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The two key steps of the nickel triad metal-mediated carbalkoxylation of vinyl electrophiles were
investigated using platinum complexes: (a) carbonyl insertion of ¢-vinyl Pt(II) halides and (b) alcoholysis
of vinylic acyl Pt(II) complexes. NMR spectral studies suggest that the carbonyl insertion into the alkenyl
C—Pt bond proceeds via the formation of a ¢-vinyl Pt(I) carbonyl species, followed by phosphine dissociation
and migratory insertion. While the resulting vinylic acyl Pt(II) halides are unreactive toward alcohols,
the corresponding cationic triflate complexes readily undergo alcoholysis in the absence of base. Kinetic
and NMR spectral studies establish that the alcoholysis of vinylic acyl Pt(II) triflate complexes occurs
via a preequilibration to form a reactive, trigonal-planar intermediate, followed by the rate-determining
trans-cis isomerization and nucleophilic attack of alcohols prior to the facile reductive elimination to the
a,S-unsaturated carboxylic esters. Both the covalent and cationic vinylic acyl Pt(II) complexes were isolated
and fully characterized. A single-crystal molecular structure determination is reported for trans-
(CH;3),C=CCOPt(PPhy),I (9b). Complex 9b c;‘ystallizes in the monoclinic space group P2,/n with a =
11.924 (5) A, b = 20.354 (10) A, ¢ = 15.606 (7) A, 8 = 105.93 (3)°, and Z = 4. The structure was solved
and refined to R = 0.036 and R,, = 0.045 by using 3245 observed independent reflections. Comparison
with the vinyl precursor clearly indicates the stronger trans influence for the acyl moiety than for the vinyl

ligand.

Introduction

The carbonyl group has long been known as one of the
most versatile functionalities available to synthetic chem-
ists, because of its ability to undergo reactions leading to
C-C bond formation.! Carbonylation with transition-
metal complexes have become an efficient method for the
direct introduction of the carbonyl moiety into organic
molecules.”® There have been a number of reports on the
transition-metal-mediated carbonylation of electrophilic
substrates. These include the syntheses of aldehydes,!
ketones,’8 carboxylic acids™? and derivatives®™8d11-20 yig
single carbonylation, and keto esters®?? and keto am-
ides?2¢ via double carbonylation.

Particular attention has been given to the carbalk-
oxylation of vinyl electrophiles to yield a,8-unsaturated
carboxylic esters. The reaction requires a stoichiometric
quantity of base and mostly employs group 10 metal (Ni,
Pd, Pt) complexes as catalysts.2 Much of the research in
catalytic carbalkoxylation uses halides as sub-
strates,08d12-14815,16e17-20 However, triflates have recently
emerged and proven to be excellent precursors for this
important transformation,25-28

Most of the existing mechanistic insight into the carb-
alkoxylation process is the result of investigations with aryl
halides.212230 In principle, there are two main pathways;
each involving the oxidative addition of electrophilic
substrates to zerovalent nickel triad metals as the first step.

t Abstracted in part from: Zhong, Z. Ph.D. Desertation, University
of Utah, 1991. Dedicated to Professor George A. Olah on the occa-
sion of his 65th birthday.

The second step involves CO insertion into the M—C bond
to form an acylmetal species, which upon base-assisted

(1) (a) Carey, F. A,; Sundberg, R. J. Advanced Organic Chemistry, 2nd
ed.; Plenum Press: New York, 1983; Part A, pp 403453, Part B, pp 1-86.
(b) Lowry, T. H.; Richardson, K. 8. Mechanism and Theory in Organic
Chemistry, 2nd ed.; Harper & Row, Publisher: New York, 1981.

(2) (a) Heck, R. F. Palladium Reagents in Organic Synthesis; Aca-
demic Press: New York, 1985. (b) Bahrmann, H.; Cornils, B.; Frohning,
C. D.; Mullen, A. In New Syntheses with Carbon Monoxide; Fable, J.,
Ed.; Spring-Verlag: New York, 1980.

(3) Scott, W. J.; McMurray, J. E. Acc. Chem. Res. 1988, 21, 47.

(4) (a) Mutin, R.; Lucas, C.; Thivolle-Cazat, J.; Dufaud, V.; Dany, F.;
Basset, J. M. J. Chem. Soc., Chem. Commun. 1988, 896. (b) Baillargeon,
V. P,; Stille, . K. J. Am. Chem. Soc. 1986, 108, 452. (c) Baillargeon, V.
P.; Stille, J. K. J. Am. Chem. Soc. 1988, 105, 7175.

(5) (a) Gyorkos, A. C,; Stille, J. K.; Hegedus, L. S. J. Am. Chem. Soc.
1990, 112, 8465. (b) Yamashita, H.; Kobayashi, T.; Sakakura, T.; Tanaka,
M. J. Organomet. Chem. 1988, 356, 125. (c) Stille, J. K. Angew. Chem.,
Int. Ed. Engl. 1986, 25, 508 and references therein. (d) Goure, W. F.;
Wright, M. E;; Davis, P. D.; Labadie, S. S,; Stille, J. K. J. Am. Chem. Soc.
1984, 106, 6417. (e) Crisp, G. T.; Scott, W. J.; Stille, J. K. J. Am. Chem.
Soc. 1984, 106, 7500.

(6) (a) Tour, J. M.; Negishi, E. J. Am. Chem. Soc. 1985, 107, 8289. (b)
Negishi, E.; Miller, J. A. J. Am. Chem. Soc. 1983, 105, 6761.

(7) (a) Arzoumanian, H.; Buono, G.; Choukrad, M.; Petrignani, J.-F.
Organometallics 1988, 7, 59. (b) Tustin, G. C.; Hembre, R. T. J. Ors.
Chem. 1984, 49, 1761.

(8) (a) Amer, 1; Alper, H. J. Org. Chem. 1988, 53, 5147. (b) Galamb,
V.; Gopal, M.; Alper, H. Organometallics 1983, 2, 801. (c) Alper, H.; des
Abbayes, H. J. Organomet. Chem. 1977, 134, C11. (d) Alper, H.; Hashem,
K.; Heveling, J. Organometallics 1982, 1, 775.

(9) Cassar, L.; Foa, M. J. Organomet. Chem. 1977, 134, C15.

(10) (a) Okano, T.; Uchida, I.; Nakagaki, T.; Konishi, H.; Kiji, J. .
Mol. Catal. 1989, 54, 65. (b) Kiji, J.; Okano, T.; Nishiumi, W.; Konishi,
H. Chem. Lett. 1988, 957.

(11) Kubota, M.; Boegeman, S. C.; Keil, R. N.; Webb, C. G. Organo-
metallics 1989, 8, 1616.

(12) Cowell, A.; Stille, J. K. J. Am. Chem. Soc. 1980, 102, 4193.
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alcoholysis affords the carboxylic ester. Alternatively, an
alkoxycarbonyl intermediate is generated, either by CO
insertion into the M—O bond of a transition-metal alkoxide
or by the nucleophilic addition of the alkoxide anion to
the CO ligand of a transition-metal carbonyl. The car-
boxylic ester is then obtained by reductive elimination.

Considerable effort has been devoted to the under-
standing of the first pathway.?'#?% Many studies have
shown that the function of the base is to deprotonate the
alcohol to give the alkoxide anion which is a stronger nu-
cleophile than the alcohol itself.?!#?® However, the
available data do not enable one to discern whether the
nucleophilic attack occurs at the carbonyl carbon or at the
metal center. Although the acyl carbonyl group has gen-
erally been assumed to be the site of nucleophilic addition,
evidence for such a reaction route has rarely been found.
In contrast, direct attack at metal centers by nucleophiles
is ubiquitous,??? which would lead to the formation of
o-acyl o-alkoxy M(II) species. It has been reported that
c-acetyl g-aryloxy M(II) (M = Ni, Pd) complexes, prepared
by the carbonyl insertion into the M—C of the alkyl M(II)
aryloxides, readily undergo reductive elimination of aryl
acetate.®® Unfortunately, there are no unambiguous data

(13) (a) Alper, H.; Sibtain, F. J. Org. Chem. 1988, 53, 3306. (b) Woell,
J. B.; Fergusson, S. B.; Alper, H. J. Org. Chem. 1985, 50, 2134. (c)
Hashem, K. E.; Woell, J. B.; Alper, H. Tetrahedron Lett. 1984, 25, 4879,
(d) Kudo, K.; Shibata, T'; Kashimura, T.; Mori, S.; Sujita, N. Chem. Lett.
1987, 577. (e) Foa, M.; Francalanci, F.; Bencini, E.; Gradano, A. J.
Organomet. Chem. 1985, 285, 293. (f) Brunet, J. J.; Sidot, C.; Caubere,
P. J. Org. Chem. 1983, 48, 1166.

(14) (a) Mori, M,; Chiba, K.; Inotsume, N.; Ban, Y. Heterocycles 1979,
12,921. (b) Mori, M.; Chiba, K.; Ban, Y. J. Org. Chem. 1978, 43, 1684.
(¢) Mori, M,; Chiba, K.; Ban, Y. Heterocycles 1977, 6, 1841.

(15) Hidai, M.; Hikita, T.; Wada, Y.; Fujikura, Y.; Uchida, Y. Bull.
Chem. Soc. Jpn. 1975, 48, 2075.

(16) (a) Schoenberg, A.; Bartoletti, L.; Heck, R. F. J. Org. Chem. 1974,
39, 3318. (b) Schoenberg, A.; Heck, R. F. J. Org. Chem. 1974, 39, 3327.

(17) Takeuchi, R.; Tsuji, Y.; Fujita, M.; Kondo, T.; Watanabe, Y. J.
Org. Chem. 1989, 54, 1831.

(18) Kiji, J.; Okano, T.; Konishi, H.; Nishiumi, W. Chem. Lett. 1989,
1873.

(19) (a) Semmelhack, M. F.; Brickner, S. J. J. Am. Chem. Soc. 1981,
103, 3945. (b) Semmelhack, M. F.; Brickner, S. J. J. Org. Chem. 1981,
46, 1723.

(20) (a) Corey, E. J.; Kirst, H. A.; Katzenellenbogen, J. A. J. Am.
Chem. Soc. 1970, 92, 6314. (b) Corey, E. J.; Hegedus, L. S. J. Am. Chem.
Soc. 1969, 91, 1233.

(21) (a) Ozawa, F.; Kawasaki, N.; Okamoto, H.; Yamamoto, T.; Yam-
amoto, A. Organometallics 1987, 6, 1640. (b) Ozawa, F.; Kawasaki, N.;
Yamamoto, T.; Yamamoto, A. Chem. Lett. 1985, 567.

(22) Tanaka, M.; Kobayashi, T.; Sakakura, T.; Itatani, H.; Danno, K.;
Zushi, K. J. Mol. Catal. 1985, 32, 115.

(23) (a) Ozawa, F.; Soyama, H.; Yanagihara, H.; Aoyama, L; Takino,
H,; [zawa, K,; Yamamoto, T.; Yamamoto, A. J. Am. Chem. Soc. 1985, 107,
3235. (b) Ozawa, F.; Soyama, H.; Yamamoto, T.; Yamamoto, A. Tetra-
hedron Lett. 1982, 23, 3383.

(24) Kobayashi, T.; Tanaka, M. J. Organomet. Chem. 1982, 233, C64.

(25) (a) Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G. Tetrahedron
Lett. 1986, 27, 3931. (b) Cacchi, S.; Morera, E.; Ortar, G. Tetrahedron
Lett. 1985, 26, 1109.

(26) Cook, G. K.; Hornback, W. J.; Jordan, C. L.; McDonald, J. H., III;
Munroe, J. E. J. Org. Chem. 1989, 54, 5828.

(27) Rizzo, C. J.; Smith, A. B., IIL. Tetrahedron Lett. 1988, 29, 2793.

(28) Dolle, R. E.; Schmidt, S. J.; Kruse, L. I. J. Chem. Soc., Chem.
Commun. 1987, 904.

(29) Moser, W. R.; Wang, A. W.; Kildahl, N. K. J. Am. Chem. Soc.
1988, 110, 2816.

(30) (a) Milstein, D. Acc. Chem. Res. 1988, 21, 428 and references
therein. (b) Milstein, D. J. Chem. Soc., Chem. Commun. 1986, 817. (c)
Ben-David, Y.; Portnoy, M.; Milstein, D. J. Am. Chem. Soc. 1989, 111,
8742.

(31) Comprehensive Organometallic Chemistry; Wilkinson, G., Stone,
F. G. A, Abel, E. W,, Eds.; Pergamon Press: New York, 1982; Vol. 6.

(32) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin-
ciples and Applications of Organotransition Metal Chemistry; Univer-
sity Science Books: Mill Valley, CA, 1987.
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Scheme I. Mechanism of Carbonyl Insertion for Alkyl and
Aryl Substrates®

(R)M(PR'3),(X) + CO (RM(CO)(PR'3),(X)

1 2
R
(RYM(CO)(PR'3)(X)
3
“ + PR'3
(RCO)M(PR'3)(X) (RCO)M(PR'3)(X)
4 s
M=Pd,Pt;
R, R' = alkyl, aryl;
X = halides.

for the analogous acyl alkoxy complexes. While most
studies with aryl halide substrates have focused on the
facility of the acyl species, there is no pertinent information
regarding the intermediacy of the alkoxycarbonyl com-
plexes. Milstein reported the preparation of the meth-
oxycarbonyl benzyl Pd(IT) complex by the transmetalation
of benzyl Pd(II) chloride with methoxycarbonyl Hg(II)
chloride.’®=® However, the product showed no tendency
to undergo reductive coupling.

In spite of the above studies, the details of the carb-
alkoxylation mechanism remain unclear, with virtually no
information at all on the reaction with vinyl halides and
triflates. Most of the proposed intermediates have not
been well characterized. Hence, our aim in elucidating this
reaction mechanism is to isolate and characterize the
platinum isostructural analogues of the key intermediates
in vinylic systems, and to examine their formation and
subsequent alcoholysis or reductive coupling reactions.
Therefore, all reactions were performed stoichiometrically
with platinum. In this paper, we will focus on the prep-
aration and thermal alcoholysis of the vinylic acyl Pt(II)
complexes. In the accompanying paper, we report on the
synthesis and coupling reactions of o-alkoxycarbonyl ¢-
vinyl Pt(II) complexes.

Results and Discussion

Preparation and Characterization of Covalent Vi-
nylic Acyl Pt(II) Complexes. One of the key steps of
the carbalkoxylation process is the carbonyl insertion into
the M—C bond.>® The carbonylation mechanism of group
10 metal complexes has been the subject of several ex-
perimental®% and theoretical® publications. Studies with
various aryl and alkyl M(IT) (M = Nj, Pd, Pt) halides have
suggested that the reaction proceeds via CO coordination
to generate a covalent pentacoordinate carbonyl species
such as 2 (Scheme I).35 Although such a carbonyl inter-
mediate has been isolated from the reaction of aryl Pt(II)
halide complexes, its precise geometry is not clear.35 It
has also been shown that complex 2 (M = Pt, R = phenyl),
formed in nonpolar solvents, dissociates in polar media to
give the cationic, square-planar carbonyl complex 6 (eq
1).3> Notably absent, however, are studies on the carbonyl
insertion into an alkenyl C-M bond. Our recent systematic

(33) Komiya, S.; Akai, Y.; Tanaka, K.; Yamamoto, T.; Yamamoto, A.
Organometallics 1985, 4, 1130.

(34) Anderson, G. K.; Lumetta, G. Organometallics 1985, 4, 1542.

(35) (a) Sugita, N.; Minkiewicz, J. V.; Heck, R. F. Inorg. Chem. 1978,
17, 2809. (b) Garrou, P. E.; Heck, R. F. J. Am. Chem. Soc. 1976, 98, 4115.

(36) (a) Anderson, G. K.; Cross, R. J. Acc. Chem. Res. 1984, 17, 67. (b)
Anderson, G. K.; Cross, R. J. J. Chem. Soc., Dalton Trans. 1980, 1434,
(c) Anderson, G. K,; Clark, H. C.; Davis, J. A. Inorg. Chem. 1981, 20, 3607.
(d) Anderson, G. K,; Cross, R. J. J. Chem. Soc., Dalton Trans. 1979, 1246.

(37) Koga, N.; Morokuma, K. J. Am. Chem. Soc. 1986, 108, 6136.



Vinylic Acy! Platinum(II) Complexes

X
oC PR’
, polar solvents N4/ N3
[(Ph)Pt(PR'3)2(CO)X)] —/—/—//———= 13} 1)
non-polar solvents R'sP /7 N\ Ph
6
R' = alky], aryl;
X = halides.

synthesis of the ¢-alkylvinyl Pt(II) halides® provides the
opportunity to accomplish this goal.

Thus, complex 7a was allowed to react with CO under
atmospheric pressure in CH,Cl, to give the vinylic acyl
iodide complex 9a in 77% yield (eq 2). Although both 'H
and P NMR spectra revealed that the reaction of 7b with
CO quantitatively produced the corresponding acyl com-
plex 9b, the product slowly decarbonylated, upon isolation
from the solution, reverting to the starting 9b. Similarly,
the interaction of the ¢-vinyl Pt(II) bromides 8 with CO
under 4 atm of pressure resulted in the acyl Pt(II) brom-
ides 10 in 60—-65% isolated yield (eq 2).

"\Pt/""hs 0O (14 atm) X\Pt/""hs .

i\ TToRG o
Ph,p” I R CH,Cly Phyp”

R2 RZ Rl R?

R2

7a: R'=CH;,R?=H,X =1,
7b: R'=H,R*=CH,;, X =1 9a: R' =CH,, R*=H,X =1
8a:R!'=CH;,R*=H, X =Br, 9b: R' =H,R*=CH,, X =1;
8b: R! =H,R%*=CH,;, X = Br. 10a: R!=CH;,R?=H, X =Br;

10b: R! =H, R* = CH;, X = Br.

The analogous acyl chloride complexes 11 were obtained
by oxidative addition of the corresponding acyl chlorides
12 to tetrakis(triphenylphosphine)platinum(0) (13), a
well-established procedure (eq 3).34

R? ag PPhs
Pi(PPhy), + coq —uene . o ®)
R Phyp/
R! R! R?
13 12 R?

11a: R' =CH;,R®=H;
11b: R' =H, R? = CH,.

These covalent acyl Pt(II) complexes except for 9b were
isolated as stable yellow microcrystals. They have been
characterized by IR, multinuclear NMR, and mass (FAB)
spectroscopy and elemental analysis. The IR spectra ex-
hibit strong absorptions at 1605-1640 cm™ due to the C=0
stretching of the conjugated vinylic acyl moieties. The
presence of the acyl carbonyl group is further corroborated
by the triplet 3C resonances at about 210 ppm. The
downfield shifts of the vinylic proton resonances also in-
dicate the introduction of the electron-withdrawing car-
bonyl group.

The acyl structure was also confirmed by X-ray dif-
fraction analysis of 9b. A suitable single crystal of 9b was
obtained by pentane diffusion into the reaction solution
of 7b with CO in CDCl;. The solid-state structure is il-
lustrated in Figure 1. Crystallographic data, selected bond
distances, and selected bond angles are presented in Tables
I-II1, respectively. Although there are no previously known
molecular structures for any acyl complexes comparable

(38) Stang, P. J.; Zhong, Z.; Kowalski, M. H. Organometallics 1990,
833

(39) Brumbaugh, J. S.; Sen, A. J. Am. Chem. Soc. 1988, 110, 803.
(40) Cook, C. D.; Jauhal, G. S. Can. J. Chem. 1967, 45, 301.
(41) Baird, M. C.; Wilkinson, G. J. Chem. Soc. A 1967, 865.

(1
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Figure 1. Solid-state structure and atom numbering of vinylic
acyl Pt(II) iodide 9b.

Table I. Summary of Crystallographic Data for Vinylic
Acyl Pt(II) Complex 9b

mol formula C4H;;,0P,PtI
mol wt 926.69
space group P2i/n
space group no. 14
cryst syst monoclinic
cell dimens
a, 11.924 (5)
b, A ) 20.354 (10)
¢, A 15.606 (7)
B8, deg 105.93 (3)
v, A? 3641.9
Z 4
deaicas g/ cm® 1.695
cryst dimens, mm 0.25 X 0.23 X 0.18
abs coeff, cm™! 48.47
radiation; A, A Mo; 0.71073
no. of reflns measd 5563
no. of unique reflns 5201
26 range, deg 3.00-46.00
scan technique 6/20
scan speed, deg/min 3.0-8.0
scan range Kn-10to K, + 1.0
total bkgd time/scan time 0.5
no. of reflns between std. 98
no. of obsns, I > 3.0¢()) 3245
no. of variables 432
R(F) 0.036
R (F) 0.045
highest peak in final Fourier map, 1.200 e/A? about 0.930 A from

Pt atom

Table II. Selected Bond Distances () for Vinylic Acyl
Pt(II) Complex 9b*°

Pt-1 2.7236 (8) 01-C1 1.18 (4)
Pt-P1 2.311 (2) P1-Cé 1.82 (4)
Pt-P2 2.299 (2) P1-C12 1.82 (2)
Pt-C1 2.08 (2) P1-C18 1.82 (3)
C1-C2 1.27 (4) P2-C24 1.84 (2)
C2-C3 1.28 (3) P2-C30 1.81 (3)
C3-C4 1.51 (4) P2-C36 1.81 (3)
C3-C5 141 (4)

¢ Numbers in parentheses are estimated standard deviations in
the least significant digits.

to 9b, the complex exhibits structural features similar to
other Pt(II) compounds bearing an RCO moiety“24 as well
as Pt(II) complexes containing Pt~C (sp?) bonds.384¢47

(42) (a) Huang, T.-M.; Chen, J.-T.; Lee, G.-H.; Wang, Y. Organo-
metallics 1991, 10, 175. (b) Chen, J.-T.; Huang, T.-M.; Cheng, M.-C.;
Wang, Y. Organometallics 1990, 9, 539.

(43) Wong, W.; Singer, S. J.; Pitts, W. D.; Watking, S. F.; Baddley, W.
H. J. Chem. Soc., Chem. Comm. 1972, 672.
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Table I11. Selected Bond Angles (deg) for Vinylic Acyl
Pt(II) Complex 9b°

I-Pt-P1 91.91 (7) Pt-C1-C2 130. (2)
I-Pt-P2 91.51 (7) 01-C1-C2 118. (2)
I-Pt-C1 167.5 (8) C1-C2-C3 139. (2)
P1-Pt-P2 171.24 (9) C2-C3-C4 123. (2)
P1-Pt-C1 90.0 (6) C2-C3-Cb 113. (2)
P2-Pt-C1 88.4 (6) C4-C3-C5 123. (3)
Pt-C1-01 113. (2)

¢Numbers in parentheses are estimated standard deviations in
the least significant digits.

As we have recently reported the X-ray structure of the
precursor 7b,3® comparison of complex 9b with 7b in the
solid state is possible. Both complexes have very similar
geometries, and the bond angles around the Pt-bonded
carbons are significantly distorted from the ideal trigonal
carbons (133.3 (7)° for 7h and 130 (2)° for 9b). However,
the differing trans influence of the vinyl versus vinylic acyl
ligands is at least semiquantitatively observed. The Pt-I
bond distance is elongated upon CO insertion (from 2.7088
(4) t0 2.7236 (8) A), suggesting the stronger trans influence
of the acyl group. The Pt-C1 (sp? bond length in complex
9b is slightly longer than in 7b.

NMR Studies on the Carbonyl Insertion Reaction
of Vinyl Pt(II) Halides. The reactions of the ¢-vinyl
Pt(II) halides with CO were examined by *H and 3'P NMR
spectroscopy. The 'H NMR spectra of the reaction mix-
ture revealed that complex 7a was cleanly converted to the
vinylic acyl complex 9a, after passing CO through the
CDCl; solution for 30 min. However, the conversions of
the vinyl Pt(II) bromide (8a) and chloride (14) derivatives
were not complete (eq 4). Only 55% of 8a and 19% of

AN /PP 00 (1 am X\ /PPhs
Pt —_— Pt 0 4)
Pth/ Y CDCly phsp/ I
Yield (% mole)
7a: X=1 100
8a: X=Br; 55
14: X =Cl. 19

14, respectively, reacted to give the acyl products, even
after prolonged CO delivery. The reaction apparently
depends on the nature of the platinum-halide bonds. No
intermediate was observed by NMR spectroscopy in these
carbonylations even at lower temperature (from -78 to 0
°C).

In an attempt to observe the vinyl analogues of 2 (R =
vinyl, R’ = phenyl), the interaction of the g-vinyl Pt(II)
carbonyl triflate 15% with tetramethylammonium iodide
was examined (eq 5). The reaction course was followed

oTf
CX:\];/PPh;‘ (CHy),N* T I\P /PPh3 I\ /PPh3
t —_—— t + Pt
CD,Cl 0 (5)
Phyp” Y o ppp/ Y Phsp/ I
15 Ta 9a

by 3'P NMR spectroscopy in CD,Cl, at ambient temper-
ature. A 3P NMR spectral array and a plot of molarity

(44) (a) Stang, P. J.; Kowalski, M. H. J. Am. Chem. Soc. 1989, 111,
3356. (b) Stang, P. J.; Kowalski, M. H.; Schiavelli, M. D.; Longford, D.
J. Am. Chem. Soc. 1989, 111, 3347. (c) Kowalski, M. H.; Arif, A. M;
Stang, P. J. Organometallics 1988, 7, 1227.

(45) (a) Cardin, C. J.; Cardin, D. J.; Parge, H. E.; Sullivan, A. C. J.
Chem. Soc., Dalton Trans. 1986, 2315, (b) Cardin, C. J.; Muir, K, W. J.
Chem. Soc., Dalton Trans. 1977, 1593. (c) Cardin, C. J.; Cardin, D. J.;
Lappert, M. F.; Muir, K. W. J. Organomet. Chem. 1978, 60, C70.

% (g%;aja:am, J.; Pearson, R. G.; Ibers, J. A. J. Am. Chem. Soc. 1974,

(47) Wouters, J. M. A.; Avis, M. W; Elsevier, C. J.; Kyriakidis, C. E;
Stam, C. H. Organometallics 1990, 9, 2203.
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Figure 2. Arrayed 3'P NMR spectra of the reaction of 15 with
tetramethylammonium iodide. Signals at 15.8, 17.5, and 21.5 ppm
are the resonances of 15, 9a, and 7a, respectively, along with their
corresponding Pt satellites.
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Figure 3. Plot of the molarity of 7a, 9a, and 15 versus time.

versus time are shown in Figures 2 and 3, respectively. The
data clearly indicate the immediate CO loss upon the ad-
dition of the iodide source with the concurrent formation
of two products 7a and 9a. While the concentration of 15
(at 15.8 ppm) gradually decreases with the concomitant
increase in 9a (at 17.5 ppm), the concentration of 7a (at
21.5 ppm) remains unchanged throughout the reaction
course. Clearly, both 7a and 9a are thermodynamically
more stable than the cationic platinum carbonyl 15 in the
presence of halide anions. Since no other additional species
was observed according to *'P NMR spectroscopy even at
lower temperature (from —78 °C to ambient temperature),
the presumed pentacoordinate carbonyl species may exist
only as a short-lived intermediate in solvents such as
CH,Cl,.

Upon the formation of the platinum carbonyl interme-
diate, the subsequent migratory insertion could occur
directly within the coordination sphere of 2 or proceed via
phosphine dissociation (Scheme I, R = vinyl, R’ = phenyl).
When 7a was allowed to react with CO at low temperature
in the presence of excess elemental sulfur, a large amount
of Ph,P—=S was formed, together with other unidentified
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Figure 4. Plot of the yield of 9a (percent) versus [PPh;]/[7a],.
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components, suggesting the dissociative route. To further
test this dissociative hypothesis, the effect of added PhyP
on carbonyl insertion was examined. The reaction of 7a
with CO was essentially inhibited by the addition of excess
PhaP A plot of the acyl product yield versus [Ph;P]/[7a],
is shown in Figure 4, where [Ph;P]/[7a], is the ratio of the
phosphine concentration and the initial concentration of
7a. The data show that the formation of acyl complex 9a
is inversely proportional to the amount of excess PhyP.
The phosphine inhibition experiments provide further
support for the dissociative route for the carbonyl insertion
into an alkenyl C-M bond. However, the possibility of
direct migratory insertion in 2 cannot be completely ruled
out.

Preparation and Alcoholysis of Cationic Vinylic
Acyl Pt(II) Complexes. These covalent vinylic acyl
Pt(II) halide complexes are very reluctant to undergo
thermal alcoholysis. For example, when 9a was subjected
to ethapolysis in CH,Cl,/THF in the presence of excess
sodium ethoxide, high temperature (>80 °C) and long
reaction time (>5 h) were necessary to observe any product

(eq 6). A similar observation was made using triethyl-
I\P PP gon/cH,Cl COOC,Hs ©
t -
Ph3p / 0 EtO" Na*
80°C
16

amine as the base. Hence, this reaction (eq 6) is not
amenable for detailed mechanistic investigation. There-
fore, in order to enhance the reactivity of these vinylic acyl
Pt(II) halides and prepare the g-acyl s-alkoxy Pt(II) com-
plexes, attention was directed toward the synthesis of the
acyl Pt(I) triflates. _

Initially, 11a was treated with silver triflate in CH,Cl,
or toluene; however, immediate decomposition took place,
leading to numerous unidentified products. Fortunately,
when either 9a or 11a was allowed to react with silver
triflate in CD3CN, a clean reaction occurred, both giving
the same product 17a according to 'H and P NMR
spectroscopy. Thus, addition of equimolar amounts of
silver triflate to a suspension of 11 in CH;CN resulted in
17 as colorless feathery microcrystals in 89-94% isolated
yield (eq 7).

Complexes 17 are extremely labile in solution due to the
strong trans effect of the acyl ligand. This problem can
be sufficiently circumvented in the presence of excess
CH,CN, and hence only CD;CN was suitable for NMR
spectral characterization. The nature of such a high re-
activity is demonstrated by the reaction of 17a with eth-
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anol. Dissolving 17a in a solution of ethanol (2.5 equiv)
in CD,Cl, at room temperature led to the immediate
formation of ethyl methacrylate 16, according to the 'H
NMR spectrum and comparison with authentic material

(eq 8). Unlike the alcoholysis of the covalent precursor
ot ‘cm
CH3CN\ /PPh3 CD cl, PPh3 EOH_ COOC,H; ®
P~ ): Phyp” I
trans-18 16

9a, bases are not required to facilitate this reaction. This
exceptional reactivity could be attributed to the ready
dissociation of the CH;CN ligand and the formation of the
coordinatively unsaturated species trans-18 in the polar
solvent CD,Cl,. Addition of 17a to a suspension of sodium
ethoxide (5 equiv) in ethanol led to the formation of 16,
together with Ph,P, CH;CN, and metallic platinum black
(eq 9). The organic products were identified by TLC, GC,
and GC-MS analysis and comparisons with authentic
material.

‘o
CHyCNy /PPh3
Php” I
16

Fortunately, methanolysis in CDyCN/CD,0D allowed
for more detailed investigations under controlled condi-
tions (eq 10). It should be noted that upon dissolving 17a
in excess CD4CN solvent, essentially complete ligand ex-

COOC,Hs

EtO Na*
+ PhsP + CHsCN + Pt 9)

CH,CN\ /PPh3 DN co;cn\ /PPh3 _cp0p_ 000D
(10)
Phyp” I Phyp” I )\

change takes place and the actual reactant is 19. The
vinylic proton resonances for complex 17a (6.5 ppm) and
ester 20 (6.0 ppm) are well separated for quantitative
studies.

When a 0.03 M solution of 17a in CD,CN was allowed
to react at 70 °C with CD;0D, the clean formation of 20
was observed with no spectral evidence for any other in-
termediates. However, substantial product loss (50%)
resulted presumably due to acrylate polymerization. In-
deed, authentic methyl methacrylate readily undergoes
polymerization under similar conditions. However,
treatment of the data by plotting In [17a] versus time gives
the pseudo-first-order rates &,” in 1.37, 1.09, and 0.821 M
CD,0D (Table IV, runs 1-3). The plot of the reaction rate
versus the methanol concentration then provided the
second-order rate constant

-d[Pt] /dt = k,[Pt][CD,0D]

where k; = 4.0 X 102 M ! min! and [Pt] and [CD;0D]
are the concentrations of 17a and deuterated methanol,
respectively.

A likely mechanism for this reaction is outlined in
Scheme II. As mentioned previously, the highly reactive
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Table IV. Rate Constants and Activation Parameters for
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Table V. 'H and *'P NMR Data of 17a and trans-18 in

the Thermal Alcoholysis of 17a CD.Cl,
AHY, compd 'H NMR® 31p NMR?
rung [CD;OD],M temp, °C k&, min? kecal/mol AS* eu 17a 0.89 (s, CHy) 20.6 (s, 'Jpp = 3334 Hz)
1 0.82 69.9 0.017 1.36 (br s, CH,CN)
2 1.09 69.9 0.028 5.69 (t, 5Jpy = 1.3 Hz,
3 1.37 69.9 0.039 20 =7 (E)-CH=)
4 1.37 65.3 0.021 6.49 (br s, (Z2)-CH=)
5 1.37 60.1 0.021 trans-18 1.51 (br s, CH,) 29.0 (s, 'Jpp = 2904 H2)
6 1.37 50.2 0.0059 5.63 (t, %Jpy = 1.6 Hz,

s Temperature controlled to £0.5 °C.

Scheme I1. Likely Mechanism of Thermal Alcoholysis of
Cationic Vinyl Acyl Pt(II) Complexes

CDiCNy | /PPhy .CD,cN O /PPhy

}‘;[ OTf =———==x 13'1
Phyp” Io +CDCN  ppp/ IO
19

trans-18
+CD;0D ”
CD,B\ PPhg PhaP | O
Pt OTt '« O
o]
phap/ Ph3P/
trans-21 cis-18
. +CD;0D
+
cpgo\Pt /PPy Ph,P\Pt /BCD; o
0 o]
Phyp” I Phyp” I
trans-22 cis-21
COOCD, PhsP\  ,OCD;
)\ o
Ph,p”
20
cis-22

nature of the cationic acyl complexes is due to the ready
dissociation of the acetonitrile ligand. By using CD;CN
as solvent, however, the unsaturated tricoordinate species
trans-18 may exist only in an undetectable small amount
via preequilibration. In support of this hypothesis is the
S1p NMR spectrum of 17a in CD,Cl, (Figure 5). Besides
the expected resonance of 17a at 20.6 ppm (1Jp,p = 3334
Hz), an additional singlet at 29.0 ppm (*Jp;p = 2904 Hz)
was observed, which could be assigned to the dissociation
product trans-18 (Table V). The existence of trans-18
is further corroborated by 'H NMR spectroscopy (Figure
5). Specifically, the 'H resonances at 5.63 and 6.16 ppm
are due to the vinylic protons of trans-18 (Table V). The
signal at 1,93 ppm is that of free CH;CN liberated from
17a. Addition of ethanol to this solution of 17a imme-
diately causes the clean production of ethyl methacrylate
16.

Theoretical calculations indicate that reductive elimi-
nation from d® complexes must proceed via a cis or a
trigonal-planar orientation.®® The reductive elimination
reaction of trans-22 (from trans-21) is symmetry-prohib-
ited and is expected to be a slow process. This is not
compatible with the observation that the reaction of 17a
with ethanol in CD,Cl, is facile. Therefore, the reaction

(48) Tatsumi, K.; Hoffmann, R.; Yamamoto, A.; Stille, J. K. Bull.
Chem. Soc. Jpn. 1981, 54, 1857.

(E)-CH=)
6.16 (br s, (2)-CH=)
CH,CN 193

% At 300 MHz in CD,Cl, referenced to CHDCI, at 5.32 ppm. ®At
121 MHz in CD,Cl, referenced to external H;PO, (85%) at 0.0

ppm.

Table VI. Positional Parameters and Their Estimated

Standard Deviations
atom x y 2z B A?
Pt 0.02646 (3) 0.09218 (2) 0.22049 (2) 3.928 (7)
1 -0.01959 () 0.21235 (4) 0.28875 (5) 6.04 (2)
P1 —0.1633 (2) 0.0576 (1) 0.2113 (2) 4.35 ()
P2 0.2228 (2) 0.1148 (1) 0.2646 (2) 4,08 (6)
01 0.044 (2) 0.023 (1) 0.082 (1) 9.3 (6)
C1 0.057 (1) 0.0111 () 0.1581 (8) 3.6 (3)
Cc2 0.084 (1) -0.0472 (6) 0.184 (1) 8.5 (3)
C3 0.103 (1) -0.1026 (8) 0.152 (1) 5.6 (4)
C4 0.065 (4) -0.117 (2) 0.054 (3) 3.9(9)
Cs 0.134 (3) -0.152 (1) 0.218 (2) 9 (1)
Cé -0.2776 (7) 0.0967 (5) 0.1248 (6) 4.2 (2)
Cc7 -0.3881 (8) 0.0654 (6) 0.0974 (7) 5.3 (3)
C8 -0.4743 (8) 0.0960 (6) 0.0292 (7) 5.8 (3)
C9 —0.4536 (9) 0.1535 (6) -~0.0123 (6) 5.6 (3)

Ci0 -0.3441 (9) 0.1825 (6) 0.0143 (7) 6.0 (3)
Cl1 -0.2564 (8) 0.1541 (6) 0.0826 (6) 5.3 (8)
Cl12 -0.2034 (8) 0.0691 (5) 0.3148 (8) 48 (2)
C13 -0.3131 (9) 0.0859 (7) 0.3192 (8) 7.6 (4)
Ci4 -0.337(1) 0.0908 (8) 0.4004 (8) 8.5 (4)
Cl5 -0.253 (1) 0.0771 (8) 0.4776 (7) 6.7 (3)
Ci6 -0.140 (1) 0.0608 (7) 0.4764 (7) 7.4 (3)
C17 -0.114 (1) 0.0559 (6) 0.3937 (6) 63 (3)
C18 -0.1923 (8) —0.0288 (5) 0.1853 (7) 5.3 (3)
C19 -0.1943 (9) -0.0499 (6) 0.0997 (7) 5.9 (3)
C20 -0.213 (1) ~0.1186 (7) 0.0780 (9) 7.8 (4)
C21  -0.229 (1) -0.1621 (7) 0.1398 (8) 7.6 (4)
Cc22 -0.228 (1) ~0.1417 (7) 0.2223 (9) 9.1 (4)
C23 -0.207 (1) -0.0735 (6) 0.2471 (8) 8.0 (3)
C24 03183 (8) 0.0446 (5) 0.2602 (7) 4.9 (2)
C25  0.3255 (9) 0.0257 (6) 0.1776 (7) 6.4 (3)
C26  0.394 (1) ~0.0324 (7) 0.1740 (9) 9.2 (3)
C27  0.445(1) -0.0664 (7) 0.248 (1) 10.4 (5)
C28 0439 (1) -0.0456 (8) 0.332 (1) 9.9 (5)
C23  0.375 (1) 0.0106 (6) 0.3377 (8) 7.0 (3)
C30  0.2692 (8) 0.1748 (5) 0.1963 (6) 4.7 (2)
C31  0.3893 (8) 0.1800 (5) 0.1994 (7) 5.5 (3)
C32 0422 (1) 0.2251 (6) 0.1427 (8) 7.6 (3)
C33  0.341 (1) 0.2633 (6) 0.0848 (8) 7.5 (3)
C34 0224 (1) 0.2580 (7) 0.0809 (8) 7.5 (3)
C35  0.1869 (9) 0.2133 (5) 0.1372 (1) 5.4 (3)
C36  0.2752 (8) 0.1410 (6) 0.3796 (6) 4.6 (2)
C37 0.3573 (9) 0.1917 (6) 0.4054 (7) 6.0 (3)
C38  0.399 (1) 0.2076 (7) 0.4982 (8) 8.3 (4)
C39  0.354 (1) 0.1760 (7) 0.5602 (8) 8.7 (4)
C40  0.273 (1) 0.1279 (7) 0.5308 (8) 8.5 (4)
C41  0.233 (1) 0.1098 (7) 0.4432 (7) 7.0 (3)

% Anisotripically refined atoms are given in the form of the iso-
tropic equivalent displacement parameter defined as (4/3)[a?B-
(1,1) + b°B(2,2) + ¢*B(3,3) + ab(cos v)B(1,2) + ac(cos 8)B(1,3) +
be(cos @)B(2,3)).

route involving the formation of trans-21 is less likely.
Indeed, there are two additional small doublets (13.1 ppm,
29.3 ppm, %Jpp = 13.7 Hz) in the 3P NMR spectrum of
17a in CD,Cl, without the addition of alcohols (Figure 5).
These signals are an indication of the formation of the
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Figure 5. 'H (top) and 3'P (bottom) NMR spectra of 17a in
CD,CL,.

rearranged trigonal-planar species cis-18. The nucleophilic
addition of alcohols would afford the cis s-acyl o-alkoxy
Pt(II) complexes. Moreover, the negative entropies of
activation derived under pseudo-first-order conditions
suggest that the reaction proceeds via an associative
rate-determining step (Table IV, runs 3-6). Therefore, the
thermal alcoholysis is likely to proceed via the rate-de-
termining formation of the cis s-acyl g-alkoxy Pt(II) com-
plex, which then reductively eliminates methyl meth-
acrylate.

Conclusions

The mechanism of the carbalkoxylation of vinylic halides
may be summarized as outlined in Scheme III. The ox-
idative addition of vinyl electrophiles to zerovalent nickel
metals is well established.#® Solution chemistry indicates
that the carbonyl insertion into the alkenyl C-M bond
proceeds via a pentacoordinate carbonyl species, which
exists as a cationic square-planar metal carbonyl in polar
media. Phosphine inhibitions demonstrate that phosphine
dissociation occurs prior to migratory insertion. The X-ray
structural determination of 9b clearly illustrates the
structural transformation of the carbonyl insertion with
o-vinyl Pt(II) halides. The vinylic acyl moiety has a
stronger trans influence than the vinyl ligand, weakening
the bond in the trans position.

While the covalent vinylic acyl Pt(II) halides themselves
are relatively unreactive toward alcoholysis, the corre-
sponding cationic acyl triflate complexes react with alco-
hols to yield «,8-unsaturated carboxylic esters under ex-
tremely mild conditions. Such an exceptional reactivity
could be attributed to the ready dissociation of the CH,CN
ligand to generate the reactive trigonal-planar interme-
diate, trans-18. Complex trans-18 can be characterized
in situ by 'H and 3'P NMR spectroscopy in CD,Cl,. The
trans—cis isomerization of 18 in CD,Cl, was also observed
by 3'P NMR spectroscopy. Nucleophilic attack of alcohols
in cis-18 would result in the formation of cis s-acyl o-alkoxy
Pt(IT) complexes. Kinetic data suggest that the alcoholysis
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Scheme III. Mechanism of the Carbalkoxylation of Vinyl

Halides
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of the cationic acyl complex occurs via the rate-determining
formation of cis o-acyl s-alkoxy Pt(II) complex, followed
by the facile reductive elimination of acrylic esters.

Experimental Section

General Data. All melting points are uncorrected and were
measured on a Mel-Temp capillary apparatus. Infrared spectra
were obtained from KBr pellets on a Perkin-Elmer 298 spec-
trometer or a Mattson Polaris FT-IR spectrometer and measured
in wavenumbers (cm™). All NMR spectra were recorded on a
Varian XL-300 spectrometer. 'H NMR spectra were acquired
at 300 MHz, and all chemical shifts are reported in ppm relative
to the residual proton resonance of the NMR solvents: CD;CN
(1.93 ppm), CDCl; (7.24 ppm), CD,Cl, (5.32 ppm). 3C NMR
spectra were obtained at 75 MHz, and resonances are reported
in ppm relative to the carbon of the deuterated NMR solvents:
CDCl; (77.0 ppm), CD,Cl, (53.8 ppm), CD;CN (CN at 1.3 ppm).
3P NMR spectra were recorded at 121 MHz with broad-band *H
decoupling with the magnet locked on the deuterated solvents,
and chemical shifts are reported in ppm relative to external 85%
H;PO, at 0.0 ppm. °F NMR spectra were acquired at 282 MHz,
and resonances are reported in ppm relative to external CFCl,
at 0.0 ppm.

Fast atom bombardment mass spectra were obtained with a
VG Analytical 7050-E mass spectrometer. The X-ray crystal
structure was determined on a Syntex P1 bar diffractometer at
ambient temperature (16 = 1 °C). Analytical GC analysis was
performed on a Hewlett-Packard 5711 GC instrument equipped
with a flame ionization detector and a Hewlett-Packard 3380
integrator, using a 0.125 in. X 6 ft. UCW-98 on 80/100 Chromosorb
W analytical column or on a Hewlett-Packard 5890 Series II GC
instrument equipped with a flame ionization detector and a
Hewlett-Packard 3396A integrator, using a 25 m X 0.32 mm X
0.3 mm film thickness Carbowax 20M (HP-20M) capillary column.

Materials. In general, solvents were either reagent grade or
were purified according to known procedures.®® Specifically,
acetonitrile was predried over anhydrous MgSO, and then over
anhydrous K,COj; and finally distilled from CaH, Hydrocarbon
solvents (hexanes, pentane, benzene, and toluene) were stirred
over concentrated H,SO, and distilled from CaH,. Methylene
chloride was distilled from CaH,.

(49) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. W. Purification of
Laboratory Chemicals; Pergamon Press: Oxford, England, 1966.
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Deuterated NMR solvents (Aldrich or Cambridge) were purified
by drying over CaH, (CDCl;) and then vacuum transfered or
directly used as packaged without purification (CD,Cly, CD,CN,
CD;0D).

Triphenylphosphine and fluorene were recrystallized from
hexanes and vacuum-dried. Triethylamine was purchased from
Aldrich and dried over t.h.e. desiccant (EM) for at least 2 days.
Carbon monoxide (Matheson) was directly used without purifi-
cation,

K,PtCl, (Johnson-Matthey) was used as shipped without pu-
rification. Silver triflate was purchased from Aldrich and directly
used without purification. Tetrakis(triphenylphosphine)plati-
num(0) (13) was prepared according to standard literature pro-
cedure.® The o-vinyl Pt(II) halides 7, 8, and 14 were synthesized
according to known methods.?®

General Procedure for the Preparation of Vinylic Acyl
Pt(I1) Iodides and Bromides: trans-CH,—C(CH,;)COPt-
(PPh;),I (9a). Complex 7a (174 mg, 0.196 mmol) was placed in
a 25-mL three-necked round-bottom flask and charged with 15
mL of CH,Cl,. CO was bubbled through the solution for 2 h with
stirring. The solution turned light yellow. Column chromatog-
raphy using silica gel and CH,Cl, as eluent, followed by recrys-
tallization from CH,Cl,/hexane, afforded a yellow microcrystailine
solid. The product was filtered out, washed with hexane, and dried
in high vacuo to give 139 mg of 9a (77%): mp 215-216 °C dec;
IR 3050 (w), 1607 (s), 1479 (m), 1431 (s), 1091 (s), 868 (w), 739
(m), 690 cm™! (s); 'H NMR (CDCl,) 6 0.67 (s, 3 H, CHy), 5.73 (br
8, 1 H, (E)-CH=), 6.88 (s, 1 H, (2)-CH=), 7.4 (m, 18 H, aromatics),
7.7 (m, 12 H, aromatics); 3'P NMR (CDCl,) 5 17.4 (s, I pp = 3335
Hz); 3C NMR (CDCl,) 8 16.3 (s, CHy), 127.9 (1, 3Jpc = 5.4 Hz,
m-C), 130.3 (s, p-C), 131.1 (t, 'Jpc = 28.4 Hz, 2Jp,c = 29.3 Hz,
ipso-C), 135.2 (t, JPC = 6.0 Hz, 0-C), 153.7 (t, 3Jpc = 4.8 Hz,
C(CHj)==), 215.5 (t, %Jp¢ = 5.4 Hz, CO); FAB MS 846 (6%), 788
(20%), 760 (100%), 720 (54%), 718 (89%), 457 (73%). Anal.
Caled for CoH4;OP,IPt: C, 52.47; H, 3.85. Found: C, 52.48; H,
3.80.

trans-CH;~C(CH;)COPt(PPh;),Br (10a). Complex 8a (107
mg, 0.127 mmol) was placed in a pressure reactor. The reactor
was charged with 20 mL of CH,Cl, and 62 psi of CO. Stirring
overnight at room temperature resulted in a light yellow solution.
Some decomposition to Pt black was also observed. After de-
pressurization, TLC showed that the starting complex had com-
pletely reacted. Workup as above gave a yellow microcrystalline
solid. The solid was filtered out, washed with hexane, and dried
in high vacuo for 5 h to give 66 mg of 10a (60%): mp 206~-207
°C dec; IR 3048 (w), 1608 (s), 1476 (m), 1428 (s), 1180 (w), 1088
(s), 1010 (w), 992 (w), 945 (w), 918 (w), 870 (w), 739 (s), 690 cm™!
(s); 'TH NMR (CDCl,) 6 0.67 (s, 3 H, CHy), 5.85 (t, 3Jpy = 1.6 Hz,
1 H, (E)-CH=), 6.83 (br s, 1 H, (Z)-CH=), 7.4 (m, 18 H, aro-
matics), 7.7 (m, 12 H, aromatics); 3'P NMR (CDCly) 5 20.0 (s, lJ/pe
= 3380 Hz); 13C NMR (CDCly) 4 16.1 (s, CHy), 128.0 (t, 3Jpc =
5.2 Hz, m-C), 130.3 (s, p-C), 130.6 (overlapping t, Jpc = 28.4 Hz,
ipso-C), 135.0 (t, 2Jpc = 6.2 Hz, 0-C), 153.8 (t, *Jpc = 4.5 Hz,
C(CHy)=), 213.1 (t, %Jpc = 5.8 Hz, CO).

trans-(CH;),C—CHCOPt(PPh;),Br (10b). The reaction was
carried out as above with 8b (125 mg, 0.146 mmol) to afford 88
mg of yellow microcrystalline 10b (68%): mp 217-218 °C dec;
IR 3050 (w), 1635 (s), 1595 (m), 1480 (m), 1432 (s), 1091 (g), 994
(m), 835 (m), 781 (m), 750 (s), 691 cm™ (s); 'H NMR (CDCly) 4
1.04 (d, 4JHH =1.0 Hz, 3 H, (Z)-CHg), 1.14 (d, 4JHH =0.9 HZ, 3
H, (E)-CHs), 5.73 (br t, 3Jpy = 1.2 Hz, 1 H, CH=), 7.3 (m, 18 H,
aromatics), 7.7 (m, 12 H, aromatics); *'P NMR (CDCl;) 4 20.8 (s,
LJpp = 3557 Hz); 3C NMR (CDCly) 6§ 20.7 (s, (E)-CHy), 26.7 (s,
(Z):CH,), 127.9 (¢, *Jpg = 5.3 Hz, m-C), 130.3 (s, p-C), 130.7
(overlapping t, }Jpc = 28.0 Hz, ipso-C), 135.0 (t, %Jpc = 6.2 Hz,
0-C), 136.2 (t, %Jpc = 6.8 Hz, CH==), 144.3 (s, C(CHj),=), 209.9
(t, 2Jpc = 5.0 Hz, CO); FAB MS 801 (11%), 774 (16%), 719
(100%), 457 (63%).

NMR Observation of the Reaction of trans-(CH;),C=
CHPt(PPhy)JI (7b) with CO. Complex 7b (30.0 mg, 3.33 X 1072
mmol) was placed in a 5-mm thin-wall NMR tube and charged
with 0.5 mL of CDCl;. CO was slowly bubbled through the
solution for 1 h, leading to a light yellow clear solution. The NMR

(50) Ugo, R.; Cariati, F.; La Monica, G. Inorg. Synth. 1968, 11, 105.
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tube was sealed with a rubber septum. 'H, ?'P, and *C NMR
spectra were taken of the solution. Recrystallization by diffusion
of pentane to the solution afforded 9b as a yellow microcrystalline
solid. Decarbonylation of 9b occurred to give a small amount of
starting 7b, according to 'H and 3P NMR spectroscopy: mp
231-233 °C dec; IR 3025 (w), 1638 (s), 1478 (m), 1431 (s), 1092
(s), 994 (w), 740 (m), 690 cm™ (s); *H NMR (CDCl,) 6 1.06 (s, 3
H, CH,), 1.12 (s, 3 H, CHj), 5.74 (br s, 1 H, CH=), 7.3 (m, 18 H,
aromatics), 7.7 (m, 12 H, aromatics); 3P NMR (CDCl;) é 18.5 (s,
1Jpp = 3515 Hz); '*C NMR (CDCly) § 20.7 (s, (E)-CHj), 26.8 (s,
(Z)-CH,), 127.8 (t, 3Jpc = 5.3 Hz, m-C), 130.2 (s, p-C), 131.2 (¢,
1Jpc = 28.2 Hz, ipso-C), 185.2 (t, 2Jpc = 6.1 Hz, 0-C), 144.9 (s,
C(CHy)g=), 212.6 (t, %Jpc = 5.0 Hz, CO).

Single-Crystal X-ray Diffraction Analysis of 9b. The
reaction of 7b with CO in CDCl,, followed by diffusion recrys-
tallization with pentane, provided the light yellow single crystals
of 9b. The crystal was glued onto a glass fiber and mounted for
data collection on a Syntex P1 automated diffractometer. Cell
constants (Table I) were obtained from 25 reflections with 20.0
< 26 < 30.0. The space group was determined from systematic
absences (hOlh + | = 2n, 0RO = 2n) and subsequent least-squares
refinement. Standard reflections showed about 7.0% decay during
data collection, therefore anisotropic decay correction was applied.

Lorentz and polarization corrections and an empirical ab-
sorption correction based upon a series of y scans were applied
to the data. Intensities of equivalent reflections were averaged
with R (averaging) on F, about 0.017. The structure was solved
by the standard heavy-atom techniques with the spp/vax package.
Non-hydrogen atoms were refined with anisotropic thermal pa-
rameters. Hydrogen atoms were calculated and added to the
structure factor calculations but were not refined. Scattering
factors and &f” and 8f” values were taken from the literature.?

General Procedure for the Preparation of Vinylic Acyl
Pt(I1) Chlorides: trans-CH,~C(CH,)COPt(PPh;),Cl (11a).
Complex 13 (503 mg, 0.404 mmol) was weighed in a dry box, and
placed in a 100-mL three-necked round-bottom flask equipped
with a magnetic stirrer bar. The flask was charged with 10 mL
of degassed toluene. A solution of methacryloyl chloride (48.6
mg, 0.47 mmol) in 1 mL of toluene was added with syringe,
resulting in a light yellow clear solution. Stirring overnight led
to a white precipitate. Hexanes (10 mL) were added to complete
the precipitation. The solid was filtered and washed with dried
hexanes. Recrystallization from CH,Cl,/toluene/hexanes gave
211 mg of 1la as yellow microcrystals (63%). The product
contained !/ ,(CH,Cl, solvate according to the 'H NMR spectrum:
mp 203-204 °C dec; IR 3052 (w), 1606 (s), 1480 (m), 1432 (s), 1093
(s), 1011 (w), 740 (m), 691 cm™ (s); 'H NMR (CDCl,) 6 0.68 (s,
CHy), 5.60 (br s, CH=), 6.78 (br s, CH=), 7.4 (m, 18 H, aromatics),
7.7 (m, 12 H, aromatics); *'P NMR (CDCl,) § 20.8 (s, lJpp = 3340
Hz); 3C NMR (CDCl,) 5 16.0 (s, CHy), 128.0 (t, 3Jpc = 5.4 Hz,
m-C), 130.4 (overlapping s, p-C), 134.9 (t, 2/p¢ = 6.2 Hz, 0-C), 164.0
(t, %Jpc = 4.1 Hz, C(CH3)=), 212.6 (t, %Jpc = 5.9 Hz, CO); FAB
MS 825 (2%), 760 (39%), 719 (100%), 457 (58%). Anal. Caled
for C40 1H35 20P2C11 2Pt C 57. 84 H 4.26. Found: C 57, 75 H

4.29.

trans-(CH;),C=CHCOPt(PPh;),Cl (11b). This compound
was prepared according to the above procedure with 13 (206 mg,
0.165 mmol) and 3,3-dimethylacryloyl chloride (22 mg, 0.185
mmol) in about 15 mL of toluene, giving 112 mg (81%) of 11b
as yellow microcrystals: mp 211-212 °C dec; IR 3054 (w), 1637
(s), 1594 (m), 1480 (m), 1431 (s), 1185 (w), 1093 (s), 994 (m), 784
(w), 750 (m), 691 cm™ (s); *H NMR (CDCly) 6 1.03 (s, CHy), 1.16
(s, CHy), 5.70 (br s, CH=), 7.3 (m, 18 H, aromatics), 7.7 (m, 12
H, aromatics); 3'P NMR (CDCly) 6 21.4 (s, 'Jpyp = 3580 Hz); 13C
NMR (CDCls) 6 20.7 (s, CHy), 26.6 (s, CHy), 128.0 (t, *Jpg = 5.3
Hz, m-C), 130.3 (overlappmg 8, p-C), 130.5 (t, Jpc = 27.8 Hz,
ipso-C), 135.0 (t, ZJpc = 6.3 Hz, 0-C), 143.8 (s, C(CHj3),~), 209.4
{t, 2Jpc = 5.3 Hz, CO); FAB MS 802 (4%), 774 (16%), 719 (100%),
457 (44%).

NMR Observation of the Carbonyl Insertion Reactions
of o-Vinyl Pt(II) Halides. Complex 7a (14.5 mg, 1.63 X 1072
mmol) was placed in a thin-wall 5-mm NMR tube and dissolved

(51) Cromer, D. T. International Tables for X-Ray Crystallography;
Kynoch Press: Birmingham, England, 1974; Vol. IV, Table 2.3.1.
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with 0.6 mL of CDCl;. Carbon monoxide was slowly bubbled
through the solution for 30 min. The tube was sealed with a
rubber septum. The solution turned bright yellow. Complete
conversion of 7a to 9a was observed by 'H and 3'P NMR spec-
troscopy. Similarly, complex 8a (1/,CH,Cl, solvate, 15.0 mg, 1.74
X 1072 mmol) was allowed to react with CO in 0.6 mL of CDCl,
for 30 min. The yield of 10a was determined to be 55% (mole)
by integration of the 3'P NMR signals. The reaction with vinyl
Pt(II) chloride 14 (*/sCH,Cl, solvate, 15.5 mg, 1.92 X 102 mmol)
gave 19% (mole) of 11a, according to the 3'P NMR spectrum.

NMR Observation of the Interaction of 7a with CO in the
Presence of Sulfur. Complex 7a (14.0 mg, 1.58 X 10~%2 mmol)
was placed in a thin-wall 5-mm NMR tube and charged with 0.5
mL of CD,Cl,. Sulfur (5.5 mg, 0.17 mmol) was then added. No
reaction was observed by 3'P NMR spectroscopy. The solution
was cooled to —78 °C while CO was bubbled through the solution
for 15 min. The NMR tube was then sealed with a rubber septum
and warmed up to room temperature. The 3!P NMR spectrum
showed the formation of a large amount of phosphine sulfide
(Phy,P=S) at 43.1 ppm, as well as the acyl complex 9a and other,
unidentified components.

NMR Observation of the Interaction of trans-[CH,~C-
(CH,)Pt(PPh;).(CO)]*TfO" (15) with (CH3),N*I", Complex
15 (15.3 mg, 1.63 X 10~ mmol) and (CH3),N*I" (6.6 mg, 3.28 X
1072 mmol) were placed in a thin-wall 5-mm NMR tube and
charged with 0.470 mL of CD,Cl,. The tube was then sealed with
a rubber septum. The reaction was monitored by P NMR
spectroscopy at ambient temperature (30 £ 1 °C). A %P spectral
array was obtained with a preacquisition delay (PAD (1) = 0, 900,
900, 900, 900, 900, 900, 2700, 2700, 2700, 2700, 2700, 2700), and
the first spectrum was acquired 20 min after mixing. Both 7a
and 9a were formed. The molarity of each compound (7a, 9a,
and 15) was calculated by the integration of the corresponding
81Pp NMR signals and then plotted versus time.

Phosphine Inhibition Experiments on the Carbonyl In-
sertion Reaction of 7a. A stock solution of 7a in CDCl; was
made (49.2 mg, 2.4 mL, 2.31 X 102 M). NMR tubes were charged
with 0.6 mL of the stock solution and triphenylphosphine: 36.2
mg (0.138 mmol), 27.8 mg (0.106 mmol), 18.6 mg (7.09 X 1072
mmol), and 9.1 mg (3.5 X 1072 mmol). Carbon monoxide was
slowly bubbled through the four samples each for 1 h. The NMR
tubes were then sealed with rubber septums and 3P NMR spectra
were obtained. Relative mole percent of acyl product 9a was
calculated from the integrals of 7a and 9a: Ig,/ (I, + Iy,) X 100%,
where I, and I, are the integrals of 7a and 9a, respectively. The
relative mole percent of 9a was then plotted versus the ratio of
triphenylphosphine and the initial concentration of 7a.

General Procedure for the Preparation of Vinylic Acyl
Pt(II) Triflates: [trans-CH,—~C(CH,)COPt(PPh,),-
(CH,CN)](OTf) (17a). To a suspension of 11a (75 mg, 9.1 X
1072 mmol) in 2 mL of CH;CN was added silver triflate (24 mg,
9.3 X 102 mmol), immediately resulting in a white precipitate
(AgCl). The mixture was stirred for 20 min. The solution was
reduced to about 1 mL by evaporation on a rotovap, and CH,Cl,
(1 mL) was added. Silver chloride was filtered with a pipet filled
with micro glass fiber and filter paper, and the solution was
collected in a 100-mL round-bottom flask containing a mixture
of 25 mL of toluene and 40 mL of hexanes. The flask was kept
in a refrigerator for 2 h. The resulting microcrystals were filtered
and dried in high vacuo to give 60 mg (89%) of 17a as feathery
microcrystals: mp 138-139 °C dec; IR 2991 (m), 2927 (m), 2279
(w), 1633 (s), 1482 (m), 1436 (s), 1272 (s), 1225 (m), 1150 (s), 1099
(s), 1031 (s), 998 (m), 951 (m), 921 (w), 879 (m), 753 cm™ (s); 'H
NMR (CD4CN) 6 0.86 (s, 3 H, CHy), 1.96 (s, 3 H, CH;CN), 5.66
(t, %Jpy = 1.3 Hz, 1 H, (E)-CH=), 6.53 (s, 1 H, (Z)-CH=), 7.4-7.7
(m, 30 H, aromatics); 3'P NMR (CD,CN) § 21.3 (s, 'Jp;p = 3339
Hz); *C NMR (CD,CN) 6 16.6 (8, CHy), 128.7 (t, 'Jpc = 28.7 Hz,
ipso-C), 129.8 (t, 3Jpc = 5.5 Hz, m-C), 132.5 (s, p-C), 132.9 (br
8, CH,=), 135.0 (t, 2Jpc = 6.4 Hz, 0-C), 204.7 (t, %Jpc = 6.3 Hz,
CO); FAB MS 788 (13%), 760 (49%), 719 (69%), 178 (100%), 457
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(16%). Anal. Caled for C;3Hy0 NP, F,SPt: C, 52.76; H, 3.91.
Found: C, 52.16; H, 3.92.

[trans-(CH;),C=CHCOPt(PPh;),(CH,CN)}(OTf) (17b).
The reaction was accomplished with 11b (92 mg, 0.11 mmol) and
silver triflate (28 mg, 0.11 mmol) according to the above procedure
to give 102 mg (89%) of complex 17b as !/,C¢H;CH; solvate,
according to the 'H NMR spectrum: mp 127-128 °C dec; IR 3056
(w), 2931 (w), 2284 (w), 1644 (s), 1602 (m), 1482 (m), 1436 (s), 1373
(m), 1269 (s), 1224 (m), 1150 (s), 1099 (s), 1032 (s), 998 (m), 838
(m), 787 (m), 751 (m), 694 (s), 637 cm™! (s); 'H NMR (CD,CN)
8 1.03 (d, 4JHH =11 HZ, 3 H, (E)'CH;;), 1.19 (d, 4lJ].u.{ =1.0 HZ,
3 H, (2)-CH,), 1.95 (s, 3 H, CH,CN), 5.74 (br t, *Jpy = 1.2 Hz,
1 H, CH==), 7.4-7.7 (m, 30 H, aromatics); 3'P NMR (CD4CN) ¢
22.0 (s, 'Jpp = 3544 Hz); 1°C NMR (CD4CN) 6 21.0 (s, CH,), 26.8
(s, CH3), 126.2 (s, C(CHy)y=), 129.1 (t, 'Jpc = 28.3 Hz, ipso-C),
129.9 (t, 3Jpc = 5.5 Hz, m-C), 132.7 (s, p-C), 135.3 (t, ZJpc = 6.3
Hz, 0-C), 148.5 (s, CH=), 200.7 (t, %Jpc = 5.5 Hz, CO); FAB MS
802 (6%), 774 (24%), 719 (23%), 457 (7%), 154 (100%). Anal.
Caled for Cy7 s H O NP,F;SPt: C, 54.91; H, 4.27. Found: C, 54.78;
H, 4.28.

NMR Observation and Kinetic Studies of the Thermal
Alcoholysis of 17a. A stock solution of 17a was made (0.03 M)
with the addition of internal standard (fluorene). NMR tubes
were charged with 0.45 mL of the stock solution and sealed with
rubber septums. Deuterated methol (25.0, 20.0, and 15.0 uL) was
then injected with a microliter syringe. The rubber septums were
wrapped with parafilm. The NMR probe was thermostated at
70 °C using the variable-temperature heater and calibrated with
the TEMCAL(E) program. The decompositions were followed by
monitoring the 'H NMR resonances at 6.53, 6.02, and 3.90 ppm
of the complex 17a, methyl acrylate (20), and fluorene, respec-
tively. Arrayed 'H NMR spectra were obtained by creating a
preacquisition delay array (PAD (1) = 0, 570, 570, 570, 570, 870,
870, 870, 870, 1170, 1170, 1170, 1170, 1770, etc.). The time of each
spectrum was calculated by adding the PAD parameter to the
acquisition time (30 s). The concentration of each species ([17a]
and [20]) with respect to time was calculated by dividing the
integral of the vinylic proton resonance by the integral of the
internal standard (fluorene): concentration (M) = 2[fluorene]-
I/Iyorenes Where [fluorene] (M) is the known concentration of the
fluorene internal standard and I and Ig,q,eq are the integrals of
the compounds (17a and 20) and fluorene, respectively. The
concentrations were then plotted versus time to give the reaction
profiles. The natural logarithm (In) of the concentration of 17a
could then be plotted versus time. Linear least-squares analysis
provided the pseudo-first-order rate constants (k" = —(slope)),
which was then plotted versus methanol concentration to give
the second-order rate constant k,. Reactions at 65, 60, and 50
°C were performed with addition of 25 uL of deuterated methanol
in the same way. Activation parameters were derived from the
plot of In (k,’/T) versus (1/T) (K™) at 70, 65, 60, and 50 °C, where
AH* = ~R(slope) in cal/mol and AS* = R(y intercept —In (k/h))
in eu (R = ideal gas constant; k = Boltzmann constant; h = Planck
constant).
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