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Abstract 

Reaction of [PtClz(COD)] or cis-[PtCI,.(PPh3) 2] with a range of mona- and di-substituted ureas, together with urea itself, and an 
excess of  silver(I) oxide gives ureylene complexes 3 and 4 containing the Pt -N-C(O)-N fonr-membered ring system. The complexes 
have been fully characterised by nmltinuclear NMR and IR spectroscopies, el ectrospray mass spectrometry, and a single-crystal X-ray 
structure of the complex [Pt(PhNC(O)NAd}(COD)] (Ad - I-adamantyl, COD 1,5-cyclo-octadiene). 

ge)~vords: Platinum; Ureylene; Urea; Metallacycle~ Crystal structure; Electrospray 

I. Introduction 

Transition.metal t ~ o n l p l e x e s ,  containing the 
four-membered M-N-C(O)-N ring system I have been 
known for some years. Such complexes can be formu- 
lated as complexes of urea dianions, and tt number of 
methods have been reportcd for their synthesis, which 
are summarised in two reviews [1,2]. These include 
reactions of Iow-valent ruthenium, palladium, platinum, 
rhodium and iridium complexes with isocyanates and 
organic azides [3] and the reactions of isocyanates with 
imido complexes of osmium [4] and rhenium [5,6], 
and with oxo.complexes of ruthenium and osmium 
[7]. Reaction of [Pd(OAc)2], i,10-phenanthroline 
( ~  in PhNO2 solvent gave the complex 
[Pd{C(O)NPhOC(O)}(phen)] which, upon reaction with 
phenyl isocyanate f o l l o w e ~ ,  gave the pal- 
ladaureylene complex [Pd{NPhC(O}NPh}(phen)] [8]. 
Dinuclear complexes 2 have also been prepared by the 
reaction of Fe~(CO)la or Fe2(CO),~ with organic azides 
[9]. A number of tri- and tetra-nuclear palladium cam- 
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plexes containing bridging urea dianions have also been 
recently reported [10]. 

M//N'N,,C~O 
R 

2 

R ~ Me, Ph, p-MeOCt, H 4 

Synthetic routes to ureylene complexes starting from 
the appropriate parent urea have also been reported. 
including oxidative addition of 1,3-di-p-toluene° 
sulphonylurea to low-valent metal complexes [2,3,1 I], 
and the reaction of [Pd(OAc)~(phen)] with the dilithio 
salt of 1,3.diphenylurea [3]. In a recent communication 
[12] we reported that silveKl) oxide can be used to 
synlhesis¢ platinum(II) ureylene complexes, together 
with the first mononucleat examples of isoelectronic 
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triazalximethylenemethane complexes formally derived 
from the N.N',N'-triphenylguanidine di~ion. Related 
four-membered ring systems Pt-RN-X-NR ( X  = SO 2 
or  P(O)Ph) have also been synthesised using silver(l) 
oxide [13,14]. and by the reaction of c/s-[PtCl2(PR3) 2 ] 
with SO2(NH2) 2 or SO2Cl 2 in liquid ammonia [15]. 
Here we report our detailed studies on the silver(I) 
oxide-mediated synthesis of platinum(fi) ureylene com- 
plexes 3. containing ancillary cyclo-octa-l,5-diene and 
triphenylphosphine ligands, together with the X-ray 
structure of one derivative. 

2. Results and discussion 

2.1. Syntheses 

The silver(l) oxide-mediated reaction of platinum(ll) 
halide complexes with ureas has been investigated as a 
general synthetic method for ureylene complexes. A 
wide range of ureas has been investigated in order to 
determine the general applicability of the method, which 
is shown here. 

L,, ,,,,ci 
LtPi%cI 

R~HN / \NHR: 

Ag~O. CH~CI~ refl~ 

L N 
x-/No o i.'I'KNI' - 

L.rL.L I i  l i  

3a cod Ph Ph 
3b pph3 Ph Ph 
3e COD Pit 2=Py 
;kl COD Ph I -Ad 
3¢ COD Ph Me 
3f COD Me C(OiM¢ 

31I COb ~ s o : =  

M~ 

3h PPh~ Ph H 
31 PPhj H H 

Thus, reacii~ of either [PtCI:(COD)] (COD = 1,5o 
cycloooctadieae) or ¢/s-[PlCl,(PPh0=] with I mol 
~4uivalent of the appropriate urea and tat excess of 
silver(I) oxide ptx~ceeds smoothly in refluxing 
dichloromethan¢, to give the platinum(ll) ureylene corn= 
plexes 3null as yellow crystalline solids. Silver(I) oxide 
has been found to be a versatile reagent for the synthe- 
sis of a diverse range of metallacyclic complexes, con- 

raining metal-carbon, -nitrogen, -oxygen or -sulphur 
bonds [16]. Typically, reactions can be carried out in 
air. without recourse to the use of air- and/or 
moisture-sensitive reagents, and the by-products (silver 
chloride and water) are readily removed, facilitating 
simple product isolation. 

Typically, reactions of ureas containing at least one 
electron-withdrawing aromatic or acetyl substituent 
on nitrogen proceeded relatively quickly. Attempted 
synthesis of a ureylene complex derived from 1,3-di- 
methyl urea was unsuccessful by this methodology. 
This is presumably a consequence of the reduced 
acidity of the aliphatic-substituted ureas over their 
aromatic-substituted counterparts. Attempts at syn- 
t h e e  unsubstituted parent ureylone complex 
[Pt{NHC(O)NH}(COD)] led to a complex mixture of 
products. However, when the reaction is carried out 
using cis-[PtCI2(PPh02] the ureylene complex 3i can 
be identified by "ip-NMR spectroscopy and electro- 
spray mass spectrometry (ESMS), though it decomposes 
to a mixture of unidentified products upon standing in 
dichloromethane solution. Presumably, complexes con- 
taining N-phenyl substituents have stabilised Pt-N 
bonds, though even in the case of phenyl urea, the 
bigtriphenylphosphine)platinum complex 3h was still 
of marginal stability, and could not be fully charac- 
terised. This decreased stability of the unsubstituted 
n e ~ l e s  is in contrast with tile. related systems 

HXPPh~):] (X~SO,  or P(O)Ph), which 
have been reported to be stable ~17~15]. 

The general methodology described above was also 
employed in the synthesis of a dintlclear ureylene corn= 
plex. Reaction of diphenylmethaneo4,4'=di:isocyanate 
with excess methylamine gave the bis(urea) 
(CH~NH~O)NHC~H4}~CH ~ as an insoluble while 
solid, which, upon reaction with 2reel equivalents of 
[PtCI=~(COD)] yields the dinuclear complex 4. There 
was no evidence of any monosubstituted complex being 
formed, 

7 
Cit~--N k .N-~%x.._~CH==f~t~-'N k /N :CHI  

Pd P| 
(COD) ICOD} 

In conclusion, the silver(1) oxide method for the 
synthesis of platinum(ll) ureylene complexes is gener- 
ally applicable for disubstituted ureas, particularly those 
containing at least one electron-withdrawing substituent. 
The procedure is particularly useful for the synthesis of 
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Table 1 
Final positional parameters and equivalent thermal parameters for 
[lit{PbNC(O)lqAd}(COD)] 3d, with estimated standard deviations in 
parentheses 

Atom x y z Ueq 

Pt 0.017611) 0.3286111 0.3615(11 0.01711 ) 
O(1) -0.391417) 0.2916171 0.3878(5) 0.026111 
N(2) - 0.1498181 0.3206(8) 0.451615) 0.021 (2) 
NI, I) -0.1748(81 0.3319(8) 0.2947(5) 0.021(2) 
C(I) -0.25611) 0.3085(9) 0.3783(6) 0.021(2) 
C121 - 0.247(I) 0.3275(9) 0.1984(6) 0.01 9(2) 
1213) -0.31211) 0.441819) 0.1930171 0.023(2) 
C141 - 0.37611 ) O. i 86619) 0.1774171 0.025(2) 
C151 -0.131(I)  0.3550) 0.1184171 0.027(2) 
COl)  -0.19311) 0.2618(91 0.5433(6) 0.021121 
C(12) -0.08611) 0.3082(9) 0.621717) 0.023(2) 
C(I3) -0.122(I)  0.252111 0.7122(7) 0.032(2) 
C(15) - 0.367(I) O.10l(I) 0.651317) 0.027(2) 
C114) = 0.2631 I) O. 14911) 0.7289(7) 0.032(2) 
C(16) -0.33311) 0.1565(9) 0.5610171 0.025(2) 
C(21 ) - 0.205( t ) 0.352( l ) 0.0177(7) 0.03312) 
C1221 - 0.268( I ) 0.466( I ) O.0152(8) 0.03412) 
C123) - 0.385( I ) 0.440( I ) 0.0930(7) 0.028(2) 
C(24) - 0.516( I ) 0.299( I ) 0.0742(7) 0.03012) 
C(25) - 0.452( i ) 0.186( I ) 0.0770(7) 0.03112) 
C126) -0 .332( I )  0.21 I(1 ) -0.0009(7) 0.037(3) 
C(3I) 0.14711) 0,267(I) 0,2552(7) 0.025(2) 
C(32) 0.241(I) 0.193(I) 0.3(I(17(7) 0.029(2) 
C(33) 0.201(I) 0.153(11 0.405817) 0.031(21 
C(34) 0.151(I) 0.253(I) 0.4600(7) 0.025f2) 
C(351 0.22 I(I) 0.397(I) 0.4565(7) 0.024(2) 
C(361 0.367( I ) 0.47411) 0.4042(7) 0.026(2) 
C1371 0.336( I ) 0.513( 1 ) 0.3004(7) 0.027(2) 
C1381 0.192719) 0,4099(9) 0,2542(6) 0.020(2) 
CI(I) 0.198915) 0.0225(4) 0,6476(4) 0.091(I) 
CI(2) 0.3409(8) 0.2023(6) 0.8109(4) 0.12(X2) 
C(4t ) 0.2911(t) O. 1~1( t ) (1.6~8tX9) O. 106(7) 
C0Jl) 0,04(X l) 0.93111) 1107~XX9) 0.08~s) 
0 9 2 )  ~o 0,076( I ) l),9,,flX I ) 11,11390(9) 0.13( I ) 
093)  -- 0,106( t ) 0,958( t ) O, J 390(9) 0.141 t ) 

asymmetrically substituted complexes, which are not 
readily accessible by other txmtes, such as fi'om iso- 
cyanates. 

2.2, X-ra,v cr),stal structure of 
I PdPhNCf O )NAd}f COD)] 3d 

In order to assess the bonding in the platinaureylene 
system, a single-ct~ystal X-ray diffraction study has been 
carried out on the asymmetrically substituted derivative 
3d. The presence of two electronically and sterically 
different substituents (phenyl and l-adamantyl) was de- 
sirable since there is only one other structural determi- 
nation on an asymmetrically substituted areylene com- 
plex [61, though a number of symmetric derivatives 
have been characterised. Fractional atomic coordinates 
for the structure are given in Table I, while Table 2 
gives selected intramolecular bond distances and angles. 

The structure (Fig. 1 ) confirms the expected platinau- 
reylene structure 3d, which is analogous to other urey- 
lene structures reported for Cr, Fe, Co, Mo, Ru, Pd, W, 
Re and Os. It is noteworthy that ureylene complexes are 
N,N-bonded, in marked contrast to platinum(II) com- 
plexes of N,S-chelated thiourea dianions [17], where the 
affinity of the soft sulphur atom for the metal centre 
dictates the coordination mode. As is normal with plati- 
nacyclic complexes, the metal is coordinated in a dis- 
torted square-planar arrangement, with the bidentate 
ureylene and ~4-coordinated 1,5-cyclo-octadiene lig- 
ands lying in the phme. The main distortion is the 
N(1)-Pt-N(2) bite angle, which in this case is 64.7(3) °. 
deviating by 25.3 ° from a regular square-plane. This is 
due to the geometrical constraint set by the ligand, 
whose bonds have insufficient flexibility to adopt the 
90 ° angle required for a regular square-phmar an-angeo 
ment. The metallacy,'le is essentially planar (with no 
atom deviatin~ fi'om the least°squares plane by more 
than 0.068(5)A, tbr C(I)). with the carbonyl group also 
lying in°plane us predicted. As expected for an unsym- 
metrical ureylen¢ ligand, the N( 1 )~Pt and N(2)~Pt bond 
distances are not equal, with the folder possibly being 
slightly longer (0.027( I I )/~), though the estimated stano 
d;trd deviations do not permit an accurate comparison. 

l~blo 2 
Selected bond lengths (A) and angles (deg) for [P"~PhNC(O)NAd}(COD)] 3d, with eslimated standard deviations in parcntileses 

Btmd length.s 
Pt-N(1) 2.048(8) Pt-N(2) 2,021(81 
Pt=C(31 ) 2.177(9) Pt~C(38) 2.178(9) 
Pt-C{ 34) 2.185(9) l)! - C(35) 2,191191 
N(I)-C(I)  1.3411) N(2)-C(I) 139{11 
C(1)-O(1) 1.2411) N{I)-C(2) 1.47(I) 
N(2)-C(I 1) 1.4 I( I ) C(31 )--C(38) 1.3~( I ) 
C1341-C(35) 1.3~ I) 

B.nd angle,~ 
N(I)-Pt~N(2) 64,7(3) Pt-N( I )--C( I ) 94,7(5) 
PI-N( 2)- C( I ) 95,5(5) Pt- N(2)- C( I I ) 133,2(6) 
PI-N( I )-C(2) 142.4(6) N( 1 )-C( I )-N(2) 1114.1(7) 
N( ! )-C( I )-O( I ) 128.418) N(2)-C( I )-O( I ) 127.3(8) 
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The mctal--_u_~lene system is formally isoelectronic 
with the MCH2C(O)CHz oxodimethylenemethane sys- 
tem. Indeed, the former may be considered as oxadi- 
azatrimethylenemethane complexes. However, a number 
of structural studies [18,19] on these complexes exclu- 
sively show the presence of highly puckered four-mem- 
bered rings $, and the bonding is best rationalised in 
terms of an r; J contribution 6 to the bonding. Ureylene 
complexes accordingly more closely resemble the iso- 
electronic carbonate complexes 7, which also have pla- 
nar' ring systems (see for example Ref. [20]). 

c/ 

$ 6 

/ 

The Pt:CH bond distances do not vary significantly 
(2,178(9) A compared with 2.188(9) A), However, the 
differing trans influences of the two inequivalent nitro- 
8en atoms has an effect on the ~ H and uC NMR spectra 
of the CH=CH groups of the COD ligand. Further 
discussion on the NMR spectroscopic properties appears 
in Section 2.3, 

The dihedral angle between the strictly planar phenyl 
ring and the metallaeyelic ring is 42.0(3) °. The alkene 
moieties of the COD iigand are almost perpendicular to 
the metallacyde with a dihedral angle of 87,0(4) ° be- 
tween the planes defined by the platinum-carbon bonds, 
and the metallacycle, The remaining bond lengths and 
angles appear nom~al. 

2,3. Spectrost'opic ~md moss spcc'lrometric ch(~racterio 
.~zion 

The complexes have been fully characteri~d by 
multinuclear NMR and tR spectroscopies, elemental 
analysis and ESMS, The '~lP-{tH} NMR spectrum of 

the triphenylphosphine complex 3b shows the ex- 
pected single resonance, with coupling to ~95Pt of 
3337Hz. This is characteristic of phosphine ligands 
trans to amide ligands, such as in the related complexes 
[I;t{PhNS(O)2NPhI(PPh~) 21 (3501 Hz) and 
[Pt[PhNP(OXPh)NPh}(PPh 3)2 ] (3401 Hz) [ ! 3]. The trans 
influence of the diphenylureylene ligand is lower than 
that of the amide ligand in the related iactam complex 
[Pt{CH(COMe)C(O)NPh}(PPh~) 2 ], where the PPh 3 !ig- 
and trans to the amide shows J(PtP) 3709 Hz [ 18]. For 
the unsubstituted ureylene complex 3i, the value of 
~J(PtP) is 3291 Hz, while those for the unsymmetrical 
complex 3h (3174 and 3423Hz) lie outside the range 
defined by the two symmetrical structures 3a and 3i. 

~'~C and ~ H NMR data for the cydo-octadiene olefinic 
resonances of the various ureylene complexes 3 are 
summarised in Table 3. It is evident that there is no 
obvious trend in both the ~H and t'~C chemical shifts 
which range from 4.7 to 6.5 ppm and from 91 to 99ppm 
respectively, regardless of the aromaticity or electron- 
withdrawing characteristics of the nitrogen substituent 
trans to it. However, if the ~H shift for any particular 
group is larger, the corresponding a3C is also greater, as 
is typical (although by no means necessary) in NMR 
generally. The coupling constants, however, are much 
more diagnostic. The more strongly electron-withdraw- 
ing groups (i.e. ~henyl and acetyl) consistently induced 
higher 2j (for i Spt IH) and lower i j  (for I~Pt-13C) 
values to the coordinated COD ligand than their respec- 
tive lesser e l e c t r o n - w i t h d ~ l )  counterparts, 
with the exception of [PtlPhNC(O)NAd}(COD)] 3d 
where the ~H coupling constants were identical within 
the experimental accuracy of the spectrometer. 

The IR spectra of the ureylene complexes show two 
bands in the region 1580~1700cm ~t. In comparison, 
other mononuclear ureylene complexes have been 
reported to have |,(C=O) values in the range 
1608_!698cm ~ i [4] including values of 1615cm °t for 
[P'd[NPhC(O)NPh}(phen)] and 1693 era° i for 
[Pt{NRC(O)NR}(PPh ~), ] (R = p-toluenesulphonyl). 

2.3.1. ESMS 
ESMS is a relatively t~cent ionisation tedmique, 

which is well-suited to the analysis of involatile transi- 
tion metal complexes. The technique typically yields 
strong parent ions, providing the complex is either 
charged, or posmsses 'basic' oxygen or nitrogen atoms 
which can associate with protons, giving parent ior~s of 
the [M + H]" type. The ureylene complexes typically 
give [M + H] * ions under a range of different cone 
voltages, though in several ca.~s other ions were appar- 
ent. Generally, the strongest [M + H] + ions were ob- 
served using cone voltages around 50V. Complexes of 
[(COD)Pt(OH)]*, alone, or with one or two molecules 
of MeCN mobile phase were also sometimes observed. 
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C(4) 

C(36) 

,G(34) 

Nt2) 

1) 

Fig. I. olena, diagram of lhe molecnhlr slrnt'lar¢ of the ureylene eomple~ [Pt('~NPh('{O Adl{COD)] 311, showing Ih¢ alom |lllllll~l'illg scheme. 
Atoms are represenled al the 50% probability lee,q, 

It is likely tlult these ions arise from incomplete reaction 
of the starting [PtCla(COD)], and that abstraction of 
chloride by Ag + is the first step in the synthesis of tlae 
ut~ylene complexes. As expected, loss of acetonitrile 
proceeds with inc|~ased cone voltage. 

For the diphenyl ureylene complex 3a, loss of Ph° 
NCO occurred at higher cone voltages. Fig. 2 shows the 
positiveoion spectrum of this complex at a cone voltage 
of 50 V, together with a comparison of the observed and 
calculated isotope distributions for the parent [M + H]* 

Table 3 
A p ~ n  of cyclo-ocladiene olefinic tFl and D~C reson:mces and conplmg const,'mts for the various uwylen¢ complenes 

YI(COD}] 3 

Subsliluell! Pt-Clt group Iralls to X snbslittlenl PI~CH group trans (o Y stlbslitiJent 

{X,Y) 6 {ppn0 J (Hz) ~ (ppm) J (Hz) 

I n I IC IH~ IOSp| I,~C~ I'~.~ pt I H t~C I H~ I'J5 Pt t~C°~ "J~l)t 

X.Y ~ Ph 3a 5.20 94.1 59,4 141.7 5.20 94.1 50.4 141,9 
X ~ Ph; Y ~ Py 3c 0,48 95.2 04.6 131.6 5.21 94.1 63.1 145.5 
X ~ Ph: Y ,~ Ad ~ 4.73 90.7 60,8 128,6 5.63 93.8 61.0 142.8 
X ~ Ph; Y ~ CFI~ 3e 5.08 93.7 " _ i, 133.1 5.13 92.1 " 53.9 143.5 
X ~ COMe; Y ~ Me 3f 5.17 93.5 62,4 128.7 6.08 93.9 01.3 141.1 
X - SOzCt, H ~CI; Y ~ C~N~(OMe)Me 3g 6.41 98,6 68.2 139.1 6.33 97.1 61.0 153.8 

Assigned following the basic trend in coupling consl:lnts observed for olher related species. 
b Not resolved. 
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[ M+H~u~hNCO ]* [ 
• ( 

[m+Hl+/ 

1~ 514 516 18  

i t 

i! 

i 
:! [2M+H] + 

I02Z6 

300 400 500 600 700 800 900 1000  1100  1200 m / z  

Fig. 2. Positive-ion electrospray mass spectrum of [ ~ N P h } ( C O D ) ]  3it ( *, M). showing peak assignments. The inset shows a comparison 
of the (a) ob~rved and (b) calculated isotope distribution patterns for the [M + HI+ parent ion at m/z 514. 

ion. Similar behaviour was observed for the sulphony- 
lur¢a herbicide-derived product 3g. which selectively 
lost ehlomphenylsulphonylisocyanate at high cone volt+ 
ages, Analogous loss of isocyanates fl'om sulphonylurea 
herbicides has been descril~d previously in desorption 
chemical ionisation studies of this class of compounds 
[21], It is also noteworthy that the t~actions of iso- 
cyanatcs with a range of metal complexes provide a 
synthetic mute into ureylene complexes, as discussed in 
S~ction I, ESMS thus appears to provide a rapid. 
convenient method for probing the d~compositiou path° 
ways of such complexes, 

3. Experimental details 

t H and a~C+{~tt} NMR spectra were recorded on a 
Braker AC3tXII ) spectrometer, at 300,12Mile and 
75,47MHz ecspectively, in CDCI~ (unless otherwise 
stated), with SiMe+ (O.Oppm) as external reference. 
NMR spectra of ureylene complexes were fully as- 
signed by it combination of * FI- I I! COSY, J ll+ t.~(? 
COSY and hOe experiments. ~tp~{~ll} NMR spectra 
Were recotxied in Clt:CI: solution (unless olherwisc 
stated.) on a Jeol FXgOQ Slxctronmter at 26.23 MHz, 
with 85++~ l[ ~ I~  (O, O ppm) as external t+f~ren~+~, and ,+ 
glass capillat~j containing D++O used to provide a lock 
signal, IR spectra were t~cot~,led as KBr disks on a 
BioRad FTS~40 spectrometer, with I cm ~ ~ resolution, 
Melting points were t~corded on a Reichert ||otstage 
apparatus and are uncovered, Electmspray mass spec- 

tra were recorded in positive-ion mode on a VG Plat- 
form II instrument. The sample was delivered to the 
mass spectrometer source by a SpectniSystenl Pl000 
HPLC pump, at a flow ntte of 0.1 mlmin ~l, witll 
MeCN-H~O (l:l  v/v) as the mobile phase. The sam- 
ple was introduced via a 10pA sample loop fitted to a 
Rhcodyne injector. Nitrogen was employed as both the 
nebulising and drying gas, rind file SOUl~e temperature 
was ~}+C. Cone voltages wcrc typically vm'ied ~lween 
20 and 80 V. in oilier to oplimise formation of molecu+ 
ha' ions, and ittvcstigate the effect of higher vohages un 
fragmentation of the parent species, Idmaification of all 
major species is aided by comparison of the observed 
and calculated [22] isotope distribution patterns. 

The complex [PtCI,(COD)] was pn'oparcd by the 
literature procedure [221 and cls-[PtCl~(PPh~)~] was 
prepared from this complex by ligand substitution with 
2 sol  equivalents of PPh ~ in dichloromethane solution. 
Silver(1) oxide was prepared by a modification of the 
literature procedure+ [24] 

Urea (BDIt)+ phenylurea (BDtl). N,N'+dimethylurea 
(Aldrich), were obtained from commercial sources and 
used as°supplied. The sulphonylut~:a herbicide Chlorsul+ 
futxm was obtained floe D+ McNaughton. AgResearch 
Lid,, Ilamilton, New Zealand, and used as-supplied. 

N-acetyl°N'°methylut~a was prepaped by the litera- 
ture procedut~ [25], tn,p. 17S~C (lit. 178~180~C). nit 
NMR: 6 10,23 (s, IH, CH~CONH), 8.40 (s, IH, 
H ~CNH), 2,84 {d, 311, ~Jit.tl = 5.49 Hz, COCH~), 2.10 
(s, 2H, CH~), I~C NMR" fi 172.6 (s, H~C-C=O). 
155,6 (s, C=O), 26,1 (q, NII-CH~), 23.9 (q. C O -  
CH~) .  
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The various phenylureas were prepared via a minor 
modification of the general method recently described 
[26]; phenyl isocyanate (BDH) (0,5 ml) was added to a 
solution of the appropriate amine in diethyl ether (ca. 
30ml), The resulting solid was filtered, and washed 
with diethyl ether to yield the product urea. 

N-PhenyI-N'-2-pyridyl urea, PhNHC(O)NHPy. M.p. 
192-193°C (194°C [26]). ~H NMR: 6 11.81 (s, IH, br, 
PhNH), 9.2o is, IH, br, PyNH), 8.26 (dd, IH, Js" 4 "=  
5.07Hz, 4Js, r = 1.08Hz, H-5"), 7.65 (td, IH, 3Jr,',, = 

4 " "" 3" 3 " '" 
7.34Hz, Jr.~,, = 1.85Hz, H-. ), 7.63 (dd, 2H, J,,v = 
7,88Hz, 4J~.i~, = 1.08 Hz, H-2',6'), 7.36 (t, 2H, 3j~.';, = 

" " ,  I "l 4 " " "  7.92Hz, H-3,5 ), 7.10 (tt, IH, J4, ~. = 7.41Hz, J# , .=  
1.06Hz, H-4 ), 6.98 (d ,  I H ,  "J,,, r' = 8.39 Hz, t l -2  ), 

( ~ 4 " '  ~ ,, 6.94 (it, I!t, "J4"..r = 6.11 Hz, J4".z" = 0.8. Hz, H-4 ). 
L~C NMR: 6 154.0 (s, C=O),  153.2 is, C-I"), 145.9 (d, 
C-5" ), 138.7 (s, C- l' ), 138.7 (d, C-Y ), 129.0 (d, C-3',5' ), 
123.4 (d, C-4'), 120.3 (d, C-2',6'), 117.2 (d, C-4"), 
112.4 (d, C-2"). 

N- I-AdamantvI-N'-phenyl unx'a, PhNHC( O )NHAd. M.p. 
248°C, ~}! NiVlR: ~ 7.27 (m, 4H, Ib2',Y,5',6'), 7.05 (tt, 
IH, 'aJ.r,r=6,26Hz, "lJ.r,,.= 2,38Hz, H-4'), 6.22 is, 
IH, PhNH), 4.57 is, IH, AdNH), 2.08 ira, 3H, C!t z- 
C H-CiI:) ,  2.(g)(d, 6H, C-CH,-CH) ,  1.67 (t, 6H, 
CFI -CH:CH) .  I~C NMR: ~ 154.4 (s, C=O),  139.0 (s, 
C-I'), 129.3 (d, C-Y,5'), 123.6 (d, C-4'), 120.9 (d, 
C-2',6'), 51.4 (s, N-C=CH:) ,  42.3 (t, C-CFI,-Clol), 
36.4 (t, C H ~ C I - I , = C H ) ,  29.6 (d, C l t ,  oCHooCH2). 

N.MethvI,N',pht,nvl m't',, PhNHC(OWHMe. M.p. 
~w , o ", 178'(', "'11 NMR:" ~t 7.32=7.26 (m, 41t, ILz ,3,5,6 ), 

I 7.09 {tt, IH, J.r,r ~ 6.48Hz, 4,14,,;, ~ 2.21 IIz, Ho4'), 
0,54 (s, hr, 111, PhNH), 4.87 (s, br, I!1, I laCNH) 2.82 
(d, 3H, '~dn., ~ 4.76Hz, CH~). LmC NMR: 8 156.6 (s, 
C=O),  138.5 (s, C-I'), 129.4 (d, (?-3',5'), 124.2 (d, 
Co4'), 121.6 (d, Co2',6'), 27.1 (t I, CH~). 

{Clt~NHCfOWHC~,Hj},CH:. M.p. 280°C. II ' l NMR: 
(D(,-DMSO) ~ 11.44 is; 2,H,,,b~i; c0ri:N-,V), 7.36 (d, 
411, J~,~, = 8.49Hz, 2 ,6 ,2  ,6 ). 7.11 (d, 4H, 3J:~,.:, = 

8.47Hz, H-3',5',3",5"), 6,01 (q, 2H, 3Ja . ,=4 .66Hz,  
H aC-N-H) ,  3.82 (s, 2H, CH,) ,  2.70 (d, 6H, 3J#. u = 
4.63Hz, CH.a). L~C NMR: (D6-DMSO) 6 159.9 (s, 
C=O),  142.4 (s, C-I'), 138.2 (d, C-4'), 132.6 (d, C- 
3',6'), 121.8 (d, C-2',6'), 43.7 (t, CH 2) 30.1 (q, CH3). 

3.1. Preparation of  ureylene complexes 

Melting point, microanalytical and IR spectroscopic 
data for the ureylene complexes 3 and 4 are summarised 
in Table 4. 

3.1,1. Preparation of  IPtfPhNC(O)NPh)tCOD)I 3a 
[PtCl ,(COD)] (0,051 =,,, 0.136 mmol), N, N'-diphenyl- 

urea (0.029 g, 0.137 mmol) and silveKI) oxide (0.807 g, 
excess) were refluxed in dichloromethane (30ml) for 
18h. Filtration to remove the silver salts gave a pale 
green-yellow solution. 1"he solvent was removed by 
evaporation, and subsequent recrystallisation of the 
residue from dichloromethane-diethyl ether gave a pale 
green powder of 3a (0.059 g, 84%). 

'n NMR: 6 7.29-7.13 (m, 8H, Ph). 6.91 (t, 4H, 
~j 4,..~.- 7.13Hz, H-4'), 5.20 ((t, br), 4H, (d, 2jH.w = 
59.4Hz), CH=CH),  2.61 (m, 4H, CH-CH,) ,  2.29 (m, 
4H, CH-CH:) .  L~C NMR: 6 129.1 is, C-3',5'), 128.9 
(s, C-3',5'), 123.6 (s, C). 122.6 is, C), 120.6 (s, C), 94.1 
(d, (d, JJc.pt = 141.7 Hz), CH=CH),  30.2 (t, CH=CH,).  
ESMS: cone voltage 50V ( m / z ,  %) [2M + HI + (1027, 
10%), [M + LI] +, (514, 80%), [Mit ~ PhNCO]*. (394, 
10()~ ). 

3. i.2. Pr¢.paration of I fit{PhNCt O )AtPh}(PPh ~ ): I 3b 
The compound was quantitatively prepa|ed by ligand 

substitution fi'om [Pt{PhNC(O)NPh}(COD)] 3a prepared 
above, by addition of the appropriate mohtr amount of 
triphenylphosphine to a dichloromethane solution of 3a. 

The complex was also prepared directly from ciso 
[PtCI,.iPPh~)~] (generated in situ fi'om [PtCI~(COD)] 
(0.050 g. O. 134 retool) and triphenylphosphine (0.071 g. 
0.271 retool)), N. N'-diphenylurea (0.029 g, 0.137 retool) 
and silver(l) oxide (0.843g, excess). Yield 0.107g 
i86%). 

Table 4 
Melting point, mictoaaalylical " and IR SlX'Ctroscopi¢ d:ltll for lime phltinum(ll) ureylene complexes 
Compound M.p. (°C) Microanalylieal data IR (carbonyl region, cm I ) 

C H 

3a 150 " 48.57(49.12) 4.50(4.32) 
3b 240 " 62.55(6.3.29) 3.95(4.34) 
3e. 0.25 EI~O 2,1(I ~' 46.66(46.11 ) 4.16(4.55) 
3d. 0,5CI1:CI,. 0.5111,O 220 t, 50,17(50,75) 5.95(5.89) 
,~ 140 ' 42.72(42.57) 4.84(4.47) 
3g. 0.33CH :CIz 170 ~' 35.76(35.53) 3.40(3.32) 
4 190 ~' 43.56(43.31) 4.96(4.41) 

N 
5.43(5.46) 1~48(w),159,~ ~) 
2.65(3.01) 163~vs),158~X m) 
8.13(8.07) 1662(w).1548(s) 
4.43( 4.31 ) 1637(vs). 1618(s) 
6.05(6,21 ) 1650(vs).1590(s) 

10.21(10.19) 1725(v~.br) 
6.24(6.13) 1640(v~.br).1605{s) 

a Calculated values are given in parentheses, t, Decomposition point, c Melts without decomposition. 
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'H NMR: 8 7.47-7.32 (m, 14H. PPh~), 7.25-7,17 
(m. 8H. PPh3). 7.09-7.04 (m. 8H. PPh~), 6.66 (d. 2H, 
3Jz'.r = 7.24~Iz. H-2'.2#), 6.55 (t, 2H. ~/y.2,--7.29Hz. 
H-Y.Y'), 6.47 (t. IH, "~J4,.3, = 6.97Hz, H-4',4"). 13C 
NMR: B 174.3 (s, C=O), 134.5-134.2 (m, PPh3), 
131.2 (m. PPhj). 130.5 (m, PPh.~), 128.6-128.4 (m. 
PPh~). 128.0-127.9 (m, PPh~), 127.5 (s, C-2',6'). 127.2 
(s, C-Y,5'). 121.2 (s. C-4'). 3~P-{~H} NMR: 8 I0.0 (s, 
(d. tJr.~ t = 3337Hz), PhsP). ESMS: cone voltage 50V 
(m/z, %1 unidentified (957. 40%), [M + H] +, (930, 
70%). unidentified. (772, 100%). 

3.1.3. Preparation of IP~Py}(COD)] 3e 
[PtCI,(COD)] (0,100g, 0.266mmoi). N-phenyl-N'- 

2.pyridylurea (0.056g. 0.264mmoi) and silver(1) oxide 
(0,129g. excess) were refluxed in dichloromethane for 
24h. After workup as above, bright yellow crystals of 
3¢ (0.105 g. 77%) were obtained. 

i H NMR: 8 7.98 (ddd, IH. "~J2, ~, = 6.05 Hz, 4j, o 4 ~ 
1.98Hz. ~J~. ~, ~ 0.84Hz. H-2"). "7.92 (dt, IH, "~J~.'~. 

~8.51Hz. ~)~'.r=0.95Hz. H-5"), 7.41 (ddd, II~, 
4 ~J4"..~"/s" ~ 8.51 Hz, "J~,..~,/~, ~ 7.08 Hz, J~, 2, 

2.02Hz, Ho4"), 7.21 (tt. 2H, :~J~,z,,~ 7.71Hz. 4J~,y = 
1.70Hz, H-Y). 7.12 (dr. 2H. "~)~,~,~9.2Hz, ~J~,'~,~ 
1.79Hz. ' -~ ° " " " '  H-2). 6.91 (tt. IH, J~ v~7.13Hz, J4, z,~ 
1.29Hz. ' "'~ ' H4),- 650., (ddd, IH. J~,,,/~,~'7.11Hz,.., 
~.I~, ,, ,~ '~ 4.95 Hz. ~Jr ~" " 0.98 Hz, H-~"), 6 48 (2H, 
(I. ~ H ~ 2.81 Hz), (d. °J. ~ ~ 64.6Hz). CH ~-CH 
trans "f~), 5.21 (2H. (t. ~ t,.i'i - 2.52Hz). (d, 'J,.i,, 
63.1Hz), C//~CH trans NPy), 2.70=2.60 (m. 4H. 
CH=CH_~). 2.,10=2.14 (m. 4H. CH=CH,). ~'~C NMR: 8 
169,7 (~, C-~O), 158,1 (,~, Col"), 147.5 ('d, Co5"), 145.5 
(8. Col'), 136,9 (d, Co3"), 128,9 (d, Coy,5'), 122.6 (d, 
Co2',6'), 122.3 id. Co4'), I I:L6 (d, C-4"), 114,3 (d, 
(~Jc,~t" 45.8 H~), Co2"), 95,2 (d, (d, IiJc,t, ! ~ 131,6H~), 
Cfi~CH trans NPh), 94,1 (d, (d, Jc.~,~" 145.5Hz), 
CH~CH fr~,s NPy). 30.7 (d. CH~CII~), 30.0 (d, 
CH=CH~), ESMS' cone voltage 15V, (re~z, %) 
unidentified (747, 18%), [M+H.~O}* (533. I00%), 
[ ( C O D ) P t ( O H ) ( M  e C N ) ] *  1361, 15%) ,  
{ICOD)Pt(OHXMeCNL,]* (402, 48f~). Cone 50V. 
(m[,:, %) unidentified 1665, 71E~), [M + H,~O]* (533, 
1 0 0 % ) ,  u n i d e n t i f i e d  ( 4 2 7 ,  36% ), 
[(COD)Pt(OH~MeCN)]* 1361.72%). [(COD)Pt(OH)]* 
(320, 77%). 

3,I,4. Peelmmtion of IP~VAd~fCODI 3d 
[PtCI_~(COD)] (0,!lg)g, 0,266nunol), N-loadaman~ 

tyloN'ophenyl utica (0,073g, 0,270retool) and silver(1) 
oxide 10,126g, excess) were refluxed in dichloromethtme 
tbr 24h, After stand~uxl workup and t~ecrystallisation 
h~m dichloromethane-diethyi ether, bright yellow cryso 
tals of M (0,107g, 70%) were obtained, 

~ 9 4 j  t H NMR: ~ 7,17 (dt, 2H, 'J,~ ~, 6,5, Hz, 
1,79 Hz, I|-2,6 ), 7,II (it, 2H, ,~ ,. 8,20 Hz, 'J,, - 
1,30Hz, H-Y,5'), 6,88 (tt, IH, Ja'.r = 7.i0Hz, "~: : 

1.48Hz, H-4'), 5.63 (2H, (t, 3Jn, n = 2.77Hz), (d, br, 
2JH Pt = 61.OHz), CH=CH trans NAd), 4.73 (2H, (t, 
3Jnln=2.79Hz), (d, br, zj =60.SHz), CH=CH H,PI 
trans NPh), 2.54 (m, 4H, CHz-CH=CH), 2.26 (m, 4H, 
CH2-CH=CH), 2.01 (m, br, 9H, H-Ad), 1.66 (m, br, 
6H, H-Ad). ~3C NMR: 6 174.2 (s, C=O), 146.7 (s, 
C-I'), 128,5 (d, C-3',5'), 124.7 (d, C-2',6'), 122.6 (d, 
C-4'), 93.8 (d, (d, II - . c,i~-142.8Hz), CH=CH trans 
NAd), 90.7 (d, (d, Jc,et = 128.6Hz), CH=CH trans 
NPh), 57.6 (s, N-C-CH2), 44.2 (t, C-CH,-CH), 36,8 
(t, CH-CH2-CH), 31,1 (t, CH2-CH=CH), 30,3 
(CHz-CH-CHz), 29.4 (t, CH2-CH=CH). 

3.1.5. Preparation of IPtfPhNC(O)NCH~ )(COD)] 3e 
[PtCI:(COD)] (0.052 g, 0.139 retool), N-methyI,N', 

phenylurea (0,016g, 0,138retool) and silver(l) oxide 
(0.11g, excess) were refluxed in diehloromethane for 
5h. After standard workup, recrystallisation from 
dichloromethane-diethyl ether afforded pale yellow 
rosettes of 3e (0,039 g, 81%). ' H NMR: 8 7.18-7.05 
(m, 4H, C-2',3',5',6'), 6,78 (t, IH,  aJ4, y = 7.07Hz, H- 
4'), 5.13 ((s, br), 2H, (d, br, bJn.pt -- 53.9 Hz), CH=CH 
trans NCH3), 5.08 ((s, br), 2H, (d, br, zJ.,r~ not 
discernible due to overlap), CH=CH trans NPh), 2.94 
(s, 3H, (d, br, "~Ju pt = 38.3 Hz), CHO, 2.59 (m, br, 4H, 
CHz-CI-i), 2.22 ~m, br, 4H, CH,:CH). a3C NMR: 6 
i"13.8 (s, (d, 2Jc,rt ~ 97.0ttz), C-O),  147.3 (s, C-I'), 
128.8 (d, C-Y,5'), 120,9 (d, C-2',6'), 118.8 (d, C-4'), 
93.7 (d, (d, IJ c s,," 133.1 Hz), CH--CH, trans NPh), 
92.1 (d, (d, *Jc I~, ~ 143.5Hz), CH=CH, trans NCHa), 
31.7 (q, (d, ~Jclr, ~ 30,5 itz), CH0, 30,4 it, CH~cH),  
30.3 (t, CH~CH), 

3.1,6, Preparation ¢~1' 
I Pr[CH , CONC( O )NCR~}f COD )I 3 f  

[PtCIz(COD)] (0,052 g, 0,139 retool), N-acetyloN'- 
methylurea (0,016g, 0,138retool) and silver(1) oxide 
(0.11g, excess) were refluxed in dichloromethane for 
5h, After standard workup, recrystallisation fi'om 
dichloromethane-diethyl ether aftbrded a pale yellow 
oil of 3f (0.049g, which was ca. 95% pure by IH 
NMR). 

IH NMR: i~ 6.08 i2H, (t, ~Jn.u ~ 2.65 Hz), (d, br, 
:Ju t,t ~ 61,3 Hz), CH=CH tmns NCH ~), 5.17 (21t, (t, 
~J,i, '~ 2.48Hz), (d, br, :J,,i,t ~62.4Hz), CH=Ct l  
trons NCOCHO, 2.87 (s, 3H, (d, br, '~J, ol,t = 40.0Hz), 
CHO, 2,56 (m, br. 4H, CH~o~CH), 2,37 (s, 3H, N~ 
CII~), 2,32 ira, br, 411, CIIz~CH). *~C NMR: 8 172.7 
(s, II~C~C=O), 170.4 %, C=O), 93.9 (d, (d, lIJ¢,j,. = 
141,I llz, CH=CH trans NCIIJ, 93.5 (d, (d, Jc.m 
128,7Hz), CH=CH, trims NCOCFI0, 31.1 (q, CO- 
CH0, 30,8 (t, CH,-CH), 30.0 it. CH,-Cit), 26.1) (q, 
(d, °Jc,i't ~ 41,5 l°Iz), CH,0, 

3,1.7, Prt,l~aration of Jg 
[PtCI,(COD)] (0,053 g, 0.142 retool), Chlorsulfuron 

(O,SIg, O,143mmol) and silver(i) oxide (0.765g, ex- 
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tess) were refluxed in dichloromethane for 5 h. After 
standard workup, recrystallisation from dichloro- 
meihane-diethyl ether gave a cream solid of 3g (0.O74 g, 
79%1. 

IH NMR: 6 8,29 (d, IH, 3JH,a----7,15Hz, Ar-H), 
7.42-7.35 (m, 3H, Ar-H), 6.41 ((s, br), 2H, (d, br, 
2j - 68.2 Hz), C H = C H  transN-chlorophenyl), 6.3"~, H , P t  - -  

((s, br), 2H, (d, br, 2Ja,et -- 61,O Hz), C H = C H  trans 
N-triazene), 3.86 (s, 3H, OCH3), 2.65 (m, br, 4H, 
C/./,-CH), 2.42 (m, br, 4H, CH2-CH), 2.32 (s, 3H, 
CHa). 13C NMR: 6 178.7 (s, C=O), 171.5 (s), 168.1 
(s), 161.3 (s), 139.0 (s), 133.6 (d), 133.0 (d), 131.5 (s), 
131.3 (d), 127.2 (d, C-), 98.6 (d, (d, br, tJc.e, = 
139.1 Hz), CH=CH trans N-chlorophenyl), 97.1 (d, (d, 
br, IJc,pt ~ 153.8Hz), CH=CH trans N-triazene), 54.6 
(q, OCH3), 30.9 it, CH,-CH), 30,0 it, CH,-CH),  25.6 
(q, CH0. ESMS: cone voltage 50V, (re~z, %) [M + 
H] + (659, 1001. Cone voltage 100V, (re~z, %) [M + 
H] + (659, 801, [M + H -  OCNSO,C6H4CI] + (441, 
100), unidentified (429, 63%). 

3.1.8. Preparation qf I Ptf PhNCf O )NH}( PPh,, ), ] 3h 
[PtClz(COD)] (0.050g, 0,134 retool), triphenyiphos- 

phine i0.071 g, 0,270mmol), phenylurea (O.OIgg, 
0.132retool) and silver(l) oxide i0.122g, excess) were 
added in succession to dichloromethane i25ml) and 
refluxed for 5 h. Workup gave a pale orange oil which 
did not crystallise. On standing, the solution became 
noticeably darker, indicating possible decomposition. 
This was later confirmed by" P NMR. Decomposition 
in chloroform was also noted. :~P NMR revealed that 
the oil was impure, precluding further NMR studies and 
elemental analysis. 

.~lp NMR: ~ 12.7 ((d, ~,ll, p ~ 22.0Hz), (d, IJp.t, t 
3174Hz), Ph~P trans NH), 11.7 ((d, ~Jp.p ~ 19.61tz), 
(d, IJ~,.p , -3423t lz) ,  Ph:aP trans NPh), 6.53 (s, (~J,.p~ 
,- 3699 Hz), impurity). 

3.1.9. Preparation of [ PdHNC(O)NI1}(PPh~ ), 1 3i 
[PtCI 2(COD)] i0.052 g, 0.139 retool), triphenylphos- 

phine (0.074g, 0.282 mmol), urea (O.OI 0g, 0.167 mmol) 
and silver(1) oxide (0.113g, excess) were refluxed in 
dichloromethane for 5 h. Workup gave a pale orange oil 
which did not crystallise. 3~p NMR and ESMS levealed 
the oil was impure so further analysis was not pursued. 
A sample of the product in dichloromethane became 
dark orange on st,'mding, with '~P NMR indicating 
decomposition. 

.~lp NMR: ~ 12.3 is, (d, IJp.pt = 3291 [tz), Ph.~P), 
6.5 is ,  id ,  IJi,.i, t = 37{)4 Hz), impurity). On standing, the 
following additional impurity resonances resulted: 8 
27.5 (s, impurity), 11.7 is, (d, ~Ji, J,. = 3096 Hz), impu- 
rity), 7.5 (s, (d, ijp.p = 3567Hz), impurity). ESMS 
(positive-ion mode, cone voltage 30V) [M + H] +, (m / z  
778, 100%), plus a number of other unidentified species. 

3 1 1  

3.1.10. Preparation of 
I(COD)Pr[CHjNC(O)NC6 H,}IzCI-I, 4 

[ P t C I 2 ( C O D ) ]  (O.102 g, 0 ,273 m m o l ) ,  
{CH3NHC(O)NHC6H4]aCH z (0.043 g, 0,138 mmol) 
and silver(I) oxide (O.llg, excess) were refluxed in 
dichloromethane for 18h. After sta.-d_a_r~ workup, re- 
crystallisation from dichloromethane-diethyl ether gave 
bright yellow pellets of 4 (0.094g, 75%1. 

TH NMR: 8 6.93 (d, 4H, 3jr.y = 8.52 Hz, 2',6',2",6"), 
6.88 (d, 4H, 3Jva,=8.52Hz , H-3',5',3",5"), 4.98 ((s, 
br), 8H, (d, br, 3Ja.p, not discernible), CH=CH), 3.68 
(s, 2H, CH2), 2.87 (s, 3H, (d, br, 2Ja,pt=38.3Hz) , 
CH3), 2.41 (m, br, 4H, CHz-CH), 2.13 (m, br, 4H, 
CHz-CH). 13C NMR: 8 173.6 (s, C=O), 145.1 (s, 
C-I'), 133.9 (s, C-4'), 128.9 (d, C-3',5'), 120.8 (d, 
C-2',6'), 93.6 (d, (d, br, ~Jc.pt = 127.5Hz), Ctt=CH), 
91.9 (d, (d, br, ~Jc'.p, = 127.5Hz), CH=CH), 40.6 (t, 
CH2), 31.5 (q, CH.a), 30.1 (t, CH2-CH), 30.0 (t, 
CH,-CH). 

3 . ~ c r y s t a l  structure of 
IPtfPhNC(O)NAd}(COD)I . CHzCI z 3d 

Yellow rectangular blocks of 3d were obtained on 
crystallisation by vapour diffusion of diethyl ether into a 
saturated dichloromethane solution at 4°C. Preliminary 
precession photography indicated triclinicsymmetry, so 
the space group was assumed to be PI which was 
confirmed by the successful refinement. 

Accurate cell parameters and intensity data were 
collected oll a Ni,.ulet R3 automatic four°circle diffrac- 
tometer at the University of Canterbu~, using a crystal 
of dimensions 0.80 × 0.24 × 0.22 n!~ ~ , with t:nonochro. 
mated MoKa X-rays (A ~ 0.71073 A). 

Crystal data. C~ [; .~ N~OPt. CH 2CI 2, M, -~ 656.57, 
triclinic, space group P I. Unit cell dimensions: a 
9.55(21, b ~ 10.395(3), c ~ 13.761(7)A, a ~ 90.54(3), 
/ /~  91.21(7), "1, ~ 112.26(5) °. U -  1263(2)A ~, D c 
1.726gcm ~:~, Z ~ 2 ,  F(000)~648.  i t (MaKer ) -  
5.79 em= 

A total of 3937 reflections in the range 2 < 0 < 24 ° 
were collected at 13(X2)K, of which 3881 were unique. 
These were subsequently corrected fbr Lorentz effects, 
polarisation effects, and for linear absorption by a ~/t 
scan method (T,,a,.,,, , = 0.85, 0.40). All nonohydrogen 
atom positions were located by the Patterson method,; 
option of StlELXS-86 [27]. in the final cycle of the 
full-matrix least squares refinement based on F:  using 
SHEt, Xt,-93 [28] all non-hydrogen atoms were assigned 
anisotropic temperature factors, with all hydrogen atom 
positions determined by calculation. A penultimate difo 
terence map showed some residual electron density 
which was modelled as three carbon atoms, with a tied 
occupancy factor which converged to 0.75. However. 
these could not be assigned to any chemically-sensible 
species, although it is most probably from a molecule of 
diethyl ether disordered across the inversion centre. 
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The refinement converged with R t = 0.0397 for 3474 
data with i ~ 2 0.(!), 0.0449 for all data; wR 2 = O. 1056, 
and G o F -  1.088. No parameter shifted by more than 
1.3o" in the final cycle (for the disordered diethyl ether 
soivate), and the final difference map showed no peaks 
or troughs of_electron density greater than + !.88 e A-  ~ 
and - 1.72 e.~-  ~ respectively (adjacent to the Pt atom). 

Complete bond lengths and angles, final positional 
parameters, thermal parameters and calculated H-atom 
positions are available from the Cambridge Crystallo- 
graphic Data Centre. 
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