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Tertiary phosphines and phosphites add rapidly and reversibly to the cyclobutadiene ring in [(C,-
H,)Fe(CO)(NO)(L)]PF; to produce exo phosphonium salts, [(C;H¢PRy)Fe(CO)(NO)(L)]PF,. Kinetic studies
of this reaction were made in nitromethane solvent with a variety of nucleophiles and nonreacting ligands,
L. The cyclobutadiene ring electrophilicity spans a range of about 100 as the ligand L is varied: L = CO
> P(CHgCHch)3 = P(p-CsH4Cl)3 > P(p-CsH,;F);; > AS(CSHE)s ~ P(C6H5)3 > Sb(CGH5)3 = P(p-CGH4Me)3
> P(p-CsH,OMe);. The para-substituted arylphosphines produce an excellent Hammett correlation for
the addition of P(OCHg)s. These results provide quantitative information concerning the dependence
of w-hydrocarbon activation on the nonreacting ligands and may be useful when designing new systems

for synthetic or catalytic p

. The nucleophilic reactivity follows the order P(n-CHy); > P(p-C{H,OMe),

urposes
> P(p-CgH Me); > P(C¢H;); > P(CH,CH,CN); > P(OCHy);. This series correlates with T'olman’s x scale.
Hammett, Bronsted, and rate-equilibrium constant correlations suggest that bond formation and sp? to
sp® rehybridization is roughly one-third complete in the transition state for the addition reactions.

Introduction

It is well-known! that by coordination to transition
metals m-hydrocarbons can be activated to nucleophilic
attack. Reaction of the complexed hydrocarbon with nu-
cleophilic reagents has been utilized in both stoichiometric
and catalytic transformations.? Neutral complexes of the
chromium triad, [(arene)M(CO);], have been the most
extensively studied,® primarily due to their solubility
properties and ease of synthesis. However, the hydro-
carbon activation is a strong function of the charge on the
complex and species such as [(arene)Mn(CO);]* and
[(arene),M}?* (M = Fe, Ru, Os) are far more electrophilic
than [(arene)M(CO);], which reacts only with very strong
bases. Cationic w-hydrocarbon complexes frequently react
with relatively mild bases (amines, alcohols, etc.) and
promise to be superior reagents if adequate synthetic
procedures and reaction conditions can be formulated.

Nucleophilic addition to coordinated w-hydrocarbons
represents an important reaction in organometallic chem-
istry, but surprisingly little quantitative information of
predictive value is available. The factors that determine
thermodynamic and kinetic electrophilic character are
known only in the most qualitative sense. Likewise, nu-
cleophilic reactivity patterns toward the w-hydrocarbons
are poorly understood. Ideally one would like to be able
to design a metal complex that would best suit a given
problem in synthesis. Before this can be done a detailed
mechanistic understanding of the nucleophile-organo-
metallic electrophile combination reaction must be
available.

The attack of a nucleophile on an electrophilic complex
such as [(arene)Mn(CO);]* can be quite complex mecha-
nistically because attack can occur at the arene, the metal,
or coordinated carbon monoxide. Examples of all three
possibilities are known. When the thermodynamic product
involves attack on the organic ring, the nucleophile is al-
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(3) Semmelhack, M. F.; Hall, H. T.; Fraina, R.; Yoshifuji, M.; Clark,
G.; Bargau, T.; Kirotsu, K.; Clardy, J. J. Am. Chem. Soc. 1979, 101, 3535
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most always positioned exo to the metal, suggesting direct
addition to the ring without prior formation of a metal-
nucleophile or M—C(QO)-nucleophile intermediate that can
convert to product in a concerted manner. Kinetic studies
by Kane-Maguire* and us® support this direct addition
mechanism.

Mechanistic studies*® with tertiary phosphine and
phosphite nucleophiles have allowed for the first time a
quantitative measure of the relative electrophilic character
of coordinated =-hydrocarbons. In this paper we report
results of a study of reaction 1, which was chosen to ex-

PRy
) + PR LN
3 Sk
Fe{CO)NO)L) Fe(CO)NONL) (1)
I II

L, PR, = CO, P(CH,CH,CN),, As(C,H,),, Sb(C.H,),,
P(n-OC,H,),, P(n'CAHs)av P(p-C,H,X), (X=H, F,Cl, CH,,
OCH

3)

amine the effect of varying the nonreacting ligands. The
nonreacting ligand, L, is shown to influence markedly the
electrophilicity of the C,H, ring in a predictable manner.
The present work, along with previous results, provides
a farily extensive series of electrophilic reactivity of =-
hydrocarbon complexes. Future work will test the trans-
ferability of the order obtained via phosphine addition
reactions to that with other types of nucleophiles. If
successful, semiquantitative predictions will be possible
concerning the feasibility of proposed reactions in synthetic
procedures.

The direct combination of an electrophile and a nu-
cleophile is one of the most fundamental types of chemical
reactions. Several attempts have been made to understand
the intimate mechanism of the reaction with organo-
metallic electrophiles. Based on a large Brosted slope,
Kane-Maguire® suggested considerable C-P bond forma-
tion in the transition state for reaction 2. Similarly,

(4) Odiaka, T. I; Kane-Maguire, L. A. P. J. Chem. Soc., Dalton Trans.
1981, 1162 and references therein.
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nomet. Chem. 1980, 202, 191 and references therein.
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pyridines and anilines give Brensted slopes near unity for
addition to I1I, and anilines give a Hammett slope p = -2.7
for variation of X in (p-CsH,X)NH,. Kane-Maguire in-
terpreted these results to mean that the C4H; ring in III
is “hard” and the reaction is well advanced in the tran-
sition state.

Correlations to Bronsted and Hammett slopes are sug-
gestive but do not necessarily mean a late transition state.
It is better to have equilibrium constants for the reactions
being studied and to apply the Leffler—-Hammond postu-
late,” which assumes that small structural variations in the
nucleophile cause a change in the free energy of the
transition state that can be written as a linear combination
of free energy changes in the reactants and products. This
is done below for some of the reactions of [(C,H,)Fe-
(COYNO)(L)]*.

Nucleophilic addition to organic electrophiles is of
fundamental interest in organic chemistry. Ritchie has
shown® by his remarkable N, correlation that relative
nucleophilic reactivity is almost electrophile independent.
This suggests an early transition state with electrophile
and nucleophile well separated, but this conclusion is at
least partly inconsistent with Bronsted slopes of about 0.5
for amine addition to esters.® Likewise Bruice found® a
slope of unity in a plot of log k, vs. log K, for amine
addition to Malachite Green. Bernasconi’s work!® with
benzylidene Meldrum’s acid shows that bond formation
to the nucleophile and rehybridization of the sp? carbon
center in the electrophile need not be balanced in the
transition state. Watts and Bunton studied!! nucleophile
addition to ferrocenyl stabilized cations, FcCRR/*, and
interpreted their results as meaning little bond formation
in the transition state with anionic nucleophiles. Their
results with amine and water as nucleophiles are less
clear-cut with some data suggesting considerable bond
formation while others imply an early transition state. An
assessment of the likely transition-state structure for re-
action 1 is discussed below. As more information becomes
available, it will be very interesting to compare mechanistic
features of the “organic” and “organometallic” electro-
phile-nucleophile combination reactions.

Experimental Section

All solvents were distilled and dried prior to use. Phosphine
and phosphite nucleophiles were recrystallized or distilled. In-
frared spectra were recorded in acetone and CH3NO; solutions
on a Perkin-Elmer 257 spectrophotometer. Proton NMR spectra
were recorded on a Varian EM 360 instrument. The cyclo-
butadiene complexes, [(C,H,)Fe(CO)(NO)(L)]PFg, were prepared
by procedures very similar to published ones.’? These complexes

(7) Leffler, J. E. Science (Washington, D.C.) 1953, 117, 340. Leffler,
J. E.; Greenwald, E. “Rates and Equilibria of Organic Reactions”; Wiley:
New York, 1963. Fuchs, R.; Lewis, E. S. In “Techniques of Chemistry”;
Lewis, E. S., Ed., Wiley-Interscience: New York, 1974; Vol. VI, Chapter

1v.

(8) Ritchie, C. D.; Gandler, J. J. Am. Chem. Soc. 1979, 101, 7318 and
references therein.

(9) Dixon, J. E.; Bruice, T. C. J. Am. Chem. Soc. 1971, 93, 3248,

(10) Bernasconi, C. F.; Simonetta, F. J. Am. Chem. Soc. 1980, 102,
5329.

(11) Bunton, C. A.; Carrasco, N. J. Organomet. Chem. 1977, 131, C21.
Bunton, C. A.; Carrasco, N.; Watts, W. E. J. Chem. Soc., Perkin Trans.
21979, 1267. Bunton, C. A.; Carrasco, N.; Davoudzadeh, F.; Watts, W.
E. Ibid. 1980, 1520,
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Table I. IR Spectra of Adducts of
[(C H,)Fe(CO)(NO)L)]PF, in Nitromethane

vNo/

L nucleophile veolem™ cm™
Cco 2123, 2098 1880
CcO P(OBu), 2058, 2006 1767
cO P(OMe), 2053, 2000 1760
co P(CH,CH,CN), 2067,2017 1774
co P(p-C,H,OMe), 2053,2003 1762
co P(C,H,), 2050, 2007 1762
(o]0) PBu, 2053, 2000 1760
P(CH,), 2073 1829
P(C.H,), P(OBu), 1974 1718
P(C,H,), P(OMe), 1969 1712
P(CH,), P(p-C,H,OMe), 1968 1712
P(CH,), P(CH,), 1964 1728
As(C,H,), 2073 1834
As(CH,), P(OBu), 1976 1723
As(CH,), P(OMe), 1970 1720
As(C,H,), P(p-tolyl), 1970 1720
As(CH,), P(C,H,), 1980 1722
As(C,H,), [(C,H,),PCH,], 1970 1720
Sh(C,H,), 2070 1832
Sb(C,H,), P(OBu), 1977 1723
Sh(C,H,), P(C,H,), 1978 1728
P(p-C,H,F), 2076 1830
P(p-C,H,F), P(OBu), 1968 1710
P(p-C H,Cl), 2070 1832
P(p-C,H,OMe), 2073 1828
P(p-C,H,OMe), P(OBu), 1970 1713
P(p-tolyl), 2070 1826
P(p-tolyl), P(OBu), 1970 1712

react rapidly with phosphines to yield phosphonium ring adducts
that are easily isolated.!?

The tertiary phosphite adducts, [(C,;HP(OR);)Fe(CO),-
(NO)]PFg, were prepared by adding 0.6 mmol of P(OR); (R =
n-Bu, Me) to a slurry of 0.58 mmol of I in 10 mL of CH,Cl,. The
reaction mixture quickly became homogeneous and red in color.
Addition of pentane deposited a red oil which as thoroughly
washed with pentane and dried under N,. The R = n-Bu product
failed to crystallize, but the P(OMe); adduct yielded orange
crystals that analyzed well for the proposed structure.

Reaction dynamics were followed in nitromethane with a Di-
onex stopped-flow apparatus thermostated at 25 °C. Most re-
actions were monitored at 410 or 450 nm. Pseudo-first-order
conditions were used with the metal complex being (1-4) X 10
M and the nucleophile concentration at least 10 times as large.
The pseudo-first-order rate constant, k.4, was determined at least
three times at each of seven or more different nucleophile con-
centrations. Curve fitting to eq 3 (see Discussion) with use of

Boped = ki[Nu] + k& 3

a relative deviation least-squares minimization gave values of &,
k_y, and the equilibrium constant K,, = k;/k_;. The correlation
coefficients were at least 0.99 for all plots of eq 3.

With tri-n-butylphosphine (PBu,) as the nucleophile, the rates
are very large and k, was best determined under second-order
conditions. For these experiments PBug and the metal complex
were made equal to 2.0 X 10 M and the second-order rate
constant, k;, was calculated from the slope of a plot of 1/(4. ~
A) vs. time.

Results

Complexes [(C,H,)Fe(CO)(NO)(L)]PF¢, where L is CO
or a tertiary phosphine, were previously reported by
Efraty.'? These readily react with tertiary phosphines,
reaction 1, to yield phosphonium ring adducts'?*? which
can be isolated as crystalline solids. In most cases the

(12) Efraty, A.; Bystrek, R.; Geaman, J. A.; Sandhu, S. S.; Huang, M.
H. A,; Herber, R. H. Inorg. Chem. 1974, 13, 1269. Efraty, A.; Sandhu,
S. S.; Bystrek, R.; Denney, D. Z. Ibid. 1977, 16, 2522.

(13) Birney, D. M,; Crane, A. M.; Sweigart, D. A. J. Organomet. Chem.
1978, 152, 187.



62 Organometallics, Vol. 1, No. 1, 1982

Choi and Sweigart

Table II. Rate Constants for Addition of PR, to [(C,H,)Fe(CO)(NO)XL)]PF, ¢

L PR, kM s k_ /s Koq/M™!
co P(OBu), 510 + 20
P(C,H,), P(OBu), 9.8+ 0.1 0.03 + 0.015 330 + 170
As(C,H,), P(OBu), 10.0 + 0.15 0.04 = 0.015 250 + 100
Sh(CH,), P(OBu), 6.9+ 0.15 0.04 = 0.02 170 + 90
P(p-C,H,Cl), P(OBu), 234:1.0
P(p-C ,H,F), P(OBu), 16.0 £ 0.3 0.04 £ 0.015 400 = 160
P(p-C,H Me), P(OBu), 6.6 0.2 0.04 + 0.015 160 = 60
P(p-C,H,OMe), P(OBu), 49201 0.05 £ 0.01 100 + 20
P(CH2CHZCN)3 P(OBu), 23.5:0.3
P(C,H,), 44000 £ 1700
P(C H s P(C H,), 1740 = 70 44+ 1.3 40 = 3
( )3 P(p-C,H,Me), 6290 = 70 6.9+ 0.3 910 = 50
As(C.H), P(p-C,H,Me), 6940 = 110 6.5+ 0.5 1070 + 100
Sb(C,H,), P(p-C.,H,Me), 5070 + 100 8.0:04 630 + 50
P( GH,), PBu3 120000 = 60000
As(C Hy), PBu3 120000 = 50000
(c H,), PBu,? 100000 + 40000
P(C, ) diphos 13000 = 100 2.3+0.15 5650 + 400
( H,), P(p-C,H,OMe), 11500 + 500 1.5+ 0.4 7500 = 2300
P(p-C,H,C]), 7400 £ 100 3.8x0.4 1950 = 250
CO P(CH,CH,CN), 1100 + 40 09=:04 1200 = 600
@ 25 °C, CH,NO, solvent. Errors listed are 1 standard deviation. ? Both first- and second-order conditions used.

adducts (II) were not isolated but were well characterized
via IR and NMR spectra. Table I gives the pertinent IR
data.

The tertiary phosphite adducts have not been previously
reported. They were not observed to undergo an Arbuzov
rearrangement to the phosphonate as has been reported
for the phosphite adducts of [(CsHg)sM]?* (M = Fe, Ru)!¢
and [(CgHg)Rh(C;Me Et)*.'® The H NMR spectrum of
[(C,H+P(OMe);)Fe(CO),NO]PFg in CH3NO, is similar to
that of the phosphine adducts and is assigned as follows:
6 5.77 (t, H-3), 5.17 (s, H-2 and -4), 3.75 (dd, H-1 endo),
4.2 and 4.4 [-P(OMe);].

In reaction 1 it is conceivable that the nucleophile could
replace the ligand L as well as adding to the cyclobutadiene
ring. IR and NMR studies showed clearly that replace-
ment of L by the nucleophile did indeed occur in some
cases but at a relatively slow rate that did not interfere
with kinetic measurements of the addition step.

The rate and equilibrium constants for reaction 1 are
given in Table II.

Discussion

The kinetic data for reaction 1 gave a very good fit to
eq 3, which is the standard expression for a simple ap-
proach to equilibrium. Equation 3 is consistent with the
addition being a direct bimolecular attack on the cyclo-
butadiene ring. It is also consistent with initial attack on
the metal with subsequent migration to the ring. However,
there was no kinetic or spectral evidence for metal-nu-
cleophile bonded intermediate species as suggested for
PBu, addition to cycloheptadienyliron cation.'® The
known!2 exo configuration of the phosphonium ring ad-
ducts in reaction 1 argues against a metal-bonded inter-
mediate that can convert to the ring adduct in a concerted
manner. The most reasonable mechanism of reaction 1
is simple direct bimolecular addition of the nucleophile.

Table II shows how the electrophilic character of the
cyclobutadiene ring depends on the nonreacting ligands.
As the ligand L in I is varied the relative reactivity follows
the order L. = CO > P(CH,CH,CN); = P(p-C;H,Cl); >

(14) Sweigart, D. A. J. Chem. Soc., Chem. Commun. 1980, 1159.

(15) Bailey, N. A.; Blunt, E. H.; Fairhurst, G.; White, C. J. Chem. Soc.,
Dalton Trans. 1980, 829.

(iﬁ) Brown, D. A,; Chawla, S. K.; Glass, W. K. Inorg, Chim. Acta 1976,
19, L31.

0.5 . a—
=03 -0.2 -0 0 0.1 0.2 0.3

[on

Figure 1. Hammett plot for the addition of P(OBu); to
(C{H)Fe(CO)(NO)[P(p-CsH,X)s]*.

P(p'C6H4F) > AS(CGH5)3 = P(C6H5)3 > Sb(06H5)3 = P(p-
C¢sHMe); > P(p-C;H,OMe);. Considering that all the
ligands L are neutral, the reduction in &, by about a factor
of 100 as CO is replaced by PR, represents a substantial
dependence of electrophilicity on the nonreacting ligands.
If this dependence is transferable to other =-hydrocarbon
complexes, it will provide a simple way to alter the =-hy-
drocarbon electrophilicity to meet a synthetic or catalytic
requirement. The electrophilic order given above agrees
with o-donor/r-acceptor ratios of PR, ligands as deter-
mined from 13C NMR shifts in Ni(CO);L. complexes.!”
Similarly, log k; as a function of L. with P(OBu); as the
nucleophile correlates reasonably well with x values re-
ported by Tolman,'® which are based on the vg(A,) stretch
in Ni(CO);L. Figure 1 gives a Hammett plot for P(OBu);
addition to [(C,H)Fe(CO)(NO)(P(p-CsHX);)]*. The
least-squares slope is 1.39, or 1.39/3 = 0.46 per C;H,X
group, and is relatively large considering the distance of
the X group from the reaction site and the attenuation of
substituent effects generally seen in arylphosphines.’® The

(17) Bodner, G. M.; May, M. P.; McKinney, L. E. Inorg. Chem. 1980,
19, 1951.
(18) Tolman, C. A, J. Am. Chem. Soc. 1970, 92, 2953.



Nucleophilic Addition of Phosphines and Phosphites
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X
Figure 2. Tolman plot for nucleophile addition to (C,H,)Fe-

(CO)(NO)[P(C¢Hs)s]*. Number code is as follows: 1, PBug; 2,
P(p-CeH4OMe)3; 3, P@-CsH4Me)3; 4, P(CGH5)3; 5, P(OBU)3.

relative importance of resonance and inductive effects in
determining the observed order is not clear, for a plot
using?® o® instead of o (Figure 1) gives an equally ac-
ceptable fit with slope p equal to 1.49. Both plots have
a correlation coefficient of 0.986. That resonance effects
are not primarily important is shown by a lack of corre-
lation to ¢* values.

Collecting all information available at this time, the
following reactivity series with respect to tertiary phos-
phine addition can be stated:*5 (C;Hg)Mn(CO),* (6600)
> (CeHg)oFe?t (4500) > (CH)Fe(CO),NO* (750) >
(CGH7)FG(CO)3+ (160) = (CsHs)zRu2+ (150) > (C7H7)Cr-
(CO);* (36) > (C¢H,OMe)Fe(CO);* (30) > (C,H,)Fe-
(CO}NO)(PPhy)* (27) > (C;H,)M(CO);* [M = Mo, W]
(23) > CpFe(CO),(CoHY)™ (2) > (C;Hy)Fe(CO)5* (1.7) >
(CeH)Mn(CO)g* (1). The numbers are relative reactivities.

The phosphine nucleophiles follow the reactivity order
PBU3 > P(p-CGH4OMe)3 > P(p-CsH4Me)3 > P(p'C6H5)3
> P(CH,CH,CN); > P(OBu);. Comparisons to work on
other organometallic systems*® suggest that this order of
reactivity is at least semiquantitatively transferable to
other electrophilic complexes, and this implies that re-
activity and selectivity may not be correlated.

A two-point Bronsted plot of P(CgH;); and P(p-
Ce¢HOMe); adding to I (L. = P(CzH;);) gives a slope of 0.47.
The same nucleophiles reacting with C,H;I in acetone and
Ce¢H;CH,Cl in benzene/methanol have slopes 0.49 and
0.47, respectively.?v2 The similarity of the slopes suggest
some, but far from complete, bond formation to phos-
phorus in the transition state of reaction 1. In contrast,
nitrogen-donor nucleophiles add to [(CsH,)Fe(CO),]* with
Bronsted slopes near unity.? This was suggested to mean
that the m-hydrocarbon is quite “hard”. The much smaller
slope with phosphine nucleophiles may mean that
“softness” (polarizability) of the nucleophile is also im-
portant in determining nucleophilicity.

Correlations of k; to proton basicity of the nucleophile
do not reflect possible w-bonding effects. That purely

(19) Hudson, R. F. “Structure and Mechanism in Organo-Phosphorus
Chemistry”; Academic Press: New York, 1965,

(20) Hoefnagel, A. J.; Wepster, B. M. J. Am. Chem. Soc. 1978, 95,
5357.

(21) Henderson, W. A,; Buckler, S. A. J. Am. Chem. Soc. 1960, 82,
5794

(2.2) McEwen, W. E; Shian, W.-L; Yeh, Y.-L; Schulz, D. N.; Pagilagan,
R. U,; Levy, J. B.; Symmes, C.; Nelson, G. O.; Granoth, L. J. Am. Chem.
Soc. 1975, 97, 1787.
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Figure 3. Hammett plots of P(p-C¢H,X); addition to (C,H,)-
Fe(CO)(NO)[P(CgHs)s]*.
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Figure 4. Rate-equilibrium correlation for nucleophile addition

to (C4H)Fe(CO)(NO)[P(CeHs)s]*. See Figure 2 for number code;

nucleophile 6 is diphos.

inductive effects are insufficient to account for the rates
is implied by the plot of log &, vs. Zx values of Tolman!®
(Figure 2), which has a slope of —0.27 and a correlation
coefficient of 0.98. The Zx values presumably include both
o and 7 properties of the phosphine nucleophiles.

Hammett plots of the rate and equilibrium data in Table
II are quite instructive. The Hammett slope (p,) for log
k, in Figure 3 is —1.0 and is almost identical with the slopes
for the reaction? of Et,P(C;H,X) and C,H,I (p» = -1.1) and
that? of P(C¢H,X); and CgH;CH,Cl (p = -3.5/3 = -1.2).
Nitrogen donors usually give larger slopes:?® XC¢H,NMe,
+ CH;l (p = -3.0); XC{H,NH, + C;H;COCl (p = -2.7).
Anilines adding to [(CgH;OMe)Fe(CO)5]™ give p = -2.7.4
Larger Hammett slopes with nitrogen donors do not imply
greater bond formation in the transition state but probably
merely reflect!® decreased conjugation between the phos-
phorous atom and the substituent compared to the ni-
trogen analogues.

If the Leffler-Hammond postulate” applies to reactions
like (1), the best way to determine transition-state struc-
ture is to examine the relative sensitivities of k; and K,
to structural variations in the nucleophile. Unfortunately,

(23) Hine, J. “Physical Organic Chemistry”; McGraw-Hill: New York,
1962.
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it is often experimentally impossible to measure both rate
and equilibrium constants. However, for reaction 1 this
was possible in some cases, as shown in Figures 3 and 4.
Figure 4, which includes diphos and triarylphosphine nu-
cleophiles, has a slope of 0.38, which compares favorably
with that derived from Figure 3, d log k,/d log K, = > 01 /0

= (.36. This suggests that bond formation and sp? to sp o
rehybridization is approximately one-third complete in the
transition state. This view is supported by the similarity
noted above of the Bronsted and Hammett slopes for re-
action 1 and Sy2 attack on the sp? carbon in C,H;l. A
reexamination® of reaction 2 data also supports this view.
However, recent work® on P(C¢H;); addition to
[(CeHg)oM]?* (M = Fe, Ru, Os) was interpreted in terms
of a late transition state, so the intimate mechanism of
reactions such as (1) and (2) remains somewhat uncertain.
Phosphine addition to “organic” carbocations is being
studied in this laboratory to determine the validity of
Ritchie’s N, equation® for phosphine nucleophiles and to
provide a basis for comparison of coordinated w-hydro-

(24) Kane-Maguire, L. A. P., personal communication.

carbon and carbocation electrophiles.
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31p NMR studies show that the complexes trans-[Pt(SnCly)PhL,] (L. = PPh; or PMePh,) react with
carbon monoxide by an initial, rapid displacement of the trichlorostannate ligand to yield trans-[PtPh-
(CO)L,]1*SnCly~. Further reaction to produce trans-[Pt(SnCl;)(COPh)L,] occurs slowly in the absence of
free CO (L. = PPhy or PMePh,) by initial nucleophilic attack of SnCly, but in the presence of excess CO
an alternative route involving phosphine dissociation (L. = PPh; only) operates. Comparative studies with
other anions have led to a reinterpretation of the role of the trichlorostannate ligand in carbonylation and
decarbonylation reactions of organoplatinum(II) complexes.

Introduction

The insertion of carbon monoxide into platinum-carbon
bonds has been the subject of a number of studies,'® and,
in particular, the carbonylation of trans-[PtXR!(PRy),] (X
= halide; R! = alkyl or aryl) complexes has received con-
siderable attention.*® Kinetic studies have indicated that
both associative and dissociative pathways are involved,*
and the operation of the associative reaction path has been
shown to be sensitive to the electronic character of the
migrating organic group.’ Several reaction intermediates

(1) Booth, G.; Chatt, J. J, Chem. Soc. A 1966, 634.

(2) Glyde, R. W.; Mawby, R. J. Inorg. Chem. 1971, 10, 854, Wilson,
C. J.; Green, M.; Mawby, R. J. J. Chem. Soc., Dalton Trans. 1974, 421,
1293.

(8) Anderson, G. K.; Cross, R. J. J. Chem. Soc., Dalton Trans. 1979,
1246; 1980, 712.

(4) Garrou, P. E.; Heck, R. F. J. Am. Chem. Soc. 1976, 98, 4115.

(5) Sugita, N.; Minkiewicz, J. V.; Heck, R. F. Inorg. Chem. 1978, 17,
2809.

(6) Anderson, G. K.; Cross, R. J. J. Chem. Soc., Dalton. Trans. 1980,
1434.

have been identified, and the involvement of the
[PtXRYCO)(PR;)] complexes, produced by phosphine
dissociation, has been elucidated.®

Recently it has been shown’ that decarbonylation of
trans-[PtCI(COR)(PPh;),] (R = alkyl or aryl) complexes
is promoted by tin(II) chloride, though the role of SnCl,
was not well understood.

We have investigated the carbonylation of trans-[Pt-
(SnCly)Phl,] (L = PPhy or PMePh,) and the reverse re-
action with a view to discovering how the trichlorostannate
ligand promotes the carbonyl insertion, or aryl migration,
process.

Experimental Section

The complexes trans-[PtCIRL,] (R = Ph or COPh; L = PPh,
or PMePh,) were prepared by displacement of 1,5-cyclooctadiene
from the analogous platinum diolefin complexes.! The trans-

(7) Kubota, M.; Phillips, D. A.; Jacobsen, J. E. J. Coord. Chem. 1980,
10, 125,
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