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Transition Metal-Carbon Bonds. Part XXXIl.* Hexamethyl Dewar Benz-
ene; Dehydrohexamethyl Dewar Benzene and Related Complexes of
Platinum(u) t

By B. L. Shaw * and G. Shaw, School of Chemistry, The University, Leeds LS2 9JT

NayPtCly or [PtyCly(CoHy)e] reacts with hexamethyl Dewar benzene (hmdb) to give [PtCly(Cy5H48)] in which
C,2H1s(hmdb) is acting as a chelating diolefin. Metathesis gives the corresponding dibromide [PtBry(CyoHys)]
which with hydrobromic acid gives [PtBry(pentamethylcyclopentadiene)]. With sodium carbonate [PtCl,-
(C2H15) ] loses the elements of HCI to give [Pt,Cly(w-CyoH17) 5] in which Cy,H; 4 is pentamethylbicyclo[2,2,0]hexa-
2,6-dien-2-yImethyl which bridges two platinum atoms.  With lithium bromide or sodium iodide [Pt,Cly(-C1aH17) 5]
gives [PtX,(m-CyoH14) 2] (X = Br or 1) with bridging halogens and a =-allylic ligand pentamethylbicyclo[2.2,0]-
hexa-2,5-dien-2-ylmethyl. [Pt,X,(w-Cy3H17)2] show typical bridge-splitting reactions with ligands L = pyridine,
isoquinoline, PPh,, or AsPh, to give [PtX{r-Cy,H;,)L] or with bipyridyl to give [Pt(bipy)(r-CyaHy7} -, With

sodium cyclopentadienide or thallium acetylacetonate mononuclear species [PtQ(n-Cy3H17)]1 (Q = C5H; or acac)

are formed.
given and discussed.

THERE is much interest in complexes containing the
ligand hexamethylbicyclo[2,2,0]hexa-2,5-diene (hexa-
methyl Dewar benzene, hmdb) and in related com-
plexes.2'2  We have reported briefly on some platinum-
(11) complexes derived from hmdb, namely dichloro-
(hexamethylbicyclo[2,2,0]hexa-2,5-diene) platinum(11)

and dichloro-di-=-(pentamethylbicyclo[2,2,0]hexa-2,5-di-
enylmethyl)diplatinum(11).1*  'We now report more fully

[Pt(acac)(m-CyH14)] with hydrogen chioride gives [PtyCly(m-CiaH 7)1,

1H n.m.r. and i.r. data are

ethanol gives [PtCl,(hmdb)] (I) in 239, yield. The same
complex (I) is formed in better (68%,) yield from [Pt,Cl,-
(CoHy),l, but we were unable to prepare it starting with
(PtClL,(PhCN),] (contrast with the palladium analogue).
Analytical and other data on these and related com-
plexes are given in Table 1.

The ir. absorption spectrum of [PtCly(CioHyg)] (I)
shows a strong band at 1520 cm™, attributed to the

TaBLE 1
Analytical, molecular weight, and other data for some hexamethylbicyclo[2,2,0]hexa-2,5-diene (hmdb) complexes of
platinum(11) and related complexes

Analytical data (%) @

Melting or

— —_ decomposition
Configuration C H Halogen M &b range °C
[PtCly(CypH )] D) 337 (33-65) 45 (4-25) 16-6 (16-55) 434 (428) ¢ 1041124
[PtBr,(C yHys) ] 453) 27-3 (27-85)  3-45 (35) 30-3 (30-9) 535 (517) © 120127 ¢
[PtL,(C ool o] () 2365 (23-6)  2-95 (2-95) 1051124
[Pt,Cly (0-CraFlys) 5] (V) 366 (36-8) 43 (4-35) 9-3 (9-05) 776 (784) 176—202 3
[PtyBry(u-CrgHig)a) V1) 33-25 (33-05)  4-15(3-95) 851 (872) 172—193 4
[PtyCl, (r-CooH 1) ] (VII) 369 (36-8) 44 (4-35) 640 157—163 4
S (184)
[Pt,Bry(r-CyyHyy)s] (VII) 33-3 (33-05) 405 (3-95) 862 (872) 145149 4
[PEL, (-CyaHyp),] (VII) 29-95 (29-8) 34 (3-55) 835 (966) 159169 4
[Pt{acac) (r-CyyH1y)] (IX) 45:0 (44-85) 555 (53) 111115
[Pt(C.H,) (r-CaH )] (IX) 48-8 (48-45) 54 (5-25) 101105
[PtCl(n-CyyH, ;) (PPhy)] (VILI) 555 (55-1) 48 (4-95) { 895 (659) 169—163
[PtI(x-CypH,,) (PPhy)] (VII) 4865 (48:35) 46 (4-35) 737 (746) 149153
[PtI(x-CroHyy) (AsPhy)] (VIII) 458 (45-65)  4-15 (4-1) 746 (790) 150—156
[PtL(r-CosHo) (CoH,N)] (VILI) 41-5 (41-2) 3.9 (3-95) 557 (612) 1351394
[PtI(x-CraHyy) (CoHLN)] ¢ (VILI) 36-3 (36-3) 3-75 (3-95) 601 (562)  169—172 (decomp.)
[PtI(r-CyoH o) (CooHaNy) 1T (X) 41-8 (41:35) 4.2 (3-95) 120122
[PtBry(CryHo)] Iy 24:4 (24-45) 33 (3-3) 495 (491) ¢ 200—215

@ Calculated values in parentheses.

2:5 (2-5).

on these, and related, complexes. The various reactions
we describe have been summarised in the Scheme.
Treatment of sodium chloroplatinite with hmdb in

t No reprints available.
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Reagents: (i) hmdb-SnCl,; (ii) Br~; (iii) hmdb; (iv) Br- or I-; (v) HBr; (vi) NaOMe; (vii) PPh,; (viii) Na,CO,; (ix) HCL;
(x) X = Br-or I-; (xi) bipyridyl; (xii) L; (xiii) sodium cyclopentadienide or thallium acetylacetonate, Q = »-C;H; or acac;

(xiv) HCl, Q = acac.
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There are no characteristic bands due to uncomplexed
double bonds; e.g., free hmdb shows a weak band at
1681 cm™. The far-ir. region has two strong bands at
334 and 315 cm™ (Table 2), absent from the spectrum

TABLE 2

Ir. data (cm™) for some hexamethylbicyclo[2,2,0]hexa-2,5-
diene complexes of platinum(i1) and related complexes
(errors 42 cm™, recorded as Nujol mulls unless other-
wise stated)

Compound v(C=C) v(Pt—Cl)
[PtCl,(CyoH,g)] 1520s 334s, 3155
[PtBry(C . H e}l 1508s
[PtI,(Cy Hyg)] 1506s
[Pt,Cl,(1-Cy,H,s) o] @ 1497m, 1570m 316vs
[Pt,Bry(u-C,,H,;,) 0] ? 1475m, 1567m
[Pt,Cly(re-CypHyz) o) 1681w 272s, 238m
[Pt,Br,(w-Cy,Hy1)5) 1681w
[PtyIy(m-CypHyg),] 1681w
[PtCI(C,,H,,) (PPhy)] 302s
hmdb ¢ 1681w

s Recorded as KCI disc.
corded as thin film.

Recorded as KBr disc. ¢ Re-
of the corresponding bromide and therefore assigned to
terminal platinum-chlorine stretching frequencies. The
H n.m.r. data for [PtCly(C;;H;g)] (Table 3) indicate

J.C.S. Dalton

treatment of hmdb with potassium chloroplatinite, and
hydrochloric acid in methanol at 65° in the presence of
a catalytic amount of stannous chloride. Structure
(III) was assigned to the complex on the basis of the
n.m.r. spectrum and the absence of a low frequency
v(C-H) in the ir. spectrum (which is characteristic of
complexes with an exo-hydrogen on the ring).!* We
have prepared [PtCl,(C;,H,e)] by this method and con-
verted it into the corresponding dibromo-complex (IV)
by metathesis with lithium bromide in acetone and our
results (see Table 4 for 'H n.m.r. and ir. data) confirm
the proposed structure for (IV).

When a suspension of [PtBr,(C;,H;6)] (II) in methanol
containing hydrobromic acid was heated under reflux
it gave (IV) (149, yield) and [PtBr,)?", isolated as the
tetraphenylarsonium salt (439, yield). We tentatively
propose that the hmdb ligand in [PtBry(CyHg)1 (II)
undergoes ring contraction and attack to give a complex
of the ligand (V; X = Br or OMe) which then undergoes
breakdown to give (IV). Hexamethyl Dewar benzene
has been shown to undergo breakdown to give (V) in the
presence of acid.!5

When treated with sodium methoxide in methanol

TABLE 3
N.m.r. data @ for compounds of the type [PtX,(C,,H,4)] and [Pt,X,(p-C,,H,,),] in CDCl, at 34°
T Tt Ty Izt Comments
[PtCL,(Cy.H,g)] 8-85 45 814 350 HMB (hexamethylbenzene) in CDCl, = 7-77. After
5 days at 34° the ratio of HMB : [PtCly(C,;,H;4)]
was ca. 10
[PtBr,(C,,H,3)] 8:85 4-5 817 375 After 1 day at 34°, HMB: [PtBr,(C,,H,g)] ca. 10
[PtI4(CyoHy5)] 8-87 40 8-18 41-0
hmdb 8-97 846
T1 T Ts T ® T3 “a Tp
[Pt,Cly(u-CyoH, 7)) 8:83 9-06 8-16 8:31 7-61 6-32, 6-94 7-03, 7-41
Jet 20 Jet 40 Jre 1°5 Jrt 80 Jrt 55
[Pt,Br,(u-C;,H,,) ] 8-80 9-06 815 8-35 7-63 6-22, 6-84 6-98, 7-34
Jei 30 Jet 30 Jet 80 Jet 80 Jre 6:0

¢ Jee (3-0-5 Hz) is the coupling with 1%3Pt; the protons are identified as shown in structures (I) and (VIa).

b We could not

differentiate between the resonances due to the following pairs of proton types: 1 and 4; 5and 6; « and b.

structure (II), similar data were reported by Maitlis
et all® The complexes [PtX,(CioHyg)] (II; X = Br or
I) were prepared from the dichloride by metathesis using
the appropriate alkali-metal salt. The n.m.r. and near
i.r. spectra of these complexes are very similar to those
of [PtCly(CiuHyg)] (see Tables). The chloro- and
bromo-complexes are monomeric in chloroform (Table 1).
These results are in agreement with the symmetrical
mononuclear structures (I) or (II) in which hmdb is act-
ing as a chelating ligand.

The complexes [PtX,(Ci,H,q)] (X = Cl, Br, or I) are
significantly more stable in chloroform solution than the
corresponding palladium(i1) analogues. Treatment of
[PtCly(Cy5H,4)] with triphenylphosphine gave cis-[PtCl,-
(PPhg),] and hexamethylbenzene in nearly quantitative
yields. Maitlis e al.12 have reported on the preparation
of [PtCl,(C,5H,g)] from ethylene-platinum chloride dimer
and their results agree with our own. They also re-
ported the preparation of [PtCly(CioH,q)] formed by

14 pP. H. Bird and M. R. Churchill, Chem. Comm., 1967, 777
and references therein.

[PtX,(C,pH;g)] (X == Cl or Br) is converted into a yellow
dehydro-hmbd complex [Pt,X,(u-Cy5H;7),] in 70—809,
yield. The complexes are binuclear in benzene (see

Table 1). The far-i.r. spectrum of the chloro-complex
TABLE 4
N.m.r. ¢ and i.r. data for the complexes [PtX,C,oH;¢)]
v(C=C) v(Pt—Cl)
X N T3 T5 Ty (cm™1) (cm)
Br 7-82 8:51 9-03d 6-88qg 1488s
Jre 38 Jp 12 J, 68 J;65
Cld  7.78 8:54 9:04d 6-65q 1490s 333s, 312s

Jee 20 Jp 10 J, 65 J;65
¢ Recorded in CDCl,; protons identified as in structure (III).
b N.m.r. data taken from ref. 20.

(Table 2) shows a strong band at 316 cm™, absent from
the spectrum of the corresponding bromide and therefore
assigned to a terminal platinum—chlorine stretching
frequency. The complexes [Pt,X,(u-CyoH;,),] (X = Cl
or Br) are recovered unchanged after treatment with

15 L. A. Paquette and G. R. Krow, Tetrahedron Letters, 1968,
2139.
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triphenylphosphine, isoquinoline, thallium(1) acetyl-
acetonate, or sodium cyclopentadienide and this con-
firms the far-i.r. evidence that a bridging platinum-
chlorine system is not present. The ir. spectrum of
[Pt,Cly(u-CioH,;4)o] shows two medium bands at 1497 and
1570 cm™}, characteristic of two C=C stretching frequen-
cies lowered by co-ordination to the platinum atom.
The corresponding bromo-complex gave two medium
bands at 1475 and 1567 cm™. [Pt,Cly(u-CyoH,,),] re-
acts with hydrogen chloride to give [PtCly(C,3H;g)] (I)
in 399% yield. The H n.m.r. spectrum of [Pt,Cly(u-
CoHyq)o] in CDCl; (Table 3) indicates the presence of
five non-equivalent methyl groups per platinum atom
(each resonance has accompanying satellites due to
coupling with 195Pt). The four resonances in the region
7 6-30—7-50 are attributed to the remaining two protons
of the C;,H,, ligand. The bromo-complex has a similar
spectrum (see Table 3).

The structure of [Pt,Cly(u-C;3H;;)e] has been deter-
mined by X-ray diffraction analysis and is shown in
(VI; X = CI).1316 A dehydrohexamethyl Dewar benz-
ene (pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-ylmethyl)
ligand bridges two platinum atoms, being co-ordinated
via a o-bond from the methylene carbon atom to one
platinum and to the other via the two =-olefin bonds.
The platinum-olefin bonds #rans to the chlorines and
trans to the s-bonded carbon atoms are different; hence
two C=C stretching frequencies are observed. The
presence of a bridging allylic system in the dehydro-
hexamethyl Dewar benzene complex is noteworthy and
the allyl (C;H;) group itself has been shown to bridge
between two platinum atoms in [Pty(C;Hg)s(acac),]
and [Pt,Cl,(C4H;),].171®

The H resonances in the n.m.r. spectrum of [Pt,Cl,-
(u-C1oH,4)s] are assigned as in Table 3 with the numbering
of protons as in (VIa). The protons of type a and b give
a complex pattern which we have not analysed.

Treatment of [Pt,Cly(u-CpH,,),] with sodium iodide in
acetone gave the iodo-complex [Pt,I,(n-CioH,,),] (VII).
The 'H n.m.r. and ir. spectra of the iodo-complex are
completely different from those of the complexes [Pt,X,-
(1-CisHyn)ol (VI; X =Cl or Br). The ir. spectrum
contains a weak band at 1681 cm™ characteristic of an
unco-ordinated carbon-carbon double-bond in hmdb.
The 'H n.m.r. spectrum in CDCl; contains seven sets of
resonances, of relative intensities1:1:3:3:83:3:3,and
resembles the spectra of the palladium(ir) complexes of
similar composition. [Pt,Iy(r-CipH,,),] readily under-
goes bridge-splitting reactions with ligands L to give
mononuclear complexes of the type [PtI(z-Cj,H;,)L]
(VIII). Thus [Ptyly(n-CipH,5),] has an iodo-bridged -
allylic structure (VII; X =1), in which the CpH,,
ligand is bonded to the metal in a completely analogous
way to that observed in [Pd(acac)(C;,H;;)]. We have
designed a C;,H,, ligand bonded in this way as =-C;oH;,
in order to distinguish it from the bridging C,,H,, of (V)

16 R. Mason, G. B. Robertson, and P. O. Whimp, J. Chem.
Soc.(4), 1970, 535.

17 'W. S. McDonald, B. E. Mann, G. Raper, B. L. Shaw, and
G. Shaw, Chem. Comm., 1969, 1254.
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which we have called u-C,H,,. The assignment of
resonances in the n.m.r. spectrum of (VII), made on the
basis of chemical shifts and relative intensities, is given
in Table 5 with the numbering shown in (VIIa). The
very broad platinum satellites observed only for proton
a in [Pt 1y(x-C,H; ), have also been noted in the n.m.r.
spectra of other allylic platinum(in) complexes.8
Nuclear magnetic double resonance studies on [Pt,I,(r-
CisHiz)ol (VII) at 90 MHz show that the apparent
doublet at v 8-51 (v;) is not caused by any spin-spin
interaction, but that the doublet observed for proton a
is due to coupling with proton b. The band width of
the broad resonance observed at « 7-46 due to proton b is
not reduced when any one of five methyl resonances is
irradiated. To explain these results, we tentatively
suggest that [Pt I,(n-C;oH;,),] exists in solution as
approximately equal amounts of two isomers; i.e., cis-
and #rans-forms with respect to the allylic ligands. We
further suggest that steric factors cause the rate of inter-
change between the two forms to be sufficiently slow, such
that the separate resonances due to protons of types
b or 3 are not averaged out. The interchange could
occur via a rotation of the allylic ligand. [Pt,Cly(2-
methylallyl),] shows two such isomers at —65° in CDCl,
solution.1®

[Ptoly(n-CipH,yg)s] reacted with thallium(r) acetyl-
acetonate or sodium cyclopentadienide to give mono-
nuclear complexes of the type [PtQ(r-CioHy;)] (IX; Q =
acac or C;H;). The 'H n.m.r. spectra (Table 5) of these
compounds show sharp platinum satellites for protons of
types @, b, and 3. In the cyclopentadienyl complex,
satellites are observed for methyl protons of types 1 and 4
(VIa). An X-ray diffraction study of [Pt(acac)(n-
C,5H;5)] shows it to be isomorphous with the correspond-
ing palladium(11) analogue.®® Treatment of [Pt(acac)-
(7-CyoH,,)] with hydrogen chloride in diethyl ether gave
the chloro-bridged complex [Pt,Cly(r-CioHys),] (VII;
X =Cl). The action of lithium bromide on [Pt,Cl,(u-
C1oHy;)e] in acetone gave [Pt,Bry(n-CjpHiq),].  Then.m.r.
spectra (Table 5) of [Pt,X,(n-CioH,q)e] (VII; Cl or Br)
are similar to the corresponding palladium(ir) analogues.
The two low field doublets are assigned to protons & and
b. Platinum satellites for these types of protons are
only observed for X = Br. We tentatively suggest that
these compounds, like the corresponding iodide, exist
in solution as a mixture of cis- and ¢rans-isomers. The
far-ir. spectrum of [Pt,Cly(n-C;3H;.),] contains absorp-
tion bands at 272 and 238 cm™, absent from the spec-
trum of the corresponding bromide and therefore assigned
to the bridging platinum~chlorine stretching frequencies.

[Pt,X,(n-CpHg)e] (X = Cl or I) reacts with typical
bridge-splitting ligands (L) to give mononuclear com-
plexes of the type [PtX(CiyHy,)L] (VIII; where L =
PPh,, AsPh,, isoquinoline, or pyridine). The assign-
ment of the asymmetric structure (VIII) to these com-
plexes where L = PPhg or AsPh; is confirmed by the

18 B, E. Mann, B. L. Shaw, and G. Shaw, J. Chem. Soc. (4),
1971, 3536.

13 G, Raper and W. S. McDonald, J.C.S. Dalton, 1972, 265.

20 T, F. Malone and W. S. McDonald, unpublished work.
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n.m.r. spectra (Table 5), in which protons of types 4’ and
b (VIIIa) absorb at higher ~-values and the methyl
protons of type 8 at lower r-value than in the corre-
sponding halogeno-bridged complexes. With bipyridyl
[Ptyly(n-CyaHyy),) gives [Pt(bipy) (r-CgHyp) 1~ (X). The

J.C.S. Dalton

protons are {rans to the ligand L. The high field pair of
doublets are assigned to protons H, and H, in structure
(VIIIa; X = I) which are #rans to the iodide ligand.
Molecular weight measurements on these complexes in
benzene indicate no dissociation into the iodo-bridged

TABLE 5

N.m.r. data for compounds of the type [Pt,X,(n-C;pH;,),],

CDCI, unless stated otherwise.

constants, J-values (40-2) measured in Hz.
etc.). Jp (4£0-2) = coupling with phosphorus.
structures (VIIa), (VIIIa), (VIIIb).

[Pty Xp(m-C1oHys) ]

X

Ta T T3
Cl 6-17d 7-43d 8-73
J» 30 Ja 3:0
Br 6-23d 7-45d 8:67
J» 30 Ja 30
Jr 40 Jrt 84
I 6-28d 7-46m,br 8-49
Js 30 (9) 8:53
J»t 35
[PtQ(n-CypHys)]
Q
acac 6-24d 7-42d 8:78
J» 3:0 J» 30 Jrt 165
Jrt 43 Jrt 92
C,H; 5-93d 7-29d 8-67
J» 22 Ja 22 Jre 60-5
Jee 71 Jret 111:5
[PtX(n-CipHy5) L]
X L Tar o
I AsPh, 6-79d 7-52d 8:20
Ju 30 Ja 30
Cl PPh, 7-52qt 7-67qt 8-28d
Js-35 Jar 35 Jp 6:0
Jo 20 J» 20
Jri 32 Jet 76
I PPh, 7:19qt 7-41d,br 8-20d
Jv 35 Ja 3 J» 90
Jo 1'8 3)
1 PPh, 7-11qt 7-44d,br 8-01d
Jo 35 Ja 3 Jp 6:0
Jo 17 @)
[Pt(n-C;,H,,) (CyoHN,) I 5-81d 6-51d 845
Jo 30 Ja 30
[PtI{r-C,.H,,) L]
Tagr Toe
Pyridine 6-25d 7-41d
Jo 35 Jor 3:5
Isoquinoline 6-20d 7-34d
Ir 3:5 Tp 35

¢ Definite assignments to v; and v, or to =; and 1, could not be made.
types 5 and 6 caused mutual splitting into 1:3: 3: 1 quartets with J; 4 ca. 1 Hz.

were resolved.
4 Platinum satellites for 7, and 7, very broad.
observed.
a’:a = 0-82.
Ratio a’: a’ = 0-66.

n.m.1. spectra (Table 5) of the complexes [PtI(r-C;,H;;)L]
(L = pyridine or isoquinoline) in CDCl; contain two
pairs of doublets of different relative intensities in the
region = 6:00—7:50. The remainder of the spectra are
not assigned owing to considerable overlap of the
resonances. The low field pair of doublets are assigned
to protons H,. and H,. in structure (VIIIb) where these

Resonances due to methyl groups complex and occur in the region v 8:32—9-33.

[PtQ(n-Cy,H,,)], and [PtX(n-C,,H,;)L], measured at 4° in

Resonances are singlets unless stated otherwise; d = 1:1 doublet; q = partially
resolved quartet; qt = 1:1:1:1 quartet; br = broad (width at half-height given in parentheses).

Coupling

Jo = coupling constant with proton of type a (similarly for [, [,
Jpt (£0-5) = coupling with #5Pt.

Protons identified as shown in

— A —_ — A —_ Comments
75 g% 7 7,0 Other assignments
8-28q 8:43q 8-73 8-73 c
8:29q 8-44q 8:72 877 d
8-:29q 8:43q 8:68 8-80 e
acac ligand
Ts TMe
8-27q 8-42q 8.78 8-81 4:56 8-07
Jet 70 812
8-30q 8-47q 8-81 9-09 Tog, = 413
Je7 Jm 4 Jet 22°6
8-24 8-43 8-43 9-01
8:25 84-9 8-49 8-94 d
8:24q 8-44 8-44 9-03 f
8-:40q 8-60q 814 8-93 In benzene
8-14q 8-36q 8-66 8-92
Tar Thre
6-10d 7-23d
Jo 2°5 Ja 28 g
6-08d 7-20d h
Jp 2:0 Jan 2:0

® Long-range coupling between the methyl groups of
Often only the two central peaks of the quartet

¢ Platinum satellites not observed probably due to broadness and limited solubility of the compound in CDCl,.

¢ Very broad platinum satellites observed only for =, / Platinum satellites not
Spectrum also contains a band at « 6:92 (2-5) [in benzene at t 6:85 (3-0)].

9 Platinum satellites not observed. Ratio
* Platinum satellites not observed.

Resonances due to methyl groups complex and occur in the region = 8-23—9-36.

dimer. Addition of an excess of the amine has no
effect on the n.m.r. spectra of the allylic ligand.

EXPERIMENTAL

M.p.s or decomposition points were determined on a
Kofler hot-stage block and are corrected. Analytical data
and physical properties are presented in Table 1.
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Dichloro(hexamethylbicyclo[2,2,0]hexa-2,5-diene) platinum-
(1), (I).—Method 1. Hexamethylbicyclo[2,2,0]hexa-2,5-di-
ene (17 ml) was added to a solution of di-u-chlorodichloro-
bis(ethylene)diplatinum(tr) (1-59 g) in ethanol (13 ml).
The solution was then put aside at 0° for 24 h when the
residue was filtered off and washed with diethyl ether. Re-
crystallisation from dichloromethane-methanol (charcoal)
gave the required product as colourless prisms (1-47 g).

Method 2. Hexamethylbicyclo[2,2,0Jhexa-2,5-diene (4-0
ml) was added to a solution of sodium chloroplatinite(t1)
(40 g) in ethanol (10 ml) containing concentrated hydro-
chloric acid (0-2 ml). After 45 min at 20° the solution was
put aside at 0° for 2 days. The precipitate was filtered off
and washed with diethyl ether and then water. Recrystal-
lisation from dichloromethane-methanol (charcoal) gave
the required product (101 g), with an identical i.r.
spectrum with that of the product prepared by Method
1.

Dibromo(hexamethylbicyclo[2,2,01hexa-2,5-diene)platinum-
(1), (II).—A solution of dichloro(hexamethylbicyclo[2,2,0]-
hexa-2,5-diene)platinum(ir) (0-38 g) and lithium bromide
(1-0 g) in acetone (20 ml) was shaken for 10 min. The
solvent was then removed under reduced pressure, the
residue washed with water and dried in vacuo (over P,O;).
Recrystallisation from dichloromethane-methanol gave the
required product as pale yellow prisms (0-27 g).

Di-iodo(hexamethylbicyclo[2,2,0]hexa-2,5-diene) platinum-
(11), (II).—This was similarly prepared in 739, yield by
metathesis from the dichloride with sodium iodide. It gave
yellow prisms from dichloromethane—-methanol.

Dichloro-di-y-(pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-yl-
methyl)-diplatinum(i1).—Method 1. A suspension of di-
chloro(hexamethylbicyclo[2,2,0]hexa-2,5-diene)platinum-
(1) (0-165 g) and anhydrous sodium carbonate (0-5 g) in
methanol (3 ml) was shaken at room temperature for 1-5 h
and then set aside at 0°.  After 3 days the residual solid was
filtered off and extracted with dichloromethane. Addition
of methanol to this extract gave the required product as
yellow prisms (0-08 g).

Method 2. Dichloro(hexamethylbicyclo[2,2,0]hexa-2,6-
diene)platinum(1r) (0-7 g) was suspended in sodium meth-
oxide-methanol solution (12 ml; 0-3m). After 10 min the
resulting clear dark yellow solution was put aside at —10°
for 3 days. This gave the required product (0-45 g)
identical with that formed by Method 1.

Dibromodi-u-(pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-yl-
methyl)-diplatinum(11), (VI).—Dibromo(hexamethylbicyclo-
[2.2,0]hexa-2,5-diene)platinum (11) (0-29 g) was suspended
in a sodium methoxide-methanol solution (4 ml; 0-3m).
The resulting solution was set aside at — 10° for 3 days when
the required product had separated from the solution as
yellow prisms (0-19 g).

Action of Triphenylphosphine on Dichlovo(hexamethylbi-
¢yclo[2,2,01hexa-2,5-diene) platinum (11).— Triphenylphos-
phine (0-037 g; 2 mol per mol Pt) was added to a suspension
of dichloro(hexamethylbicyclo[2,2,0]hexa-2,5-diene)plati-
num(11) (0-03 g) in chloroform (1 ml). ¢is-Dichlorobis(tri-
phenylphosphine)platinum(rr) separated out as white
microcrystals (0-045 g), m.p. 275—290°. The i.r. spectrum
of the product was identical with that of an authentic
sample. Removal of the solvent under reduced pressure
gave hexamethylbenzene (0-008 g).

Action of Hydrogen Chloride (1-0 Mol) on Dichlovo-di-p.-
(pentamethylbicyclo[2,2,0)hexa-2,5-dien-2-yimethyl)-diplati-
num(11).—A solution of dichloro-di-p-(pentamethylbicyclo-
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[2,2,0]hexa-2,5-dien-2-ylmethyl)-platinum(m1) (0-08 g) in
benzene (10 ml) was treated with a solution of hydrogen
chloride in diethyl ether (0-23 ml; 0-955M). After 2 days
at 20° dichloro(hexamethylbicyclo[2,2,0]hexa-2,5-diene)-
platinum(i1) (0-034 g) had separated and was identified by
its i.r. and n.m.r. spectra.

Dichloro(pentamethylcyclopenta-1,3-diene) platinum (11),
(III).—Hexamethylbicyclo{2,2,0]hexa-2,5-diene (6 ml) was
added to a suspension of potassium chloroplatinite(11) (2-0 g)
in methanol (40 ml) containing stannous chloride di-
hydrate (0-25 g) and concentrated hydrochloric acid (7 ml)
and the mixture refluxed for 6 h. The solution was washed
with light petroleum (b.p. 40—60°, 50 ml), and then evap-
orated down under reduced pressure to a small volume (ca.
5 ml). Ethanol (15 ml) was added and the solution cooled
to —10° After 24 h the resulting solid was filtered off,
washed with water and diethyl ether to give the product as
pale yellow prisms (1-51 g), decomposing at 200—210°.

Dibromo(pentamethylcyclopenta-1,3-diene)platinum(11),
(IV).—A solution of dichloro(pentamethylcyclopenta-1,3-
diene)platinum(1r) (0-41 g) in acetone (20 ml) and dichloro-
methane (10 ml) containing lithium bromide (1-0 g) was re-
fluxed for 1 h. The solvent was removed under reduced
pressure, the residue washed with water and dried i#n vacuo
(over P4O;). Recrystallisation from dichloromethane-light
petroleum (b.p. 40—60°) gave the product as yellow prisms
(0-23 g).

Action of Hydrobromic Acid on Dibvomo(hexamethylbi-
cyclo[2,2,0]hexa-2,5-diene)platinum(11).—A suspension of di-
bromo(hexamethylbicyclo[2,2,0]hexa-2,5-diene)platinum (1)
(0-3 g) in methanol (30 ml) containing concentrated hydro-
bromic acid (6 ml) was refluxed under a nitrogen atmosphere
for 7h. The solution was concentrated to a small volume
under reduced pressure and after cooling to 0° the precipitate
of hexamethylbenzene (0-05 g) was filtered off. The
filtrate was added to water (50 ml) and extracted with
dichloromethane (2 X 20 ml). The organic extract was
dried (MgSO,) and the solvent removed under reduced
pressure. Recrystallisation from dichloromethane-light
petroleum (b.p. 40—60°) gave dibromo(pentamethylcyclo-
penta-1,3-diene)platinum(1r) (0-04 g) as pale yellow prisms.
The ir. spectrum was identical to that of an authentic
sample. Addition of tetraphenylarsonium chloride (0-3 g)
in methanol-water (1:1, 20 ml) to the aqueous solution
gave bistetraphenylarsonium tetrabromoplatinate(rr) (0-32
g) as pale yellow prisms.

Di-p-iodo-bis(a,2,3-n-pentamethylbicyclo[2,2,0]hexa-2,5-
dien-2-ylmethyl)diplatinum (1), (VII).—A solution of di-
chlorodi-p-(pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-yl-
methyl)diplatinum(i1) (0-297 g) in acetone (30 ml) and di-
chloromethane (8 ml) was refluxed with an excess of sodium
iodide (1-6 g) for 2 h. The solvent was removed under
reduced pressure and the residue washed with water, dried
in vacuwo (over P,0;), and recrystallised from dichloro-
methane-methanol to give the required product as pale
yellow prisms (0-243 g).

Di-p-bromo-bis (e, 2,3-n-pentamethylbicyclo(2,2,0)hexa-2,5-
dien-2-ylmethyl)diplatinum(11), (VII).—This was similarly
prepared from dichlorodi-p-(pentamethylbicyclo[2,2,0]hexa-
2,5-dien-2-ylmethyl)diplatinum(1r) by metathesis with lith-
ium bromide and formed yellow prisms (59%) from di-
chloromethane-methanol.

Cyclopentadienyl(x,2,3-n-pentamethylbicyclo[2,2,0 hexa-2,5-
dien-2-ylmethyl) platinum(11), (IX).—Di-u-iodo-bis(«,2,3-1-
pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-ylmethyl)di-
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platinum(1r) (0-128 g) suspended in dry tetrahydrofuran
(10 ml) under nitrogen was treated with a tetrahydrofuran
solution of sodium cyclopentadienide (0-25 ml; 1-07m;
1-0 mol per mol Pt) to give a red solution which was evap-
orated to dryness under reduced pressure. The solid was
extracted with light petroleum (b.p. 30—40°), the solvent
was removed under reduced pressure, and the residue sub-
limed at 55° and 5 x 1072 mmHg onto a cold finger (0°)
to give the product as yellow microprisms (0-061 g).

Acetylacetonato(«,2,3-n-pentamethylbicyclo[2,2,0)hexa-2,5-
dien-2-yimethyl) platinum(11), (IX).—A solution of di-p-iodo-
bis(«,2,3-n-pentamethylbicyclo[2,2,0]hexa-2,5-dien-2-yl-
methyl)diplatinum(11) (0-135 g) in warm benzene (10 ml)
was treated with a solution of thallium(1) acetylacetonate
(0-095 g; 1-1 mol per mol Pt) in warm benzene (15 ml).
After shaking the mixture for 45 min the thallium(1) iodide
was filtered off, the solvent removed under reduced pressure,
and the residue recrystallised from the minimum amount of
light petroleum (b.p. 40—60°) at —10° to give the product
as colourless prisms (0-101 g).

Action of Hydvogen Chlovide on Acetylacetonato(«,2,3-v-
pentamethylbicyclo[2,2,0)hexa-2,5-dien-2-ylmethyl) platinum-
(11).—A solution of hydrogen chloride in diethyl ether (3-8
ml; 0-1M; 1-0 mol per mol Pt) was added to a solution of
acetylacetonato(«,2,3-n-pentamethylbicyclo[2,2,0]hexa-2,5-
dien-2-ylmethyl)platinum(i1) (0-162 g) in diethyl ether
(5 ml). Di-p-chloro-bis(«,2,3-n-pentamethylbicyclo[2,2,0]-
hexa-2,5-dien-2-ylmethyl)diplatinum(1ir) separated out on
standing at 20° as colourless prisms (0-118 g).

Todo(«,2,3-n-pentamethylbicyclo2,2,0)hexa-2,5-dien-2-yl-
methyl)pyridineplatinum (1), (VIII).—Pyridine (0-05 ml)
was added to a solution of di-u-iodo-bis(a,2,3-n-pentamethyl-
bicyclo[2,2,0]hexa-2,5-dien-2-ylmethyl)diplatinum (i) (0-1 g)

J.C.S. Dalton

in dichloromethane (2 ml). Addition of diethyl ether (6 ml)
gave the product as colourless prisms (0-07 g).

Todo(isoquinoline)(,2,3-n-pentamethylbicyclo[2,2,0)hexa-
2,5-dien-2-ylmethyl)platinum (11), (VIII).—This complex was
prepared similarly from di-p-iodo-bis(«,2,3-n-pentamethyl-
bicyclo[2,2,0]hexa-2,5-dien-2-ylmethyl)diplatinum (11)
(0-093 g) and isoquinoline as pale yellow prisms (0-045 g).

2,2'-Bipyridyl(«,2,3-n-pentamethylbicyclo[2,2,0)hexa-2,5-
dien-2-ylmethyl)platinum(11) Iodide, (X).—This complex was
prepared similarly from di-p-iodo-bis(«,2,3-n-pentamethyl-
bicyclof2,2,0]hexa-2,5-dien-2-ylmethyl)diplatinum (1) (0-12
g) and 2,2"-bipyridyl as yellow prisms (0-14 g).

Preparation of Halogeno(allyl)platinum(11) Complexes with
Tevtiavy Phosphines ov Avsines by Bridge-splitting Reactions.
—Chloro(«,2,3-n-pentamethylbicyclo[2,2,0) hexa-2,5-dien-2-yl-
methyl)triphenylphosphineplatinum (11), (VIII). Triphenyl-
phosphine (0-034 g; 1 mol per mol Pt) was added to
a solution of di-p-chloro-bis(«,2,3-n-pentamethylbicyclo-
[2,2,0]hexa-2,5-dien-2-ylmethyl)diplatinum(11) (0-050 g) in
benzene (3 ml). Addition of light petroleum (b.p. 40—60°,
6 ml) gave the product as colourless prisms (0-050 g). The
following compounds were prepared similarly from the
corresponding bridged halogeno(allyl)platinum(ir) com-
plexes: Todo(x,2,3-n-pentamethylbicyclo[2,2,0)hexa-2,5-dien-
2~ylmethyl)triphenylphosphineplatinum(ir), as pale yellow
prisms (509%); ‘odo(«,2,3-n-pentamethylbicyclo[2,2,0) hexa-
2,5-dien-2-ylmethyl)triphenylaysineplatinum(i1), as  pale
yellow prisms (55%).

‘We thank the S.R.C. for a maintenance award, Dr. B. E.
Mann for some of the H n.m.r. studies, and Johnson Matthey
Ltd. and Engelhard Industries Ltd. for the generous loan
of platinum salts.
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