
1 7 JUN 2004 WO 02/34698 PCT/USO1/45748 PHOSGENE-FREE PROCESS FOR PREPARING
CARBAMATES FIELD OF THE INVENTION [0001] The present invention is directed
to a method  for preparing a carbamate from a compound containing an  amine
group. BACKGROUND OF THE INVENTION [0002] Carbamates have been used as a
blocking group  for the amino function of a-amino acids since the
benzyloxycarbonyl group was used in 1932 by Bergmann and  Zervas.
Traditionally, the most important route for the  synthesis of carbamates
involves the use of  phosgene/isocyanate technology. However, given the
toxicity of phosgene and the environmental concerns  associated therewith,
a safer and more convenient method  of providing a carbamate blocking group
has been sought.  [0003] Recently, carbon dioxide has been proposed as  an
alternative for phosgene in the production of  carbamates from amines.
Carbon dioxide has been used to  prepare carbamates with amines in the
presence of  electrophiles such as 2-bromoalkaphenols, epoxides, alkyl
halides and alkynes. Recently, carbamates have been  prepared using amines,
carbon dioxide at a pressure of  from 80 to 160 psig, alkylchlorides and
sterically  hindered organic bases such as pentaalkylguanidines.  Rossi et
al in J.Org.Chem. 1998, 63, 1337, reported a  mild procedure for
synthesizing carbamates through the  reaction of amines and alkyl halides
in the amount of  five equivalents with tetraethyl ammonium hydrogen
carbonate, prepared from tetraethylammonium hydroxide and  carbon dioxide.
However, this reaction was very sluggish  and required the amount of five
equivalents of the alkyl  



halide. Therefore, there still exists a need for a  method for preparing
carbamates from amines which is 1 1 7 JAN 2004 WO 02/34698 PCT/USOI/45748
safe, economical and capable of producing carbamates in  an efficient
manner. SUMMARY OF THE INVENTION [0004] The present invention is directed
to a method  for preparing a carbamate from a compound containing an  amine
group in which the compound is reacted with an  alkylating agent in the
presence of carbon dioxide and  cesium carbonate. In the inventive method,
the reaction  can take place at ambient or standard temperatures and
pressures to produce the desired carbamate at a high  yield without the use
of dangerous phosgene gas. DETAILED DESCRIPTION OF THE INVENTION  [0005]
The present invention provides a safe and  simple method for attaching a
carbonate group to amines  and amino acids and for preparing other
carbamates by  reacting a primary or secondary amine group with carbon
dioxide, cesium carbonate and an alkylating group at  ambient temperature
and pressure. The reaction  preferably takes place in a polar aprotic
solvent such as  dimethylformamide and, unexpectedly, high yields of the
carbamate product are obtained when cesium carbonate is  present in the
reaction system. The compound containing  the amine group is not especially
limited and can be an  amino acid or any other organic compound containing
at  least one of a primary or a secondary amine group.  Likewise, the
alkylating agent is not especially limited  and can be an organic compound
containing a halide such  as benzylchloride or chloromethyl pivalate. In
the  



present invention, the presence of cesium carbonate in  the reaction system
enables the product carbamate  compound to be obtained in a high yield with
a low amount  of by-product formation. 2 1 7 JUN 2004 W0 02/34698
PCT/US01/45748 [0006] The advantages of the present invention are  further
exemplified by the following Examples and  Comparative Examples. Example 1
[0007] A benzyloxy carbonyl (Cbz) group was added to  phenylpiperazine
according to the following reaction  scheme. 1. CO2ICs2CO3 (2equiv) in DMF,
RT, 1 h  d-N H 01  V 2. benzyl chloride (BnCI, 1.3 equiv), RT,16  h 1 -Cbz
+ 2 (82%) N N-Bn 3 (trace) [0008] Compound 1 (162 mg, 1.0 mmol) was
dissolved in  35 ml of dimethylformamide and 652 mg of cesium carbonate
(2.0 mmol) added thereto. 13 grams of solid carbon dioxide in the form of a
cylindrical piece of dry ice was  added thereto and the flask immediately
capped with a  balloon which rapidly inflated with the carbon dioxide  The
reaction mixture was stirred for about 60 minutes  before adding 166 mg of
benzylchloride (1.3 mmol)  



dissolved in 1 ml of dimethylformamide thereto. The  reaction mixture was
stirred over night at room  temperature and then cooled to 0C. Water was
added to  the point of cloudiness and the mixture extracted with
diethylether (typically 2 x 80 ml) . The extracts were  combined and
concentrated in vacuo in a rotary  evaporator. The residual
dimethylformamide was removed  under a high vacuum with gentle warming. The
crude  product thus obtained was purified by preparative thin- layer
chromatography (silica gel, 1:3 ethyl  acetate/hexane) to give 240 mg of
product 2 as an oil in  an 82% yield. The alkylated by-product 3 was
obtained  only in a trace amount. H NMR(400MHz CDC13) 6 3.17 3 1 7 JUN 2004
WO 02/34698 PCT/US01/45148 (m, 4H) , 3.68 (m, 4H) , 5.19 (s, 2H) , 6.93 (m,
3H) ,  7.3-7.5 (m, 7H); MS (ES+); m/z 297 (M + H), 319 (M + Na).  [0009] In
order to illustrate the importance of cesium  carbonate being present, the
identical reaction discussed  above was performed using various other
bases. None of  these various other bases were as successful in  generating
the carbamate product as cesium carbonate. The results are shown in Table
1. Table 1 Effect of Base on Carbamate Formation from 1,  Carbon Dioxide
and Benzyl Chloride BaseProduct 2Product 3 (% yield)(% yield) Example
1Cs2CO3 82trace Comparative Example 1BaCO3 -90 Comparative 



Example 2Ba(OH)2-100 Comparative Example 3Net3 -100 Comparative Example
4DBU-100 Comparative Example 5Na2CO3 3312 Comparative Example 6K2CO3520
Comparative Example 7Rb2C03 1068 [0010] The use of a simple tertiary amine,
triethylamine, gave no conversion to the carbonate and  other bases such as
barium carbonate and barium hydroxide  gave the undesired bi-product 3
exclusively. The Group  IA metal carbonates yielded more carbamate product
2 than  the Group IIA metal carbonates. The bulkier metal  carbonates
(Group IA) tended to give more carbamate  product 2. In the present
invention, it is believed that  the lower charge density of the cesium
cation allows for 4 1 7 JUN 2004 WO 02/34698 PCT/US01/45748 a more exposed
carboxylate anion makes it a better  nucleophile with the result that the
alkylation of the  oxygen anion occurs preferentially to that of the amine.
The above methodology was also used to prepare  benzyloxycarbonyl-protected
amino acids in yields of from  53 to 86% as shown in Table 2. Table 2
Formation of Cbz-Amino Acids from Amino Acids,  Carbon Dioxide, and Benzyl
Chloride SubstrateProduct% yield 



H-Pro-OBnCbz-Pro-OBn86 H-Phe-OBnCbz-Phe-OBn75* H--Ala-O BuCbz-Ala-O Bu72
H-Tyr-OBnCbz-Tyr-OBn53* H-Ser-OBnCbz-Ser-OBn75*  *Based on recovered
starting material. [0011] The method of the present invention is not
limited to the preparation of benzyloxycarbonyl-protected  amines. By
choosing an appropriate alkylating agent, the  inventive chemistry can be
used for the preparation of  pro-drugs as shown in Example 2 below. Example
2 [0012] As shown in the below reaction scheme,  phenylpiperazine was
formed into a carbonate according to  the present invention using
chloromethyl pivalate as the  alkylating agent. 1. CO2/Cs2CO3 (2 equiv) In
DMF, RT,1h  O  d-`N H 0 \_~ 2. (CH3)30002CH2CI,  (1.3 equiv),  RT, 16h, 89%
O _j 1 4 5 17 JUN 2004 WO 02/34698 PCT/USO1/45748  [0013] Phenylpiperazine
1 was stirred with two  equivalents of cesium carbonate and dry ice (solid
carbon  dioxide) and dimethylformamide for 60 minutes at room  temperature.
1.3 equivalents of chloromethyl pivalate  was added thereto and the mixture
stirred over night to  produce the pro-drug compound 4 in an 89% yield.
[0014] The present invention provides a convenient  method for synthesizing
carbonates from primary and  secondary amines by conducting a reaction at
ambient  



temperature and pressure using carbon dioxide, cesium  carbonate and an
alkylating agent. The method of the  present invention provides carbamates
in high yields  without a necessity of pressurized carbon dioxide, large
excesses of alkylating agents for elevated temperatures. 6 PCT/US01/45748
IPEA/US   27 NOV 2002 What is claimed is: 1. In a method for preparing a
carbamate from a  compound containing an amine group, the improvement
comprising  reacting the compound with chloromethyl pivalate in the
presence of carbon dioxide and cesium carbonate. 2. The method of Claim 1,
wherein said compound  contains a primary amine group. 3. The method of
Claim 1, wherein said compound  contains a secondary amine group. 4. The
method of Claim 1, wherein said compound is an amino acid. 5. The method of
Claim 1, wherein the reaction takes  place in a polar aprotic solvent. 6.
The method of Claim 1, wherein the amino group is a  piperazine group. 7.
The method of Claim 6, wherein the solvent is  dimethyl formamide. 8. The
method of Claim 1, wherein the reaction takes  place under standard
temperature and pressure conditions 7  


