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A convenient method for the synthesis of carbamates using polymer-supported N-hydroxysuccinimide is described. Various carbamates were
synthesized in highly pure form without the need for chromatographic purification. This new “catch and release”-type solid-phase synthesis

should be useful for combinatorial synthesis of various carbamates.

The carbamate group has reasonable chemical and biologicatonnected to a specific “core® for lead optimization, since
stability, and has been used as a protecting group for thecarbamate would be a good functional group to connect the

amino group-? It is also found in various pharmaceuticals
and agrochemicafsand a number of procedures for the

two parts. Polymer-supported reagents would be useful for
this purpose, because both spent and unreacted reagent can

synthesis of the carbamate group have been repbrted. be removed by simple filtration. Several syntheses of the

Combinatorial chemistry is now becoming a powerful

approach in the search for biologically active compounds,

carbamate group using polymer-supported reagents have been
reported, in which chloroformates were required for the

and an efficient method for the parallel synthesis of a variety preparation of the reagerft©nly a few chloroformates such
of pure carbamates is required for library synthesis. This as Fmoc-Cl and Boc-Cl are commercially available. Thus,

would be particularly useful for preparing focused libraries,

these previous methods are useful only for preparation of

i.e., groups of compounds having a wide variety of residues Fmoc- or Boc-protected amines or amino acids. From the
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viewpoint of library synthesis, synthetic protocols that enable
the use of alcohols are preferred. Here we report a new “catch
and release”-type method for the efficient synthesis of
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carbamates that should find application not only for protec- THF at 23 °C, affording the desired products (Table 1).
tion of the amino group but also for the synthesis of Various amines, including a secondary amine and an

carbamate libraries.
We have reported that polymer-supporbédhydroxysuc-

cinimide (NHS)2 can easily be prepared from commercially Taple 1. Synthesis of Carbamates Using Fmoc-Cl

available PS-thiophenol resih and N-hydroxymaleimide,
and we showed that it is useful for the synthesis of various
amides’ Thus, we planned to use this PS-NHS reaifor

the synthesis of carbamate libraries. Figure 1 illustrates the
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Figure 1. General scheme for the synthesis of carbamates using
polymer-boundN-hydroxysuccinimide.

idea behind our column-chromatography-free carbamate
synthesis. Namely, treatment @fwith bistrichloromethyl
carbonate (BTCG)® would afford the polymer-supported
chloroformate3. Further treatment 08 with an alcohol is
expected to give the polymer-supported NHS-carbodate
Pure carbamate should be obtained by the reactidngth

an amine, followed by filtration and evaporation of the
filtrate.

To examine the stability and reactivity of, and to
compare our procedure with the published protoédisst
the polymer-supported Fmoc carbonate rdsiwas prepared
by the reaction of2 (1.00 mmol/g}® with Fmoc-CI (1.5
equiv) in the presence of pyridine (1.5 equiv) in THF (23
°C, 2 h). Filtration and washing affordeth (0.83 mmol/
0).,1° which was sufficiently stable for storage at ambient
temperature. The amines (0.6 equiv) were stirred wiln
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aReaction time= 1 h. P Reaction time= 7 h.

aromatic amine, were cleanly converted to the corresponding
Fmoc derivatives in good chemical yields. The purity of the
product obtained by the simple filtration, washing, and
evaporation was confirmed to beéd5% by'H NMR analysis.
Next, preparation of polymer-supported NHS-carbonates
using various alcohols was examined. Efficient parallel
synthesis of carbamates in four-step sequences fravas
achieved by using a semi-automated apparatus, Quest210
(Argonaut). The PS-NHS resia was first prepared from
the PS-thiophenol resid and N-hydroxymaleimide in a
reaction vessel with a filter, basically according to the
reported procedurelt was then treated with BTC (2.0 equiv)
and pyridine (1.0 equiv) in dichloromethane (&3,) at 23
°C for 2 h. After removal of excess reagents by filtration,
the resin was washed with GEl,. The resulting resin was
stirred with an alcohol (3.0 equiv with respect to the NHS
group) and pyridine (1.0 equiv) in GBI, at 23°C for 3 h
and then washed with Gil, to give the polymer-supported
carbonatel. Loading of the alcohol was estimated from the
recovery of the alcohdt It was found that 4375% of the
thiophenol groups of resirl were converted to NHS-
carbonate groups. It is possible that a cross-linked disuccin-
imidyl carbonate was partially formed on the resin, in
addition to the chloroformata.

(11) After the reaction with alcohol, all filtrates were combined and
concentrated, and diphenylmethane (3.0 equiv with respect to the NHS
group) was added to this mixture as an internal standard. Recovery of the
alcohol was quantified bjH NMR analysis.
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Disuccinimidyl carbonate is also known to react with || NG
alcohol, but only a half of the NHS, grpups ,o'f‘ the resin could Table 3. Synthesis of Carbamates Using Various Amines
be converted to NHS-carbonate, if disuccinimidyl carbonate 1) BTC (2.0 eq)

were formed. The resulting NHS-carbonaiéis—g were pyridine (1.0 eq) s P o
stirred with 4-phenylbutylamine (0.7 equiv with respect to N CHCl, N-O”“OR?
the carbonate) in C}Ll, at 23°C. The solution phase was 2) R%0H (3.0 eq)
separated, and the resin was washed with,@ The pyridine (1.06q) O dborde
combined solution was concentrated to give the desired a 22 RN s 9

i . . . R3=(CH,)qCH5 4b (0.7eq) RA .
carbamate in good chemical yield, except for the tertiary 3_ —Qhn~ - N OR

o R3=PhCH(CH3) 4c CH,Cl, H
alcohols (Table 2). It is likely that polymer-supported NHS- -
entry carbonate  R*NH, product yield (%)
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Table 2. Synthesis of Carbamates Using Various Alcohols

1)BTC (2.0 eq) ?
pyridine (1.0 eq) 2 2b 4b NH, J'L{)C Hyy 94
CHZC'Z 6 iN 0 0 o

2) "2)RPOH (3.0 eq) (3.0 eq)

I
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aReaction time= 3 h.? Reaction time= 12 h.¢ Reaction time= 24 h.
a Conditions: 23°C, 10 h, vigorous shaking using a shaker for the last

step.P Conditions: 23°C, 3 h.¢ Conditions: 40°C, 24 h.

carbonate of the tertiary alcohol is sterically hindered, and
approach of the amine to the carbonyl carbon might be due to its poor nucleophilicity. It is also noteworthy that the
difficult. reaction with the amino alcohols proceeded without dif-
Reactions of the polymer-supported NHS-carborttie  ficulty, and no O-acylation was observed in any case (entries
with various amines were also examined. As shown in Table 10—12). In the case of the reaction of amines with low
3, the reaction proceeded smoothly to give the desired solubility in CH,CI, (entries 1, 5, and 11), vigorous shaking
carbamate in highly pure forn»©5%) without any purifica- was required for the completion of the reaction.
tion. No significant amount of the starting amine or byprod-  Finally, the NHS-resin was found to be recyclable. Three
uct was observed in the solution phase. The purity of the successive cycles were run using the same resin in the same
product was confirmed by HPLC and/t41 NMR. Not only reaction vessel. Namely, the reactionslafith N-hydroxy-
aliphatic amines, but also aromatic amines (except for maleimide, BTC, 1-decanol, and 1-phenylethylamine were
p-nitroaniline) reacted smoothly to give the corresponding carried out in a manner similar to that shown in Table 3,
carbamates. No reaction occurred fiemitroaniline, probably entry 2. After the isolation of the carbamate, the resin that
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remained in the reaction vessel was retreated with BTC andthe ability to prepare carbamates in highly pure form without
1-decanol in the same sequence to give the carbonate resimny time-consuming purification step such as column chro-
4b. This recycled resin was used for the second reaction with matography. The whole procedure is suitable for automation.
1-phenylethylamine. After the second reaction, the resin was Since alcohols can be used in this methdd, should be
retreated with BTC, 1-decanol, and the amine again. Load- useful for the synthesis of carbamate librafieBurthermore,
ings of the alcohol in each cycle, as estimated from the this methodology is useful not only for protection of the
consumption of the alcohol, were 53, 58, and 45%, respec-amino group in small molecules and for combinatorial
tively. The yields of the carbamate were 84, 74, and 87% in chemistry but also for the selective labeling of small
the first, second, and third cycles, respectively. molecules or proteirf® with biotin, a chromophore, a
In conclusion, a new method for the facile preparation of photoreactive group, a radiolabel, and so on.
various carbamates by utilizing polymer-supported NHS
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