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Summary

The volatile products of the thermal and photochemical reactions of phos-
phines (Ph,PCH,PPh,, PPh,, PHPh,) with the platinacyclobutane compounds
[X,PtCH,CH,CH, (N—N)] (where X = Cl, Br and N—N = 1,10-phenanthroline,
2,2'-bipyridine, (CH,NMe,),) in several solvents have been determined. The hy-
drocarbons formed were ethylene, propene and cyclopropane with small
amounts of methane, and also propane with PHPh,. Very high relative yields of
C,H, (over 80%) were obtained under some conditions, notably with CH,CN
and (CH3;),S0 as solvents. Chloromethane (or bromomethane) was also pro-
duced with DMSO as solvent. It is suggested that the formation of ethylene
Involves dissociation of a halide ion and is accompanied by the production of
platinum ylids. Hydrogen transfer from PHPh, can lead to the formation of
C;H;.

Introduction

The gaseous products of the photolysis of platinacyclobutanes in solution at
25°C are mainly propene and cyclopropane, with only a little ethylene, under
nearly all conditions [1]. However, it was found that the photodecomposition
of [C1,PtCH,CH,CH, (1,10-phenanthroline)] in dimethylsulphoxide in the
presence of excess triphenylphosphine not only gave a considerable yield of
ethylene but also appreciable amounts of chloromethane. A check of the ther-
mal reaction showed that it was very slow at 25°C (as expected, c.f. ref. 2) but
that the relative yield of C,H, was even higher. This extensive carbon—carbon

bond fission in the C;H, moiety is of considerable interest in view of the postu-
(Continued on p. 108)
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lated role of metallacyclobutanes in the mechanism of olefin metathesis [3].
Thus, it was decided to investigate the effect of phosphines on the decomposi-
tion of platinacyclobutanes in some detail and the results are reported here.

Results and discussion

Typical data on the products of the thermal and photolytic reactions of
[X,PtCH,CH,CH, (N—N)] (X = Cl, Br and N—N = 1,10-phenanthroline, 2,2'-
bipyridine and tetramethylethylenediamine) with phosphines are collected in
‘Tables 1 (thermolysis, including the results of very slow decomposition in the
absence of phosphines) and 2 (photolysis). The individual yields quoted (when
over about 20%) were reproducible to approximately 5 in the last figure.

The thermal or photolytic decomposition in the absence of added phos-
phines gives only small relative yields of ethylene (Table 1, Nos. 1, 5, 14, 19,
24, 30, 36; and ref. 1). Ethylene was still a minor product of the photolysis in
the presence of excess AsPh; or SbPh, [1], and it was found that this was also
so for the thermal reaction. Since with added diphenylphosphine the yield of
C.H, is still low (Table 1, Nos. 4, 11, 13, 18, 27, 35, 42), it appears that exten-

TABLE 2

PRODUCTS OF THE PHOTOREACTION OF PLATINACYCLOBUTANE COMPOUNDS
[X2PtCH7 CH, CH, (N—N)] WITH PHOSPHINES IN SOLUTION AT 25°C

Concentration of platinum compound ~6 X 1073 mol 17} : photolysis time ~3 h

No. Pt compound @ Phospine 0 Volatile products (mol%) ¢

r—— 1
X (N—N) C-Hg CH3CH=CH, CH>CH>CH» others

Solvent, CH,Cl»

1 Cl phen 20 PPh3 _ >99 —
2 Cl bipy 20 PPh3y 1.5 83.5 6
Solvent, CH3CN
3 i} phen 20 PPh3 23 68 9
a ci bipy 20 PPh3 23 52.5 23 C3Hg (1.5)
5 Cl phen 20 BDPM 60.5 27.5 12 d
6 (03] bipy 20 BDPM 20.5 69.5 10
T C} TMED 25 BDPM _ 28 72
Solvent, (CH3)2S0O
8 Cl phen 20 PPhj 41 42 17 C3Hg (2).
CH3Clef
9 cl1 phen 20 PPh3 6 63 31 cHzC1f
+10 MegNCl
1¢ c1 phen 20 PPhg 30 63 7 cHzCLT
+40 Et3NHC1
11 cl phen 20 BDPM 65 125 22.5 CH;C1f
12 Cl phen 20 BDPM 70 10 20 CHsCLf
+25 phen
13 Br phen 25 PPh3y 4.5 66 29.5

@ phen = 1.10-phenanthroline, bipy = 2.2"-bipyridine, TMED = tetramethylethylenediamine. ® No. gives
mol additive per mol Pt compound. BDPM = bis(diphenylphosphino)methane. € With DMSO as solvent a
little methane is formed. but photolysis in the absence of Pt compounds also gives methane. & When the
solvent was 3 CH3CN/1 eyclohexane no norcarane was detected in solution. € With (CD3)72SO the chloro-
methane formed is CD3Cl; all other products are undeuterated. / The yields of chloromethane are appreci-
able.
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sive carbon—carbon bond fission in the C;H, moiety is promoted specifically
by tertiary phosphines. This promotion of ethylene formation decreases
markedly as the bidentate ligand is changed from phen to bipy to TMED (Ta-
ble 1, Nos. 20, 22, 23, 25, 28; Table 2, Nos. 5, 6, 7), becoming more flexible
and able to partially dissociate leaving a vacant coordination site on the plati-
num trans to the C;Hg moiety. Attachment of phosphines at such a site leads to
cyclopropane formation [1,2]. Since complete dissociation of the neutral
ligands gives two vacant trans sites it seems most unlikely that this precedes
ethylene formation and, in fact, addition of phenanthroline certainly does not
reduce the relative yield of C,H, (Table 1, Nos. 16, 17; Table 2, Nos. 11, 12).

Considering the thermal reaction first, the data in Table 1 show that, under
comparable conditions, ethylene formation is promoted by the solvents of rela-
tively high dielectric constant, suggesting that ionisation of a halide ligand
(leaving a cis vacant site) is involved. The dramatic reduction in the ethylene
yield on addition of Et;NHCI! to the [Cl,PtCH,CH,CH, (phen)]/BDPM/
DMSO system (Table 1, Nos. 32, 34) strongly supports this hypothesis. The
results with the dibromoplatinacyclobutane were not so clear-cut, but, under
most conditions, addition of excess bromide did lead to a decrease in the rela-
tive yield of C,H, (see Table 1, Nos. 87, 89 for an example). Possible mecha-
nisms for ethylene formation are given below (X = Cl, Br; R = Ph, R’ = Ph,
Ph,PCH,):

X PR,R’
N , - N T eraR’ N ' *
~ X [N 2R ~
(4O = [0 ] 2=
N/I \N/I N ]
X X X
(A) (D)
' 1
f '
(l:H;_ + (l:H?_PRZRI
N CH N
~ 2 PR,P’ (\ H2
Pt— —= Pt
<N/ ‘ C//H2 N/ l Cé/-lz
X X
(B) <)

The species A is coordinatively unsaturated and could rearrange to the car-
bene-alkene complex B followed by trapping of the carbene by phosphine to
give the ylid species C, which would then undergo loss of ethylene *. In the
presence of the large excess of phosphine further displacement of phenan-
throline from platinum might also be expected and would lead to ylids of the
type [PtX(CH,L)L,]" which have recently been prepared by Moss and Spiers
and shown to be stable compounds when L. = PPh; and X = Cl, Br, I [5]. How-

* A similar mechanism has been proposed to account for the formation of ethylene from

[ﬂi B C5H5)2W<> ] [4l.
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ever, the proposed ylid complexes could not be positively characterised in the
presence of the large excess of tertiary phosphine needed for the reactions.

The formation of the ionic ylids C will be favoured in the solvents of rela-
tively high dielectric constant which promote ethylene production. If the ylids
are stable it is not surprising that they will not undergo the Wittig reaction [6]
with acetone at room temperature (see Table 1, No. 29 and footnote *). How-
ever, the formation of CH,CD, with CD,Cl, as solvent (Table 1, No. 8 and foot-
note ) can be explained by a slow reaction of the ylid with the CD,Cl, as phos-
phorus ylids are known to react with the halogenated alkanes [6]. It is also pos-
sible that at least some of the small yields of methane in the products is formed
via the ylids.

It is also possible that coordination of phosphine to A occurs to give D
which then rearranges to C, but there are no precedents for this reaction and
there is no obvious mechanism by which the C—C bond cleavage could occur.
There is, however, some evidence that the tertiary phosphine plays a direct part
in the C—C bond cleavage since other bases (e.g. pyridine, DMSO) which are
capable of trapping carbene-complexes to give stable ylid derivatives [7,8] do
not promote the formation of ethylene from platinacyclobutanes.

With dimethylsulphoxide as solvent the reaction gives considerable yields of
chloromethane or bromomethane (Table 1; Nos. 31—33, 37, 39), and use of
(CD;),S0 shows that the methyl group comes from the solvent, but virtually
no ethylene or halomethane is formed in the absence of phosphine. Thus,
although oxosulphonium ylid complexes are known [7], it is unlikely that
DMSO reacts directly with B to give an ylid complex. Presumably DMSO reacts
with C or products arising from this to give a complex which can undergo loss
of methyl halide by attack of halide on a methyl group of co-ordinated DMSQ.

Raising the reaction temperature generally decreases the relative ethylene
yield markedly and increases the propene and the cyclopropane yields relative
to C,H, (Table 1; Nos. 8, 9, 32, 33, 37, 38, 40, 41). This indicates that dissocia-
tion of the phenanthroline ligand (leading to the formation of the C; hydrocar-
bons) has a higher activation energy than the ionisation of the platinacyclo-
butanes, which precedes ethylene formation.

The reactions with diphenylphosphine give little ethylene but considerable
yields of propane under some conditions (Table 1; Nos. 11, 18, 27, 35, 42), the
hydrogen atoms transferred to the C;H, moieties almost certainly coming from
the phosphine. Secondary phosphines do not appear to give stable ylids {6],
presumably because hydrogen transfer leading to the corresponding tertiary
phosphines is rapid. Thus, the addition of PHPh, to the ionic intermediate A,
mechanism 1, does not cause fission of the C; moiety, but hydrogen may be
transferred and propane eventually formed by a mechanism such as

+ + +
pHp“Z PPh, PPn,
l N N l CH,CH
\ \ \ l PHPh, ~ - 2CHyCH,
/Pt\ / Ha _— PLCHCHyCH, | ———™ /Pt\
N ] CHa N N I PHPh,
x x X

CaHg
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Comparison of the variation of the ethylene yields with conditions for the
thermal and photochemical reactions (Tables 1 and 2) show some differences,
notably that, in the photolysis, appreciable yields are not obtained with the
bromoplatinum compound. However, with the dichloro compound formation
of C,H, is again promoted by solvents of relatively high dieleciric constant un-
der conditions when, in the absence of phosphines, cyclopropane is a major
product [1]. It seems likely, therefore, that ionisation (in this case of the
excited molecule) again precedes ethylene formation {(c.f. ref. 1), and addition
of excess chloride does increase the yield of propene relative to the combined
yield of C,H, and cyclopropane (Table 2; Nos. 8, 9, 10). Thus a mechanism,
Scheme 1 in ref. 1 for the photolysis in the absence of phosphines and on
mechanism 1 above, seems reasonable and is summarised below (X = Cl, Br; R =
Ph, R' = Ph, Ph,PCH.):

h3

[xzptcuzcuzCHz(N—-N)]

X,PtCH,CH,CH(N—N) CH,CH==CH,

\x‘ /('
+ N
NG l <
\c

Hy .
™~ PR,R I 1
CH, —_— Pt CH, ——=—=— CH;CHCH,
| ene
2
X

a) (E)

lpnzn’

(C) ——=— CyH,

The reaction of intermediate C to give ethylene will occur as in mechanism 1.
It seems not unreasonable to assume that the same platinum ylids are formed as
proposed for the thermal reaction. If so, then they appear to be photolytically
stable since no norcarane is detected in the products in the presence of cyclo-
hexene. The use of (CD;),S0 shows that a methyl group is again removed from
the solvent to form chloromethane as in the thermal reactions discussed earlier.
The interconversion of the ionic species A, with a cis vacant coordination site,
and E, with a frans vacant site, was suggested earlier [1] to account for the
results of the photolysis in the absence of phosphines. Perhaps thnis interconver-
sion occurs only in the photolysis because I is still excited to some extent after
the dissociation. The relatively high C,H,/CH,CH,CH, ratio with the dichloro
compound in DMSO but low ratio with the dibromo compound (Table 2, Nos.
8, 13) could then be due to I being favoured with respect to II when X = Cl but
11 being strongly favoured with respect to I when X = Br (c.f. ref. 1).

Experimental

Literature methods were used to prepare the platinum compounds [9]. The
method of photolysis and of determining the volatile products were as pre-
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viously described [1]. Chloromethane was also separated and estimated using
the squalane column.
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