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Reaction of the complexes cis-[MCI,L,] [M = Pd, L, = 2,2'-bipyridyl (bipy); M = Pt, L = PPh, or L, = 
cycloocta-I ,5-diene or Ph,P(CH,),PPh,] with acetoacetanilide, 0-  or p-acetoacetanisidide mediated 
by silver(i) oxide gave, under mild conditions, high yields of the metallalactam complexes 
[M{CH(COMe)C(O)NR)L,] ( R  = Ph, C,H,OMe-o orp). The complexes have been fully characterised by 
multinuclear N M R spectroscopy, fast atom bombardment mass spectrometry, and by a single-crystal 
X-ray diffraction study carried out on the 2,2'-bipyridyl palladium derivative [bd{CH(COMe)C(O) NPh}- 
(bipy)]. The complex contains a slightly puckered palladalactam ring system (fold angle 17.5"). Reaction 
of acetoacetanilide with the zerovalent platinum complex [ Pt(trans- PhCH=CH Ph) (PPh,),] in air gives 
exclusively the peroxometallacyclic complex [Pt{OOC( Me) [CH,C(O) NHPh] 0)( PPh,),], while reaction 
with [Pt( PPh,),] gave a mixture of the peroxometallacycle plus the platinalactam complex 
[Pt{CH(COMe)C(O) NPh}(PPh,),]. 

I 

I I 

I i 

Silver(1) oxide has been found to be a very convenient reagent 
for the synthesis of nietakarbon CT bonds starting from readily 
available metal-halide complexes. Using appropriately func- 
tionalised organic precursors, containing activating electron- 
withdrawing groups, a wide range of small-ring metallacyclic 
complexes can be In view of the interest in the 
chemistry of small-ring metallacyclic complexes we are under- 
taking a detailed study of the chemistry of four-membered ring 
metallalactam complexes. Such ring systems have potential for 
use in the development of new synthetic reagents, uiz. the metal- 
mediated synthesis of carbon4arbon and -nitrogen bonds. 
Metallalactam complexes are of interest in transformations of 
organic isocyanates,6 and in the synthesis of the important p- 
lactam class of organic compounds.' Related metallalactone 
complexes are likewise attracting interest,* and have been 
considered as intermediates in various metal-directed trans- 
formations generating, or involving, organic lactones.' We have 
previously described the high yield silver(1) oxide-mediated 
synthesis of the four-membered ring platina- and pallada- 
lactam complexes la-lc starting from ethyl N-cyanoacetyl- 
carbamate,lO." and have now extended this study to the 
synthesis of related ring systems derived from other amides 
containing activated 'acidic' hydrogens. In this paper we report 
the synthesis of four-membered ring metallalactam complexes 
derived from acetoacetanilide and phenyl-functionalised deriva- 
tives, together with the first structural determination of a four- 
membered palladalactam ring complex. An investigation of the 
reactions of zerovalent platinum complexes with acetoacetan- 
ilide as a potential route to platinalactam complexes is also 
presented. 

Supplementary dala available: see Instructions for Authors, J.  Chem. 
Soc., Dalton Trans., 1994, Issue 1, pp. xxiii-xxviii. 

C02Et 
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l a  Pt PPhs 
l b  Pt cod 

lc Pd dPpe 

Results and Discussion 
Reaction of the platinum or palladium dichloride complexes 
cis-[MCl,L,] [M = Pd, L, = 2,2'-bipyridyl (bipy); M = Pt, 
L = PPh, or L, = cycloocta-1,5-diene (cod) or Ph,P(CH,),- 
PPh, (dppp)] with either acetoacetanilide [C,H,NHC(O)- 
CH,C(O)Me], 0- or p-acetoacetanisidide [MeOC,H,NHC- 
(O)CH,C(O)Me] in refluxing dichloromethane, in the presence 
of an excess of silver(1) oxide gives high yields of the 
metallalactam complexes 2a-2h, as shown in Scheme 1. The 
complexes are isolated as white (Pt) or orange (Pd) crystalline 
compounds, which are air-stable, both in solution and in the 
solid state. The synthesis of these metallalactam complexes is 
analogous to the syntheses described previously for metalla- 
lactams derived from ethyl N-cyanoacetylcarbamate. ''3' ' This 
work thus extends the range of substrates which can be 
employed in this extremely facile synthesis of this class of ring 
system. 

The complexes have been characterised by multinuclear 
NMR and IR spectroscopies, fast atom bombardment mass 
spectrometry (FABMS), elemental analysis, and by a single- 
crystal X-ray diffraction study carried out on the 2,2'-bipyridyl 
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2a Pd 
2b Pt 
2c Pt 
2d Pt 

26 Pt 

2f Pt 

29 Pt 

2h Pt 

L w L ~  R 

bipy Ph 

cod Ph 
PPh3 C6H40Me-p 

PPh3 Ph 

PPh, C6H4OMe-O 

dPPP Ph 
dppp C6H40Me-p 

dpw C6H4OMe-O 

Scheme 1 

Fig. 1 Molecular structure of [Pd{CH(COMe)C(O)NPh)(bipy)] 2a 
showing the atom numbering scheme. Atoms are shown as thermal 
ellipsoids at the 50% probability level 

Table 1 Crystal data for [bd{CH(COMe)C(O)NPh}(bipy)] 2a 

Empirical formula 
A4 
Crystal system 
Space group 
4 
blA 
c!A 

P/" 
Y!" 
u1A3 
D,/g cm-3 
z 
F(000) 
p/mm-' 

C,oH,,N,O,Pd 

Pi  

437.8 
Triclinic 

10.629(2) 
11.018(2) 
18.046(2) 
99.16( 1 )  
9 1.29( 1 ) 
117.96(1) 
183 1.5(4) 
1.59 
4 
880 
1.032 

palladium derivative 2a, the first structural characterisation of 
a four-membered ring palladalactam complex. The molecular 
structure of complex 2a is shown in Fig. 1, together with the 
atom numbering scheme. Crystal data and fractional atomic 
coordinates for the structure are presented in Tables 1 and 2 
respectively, while Table 3 gives selected bond distances and 
angles. The complex crystallises with two independent 
molecules in the unit cell, however there are only minor 
structural differences between them (specifically in the 
orientation of the phenyl rings) and only one molecule will be 
discussed subsequently. The palladium atom has the expected 

Table 2 Fractional atomic coordinates ( x  lo4) for one of the two 
independent molecules (molecule 1) of [hd{CH(COMe)C(O)NPh}- 
(bipy)l2a 

X 

2746( 1 ) 

280( 7) 
1546(8) 
3602( 7) 
4942(7) 

294( 12) 
584(9) 
468(9) 
61 9( 12) 

2855( 10) 
3474( 10) 
4865( 1 1) 
5688( 11) 
5040(9) 

7246( 1 1) 
7830( 12) 
7003( 10) 
5541(9) 
1824(7) 
I295 
1656 
2546 
3075 
2714 

- 900(8) 

5793(9) 

Y 
3496( 1 ) 
3240(8) 

4340(7) 
2365(7) 
501 8(7) 
3274( 10) 
2069(9) 
1069( 10) 
1505( 11) 
1037(9) 
376( 10) 

1064( 10) 
2458( 10) 
3068(8) 
4541(8) 
5377( 10) 
6748( I 1) 
7237( 10) 
6329(8) 
5736(5) 
6348 
7755 
8551 
7939 
653 1 

- 88(6) 

L 

934( 1) 
1053(6) 
I 0 1 7(4) 
I409(5) 
361(3) 

1062(3) 
11  16(7) 
827(5) 

1290(6) 
2 126(6) 
- 13(5) 
- 460( 5 )  
- 523(5) 
- 140(5) 

307(4) 
724(4) 
756(5) 

1 156(5) 
1494( 5 )  
1441(4) 
163 l(4) 
1179 
I394 
206 1 
2513 
2298 

Table 3 Intramolecular bond lengths (A) and selected angles (") 
for one of the two independent molecules (molecule 1) of 
[bd{CH(COMe)C(O)NPh}(bipy)] 2a with estimated standard 
deviations in parentheses 

Palladalactam ring system 
Pd-N( 1 ) 2.033(9) Pd-N(2) 2.036(8) 
Pd-N(3) 2.120(6) Pd - C(l) 2.535( 13) 
Pd-C(2) 2.070( 7) O( 1 )-C( 1 ) 1.254( 17) 
0(2)-C(3) 1.2 1 O( 1 3) N( 1 )-C( 1) 1.317(11) 
N( 1)-C( 15) 1.409( 10) C( 1 EC(2) 1.51 7( 17) 
C(2EC(3) 1.448( 16) C(3)-C(4) 1.489( 14) 

2,2'-Bipyridyl ligand 
N(2)-C(5) 1.342(10) N(2)-C(9) 1.366(11) 
N(3)-C(10) 1.355( 13) N(3)-C( 14) 1.328(10) 
C(5)-C(6) 1.379(16) C(6)-C(7) 1.326(14) 
C(7)-C(8) 1.406( 12) C(8)-C(9) 1.365( 16) 
C(9)-C( 10) 1.486(10) C(lO)-C(ll) 1 .37 1 ( 1 2) 
C(1 I)-C(12) 1.394( 13) C( 12)-C( 13) 1.340(18) 
C( 1 3)-C( 14) 1.389( 12) 

N( 1 )-Pd-N(2) 
N(2)-Pd-N( 3) 
N(2)-Pd-C(2) 
Pd-N( 1 )-C( 1 ) 
C( 1 )-N( 1 )-C( 1 5 )  
Pd-N( 2)-C( 9) 
Pd-N(3)-C(lO) 
C( I 0)-N(3)-C( 14) 
Pd-C( 1 )-N( 1) 
Pd-C( 1)-C(2) 
N( 1 )-C( 1 )-C( 2) 
Pd-C(2)-C( 3) 
0(2)-C(3)-C(2) 
C(2)-C(3 )-C(4) 
N( 2)-C(9)-C( 8) 
N(3)-C( 10)-C(9) 
N(3)-C( 14)-C( 13) 

169.6(2) 
79.1(3) 

103.0(3) 
96.0(7) 

125.2( 10) 
116.3(5) 
1 13.9(4) 
118.6(7) 

5 2.9( 6) 
54.7(5) 

105.8(10) 
105.4(6) 
121.9(9) 
I 18.4(9) 
1 2 1.0(7) 
115.3(7) 
122.6(10) 

N( 1)-Pd-N(3) 
N( 1 )-Pd-C(2) 
N( 3)-Pd-C( 2) 
Pd-N( 1 )-C( 15) 
Pd-N(2)-C(5) 
C(5W(2)-C(9) 
Pd-N(3)-C( 14) 
Pd-C( 1 )-O( 1 ) 
O(1 FC(1 )-N(l) 
O( 1 )-C( 1 ) - W )  
Pd-C(2)-C( 1) 
C( 1)-C(2)-C(3) 
0(2FC(3)-C(4) 
N(2)-C(5)-C(6) 
N(2)-C(9)-C( 10) 

N( 1 )-C( 1 5)-C( 16) 
N(3)-C(lO)-C(ll) 

110.9(3) 
67.0(3) 

177.9(4) 
132.2(5) 
125.3(7) 
1 18.1(8) 
127.4(7) 
166.3( 10) 
128.5(11) 
1 25.7( 8) 

88.5(5) 
121.5(9) 
119.7(11) 
122.6(8) 
115.1(8) 
1 2 1.9(8) 
121.4(5) 

square-planar geometry, with no atom in the palladium co- 
ordination sphere being more than 0.030A from the least- 
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' p 4 )  

butan-3-one (q3-oxodimethylenemethane) complex 3 [ 1.242(4) 
A].', Although not significant at the 3 0  level, the Pd-N(1) 
bond of 2a tentatively appears to be slightly longer than 
that of the Pt complex lb [2.033(9) us. 2.016(6) A]." 
Although these individual comparisons may not be fully 
conclusive, taken together they appear to suggest a possible 
contribution to the metallacyclic bonding of 2a from an 
imidato-type representation as shown below. 

Fig. 2 
the puckering of the palladalactam ring 

Side view of [Pd{CH(COMe)C(O)NPh)(bipy)] 2a, showing 

Ph 

0- 

H 
3 

squares plane defined by Pd, N(l), N(2), N(3) and C(2). The 
four-membered palladacycle is slightly puckered, as shown in 
Fig. 2, with a fold angle of 17.5" between the Pd-N(l)-C(2) and 
C(2)-C(l)-N(l) planes. It is worth noting that a number of 
structural studies 2*12-1  on related four-membered ring metalla- 
cyclobutan-3-one complexes such as the bipyridyl palladium 
derivative 3 l 2  have shown these complexes to be highly non- 
planar, with fold angles around 50" being typically observed, 
and with the carbonyl oxygen tipped out of the C-C-C plane 
towards the metal by around 12". A substantial contribution to 
the bonding from a q3-oxodimethylenemethane form has been 
invoked to account for these structural characteristics. It has 
also been found that the palladium complexes are more non- 
planar than their platinum  counterpart^.^*'^-'^ It is therefore 
possible that there is a small contribution to the bonding in the 
palladalactam complex 2a from an analogous q ,-bonding 
representation. However, a more likely explanation for the ring 
puckering is relief of strain caused by interaction of the 
metallacycle C(0)Me and N-phenyl substituents, with the 
bipyridyl hydrogens ortho to the donor nitrogens. This can be 
clearly seen in a model of the complex. It is noteworthy that the 
N-phenyl ring adopts a conformation tending towards 
perpendicularity to the palladium co-ordination plane, as can 
be seen in Fig. 2. The carbonyl group is essentially coplanar 
with the remainder of the organic fragment, with a small tip 
angle of 1.96" between the C(1)-0(1) bond and the 
N(1)-C( 1)-C(2) plane. 

The Pd-C bond distance, 2.070(7) A, is identical to that of 
the previously structurally characterised platinalactam lb 
[2.069(8) A], l o  both being shorter than the palladacyclobutan- 
3-one (q 3-oxodimethylenemethane) complex 3 [average 
2.094(3) A]. l 2  Similarly, the C-C bonds of pallada- and platina- 
lactams 2a and 1 b [ 1.5 17( 17) and 1.538( 1 1) A respectively] are 
comparable, within experimental error, and are longer than in 3 
[1.471(5) A], these observations being consistent with the 
substantial q3  contribution to the bonding in complex 3. 

There appears to be several interesting features on com- 
parison of the C-N and C=O metallacycle bonds of the platina- 
and pallada-lactam complexes lb and 2a. The C-N bond of the 
Pd complex is significantly shorter [1.317(11) A] than that of 
the Pt complex [ 1.39 1 ( I  0) A]. Furthermore, on examination of 
the C==O bonds, that for the palladalactam [1.254(17) A] 
appears to be significantly longer at the 3 0  probability level 
than the platinalactam [ 1.196(9) A], and is more comparable to 
the significantly lengthened C=O bond of the palladacyclo- 

The 'H, l3C-{'H) and, where appropriate, ,lP-('H) NMR 
spectra of the metallalactam complexes 2a-2h show the 
expected features by comparison with the previously reported 
platinum and palladium derivatives of ethyl N-cyanoacetyl- 
carbamate la-lc.'o.ll Confirmation of the formation of a 
metallated carbon in the palladium complex 2a was 
accomplished by means of a ' distortionless enhancements 
by polarisation transfer (DEPT) NMR spectrum which clearly 
displayed the absence of any CH, resonances. Assignment of 
the Pd-CH and CH, singlets was completed by a comparison 
with the analogous resonances for the cod platinum complex, 
which were readily assigned, by availability of 195Pt coupling 
on the metallacyclic CH group. The lactam carbonyl was 
observed in the region B 171.9-174.8, with the platinum 
complexes 2b and 2c showing the characteristically large 
coupling to 195Pt of 142.2 and 161.7 Hz respectively. These 
coupling constants are comparable to that observed for the 
lactam carbonyl of lb  (147.2 Hz) '' and the lactone carbonyl of 
the complex [ht{CH(C02Me)C(0)O}(PPh,)2] ( 1  75.5 H z ) . ~  
The C(0)Me carbonyl groups of 2a-2c appear in the expected 
region of 6 205.2-206.7, the platinum complexes 2b and 2c 
showing the expected small J(PtC) couplings of 41 .O and 48.5 
Hz respectively, by comparison with l a  and lb." 

Fast atom bombardment mass spectrometry also proved to 
be a useful tool for characterising these metallacyclic systems, 
with a molecular ion routinely being observed as a charac- 
teristic cluster of peaks, with the distribution of these closely 
matching the predicted isotopomer distribution. 

The reactions of acetoacetanilide with the zerovalent 
platinum complexes [Pt(trans-PhCH=CHPh)(PPh,),3 and 
[Pt(PPh,),] have also been investigated, as a possible route to 
platinalactam complexes. A number of metallacyclobutan-3- 
one (q3-oxodimethylenemethane) complexes of platinum(Ir)* 
and palladium(I1) l 2  have been prepared via this methodology. 
Thus, reaction of the trans-stilbene complex with acetoacetan- 
ilide in the presence of air gave a moderate yield of a white 
complex, identified by its 31P-(1H), 13C-(lH) and 'H NMR 
spectra as the peroxometallacyclic complex 4. The product is 
formed via reaction of the ketone group exclusively, and we find 
no evidence for the participation of the amide carbonyl group in 
this reaction. The 31P-{'H) NMR spectrum of 4 showed the 
expected AB spin system with values of 'J(PtP) of 3679 and 
3328 Hz being observed. The latter compares very favourably 
with the values of 'J(PtP) observed for PPh, ligands trans to 
peroxo groups in the complexes [Pt{OOCR,k(CN),}(PPh,),] 
(R = CN, J 3392 and R = Me, J 3309 Hz). l 6  Diagnostic of an 
N-H proton was a single, rather broad resonance in the 'H 
NMR spectrum at 6 9.91, which is similar to the position of this 
proton in free acetoacetanilide (6 9.23). In addition, lack of 31P 
or 195Pt coupling to the resonances at 6 2.98 and 1.64 in the 'H 
NMR and at 6 46.8 and 23.3 in the 13C-{lH) NMR spectrum 
were consistent with the presence of CH, and CH,, groups 
respectively, remote from the Pt(PPh,), moiety. The assignment 
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of these was confirmed by a ',C-DEPT experiment, and 
by comparison with acetoacetanilide (CH,: 'H 6 3.50, 13C 
6 50.8; CH,: 'H 6 2.20, 13C 6 30.8). The peroxometallacyclic 
carbon appeared as a doublet of doublets due to coupling to 
the two ,'P nuclei, though coupling to 195Pt could not be 
resolved. It is noteworthy that complex 4 is stable and can 
be readily isolated and characterised without decomposition 
or loss of oxygen, though gas evolution was noted upon 
melting. Several other examples of related peroxoplatinacycles 
formed by reaction of the dioxygen complex [Pt(O,)(PPh,),] 
with aldehydes and ketones,' fluorinated ketones l8 and 
alkenes 16, '  have been described previously. Such compounds 
are believed to be important intermediates in metal-mediated 
oxidations of organic substrates,' and there is considerable 
interest in the chemistry of such processes.20 

The reaction between [Pt(PPh,),] and acetoacetanilide in 
the presence of air for 24 h gave a white solid which, on the 
basis of 31P-{1H) NMR spectroscopy, was found to be a ca. 
2 : 1 mixture of the peroxoplatinacycle 4 and the platinalactam 
complex 2b. On stirring the mixture in dichloromethane 
solution with additional triphenylphosphine for 22 h, very little 
further conversion to the platinalactam occurred, indicating 
that the major route to this complex from [Pt(PPh,),] does 
not proceed via the peroxoplatinacycle 4. However, upon 
prolonged stirring in air for several weeks with triphenyl- 
phosphine, the mixture was converted exclusively to the lactam 
complex 2b plus triphenylphosphine oxide. A previous study 
has shown that the reaction of [Pt(PPh,),] with RCH,C- 
(O)CH,R (R = C0,Me or C0,Et) in air gives a mixture of the 
platinacyclobutan-3-one (q3-oxodimethylenemethane) com- 
plex [Pt{RCHC(O)&HR)(PPh,),] plus a peroxoplatinacycle 
analogous to 4. It is highly likely, based on the similar natures 
of the organic starting reagents, that the synthesis of the 
platinalactam complex 4 proceeds via a similar mechanism. 

r 

Experimental 
Melting points were recorded on a Reichert hot-stage apparatus 
and are uncorrected. Infrared spectra were recorded as KBr 
discs, either on a Perkin-Elmer 580 or on a Bio-Rad FTS-40 
spectrophotometer. Proton NMR spectra were recorded in 
CDCl, solution, on Bruker AM300 or AC300P spectrometers 
at 300.13 MHz, with chemical shifts referenced to SiMe, (6 0); 
13C-(1H) NMR spectra were recorded in CDCl, on a Bruker 
AC300P spectrometer at 75.47 MHz relative to SiMe, (6 0); 
31P-(1H) NMR spectra were recorded either on a JEOL JNM- 
FX60 or FX90Q spectrometer at 24.15 or 36.23 MHz 
respectively, with external 85% H,PO, (6 0) as reference; 195Pt- 
('H) NMR spectra were recorded on a Bruker AM300 
spectrometer at 64.52 MHz with K,[PtCl,] as external 
reference. Fast atom bombardment mass spectra were recorded 
in a rn-nitrobenzyl alcohol matrix on a Kratox Concept double- 
focussing sector spectrometer. 

Experiments were carried out under a nitrogen atmosphere 
as a routine precaution, however, all the compounds described 
are air-stable, and were recrystallised from solvents without 
regard for the exclusion of air. Solvents were dried and distilled 
from appropriate drying agents prior to use. Light petroleum 
refers to the fraction of b.p. 40-60 "C. Acetoacetanilide, and 
0- and p-acetoacetanisidides, together with 1,3-bis(diphenyI- 
phosphino)propane (dppp) were purchased from Aldrich and 
used as supplied. The compounds [PtCl,(~od)],~' [PdCI,- 

(bipy)], * [Pt(PPh,),] ,, [Pt( trans-PhCH=CHPh)(PPh,),], 24 
and silver(1) oxide * were prepared via the literature procedures. 

Syntheses.-[Pd(CH(COMe)C(O)NPh)(bipy)] 2a. A mix- 
ture of [PdCl,(bipy)] (0.250 g, 0.749 mmol), acetoacetanilide 
(0.133 g, 0.751 mmol), and silver(1) oxide (0.9 g, excess) in 
dichloromethane (30 cm3) was refluxed for 24 h. Filtration to 
remove the silver salts followed by evaporation of the filtrate 
under reduced pressure gave a bright yellow oil. Dissolution of 
the oil in dichloromethane ( 5  cm3) followed by addition of light 
petroleum (70 cm3) gave a yellow solid which was filtered off 
and dried in U ~ C U O  to give 2a (0.270 g, 82%). Slow recrystal- 
lisation from dichloromethanediethyl ether yielded bright 
yellow-orange crystals of crystallographic quality (Found: C, 
54.25; H, 3.80; N, 9.35. C,,H,,N,O,Pd requires C, 54.85; 
H, 3.90; N, 9.60%), m.p. 240-245 "C (decomp.). IR: v(C=O) 
at 1620vs cm-'. NMR: 'H, 6 9.02-7.11 (m, Ph + bipy), 3.15 

COCH,), 171.9 (s, CONPh), 154.6-121.8 (m, Ph + bipy), 37.6 
(s, Pd-CH), and 27.1 (s, COCH,). A DEPT-135 13C NMR 
spectrum (acquired using a 135 8 pulse) clearly showed the 
absence of any CH, resonances. 

[Pt{CH(COMe)C(O)NPh)(PPh,),] 2b. To a solution of 
[PtCl,(cod)] (0.200 g, 0.535 mmol) in dichloromethane (30 
cm3) was added in succession triphenylphosphine (0.280 g, 
1.070 mmol), acetoacetanilide (0.099 g, 0.559 mmol) and silver(1) 
oxide (0.9 g, excess), and the mixture was refluxed for 12 h. 
Filtration to remove the silver salts afforded a pale yellow 
solution which was evaporated to dryness under reduced 
pressure to give a pale yellow oil. Dissolution of the oil in 
dichloromethane ( 5  cm3) followed by addition of light 
petroleum (70 cm3) gave an off-white solid which was filtered off 
and dried in V ~ C U O  to give 2b (0.438 g, 92%). Slow 
recrystallisation from dichloromethane-light petroleum gave 
pale yellow needles (Found: C, 60.95; H, 4.25; N, 1.45. 
C,,H,,NO,P,Pt requires C, 61.75; H, 4.40; N, 1.55%), m.p. 
246-248 "C (decomp.). FABMS: A4 + at rn/z 895. IR: v(C=O) at 
1635vs and 1590s cm NMR: 31P-(1H) (36 MHz), AB spin 
system at 6 17.2 [dd, P,,,,, ,-, 'J(PtP) 2402, ,J(PP) 171 and 10.8 

3J(PC),r,,, 4.8, ,J(PtC) 41 .O], 174.8 [d, C(O)NPh, ,J(PC) 6.3, 
,J(PtC) 142.21, 144.0-123.4 (m, Ph), 50.4 [dd, Pt-CH, 
2J(PC),r,,, 61.1, 2J(PC)ci, 2.2, 'J(PtC) 363.71 and 29.0 (s, CH,); 
'H, 6 7.48-6.43 (m, 35 H, Ph), 2.77 [dd, 1 H, Pt-CH, 3J(PH),,,,, 
6.1, 3J(PH)cis 4.2, ,J(PtH) 45.1 Hz] and 2.09 (s, 3 H, CH,). 

[Pt(CH(COMe)C(O)NPh)(cod)] 2c. A mixture of [PtCl,- 
(cod)] (0.300 g, 0.802 mmol), acetoacetanilide (0.145 g, 0.818 
mmol), and silver(1) oxide (0.9 g, excess) in dichloromethane (25 
cm3) was refluxed for 4 h and then stirred at room temperature 
for 17 h. Filtration to remove the silver salts followed by 
evaporation of the filtrate to dryness under reduced pressure 
gave a light brown oil. Dissolution of the oil in dichloromethane 
( 5  cm3), followed by addition of light petroleum (60 cm3) gave 
fine off-white needles which were filtered off and dried in uucuo 
to give 2c (0.267 g, 70%) (Found: C, 45.05; H, 4.20; N, 2.85. 
Cl8H2,N0,Pt requires C, 45.20; H, 4.40; N, 2.95%), m.p. 181- 
183°C. IR: v(C-0) at 1671vs and 1642vs cm-'. NMR: 'H, 
6 7.29-7.00 (m, 5 H, Ph), 5.53 [m, 1 H, CH of cod, ,J(PtH) ca. 
44.2],5.47 [m, 1 H, CH ofcod, ,J(PtH) ca. 48.7],4.95 [m, 1 H, 
CH of cod, ,J(PtH) ca. 62.7],4.33 [m, 1 H, CH of cod, ,J(PtH) 
59.91, 3.05 [s, 1 H, Pt-CH, 2J(PtH) 98.71, 2.60-2.26 (m, 8 H, 
CH, cod) and 2.20 (s, 3 H, CH,); 13C-(lH), 6 205.2 [s, 
COCH,,2J(PtC) 48.51, 173.8 [s, C(O)NPh, 'J(PtC) 161.71, 
144.4 [s, Ph, C', ,J(PtC) ca. lo], 129.0 (s, Ph, C3), 124.8 (s, Ph, 
C4), 123.8 [s, Ph, C2, ,J(PtC) 23.71, 106.7 [s, CH of cod, 
'J(PtC) 62.91, 106.5 [s, CH ofcod, 'J(PtC) 63.2],90.5 [s, CH of 
cod, 'J(PtC) 169.0],87.1 [s, CH ofcod, 'J(PtC) 155.7],45.6 [s, 
Pt-CH, 'J(PtC) 425.2 Hz], 3 1.9 (s, CH, of cod), 30.5 (s, CH, of 
cod),29.4(s,CH2 ofcod),28.5(s,CH2 ofcod)and27.9(s,CH3 
of cod). 

I 

( s ,  1 H, Pd-CH), 2.45 (s, 3 H, CH3); 13C-('H), 6 206.7 (s, 

I 

[dd, Ptrans N, 'J(PtP) 37091; 13C-('H), 6 206.0 [d, C(O)CH,, 

I I 
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The following metallalactam derivatives were also prepared 
by an analogous procedure: [+t{CH(CoMe)C(o)N(c6H4- 
OMe-p))(PPh,),]CH,Cl, 2d from [PtCl,(cod)], PPh,, p -  
acetoacetanisidide and silver(1) oxide: yield 78%, m.p. 195 "C 
(Found: C, 57.85; H, 4.20; N, 1.05. C,,H4,NO3P,Pt~CH,C1, 
requires C, 57.10; H, 4.30; N, 1.40%). IR: v ( M )  at 1650vs (br) 
cm-'. FABMS: M + at m/z 925. NMR: ,'P-{ 'H} (24 MHz), AB 
spin system, 6 17.5 [dd, P,,,,, c, lJ(PtP) 2402, ,J(PP) 171 and 

[ Pt { CH(COMe)C(0)N(C,H40Me-o)}(PPh3)2]~OSCH2C12 
2e from [PtCl,(cod)], PPh,, o-acetoacetanisidide and silver(r) 
oxide: yield 70%, m.p. 140 "C (Found: C, 58.65; H, 4.45; N, 1.45. 
C,,H4,N0,P,Pt~0.5CH,C12 requires C, 59.00; H, 4.40; N, 
1.45%). IR: v(C=O) at 1635vs (br) cm-'. FABMS: M +  at m/z 
925. NMR: 31P-{'H} (24 MHz), AB spin system, 6 17.3 [dd, 
Prrunsc, 'J(PtP) 2410, ,J(PP) 17) and 10.9 [dd, 'J(PtP) 3669 
Hzl. 

11 .O [dd, PtransN, 'J(PtP) 3667 Hz]. 

[ Pt { CH(COMe)C(0)NPh}(dppp)]=2CH2C1, 2f from 
[PtCl,(cod)], dppp, acetoacetanilide and silver(1) oxide: yield 
66%, m.p. 135 "C (decomp.) (Found: C, 49.90; H, 4.10; N, 1.30. 
C,,H3,N0,P,Pt~2CH,Cl, requires C, 49.30; H, 4.15; N, 
1.45%). IR: v(C=O) at 1710s and 1635vs (br) cm-'. FABMS: 
M +  at m/z 783. NMR: 31P-{'H} (24 MHz), AB spin system, 
6 -2.3 [dd, P,,,,, c ,  'J(PtP) 2339, ,J(PP) 271 and -6.9 [dd, 
'J(PtP) 3347 HzJ. 
[ i)t (CH(COMe)C(O)N(C,H,OMe-p)}(dppp)]CH2C1, 2g 

from [PtCl,(cod)], dppp, p-acetoacetanisidide and silver(1) 
oxide: yield 70%, m.p. 140 "C (decomp.) (Found: C, 5 1.80; H, 
4.25; N, 1.85. C,,H,,N03P,Pt~CH,Cl, requires C, 52.15; H, 
4.40; N, 1.55%). IR: v(C=O) at 1610m (sh) and 1590vs (br) cm-l. 
FABMS: M + at mjz 813. NMR: 31P-{ 'H}(24 MHz), AB spin 
system, 6 -2.3 [dd, Prransc, 'J(PtP) 2349, ,J(PP) 271 and 
-6.9 [dd, 'J(PtP) 3291 Hz]; 19'Pt-{ 'H}, 6 -4536 [dd, 'J(PtP) 
3275,2335 Hzl. 

[ Pt { CH(COMe)C(O)N(C,H,OMe-o)}(dppp)]*O. 5CH,CI, 
2h from [PtCl,(cod)], dppp, o-acetoacetanisidide and silver(1) 
oxide: yield 58%, m.p. 148-1 50 "C (decomp.) (Found: C, 54.20; 
H, 4.65; N, 1.40. C38H3,N03P2Pt-0.5CH2C12 requires C, 54.05; 
H, 4.50; N, 1.65%). IR: v(C=O) at 1635vs (br) cm-'. FABMS: 
M +  at m/z  813. NMR: 3'P-{1H}(24 MHz), AB spin system, 
6 -2.9 [dd, P,ro,sc, 'J(PtP) 2354, ,J(PP) 271 and -7.2 
[dd, 'J(PtP) 3321 Hz]. 

Reactions of Zeroualent Platinum Complexes with Aceto- 
acetani1ide.-Synthesis of [ Pt { OOC(Me)[CH,C(O)NHPh]b}- 
(PPh,),] 4. A suspension of [Pt{ trans-PhCH=CHPh}(PPh,),] 
(0.200 g, 0.222 mmol) with acetoacetanilide (0.120 g, 0.677 
mmol) in diethyl ether (20 cm3) was stirred in air for 21 h, to give 
a white suspension which was filtered off, washed with diethyl 
ether (2 x 10 cm3) and dried in uucuo to give 4 (0.084 g, 41%) 
(Found: C, 58.65; H, 4.30; N, 1.40. C4,H41No4P,Pt requires C, 
59.50; H, 4.45; N, 1.50%), m.p. 158-168 "C (decomp. with gas 
evolution). IR: v(C=O) at 1679s cm-'. NMR: 31P-{'H}(36 
MHz), AB spin system, 6 11.4 [dd, 'J(PtP) 3679, ,J(PP) 201 
and 8.5 [dd, 'J(PtP) 3328 Hz]; 13C-('H), 6 170.2 [s, 
C(O)NHPh], 138.7-1 19.6 (m, Ph), 106.4 [m, Pt-0-C, ,J(PtC) 
not resolved], 46.8 (s, CH,) and 23.3 (s, CH,) (the CH, and CH, 
resonances were unambiguously assigned by means of a DEPT- 
135 NMR spectrum); 'H, 6 9.91 (s, 1 H, NH), 7.60-6.65 (m, 
35 H, Ph), 2.98 (s, 2 H, CH,) and 1.64 (s, 3 H, CH,). 

Reaction of [Pt(PPh,),] with Acetoacetani1ide.-A mixture 
of [Pt(PPh,),] (0.540 g, 0.434 mmol) and acetoacetanilide 
(0. I50 g, 0.847 mmol) in diethyl ether (30 cm3) was stirred in air 
for 24 h. The resulting white suspension was filtered off, washed 
with diethyl ether (2 x 5 cm3) and dried in vucuo to give 0.383 g 
of a ca. 2:  1 mixture of complexes 4 and 2b, identified by 31P- 
('H} NMR spectroscopy. The product was then stirred in 
dichloromethane (25 cm3) with triphenylphosphine (0.250 g) 

for 22 h, after which 31P-{1H} NMR showed that very little 
further reaction had occurred. The mixture was then allowed to 
stand at room temperature for several weeks, whereupon 
complete conversion to the platinalactam complex 2b had 
occurred, as evidenced by 'P-{ ' H} NMR spectroscopy, which 
also showed the presence of Ph3P0. 

Crystal Structure Determination of Complex 2a.-An orange 
crystal of approximate dimensions 0.38 x 0.26 x 0.09 mm was 
glued to the end of a thin glass fibre using epoxy resin. Accurate 
unit-cell dimensions were determined by least-squares refine- 
ment of o angles for 35 centred reflections with 9 < 28 < 25". 
Crystal data are reported in Table 1. Intensity data were 
measured on a Siemens P4 diffractometer at 293 K, using Mo- 
Ka radiation (h = 0.710 73 A), using an o scan method. 7189 
Reflections were measured over the range 5 < 28 < 50" with 
-1 < h < 9, -12 < k -c 12 and -22 1 < 22. The reflec- 
tions were corrected for Lorentz and polarisation effects and 
merged to give 5877 independent reflections (Rin, = 0.03) with 
4201 having I > 241)  regarded as observed. Only two 
reflections were available for ty scans which was insufficient for 
an empirical absorption correction. The crystal was small and a 
weak scatterer, with a low p coefficient, and it was deemed 
unnecessary to perform an analytical absorption correction. 

The structure was solved by direct methods using the 
program SHELXTL-PC. 26 Two unique molecules were found 
(i.e. Z = 2 for each molecule) which could be approximately 
superimposed, the greatest discrepancy being between the 
phenyl positions. All hydrogen atoms were included in 
calculated positions (C-H 0.96 A), with a common fixed 
isotropic thermal parameter (0.08 A,). The atoms of the 
bipyridyl group were refined with isotropic thermal parameters. 
On refining the bipyridyl ligand anisotropically there was no 
improvement in the R factor, but the estimated standard 
deviations of the bond lengths increased. This group was 
therefore returned to isotropic refinement. All other atoms 
were refined with anisotropic thermal parameters. Final cycles 
of refinement gave R = 0.0626, R' = 0.0815 (w-' = 0 2 F  + 
0.0012F2). The maximum and minimum electron densities in 
the final AF map were 1.40 and - 1.42 e A-3 respectively. The 
mean and maximum shift/error in the final refinement cycle 
were 0.000 and 0.002. 

Additional material available from the Cambridge Crystal- 
lographic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 

Acknowledgements 
We thank the SERC and the University of Waikato for financial 
support, and Johnson Matthey plc for a generous loan of 
platinum metal salts. Thanks are also extended to Dr. G. Eaton 
(University of Leicester) and Mrs. A. Upreti (University of 
Waikato) for obtaining mass and IR spectra respectively. 

References 
1 M. A. Cairns, K. R. Dixon and M. A. R. Smith, J. Orgunomet. Chem., 

1977,135, C33. 
2 D. A. Clarke, R. D. W. Kemmitt, M. A. Mazid, P. McKenna, 

D. R. Russell, M. D. Schilling and L. J. Sherry, J.  Chem. Soc., 
Dalton Trans., 1984, 1993. 

3 R. D. W. Kernmitt, S. Mason, J. Fawcett and D. R. Russell, J .  Chem. 
SOC., Dalton Trans., 1992, 851; R. D. W. Kemmitt, S. Mason, 
M. R. MooreandD. R. Russell, J. Chem. Soc., Dalton Trans., 1992, 
409; R. D. W. Kemmitt, S. Mason and D. R. Russell, J.  Organomet. 
Chem., 1991,415, C9; W. Henderson, R. D. W. Kemmitt, S. Mason, 
M. R. Moore, J. Fawcett and D. R. Russell, J. Chem. Soc., Dalton 
Trans., 1992,59; W. Henderson, R. D. W. Kemmitt, L. J.  S. Prouseand 
D. R. Russell, J.  Chem. Soc., Dalton Trans., 1989,259; W. Henderson, 
R. D. W. Kemmitt, L. J.  S. Prouse and D. R. Russell, J. Chem. Soc., 
Dalton Trans., 1990, 259, 1853. 

4 W. Henderson, R. D. W. Kemmitt and A. L. Davis, J. Chem. SOC., 
Dalton Trans., 1993, 2247. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
94

. D
ow

nl
oa

de
d 

by
 N

or
th

ea
st

er
n 

U
ni

ve
rs

ity
 o

n 
27

/1
0/

20
14

 1
3:

43
:5

6.
 

View Article Online

http://dx.doi.org/10.1039/dt9940003085


3090 J.  CHEM. SOC. DALTON TRANS. 1994 

5 See, for example, S. Di Bella, A. Gulino, G. Lanza, I. L. Fragala and 
T. J. Marks, Organometallics, 1993, 12, 3326; K. M. Doxsee, J. J. J. 
Juliette, J. K. M. Mouser and K. Zientara, Organometallics, 1993, 
12, 4742; P. T. Matsunaga, G. L. Hillhouse and A. L. Rheingold, 
J.  Am. Chem. Soc., 1993, 115, 2075; V. Adovasio, P. Diversi, 
G. Ingrosso, A. Lucherini, F. Marchetti and M. Nardelli, J. Chem. 
Soc., Dalton Trans., 1992,3385; J. Feldman and R. R. Schrock, Prog. 
Znorg. Chem., 1991,39, 1; S. D. Chappell and D. J. Cole-Hamilton, 
Polyhedron, 1982, 1, 739; R. H. Grubbs, in Comprehensive 
Organometallic Chemistry, eds. G. Wilkinson, F. G .  A. Stone and 
E. W. Abel, Pergamon, Oxford, 1982, vol. 9, ch. 54, pp. 499-551; 
R. J. Puddephatt, Coord. Chem. Rev., 1980,33, 149. 

6 P. Braunstein and D. Nobel, Chem. Rev., 1989, 89, 1927, and refs. 
therein. 

7 H. Alper, Aldrichimica Acta, 1991,24, 3. 
8 See, for example A. A. Zlota, F. Frolow and D. Milstein, 

Organometallics, 1990,9,1300; K.-T. Aye, D. Colpitts, G. Ferguson 
and R. J. Puddephatt, Organometallics, 1988,7,1454; T. Yamamoto, 
K. Sano and A. Yamamoto, J. Am. Chem. Soc., 1987, 109, 1092; 
G. J. Sunley, P. del C. Menanteau, H. Adams, N. A. Bailey and 
P. M. Maitlis, J.  Chem. Soc., Dalton Trans., 1989,2415; H. Hoberg, 
Y. Peres, C. Kruger and Y.-H. Tsay, Angew. Chem., Int. Ed. Engl., 
1987, 26, 771; T. Yamamoto, K. Igarashi, S. Komiya and 
A. Yamamoto, J, Am. Chem. Soc., 1990,102,7448. 

9 See, for example, J. Tsuji, Organic Syntheses with Palladium 
Compounds, Springer, Berlin, 1990; E. Lindner, Adv. Heterocycl. 
Chem., 1986, 39, 237; R. Fischer, D. Walther, G. Braunlich, 
B. Undeutsch, W. Ludwig and H. Bandmann, J. Organomet. Chem., 
1992,427,395. 

10 W. Henderson, B. K. Nicholson and A. G. Oliver, J.  Chem. Soc., 
Dalton Trans., 1994, 1831. 

1 1 W. Henderson, B. K. Nicholson and A. G. Oliver, Polyhedron, in the 
press. 

12 R. D. W. Kemmitt, P. McKenna, D. R. Russell and L. J. S. Sherry, 
J. Chem. Soc., Dalton Trans., 1985, 259. 

13 A. Imran, R. D. W. Kemmitt, A. J. W. Markwick, P. McKenna, 
D. R. Russell and L. J. S. Sherry, J. Chem. Soc., Dalton Trans., 1985, 
549. 

14 J. Fawcett, W. Henderson, M. D. Jones, R. D. W. Kemmitt, 
D. R. Russell, B. Lam, S. K. Kang and T. A. Albright, Organo- 
metallics, 1989,8, 199 I .  

15 R. D. W. Kemmitt and M. R. Moore, Transition Met. Chem., 1993, 
18, 348. 

16 G. Read, M. Urgelles, A. M. R. Galas and M. B. Hursthouse, 
J. Chem. Soc., Dalton Trans., 1983, 91 1. 

17 P. J. Hayward, D. M. Blake, G.  Wilkinson nd C. J. Nyman, J.  Am. 
Chem. Soc., 1970,92, 5873; R. Ugo, F. Conti, S. Cenini, R. Mason 
andG. B. Robertson, Chem. Commun., 1968,1498; G.  M. Zanderighi, 
R. Ugo, A. Fusi and Y. B. Taarit, Inorg. Nucl. Chem. Lett., 1976,12, 
729. 

18 P. J. Hayward and C. J. Nyman, J. Am. Chem. SOC., 1971,93,617. 
19 H. E. Bryndza and W. Tam, Chem. Rev., 1988,88, 1163. 
20 K. A. Jerrgensen and B. Schiertt, Chem. Rev., 1990,90, 1483. 
21 J. X. McDermott, J. W. White and G. M. Whitesides, J.  Am. Chem. 

22 B. J. McCormick, E. N. Jaynes, jun. and R. I. Kaplan, Znorg. Synth., 

23 R. Ugo, F. Cariati and G. La Monica, Inorg. Synth., 1990,28, 124. 
24 J. Chatt, B. L. Shaw and A. A. Williams, J. Chem. SOC. A, 1962,3269. 
25 H. L. Riley and H. B. Baker, J.  Chem. Soc., 1926,2510. 
26 G. M. Sheldrick, SHELXTL-PC, Release 4.2, Siemens Analytical 

SOC., 1976,98, 6521, 

1972, 13, 216. 

X-Ray Instruments Inc., Madison, WI, 1991. 

Received 12th April 1994; Paper 4/02 1 74F 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
94

. D
ow

nl
oa

de
d 

by
 N

or
th

ea
st

er
n 

U
ni

ve
rs

ity
 o

n 
27

/1
0/

20
14

 1
3:

43
:5

6.
 

View Article Online

http://dx.doi.org/10.1039/dt9940003085

