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Efficient bismuth catalysts for transcarbamoylation
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Abstract—Among some bismuth catalysts, bismuth trifluoromethanesulfonate showed excellent catalytical properties in the
transcarbamoylation reaction between a N-alkyl O-alkyl carbamate and a primary alcohol. It was found more active than classical
organotin catalysts. Moreover it was also more selective as no alkyl isocyanate was detected during the transcarbamoylation.
© 2002 Elsevier Science Ltd. All rights reserved.

The transcarbamoylation reaction has important indus-
trial applications in the field of polyurethane chemistry,
especially for coatings.1 Polyurethanes are usually
obtained by mixing two components, polyisocyanates
and polyols, which requires their precise metering with
expensive equipment and necessitates handling of toxic
isocyanates. Another technique involving only one
package system appeared recently.2 It comprises
blocked polyisocyanates and polyols which do not react
at room temperature, thus providing long pot lives.
Upon heating, under the influence of a catalyst, the
blocked isocyanate reacts with the polyol to give the
polyurethane, with evolution of the blocking agent.
One of the most popular blocking agents is
methylethylketoxime, which can be used at low temper-
ature, associated with catalysts as cobalt, tin or zinc
derivatives for example. However, other blocking
agents such as aliphatic alcohols would be advanta-
geous to reduce toxic volatile organic compound (VOC)
emissions and costs. To our knowledge aliphatic alco-
hols have not been used up to now in industry, the
stability of O-alkyl carbamates necessitating reaction
temperatures higher than for other blocking agents as
methyl ethyl ketoxime. That is the reason why more
active catalysts are searched in order to make possible
the use of less toxic but less reactive blocking agents.

In this paper the description of the catalytic properties
of bismuth compounds in the transcarbamoylation
reaction, compared to other catalysts as organotins and
rare-earth compounds is reported.

Bismuth compounds are Lewis acids showing many
interesting applications in organic synthesis as cata-
lysts.3,4 Very recently Dubac used bismuth tri-
fluoromethanesulfonate with great success in the
Friedel–Crafts acylations of toluene, benzene and even
deactivated chlorobenzene,5 and in Diels–Alder6 and
aza-Diels–Alder7 reactions. It was also found very
efficient as a catalyst by Otera in the acylation of
alcohols with anhydrides.8

Bismuth derivatives have already been used in the field
of polyurethane synthesis. Triphenylbismuth is known
to catalyse the addition of alcohols to isocyanates9 and
several inorganic bismuth compounds or salts such as
bismuth oxide, hydroxide or citrate have also been used
as catalysts or cocatalysts in transcarbamoylation
reactions.10

The activity of known organotin catalysts11 and several
bismuth derivatives such as triphenylbismuth, bismuth
trichloride or trifluoromethanesulfonate were compared
in the transcarbamoylation between N-hexyl O-methyl
carbamate and n-octanol in stoichiometric amounts at
122°C. Aliquots of the reaction mixture were removed
every 15 min and analysed by GC by comparison with
authentic samples. The yield in N-hexyl O-octyl carba-
mate was determined using hexadecane as an internal
standard (Scheme 1).

For each catalyst investigated, the experimental kinetic
curve was fitted by postulating an overall second order
of the reaction. Further studies about the orders of the
individual reactants revealed that the reaction was first
order both in the starting carbamate and alcohol. The
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Scheme 1. Transcarbamoylation reaction.

reaction in a yield which could go up to 15% at 160°C.
The absence of volatile isocyanate which could escape
during the transcarbamoylation reaction is thus another
important improvement provided by bismuth trifl-
uoromethane sulfonate. Encouraged by these good
results, we turned to other triflates derived from
scandium15 and rare earths16 which recently proved to
be excellent Lewis acids with very interesting applica-
tions in catalysis. All of them were found to be active in
our model transcarbamoylation reaction. Samarium
triflate gave better results than ytterbium and lan-
thanum triflates, while scandium triflate, which is the
‘harder’ among these metallic esters, did not show very
high catalytic properties. However none of them
reached the excellent results obtained with bismuth
trifluoromethanesulfonate.

The procedure for the kinetic experiments of transcar-
bamoylation was as follows. In a dry 2-necked 10 ml
flask under nitrogen with a short path column, a
receiver, and a septum, N-hexyl O-methyl carbamate
(500 mg; 3.14 mmol) was added to a mixture of catalyst
(1% mol, 3.14×10−2 mmol), n-octanol (409 mg, 3.14
mmol) and hexadecane (355 mg, 1.57 mmol). The solu-
tion was heated at 122°C (internal temperature) and
aliquots analysed by GC on a capillary column.

In summary, bismuth trifluoromethanesulfonate was
shown to be a very efficient catalyst in the transcar-
bamoylation reaction of N-alkyl O-alkyl carbamates.
This compound was more active than common cata-
lysts and also more selective; isocyanates were not
detected during the reaction.
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Table 1. Catalysed transcarbamoylation of a N-alkyl O-
alkyl carbamate

YieldEntry Catalyst Rate constanta

BiPh3 0b1 0
2b3.8×10−5BiCl32

4.5×10−3Bi(O3SCF3)3 70b3
Bu2Sn(OAc)24 1.4×10−3 43b

5 42b(AcO)Bu2SnOSnBu2(OAc) 1.4×10−3

6 4.9×10−5 2bSc(O3SCF3)3

Sm(O3SCF3)37 2.0×10−3 45b

Yb(O3SCF3)3 8.7×10−4 30b8
La(O3SCF3)3 1.1×10−4 6b9

79c10 Bu2Sn(OAc)2

Bi(O3SCF3)3 92c11

a mol−1 L−1 min−1.
b % N-hexyl O-octyl carbamate after 3 h at 122°C.
c % N-hexyl O-octyl carbamate after 2 h at 160°C.

Arrhenius activation energy Ea was 112±9 kJ mol−1 for
bismuth trifluoromethanesulfonate and 121±9 kJ mol−1

for 1,3-diacetoxy-1,1,3,3-tetrabutyl-distannoxane. The
value of Ea for the formation of N-octyl carbamate
therefore indicates a highly energetic reaction which is
sensitive to small changes in temperature. It is higher
than those reported for carbamate deblocking reactions
with more reactive blocking agents.12

Surprisingly, even though some catalysts for the addi-
tion of alcohols to isocyanates are usually also active in
the transcarbamoylation reaction,13 triphenylbismuth
showed no activity at all. Bismuth trichloride was more
active but revealed a lower activity than common
organotin compounds such as dibutyltin diacetate or
1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (see Table
1). Next, we turned to bismuth trifluoromethanesul-
fonate. It showed a higher activity than that of the
usual organotin catalysts.14 The rate constant of the
reaction was calculated at 4.5×10−3 mol−1 L min−1 for
the bismuth trifluoromethanesulfonate while a value of
1.4×10−3 mol−1 L−1 min−1 was recorded for both
dibutyltin diacetate and 1,3-diacetoxy-1,1,3,3-tetra-
butyldistannoxane. The higher reactivity of bismuth
trifluoromethanesulfonate was also reflected in the yield
of the reaction. After 2 hours at 160°C, the yield in
N-hexyl O-n-octyl carbamate reached 92% with the
bismuth compound while it was limited to 79% with
dibutyltin acetate.

Moreover, bismuth trifluoromethanesulfonate turned
out to be not only more active but also more selective
than tin derivatives. While with oxime-derived carba-
mates and organotin catalysts no isocyanate could be
detected in the transcarbamoylation with polyols,13 the
use of dibutyltin acetate and 1,3-diacetoxy-1,1,3,3-tetra-
butyldistannoxane as catalysts led to the formation of
some hexyl isocyanate, which was formed during the
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