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Rhenium carbonyl reacts with trichlorosilane and RCLSiH (R = CH;, CsH;) under ultraviolet irradiation to form the silyl

hydride complexes Cl;SiHRe:(CO), and RCLSiHRe:(CO)s.
Re-H-Re bridge in these molecules, with the silyl substituent in a radial position.

Infrared, mass, and nmr spectroscopic evidence suggests a
Irradiation of rhenium carbonyl with

triphenylsilane provides an attractive one-step synthesis for HRe;(CO)y.

Introduction

The preceding paper of this series' described the
photochemical reaction of difunctional silanes (R.SiH,)
with rhenium carbonyl to form three types of silyl hy-
drides: RzSinReg(CO)s, (RgSin)zRez(CO)e, and (Rg-
Si);H:Re(CO)7. A most interesting and still unre-
solved aspect of these complexes is the exact location
of the rhenium-bonded hydrogens, in particular their
distance from the silicon atoms and whether they can be
described as bridging between rhenium and silicon, as
can the hydrogen in 7-C;HsMn(CO):HSi(CsH;)s.2

In order to extend our knowledge of silyl hydrides
of transition metals, we have investigated the photo-
chemical reactions of monofunctional silanes of the
series of Cl;,R,SiH (# = 0-3; R = CgH;, CH;) with
rhenium carbonyl. Spectroscopic studies have enabled
us to deduce the probable structures of the products,
which have an interesting relation to those of some pre-
viously known polynuclear carbonyl hydrides of transi-
tion metals.

Results and Discussion

Synthesis.—The products obtained from the ultra-
violet irradiation of the monofunctional silanes Cls_,-
R,SiH (R = Ce¢H;, CH;; » = 0-3) with rhenium
carbonyl varied with the number of chlorines. This
variation is shown in the following scheme, which
summarizes the reactions studied

Cl;SiH —i) Cl:SiHRex(CO)e + CO
RCLSIH —h—”> RCI:SiHRe:(CO)s + CO
R:CI1SiH —h—p> HRe3(CO)1a

R3SiH —h—y> HRe;3(CO)u

where R = C¢H;, CH;.

Irradiations were carried out in »-hexane, cyclohex-
ane, or benzene solutions using excess silane; the prod-
ucts precipitate as reaction proceeds.? Both types of
silicon compound are white, crystalline solids; the tri-
chlorosilicon derivative is air stable, but the RClL,Si de-
rivatives are only moderately so.

With the silanes R,CISiH and R;SiH, the correspon-
ding silicon derivatives R,CISiHRe,(CO)y and R;Si-
HRex(CO)y are unstable and decompose to yield the

Rex(CO)o +

(1) PartIV: J. K, Hoyano and W. A. G. Graham, submitted for publica-
tion in J. Amer. Chem. Soe.

(2) M. J. Bennett and W. Hutcheon, to be submitted for publication; cf.
Chem. Eng. News, 48, 75 (June 8, 1970).

(3) Only small amounts of RCl:8iHRe(CO)s precipitate as the compound
is more soluble,

known* complex HRe3(CO)4 as the only isolable prod-
uct. During the irradiation of (CHj,),CISiH with
Rey(CO)yy, infrared evidence for (CHj)2CISiHRey(CO)y
was obtained but rapid decomposition to HRez(CO)4
occurred on attempted purification. Even during the
irradiations of RCLSiH with Rex(CO)yqo, small amounts
of HRe3(CO)1, were always detected in the reaction
mixtures.

When (CgHj;)3SiH and Rey(CO)yp were irradiated at a
temperature of about 60°, appreciable amounts of
(CeH;)3SiRe(CO); were obtained.? However, when the
irradiation was carried out maintaining the reaction
solution below 20°, no (CsH;):SiRe(CO); was detected ;
HRe3(CO)1s was the only carbonyl compound obtained.
The fate of the (C¢Hj);Si moiety in this reaction re-
mains unresolved.

Under suitable conditions, yields of HRes(CO)y in
this one-step reaction are quite reasonable (ca. 509;).
The previous synthesis involved several tedious steps
and a lower overall yield.* Accordingly, the silane
route appears to be the method of choice for the prep-
aration of this interesting compound.

Spectroscopic Properties and Structure.—The spec-
troscopic properties of ClL;SiHRe,(CO)y and RClp-
SiHRe,(CO)s suggest that a probable structure for
these complexes would resemble in its gross features
that shown in 1. Such a structure may be derived for-
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mally from the known structure® of HMnRe(CO)y4 (2)
by replacing the Mn(CO); group with a Cl;Si fragment.
More detailed features of the structure are a matter for
conjecture at present. Thus, the Re-H-Re angle is
not necessarily 180° as implied by 1; this angle has
been estimated’ to be 164° in 2 and 159° in HRe3(CO)14
(3) and may well be similar in the derivatives reported

(4) W. Fellman and H. D. Kaesz, Inorg. Nucl. Chem. Lett., 2, 63 (1966).

(5) This compound was first prepared (W, Jetz, P, B. Simons, J. A. J.
Thompson, and W. A, G. Graham, I'norg. Chem., B, 2217 (1966)) by heating
(CeHs)sSiH and Rex(CO)wp at 160~165°. We consider that its formation in a
purely thermal reaction at 60° is unlikely.

(6) H. D. Kaesz, R. Bau, and M. R. Churchill, J. Admer. Chem. Soc., 89,
2775 (1967); M. R. Churchill and R. Bau, Inorg. Chem., 6, 2086 (1967).

(7) Results of R, P, White, Jr,, T. E, Block, and L. F. Dahl, quoted by
L. B. Handy, J. K. Ruff, and L. F. Dahl, J. Amer. Chem. Soc., 93, 7312
(1970); see footnote 84.
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Figure 1.—Infrared spectra in cyclohexane solution of the carbony! stretching regions of (a) Cl3SiHRe:(CO)s, (b) CeH;Cl:SiHRep-

(CO)y, (¢) CH3CLSiHRe(CO)s, and (d) HRe;(CO)s.

Arrows on spectrum c indicate the three bands (designated A, B, C in the text)

common to all spectra which are attributed to the -Re(CO); portion of the molecules.

here. The other unknown feature is whether the equa-
torial ligands of 1 are eclipsed as they are in 2 or stag-
gered as they are in 3. Both features are related to the
Re-Re bond length.”

The spectroscopic properties of Cl;SiHRe;(CO)q and
RC1,SiHRe; (CO),y will now be discussed and compared
with those of HRe3(CO)y4 and other carbonyl hydrides
of established structure. The infrared spectra in the
carbonyl stretching region of the complexes ClsSiHRe;-
(CO) 9, CHsClQSlHRGQ(CO) 9, and CGHDCIQSIHRCQ(CO)Q
are shown in Figure 1 and the frequencies are given in
Table I. The band patterns for the three compounds
are very similar and parallel structures are indicated.
The number of carbonyl bands observed is 7 or 8; nine
bands are possible for the C; structure 1 or its staggered
form. If the silicon moiety were in an axial position
(idealized C,, symmetry), only five carbonyl stretching
bands would be expected. The C, structure can there-
fore be excluded.

The deuterated complex CL;SiDRey(CO)s (prepared
from Cl;SiD) shows a carbonyl stretching band pattern
which is almost identical with that of the hydride ex-
cept for small shifts (<2 em™!) in some of the band po-
sitions (see Table I). There were no other observable
differences in the solution infrared spectra (H vs. D) in
the region 800-2200 cm~! As in the hydrides dis-
cussed previously,! the hydrogen modes appear to be

very weak or unobservable in the infrared spectrum.
However, weak hydrogen modes have been observed
in KBr pellets for HRe3(CO).4 and DReg(CO)y4 at 1035
and 734 cm™!, respectively.® The concentration at
which the infrared spectrum of Cl;SiRey(CO), was ob-
served in our work may well have been insufficient to
reveal such weak absorptions.

Detailed examination of the carbonyl stretching
band patterns and frequencies of the complexes ClsSi-
HRey(CO)y, RCLSiHRe(CO)y, and HReg(CO)1s shows
some features characteristic of all four complexes which
are likely the result of structural similarities. For each
complex in Table I, the relative intensities and band
frequencies of the highest energy band (A), the most
intense band (B), and the band next to the most intense
band on the low-frequency side (C) are very similar, as
Table IT shows. The intensity pattern of these three
bands strongly resembles the pattern characteristic of
XM(CO); complexes, and they may be attributed to
the HRe(CO); moiety,® the common feature of the com-
plexes presuming the Re-H-Re bridge structure.”

(8) R. W. Harrill, Ph.D. Thesis, University of California, Los Angles,
Calif., 1967. We thank a referee for calling our attention to this work.

(9) P.S. Braterman, R, W. Harrill, and H. D. Kaesz, J. Amer. Chem. Soc.,
89, 2851 (1967).

(10) Such an assignment is necessarily very approximate in so complex a
molecule and implies that the coupling of vibrations between the HRe(CO)s
and Re(CO0)sX parts is quite small.
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TaBLE I
INFRARED CARBONYL STRETCHING FREQUENCIES AND INTENSITIES
Compd Freq,% cm -1

CLI;SiHRez(CO), 2150 (1.4) 2095 (3.6) 2085 (1.6) 2047 (10.0) 2019 (5.4)
2012 (5.6) 1999 (5.8) 1978 (4.8)

Cl38iDRez(CO)s 2151 (0.8) 2095 (2.4) 2086 (0.8) 2048 (10.0) 2020 (3.5)
2012 (4.9) 2000 (4.4) 1979 (3.86)

CeH;Cl:SiHRe:(CO)o 2149 (1.0) 2087 (3.9) 2046 (10.0) 2017 (5.8) 2004 (4.3)
2004 (4.3) 1991 (5.0) 1971 (5.6)

CH,;Cl:SiHRe(CO)s 2148 (1.0) 2086 (3.2) 2044 (10.0) 2016 (5.0) 1998 (3.5)
1992 (3.6) 1985 (2.3) 1968 (4.6)

HRey(CONsd 2145 (1.2) 2101 (2.5) 2048 (10.0) 2015 (5.6) 1992 (7.0)
1975 (4.2) 1966 (2.3) 1956 (1.5) 1933 (4.0)

@ Cyclohexane solutions.
reported values.*

TaABLE 11
— »(CO), em ! (rel intens) —
Compd A B C

Cl;SiHRe2(CO), 2150 (1.4) 2047 (10.0) 2019 (5.4)
CeH;CL.SiHRe:(CO)y 2149 (1.0) 2046 (10.0) 2017 (5.8)
CH;Cl,SiHRez(CO), 2148 (1.0) 2044 (10.0) 2016 (5.0)
HRey(CO )i 2145 (1.2) ~ 2048 (10.0) 2014 (5.6)
HRe(CO)y 2131 (vw) 2014 (s) 2005 (m)

If the HRe(CO); portion of the HRe3(CO)14 molecule
can be regarded as a two-electron donor as has been sug-
gested,® one would expect a flow of electrons away from
the HRe(CO); moiety

st 8
(CO)5RCH—’R62(CO)9 —_— (CO)ERC—H—RE(CO)4RC(CO)5
In this case, as well as for the silicon compounds, the
carbonyl bands due to the HRe(CO); moieties should
be at higher energy than the corresponding bands in

HRe(CO); itself; the trend is in agreement with this
expectation.

Figures in parentheses are relative band heights on a transmittance scale.

®In good agreement with

mentation series in the spectrum of Cl;SiHRe,(CO),.
The complexes RCI;SiHRe,(CO)y exhibited fragmenta-
tion series very similar to that of ClSiHRey(CO)s,.
The long series beginning with the parent ion [Cl;Si-
HRe,(CO)q]+ shows hydrogen loss only after seven cat-
bonyls have been lost. The only other polynuclear
metal carbonyl hydrides which have been reported to
show similar fragmentations are the complexes HRe;-
(CO)M,H I‘Il\InRez(CO)m,11 HFeC03<CO)12,12 and HRu-
C03(CO)12.12 The first two complexes have a Re-H-
Re bridge system as previously discussed; the structure
of the latter two complexes is less certain but a structure
with the hydrogen located in the center of a tetrahedral
cage of metal atoms has been proposed.l? Other com-
pounds with bent hydrogen bridges between two transi-
tion metals such as H;Re;(CO)s,' HyMng(CO)yo, ! and
HMn3(CO)1(BHj;).!! show the molecular ion with no
hydrogen loss but hydrogen loss is observed after the
loss of one to three carbonyl groups. The degree to

TasLE III
PERCENTAGE HYDROGEN Loss 1IN Mass SPECTRA OF RHENIUM CARBONYL HYDRIDES

Compd Ion 0 1
ClsSiHRez(CO)g [ClaSiHRez(CO)n] + 25 10

[CLSiHRe:(CO),] + 70 60
[HRez(CO)y] * 95 75
[HRe(CO)a] * 95 85
CHsCleiHRez(CO)g [HRe(CO),.] + 90 75
CsHsCLSiHRe(CO), [HRe(CO),] * 90 75
HRe(CO)s® [HRe(CO)n} 95 70
HRe;(CO)iq [HRe(CO), 1 * 90 80

2 Not observed.

® Very weak; overlap with other fragments made calculation of hydrogen loss impossible.

"

2 3 4 5 6 7 8 9
5 0 0 0 0 0 a 0
b b 35 b 15 0 b 0
b 60 70 70 80 75 65 b

60 75 65 60
b 65 70 55

45 65 60 40

35 50 25 15

35 50 45 20

¢ Estimated from the

figure given by J. Lewis and B. F. G. Johnson, Accounts Chem. Res., 1, 245 (1968).

In CliSiHRe,(CO),y the four bands at 2095, 2012,
1999, and 1978 cm™! are presumably due to the cis-

(CO)Re<SICl mojety; for CoHsClSiHRey(CO), these
four bands are shifted to 2087, 2004, 1991, and 1971
cm™!, respectively. These shifts are much greater
than the shifts of the bands which were assigned to the
HRe(CO); groups. This observation is in agreement
with the proposed structure; the frequencies due to the
Re(CO), group should be more sensitive to the silyl
ligand than are the farther removed carbonyl groups on
the HRe(CO); moiety.

Mass spectrometry proved again an almost in-
dispensable tool in determining the exact molecular
formulas of these volatile hydrido complexes. More-
over, the mass spectral fragmentation patterns give
convincing support for the bridging Re-H-Re formula-
tion in the silicon compounds. Table III summatizes
the hydrogen loss percentages of the various frag-

which hydrogen loss is competitive with CO loss is no
doubt determined by several factors. One would hope
for some correlation with the M~H-M angle in simple
bridged systems, but at present too few examples are
known to permit such fine distinctions to be made.
Other fragmentation series observed in the mass spec-
trum of ClsSiHRey;(CO)y are the ones beginning with
[CleiHR62(CO)9]+, [HREz(CO)Q]"', and [HRe(CO)5]+
The latter two series display competitive hydrogen loss
in all fragments (see Table III); this is similar to the
fragmentation observed in HRe3(CO)y.!' The fact
that [HRe(CO);]* is observed at all strongly suggests
that the HRe(CO); moiety is present in the molecule,
although one cannot completely discount the possibility
of CO transfer during fragmentation ;' —¥ however, the

(11) J. M. Smith, K. Mehner, and H. D. Kaesz, J. Amer. Chem. Soc., 88,
1759 (1967).

(12) M., J. Mays and R. N. F. Simpson, J. Chem. Soc. A, 1444 (1968).

(13) H.J. Svec and G. A, Junk, J. Amer. Chem. Soc., 89, 2836 (1987).
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relative intensities within the [HRe(CO),]* series sug-
gest that [HRe(CO);]* is not due to CO transfer.
Table III compares the [HRe(CO),]+ series among the
various complexes, including HRe(CO);. The silicon
compounds show a less intense spectrum for this series
than does HRe;(CO)u, in which the [HRe(CO),]+
series is the most intense in the spectrum.!! This is re-
flected in the fact that donor ligands react with HRes-
(CO)1. under mild conditions to displace HRe(CO);
while the silicon compounds are much less reactive (see
below). However, Table IIT shows that the hydrogen
loss percentages for the [HRe(CO), ]+ series are all sim-
ilar.

Nmr results are presented in Table IV. The high

TaABLE IV

NMR DATA FOR XHRe(CO)y DERIVATIVES

T value of
Compd high-field proton
Cl;SiHRe2(CO)s 22.45 (CDCl)
CH,;ClLSiHRe;(CO)p 24 .44 (CDCly)
CeH;CLSiHRe3(CO)¢? 24 .60 (CDCly)

HRe;(CO)u 26.254

¢ Methyl resonance a sharp singlet at 7 8.78. ? Phenyl region
is a complex multiplet.

7 values are consistent with a bridging position for the
rhenium-bonded hydrogen.? 1If, as the other evidence
suggests, the structures are similar in all four com-
pounds, then the chemical shift of the hydride ligand
should depend mainly on the electronegativity of the
group attached (Cl;Si, RCLSi, Re(CO);). The ob-
served chemical shifts are consistent with this supposi-
tion, shifting to lower field with increased electronega-
tivity.

The nmr spectrum of CH;Cl:SiHRe (CO), shows a
sharp singlet for the methyl protons; this appears to
rule out formulations in which the hydride ligand is
proximate to the silicon moiety, as it is in (CHj)pSi-
HyRey(CO)s, 14 where proton—silicon coupling is ob-
served.

An X-ray structure determination of one of these
compounds is desirable to establish conclusively the
correct structure. However, numerous attempts to
grow crystals of Cl;:SiHRe;(CO), have thus far failed to
give samples suitable for X-ray analysis; although
physically attractive, the crystals were found to be
twinned on close examination,

Chemical Properties and Mode of Formation.—The
complexes ClzSiHRe:(CO), and RCL:SiHRe(CO)y were
much less reactive than HRes(CO)ys. A stirred hexane
solution of Cl;SiHRes(CO), under 1000 psi CO pressure
showed no observable reaction after 4 days. The com-
plex HRe3(CO)14 has been shown to react with CO at
atmospheric pressure to give HRe(CO); and Res(CO)yg
after 2 days.’® With triphenylphosphine, Cl;SiHRe,-
(CO), reacted only slowly at 120°; there was much de-
composition and the only compound identified (by in-
frared and mass spectroscopy) was [(CeHs)sP [o(CO)s-
ReH.*® Because of the high temperature needed for

(14) J. K. Hoyano, M. Elder, and W. A. G. Graham, J. Amer. Chem.
Soc., 91, 4568 (1969).

(15) R. W. Harrill and H. D, Kaesz, Inorg. Nucl. Chem. Leii., 2, 69
(19686).

(16) M. Freni, D. Giusto, and V. Valenti, J. Inorg. Nucl. Chem., 2%, 755
(1965).

J. K. Hovaxo aND W. A, G. GrRaBAM

reaction, any HRe(CO); formed would probably react
with the phosphine to form the observed product.”
It seems reasonable to assume here, as in related re-
actions,’® that ultraviolet irradiation produces a reac-
tive, coordinatively unsaturated intermediate such as
Rey(CO)y (4). Oxidative addition of the silicon-hy-

H
HSICls |
(OC);ReRe(CO)y —> (OC);—,Re]ﬁle(CO% —> 1
4
SiCl,
5

drogen bond to the unsaturated rhenium atom of 4
might proceed via an intermediate such as 5,92 which
could undergo a shift of hydrogen into the rhenium-
rhenium bond to form the presumed structure 1.

Experimental Section

A nitrogen atmosphere was maintained during all reactions
and during work-up procedures by the use of Schlenk apparatus.
Irradiations were usually carried out using a Hanovia utility
lamp (Model 30620, 140 W) at a distance of about 10 cm from a
quartz flask containing the reaction mixture; the solution was
maintained below room temperature during irradiation by
means of a water-cooled cold finger. A more powerful Hanovia
lamp (No. L679A, 450 W) was occasionally used. Reactions
using methyldichlorosilane were carried out in Pyrex Carius
tubes (approximate volume 70 ml) equipped with a threaded
Teflon valve (Fischer and Porter Co.) for intermittent pressire
release.

Rhenium carbonyl was purchased from Pressure Chemical
Co., Pittsburgh, Pa. Silanes were obtained from Pierce Chem-
ical Co., Rockford, Ill. The deuterated trichlorosilane (DSi-
Cl;) was synthesized by Merck Sharp and Dohme of Canada
Ltd., Montreal. Hydrocarbon solvents were of reagent grade
and were dried over sodium wire and saturated with dry nitro-
gen prior to use.

Microanalyses were carried out in the microanalytical labora-
tory of this department, and the results are given in Table V.

Mass spectra were obtained using Associated Electrical In-
dustries MS-9 and MS-12 instruments. Samples were intro-
duced by direct evaporation of the solid samples at temperatures
just sufficient to produce the spectrum (ionizing potential 70
eV). Mass spectra were interpreted with the aid of a com-
puter program which calculated exact masses and isotope combi-
nation patterns. As noted previously,! an exact knowledge of
the theoretical patterns is essential in assessing hydrogen loss.
The patterns encountered for the compounds of this paper per-
mitted hydrogen loss to be estimated in a straightforward
fashion; it was unnecessary to use the least-squares fitting pro-~
cedure developed for the more complex isotope patterns of os-
mium carbonyl hydrides.?

Hydrido(trichlorosilyl)nonacarbonyldirhenium, Cl;SiHRe.-
(CO)s.—A magnetically stirred solution of rhenium carbonyl
(2.25 g, 3.5 mmol) and trichlorosilane (1.0 ml, 10 mmol) in 50
ml of n-hexane was irradiated with the 140-W source for 6 hr
while maintaining the reaction solution at ca. 15°. Some of the
product precipitated as a white powder. Solvent and excess
trichlorosilane were evaporated at reduced pressure and the
residual solid was sublimed (50°, 0.01 mm) to remove unreacted
rhenium carbonyl. Two recrystallizations from #s-hexane—
dichloromethane afforded white crystals of the product (1.40 g).
The deuterated analog CLSiDRex(CO); was prepared by an
identical procedure using Cl;SiD; using quantities similar to the
above a 509, yield of the product was obtained.

Hydrido(methyldichlorosilyl)nonacarbonyldirhenium, CH;-
CLI:SiHRe:(CO);.—A Carius tube containing rhenium car-

(17) B. L. Booth and R, N, Haszeldine, J. Chem. Soc. 4, 157 (1966).

(18) W. Jetz and W. A. G. Graham, I'norg. Chem., 10, 4 (1971).

(19) Such an intermediate was not detected but would be analogous to
cases such as m-CsHsRe(CO):HSiCls20 where only a single transition metal is
involved.

(20) J. Hoyano and W. A, G. Graham, submitted for publication in
J. Amer. Chem. Soc.

(21) J. R. Moss and W. A. G. Graham, submitted for publication in
Inorg. Chem.
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TABLE V
MEeLTING PoinTs, YIELDS, COLORS, AND ANALYTICAL RESULTS
Yield, % caled: % found:

Compd Mp, °C % Color (o} H Ct C H Cl
Cl3SiHRe,(CO)s 155 dec 55 White 14.25 0.13 14.00 14.20 0.16 14.40
Cl;SiDRex(CO)s. 154-155 dec 50 White 14.20 0.27 13.97 14.63 0.36 14.47
CsH;;Cl,SiHR e (CO), 130-132 50 White 22 .49 0.75 8.84 22.67 0.96 8.42
CH,Cl:8iHRe:(CO)s 108-110 35 White 16.25 0.55 9.59 16.48 0.73 9.70
HReg(CO)y ce 50 Yellow 17.66 0.11 17.50 0.25

¢ Infrared and mass spectra were in agreemént with those reported in ref 4 and 11.

bonyl (1.44 g, 2.20 mmol) and methyldlchlorosﬂane (2.0 g, 18
mmol) was irradiated with the 450-W source for 12 hr. Carbon
monoxide pressure was released every 2 hr. Unreacted methyl-
dichlorosilane was distilled off on a vacuum system and the re-
sidual solid was sublimed at 55° to remove unreacted rhenium
carbonyl. Three recrystallizations from »-hexane afforded
white crystals (0.60 g) of the pure product.
Hydndo(phenyldmhlorosﬂyl)nonacarbonyldlrhenmm, CeH:-
Cl,;SiHRe:(CO)s.—A solution of rhenium carbonyl (1.10 g, 1.70
mmol) and phenyldichlorosilane (1.0 g, 5.6 mmol) in 50 ml of
cyclohexahe was irradiated for 4.5 hr with the 140-W source:
The solution was maintained at ca. 15° during the irradiation.
Solvent and starting materials were then removed by evapora-
tion at reduced pressure and sublimation at 50°. Unsublimed

solid was recrystallized twice from n-hexane to yield 0.40 g of
the product.

Hydridotetradecacarbonyltrirheniim, HRe;(CO),..—Eighteen
Hours of irradiation (140-W source) of a solution of rhehium car-
bonyl (1.58 g, 2.4 mmol) and triphenylsilane (0.70 g, 2.7 mmol)
in 50 ml of benzene gave a yellow soliition. Benzene was evap-
orated at réduced pressure and the residue was sublimed at 60°
(0.01 mm) to remové unreacted starting materials. The un-
sublimed yellow solid was recrystallized from dichloromethane—
n-hexane to afford yellow crystals of the product (0.70 g).
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The equilibrium reaction #rans-[PtCHy(L)Q,] TPFs—

+ L’ = trans-[PtCH3(L')Q,] TPFy~
has been studied for a variety of neutral ligands, L', to give a displacement series.
trans-influence series, obtained from nmr data, demonstrates the importance of Pt-L = bonding.

+ L, where Q = P(CH;).CeH;,
The comparison of this series with the
The dependence of these

displacement reactions on the choice of solvent, when L’ is an unsaturated ligand, further indicates the importance of a
cationic mechanism in which L’ must occupy the fourth coordination position of the [CH;PtQ:] * plane, before carbonium

ion reactivity is achieved.

Introduction

We have previously described? the preparation ard
properties of the cationic complexes trans-[PtCH,-
(RC—"CR’)QZ]*'PFG— (I), where Q = P(CHs):CsH; or
As(CHs); and R, R’ = alkyl or aryl groups. When R
and R’ were other than alkyl or aryl groups, cationic
acetylide,! alkoxycarbene,® or vinyl ether complexes?
were obtained. These products are believed to be
derived from the initial formation of cationic acetylene
complexes I which show reactivity characteristic of
carbonium ions (II) and hence lead to products inter-

R R

| 1

C

CH,Pt* «ﬁ - CH:-thé"
C C

I l

R R

I II

pretable in terms of intramolecular rearrangenients

(1) M. H. Chisholm and H. C. Clark, J. Chem. Soc. D, 763 (1970).
(2) M. H. Chisholm and H, C. Clark, Inorg. Chem., 10, 2557 (1971).
(8) M. H. Chisholm and H. C. Clark, sbid., 10, 1711 (1971).

and/or nucleophilic addition.#®* The addition to the
triple bond of the complexed acetylene in the formation
of methyl vinyl ether complexes gives® only the trans
vinylic isomer as predicted from the carbonium ion II.
However, dependifig on the nature of the nucleophile,
nucleophilic attack may occur at platinum and thus
produce displacement of the acetylene. In this paper
we examine the factors influencing the directional
coutse of this nucleophilic attack (attack at platinum
vs. attack at the triple bond) since this determines the
reactivity of an unsaturated ligand when coordinated to
the cation [CH,PtQ:]+.

Results and Discussion

Values of J(Pt—C-H) for the platinum methyl group
and J(Pt-P-C-H) for the phosphine methyl groups for
a series of cationi¢c methylplatinum complexes trans-
[PtCH3(L) {P(CH3)2C3H5}2]+PF6_ (III) are given in
Table I. These platinum-hydrogen coupling con-

(4) M. H. Chisholm, H. C. Clark, and D. H. Hunter, J. Chem. Soc. D,
809 (1971).

(5) Part III:
94, 1532 (1972).
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