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Abstract: Chiral carbamales could be obrained by enzymadc alkoxycarbonyladon with vinyl carbonates and racemic amines 

uing m lipare. The enantioselecdvity achieved depended on the substrate nature and the solvent. 

INTRODUCTION 

Carbamate derivatives am products of considerable interest in some areas of Medicinal Chemistry.1 An 

alkaloid, physostigmine, which has a carbamate moiety in its structure, is currently undergoing clinical trials for 

the treatment of Alzheimer’s DiseaseJThe preparation of carbamate analogues of physostigmine has recently 

been reported3 and one of these compounds has been found to be a potent cholinesterease inhibitor. Some 

carbamates have been exploited in chemotherapy,lb and others were orally effective as peptidoleukotriene 

antagonists.ra Moreover, the carbamate derivatives are also useful intermediates for the synthesis of 

insecticides.4 In addition, the alkoxycarbonylation of the amine group in amino acid derivatives is a fundamental 

task in peptide synthesis.5 

In the last few years, many reagents and synthetic procedures to achieve the alkoxycarbonylation of amines 

have been reported due to a rising interest in this functional group.6 In general this kind of process involves 

specific reactions and, in some cases, toxic reagents such as phosgene7 or organometallic compoundss 

Recently, Ghost et ~1.9 have developed an efficient synthesis of carbamates with N,N’-disuccinimidyl carbonate. 

To the best of our knowledge the enzymatic alkoxycarbonylation of amines using lipases in organic solvents 

has not been achieved. We believed that vinyl carbonates could be suitable reagents to achieve an efficient method 

for the preparation of chiral carbamates. We have already reported the utility of vinyl carbonates10 in the 

synthesis of chiral carbonates and different N-butyl carbamates through an enzymatic alkoxycarbonylation 

reaction. Herein we report the synthesis of chiral carbamates from racemic amines. In addition, we checked the 
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influence of solvent and the starting carbonates on enantioselectivity. 

RESULTS AND DISCUSSION 

Our experimental strategy was based on the ability of CAL (Candi&a antarctica lipase SP 435A immobilized 

on acurrell) to catalyze the reaction between vinyl carbonates and butylamine.tu Because the best results had 

previously been achieved with n-octyl carbonate. alkyl carbonates were used in this work. n-Octyl vinyl 

carbonate (la) and n-butyl vinyl carbonate (lb) were prepared from the appropriate alcohol and vinyl 

chlomfotTnate. 

The alkoxycarbonylation procedure was applied to a series of racemic amines (2) (Zbutyl amine, 2-heptyl 

amine and l-phenylethyl amine). The reactions of the amines with the carbonates (1) (Scheme I) were carried out 

in different solvents, so that the solvent effect on the enantioselectivity of the process could be studied. The result 

are shown in the Table I. 

It is known that enzymatic properties can be markedly altered simply by switching from one such solvent to 

another.11 In general, the catalytic efficiency of enzymes diminishes as the polarity of the solvent increases.12 

Normally, the catalytic activity is low in polar solvents having a log P< 2, is moderate in solvents having a log P 

between 2 and 4, and is high in apolar solvents having a log P>4. With these data in mind four different solvents 

were chosen: hexane (log P= 3.5. apolar solvent, suitable for reactions in which dry enzymes powders are used), 

diisopropyl ether (which had been used successfully, in conjunction with other solvents such as 

trichloroaifluoroethane and fert-butyl ether), 12 tetrahydrofuran (log P= 0.49) and dioxane (log P=-1.1) where 

immobilization is recommended for optimal activity.12 

‘Ihe enantioselectivity and activity of the enzyme changed only when 2-butyl amine and I-phenylethyl amine 

were used (Table I, entries 3a-31). The best results were achieved with hexane and diisopropyl ether. We believe 

the lack of difference in the enantioselectivity, between both former solvents, was caused by our use of an 

immobilized enzyme. On the other hand, when the reactions were carried out in THF or dioxane, the 

enantiomeric excesses were the lowest (as predicted by Sih). 12 When 2-heptyl amine was used, changes in the 

solvent had no effect on enantioselectivity (Table 1, entries 3e-3h). 

As qorted in a previous paper, the lipase was enantioselective towards the R enantiomer, as in the reaction 

of vinyl carbonates with racemic alcohols.10 

Scheme I. 

A 
0 : 

RO%CH=CH, + NH2 
CAL 

R, - R.o/UNHAR, 

la R= n-octyl 
lb R= n-butyl 

2 3 
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Following the success of the synthesis with n-octyl vinyl carbonate, the effect of switching the alkyl group 

on the carbonate was investigated. Thus we chose n-butyl carbonate (lb), and hexane and diisopropyl ether as 

solvents.The best catalytic activity was achieved when hexanc rather than dlisopropyl ether was used as the 

solvent (Table I, entries 3m-3r). 

Table I. Carbamates (3) from (1) and racemic amines. 

Entry R Rt Time, h Conv.(%)r e.e.%(Conf.) [a]D25 (c)b Solvent 

3a n-Cc@ 

3b wOcty1 

3c n-octyl 

3d n-Octyl 

3e n-&y1 

3f n-octyl 

3g “-Cc@ 

3b n-Ociyl 

3i “-Cctyl 

3j n-Cctyl 

3k n-Octyl 

31 n-cktyl 

3m n-Butyl 

3n nButy1 

30 n-Butyl 

3P nButy1 

3q n-Butyl 

3r nButy1 

Ethyl 20 40 

Ethyl 50 40 

Ethyl 21 45 

Ethyl 48 43 

Pentyl 29 39 

Pentyl 72 38 

Pentyl 30 40 

Pentyl 54 41 

Phenyl 24 41 

Phenyl 70 43 

Phenyl 26 39 

Phenyl 52 42 

Ethyl 24 40 

Ethyl 24 39 

Pentyl 32 45 

Pentyl 24 42 

Phenyl 22 45 

Phenyl 22 41 

62 (R 1 

c5 

62 (R ) 

48 (R ) 

40 (R ) 

46 (R ) 

42 (R ) 

40 (R 1 

98 (R 1 

81 @I 

98 CR 1 

83 (R ) 

20 (R) 

31 (R) 

68 (R ) 

73 (R ) 

70 (R ) 

85 (R ) 

-3.8 (0.4) Pr*o 

0 (0.5) DiOX8J.X 

-3.8 (0.6) Hexane 

-3.0 (1.2) THF 

-1.1 (0.3) @r*o 

-1.3 (1.6) Dioxane 

-1.2 (0.4) Hexane 

-1.1 (3.5) THF 

+41.2 (0.2) ‘R*O 

+34.0 (0.6) Dioxane 

+41.2 (1.0) Hexane 

+34.9 (1.8) ‘H-IF 

-2.8 (0.9) ‘prz0 

-4.3 (2.6) Hexane 

-2.0 (1.4) ipr20 

-2.2 (1.9) Hexane 

+42.1 (0.3) Vr20 

+51.1 (1.0) Hexane 

*Calculated with respect to the amine 2 by capillary gas chromatography and NMR. 

b In chloroform. 

From the results presented in Table I, we can conclude that the small difference in the enantioselectivity 

by switching the solvent in the case of 2-heptyl amine (entries 3e-3h) and the poor results with the 2-butyl amine 

(enhies3m-3n), were extreme cases. In the former, both the carbonate and amine had a long alkyl moiety whilst 

in the latter both carbonate and amine alkyl chains were short. For these reasons we suggest the CAL best 

catalyzed these alkoxycarbonylations when both carbonate and amine have neither a long nor a short alkyl chain 

at the same time. Thus gocd results were achieved when carbonate (lb) was used with Zheptyl amine instead of 

carbonate (la), or carbonate (la) with 2-butyl amine. In the case of 1-phenylethyl amine, which was 

intermediate in length, the best results were achieved with a long alkyl chain in the carbonate, and with hexane or 

diisopropyl ether as solvent (see entries 3i-31). 
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CONCLUSIONS 

Herein we reported a mild procedure to obtain chiral carbamates from racemic amines through an 

enzymatic alkoxycarbonylation. This method overcomes some of the operational problems of chemical methods 

which require the use of phosgene or organometallic compounds. The present method also alknvs the resolution 

of racemic amines. With a convenient combination of long-medium length of the amine and carbonate alkyl 

chains high e.e.‘s could be achieved. 

EXPERIMENTAL 

We used an immobilized lipase from Candida unrarcricu SP 435A (CAL) (gifted by Novo Nondisk). All 

reagents were of commercial quality and were purchased from Aldrich Chemie. Solvents were distilled over an 

adequate desiccant and stated under argon. For column chromatography, Merck silica gel 60/230-400 mesh was 

used. Optical rotations were measured using a Perkin-Elmer 241 polarimeter. IR spectra were recorded on a 

Mattson 3000 Infrared Fourier Transform spectrophotometer. Gas chromatography was carried out with a 

Hewlett-Packard Model 5890 Series II gas chromatograph with flame ionization detection (FID) and a 25 m HP- 

1 capillary column coated with methylsilicone gum using Nz as carrier gas. tH and t3C-NMR were obtained 

with TMS (tetramethylsilane) as internal standard; using a Brucker AC-300 (‘H-300 MHz and 1X-75.5 MHz) 

spectrometer. Mass spectra were recorded on a Hewlett-Packard 5897 A spectrometer. Microanalyses were 

performed on a Perkin-Elmer 240B elemental analyzer. 

Determination of enantiomeric excess and absolute configuration was as follows: All the e.e.‘s and 

configurations were calculated in comparison with the optically active carbamate prepared from the appropriate 

chiral amine and n-octyl or n-butyl chloroformate. (All these compounds gave satisfactory tH-, 1X-NMR and 

mass spectra). 

Synthesis of carbonates (1). General procedure.10 

Vinyl chloroformate (50 mmol) was slowly added to a solution of the appropriate alcohol (35 mmol) in 

dry pyridine (4 mL) under argon at 0’ C. The solution was stirred for 2 h and then was acidified with HQ (3N) 

and extracted with dichloromethane; the organic layer was dried over sodium sulphate and submitted to flash 

chromatography on silica using hexane-ethyl ether 95:5 (la) or 9: 1 (lb). The fmal yields were 7 1% and 70% for 

(la) and (lb) respectly. (la) was characterized in our foregoing paper.10 

n-Butylvinyl carbonate (lb): oil; Rf=O.61 (Hexane:ethyl ether 9:l); IR (neat): u-= 1763 cm-t; 

(Found: C, 58.17; H, 8.41. C7H1203 requires C, 58.30; H, 8.39); tH-NMR (CDCl3) 8 (ppm): 7.10 

(dd,lH,CH), 4.90 (dd, lH, CH), 4.60 (dd, lH, CH), 4.20 (t, 2H, CH2). 1.70 (m, 2H, CH2), 1.45 (m, 2H, 

CH2), 1.00 (t, 3H. CH3); 1X-NMR (CDC13) 8 (ppm): 152.68 (C=O), 142.52 Q-I), 97.39 (CH2). 68.63 

(CI-I& 36.40 (CH2), 18.73 (CI-I2), 13.47 (CH3); MS (EI, 70 eV), m/z: 144 (M+), 57 (100). 

Synthesis of carbamates (3a-3r). General procedure. 

To a solution of carbonates (la) or (lb) (1.2 mmol) and racemic amine (2mmol) in the appropriate 

solvent (15 mL) with molecular sieves (4A) (1.5 mg), CAL (200 mg) was added (see Table I). The reaction was 

monitored by TLC or gas chromatography and was terminated by filtering off the enzyme. The organic solvent 

was evaporated under reduced pressure and chromatographic separation on silica gel of the resulting residue gave 
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the carbamate. 

R-(-)-2-N-Butyl-n-oetyl carbamate (b-3d): oil; Rf= 0.41 (Hexane:ethyl ether 7:3); IR (neat): 

&= 1693 cm-t; (Found: C, 69.72; H. 8.25; N, 6.77. Ct3Ha7NOs requires C, 69.52; H, 8.27; N. 6.76); tH- 

NMR (CDCls) 6 @pm): 4.45 (bs, lH, NH), 4.05 (t, 2H, CH2). 3.60 (m, lH, U-I), 1.60 (m. 2H, CI-Iz), 1.45 

(m, 2H. CH2); 1.40-1.20 (m, lOH), 1.10 (d, 3H, CI-Is), 0.90 (m, 6H, 2CHs); W-NMR (CDCls) 6 @pm): 

156.17 (C=O), 64.69 (CH2), 48.18 (CH), 31.71 (CH2), 29.85 (CHa), 29.18 @X2), 29.14 (CH2), 28.98 

(CH2). 25.82 (CH2). 22.57 (CHs), 20.68 (CH3). 14.03 (CH3). 10.21 (CHs); MS (EI, 70 eV), m/z: 214 

(M+-15, 2.77). 200 (100). 57 (37.86). 

R-(-)-2-N-Heptyl-n-otyl carbamate (3e-3h): oil; Rf= 0.36 (Hexane:ethyl ether 4~1); IR (neat): 

u,= 1694 cm-t; (Found: C, 70.72; I-I, 12.28; N, 5.16. Ct&3NC2 requires C. 70.78, H, 12.26 N, 5.16); 

iH-NMR (CDCls) 6 @pm): 4.40 (bs, lH, NH), 4.00 (t, 2H, CI-Is), 3.65 (bs,lH, CH), 1.60 (m, 2I-I. CIiz), 

1.50-1.20 (m, 18H). 1.10 (d, 3H. CHs), 0.90 (t. 6H, 2CHs); W-NMR (CDCls) 6 (ppm): 156.10 (GO), 

64.64 (CH2), 46.85 (CH), 37.08 (CH2). 31.69 (CH2). 31.59 (CH2), 29.17 (CH2). 29.12 (CH2), 28.96 

(CHs), 25.80 (CH2), 25.53 (CH2). 22.54 (CH2), 22.48 (CH2). 21.18 (CH3), 13.99 (CH3). 13.93 (CH3); MS 

(RI, 70 eV), m/z: 199 (11.93), 57 (13.55). 55(18.18). 

R-(+)-N-1-PhenylethyI-n-octyl carbamate (3i-31): oil; Rf= 0.37 (Iiexane:Ethyl ether 7:3); IR 

(neat): ucZO= 1696 cm-i; (Found: C, 73.69; H, 9.81; N, 5.06. C17H27N02 requires C, 73.59; H, 9.82; N, 

5.05); tH-NMR (CDC13) 6 (ppm): 7.30 (m, 5H, ar.), 5.00 (bs, lH, NH), 4.85 (bs, lH, CH), 4.OO(m, 2H, 

IT-l..\ 1 M fm w-7 m-7,\ 1 a frl 2~4 PU,I I An-1 3n lrn 1fx.n non tt 2~ puJj. 13p_NLfn /-,I fi b”L,, I.W \..A, aas, “l&L,, I..,” \y d”, u “,,, I._” I._” \...( .“.‘, V./V \., ---, ---,,, .a ..*..a. \--*,, ” 

(ppm): 155.85 (GO), 143.61 (C), 128.47 (2xCH), 127.12 (2xCH), 125.80 (CH). 64.95 (CH2). 50.40 (CH), 

31.66 (CH2), 29.12 (CH2), 29.09 (CH2); 28.89 (CH2), 25.73 (CH2). 22.53 (CH2), 22.34 (CH3), 13.99 

(CH3); MS (EI, 70 eV), m/z: 277 (M+), 120 (10.21), 104 (31.40), 77 (24.56). 

R-(-)-2-N-Butyl-n-butyl carbamate (3m-3n): oil; Rf= 0.42 (Hexane:Ethyl ether 41); IR (neat): 

2) - 1693 cm-t; (Found: C, 62.29; H, 11.04, N, 8.10. CgHt9N02 requires C, 62.38; H, 11.06, N, 8.09); tH- C=O- 

NMR (CDC13) 6 (ppm): 4.60 (bs, lH, NH), 4.05 (t, 2H, CH2), 3.60 (m, lH, CH), 1.70-1.30 (m, 6H), 1.10 

(d, 3H, CHs), 0.90 (m, 6H, 3CH3); W-NMR (CDC13) 6 (ppm): 156.04 (GO), 64.17 (CH2). 48.02 (CH), 

30.87 (CH2), 29.66 (CH2). 20.46 (CH3). 18.85 (CH2), 13.49 (CH3), 10.02 (CH3); MS (RI, 70 eV),m/z: 173 

(M+), 158 (3.06), 57 (32.10), 44 (40.59). 

R-(-)-2-N-Heptyl-n-butyl carbamate (30-3~): oil; Rf= 0.39 (Hexane:Ethyl ether 7:3); IR (neat): 

U c=o= 1694 cm-i; (Found: C, 66.79; H, 11.69; N, 6.52. C12HvN02 requires C, 66.92; H, 11.71; N, 6.51); lH- 

NMR (CDCls) 6 @pm): 4.45 (bs, lH, NH), 4.05 0, 2H, CH2), 3.65 (m, lH, CH), 1.60 (m, 2H, CH2), 1.50- 

1.20 (m, lOH), 1.10 (d, 3H, CHs), 0.90 (m, 6H, CH3); W-NMR (CDCls) 6 (ppm): 156.13 (c--O), 64.73 

(CH2), 46.89 (CH), 37.11 (CI-Iz), 31.61 (CH2). 31.05 (CHz). 25.54 (CH2), 22.48 (CH2), 21.21 (CH3), 

19.03 (CI-I2), 13.93 (CH3). 13.67 (CH3); MS (EI, 70 eV), m/z: 215 (M+), 200 (1.65), 57 (16.17). 

R-(+)-N-1-PhenylethyI-n-butyl carbamate (3q-3r): oil; Rf= 0.32 (Hexane:Ethyl Ether 7:3); IR 
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(neat): ‘UC*= 1692 cm-? (Found: C, 70.45; H, 8.67; N, 6.34. t&H19N02 mpires C, 70.54; H, 8.66, N, 

6.33); tH-NMR CJXl3) 8 @pm): 7.40 (m, 5H, ar.). 5.20 (bs, IH, NH), 4.80 (bs, lH, CH). 4.00 (m, 21%. 

CH?), 1.70-1.20 (m, 7H), 0.90 0, 3H, CH3); W-NMR GDCl3j 6 (ppm): 154.84 (C!=O), 143.62 (C), 128.36 

12xf!HI~ 126953 12-M 125 73 K!W M 51 IPHnI <l-l ?A h-Hi ‘WI Sic; It-H..\ 33 77 It-U,\ 1P 9s IPET_\ ,----,, __.,.ev ,---,, __.,” \__,I . . ..“S \v--&,, _“.I_ \-‘,( U”.“” \w..‘,( _I.“, \-*a,,, aV.“.J \-XL,, 

13.53 (CH3); MS (EI, 70 ev), m/z: 221 (M+), 106 (I@), 77 (29.08). 

R-(-)-&IV-Butyl-r-octyl carbrmrte: [a]@= -6.1 (c= 0.3, CHC13). 

R-(-)-2.N-Heptyl-n-octyl carbamate: [al+= -2.8 (c= 3.1, CHCl3). 

R-(+)-N-l-PhenylethyIs-octyl carbamate: [a]Dz5=+42.0 (c= 1.1. CHC13). 

R-(-)-2-IV-Butyl-r-butyl carbamate: [a]+= -13.8 (c= 2.4, CHCl3). 

R-(-)-2.NoHeptyl-nobutyl carbamate: [a]#= -3.0 (c= 2.8, CHCl3). 

R-(+)-N-1-Phenylethyl-n-butyl carbamate: [a]DU=+60.1 (c= 5.5, CHCl3). 
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