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Interaction of (PhyP),Pt with Alkynylvinyl Triflates:
Stereochemistry and Mechanism of Formation of s-Enynyl and
o-Butatrienyl Cationic Platinum(I1) Complexes'
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Reaction of alkynylvinyl triflates with (PhyP) Pt results in o-enynyl or ¢-butatrienyl cationic platinum(II)
complexes as reasonably stable microcrystalline solids in 63~84% isolated yields. Only hindered triftates
give o-butatrienyl complexes. Stereochemical studies established that a multistep process, involving initial
w-acetylene formation, subsequent rearrangement to a s-butatrienyl complex and attack by a second Pt
species, to give the final s-enynyl complexes best accounts for the observed results. Formation of the
o-butatrienyl complexes occurs stereospecifically with inverted olefin geometry whereas the formation of
the enyne complexes occurs with partial stereoconvergence. These results are discussed and compared

to the related reactions of iridium.

There is enormous current interest and research activity
in the reactions of the zerovalent Nickel triad (Ni°, Pd°,
Pt%) metals with organic substrates and in particular with
unsaturated molecules.?® A great deal of this interest
derives from the multitude of Ni-, Pd-, and Pt-catalyzed
carbon—carbon bond forming reactions developed in the
last two decades.*® Of particular interest are o-carbon
metal species for they generally represent an obligatory
step in the catalytic coupling processes. Moreover, such
complexes are of inherent interest in their own right from
the point of view of structure, bonding, and reactivity.’
Although o¢-allyl, o-vinyl, and c-allenyl complexes are
reasonably well-known, little is known about s-polyun-
saturated organometallic species.>®’

As part of an ongoing study®® of organometallic com-
pounds with polyunsaturated organic ligands we wish to
report the reactions of (PhsP),Pt with alkynylvinyl triflates
and the ready formation and characterization of s-enynyl
and o-butatrienyl cationic platinum(II) complexes.!®

Results and Discussion
Alkynylvinyl triflates 1-4 were prepared by standard
literature procedures from the corresponding alkynyl ke-
tones, 011 Tetrakis(triphenylphosphine)platinum
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((PhgP),Pt, 5) was prepared from K,PtCl, according to Ugo
and co-workers.!? Reaction of a 2-2.5 molar excess of
alkynylvinyl triflates 1-4 with 5 in degassed benzene oc-
curred at 25-80 °C in 0.5-6 h depending on the acetylenic
substituent R. Vinyl triflates 1 and 3 gave enynyl cationic
platinum(IT) complexes 6 in 63-84% isolated yield whereas
triflates 2 and 4 gave g-butatrienyl complexes 7 in 72-85%
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isolated yield as outlined in Scheme I. Complexes 6 and
7 are reasonably stable, somewhat hygroscopic, pale yellow
(off-white) microcrystalline or powdery solids.

Scheme I

CeH,, 25-80 °C
Me,C=C(OTf)C=CR + (PhP),Pt ——
1 5

05-6h
Mey,C=C(C=CR)[Pt*(PPh;);-0OTf)
6a: R =H
6b: R= Me
6c: R = SiMe,
6d: R = t-Bu
6e: R = Ph
CeHs, 25 °C
PhRC=C(0Tf)C=CH 4+ (Ph;P)Pt -
2: R = Ph 5 30 min
4E,Z: R = Me
PhRC=C=C=CH|[Pt*(PPh,); OTf]
7a: R = Ph
7b: R = Me

Adducts 6 and 7 were characterized by spectral means.
All the complexes 6 and 7 gave highly characteristic
fragments in the FAB mass spectra corresponding to the
cationic moiety and the corresponding protonated species,
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i.e. MH* - OTf and M* — OTf clearly indicative of 1:1
adducts. The infrared of adducts 6 showed a weak ab-
sorption between 2050 and 2160 cm™ characteristic of the
C=C bond, whereas this band was absent in complexes
7. The presence of triflate, and hence the cationic nature
of these species, was confirmed by two strong bands in the
infrared centered at 1265 and 630 cm™ and a singlet in the
198 NMR at -77.6 = 0.2 ppm. These infrared absorptions
and °F NMR signal are highly characteristic of ionic, or
weakly coordinated, triflate species.’®* The 'H NMR of
all compounds were consistent with the proposed struc-
tures.

Most valuable in the structure determinations were the
3P and 3C NMR. The %P NMR showed two distinct
signals along with the assoicated Pt satellites. Specifically
the trans phosphorus gave rise to a triplet centered at 14.3
=+ 0.3 ppm with Jp_p = 21.5 £ 0.5 Hz and Jp,p = 1875 £
30 Hz, whereas the two equivalent cis phosphorus gave a
doublet centered at 16.0 % 1.0 ppm with Jp_p = 21.5 £ 0.5
Hz and Jp,_p = 2980 + 140 Hz for 6. Likewise, in 7 the
trans phosphorus appeared as a triplet centered at 15.5 £+
0.3 ppm and Jp_p = 19.5 = 1.5 Hz and Jp, p = 2110 £ 40
Hz, and the cis phosphorus signal occurred at 16.5 & 0.5
ppm with Jp_p = 19.5 £ 0.5 Hz and Jp, p = 2930 £ 95 Hz
(for the exact signals of the individual compounds of 6 and
7, see Experimental Section). Similarly, in the C NMR

ors PPh Ph3P or’ PPh
\* / : ° \51/ :

PhgP \C—CECR Ph3P /C=C=C=Cph (R)
Me/f H 7
Me
]

the signals due to the C=C carbons of 6 were in the
standard acetylenic range! of 85-110 ppm, whereas the
signals due to the central sp-hybridized carbons of the
butatrienyl moiety in 7 were in the characteristic'® low-field
range of 157-165 ppm. Therefore, these data unambigu-
ously establish the structures of 6 as a s-enynyl square-
planar cationic complex and 7 as a ¢-butatrienyl square-
planar cationic complex. To our knowledge both 6 and 7,
but in particular 7 with the extended unsaturation of a
o-butatrienyl ligand, are unique and represent the first
platinum examples of their kind.

Mechanistic Considerations. The specific reaction
conditions (see Experimental Section) required for the
formation of 6 establish a qualitative order of reactivity
that is strongly dependent upon the terminal substituent
R in the starting alkynylvinyl triflates 1: with H > Me
> SiMe; > Ph >> t-Bu. This order of reactivity approx-
imates the relative size of the various substituents and
suggests a strong dependence of the reaction upon steric
factors. A similar dependence of rate upon steric factors
was observed in the reaction of 1 with Vaska’s complex,
where in fact the ¢-Bu compound 1d did not react at all.?
Although this might imply a similarity of mechanisms for
the reactions of Pt and Ir with 1, we decided to get further
insight into this question by a detailed stereochemical
investigation.

(13) Lawrance, G. A. Chem. Rev. 1986, 86, 17.

(14) Levi, G. C.; Lighter, R. L.; Nelson, G. L. Carbon-13 Nuclear
Magnetic Resonance Spectroscopy, 2nd ed.; Wiley: New York, 1980; pp
90-95.

(15) Hopf, H. The Chemistry of Ketenes, Allenes and Related Com-
pounds; Patai, S., Ed.; Wiley-Interscience: London, 1980; Chapter 20,
pp.779-901. Murray, M. Methoden Org. Chem. (Houben-Weyl), 4th Ed.
1977, 2a, 963-1076.

Organometallics, Vol. 8, No. 4, 1989 1025

Table I. Summary of Stereochemically Relevant Spectral
Data for 3 and 4 and Related Compounds®

1aC 'H

compd Me Me C=CH C=CH %y, Hz
e 1377 1.90 6.09 9.3
me”” \cscsm.3

3E
Moo " 1241 186 5.97 2.1
H \CECStMOs

3z
"o 1321 1.9 6.2 3.5 9.15
Me/ \CECH

8E
Moo 1202 1.8 605 3.2 2.06
H/ \CECH

8z
o e e 191 19 3.4
o Nemmon 24 20
“'\Czc _on 19.23 2.26 3.91
Ph/ \CECH

4E
PP~ 21.38 2.33 3.60
Me/ \CECH

4z

% Chemical shifts in ppm.
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Stereochemical Studies. The isomeric alkynylvinyl
triflates 3 were separated by preparative GC and 4 by
HPLC in greater than 99% isomeric purity. The relevant
spectral data upon which the stereochemical assignment
of 3E and 3Z are based along with related compounds are
summarized in Table I. Two characteristic features of the
NMR data allow firm assignments of the olefin geometries
of the individual isomers. A considerable body of evi-
dence!® indicates that the long-range vicinal carbon-hy-

(16) Marshall, J. L.; Seiwell, R. J. Magn. Reson. 1974, 15, 150. An-
derson, J. E. Tetrahedron Lett. 1975, 46, 4079. Vogeli, U.; von Philips-
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Sopchick, A.; Rissler, W.; Durham, D. J. Org. Chem. 1976, 41, 3863.
Garratt, D. G.; Beaulieu, P. Can. J. Chem. 1979, 57, 119. Letcher, R. M,;
Acheson, R. M. Org. Magn. Reson. 1981, 16, 316. Lin, T.-Y.; Cromwell,
N. H.; Kingsbury, C. A. J. Heterocycl. Chem. 1985, 22, 21, Ito, S,; Ziffer,
H,; Bax, A. J. Org. Chem. 1986, 51, 1130.
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Scheme III

(PhaP) Pt ===  (PhgP)sPt T—= (PhsP),Pt + 2PhzP

5a Sb 5¢

(b Me Q_Q ot (b
2. A
Co

3z

3E
1 + (PhsP),Pt l + (PhaP)Pt

O '{OTf Me O O JOTt
C——

ik aliel i

Pt
ph3 PPh3 Phy P PPhJ
1
l?j: Ph,P + PhgP
o110 - on
("h:s':’):a’:’t
M R
H\\ ( Q O e,\‘.c (cb CE; J K
/O O O &Pq H/O *O O O\L,m
(PhyP)zPt
13a
l 13b
H ’,[Pt] Me\ l yCECR
\"C:C‘x “C:C’
Me/ \CECR H/ \[F’t]
9E 9E
OTt PPhy
Pz \"Pt/
PhaP/ \PPh3

drogen coupling is always larger in the trans arrangement
than the cis one: %J¢y(trans) > 3Jgy(cis). Indeed this
holds for alkynylvinyl triflates 3 (as well as 8E and 8Z)
with 3Joy = 9.3 Hz and 2.1 Hz for 3E and 3Z, respectively.
Moreover, abundant data indicate!” that the carbon-13
chemical shifts of carbon atoms in perturbed (spatially
crowded) alkyl groups are further upfield than the reso-
nances of similar carbons in a less perturbed or uncrowded
environment. This effect, along with the proton chemical
shifts of the respective vinylic hydrogens, confirms the
stereochemical assignments of 3E and 3Z.

The results of the reactions of the individual isomeric
alkynylvinyl triflates 3E and 3Z with (PhP),Pt are sum-
marized in Scheme II. The structural assignments of 9E
and 9Z were made on the basis of spectral data as dis-
cussed above and described in the Experimental Section.
The stereochemical assignments of 9E and 9Z were based
on the Pt-H coupling constants. Specifically, it has been

(17) Pochat, F. Tetrahedron 1986, 42, 3537. Grant, D. M.; Cheney, B.
V. dJ. Am. Chem. Soc. 1967, 89, 5315. Woolfenden, W. R.; Grant, D. M.
Ibid. 1966, 88, 1496. deHaan, J. W.; Van deVen, L. J. M. Org. Magn.
Reson. 1973, 5, 147. Lippmaas, E.; Pehk, T.; Andersson, K.; Rappe, C.
Ibid. 1970, 2, 109. Dorman, D. E.; Jautelat, M.; Roberts, J. D. J. Org.
Chem. 1971, 36, 2757. Uriac, P.; Bonnic, J.; Huet, J. Tetrahedron 1985,
41, 5051.
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demonstrated that in platinoalkene species the trans *Jp, y4
is always significantly greater than the corresponding 3/p, 4
cis coupling.’® Homonuclear decoupling experiments!
established a ®Jp,y = 85 Hz for 9Z and a ®Jp, z = 56 Hz
for 9E, respectively.

As the data in Scheme II indicate the reaction of alky-
nylvinyl triflates with (PhgP), occurs with partial stereo-
convergence. This is in contrast to the analogous reactions
of related alkynylvinyl triflates with Ir® (Vaska’s complex)
and Co!® ([Co(dmgH),py]") that occurred with complete
stereospecificity. Control experiments established that the
isomeric starting triflates 3 as well as the products 9 were
stable to the reaction conditions.

A direct nucleophilic vinylic substitution (SyV) via a
stepwise addition—elimination process'® might account for
these results. Such a mechanism readily accounts for the
partial stereoconvergence observed in the reaction? of
simple alkylvinyl triflates MeCH=CHOTf with [Co-
(dmgH),py]~. However, since Pt is some 107 less nucleo-
philic?! than Co and since organic nucleophiles more nu-
cleophilic than Pt do not react? with alkynylvinyl triflates
1, this is an unlikely process. Moreover, such a process
with 1 would require loss of conjugation between the al-
kene—alkyne 7-bond, an unlikely event.

A much more likely mechanism is initial formation of
a m-olefin complex between 1 and the coordinatively un-
saturated (PhyP);Pt or (PhyP),Pt. 1t is of course well-
known?® that (PhyP),Pt rapidly dissociates to form
(PhsP)sPt and (PhyP),Pt. Moreover, r-alkene and =-alk-
yne platinum complexes are well established.”?* In the
case of 1 either a w-alkene, 10, or a w-alkyne, 11, platinum
complex might be formed: Although a r-alkene complex,

TPha
R OoTf R oTt
p— 4 Pt—PPhg
R: \ 7<CECR R c//
PAAN R
PhaP PPhs

1
10

10, could more directly account for the formation of enyne
complexes 6 and 9 than the alkyne complex 11 (vide infra),
it would also, however, require stereospecificity with re-
tention of olefin geometry. Analogous Pd reactions are
well-known?® to give stereospecific products in vinylic
cross-coupling reactions.? Moreover, the reaction of the
isomeric 3-styryl halides with (Ph;P),Pt was shown to
proceed with complete retention of olefin geometry.?’
Likewise, the reaction of the isomeric MeCH=CMeOTf
with (PhyP),Pt to give the analogous ¢-vinyl cationic
platinum complexes proceeds with complete retention of
olefin geometry.?
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“Hence, we propose that the most likely mechanism to
account for all observations involves a number of steps and
intermediates as outlined in Scheme III. Specifically,
interaction of coordinativaly unsaturated (PhyP),Pt (5¢)
with 3E and 3Z on the less hindered face of the acetylene
(i.e. the side opposite the OTf group) results in r-acetylene
complexes 12a and 12b, respectively. Further reaction (i.e.
rearrangement) gives o-cumulenyl cationic platinum com-
plexes 13a and 13b, respectively. In-plane attack, from
the less hindered side (away from the Me group) of 13a
and 13b, respectively by a second molecule of platinum,
i.e. (PhyP)4Pt, results in the formation of 9E in both cases.
Hence, this mechanism predicts net retention of olefin
geometry for 3E and inversion of 3Z. This is observed
experimentally, albeit not stereospecifically; 3E gives
predominantly retention (75%) and 3Z results in pre-
dominantly (94%) inversion of olefin geometry. The minor
amount of stereoconvergence (i.e. “wrong” product) may
be accounted for by either (a) nonstereospecific 7-com-
plexes formation or (b) nonstereospecific attack (i.e.
preferential but not exclusive attack from the less hindered
side) upon 13a and 13b.

This mechanism involves three major facets: (a) initial
w-complex formation; (b) rearrangement to a s-butatrienyl
complex; (c) attack by a second nucleophile. =-Complex
formation is consistent with (but not necessarily proven)
the qualitative kinetic observations whereby the least
hindered system (R = H in 1) reacts fastest and the most
hindered one (R = t-Bu in 1) the slowest. It is well-known
that the more hindered (i.e. substituted) an alkene or
acetylene the less they form x-complexes.?” The last point
(i.e. a second nucleophilic attack) is facilitated by the
cationic nature of the Pt in 13, that in fact makes it an
excellent nucleofuge and hence predesposed to departure.®

We have of course attempted to obtain direct evidence
for the involvement of m-complexes 12 and s-butatrienyl
complexes 13 in these reactions. However, at least in the
former case our attempts have been twarted to date.
Low-temperature reaction and/or continuous NMR
monitoring of the interaction of 1 with 5 either gives no
reaction (low temperature) or rapidly forms, without the
observation of intermediates, product 6. Attempts to react
1 with the (7-ethylene)platinum complex (C,H,)Pt(PPh;),,
under a variety of conditions, in hopes of displacing the
ethylene and isolating or observing a m-complex resulted
only in tar and polymer formation. In contrast, our efforts
to form and study s-butatrienyl cationic platinum com-
plexes proved successful. As already indicated above, re-
action of the more hindered B,8-diphenylalkynylvinyl
triflate 2 gave a 72% isolated yield of the o-butatrienyl
complex 7a. To get an idea of the stereochemistry of the
butatriene forming reaction we examined the interaction
of isomeric alkynylvinyl triflates 4 with 5. Triflates 4K and
47 were separated by HPLC in greater than 99% isomeric
purity. As these triflates are tetrasubstituted olefins, as-
signing stereochemistry to the individual geometric isomers
presents a problem. Currently there are no known defi-
nitive methods, short of X-ray determination, for assigning
stereochemistry to tetrasubstituted alkenes. However,
careful examination of the spectral data summarized in
Table I and in particular the consistent trends in both 3C
and 'H chemical shifts between stereochemically related
isomers allows for a reasonable assignment. Specifically,
we assign the first (F) and major fraction 4F from the

(29) The ability of metal centers to function as leaving groups is not
widely recognized. For a recent cogent example see: Collman, J. P
Brauman, J. I.; Madonik, A. M. Organometallics 1986, 5, 215 and refer-
ences therein.
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HPLC as the 4E isomer and the second (S) and minor
fraction 48 = 4Z based on the following considerations.
In all instances, both in the 13C and 'H spectra, the
chemical shift of the 3-methyl group on the same side as
the acetylene moiety is lower than when the methyl is on
the side of the triflate. Likewise, the chemical shift of the
terminal acetylenic hydrogen is lower when the alkyne and
methyl groups are syn than vice versa. Since the stereo-
chemical assignments of the trisubstituted analogues 3 and
8 are secure on the basis of the long-range, 3J¢_y, cis and
trans carbon—-hydrogen coupling constants, as discussed
above, we have reasonable confidence in the assignments
of 4E and 4Z.

The results of the reaction of the individual isomeric
alkynylvinyl triflates 4E and 4Z are summarized in Scheme
Iv.

The structural assignments of 7b were based on spectral
data as discussed above and detailed in the Experimental.
Stereochemistry was assigned on the basis of the 'H and
BC chemical shifts summarized in Scheme IV. Since the
substituents of even carbon cumulenes are all in the same
plane, as in alkenes, one might expect similar pertubations
by various groups upon the chemical shifts in the two
classes of compounds albeit perhaps diminished in mag-
nitude in butatrienes compared to alkenes. This is indeed
the case. Specifically, the cumulenic hydrogen in the E
isomer ((E)-7b) experiences a 0.15 ppm van der Waals
induced® downfield shift (when on the side of the larger
phenyl) compared to (Z)-7b. Likewise, the methyl group
is at 0.37 ppm lower field, also due to van der Waals
compression effects® due to the bulky Pt group, in (E)-7b
than in (Z)-7b. As expected,!” and consistent with the
proton NMR data the C shifts are in the opposite di-
rection, albeit the differences are very small. Hence the
stereochemistry of these products are reasonably secure.

The stereochemical results in Scheme IV reveal two
interesting points: (a) the reaction is highly (essentially
completely) stereospecific; (b) with inversion of olefin
geometry. Both of these observations are consistent with
the overall mechanism proposed in Scheme III. Formation
of a m-acetylene complex from the less hindered side and
subsequent rearrangement to the o-butatrienyl complex
must occur by inversion of alkene geometry. The small
amount of retention (2%) in the interaction of the 4E

(30) Laszlo, P., Stang, P. J. Organic Spectroscopy, Principles and
Application; Harper & Row Publishers: New York, 1971.
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isomer might be accounted for by complexation on the side
of the triflate and methyl groups due to the larger size of
the 8-pheny! group than the 3-methyl group.3! Moreover,
the stereospecific m-complex formation observed with 4
must mean that the partial stereoconvergence observed in
the enyne formation from 3 (Scheme II) must be the result
of the second step: attack by a second Pt on the initially
formed s-butatrienyl complexes (Scheme III).

Conclusion. Reaction of enynyl triflates with (Ph;P),Pt
gives isolable, reasonably stable o-enynyl or o-butatrienyl
cationic platinum(II) complexes depending upon the
substitution pattern of the starting alkynylvinyl triflate.
Stereochemical studies establish that a multistep mecha-
nism involving initial stereospecific formation of a -
acetylene complex that rearranges to a o-butatrienyl com-
plex which in turn suffers an in-plane attack by a second
Pt species best accounts for these resuits. It is interesting
to compare the reactions of the same alkynylvinyl triflates
with Pt and Ir.? Vaska's complex gives exclusively (o-
butatrienyl)iridium complexes with complete stereospec-
ificity and retained olefin geometry. Platinum in contrast
results in o-butatrienyl complexes of inverted olefin ge-
ometry, and in less substituted cases only (s-enynyl)-
platinum complexes are isolated. These differences can
be accounted for by different pathways in the reactions
of the two systems due to differences in the character of
the two metal systems. Iridium reacts via a syn-Sy2’
process,? whereas platinum reacts by initial r-complexa-
tion. Moreover, the order of magnitude greater nu-
cleoplicity of Pt2! compared to Ir coupled with the better
nucleofugacity? of the cationic platinum compared to the
neutral iridium in the respective o-butatrienyl complexes
nicely accounts for a second attack by Pt, but not by Ir,
and the concomitant formation of predominantly s-enyne
complexes with Pt, but only s-butatrienyl complexes with
Ir. Further studies with Rh and other metal systems as
well as the chemistry of these novel polyunsaturated
transition-metal complexes are under way and will be the
subject of future reports.

Experimental Section

General Data. All reactions were carried out under an argon
atmosphere. All boiling and melting points are uncorrected. Ir
spectra were recorded on either a Perkin-Elmer 289 or a Nicolet
800 Ft spectrophotometer. NMR were recorded on a Varian
EM-360 or 390, FT80A, or XL-300 spectrometer and are reported
in parts per million (ppm) relative to internal Me,Si (0.00); for
13C NMR the locks were on deuteriated solvents. Mass spectra
were obtained on a Varian MAT112 or a VG Micromass spec-
trometer. Analytical GC was carried out with a HP-5710A flame
ionization GC with a HP-3380-A integrator. Preparative GC
utilized a Varian-Aerograph 90P chromatograph. Solvents and
reagents were purified and dried by standard procedures im-
mediately prior to use. Preparative HPLC was performed on a
Varian 5000 LC using a normal phase Varian micropack column.
All 3'P NMR are relative to 85% H3PO, and °F NMR relative
to CFCls.

Analytical data were not obtained due to stability considerations
and problems with reliable analyses of certain triflates due to the
simultaneous presence of fluorines and sulfur. Structure deter-
minations are based upon exhaustive spectral data (mass spec-
trum, IR, 'H, F, 13C, 3P NMR) and comparison to the analogous
Co and Ir species. Purity was assest by 1°F and 3'P NMR.

Starting Materials. Tetrakis(triphenylphosphine)plat-
inum (5). This compound was prepared from 1.1 g (2.45 mmol)
of K,PtCl; (Johnson Matthey) and 3.23 g (12.4 mmol) of tri-
phenylphosphine in an alkaline ethanol solution according to a
standard literature procedure.’?> Recrystallization afforded 2.52

(31) The respective A values for CgHg and CHj; are 3.0 and 1.7. See:
Hirsch, J. A. Top. Stereochem. 1967, 1, 199.
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g (81%) of 5 as a bright yellow powder. Alkynylvinyl triflates
1, 2, and 4 are known compounds and were prepared as previously
described.>'® Isomeric vinyl triflates 3 were prepared from
known®?3 1-(trimethylsilyl) pentyn-3-one as follows.

1-(Trimethylsilyl)-3-penten-1-yn-3-yl Triflates (3). Re-
action of 5.78 g (37.5 mmol) of 1-(trimethylsilyl)pentyn-3-one with
15.9 g (56.3 mmol) of triflic anhydride® and 13.2 g (47 mmol) of
N,N-diisobutyl-2,4-dimethyl-3-pentylamine (Fuluka) in 500 mL
of dry CH,Cl,, by standard procedure,? gave 8.1 g (75%) of a 54:46
mixture of 3E-and 3Z: bp (mixture) 45-48 °C (0.4 mm). The
two isomers were separated by preparative GC on a 0.25 in. X
15 ft 15% SF-96 on 45/60 Chromosorb W column. For 3E (major
isomer): IR (neat) 3060, 2960, 2160 (C=C), 1645 (C=C), 1420,
1210, 1135 (OSO,CF3), 840 (SiMey) cm™}; TH NMR (CDCly) 6 0.24
(s, 9, SiMey), 1.90 (d, J = 7.5 Hz, 3, Me), 6.09 (q, J = 7.5 Hz, 1,
C=CH); ®C NMR (CDCly) 6 0.56 (SiMe;), 13.77 (Me), 93.06,
104.93 (C==C), 118.90 (q, OSO,CF;), 128.16 (8-vinyl C), 131.02
(a-vinyl C). For 3Z (minor isomer): IR (neat) 3050, 2960, 2155
(C==C), 1655 (C=C), 1415, 1220, 1150, (0SO,CF;), 840 (SiMej)
cm'; 'H NMR (CDCl) 6 0.20 (s, 9, SiMey), 1.86 (d, J = 7.3 Hz,
3, Me), 597 (q, J = 7.3 Hz, 1, C=CH); 13C NMR (CDCly) 4 0.63
(SiMe;,), 12.41 (Me), 95.08, 99.22 (C=C}, 118.80 (q, OSO,CF3),
127.52 (B-vinyl C), 130.88 (a-vinyl C).

General Procedure for the Reaction of Alkynylvinyl
Triflates 1-4 with (Ph;P),Pt (5). Tetrakis(triphenyl-
phosphine)platinum (5; 200 mg, 0.16 mmol) was dissclved in
carefully degassed benzene (10 mL) and then 0.3-0.4 mmol of the
appropriate triflate added all at once. The homogenous mixture
was stirred for a given period at the indicated temperatures. The
extent of the reaction could be qualtitatively monitored by the
color change from the intense yellow of 5 to pale yellow, off-white
as the reaction progressed. Workup consisted of adding the entire

~solution to 100 mL of petroleum ether and filtering the precipate.

Recrystallization of this crude material from benzene—petroleum
ether or chloroform-petroleum ether gave pure products as
colorless (off-white) or pale yellow microcrystalline solids.

Enyne Complex 6a. Stirring of enyne triflate 1a (90 mg, 0.4
mmol) with (PhyP)/Pt (200 mg, 0.16 mmol) at room temperature
for 30 min and workup gave 122 mg (63%) of 6a: mp 105-107
°C dec; MS m/e 1061 (MH™* - OTf, 11.4), 1060 (M* - OTY, 10.7)
981 (5), 798 (100), 719 (64), 642 (16), 456 (55), 378 (64), 359 (44);
IR (KBr) 3300 (C==CH), 3050, 2950, 2050 (C=C), 1585, 1570, 1480,
1435, 1270, 1220, 1140, 1090, 1025, 1000, 740, 690, 630 cm™; *H
NMR (CDCly) é 0.78 (m, 3, Me), 1.24 (m, 3, Me), 3.12 (s, 1,
C=CH), 7.0-7.80 (m, 45); 3P NMR 6 15.1 (d, Jp_p = 21.80, Jp, p
= 2944 Hz), 14.7 (t, Jp_p = 21.80, Jp,.p = 1906 Hz); 13C NMR 3§
24.9 (d, Jcp = 8, Jcpt =52 HZ, Me), 28.0 (d, JCP = 4.5, JCPt =50
Hz, Me), 86.8, 88.9 (C=C), 121.0 {(q, Jor = 320 Hz, OSO,CF}3),
127.7, 128.1, 128.9, 129.5, 130.7, 130.9, 134.1, 148.8; °F NMR ¢
-71.62.

Enyne Complex 6b. Reaction of 100 mg (0.42 mmol) of triflate
1b with 5 (200 mg, 0.16 mmol) for 1.5 h at 60 °C gave 160 mg
(80%) of 6b. This product consisted of a 80:20 mixture of 6b and
a rearranged isomer identified! by its spectra as (CH;3),CHC=
CC[Pt]=CH,. The two isomers could not be separated by
chromatography or crystallization. All spectra were obtained on
the mixture; hence the mass spectra, IR, and **C NMR are given
for the mixture and all other spectra are for 6b only: MS m/e
1075 (MH* - OTY, 17.5), 1074 (M* - OT¥, 18.3), 981 (11.6), 812
(100), 719 (70), 642 (18), 456 (65), 378 (71); IR (KBr) 3060, 2900,
1585, 1570, 1480, 1435, 1270, 1220, 1150, 745, 695, 635 cm™; 'H
NMR (CDCly) 6 0.72 (m, 3, Me), 1.20 (s, 3, Me), 1.85 (s, 3, Me),
7.07-7.55 (m, 45); P NMR 6 16.5 (d, Jp_p = 21.10, Jp,.p = 3018
Hz), 14.5 (t, Jp_p = 21.10, Jp, p = 1873 Hz); 3C NMR (CDCly)
6 5.30, 21.9, 23.0, 25.2, 27.60, 85.0, 95.2, 102.0, 114.6, 121.0, 127.6,
128.0, 128.1, 128.2, 129.4, 130.6, 130.7, 131.0, 134.0, 134.8, 144.1,
144.2; F NMR 4§ -77.62.

Enyne Complex 6¢. Reaction of triflate 1¢ (100 mg, 0.35
mmol) with 5 (200 mg, 0.16 mmol) for 2 h at 60 °C gave 155 mg
(76%) of 6c: mp 150-155 °C dec; MS m/e 1133 (MH* - OTY,
5.5), 1132 (M* - OTY, 5.9), 981 (2), 870 (100), 792 (6.2), 719 (48),
642 (8.3), 608 (11), 514 (23.6), 456 (32), 378 (42), IR (KBr) 3050,
2950, 2095 (C=C), 1585, 1570, 1480, 1430, 1265, 1220, 1140, 1090,

(32) Stang, P. J.; Fisk, T. E. Synthesis 1979, 438,
(33) Stang, P. J.; Dueber, T. E. Organic Syntheses 1974, 54, 79.
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1025, 995, 840, 745, 695, 630 cm™; 'H NMR (CDCly) 6 0.1 (s, 9,
SiMe;), 0.82 (m, 3, Me), 1.26 (s, 3, Me), 6.95-7.52 (m, 45); 'P NMR
6164 (d, Jp_p = 21.64, th_p = 2968 HZ), 14.4 (t, Jp_p = 2164,
Jpp = 1894 Hz); 3C NMR (CDCly) 6 0.3 (SiMey), 24.9, 28.2 (Me),
101.8, 109.9 (C=C), 121.0 (q, Jcr = 320 Hz, OSO,CF3), 127.1, 128.0,
129.1, 130.1, 130.7, 130.9, 134.3, 134.6, 148.7; 19F NMR § —-77.62.

Enyne Complex 6d. Reaction of triflate 1d (115 mg, 0.4 mmol)
with 5 (200 mg, 0.16 mmol) for 6 h at 80 °C gave 168 mg (83%)
of 6d: mp 195-198 °C dec; MS m/e 1117 (MH* - OTY, 3.7), 1116
(M* - OTY, 6.5), 981 (2), 854 (100), 719 (50), 456 (60), 378 (60);
IR (KBr) 3050, 2960, 2150 (C==C), 1585, 1570, 1480, 1430, 1265,
1220, 1140, 1090, 1025, 740, 690, 630 cm™; 'H NMR (CDCly) §
0.67 (m, 3, Me), 1.08 (s, 9, t-Bu), 1.33 (s, 3, Me), 6.96-7.53 (m,
45); 1P NMR 6 17.0 (d, Jp_p = 21.40, Jp,.p = 3011 Hz), 14.1 (t,
Jp_.p = 21.40, th.p = 1845 HZ); 13C NMR (CDClg) 6 24.5, 28.1 (Me,
28.5, 31.3 (t-Bu), 84.0, 102.0 (C=C), 121.0 (q, Jor = 320 Hz,
0S0,CF;), 127.8, 128.0, 129.4, 130.5, 130.8, 134.2, 134.5, 144.1;
IS NMR § -77.62.

Enyne Complex 6e. Reaction of triflate le (120 mg, 0.4 mmol)
with 5 (200 mg, 0.16 mmol) for 3 h at 70 °C gave 170 mg (84%)
of 6e: mp 185-186 °C dec; MS m/e 1137 (MH* - OTY, 0.83), 1136
(M* - OTH, 1), 981 (2), 874 (57), 719 (52), 642 (12), 455 (80), 378
(100); IR (KBr) 3060, 2900, 2160, (C=C), 1585, 1570, 1480, 1435,
1270, 1220, 1150, 1095, 1030, 745, 695, 635 cm™; 'H NMR (CDCly)
6 0.81 (m, 3, Me), 1.26 (s, 3, Me), 6.95-7.60 {m, 50); 3'P NMR &
16.4 (d, Jp_p = 21.60, th_p = 2975 HZ), 14.6 (t, Jp_p = 21.60, th_p
= 1906 Hz); *C NMR (CDCl;) 8 25.2, 28.1 (Me), 94.6, 98.0 (C=C),
121.0 (q, Jcr = 320 Hz, OSO,CF;), 124.5, 127.3, 127.8, 128.0, 128.2,
129.1, 130.2, 130.5, 130.6, 130.9, 134.1, 134.5, 147.2; *F NMR 4
-71.62.

s-Butatrienyl Complex 7a. Reaction of triflate 2 (100 mg,
0.28 mmol) with 5 (200 mg, 0.16 mmol) for 30 min at room tem-
perature gave 154 mg (72%) of 7a as a pale yellow solid: mp
180-182 °C dec; MS m/e 1185 (MH* - OTY, 30), 1184 (M* - OTY,
34), 981 (5), 922 (100), 719 (64), 642 (23), 456 (60), 378 (73); IR
(KBr) 3050, 1586, 1578, 1565, 1430, 1265, 1220, 1140, 1090, 1025,
737, 690, 630 cm™; 'H NMR (CDCl3) 6 5.96 (m, Jp_y = 8.6, Jpiu
= 53 Hz, 1, C=CH), 7.0-7.68 (m, 55); 3'P NMR 6 15.92 (d, Jp_p
= 21.30, Jp,_p = 2835 Hz), 15.25 (t, Jp_p = 21.30, Jp;p = 2149 Hz);
13C NMR (CDCly) 6 119.1 («-butatriene C), 121.0 (q, Jop = 320
Hz, 0SO,CF3), 126.9, 127.6, 127.9, 128.4, 128.6, 129.3, 131.0, 131.2,
131.3, 131.8, 134.1, 134.2, 134.4, 139.8, 140.2, 157.5 (Cy;), 167.8
(Cyp); °F NMR § -77.58.

Reaction of 3E with 5. A solution of 3E (100 mg, 0.35 mmol)
and 5 (200 mg, 0.16 mmol) in degassed benzene (10 mL) was
stirred at room temperature for 3 h under an argon atmosphere.
The solvent was removed on a rotary evaporator and the residue
washed with petroleum ether and dried under vacuum to give 170
mg (84%) of a pale yellow solid. Careful integration of the H
and 3P NMR spectra showed a 75:25 mixture of 9E and 9Z. All
spectra were obtained on the mixture (as they could not be
separated by chromatography, HPLC, or crystallization). How-
ever, since the isomer ratio was 3:1, the signals in the 'H, C, and
3P NMR are reported for the individual isomers: IR (KBr,
mixture), 3050, 2095 (C=C), 835 (SiMey), 1255, 630 (OSO,CF,).
For major isomer 9E: 'H NMR (CDCly) 5 0.2 (s, 9, SiMey), 0.59
(m, JH—H = 6.2 Hz, 3, Me), 4.96 (m, JH—H =6.2, JP—H = 8.6, JPt—H
= 56 Hz, 1, C=CH), 7.02-7.50 (m, PPh,); P NMR 6 18.27 (d,
Jp_p = 21.50, Jp'__p = 2943 HZ), 17.32 (t, Jp_p = 21.50, Jm_p = 1954
Hz); ¥C NMR (CDCl,) 6 0.44 (SiMey), 19.65 (s, Me), 104.80, 107.30
(C=C), 121.0 (g, Jor = 320 Hz, 0SO,CF,) 128.1, 129.2, 130.9, 134.1,
134.5, 144.5; 1°F NMR (mixture) 6 -77.62. For minor isomer 9Z:
H NMR (CDCl) 6 0.1 (s, 9, SiMey), 1.07 (m, Jy_y = 7.6 Hz, 3,

Organometallics, Vol. 8, No. 4, 1989 1029

Me), 5.74 (m, JH—H = 76, JP-H = 172, JPt—H =85 HZ, 1, C=CH),
7.0-7.53 (m, PPhy); 3P NMR 6 16.10 (d, Jp_p = 20.25, Jp, p = 2918
Hz), 1490 (t, Jp.p = 20.25, Jp, p = 1910 Hz); °C NMR (CDCl,)
6 0.51 (SiMey), 21.86 (Me), 96.2, 111.67 (C==C), 121.0, 128.0, 129.2,
131.0, 134.0, 134.7, 142.5. Analysis of the excess unreacted starting
triflate 3E by analytical GC on a 0.125 in. X 6 ft 10% UCW-982
on 80/100 Chromosorb W column at 130 °C indicated no isom-
erization.

Reaction of 3Z with 5. A solution of 3Z (100 mg, 0.35 mmol)
and 5 (200 mg, 0.16 mmol) in degassed benzene (10 mL) was
stirred at room temperature for 3 h under argon. The solvent
was removed on a rotary evaporator and the residue washed with
petroleum ether and dried under vacuum to give 167 mg (82%)
of a pale yellow solid. !H, 3!P, and 3C NMR all indicated a
mixture of 94:6 of 9E/9Z (by integration of the 'H and 3P NMR)
with the major isomer (9E) being identical with the major isomer
from the reaction of pure triflate 3E. The spectral properties have
been reported above. GC analysis of the unreacted starting triflate
3Z as above indicated no isomerization. Heating this or the above
mixture of isomers in benzene did not change the respective isomer
ratios of products 9E/9Z resulting from the pure starting indi-
vidual triflates 3E or 3Z. However, carrying out the reaction itself
at 40 °C (i.e. predissolving 5 at 40 °C and then adding 3) gave
slightly different product ratios, from 3E, 9E/9Z = 57:43, and
from 3Z, 9E/9Z = 91:9, for reaction at 40 °C for 45 min.

Reaction of 4E (4F) with 5. Reaction of 4F (fraction 1 from
HPLC, 4E, see text) (70 mg, 0.24 mmol) with 5 (150 mg, 0.12
mmol) for 30 min at room temperature gave 125 mg (82%) of
product consisting of a 98:2 mixture of (Z)-7b and (E)-7b. For
(2)-7h: IR (KBr) 3050, 2060 (C=C=C=C), 1265, 630 (OSO,CF3)
cm™; 'H NMR (CDCly) 6 1.85 (s, 8, Me), 5.60 (m, Jp_y = 8.90,
Jpyu = 53 Hz, =C=CH), 6.95-7.75 (m, 50): P NMR 4 15.82
(d, Jp_p = 19.9, th_p = 2873 HZ), 15.36 (t, Jp_p =199, th_p =
2153 Hz); °C NMR (CDCly) 6 21.7 (d, Jcp = 2.7, Jpy¢ = 23 Hz,
Me), 112.7, 121.0 (q, Jop = 320 Hz, OSO,CFy), 125.3, 127.1, 128.4,
130.0, 131.0, 131.1, 131.4, 134.2, 140.0, 158.2, 165.3 (C,y); °F NMR
6 -77.58.

Reaction of 4Z (48) with 5. Reaction of 4S (fraction 2 from
HPLC, 4Z, see text) (70 mg, 0.24 mmol) with 5 (150 mg, 0.12
mmol) for 30 min at room temperature gave 130 mg (85%) of pure
(E)-7h: IR (KBr) 3055, 2055 (C=C—=C=C), 1270, 635 (0SO,CF;);
'H NMR (CDCly) 6 2.22 (3, Me), 5.75 (m, Jp_y = 8.5, Jp,yy = 58
Hz, 1, =C=CH), 6.97-7.57 (m, 50); P NMR 6 17.02 (d, Jp_p =
18, Jp.p = 2839 Hz), 15.80 (t, Jp_p = 18, Jp,_p = 2125 Hz); 1°C
NMR (CDCly) 6 21.5 (d, Jep = 4.3, Jpic = 25 Hz, Me) 111.6, 121.0
(q, Jer = 320 Hz, OSO,CF3), 125.8, 126.8, 128.3, 130.0, 130.9, 131.0,
131.1, 134.2, 139.6, 159.3, 163.6 (Cyp); ¥F NMR 4§ -77.58.
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