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For several years, there has been much interest in metal-
carbene complexes.! However, most studies are concerned
with the isolation and characterization of stable metal—car-
bene complexes! and with the mechanism of reactions in-
volving transient metal-carbene intermediates.? Studies of
the synthetic applications of metal-carbene complexes are
scanty. In preceding papers, we have reported that Cu(I),
Ag(I), and Au(III) salts catalyze the insertion reactions of
isonitriles with amines,® alcohols,? and thiols,> and that
Ag(D),® Cu(D),® and Pd(I1)7 salts catalyze the cyclization re-
action of isonitriles with diamines, amino alcohols, and
amino thiols. It has been established® that all these reac-
tions involved the heteratom-substituted carbene-metal
complexes as the key intermediates.

Herein we wish to report a versatile synthetic method for
symmetrical and unsymmetrical carbodiimides (2), in
which the N,N’-disubstituted diaminocarbene Pd(II) com-
plex (1) prepared from primary amine and
PAII)Cl3(RNC); is oxidized with AgoO (Table I). The iso-
lation of carbene Pd(II) complex 1 is not necessarily re-
quired for the carbodiimide synthesis. In practice, the syn-
thesis of carbodiimides is accomplished just by stirring a
heterogeneous mixture of primary amine, isonitrile, Age0,
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and a catalytic amount of Pd(II)Cl; at room temperature or
an elevated temperature (Table II). Thus, the present reac-
tion presents a general convenient preparative method of
carbodiimide. i

~

PANCL, /NHR
RNH, + R'NC ——— Pd(IDCLE'NC){ :C
NHR’

1

Ag,0
~H,0

RN==C==NR’
2

In the stoichiometric reaction of diaminocarbene Pd(II)
complex (1) with Ags0, the desired carbodiimide (2) was
obtained as a sole product (76-96% yields) (Table I). In the
PdA(II)Cly-catalyzed reaction of amine and isonitrile with
Ag,0, on the other hand, product of carbodiimide (2) was
always accompanied by the corresponding urea
(RNHCONHR), which is derived from the carbodiimide
(2) and water produced. The use of molecular sieve or an-
hydrous NasSOy in the reaction helped to exclude the for-
mation of the urea.

The products of carbodiimides were identified by ele-
mental analysis, ir (an absorption at 2110 cm~! characteris-
tic of -N=C==N-~), NMR, and a chemical conversion to the
corresponding ureas which were compared with the au-
thentic samples.

The previous carbodiimide synthesis!® from isocyanate
requires phosgene in the preparation of precursor of isocya-
nate. This new method has the advantages of the higher
yields of carbodiimides and the simplicity of manipulation.
Further studies are in progress to extend the potential of

Tablel .
Reaction of N,N’-Disubstituted Diaminocarbene Pd(II) Complex 1 with Ag20
) ‘ Reaction ?
Carbene Pd(II) complex 12 time, hr Product, (%)¢4
NHCH,t O H o N C e -
PACL(-CHNO) (-C\NH C;H,-n) 3 t-C Hy—N=C=N—C Hy-n (82)
NHC H,-
PdCl+-CHNC) (:C_<NHC‘H-‘[) 4 1-CyH—N=C=N—C H; (93)
. ~NHCH,t _ N (e .
pacL-CN) (e pen o) 2 t-C,Hy—N=C=N—CH,CH=CH, (76)
. o NHCHq ‘ - N O
PACL-CHNC) ('C\NPICH<CH3)C0201H,, 4 t-C ;Hy—~N=C=N—CH(CH,;)CO,C,H; (96)

2 Registry numbers are, respectively, 56195-59-6, 56195-63-2, 56195-64-3, and 56195-58-5. ? 20°, ¢ Yields were determined by GLC.
d Registry numbers are, respectively, 56195-54-1, 2219-34-3, 56195-55-2, and 56195-56-3. :

Table II
Synthesis of Carbodiimides

RNH, + RNC + Ag.0 “—

cat. Pd(I[)Cl,
————

RN==C=NR’ + RNHCONHR’

Reaction?

Amine® (RNHz) Isonitrile {R'NC) Temp, °C Time, hr RN=C:=NR!, %° RNHCONHR!', %
n'C4H9NH2 f"C4H9NCd 20 3 93 (85)e <3
C'CgH“NHZ i-CEHSNC 20 . 4 94 O
C"CGH“NHZ C"CGH“NCf 87 0.5 77 (68)8 0
C¢H,NH, [-C H,NC 80 4 72 0
C4H,NH, [-C H,NC 80 3¢ & <3
CH,==CHCH,NH, t-C,HNC 20 3 i <3
CH,CH(NH,)CO,C,H; £-CHNC 20 " 80 8

@ Registry r}umbers are, regpectively,_109-73-9, 108-91-8, 62-53-3, 107-11-9, 56195-57-4, 630-18-2, and 766-05-2. ¢ No attempts have been
gnade'to optimize the reactlo_n conditions. Molecular sieves were added as a dehydrating agent. ¢ Yields were determined by GLC.
Registry number, 1202-53-5. ¢Isolated yields. / Registry number, 538-75-0. € Anhydrous sodium sulfate was added in place of molec-

ular sieves.
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this synthetic method and to investigate the reaction
mechanism. :

Experimental Section

The general experimental procedure is as follows.

A. A Stoichiometric Reaction of Diaminocarbene Pd(II)
Complex (1) with Ag,0. A heterogeneous mixture of complex 1°
(1 mmol) and AgsO (1 mmol) in benzene (10 ml) was stirred at
room temperature for 2-4 hr. The reaction mixture was worked up
by filtration to remove insoluble inorganic materials and solvent
distillation in vacuo, leaving the desired carbodiimide as a sole
product (76-96% yields) (Table I).

B. A Pd(IT)Clz-Catalyzed Reaction of Amine and Isonitrile
with Ag,0. A heterogeneous mixture of primary amine (5 mmol),
isonitrile (6 mmol), and AgsO (5 mmol) in benzene (10 ml) was
stirred in the presence of Pd(II)Cl (0.5 mmol) and molecular sieve
(1.5 g) or anhydrous NasSO, (1.5 mmol) at room temperature or an
elevated temperature. The reaction mixture was filtered to remove
inorganic materials, and then distilled in vacuo to give the corre-
sponding carbodiimide in good yield (Table II).

Registry No.—Ag20, 20667-12-3.
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Recently, various transannular reactions producing a va-
riety of bridged dibenzsuberans have been reported.!-3
During the course of our investigation into the reactions of
dibenzocycloheptenone (1) we discovered an interesting
and, what we believe to be, novel reaction.

LD

1

When 1 was treated with anhydrous hydrazine at elevat-
ed temperature, a stable product was isolated whose in-
frared spectrum lacked a carbonyl absorption and elemen-
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tal composition indicated an addition of hydrazine without
concomitant loss of water.

Four possible structures can be postulated for such a
product (2a-Ba). Structure 2 can be ruled out because of
the unlikelihood of its stability and the distinct absence of
the olefinic proton signal in the NMR.

4 5
a, R = =H,
H
OCH,
H
¢, R ==C OCH,

We attempted to elucidate the structure of the adduct by
further functionalizing the compound on the hydrazino
group. It was found that treatment of the adduct with vari-
ous aldehydes produced corresponding hydrazones in good
yields (R = b and c¢).4 Disappointingly, no firm structure
proof was obtained as not even the use of shift reagents in
proton NMR led to a clear conclusion.

Therefore, it was then necessary to compare the NMR
spectra of all the compounds to that of a known model® 6.
A noticeable difference was observed in the shift of the
low-field H, doublet of AMX spin system of 6 in compari-

H,

as
\ . -~ CH,

N\\
CH,

6

son to our adduct. Upon conversion of the adduct to the
benzylidene derivatives, H, is drastically shifted, ap-
pearing close to that of the model compound 6. The respec-
tive chemical shift values of H, are 5.55 ppm for compound
6, 5.36 ppm for b, 5.26 ppm for ¢, and 4.38 ppm for a.

The large shift difference noticed when the benzylidene
derivative (R = b, ¢) and model compound 6 are compared
to the adduct where R = Hy can be rationalized by two pos-
sible explanations: (1) introduction of the benzylidene
function into the substrate causes a rearrangement from
the N-bridged structure 3 or 5 to the O-bridged structure 4,
or (2) the benzylidene function is directly added to the
N-NH, bridge in structure 5a.

To distinguish between these two possibilities the struc-
ture elucidation was continued with the help of 13C NMR
spectroscopy. Should the first explanation be correct, a



