Synthesis of isocyanates from carbamate esters employing boron trichloride
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The conversion of carbamate esters to isocyanates and
diisocyanates of industrial importance is possible using BCl;
in the presence of Et;N; the reaction is simple in execution
and work-up, occurring under mild conditions and affording
isocyanates in excellent yields.

Presently, isocyanates are manufactured on acommercial scale
by reaction of phosgene with amine or amine salt precursors.t
As restrictions upon the use of very toxic materials such as
phosgene and other chlorine-containing compounds within the
chemical industry have become more rigorously enforced, there
has been increasing interest in developing alternative methods
for isocyanate production.2 One such method (Scheme 1)
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involves the catalytic production of carbamate esters (by
reductive carbonylation of nitro derived compounds or
oxidative carbonylation of amines*3b), dealcoholysis of which
givesisocyanates. One of us showed recently that elimination of
alcohol from carbamate esters to yield isocyanates can be
facilitated using chlorocatecholborane in toluene, in the pres-
ence of EtzN (Scheme 2).5 This paper demonstrated that the way
in which the alcohol product is irreversibly removed from the
reaction solution, in the form of an akyl catecholborate, is
pertinent to the significance of this method compared with those
which employ the thermal decomposition of carbamate esters,
in which recombination of the resulting isocyanate with alcohol
is possible.
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Having demonstrated the use of chlorocatecholboranein this
type of reaction, we reasoned that simple boron halides, BX 3 (X
= Cl, Br), may aso be active as cheap alternatives. Addition-
ally, it has previously been shown that BX 3 can be generated in
the production of benzyl esters by reaction of trialkyl borates
with benzylic halides and CO in the presence of catalytic
quantities of Pdo or Rh!.6 This offers the rather attractive option
of two concomitant processes achieving commercially valuable
ends together with constant recycling of boron.

Boron trihalides are known for their strong Lewis acid
character, and for their ability to cleave awide variety of ethers,
acetalsand estersunder relatively mild conditions.” In pursuit of
alternative methods of isocyanate production, we now report the
results of our work with BBrz and BCls in facilitating the
conversion of carbamate esters to isocyanates of industria
importance.

Treatment of a carbamate ester with 0.37 equiv. of BClz and
1.1 equiv. of Et3N, for 30 mininrefluxing benzene, afforded the
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Table 1 Conversions of carbamate esters to the corresponding isocyanates
using BCl3

Yield
Substratea Productb R (%)c
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Pr 100
NHCO,R NCO
2 Me 92 (70)7
Et 90
RO,CHN Me OCN Me Pr 94
NHCO,R NCO
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Et 100
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Me Me Me Me
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Et 100
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Cl cl
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Me® 68
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a Purities of the carbamate esters were assessed by 1H NMR analysis and
melting points. Reaction conditions: isocyanates: BCl; (0.37 equiv.), NEts
(1.1 equiv.), refluxing benzene, 0.5 h; diisocyanates: BCl; (0.74 equiv.),
NEt; (2.2 equiv.), refluxing benzene, 0.5 h. ? Product isocyanates were
identified by GC-MS and GC analysis compared with authentic materials.
cYieldsby GC anaysiswith tetradecane asthe internal calibrant. 4 Mixture
of cis and trans isomers. © Yields of pure products isolated by vacuum
distillation, characterized by *H NMR, 13C NMR, IR and MS analysis and
by comparison with authentic materials.
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isocyanate in good yield. In most cases, quantitative or near-
guantitative conversion to the product i socyanates was obtained
under these relatively mild reaction conditions for a series of
aryl, akyl, alicyclic and tosyl carbamate esters. The reactions
were found to be highly selective with only the product
isocyanates, partialy cleaved carbamate esters (where dicarba
mate esters were employed as starting materials), or starting
materials being observed in the final solutions. The product
isocyanates can usually be easily isolated by evaporation of the
solvent and trialkyl borate under reduced pressure followed by
vacuum digtillation at elevated temperature. For example,
toluene-2,4-diyl diisocyanate (TDI), para-phenylene diisocya-
nate (PDI) and 4,4’-methylenebis(phenyl isocyanate) (MDI),
which are large-scale raw materials for the manufacture of
polyurethane foams,8 can be isolated as spectroscopically pure
materials from their corresponding methyl carbamate esters in
70-79% vyield. Toluene-2,4-diyl diisocyanate can aso be
isolated in good yield from its methyl carbamate ester when the
reaction is performed in toluene (65% isolated yield) or hexanes
(41% isolated yield). Chlorinated solvents, however, are not
suitable mediafor thisreaction. As expected, BCl; is converted
to trialkyl borate (identifiable by GC-MS), observed after the
reaction, consistent with the reaction shown in Scheme 3.

BBr3, astronger Lewis acid than BCl3, was aso effectivein
this reaction, with isocyanate yields being similar to those
quoted for BCl3 in Table 1. However, appreciable amounts of
amine were a so produced in some cases bringing the selectivity
of this reagent into question.

It has previously been shown that PCls, and other Lewis
acids, can effect the removal of OH from carbamate anions to
yield isocyanates by electrophilic, oxophilic dehydration.®
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However, we found that PCls, when used instead of BCl3, is
capable of less than ca. 5% conversion of carbamate esters to
isocyanates. Similar yields were attained with AlCls, and TiCl,
was found to be totally inactive. It is conceivable that PCl3 can
react as an electrophile at nitrogen in this case, and a possible
reason for its overal inactivity is the inability to promote
cleavage of an alkoxy group from the resulting intermediate.

In conclusion, BClz is an excellent, efficient and economical
reagent for the synthesis of mono- and di-isocyantes in high
yield.

We are grateful to the Environmental Science and Technol-
ogy Alliance Canada (ESTAC) for support of this research.
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