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Cyanamides have been attracting many chemists because of

their unique structure and reactivity. They have been used not
only as a building block for heterocyclic compounds in the fields
of organic chemistybut also as a ligand for various metals in
the fields of inorganic chemistry and material scieA&ome
cyanamides are found in natural proddead known to exhibit
biological activities! Although cyanamides are one of the
important classes of chemicals, their synthetic routes are quit
limited. The major approaches are as folloWwg1) alkylation of
cyanamide under basic conditions, (2) cyanation of amines by
using cyanogen bromide, and (3) condensation of cyanamide with
carbonyl compounds. We now report a novel synthetic route to
cyanamides via palladium-catalyzed three component coupling
of the isocyanideg, allyl carbonate?, and trimethylsilyl azide3

to give the allyl cyanamide4in good to excellent yields (eq 1).
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The results are summarized in Table 1. When a mixture of
4-methoxy-1-isocyanobenzefe, allyl methyl carbonat@, and
trimethylsilyl azide3 in toluene was stirred at room temperature
for 10 min and then heated at 6C for 1 h in thepresence of
2.5 mol % of Pd(dbax-CHCl; and 10 mol % of 1,2-bis-
(diphenylphosphino)ethanii-allyl-N-(4-methoxyphenyl)cyana-
mide 4a was formed in 99% vyield (entry 1). In the absence of
the palladium catalyst, no reaction took place even after heating
at 60 °C for 1 h. The regioisomerdb and 1c also gave the
corresponding productb and4c in excellent yields (entries 2
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Table 1. Palladium-Catalyzed Formation of Cyanamidigs

entry 1 R temperature, ‘C  time, h 4 Yield, %°
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a2To a mixture ofl (0.5 mmol),2 (1 mmol), and3 (1 mmol) were
added Pg(dba}-CHCI; (2.5 mol%) and dppe (10 mol%) in toluene (1
ml). The mixture was stirred at rt for 10 min and then at indicated
temperature for the time shown in tableP1solated yield.c Pd(acac)
(5 mol%) was used instead of fdba)-CHCls.

and 3). The isocyanobenzenes havinge-butyldimethylsilyl-
protecting groupld, acetyl grouple methoxymethyl grougdf,
and mesyl groug.g proceeded smoothly to give the corresponding
cyanamidegld—g, respectively, in good yields (entries-Z). In
the case of silyl-protected isocyanide, Pd(acac) was used
instead of Pgldba)-CHCI; for the ease of separation of the
product4d.® The isocyanobenzenes with electron-withdrawing
groups1lh—j reacted even at 40C to give the corresponding
products 4h—j in high to good vyields (entries -810). The
isocyanobenzenes conjugated with vidid and alkynyl groups
1l—n afforded the cyanamidekk and4l—n, respectively, in good
to excellent yields (entries +14). Even sterically hindered
isocyanideslo and 1p underwent the three-component coupling
reaction to give the corresponding cyanamidesand4p in 84
and 65% vyields (eq 2). 1,4-Diisocyanobezehg gave the
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corresponding dicyanamidig in 93% yield (eq 3). The structures
of the products4 were determined by spectroscopic data and
elemental analysis. Furthermore, the structurdrofvas unam-
biguously confirmed by X-ray crystallographic analysis (Figure
1). It is clear that the obtained produtn is an allyl cyanamide
and not an allyl carbodiimide.
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A proposed mechanism is shown in Scheme 1. First, Pd(0)
reacts with allyl carbonat2 and TMSN 3 to give z-allylpalla-
dium azide along with C®and TMSOMe. Then the reaction of
isocyanidel with the sz-allylpalladium azide would give the
mr-allylpalladium intermediaté\. Elimination of N, followed by
the 1,2-migration ofz-allylpalladium group from the carbon to
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Figure 1. X-ray structure of4n

Scheme 1.Proposed Mechanism for the Formation of Allyl
Cyanamidest
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a-nitrogen atom irA would afford the palladiumcarbodiimide
complexB.” It should be noted that the conversion fréuto B
is asr-allylpalladium mimic of the Curtius rearrangemerithe
palladium-carbodiimide compleB could be in equilibrium with
the palladium-cyanamide complexC, or more probably could
be represented as a heteroatom containingzkaglylpalladium
analogueD.? Reductive elimination of Pd(0) from the palladitm

cyanamide intermediat€ gives the corresponding allyl cyana-
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mide 4. A key step for the proposed mechanism is the formation
of z-allylpalladium carbodiimide complex and its isomerization
to w-allylpalladium cyanamide complex. To obtain strong support
for this interesting isomerization, we synthesized the allyl
carbodiimide 5° and examined the isomerization under the
conditions similar to those of Table 1 (eq 4). As expected, the

2.5 mol% Pdy(dba)s-CHClg

Meo\©\ 10 mol% dppe MeO.
N~ @ @
.C” S
N +C toluene (0.5 M) l}l/\/
rt, 10 min then 100 °C, 1 h CN
5 4a
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allyl cyanamideda was obtained in 88% yieltf. When5 was
heated in toluene (0.5 M)/10 mol % dppe at 1@for 1 h, no
reaction took place, arfilwas recoveredt Accordingly, it is very
probable that ther-allylpalladium complexe8—D intervene in
the catalytic cycle of the three-component coupling process.
We are now in a position to synthesize allyl aryl cyanamides
in very high to good yields through the palladium-catalyzed three-
component coupling reaction between isocyanijeslyl carbon-
ate2, and trimethylsilyl azide8. In addition, we pointed out that
as-allylpalladium mimic of the Curtius rearrangement intervenes
in the catalytic cycle. Further studies on the synthetic application
of this novel reaction and on the mechanistic detail are in progress
in our laboratory.
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