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Migration and insertion of the C=C bond occur in reactions of allylic acetates and N-allylacetamide with several platinum-
(II) hydrides to give five-membered chelate complexes of platinum(II). Similar behavior explains the formation of =-
allylplatinum(Il) complexes and aldehydes from reactions of allylic alcohols or diallyl ethers with platinum(II) hydrides.
Stereospecific formation of two isomers of n-crotylplatinum(ll) complexes is reported.

Introduction

The insertion of an olefin into the metal-hydrogen bond
is thought to be one of the key steps in the homogeneous
hydrogenation, isomerization, and oligomerization of olefins
in the presence of certain metal complexes as catalysts.! It
has generally been accepted that in such insertion reactions,
the formation of a hydridoolefin complex may well be the
rate-determining step,’*? and indeed the importance of coor-
dinative unsaturation of the central metal atom in both
metal-hydrido complexes® and certain alkylplatinum(IT)
complexes®:> has been proposed to explain specific reactiv-
ities toward a variety of unsaturated organic molecules. Thus,
we previously reported® facile insertion of olefins into the
Pt-H bond involving four-coordinate intermediate complexes
trans-[PtH(PR 3),(olefin)]* which can be formed readily by
replacement by olefins of the ligand trans to hydrogen. Al-
though the reactions of platinum(II)-hydrido complexes with
simple monoolefins were found to give rise to r-alkyl-
platinum(1T) complexes®:” and 7-allyl- or m-enylplatinum(II)
complexes with diolefins,®'® very few reactions have been
studied with olefins which contain electronegative functional
groups at or near the olefinic carbons. The reactions of such
olefins with metallic complexes appear to be particularly
interesting on both electronic and steric grounds since the
functional groups should have a significant effect on the
ability of the C=C bond to coordinate to the metal. More-
over, some functional groups are capable of coordination
themselves and this is often found to affect the course of the
reactions.’ Thus, for example, Brookes and Nyholm re-
ported!® the reaction of platinum(II)-hydrido complexes
with (o-vinylphenyl)diphenylphosphine to give an unusual
sec-alkylplatinum(II) complex stabilized by the intramolec-
ular coordination by phosphorus, while the reactions of
platinum(IT) hydrides with tetracyanoethylene!! yielded the
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noninsertion products. In the present paper, we report a
novel type of insertion reaction of some allylic derivatives
into the Pt-H bond of cationic platinum(Il)-hydrido com-
plexes;'? the initial migration of the double bond is followed
by addition of the Pt-H bond. The double-bond migration
process is of particular interest as far as the mechanism of the
homogeneous isomerization of olefins by platinum(II)
catalysts'? is concerned.

Results and Discussion
. Previously,® ethylene was found readily to replace an
acetone or nitrate ligand in zrans- [PtH(PR;),(acetone)]* X~
(I) (PR; =PPh; or PPh,Me; X = BF, or PFy) or trans-PtU-
(NO3)(PPh,Me), (II) to give trans-[PtH(PR3),(C,H4)]* X .
Similarly, trans-PtH(Cl04)(PPhs), (III) was recently found
to react with ethylene to give the analogous perchlorate com-
plex in benzene solution'*!* and the insertion product in
acetone solution.'® These olefin substitution reactions are
obviously a consequence of the very weak coordinating
ability of oxygen-donor ligands and are consistent with the
very large chemical shifts of the hydridic hydrogen, the J-
(Pt-H) values, and high frequencies of »(Pt-H) in I-II1.1%17
When I and III were allowed to react with allylic acetates
or N-allylacetamide at room temperature, insertion products
were obtained in which the formation of a platinum(II)-
carbon bond occurred at an allylic position in the original
olefins (eq 1 and 2). The structures of IV and V were

e -

CHs
CHR?

/1
R'sP cH

L, 111 + CH,=CR*CH,GCOCH, - X

IVa, PR!, = PPh,Me, R? = H, X = BF,
b, PR!, = PPh,Me, R? = CH,, X = BF,
¢, PR!, =PPh,, R =H, X = CIO,
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Table I. Relevant Infrared Absorption Bands? and Nmr Datab for Some Platinum(II) Complexes

+

CH, A-CHB(R*)-GHO-X-C-CH, D

R , PPt

(X =0 or NH)
PRY,
Compd »(C=0) Amidell v(N-H) 75 Jum . 16 rp  r(P-CH,) J(P-CH,) J(Pt—PCH,)

IVa 15755 925t 7 845vb(20) 4.66b(13) 7.73s 8.20d 9.0 15.5
7.994d 11.0 53.0
IVb 1575 s 9.46d 7 477b(10) 7755 8.25d 9.0 15.0
8.96d 7 8.00d 11.5 52.0

IVe 1573 925t 7 855vb(22) 4.82b(12) 7.75s
Vac  1615s  1528s  3315m  9.21x 8.74b(11) 6.30vb(17) 7.87s 8.36d 9.0 14.5
(16155)  (1527s) (3315m) 8.09d 11.0 49.0

Vbd  1615s  1532s  3280m  9.21x 8.72vb (18) 6.53vb(21) 7.95s

(1615s)  (1528's) (3290 m)

@ Measured in Nujol mulls and in CH,Cl, (parentheses, 0.04 M) (cm™!). Key: s, strong; m, medium. b Measured in CDCl,. 7 in ppm;
Jin Hz. Key: s, singlet; d, doublet; t, triplet; x, collapsed triplet; b, broad; vb, very broad. Half-height width given in parentheses.

¢ 7(NH) 1.72. 4 7(NH) 1.82.
+

Tsz

RaP M,

I, Il + CH,=CHCH,NHCOCH, ~ o X (2

Va, PR, = PPh,Me, X = BF,

b, PR, = PPh,, X = CIO,
deduced from elemental analyses and infrared and proton
nmr spectra (Table I and Figure 1). The infrared spectra of
IV (Table I) showed strong absorption bands due to the
C=O0 stretching mode at ca. 1575 cm™", which is far lower
than those usually found in the alkyl esters of acetic acid
(higher than 1700 cm™ ).*®  This strongly suggests that the
carbonyl group is coordinated to platinum. Tle infrared
spectra of V, both in the solid state and in solution, contained
two strong bands in the region between 1500 and 1650 cm™
(Table I). These are probably associated with C=0
stretching and amide II vibrations, although due to coupling
they may not be pure modes. The decrease in »(C=0)
frequencies from those of N-alkylacetamides measured in
very dilute solution (ca. 1700 cm™)!® may indicate that
coordination occurs through oxygen, since the contribution
of the resonance form B will increase on complexation

+
NHCCHy ~——= NH==CCHgx

I
0 Oo_
A B

through oxygen. This is particularly interesting since
platinum(Il)-urea complexes have Pt—N bonds as demon-
strated by the increase in »(C=0) and the decrease in v-
(C—N)" and since nitrogen is generally a stronger donor
than oxygen in alkylplatinum(II)*® or hydridoplatinum(II)
complexes.!” This unusual coordination through oxygen in
V may be due to steric requirements and/or to the ease of
isomerization of the initial olefins (see later).

Proton nmr spectra of IVa, IV¢, Va, and Vb showed signals

(18) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
Methuen, London, 1958.

(19) K. Nakamoto, “Infrared Spectra of Inorganic and Coordina-
tion Compounds,” Wiley, New York, N. Y., 1970, p 209.

(20) M. H. Chisholm, H. C. Clark, and L. E, Manzer, Inorg. Chem.,
11, 1269 (1972).
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Figure 1. Proton nmr spectra of some platinum(II) complexes
recorded on CDCI, solution at 60 MHz.

attributable to the CH;-CH,~ moiety, although very broad
bands were observed for the methylene protons, probably
due to nonequivalence of these two protons caused by a
neighboring asymmetric carbon (see below) and also to
spin-spin couplings of these protons with 3!P, 5Pt and
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other hydrogen nuclei. Again because of such couplings,
the signals due to methine protons also appeared as very
broad peaks. Of particular significance is the appearance of
two nonequivalent doublets due to the methyl protons of an
isopropyl group in IVb; this is in good agreement with the
proposed structure since two methyls in an isopropyl group
attached to an asymmetric carbon atom should be magneti-
cally nonequivalent. Absorptions due to the methine
proton of the isopropyl group are overlapped by strong peaks
of acetoxy methyl and phosphine methyl groups. Also
notable is the fact that the proton spectra of IVa, IVb, and
Va showed two doublets for the phosphorus methyl protons
with different J(Pt-PCH3) and J(P-CH3) values (Table I).
The lower field doublet has the larger values of both J(Pt~
PCH,) and J(P~-CH3), and we assign it to the methyls of the
phosphine trans to oxygen, and hence the higher field
doublet to the phosphine methyls trans to carbon; it was

. previously shown!”*?! that J(Pt-PCH) values are dependent
on the trans influence of the ligand, and hence the very large
difference in the observed J(Pt-PCH3) is consistent with the
proposed structure in view of the difference in the trans
influences of oxygen and carbon. Furthermore, the absolute
values of J(P-CH;) in the coordinating phosphines are
reported®® to increase as the metal-phosphine bond strength
increases, and therefore the larger values of these coupling
constants for the phosphine trans to oxygen are consistent
with a stronger Pt-P bond as a result of the weaker trans
influence of oxygen.

The double-bond migration in the presence of the platinum-
(1) hydride complexes, as in reactions | and 2, may well
occur by an addition elimination mechanism which has been
proposed for the homogeneous isomerization of olefins
using a platinum(II) catalyst.’®> (See eq 3.) This double-
~CH=CHCH, - 2 ~CH,CHCH, - = ~CH,CH=CH- . 3)
H-Pt P‘t Pt-H
bond migration may then be followed by addition of the
Pt—H bond across the newly formed C=C bond. Thisin
turn may be facilitated by the presence of an additional
coordinating group such as carbonyl. Indeed there was no
indication of the formation of free propenyl acetate even in
the reaction of III with excess allyl acetate. In agreement
with the expectations from such a mechanism, we also find
that III is capable of isomerizing allyl phenyl ether or allyl
methyl ether catalytically at room temperature to propenyl
phenyl ether or propenyl methyl ether (see Experimental
Section).

The relative stabilities of chelate ring systems in the
reaction products may also affect the course of the reactions.
Of the several possible chelate structures produced from
the addition of the Pt—H bond across either terminal or
internal C=C bond in allylic or propenyl derivatives,
consideration of molecular models indicates that only the
five-membered rings in IV or V can be both planar and free
of ring strain. This causes 7 delocalization in the Pt-0-C-X
systems (X = O or NH) to occur more effectively, thus
making the structures IV and V of lower energy.

Interestingly, both IV and V have a sec-alkyl-platinum(II)
bond which would not be very stable in the absence of intra-
molecular coordination by oxygen. Thus, the attempted
preparation of isopropyl- and cyclohexylplatinum(II) com-

(21) T. G. Appleton, M. H. Chisholm, H. C. Clark, and L. E.
Manzer, Inorg. Chem.,11, 1786 (1972).

(22) W. J. Cherwinski, H. C. Clark, and L. E. Manzer, Inorg.
Chem., 11, 1511 (1972).
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plexes resulted only in the formation of platinum(II)-
hydrido complexes,”"?® although a few acetylacetonato-
platinum(Il) complexes were reported to contain such a sec-
alkyl-platinum(II) bond.?* A similar chelate effect sta-
bilizing a sec-alkyl-platinum(II) bond has been found in a
number of products formed by the nucleophilic attack by
X~ (X =0R, OAc, etc.) on olefin-platinum(Il) complexes®
and by insertion reactions of both a phosphine-substituted
olefin'® and cyclic diolefins®'2% into the Pt-H bond. That
the present chelate system in IV or V is stable may also be
seen from the fact that the reaction of a 1 molar equiv of
triphenylphosphine with IVa proceeded only very slowly at
room temperature to the extent that most of the original
complexes remained unchanged after 24 hr. This contrasts
with the observation®® that in the displacement of L in
trans-[PtMe(PMe,Ph),L]*, L = acetone was found to be the
weakest donor and L = phosphines were among the very
strong donors. Moreover, the infrared spectrum of the
reaction mixture after 1 week showed, in addition to the
strong bands due to IVa, weak bands at 1630 and 1735 ¢cm™,
the latter of which was due to propionaldehyde, this being
confirmed by the proton nmr spectrum. Propionaldehyde
may be formed by the sequence of eq 4, so that the band at

— +

CaHg

PhaMeP- CH~

. S
IVa + PPh, 2 AP
PhoMeP ? ~cEohs
PPhs
- -t

C,H,CHO + [Pt(CH,CO)(PPh,Me),(PPh,)[* (4)

1630 cm™ could be assigned to an acylplatinum(Il) complex
although the proton nmr spectrum of the reaction mixture
in CH,Cl, at 30° failed to confirm this. A similar reaction
sequence for the formation of propionaldehyde will be de-
scribed below for reactions involving allylic alcohols or dial-
lyl ethers.

I-1II reacted with several diallyl ethers at room temperature
according to eq 5. The same products were obtained when

I IL, IIT + { (CHR®*=CR®CH,),0 ) - CH,R*CHR®CHO +
2CHR?=CR2CH,OH

(€)

Vla, PR', = PPh,Me, R? = H, R® = H, X = BF, or PF,
b, PR', = PPh,Me, R? = H, R’ = H, X = NO,
¢, PR, = PPh,Me, R? = CH,, R® = H, X = NO,
d, PR, = PPh,, R? = H, R® = H, X = BF, or PF,
e, PR, = PPh,, R* = H, R® = H, X = CIO,
f,PR!, = PPh,, R? = H, R® = CH,, X = CIO,
g PRY, = PPh,, R? = CH,, R® = H, X = CIO,

2 molar equiv of allylic alcohols were used instead of 1 equiv
of diallyl ethers. Methyl ethyl ketone was not observed in
the reaction of II with trans-CH3;CH=CHCH,OH. These

(23) J. Chatt and B. L. Shaw, J. Chem. Soc., 5075 (1962).

(24) R. 1. Cross, Organometal. Chem. Rev., 2, 97 (1967).

(25) M. A. Schwartz and T. I. Dunn, J. Amer. Chem. Soc., 91,
4007 (1969).
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Table II. Nmr Dataca for Some n-Allylplatinum(II) Complexes
.l
rlp Ha
3 \pT
R13P/ RrZ
Compd
PR!, R? R?® R* X 7(Hy) 7(Hp) 7(R?) 7(R?) 7(R%) 7(P-CH,) J(P-CH,) J(Pt-PCH,)

PPh,Me H H H PF;b 7.10dd 6.14d 4.75m 8.07d 9.5 37.5

(Upu=8)

Upers =43)
PPh,Me H H H Br¢ 6.67 vb (30) 6.37b(15) 4.76 vb (30) 7.90d 10.0 34.0
PPhMe H H H Brd 6.50vb (20) 6.50vb (20) 4.58m 7.884d 10.0 34.0
PPh, H H H BF, 7.05 dd 6.18d 4.58 m

Vua=13) Vgu=7)

pu=8)

Uptr = 40)
PPh,Me H H Me NO, 7.00d 6.46 s 8.09 s 8.04 d 10.0 37.5

(pg = 8.5) ptg = 62)

Uptu = 39)
PPh, H H Me CIO, 6.89d 6.52s 7.96 s

pr=9.0) (Jpgyg = 64)

(pta = 40)
PPh,Me Me H H PF,® 7.23m 6.22b (15) 8.98b(12) 5.47vb(20)~4.70 m 8.10d 9.5 38.0

8.00d 9.5 38.0
PPh,Me H Me H PF,? 7.32m 6.54b(14) 6.25m 8.68 m 4.95m 8.13d 10.0 39.5
8.10d 9.5 37.0

PPh, Me H H C(ClO,¢ 7.37dd 6.06 b (16) 8.99b(14) 5.56 vb(21)~4.48 m

Uy =13)

pr=9)
PPh, H Me H ClO, 7.08m 6.74b (14) 6.14m 8.78 b (15) ~4.65m

a Measured in CD,Cl, at 30° unless otherwise noted. rin ppm;JinHz. Key: s, singlet; d, doublet; dd, doublet of doublets; m, unresolved

multiplet; b, broad; vb, very broad. Half-height width given in parentheses. b Reference 6. ¢ In CDCl, at —50°. dIn CDCl, at 30°.

€ Prepared from III and 1,3-butadiene in benzene.

products were identified by analyses and/or proton nmr and
infrared spectra. Some of the m-allylplatinum(II) complexes
(VI) have been prepared previously from I and allene or
butadiene.® The order of ease of reaction between IT and
diallyl ethers is allyl > 1.-methylallyl > 2-methylallyl, and in
each case small amounts of unidentified products were also
observed. Nmr data for the 7-allylplatinum(Il) complexes
are shown in Table II, including those of [Pt(2-methallyl)-

I I1, 111 + (CHR?*=CR®CH,),0 —

(PPh,Me),]"NO;~ which could not be isolated as a pure solid. =

. ; : Bty H—c? "\R3
Assignment of the two isomers, anti and syn, in 7-crotyl
platinum(II) complexes was based on the appearance of the l »
anti group at higher field than the syn group?®-2? in the nmr L R B
spectrum. vII

The sequence of the reactions with diallyl ethers probably
involves the isomerization of, and insertion into, the C=C
double bond, chelation by another C=C bond, and cleavage
of the Pt—C and C—O bonds, processes which are similar to
those described in eq 1, 2, and 4. Although such isomeriza-
tion of allylic alcohols to aldehydes was reported to occur in
the reactions of the alcohols with Rh(III) or Ru(III)
catalysts,”® with Fe(C0Q)s,? or with HCo(CO),?® and
although mw-allylpalladium(II) chloride dimer was produced

(26) C. A. Tolman, J, Amer. Chem. Soc., 92, 6785 (1970), and
references therein,

(27) D. W, Moore, H. B. Jonassen, T. B. Joyner, and A. J.
Bertrand, Chem. Ind. (London), 1304 (1960).

(28) J. K. Nicholson and B. L. Shaw, Proc. Chem. Soc., London,
282 (1963).

(29) W. T. Hendrix, F. G. Cowherd, and J. L. von Rosenberg,
Chem. Commun., 97 (1968).

(30) R. W. Goetz and M. Orchin, J. Amer. Chem. Soc., 85, 1549
(1963).

VI + CH,R*CHR*CHO

from PdCl, and allyl alcohol,?* the present reactions with
allylic alcohols are apparently different in that equivalent
amounts of VI and the aldehydes are formed simultaneously.
Since a diallyl ether~platinum(II) complex has been obtained
from K,PtCl, and allyl alcohol,?? the reaction sequence for
allylic alcohols may be very similar to that described in (6),
although the presently available evidence does not provide
any information about the mechanism of formation of
allylic ethers from allyl alcohols.

Of particular interest is the fact that the proton nmr
spectrum of VIg showed the resonances attributable to only
the syn isomer of the w-crotylplatinum(Il) complex, while
the reaction of butadiene with I (PR3 = PPh,) or III gave

(31) W. Hafner, H. Prigge, and J. Smidt, Justus Liebigs Ann.

Chem., 693, 109 (1966).
(32) R. Jones, J. Chem. Soc. A, 2477 (1969).

)
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[Pt(C,H,)(PPh3),]*X™ (VII) (X = BF, or ClO4) whose
proton spectrum can be explained in terms of the anti
configuration. Furthermore, there was no tendency for this
anti form to isomerize to the syn form under conditions
similar to those used in reaction 5. The reactions of
butadiene with certain metal-hydrido complexes have been
found?®:27 to give initially the anti m-crotylmetallic com-
plexes due to the preference for the cisoid configuration of
butadiene prior to addition to the M-H bond.

> CHs

anti syn

On the other hand, the preferred trans configuration of
CH,CH=CHCH,0H,3? as well as probably of (CH;CH=
CHCH,),0,* would be retained throughout the reaction of
eq 6, especially in complex VII, which should yield only the
syn form as indeed we have found in VIg. An analogous
complex, [Pt(n-crotyl)(PPh,Me),]|*PF¢” (IX), which was
prepared previously® from I (PR3 =PPh,Me; X =PF¢) and
butadiene, has now been shown to exist predominantly in "
the anti form immediately after preparation, but isomeriza-
tion takes place gradually in solution at room temperature to
. give an equilibrium mixture of the two forms after 24 hr,
with the syn isomer being more abundant. A similar
syn:anti ratio was found for VIc. The ready isomerization
of anti to syn configuration in 1-substituted 7-allylmetallic
complexes has previously been reported for nickel,?® co-
balt,?” and palladium® analogs, probably because of the
greater steric repulsion between substituent and the metal
atom as well as other ligands in the anti form. Thus, the
conversion of VIII into the corresponding syn isomer was
readily performed by adding a catalytic amount of Pt(C;Hs)-
(PPh,Me),Br (X) to a methylene chloride solution of VIII.
It was suggested previously®® that syn-anti conversion in
w-allylmetallic complexes probably proceedsviaanm > o> 7
mechanism. Thus, it is not surprising that X, which can be
prepared from the slow reaction of trans-PtHBr(PPh,Me),
with allene, behaved similarly to Pt(C3Hs)(PPh3),C1;>¢ both
complexes show a syn-anti proton exchange reaction which
is rapid on the nmr time scale at room temperature, while
all of VI have frozen m-allylplatinum(II) structures at room
temperature possibly because chloride or bromide can sta-
bilize a o-allylplatinum(II) complex in the transition state
much more effectively than BF,™, PF¢~, NO3~, or Cl104” ions.
This could also account for the ready isomerization of the
otherwise stable anti form of VIII in the presence of a
catalytic amount of X.

Experimental Section

The preparations of trans-[PtH(PR,), (acetone)}*X" (I) (PR, =
PPh; or PPh,Me; X =BF, or PF,),* trans-PtH(NO,)(PPh,Me), !’
(II), and trans-PtH(C10,)(PPh,), !* (III) have been reported pre-
viously. Allylic alcohols were obtained from Eastman Kodak Co.
Other allylic derivatives were prepared by standard methods.. Micro-

(33) A commercial sample of CH,CH=CHCH,OH was found to
consist of only trans isomer by forming its 3,5-dinitrobenzoic acid
ester.® Bis(1-methylallyl) ether, which was prepared from this
alcohol, sodium, and trans-crotyl chloride, therefore, would have a
trans,trans configuration, :

(34) L. F. Hatch and S. S. Nesbitt, J. Amer. Chem. Soc., 72, 7127
(1950). 3

(35) 1. Lukas, S. Coren and J. E. Blom, Chem. Commun., 1303
(1969).

(36) H. C. Volger and K. Vrieze, J. Organometal. Chem., 9, 527
(1967); K. Vrieze, A. P. Praat, and P. Cossee, ibid., 12, $§33 (1968).
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analyses were performed by Dr. A. B. Gygli, Toronto, and
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. Infrared
spectra were obtained using a Beckman IR-10 spectrophotometer,
with samples prepared as Nujol mulls or in solution. = Spectra were
calibrated against the spectrum of polystyrene film. Proton nmr
spectra were obtained on Varian T-60 and HA-100 spectrometers
using TMS as internal standard (r 10.00).

Reactions of I or III with Allylic Acetates or N-Allylacetamide.
In a typical reaction, allyl acetate (0.021 g) was added to a methylene
chloride (4 ml)-acetone (2 ml) solution of trans-[PtH(PPh,Me), -
(acetone)]*BF, which was prepared from trans-PtHBr(PPh,Me),
(0.144 g) and AgBF, (0.041 g). After the solution had been stirred
for 6 hr at room temperature, the solvents were evaporated under
vacuum, The crude solids thus obtained were dissolved in methylene
chloride (5 ml), and the solution was passed through a Florisil
column. The pale yellow solution was concentrated to cz. 1 ml, and
n-pentane (10 ml} was added to give a pale yellow oily product. The
solvents were decanted off and this product was dried under vacuum
to give a fluffy solid (IVa) (0.155 g, 93%) which decomposed at
about 100° without melting. Anal Caled for C,,H,,0,BF,P,Pt:
C,47.53;H,4.50. Found: C,47.70;H, 4.74. Similarly, IVb
(yield, 92%; dec pt > 100°) and Va (yield, 68%; mp 116~119°) were
obtained. A4nal. Caled for VY, C,,H,,0,BF,P,Pt: C, 48.19;
H,4.68. Found: C,48.28;H,4.96. Caled for Va, C,,H,,NOBF,-
P,Pt: C,47.58;H,4.64;N,1.79. Found: C,47.66;H,4.73;
N, 1.75. The reaction of III (0.140 g) with N-allylacetamide (0.05 g)
was carried out in benzene (25 ml) at room temperature for 20 hr.
The fine crystals were filtered and dried under vacuum to give Vb
(0.130 g, 83%); mp 157-159° dec. Anal. Calcd for C,,H,,NO,CIP,-
Pt: C,53.57;H,4.39;Cl, 3.86. Found: C, 53.54;H,4.40;Cl, 3.67.
Similarly I'Vc was obtained for which analyses showed the presence
of 1 mol of benzene per platinum atom; yield, 75%; mp 182-185°
dec. Anal Caled for C,,H,;O0,CIP,Pt: C, 56.54;H, 4.54;Cl, 3.55.
Found: C, 56.42;H, 4.39;Cl, 3.10.

Reactions of [, II, or III with Allylic Alcohols or Diallyl Ethers.
A very similar procedure was used in all the reactions except that the
reaction time varied from less than 1 hr for allyl alcohol or diallyl
ether to 30 hr for 1-methylallyl derivatives to more than 4 days for
2-methylallyl derivatives. The solvents used were benzene in the
case of III and methylene chloride in the case of I or II. The

- reaction products were identified by analyses and/or infrared and

proton nmr spectra. The aldehydes were also identified by distilling
off volatile products under vacuum and then forming the 2,4-dinitro-
phenylhydrazone adducts. The m-allylplatinum(II) products obtained
from the reactions using II were converted in good yields into the
previously characterized BF,,” or PF,~ salts.? The preparation of
VIf, for example, was done as follows. To a benzene solution (25
ml) of III (0.200 g) was added 0.05 g of bis(2-methylallyl) ether
or 0.06 g of 2-methylallyl alcohol at room temperature. The mixture
was stirred for § days, and the crystalline complex gradually appeared.
This was filtered, washed with benzene, and dried under vacuum to
give VIf (0.157 g, 75%); mp 235-240° dec. Anal. Caled for
C,,H;,0,CIP,Pt: C, 54.96;H,4.27;Cl, 4.06. Found: C,55.22;
H, 4.27;Cl, 4.25. Similarly, VIe (80% yield; mp 255-260° dec.)
and VIg (90% yield; mp 227-230° dec) were obtained. Anal Caled
for Ve, C,,H,,0,CIP,Pt: C, 54.45;H, 4.10;Cl, 4.12. Found: C,
54.72; H, 4.14; C1, 4.32. Calcd for VIg, C,,H,,0,CIP,Pt: C, 54.96;
H, 4.27. Found: C,54.92;H, 4.38. The complex VId (X=BF,)
was obtained similarly in methylene chloride-acetone solution,
with recrystallization from methylene chloride-n-pentane; yield, 85%;
mp >250°. Anal. Caled for C,,H,,BF,P,Pt: C, 55.27; H, 4.16.
Found: C,55.50;H, 4.13.

Preparation of Other #-Allylplatinum(II) Complexes. The com-
plex VIII (X = BF,) was prepared by a method similar to that for
IX;¢ yield, 65%; mp 238-240° dec. - Anal. Caled for C, H,,BF,P,Pt:
C, 55,76, H, 4.33. Found: C,55.68;H,4.43. Compound X was
obtained from an acetone solution (6 ml) of trans-PtHBr(PPh,Me),
(0.15 g) into which allene gas was bubbled at room temperature for
1 hr. The solvent was evaporated under vacuum, and the resulting
oily products were recrystallized from methylene chloride-n-pentane
to give fine crystals (0.135 g, 85%); mp 179-180°. Anal Caled for
C,,H,,BrP,Pt: " C,48.61; H, 4.36. Found: C,48.26;H, 4.18.

Isomerization of Allyl Phenyl Ether or Allyl Methyl Ether. The
isomerization reaction was performed in an nmr sample tube at room
temperature. To a benzene-d, solution (0.3 ml) of allyl phenyl
ether (0.15 mmol) was added III (0.003 mmol). The reaction was
complete within about 10 min to give almost 100% of cis-propenyl
phenyl ether as indicated by the nmr spectrum. A similar procedure
was employed in the reaction between allyl methyl ether (0.22 mmol)
and IIT (0.003 mmol) to give, after 60 mm, an almost quantitative
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yield of cis-propenyl methyl ether and a trace amount of trans-
propenyl methyl ether.

Registry No. IVa, 36608-66-9; IVb, 36608-67-0; IVc,
36608-68-1; Va, 37036-01-4; Vb, 37383-70-3; VId, 36484-
04-5; Vle, 36484-05-6; VIf, 37036-84-3; VIg, 37036-86-5;
VIII, 37036-85-4; X, 37036-81-0; [Pt(2-methylallyl)-
(PPh,Me), INO;, 37036-83-2; trans- [PtH(PPh,Me),(CH;),-
CO]BF, 37036-02-5; trans- [PtH(C10,)(PPhs),], 32109-29-
8; trans-[PtH(NO,)}(PPh,Me),], 36464-75-2; trans-[PtH-
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(PPh;),(CH;),CO]BF,, 37036-05-8; allyl acetate, 591-87-7;
2-methylallyl acetate, 820-71-3; N-allylacetamide, 692-33-1;
2-methylallyl alcohol, 513-42-8; 2-methylallyl ether, 628-56-
8; allyl alcohol, 107-18-6; allyl ether, 557-40-4; trans-crotyl
alcohol, 504-61-0; trans-crotyl ether, 7023-45-2; allyl phenyl
ether, 1746-13-0; allyl methyl ether, 627-40-7.
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A series of platinum(IV) cations of the type fac-[Pt(CH,),Q,L]*, where Q = P(CH,),C H,, NC,H;, As(CH,),, or p-CNC,-
H,CH, and L is a variety of neutral ligands including a carbene, have been prepared, although in some cases the preparative
reactions lead to elimination of ethane and formation of trans-[Pt(CH,)Q,L]*. Factors governing the stability of the
platinum(IV) cations are discussed. The oxidative addition of CD,I to cis-Pt(CH,),Q,, where Q = P(CH,),C,H, and As-
(CH,),, gives exclusively the trans adduct. Pyrolysis and reductive elimination reactions of the CD,PtIV compounds show
that the CD,~Pt bond is more resistant to cleavage than the CH,-Pt bond. Isomerization occurs during the preparation of
[Pt(CH,),CD;Q,L]* supporting a dissociative mechanism for octahedral substitution. The Raman spectra of the trimeth-
ylplatinum(IV) complexes have been examined and »(Pt-CH, ) is shown to vary with the trans influence of L.

Introduction

Many neutral, anionic, and cationic platinum(IV) com-
plexes' have been prepared from the first organoplatinum-
(IV) compound, trimethylplatinum(IV) iodide.> In con-
trast to the methyl-platinum(II) bond, which is readily
cleaved,® the methyl-platinum(IV) bond in the complexes
[Pt(CH;3)3X] 4 is quite stable and may be cleaved only under
vigorous conditions.* However, complexes of the type Pt-
(CH3)3L,1, where L = phosphine or arsine, have been found
to pyrolyze® smoothly at temperatures >100° with loss of
ethane. ’

In the previous paper of this series® we discussed the prep-
aration and reactivity of a wide variety of cationic dimethyl-
platinum(IV) complexes of the type [Pt(CH;3),Q ,L,])** or
[Pt(CH3),Q,LI]*, where Q is dimethylphenylphosphine and
L is a neutral or anionic ligand. These complexes were found
to be quite stable; reduction occurred only when the L was a
large and bulky ligand such as triphenylphosphine, -arsine,
and -stibine or when the platinum-ligand bond required much
Pt dm — L 7* back-bonding for its stability (i.e., CO, olefins,
and acetylenes).

In this paper we discuss the preparation and stability, with
respect to reductive elimination, of the complexes fac-[Pt-
(CH3)3Q 2L]+, where Q = P(CH3)2(C6H5), CNC6H4CH3, As-
(CH3)s, or NCsH; and L is a variety of neutral ligands. The

(1) For a recent review of organoplatinum(IV) compounds see
J. 8. Thayer, Organometal Chem. Rev., Sect. A, 5,53 (1970).
(2) W.J. Pope and 8. J. Peachy, J. Chem. Soc., 95 (1909).
(3) J. Chatt and B. L. Shaw, J. Chem. Soc., 705 (1959).
(4) J. R. Hall and G. A. Swile, Aust. J. Chem., 24,423 (1971).
(5) J. D. Ruddick and B. L. Shaw, J. Chem. Soc. 4, 2969 (1969).
(6) Part IV: H. C. Clark and L. E. Manzer, Inorg. Chem., 11,
2749 (1972).

oxidative addition of CDsl to ¢is-Pt{CH3),Q, (Q = P(CHj3),-
CsH;s and As(CHj)3) and the stereochemistry of the CD3PtIV
compounds are discussed.

Results and Discussion

(i) Preparation. The iodide in fac-Pt(CH;3)3Q I (I), where
Q is dimethylphenylphosphine, may be removed easily in solu-
tion, as silver iodide, by the addition of AgX where Xisa
noncoordinating anion, e.g., AgPFs. In the presence of a
neutral ligand L, a variety of platinum(IV) cations, II, are ob-
tained although, for L', reductive elimination occurs to give
the corresponding methylplatinum(II) cations, III, as shown
in (].), where L = NC5H5, P(CH3)2C6H5, P(OCH3)3, CNC6H4-

CHa
N FL/Q {PF,
CHs” | ol
CHs (1a)
L
CH3\l A1 / ) 11
CHz Q \
¢
1 CH3—T-——L‘ (PFg)
I
L Q (1v)

III

CH;, CNC¢H,OCH3, CNCH3, CNC,Hs, or Sb(CH3); and L' =
CH;COCH;, CH3;0H, NCCH=CH,, NCCsH4OCHj3, Sb~
(CsHs)s, P(CsHs)s, As(CeHs)s, CO, or HC=CCH,CH,OH.
Thus, addition of silver hexafluorophosphate to a solution
of I in acetone or methanol readily causes discoloration with



