 

(II) respectively were used. A total of 1064 for (I) 
and 1284 for (II) independent reflections, having I, 
> 3 o(I,), were corrected for Lorentz-polarization 
factors and used in the subsequent calculations. No 
correction for absorption was applied (par, 0.20- 
0.30 for (I) and 0.35-0.50 for (II)). 

Structure Determination and Refinement 
Both structures were solved by conventional 

Patterson and Fourier methods. The final anisotropic 
refinement for all non-hydrogen atoms of (I) and for 
only Pt, P and Cl atoms of (II) reduced R to 0.048 
for both compounds. The used weighting schemes 
were: w= l/(,4 t iF,ItBIF,12)whereA=29,B= 
0.003 for (I) and A = 43, B = 0.002 for (II) were 
chosen so as to maintain w(lF, l- lF,l)2 essentially 
constant over all ranges of I&, I and sin 0/X. No 
attempt to locate hydrogen atoms was made. Final 
atomic parameters are listed in Tables I and II 

together with their e.s.d’s. The numbering schemes 
of the atoms are shown in Figures 1 and 2. Bond 
lengths and angles are listed in Tables III and IV. 
A list of observed and calculated structure factors 
is available from the Editor. Atomic scattering factors 
were those of ref. 7. 

Calculations 
All calculations were carried out on a CDC 6200 

computer with programs described in ref. 8. 

Results and Discussion 

Both platinum compounds are four-co-ordinate 
square planar complexes with slight deviations of the 
co-ordination atoms from their mean plane. The Pt- 
Cl bond lengths (2.392(8) (I) and 2.387(7) A, (11)) 
are equal in the two complexes within experimental 
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TABLE Ill. Bond Lengths and Angles for Compound (1) with Estimated Standard Deviations in Parentheses. 

a) Bond Lengths (A) 

Ptxl 

Pt-P(1) 

Pt-P(2) 

PtGC(1) 

P(l)<(8) 

P(l)-c(lO) 

P(l)-c(l2) 

~~~314) 
PC&U 6) 
Pw-u18) 
alGw) 
W-c(6) 

b) Bond Angles (“) 
Pt-P(l)-C(8) 
Pt-P(l)-C(lO) 
Pt-P(1)<(12) 
Pt-P(2)&C(14) 
Pt-P(2)4?(16) 
Pt-P(2)-C(18) 
Pt_C(l)-C(2) 
Pt-C(1)<:(6) 
Cl-Pt-P(1) 
Cl-rt-P(2) 
Cl-Pt-C( 1) 
P(l)-Pt-P(2) 
P(l)-Pt-C’(l) 
P(l)Z(8)C(9) 
P(1)~(10)-c(11) 
P(l)-C(l2)&C(l3) 
P(2)-P&C(l) 

2.392(8) 

2.247(6) 

2.320(9) 

2.05(3) 

1.85(3) 

1.84(3) 

1.90(3) 

1.90(4) 
1.87(3) 

1.89(3) 

1.44(6) 
1.51(S) 

115.7(9) P(2)<(14)-C(15) 

116(l) P(2)&C(16)-C(17) 

111(l) P(2)<(18)-C(19) 

107(l) C(l)-C(2)-C(3) 

114(l) C(l)-c(6)W(5) 
123(l) C(2)-W-c(6) 
122(2) C(2)-c(3)-c(4) 
113(2) C(3)<(4)-C(5) 
172.0(5) C(3)-C(4)<(7) 

85.7(3) C(4)<(5)-C(6) 
84.4(9) C(5)-c(4)-c(7) 

100.4(3) C(8)-P(l)-C(lO) 

89.6(9) C(8)-P(lH(12) 
112(2) C(lO)-P(l)-C(12) 

ill(3) C(14)-P(2tc(16) 

1 lO(2) C(14)-P(2)-C(18) 

170(l) C(16)-P(2)-c(18) 

~(2x3) 
C(3W(4) 
C(4)HW) 
C(4)-C(7) 
W-c(6) 
C(8tC(9) 
C(10)-c(11) 
C(12)<(13) 
C(14)-C(15) 
C(16)<(17) 
C(18)-C(19) 

1.47(5) 
1.42(6) 
1.47(7) 
1.53(S) 
1.51(4) 
1.60(4) 
1.48(5) 
1.58(7) 
1.52(5) 
1.49(6) 
1.58(5) 

112(2) 
116(2) 
113(2) 
122(3) 
llO(3) 
125(3) 
118(4) 
120(3) 
123(4) 
126(3) 
117(3) 
104(l) 
102(l) 
107(l) 
103(l) 
103(2) 
105(l) 

Figure 1. Numbering scheme for the atoms of compound (I). 

errors. On the contrary the two chemically not equi- 
valent Pt-P bond lengths in both compounds are 
significantly different, their values being 2.320(9) 
and 2.247(6) ,& for (I) and 2.326(7) and 2.226(7) A 
for (II) respectively. The largest values refer to P 
tram to the p-tolyl in (I) and perfluorophenyl in (II) 
respectively. Finally no significant difference is found 
in the PI-C bond lengths (2.05(3) in (I) and 2.08(2) 

. 

Figure 2. Numbering scheme for the atoms of compound (II). 

A in (II)), which appear significantly larger than that 
of 1.85(l) A found in cis-PtClz(CO)(PPh3) [S] . The 
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TABLE IV. Bond Lengths and Angles for Compound(H) 

with Estimated Standard Deviations in Parentheses. 

a) Bond Lengths (A) 

Pt-Cl 

Pt-P(1) 

Pt-P(2) 

PGC(l) 

P(l)C(13) 

P(l)C(lS-) 

P(l)-C(17) 

P(2)<(7) 

P(2)<(9) 

P(2)X(ll) 

C(9)C(lO) 
C(1 l)-C(12) 

CUC(8) 
C(13)<(14) 

b) Bond Angles (“) 

C(l)-Pt-CI 

P(2)-Pt_Cl 

P(2)-Pt-P(1) 

C(l)-Pt-P(1) 

Pt-P(l)-C(lS) 

Pt-P(1)-C(l3) 

Pt-P(l)-C(17) 

C(17)-P(l)-c(13) 
C(lS)-P(l)C:(13) 

C(17)-P(l)-c(lS) 

Pt-l’(2)-C(7) 

Pt-P(Z)-c(ll) 

Pt-P(2)-C(9) 

C(7)-P(2)<(9) 
C(ll)-P(2)<(9) 

C(l l)-P(2)-C(7) 

Pt_C(l)C(2) 

PtGC(l)C(6) 

C(2)-C(l)C(6) 

C(l)C(2)<(3) 
F(l)-c(2)-c(l) 

F(l)C(2)-C(3) 

C(2)-c(3)-C(4) 
F(2)<(3)-C(4) 

F(2)<(3)<(2) 

C(3)-c(4)C(S) 
F(3)C(4)C(S) 

F(3)-c(4)<(3) 

C(4)-c(S)-C(6) 
F(4)&C(S)-C(4) 

F(4)-c(S)-C(6) 

C(S)C(6)-C(l) 
F(S)-C(6)<(5) 

F(5)C(6)C(l) 
C(8)<(7)-P(2) 
C(lO)-c(9)-P(2) 
C(12)<(11)-P(2) 

C(16)-C(lS)-P(1) 

C(14)-C(13)-P(1) 

C(18)<(17)-P(1) 

2.387(7) 

2.226(7) 

2.326(7) 

2.08(2) 

1.83(2) 

1.85(3) 

1.85 (4) 

1.92(3) 

1.92(3) 

1.92(3) 

1.64(S) 

158(S) 

1.58(4) 

1 .S 8(4) 

84.9(7) 

85.2(2) 

99.5(3) 

90.4(7) 

114.2(9) 

113.6(9) 
114(l) 

105(l) 

106(l) 

103(l) 

122(l) 

112(l) 

109(l) 

108(l) 

98(l) 
104(l) 

122(2) 

123(2) 

llS(2) 

124(2) 

119(2) 

118(3) 

118(3) 

125(2) 

117(2) 

122(3) 

121(3) 

117(2) 

119(3) 

121(3) 
119(2) 

122(3) 

116(2) 

122(2) 

113(2) 
107(2) 

llO(2) 

112(2) 

114(2) 

1 lO(2) 

C(lSkC(16) 

C(17)-C(18) 

C(lbc(2) 
C(2b-W) 
C(3)<(4) 

C(4)<(5) 

C(5)-C(6) 

C(6)<(1) 

C(2)_F(l) 
C(3)-F(2) 

C(4)-F(3) 
C(S)-F(4) 

C(6)-F(S) 

l.SS(4) 

1.56(S) 
1.39(4) 

1.38(4) 

1.31(4) 

1.33(4) 

1.40(4) 

1.33(4) 

1.37(3) 

1.37(3) 

1.39(4) 

1.38(4) 

1.34(3) 

17s 

co-ordination bond angles are nearly equal in (I) and 
(II) within the experimental errors. The P-Pt-P 
bond angle is rather wider (100.4(3)’ in (I) and 
99.5(3)” in (II)) than the other three bond angles, 
probably because of steric repulsions between the 
two cis phosphines. The geometry of the P-B-4 
unit in both compounds nearly follows the correla- 
tion between Pt-P and P&Cl distances for mutually 
fruns Pt-PRa and Pt-Cl bonds in complexes of type 
cis-PtClzL(PR3) found by Hitchcock et al. [3] . The 
values reported for such compounds, however, fall 
into the range 2.22-2.28 A. Thus it is beyond doubt 
that Pt-P bond length values of (I) and (II) are indi- 
cative of a strong trans-influence exerted by the p- 
tolyl and perfluorophenyl ligands. These values of 
2.320(9) (I) and 2.326(7) (II) A are comparable with 
that of 2.310(7) a reported for cis-Pt(CH(CF&) 
(PPh3)2F [9], although shorter than that of 2.362(5) 
8, reported in cis-Cl(CFzCOCFzCl)(PPh3)2Pt [lo]. 
Since the Pt-C bond lengths in the above compounds 
(2.07(2) and 2.06(2) A) and (II) do not differ from 
those found in (l) and in other Pt-alkyl compounds, 
we think that Pt-C bond length in perfluoro deriva- 
tives having tram P atom has no n-bonding contribu- 
tion detectable by X-ray measurements. This is also 
consistent with the values found in (I) and (II) 
for I’-P bond lengths which do not differ when the 
truns ligand is either an aryl or a perfluoroaryl group. 
Further investigation and more accurate measure- 
ments, however, of Pt-C bond lengths must be per- 
formed for a definitive assessment. 
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