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Lewis Acid-promoted Vinyl Rearrangement and Halogen Exchange of
Platinum-fluoro-olefin Complexes

By Peter K. Maples, Michael Green, and F. Gordon A. Stone.” Department of Inorganic Chemistry, The

University, Bristol BS8 1TS

Treatment of the complexes Pt[CF,iCF(CF3)]L, [L = PPh,, PPhyMe, (PhyPCH,),. or AsPh,] with stannic chloride
yields products dependent on the nature of L. With PPh,Me or AsPh,, perfluoropropene is displaced, but with PPhy
or diphos the vinylplatinum compounds trans-PtCI[CCI:CF(CF,)](PPhy), and PtCI[CFICF(CF;)](diphos) are
formed, respectively. Reaction of SnCl, with Pt(CyF,)L, (L = PPhy, PPhyMe, or AsPh,) or with Pt[trans(CFs)-
CFICF(CF;)1(AsPh;), leads to displacement of the fluoro-olefin and formation of PtClyl,. In contrast, the tin
halide reacts with Pt[trans(CF;)CFICF(CFy)]L, [L = PPhy, PPh,Me, or (Ph,PCH,),] to yield vinylplatinum com-
pounds c¢is-PtCl{transC(CF3):CF(CF;)]L,. A mechanism for the C-F bond cleavage and stereospecific nature

of the reactions is proposed.

ALTHOUGH numerous transition-metal fluoro-olefin com-
plexes :2 have been prepared little work has been re-
ported on the reactivity of the co-ordinated fluoro-olefin
moiety. Aside from simple displacement reactions,
only three types of reaction involving co-ordinated
fluoro-olefins have been reported.

Certain platinum(0) 3% and rhodium(r) # fluoro-olefin
complexes undergo electrophilic addition by trifluoro-
acetic acid or hydrogen chloride respectively, to yield
the corresponding platinum(ir) or rhodium(tr) fluoro-
ethyl complexes.

Platinum(0) species ® containing co-ordinated halo-
genofluoro-olefins (e.g. CIFp:CFCl) undergo readily a
molecular rearrangement affording ¢-bonded vinylmetal
complexes [e.g. PtCl(CF.CF,)(PPh;),]. Similarly, the
formation of nickel(rr) %8 and palladium(r1) ® fluorovinyl
compounds is thought to involve rapid molecular
rearrangement of an initially co-ordinated halogen-
substituted fluoro-olefin.

A number of low-valent iron,10:1! cobalt,'? rhodium,13
nickel,* and platinum 15 complexes are known to react
with an excess of fluoro-olefin to form complexes

(P
containing the M-CF,(CF,),CF, ring system. In at least
one instance 1 the intermediary of a metallocyclopropane

complex IVII-CF 2-(|)F2 has been demonstrated. Such ring-
expansion processes represent the most thoroughly
studied reaction of co-ordinated fluoro-olefins.?

In all the above cases, carbon-fluorine bond
integrity is maintained with the final product containing
either the original number, or an exact multiple of the
original number, of fluorine atoms present in the starting
complex. In contrast, we now report a new class of
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reaction of co-ordinated fluoro-olefins in which carbon-
fluorine bond cleavage occurs under mild conditions.
During the course of our work Kemmitt e al.1® described

a reaction in which treatment of PIt-CI<‘2'(‘ZI*‘2(PPh3)2 with
lithium iodide at 95° afforded PtI(CF.CF,)(PPhy),.

The identity of the new compounds described herein
was established by elemental analysis, and i.r. and *H and
19F n.m.r. spectroscopy (see Table).

Treatment of perfluoropropene

complexes

Pt-CFyCF(CFy)L, (L = PPh,, PPhyMe, Ph,PCH,CH,-
PPh,, or AsPhs;) with stannic chloride gave several
products which were dependent upon the nature of L
but were independent of Sn : Pt ratios greater than one
(Scheme 1).

With PPh,Me or AsPh; as ligands, perfluoropropene
was recovered quantitatively. Similar displacement of
the fluoro-olefin by stannic chloride was observed for the

three tetrafluoroethylene complexes ﬁt-CFZ-CIF oLy (L =
PPh;, PPh,Me, and AsPhy), C,F, being recovered
quantitatively. i j

In contrast, the reaction of Pt:CF,CI'(CFg)(PPhg),
with stannic chloride gave a white crystalline, non-tin-
containing platinum species (I), containing four fluorine
and two chlorine atoms. The ir. spectrum of ()
exhibited a weak absorbance at 1638 cm™ (vqo), and
absorbances in the 800—1400 cm™ region characteristic
of fluorovinyl metal complexes.1’8 The replacement
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of two fluorine atoms by chlorine with formation of a
fluorovinyl group implies the presence of a Pt—~Cl bond
and incorporation of a chlorine atom in the vinyl moiety.
Support for such a structure was obtained from the 9F
nm.r. of (I) which showed only two multiplets (rel.
CCLFF, 0-0 p.p.m.) centred at 66-2 [3F, Jpir 28-1 Hz] and

J.C.S. Dalton

triplet by coupling with 3P nuclei, suggesting the
presence of stereochemically equivalent ¢rans-PPhy
groups. Confirmation of the presence of trans phosphine
ligands was achieved by preparing the PPh,Me analogue
of (I) through a phosphine ligand-exchange reaction.
It should be noted that Pt(Cl)[C(CL):CF(CF;)](PPhyMe),

Analytical, spectral, and other physical data for the fluorocarbon complexes

Analyses *

Yield -~ -
Compound M.p. (%) C H Ir Cl P or As M
(I) (Cl) ' CCL.CF(CF4)](PPhy), 170—174 § 63  51-7(52-0) 3-4(3-6) 8-2(84) 7-8(7-9) 6-7(6-9) 882(902)
(11) Pt(Cl)[CCL.CF(CF;)](PPh,Me), 173 57 43-6(43-3) 3-4(3-4) 9-9(10-2) 9-3(9-7)
(III)  Pt(CH)[CF:CF(CF,)](diphos) 205—300 1 43 45-5(45-8) 3-3(3-8) 11-9(12-5) 5-1(4-7) 615(760)
(VIIY) Pt(CH{C(CE4).CE(CFg)]( PPh,), 290—291 76 50-9(51-3) 3-3(3-2) 14-4(14-2) 4-0(3-8) 6-7(6-6) 935(935)
(IX) Pt(Cl)[C(CF4).CF(CF,)](PPh,Me), 195—196 41 44-0(44-3) 3-3(3-2) 16-6(16-4) 4-4(4-4) 7-6(7-6) 776(812)
(X)  Pt(Cl[C(CF,):CF(CFy)]{diphos) 221222 44  44-6(44-5) 3-1(3-0) 16-2(16-4) 4-5(4-4)
257—259 } 53:5(53: -5(4 -3(8-
(X1) Pt{Cl){CCL.CF, (PPh ) 257—259 } 67 53-5(53:2) 3-6(3-4) 4-3(40) 8:3(87)
19F Chemiical shifts (p.p.m.) ® and coupling constants (Hz)
XM . /‘((n
Pt(‘ﬂ/C NX(3)
Com-
Compounds XM X© X@  §X® ZX@ FXG  ja-n Ju-y  Jess Jju-n Jasd o Jé-3) ments
[ B, T . 5 . . .
(I) Pt(C)[CCL.CF(CF,)](PPh,), Cl Cr, T 66-2 115-7 14-0 281 1368 b
(I Pt(Cl)fCCl CF(CF,)](PPh,Me), Cl CF, F 65-8 116-3 13-6 . 250 1340 ¢
(111) (Cl) [CF CI‘(CF )] (diphos) F F CF, 990 153-2 66-4 382 91 16:0 352
VIII ClH[C CF ).CF sLb PPh CF, F CF3 50-7 102-3 66-9 184 15 11-2 1240 278 19-0 d
ChH B )1( 3)2 3 3
(IX) Pt(Cl) 3).CF(CF )](PPh Me), CF; F CF, 49-6 102-2 669 150 20 121 87-:0 200 17-8 }
(X) Pt(Cl)[C(CF :CF(CF,)](diphos) CF, F CF, 504 1001 680 180 21 122 801 208 18-1
* Calculated values given in parentheses. } With decomposition.
¢ Measured in dichloromethane solution, relative to CCL,F (0-0 p.p.m.) internal standard. * Jpx(1) 34, Jp, x(3) ¢ Jex(1)
30, Je,x(3) 5:3, | Jem +Jpu| 74, Jpm 15:0. 4 Jpx(1) 2:0. ¢ Jpx(l) 6:4, Jou 4-6, 5-0, Jpiw 10-4, 21-2. / Jpx(1) 6
CF
Cl >3
L=PPh L L=C_
2 > Pt F
g ~
CF ct L
/ 3
C'—F (1)
Pt/ L=PPhMe or AsPh,
L, \| +SncCl 2> LPtClL,+ CF,CF:CF,
cF . F
F L = diphos c=c
> ~ ~
L,Pt CFy
~ ct
(o)
ScHEME 1

115-7 [1F, Jpy 136-8 Hz] p.p.m. The ¥Pt-F coupling
constants of both multiplets were much less than those
commonly found in Pt:C(CF,).C (Jptxor, 120—150 Hz)
or Pt!CF.C (Jpwor 450—500 Hz) substituted Pt
fluorovinyl compounds.’® Thus the vinyl function must
contain both a fluorine atom and CF; group substituted
on the p-carbon with a chlorine atom occupying the
a-carbon site. In addition, the %Pt-Fg coupling
constant recorded is in the range (80—180 Hz) of those
reported 1819 for vinyl systems containing B-fluorine
atoms cis to platinum. FEach line of the basic p-CF,
and B-CI' resonance pattern was further split into a

1% A. J. Rest, D. T. Rosevear, and F. G. A. Stone, J. Chem.
Soc. (A), 1967, 66,

2 7. M. _]'enkme and B. L. Shaw, J. Chem. Soc. (4), 1966, 770.

(I) was not formed in the direct reaction of

Pt-CF,CF(CF,)(PPhyMe), with stannic chloride. The
BF n.m.r. spectrum of (II) was virtually identical to
that of (I), while the *H phosphine methyl resonance
pattern showed asharp 1: 2 : 1 triplet at = 7-90 character-
istic of methyl groups coupled to two érans 3'P nuclei.?0
Further reaction of either (I) or (II) with stannic
chloride did not occur even after a prolonged period
under reflux (48 b) in benzene.

The reaction of P(t-CFz-([ZF(CFa) (diphos) with stannic
chloride resulted in the loss of a single fluorine atom and
the isolation of the platinum-perfluoropropenyl complex
(III). The ir. spectrum of (III) showed a band at
1650 cm™ indicating the presence of a vinyl group.
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The F n.m.r. spectrum consisted of three multiplets
centred at 66-4 (3F), 990 [1F, Jew 353 Hz], and 153
[1F, Jpir 72:0 Hz] p.p.m. The large 19Pt-F coupling
constant recorded for the 99-0 p.p.m. signal is good
evidence for a fluorine atom attached to a carbon
bonded to platinum, while the Jp,mg (Table, 38-2 Hz)
coupling value is in the range of those reported for cis
vinyl fluorine atoms and is much less than that expected
for trans fluorine nuclei.’$1® These facts together with
the nearly identical chemical shift values of (III) com-
pared with Pt(Cl)[cis-CF.CF(CF3)](PEt,), 18 confirm the
structure proposed (Scheme 1). Compound (III) was
completely inert to further reaction with stannic chloride.

Reaction of stannic chloride with perfluoropropene in
benzene under vigorous conditions (100 °C, two weeks)
led to quantitative recovery of unchanged fluoro-olefin.
No evidence of chlorination was observed.

[N

N )r(’ CFh
. gc~- C\Fh)
r\”li‘ 5 fo Fo -
o ) ’ N
" Mﬂ fvi‘h:ﬂp Decuupled,"\/M/M /IJU LF;C’—F‘-K‘ :ZB
il \Nk/ v’ ‘/\, v ! /\\/‘\f u\j‘f\N\Aj V ’ '/‘V\.,'y*v‘“ ’
AN W W iy / ;'-‘ﬁ‘ b
A oMW JM\ Mg A
[ i E I S\
194-1 19611 1985 2010 ppm
Ticure 1F N.m.r. spectrum (CI' region) of an equimolar

{ i
mixture of Pt-CF(CF,)-CF(CF.)(AsPh;), and PPh; in di-
chloromethane solution

To test the generality and stereochemical course
of the above reactions, compounds of the type

Pt-CF(CF,)-CF(CFy)L, (L = PPh, PPh,Me, diphos,
and AsPhy) were prepared and treated with stannic
chloride. Reaction of an excess of a cis/trans mixture
(1:4) of perfluorobut-2-ene with frans-stilbene-bis(tri-
phenylphosphine)platinum yielded a single isomer of

P[t°CF(CF3)-(ISF(CF:,)(PPh3)2 (IV). The BF nmr.
showed a doublet at 68-2 [3F, Jpr 9-0, Jpp 78 Hz] and
a triplet at 201 [1F, Jpy 68 Hz] p.p.m. The triplet
pattern is typical of an X resonance of an AA’XX’
system (| Jer + Jpr| 52-4 Hz), arising from strong Jyp
coupling. Such a resonance pattern may result from
either a cis or a frans arrangement of the substituents
on the co-ordinated filuoro-olefin, and has been observed

{ |
in the spectra of both isomers of Pt-:CEFCI-CFCl(PPhg),.2!
The reaction of an excess of perfluorobut-2-ene with
tetrakis(triphenylarsine)platinum also afforded a single

isomer Pt-CF(CF,)-CF(CF,)(AsPhy), (V). The F n.m.r.
spectrum of (V) showed two singlets at 68-3 [3F, Jetr
92 Hz] and 194-1 [1F, Jewr 95 Hz] p.p.m. (see Figure).
That (IV) and (V) have the same stereochemistry for the

21 J. Ashley-Smith, M. Green, and D. C. Wood, J. Ckem. Soc.
(4), 1970, 1847.
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co-ordinated olefin was demonstrated by the direct
conversion of (V) into (IV) by reaction with 2 mol. equiv.
of triphenylphosphine, followed by examination of the
ir. spectrum. Similar ligand-exchange reactions of (V)
with diphenylmethylphosphine and bisdiphenylphos-

phinoethane gave Pt-CF(CF,)-CF(CF;)(PPhyMe), (VI)

and PIt-CF(CFs)'éF(CFa) (diphos) (VIII) respectively.
The F spectrum of (VI) was similar to (IV) and ex-
hibited an AA’XX’ pattern in the CI spectral region.
Compound (VII) was too insoluble for n.m.r. measure-
ment. Thus all perfluorobut-2-ene complexes prepared
have an identical olefin stereochemistry but one which
could not be established directly from their 9F n.m.r.
spectra.

In an effort to measure directly Jpr, and thus establish
the stereochemistry of compounds (IV)—(VII) an
attempt was made to prepare an unsymmetrical ligand-
substituted perfluorobut-2-ene complex. Reaction of
1 mol. equiv. of triphenylphosphine with (V) yielded
an equilibrium mixture in solution of (IV), (V), and

Pt-CF(CF,)-CF(CF,) (PPhy)(AsPhy) (1:1:4). An accu-
mulated *F n.m.r. spectrum in the CF region is shown in
the Figure. The resonance pattern of the environ-
mentally different fluorine atoms F(frans to AsPhg) and
F(trans to PPhy) are clearly resolved, and Jpams can be
measured directly from the F, pattern or from the 3P
decoupled F, pattern. The measured Jp.pp coupling of
60 Hz is close to that reported for Jyumsrr (39—44 Hz)
in a number of fluoro-olefin Pt, Ru,’! and Os 22 com-
plexes, and is much larger than the corresponding
Jeisvr (7—10 Hz) values reported. From the above
data, compounds (IV)—(VII) must contain the ligand
CF,CEF.CFCF; in the #rans-configuration.

CF, F (VIO) L =PPhy
L Se=¢c” (IX) L = PPhMe
\Pt/ \CF (X) L2= dlphOS
L/ \CL 3
LT
CF
3
C/\F L_ ¢
Lth<| e otosncl L, Pt
c: L ct
CF3 c ‘ _F
\C=
F~ SCF,
L= AsPh,

SCHEME 2

Stannic chloride reacted with the perfluorobut-2-ene
platinum compounds according to Scheme 2. The
formation of vinyl species from compounds (IV), (VI),
and (VII) was evidenced by the presence of a weak vg_g
absorbance at 1630—1640 cm™ in the i.r. spectra of the

22 M. Cooke, M. Green, and T. A. Kuc, J. Chem. Soc. (4), 1971,
1200.
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products (VIII)—(X). The *F n.m.r. spectra of
(VIII)—(X) were similar, so a detailed discussion is
limited to the diphenylmethylphosphine species (IX).
Data are presented in the Table for the three isostructural
compounds.

Three widely separated resonance patterns (area ratio
3:3:1) were recorded in the Y¥F spectrum of (IX).
The multiplet at 49-6 p.p.m. (Jer 87 Hz) was assigned
to a Pt-C(CF;):CX, group, based on the large %Pt-F
coupling constant, while the equally intense multiplet at
66-9 p.p.m. (Jeep 17 Hz) was assigned toa Pt-CX-C(CF3)X

CFy _CF,
N ) /C~\
Ptll 5 == [Pt Fe
CmA €l _ snCLF~
E ~ 4
B B
i A
CF,
/C\ SncCl
Pt | Fe 227 &4
Nc—c S
Fa
B

Pt

J.C.S. Dalton

or Lewis acid attack by the tin(rv) chloride on one or
more of the fluorine atoms of the co-ordinated fluoro-
olefin with subsequent formation of perfluoro- or chloro-
fluoro-vinyl species. Both the initial site of attack and
the subsequent formation of vinyl compounds appears
to be highly stereospecific. A mechanistic pathway is
proposed in Scheme 3, illustrated by the reactions of
perfluoropropene complexes but consistent with the
results found for the other fluoro-olefins.

Initial attack on co-ordinated perfluoropropene may
occur at any of three sites Fy, Fy, or Fo.  Attack and

Ccl
F’t/ CF
R
3
Se=c
Fg Fe
C
_CFy
c cl
\C/Cl SnClLF_ ) \C"“C/
.
L e,
D E

SCHEME 3

group. The remaining signal at 102-2 p.p.m. arises
from a fluorine atom Pt-CX:CXF. The stereochemistry
of the perfluorobut-2-en-2-yl group Pt-C(CF;).CF(CFy)
was determined on the basis of the Jor.cr, coupling
constants. In previous work on various C(CFj):CR(CFg)
[R = H or Me] 18:23-25 and C(CF,).CF(CF,) 2 derivatives,
compounds with trans-CF; groups showed coupling
constants of 1—3 Hz in their F spectra whereas the
corresponding coupling between cis-CF; groups was
12—15 Hz. The Jcp,-cr, values for complexes (VIII)—
(X) ranged from 1-5 to 2-1 Hz, indicating a frans-stereo-
chemistry for the CF5 groups about the carbon-carbon
bonds. The 'H n.m.r. spectrum of (IX) confirmed a
relative cis-configuration for the phosphine ligands.
The methyl signal consisted of two doublets at « 810
and 808, characteristic of environmentally non-
equivalent cis diphenylmethylphosphine ligands.

Treatment of (V) with stannic chloride displaced the
perfluorobut-2-ene, with no evidence for formation of
any perfluorobutenyl platinum complex; a result similar
to that described above for the bis(triphenylarsine)-
platinum tetrafluoroethylene or perfluoropropene com-
plexes.

DISCUSSION
Reaction of stannic chloride with the fluoro-olefin-
platinum compounds either involved olefin displacement,

23 J. B. Wilford and F. G. A. Stone, Inorg. Chem., 1965, 4, 93.
24 W. R. Cullen, D. S. Dawson, and G. E. Styan, Canad. J.
Chem., 1965, 43, 3392.

carbon—fluorine bond fission at Iy were eliminated by the
fact that the CF; group in the vinyl product was always
observed in the B-position. If the carbon atom of the
cationic species A formed by attack at F, or Fg effec-
tively becomes sp? hybridized then a loss of stereo-
specificity would be expected in the vinyl products. On
the other hand, retention of configuration about the
carbon atom prior to rearrangement would result in
either a cis or a frans arrangement of the fluorine atoms
in the products dependent on whether attack occurred at
either F, or Fg. Non-selective attack at F, and Fp
under the same stereochemical constant would again
lead to an isomeric mixture of vinyl compounds.

Stereochemical retention about the cationic carbon
centre in the proposed intermediate A was strongly
suggested by the observation that a single vinyl isomer
containing two frans CF5 groups was formed in every
case from the reaction of stannic chloride with frans-
perfluorobut-2-ene complexes. Retention may resuit
from formation of a ‘tight’ ion-pair as has been pro-
posed ?7 to account for the retention of stereochemistry
in the thermal vinyl rearrangement of co-ordinated
chlorofluoro-olefins.

Based on the above, and on the fact that a single

25 H. C. Clark and R. J. Puddephatt, Inorg. Chem., 1970, 9,
2670.

26 R. B. King and W. C. Zipperer, Inorg. Chem., 1972, 11,
2119.

2?7 M. Green and G. Parker, J.C.S. Dalton, 1973, 2099.
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cis-vinyl isomer C was isolated in the reaction of

Pt-CF,CF(CF,)(diphos), selective attack must occur
at FA‘

While participation of an intermediate of type A
directly accounts for the stereospecific formation of

perfluorovinyl compounds from Plt-CF2°C‘F(CF3)(diphos)

| 1
and Pt-CF(CF,):CF(CFg)L, it does not immediately
account for the formation of a chlorofluorovinyl species

from Pt-CF,CF(CFy)(PPhy),. However, this result can
be rationalised on the basis of an internal return reaction
involving attack of one of the chlorine atoms of the
intimately associated anionic tin species at the original
site of carbon-fluorine fission. Subsequent fluorine
abstraction could yield an intermediate D analogous to
A which would undergo rearrangement to a chlorine-
containing vinyl group. In order to test the ability of
an intermediate such as B to undergo the necessary
reaction with stannic chloride, the reaction of

—
Pt-CFCL-CF,(PPh,), was studied. A single vinyl product
was obtained in high yield and shown to be Pt(Cl)-
(CCI.CF,)(PPhg), by independent synthesis by thermal

rearrangement of I;tCCIZ-(IJFZ(PPha‘)Q. This result not
only confirms the reactivity of species such as B toward
attack by tin(1v) chloride but indicates that such attack
occurs selectively at the fluorine atom bound to the
chlorine substituted carbon. Thus attack at Fg in B
is expected with subsequent formation of intermediate
D which stereospecifically rearranges to the product E,
observed. The possibility that E might be formed by
secondary attack of SnCl, on the o fluorine atom of any
perfluorovinyl compound present was eliminated by the
observation that both Pt(Cl)[trans-CF:CF(CF3)](diphos)
and PtCl(CF:.CF,)(PPhy), were inert toward reaction
with stannic chloride even under the most stringent
conditions (80 °C, 3 days).

The relative rate of tin(1v) chloride reaction at
platinum leading to fluoro-olefin displacement, as com-
pared with attack on the co-ordinated fluoro-olefin, is
dependent on the nature of both the fluoro-olefin and
the appended ligands. Quantitative fluoro-olefin dis-
placement occurred with all tetrafluoroethylene com-
plexes, and with the triphenylarsine perfluoropropene or
perfluorobut-2-ene platinum compounds. In contrast
only a small or often undetectable amount of displace-
ment was observed with the PPhg and diphos-substituted
perfluoropropene, perfluorobut-2-ene, and chlorotri-
fluoroethylene compounds. These results parallel quali-
tatively the rate of displacement of co-ordinated
fluoro-olefin by iodine, tetrafluoroethylene being rapidly
liberated, perfluoropropene being slowly displaced, and
the perfluorobut-2-ene platinum complexes being inert
towards reaction with iodine.

The reactivity of Pt-CFX- toward Lewis acid attack

28 J, J. Lagowski, Quart. Rev., 1959, 18, 233.
29 P. K, Maples, M. Green, and F. G. A. Stone, unpublished
work.
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is a function of the geminal substituent (X) and varies in
the order Cl > F > CF;. The least electronegative
germinal substituent would be expected, on the basis of
simple inductive effects, to have the greater activating
influence. However, steric factors may influence re-
activity as suggested by the lower activating effect
compared with chlorine of the equally electronegative 2
but more bulky CF; group.

The broad scope and high stereoselectivity of these
reactions offers a synthetic route to a wide range of
vinyl platinum complexes unobtainable by conventional
procedures. Results # on hexafluoro-butadiene systems
indicate that a wide range of perfluorobutadienylmetal
complexes may be generated by Lewis acid attack by
both stannic chloride or bromide.

EXPERIMENTAL

'H and *F N.m.r. spectra were recorded on a Varian
Associates HA100 spectrometer at 100 and 94-1 MHz,
respectively. ILr. spectra were recorded with a Perkin-
Elmer 457 spectrophotometer using Nujol and hexachloro-
butadiene mulls. Solvents were dried and distilled under
nitrogen, and all operations were conducted in an atmo-
sphere of dry oxygen-free nitrogen. Stannic chloride was
distilled under nitrogen immediately prior to use. Tetra-

| |
Pt-CF,-CF,L,

fluoroethylene, and  perfluoropropene

] I
Pt-CI7*CF(CF,)L, complexes were prepared by published
procedures. %30  E—
Reaction between Pt-CF,CF,(PPh,), and SnCl,.—A stirred

benzene (30 ml) solution of PIt'CFZ'({Fz(PPha)2 (0-90 g,
1-1 mmol) in a sealed evacuated flask was treated with
stannic chloride (0-36 g, 1-4 mmol). Volatile products were
fractionated in a vacuum system giving 0-92 mmol of
tetrafluoroethylene (identified by its i.r. spectrum). The
white precipitate remaining was filtered off, giving cis-
PtCl,(PPh,), (0-78 g, 90%,). Similar results were obtained

for all PItCF.‘,'(“LFZL2 complexes (L = PPh,Me, AsPh,,
or diphos). 1

Reaction of Pt-CF,CIF(CF,)(PPh,), with SnCl,.—Stannic
chloride (0-42 g, 1-6 mmol) was added dropwise to a stirred

solution of Ilt-CFz-(l,F(CFS)(PPha)Z (0-87 g, 1-0 mmol) in
benzene (40 ml). A red oil was precipitated during the
addition. The mixture was allowed to react for 8 h and
solvent was removed in vacuo. The residue was washed
with n-hexane and then extracted with benzene. Addition
of n-hexane and cooling to 0° afforded white crystals of (I)
(0-57 g, 639%) from dichloromethane—ethanol; v(C=C)
1638 cm™. The red oil was dissolved in dichloromethane.
Addition of ethanol gave c¢is-PtCly(PPh,), (0-15 g) which
was identified by its i.r. spectrum.

Synthesis of Pt(Cl)[CCL.CF(CF,)](PPh,Me),.—A mixture
of PtCI[CCLCF(CF;)](PPh,), (0-45 g, 05 mmol) and di-
phenylmethylphosphine (0-20 g, 1 mmol) in benzene (20 ml)
was refluxed for 12 h. The light yellow solution was
filtered and solvent was removed ¢n vacwo. Crystallisation

% R. D. W, Kemmitt and R. D. Moore, J. Chem. Soc. (4),
1971, 2472,
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from dichloromethane-n-hexane gave white crystals of (1I)
(0-22 g, 57%); v(C=C) 1632 cm™.

1
Reaction of Pt-CF,CF(CF;)(diphos) with SnCl,.—Stannic
chloride (0-26 g, 1-0 mmol) was added dropwise to a stirred

suspension of Plt-CFz-(]ZF(CFa)(diphos) (0-74 g, 1-0 mmol).
The platinum compound rapidly dissolved to yield a red
oily precipitate and a clear pale yellow solution. The
mixture was allowed to react for 4 h and solvent was
removed in vacuo. The residue was washed with n-hexane
and extracted with benzene. Solvent was removed in
vacuo and the residue crystallised from dichloromethane-
n-hexane to give crystals of (III) (0-32 g, 43%) from di-
chloromethane—-methanol; v(C=C) 1650 cm™.

o

Synthesis of Pt-CF(CF,)-CF(CF,)(PPh,),.—A solution of
stilbenebis(triphenylphosphine)platinum (0-90 g, 1-0 mmol)
in benzene (30 ml) in a Carius tube was treated with an
excess of perfluorobut-2-ene (4 mmol) at —196° and the
solution was allowed to react in the sealed tube at room
temperature for 48 h. Solvent was removed in vacuo and
the residue crystallised from dichloromethane-n-hexane to
give white crystals (0-73 g, 79%,) or (IV), m.p. 224—255°
(Found: C, 52-0; H, 3-4; F, 16:6; P, 6:4%; M, 823
(CeHg). CyHy FyP,Pt requires C, 52-2; H, 3-3; F, 16-6;
P, 67%; M, 919). F n.n.r.: 682 (d, 6F, CF,, Jep 9:0,
]PtF 781 HZ) and 201 (t, 2F, CF, l]PF' -+ ]er] 524, ]PtF
68:0 Hz) p.p.m.; H n.m.r.: 7 2-41 (m, 30H, C;H;).

Synthesis of Plt-CF (CF3)~C[F(CF3) (AsPhy),.—A suspension
in benzene (50 ml) of tetrakistriphenylarsineplatinum (3-0 g,
2-1 mmol) was placed into a Carius tube, and treated with
an excess of perfluorobut-2-ene (5 mmol). The solution was
heated at 60° for 18 h. The yellow solution was filtered
off and the solvent removed in vacuo. Crystallisation of
the residue from dichloromethane-n-hexane gave white
crystals of (V) (1-2 g, 57%), m.p. 199—201° (Found: C,
47-4; H, 3-1; T, 149. C,Hy FeAs,Pt requires C, 47-6;
H, 3-0; F, 15:1%); ¥F n.m.r.: 683 (s, 6F, CF,, Jpip 92:2
Hz) and 194-1 (s, 2F, CF, Jptr 950 Hz) p.p.m.; H n.m.r.:
7 2-36 (m, 30H, C;H;).

| |
Synthesis of PtCF(CF,)-CF(CF,)(PPh,Me),.—A solution

of Plt-CF(CFa)'(IZF(CFa) (AsPhg), (1-0 g, 1-0 mmol) and
diphenylmethylphosphine (0-40 g, 2-0 mmol) was refluxed
in benzene (20 ml) for 24 h. The solution was filtered and
the solvent removed in vacuo. The yellow oil remaining
was crystallised from dichloromethane-ethanol to give
white crystals of (VI) (0-65 g, 82%,), m.p. 161—162° (Found:
C, 450; H, 3-3; F, 192; P, 77%; M, 718 (CsH,).
CyoHoeFy Py Pt requires C, 45-3; H, 3-5; F, 19-2; P, 7-8%,;
M, 795); F n.m.r. 68-0 (d, 6F, CF,, Jpr 9-8, Jpip 80-0 Hz)

J.C.S. Dalton

and 200-9 (t, 2F, CF, |Jpp + Jor| 548, Jpr 66-2 Haz)
ppm.; 'H nmr.: < 810 (d, 12H, CH,, Jey 3-8, Jpur
14-0 Hz) and 2-43 (m, 20H, C,H,).

| |
Synthesis of Pt:CF(CF,):CF(CF;)(diphos).—A solution of

P)t~CF(CF3)-ClF(CF3)(AsPh3)2 (0-8 g, 08 mmol) and 1,2-
bis(diphenylphosphino)ethane (0-32 g, 0-8 mmol) was
refluxed in benzene (50 ml) for 6 h. Solvent was removed
in vacuo and the residue was crystallised from dichloro-
methane-methanol to give white crystals of (VII) (0-55 g,
87%), m.p. 262—263° (Found: C, 45-3; H, 3-3; F, 19-0;

P, 7-8. C,HyFgP,Pt requires C, 45-4; H, 3-1; F, 19:7;
P, 7-8%). The compound was too insoluble for *F n.m.r.
measurements.

I
Reaction of Pt-CF(CF,):CF(CF,)(PPh,), with SnCl,.—
Stannic chloride (0-39 g, 1-5 mmol) was added slowly to a

benzene (50 ml) solution of Plt'CF(CF:,))'C]F(CF‘.,)(PPh:,)2
(0-91 g, 1-0 mmol). The mixture was stirred for 12 h
during which time a light yellow oil was precipitated from
the colourless solution. The solution was decanted,
filtered, and the solvent removed iz vacwo. The residue
was washed with n-hexane and crystallised from dichloro-
methane—ethanol. Recrystallisation gave white crystals of
(VIII) (0-71 g), v(C=C) 1651 cm™.

| 1
Reaction of Pt-CF(CF,):CF(CF,)(PPh,Me), with SnCl,.—
As above, reaction of stannic chloride (0-26 g, 1-0 mmol) and

| |

Pt-CF(CF,)-CF (CF;) (PPh,Me), (0-48 g, 0-6 mmol) afforded
white crystals of (IX) (0-20 g) from dichloromethane—
ethanol v(C=C) 1659 cm™.

| |
Reaction of Pt-CF(CF;)«CF(CF,)(diphos) with SnCl,.—As
above, reaction of stannic chloride (0-31 g, 12 mmol) and

| 1

Pt-CF(CF,)-CF(CF;)(diphos) (0-80 g, 1-0 mmol) gave white
crystals of (X) (0-36 g) from dichloromethane-ethanol
v(C=C) 1663 cm™.

| |
Reaction of Pt*CFCl:CF,(PPh,), with SnCl,.—To a stirred

solution of fl’t:-CFCI-(IZFZ(PPha)2 (0-87 g, 10 mmol) in
benzene (60 ml) was slowly added stannic chloride (0-52 g,
2:0 mmol). The mixture was allowed to react for 2 h.
Solvent was removed in vacuo and the resulting solid was
washed with n-hexane. Crystallisation from dichloro-
methane-ethanol gave white crystals of (XI) (0-57 g);
vg=¢ 1689 cm™. The compound was too insoluble for ¥F
n.m.r. measurements.
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