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Scheme I1

MeMgl +
An,SnCl,
NpMgBr

SnCly

An,Sn MeAn,SnNp

HCl
MeAn,SnNp

PhCI-MeOH
-70°

LiAlH,
MeAnNpSnCl — MeAnNpSnH

with Me-z-PrPhSnBr which can be transformed into
a series of racemic tetraorganotins Me-i-PrPhSnR.

Optically Active Tetraorganotins, In order to
synthesize optically active tetraorganotin com-
pounds, it was advisable to put two different aryl
groups on tin. This is why we started from the very
reactive tetra-p-anisyltin since the p-anisyl group is
cleaved much faster than the other aromatic groups;
see Table VI.6-12 We used Scheme II (in which An
stands for p-anisyl and Np for 1-naphthyl) to pre-
pare and isolate the first optically active tin deriva-
tive in which the metal is the only chiral center.32
The addition of this racemic triorganotin hydride to
(—)-methyl acrylate yields two diastereoisomers
which can be distinguished by nmr and separated.
One of these, with [«]p —24°, reacted with methyl-
magnesium iodide to give the corresponding chiral al-
cohol MeAnNpSnCH;CHsCMe;OH, [ajp +9°,8
which is optically stable, as expected.33.34

Optical Stability of Organotin Compounds. Op-
tically active organotin compounds containing a
chiral tin atom might normally be expected to be of

(32) H. Mokhtar-Jamai, C. Dehouck, S. Boué, and M. Gielen, Proc. 5th
Int. Conf. Organometal. Chem., Moscow, 1, 523 (1971}; 2, 359 (1971); H.
Mokhtar-Jamai and M. Gielen, Bull. Soc. Chim. Fr., 9B, 32 (1972).

(33) M. Gielen, M. De Clercq, G. Mayence, J. Nasielski, J. Topart, and
H. Vanwuytswinkel, Recl. Trav. Chim. Pays-Bas, 88, 1337 (1969).

(34) G. J. Peddle and G. Redl, J. dmer. Chem. Soc., 92, 365 (1970); F.
D. Boer, G. A. Dorakian, H. H. Freedman, and S, V. Mc, Kinley, ibid., 92,
1225 (1970); D. V. Stynes and A. L. Allred, ibid., 93, 2666 (1971); C. E.
Holloway, S. A. Kandil, and I. M. Walker, ibid., 94, 4027 (1972). A reinves-
tigation of a reported resolution of methylethylpropyltin iodide showed
Pope and Peachey’s results to be erroneocus; see G. Redl, J. Organometal.
Chem., 22,139 (1970).
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some use for the study of the stereochemistry of SN2
reactions at the metal atom, much as in organosili-
con or organogermanium chemistry.4:35 However, it
has been shown by the coalescence of diastereotopic
signals that triorganotin halides are not optically
stable.33:3¢ Their ready conversion3¢ into stereo-
chemically nonrigid37.3% pentacoordinate structures
might account for this optical instability. This
means that the study of the stereochemistry at tin in
the halogen cleavage of carbon-tin bonds will be
very difficult, if one does not find a way to reduce
the optical instability of RR'R”’SnX compounds. To
do this, one may either try to slow down the forma-
tion of pentacoordinate complexes or the stereomu-
tation processes by which they interconvert, or intro-
duce constraints into the chemical system to avoid
at least those stereomutations which are responsible
for their optical instability, and which are best visu-
alized on topological (graphical or matrix) represen-
tations.*.37.38 This is the reason why we started sev-
eral studies on sterically hindered organotin com-
pounds3?® and on stannetanes,*® which, we hope, will
make it possible to obtain optically stable triorgano-
tin halides#! and hydrides.42

I am very grateful to Dr. M. Abraham, Dr. P. Baekelmans, Dr.
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tinent suggestions.
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The commercial importance of homogeneous and
heterogeneous transition-metal-catalyzed reactions
of olefins and acetylenes has generated tremendous
interest in the activation of unsaturated molecules

by transition-metal complexes. Noteworthy examples
are (a) the hydroformylation of olefins to aldehydes,

catalyzed by cobalt tetracarbonyl hydride,! (b) the
hydrogenation of olefins catalyzed by [P{CsHs)sls-
RhCl,2 and (c¢) the oxidation of ethylene to acetal-

(1) D.Breslowand R. F. Heck, Chem. Ind. {London), 467 (1960).
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Figure 1. The Dewar-Chatt-Duncanson model of transition-
metal-acetylene bonding.

dehyde in a continuous process catalyzed by PdCly-
CuCly 3

Research into homogeneous catalysis has been
stimulated by the belief that homogeneous catalysts
can be ‘“‘designed” which are more efficient than
their heterogeneous counterparts. However, the role
of a homogeneous catalyst is in many cases obscured
by the very nature of the catalytic reaction: they are
either very fast or very complex, usually both, and
their reactive intermediates are normally inaccessi-
ble to direct or reliable observation.* The bonding in
simple olefin and acetylene adducts with transition-
metal complexes is therefore of particular interest
since an understanding of the factors which lead to
“stability”’ also illuminates the factors which pro-
duce “reactivity.”

The original Dewar5-Chatt-Duncanson® model
suggested that the bonding may be described as a
combination of a ¢ interaction, olefin or acetylene =
to metal “dsp,” and a w interaction, metal “d” to
olefin or acetylene 7* (Figure 1A) or in its extreme
form as involving two metal-carbon ¢ bonds with
complete rehybridization of the carbon atoms (Fig-
ure 1B).

For some complexes, e.g., RhCI[P(CgHs)3]2C4Fe,
X-ray structural determinations have led to the con-
clusion that the bonding is that of A in Figure 1
while for others, e.g., Pt[P(CgHs)3])2C4Fs, bonding as
in B is regarded as more appropriate. The concept of
the synergic effect which is implicit in A is still ac-
cepted, although considerable debate has evolved
concerning the relative magnitudes of ¢ and = inter-
actions, the choice of metal orbitals employed in this
bonding, and thus the coordination number and for-
mal valency state of the metal.4-14

The sensitivity of ¢- and w-bonding contributions
to changes in the relative energies of the metal va-

(2) J. A. Osborn, F. H. Jardine, J. F. Young, and G. Wilkinson, J. Chem.
Soc. A, 1711 (1966).

(3) J. Schmidt, W. Hafner, R. Jira, R. Sieber, J. Sedlmeier, and A.
Sabel, Angew. Chem., 74, 93 (1962),

(4) L. Vaska, Accounts Chem. Res., 1, 335 (1968).

(5) M.J. 8. Dewar, Bull. Soc. Chim. Fr., 18, C79 (1951).

(6) J.Chatt and L, A. Duncanson, J. Chem. Soc., 2939 (1953).

(7) M. A. Bennett, Second Conference of the Coordination and Metal Or-
ganic Chemistry Division of the Royal Australian Chemical Institute, Mo-
nash, Australia, May 1968,

(8) E. O. Greaves, C. J. L. Lock, and P. M. Maitlis, Can. J. Chem., 46,
3879 (1968).

(9 F. R. Hartley, Chem. Rev., 69, 799 (1969), and references cited
therein.

(10) J. H. Nelson, K. S. Wheelock, L. C. Cassachs, and H. B, Jonassen,
Chem. Commun., 1019 (1969).

(11) J. H. Nelson, K. S. Wheelock, L. C. Cassachs, and H. B. Jonassen,
J. Amer. Chem. Soc., 92, 5110 (1970).

(12) J. H. Nelson and H. B. Jonassen, Coord. Chem. Rev., 6, 27 (1971).

(13) J. H. Nelson, K. S. Wheelock, L. C. Cassachs, and H. B, Jonassen,
J. Amer. Chem. Soc., 91, 7005 (1969).

(14) V. Belluco, B. Crociani, R. Pietropaolo, and P. Uguaglia, Inorg.
Chim. Acta, 19 (1969). )
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lence orbitals and the acetylene-olefin = and #* mo-
lecular orbitals is clearly seen in the model of -Mai-
tlis,® et al. They consider that, for acetylene com-
plexes, five situations could reasonably be postulated
to occur, A — E, in which the energy of the metal
valence electrons decreases relative to the acetylene
7 and 7* orbitals. Their case D was compared to the
bonding described in A in Figure 1, and they pre-
dicted weak interaction between the metal and the
acetylene, the bonding orbitals having mostly metal
character and the antibonding orbital mostly acety-
lene. The pair of electrons originally on the acetylene
is thus transferred to the metal.

If the relative magnitudes of the ¢ and « contribu-
tions differ, the polar nature of the metal-acetylene-
olefin bond should facilitate reaction by an ionic
mechanism. It has been suggested that fluoro olefins
and fluoroacetylenes, which are strong = acids (i.e.,
strong acceptors of metal d electrons into olefin or
acetylene n* orbitals) because of their electron-with-
drawing substituents, react with low-valent electron-
rich metal complexes via anionic or carbanion mech-
anisms,15-18 Similarly, in the reactions of acetylenes
with Pd(0)*® and members of the cobalt triad,20-24
which lead to benzenoid trimers and metallocyclo-
pentadienes, the metal acts as a nucleophilic “cata-
lyst.” Indeed, this type of reaction is not limited to
transition metals but is shared by other Lewis bases
such as tertiary phosphines.23 '

On the other hand, olefin and acetylene complexes
of higher valent and more electrophilic metals, in
which bonding is dominated by the olefin-acetylene
7w to metal dsp contribution, have been predicted to
be (i) unstable and (ii) susceptible to nucleophilic
attack at the unsaturated carbon atoms.8 It is this
type of reaction which is discussed in detail in this
Account, with special reference to the behavior of
organoplatinum compounds. However, a third mode
of reaction, involving free-radical formation, should
also be recognized. Thus, the activation of unsatu-
rated hydrocarbons may be compared with the acti-
vation of molecular hydrogen26 or of alkyl halides2?
by transition-metal complexes and may occur by any
one of these three mechanisms depending on the

(15) R. Burt, M. Cooke, and M. Green, J. Chem. Soc. A, 2975 (1970). *

(16) R. Burt, M. Cooke, and M. Green, J. Chem. Soc. A, 2971 (1970).

(17) T. Blackmore, M. I. Bruce, F. G. A, Stone, R. E. Davis, and A.
Garza, Chem. Commun., 852 (1971).

(18) H. D. Empsall, M. Green, and F. G. A. Stone, J. Chem. Soc., Dal-
ton Trans., 96 (1972).

(19) P. M. Maitlis, Plenary Lecture presented at the Fifth International
Conference on Organometallic Chemistry, Moscow 1971,

(20) H. Yamazaki and M. Hagnitara, J. Organometal. Chem., 17, 22
(1967); 21, 431 (1970).

(21) J. P. Collman, J. W. Kang, W, F. Little, and M. F. Sullivan, Inorg.
Chem., 7, 1298 (1968).

(22) J.T.Mague and G. Wilkinson, Inorg. Chem., 7, 542 (1968).

(23) J.T.Mague,J. Amer. Chem. Soc., 91, 3983 (1969).

(24) 8. McVey and P. M. Maitlis, J. Organometal. Chem., 19, 169
(1969).

(25) (a) M. A. Shaw, J. C. Tebby, R. S. Ward, and D. H. Williams, J.
Chem. Soc. C, 2795 (1968); (b} N. E. Waite, J. C. Tebby, R. S. Ward, and
D. H. Williams, ibid., 1100 (1969); (¢) E. M. Richards, J. C. Tebby, R. S.
Wards, and D. H. Williams, ibid., 1542 (1969); (d) N. E. Waite, J. C.
Tebby, R. S. Ward, M. A, Shaw, and D. H, Williams, ibid., 1620 (1971).

(26) (a) J. Halpern, Annu. Rev. Phys. Chem., 70, 207 (1968); (b) J. Hal-
pern, Chem. Eng. News, 44, 68 (Oct 31, 1966); (c) J. Halpern, Advan. Chem.
Ser., No. 70, 1 (1968).

(27) E.g., for Ir(I): (a) P. B. Chock and J. Halpern, J. Amer. Chem. Soc.,
88, 3511 (1966); (b) J. A. Labinger, R. J. Brans, D. Dolphin, and J. A. Os-
borne, Chem. Commun., 612 (1970); (c) R. G. Pearson and W, R. Muir, J.
Amer. Chem. Soc., 92, 5519 (1970); (d) J. S. Bradley, D. E. Connor, D.
Dolphin, J. A, Labinger, and J. A. Osborne, ibid., 94, 4043 (1972).
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particular system being examined and on the partic-
ular reaction conditions.

Certain aspects of the chemistry of organopla-
tinum compounds make them ideally suited to the
consideration of these problems, namely2® (a) the
observance of well-defined oxidation states 0, +2,
+4; (b) well-defined coordination numbers (three
and four for Pt(0), four for Pt(2+) and six for Pt(4+))
in organoplatinum compounds; (c) their thermody-
namic stability (and inertness to oxygen and water)
and generally convenient rates of reaction; and (d)
their suitability for the application of a variety of
spectroscopic techniques.

In regard to points a and b, numerous illustrative
compounds are known, e.g., [(CeHs)sP]2Pt(un)
where un = olefin or acetylene,® [(CeHs)sPlePt-
(CHs)z, and [(CsHs)sPl2Pt(CH3)Cl and [(CeHs)3]2Pt-

(CH3),Cls_,, where n = 1-4.2° While the assignment

of the coordination number of platinum in
[(Ce¢Hs)3P)ePt(un) 1is arbitrary, deviations from
four-coordinate Pt(2+) and six-coordinate Pt(4 +)
are very rare, and in such cases the metal al-
ways attains an 18-electron valence shell e.g.,
Pt(SnCl3)s—,%% (w-C5Hs)Pt{(C¢Hs5)sPl2+,3r  CFs-
[P(CH3)2CeHs5]2PtC4(CHs)s*,32 and (x-CsHs)Pt-
(CH3)3.3 Their stability is indicated by the isola-
tion of [(CHj)sPtClls, which was one of the first
organometallic compounds to be discovered;3* this
compound requires treatment with bromine to cleave
the Pt-CHj3 bonds. Finally, examination of organo-
platinum compounds and their reactions by the nmr
method is particularly fruitful; the presence of 195Pt
(33% abundance, I = %) and hence the measurement
of couplings between 195Pt and other nuclei prove to
be an invaluable tool in the understanding of trans
influences3% and chemical bonding.

Organoplatinum(2+) Cations

An unexpected product from the reaction of tetra-
fluoroethylene with (R3P)2PtHCI in a glass container
was36:37 the cation [(RsP)2PtClI(CO)]t, which is
isoelectronic with the so-called Vaska’s compound,*-38
(RsP)2IrCI(CO), and is similarly related to Wilk-
inson’s39 active catalyst, (RsP)sRhCl. This prompted
us to prepare, and examine with respect to their cat-
alytic activity, the related olefinic and acetylenic
organoplatinum cations.

(28) F. A. Cotton and G. Wilkinson, “Advances in Inorganic Chemis-
try,” 3rd ed, Wiley, New York, N. Y., 1972,

(29) {a) J. D. Ruddick and B. L. Shaw, J. Chem. Soc. A, 2801 (1969);
(b) R. J. Cross, Organometal. Chem. Rev., 2, 97 (1967), and references
therein.

(30) R. D. Cramer, R. V. Lindsey, C. T. Prewitt, and U. G. Stolberg, J.
Amer. Chem. Soc., 87, 658 (1965).

(31) R.J.Cross and R. Wardle, J. Chem. Soc. A, 2000 (1971).

(32) M. H. Chisholm, H. C. Clark, D. B, Crump, and N. C. Payne, Sub-
mitted for publication.

(33) G. W. Adamson, J. C. J. Bart, and J. J. Daly, J. Chem. Soc. A, 2616
(1971).

(34) W.J.Pope and 8. J. Peachey, J. Chem. Soc., 95, 571 (1909).

(35) (a) A. Pidcock, R. E. Richards, and L. M. Venanzi, J Chem. Soc.
A, 1707 (1966); (b) T. G. Appleton, H. C. Clark, and L. E. Manzer, Coord.
Chem. Rev., submitted for publication.

(36) H. C. Clark, P. W. R. Corfield, K. R. Dixon, and J. A. Ibers, J.
Amer. Chem. Soc., 89, 3360 (1967).

(37) H. C. Clark, K. R. Dixon, and W. J. Jacobs, J. Amer. Chem. Soc.,
90, 2259 (1968).

(38) (a) J. Halpern, Accounts Chem. Res., 3, 386 (1970); (b) J. P. Coll-
man, thid., 1, 136 (1968),

(39) G. Wilkinson, et al, J. Chem. Soc. A, 1711, 1736 (1966); 1574
(1967); 1054 (1968).
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The chloride ligand in trans-PtCl(CHs)Ly (where
L. = tertiary phosphine or arsine), I, is labile due to
the high trans influence of the trans methyl group.#0-41
Hence the addition of a neutral donor ligand, L/,
to I gives rise to equilibrium 1, for example when 1/
= pyridine.#2 The addition of a silver salt of a non-
polarizable anion allows the isolation4® of cationic
platinum(2+) complexes for a variety of neutral lig-
ands L./.

CH,0H o
trans-PtCICH;L, + L' ==—=—==>= trans-[PtCH(L')L,] Cl
I or (CH,),00 "

1

Acetylenic Platinum(2+) Cations

With the hope of isolating methylplatinum
acetylenic cations, trans-[PtCH3(RC==CR')L2])+*PF¢~
(IT), we studied reaction 2. However, the products ob-

slovent

trans-PtCI(CH)L, + RC=CR' + AgPF,
trans-[PtCH,RC==CRL,]'PF,”~ + AgCl (2
i

tained from (2) showed a marked dependence on (i)
the substituents of the acetylene, R and R’, (ii) the
ligands on platinum, L, (iii) the solvent, and (iv) the
reaction conditions.

The reaction of dialkyl- or diarylacetylenes in
methanol or acetone did in many instances yield42.43
II, while monoalkyl acetylenes, RC==CH, in methanol
or ethanol gave#2:4¢ cationic alkoxycarbene com-
plexes (III) according to eq 3.

R'OH
_—

transPtCI(CH,)L, + RC=CH + AgPF;
transPtCHy RCH,COR")L,]*PF,~ + AgCl (3)
Il

Similarly, phenylacetylene gave** a benzylalkoxy-
carbene complex (III) when L. = P(CHj3),CgHs, but
when L = As(CHgs)z only acetylide formation oc-
curred?? as shown in (4). Reactions of monoalkyl
acetylenes in aprotic polar solvents, such as tetrahy-
drofuran, also gave45 acetylide formation as in (4).
CH,;0H or

C.HOH

[PtC=CPhL,)*PF," + CH, + AgCl (4)
v
L = As(CHy),
Disubstituted acetylenes RC==CR’ containing

electron-withdrawing groups R and R’ produced4 ¢
vinyl ether complexes in methanol (see 5), while in

CH,0H
————

trans-PtCI(CH;)L, + PhC==CH + AgPF;

transPtCI(CHy)L, + RC==CR + AgPF;
AgCl + CH, + [PtCR==C(OCH,)RL.J'PF;" (5
%

aprotic polar solvents insertion into the methylpla-
tinum bond occurred, 46 as in (6). In reactions 5 and
6 addition to the acetylenic triple bond leads to the

(40) H. C. Clark and J. D. Ruddick, [norg. Chem., 9, 1226 (1970). )

(41) F. Basolo, J. Chatt, H. B, Gray, R. G. Pearson, and B. L. Shaw, J.
Chem. Soc., 2207 (1961).

(42) M. H. Chisholm and H. C. Clark, Chem. Commun., 763 (1970).

(43) M. H. Chisholm and H. C. Clark, Inorg. Chem., 10, 2557 (1971).

(44) M. H. Chisholm and H. C. Clark, Inorg. Chem., 10, 1711 (1971).

(45) M. H. Chisholm and H. C. Clark, unpublished results.

(46) M. H. Chisholm and H. C. Clark, J. Amer. Chem. Soc., 94, 1532
(1972).



Vol. 6, 1973 Organoplatinum Chemistry 205
+ AR CH,0H + CHR
R27' CH3—‘Pt—C=C\H —_— CHg_Pt(_C\OCHa
H™ or alkyl shift
Rl
| R,
.-G
om—PeH 5 CH—Pr—(=C—OCH, + H'
| R!
T
_H+ +
CH;~—Pt—C=C—~R! + H
CHCY,
CH,
Pt*—C=C—R?
+RIC==CR? R
CH
ﬁHa VA
Pt—C c/C Ro=cR 1 1
CH;~~Pt— ——> acetylene polymers "
! Ne” T CH,
|
CH,
Figure 2.
trans' PtCI(CH)L, + RC==CR + AgPF, =, Both cationic carbene complex formation and cat-

or THF

AgCl + [PtCR=C(CH,)RL,J*PF,” (6)

VI

stereospecific formation of trans and cis vinyl iso-
mers respectively.46

The Carbonium Ion Model in Organoplatinum
Chemistry

The products of reactions 3 to 6 are derived from
the initial formation of cationic acetylenic platinum
complexes (II) which show reactivity characteristic
of carbonium ions (II’) and hence lead to products
interpretable in terms of intramolecular rearrange-
ments and/or nucleophilic addition.6,47

L g R
l+ C ‘,—1C

CH,—Pt<]| <> CH,—PtzF_ ||
t 4 TeC
L X L R’
il r

Reactions 2 to 6 led us to predict#® that the carbo-
nium ion reactivity of an acetylene RC=CR’ coordi-
nated to a platinum cation [PtX-Qz]* would be de-
pendent on (i) the substituents on the acetylene, R
and R’, (ii) the ligands on platinum, X and L, and
(iii) the availability and nature of a nucleophile,
which may be the solvent. Reactions 3 to 6 are ex-
plainable on this basis as shown in Figure 2. Thus,
carbene formation (reaction 3) only occurs with ter-
minal acetylenes in a protic solvent. In a polar but
aprotic solvent, proton elimination or abstraction by
solvent takes place to give acetylides. Moreover, the
acidity of the acetylenic proton in the metal-induced
carbonium ion is also influenced by the other ligands
on platinum, as shown by the occurrence of both
reactions 3 and 4 for phenylacetylene.4®

(47) M, H. Chishelm, H. C. Clark, and D. H. Hunter, Chem. Commun.,
809 (1971),

ionic acetylide complex formation prevent the isola-
tion of cationic acetylenic complexes II, although
such complexes have been isolated for dialkyl- or
diarylacetylenes. The latter complexes are only slow-
ly attacked by a nucleophilic protic solvent such as
methanol to give methyl vinyl ether complexes (reac-
tion 5), although on increasing the electrophilic
character of the acetylene (e.g., HOCH.C=C-
CH;0H, or CH300CC==CCOOCHs3;), this reaction
proceeds more rapidly. In the absence of a nucleo-
philic protic solvent, these electrophilic acetylenes
react with the formation of insertion products (reac-
tion 6). Indeed, in the absence of any nucleophile
other than excess acetylene, polymerization is
favored, as shown in Figure 2. Clearly, then, the
choice of solvent and the ratio of reactants are critical
in determining the course of these reactions.

Although many alkoxycarbene complexes of tran-
sition metals are now known,*8 reaction 3 is surpris-
ing and the mechanism deserves further comment.
Initially we considered that the formation of the
alkoxycarbene complexes III could be represented by
(7), in which the cationic acetylenic complex II
reacts with the solvent to produce a cationic vinyl
ether complex, which then by hydride shift gives III.

L
| ¢ CH,O0H L\R\'C/H -
CH3—1T>t+<_|" CHOH, CHS—?t+e|| e
C C
L H L H” DocH,
II
{
CHR
cH—Pt*—c
i OCH,
L
it

(48) (a) F. A. Cotton and C. M. Lukehart, Progr. Inorg. Chem., in press;
(b) D. 4. Cardin, B. Cetinkaya, and M. F. Lappert, Chem. Rev., 72, 545
(1972).
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However, substitution of methyl (or ethyl) vinyl
ether for the acetylene in reaction 3 led to the isola-
tion of a stable methyl (or ethyl) vinyl ether cationic
complex, which did not decompose in solution below
80°.46 It should be noted that a carbonium ion mech-
anism involving H- migration of a vinylic hydrogen
is not favorable due to the orthogonality of the =
cloud. This fact may be responsible for the inability
of this m-coordinated vinyl ether to rearrange to give
the alkoxycarbene ligand. Thus the formation of the
platinum-stabilized carbonium ion, CH;PtC+=
CHR (VII) is essential for conversion to the alkoxy-
carbene ligand. The formation of VII can occur ei-
ther by a hydride shift of II’ or by proton elimination
(Figure 3). Deuterium-labeling studies*® are consis-
tent with the intramolecular mechanism involv-
ing hydride migration. Moreover, the formation*® of
Pt(4+) carbene complexes from -cationic Pt(4+)
acetylenic intermediates suggests that an oxidative
addition-reductive elimination mechanism is not
operative.

Other than the above reactions, many other as-
pects of organoplatinum chemistry clearly illustrate
the generality of this carbonium ion model. For ex-
ample, substitution of the methyl group attached to
Pt in II by the more electron-withdrawing trifluoro-
methyl group increases the electrophilicity of the
organoplatinum cation and hence increases the car-
bonium ion reactivity of the acetylene in trans-
[PtCF3(RC=CR)L2]*. Although we have been un-
able to isolate such simple dialkylacetylene cations,
they are reactive intermediates in the polymerization
of acetylenes, a process which occurs much faster
than for 1T in the absence of a polar protic solvent. A
terminating step in the polymerization of dimethyla-
cetylene is the formation6.4® of the cationic
tetramethylcyclobutadiene complex, [PtCFs{C,-
(CHs)4lLe]* PFs~, shown in reaction 8. Incidentally,

polymers
TCHSCECCHB
(|3Hs CH;
CH I
C s+
CF——Pt+/“ ?Hﬁ — CF—Pt—(|3 (llj
NN ! Sc—C
I ™ CH, CHs
CH, C
& 1 ®
CH
CH3 CH3 l 3
CH, &
+ N\
CF,—Pt <~— CF—Pt~~C{ +) C—CH
s ; \—>\C/ '
CH, |
CH, CH,

ligands L omitted for brevity

the geometry of this cation—pseudotétrahedral—
is unusual for a Pt{(2+) complex; moreover, its
nmr parameters are consistent with fluxional be-
havior in solution,32

Another reaction in organoplatinum chemistry
which is consistent with the carbonium ion model is

(49) M. H. Chisholm and H. C. Clark, Chem. Commun., 1484 (1971).
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}z N Pt—5=c<R

wd| T el
¢ Pt—C=CR
H

Figure 3.

the formation of an alkoxycarbeneplatinum(4+)
cation via a cationic acetylenic Pt(4+) intermedi-
ate .49

[Pt(CH,),CF{CH==CCH,CH,0H)L,]7 —
"
[Pt(CH,),CF,(CH,CH,OCCH,)L,T"

Data from 13C nmr spectroscopy again illustrate
the electron-deficient nature of the carbene carbon
atom in these alkoxycarbene complexes.? By com-
parison with purely organic analogs, the 3C
shieldings of the carbene carbons are comparable to
those of trialkylcarbonium ions.5? Indeed, these plat-
inum complexes could alternatively be considered as
platinum-stabilized alkoxycarbonium ions, a nomen-
clature which more closely reflects their chemical be-
havior than does the name ‘“‘alkoxycarbene.” For ex-
ample, carbenoid complexes undergo reactions with
nucleophiles such as amines.*® Likewise, we have
found45 that trans-[PtCl{C(OCH;3)CHj3{Lz2]* reacts
with pyridine to give neutral trans-[PtCI{COCH;)L,],
and the N-methylpyridine cation, a reaction which is
the reverse of the well-known formation of cationic
metal-carbene complexes from acyl derivatives.48

_OCH,

(CH,),0"BF,”
Pl et 2 M+—C\
R

0
&
M'—C\

The role of platinum-induced carbonium ions is
not limited to reactions described by eq 2; they are
the reactive intermediates in the formation of neu-
tral ¢ vinyl ether (eq 9), acyl (eq 10), and ¢ vinyl de-
rivatives®? (eq 11), shown below, which proceed via

cationic acetylenic intermediates trans-[PtCHs-
(RC=CR)L;}*CIl-.
trans-PtCl(CH;)L, + RC==CR + CH,OH —

transPtCCR=C(OCH,)R)L, + CH, (9)

transPtCI(CHy)L, + RC==CH + 2CH,OH —
trans-PtC(COCH,R)L, + CH, + (CHy,0 (10)

CH,Cl,
———
solvent

trans'PtCI(CH;)L, + RC=CR + cat.

trans-Pt{CR=C(CH)R)CI'L, (11)
cat.= trace of [PtCHa(acetone)Q2]+PF6_

Thus, the formation of methyl vinyl ether complexes
in (5) and (9) is stereospecific, giving only the trans
vinylic (i.e., trans with respect to C==C) isomer; it is
thus analogous to the stereospecific bromination of
an acetylene in methanol, which is traditionally re-
garded5? as proceeding vie a carbonium ion mecha-
nism,

(50) M. H. Chisholm, H., C. Clark, L. E. Manzer, and J. B. Stothers,
Chem. Commun,, 1627 (1971).

(51) J. B. Stothers, “Carbon-13 NMR Spectroscopy,” Academic Press,
New York, N. Y., 1972,

(52) M. H. Chisholm, H. C. Clark, and L. E. Manzer, Inorg. Chem., 11,
1269 (1972).
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X—Ptt—L = |X—Ptt<| <— X—Pt::.]“ =R, x—pt
9 C
R R’ R
CH,0H HCl, " R
R=H ’ \ X \=H 8
l |
—C==C—O0CH, Pt*—C=(C--R’ Pt*—C=CR + XH
H or IL + XH 7
R~ shift 5 6
R CH,OH CH,R CH;R
X—p—¢=c = x—pr<cl = L p—c" 4+ XH + (CH)O
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\RCECH
CHR — polymers
X—Pt—C< LI%_?(;HE* and
CH=§R or Vs ethers
4

Figure 4. Some reactions of trans-[PtX(RC=CR")Qq]*Z-.Q =

P(CH3)2CeHs omitted from the figure for brevity. Z = PFg or Cl, except

8 = PFg only; X = CHzor CFs and R = alkyloraryl for 1-4. X = CH3, R=R’ = alkyl, COOCH3;, COOH, CH;0OH for5; X = CH3,R=R’' =

COOCHs3, CF3 for 6; X = CHs, R = phenyl or alkyl, solvent = THF or acetone for 7; X

CO, acetone, etc., for9

Moreover, reactions 5 and 9 are analogous to a
multitude of nucleophilic addition reactions of ole-
fins in the presence of metal salts. The oxymercura-
tion of simple unstrained olefins has long been
known to be stereospecific in trans addition.?* This
was first predicted by Lucas, Hepner, and Winstein
in 1939 by analogy to the behavior of the bromonium
ion.%5 Similarly, platinum (II)- and palladium(II)-
diolefin complexes of dicyclopentadiene, norborna-
diene, and bicyclo[2.2.2]octadiene yield metal-car-
bon-bonded ¢ complexes with the methoxy group in
the exo configuration on treatment with alkaline
methanol.56-60 Acyl formation, reaction 10, which
occurs on prolonged contact with methanol, is con-
sidered to arise from further nucleophilic attack by
the methanol on the electron-deficient carbene lig-
and,46 e.g., as in (12), and may be compared to the

CHQR
CH—Pt—C \A\—CH

7~
7 cH,
CH,R
- 2- e 2
Cl—Pt—C\ -« CHa—Pt—C\0 12)
+ CH, + (CH,),0"HCI™

(53) (a) R. J. Morrison and R. M. Boyd, “Organic Chemistry,” 2nd ed,
Allyn and Bacon, Boston, Mass., 1966; (b} J. D. Roberts and M. Cassario,
“Basic Principles of Organic Chemistry,” W. A. Benjamin, New York, N,
Y., 1965; (¢) J. Much, “Advanced Organic Chemistry: Reaction, Mecha-
nisms and Structure,” McGraw-Hill, New York, N. Y., 1968.

(54) (a) W. Kitching, Organometal. Chem. Rev., Sect. A, 3 61 (1968);
(b) J. Chatt, Chem. Rev., 48, 7 (1951).

(55) H. J. Lucas, R. F. Hepner, and S. Winstein, J. Amer. Chem. Soc.,

. 61, 3102 (1939).

(56) J. K. Stille, R. A. Morgan, D. D. Whitehurst, and J. R. Doyle, J.
Amer. Chem. Soc., 87, 3282 (1965).

(57) J. K. Stille and R. A. Morgan, J. Amer. Chem. Soc.,
(1966).

(58) M. Green and R. I. Hancock, J. Chem. Soc. A, 2054 (1967).

(59) C. B. Anderson and B. J. Burreson, J. Organometal. Chem., 7, 181
(1967).

(60) C.B. Anderson and 8. Winstein, J. Org. Chem., 28, 605 (1963).
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= CF3, R = CHjfor 8; X = CHj or CF3, L = PR3, py,

reaction of the methoxymethyl carbene ligand and
pyridine discussed earlier.

Reaction 11 provides an excellent illustration of
the importance of the choice of solvent.?2 For R =
CFj3, in a nonpolar solvent such as benzene, I gives®l
a relatively stable 1:1 adduct of known geometry®2
and ultimately trans-PtCl[C(CF3)=C(CF3)CHs]Lo,
Pt(C4Fg)L2, and PtCla(CHgs)oLo.

In contrast, in dichloromethane solution, I plus
hexafluorobut-2-yne, with a trace of trans-[PtCHjs-
(acetone)Ls]* as halide abstractor, rapidly gives52
only the above vinylic product. This reaction may be
represented by the catalyzed sequence 13.

(i) trans[PtCHyacetone)L,]'PF,” + CFC=CCF, —,
[L,PtCCF,==C(CH,)CF;]'PF,” + acetone

(i) [L,PtCCF,;=C(CH,)CF,]'PFy~ + transPtCICHL, ==
cis-PtCI{CCF;==C(CH,)CF;)L, + [PtCH,;Q,]"PF,~
(i) [P{CH,L,J'PF,” + CF,C=CCF, —
[L,PtCCF,=C(CH,)CF,]'PF,~  (13)

Such activation of acetylenes as we have described
above is not limited to methylplatinum compounds;
it has also been observed#5.83.8¢ for a variety of other
organoplatinum derivatives where the organic moiety
bound to platinum is alkyl, phenyl, vinyl, or alkynyl,
all of which exert a high trans influence. The reac-
tions of acetylenes and their products are summa-
rized in Figure 4. Nor is such activation limited to
acetylenes. Other unsaturated ligands, un, in cation-
ic complexes-intermediates [PtX(un)Lg]t are acti-
vated toward (i) insertion into the Pt-X bond, (ii)
isomerization, and (iii) nucleophilic attack; un =

(61) H. C. Clark and R. J. Puddephatt, Inorg. Chem., 10, 17 (1971).

(62) B. W, Davies, N, C. Payne, and R. J. Puddephatt, Can. J. Chem., 50,
2276 (1972).

(63) H. C. Clark and R. J. Puddephatt, Chem. Commun., 92 (1970);
Inorg. Chem., 9, 2670 (1970).

(64) T. G. Appleton, M. H. Chisholm, H. C. Clark, and L. E. Manzer,
Inorg. Chem., 11, 1786 (1972); ibid., submitted for publication.
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X—Ptt—(ur’) + un la

10a Nun’ T

X—Pt*

[X—PtT~—(un )]

> A
9a 3a
+ CHQCHXCHO X—unPt+<——(un)
+ CH,XCH,CHO 4a
H, Ha

Accounts of Chemical Research

Y
— Pt
X—Pt+—c

v NHR
s
+ ROH_ + _OR
X—Pt"«NH=C

Pt+ )
R \

CH,X
6a

CH;

I
CX
. /CXR . ﬁ ’
Pt—CH Pt -
A [ 4 \
O\C/I\ H O C/
| \
CH,
8a Ta

Figure 5. Some reactions of trans-[PtX(un)Qz2]*Z~. Q = PMe;Ph PMePha, or PPhg—omitted from figure for brevity. Z = PFs, BF4, C104
or NOj; 1a, X = CHa, un = cyclopentadiene; 2a, X = Cl, un = RNC, Y = OCHj, OC,Hs, SR, NR2 and NHR; 3a, X = CHs, CF3, un =
¢prC=N where ¢r s a perfluoroaryl group, R = CH3 or Csz, 4a,X = H un = CH,=CH,, CH3CHwCH2, CH3CH2CH CHgz; 5a, X = H,

CHj, un = CHa=C==CHgy; 6a, X = H, un = CH,=CH—CH=CHgy; 7a, X = H, un = CHy==

=CH—CH20COCHjy; 8a, X = un = CHg—

CHCHgNHCO CHj; 9a, X = H, un = (CHy=CHCH,)20; 10a, X = D, un = CHo==CHCH,OCHjs, CHZ_CHCHQOCGHS CH3;CH;-

CH=CHa, un’

olefins, dienes, allenes, vinyl ethers, allyl alcohols,
allylamines, allyl ethers, allyl esters, cyanides, and
isocyanides.47-64-76 These reactions are summarized
in Figure 5.

Pt-C vs. Pt-H Insertion Reactions

The induced formation of cationic species in polar
solvents can thus activate a wide variety of unsatu-
rated compounds. Although the precise nature of the
solvated cation and of the role of the solvent and
counteranion are unknown, the attainment of the
fourth coordination position trans to the ligand of
high trans influence (e.g., CHs, H, Cg¢Hs, etc.) is
clearly essential for activation. Thus, even in Pt-H
or Pt-CHj insertion reactions, attainment of this po-
sition by un is a prerequisite. For example, the reac-
tion of allene4”.75 with trans-[PtCHs(acetone)Lsa]™
gives below 0° the trans-[PtCHs(wr-allene)Lgz]t cat-
ion, which at higher temperatures leads to Pt(x-
CsH7)L2 T, where 7-C4H7; = m-2-methallyl. Similar-
ly, the reaction of trans-[PtH(acetone)L;]* with eth-
yvlene™ at —78° gives trans-[PtH(x-CoHy4)L2]* which
at  higher temperature leads to the trans-
[Pt(CoHj5)(w-C2Hy)Lo]* derivative. The mechanism
by which such insertions proceed following attain-
ment by un of that fourth coordination position is
not clear, and the roles of the solvent and counteran-
ion may well be critical.

It is instructive to compare the reactivities of

(65) H.C. Clark and L. E. Manzer, Chem. Commun., 387 (1971).

(66) H. C. Clark and L. E. Manzer, J. Organometal. Chem., 30,
C89 (1971).

(67) E. M. Badley, J. Chatt, R. L. Richards, and G. A. Sim, Chem.
Commun., 1322 (1969).

(68) E. M. Badley, J. Chatt, and R. L. Richards, J. Chem. Soc. 4, 21
(1971).

(69) E. M. Badiey, B. J. L. Kilby, and R. L. Richards, J. Organometal.
Chem., 27, C37 (1971).

(70) A. J. Deeming, B. F. G. Johnson, and J. Lewis, Chem. Commun.,
1231 (1968).

(71) H. C. Clark and H. Kurosawa, Chem. Commun., 957 (1971).
(72) H.C. Clark and L. E. Manzer, Inorg. Chem., 10, 2699 (1971).
(73) H. C. Clark and H. Kurosawa, Chem. Commun., 150 (1970).
(74) H. C. Clark and H. Kurosawa, Inorg. Chem., 11, 1276 (1972).
(75) M. H. Chisholm and H. C. Clark, Inorg. Chem., 12, 991 (1973).
(76) H.C. Clark, et al., unpublished results.

= CH3CH== CHOCHg, CH3CH= CHOCSH5, and CH3;CH=CHCHs, respectively, accompanied by D scrambling.

[CH3PtL2]* and [HPtLo]* cations. Firstly, the hy-
dride cations [HPtLs]* are the more reactive toward
insertion; this may be partly attributable to the
thermodynamic properties of the Pt-H bond com-
pared with those of the Pt-C bond in either the
[CH3PtL2]* cation or in the products. Secondly, the
difference in reactivity may relate to the availability
of alternative reaction mechanisms. Thus, reactions
involving [CHsPtLz]™ proceed in a Markovnikov
manner by electrophilic attack of Pt*: for example,
as mentioned above, Pt(w-2-methallyl)Lz* is formed
from allene and trans-[PtCHs(acetone)lis]*, whereas
the analogous butadiene cation does not lead™ to a
m-allylic derivative by Pt-CHj insertion. In contrast,
[HPtL2]* can react either by Markovnikov or anti-
Markovnikov mechanisms, i.e., Pt* or H* attack.
A consequence of this apparent versatility is the for-
mation70.7¢ of rw-allylic complexes from both allenes
and 1,3-dienes with [HPtLy]*; moreover, this versa-
tility is responsible for the characteristic isomeriza-
tion and H-D exchange reactions of olefins with
platinum hydrides.??

It is now generally accepted?®80 that metal-car-
bon and metal-hydrogen insertion reactions form the
basis of transition-metal-catalyzed polymerization
and hydrogenation reactions of unsaturated hydro-
carbons, respectively. The catalytic activity of d2
transition metals has been attributed to their ability
to expand their coordination spheres, and five-coor-
dinate = complexes have been invoked61:81-88 a5 the
reactive intermediates in such reactions.

(77) H.C. Clark and H. Kurosawa, Inorg. Chem., 12, 357 (1973).

(78) M. L. H. Green “Organometallic Compounds,” Vol. II, Methuen,
London, 1968, p 312.

(79 L. Reichand A. Schindler, Polym. Rev., 12, 1 (1966).

(80) R.Cramer, Accounts Chem. Res., 1, 186 (1968).

(81) J.C.Bailarand H. A. Tayim, J. Amer. Chem. Soc., 89, 3420 (1967).

(82) J.C.Bailarand H. A. Tayin,J. Amer. Chem Soc., 89, 4330 (1967).

(83) W. H. Baddley and M. 8. Frazer, J. Amer. Chem. Soc., 91, 3661
(1969).

(84) P. Ugualatti and W. H. Baddley, J. Amer. Chem. Soc., 90, 5446
(1968).

(85) G. W. Parshall and F. M. Jones, J. Amer. Chem. Soc.,
(1965).

(86) H. C. Clark and W. 8. Tsang, J. Amer. Chem. Soc., 89, 529 (1967).

87, 5356
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While insertion may occur via the intramolecular
rearrangement of such five-coordinate species, little
direct evidence to establish this is yet available.
Other possibilities, such as bimolecular or free-radi-
cal processes involving the five-coordinate species,
may well need to be kept in mind. All of our present
evidence would suggest that acetylenes are activated
toward (i) rearrangements, (ii) Pt-C insertion, and
(iii) nucleophilic attack, by coordination to a rela-
tively electron-deficient metal atom as in
[PtX(RC=CR’)L2]*. In contrast, coordination to a
relatively electron-rich metal as in the five-coordi-
nate = complex with I activates the acetylene to a
much smaller extent and may indeed deactivate it
toward such reactions.

Conclusions

In considering the generality of the metal-induced
carbonium ion model, one must recognize that such
reactions are not limited to those of cationic transi-
tion-metal complexes with unsaturated compounds.
All that is required is that the metal be effectively
acidic and capable of leading to a dipole-induced
reaction. For example, the platinum-methyl inser-
tion reactions with acetylenes, which proceed rapidly
when the acetylene attains the fourth coordination
position, may be compared with analogous insertion
reactions involving aluminum trialkyls where kinetic
data show8? that the reactive species is
R3;Al(RC=CR). On the other hand, formal positive
charge on an organometallic cation does not always
lead to acidic or electrophilic interaction with unsat-
urated compounds. For example, low-valent transi-
tion-metal cations may be relatively electron rich.
The cationic Ir(+) acetylene complex [Ir(CO),-
{PRs)2(HsCOOCC=CCOOCH)[**® may be com-

(87) L. 8. Meriwether, M, F. Leto, E. C. Coltump, and G. W. Kennerty,
J. Org. Chem., 27, 3930 (1962).

(88) A. Furlini, I. Collamati, and G. Sartori, J. Organometal. Chem., 17,
463 (1969).

(89) P. E. M. Allen, A. E. Byers, and R. M. Lough, J. Chem. Soc., Dal-
ton Trans., 479, (1972).

(90) M. J. Church, M. J. Mays, R. M. F. Simson, and F. P. Stefanni, JJ.
Chem. Soc. A, 2909 (1970).
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pared with the neutral Pt(2+) formed from I and the
same acetylene; in both cases, the metal is acting as
a strong nucleophile.

Certainly many organometallic- and transition-
metal-catalyzed reactions can be considered to pro-
ceed via metal-induced or -stabilized carbonium
ions, In particular, examples may be drawn from the
following classes of reactions: metalation reactions,54
proton-addition and hydride-abstraction reactions,9?
electrophilic substitution reactions of metallo-
cenes.?2:92 Lewis acid cocatalyzed polymerization of
olefins, dienes and acetylenes,?9-9¢ and metal-cata-
lyzed o rearrangements of strained alkanes.?3-97 Of
these, the Ziegler-Natta process (involving a Lewis
acid and an organohalo derivative of any early transi-
tion metal as cocatalysts) is of the greatest commercial
significance, and its characteristic feature shows a
close similarity to that of the organoplatinum sys-
tems discussed above. Both require the creation of a
vacant and electrophilic coordination site,®® and
their differences result from the different thermody-
namic properties of Ti-C and Pt-C ¢ bonds. Thus,
many of the reactions of organoplatinum compounds
described above serve as models for those which
occur in more complex systems.

(91) M. A. Haas, Organometal. Chem. Rev., Sect. A, 4, 307 (1969).

(92) D. A. White, Organometal. Chem. Rev., Sect. A, 3, 497 (1968).

(93) D. W. Slocum and C. R. Ernst, Organometal. Chem. Rev., Sect. A,
8, 337 (1970).

(94) G. Lefebvre and Y. Chauvin in “Aspects of Homogeneous Catalysis
1,” R, Ugo, Ed., Carlo Manfredi, Milan, 1968.

(95) L. A.Paquette, Accounts Chem. Res,, 4, 280 (1971).

(96) P. G. Gassman and T. J. Atkins, J. Amer. Chem. Soc., 93, 4597
(1971).

(97) J. E. Byrd, L. Cassar, P. E. Eaton, and J. Halpern, Chem. Com-
mun., 40 (1971).

(98) For example, in the TiCly~(CHj)2AICL system {which is a typical
Ziegler-Natta catalyst) the active complex is CH3TiCl3~CH3AICl;. On the
basis of solvent studies, the following ionic solvated structure has been as-
cribed to the active species [CH3TiClz]*[Al(CHj3)Cls]~, which allows for-
mation of cationic olefinic intermediates (ref 92, p 130, and references
therein). +
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Study of the Interfacial Properties of Water by Gas
Chromatography

Arleigh Hartkopf

Department of Chemistry, Wayne State University, Detroit, Michigan 48202

Barry L. Karger*

Department of Chemistry, Northeastern University, Boston, Massachusetts 02115

Received August 30, 1972

Barry L. Karger received his doctorate from Cornell in 1963 and has
been teaching at Northeastern University where he is now Professor of
Chemistry. He is a fellow of the Alfred E. Sloan Foundation, 1971-1973.
He has recently returned from Europe where he spent a quarter as a vis-
iting professor at Ecole Polytechnique in Paris and a quarter as a visiting
professor at the University of Saarlandes in Saarbrucken, Germany.

Arleigh Hartkopf worked with Professor Karger, receiving his Ph.D. in
1970. He is presentiy an assistant professor at Wayne State University.

In recent years, interest in the nature of water at
or near interfaces has increased markedly. The con-
troversy over anomalous water! attracted a

good deal of attention and promoted much theoreti-
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