Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on February 18, 1998 on http://pubs.acs.org | doi: 10.1021/0m9709897

ORGANOMETALLICS

Volume 17, Number 6, March 16, 1998

© Copyright 1998
American Chemical Society

Communications

Carbene Transfer between Transition-Metal lons

Shiuh-Tzung Liu,* Tung-Ying Hsieh, Gene-Hsiang Lee, and Shie-Ming Peng

Department of Chemistry, National Taiwan University, Taipei, Taiwan 106, Republic of China

Received November 12, 1997

Summary: A carbene transfer reaction between transi-
tion-metal complexes is reported. Carbene complexes of
Pd(Il), Pt(ll), Rh(l), and Au(l) are formed via the

1
reaction of (CO)sM=CN(R)CH,CH;N(R) (M = W, Mo,
Cr; R = Et, allyl) with (PhCN),PdCl,, (PhCN),PtCl,,
[(CO)2RNCI];, and (MeyS)AUCIl. The complexes
1 -
[CIPd=CN(Et)CH,CH2N(Et)]2, Cl.Pd[=CN(allyl)CH.-
-1 1
CHzN(allyl)]z, cis-(CO)CI,Pt=CN(Et)CH,CH,N(Et), cis-
1
Cl;Pt[=CN(R)CH;CH:N(R)]2, (CO)CIRh[=CN(Et)CH,-
-1 1
CH;N(EY)]2, and {Au[=CN(Et)CH,CH,N(E)]2}Cl are
prepared in high yields via a carbene transfer pathway.
1
The X-ray structures of [CIPd=CN(Et)CH,CH,;N(Et)].

1
(4) and cis-(CO)CI,Pt=CN(Et)CH,CH,;N(Et) (5) are re-
ported.

Diaminocarbenes, or “bottleable carbenes”, have re-
ceived considerable attention because they can be
isolated and structurally characterized as free
carbenes.’™ The electronic influence of the diamino
groups is believed to be responsible for the carbene’s
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stability as well as its nucleophilic character. Accord-
ingly, these carbenes are good donors toward various
metal ions.>6 An interesting example reported by
Herrmann and co-workers® is bis(1,3,4,5-tetrameth-
ylimidazol-2-ylidene)palladium(ll) iodide, which func-
tions as a catalyst for the Heck reaction under extreme
conditions.

Transition metal complex mediated carbene transfer
reactions are important tools for organic synthesis, but
the simple transfer of carbene ligands between metal
ions is rare.”® Since diaminocarbene can act as a donor
ligand, transfer between metal ions is amenable to
study. In a previous investigation, we were able to
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prepare the cyclic diamino-substituted carbene com-
plexes 1 via the reaction of W(CO)g with the amine—

R
[g>=W(CO)5

1a R = CH53CH,-
1b R = CHy=CH-CH,-

phosphinimine H,NCH,CH,;N=PPh3 followed by alky-
lation.? Herein we report that the diaminocarbene in
1 can be transferred to other metals.

The first indication of carbene transfer came from the
reaction of 1b with 0.5 mol equiv of (PhCN),PdCl; in
dichloromethane at room temperature for 0.5 h.1° Dur-
ing the reaction period, carbon monoxide gas evolved
and a dark-colored material precipitated from the
reaction, which was identified as a mixture of tungsten
complexes originating from the decomposition of the
W(CO)s fragment. Diaminocarbene ligands were trans-
ferred from the tungsten metal to the palladium center
to form the bis(carbene) complex 2 in 92% isolated yield,
which then isomerized to the more stable cis isomer 3
upon standing in solution.1!

cl R NR RN
gl R
H Cl H CI/ \CI

2, R = CHp=CH-CH,- 3, R = CHp=CH-CH,-

When the N-substituent was an ethyl group as in 1a,
reaction with an equimolar amount of (PhCN),PdCl,
resulted in the formation of the chloride-bridged dimer
4 in 84% yield (Figure 1). Although complex 2 formed
within a few minutes at room temperature, complex 4
required several hours of refluxing in chloroform for
complete conversion. This suggests that z-coordination
of the carbon—carbon double bond to the palladium
metal ion plays a role in both the rate of carbene
transfer and the structure of the product. The pal-
ladium carbene complexes are stable solids and were
characterized by analytical and spectroscopic means. In
addition, the structure of 4 was confirmed by a X-ray
single-crystal determination.'?

Investigation of the carbene transfer reaction with
other transition-metal complexes was also conducted.
Reaction of 1a with (PhCN),PtCl; in dichloromethane
at room temperature for 48 h produced the carbene

(9) Liu, C.-Y.; Chen, D.-Y.; Cheng, M.-C.; Peng, S.-M.; Liu, S.-T.
Organometallics 1996, 15, 1055.

(10) The general procedure for carbene transfer in this work is as
follows. In a flask was placed 1 and 0.5 mol equiv of (PhCN),PdCl,,
(PhCN),PtClIy, [(CO).RhCl],, or (Me,S)AuCl in dichloromethane at room
temperature for 0.5 h. During the reaction period, carbon monoxide
gas was released and a dark-colored material was precipitated from
the reaction. Upon filtration, ether was added to the filtrate to
precipitate the desired carbene complex from the solution. Recrystal-
lization of the product from dichloromethane/benzene yielded the pure
product. Exceptions to this procedure are the reactions of both 1a with
(PhCN),PdClI; and 1b with (PhCN),PtClI; in equal molar ratios, which
were carried out in refluxing chloroform solution.

(11) (a) Cetinkaya, B.; Cetinkaya, E.; Lappert, M. F. 3. Chem. Soc.,
Dalton Trans. 1973, 906. (b) Lappert, M. F.; Pye, P. L. J. Less-Common
Met. 1977, 54, 191.
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Figure 1. Structure of complex 4. Bond distances (A) and
angles (deg): Pd—C(1), 1.946(3), C(1)—N(1), 1.317(5); Pd—
Cl(1), 2.248(1); N1-C1-Pd, 124.(3); CI(1)—Pd-C(1), 177.1-
).

Figure 2. ORTEP view of 5. Bond distances (A) and angles
(deg): Pt—C(1), 1.84(1); Pt—C(2), 2.01(1); C(1)—0, 1.12(2);
C(1)—Pt-C(2), 91.3(5); Pt—C(1)—0, 179(1).

complex 5 in 93% yield,13 which shows that both carbene
and carbonyl ligands had been transferred. Carbonyl
ligand transfer to the platinum and not the palladium
may be due to the stability of the expected complexes.
To our knowledge, such a synthetic route to a platinum
carbene carbonyl complex is unprecedented. The X-ray
crystal structure of 5 is illustrated in Figure 2. Both
the bond distances Pt—C(2) (2.01(1) A) and Pt—C(1)
(1.84(1) A) are typical for such ligands. The infrared
carbonyl absorption of stretching appears at 2104 cm1,

(12) 4: yellow crystals; *H NMR 6 4.16 (g, J = 6.8 Hz, 8 H), 3.60 (s,
8 H), 1.31 (t, J = 6.8 Hz, 12 H); 3C NMR ¢ 173.3 (Pd = C), 48.0, 44.6,
13.1. Crystal data for 4 at 298 K with Mo Ka radiation (Enraf-Nonius
CAD-4 diffractometer): a = 7.713(3) A, b = 8.210(2) A, ¢ = 10.213(4)
A, a =98.13(3) A, g =100.39(3)°, y = 115.26(3)°, triclinic, P1, Z =1,
Deatcd = 1.807 g cm~3, fw = 607.01, V = 557.7(3) A3, dimensions 0.20 x
0.25 x 0.30 mm, u = 20.819 cm~ 1 The NRCVAX program was used
for computation. The final R values were Rg = 0.023 and Ry, = 0.026.
Goodness of fit s = 1.47. Further details of the crystal structure are
available in the Supporting Information.

(13) 5: white crystalline solid; IR (CH,Cl,) vco 2104 cm~1; tH NMR
6 (CDClg) 3.87 (q, J = 7.2 Hz, 2 H), 3.85(q, J = 7.2 Hz, 2 H), 3.78 (s,
4 H), 1.26 (t, J = 7.2 Hz, 6 H); 13C NMR 0 166.5 (Jpr—c = 1125 Hz,
Pt=C), 154.3 (Jpt—c = 1770 Hz, Pt—CO), 48.0 (3Jpi—c = 38.2 Hz), 44.9
(3Jpt-c = 31.7 Hz), 12.6. Anal. Calcd for CgH14,0N,Cl,Pt: C, 22.87; H,
3.36; N, 6.67. Found: C, 23.07; H, 3.43; N, 6.67. Crystal data for 5 at
298 K with Mo Ka radiation (Enraf-Nonius CAD-4 diffractometer): a
=13.166(3) A, b = 14.270(2) A, ¢ = 13.564(2) A, orthorhombic, Pbca,
Z =8, Deaicd = 2.190 g cm~3, fw = 420.20, V = 2548.4(8) A3, dimensions
0.25 x 0.40 x 0.50 mm, x4 = 115.253 cm*l. The NRCVAX program
was used for computation. The final R values were Rg = 0.028 and Ry,
= 0.030. Goodness of fit s = 1.52. Further details of the crystal
structure are available in the Supporting Information.
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which is essentially identical with that in cis-(PEt3)Pt-
(CO)CI; (2105 cm~1).14 This implies that the electronic
donating ability of the diaminocarbene ligands is similar
to that of a trialkylphosphine.t¢

Treatment of 5 with Me3sNO resulted in the formation
of the bis(carbene) complex 6a.'> It appears that a

X oo KTTW

-

/
N
/ \ / \
6a R= CH30H2-
5 6b R = CH,=CHCH,-

disproportionation reaction took place to form the more
stable bis(carbene) complex, although under reflux
conditions the platinum bis(carbene) platinum com-
pound 6b was obtained directly from the reaction of 1b
with (PhCN),PtCl, without the formation of a platinum
carbonyl carbene intermediate.

The products formed with the palladium and plati-
num reactions provide evidence that z-bonding substit-
uents on the carbene N atoms as well as the carbonyl
ligand assist the carbene transfer reaction. Chromium
and molybdenum analogues of 1 undergo the carbene
transfer reaction with platinum and palladium. In

(14) Mok, C. Y.; Tan, S. G.; Chan, G. C. Inorg. Chim. Acta 1990,
176, 43.

(15) 6a: 'H NMR 6 (CDCl3) 4.04 (q, J = 7.2 Hz, 8 H), 3.57 (s, 8 H),
1.31 (t, J = 7.2 Hz, 12 H); 13C NMR 6 194.2 (Pt=C), 47.8 (3Jpt-c =
255 HZ), 43.7 (3thfc =18 HZ), 13.4. Anal. Calcd for C14H23N4C|2Pt:
C, 32.44; H, 5.44; N, 10.81. Found: C, 32.73; H, 5.19; N, 10.60. 6b:
yellow solid; 'H NMR 6 (CDClg) 5.67—5.52 (m, 4 H), 4.84 (m, 4 H),
4.47 (m, 4 H), 4.05—-3.80 (br m, 8 H), 3.67 (s, 8 H); 33C NMR 6 168.2
(Jpt—c = 1230 Hz, Pt=C), 131.9, 129.0, 50.3, 48.6 (3Jpt—c = 35 Hz). Anal.
Calcd for C1gH2sN4ClPt: C, 38.17; H, 4.98; N, 9.89. Found: C, 38.45;
H, 4.78; N, 9.58.
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addition, Rh(l) and Au(l) carbene complexes 7 and 8

B oo R t |t
C >=H:h=< ] [: )=Au=( ] ol
B co & B
7 8

result from the reaction of 1a with [Rh(CO),Cl], and
(Me2S)AUCI, respectively.’® These Rh(l) and Au(l)
carbene complexes are essentially the same as ones
previously reported.l” We are currently working on
developing this chemistry as a route to generate other
transition-metal carbene complexes. With sufficient
information, it might be possible to determine the
mechanism of these reactions.
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(16) 7: yellow solid; mp 119—-121 °C dec; IR (CH.Cl,) vco 2104 cm™1;
1H NMR ¢ (CDCls) 4.19 (br, 4 H), 3.83 (br, 4 H), 3.55 (s, 8 H), 1.23 (t,
J = 7.2 Hz, 12 H); 3C NMR ¢ 211.8 (d, Jrn-c = 36.9 Hz), 187.2 (d,
Jrh-c = 83.1 Hz), 47.7, 44.8, 13.2. 8: yellow liquid; *H NMR ¢ (CDCls)
3.75(s,8 H),3.58(q, J =7.3 Hz, 8 H), 1.31 (t, J = 7.3 Hz, 12 H); 13C
NMR 6 203.8 (Au=C), 48.6, 44.9, 14.0. Anal. Calcd for C14H2sN4CIAu:
C, 31.28; H, 6.12; N, 12.16. Found: C, 31.49; H, 5.87; N, 12.46.

(17) (a) Doyle, M.; Lappert, M. F. J. Chem. Soc., Chem. Commun.
1974, 679. (b) Britten, J. F.; Lock, C. J.; Wang, Z. Acta Crystallogr.,
Sect. C: Cryst. Struct. Commun. 1992, C48.



