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The nucleophilic attack at the central carbon of the ir-allyl 
ligand attached to transition metals has attracted a great deal of 
attention in recent years. In contrast to the usual nucleophilic 
attack at allyl termini to give allylated products,1 this process 
converts (ir-allyl)metal complexes into various metallacyclo-
butanes2 and in some cases leads to the formation of cyclopropane 
derivatives through reductive elimination from metallacyclo-
butanes.3 Scheme 1 outlines the nucleophilic attack at the central 
carbon of the allyl moiety in (7r-allyl)metal complexes and 
transformation of the metallacyclobutane formed in that manner. 
Courses b and c have been well documented.2-3 Course d has been 
exemplified in the reversible hydride addition and elimination of 
an (?;3-allyl)tungsten complex4 and in the dissociation of the bond 
at the (3-carbon of the metallacycle.21'5 In all of these examples, 
the central group X (in Scheme 1) was a hydrogen atom or, in 
one case, an alkyl group. For the ir-allyl moiety wherein X is an 
appropriate leaving group, it is expected that nucleophilic 
substitution (i.e., consecutive reactions via course a) may take 
place. In this communication, we report the first examples of 
platinum-catalyzed and -promoted reactions involving consecutive 
reactions via course a in Scheme 1. 
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In the course of our study on catalytic reactions involving an 

oxatrimethylenemethane-palladium (OTMM-Pd) complex, [?;3-
CH2C(O)CHi] PdI-2. we obtained unexpected products resulting 
from bond breaking between a central carbon and an oxygen. 
Thereactionof5,5-dimethyl-4-methylene-l,3-dioxolan-2-one(l), 
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a precursor for OTMM, with phenyl isocyanate in the presence 
of Pd(PPh3)4 catalyst in toluene at reflux afforded cyclic urea 3a 
in 19% yield as a byproduct together with cyclic carbamate 2a 
in 78% yield (eq I).6 We thought that this byproduct 3a was 
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likely to arise via a metallacyclobutane intermediate resulting 
from the nucleophilic attack at the central carbon. If so, the use 
of a platinum complex as the catalyst should be more effective 
for the selective formation of urea 3 since it has been known that 
the formation of a dialkylplatinum (i.e., a platinacyclobutane in 
the present case) is more favorable than that of a palladium 
complex.7 As expected, the platinum-catalyzed reaction pro­
ceeded to give urea 3 as the sole product (eq 2). The reactions 
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were carried out on the scale of 1 (2 mmol), ArNCO (4 mmol), 
and Pt(C2H4)(PPh3)2 (0.1 mmol) in toluene (5 mL) at reflux. In 
the reaction of 1 with PhNCO for 1 h, 3a was obtained in 82% 
yield. Reactions with other aromatic isocyanates (Ar = 
4-MeC6H4, 4-MeOC6H4, 4-ClC6H4, and 4-NO2C6H4) afforded 
the corresponding cyclic ureas 3b (1 h, 54%), 3c (2 h, 45%), 3d 
(2 h, 89%), and 3e (2 h, 95%), respectively. The most likely 
mechanism for this reaction is the following: (i) intramolecular 
nucleophilic attack of nitrogen anion, initially generated by the 
addition of OTMM-Pt to the isocyanate, at the central carbon 
of the allyl moiety to give a metallacycle; (ii) decarboxylation 
from the metallacycle leading to azatrimethylenemethane-
platinum (ATMM-Pt) (4); (iii) [3 + 2]cycloaddition of 4 and 
another molecule of the isocyanate to produce 3, as has been 
observed for the formation of 2a. The platinum complex also 
catalyzed the reaction of 1 with 1 equivofdiphenylcarbodiimide 
(PhN=C=NPh) to afford cyclic urea 3a as the sole product in 
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48% yield.8 This result can be rationally explained in terms of 
the similar mechanism given in eq 2 with the cleavage of the 
carbon-oxygen bond but without decarboxylation. 

The treatment of isolated OTMM-Pt, [^-CH2C(O)CH2]Pt-
(PPh3)2(5),9with 1 equivofp-toluenesulfonylisocyanate afforded 
ATMM-Pt, [r/3-CH2C(NTs)CH2]Pt(PPh3)2 (6),u in 78% yield 
(eq 3). This result provides evidence of the intervention of 
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ATMM-Pt in the catalytic reaction of 1 with isocyanates to give 
urea 3. The result also represents the first example of a 
stoichiometric intramolecular reaction of course a in Scheme 1. 

Further examples of stoichiometric nucleophilic substitution 
are as follows. The reaction of 2-chloro-2-propenyl ethyl 
carbonate (7a)12 with a stoichiometric amount of Pt(C2H4)(PPh3)2 
in CHCl3 at 20 0C afforded (7j3-2-ethoxyallyl)bis(triphenylphos-
phine)platinum chloride (9a) in 48% yield13 (eq 4). Similarly, 
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the treatment of 2-chloro-2-propenyl/V,7V-diethylcarbamate (7b)12 

gave[7j3-2-(diethylamino)allyl]bis(triphenylphosphine)platinum 
chloride (9b) in 77% yield13 (eq 4). In these reactions, oxidative 
addition of 7a or 7b to a zero-valent platinum followed by 
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decarboxylation gives 8a and 8b, respectively. Then, 9a and 9b 
are produced by the substitution of chloride by ethoxide and 
diethylamide, respectively, in 8a and 8b via metallacyclo-
butanes (i.e., platinacyclobutanes) at the crossroads of Scheme 
I.15 

Catalytic reactions using carbon nucleophiles were envisioned 
to enhance the synthetic utility of the present methodology. The 
reaction of 2-chloro-2-propenyl acetate (0.5 mmol) with sodium 
diethyl methylmalonate (2 mmol) in the presence of 10 mol % 
Pt(C2H4)(PPh3)2 in THF at 20 0C exclusively afforded a doubly 
alkylated product, 11, in 75% yield (eq 5), while the catalytic 
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reaction using Pd(PPh3)4 instead of the platinum complex gave 
a usual monoalkylated product, 12 (89% yield), as the sole product 
with chloride remaining intact. Conversion of 12 to 11 in a 
platinum-catalyzed reaction was not observed. These results lend 
support to a mechanism involving nucleophilic substitution at the 
7r-allyl center of the platinum complex as a key step. Interestingly, 
platinum-catalyzed reaction of 2-chloro-2-propenyl acetate (0.5 
mmol) with sodium ethyl benzoylacetate (1 mmol) in THF at 
reflux temperature for 6 h gave 3-(ethoxycarbonyl)-2-phenyl-
4-methylfuran (13) in 69% yield (eq 6). The central attack on 
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(j)3-2-chloroallyl)platinum(II) would give l-benzoyl-l-(ethoxy-
carbonyl)trimethylenemethane-Pt, which undergoes enolate O-
cyclization16 followed by exo to endo double-bond isomerization 
leading to 13. 

In the reactions presented here, the platinum behaves as an 
electron sink with a function similar to that of a carbonyl group 
in the addition/elimination mechanism for the reaction of an 
acid chloride with alkoxide. 
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