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the reaction of 1 with PhC,Ph at 125 °C. Because of their
close structural similarity, we expected that 4 might be
derived from 3 by elimination of H,, but our efforts to
achieve this transformation independently have not been
successful. Likewise, it appears that 5 could be derived
from its isomer 4 by a cleavage of a C-N bond and a hy-
drogen shift. Our efforts to obtain 5 from 4 by thermal
treatment at 125 °C have not been successful, but sig-
nificant amounts of 8 which can also be obtained from 5
under these conditions were obtained. This suggests that
a 4-5 transformation may be involved. It does appear that
2 is a precursor to its isomer 6, but the yield of 6 from 2
is not high. When 5 is heated to 125 °C, it is decarbon-
ylated and converted to 8 by a transformation of the
propylidyne ligand to a methyl-substituted ¢—= coordi-
nated vinyl ligand. This type of transformation is rare but
has been observed in other polynuclear metal complexes.'®

(19) Casey, C. P.; Marder, S. R.; Fagan, P. J. J. Am. Chem. Soc. 1983,
105, 7197,

The formation of compound 7 is simply the result of ad-
dition of another 1 equiv of PhC,Ph to 3 combined with
insertion into a metal-hydrogen bond and decarbonylation.
Conceivably, PhC,Ph could have abstracted H, from 3 and
thus provide a route to 4, but since no 4 was observed in
this reaction, we believe that this possible reaction is not
important in this case.
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Reactions of Ir(I)-triflate complexes trans-Ir(OTf)(CO)(PR;), (PR; = PPh,, 1; PR, = PMePh,, 2) with
Pt’—r-ethylene complexes Pt(H,C—=CH,)(PR’;), (PR’; = PPh,, 8; (PR’;), = Ph,P(CH,);PPh,, 4) in CH,NO,
result in C-H bond activation and the ready formation of the novel heterobimetallic Ir-Pt complexes
[(PR3)o(CO)Ir(u-H) (u-n%n'-CH=CH,)Pt(PR;),]*[OT{]" (PR; = PR’; = PPh,, 5; PR; = PMePh,, PR/, =
PPh3, 6; PR3 = PPh3, (PR/3)2 = Pth(CH2)3PPh2, 7; PR3 = PMePhg, (PR’g)g = thP(CH2)3PPh2, 8). A
definitive structural determination for these heterobimetallic Ir-Pt complexes has been established by
an X-ray diffraction study on complex 5 (triclinic, P1 (No. 2), a = 13.321 (1) &, b = 15.461 (2) &, ¢ = 17.753
2) A, a =90.37 (1)°, 8 = 95.47 (1)°, v = 100.92 (1)°, Z = 2). Reactivity tests with one of the heterohimetallic
complexes 7, using Ph,P(CH,);PPh, and acids, have also been conducted.

Introduction

Heterobimetallic complexes containing asymmetric
metal-metal bonds! have received considerable attention
and are of current research interest largely because of their
relevance to catalysis.?2 Although a wide variety of het-

(1) (a) Roberts, D. A.; Geoffroy, G. L. In Comprehensive Organo-
metallic Chemistry, Wilkinson, G., Stone, F. G. A., Eds.; Pergamon Press:
Oxford, U.K., 1982; Chapter 40. (b) Bullock, R. M.; Casey, C. P. Acc.
Chem. Res. 1987, 20, 167. (c) Chetcuti, M. J.; Grant, B. E.; Fanwick, P.
E. Organometallics 1990, 9, 1345. (d) Chetcuti, M. J.; Grant, B, E,;
Fanwick, P. E.; Geselbracht, M. J.; Stacy, A. M. Organometallics 1990,
9, 1343. (e) Regragui, R.; Dixneuf, P. H.; Taylor, N. J.; Carty, A. J.
Organometallics 1990, 9, 2234. (f) Shuchart, C. E.; Young, G. H.; Wo-
jeicki, A.; Calligaris, M.; Nardin, G. Organometallics 1990, 9, 2417. (g)
Yanez, R.; Lugan, N.; Mathieu, R. Organometallics 1990, 9, 2998. (h)
Zhuang, J.-M.; Batchelor, R. J.; Einstein, F. W. B.; Jones, R. H.; Hader,
R.; Sutton, D. Organometallics 1990, 9, 2723. (i) Casey, C. P. J. Orga-
nomet. Chem. 1990, 400, 205. (j) Mirkin, C. A.; Geoffroy, G. L.; Macklin,
P. D.; Rheingold, A. L. Inorg. Chim. Acta 1990, 170, 11.

erobimetallic compounds have been prepared and char-
acterized, it is difficult to systematically devise a strategy
for the synthesis of particularly desired products. Com-
pared to the well-established organic chemistry, the syn-
thetic chemistry of heterobimetallic complexes is still in
its infancy. Therefore, it is not surprising to see in the
literature that a large number of reactions leading to the
formation of metal-metal-bonded compounds are seren-

(2) (a) Knifton, J. F.; Grigsby, R. A,, Jr.; Lin, J. J. Organometallics
1984, 3, 62. (b) Hidai, M.; Fukuoka, A.; Koyasu, Y.; Uchida, Y. J. Chem.
Soc., Chem. Commun. 1984, 516. (c) Ceriotti, A.; Garlaschelli, L.; Lon-
goni, G.; Malatesta, C.; Strumolo, D.; Fumagalli, A.; Martinengo, S. J.
Mol. Catal. 1984, 24, 323. (d) Ceriotti, A.; Garlaschelli, L.; Longoni, G.;
Malatesta, C.; Strumolo, D.; Fumagalli, A.; Martinengo, S. J. Mol. Catal.
1984, 24, 309. (e) Knifton, J. F. J. Chem. Soc., Chem. Commun. 1983,
729. (f) Whyman, R. J. Chem. Soc., Chem. Commun. 1983, 1439. (g)
Dombek, B. D.; Harrison, A. M. J. Am. Chem. Soc. 1983, 105, 2485. (h)
Doyle, G. J. Mol. Catal. 1983, 18, 251. (i) Wong, K. S.; Labinger, J. A.
J. Am. Chem. Soc. 1980, 102, 3652. (j) Muetterties, E. L. J. Organomet.
Chem. 1980, 200, 1717.
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dipitous discoveries. Since the triflate anion is known to
be an excellent leaving group in nucleophilic substitution
reactions in organic chemistry, it seemed likely that
transition-metal triflate complexes might serve as valuable
and important precursors to heterobimetallic complexes
generated by substitution of the relatively labile triflate
ligand by an incoming transition-metal nucleophile. In
order to develop the synthetic potential of the newly
prepared, stable iridium triflate complexes trans-Ir-
(OTH(CO)(PR,),, we sought to react these compounds with
transition-metal complexes in hopes of discovering a ra-
tional route to the synthesis of new heterobimetallic com-
pounds.

In this paper, we wish to report (a) the reaction of
trans-Ir(OT)(CO)(PR;), with Pt(H,C=CH,)(PR’;), to
give novel heterobimetallic Ir-Pt complexes, which dem-
onstrates the first intermolecular example of olefin C-H
activation by a second, different metal system of a pre-
complexed -ethylene transition-metal complex,® (b) the
X-ray crystal structure of a novel heterobimetallic Ir-Pt
complex, and (c) the reactivity of the heterobimetallic
Ir-Pt complex [(PPhy),(CO)Ir(u-H)(u-n%n!-CH=CH,)Pt-
(Ph,P(CH,)sPPhy)]*[OTH]™ (7).

Results and Discussion

Synthesis and Characterization of Heterobimetallic
Ir-Pt Complexes. It is well-known that the platinum
ethylene complex Pt(H,C=CH,)(PPh,), (3)* is stable in
the solid state. However, evolution of ethylene takes place
when it is reacted with a large number of reagents.’
Oxidative addition of the M—X bond of a metal complex
to a zerovalent complex of platinum has been shown to be
a general and facile method for the synthesis of a wide
variety of compounds containing platinum-metal
bonds.?behi For example, Akhtar and Clark® have reported
that reaction of 3 with (7°-C;H;)Fe(CO)4(Cl) leads to the
formation of the heterobimetallic Fe-Pt complex (n°-
C;H;)(CO),FePt(Cl)(PPhg), accompanied by the liberation
of ethylene. More recently, Rossell et al.> have reported
the synthesis of heterotrimetallic Pt-Hg-Pt complexes
Hg[Pt(R)(PPhj),]), by reaction of 3 with RHgPt(R)(PPhy),.
They envision the formation of heterotrimetallic products
as a result of insertion of the carbene-like, 14-electron
Pt(PPh,), fragment into the Hg-R bond. With this idea
in mind and in view of the rather small number of Ir-Pt
complexes compared with that of other heterobimetallic
systems, we sought first to utilize this strategy with iridium
triflate complex trans-Ir(OTf)(CO)(PPhy), (1).f We
thought that the Ir-OTf bond of 1 might oxidatively add
to 3 with evolution of ethylene gas to give the anticipated
heterobimetallic Ir-Pt product of the formula (PPh;),-
(CO)Ir-Pt(OTf)(PPhj), (9) containing an asymmetric
metal-metal bond.

(3) Huang, Y.-H.; Stang, P. J.; Arif, A. M. J. Am. Chem. Soc. 1990, 112,
5648

(4) Blake, D. M.; Roundhill, D. M. Inorg. Synth. 1978, 18, 120.

(5) (a) Hartley, F. R. In Comprehensive Organometallic Chemistry;
Wilkinson, G., Stone, F. G. A,, Eds.; Pergamon Press: Oxford, UK., 1982;
Chapter 39. (b) Khandelwal, B. L.; Gupta, S, K.; Kundu, K. Inorg. Chim.
Acta 1990, 178, 35. (c) Stang, P. J.; Kowalski, M. H.; Schiavelli, M. D,;
Longford, D. J. Am. Chem. Soc. 1989, 111, 3347. (d) Powell, J.; Sawyer,
J. F.; Stainer, M. V. R. Inorg. Chem. 1989, 28, 4461. (e) Rossell, O.; Seco,
M.; Torra, L. J. Chem. Soc., Dalton Trans. 1986, 1011, (f) Kermode, N.
J.; Lappert, M. F. J. Chem. Soc., Chem. Commun. 1981, 698. (g) Farrugia,
L. J.; Howard, J. A. K.; Mitrprachachon, P.; Stone, F. G. A.; Woodward,
P. J. Chem. Soc., Dalton Trans. 1981, 155. (h) Eaborn, C.; Pidcock, A.;
Steele, B. R. J. Chem. Soc., Dalton Trans. 1976, 767. (i) Akhtar, M.;
Clark, H. C. J. Organomet. Chem. 1970, 22, 233.

(6) While this work was in progress, the preparation of trans-Ir-
(OTH)(CO)(PPhg), was reported: Liston, D. J.; Lee, Y. J.; Scheidt, W. R,;
Reed, C. A. J. Am. Chem. Soc. 1989, 111, 6643.

Stang et al.

Table I. *'P{*H} NMR (CD;NO,) Monitoring Data for
Heterobimetallic Ir-Pt Products

P2 P3
N r—— Pt/
\ /
91/ H \P4

I

chem shift, ppm® (Jp_p;, Hz)

starting Ir-P1 and Pt-P3 and
entry no. material Ir-P2 Pt-P4 product?
1 1+3 11.74 (<90), 22.31 (2401), 5
6.62 (154) 14.90 (4644)
2 2+3 -8.54 (96), 21.33 (2400), 6
-23.95 (147) 16.26 (4688)
3 1+4 11.68 (<100), 1.69 (4286), 7
7.19 (155) 0.83 (2115)
4 2+4 -9.42 (<100), 1.84 (4337), 8
-23.52 (155) —0.09 (2119)

%At 121 MHz and ambient temperature, referenced to external
85% HyPO,. *Isolated products from the preparative experiments.

First, iridium triflate complex 1 was combined with 1.0
equiv of platinum ethylene complex 3 in CD;NO, in a
5-mm NMR tube. After it was shaken, the mixture be-
came homogeneous. The occurrence of a reaction is evi-
denced by the dissolution of platinum ethylene complex
3, since complex 3 is nearly insoluble in nitromethane.
S1P{'H} NMR (CD;NOQ,) monitoring shows the rapid con-
sumption of starting materials and the appearance of four
major multiplet resonances at 22.31 (Jp_p, = 2401 Hz),
14.90 (Jp_p, = 4644 Hz), 11.74 (Jp_p, < 90 Hz), and 6.62
(Jp_p, = 154 Hz) ppm with corresponding '°°Pt satellites
(entry 1, Table I). These data imply the presence of a
metal-metal bond in a product which contains four in-
equivalent triphenylphosphine ligands. It should be noted
that the first two resonances show much larger **Pt cou-
plings as compared to those of the last two resonances.
Thus, the chemical shifts at 22.31 and 14.90 ppm are as-
signed to the two triphenylphosphine ligands bonded di-
rectly to the Pt metal center, while the resonances at 11.74
and 6.62 ppm are attributed to the remaining two tri-
phenylphosphine groups attached to the Ir atom. Sur-
prisingly, in the 'H NMR (CD;NO,) spectrum a complex
multiplet centered at § ~11.37 (m, Jy.p; = 510 Hz) is ob-
served accompanied by %°Pt satellites. We tentatively
consider this upfield chemical shift and coupling constant
to be diagnostic of a bimetallic bridging hydride ligand.”
This result also rules out the formation of the anticipated
product 9, since 9 does not contain a bridging hydride
ligand. Although several low-intensity signals are also
observed at 6 5.68-1.03 in the 'H NMR spectrum, it is
somewhat difficult to unambiguously rationalize these
results without further purification of the product. The
same heterobimetallic Ir-Pt product is also obtained by
conducting the reaction of 1 and 3 in benzene-d;, However,
the reaction takes 2-3 days to go to completion as assayed
by *'P{'H} NMR monitoring.

In order to probe the generality of this type of reaction
between iridium triflate and platinum ethylene complexes,
similar NMR tube scale reactions were subsequently

(7) (a) Powell, J.; Fuchs, E.; Gregg, M. R.; Phillips, J.; Stainer, M. V.
R. Organometallics 1990, 9, 387. (b) Blum, T.; Braunstein, P. Organo-
metallics 1989, 8, 2497. (c) Albinati, A.; Lehner, H.; Venanzi, L. M,;
Wolfer, M. Inorg. Chem. 1987, 26, 3933. (d) Bars, O.; Braunstein, P.;
Geoffroy, G. L.; Metz, B. Organometallics 1986, 5, 2021. (e) Jans, J.;
Naegeli, R.; Venanzi, L. M. J. Organomet. Chem. 1983, 247, C37. (f)
Pregosin, P. S. Coord. Chem. Rev. 1982, 44, 247.
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conducted in CD3NO, with ¢trans-Ir(OTH){(CO)(PMePh,),
(2) and 3 (entry 2, Table I), 1 and Pt(H,C=CH,)(Ph,P-
(CH,)sPPh,) (4)® (entry 3, Table I), and 2 and 4 (entry 4,
Table I). In all cases, the formation of a heterobimetallic
bridging hydride complex is observed, as evidenced by four
multiplet **P{{H} NMR resonances as listed in Table I and
the diagnostic 'H NMR upfield complex multiplets cen-
tered at 6 —11.49 to -11.71 (Jy_p, = 472-512 Hz) accom-
panied by the corresponding 9Pt satellites. The hetero-
bimetallic products for entries 1 and 2 in Table I show
slight differences in the chemical shifts for Pt-bonded
triphenylphosphine ligands (namely 22.31 and 14.90 ppm
in entry 1 vs 21.33 and 16.26 ppm in entry 2) and large
differences in the chemical shifts for the different Ir-
bonded phosphine groups (namely 11.74 and 6.62 ppm in
entry 1 vs -8.54 and -23.95 ppm in entry 2). A similar
situation is also observed for entries 3 and 4. Likewise,
similar comparisons can be made for the heterobimetallic
products for entries 1 and 3, which show slight differences
in the chemical shifts for the Ir-bonded triphenylphosphine
ligands (namely 11.74 and 6.62 ppm in entry 1 vs 11.68 and
7.19 ppm in entry 3) and large differences in the chemical
shifts for the different Pt-bonded phosphine groups
(namely 22.31 and 14.90 ppm in entry 1 vs 1.69 and 0.83
ppm in entry 3). A similar pattern is also observed for the
heterobimetallic products for entries 2 and 4. On the basis
of the similarities discussed above, we tentatively suggest
that the heterobimetallic products in entries 1-4 have a
common skeleton which can be represented schematically
as L

Efforts were next concentrated on the isolation and
complete characterization of these heterobimetallic prod-
ucts. In a preparative-scale experiment, reaction of 1 with
1.0 equiv of 3 in CH;NO, at room temperature for 2 h gives
[(PPhy)o(CO)Ir(k-H) (u-n*n'-CH=CH,) Pt(PPh;),] *[OTf]"
(5) in 58% isolated yield (Scheme I) as air-stable,
bright-yellow crystals. Complex 5 has been characterized
by IR and NMR (*H, *C{'H}, 3'P{'H}, 1°F) spectroscopy and
by microanalysis. The IR spectrum of 5 displays vcg at
1981 (s) cm™ due to the terminal carbonyl stretch, indi-
cating that the heterobimetallic Ir-Pt bond is not sup-
ported by a CO bridge. The observation of stretching
frequencies at 1272 (s), 1223 (m), 1148 (s), and 1031 (s)
cm is indicative of the presence of an ionic triflate group.’
In addition, the detection of a bridging vinyl ligand is
evidenced by 'H and *C{*H} NMR spectroscopy. The 'H
NMR spectrum (CDCl,) of 5 shows resonances as assigned
to the »%n-CH=CH, ligand at 6 5.60 (m, u-CH), 2.32 (m,
u-CHH’), and & 1.35 (m, u-CHH"). The ¥C{H} NMR
spectrum (CDCl;) exhibits the u-CH carbon resonance
downfield at 141.80 ppm (dd, J_p = 85.1, 13.1 Hz), while
the u-CH, carbon appears upfield at 37.56 ppm (br s).
These spectroscopic data are consistent with those re-
ported for the n%n-CH=CH, coordination mode.!°

In analogy to the above reaction of complex 3, the in-
teraction of cyclic analogue 4 with 1 results in a 79%
isolated yield of the adduct [(PPhg),(CO)Ir{u-H)(u-
7%n!-CH=CH,)Pt(Ph,P(CH,);PPh,)]* [OTf]" (7) as bright
yellow crystals (Scheme I). Likewise, reaction of 2 with

(8) Zhong, Z. Ph.D. Thesis, University of Utah, 1991.

(9) Lawrance, G. A. Chem. Rev. 1986, 86, 17 and references cited
therein.

(10) (a) Xue, Z.; Sieber, W. J.; Knobler, C. B.; Kaesz, H. D. J. Am.
Chem. Soc. 1990, 112, 1825. (b) McGhee, W. D.; Hollander, F. J.; Berg-
man, R. G. J. Am. Chem. Soc. 1988, 110, 8428, (c) Suzuki, H.; Omori, H.;
Moro-Oka, Y. Organometallics 1988, 7, 2579. (d) Ting, C.; Messerle, L.
J. Am. Chem. Soc. 1987, 109, 6506. (e) Lee, K.-W.; Brown, T. L. Or-
ganometallics 1985, 4, 1030. (f) Fryzuk, M. D,; Jones, T.; Einstein, F. W.
B. Organometallics 1984, 3, 185. (g) Nubel, P. O.; Brown, T. L. J. Am.
Chem. Soc. 1984, 106, 644.
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Table II. Summary of Crystallographic Data for
[(PPh,),(CO)r(u-H)(u-n%n'-CH=CH,)Pt(PPh,),I* [OTf]" (5)

mol formula CrHg, F;IrO,P,PtS
mol wt 1641.60
cryst syst triclinic
space group P1 (No. 2)
temp of collecn, °C 16 (1)
cell constants
a, A 13.321 (1)
b A 15.461 (2)
c, A 17.753 (2)
a, deg 90.37 (1)
8, deg 95.47 (1)
v, deg 100.92 (1)
V, A3 3572.70
Z 2
dobeds g/ cm® 1.470
dealeas 8/ cm® 1.526

cryst dimens, mm 0.18 x 0.15 x 0.08
radiation A, A 1.54056 (Cu)
data collecn method 0/260

scan speed, deg/min variable
range of indices (hkl) 0-15, £18, £20
no. of rflns between stds 1 X-ray h
total no. of unique data 11738
no. of obsd data I > 3¢(J) 10436
abs coeff (u), cm™! 87.05
min transmissn factor 0.53

max transmissn factor 0.99

no. of variables 796

R =3 (|F| — |FD/Z(Fo) 0.0434
R, = S(F,| - |F w2/ T (F w2 0.0499
goodness of fit 3.49

Ap(max), e/A3 2.017 about 0.95 A from Pt

Table III. Selected Bond Lengths (A) for 5

Pt-Ir 2.7484 (2) Ir-C1 1.865 (5)
Pt-P3 2.244 (1) Ir-C2 2.197 (4)
Pt-P4 2.321 (1) Ir-C3 2.168 (4)
Pt-C3 2.014 (4) Ir-H1 1.64
Pt-H1 1.43 C1-01 1.159 (6)
Ir-P1 2.362 (1) C2-C3 1.415 (6)
Ir-P2 2.337 (1)

4 affords [(PMePh,),(CO)Ir(u-H){(u-n%:n!-CH=CH,)Pt-
(Ph,P(CH,);PPh,)]*[OTf]" (8) as bright yellow crystals
with 0.1 Et,O solvate in 73% isolated yield (Scheme I).
New complexes 7 and 8 have been characterized by IR and
NMR ('H, 3C{'H}, 1°F, *'P{'H}) spectroscopy and by mi-
croanalysis. Reaction of 2 with 3 gives [(PMePh,),(CO)-
Ir(u-H) (u-n%n-CH=CH,) Pt(PPh;),] " [OTf]" (6; Scheme
I). Numerous attempts to purify 6 (via benzene washing,
recrystallization from CH,Cl,/Et,0, CH,Cl,/hexane,
CH;NO,/Et,0) resulted in only moderately pure product.
We attribute this difficulty of purification to the higher
solubility of 6 compared to that of 5, 7, and 8 in organic
solvents. Thus, complex 6 is isolated as a slightly impure,
brown-yellow powder in ca. 75% yield and is characterized
by IR and NMR (‘H, °F, 3!P{'H}) spectroscopy.

The exact reaction pathway for the formation of het-
erobimetallic Ir-Pt complexes 5-8 is not known. However,
several aspects of the above results are noteworthy: (1)
unlike the other reaction products derived from platinum
ethylene complexes reported in the literature,’® complexes
3 and 4 do not lose the ethylene ligand, (2) the first in-
termolecular example of olefin C-H activation by a second,
different metal system of a precomplexed =-ethylene
transition-metal complex is observed, and (3) these reac-
tions provide a related yet previously unexplored method
for the synthesis of a new class of heterobimetallic Ir-Pt
complexes with remarkable stability.

A definitive structural assignment for the hetercbi-
metallic Ir-Pt complexes is established by an X-ray dif-
fraction study on complex 5. The numbering diagram and
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Figure 1. Two views of the structure of the cation of 5: (a, left) numbering diagram (hydrogen atoms are omitted for clarity); (b,
right) simplified ORTEP representation (phenyl rings of the PPh; groups and hydrogen atoms other than the u-hydride ligand are omitted

for clarity).

Scheme I
oc PR, PPhg
N/ / CH3NO,
/Ir\ + —Pt\ —_—
RyP oTt PPhg
1 PR, = PPh, 3
2 PRy= PMePh, H It
H’ §C’H
RyP PPh,
\Ir/ Pt/
/ ‘\H/ AN
ReP PPh,
o
0 ott
5 PR;=PPh,
6 PR = PMePh,
oc PR B
P
N / CH3NO,
/lr\ + —Pt\
RsP oTt P
Ph,
1 PR, =PPh, 4
2 PRy = PMePh, H -t

7 PRy =PPhy
8 PR, = PMoPh,

simplified ORTEP representation of the cation are shown
in Figure 1. X-ray data are summarized in Table II. The
bridging hydride ligand is located by difference Fourier
methods. Key bond lengths, important bond angles, and
atomic coordinates are summarized in Tables III-V. The
bridging hydride ligand is asymmetrically bound to the
heterobimetallic Ir-Pt center with an Ir-H1 distance of

Table IV. Selected Bond Angles (deg) for 5

Ir-Pt-P3 142.74 (3) P1-Ir-C3 123.5 (1)
Ir-Pt-P4 115.70 (3) P1-Ir-H1 103.59 (3)
Ir-Pt-C3 51.4 (1) P2-Ir-C1 87.2 (1)
Ir-Pt-H1 28.34 (1) P2-1Ir-C2 94.3 (1)
P3-Pt-P4 101.06 (4) P2-1Ir-C3 91.3 (1)
P3-Pt-C3 91.4 (1) P2-Tr-H1 148.28 (3)
P3-Pt-H1 149.21 (3) C1-Ir-C2 163.5 (2)
P4-Pt~-C3 166.0 (1) C1-1r-C3 125.8 (2)
P4-Pt-H1 102.25 (3) Ci-Ir-H1 95.8 (1)
C3-Pt-H1 68.6 (1) C2-Ir-C3 37.8 (2)
Pt-Ir-P1 127.25 (3) C2-Ir-H1 74.5 (1)
Pt-Ir-P2 124.17 (3) C3-Ir-H1 61.5 (1)
Pt-Ir-H1 24.43 (0) Pt-H1-Ir 127.23 (1)
Pt-Ir-C1 92.0 (1) Ir-C1-01 178.6 (4)
Pt-Ir-C2 73.6 (1) Ir-C2-C3 70.0 (2)
Pt-Ir-C3 46.5 (1) Pt-C3-Ir 82.1 (2)
P1-Ir-P2 105.26 (4) Pt-C3-C2 120.7 (3)
P1-Ir-C1 108.9 (1) Ir-C3-C2 72.2 (2)
P1-Ir-C2 86.6 (1)

1.64 A, a Pt-H1 distance of 1.43 A, and an Ir-H1-Pt angle
of approximately 127°. The existence of a heterobimetallic
Ir-Pt bond is indicated by the distance of 2.7484 (2) A,
which is shorter than the value of 2.8393 (12) A found for
the unbridged Ir-Ir distance in [(#3-C;Me;)(CO),Ir-Ir-
(CO)o(n*-C;Me;) )2 [BF ] 5.1t The vinyl ligand is coordi-
nated to the Ir center by n* binding and is attached to the
Pt atom by a o bond through C3. The Ir-C2, Ir-C3, and
Pt-C3 distances are 2.197 (4), 2.168 (4), and 2.014 (4) A,
respectively. The C2-C3 distance of 1.415 (6) A lies be-
tween the bond distances of a C—C single and C=C
double bond. The dihedral angle between the P1-Ir-P2
plane and P3-Pt-P4 plane is about 67°.

Reactivity of Heterobimetallic Ir-Pt Complex 7. It
is known that the metal-metal bond in bimetallic systems
is usually weaker than the metal-ligand bonds and is often
the center of reactivity.! In order to explore the chemistry
of these newly prepared heterobimetallic Ir-Pt complexes
5-8, we investigated the reactions of 7 with Ph,P-
(CH,);PPh, and acids.

(11) Einstein, F. W. B.; Jones, R. H.; Zhang, X.; Yan, X.; Nagelkerke,
R.; Sutton, D. J. Chem. Soc., Chem. Commun. 1989, 1424,
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A. Reaction with Ph,P(CH,);PPh,, Reaction of
heterobimetallic complex 7 with 2.0 equiv of Ph,P-
(CH,);PPh, (eq 1) in CDCl; in a 5-mm NMR tube at 50
°C was monitored by 3P{H} NMR spectroscopy. The
3IP{'H} NMR spectrum shows two singlet resonances in a
1:1 ratio at ~5.14 and -17.20 ppm for PPh; and unreacted
Ph,P(CH,);PPh,, respectively, and four new multiplet
resonances at —0.97 (Jp_p, = 4237 Hz), -2.93 (Jp.p; = 2048
Hz), -11.39 (Jp_p, = 142 Hz), and —25.93 (Jp_p, = 81 Hz)
ppm with corresponding 1%°Pt satellites appear over the
course of 24 h as four multiplet resonances for 7 diminish.
The above data clearly indicate the two triphenyl-
phosphine ligands originally attached to the Ir metal center
have been displaced by the more electron-donating ligand
Ph,P(CH,),PPh, to give a new heterobimetallic complex,
whose structure is proposed as [(Ph,P(CH,);PPh,)(CO)-
Ir(u-H) (u-n%n'-CH=CH,)Pt(Ph,P(CH,),PPh,)]*[OTf]-
(10; eq 1). The structure of 10 is assigned by analogy to
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the other heterobimetallic complexes 5-8. In the 'H NMR
spectrum, a complex multiplet resonance for the bimetallic
bridging hydride ligand is centered at 6 ~11.82 (Jy_p, = 531
Hz) and is accompanied by %Pt satellites. In addition,
the bridging vinyl ligand n%5!-CH=CH, gives rise to a
u-CH resonance at 6 4.74 as a broad multiplet, while the
u-CH, proton signals are obscured by the unresolved

complex resonances at § 3.32-1.45 which arise from the
protons of the two inequivalent cyclic P(CH,);P moieties.
In the IR spectrum, v is observed at 1970 cm™ for the
terminal carbonyl group. In addition, the decrease of CO
stretching frequency from 1980 cm™ for the reactant (7)
to 1970 cm™! for the product (10) is consistent with an
increase in electron density at the iridium metal center,
as expected when PPh, is replaced with the more elec-
tron-donating Ph,P(CH,);PPh, ligand, which enhances the
back-bonding from the metal.

B. Reaction with Acids. Reaction of heterobimetallic
complex 7 with excess HCI (37% aqueous) in CD;NO, in
a 5-mm NMR tube was monitored by 'H and 3P{*H} NMR
spectroscopy at room temperature. The results are sum-
marized in Scheme II. After having been shaken vigor-
ously, the yellow solution immediately turned colorless,
and a white precipitate formed. The 'H NMR spectrum
of the supernatant shows the clean formation of ethylene
(s, 8 5.39) and cis-Pt(Cl),(Ph,P(CH,);PPh,) (11).8 This
result indicates that cleavage of the Ir-Pt bond has oc-
curred. The identities of ethylene and 11 are confirmed
by NMR comparisons with an ethylene-saturated CD;NO,
solution and an independently prepared authentic sample
of 11, respectively. The corresponding 3'P{*H} NMR
spectrum of the supernatant shows a singlet at -3.64 ppm
(Jp_p. = 3407 Hz) accompanied by %Pt satellites for
complex 11. These results suggest the white precipitate
must be the Ir-containing product. Thus, the supernatant
was removed by syringe, and the white residue was dried
under vacuum for ca. 5 min. The white precipitate was
then dissolved in CDCl;, and the NMR spectra were im-
mediately recorded. The 3'P{*H} NMR spectrum shows
(relative peak intensity) a singlet resonance at 10.18 ppm
(100%) and a singlet resonance of very low intensity at
24.28 ppm (ca. 5.0%). The corresponding 'H NMR
spectrum shows the clean formation of known dihydrido
complex Ir(H),(C1)(CO){(PPh,), (12),'? as evidenced by the

(12) (a) Deutsch, P. P.; Eisenberg, R. Chem. Rev. 1988, 88, 1147. (b)
Vaska, L. J. Am. Chem. Soc. 1966, 88, 4100. (c) Taylor, R. C.; Young,
J. F.; Wilkinson, G. Inorg. Chem. 1966, 5, 20. (d) Chock, P. B.; Halpern,
J.J. Am. Chem. Soc. 1966, 88, 3511. (e) Vaska, L.; Rhodes, R. E. J. Am.
Chem. Soc. 1965, 87, 4970. (f) Vaska, L.; Diluzio, J. W. J. Am. Chem. Soc.
1962, 84, 679.
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Table V. Atomic Coordinates and Equivalent Isotropic Thermal Parameters of Non-Hydrogen Atoms in 5°

atom x y z B, A? atom x y z B, A?

Pt 0.11247 (2) 0.31278 (2) 0.2590 (2) 2.6801 (6) C32 0.5158 (8) 0.0593 (7) 0.1396 (6) 5.6 (2)
Ir 0.23032 (2) 0.18768 (2) 0.24051 (2) 2.714 (6) C33 0.4622 (7) 0.1154 (6) 0.1752 (6) 4.9 (2)
S —0.4084 (2) -0.2680 (2) 0.2418 (2) 6.22 (7) C34 0.4133 (7) 0.1794 (6) 0.3964 (5) 4.1 (2)
P1 0.1718 (2) 0.0368 (1) 0.2086 (1) 2.95 (4) C35 0.443 (1) 0.2343 (9) 0.5256 (6) 7.6 (3)
P2 0.3989 (2) 0.1981 (1) 0.2953 (1) 3.20 (4) C36 0.4391 (8) 0.2494 (7) 0.4479 (6) 5.4 (2)
P3 0.0606 (2) 0.3946 (1) 0.3471 (1) 3.25 (4) Ca7 0.3913 (8) 0.0928 (8) 0.4224 (5) 5.0 (2)
P4 0.0543 (2) 0.3753 (1) 0.1487 (1) 3.04 (4) C38 0.395 (1) 0.0777 (8) 0.4993 (6) 7.0 (3)
F1 -0.3941 (9) -0.2179 (7) 0.1051 (6) 12.9 (3) C39 0.421 (1) 0.147 (1) 0.5505 (6) 7.8 (4)
F2 -0.475 (1) —0.3466 (9) 0.1156 (8) 15.9 (4) C40 —0.0506 (6) 0.3334 (5) 0.3892 (4) 3.5 (2)
F3 -0.5456 (9) -0.2339 (8) 0.1375 (8) 13.3 (3) C41 —-0.0839 (7) 0.2443 (6) 0.3722 (5) 4.5 (2)
01 0.3219 (5) 0.2813 (5) 0.1068 (4) 5.6 (2) C42 -0.1751 (9) 0.1996 (7) 0.3966 (6) 5.8 (2)
02 —0.3945 (7) —0.1774 (4) 0.2640 (5) 7.9 (2) C43 —0.2327 (8) 0.2431 (7) 0.4386 (6) 5.6 (2)
03 0.4883 (6) 0.3244 (5) 0.7233 (5) 7.7 (2) C44 -0.1992 (7) 0.3299 (7) 0.4573 (6) 5.5 (2)
04 —0.3150 (6) —0.3016 (5) 0.2378 (7) 9.2 (3) C45 —0.1094 (7) 0.3762 (6) 0.4329 (5) 4.8 (2)
C1 0.2859 (5) 0.2447 (5) 0.1574 (5) 3.6 (2) C46 0.0174 (6) 0.4973 (5) 0.3253 (5) 3.5(2)
C2 0.1616 (6) 0.1593 (5) 0.3475 (4) 3.5 (2) C47 0.0723 (8) 0.5794 (6) 0.3512 (8) 5.6 (2)
C3 0.1888 (6) 0.2514 (5) 0.3390 (5) 3.5 (2) C48 0.031 (1) 0.6547 (6) 0.3376 (8) 7.1 (3)
C4 0.0326 (6) -0.0022 (5) 0.2139 (5) 3.4 (2) C49 —0.062 (1) 0.6491 (8) 0.2969 (7) 6.8 (3)
C5 -0.0332 (7) 0.0567 (5) 0.2140 (5) 4.1 (2) C50 ~0.1169 (7) 0.5682 (8) 0.2697 (6) 5.3 (2)
Cé -0.1368 (7) 0.0291 (6) 0.2218 (6) 4.9 (2) C51 -0.0776 (7) 0.4926 (5) 0.2829 (5) 4.2 (2)
C7 -0.1748 (7) —0.0597 (6) 0.2298 (6) 4.9 (2) C52 0.1649 (7) 0.4255 (8) 0.4221 (5) 4.3 (2)
Ccs -0.1118 (7) -0.1196 (6) 0.2274 (6) 4.6 (2) C53 0.1579 (8) 0.3970 (7) 0.4963 (6) 5.8 (2)
C9 -0.0079 (7) ~0.0909 (5) 0.2197 (5) 4.3 (2) Ch54 0.244 (1) 0.418 (1) 0.5487 (6) 79 (3)
C10 0.2257 (6) —0.0387 (5) 0.2717 (5) 34 (2) C55 0.3351 (9) 0.462 (1) 0.5281 (7) 8.7 (3)
cn 0.3128 (7) —0.0719 (5) 0.2567 (5) 4.0(2) C56 0.3440 (8) 0.4900 (8) 0.4549 (7) 7.3 (3)
C12 0.3540 (7) -0.1288 (6) 0.3058 (6) 5.1 (2) C57 0.2588 (8) 0.4704 (7) 0.4019 (6) 5.4 (2)
C13 0.3088 (8) —0.1533 (6) 0.3715 (6) 5.5 (2) C58 ~0.0840 (6) 0.3518 (5) 0.1238 (4) 3.2 (2
C14 0.2243 (8) —0.1189 (6) 0.3889 (6) 5.4 (2) C59 —0.1450 (7) 0.2936 (6) 0.1684 (5) 4.2 (2)
C15 0.1822 (7) -0.0630 (5) 0.3397 (5) 4.3 (2) C60 —0.2506 (8) 0.2693 (7) 0.1484 (6) 5.5 (2)
C16 0.1887 (6) -0.0032 (5) 0.1142 (5) 3.6 (2 Cél —0.2954 (8) 0.3032 (7) 0.0860 (7) 6.1 (3)
C17 0.2075 (9) 0.0527 (6) 0.0566 (5) 5.8 (8) Ce62 —0.2365 (8) 0.3604 (7) 0.0414 (6) 5.7 (2)
C18 0.221 (1) 0.0232 (7) -0.0152 (6) 8.2 4) C63 ~0.1306 (7) 0.3844 (6) 0.0593 (5) 4.3 (2)
C19 0.216 (1) -0.0637 (7) -0.0288 (6) 7.0 (3) Coe4 0.1033 (6) 0.4929 (5) 0.1539 (5) 3.4 (2)
C20 0.1966 (9) -0.1236 (6) 0.0281 (6) 5.8 (2) Cé5 0.0484 (7) 0.5583 (5) 0.1331 (5) 3.9 (2)
C21 0.1822 (8) —0.0938 (6) 0.0992 (5) 4.8 (2) C66 0.0953 (8) 0.6464 (6) 0.1418 (6) 5.1 (2)
Cc22 0.4758 (6) 0.3080 (5) 0.2861 (5) 3.6 (2) Ce67 0.1973 (9) 0.6709 (6) 0.1700 (6) 5.8 (3)
C23 0.5818 (7) 0.3208 (6) 0.2920 (6) 5.2 (2) Cé8 0.2529 (8) 0.6072 (6) 0.1912 (8) 5.3 (2)
C24 0.6395 (8) 0.4035 (7) 0.2863 (8) 6.8 (3) Ce9 0.2068 (7) 0.5183 (6) 0.1831 (5) 4.5 (2)
C25 0.5926 (8) 0.4763 (6) 0.2754 (7) 5.5 (2) C70 0.0991 (6) 0.3400 (5) 0.0609 (4) 3.6 (2)
C26 0.4885 (8) 0.4641 (6) 0.2709 (6) 5.2 (2) C71 0.0606 (7) 0.2546 (6) 0.0347 (5) 4.5 (2)
c27 0.4305 (7) 0.3814 (5) 0.2777 (8) 49 (2) C72 0.0956 (9) 0.2255 (7)  —0.0323 (8) 6.1 (3)
C28 0.4753 (6) 0.1280 (b) 0.2523 (5) 3.5(2) C73 0.1661 (9) 0.2809 (8) -0.0707 (6) 6.5 (3)
C29 0.5439 (7) 0.0851 (6) 0.2947 (6) 4.6 (2) C4 0.2033 (9) 0.3669 (8) —0.0446 (6) 6.2 (3)
C30 0.5955 (7) 0.0291 (6) 0.2596 (6) 5.5 (2) C75 0.1698 (7) 0.3974 (6) 0.0219 (5) 4.9 (2)
C31 0.5813 (7) 0.0166 (6) 0.1827 (6) 5.6 (2) C76 —0.474 (2) -0.275 (1) 0.139 (1) 18.3 (6)

¢ Atoms refined anisotropically are given in the form of the isotropic equivalent displacement parameters, defined as 4/3[a’B, ; + b*B,, +

¢?B; 4 + ab(cos v)B,; + ac(cos B)B, 3 + be(cos a)Byy].

observation of two upfield multiplet resonances centered
at 6 ~7.31 (JH—H =47 HZ, JH_p =175 HZ) and -18.49 (JH—H
= 4.7 Hz, Jy.p = 14.0 Hz). After sitting at room tem-
perature for 1-2 days, the solution turns yellow with the
resonance at 24.28 ppm in the 'P{!H} NMR spectrum
having increased in intensity. The product corresponding
to the resonance at 24.28 ppm is then identified as Vaska’s
complex, trans-Ir(C1)(CO)(PPh,), (13),13 by NMR and IR
comparisons with an independently prepared authentic
sample. This observation of decomposition of 12 to 13 is
consistent with results reported by others;!2#9¢ complex
13 reacts rapidly and reversibly with H, to give the di-
hydrido compound 12. At low hydrogen pressure, complex
12 is converted to Vaska’s complex 13 via evolution of H.,.
Since the reaction was carried out in the presence of excess
aqueous HCI, the triflate anion of 7 is likely converted to
CF,;S0O;H. Next, heterobimetallic complex 7 and excess
HCI (37% aqueous) were reacted on a preparative scale.
After workup, 11 and 12 are obtained in 89% and 62%
isolated yield, respectively. As shown in Scheme II, 11 and
12 can be recycled to give 4 and 13, respectively. Complex

(13) Vrieze, K.; Collman, J. P.; Sears, C. T. Jr.; Kubota, M. Inorg.
Synth. 1968, 11, 101.

13 in turn can be converted by reaction with AgOTf to
iridium triflate complex 1, which can then be reacted with
4 to give heterobimetallic Ir-Pt complex 7. It is interesting
to note that heterobimetallic complex 7 can be cleaved into
mononuclear iridium and platinum complexes, which can
then be assembled to regenerate heterobimetallic complex
7 in the reaction cycle.

Next, 7 was treated with CF3;SO,H and then CF;CO,H
in CD3NO,. However, only unidentifiable complex mix-
tures of products were formed from both reactions, as
indicated by $'P{'H} NMR spectroscopy.

Conclusion

In an effort to discover a rational method for the syn-
thesis of new heterobimetallic compounds, we have exam-
ined and described the utility of iridium triflate complexes
trans-Ir(OTf)(CO) (PR;), in the reactions with platinum
ethylene complexes. The interaction of Ir(I)-triflate
complexes 1 and 2 with Pt’~r-ethylene complexes 3 and
4 results in C-H bond activation and the ready formation
of novel heterobimetallic Ir~Pt complexes 5-8. A definitive
structural determination for these heterobimetallic Ir-Pt
complexes is established by an X-ray diffraction study on
complex 5. These results not only demonstrate a unique



Novel Heterobimetallic Ir-Pt Complexes

synthetic method for the preparation of new heterobi-
metallic Ir-Pt complexes but also uncover a remarkable
vinylic C-H bond activation process. Furthermore, our
system represents the first example of an intermolecular,
homogeneous transition-metal olefin C-H activation of a
prior w-complexed alkene and the isolation of unique
ethylene-bridged Ir-Pt complexes. In order to gain some
insight into the chemical properties of these newly pre-
pared products, we have also conducted reactivity tests
with one of the heterobimetallic complexes, 7, using
thP(CH2)3PPh2 and acids.

Experimental Section

Materials and Measurements. All reactions were conducted
under a dry nitrogen atmosphere using Schlenk techniques, unless
otherwise noted. IR spectra were recorded on a Mattson Polaris
FT-IR spectrometer. All NMR spectra were recorded on a Varian
XL-300 spectrometer. 'H NMR spectra were recorded at 300
MHz, and all chemical shifts are reported in ppm relative to
internal tetramethylsilane (Me,Si) or the proton resonance re-
sulting from incomplete deuteration of the NMR solvent: CDCl;
(7.24 ppm) or CD;NO, (4.33 ppm). *C NMR spectra were re-
corded at 75 MHz, and all chemical shifts are reported in ppm
relative to the carbon of the deuterated NMR solvent: CDCl,
(77.0 ppm) or CD;NO, (62.8 ppm). *'P NMR spectra were re-
corded at 121 MHz, and all chemical shifts are reported in ppm
relative to external 85% H;PO, at 0.0 ppm. °F NMR spectra
were recorded at 282 MHz, and all chemical shifts are reported
upfield relative to external CFCl; at 0.0 ppm. Elemental analyses
were conducted by Atlantic Microlab, Inc., of Norcross, GA.
Melting points were determined in evacuated capillaries and were
not corrected.

Solvents were purified as follows: CHzNO,, CH,Cl,, benzene,
hexane, and toluene were purified by literature procedures!* and
were distilled from CaH,; ether was purified by literature pro-
cedures!* and was distilled from Na-benzophenone; CD;NO, was
distilled from CaH,; CDCl; and C4Dg were vacuum-transferred
from CaH,. All solvents were freeze—-thaw-pump-degassed three
times before use.

Reagents were obtained as follows: Silver triflate (Aldrich) was
recrystallized from diethyl ether and vacuum-dried; 1,3-bis(di-
phenylphosphino)propane (Aldrich), 37% HCI (J. T. Baker),
CF3S0;H (3M), and CF;COOH (Fisher Scientific) were used as
received; trans-Ir(CH(CO)(PPhg), (13),'® trans-Ir(C1)(CO)-
(PMePhy),,'% trans-Ir(OTH(CO)(PPhy), (1),2 Pt(H,C=CH,)-
(PPhy); (3),* cis-Pt(Cl)o(Ph,P(CH,);PPh,) (11),% and Pt(H,C=
CH,)(Ph,P(CH,);PPh,) (4) were prepared by literature proce-
dures.

Preparation of trans-Ir(OTf)(CO)(PMePh;); (2). A
Schlenk flask was charged with trans-Ir(Cl)(CO)(PMePh,), (0.400
g, 0.610 mmol), AgOTf (0.160 g, 0.623 mmol), and a magnetic
stirring bar and was capped with a rubber septum. Freshly
distilled, degassed benzene (ca. 80 mL) was added via cannula.
The reaction mixture was stirred at room temperature for 2 h and
then was filtered under nitrogen. The solvent was reduced to ca.
8 mL. Hexane (ca. 80 mL) was added to precipitate a brown solid
which contained many minor impurities as assayed by 5'P{'H]}
NMR spectroscopy. The mixture was filtered, and the filtrate
was concentrated under vacuum to give 2 (0.274 g, 0.356 mmol,
58%) as a yellow, microcrystalline solid: mp 161-163 °C dec; IR
(cm™, KBr) voo 1975 s, Vasym, SO 1326 s; 'H NMR (¢, CDCly)
7.76-1.65, 7.50-7.41 (m, 4 CgHj), 2.25 (t, Jyp = 3.5 Hz, 2 CHy);
13C{'H} NMR (ppm, CDCl) 167.27 (t, Jc.p = 12.2 Hz, CO), aryl
carbons at 133.52 (t, Jop = 27.6 Hz), 132.78 (t, Jop = 6.3 Hz),
130.66 (s), 128.57 (t, Jo-p = 5.2 Hz), triflate carbon not observed,
13.38 (t, Jc.p = 17.3 Hz, CHy); 3'P{*H} NMR (ppm, CDCl;) 15.91
(s); F NMR (ppm, CDCl;) -77.63 (s). Anal. Caled for
CosHoeF3IrOP,S: C, 43.69; H, 3.40. Found: C, 43.75; H, 3.40.

Reaction of trans-Ir(OTf)(CO)(PPh;), (PR; = PPh,, 1; PR;
= PMePh,, 2) with Pt(H,C—=CH,)(PR’;), (PR’; = PPh,, 3;
(PR’3); = Ph,P(CH,);PPh,, 4). The following experiment is

(14) Perrin, D. D.; Armarego, W. L. F. In Purification of Laboratory
Chemicals; Pergamon Press: Oxford, England, 1988.
(15) Collman, J. P.; Kang, J. W. J. Am. Chem. Soc. 1967, 89, 844.

Organometallics, Vol. 11, No. 2, 1992 851

representative. A 5-mm NMR tube was charged with 1 (0.012
g, 0.013 mmol) and 3 (0.010 g, 0.013 mmol) and was capped with
a rubber septum. A needle, connected to a vacuum line, was
inserted through the rubber septum. The NMR tube was degassed
under vacuum and then was saturated with nitrogen. CD;NO,
(0.7 mL) was injected by syringe. The NMR tube was removed
from the vacuum line and was shaken vigorously to effect dis-
solution. The mixture was kept at room temperature, and the
reaction was periodically monitored by *'P{*H} NMR spectroscopy.
Spectroscopic data: see Table 1.

Preparation of [(PPh;),(CO)Ir(u-H)(u-n%n'-CH=CH,)-
Pt(PPh;),J* [OTL] (5). A Schlenk flask was charged with 1 (0.110
g, 0.123 mmol), 3 (0.092 mg, 0.123 mmol), and a magnetic stirring
bar and was capped with a rubber septum. CHzNO, (10 mL) was
added via cannula. The reaction mixture was stirred at room
temperature for 2 h and then was filtered under nitrogen. The
solvent was removed from the filtrate under vacuum. The residue
was recrystallized by layering a CH,Cl, solution with benzene to
give 5 (0.117 g, 0.071 mmol, 58%) as yellow crystals: mp (gradual
darkening) 179~182 °C dec; IR (em™, KBr) »co 1981 s, vory 1272
s, 1223 m, 1148 s, 1031 s; 'H NMR (5, CDCl;) 7.45-7.10 (m, 12
Ce¢Hp), 5.60 (m, u-CH), 2.32 (m, u-CHH’), 1.35 (m, u-CHH, -11.54
(m, Jyp, = 515 Hz, Ir-H-Pt); *C{'H} NMR (ppm, CDCl,) 176.26
(d, Jo-p = 12.0 Hz, CO), 141.80 (dd, Jcp = 85.1, 13.1 Hz, u-CH),
135.58~127.80 (m, 12 CgHjs), 120.96 (q, Jcr = 320.6 Hz, CF;S0,),
37.56 (br s, u-CH,); 'P{!H} NMR (ppm, CDCl,) 21.30 (m, Jp_p;
= 2383 HZ, Pt—P), 13.61 (m, Jp.pt = 4633 HZ, Pt—P’), 9.40 (m, Jp_p',
< 90 Hz, Ir-P), 5.15 (m, Jp_p, = 160 Hz, Ir-P’); *F NMR (ppm,
CDCly) -77.92 (s). Anal. Caled for C;gHg,FsIrO,P,PtS: C, 55.61;
H, 3.93. Found: C, 55.35; H, 3.95.

Preparation of [(PMePh,),(CO)r(u-H)(u-n%n!-CH=
CH,)Pt(PPh;),]'[OT{] (6). A Schlenk flask was charged with
2 (0.293 g, 0.381 mmol), 3 (0.285 mg, 0.381 mmol), and a magnetic
stirring bar and was capped with a rubber septum. CH;NO, (10
mL) was added via cannula. The reaction mixture was stirred
at room temperature for 2 h and then was filtered under nitrogen.
All attempts at isolating the desired product from the crude
reaction mixture (via benzene washing, recrystallization from
CH3NOQ,/Et,0, CH,Cl,/benzene, and CH,Cl;/hexane) led only
to a moderately clean, brown-yellow solid (0.434 g, 0.286 mmol,
75%). Data for 6: IR (cm™, KBr) »co 1980 s, vore 1269 5, 1223
m, 1148 s, 1031 s; 'H NMR (5, CD;NO,) 7.55-7.00 (m, 10 C¢Hj),
6.14 (m, u-CH), 2.75 (m, u-CHH’), 2.12 (d, Ju-p = 8.3 Hz, PMe),
1.83 (m, u-CHH?), 1.72 (d, Jyp = 9.3 Hz, PM¢’), -11.49 (m, Jyyp;
= 512 Hz, Ir-H-Pt); 3'P{!H} NMR (ppm, CD;NOy) 21.33 (m, Jp_p,
= 2400 Hz, Pt-P), 16.26 (m, Jp_p, = 4688 Hz, Pt-P’), -8.54 (m,
Jp-p; = 96 Hz, [r-P), ~23.95 (m, Jp_p, = 147 Hz, Ir-P’); F NMR
(ppm, CD;NO,) -78.81 (s).

Preparation of [(PPh;),(CO)Ir(u-H)(u-n*n'-CH=CH,)-
Pt(Ph,P(CH,);PPh,)J*'[OTf] (7). A Schlenk flask was charged
with 1 (0.183 g, 0.205 mmol), 4 (0.130 g, 0.205 mmol), and a
magnetic stirring bar and was capped with a rubber septum.
CH;NO, (15 mL) was added via cannula. The reaction mixture
was stirred at room temperature for 2 h and then was filtered
under nitrogen. The solvent was removed under vacuum to give
a bright yellow residue. Benzene (ca. 50 mL) was added with
stirring. The volume of the solution was then reduced to ca. 10
mL. During the course of concentration, a yellow solid formed.
The solvent was decanted, and the solid was washed with benzene
(ca. 15 mL each portion) in air until the washings were no longer
colored. The solid was collected and dried under vacuum to give
7 (0.246 g, 0.161 mmol, 79%) as a yellow, microcrystalline solid:
mp 142-146 °C dec; IR (cm™, KBr) vco 1980 s, vore 1273 5, 1223
m, 1149 s, 1031 s; 'H NMR (8, CDCl;) 7.61-6.65 (m, 10 C¢Hj),
5.74 (m, u-CH), 3.17-1.92 (m, P(CH,);P and u-CHH’), 1.39 (m,
u-CHHY, -11.77 (m, Jiyp, = 480 Hz, I-H-Pt); BC{'H} NMR (ppm,
CDCly) 175.77 (dd, Jep = 10.7, 2.8 Hz, CO), 136.90 (dd, Jop =
85.0, 11.2 Hz, u-CH), 136.12-127.81 (m, 10 C¢H;), 120.98 (q, Jcr
= 320.5 Hz, CF,;S0;), 34.37 (d, Jo_p = 3.7 Hz, u-CH,), 26.36~25.69
(m, PCH,CH,CH,), 19.51 (br s, PCH,CH,CH,P); *'P{'H} NMR
(ppm, CDCl,) 8.80 (m, Jp_p, < 100 Hz, Ir-P), 5.03 (m, Jp_p; = 156
Hz, Ir-P"), 0.71 (m, Jp_p, = 4268 Hz, Pt-P), ~0.50 (m, Jp_p, = 2106
Hz, Pt-P’); ¥F NMR (ppm, CDCl;) -77.93 (s). Anal. Calcd for
CerHgoF3IrO P PtS: C, 52.62; H, 3.95. Found: C, 52.87; H, 4.05.

Preparation of [(PMePh,;),(CO)Ir(u-H)(u-n*9!-CH=
CH,)Pt(Ph,P(CH,);PPh,)]*[OTf]" (8). A Schlenk flask was
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charged with 2 (0.075 g, 0.097 mmol), 4 (0.063 mg, 0.099 mmol),
and a magnetic stirring bar and was capped with a rubber septum.
CH;NO, (10 mL) was added via cannula. The reaction mixture
was stirred at room temperature for 2 h and then was filtered
under nitrogen. The product was obtained by vapor diffusion
of diethyl ether into a concentrated CH;NO, solution to give
8:0.1(CH3CH,),0 (0.101 g, 0.071 mmol, 73%) as yellow crystals:
mp 187-190 °C dec; IR (cm™, KBr) »co 1978 8, vors 1272 5, 1223
m, 1149 s, 1031 s; 'H NMR (8, CD;NO,) 7.73-7.18 (m, 8 CgHy),
6.20 (m, u-CH), 3.43 (q, J = 7.0 Hz, (CH3(CH,),0), 3.13-1.50 (m,
PMe, PMe’, u-CH,, and P(CH,);P), 1.12 (t, J = 7.0 Hz,
(CH4CH,);0), -11.71 (m, Jy_p, = 474 Hz, I-H-Pt); ¥*C{'H} NMR
(ppm, CD;NO,) 177.84 (dd, Jcp = 5.4, 2.7 Hz, CO), u-CH carbon
not located, 136.58-129.63 (m, 8 CgHy), 122.43 (q, Jo-5 = 320.9
Hz, CF;S0;), 66.67 (s, (CH;CH,),0), 30.31 (br s, u-CH,), 27.49
(dd, Jo_p = 38.2, 5.3 Hz, PCH,CH,CH,P), 26.62 (dd, Jop = 30.2,
2.6 Hz, PCH,CH,CH,P), 20.71 (br s, PCH,CH,CH,P), 20.40 (br
d, Jcp = 33 Hz, PMe), 15.74 (s, (CH3CH,),0), 13.73 (br d, Jcp
= 37 Hz, PMe’); *'P{!H} NMR (ppm, CD3NO,) 1.84 (m, Jp.p, =
4337 Hz, Pt-P), —0.09 (m, Jp.p, = 2119 Hz, Pt-P’), -9.42 (m, Jp_p;
< 100 Hz, Ir-P), -23.52 (m, Jp_p, = 155 Hz, Ir-P’); °F NMR (ppm,
CD;yNO,) ~78.66 (s). Anal. Caled for CyHgeF3IrO,P PtS-0.1-
(CH;CH,),0: C, 48.80; H, 4.07. Found: C, 48.64; H, 4.01.

Single-Crystal X-ray Diffraction Study of 5. Yellow
crystals of 5 were obtained by slow crystallization from benz-
ene/CH,Cl,. A suitable crystal with dimensions 0.18 X 0.15 X
0.08 mm was mounted on a glass fiber for preliminary data
collection on an Enraf-Nonius CAD-4 diffractometer. Cell con-
stants and an orientation matrix for data collection were obtained
from least-squares refinement, using setting angles of 25 reflections
in the range 20° < 20 < 30°. The triclinic cell parameters and
calculated volume are as follows: a = 13.321 (1) A, b = 15.461
2 A, e=17753 (2) A, a = 90.37 (1)°, 8 = 95.47 (1)°, v = 100.92
(1)°, and V = 3572.70 A%, The space group was determined to
be PI (No. 2). The data were collected at a temperature of 16
(1) °C using a variable scan rate. A total of 12321 reflections were
collected, of which 11738 were unique and not systematically
absent. As a check on crystal and electronic stability, two rep-
resentative reflections were measured every 200 reflections.
Lorentz and polarization corrections, and an empirical absorption
correction based upon a series of ¥ scans, were applied to the data.
The intensities of standard reflections remained constant within
experimental error throughout data collection. An anisotropic
decay correction was applied. The structure was solved by the
Patterson heavy-atom method. The structure was refined in
full-matrix least squares, where the function minimized was
Sw(F,| - |F)? with a weight of 1.0 for all observed reflections.
All non-hydrogen atoms were refined with anisotropic thermal
parameters. Hydrogen atom positions, except the bridging hy-
dride, which was located by difference Fourier methods, were
calculated and were not refined. Scattering factors, and Af’ and
Af” values, were taken from the literature.'®* Anomalous dis-
persion effects were included in F.!" All calculations were
perfgrmed on a VAX 8300 computer with the SDP/VAX pack-
age.

Reaction of 7 with Ph,P(CH,);PPh,. A 5-mm NMR tube
was charged with heterobimetallic complex 7 (0.025 g, 0.016 mmol)
and Ph,P(CH,);PPh, (0.014 g, 0.034 mmol) and was capped with
a rubber septum. A needle, connected to a vacuum line, was
inserted through the rubber septum. The NMR tube was degassed

(16) Cromer, D. T.; Waber, J. T. In International Tables for X-ray
Crystallography; Ibers, J. A., Hamilton, W. C., Eds.; Kynoch Press:
Bil('imingham, England, 1974; Volume IV, pp 72-98, 149-150, Tables 2.2B
and 2.3.1.

(17) Ibers, J. A.; Hamilton, W. C. Acta Crystallogr. 1964, 17, 781.

(18) Frenz, B. A. The Enraf-Nonius CAD 4 SDP-A Real-time System
for Concurrent X-ray Data Collection and Crystal Structure Determi-
nation. In Computing and Crystallography; Schenk, H., Olthof-Hazel-

kamp, R., van Konigsveld, H., Bassi, G. C., Eds.; Delft Umverstty Press:
Delft Holland 1978; pp 64-171.
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under vacuum and then was saturated with nitrogen. CDCl; (0.7
mL) was injected by syringe. The NMR tube was removed from
the vacuum line, was shaken vigorously to effect dissolution, and
then was placed in a 50 °C oil bath. The reaction was periodically
monitored by 3'P{'H} and 'H NMR spectroscopy. Data for 10:
IR (ecm™, thin film) g 1970 8, vors 1271 s, 1223 m, 1152 s, 1031
s; 'H NMR (5, CDCl;) 7.60-6.98 (m, 8 CgH;), 4.74 (m, u-CH),
3.32-1.45 (m, u-CH,; and 2 P(CH,);P), -11.82 (m, J};_p, = 531 Hz,
Ir-H-Pt); 3'P{{H} NMR (ppm, CDCly) -0.97 (m, Jp_p, = 4237 Hz,
Pt-P), -2.93 (m, Jp_p, = 2048, Pt-P’), -11.39 (m, Jp_p;, = 142 Hz,
Ir-P), -25.93 (m, Jp.p; = 81 Hz, Ir-P’).

Reaction of 7 with Acids. A. NMR-Monitored Experi-
ment. A 5-mm NMR tube was charged with heterobimetallic
complex 7 (0.012 g, 0.008 mmol) and was capped with a rubber
septum. A needle, connected to a vacuum line, was inserted
through the rubber septum. The mixture was degassed under
vacuum and then was saturated with nitrogen. CD;NO, (0.7 mL)
was injected by syringe. To this resulting yellow solution was
added HCI (20 uL) by syringe. The NMR tube was removed from
the vacuum line and was shaken vigorously. The reaction mixture
changed from yellow to white in a few seconds with the formation
of a white precipitate. The sample was then analyzed by 'H and
31P{IH} NMR spectroscopy. The *H NMR spectrum indicated
the formation of ethylene (6 5.39 (8)) and cis-Pt(Cl),(Ph,P-
(CHy)4PPh,) (11). A 3'P{'H} NMR spectrum (CD;NO,) showed
that all of the heterobimetallic complex had been consumed, and
11 (-3.62 ppm (s with 9Pt satellites, Jp_p, = 3407 Hz)) was
present. The liquid phase was removed by syringe, leaving a white
solid, which was then dried under vacuum for ca. 5 min. CDCl;
(0.7 mL) was added by syringe under nitrogen to effect dissolution.
The 'H and 3'P{!H} NMR spectra were recorded immediately.
Analysis of 'H and 'P{!H} NMR spectra indicated Ir(H),(Cl)-
(CO)(PPhy); (12) was present accompanied by a trace amount
of trans-Ir(C1)(CO)(PPhy), (13; ca. 5% by 3'P{!H} NMR). Data
for 12: IR (cm™, KBr) vgg 1992 s, vy 2224 m, 2091 s; 'H NMR
(5, CDCl) 7.65-7.57, 7.41-7.32 (m, 6 CgHy), —7.81 (dt, Jygy = 4.7
Hz, Jy_p = 17.5 Hz, Ir-H), -18.49 (dt, Jyy = 4.7 Hz, Jyy.p = 14.0
Hz, Ir-H’); 3P{'H} NMR (ppm, CDCl;) 10.18 (s).

B. Preparative-Scale Experiment. A Schlenk flask was
charged with heterobimetallic complex 7 (0.257 g, 0.168 mmol)
and a magnetic stirring bar. The flask was capped with a rubber
septum and was attached to a vacuum line. CH;NO, (10 mL)
was added by syringe. To this yellow solution was added HCl
(0.31 mL, 37%) by syringe with stirring. The resulting solution
became colorless in a few seconds, during which time a white
precipitate formed. The reaction mixture was stirred at room
temperature for ca. 20 min. The solid was collected by filtration,
washed with CH;NO, (2 X 15 mL), and dried under vacuum for
30 min to give 12 (0.081 g, 0.104 mmol, 62%) as a white solid,
which was immediately characterized by 'H and 3'P{!H} NMR
and IR spectroscopy. The CH3;NO, washings were then con-
centrated under vacuum. CH,Cl; (ca. 40 mL) was added to
dissolve the residue. The resulting light yellow solution was
washed with water (2 X 20 mL) to remove excess acid. The organic
layer was separated, dried over MgSO,, and filtered. Hexane was
added to the filtrate to effect precipitation. The solid was collected
by filtration and recrystallized from CH,Cl,/toluene to give 11
(0.101 g, 0.149 mmol, 89%) as a white solid.

However, a complex mixture of unidentifiable products was
obtained when 7 was treated with CF;SO3H and CF;COOH in
CD;NO,, as assayed by 3P{'H} NMR spectroscopy.
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