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Alkynylplatinum compounds trans-Pt(C==CR),L, and trans-PtCI(C=CR)L,, where R = H, Me, or Ph and L = PMe,Ph
or AsMe;, have been prepared and reacted with acids HX in alcohols R‘'OH.” When X = PF stable cationic alkoxycarbene
complexes, trans-[Pt(C==CR)(C(CH,R)OR’)L,]*PF, or trans-[PtCI(C(CH,R)OR’)L,]*PF", have been isolated for R’
= Me, Et, Pr", and Pr’. When X = CI" or CF;COOQ", the alkoxycarbene complex formed initially reacts to generate R’-X
and the neutral acylplatinum compound. When X = CH3COOQ", no apparent reaction occurs, although each of the weak
acids nitromethane, ammonium chloride, and acetic acid react with zrans-Pt(C=CH),L, in MeOD to give trans-Pt(C=CD),L.,.
trans-Pt(C=CCF,),(PMe,Ph), does not react with HPF; in methanol; with HCI only trans-Pt(CCl=CHCF,),(PMe,Ph),
is formed. The a-chlorovinyl compounds trans-PtCl(CCl=CHR)L,, where R = H and Me, react with alcohols R’"OH
to give trans-PtCI{C(CH,R)OR")L,*Cl". The a-~carbene carbon protons are acidic. For zrans-[PtY(C(CH;)OMe)L,]*PF,”
the acidity is dependent on the trans ligand Y, Y = Cl ~ CF; > C=CH > p-tolyl > CH;. The a-carbene carbon protons
readily exchange in MeOD, except when Y = CH;. Addition of proton sponge to a methylene chloride solution of
trans-[PtY (C(CH;)OMe)L,]*PF,~ gives the g-vinyl ether compounds rans-PtY (C(=CH,)OMe)L, and the ammonium
hexafluorophosphate salt when Y = Cl or CF3. When Y = p-tolyl, an equilibrium mixture is formed in methylene chloride:
[PtC(CH;)OMe]* + amine = [PtC(=CH,)OMe] + {(amine)H]*. A general scheme which accounts for the formation
of alkoxycarbene ligands within the coordination sphere of platinum is proposed. The reactions of platinum-stabilized vinyl
carbonium ions, PtC*==CHR, formed from (i) cationic w-acetylenic complexes, (ii) protonation of platinum acetylides,
and (iii) solvolyses of a-chlorovinylplatinum(II) compounds, are discussed in the light of a number of H/D-labeled experiments.

Introduction
Cationic organoplatinum alkoxycarbene complexes have
been prepared!? from
trans-PtR(CYL, + R'C=CH + AgPF,
OR" 1"
R'OH /
———— trans-|PtR[ C L,
CH,R’'

PF,” + AgCl (1)

where R = Me, Ph, C=CCF;, or CF;; R’ = H, alkyl, or Ph;
R” = Me or Et; and L = PMe,Ph or AsMe;.
Formation of the alkoxycarbene ligand in (1) was initially

considered to occur by a reaction sequence (2). Conversion

R’ H R )
L, \ / OR
H™ /
Pt*Il| ————> Pt«| — Pt*«C )
shift \
1 I CH,R'
H H OR

of a coordinated olefin to a coordinated carbene by a hydride

shift, a Wagner—-Meerwein rearrangement, could be the initial
step in transition metal catalyzed olefin metathesis reactions.’
However, for reactions 1 the sequence (2) was rejected* when
stable w-vinyl ether complexes such as trans-[PtMe-
(CH,=CHOMe)(PMe,Ph),]*PF, were isolated. This, to-
gether with other observations, led Chisholm and Clark*® to
propose a carbonium ion model for a number of reactions of
unsaturated hydrocarbons 7r-bonded to organoplatinum cations.
The proposed intermediate in the formation of the alkoxy-
carbene ligand in (1) was a platinum-stabilized vinyl car-
bonium ion, PtC*=—CHR.

If organoplatinum cations can induce carbonium ion re-
activity in a w-bonded unsaturated hydrocarbon ligand and
also stabilize the carbonium ion so formed, we anticipated that
this carbonium ion character would be reflected in the re-
actions of unsaturated hydrocarbon ligands o-bonded to
platinum. In this paper we describe the preparation of cationic
alkoxycarbeneplatinum(II) complexes from reactions of
alkynyl- and alkenylplatinum(II}) compounds. This work
provides a new and quite general route to alkoxycarbene
ligands and provides further support for the Chisholm and
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Clark carbonium ion model. Preliminary reports of this work
have been published.®’
“Results and Discussion

Synthesis of Alkynyl- and a-Chloroalkenylplatinum(II)
Compounds. Platinum(IT) acetylides, trans-Pt(C=CR),L,,
where R = H, Me, Ph, or CF; and L = PMe,Ph or AsMe,
were readily synthesized by metathetic reactions involving
¢is-L,PtCl, and alkynyllithium reagents in THF/hexane
solvent mixtures. The presence of a large excess of LiC=CR
was avoided in these reactions since this led to displacement
of L and formation of alkynyl salts such as Li,Pt(C=CR),.}

trans-PtCl{C=CR)L, complexes, where R = Me or Ph and
L = PMe,Ph or AsMes, were prepared by the addition of
anhydrous HCI (1 equiv) to a benzene or dichloromethane
solution of trans-Pt(C=CR),L,. Addition of anhydrous HCI
(2 equiv) to trans-Pt(C=CR),L, or addition of anhydrous
HCI (1 equiv) to trans-PtCI(C=CR)L,, where R = Me and
L = PMe,Ph or AsMe;, in benzene or dichloromethane gave
trans-PtCl{(CCl=CHR)L,.

Addition of anhydrous HCI to trans-Pt(C=CH),(PMe,Ph),
in benzene, toluene, chloroform, and dichloromethane has been
studied in detail® and is the subject of the following paper. The
compounds trans-PtCl(C=CH)L,, trans-Pt(CCl=CH,),L,,
and trans-PtCl(CCl=CH,)L,, where L = PMe,Ph, have been
isolated.

Addition of anhydrous HCI to trans-Pt(C=CCF,),-
(PMe,Ph), in benzene or dichloromethane gave trans-Pt-
(CCl=CHCEF3),(PMe,Ph)y; no elimination of trifluoropropyne
was observed. Stone and his co-workers reported'® that
trans-Pt(C=CCF,),(PEt;), reacted with anhydrous HCI to
give trans-Pt(CCl=C(H)CF;)(PEt;),.

Details of the preparations of these new compounds are
given in the Experimental Section. Analytical data and other
characterization data are given in Table I and pertinent 'H
NMR data are recorded in Table II.

Protonation of Alkynylplatinum Compounds in Alcohols.
The nature of the product formed in the reaction between
trans-Pt(C=CR),L, or trans-PtCI(C=CR)L, and anhydrous
HX in an alcohol solvent R’OH is dependent on R, R/, and
X. When R = H, Me, or Ph, R’ = Me, Et, Pr”, or Pr/, and
X = PF,, cationic alkoxycarbene complexes trans-[Pt(C=
CR)(C(CH,R)ORL,I*PF, or trans-[PtCI(C(CH,R)-
OR’)L,]*PFy were formed and isolated as air-stable, white,
crystalline salts. Pertinent characterization data for a rep-
resentative sample of these new compounds are given in Tables
Tand IL

The reaction between trans-PtCI(C=CR)L,, where R =
H, Me, or Ph and L = PMe,Ph or AsMes, and HX, where
X = Cl or CF;COO, in methanol led ultimately to the for-
mation of acylplatinum compounds trans-PtCI(C(CH,R)-
=0)L,, by way of sequence (3). The reactions between

/OMe //O
PtC=CR + HX/MeOH — Pt*<—-C\ X - PtC\
CH,R CH,R

trans-PtCl(C=CMe)L, and HX (X = Cl and CF;COO) in
MeOH were followed by 'H NMR spectroscopy. Initial
formation of cationic alkoxycarbene complexes frans-
[PtCI(C(CH,CH;)OMe)L,]*X" was apparently instantaneous
and was followed by a slow reaction to give MeX and
trans-PtCI(C(CH,R)=0)L,. In a similar study trans-
PtCl(C=CMe)L, was reacted with HOAc (1 equiv) in
MeOH. No reaction was observed. Thus formation of the
alkoxycarbene ligand is related to the protic strength of the
acids HX, X~ = PF¢ > CI" ~ CF;COO", and formation of
the acylplatinum compound by MeX elimination is related to
the nucleophilic properties of the anion, CI~ ~ CF;,COO™ >
PFg.

+MeX (3)

Table I. Analytical and Other Characterization Data for Alkynyl- and Alkenylplatinum(Il) Compounds

Solubilities®

(CHS)Z_ CHz_

IR absorptions, cm™*
Other
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i,

cl,

cO

% other
Found
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Figure 1. "H NMR spectrum of trans-{Pt(p-tol)(C(CD,CH1)OMe)(PMe,Ph),]*PF, recorded in CDCl, (35 °C) at 60 MHz and prepared
from the reaction between rrans-[Pt(p-tol) (C(CH,CH;)OMe)(PMe,Ph),]*PF,” and MeOD. The CD,CH, resonance appears as a singlet,
0 =~0.7 ppm; inset A shows the CH,CHj; resonance as a 1:2:1 triplet, Jyy =~ 7 Hz; inset B shows the resonance for the CH,D, .CH; protons,

x=0,1,2.

Rather interestingly trans-Pt(C=CCF,),(PMe,Ph), did not
react with HPF¢ in methanol to give a carbene complex: the
alkynylplatinum compound was recovered from this reaction
in high yield. Similarly trans-Pt(C=CCF,),(PMe,Ph), did
not react with HCl in methanol to give acylplatinum com-
pounds. On prolonged reaction with HCI in methanol the
vinylic compound zrans-Pt(CCl=CHCF,),(PMe,Ph), was
isolated.

Alcoholysis of a-Chlorovinyl Compounds. trans-PtCl-
(CCl=CHR)(PMe,Ph), complexes, where R = H and Me,
react in alcohols R’OH with AgPF, (1 equiv) to give cationic
alkoxycarbene complexes according to (4) where L. = PMe,Ph

trans-PtCI(CCl=CHR)L, + AgPF,

OR’ *
R'OH /
— trans- PtC1<C >L2 PF,” + AgCl 4)

\
CH,R

and R’ = Me, Et, Pr”, or Pr'.

However, trans-Pt(CCl=C(H)CF,),(PMe,Ph), did not
react with AgPF¢ in methanol at 25 °C over a period of 24
h to produce any AgCl; the a-chlorovinylplatinum compound
was recovered.

The presence of AgPFj is not essential for the formation
of the alkoxycarbene ligand in (4); it only serves to allow the
isolation of stable cationic alkoxycarbene complexes. In the
absence of AgPF, the compounds trans-[PtCI(C(CH,R)-
OR’)L,]*Cl" are formed initially and then react further to give
trans-PtCl(C(CH,R)=0)L, + R’Cl. We have found® that
vinylplatinum compounds trans-Pt(CCI=CHR),(PMe,Ph),
and trans-PtCl(CCl==CHR)(PMe,Ph),, where R = H or Me,
are labile toward the elimination of HCl. This elimination
reaction forms the basis of the subsequent paper.’

One question which arises from a consideration of reaction
4 is which chlorine atom goes to form AgCl. Reactions of
trans-PtBr(CCl=CHR)(PMe,Ph),, where R = H or Me, with
AgPF,; in methanol gave trans-PtClI(C(CH,R)OMe)-
(PMe,Ph),PF, (see Experimental Section) which suggests that

Pt—X bond heterolysis (solvolysis) with either concomitant or
subsequent vinyl-Cl migration to Pt is the kinetically favored
path for generation of HX in reaction 4, This, of course,
assumes the generally accepted thermodynamic bond strength
order Pt-Br > Pt—CI" and C-Cl > C-Br."?

The generality of the reaction PtC=CR + H*/R’OH —
Pt*«—C(CH,R)OR’ has not been exhaustively investigated.
Since the reaction proceeds smoothly for R = H, Me, and Ph,
we believe it should be applicable to most alkyl and aryl
acetylides, except those bearing strongly electron-withdrawing
substitutions, e.g., CF; or other functional groups which may
preferentially react with H*. A limitation of the alcohol R’OH
is that it not be prone to acid-catalyzed elimination reactions:
the reaction between trans-PtCl(C=CMe)L, and HX, where
X = Cl or PFq, in -BuOH gave trans-PtCl(C(CH,Me)==
O)L..

Isotopic Labeling Studies and Mechanistic Implications. We
suggest that formation of the alkoxycarbene ligand from either
cationic acetylenic intermediates or o-bonded acetylides in-
volves the sequence of reactions shown in Scheme I. In
support of this scheme we present the following observations
and comments.

(1) The cationic alkoxycarbene complexes trans-[PtX(C-
(CH,R)OMe)L,]*PF,, where X = Cl, CF;, C=CH, or
p-tolyl, R = H or Me, and L = PMe,Ph or AsMe;, react in
MeOD to give trans-[PtX(C(CD,R)OMe)L,]*PF,". The rate
of H/D exchange follows the order Cl ~ CF; > C=CH >
p-tolyl for which exchange is siow. H/D exchange was readily
followed by 'H NMR spectroscopy and was thereby seen to
occur in a stepwise manner. Figure 1 shows 'H NMR spectra
recorded during the reaction of trans-[Pt(p-tol)(C-
(CH,;Me)OMe)(PMe,Ph),|*PFs~ with MeOD in CD,Cl,
solution. In addition to the disappearance of the a~carbene
methylene resonance, the methyl proton resonance of the
carbene ethyl moiety changes with the deuterium substitution:
C(CH,CH;)OMe appears as a 1:2:1 triplet, 2Jyy = 7 Hz,
C(CHDCH;)OMEe as a 1:1 doublet, and C(CD,CH;)OMe as
a singlet. During the course of the H/D exchange reaction
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Scheme 1
H
/
Pt~(|:=c

\
Ccl R

H R
/ C
Pt—C=CR + HX = Pt—*C=C =Pi*«Ili X"

S\ C
X R H

/
P, X
CH,R.

the C(CH,D,_,CH;)OMe resonance is complex due to the

presence of all three isotopic species (» = 0, 1, 2). Me-
thylplatinum-alkoxycarbene complexes, X = Me, do not react
with MeOD to give H/D exchange at the a-carbene carbon.

The acidity of the a-carbene methyl protons in (CO)sCr-
(C(CH,;)OMe) has been previously noted by Casey,'* i.e.

/OMe /OMe
(CO)SCIC\ + BuLi— (CO)SCrC\\ Li* + BuH
CH, CH,

We suggest that the above H/D exchange reactions occur by -

the analogous reaction 5.'3® Consistent with this proposal is

IIJ /OMe I_l, /OMe
X-BU-C +B2X-P-C 4 BH ®)
L CHR L CHR

our observation that trans-[PtX(C(CH;)OMe)L,]*PF,”
complexes react with proton sponge in methylene chloride to
give trans-PtX(C(=CH,)OMe)L, and the ammonium
hexafluorophosphate salt, when X = Cl and CF;. trans-
[Pt(p-tol)(C(Me)OMe)(PMe,Ph),] *PF;" reacts with proton
sponge (1 equiv) in CH,Cl, to give an equilibrium mixture
of the carbene (ca. 60%) and the s-vinyl ether compound (ca.
40%).

trans-PtX(C(=CH,)OMe)L, complexes, where X = Cl or
CF;, react in neutral CH;OD to give trans-PtX(C(=
CD,)OMe)L,. The latter do rot react with anhydrous NH;
in methylene chloride to give vinylic H/D exchange.

These observations demonstrate that the acidities of the
a-carbene carbon protons aré dependent on the trans ligand
X, X = Cl ~ CF; > C=CH > p-tolyl > CH;. This series
correlates with the electron-withdrawing properties of X and
suggests that the position of equilibrium in (5) reflects the
ability of platinum(II) to stabilize the electron-deficient
carbene carbon. Consistent with this proposed correlation
between proton acidity and carbene carbon stabilization is our
observation that the dimethylaminocarbene complex trans-
[PtCI(C(Me)NMe,)(AsMes),] *PF¢” did not react in MeOD
to give H/D exchange at the a-carbene methyl group.

It should also be noted that the position of equilibrium in
(5) is dependent on the conjugate base B:. When cationic
alkoxycarbene complexes trans-[PtX(C(Me)OMe)L]*PF, are
dissolved in methanol, B: is MeOH and the position of
equilibrium lies well to the left. When platinum ¢-vinyl ether
complexes are dissolved in neutral MeOH, B: is OMe", and
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the position of equilibrium is well to the right.

(2) Chisholm and Clark* originally reported that the re-
action between trans-PtMe(Cl)(AsMe;),, HC=CH, and
AgPF; in MeOD gave trans-[PtMe(C(CH,D)OMe)-
(AsMe;),)*PF,~. We have now repeated this reaction and
carried out the analogous reaction involving PMe,Ph in place
of AsMe;. We find that trans-[PtMe(C(CH,D)OMe)L,]*-
PF;~ complexes are formed for both L = PMe,Ph and AsMe,.
Integration of the carbene methoxyl and carbene methyl proton
resonances suggested, however, that some further deuteration

of the a-carbene methyl group had occurred (OMe:CH,D

predicted 3:2, found 5:3). Analogous reactions involving
propyne led to a mixture of C(CHDMe)OMe and C-
(CD,Me)OMe labeled products. This was evident from the
methyl proton resonance of the ethyl group which is sensitive
to H/D substitution at the a-carbene carbon, as shown in
Figure 1.

Since H/D exchange at the a-carbene carbon does not occur
in methanol for X = Me, reaction S cannot be responsible for
these observations. H/D exchange must occur prior to the
formation of the alkoxycarbene ligand. Our proposal (Scheme
I) is that the platinum-vinyl cations, PtC*=CHR, can un-
dergo competing reactions. Proton abstraction, by the solvent
or in general the conjugate base of the acid, may occur as
shown in (6), or reaction with methanol may generate the

H
B * /
PtC=CH + BH*:PtC=C\ +B: 6)
H
a-vinyl ether complex, as in (7).
H OMe
r /
PtC=C\ + MeOH:PtC\\ +H Q)
H CH,

Support for (6) is seen in the following. trans-Pt(C=
CH),(PMe,Ph), does not exchange its acetylenic protons in
neutral MeOD. However, addition of each of the weak acids
CH;NO,, NH,Cl, and CH;COOH to trans-Pt(C=CH),-
(PMe,Ph), in MeOD catalyzes the formation of trans-Pt-
(C=CD),(PMe,Ph),. [We noted previously that addition of

- CH;COOH (1 equiv) to a methanolic solution of trans-

PtC1(C=CMe)(AsMe,), did not lead to alkoxycarbene
formation.] Thus formation of the alkoxycarbene ligand in
methanol is sensitive to the nature of the conjugate base.

The observation that methylplatinum cations react with
acetylene and propyne to give deuteration at the a-carbene
carbon (which cannot be accounted for by (5)) indicates that
the acidity of the vinylic proton in PtC*=CHR is greater than
that of the a-carbene carbon protons. This is not unexpected
since the vinyl cation lacks heteroatom stabilization other than
by platinum. However, that the basicities of the § carbons
in the PtC(=CH,)OMe and PtC=CH moieties are not vastly
different is seen in the following.

When trans-PtCI(C(CD;)OMe)(PMe,Ph),PF, and
trans-Pt(C=CH),(PMe,Ph), were dissolved together in
MeOD, significant quantities of ¢rans-Pt(C==CD),(PMe,Ph),
were formed. (No reaction other than H/D exchange of the
platinum bis(acetylide) was observed.) In a blank reaction
we found that trans-Pt(C==CD),(PMe,Ph), and trans-
PtCl(C=CH)(PMe,Ph), did not react in MeOD to give any
PtC=CH/D exchange; the latter could have been observed
as a result of either ligand exchange or H/D solvent exchange
reactions. (We have previously noted that trans-Pt(C=
CH),(PMe,Ph), does not undergo PtC=CH/D exchange in
neutral methanol.)

It is possible that the ¢-vinyl ether complex PtC(=
CH,)OMe is accessible through rapid reversible attack by
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“OMe on PtC*==CH,. This interpretation seems highly
unlikely in view of the stability of such complexes toward the
loss of methanol under the reaction conditions. A more
plausible explanation of the observed exchange is that de-
protonation of PtC*=CH, by the conjugate base of a weak
acid is rapid with respect to irreversible attack by methoxide
ion.

(3) trans-[PtX(C(CH;)OMe)L,]*PF, complexes, where
X = Cl, CF;, or C=CH, react with CD;0D to generate the
PtC(CD;)OCD; moiety. Exchange of the a-carbene methyl
protons occurred much faster than methoxyl exchange. The
relative rate of methoxyl group exchange was X = Cl ~ CF,
> C=CH > p-tolyl and Me for which exchange was not
observed.

We also found that the o-vinyl ether complexes trans-
PtX(C(=CH,)OMze)L,, where X = Cl or CF;, react with
CD;0OD under neutral conditions to give trans-PtX(C(=
CD,)OCD;)L,. H/D exchange occurred much faster for the
vinylic protons than for the methoxyl group.

H/D exchange of the a-carbene carbon protons and the
vinylic protons is satisfactorily accounted for by (5) and has
been previously discussed. A mechanism leading to methoxyl
exchange is indicated in Scheme I. Reaction 7, involving the
microscopic reverse of the addition of MeOH to PtC*=CH,,
could provide a route for methoxyl group exchange. However,
since trans-Pt{C=CH),(PMe,Ph), and trans-PtCl(C=
CH)(PMe,Ph), are stable with respect to addition of methanol
to give o-vinyl ether complexes, even in the presence of weak
acids which effect PtC=CH/D exchange, and since o-vinyl
ether complexes are stable with respect to formation of
platinum acetylides by loss of methanol in both neutral and
basic solutions, the back-reactions of (7) cannot occur to any
significant extent. Indeed in the reaction leading to the
formation of PtC*(CH;)OMe from PtC==CH and HX in
MeOH, addition of MeOH to PtC*=CH,, reaction 7, must
be the rate-determining step.

We suggest that methoxyl group exchange reactions proceed
via alcoholysis of an alkoxycarbene ligand, as schematically
represented by (8). This has parallel in the known aminolysis

Me’
\ s
Q/OAMe /O—Me'
Pt*-C - Pt—C
\ \
Me Me

reactions of alkoxycarbene ligands which give aminocarbene
ligands and alcohols.!41¢

We have carried out the reactions shown in Scheme II and
have thereby established that carbene—oxygen bond rupture
occurs during methoxyl group exchange. CH;~O bond rupture
is commonly observed in the reactions of cationic alkoxy-
carbene complexes of platinum(II) with nucleophiles.!” For
example, trans-[PtX(C(Me)OMe)L,]*PF,” complexes, where
X = Cl or CF;, react with CI™ and Et3N to give acylplatinum
compounds, trans-PtX{C(CH;)=0)L,, and MeCl and
Et;NMe?, respectively. For reactions involving primary and
secondary amines with alkoxycarbene complexes, amino-
carbene and acyl complexes are formed competitively: the
reaction product is dependent on both the nature of the trans
ligand X and the concentration of amine.!”

{(4) The possibility that hydridoplatinum(IV) intermediates
may be involved in these reactions cannot be ruled out. Indeed
any of the proton-transfer reactions shown in Scheme III could
be operative in leading to PtC*=CH,. For X = Me, for-
mation of the Pt*C(CH,D)OMe moiety from HC=CH and
MeOD clearly indicates that acetylenic protons are not lost
from the coordination sphere of platinum and is consistent with
a hydride shift, eq 9. The role of platinum in promoting such
a 7w 10 ¢ rearrangement is not clear.

+ MeOH 8)

180
- b
‘1. trans-PtCI(CCl=CH,)L, ——— trans-PtCl <C )L2

Chisholm et al.
Scheme II1¢
Vi
\

(CH;),CO
7 Me

+ AgCl + R,NH'PF,"

180
i
2. trans-PtCl C\ L,
CH,
/“‘OMe
\———>c trans-PtCt {C L,*SO,CF,~
CH,Cl, \
Me
/“’OMe
3. trans-PtCl C\ L,*SO,CF,~
Me
180 .
d
—————— trans-PtC1| C L, + MeCl + Me,N*SO,CF;~
(CH,),CO \
Me
/‘BOMe
CH,0H
4. trans-PtCl c\ L,*SO,CF,- 27",
Me
160
d 1
- trans-PtCl C\ L, + MeCl + Me,N*SO,CF,~
Me

@1, =PMe,Ph. Y +180H, + AgPF, + R,N. € +CH,S0,CF,.
& L Me,N*CI™; 21, (C='%0) 1601 cm™!; vg, (C='"0) 1633 cm™!.

Scheme III

2 B

X—Pt—C=CR + H*

H H
fipoc=c’

= Pt—C= 9
¢ \ )]
H H

Pt

Reversible protonation of platinum(II) compounds is well
established. trans-Pt(H)(CI)(PEts), reversibly reacts with HCI
at low temperatures to give Pt(H),(C1),(PEts), '® and addition
of HCI or HPF; to trans-PtH(Cl)(PMe,Ph), in MeOD
catalyzes the formation of trans-PtD(Cl)(PMe,Ph),. However,
trans-PtH(C1)(PMe,Ph), does not react in MeOD in the
presence of nitromethane or ammonium chloride to give
trans-PtD(C1)(PMe,Ph),. The latter findings contrast with
the PtC=CH/D exchange reactions described above. This
leads us to believe that for trans-Pt(C=CH),(PMe,Ph),
protonation may occur preferentially at the C—C triple bond
to give PtC*=CH,.

Previously it was found* that cationic alkoxycarbene
complexes of platinum(IV) could be obtained from the re-
actions of platinum(IV) cations and acetylenes. Thus it seems
that hydridoplatinum intermediates are not essential in the
formation of the alkoxycarbene ligand since in the latter this
would involve hydridoplatinum(VI) intermediates.

The possibility that a ¢ to = transformation
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H
C

PtC=CH + H* — Pt*<—!cll
H

is involved in these reactions could be ascertained by the
carbon-13 labeling of the acetylide ligand as either Pt—
*C=CH or Pt—C=*CH. Synthetic routes to such specif-
ically labeled compounds have not yet been achieved.
However, since

W(_EHz
CHOMe
intermediates can be ruled out,* this uncertainty does not
detract from our suggestion that the PtC*=CH, moiety is an
essential intermediate in the formation of alkoxycarbene
ligands in the above reactions.

Recently compounds containing TaCH,,'* MoC=C(C-
N),,% and WCMe?! moieties have been isolated and struc-
turally characterized. The existence of compounds containing
an MC=CH(R) moiety (R = H or alkyl) seems quite
plausible; indeed a compound CpMn(CO),(C=CHPh),
formed from the reaction between CpMn(CO),(THF) and
PhC=CH, has recently been structurally characterized.??
There is therefore precedent for our proposal.” We have called
PtC*=CHR (R = H or alkyl) a platinum-stabilized vinyl
carbonium ion, although it could alternately be named a
vinylidene cation [Pt«<~C—=CHR]* or a metalloallene cation
Ptt==C=CHR. All of the reactions shown in Scheme I are
simple acid—base reactions and so we believe a carbonium ion
nomenclature is appropriate to the extent that it is appropriate

to apply the nomenclature of organic chemistry to organic.

reactions which occur within the coordination sphere of a
metal. The .

'/OMe

Pt*<—C\

Me
moiety may also be described as a platinum-stabilized car-
bonium ion, as an oxonium ion, or as an ylide. The bonding
description

OMe
Y

Pt=-C
\
Me
is well illustrative of the reactivity of this group.

Conclusions

The formation of alkoxycarbene complexes from plati-
num(II) acetylides and platinum(II) vinyl compounds provides
an efficient synthesis of these compounds and has two distinct
advantages over the preparative route, eq 1. (1) The presence
of free acetylenes in (1) leads to side reactions such as
acetylene polymerizations. (2) Starting with an acetylide or
vinyl ligand g-bonded to platinum circumvents the limitation
of (1) that there be a favorable equilibrium; X-Pt*(solvent)
+ acetylene = X-Pt*(acetylene) + solvent. In view of the
large number of known transition metal acetylide complexes
this route (L,MC=CR + H*/R’OH) could form the basis
for an expansion of the chemistry surrounding the alkoxy-
carbene ligand.

Experimental Section

Chemicals and Instrumentation. K,PtCl, was obtained from Mathey
Bishop Inc.; }*OH, from Prochem; CD,OD from Koch; CH;0D,
MeSO;CF;, and PhC=CH from Aldrich; CD,Cl,, CDCl,, and
(CD;),CO from Merck Sharp and Dohme; and acetylene and propyne
from Matheson. Analyses were performed by Atlantic Microlab, Inc.,
and Chemalytics, Inc.
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cis-PtCl,L,, trans-PtR(Cl)L,, and trans-PtR(I)L, where R = CH;,
p-tolyl, or CF; and L = PMe,Ph or AsMe; were prepared according
to literature procedures.!!2425

Infrared spectra were obtained from Nujol mulls between Csl or
KBr plates using a Beckman IR-12 spectrophotometer. 'H NMR
spectra were recorded on Varian A-60 or HA 100 spectrometers.

trans-Pt(C=CMe),(PMe,Ph),. n-Butyllithium (1.6 ml of a 2.5
M solution in hexane) was added via syringe to dry tetrahydrofuran
(50 ml) under nitrogen at —78 °C. The reaction vessel was evacuated
and, by use of a calibrated vacuum manifold, propyne (4.4 mmol,
15% molar excess) was condensed into the pale yellow solution. The
solution was stirred magnetically and cis-PtCl,(PMe;Ph), (1.0 g, 1.85
mmol) was added. Stirring was continued and the reaction mixture
was allowed to warm slowly to room temperature. After 1 h all of
the solids had dissolved yielding a yellow solution. The solvent was
stripped off and the resultant off-white residue was extracted with
benzene (30 ml). LiCl and any other benzene-insoluble compounds
were removed by centrifugation. The benzene-soluble extract was
passed through a short Florisil column using benzene as eluent. The
pale yellow benzene solution was collected and reduced in volume to

- ca. 10 ml using a rotary evaporator. Addition of petroleum ether

produced white crystals which were dried under vacuum: trans-
Pt(C=CMe),(PMe,Ph),, mp 197 °C, 0.87 g (87% yield based on
Pt). .

Analogous procedures were used for the preparation of trans-
Pt(C=CMe),(AsMe;), and of trans-Pt(C=CR),L, where R = CF;
or Ph and L = PMe,Ph or AsMe;. (Phenylacetylene was added to
the n-butyllithium solution via syringe.) In all cases the yields were
high, ranging from 65 to 90% based on platinum.

trans-Pt(C=CH),(PMe,Ph),. A similar procedure to that de-
scribed above was followed but with certain significant modifications.
A 60~100% excess of LiC=CH was used to maximize the yield and
avoid the appearance of trans-PtCl(C=CH)(PMe,Ph), which is
difficult to separate from trans-Pt(C=CH),(PMe,Ph),. It is essential
to work at ~78 °C during this preparation in order to limit the
formation of dilithioacetylide LiC==CLi which precipitates from THF.
Significant decomposition is encountered during the extraction stage
of the reaction. Consequently the preparation time is minimized. A
typical preparation is given below.

n-Butyllithium (1.75 ml of a 2.5 M solution in hexane) was added
to dry THF (50 ml) at -78 °C. Acetylene (5 mmol) was condensed
into the evacuated reaction flask using a calibrated vacuum manifold.
To this stirred solution at —78 °C was added cis-PtCl,(PMe,Ph), (0.6
g, 1.1 mmol). The reaction mixture was stirred for 1 h at =78 °C
and warmed to room temperature, and the solvent was stripped. The
solids were extracted with benzene as above. Crystallization from
benzene/petroleum ether solvent mixtures yielded trans-Pt(C=
CH),(PMe,Ph),, mp 173 °C, 370 mg (ca. 65% yield based on Pt).

trans-PtCI{C=CMe)(PMe,Ph),. trans-Pt(C=CMe),(PMe,Ph),
(0.3 g) was dissolved in chloroform (10 ml). The solution was frozen
in liquid nitrogen and the reaction flask evacuated. Dry HCI (0.55
mmol) was condensed into the reaction vessel using a calibrated
vacuum manifold. The reaction mixture was warmed to room
temperature and stirred magnetically for 0.5 h. The solution was
reduced in volume to ca. 4 ml and petroleum ether (3060 °C) was
added dropwise. White crystals formed which were collected and dried
in vacuo: trans-PtCl(C=CMe)(PMe,Ph),, mp 148 °C, 0.27 g (90%
yield based on Pt).

A similar procedure was adopted for the preparation of trans-
PtCl(C=CMe¢)(AsMe,); and trans-PtCl(C=CPh)L,, where L =
PMe,Ph and AsMe,.

trans-PtCI(CCl=CHMe) (PMe,Ph),. trans-PtCl(C=CMe)-
(PMe,Ph), (0.3 g) was dissolved in methylene chloride (5 ml) and
reacted with dry HCI (1 equiv) in thé manner described above. The
solution was reduced to ca. 1 ml, and a. mixture of petroleum eth-
er/diethyl ether (4:1) was added slowly. The solution was cooled to
0 °C and after 24 h colorless crystals formed. These were collected
and dried in vacuo: trans-PtCl(CCl=C(H)Me)(PMe,Ph),, 0.28 mg

- (ca. 90% yield based on Pt).

trans-PtCl(CCl=C(H)Me)(AsMe,), and trans-PtCl(CCl=C-
(H)Ph)L, where L = PMe,Ph and AsMe; were prepared similarly.

The a-chloropropenylplatinum compounds exist as a mixture of
cis and trans isomers with respect to the C-C double bond. See NMR
data in Table II.

trans-Pt(CCl=CH,),(PMe,Ph),. trans-Pt(C=CH),(PMe,Ph),
(0.516 g) was dissolved in toluene (10'ml) and reacted with dry HCI
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(2 equiv) in the manner described above. trans-Pt{CCl=CH,),-
(PMe,Ph), was obtained by crystallization from toluene/petroleum
ether as white crystals, 550 mg (95% yield based on Pt).
trans-Pt(CCl=C(H)CF;),(PMe,Ph), was prepared similarly.
trans-PtCl(CCl=CH,)(PMe,Ph),. trans-Pt(CCl=CH,),-
(PMe,Ph), (0.27 g) was dissolved in toluene (5 ml) and reacted with
dry HCI (1 equiv) in the manner described previously. Crystallization
from petroleum ether/diethyl ether yields white crystals: trans-
PtCl(CCl==CH,)(PMe,Ph),, 0.23 g (90% yield based on platinum).
trans-[PtCI{C(CH,R"YOR)(PMe,Ph),]"PF;". A general procedure
for the synthesis of the carbene complexes where R = Me, Et, Pr',
or Pr” and R’ = H, Me, or Ph is outlined. In all cases the yield of
the alkoxycarbene complexes is virtually quantitative.
trans-PtCY{CCl=CH,)(PMe,Ph), (ca. 200 mg) was dissolved in
dry dichloromethane (10 ml). To this magnetically stirred solution
under nitrogen was added AgPFg (1 equiv) dissolved in the appropriate
alcohol ROH (2 ml) via syringe. A precipitate of AgCl formed
immediately. The mixture was centrifuged to remove AgCl and the
solution was reduced in volume to ca. 5 ml. The addition of diethy!
ether precipitated the carbene complex as white crystals.

The complexes trans-{PtCI(C(CH,R")OR)(PMe,Ph),| *PF,” may
alternatively be prepared from the acetylides trans-PtCl(C=
CR’)(PMe,Ph), in the manner described below for the preparation
of trans-[Pt{C=CR’)(C(CH,R’)OR)(PMe,Ph),|*PF;".

trans-[Pt{(C=CR’)(C(CH,R")OR)(PMe,Ph),]"PF;". A general
procedure for the synthesis of the acetylide-carbene complexes is
outlined for R’ = H, Me, or Ph and R = Me, Et, Pr/, or Pr". In all
cases the yield of the carbene complexes was ca. 80% based on
platinum,

An alcoholic solution of hexafluorophosphoric acid, HPF, was
prepared by reacting AgPF; dissolved in the appropriate alcohol, ROH,
with dry HCI (1 equiv). The AgCl formed was removed by cen-
trifugation.

To a solution of trans-Pt(C=CR’),(PMe,Ph), (ca. 200 mg) in
methylene chloride (ca. 10 ml) was added 1 equiv of HPFg in the
alcohol ROH (ca. 2 ml). The reaction mixture was stirred for ca.
10 min. Then the volume of solution was reduced to ca. 6 ml and
petroleum ether was added. The carbene complex trans-Pt(C=
CR/)(C(CH;R)OR)(PMe,Ph),"PF¢" crystallized from solution.

trans-Pt(CECCF3)2(PMe2Ph)2 + HPF6/M90H. AgPF6 (252
mg, 0.1 mmol) was dissolved in methanol (2 ml). HCI (0.1 mmol)
was condensed into this solution using a calibrated vacuum line. The
AgCl formed was removed by filtration through a glass wool plug
and the filtrate was added directly to a magnetically stirred solution
of trans-Pt(C=CCF,),(PMe,Ph), (70 mg, 0.106 mmol) in methanol
(10 ml). The reaction mixture was stirred for 1 h. The solvent was
stripped off and a '"H NMR spectrum of the residue was recorded
in CD,Cl,. No apparent reaction had occurred. The 'H NMR
spectrum and the IR spectrum showed the presence of only trans-
Pt(CECCFg)z(PMe;_Ph)Z

trans-PtBr(CCl=C(H)Me) (PMe,Ph),. trans-PtCl(CCl=C-
(H)Me)(PMe,Ph), (200 mg) was dissolved in dry acetone (15 ml).
Tetramethylammonium bromide (54 mg, 1 equiv) was added and the
solution was stirred for 1 h. The solvent was stripped off and the
residue extracted with benzene (5 ml). The extract was centrifuged
and reduced in volume to ca. 2 ml. Addition of petroleum ether (ca.
5'ml) and cooling of the mixture to ca. 10 °C slowly precipitated white
crystals: trans-PtBr(CCl=C(H)Me)(PMe,Ph),, 189 mg (88% yield
based on Pt). Anal. Caled: Cl, 5.67; Br, 12.77. Found: Cl, 7.37;
Br, 12.49.

This compound is assumed to be trans-PtBr(CCl=C(H)Me)-
(PMe,Ph), rather than trans-PtCI(CBr==C(H)Me)(PMe,Ph), for
the reasons outlined in the text.!'? The analytical data are not entirely
satisfactory: presumably some trans-PtCl(CCl=C(H)Me)(PMe,Ph),
is still present in this sample. .

trans-PtBr(CCl=C(H)Me)(PMe,Ph), + AgPF,/MeOH.
trans-PtBr(CCl=C(H)Me)(PMe,Ph), (30 mg, prepared above) was
dissolved in acetone (2 ml) and methanol (1 ml). To this solution
AgPF¢ (12 mg, 1 equiv) was added. The reaction mixture was
centrifuged to remove the insoluble silver halide. The solution was
collected and reduced to ca. 1 ml. The addition of a small amount
of petroleum ether (ca. 2 ml) precipitated the carbene product which
was identified as trans[PtCI(C(Et)OMe)(PMePh),]*PF,” by 'H
NMR. Anal. Caled: Cl, 4.90; Br, 0.00. Found: Cl, 5.18; Br, <0.1.

trans-PtCI{C(CH1)==0)(PMe,Ph),. trans-PtCl(CClI=CH,)-
(PMe,Ph), (200 mg) was dissolved in acetone (15 ml). Water (0.5
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ml) was added and the solution was stirred for 0.5 h. The solution
was reduced in volume to ca. 2 ml. The addition of diethy! ether (ca.
5 ml) caused the formation of white crystals: trans-PtCI(C-
(CH;)=0)(PMe,Ph),, 160 mg (yield ca. 80% based on Pt), mp 149
°C, 14(C=0) 1633 cm™.

A similar reaction involving trans-Pt(CCl=C(H)Me)(PMe,Ph),
yielded trans-PtCI(C(Et)=0)(PMe,Ph),.

trans-PtCl(C=CMe)(AsMe,), + CF;COOH/MeOD. trans-
PtCl(C=CMe)(AsMe;), (50 mg, 0.1 mmol) was dissolved in CH;0D
(0.25 ml) in a thick-walled NMR tube. The 'H NMR spectrum was
recorded. CF,COOH (7.4 11, 0.1 mmol) was added to this solution
and the 'H NMR spectrum recorded. At ¢ = 5 min, the resonances
due to trans-PtCl(C=CMe)(AsMe;), had almost disappeared. New
resonances assignable to trans-PtClI(C(CD,Me)OMe)(AsMe,),*-
CF;COO™ were present: §(OMe) 4.8, */py &~ 9 Hz. With time the
resonances due to trans-PtCl{(C(CD,Me)OMe)(AsMe;3),0,CCF,
diminished as new resonances assignable to trans-PtCl(C-
(CD;Me)=0)(AsMes), appeared. After 3 days formation of the
acylplatinum compound was complete. Crystallization from benz-
ene/petroleum ether gave white crystals which showed a strong infrared
band at 1625 cm™ characteristic of vg,(C=0) in acylplatinum(II)
compounds.

Similar reactions were carried out involving trans-PtCl(C=
CMe)L,, where L = PMe,Ph or AsMes, and anhydrous HCl in
methanol. The initial reaction to give the carbene complex was fast
and was followed by a slow reaction to give MeCl and the acyl-
platinum(II) compound.

Under similar reaction conditions trans-Pt(C=CMe),(AsMe;),
and trans-PtCl{C=CMe)(AsMe;), were reacted with CH;COOH
in methanol. After 1 week the 'H NMR spectrum showed only the
presence of the starting materials; no reaction had occurred.

trans-[Pt(p-tol){C(CH,R)OMe)(PMe,Ph),]*PF¢” (R = H, CH;).
trans-Pt(C.H,CH3)I(PMe,Ph), (200 mg) was dissolved in dry
methylene chloride (5 ml) and methanol (2 ml). A stream of propyne
was passed through the solution for 2 min. AgPF4 (1 equiv) in
methanol (2 ml) was added to this solution with stirring. A yellow
precipitate (Agl) formed immediately upon the addition of the AgPF¢
solution. The solution was centrifuged and the supernatant liquid
reduced in volume to ca. 2 ml. Addition of petroleum ether resulted
in the formation of white crystals, trans-[Pt(C{H4CH3)(C-
(CH,CH;)OMe)(PMe,Ph),]*PF¢" (205 mg, 90% yield based on
platinum).

trans-[Pt(p-tol)(C(Me)OMe)(PMe,Ph),]*PF,” was made in the
above manner but using acetylene in place of propyne.

The compounds trans-[PtCF;(C(CH,R)OMe)(AsMe,),]*PF,",
where R = H or Me, were prepared in a similar manner from the
reactions between trans-Pt(CF;)1(AsMe,),, RC==CH, and AgPF,
in methanol. Reactions carried out in ethanol yielded the corresponding
ethoxycarbene complexes.

trans-PtMe(Cl)(PMe,Ph), + HC=CH + AgPF; + MeOD.
trans-PtMe(Cl)(PMe,Ph), (0.30 g, 0.57 mmol) was dissolved in
CH;0D (10 ml) and methylene chloride (1.5 mi). A stream of
acetylene was passed through the solution with stirring. AgPF (0.144
g, 0.57 mmol) in CH;0D was added dropwise. A fine precipitate
of AgCl formed immediately. The solution was stirred for 0.5 h and
then centrifuged, and the supernatant solution was collected. Solvent
was stripped yielding an orange solid. This was dissolved in CD,Cl,
(1 ml) and 2 '"H NMR spectrum was recorded. This showed the
expected spectrum of trans-[PtMe(C(CH,D;_,)OMe)(PMe,Ph),]*-
PFs. The integral ratio of the methoxyl proton resonance (8 4.7)
to the a-carbene methy! proton resonance (6§ 2.2) was 2:1. The crude
product was purified by short-column chromatography using Florisil
and chloroform as eluents. Subsequent crystallization from
CH;0H/Et,0 gave pale yellow crystals of trans-[PtMe(C-
(CH,D3-,)OMe)(PMe,Ph),] *PF,™ (97.6 mg, 27% vield based on Pt),
mp 150 °C. The 'H NMR spectrum was again recorded in CD,Cl,
solution. The integral ratio OCH;:CH,D;_, was 2:1.

In similar experiments using propyne and MeOD trans-[PtMe-
(C(CH,D,.,CH;)OMe)(PMe,Ph),] "PF¢” was prepared. The presence
of the isotopically labeled species, x = 1 and 0, was evident from the
"H NMR spectrum. The C(CH,D,_,CH;)OMe resonance is sensitive
to the value of x as shown in Figure 1.

a-Carbene Carbon H/D Exchange Reactions. trans-{PtMe(C-
(CH,R)OMe)L,]*PF¢ complexes, where R = Hor Me and L =
PMe,Ph or AsMe, were dissolved in MeOD. After 14 h the solvent
was stripped off and the 'H NMR spectrum of the carbene complexes
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were recorded. No H/D exchange was apparent either from
:COMe/:CMe integration or from the appearance of the :CCH,CH;
resonance.

The compounds trans-[PtX(C(CH,R)OMe)L,]*PFy", where X =
p-tolyl, C=CH, CF; or Cl and L = PMe,Ph or AsMe;, all readily
exchanged their a-carbene carbon protons for deuterons in analogous
experiments. We obtained a qualitative measure of the rate of H/D
exchange in the following manner.

Approximately 40 mg of the appropriate carbene complex was
placed in a thin-walled NMR tube and dissolved in CD,Cl, (0.4 ml).
To this solution was added CH,OD (99.5 atom %, 100 ul).. The H/D
exchange rate was monitored by following the appearance of the
methanol OH resonance and by the disapperance of the carbene methyl
resonance. In the case of ethylcarbene complexes the nature of the
:CCH,CH, resonance provided a measure of deuterium incorporation
at the « position. The ¢, spectra were attained after ca. 1 h when
X = Clor CF; and ca. 2 days when X = p-tolyl.

Carbene Methoxyl Group Exchange. Following the above procedure
the protiomethyl(methoxy)carbene complexes trans-[PtX(C(Me)-
OMe)L,1*PF4 were reacted with CD;OD. The diminution of the
carbene methoxyl resonance and the appearance of the methanol,
CH,O0H, resonance were easily monitored by 'TH NMR spectroscopy.
The ., spectra were achieved at ca. 12 h for X =-Cl and CF; and
at ca. 2 weeks for X = C=CH. No methoxyl group exchange was
observed for X = p-tolyl or Me. In all of the above reactions a-carbene
methyl proton for deuteron exchange was faster than methoxyl group
exchange. For X = Me no exchange was observed.

Carbene Ethoxyl-Methoxyl Group Exchange. trans-[PtCF,;(C-
(Me)OEt)(AsMe,),] *PF¢ (50 mg) was dissolved in methanol. After

1 h the methanol was stripped off and the 'H NMR spectrum of the

residue recorded. This showed the complete and quantitive formation
of trans-[PtCF3(C(Me)OMe)(AsMe;),]*PF,".

trans-PtX(C(=CH,)OMe)L,, The o-vinyl ether compounds
trans-PtX(C(=CH,)OMe)L,, where X = Cl or CF; and L = PMe,Ph
or AsMe;, were all prepared in the manner outlined below.

trans-[PtCF;(C(Me)OMe)(AsMe,),]"PFs~ (349.4 mg, 0.468
mmol) was dissolved in methylene chloride (6 ml). Proton sponge,
1,8-bis(dimethylamino)naphthalene (36.2 mg), in methylene chloride
(1 ml) was added. A precipitate formed immediately. The mixture
was stirred for 10 min and then pumped to dryness. Benzene (5 ml)
was added and the amine hydrohexafluorophosphate was removed
by centrifugation. The benzene solution was collected and reduced
in volume to ca. | ml. Addition of petroleum ether caused the
formation of white crystals which were collected and dried in vacuo:
trans-PtCF;(C(=CH,)OMe)(AsMe;),, 153.3 mg (78% yield based
on Pt), mp 107-109 °C.

trans-Pt(p-tol) (C(=CHMe)OMe) (PMe,Ph),. trans-[Pt(p-
tol)(C(Et)OMe)(PMe,Ph),]*PF;~ (50 mg) and proton sponge (13
mg, 1 equiv) were dissolved in CD,Cl, (0.5 ml) in an NMR tube.
A fine white precipitate formed. The 'H NMR spectrum showed the
presence of the methoxyvinyl compound (§(OMe) 3.93, § (CHMe)
= 1.23, doublet, Jy_iy = 5 Hz) and the methoxycarbene complex
(8(OMe) 4.8, “Jpy = 6 Hz, 5(C(CH,CH;)OMe) 0.78, triplet, Jy_y
= 7 Hz). Integration of the methoxyl resonances indicated that the
ratio of the g-vinyl ether complex to the carbene complex was ca. 2:3.

o-Vinyl Ether H/D Exchange Reactions. The compounds
trans-PtX(C(=CH,)OMe)L,, where X = Cl or CF; and L = PMe,Ph
or AsMe,, were reacted with CH;0D and CD;0D in NMR tube
reactions in the manner described previously for methoxy(meth-
yl)carbene complexes. The H/D exchange of the vinylic protons was
much faster than that of the methoxyl group exchange.

In a similar experiment trans-PtCF,(C(=CD;)OCD;)(AsMe;),
was reacted with anhydrous NH; in CD,Cl,. No reaction was
observed.

trans-Pt(C=CD),(PMe,Ph),. trans-Pt(C=CH),(PMe,Ph), (0.4
g) was dissolved in MeOD (3 ml) and methylene chloride (2 ml).
NaOH (5 mg) was added and the solution was stirred for 3 days at
room temperature under an atmosphere of dry nitrogen. Solvent was
removed under vacuum and white crystals formed (CH,Cl, is removed
preferentially; the bis(acetylide) is only very sparingly soluble in
methanol). The crystals were collected, washed with methanol, and
dried in vacuo; mp 173 °C. Infrared analysis showed that deuteration
was almost complete: Pt(C=CD),(PMe,Ph),, v, (C—D) 2542,
14.(C=CD) 1852 ecm™!; Pt(C=CH),(PMe,Ph),, »,.(=C—H) 3278,
v5(C=CH) 1968 cm™.% ‘
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trans-Pt(CCl=CD,),(PMe,Ph),. trans-Pt(C=CD),(PMe,Ph),
was reacted with DCI (2 equiv) in a directly analogous procedure to
that previously described for the preparation of trans-Pt(CCl=
CH,;),(PMe,Ph),. Some proton contamination of the CCl=CD,
moiety was always encountered. This could have arisen from hy-
droxyl/D* exchange reactions involving the glass or the presence of
trace quantities of water.

Acetylide H/D Exchange Reactions. trans-Pt(C=CH),(PMe,Ph),
(70 mg) was dissolved in MeOD (2 ml) and CH,Cl, (1 ml). After
6 days the solvent was stripped off and an infrared spectrum was
recorded on the white solids. Only trans-Pt(C=CH),(PMe,Ph), was
observed: no H/D exchange occurred.

trans-Pt(C=CH),(PMe,Ph), (70 mg) was dissolved in CH;NO,
(1 ml) and MeOD (1 ml). After 1 day the solvent was stripped off
and an infrared spectrum of the white solid was recorded. In addition
to bands at 3278 and 1968 cm™ associated with Pt(C=CH),-
(PMe,Ph),, bands at 2542 and 1852 cm™ were present. The relative
intensities of these bands suggested a PtC=CH to PtC==CD ratio
of ca. 4:1.

Similar H/D exchange reactions occurred when trans-Pt(C=
CH),(PMe,Ph), was reacted with NH,Cl or CH;COOH in MeOD.

Hydridoplatinum(II) H/D Exchange Reactions. trans-Pt(H)CI-
(PMe,Ph), (50 mg) was dissolved in CH,Cl, (1 ml), CH;0D (1 ml),
and CH3;NO, (1 ml). This was stirred for 3 days. The solvent was
stripped off and the solids recrystallized from benzene/petroleum ether.
The infrared spectrum showed the presence of only trans-Pt(H)-
CI(PMe,Ph),: v (Pt-H) 2183 cm™,

In similar reactions trans-Pt(H)CI(PMe,Ph), dissolved in MeOD
and reacted with HCl or HPFg gave trans-Pt(D)Cl(PMe,Ph),:
y4e(Pt-D) 1570 cm™".

trans-Pt(C=CD),L, + trans-Pt(C=CH)CIL,. trans-Pt(C=
CD),(PMe,Ph), (40 mg) and trans-PtCI(C=CH)(PMze,Ph), (40 mg)
were dissolved together in CH,Cl,; (2.5 ml). The solution was stirred
under a nitrogen atmosphere for 14 h at which time a sample of the
solution was examined by infrared spectroscopy. No trans-PtCl-
(C=CD)(PMe,Ph), or trans-Pt(C=CH),(PMe,Ph), was detected.
MeOD (1 ml) was added and the solution was stirred for 12 h. The
infrared spectrum of the same was again recorded; no trans-PtCl-
(C=CD)(PMe,Ph), was detected: trans-PtCl{(C=CH)(PMe,Ph),,
v (=C—H) 3278, r3,(C=CH) 1987 cm!; trans-PtClI(C=CD)-
(PMe,Ph),, v5,(C=CD) 1877 em™!, vy (==C—D) 2560 cm™.

trans-PtCl(C(Me)OMe) (PMe,Ph),SbF, + trans-Pt(C=CH),-
(PMe;Ph),. About 20 mg of each of trans-[PtCI(C(Me)OMe)-
(PMe,Ph),]*SbF,~ and trans-Pt(C=CH),(PMe,Ph), were dissolved
together in a 1:1 mixture of CH;OD/CH,Cl, (4 ml). The solution
was stirred magnetically for 4 h under a dry nitrogen atmosphere.
Solvent was stripped off and the residues were extracted with benzene
(2 ml). The benzene-soluble products were dried in vacuo. Infrared
spectroscopy showed this to be trans-Pt(C=CH),(PMe,Ph), with
ca. 50% deuterium incorporation of the acetylenic group: vy (C—H)
3278, 14,(C~—D) 2542 cm™., vy ,(C=CH) 1968, »,,,(C=CD) 1852
cm™'. Note: no trans-PtCI{C=CD)(PMe,Ph), or trans-PtCl-
(C==CH)(PMe,Ph), was detected.

trans-PtCI(C(Me)="20)(PMe,Ph),. trans-PtCI(CCI=CH,)-
(PMeyPh), (300 mg) was dissolved in dry acetone (4 ml). To this
magnetically stirred solution under an atmosphere of nitrogen was
added '®OH, (100 ul) via microsyringe followed by AgPF; (134 mg,
1 equiv) in acetone (1 ml). An immediate precipitate of AgCl formed.
The solution was stirred for 5 min and then proton sponge (113 mg,
1 equiv) in acetone (1 ml) was added. The solution was stirred for
a further 5 min and then pumped to dryness. The solids were extracted
with benzene. The benzene-soluble extract was pumped to dryness
yielding zrans-PtCl(C(Me)=0)(PMe,Ph), (265 mg, 90% yield based
on Pt), mp 149 °C. The infrared spectrum showed two strong peaks
at 1601 and 1633 cm™ which we assign to v, (C=='*0) and vy,
(C=='%0) respectively.

trans-PtCI{(C(Me)="20)(PMe,Ph), + MeSO;CF;. The *O
acylplatinum complex (100 mg) was dissolved in dry methylene
chloride (2 ml), with stirring, under an atmosphere of nitrogen.
MeSO;CF; (15 ul, 1 equiv) was added via microsyringe. The solution
was stirred for 1 h during which time the solution turned from colorless
to pale yellow. The solvent was stripped off and the residue redissolved
in a minimum amount of methylene chloride (ca. 0.5 ml). Addition
of benzene (ca. 2 ml) resulted in the formation of an oil, from which
waxy, fibrous, white crystals grew upon cooling to ca. 5 °C. The
crystals were collected and dried: yield 80 mg (ca. 60% yield based
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on Pt) of trans-[PtCI(C(Me)'*0OMe)(PMe,Ph),]*S0O,CF;~. This
compound was not subjected to elemental analysis. The 'H NMR
spectrum clearly indicated the authenticity of the sample. 'H NMR
data in acetone-dg at 60 MHz, 40 °C: 6(OMe) 4.8, “Jpq = 9.5 Hz;
6(PMeMe’) 2.00, 2,02, 47 + 2Jpy = 8.6 Hz, *Jpy = 31 Hz; 6(CCH,)
2.35 (6 in ppm relative to TMS).

trans-PtCHC(Me)*0Me) (PMe,Ph),SO,CF; + NMe,Cl
trans-PtCI(C(Me)'*OMe)(PMe,Ph),SO,CF; (40 mg) was dissolved
in acetone-dg (0.5 ml) and tetramethylammonium chloride (12 mg,
a twofold excess) was added. The reaction was monitored by 'H NMR
spectroscopy. After 24 h the solution was pumped to dryness and
the solid extracted with benzene. The benzene extract was reduced
in volume to ca. 1 ml and petroleum ether (bp 30-60 °C) was added
yielding white crystals, mp 149 °C. The infrared spectrum of the
crystals was identical with that of the *O-enriched acylplatinum
compound prepared previously: vy (C='80) 1601; v,,(C='°0) 1633
cm,
trans-PtCI(C(Me) '®*0OMe)(PMe,Ph),SO,CF; + (1) Me!OH + (2)
NMe,Cl. About 40 mg of the '*O-enriched carbene complex
trans-PtCI{(C(Me)'*OMe)(PMe,Ph),SO;CF; was dissolved in dry
methanol (CH;'*0OH) and allowed to stand at room temperature for
24 h, Tetramethylammonium chloride (12 mg, 2 equiv) was added
and the reaction mixture was stirred for 12 h. The solvent was pumped
off and the residue extracted with benzene and crystallized from
benzene/petroleum ether (bp 30-60 °C) yielding white crystals, mp
149 °C. The infrared spectrum showed only a single strong band at
1633 cm™, characteristic of vy (C="%0) in trans-PtCl(C(Me)=
O)(PMe,Ph),.
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