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prepared sample of monomer 3 was heated at 145 °C for 2 h in
a sealed tube. Heating of 7 under a dynamic vacuum, as described
above for 2, resulted only in sublimation of 7; no formation of
the monomer 3 was observed.
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Reaction of 2 equiv of Li(Ph,PCHY) (Y = CN, COOELt) with PtCl,(PhCN), proceeds via nucleophilic

attack on the coordinated nitriles afforded trans-Pt[Ph,PC(Y)C(Ph)NH], (Y = CN, 1; Y = COOEt, 2).
The crystal and molecular structure of 2 has been determined by X-ray diffraction methods. The compound
crystallizes in the space group P2, /c of the monoclinic system with two formula units in a cell of dimensions
a =10.064 (3) A, b=23.272 (3) A, c = 8964 (1) A, and 8 = 77.28 (1)°. The structure has been refined
by least-squares methods to a final value of the conventional R factor of 0.047 on the basis of 3163
independent intensities. The molecule is centrosymmetric. The coordination about platinum is square
planar, and there are only small deviations from planarity in the two metallocycles. The Pt-P bonds (2.280
(3) A) and the Pt-N bonds (1.992 (8) A) fall in a normal range; the shortness of the C(Ph)N bonds (1.32
(1) A) suggests electron delocalization within the chelate. An isoelectronic unsaturated metallocycle

was found in Pd(C N)Cl[u-thPCHr_,C(NH)C(CN)Pth]Pd(é_f\I) (5; CN = 0-C¢H,CH,N(CH,),), the
formation of which is interpreted as resulting from nucleophilic attack of the uncoordinated nitrile in the

complex (C"—N)Pd(Cl)thPCHZCN by “(('3_I1\I)Pd(Ph2PCHCN)” (6), itself generated by reaction of [(é_

T\I)Pd(u-Cl)]z with 2 equiv of Li(Ph,PCHCN). The structure of complex 5-2CH,Cl, was determined by
single-crystal X-ray diffraction methods and refined to conventional R = 0.024. The compound crystallizes
in the monoclinic crystal system of space group P2, with a = 10.234 (7) A, b = 23.743 (10) A, ¢ = 10.663

(YA, 8 = 107.06 (2)°, and Z = 2. The molecule consists of two (C N)Pd cyclopalladated moieties linked
by the bridging six-electron donor multifunctional anionic ligand u-[Ph,P(1)CH,C(NH)CH(CN)P(2)Ph,].
This original ligand is P(1) bonded to Pd(1) {Pd(1)-P(1) = 2.255 (2) A] and (P(2),N) bonded in a chelate
manner to Pd(2) [Pd(2)-P(2) = 2.239 (2), Pd(2)-N(3) = 2.092 (6) A]. The coordination about Pd(1) is

—

completed by a Cl ligand [Pd(1)-Cl = 2.405 (2) A], trans with respect to P(1). The P(2)N unsaturated
chelating moiety about Pd(2) is characterized by a short C(2)N(3) bond (1.30 (1) A) resembling the situation
found in 2. The electron delocalization in 2 and 5 is related to the structural and spectroscopic data of
the molecules. Spectroscopic (IR and 'H, 12C, and %'P{'H} NMR) data in solution are consistent with the
solid-state structure of the new compounds.

Introduction

The coordination properties of functional phosphines
R,P~Y toward transition metals attract considerable in-
terest because of the structural features, the reactivity, and
catalytic applications of the resulting complexes.*12 One
of the obvious parameters controlling the bonding modes
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of the ligand is the nature of the function Y. For example,
we have recently shown that (diphenylphosphino)aceto-
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nitrile, Ph,PCH,CN (L!), and ethyl (diphenyl-
phosphino)acetate, Ph,PCH,C(0)OC,H; (L?), can behave
either as monodenate (for L! and L?) or chelate (for L?)
ligands toward a transition metal or as a bridging ligand
(L) between two metal atoms.’®¢ For a given ligand, the
bonding fashion encountered will, of course, depend upon
the nature of the reacting metal center and of its ancillary
ligands. A wider range of complexes and structural types
was observed when using instead of L! or L2 their corre-
sponding «-carbanions Li[Ph,PCHCN] and Li-
[Ph,PCHC(0)OC,H;], respectively.>!3 This introduces
a third functionality into the ligand besides the phosphorus
lone pair and the Y group. With these carbanions, bridging
[with (LY~ or (L?)7] or chelating [with (L% ] bonding modes
have been described in which the three functions available
on the ligand are involved and contribute markedly to the
structure adopted by the resulting complexes.?

In the course of these studies, we have discovered the
unprecedented reaction of these a-phosphino functional
carbanions with a coordinated organonitrile ligand. Thus,
in a preliminary communication,'* we have described the
reaction of (L!)” and (L?)~ with PtCl,(PhCN),, leading to

the platinum(II) bis(chelate) complexes trans-Pt-

[PthC(Y)C(Ph)I'\IH]Z (Y = CN or COOC,Hyj), according
to eq 1. In this paper, we wish to report the full data on

P1CI2(PhCN)2 + 2LILPhPCHY] —=
\C
"lc + 2uict (1)

1,Y=CN
2, Y = C(0)0OC,H,

the crystal structure of 2. We also present the crystal
structure of a new dinuclear Pd(II) complex, obtained

unexpectedly in the reaction of [Pd(C'_l‘\I )(u-CD1, (C'_|N =
0-C¢H,CH,N(CH,),) with (L),

Experimental Section

A. Reagents and Physical Measurements. All reactions
were performed in Schlenk-type flasks under argon. Solvents were
distilled under argon from sodium benzophenone ketyl prior to
use except dichloromethane, chlorobenzene, and acetone, which
were dried and distilled over P;O;. Argon (Air Liquide purified
grade) was passed through BASF R3-11 catalyst and molecular
sieve columns to remove residual oxygen and water.

Elemental analysis of C, H, and N were performed by the
Service Central de Microanalyses du CNRS.

Infrared spectra were recorded in the region 4000400 cm™ on
a Perkin-Elmer 398 spectrophotometer as KBr pellets (unless
otherwise specified).

The 'H, BC{!H}, and #P{'H} NMR spectra were recorded at
90.00 and/or 250.00, 62.86, and 36.43 MHz, respectively, on a
FT-Brucker WH-90 or Cameca 250 instrument. Proton and
carbon chemical shifts are positive downfield relative to external
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(11) Knowles, W. S.; Sebacky, M. J.; Vineyard, B. D. Adv. Chem. Ser.
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Me,Si. Positive phosphorus chemical shifts indicate a downfield
position relative to H;PO,.

Mass spectra for compounds 1 and 2 were measured on a
Thompson THN 208 mass spectrometer (EI, 70 eV, 8 kV) by Dr.
G. Teller (Université Louis Pasteur).

B. Syntheses. Ligands. Ph,PCH,CN (L!) and Ph,PCH,C-
(0)OC,H; (L?) were reported earlier.® Standard solutions of the
a-phosphino carbanions [Ph,PCHCN]~ and [Ph,PCHC(O)-
OC,H;)", A and B, respectively, in THF were prepared by the
method described previously where 50 mL of solution A and B
contain in theory 5 mmol of functional carbanion (unreacted L!
or L? is always present due to incomplete lithiation).?

Complexes. PtCL(PhCN),* and [PA(C N)(u-CD],*® [(C N)
= 0-C¢H,CH,N(CHjy),] were prepared according to literature
methods.

trans-Pt[Ph,PC(CN)C(Ph)NH], (1). To a stirred suspen-
sion of PtCl,(PhCN), (0.472 g, 1.0 mmol) in THF (25 mL) was
added at 0 °C 20 mL of solution A. Rapid dissolution occurred,
and after ca. 0.2 h the solution became turbid. After 1 h of stirring
the yellow-green air-stable product 1 was collected, washed with
THF (20 mL), and dried in vacuo (0.458 g, 54%). Despite its low
solubility, 1 can be recrystallized from acetone/hexane or
CH,Cl,/hexane: mp ~300 °C slow dec; mass spectrum (70 eV),
m/e (relative intensity) 849 (M based on %°Pt, 100%; M(calcd)
849.7824); IR »(NH) 3310 (mw), »(CN) 2170 (vs) cm™}; 'TH NMR
(CD,Cl,) 8 7.2-7.9 (aromatic protons); 'P{'H} NMR (CD,Cl,) &
34.5 (s with 1Pt satellites, L/(PtP) = 2657 Hz). Anal. Calcd for
C42H32N4P2Pt: C, 5936, H, 380; N, 6.60. Found: C, 59.38, H,
3.64; N, 7.20.

trans-Pt[Ph,PC(COOC,H;)C(Ph)NH]; (2). To a stirred
suspension of PtCl,(PhCN), (0.472 g, 1.0 mmol) in THF (25 mL)
was added at 0 °C 20 mL of solution B. After 1 h of stirring,
pentane was added and the resulting yellow product was filtered
and washed with toluene. Air-stable 2 was then recrystallized
from CH,Cl,/hexane (0.519 g, 55%). Suitable single crystals for
X-ray diffraction were obtained from acetone/n-hexane at 0 °C:
mp 268-271 °C; mass spectrum (70 eV), m/e relative intensity)
943 (M based on ¥Pt, 100%; M(calcd) 943.8906); IR »(NH) 3388
(mw), »(CO) = 1678 (w), 1650 (vs) cm™; 'TH NMR (CD,Cl,) 4 0.66
(8H,t, CH;, % = 7.3 Hz),3.71 (2 H, q, CH,, 3J = 7.3 Hz), 7.1-8.0
(15 H, aromatic protons); ¥ P{!H} NMR (CD,Cl,) é 36.0 (s with
196pt gatellites, LJ(PtP) = 2524 Hz); 3C{*H} NMR (CD,Cl,) 4 13.76
(s, CH,CH3), 58.35 (s, CH,CHy), 186 (¢, C—=0, ?**J(PC) ~ 24 Hz).
Anal. Calcd for CgH,,:N,O,.P,Pt: C, 58.53; H, 4.49; N, 2.97.
Found: C, 58.49; H, 4.18; N, 2.75.

Pd(C N)Cl[u-Ph,PCH,C(NH)C(CN)PPh,]JPd(C N) (5).
This compound was obtained in variable amounts (yield 20-30%)
on adding at —10 °C 40 mL of solution A to a stirred suspension

of [P(C N)(u-Cl], (1.104 g, 2.0 mmol) in THF (50 mL). This
solution was stirred for 0.5 h and pentane added, affording crystals

of Pd(C N)(u-Cl)[u-Ph,PCH(CN)]Pd(C N) (3) (see text). After
isolation of 3 and further addition of pentane, yellow-green crystals
of 5 precipitated. These were recrystallized from CH,Cl,/pentane,
affording stable pale yellow crystals of the solvate 5:2CH,Cly: mp
168 °C dec; IR »(NH) 3285 (s), »(CN) 2158 (s). *"H NMR (CD,Cl,)
4 2.86 (6 H, d, N(CHjy),, *J(PH) = 2.6 Hz), 3.02 (6 H, d, N(CHj,),,
4J(PH) = 2.2 Hz), 3.99-4.09 (6 H, superposition of several
multiplets, unresolved signals), 6.0-8.0 (28 H, aromatic protons);
SIP{IH} NMR (CD,Cl,) 6 40.3 (s, 1 P), 44.2 (s, 1 P); 1*C{'H} NMR
(CD,Cl,) 6 85.97 (d, PC, WJ(PC) = 30 Hz), 36.21 (4, PC, J(PC)
= 29 Hz), 51.53 (8, N(CHj,),), 51.69 (s, N(CHy),), 73.17 (s, NCHy,),
73.75 (s, NCH,). Anal. Calcd for CgH;,CI;N,P,Pd,: C, 50.75;
H, 4.53; N, 4.93. Found: C, 50.80; H, 4.50; N, 4.99.

C. Collection of the X-ray Data and Structural Refine-
ments. The X-ray crystal and molecular structure of compound
2 was determined by Y. D. and that of compound 5 by J. F.

Compound 2. Suitable single crystals of 2 were obtained from
acetone/n-hexane at 0 °C. A parallelepiped crystal 0.012 X 0.012
X 0.020 cm was mounted in a Lindeman glass capillary. Intensity
data were collected (at room temperature, range 6° < 26 < 60°

(15) Hartley, F. R. Organomet. Chem. Rev., Sect. A 1970, 6, 119,
(16) Cope, A. C.; Friedrich, E. C. J. Am. Chem. Soc. 1968, 90, 909,
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Table I. Fractional Atomic Coordinates (x 104) and Their
Estimated Standard Deviations for 2

Braunstein et al.

Table II. Fractional Atomic Coordinates (x 10%) and
Their Estimated Standard Deviations for 5-2CH,Cl,

atom x y F4 atom x y z
Pt 0000 (0) 5000 (0) 5000 (0) Pd(1) 9849.3 (4) 5000.0 (0)  8136.6 (4)
P ~1260 (2) 4345 (1) 4014 (3) Pd(2) 7582.9 (4) 7145.3(2)  6737.2 (4)
0(1) 177 (8) 2760 (3) 3450 (10) a 11542 (2) 5729 (1) 8425 (2)
0(2) -1708(8) 3132 (3) 2904 (10) Cl(52)¢  3315(3) 7276 (1) -882 (2)
c(1) -98 (9) 3765 (4) 3581 (11) Cl(53)¢ 1582 (3) 17398 (2) 6484 (4)
C(2) 1218 (9) 3906 (4) 3723 (10) Cl(55)¢ 5286 (3) 4931 (1) —-582 (3)
C(3) ~629 (10) 3203 (5) 3258 (12) Cl(56)¢ 5498 (3) 6010 (1) 8231 (3)
C(4) —-270 (0) 2194 (0) 3027 (0) P(1) 9142 (1) 5099 (1) 5936 (1)
Gh o am@ g mme, @ sy mmg ey
C(7) 2678 (13) 3290 (5) 1740 (18) N(6) 7789 (7) 6174 (3) 1975 (5)
C(8) 3892 (17) 2999 (6) 1177 (17) N(31) 10355 (5) 4867 (2) 10233 (5)
C(9) 4863 (15) 2948 (6) 2029 (23) N(41) 8415 (5) 7253 (2) 8825 (4)
C(10) 4651 (13) 3204 (6) 3408 (21) C(1) 9657 (6) 5772 (3) 5320 (6)
C(11) 3433 (10) 3491 (5) 3998 (14) C(2) 8778 (6) 6259 (2) 5437 (6)
C(12) -2766(8) 4115 (4) 5397 (10) C(4) 7865 (6) 6490 (3) 4273 (5)
C(13) -3935(10) 4447 (5) 5655 (12) C(5) 7829 (7) 6311 (3) 3004 (6)
C(14) -5046(11) 4309 (6) 6792 (14) C(7) 9918 (6) 4586 (3) 5108 (6)
C(15) -5017 (12) 3836 (5) 7699 (13) C(8) 9225 (1) 4180 (3) 4263 (6)
C(16) -3876(13) 3508 (6) 7473 (14) C(9) 9906 (8) 3798 (3) 3713 (7)
C(17) -2752(12) 3640 (5) 6337 (13) C(10) 11261 (9) 3820 (3) 3966 (7)
C(18) -1878(9) 4596 (4) 2361 (10) C(11) 11991 (7) 4228 (3) 4786 (7)
C(19) -1382(11) 5104 (5) 1171 (12) C(12) 11319 (7) 4611 (3) 5362 (7)
C(20) -1799(14) 5297 (7) 359 (16) C(13) 7301 (6) 5101 (3) 5130 (5)
C(21) -2702(16) 4985 (10) -193 (13) C(14) 6414 (6) 5137 (8) 5889 (6)
C(22) -3256(18) 4495 (8) 508 (17) C(15) 5025 (7) 5198 (4) 5314 (7)
SRl (R
H(7) 1938 (135) 3290 (58) 1208 (151) C(18) 6774 (7) 5110 (3) 3717 (6)
H(8) 4035 (146) 2778 (63) 222 (171) C(19) 7162 (6) 7637 (3) 3568 (6)
H(9) 5712 (153) 2726 (65) 1585 (164) C(20) 8500 (7) 7719 (3) 3529 (6)
H(10) 5412 (147) 3157 (62) 4018 (160) c(21) 8790 (8) 8190 (4) 2856 (7)
H(11) 3310 (124) 3683 (55) 5017 (144) C(22) 7803 (11) 8557 (3) 2291 (7)
H(13) -3949 (114) 4789 (49) 5004 (135) C(23) 6432 (10) 8479 (3) 2294 (7)
H(14) -5897(132) 4569 (56) 6966 (146) C(24) 6103 (8) 8017 (3) 2926 (6)
H(15) -5851(126) 3360 (57) 8529 (144) C(25) 5046 (6) 6871 (3) 3840 (6)
H(16) -3820(133) 3138 (59) 8059 (154) C(26) 4509 (7) 6775 (3) 2508 (7)
H(17) -1906(124) 3413 (54) 6195 (137) C(27) 3141 (8) 6612 (4) 1996 (8)
H(19) -719 (124) 5338 (53) 2072 (141) C(28) 2349 (7) 6557 (4) 2827 (9)
H(20) -1449(143) 5712 (64) -60 (160) C(29) 2893 (8) 6631 (5) 4138 (8)
H(21) -3024 (144) 5154(67) -1092(170) C(30) 4253 (7) 6796 (4) 4643 (7)
H(22) -4092(154) 4286 (67) 121 (175) C(32) 11489 (8) 4458 (3) 10595 (7)
H(23) -3086(138) 3853 (62) 2152 (156) C(33) 10733 (9) 5377 (4) 11045 (7)
H(N) 2429 (116) 4495 (49) 4240 (126) ggg; gégi E’é; iggé Eé; 18:4;?[? %g;
and variable scan speed) on a Nonius CAD 4 automatic diffrac- C(36) 7904 (8) 3716 (4) 9588 (7)
tometer, using graphite-monochromated Mo Ka radiation (A = C(37) 7372 (8) 3343 (4) 8590 (8)
0.70930 A). Crystal data: CH,NoOP,Pt, mol wt 943.9, C(38) 7502 (8) 3442 (3) 7377 (8)
monoclinic, a = 10.064 (3) A, b = 23.272 (3) A, ¢ = 8.964 (1) A, C(39) 8155 (7) 3930 (3) 7137 (7)
8="71.28(1)°, V = 2048.0 (6) A3, Z = 2, d(calcd) = 1.53 g cr™, C(40) 8688 (6) 4319 (3 8135 (6)
p =37 cm™, Foyo = 944, space group P2;/c. No intensity decay g(ig) 3222 (3) 3;3(2) (é) gg’?i (;)
was observed during the data collection period, as shown by the Cg 4 4; 7917 27; 7449 ( 3) 9260 ( 6)
systematic measure of three standard reflections after every 50 C(45) 6398 (6) 7860 53; 8276 EG;
reflections. Corrections were applied for Lorentz and polarization C(46) 5675 (7) 8307 (3) 8634 (7)
effects. Absorption corrections were omitted in view of the low C(47) 4941 (7) 8659 (3) 7725 (7)
linear absorption coefficient. C(48) 4846 (7) 8588 (3) 6402 (7)
The structure was solved by Patterson and Fourier methods, C(49) 5554 (6) 8159 (3) 6058 (6)
using 3163 reflections having I > o([); aromatic H atoms were C(50) 6363 (6) 7781 (3) 6956 (5)
located by difference Fourier sections and introduced in the C(51)° 3060 (11) 7172 (6) -2519 (10)
calculation and only their atomic coordinates were refined. Their C(54)¢ 5139 (8) 5657 (4) —453 (8)

thermal parameters were fixed to the value of the corresponding
carbon atoms. Refinements by full-matrix least squares (all
non-hydrogen anisotropic) have proceeded to R = 0.047, using
the Busing et al. method.l” A final difference map revealed no
significant maxima.

The final fractional atomic coordinates are given in Table 1.
The final thermal parameters for all atoms as well as a table listing
the observed and calculated structure factor amplitudes of the

(17) Busing, W. R.; Martin, K. O.; Lewis, M. A,; Ellison, R. D.; Ham-
ilton, W. C.; Ibers, J. A.; Johnson, C. K.; Thiessen, W. E. 1971, ORX FLS
3, Oak Ridge National Laboratory.

(18) Sheldrick, G. M., SHELX Crystallographic Calculation Program,
University of Géttingen, West Germany.

¢ These atoms correspond to the two CH,Cl, solvent
molecules,

reflections used in the refinement are available as supplementary
material.’®

Compound 5. Suitable single crystals of the solvate 5:2CH,Cl,
were obtained by slow crystallization from dichloromethane/
pentane solutions at room temperature.

A systematic search in the reciprocal space using a Philips
PW1100/16 automatic diffractometer showed that crystals of

(;19) See paragraph at the end of paper regarding supplementary ma-
terial.
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Table III. Selected Interatomic Distances (A) and Angles (deg) in trans-Pt[Ph,PC(COOC,H,)C(Ph)NH], (2)
Bond Distances

Pt-N 1.992 (8) C(4)-C(5) 1.38 (1) C(14)-C(15) 1.37 (2)
Pt-P 2.280 (3) C(2)-C(6) 1.48 (1) C(15)-C(16) 1.36 (2)
P-C(1) 1.773 (9) C(6)-C(7) 1.37 (2) C(16)-C(17) 1.38 (2)
P-C(12) 1.818 (8) C(7)-C(8) 1.39 (2) C(17)-C(12) 1.39 (1)
P-C(18) 1.824 (10) C(8)-C(9) 1.37 (2) C(18)-C(19) 1.38 (2)
N-C(2) 1.32 (1) C(9)-C(10) 1.35(3) C(19)-C(20) 1.41 (2)
C(1)-C(2) 1.39 (1) C(10)-C(11) 1.40 (2) C(20)-C(21) 1.34 (2)
C(1)-C(3) 1.46 (1) C(11)-C(86) 1.39 (2) C(21)-C(22) 1.36 (3)
C(3)-0(2) 1.21 (1) C(12)-C(13) 1.38 (1) C(22)-C(23) 1.41 (2)
C(3)-0(1) 1.34 (1) C(13)-C(14) 1.38 (1) C(23)-C(18) 1.37 (2)
0(1)-C(4) 1.47 (1)
Bond Angles
P-Pt-N 81.0 (2) C(1)-C(3)-0(2) 123.9 (10) C(13)-C(14)-C(15) 120 (1)
Pt-N-C(2) 124.4 (6) C(3)-0(1)-C(4) 115.5 (8) C(14)-C(15)-C(16) 119 (1)
Pt-P-C(1) 101.4 (3) 0(1)-C(4)~-C(5) 110.6 (3) C(15)-C(16)-C(17) 121 (1)
Pt-P-C(12) 112.6 (3) 0O(1)-C(3)-0(2) 122.0 (10) C(16)-C(17)-C(12) 121 (1)
Pt-P-C(18) 114.6 (3) C(2)-C(6)-C(7) 122.5 (10) C(17)-C(12)-C(13) 117.5 (8)
C(1)-P-C(12) 109.8 (4) C(6)~C(7)-C(8) 121 (1) C(17)-C(12)-P 122.0 (7)
C(1)-P-C(18) 113.0 (4) C(7)-C(8)-C(9) 121 (1) P-C(18)-C(19) 119.0 (8)
C(12)-P-C(18) 105.5 (4) C(8)-C(9)-C(10) 119 (1) C(18)-C(19)-C(20) 120 (1)
P-C(1)-C(3) 118.3 (7) C(9)-C(10)-C(11) 121 (2) C(19)-C(20)-C(21) 119 (1)
P-C(1)-C(2) 113.2 (7) C(10)-C(11)-C(16) 121 (1) C(20)-C(21)-C(22) 122 (1)
C(1)-C(2)-N 119.1 (8) C(11)-C(6)-C(7) 117 (1) C(21)-C(22)~C(23) 120 (2)
C(1)-C(2)-C(6) 124.4 (8) C(11)-C(6)-C(2) 120.0 (9) C(22)-C(23)-C(18) 119 (1)
N-C(2)~C(6) 116.3 (8) P-C(12)-C(13) 120.1 (7) C(23)-C(18)-C(19) 120 (1)
C(1)-C(3)~0(1) 114.1 (10) C(12)-C(13)-C(14) 121 (1) C(23)-C(18)~P 121.0 (8)

5.CH,Cl, belong to the monoclinic system. The unit-cell di-
mensions and their standard deviations were obtained and refined
at room temperature with Cu Ko radiation (A = 1.5418 A) by using
25 carefully selected reflections and the standard Philips software.
Final results: CHs,CL;N,P,Pd,, mol wt 1136.0, ¢ = 10.234 (7)
A, b=23743 (10) A, ¢ = 10.663 (7) A, 8 = 107.06 (2)°, V = 2477
(7) A%, Z = 2, d(caled) = 1.52 g cm™, d(obsd) = 1.50 = 0.02 g cm™3,
space group P2;, u = 94.15 em™, Fyy, = 1148,

A spherical crystal of 0.20-mm diameter was sealed in a
Lindeman glass capillary and mounted on a rotation-free gon-
iometer head. All quantitative data were obtained from a Philips
PW1100/16 four-circle automatic diffractometer, controlled by
a P852M computer, using graphite-monochromated Cu Ke ra-
diation and standard software. The vertical and horizontal
apertures in front of the scintillation counter were adjusted so
as to minimize the background counts without loss of net peak
intensity at the 20 level. The total scan width in the w/26 flying
step-scan used was Aw = 1.10° + {Cu Kay, a5 splitting) with a
step width of 0.05° and a scan speed of 0.025° s7.. A total of 3577
hkl and hkl reflections were recorded (3° < 26 < 57°). The
resulting data set was transferred to a PDP 11/60 computer, and
for all subsequent computations, the Enraf-Nonius SDP/V18
package was used,? with the exception of a local data reduction
program. Three standard reflections measured every hour during
the entire data collection period showed no significant change
in the measured intensities. These were corrected for Lorentz,
polarization, and absorption factors, the latter computed by in-
terpolation of ref 21 (transmission factors between 0.18 and 0.25).
From the 3577 data collected, a unique data set of 3033 reflections
having I > 3¢(I) was used for determining and refining the
structure.

The structure was solved by using the heavy-atom method.
After the refinement of the heavy atoms, a difference Fourier map
revealed maxima of residual electronic density close to the pos-
itions expected for hydrogen atoms; they were introduced in
structure factor calculations by their computed coordinates (C-H
= 0.95 A) and isotropic temperature factors of 8 A2 but not refined.
Full-matrix least-squares refinement converged to conventional
R =0.024 and R, = 0.03 W = [0gouns® + (PD*™!). The standard
error in an observation of unit weight was 1.23 for P = 0.04. A

(20) Frenz, B. A. “The Enraf-Nonius CAD4 SDP. Computing in
Crystallography”; Schenk, H., Orthof-Hazekamp, Van Koenigsveld, Bassi,
G. C., Eds.; University Press: Delft, Holland, 1978; p 64.

(21) “International Tables for X-Ray Crystallography”; Kynoch Press:
Birmingham, England, 1974; Vol. IV, p 149.

final difference map revealed no significant maxima.

The final fractional atomic coordinates are given in Table IL
Thermal parameters for all non-hydrogen atoms and observed
and calculated structure factor amplitudes of the reflections used
in the refinement are available as supplementary material.!®

Results and Discussion

trans-Pt[Ph,PC(Y)C(Ph)NH], [Y = CN, 1; Y =
C(0)OC,H;, 2]. The formula and molecular structure of
complexes 1 and 2 were established by a combination of
IR, 'H and 3P NMR, and mass spectroscopy and single-
crystal X-ray diffraction analyses (see Experimental Sec-
tion). An ORTEP diagram of the molecular structure of 2
is shown in Figure 1. Bond distances and angles are listed
in Table IIT and least-squares planes in Table IV.1® The
molecule is centrosymmetric, implying a square-planar
coordination for the Pt atom. As suggested by the
shortness of the C(2)-N bond (1.32 (1) A) and by relatively
low IR frequencies for the C=N or the C=0 group, an
extensive electron delocalization within the chelate ligand
may be postulated. The small deviations from planarity
of the metallocycles are characterized by the dihedral
angles given in Table IV.®* The Pt-P distance (2.280 (3)
A) is found to be in the range usually observed in Pt(II)
complexes having a trans R;P-Pt-PR; arrangement.® The
Pt-N< distance (1.992 (8) A) is shorter than usual Pt—
NR; bonds,* as expected from a possible participation to
the bonding of the lone pair of the amido group in 2. The
values found agree well with those observed in other Pt-
amide bonds.3! For complex 1, the IJ(PPt) value is in
agreement with® an analogous trans structure. Structural
characteristics of the five-membered metallocycles in 2 are
given in Table VII and compared with those of isoelec-
tronic systems. Attempts to open the chelates by CH,l
have failed: no cleavage of the Pt-N bond was observed,
in contrast to the Pt-Si bond of the related bis(chelate)

cis-[Pt(Ph,PCH,CH,SiMe,),] complex.?® Because it was
generally assumed that PtCl,(PhCN), has a cis structure,
we described reaction 1 as occurring with isomerization
since the isolated products have a trans structure, in so-
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c(s

0(2) clt6)

Figure 1. Molecular structure of trans-lst[thPC(COZEt)C-
(Ph)NH]; (2).

lution (3P NMR spectra) and in the solid state. In fact,
the presence of both cis- and trans-PtCl,(PhCN), cannot
be ruled out. Thus, an easy interconversion between these
isomers has been established although no quantitative data
seem available for this system in THF solution.* We have
therefore no proof for either isomerization or retention of
geometry of the complexes during reaction 1. It is note-
worthy that, although PhCN is usually a good leaving
group, the reaction described here does not lead to bis-
chelated complexes of formula Pt(Ph,PCHY),. Such a
complex with Y = C(O)OC,H; has previously been ob-
tained via an other route and was shown to contain two
stable five-membered rings.® In the case where Y = CN,
such a complex would contain a strained three-membered

PtPC ring®? and present very interesting properties by
analogy with what has been found with Re,? Fe,2-% Ru,?’
Co,%628 Ir? in related structures.

We shall describe below the structure of a new complex
the formation of which might have occurred via a three-

membered PdPC intermediate (see 6B).

Pd(C N)Cl[p-Ph,PCH,C(NH)C(CN)PPh,]Pd(C N)
(5). We described previously the reactions of the cyclo-

(22) (a) Bresciani, N.; Calligaris, M.; Delise, P.; Nardin, G.; Randaccio,
L. J. Am. Chem. Soc. 1974, 96, 5642. (b) Bresadola, S.; Bresciani-Pahor,
N.; Longato, B. J. Organomet. Chem. 1979, 179, 73.

(23) Chiu, K. W Wong, W. K.; Wilkinson, G. J. Chem. Soc., Chem.
Commun. 1981, 4

(24) Karsch, H H Chem. Ber. 1977, 2213.

(25) Rathke, J. W.; Muetterties, E. L J. Am. Chem. Soc. 1975, 97,
3272,

(26) Karsch, H. H.; Klein, H. F.; Schmidbaur, H. Angew. Chem., Int.
Ed. Engl. 1975, 14, 637.

(27) Schmidbaur, H.; Blaschke, G. Z. Naturforsch., B: Anorg. Chem.,
Org. Chem. 1980, B35, 584.

(28) Karsch, H. H.; Schmidbaur, H. Z. Naturforsch., B: Anorg. Chem.,
Org. Chem. 1977, B32, 762.

(29) Al-Jibori, S.; Crocker, C.; McDonald, W. S.; Shaw, B. L. J. Chem.
Soc., Dalton Trans. 1981, 1572,

(30) Hartley, F. R. “The Chemistry of Platinum and Palladium”, Ap-
plied Science Publishers LTD: London, 1973.

(31) Sarneski, J. E.; McPhail, J. E.; Onan, K. D.; Erickson, L. E.;
Reilley, C. N. J. Am. Chem. Soc. 1977, 99, 7376.

(32) Venanzi, L. M. Chimia 1976, 4, 227 and references cited therein.

(33) Holmes-Smith, R. D.; Stobart, S. R.; Cameron, T. S.; Jochem, K.
J. Chem. Soc., Chem. Commun, 1981, 937.

(34) Uchiyama, T.; Toshiyasu, Y.; Nakamura, Y.; Miwa, T.; Kawagu-
chi, S. Bull. Chem. Soc. Jpn. 1981, 54, 181,
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Figure 2. Molecular Structure of Pd(C N)Cl{u-Ph,PCH,C-

(NH)C(CN)PPh,]PA(C N) (5). The two CH,Cl, solvent mole-
cules have been omitted for clarity.

metalated dinuclear Pd(II) complex [Pd(C N)(u-Cl)], (C N
= 2-[(dimethylamino)methyl]phenyl-C,N, 0-C¢H,CH,N-
(CH,),) with (L)~ and (L?)-3

Depending upon the stoichiometry used, we isolated
mono- or dinuclear Pd(II) complexes with these ligands,
according to eq 2-4. In complexes 3 and 4, which were

+CPhpPCHY Y™ Ph H
\l l/
/ \ /

3,Y=CN

4, Y = C(0)OC, H,
Cl
-
/pd/ 20 3.5+ 200 (3)
N
CH3/ \CH3

2.~
Ph Ph _
PI \P/ ) + 200
" (4)
Pd
N/ \O,/C\ /C2H5
CH3/ CH3

fully characterized,'? the functional carbanion [L]™ acts as
a four-electron bridging ligand between the Pd atoms. In
7 on the other hand, [L?)" is a four-electron donor chelate.
This is based on its X-ray structure determination,'? in-
dicating that the five-membered ring is preferred to the

triangulo MPC structure which could have been envisaged
instead (with an uncoordinated C(O)OC.,H; function).
Complex 7 was shown in solution to be a reactive molecule,
functioning as a reversible CO, carrier under ambient
conditions.?

Addition of 2 equiv of [L.!]” to [Pd(C N)(u-CD)], (eq 3)
led to the dinuclear Pd(II) complex 3 (obtained in the

reaction with 1 equiv of [L!]", eq 2) and to another com-
plex, 5, which originally could not be structurally identified
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Table V. Selected Interatomic Distances (A) and Angles (deg)in 5-2CH,Cl,

Bond Distances

Pd(1)-P(1) 2.255 (2) P(1)-C(13) 1.828 (7) P(2)-C(25) 1.823(7)
P4(1)-Cl 2.405 (2) P(1)-C(1) 1.862 (8) Pd(2)-P(2) 2.239 (2)
Pd(1)-N(31) 2.167 (8) C(1)-C(2) 1.49 (1) Pd(2)-N(3) 2.092 (6)
P4(1)-C(40) 2.001 (8) C(2)~N(3) 1.30 (1) Pd(2)-C(50) 2.015 (7)
N(31)-C(32) 1.47 (1) C(2)-C(4) 1.42 (1) Pd(2)-N(41) 2.151 (5)
N(31)-C(33) 1.47 (1) C(4)-C(5) 1.41 (1) N(41)-C(42) 1.45 (1)
N(31)~C(34) 1.44 (1) C(5)~N(86) 1.13(1) N(41)-C(43) 1.46 (1)
C(34)-C(35) 1.49 (1) P(2)-C(4) 1.777 (8) N(41)~-C(44) 1.51 (1)
P(1)-C(7) 1.814 (8) P(2)-C(19) 1.825 (8) C(44)-C(45) 1.49 (1)
Bond Angles
C(1)-Pd(1)-P(1) 93.32 (7) C(1)-C(2)-N(3) 120.6 (6) Pd(2)-P(2)-C(19) 117.5 (2)
C(1)-Pd(1)-C(40) 170.0 (2) C(1)-C(2)-C(4) 118.8 (6) Pd(2)-P(2)-C(25) 116.7 (2)
P(1)-Pd(1)-N(31) 91.5 (2) C(2)-N(3)-Pd(2) 120.4 (5) N(3)-Pd(2)-P(2) 82.6 (1)
P(1)-Pd(1)~C(40) 94.2 (2) C(2)-C(4)-P(2) 114.3 (5) N(3)~Pd(2)-C(50) 117.4 (2)
P(1)-Pd(1)-N(31) 174.8 (2) C(2)-C(4)-C(5) 122.6 (5) N(3)-Pd(2)~N(41) 96.1 (2)
C(40)-Pd(1)-N(81) 81.1 (3) C(4)-C(5)-N(6) 178.8 (9) P(2)-Pd(2)~C(50) 99.2 (2)
Pd(1)-P(1)-C(7) 112.4 (2) C(4)-P(2)-Pd(2) 102.1 (2) P(2)-Pd(2)-N(41) 176.3 (2)
Pd(1)-K1)-C(13) 117.6 (2) C(4)-C(2)~N(3) 120.5 (6) C(50)-Pd(2)-N(41) 82.1(2)
Pd(1)-P(1)-C(1) 114.7 (2)
P(1)-C(1)-C(2) 113.3 (5)

@ Mean C-C distances in the phenyl rings bonded to P(1)and P(2) = 1.385 (4) A. Mean C=C distances in the phenyl

rings C(34)-C(40) and C(45)-C(50) = 1.375 (3).

but which has now been fully characterized (see below).
It was suggested that 3 could result in this experiment from

the reaction of the postulated® intermediate [Pd(('l—I'\I)-

(Ph,PCHCN)] (6) with [Pd(C N)(u-Cl)],. This interme-
diate seems too reactive to be isolated, whereas its ho-
mologue 7 is stabilized by (P,0) chelation of [L?], a situ-
ation which cannot be encountered with [L!]~ for obvious
geometrical reasons. In a separate experiment, it was

found that 7 reacts with [Pd(C N)(u-CD)], to form 4.13
There were therefore some indications for the occurrence
of 6 in the above described reactions. Although we do not
know the structure of 6 in solution (structures 6B or 6C
could be envisaged), a further argument supporting its

Ph Ph Ph /Ph
<C\Pd/P C\Pd3+/P\C8'/H
N/ \C N/ \S \C
/\, N
& 6C
6B

S = donor solvent molecule

formation is now available with the elucidation by X-ray
diffraction of the molecular structure of complex 5. The
X-ray molecular structure of 5-CH,Cl, is shown in Figure
2 and a stereoscopic view in Figure 3,'° and interatomic
distances and angles are given in Table V, intra- and in-
termolecular contacts in Table V,'? and least-squares
planes in Table V1.1? Complex 5 was recrystallized from
dichloromethane/pentane, and two CH,Cl, solvatation
molecules per molecule of 5 were found in the crystal.
They are hydrogen bonded and the crystal cohesion results
from van der Waals interactions and hydrogen bonds from
one molecule to a number of others.

The molecule of 5 is composed of three fragments: two

{2-[(dimethylamino)methyl]phenyl-C,N}palladium ((é_

N)Pd) moieties linked by the bridging tridendate six-
electron donor anionic ligand u-[Ph,PCH,C(NH")=C-
(C=N)PPh,] (PNP). This original ligand is P bonded to
Pd(1) (through P(1)) and (P, N) bonded in a chelate

manner to Pd(2) (through P(2) and N(3)) (see Figure 2).
We shall discuss below the possible reaction pathway to
this new ligand.

The two palladium atoms are in distorted square-planar
environments. Pd(1) is bonded to carbon C(40) and to

nitrogen N(31) of a (C N) chelate, a chloride ligand, and
phosphorus P(1) of PNP, which is trans with respect to
the nitrogen N(31). As seen from the distances to the
mean plane PL1 in Table VL,® these five atoms are not
coplanar (Figures 2 and 3'%). This probably results from
steric interactions within the molecule. Pd(2) is bonded

to a (C N) chelate, through C(50) and N(41), to the
phosphorus P(2) and to nitrogen N(3) of the chelating side
of PNP. The one-electron donor atoms C(50) and N(3)
are trans to each other, as found around Pd(1) with C(40)
and Cl. The deviations from planarity about Pd(2) are
indicated by the distances of the corresponding atoms to
the mean plane P12 (Table VI).

The structure and bonding mode of the two C'?\I che-
lates in 5 are very similar (see Table V) and resemble those
found in other palladium complexes with this ligand.?3

In each Pd(C N) metallocycle, the nitrogen atom is out of
the mean plane, on the same side as the palladium atom
(Table VI¥),

The part of the molecule around Pd(1) is typical for a
phosphine type complex, with a Pd(1)-P(1) distance of
2.255 (2) A (compare with 2.233 (6) in 4 and 2.242 (2) A

in 7). The phosphorus atom in all (C N) cyclometalated
complexes is in a trans position with respect to the nitrogen
atom of the chelate which is of lower trans influence than
the o-bonded carbon. The Pd(1)-Cl distance (2.405 (2)
A) is in the range usually found for such bonds trans to
a o-bonded carbon atom.’® The part of the molecule

around Pd(2) deserves more comments. Whereas the C"—I'\I
chelate is normal (vide supra) and the phosphorus atom

P(2) trans to the nitrogen N(41) of C N, the [P(2),N(3)]
chelate is unique. It is isoelectronic and strongly related

(35) Pfeffer, M.; Fischer, J.; Mitschler, A.; Ricard, L. J. Am. Chem.
Soc. 1980, 102, 6338.

(36) Dehand, J.; Fischer, J.; Pfeffer, M.; Mitschler, A.; Zinsius, M.
Inorg. Chem, 1978, 15, 2675.
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« & to the (P,N) chelate found in 1 and discussed above. (They
oMo o ) only differ by the substituent at C(2)). The shortness of
= 85 © ] the C(2)-N(8) bond (1.30 (1) A) and the relative shortness
N|loss = 8 of the P(2)-C(4) bond (1.777 (8) A) (compared to P(2)-
Slbdo o« < C(19) and P(2)-C(25), average 1.824 (8) A) together with
S|ARS o < the rather low IR frequency for the C=N group (2158
N 8 cm™) suggest an extensive electron delocalization within
N ® E the (P,N) chelate of the type shown in 5.
?laa = g N
R — . C
S - 3 Ph Ph
2 Ph =z Ph
£8 g ¢ £ \%/\“?)” %’/
~ 10D —— - < &
é’ Ao o b . Ny
E, % 29% = E @zd(1; N zd(\z)j@
~ — < —Me
B - ~ Me / \
2 —~ o~ - X Me Me
2 — o™ o ™ =
& Slome = 5
)4 Ao o o - 8
f’ EI *S3 = ; On the basis of these criteria, this electron delocalization
° ! seems even more pronounced than in 1 (vide supra). The
% A _-= A 4 C(2)-C(4) distance in 5 (1.42 (1) A) compares with the
& Slhweo oo ° C(1)-C(2) distance in 2 (1.39 (1) A) and the P(2)-C(4)
2 N © g %i 2 s distance in 5 with the P-C(1) distance in 2 (1.773 (9) A)
E n (Tables III, V, and VII).
s 55 =2 b The covalent Pd(2)-N(3) bond (2.092 (6) A) is shorter
] =1 It Pl ) than the dative Pd(1)-N(31) and Pd(2)-N(41) bonds
5 Siohe  28%F 5 (average 2.159 A). The Pd(2)-P(2) distance (2.239 (2) A)
3 gus 2a- =S is slightly shorter than the Pd(1)-P(1) distance (2.255 (2)
§ -, & ’g A). This is probably related to the chelate effect involving
5 \5_8/ s . S P(2), similar to that observed in 7 (Pd-P = 2.242 (2) A).3
T /N & [i oo ) - The C(5)-N(6) bond length of 1.13 (1) A is consistent
E 5 N g QY Bl « % with a C=N triple bond, and the C(4)-C(5)-N(6) group
E & NI Clama - ° is linear. The P(1)-C(1) bond length of 1.862 (8) & is
% X = || % slightly longer than the P(2)—-C(4) distance of 1.777 (8) A,
¢ Fl1S o5 4 o because of the electron delocalization involving the latter
& 81?1858 & o bond. The C(1)-C(2) distance of 1.49 (1) A is normal for
’s glgjmey & 3 a C(sp®~C(sp?) bond.¥’
hy 210 g The phenyl rings bonded to P(1) and P(2) have normal
g ~ =3 ~ é gAeometries, with an average P-phenyl distance of 1.822 (4)
=] = —~ ~ .
E SI83E B é A comparison of structural data for a series of related
E| MEER B 2 five-membered bifunctional chelating systems is presented
1 = in Table VIIL
é oty ponte "§ The spectroscopic data collected for 5 in solution are
) Al me S 2 consistent with its solid-state structure. The phosphn?o
E Sle¥q RIE 3 groups appear in the 3P NMR at 40.3 and 44.2 ppm, in
© o i g a8 the range expected for coordinated phosphine ligands of
) N f o this type.3® The fact that P(1) and P(2) remain in solution
& “ < B g bonded trans to the nitrogen atoms N(31) and N(41), re-
o =R spectively, is easily deduced from the observation of the
E . oz 8 g coupling of the N(CHy), protons with phosphorus (*J(PH)
= coz 2@ g = 2.6 and 2.2 Hz, respectively).
- - % . The synthesis of 5 can now be easily explained. Since
3 . [z - § a standard solution (A) of the carbanion (L!)~ contains
§ E u,f: % i g some phosphine L!, the latter can react with [Pd(C N)-
i;:: o 5:_} S = 5 g (u-CD)]5 in a clasﬂc':al bridge splitting reaction, to afford
£ £60 AE P ;,.f the neutral Pd(C N)CIL! complex.? The functiorrlﬂ car-
;_f:i - 9‘3‘% banion, on the other hand, would react with [Pd(C N'_)|(/.L-
3 - o) ."253 CD)], to form the mononuclear intermediate® Pd(C N)-
g o1 =4 . ZBx (Ph,PCHCN) (6) mentionned earlier in this paper. The
= 95 % 5 carbon atom « to the phosphorus in 6 is still of carbanionic
= TEO o= g g character. From the reaction of the carbanion-like inter-
O ]
sl E E.. E:E ) g 16,(§ng\yilson, R. B.; de Meester, P.; Hodgson, D. J. Inorg. Chem. 1977,
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mediate 6 with the nitrile function of Pd(C N)CIL! results
the formation of 5. This reaction is strongly related to that
described above between [L!]~ and the coordinated nitrile
of PtCl,(PhCN), (eq 1). The differences reside in that (i)
the carbanion is P coordinated in 6 (by contrast to (L))
and (ii) the attacked nitrile function is uncoordinated but

connected to a metal via a phosphino group in Pd(C

-I'\I)ClLl. The sequence of reactions shown in eq 5-7 ac-
counts for these observations.

+PhoPCHoCEN C\Pd/PPhZCHZCEN _
/ (5) NG
C cl
il -
N
2 \\—
=n- C
[PhyPCHCZ=REN] |
2 ( \Pd(PhZPCHCN)' -
©) Nl
6
Ne
N
RN G
\C\ PPh2 ‘}\ PPhs
) ; 'Y thp—CHz—C\H)
= - CSNZPd—C
thp-‘CHz—C=f\UPd—c ‘ b
| T ¢ —Pd—Cli *_)
C—Pd—Cl N 1 b
1 N *
" 5

The possible structures of intermediate 6 formed in (eq
6) have been discussed above (structures 6B and 6C).
After nucleophilic attack on the nitrile has occurred (eq
7), the H shift from C(4) to N(3) follows the same pattern
as in the reaction leading to 1.1* This gives rise in the IR
to a v(NH) vibration at 3285 cm™.

In conclusion, the reactions presented in this paper,
namely, (i) nucleophilic attack of a carbanion on a coor-
dinated organonitrile ligand and (ii) nucleophilic attack
of a carbanionic metal complex on the free nitrile group
of a functional phosphine complex, demonstrate the po-
tential use of a-phosphino carbanions in synthetic coor-
dination chemistry. They also illustrate the metal-assisted
synthesis of new ligands since these reactions were per-
formed within the coordination sphere of the metals in-
volved.
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Reaction of the cluster anion [HFe,(CO);;]” with ethylene at room temperature gives the trinuclear cluster
anion [Fe3(CO)g(us-COC,H;)1". The structure of this cluster anion has been determined by X-ray diffraction
study of the tetraphenylphosphonium salt 1. The latter is monoclinic of space group C2/c with ¢ = 18.813
(3)A,b=17.641 (4) A, c = 22.551 (4) A, 8 = 106.34 (2)°, and Z = 8. The structure has been solved and
refined to R and R, values of 0.054 and 0.060, respectively, using 3583 reflections. A u; mode of bonding
is shown for the acyl group. This is the first case where this mode of bonding results from the direct action
of an alkene on a cluster unit. Reactivity of 1 toward CO and P(C¢H;), is attended by complete rupture
of the cluster unit into Fe(CO),COC,H;™ (CO case) or Fe(CO)5_,[P(CeH;)sl, (n = 1, 2). 1 gives a mixture
of ethane and propanol under hydrogen pressure, which suggests an alkyl/acyl equilibrium in the cluster
under the conditions of the reaction. Protonation of 1 gives HFe3(CO)y(u3-COC,Hs).

Introduction

We have recently shown that the [HFe;(CO),;]™ anion
reacts readily with alkynes with preservation of trinuclear
iron unit.! Furthermore, this anion has a reactivity that

(1) Lourdichi, M.; Mathieu, R. Nouv. J. Chim. 1982, 6, 231.

compares well with the known reactivity of ruthenium and
osmium trinuclear clusters.? These results are quite
unexpected with respect to the known lability of metal-
metal bonds for the first-row period of transition metals.

(2) Deeming, A. J. “Transition Metal Clusters™; Johnson, B. F. G., Ed.;
Wiley: London, 1980; p 391.
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