1 7 JUN 2004 WO 02/ 34698 PCT/ USOL/ 45748 PHOSGENE- FREE PROCESS FOR PREPARI NG
CARBAMATES FI ELD OF THE | NVENTI ON [ 0001] The present-invention is F“}’ r,gg'g@g
to a nethod for preparing a carbamate from a conpound containing an” ine
group. BACKGROUND OF THE | NVENTI ON [ 0002] Carbanates have been used as a

bl ocking group for the am no function of a-am no acids since the

benzyl oxyc , group was used in 1932 by Bergmann an ervas.
Traditi onaﬁwgﬂﬁ?e nost inportant route for the syntpﬁgg‘ﬁ%‘égfw car bamat es

i nvol ves the use of phosgene/isocyanate technol ogy. However, given the
toxicity of phosgei®SaRYE1HEEePRAGESANEPR FREERRHIGEr ABRBAYSTDE| at ed therewi t h,
a safer and nore convenient nethod of providing a carbamate bl ocking group
has been sought. [0003] Recently, carbon di oxi de has been proposed as an
alternative for phosgene in Fﬁ@%@@d%@i%‘ﬁ%’?mb’car bamat es from am nes.

Car bon di oxi qeobps beeReUsiRGeho iMicAPasE iGARDARELASt YL heamides in the
presence of _electrophiles such as 2-bronoal kaphenol s, epoxi des, al kyl

hal i des and APRyREP3TRBEchtIy P2l dHET & CRER LRt Hépar®d usi ng ani nes,
carbon di oxi deis¢ grgupessure of from 80 to 160 psig, al kylchlorides and

sierically  ndered or ganke hasst, TOR S BRIARGY Y] guanl dines. Rossi et
synt hesi zi ng [@a@dbhnat €arbawateghhdee beeractedoas of bastmies gacuml Kyl hal i des
carbonate.  pE&parst FEag T EeAEt 197 BreHICar AP eRrae Bnd  cay bondi oxi de.
However, thi senzakiivenrenylvergumsivaggisdd lanti9iehui Bedrehe anbunt of five
equi val ents of .the alkylitionaily, 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

assoclated 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. 1898, 63, 1337, reported a

mild procedure for synthesizing carbamates through the

reaction of amines and alkyl halides in the amount of

five equivalents with tetraethylammonium hydrogen

carbonate, prepared from tetraethylammonium hydrexide and

carbon dioxide. However, this reaction was very sluggish

and required the amount of five eguivalents of the alkyl

halide. Therefore, there still exists a need for a

method for preparing carbamates from amines which is



hal i de. Therefore, there still exists a need for a nethod for preparing
carbamates fromamnes which is 1 1 7 JAN 2004 WO 02/ 34698 PCT/ USO ¥ 49l 4%,
saf e, econom cal and capabl e of producing carbamates in an efficient
manner. SUMVARY OF THE | NVENTI ON [ 0004] The present invention is directed
to a method for preparing a carbamate from a conpound contai ning an am ne

group in b%hs ke compound is reacted with an al kylp%tr}vlgamglrggnt in the
presence of carbon di oxide and cesium carbonate. In the“I'nventive nethod,

the reaction can take place at anbient or standard tenperatures and
pressures toSpkodecerthiccadeshd exhreht darfapeodtciaghrepbamates dowi t hout the use
of danger ous;phasgenen9asnnPETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0005]
The present invention provides a safe and sinple nethod for attaching a
carbonate group to amines aniMAki A & E8VEBHdOFor preparing ot her

car bamat es byoog@act i Tige 3rREEABIMVERt SBCOBARMLCARH NG G REhJM th carbon
di oxi de, cesium carbonate and an al kyl ati ng group at _anbient tenperature

and pressur e-°THESPEALTY 6h PPt fabfY CakEPIIEcER57181p%I4r aprotic

sol vent suchamsne dirged i fuai BRNEHEE canghundnexpeetedd Withi gh yi el ds of the
carbamate pro uclt are obt ai ned, when cesi un)Fcar onate i.s gresent in the
reaction systeh-*FABIc Al UBnPAPRTTRS Of He R ndt ¥r66p™ % not especial ly
limted and cedidne capboradtien0o AcittheOLn@myioé herthotdgatheC reaspiannd cont ai ni ng

at ! ea.St Ongar%)fta%eprirrgg )étoramk?' Sn C?Pds 21%891% Q%mggl(:)a u'resLénkcieWI S€, the
al kyl ati ng agent™1s not especially Irmte an beé "an organi c conpound

cont ai ni ng arheddudessteprogigcberiey debded derlgmachl| oy ambtiplyl pivalate. In
the 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 carbeonate group to amines
and amino acids and for preparing cther 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 cr 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 chlecromethyl pivalate. In the
present invention, the presence of cesium carboeonate in
the reaction system enables the product carbamate
compound to be obtained in a high yield with a low amount

of by-product formation.



present invention, the presence of cesiumcarbonate in the reaction $Sysjgm
enabl es the product carbamate conpound to be obtained in a high yield with
a |l ow amount of by-product formation. 2 1 7 JUN 2004 W 02/ 34698

PCT/ US01/ 45748 [ 0006] The advantages of the present invention are further
exenplified by the follow ng Exanples and Conparative Exanples. Exanple 1
[ 0007] A y carbonyl (Cbz) group was added to perazi ne
accordingb§8%¥%§%follomnng reaction schene. 1. CI2|6§5E§@%%§%QUIV) i n DVF,
RT, 1 h d-NHO1 V 2. benzyl chloride (BnCl, 1.3 equiv), RT,16 h 1 -Cbz
+ 2 (82% N RHEFI3 (tFlae &vRODDBIS %nﬁmﬁaeaer(tlészlom @remrml) was

di ssol ved i nfu3deH «Q&mghiiFBEAYD S %gaf@ﬂ%w@ﬂ@ HampI8s QhgCesi um carbonat e
(2.0 nmmol ) added thereto. 13 granms of solid carbon dioxide in the formof a
cylindrical pPERA3SEVHrE d®aehas added thereto and the flask i mediately
capped with a balloon which rapidly inflated with the carbon di oxide The
reaction mxture was stirred for about 60 m nutes before adding 166 ng of
benzyl chl or i F&LE3 ol )

[0007] A benzyloxy carbonyl (Cbz) group was added to
phenylpiperazine according to the following reaction

scheme.

1. CO,/Cs,C0, {2equiv) in DMF, RT, 1h

e, A nerxarer
2. benzyl chloride {(BnCl, 1.3 equiv), RT, 16h

1 2 (82%) 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)
dissclved in 1 ml of dimethylformamide thereto. The
reaction mixture was stirred over night at room
temperature and then ccoled to 0°C. 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 vacue 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 CDCls) ¢ 3.17



dissolved in 1 m of dinethylformam de thereto. The reaction m'xtzreI yas
stirred over night at room tenperature and then cooled to 0C. WAt 7 ek 004
added to the point of cloudiness and the m xture extracted with
diethylether (typically 2 x 80 m) . The extracts were conbined and
concentrated in vacuo in a rotary evaporator. The residual

di nmet hyl f o g was renoved under a high vacuumvmt ent] e warm ng. The
crude proguc?hg%us obt ai ned was purified by prepar at %}g‘PHFTﬁ | ayer
chromat ography (silica 8g 1: 3 ethyl acetate/hexane) to give 240 ng of
product 2 as‘@n BV Pnd 2t 82%'y|5eﬂé (sthéH bl Ky1°dt &8 YD pr oduct 3 was

obtai ned onhkysinsahlang ; apjgun_s,S+ H W@@QOM—IZ.. @IPC133])9 QM3+ Wey3 1 7 JUN 2004
WO 02/ 34698 PCT/ USOl/ 45148 3.68 (m, 4H) ( 2H) , 6.93 (m
3H , 7.3-7189Q%%K 74 %efngq)LllﬁfEraZQ7t?Nmpﬂftar§f9°€M33i51N51) [0009] In
order to illystbaHa@et heidgTPREtGIGEtRE GRALUF]L Garbeiat @ibaid@qpresent, the
identical reaction discussed above was perforned usi nggvari ous ot her

bases. None Bf°VE WEEePTHII-BEE WG "HESds Wetd 5858UccleRF AAf in generating
t he carbamat ehggeoddeiods t@sirUraGar berate. sa'dft@sto,esulins are shown in Table
1. Table 1 Effect  of Bq}eep on. Car barra%eilcFor mat i Qn Car bon Di oxi de

and Benzyl CAPSFidé"BasEPr8abEte SrPHYtT" 3° (Y8l %‘3’(%9 §F%1 d) Exanpl e
1Cs2CO3 82t r ace (Canpas atievehbxanipl 2aiBaCO3 - 90 Conparati ve

Table 1
Effect of Base on Carbamate Fermation from 1,
Carbon Dioxide and Benzyl Chloride

Base Product 2 | Product 3
(% yield) | (% yield)
Example 1 Cs,C05 82 trace
Comparative
Example 1 BaCGy - 90
Comparative
Example 2 | Ba({0OH), - 100
Comparative
Example 3 Nets - 100
Comparative
Example 4 DBU - 100
Comparative
Example 5 NaaCOs 33 12
Comparative
Example 6 K2C04 5 20
Comparative
Example 7 Rb2CO3 i0 68
[0010) The use of a simple tertiary amine,

triethylamine, gave no conversion tc 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 alleows for



Exanpl e 2Ba(OH) 2- 100 Conparati ve Exanple 3Net3 -100 Conparative Exanple
4DBU- 100 Conparative Exanpl e 5Na2CO8 3312 Conparative Exanple 6K2COBS8] 1)
Conpar ati ve Exanpl e 7Rb2C03 1068 [0010] The use of a sinple tertiary am ne,
triethylam ne, gave no conversion to the carbonate and other bases such as
bari um carbonate and barium hydroxi de gave the undesired bi-product 3

excl usi vel e, oup | A netal carbonates yiel ded mat e product
2 than th‘)eoo&?;%% 1A netal carbonates. The bul ki er %&F&ﬁéggbonat es
(Goup IA) tended to give nore carbamate product 2. In the present

i nvention, if TrHERPLIRY CRAPXYIATE FRHAEr PeFRT & BRREYeY of the cesium
cation al | owsuéXdophile 7 ikHNEBOOA MO OHa34608 RV VO 4574& a nore exposed
carboxyl ate anion nmakes it a better nucl eophile vvi)%h the result that the
al kyl ati on of*Y#& aBi%e‘ﬁ:céfﬁFo?Feofc?Eﬁ?fslagrléf T dhefFaft Y Eo*THSt of the anine.
The above nerhedacegymerddllsgy uaedals psepare prbpaize/| oxycar bonyl - pr ot ect ed
am no aci ds Ln yilel ds_of from 53 to 86%as shown in Table 2. Table 2
Formati on of "t R 3 KAYdsPF R SR AR F6 "Rei $,° tCafbon DX oxi'de, and Benzyl
Chl ori de Subssriad @Rrodsicitiawyi gh drable 2.

Table 2
Formation of Cbhbz-Amino Acids from Amino Acids,
Carbon Dioxide, and Benzyl Chloride

Substrate Product % vield

H-Pro-0Bn | Cbz-Pro-0Bn 86

H-Phe-0Bn | Cbhz-Phe-0Bn T5%*
H~Ala-0'Bu | Cbz-Ala-0"Bu 72
H-Tyr-0Bn | Cbz-Tyr—-0Bn 53~

H-Ser-0Bn | Cbz-Ser-0Bn 75*

*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 BExample 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. CO,JCs,C0, (2 equiv) In DMF, RT, 1h

0
O NaYerars
1 4

2. {CH,),CCOCH,CI, (1.3 equiv), RT, 16h, 89%



H Pr o- OBnCbz- Pr o- OBn86 H- Phe- OBnCbz- Phe- OBn75* H-- Al a- O BuChz- Al a- Q-Bqﬁ@m.\
H Tyr - OBnChz- Tyr - OBn53* H- Ser - OBnCbz- Ser - OBn75* *Based on recovered * 2064
starting material. [0011] The nethod of the present invention is not
limted to the preparation of benzyl oxycarbonyl - protected am nes. By
choosing an appropriate al kyl ating agent, the inventive chem stry can be

used for t Lgparation of pro-drugs as shown in Eﬁqﬁn! el ow. Exanpl e
2 [0012] Agﬁgﬁomm in the bel ow reaction schenme, pheny plﬁg%ggine was
Jdnvention using

formed into onate according, to. the present

chl or onet hyl 6}|8|S\ill']é'tfat etngwiﬁDelpeéf‘g St WY &géRted Fitbaacs20m8 (2 equiv) In
DMF, RT, 1h @quilvaNrsOof _cesdum( EHRo3A0O2@H26 y idel (SoBQUiY)¥bon RT, 16h, 89%
O j 14517, 0 02/.34698 PCT/ USOL/.45748 0013] Phenyl pi perazi ne
1 was sti rreél\t}\ny%%t \%éd\/\é)lcfﬁzc\%llg% msamg%ecgosri § %%(‘?rL'lai‘te LJ&HH dry ice (solid
carbon di oxitgepematdrdi net 1 lehot velmntle ¢0rchOramathyespiataleeem tenper at ure.
1.3 equival epts ofaLhhA | val. ed thereto_and the m xture
stirred over ni ﬁt to %?o u%éhtﬁ{ee %rlggtgrreu\gé@?:%%%gﬁﬁarfﬁgﬁ%aﬁo 89% vyi el d.

[ 0014] The piP&serte ithgentéwirugr ovimesdald donvent ¥ntyiehet hod for synt hesi zi ng

carbonat es f17aoef | e AR CAAYoR BT 2Y COBTSLLRY @ reaction at
anpl en
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.



" térrper'é-t'ur-.é éhd pressure using carbon dioxide, cesiu on t !} :&uq
al kyl ati ng agent. The nethod of the present invent| Qb

in high yields wthout a necessity of pressurized carbon di OXI de Iarge
excesses of al kylating agentss for. el evated tenperatur (St y/

| PEA/US 27 NOV 2002 What is clainmed is: 1. In a netm%%iﬁgﬁz
car ba etgfronafatl rﬁé’:ﬁmﬁé‘nd contai ning an am ne group, the inprovenent

conpri feacting the conpound with chloronethyl pivalate in the
presence of carbon dioxide and cesium carbonate. 2. The nethod of Claiml1,

wherein said conmpound contapns a f3omiRe met hod of
Claim1, wherei %a‘?d“%%ﬁ‘ﬁ‘g har B Pg?ﬁg%(ﬁ?&%gﬁggg;@am ne group. 4. The

rret hod, of O ai m 1., Whgt gin=sakdi gengeung, | shaniapinueaehnd. COMPTAE 1Mt hod of
ai m" Rvher ei n t%e reaction takes place in a iar apr o(%)]c sol vent. 6.

The metast afg Ghaé na:cilnpmhadewnthh@héﬁfﬁﬁeéhbﬁpptl atGi 58r &2¥ne group. 7.

The nethod of Aaim6, wherein.the so [ dibpetlyl formam de. 8. The
met ho® XTSI Rl CaherBi AL PHe F ed §| %%S?g egarp 'lace under standard

tenperature and pressure conditions 7

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 1is &

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.

AMFNHCn ~



