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ABSTRACT

A trichloroacetamide group was converted to an isocyanate, which was in situ captured by a variety of alcohols in the presence of CuCl and
n-BuN4Cl to afford the corresponding carbamates. The scope and limitation of this transformation are also described.

The rearrangement of allylic trichloroacetimidates into
trichloroacetamides (Overman rearrangement) has been
widely used for the synthesis of a variety of nitrogen-
containing compounds.1,2 Recent development of a catalytic
version of the asymmetric Overman rearrangement has
increased the importance.3 The resulting trichloroacetamides
have been deprotected under hydrolytic conditions with 4-6
N HCl or 6 N NaOH in hot ethanol and reductive conditions
with NaBH4

4 or DIBAL-H.5 However, in the early stages of
our synthetic studies on tetrodotoxin analogues, deprotection
of trichloroacetamide from our advanced intermediates was
extremely difficult under the precedent conditions because

of various sensitive functional groups in the substrates.6

Therefore, conventional procedures for guanidinylation of
amines could not be employed. To overcome the above
problem, we developed a new synthetic route of guanidines
from trichloroacetamides not through the unprotected amines;7

thus, trichloroacetamides were heated with benzylamine in
the presence of Na2CO3 to give benzylureas (Scheme 1),

which were eventually transformed into dibenzylguanidinium
compounds. In fact, the method was successfully employed
in the total synthesis of 5,11-dideoxytetrodotoxin6 and 11-
deoxytetrodotoxin.8 We supposed that the benzylurea was
formed by addition of benzylamine to an isocyanate gener-
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ated from the trichloroacetamide under the conditions,9

although the intermediate had not been detected. We
anticipated that in situ trapping of the unstable isocyanate
with alcohol (ROH) instead of amine would afford the
corresponding carbamate.10 This report discloses realization
of the protective group transformation of trichloroacetamide
into several carbamates under mild conditions.

According to the synthesis of benzylurea, a key intermedi-
ate111 for tetrodotoxin synthesis in this laboratory was heated
with benzyl alcohol (5 equiv) in the presence of Na2CO3 (2
equiv) under a reflux temperature of dry DMF12 to give
benzyl carbamate2a in excellent yield (eq 1). Unfortunately,
the procedure was found not to be general for some other
alcohols such as trichloroethanol,tert-butyl alcohol, and
9-fluorenylmethanol (vide infra). Therefore, a more general
procedure was required for the transformation.

The generation of isocyanate3 was confirmed by IR
spectra (2272 cm-1) of the crude product obtained from
heating trichlroroacetamide1 with Na2CO3 (2.0 equiv) in
the absence of the alcohol. We then explored an alternative
condition that allowed addition of various alcohols to the
isocyanate generated from compound1 in one pot. Consider-
able experimentation enabled us to find a satisfactory
condition, giving the carbamate2a in a comparable yield
(Table 1). Thus, trichloroacetamide1 was heated with
Na2CO3 (2.0 equiv) in DMF at the reflux temperature to give
isocyanate3,13 which was directly treated at room temper-
ature with a large excess of benzyl alcohol (10 equiv)14 in
the presence ofn-Bu4NCl (2.0 equiv) and CuCl (2.0 equiv)15

to furnish benzyl carbamate2a in 83% yield (entry 1). The

same reaction in the absence ofn-Bu4NCl gave a lower yield
of the product2a (entry 2), while the reaction in the absence
of CuCl did not give the desired product, but gave urea4 as
a major product (entry 3), indicating the importance of both
the additives (CuCl andn-Bu4NCl) in the addition of alcohol
to the isocyanate.

The above one-pot, two-step procedure allowed the
synthesis of a variety of carbamates as shown in Table 1;
addition of trichloroethanol, allyl alcohol, 2-(trimethylsilyl)-
ethanol and 9-fluorenylmethanol under the optimized condi-
tions gave the corresponding carbamates such as Troc-,
Alloc-, Teoc-, and Fmoc-protected amine (2b, 2c, 2e, and
2f) in good yields (entries 4, 5, 7, and 8). The reaction with
tert-butyl alcohol gave 38% of the desired Boc-protected
product2d along with urea4 in 22% yield, presumably due
to steric reasons (entry 6). It is worthwhile to note that the
procedure for eq 1 could not be applied to the synthesis of
2b, 2d, and2f.

With the suitable conditions for the protective group
transformation in hand, we next examined some substrate
generality (Table 2).16 Trichloroacetamide5 prepared from
the Overman rearrangement of geraniol underwent the above
transformation with benzyl alcohol to give the corresponding
benzyl carbamate10 in 82% yield. The same transformation
of 6 and7 in which trichloroacetamides were connected to
secondary carbons gave the corresponding benzyl carbamates
11 and12 in 79% and 43% yield, respectively, along with
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Table 1. Transformation of Trichloroacetamide to Carbamates

additive (equiv) products

entry ROH CuCl n-Bu4NCl carbamate
yield
(%)

urea
4 (%)

1 BnOH 2 2 2a Cbz 83 0
2 BnOH 2 0 2a Cbz 47 0
3 BnOH 0 2 2a Cbz 0 55a

4 CCl3CH2OH 2 2 2b Troc 70 0
5 CH2dHCH2OH 2 2 2c Alloc 69 0
6 t-BuOH 2 2 2d Boc 38 22
7 TMS-CH2CH2OH 2 2 2e Teoc 69 0
8 9-fluorenyl-

methanol
2 2 2f Fmoc 73 0

a Dimethylurea was obtained as a byproduct in 28% yield.
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substrate9 with a silyl ether derived from8 was subjected
to the same reaction conditions, Cbz-protected amine14was
obtained in about 80% yield.

In sharp contrast, the corresponding pivaloate15exhibited
different reactivity (Scheme 2); when15was exposed to the
same reaction sequence, unprotected amine17 was exclu-
sively obtained.17 In the reaction of the benzoate16, amine
18 and urea19 were obtained in 52% and 44% yields,
respectively. These amines might be formed through neigh-
boring group participation of the ester groups.18 Thus, the
proximate hydroxyl group of trichloroacetamide should be
protected not as an ester but as a silyl ether such as9. As

expected, the reaction of unprotected alcohol20gave cyclic
carbamate21 in high yield. These results indicate that acetals
and silyl ethers are compatible with the conditions, while
neighboring alcohols and esters should be avoided in the
transformation.

In summary, we have developed a novel protective group
transformation of trichloroacetamide into a variety of car-
bamates via an isocyanate in one pot. Since the milder
deprotection procedures for the resulting carbamates have
been established,19 the present studies should increase the
utility of trichloroacetamide and, therefore, the importance
of the Overman rearrangement for the synthesis of nitrogen-
containing compounds having a variety of functional groups.
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Table 2. Protective Group Transformation of
Trichloroacetamides to Benzyl Carbamates

a The reaction was carried out by heating6 with Na2CO3 in the presence
of n-BuN4Cl followed by addition of benzyl alcohol at rt.
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