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Reactions of alloxan {all) with [PtL(PPh )2] (L'= trans—stilbene, L"
diphenylacetylene) afford the side-bonded ketone complex [Pt(all)(??h3)2]
which mazy alsc be obtained from the hydrate of alloxan and [PtL'(PPhB)Z].
Similarly diethyl oxomalonate (dio) and [?t(PPh3)h] afford a side—bonded
ketone complex [Pt(dioc)}(FPh_).]. Reaction of isatin with [Pt(PPh3)h]

T3 2
H )CO}(PPh3)2] and benzoyl cyanide and
Ccit) (COPh (P

Ph3)é] and trans—{Pt(CN),(PPhy), 1.

Introduction

The polyvicinal ketone, indan -1 2,3-trione, contains an electron
deficient carbonyl groupl and can displace triphenylphosphine, trans-—
stilbené and diphenylacetylene from the zerovalent platinum c-omplexes
[Pt(PPh)), 1, [Pt(trans-PhCH=CHPh)(PPh,),], or [Pt(PnC=CPR) (PPh ), ] to

. 2 . .
give the side-bonded trione compound (1). This observation prompted
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us to investigate the behaviour of the electrophilic ketones, alloxan (2)
and diethyl oxomalonate (3), together with isatin (&), and benzoyl

cyanide (5) towards zerovalent platinum compounds.

Results and Discussion

Treatment of a benzene solution of trans-stilbenebis(triphenyl-
phosphine)platinum(0) with an equimolar quentity of alloxan(2) gave a

complex Pt(alloxan)(PPh3)2 (6). The physical properties of (6) support
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a structure in which the central carbonyl group of the trione is co-

ordinated to platinwa via its pw-pw orbitals in a similer fashion to (1).

central carbonyl grour of alicxan to act as z dienorhile in Diels-Alder

reactions. FPurthermore, the i.r. spectrum of (§) exhibits medium to

£1loxan is also able to displace diphenylacetylene from [Pt (PPhC=

] to give (6) and this side-bonded alloxen complex may also
be obtained by reazction of the hydrate of alloxan (7) with [Pt(trans—

PhCH=CHPh) (PPh,),]. This sbility of zerovalent platinum to displace
3’2

e

water from (T7) is analogous to the formation of (1) via the hydrate

q

of indan-1,2,3-trione.

Alloxanbis(triphenylphosphine)platinum(0) reaets with both
dioxygen and hexafluoropropanone to give white and yellow solids
respectively. However, pure samples of these products could not be

they showed very broad absorptions in the v(C=0) regions

N

obtained an

ct

of their i.r. spectra. The reactions of dioxygen and hexafluoro-
propanone with (1) have been shown to lead to cyclic—dicarboxylate and

ring~expansion products respectively.

The reaction between tetrakis(iriphenylphosphine)platinum(0) and
diethyl oxomalonate (3) produces the white air-stable complex {8). The
i.r. spectrum of (8) shows a C=O frequency associated with the CO,Et
groups at 1680 em T. The free ketone (3) exhibits a band at 1770 em ©
due to the ketonic carbbnylh and the absence of this tand in the complex
(8) is consistent with its formulation as a side-bonded ketone complex.
Furthermore just as the central carbonyl group of the.cyclic triones

(1) and (2) has been shown to act as the dienophile in room-temperature

Diels—Alder reactions with buta-1,3-diene and 2-methyl buta-1,3-diene
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(7) (8)

diethyl oxomalonate reacts similarly with dienes
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propan—2-one to give the oxidative-addition product cis—[PtCl(CF,COCF2C1)

(PPh3)2]-S The reactions of methyl- and ethyl oxalyl chloride, CI1COCO_R,

(R = Me or Et) with [Pt(PPh3)h] at room temperature have been shown to

-~

lead to the oxidative~addition products [PtCI(COCO2R)(PFh3)2]-O

Heither [Pt(PPh3)h] nor [Pt(trans—PhCH=c5?h)(Pph3)2] react with
isatin (L), at room temperature 2nd no side-bonded ketone complex is
forme§ with this non—electrophilic ketone. However, treatment of
A[Pt(PPh3)h] with isatin (%), in refluxing benzene affords dark-red
erystals of stoichiometry Et(isatin)(PPh3)2] (9). The i.r. spectrum
of (9) shows no N-H stretching Ffrequency but exhibits a bandé at 2175 em
in the region of v(Pt-H) and C=0 stretching frequencies at 1723 and
16Th cm_l. The 1H n.m.r. spectrum of (9) shows a2 triplet resonance on
the high field side of tetramethylsilane at 21.8t [J(31P—1H) 1Lk SHz]

characteristic of a platinum-hydride resonance coupling to two equivalent

31p nuclei thus defining a trans configuration for (9). As a result of

0, 0
Ph.p Ph,P__-COPh

~.._-N Pt
DL Php” N
v PPh,

(9) (10)
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the limited solubility of the complsx the satellite signals due to ’SPt- H

coupling were not observed. These data indicate that oxidative-addition

of the N-H bond of isatin tc platinum(Q) has occurred to give a hydrido-

_d‘
o
Lad
1]
©
0
o
e
¢}
3
o}
Hy
1=
o
o
21
41}
44
o,
ct
o
3]
i
]
Q
]
=
[}
=1
ct
‘g
!-—l
»
o
3
B
[p]
[e]
=
o]
fus}
(D
D
n
g]
1]
5
n
o
3
n
1]

band in the 3L0-360 cm ~ region of the i.r. spectrum of

Trifluoroacetyl cyanide (CF_COCH) is knowm to react with Vaska
type compounds of iridium(I) and rhodium(I) to give side-bonded carbonyl
2 - . - - - 4
compounds . Since indan-1,2,3-trione forms a side-bonded ketone complex

t seemed possible

"8

with [Pt(PPhQ)Q] but not with trans-[Irc1{co)(PPh )2]
that PhCOCY might co-ordinate to the more nucleophilic Pt(PPh3)2 via

ts pv=w (=0 orbitals. However, treatment of trans—-stilbenebis

[*N

(triphenylrhospvhine })platinum(0) with PhCOCH at room temperature gives
(10). Thne i.r. spectrum of (10) shows C=N and C=0 stretches at 21kl

and 1622 — respectively comparad with v(C=N) at 2225 and v(C=0) at
1680 cm © for free PhCOCH. The strong v(C=0) band of (10) appears in
thé region. for metal acyl C=0 absorptionslo sugegesting that CO-CH carbon-
carbon bond cleavage has occurred. Furthermore a strong band at 543 cm.‘_1
is indicative of a ¢is-arrangement of triphenylphosphine ligands.8 The
oxidative-addition of cyanogen to [Pt(PPh3)h] has also been shown to
involve cis—addition -of the substrate to platinum(0Q) to give giEf[Pt(CN)g
(PPh3)2].11 The cleavage of C-CN bonds has also been observed in studies
on the reactions of MeC(CN)3 with [Pt(PPh3)4] 12 and PhCN with various
zerovalent compounds of nic;el, vailadium, and platinum.la—l6 Cleavage
of the C-CI!N bond in PhCN may proceed via an intermediate side—bonded "
nitrile complex and such a complex [Ni(ng—NECPh)(PPhB)g],l7 analogous

to [Pt(ng—-NECCF3)(PPh3)2] 18 and [Mo(nz-NECR)(CSHS)z], (R = Me, CF,, or
Ph),l9 has been reported. - The oxidative—addition of FhCOCN to platinum(0)

may occur via an intermediate side-bonded carbonyl complex and the

isolation of the cis—complex (10) would be consistent with this type of
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mechanism. Poth of the compounds [Pt{(H

CCH)(PPhﬂ)2] are known to isomerise to [mt(Cu){c{cit=o{cu) }H
>

and cis~[Pt(CK){CEC(CH)}(PPh332] respectivel

In addition to {10) a white crystalline solid characterised as
traRS*[Pt(CN)Z(PFhB)z] can 2lso be isolated from the reaction of PhCOCH
with [?t(traps-?hCH=Cth)(P?h3)2].

The studies described in this paper indicate that ketones such
as (L), (2) and (3), which are sufficiently slectrophilic o form
hydrates, also have the ability to form side-bonded ketone compounds
with platinum(0). However, isatin and benzoyl cyanide do not form
hydrates, and side-bonded ketone compounds have not been isolated with

these ketones.
Experimental

lH n.m.r. spectra were recorded on a JEOL PS100 spectrometer.

Infrared spectra were obtained as Nujol and hexachlorcbutadiene mulls

=

on a Perkin-Elmer 225 spectrophotometer between KBr(L4000~k00 em ~) and
polythene (L00-200 @mfl) plates. Molecular-weight determinations were
carried out by Beller Mikroanalytisches Laboratorium and microanzlyses

by Pascher Mikroanalytisches Laboratorium and the Butterworth Micro-—

analytical Consultancy Limited.

_ The compounds [Pt(PE’hB)h],ee [Pt(Ez_-ais_—?hCH=CHPh)(PPh3)2],23
and [Pt(PhCECPh)(PPh3)2] 2k were prepared as described in the literature.
Alloxan was prepared from its hydrate by heating at 150°C under vacuo.
A1l reactions were carried out under a dry oxygen—free nitrogen atmos—
phere, with solvents dried and distilled under nitrogen before use.

Light petroleum refers to the fraction having b.p. 30-k0°cC.



Reactions of alioxan. ~ Alloxan (0.16g, 1.1 mmol) and trans-stiltenebis—

(triphenylphosphin=)platinum(0) (lg, 1.1 mmol) were stirred together in

benzene (150 cm3) for 3d. The resulting buff-coloured solid was filtered
and the residue was rapidly recrystallised from dichloromethane-diethyl
ether as buff crystals of (6) (0.7g, 73%). (Found: C,55.8; H,3.7; N,3.1;
0,7.2; #,1083, CHC13. Ch0H32H20hP2Pt reguires C€,55.8; H,3.T; N,3.3;
0,7.k9; 1,861.8); Yoy 26 3160m, and 304Tm (N-H), 1739w,sh, 1716s, 169km,
1682m,sh and 16:3s, (C=0), 1581vw, 1567w, 1480m, 1L76m,sh, 1khim,
1k33s, 1730s, 1312vw, 1252m, 1231m, 1384w, 1156w, 1105m, 109km, 1070vw,
1038vw, 1025vw, 86Tw, 8Lhbkw, 8054, 776w, TT7lw,sh, T6Tm, T&é0w,sh, TSkw,sh,
ThTm, T22vw, T12m, 699s, 6LTwwe, 62bkww, 558w,sh, 5kTm, 531s, 522s, 5lim,

503s cm T.

Similarly, diphenylacetylenebis(triphenylphosphine)platinum(0)

(0.5g, 0.56 rmol) and alloxan (0.08g, 0.56mmol) gave (6) (0.kg, 83%).

Reaction of a2lloxan hydrate with trans—stilbene bis(trivhenylphosphene)

platinum(0). - Alloxan hydrate (0.09z, 0.56 mmol) and trans-stilbenebis
(triphenylphosphine)platinum(0) (0.5g, 0.56 mmol) were stirred together
in benzene (75 cm3) for 3d. The resuliing bufi—coloured solid was
filtered and rapidly recrystallised from dichloromethane-diethyl ether

to give (6) (0.3g, 66%) identified by comparison of its i.r. spectrum

with an zuthentic sample.

Reaction of diethyl oxomalonate with tetrakis(triphenylphosphine)

platinum(Q). — An excess of diethyl oxomalonate (0.5 cm3) was added with

stirring to a éuspension of tetrakis(triphenylphosphine)platinum(Q)
(1.0g, 0.69 mmol) in diethyl ether (30 cm3). After stirring at room
temperature for 2kh the white precipitate was filtered and the residue
was washed with diethyl ether and dried in vacuo to give (8) (0.6g, 897)
o -
— o - . .
m.p. 159-161°C. (Found: C,57.2; H,4.5; 0,8.9. ChBHﬁOOSPZPt requires

C,5T-T; H,k.55 0,8.52); Ve =t 1680s ,br, (C=0), 1582w, 1568w, 1358s,
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1258s, 12h0s, 1178s, 11k9s, 1088s, 1050s, 1025w, 0%6m, 80m,

920w, 876m, 855m, 810w, 753s, This, T28Bs, 700s, 692s, A30m, (22,

Sklhs, 522s, 5125, 495s, L53m, and L20w, em ~. The ~H n.m.r. spectrum

in CDCl3 solution showed resonances at T 2.68 (m, 320H, CAH;), 5.06

(m, b, 9§20H3), and 8.96[+, 6H, CH,CE,, J (1) 6.6Hz1.
1,3-dichlorotetrafluoropropan—2-one (0.5 cm” ) ar g) (o0.3g,

0.34 mmol) in diethyl ether, (30 cm3) were stirred for 2kh at roonm

o~

temperature to give white microerystals of cis-[PtC1{CF_COCF_C1){(FPh_)_]

2 2 3'2

..n

N "—‘

(0.23g, 75%), m.p. 230°C. Lit. velue 230—23h°t,

- R - 19 - LA . s
comparison of its 1.r. and F n.m.r. spectra with that of an authentic

ané identified by

sample .

Reaction of isatin with tetrakis(trivhenylvhosphine)platinum(0). - Isatin

(0.06g, 0.41 mmol) and tetrakis(triphenylphosphine)olatinum(0) were
refluxed in benzene (50 cm3) for 12h. The red solution was rotary
evaporated under reduced pressure to 10 cm3 and on standing dark-red
crystals of (9) were deposited which were filtered, washed with diethyl
ether and dried iﬁ}facuo. (0.3g, 86%), m.p. 218-220°c. (Found: Cc,60.56;

H,k.0; N,1.8; M,83L,CHCL NO,P,Pt requires C, 61.0; H,h.1;: ¥,1.63

3" Cuuflas

,866); Voax &t 2175m, (pt-H), 1723s, and 16Tks, (c=o), 1608s, 1596m,sh,

1583s, 1565vw, 1480m, 1162s, 1326m, 1307Tm, 1296w, 1269w, 1221m, 1188w,sh,

1182w, 1156w, 11h2w, 1095s, 1026w, 973vw, 917w, 868vw, 840Om, 82hw, T6Os,

T48m, Th3m, T29vw, T1Ts, 699s, 6T3vw, 62hw, 552vw, 528s, 52ks,sh, S16m,sh,
-1 3 N

509m, L488vw, and LTTw, em ~. The "H n.m.r. spectrum in CDCl, solution

showed resonances at t 2.6(m,3:H, C gHgs Cgh,) and 21.8t [t,H,PtH,J (PH) 1l&4Hz

J(PtH) not discernablel].

Reaction of benzoyl cyanide with trans-stilbenebis(triphenylphosphine)

platinum(0). — Benzoyl cyenide (0.15g, 1.1mmol) and trans-stilbenebis~
(triphenylphosphine)platinum{0) (1g, 1.1 mmol) were stirred together in

benzene (30 cm3) for 12h at room temperature. The orange solution was
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reduced in volume (to 10 cm”) by evaporsiion under reduced pressure anéd

£ diethyl ether and a small amount of ligh atroleun gave a

ko]

iltered solid from dichloro-

ms of (10)(0.3g, 32%), m.p..
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187-18%7C. (Found; C,61.8; H,h.3; N,1.7. Chhn35'0P2pt equires C,62.2;

H,b.25 H,1.75); v at 21kky, (c=H), 1629s, (C=0), 1590w, 1576w, 1563w.

1478s, 1k37s,sh, 1432s, 1301lvw, 1184m, 1156m, 1096s, 10T70vw, 102kvw,
9T6vw, 883s, TThw, T62m, T50m, Thkim, T710s, 69T7s, 692s,sh, 661w, 6uiBs,

-1
625vw, 620vw, 5k3s, 528s, 520s, S51lim, and 503m, cm .

The filirate was treated with activated charcoal at room temperaturs
and filtered and the solvent was removed in vacuo. The white residue was
dissolved in dichloromethane and addition of diethyl esther followed by slow
evaporation under raduced pressure gave a white solig.

Recrystzllisation from dichloromethane-benzene-diethyl ether gave white

crystals of trans—[?t(CH) (PPhQ) ] (0.15g, 35%) m.p. 330%¢ (decomp.),
(1it. 25 . 325°C, decomp.) v(C=H) at 2135 em™t (1it.25 2130 cm"l); Voa

at 2135m, (C=m) 158k%vw, 1568vw, 1k89m, 1339s, 133ks,sh, 1330w, 1306w,
1182w, 1155w, 1098s, 1095m,sh, L06Tvw, 1024w, T755s, T1lTm, TOOs, 68Lvw

6221w, 530s, 518s, S511m, and 489w, cm—l.

Acknowledgements

We thank the S.R.C. for financial support (to D.A.C. and M.M.H.)

and Johnson, Matthey Limited for loan of potassium tetrachloroplat 1nate(II)

References

1

M. B. Rubin, Chem. Rev., 75 (1975) 177.

2. M. M. Hunt, R. D.W. Kemmitt, D. R. Russell and F. A. Tucker, J.C.S.

Delton, (1979) 287.

311



312

o3

- 10.

11,

12.

13.

ik,

15.

16.

1T.

A. Schonberg and E. Singer, Chem. Ber., 10k (1971) 160.

L. Field and B. J. Sweetman, J. Org. Chem., 3k (1969) 1795.

J. Burgess, J. G. Chambers, D. A. Clarke and R. D. W. Hemmitt, J.C.S.

Dalton, 1977 (1906).

t

. D. Dobrzynski and R. J. Angelici, Inorg. Chem., 1k (197

D. M. Roundhilil, Tnorg. Chem., 9 (1970) 25k.

S. H. Mastin, Inorg. Chem., 13 (197k) 1003.

M.  Green, H. R. Mayne, R. B. L. Osborn and F. G. A. Stone, J. Chem.

Soc.(4), (1969) 1879.

G. Booth and J. Chatt, J. Chem. Soc.(A), (1966) 63L.

M. Bressan, G. Favero, B. Corain and A. Turco, Inorg. Nuclear Chem.

Letters, T (197%) 203.

J. L. Burmeister and L. M. Edwards, J. Chem. Soc.(4), (1971) 1663.

G. W. Parshall, J. Amer. Chem. Soc., 98 (197h) 2360.

G. Favero, A. Frigo and A. Turco, Gazz. Chim. Ttal., 104 (197hk) 869.

G. Favero end A. Turco, J. Orgenometalliic Chem., 105 (1976) 389.

J. J. Habeeb and D. G. Tuck, J. Organometallic Chem., 139 (1977) C17T.

I. W. Bassi, C. Benedicenti, M. Calcaterra and G. Rucci, J. Organo-—

metallic Chem., 117 (1976) 285.



19.

20.

22,

23.

2k,

25.

313

W. J. Bland, R. D. W. Kemmitt, and R. D. Moore, J.C.S. Dalton, (1972)

1292.

J. L. Thomas, J. Amer. Chem. Soc., 97 (1975) 59k3.

0. Traverso, V. Carassiti, M. Graziani and Y. Belluco, J. Organo-—

metallic Chem., 5T (1973) c22.

¥, H. Baddley, G. Bandoli, {j. Belluco, D. A. Clemente, and C. Panattoni,

J. Amey. Chem. Soc., 93 (1971) 5590.

L. Melatesta and C. Cariello, J. Chem. Soc., (1958) 2323.

J. Chatt, B. L. Shew and A. A. Williams, J. Chem. Soc., (1962) 3269.

A. D. -Allen and C. D. Cook, Canad. J. Chem., b (1984) 1063.

J. C. Bailar Jr., and H. Itatani, J. Amer. Chem. Soc., 89 (1967) 1592.



