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Abstract 

The first neutral trans-bis(diamino-carbene)platinum(II) complex 2 is prepared by the reaction of trans-diiodo[bis(p-tolyliso- 
cyanide)]platinum(II) 1 with a secondary amine, N,N-dipropylamine, while on applying a primary amine, N-propylamine, a 
neutral ortho-metalled trans-bis(diamino-carbene)platinum(II) complex 3 is obtained in good yield. The structures of carbene 
complexes 2 and 3 have been established by X-ray crystallography. 
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Since the first stable transition metal carbene com- 
plexes were prepared by Fischer and Maasb61 in 1964 
[1], a whole series of new preparative routes have been 
developed during the last 30 years. In spite of the 
variety of methods available, the original preparation 
by Fischer and Maasb61 is probably still the most 
useful and general procedure for the direct synthesis of 
carbene complexes from non-carbene precursors. But, 
because of the highly electrophilic character of the 
carbene carbon in Fischer-type complex, a nucleophilic 
anion in excess does not attack the complex at a carbon 
monoxide ligand but instead at the carbene carbon 
atom [2]. Therefore,  bis(carbene) complex could not, in 
general, be prepared by this route. 

There is a useful method for the preparation of 
carbene complexes starting from metal complexes con- 
taining an isocyanide ligand. However, a neutral trans- 
bis(carbene) metal complex has not been successful so 
far although some mono or cationic bis(carbene) plat- 
inum complexes have been prepared [3]. Here,  we 
report that first neutral trans-bis(diamino-carbene)- 
platinum(II) complex 2 is prepared by the reaction of 
trans-diiodo[bis(p-totylisocyanide)]platinum(II) 1 with 
a secondary amine, N,N-dipropylamine. Interestingly, 
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we also found that a neutral ortho-metallated trans- 
bis(diamino-carbene)platinum(II) complex 3 is ob- 
tained by applying a primary amine, N-propylamine, 
instead of the secondary amine under the same reac- 
tion conditions (Scheme 1). 

The complex 1 (R = CH3), trans-diiodo[bis(p-toly- 
lisocyanide)]platinum(II), was synthesized according to 
a known method [4], that is by the ligand-exchange 
reaction of PtIz(COD)[COD: 1,5-cyclooctadiene)] with 
an appropriate isonitrile such as p-tolyl isonitrile in 
chloroform. To the solution of complex 1 in ether was 
added a secondary amine, N,N-dipropylamine. After 
stirring for 12 h at room temperature,  the solvent was 
evaporated and crystallization from hexane-ether gave 
complex 2 (R = CH3, R' = C3H 7) as pale yellow crys- 
tals (90% yield). That is, both of two isonitrile ligands 
coordinated to Pt(II) underwent 1,2-addition of the 
amine to the N - C  bond with formation of a 
bis(carbene) complex 2. Satisfactory analytical and 
spectroscopic data were obtained for 2. In the IR 
spectra, absorptions due to u(N-H) and u(N=C) were 
found around 3330 and 1535 cm-1, respectively, with 
disappearance of the absorption of u(N--C) at 2220 
cm-1 of 1. Its structure was finally confirmed by X-ray 
crystallographic studies [5]. Fig. 1 is an O RTEP  draw- 
ing of 2 (R = CH 3, R' = C3H 7) with important inter- 
atomic distances and angles noted. The structure shows 
that 2 is a trans square-planar complex having a cen- 
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Scheme 1. 

tral metal platinum(II) carrying two iodo ligands and 
two (diamino)carbenes with a typical trans-type Pt=C 
bond distance of 2.051(4) A [3(a),6]. 

To our surprise, when a primary amine like N-pro- 
pylamine was applied instead of N,N-dipropylamine of 
a secondary amine under the same conditions, complex 
3 (Scheme 1, R = CH3, R' = C3H 7) was obtained in 
good yield (79% yield). The reaction of N-hexylamine 
with complex 1 (R = C8H17) gave complex 3 (R = 
C8H17 , R' = C6H13) in 82% yield. The structure of 3 
( R  = C8H17 , R '  = C6H13)  was  c h a r a c t e r i z e d  by spec-  
t roscop ic  and X-ray crystallographic data [7]; it con- 
tains an iodo ligand, two (diamino)carbenes and a new 
P t -C  bond formed by an ortho-metallation (see Fig. 2). 

Hl3a 

Fig. 1. ORTEP drawing of complex 2 (R = CH3, R' = C3H7). Se- 
lected bond distances (,~) and angles (°): Pt(1)-C(1), 2.051(4); Pt(1)- 
I(1), 2.609(1); C(1)-N(1), 1.322(6); C(1)-N(2), 1.486(6); I(1)-Pt(1)- 
I(1)*, 180.0; C(1)-Pt(1)-C(1)*, 180.0; C(1)-Pt(1)-I(1), 94.1(1); 
N(1)-C(1)-N(2), 115.7(4). 

Dihedral angle between least-squares planes, the aro- 
matic ring and the five-membered ring containing a Pt 
atom is 5.59 °, and thus the two rings are almost in a 
plane. The metallation of aromatic groups in transition 
metal complexes is generally induced by reduction [8] 
or oxidation [9]. Although the intramolecular reaction 
between a transition metal and an ortho C-H bond on 
an aromatic substituent on a P ligand is well known 
[8,10], there have been few examples of ortho-metalla- 
tion occurring in carbene complexes to give neutral 
complexes directly [9(c),11]. 
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Fig. 2. ORTEP drawing of complex 3 (R = C8H17 , R' = C6H13). 
Selected bond distances (,~) and angles (o): Pt(1)-C(1), 2.07(2); 
Pt(1)-C(4), 1.90(2); Pt(1)-C(2), 2.12(2); Pt(1)-I(1), 2.709(3); C(1)- 
N(1), 1.29(2); C(1)-N(3), 1.41(2); C(2)-N(2), 1.27(2); C(2)-N(4), 
1.40(2); C(1)-Pt(1)-C(2), 174.1(7); C(1)-Pt(1)-C(4), 77.7(7); I(1)- 
Pt(1)-C(2), 89.1(5); I(1)-Pt(1)-C(1), 96.8(5); N(1)-C(1)-N(3), 120(1): 
N(2)-C(2)-N(4), 115(1). 
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The reasons that the synthesis of neutral bis(carbene) 
complexes has not been successful until now are per- 
haps follows: (1) a complex of type L2MX 2 having cis 
configuration, when attacked by a nucleophilic amine, 
gives only a mono-carbene complex because of steric 
hindrance of the firstly formed carbene group; (2) 
previous reports by Belluco and coworkers [12] and our 
group [13] have shown that there are two possible 
configurations, trans and cis, for square-planar 
MX2(CN-R)2, which may be controlled by changing 
the halogen X (M = Pt and Pd; X = C1, Br and I). In 
the case of M =  Pt, only PtI2(CN-R) 2 shows trans 
configuration, while the chloro and bromo derivatives 
of platinum complexes have cis configurations. Most of 
the studies on (carbene) metal complexes until now 
have been trending toward applying the complexes 
with halogen ligand, CI, not with I. Fortunately we 
used iodo derivatives because we already prepared a 
large number of trans-PtI2(CN-R) 2 complexes for a 
study of liquid-crystalline materials [13]. 

The complexes prepared in the present work pro- 
vide the first examples of neutral trans-bis(diamino- 
carbene)platinum(II) complexes as well as neutral or- 
tho-metalled trans-bis( diamino-carbene )platinum com- 
plexes although it remains unclear now why a primary 
amine gives an ortho metallation product, not a sec- 
ondary amine does. Further studies on the reaction 
mechanism and reaction scope are in progress. 

We thank the technical staffs in Material Analysis 
Center of  ISIR of  Osaka University for X-ray measure- 
ments and mass spectrometric and elemental  analysis. 
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