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due to the 16-electron configuration of the platinum atom of the 
bridging Pt(C0D) grouping. Compound 3 is also somewhat 
unstable and its solutions slowly decompose in air in a few hours. 
Solutions of 3 exposed to C O  are rapidly decomposed to yield 
hydrogen, P ~ O S ~ ( C O ) ~ ~ , ~ ~  a trace of Pt20s3(C0)i4,12 a trace of 
Pt20s4(CO)1~,1i  and a small amount of 4. In the solid state, 
compound 3 is more stable. 

When heated under a nitrogen atmosphere, compound 3 is 
transformed to the high-nuclearity metal cluster complex 4, but 
the yield is relatively low. This can be attributed in part to the 
fact that the reaction requires the addition of 3 mol of CO. If 
small amounts of C O  are added to the reaction, the yield of 4 is 
nearly doubled. 

Compound 4 exhibits the same selective segregation of the 
platinum and osmium into triangular groupings of the pure ele- 
ments as compound 5. The distance between the Pt, and Os, 
layers is significantly smaller in the Pt(C0D) capped layer than 
in the noncapped layer. A similar effect was observed in 5. An 
explanation for this is not available at present. It appears that 

it should be possible to obtain 4 directly from 5 by decarbonylation 
and addition of hydrogen. Efforts to accomplish this are in 
progress. 

There are relatively few examples of high-nuclearity mixed- 
metal cluster complexes that contain p l a t i n ~ m . ~ ” ’ ~  Several years 
ago Chini prepared a series of high nuclearity platinum carbonyl 
cluster complexes [Pt3(CO),],2- ( n  = 2-5) based on triangulated 
layers of platinum lying in nearly eclipsed conformations.20 It 
appears that 4 and 5 may be prototypes for a more extensive series 
of higher nuclearity metal cluster complexes whose structures are 
based on alternating triangular layers of platinum and osmium 
having staggered conformations. Efforts to prepare these are now 
in progress. 
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Ylides Ph3F‘=CHC02R (R = Et, Me) add to t r~ns- [PtCl~(NCPh)~]  to give the first iminophosphorane complexes of platinum 
[PtCI,IE-N(=PPh$(Ph)=CHCOIR)(NCPh)]. The complex with R = Et crystallizes with a half-molecule of acetone and is 
triclinic, space group PI, with a = 10.753 (1) A, b = 13.264 (2) A, c = 14.047 (2) A, a = 92.25 f l  = 110.65 (I)O, y = 104.26 
(I)’, V = 1799.4 (4) A’, and Z = 2. The structure was refined to values of R = 0.025 and R, = 0.026. The complex has a trans 
geometry. The P-N [ 1.641 (4) A] bond distance is longer than that in free iminophosphoranes. A reaction pathway leading to 
these complexes is proposed. The E configuration adopted by the iminophosphorane ligand seems to be that minimizing repulsions 
between PPh3 and substituents attached to the methine carbon atom. 

Introduction 
Iminophosphoranes (R,P=NR’) are interesting compounds 

because of their widespread utility as key intermediates in the 
synthesis of natural products3 and other nitrogen-phosphorus 

c o m p o ~ n d s . ~  Some of them have been found to possess semi- 
conductor properties? and some have been used as building blocks 
of backbone polymers: Surprisingly, their use as ligands is very 
limited,’ and therefore, the knowledge of how coordination could 
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Table I. Crystallographic Data for 
trans-[ PtC121E-N(=PPh3)C(Ph)=CHC02Et](NCPh)]J/2MezC0 

C~~H~~C~~NZO~PR.'/~C~H~O MW = 849.66 
a = 10.753 ( I )  A paid = 1.568 g cm-3 
b = 13.264 (2) A f l  = 41.67 cm-l 
c = 14.047 (2) A R = 0.025 
a = 92.25 (1)' R, = 0.026 
,8 = 110.65 ( 1 ) O  v = 1799.4 (4) A3 
y = 104.26 ( 1 ) O  2 = 2  
X - 0.71069 A space group PT 

modify their reactivity is almost unexplored.* 
Iminophosphoranes are generally prepared by using Staudinger 

(R3P + N3R' - R,P=NR' + N,) and Kirsanov (R3PC12 + 
H2NR' - R,P=NR' + 2ClH)  reaction^.^ Although ylides react 
with nitriles to give iminophosphoranes (e.g., Ph,P=CHPh + 
PhCN - Ph,P=NC(Ph)=CHPh), all reported attempts to use 
resonance-stabilized ylides (e.g., Ph3P=CHCN) have been un- 
successful unless activated nitriles (e.g., CF3CN) were used.Io We 
have also extended this observation to the reaction between 
Ph3P=CHC02Me and PhCN. We wish to report that carbon- 
yl-stabilized ylides P h 3 M H C 0 2 R  (R = Et, Me) add at r c "  
temperature to PhCN when it is coordinated to platinum to give 
the first iminophosphorane complexes of platinum. The limited 
number of iminophosphorane complexes reported7 contrasts with 
the large number of those containing the isoelectronic ylide lig- 
ands." 

Experimental Section 

Infrared spectra were recorded in the range 4000-200 cm-l on a 
Perkin-Elmer 1430 spectrophotometer using Nujol mulls between poly- 
ethylene sheets. Conductivities were measured with a Philips PW9501 
conductometer. Melting points were determined on a Reichert apparatus 
and are uncorrected. C, H, and N analyses were carried out with a 
Perkin-Elmer 24OC microanalyzer. Proton NMR spectra were recorded 
on a Bruker AC-200 spectrometer, and phosphorus NMR spectra were 
recorded on a Varian FT-80 spectrometer. 

Synthesis of hPlrs-[PtC121E-N(=PW3)C(W)~COzRl(NCW)] [R 
= Et (la),  Me (lb)]. Equimolar amounts (ca. 0.3 mmol) of ?runs- 
[PtC12(NCPh)2] and PhlP=CHC02Et in acetone (20 cm3) were reacted 
at room temperature for 14 h, and the reaction mixture was evaporated 
to dryness. A 100-mg sample of this mixture was washed with 2-4 cm3 
of acetone; complex l a  remained insoluble (62% yield). Anal. Calcd for 
C36H3,C12N202PPt: C, 52.69; H, 3.81; N,  3.41. Found: C, 52.53; H, 
3.92; N, 3.38. Mp = 162 OC; AM = 2 i2-I cm2 mol-l ( 5  X IO4 mol dm-) 
in acetone). IH NMR (CDC13, SiMe, as reference, 20 OC, 200 MHz): 

CH, 'JPH = 1 Hz), 7.5 (m. 19 H, Ph), 8.1 ppm (m, 6 H, Ph). 31P(1H) 
NMR (CDC13, H3POl as reference, 32.20 MHz): 8 36.02 ppm (s with 
19JPt satellites, 2Jplp = 113 Hz). IR: v- 1710, v- 1575, 1585, vWN 
1270, vplcl 330 cm-I. 

6 0.79 (t, 3 H, CHI, 2 J ~ ~  7 Hz), 3.64 (q, 2 H, CHZ), 5.21 (d, 1 H, 
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Table 11. Selected Bond Lengths (A) and Bond Angles (deg) for 
Complex l a  

Pt-CI(1) 2.299 ( I )  P tCl (2)  2.316 (1) 
Pt-N( 1) 2.034 ( 5 )  Pt-N(2) 1.953 ( 5 )  
P-N(I) 1.641 (4) P C ( 1 3 )  1.806 (4) 
P-C(7) 1.799 (7) P C ( 1 9 )  1.806 ( 5 )  

1.189 (7) 
1.349 (7) 
1.449 (10) 
1.416 (8) 
1.144 (8) 

178.8 (1) 
90.4 (1) 
88.6 (2) 

109.3 (3) 
114.0 (3) 
109.5 (2) 

C( 1 )-C(Z) 
C( 1)-C(25) 
C(2)-C(3) 
C(4)-C(5) 
C(6)-C(31) 

C1(2)-Pt-N( 1) 
CI(2)-Pt-N(2) 
N ( 1 )-Pt-N (2) 
C(7)-P-C(13) 
C(7)-P-C( 19) 
C( 13)-P-C( 19) 

.342 (8) 

.492 (7) 

.470 (9) 

.480 ( I  1) 
,434 (9) 

89.3 ( I )  
91.8 (1) 

176.4 (2) 
104.7 (3) 
107.6 (3) 
111.5 (3) 

C(3)-0(2)-C(4) 115.8 (4) C(Z)-C(l)C(25) 122.7 ( 5 )  
Pt-N( 1)-P 115.1 (2) C(l)-C(2)-C(3) 124.9 ( 5 )  
Pt-N(1)-C(1) 123.1 (3) 0(1)-C(3)-0(2) 122.4 (6) 
P-N( I)-C( 1) 121.9 (4) O( l ) -C(3)4(2)  127.7 ( 5 )  
Pt-N(2)-C(6) 173.2 (4) 0(2)-C(3)-C(2) 109.8 (4) 
N(l)-C(l)-C(2) 123.4 ( 5 )  0(2)-C(4)-C(5) 108.0 (6) 
N(I)-C(l)-C(25) 113.8 (5) N(2)-C(6)-C(31) 177.1 (6) 

Prepared by the same method as for la ,  complex l b  precipitates from 
the reaction mixture as a spectroscopically pure compound (47% yield). 
Anal. Calcd for C35H29C12N202PPt: C, 52.1 I ;  H, 3.62; N, 3.47. Found: 
C, 52.48; H, 3.86; N, 3.69. Mp = 110 OC; AM = 3 i2 - I  cmz mol-' ( 5  X 
IO4 mol dm-) in acetone). Solvents, references, temperature, and fre- 
quencies for 'H and 31P(1H) NMR spectra were the same as those for la. 

(m, 19 H, Ph), 8.1 ppm (m, 6 H, Ph). 3'P(1H) NMR: 6 36.19 ppm (s 
with 195Pt satellites, 2Jplp = 112 Hz). I3C('HJ NMR: 8 50.24 (s, CH3), 
104.83 (d, CH, 3Jpc = 10 Hz), 124.61 (d, Ph3P ipso, lJpc = 101 Hz), 
135.25 (d, Ph3P ortho, 2Jpc = 10 Hz), 128.77 (d, Ph3P meta, 3Jpc = 13 
Hz), 133.38 (d, Ph3P para, 4Jpc = 3 Hz), 166.51 (s, C=O), 165.81 (s, 

(PhCN ipso and PhC(=CHR)NPPh3 ipso), 126.98, 128.04, 128.91, 
130.29, 133.32, 134.01 ppm (PhCN and PhC(=CHR)NPPh3 ortho, 
meta, and para). IR: v- 17 15, vC4 1580, v,,+., 1270, vRcl 330 cm-l. 

Crystal Structure Determination. Crystals of 1d/,Me2CO, obtained 
by slow evaporation of an acetone solution of the reaction mixture (see 
above), are triclinic, space group PI. A crystal of approximate dimen- 
sions 0.21 X 0.16 X 0.14 mm was mounted on a glass fiber and used for 
the analysis. Crystallographic data are listed in Table I. Diffraction 
data were collected with a Siemens AED-2 diffractometer using gra- 
phite-monochromated Mo Ka radiation (A = 0.71069 A). Cell param- 
eters were determined from least-squares refinement of 60 centered re- 
flections in the range 20 I 20 I 35'. Reflections with 20 in the range 
3 5 20 I 45O (+h,ktk,kl) were measured by using the w/20 scan tech- 
nique and corrected for Lorentz and polarization effects. A +scan 
absorption correction was also applied.12 Three standard reflections were 
monitorized every hour to check the stability of the crystal and the 
experimental conditions: no significant variation was observed. The 
structure was solved by Patterson and conventional Fourier techniques 
using the S H E L X ~ ~  program" on a VAX 8300 computer. The non-hy- 
drogen atoms were refined anisotropically, except for those of the dis- 
ordered solvent. Hydrogen atoms were clearly found from difference 
Fourier maps and included in the last cycles of refinement, riding on their 
respective carbon atoms with a common thermal parameter. The re- 
finement converged at R = 0.025, R, = 0.026 (408 parameters refined) 
for 4137 observed reflections [F 5 4.Oo(F)] of a total of 5004 reflections 
collected. The weighting scheme used was w = 0.8939[02(F) + 
O.O00376P]-'. Main bond distances and angles are given in Table 11, 
and atomic positional parameters, in Table 111. Tables of the full 
experimental details of the X-ray analysis, thermal parameters for the 
non-hydrogen atoms, final atomic coordinates for the hydrogens, com- 
plete bond distances and angles, torsion angles, least-squares planes, and 
observed and calculated structure factors are available as supplementary 
material. 

'H NMR: d 3.23 (5, 3 H, CH3), 5.18 (d, 1 H, CH, 'JHP = 1 Hz), 7.5 

CNPh), 140.37 (d, CNPPh,(=CHR)Ph, 'Jpc = 12 Hz), 110.44, 115.19 
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determination. University of Cambridge, 1976. 
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Table 111. Final Atomic Coordinates (XlO') for the Non-Hydrogen 
Atoms of Complex laa 

atom X Y Z 

Pt 6700 (2) 14981 (2) 29862 (2) 
2602 ( t j  

-1293 ( I )  
-735 ( I )  

-2708 (5) 
-3396 (4) 

-509 (4) 
1851 (5) 

-1074 (5) 
-2013 (5) 
-2696 (5) 
-41 I6 (7) 
-4836 (7) 

2650 (6) 
305 (6) 

1696 (6) 
2484 (7) 
1873 (9) 
502 (8) 

-291 (7) 
-2482 (5) 
-2801 (6) 
-4129 (7) 
-5109 (7) 
-4784 (6) 
-3481 (6) 

-156 (5) 
-716 (6) 
-199 (7) 

900 (7) 
1451 (6) 
924 (6) 

-461 (5) 
-672 (6) 

-45 (7) 
773 (7) 

1002 (7) 
377 (6) 

3705 (5) 
4788 (6) 
5847 (6) 
5814 (7) 
4768 (7) 
3698 (6) 

-3767 ( 1  1) 
-4658 ( 1 1 )  
-4319 (11)  
-6179 (1 1 )  

2852 ( i j  
136 ( I )  

2976 (1) 
3331 (4) 
4362 (3) 
2520 (3) 

553 (3) 
2840 (4) 
3387 (4) 
3667 (4) 
4715 (5) 
5452 (6) 

87 (4) 
2530 (4) 
3050 (5) 
2664 (7) 
1811 (6) 
1312 (5) 
1651 (4) 
2503 (4) 
2743 (5) 
2306 (6) 
1632 (6) 
1382 (5) 
1805 (4) 
4394 (4) 
5012 (4) 
6089 (5) 
6556 (5) 
5952 (4) 
4865 (4) 
2576 (4) 
1551 (4) 
1336 (5) 
2155 (6) 
3174 (6) 
3389 (4) 
-448 (4) 
-95 (5) 

-580 (6) 
-1393 (5) 
-1734 (5) 
-1270 (4) 

4953 (8) 
4784 (8) 
4982 (8) 
4346 (8) 

3898 ( i j  
2096 ( I )  
1586 ( I )  
4570 (3) 
3395 (3) 
2686 (3) 
3213 (3) 
3378 (4) 
3129 (4) 
3800 (4) 
3983 (5) 
3414 (6) 
3369 (4) 
994 (4) 

1295 (5) 
834 (6) 

89 (6) 
-223 (5) 

249 (4) 
652 (4) 

-346 (4) 
-1069 (5) 

-812 (6) 
161 (6) 
903 (5) 

1812 (4) 
1104 (4) 
1297 ( 5 )  
2203 (5) 
2914 (5) 
2727 (4) 
4435 (4) 
4646 (4) 
5629 (5) 
6403 (5) 
6202 (5) 
5226 (4) 
3574 (4) 
3226 (5) 
3461 (5) 
4035 (5) 
4374 (5) 
4153 (4) 
-654 (9) 
-295 (9) 

852 (9) 
-964 (9) 

"Atomic coordinates for the platinum atom are expressed X105. 
0(3) ,  C(37). C(38), and C(39) belong to the disordered solvent, re- 
fined as a rigid model. 

Results 
Ph3P=CHC02Me is recovered unchanged when it is stirred 

for 64 h a t  room temperature in benzonitrile. If the mixture of 
both reagents is refluxed for 5 h, a red solution is obtained from 
which the ylide (48%) and a mixture also containing it along with 
other products can be separated. 'H N M R  and mass spectra of 
this mixture do not show the presence of the iminophosphorane 
Ph3+NC(Ph)4HCO2Et.  However, when equimolar amounts 
of r r ~ n s - [ P t C l ~ ( N C P h ) ~ ]  and Ph3P=CHCOzEt are reacted 
(acetone, room temperature, 14 h), a solution is obtained that, 
after removal of the solvent, gives a mixture containing 70% 
rrans-[PtC12(E-N(=PPh3)C(Ph)=CHCOzEt)(NCPh)] ( la) .  
Two other unidentified compounds in 20 and 10% yields (by NMR 
spectroscopy) are also present in the reaction mixture. Complex 
l a  can be separated from these byproducts owing to its lower 
solubility in acetone. Crystals of la.1/2Me2C0, suitable for an 
X-ray study, are obtained by slow evaporation of an acetone 
solution of the above mentioned mixture. 

The reaction of t r~ns-[PtCl~(NCPh)~]  with Ph3P=CHC02Me 
(acetone, 14 h, room temperature) gives rrans-[PtCl2{E-N- 
(=PPh3)C(Ph)=CHCOzMe)(NCPh)] (lb),  which precipitates 

331 

1321 

C161 

Nl21 

Figure 1. ORTEP drawing of l a  showing the 50% probability ellipsoids. 
Hydrogens atoms are omitted for clarity. 

Scheme I 

Ph,$-FHR PhSP-CHR R@i-PPh. 
4 -> ? 4  -> + I  -> 

PhC=N-[Pt] PhC=N-[Pt] 
+ -  

PhCN- [ Pt ] 
+ 

A B C 

C 
Ph 

D 

-> 
Ph'Pii- 

H&- [Pt 1 
-c-c+ 

R Ph 
/ b  b\ 

E 

-> 

PhSP 
\\ 

\ f  
H N-[Pt] 

/c=c R'Yb 'Ph 

la,b 

[Pt] = PtCl.(NCPh); R = CO,R', R e =  He, Et 

in 47% yield from the reaction mixture. From the mother liquor 
is obtained a mixture of l b  and several unidentified species. 

Reactions between ylides and nitrile complexes have previously 
been reported to give substitution and orthometalation p r o d ~ c t s , ' ~ J ~  
but some results'4a were later ~ 0 r r e c t e d . I ~ ~  Our present results 
show that these reactions can be even more complex than pre- 
viously assumed. 

Iminophosphorane complexes are generally prepared by using 
the ligand although some Ni(I1) complexes and an Ir(1) complex 
have been obtained by reacting nitroso complexes with PPh? and 
by an intramolecular attack of a coordinated PPh3 molecule on 
an imino nitrogen atom," respectively. 

The crystal structure of l a  (see Figure 1 )  shows a distorted 
square-planar coordination for the metal atom with the trans 
geometry of the starting platinum complex retained. The imi- 
nophosphorane ligand adopts an E configuration with respect to 
the C(l)-C(2) bond. Selected bond lengths and angles are listed 
in Table 11. 
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Discussion 
Scheme I shows our proposal of the reaction pathway leading 

to complexes l r b .  We assume that the ylide fmt  attacks the metal 
center, to give A, because it is the most electrophilic atom (see 
also below). A four-membered ring is formed after N-P bonding 
to give intermediate B. Then the carbon atom of PhCN is much 
more electrophilic than it is in free PhCN. Therefore, the C-C 
bond formation, to give C, could compensate the breaking of the 
Pt-C bond in B. The following steps are as postulated for the 
reaction between non-resonance-stabilized ylides and nitri1es:’O 
D - E - 1 .  

The initial attack of the ylide could give, as we expected, a 
substitution product. In fact, we have found that when [PtCl,] 
in MeCN reacts with Ph3P==CHC02Me at  refluxing temperature, 
the substitution product [PtCI2(CH(PPh3)CO2Mel2] (8%)18 and 
its decomposition product, the orthometalated complex [Pt- 
(C6H4(P(Ph2CHC02Me)2JJ(r-Cl)]214,18 (61%), are obtained. 
However, a t  room temperature, this reaction gives adducts similar 
to la,b.I* 

In addition, when [PdC12(NCPh)2] reacts with Ph3+ 
CHC02Me, the substitution product [PdCI2(CH(PPh3)CO2Me)21 
is 0btair1ed.I~ It is, therefore, reasonable to assume that the first 
adduct formed (see Scheme I) is a common intermediate in both 
types of reaction and that a t  room temperature the addition 
reaction is preferred to the substitution. It is probable that the 
latter occurs preferentially a t  higher temperatures because, under 
these conditions, the equilibrium is displaced to the formation of 
the orthometalation reaction product.14J8 However, a direct attack 
of the ylide on the carbon atom of the nitrile followed by the 
formation of the four-membered ring C-C-P-N (see D in Scheme 
I) cannot be discounted. 

Only a few of the reported iminophosphorane complexes have 
been structurally characterized by X-ray methods.’&l The P-N 
bond distance observed in l a ,  1.641 (4) A, is longer than those 
reported for related free iminophosphoranes,I6 Ph3P=N- 
( C6H4Br-4), Ph3P=N(C=C( CN)C( CN)2C( CN),C( CN),}, and 
Ph3P=N(R) (R being a substituted pyrazolate ring) with values 
of 1.567 (6), 1.615 (2), and 1.568 (4) A, respectively. This 
lengthening of the P-N bond has also been observed’e in related 
Cu(I), Zn(II), and Ir(1) complexes containin an imino- 

shorter P-N bond distances have been observed in [RhCl(N- 

F 

f 

. 

phosphorane as a terminal ligand (range 1.62-1.64 x ). However, 

Vicente et al. 

(18) Results to be published. 

(=PPh,)(C6H4Me-4)](COD)]7k [ 1.608 (3) A] and in [PdC12- 
(NH=PPh2CH2PPh2)17’ [1.599 (6) A]. 

The P-N bond lengthening in complex l a  cannot be due to a 
delocalization of electron density along the P-N( l ) -C(  1)- 
C(2)-C(3)-0(1) chain-which could be assumed on the basis of 
the reasonable planarity of these atoms (no atom deviates more 
than 0.099 ( 5 )  A from the least-squares plane passing through 
them)-because C( 1)-N( I ) ,  C (  1)-C(2), C(2)-C(3), and 
C(3)-O(1) bond distances are as expected17 for the bond order 
distribution shown in Scheme I. Probably, the electronic release 
from the N atom toward the metal upon coordination reduces the 
electron density available a t  nitrogen for the P-N double-bond 
formation. 

Interestingly, the least-squares plane defined by atoms involved 
in the conjugated system P=N( 1)-C( l)=C(2)-C(3)--V( 1) 
is nearly perpendicular to the metal coordination plane (dihedral 
angle of 92.6 ( 1 ) O ) ,  bringing the C(7)-C(12) and C(25)-C(30) 
phenyl rings close to the ideal axial coordination sites of the metal 
(above and below the metal coordination plane) and allowing short 
intramolecular interatomic distances between the Pt atom and 
C(26) [3.152 (7) A] or C(8) [3.495 (7) A]. This could explain 
the fact that l a  does not react with 2,2’-bipyridine (1:l at  room 
temperature). 

The reaction between [Ni(COD)2] (COD = 1,5-cyclo- 
octadiene), PPh3, and Ph3P=NC(0)Ph has been reported to take 
place with migration of a phenyl group to give the oxidative 
addition reaction product [Ni(P(Ph)2=NC(0)Ph)Ph(PPh3)].8 
An intermediate [Ni(N(=PPh3)C(0)Ph)(PPh3)(COD)] with a 
structure such as that of la  could, in our opinion, explain the 
migration of the phenyl group better than the assumed [Ni- 
(PPh3=NC(0)Ph)(COD)] intermediate. 

The E configuration adopted by the iminophosphorane ligand 
minimizes repulsions between PPh3 and substitutents attached to 
C(2) (see Figure 1 and intermediate E of Scheme I). 
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