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Summary: Reactions of Mes*P=C=O (1; Mes* = 2,4,6- 
( t - B u ) & H d  with (PPh&Pt(C2Hd (2) and (PCydPt  (3; 
Cy = cyclo-Cd€jL) give the diphosphaureylene carbonyl 
complexes (L)(CO)Pt(Mes *PCOPMes *) (4, L = PPh3; 5, 
L = PCyd, respectively. The structure of 4 was deter- 
mined by X-ray crystallography. Addition of dmpe 
(dmpe = Me2P(CH&PMed to 4 or 5 gives (dmpe)Pt- 
(Mes*PCOPMes*) (6). 

The phosphaketene Mes*P=C=O' (1; Mes* = 2,4,6- 
(t-Bu)&&) is readily decarbonylated by metal com- 
plexes to give products derived from the phosphinidene 
Mes*P, which may bind to the metal centel.2 or undergo 
intramolecular cyclization to form the phosphaindan 
2,4-(t-B~)2CsH2(6-CMe2CH2PH).~ We report here that 
the reactions of Pt(0) phosphine complexes with 1 give 
products containing carbonyl and diphosphaureylene 
[Mes*PC(0)PMes*12- ligands, derived formally from de- 
carbonylation of the phosphaketene and coupling of the 
resulting phosphinidene fragment with another equiva- 
lent of the ~ u m u l e n e . ~  The diphosphaureylene ligand 
was previously known only to bridge two metal  center^.^ 

Reaction of (PPh3)2Pt(C2H4)6 (2) or (PCy3)2Pt7 (3; Cy 
= cyclo-C6H11) in THF with 2 equiv of 1 rapidly gives 
red solutions from which red crystals of the products 
(R3P)Pt(CO)[Mes*PC(O)PMes*l(4, R = Ph; 5, R = Cy) 
can be isolated by crystallization; the byproducts PPh3 
and PCy3 are observed by 31P NMR (Scheme 118 When 
only 1 equiv of 1 is allowed to react with 2, the products 
are 4, Pt(PPh&, and a mixture of other unidentified 
Pt-P comple~es.~ However, a 1:l ratio of 1 and 3 gives 
only complex 5; free PCy3 and unreacted starting 
material 3 are also observed by 31P NMR. 

Complexes 4 and 5 were identified by IR and by 
multinuclear NMR spectroscopy. Complex 4 shows 
carbonyl bands at 2059 and 1632 cm-l assigned to 
Pt-CO and [Mes*PC(O)PMes*l groups, respectively. 
Signals due to these carbons appear in the 13C NMR 
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spectrum at 6 178.0 (ddd, lJpt-c = 1402 Hz, 2Jp-c = 86 
Hz, 2Jp-c = 12 Hz, 2Jp-c = 4 Hz) and 6 230.7 (ddd, 'Jp-c 

(8) Synthesis of (PPhs)(CO)Pt(Mes*PCOPMes*) (4). To a solu- 
tion of (PPh3)2Pt(C'H4) (2; 115 mg, 0.15 "61) in THF (1 mL) was 
added Mes*PCO (1; 94 mg, 0.31 mmol) dissolved in THF (2 mL). The 
mixture became dark red immediately and was stirred at  room 
temperature in the dark for a few hours. The solvent was removed 
under vacuum. The residue was washed with petroleum ether (bp 38- 
53 "C, 5 mL) to remove PPh3. The red-orange residue was dissolved in 
a minimal amount of THF (ca. 1 mL). A layer of petroleum ether was 
added on top of the solution. Cooling of this mixture to  -25 "C gave 4 
as red crystals (127 mg, 77% yield). 'H NMR (CsD.5): d 7.59 (d, 4 J p - ~  
= 2 Hz, 2H), 7.55 (d, 4JP-H = 2 Hz, 2H), 7.30-7.23 (m, 5H), 6.91-6.78 
(m, lOH), 2.06 (18H), 1.73 (18H), 1.35 (9H), 1.21 (9H). 13C{lH} NMR 

quat, PCOP), 178.0 (ddd, lJpt-c = 1402 Hz, 'JP-c = 86 Hz, 'JP-c = 12 
Hz, 'Jp-c = 4 Hz, quat, CO), 159.7 (d, 'Jp-c = 8 Hz, quat Ar), 158.4 
(d, 2 J p - ~  = 12 Hz, quat Ar), 151.3 (quat Ar), 150.7 (quat Ar), 139.4 
(dm, 'Jp-c = 99 Hz, Ar), 134.2 (d, Jp-c = 12 Hz, Ar), 132.6 (d, Vp-c = 
48 Hz, quat Ar), 131.2 (Ar), 130.3 (broad d, ~JP-c = 43 Hz, quat Ar), 

= 5 Hz, Ar), 39.9 (d, Vp-c = 3 Hz, quat), 39.6 (d, 3 J ~ - ~  = 3 Hz, quat), 
35.7 (quat), 35.3 (quat, overlaps with the next peak), 35.3 (broad, CH3), 
34.3 (broad, CH3), 31.9 (CH3); 31.8 (CH3). 31P{1H} NMR (CD2C12): d 
58.7 (dd, 4Jpt-p = 681 Hz, V p - p  = 177 Hz, V p - p  = 124 Hz, P trans to  

trans to CO), 23.1 (dd, 'Jpt-p = 2246 Hz, 'Jp-p = 124 Hz, 'Jp-p = 15 
Hz, PPh3). IR (KBr): 3056, 2912, 2059, 1632, 1592 (shoulder), 1529, 
1478, 1434, 1390,1359, 1228, 1210, 1182,1120, 1097, 1027,998,921, 
902, 879, 749, 740, 708, 692, 649, 590, 527, 511 cm-l. Anal. Calcd for 
C&7302P3Pt: C, 63.08; H, 6.91. Found: C, 63.05; H, 7.13. Synthesis 
of (PCy,)(CO)Pt(Mes*PCOPMes*) (6). To a solution of (PCy&Pt 
(3; 51 mg, 0.067 mmol) in THF (1 mL) was added Mes*PCO (41 mg, 
0.135 mmol) dissolved in THF (1 mL). The mixture became dark red 
immediately and was stirred at  room temperature in the dark for a 
few hours. CuCl(33 mg, 0.034 mmol) was added to complex free PCy3 
formed in the reaction. After 5 min of stirring, the solution was filtered, 
and the solvent was removed from the filtrate under vacuum. Complex 
6 was recrystallized from petroleum ether at -25 "C (red needles) and 
was isolated in 45% yield (33 mg). 'H NMR (CsD6): d 7.67 (d, 4 J p - ~  = 
2 Hz, 2H), 7.65 (broad, 2H), 2.05 (18H), 2.01 (18H), 1.96-1.24 (m, 33H), 
1.35 (9H), 1.34 (9H). 13C{lH} NMR (CsDs): d 232.9-230.4 (m, PCOP), 
180.0 (ddd, 'JP-c = 78 Hz, 'Jp-c = 12 Hz, 'Jp-c = 3 Hz, Pt satellites 
were not observed, quat, CO), 159.7 (d, 'Jp-c = 10 Hz, quat Ar), 158.4 
(d, *Jp-c = 11 Hz, quat Ar), 151.1 (quat Ar), 150.6 (quat Ar), 138.3 
(dm, 4Jp-c = 98 Hz, quat Ar), 131.3 (dm, lJp-c = 71 Hz, quat Ar), 
123.9 (d, 3 J p - ~  = 7 Hz, Ar), 122.5 (d, 3 J p - ~  = 5 Hz, Ar), 40.5 (d, Vp-c 
= 3 Hz, quat), 39.6 (d, 3 J p - ~  = 2 Hz, quat), 37.2 (d, lJp-c = 23 Hz, 
CH), 35.6 (broad, overlapping quat and CH3), 35.3 (broad, overlapping 
quat and CHd, 31.9 (two overlapping CH3), 30.4 (CH'), 27.8 (d, Vp-c 

739 Hz, 2Jp-p = 168 Hz, 'Jp-p = 136 Hz, P trans to PCys), 37.1 (dd, 

= 1603 Hz, 2Jp-p = 168 Hz, 'Jp-p = 15 Hz, P trans to  CO). IR (KBr): 
2930, 2854 (shoulder), 2037, 1637, 1593 (shoulder), 1479, 1446, 1392, 
1359, 1235, 1212, 1175, 1119, 1005, 874, 738, 591 cm-l. Anal. Calcd 
for C5oH910~P3Pt: C, 62.02; H, 8.48. Found: C, 62.05; H, 8.77. 

(9) Reaction of (PPh&Pt(CzH4) with 1 equivalent of phos- 
phaketene. To a solution of (PPh&Pt(C'H4) (2; 200 mg, 0.27 mmol) 
in THF (1 mL) was added Mes*PCO (81 mg, 0.27 mmol) dissolved in 
THF (2 mL). The mixture became dark brown immediately and was 
stirred at  room temperature in the dark overnight. The solvent was 
removed under vacuum. The brown residue was washed with petro- 
leum ether (10 mL). Cooling the resulting petroleum ether solution to 
-25 "C gave 4 as a red-orange solid (75 mg, 26% yield). The remaining 
solid, sparingly soluble in petroleum ether, was dissolved in a minimal 
amount of THF (ca. 3 mL), and petroleum ether was added on top of 
the solution. Cooling of this mixture to -25 "C gave yellow crystals of 
Pt(PPh& (64 mg, 32% yield), which was characterized by 31P and 1H 
NMR in CsDs in comparison to the literature values (Tolman, C. A,; 
Seidel, W. C.; Gerlach, D. H. J .  Am. Chem. SOC. 1972,94,2699-2676). 

(CsDs): 6 230.7 (ddd, 'Jp-c = 126 Hz, 'Jp-c = 92 Hz, 3Jp-c = 17 Hz, 

129.1 (d, Jp-c = 10 Hz, Ar), 123.7 (d, 3Jp-c = 7 Hz, Ar), 122.5 (d, 3Jp-c 

PPh3), 30.0 (dd, 'Jpt-p = 1830 Hz, 'Jp-p = 177 Hz, 'Jp-p = 15 Hz, P 

= 10 Hz, CH2), 26.6 (CHz). 31P{'H} NMR (CsDs): 6 44.5 (dd, iJPt-p = 

'Jpt-p = 2225 Hz, 'Jp-p = 136 Hz, 'Jp-p 15 Hz, PCyz), 23.2 (dd, 'Jpt-p 
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Figure 1. ORTEP diagram of 4. Selected bond lengths 
(A): Pt-P1,2.321(7); R-P2,2.337(7); Pt-P3,2.350(7); Pt- 
C2, 1.887(27); P1-C1, 1.865(28); P2-C1, 1.849(27). Se- 
lected bond angles (deg): P1-Pt-P2, 73.3(2); P1-Pt-P3, 
105.5(2); P2-Pt-P3, 170.4(3); P1-Pt-C2, 156.3(8); P2- 
Pt-C2, 89.5(8); P3-Pt-C2, 94.0(8); Pt-P1-C1, 94.8(9); 
Pt-P2-C 1, 94.7( 9); Pt -P1 -C 16, 132.7( 9); C 1 -P1 -C16, 
115.2(12); Pt-P2-C26, 112.5(8); Cl-P2-C26, 126.5(12); 
P1-C1-P2, 97.0(13); P1-(21-01, 128.8 (20); P2-C1-01, 
134.2(20). 

Scheme 1 

4 (R = Ph) 
5 (R = Cy) 

= 126 Hz, 4Jp-c = 92 Hz, 3 J p - ~  = 17 Hz). The 31P(1H) 
NMR spectrum shows peaks due to three different 
phosphorus nuclei. The phosphaureylene 31P nuclei 
show small one-bond 195Pt-31P coupling constants 
characteristic of terminal phosphido (PRz) ligands.1° The 
different magnitudes of these couplings (681 Hz for the 
P trans t o  PPh3 and 1830 Hz for the P trans to CO) 
reflect the trans influence.ll The phosphaureylene P 
nuclei show a large cis coupling (177 Hz) and the 
expected large trans (124 Hz) and small cis (15 Hz) 
couplings to PPh3. Spectroscopic data for 5 are similar. 

The structure of 4 was confirmed by X-ray crystal- 
lography (Figure U.l2 The coordination at Pt is dis- 
torted square planar, and the bite angle of the diphos- 
phaureylene ligand (73.3(2)") is significantly less than 
the idealized 90" angle. The platinum and the three 
coordinated P atoms lie on a plane (mean deviation 0.07 
A) with the metal carbonyl carbon 0.73 A out of the 
plane. The chelating Pt-P distances (2.321(7) and 
2.337( 7) A) are not significantly different, despite the 
different lJpt-p couplings observed in the 31P NMR 
spectra. Coordination at these P atoms is pyramidal, 
indicating that Pt-P multiple bonding is not important. 
The diphosphaureylene ligand is planar (mean deviation 

(10) (a) Schafer, H.; Binder, D. Z. Anorg. Allg. Chem. 1988, 560, 
65-79. (b) Handler, A,; Peringer, P.; Muller, E. P. J.  Chem. SOC., Dalton 
Trans. 1990, 3725-3727. 

(ll)Appleton, T. G.; Bennett, M. A. Inorg. Chem. 1978, 17, 738- 
747. 

(12) Crystal data for 4: C56H7 02P3Pt, orthorhombic, P212121, V = 
5432(3) A3, Mo Ku (A = 0.710 73 9; deale = 1.304 g/cm3, a = 15.944(5) 
A, b = 17.037(5) A, c = 19.998(7) T = 230 K, Z = 4, R(F) = 6.86%, 
R(wF) = 8.058. Details of the structure determination are provided 
as supporting information. 

4 (R = Ph) 
5 (R = Cy) 6 

0.03 A), and the P-C bond lengths (1.865(28) and 1.849- 
(27) A) and P-C-P bond angle (97.0(13)") in it are quite 
similar to those in the related four-membered ring 
[Mes*PC012.l3 For comparison, in the previously re- 
ported diphosphaureylene Fe2(CO)6 complexes, which 
contain five-membered MPC(0)PM rings,14 the P-C-P 
angle ranges from 84.4(4) to 88.3(2)'. 

Related organic heterocycles containing diphosphau- 
rea groups lose CO on photolysis,15 but complex 4 
survived irradiation (Hg lamp, THF) for 3.5 h. It 
decomposes on heating in THF to  50 "C for 12 h. 
Reaction of 4 or 5 with dmpe (dmpe = Me2P(CH2)2PMe2) 
in THF causes displacement of a tertiary phosphine and 
the carbonyl ligand to yield the orange, sparingly soluble 
(dmpe)Pt(Mes*PCOPMes*) (6) (Scheme 2).16 This reac- 
tion proceeds quickly at ambient temperature for 4 but 
requires heating to 60 "C for 2 days for 5. As expected, 
the IR spectrum of 6 shows only one CO stretch (1601 
cm-l), and the 31P NMR spectrum is an AA'BB' pattern. 
The diphosphaureylene P nuclei have a large cis cou- 
pling of 158 Hz, in contrast to  the dmpe cis P-P 
coupling of 10 Hz, and a trans P-P coupling of 216.5 
Hz. As in 4 and 5, the 195Pt-31PRz coupling is charac- 
teristically small (1103 Hz). Complex 6 remains un- 
changed on heating in CHzCl2 at 40 "C for 3 days and 
in THF at 65 "C for 4 h. It decomposes on irradiation 
(Hg lamp, THF) for 6 h. 

The formation of ureylene derivatives from metal- 
mediated isocyanate coupling may proceed via metal- 
imido complexes, and this step has been directly ob- 
served.17 We are currently investigating the possibility 

(13) Folling, P. Ph.D. Thesis, University of Bonn, 1988. For the 
orthorhombic form of this dimer of 1, the P-C bond lengths are 1.838- 
(16), 1.806(14), 1.814(15), and 1.809(15) A, with P-C-P bond angles 
of 94.9(8) and 96.2(7)". For the monoclinic form, the P-C bond lengths 
are 1.807(8) and 1.796(5) A with a P-C-P bond angle of 98.3(3)". 

(14) (a) Weber, L.; Reizig, K.; Bungardt, D.; Boese, R. Chem. Ber. 
1987, 120, 1421-1426. (b) De, R. L.; Wolters, D.; Vahrenkamp, H. Z. 
Naturforsch., B 1986, 41, 283-291. (c) King, R. B.; Wu, F.-J.; 
Sadanami, N. D.; Holt, E. M. Inorg. Chem. 1985,24,4449-4450. 

(15) (a) Appel, R.; Paulen, W. Chem. Ber. 1983, 116, 2371-2373. 
(b) Appel, R.; Paulen, W. Chem. Ber. 1983, 116, 109-113. 

(16) Synthesis of (dmpe)Pt(Mes*PCOPMes*) (6). To a solution 
of 4 (133 mg, 0.125 mmol) in THF (1 mL) was added dmpe (18.8 mg, 
0.125 mmol) dissolved in THF (2 mL). The red mixture was stirred a t  
room temperature and became orange after a few hours. The solvent 
was removed under vacuum. The orange residue was washed with 
petroleum ether (20 mL) and then recrystallized by diffusion of 
petroleum ether into THF at -25 "C to give 71 mg of orange crystals 
(61% yield). 'H NMR (CDzC12): 6 7.34 (broad, 4H), 1.71 (36H), 1.55- 
1.43 (m, 4H), 1.28 (18H), 1.01-0.89 (m, 12H). I3C{lH} NMR (CD2C12): 
6 237.2-233.8 (m, quat, PCOP), 158.7 (m, quat Ar), 149.5 (quat Ar), 
137.2 (dm, lJp-c = 75 Hz, quat Ar), 121.9 (Arj, 39.1 (quat), 35.0 (quat), 
34.2 (CH3), 31.6 (CH3), 30.1-29.1 (m, CHz), 15.6-14.6 (m, CH3). 
31P{1H} NMR (CD2C12): 6 32.0 ( l Jp t -p  = 2435 Hz, dmpe), 14.0 P J p t - p  
= 1103 Hz, Mes*P), AA'BB pattern, 2Jpp(transl = 216.5 Hz; 2Jpp( , ,s ,~es*pl  
= 158 Hz; 2Jpp(cls ,~mpel  = 10 Hz, 2 J p p ( c , s , ~ ,  = -5.5 Hz. IR (KBr): 3068, 
2957, 2907 (shoulder), 2861, 1601, 1477, 1434,1417, 1389, 1358, 1296, 
1286, 1237, 1211, 1123, 1026, 989, 952, 941, 899, 872,839, 794, 743, 
715, 696, 656, 589, 549, 510 cm-'. Anal. Calcd for C43H740P4Pt: C, 
55.76; H, 8.07. Found: C, 55.46; H, 8.19. 

(17) (a) Michelman, R. I.; Bergman, R. G.; Andersen, R. A. Orga- 
nometallics 1993, 12, 2741-2751. (b) Legzdins, P.; Phillips, E. C.; 
Rettig, S. J.; Trotter, J.; Veltheer, J. E.; Yee, V. C. Organometallics 
1992, 11, 3104-3110. 
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that diphosphaureylene complexes 4 and 5 are formed Supporting Information Available: Text giving details 
from a related metal-phosphinidene species. of the structure determination of 4 and tables of crystal data, 

positional and thermal parameters, and bond distances and 
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