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Abstmcr Chtml am&s can be obtatned from (f)-Z-chloropropwnate esters and a wade range of amwes when the reacnon IS 

catalyzed by- ltpase The enantwselectwn of the enzyme m tlus amuwlysts reactwn depends on the substrate and 

nucleophrle structure and reactIon condrtrons Thts Irpase can catalyze a transamldatron reactton tf 

N-tr~~rwthyl-2-ChloroproproMrmdc 1s used as substrate In thts way. am&s are obtawed m kgh-moderate enantwmenc excesses 

The ommolysts qf ethyl (*j-2-methyNiutyrote wtth ahphahc amtnes ts achteved tang CC and PS hpases as catalysts 

INTRODUCTION 

Nowadays, there IS an mcreasmg demand for efficient processes for the synthens of opttcally active 

compounds For this purpose, bmcatalysts have widely been utkedt Despite most of the hotransformatlons 

occurnng m aqueous medmm, hydrolytic enzymes such as hpases are bemg successfully used to catalyze 

stereoselectlve estenticahons and transestenfications m orgamc solvents23 Thus, a great number of pnmary and 

secondary alcohols, acids or ester denvatlves are bemg resolved On the other hand, there IS a great interest on 

the development of new methods for the preparation of amides. which may also be unhzed 111 pephde and lactam 

synthesis W~tb respect to the amidanon reaction catalyzed by hpases, it has previously been apphed m pepnde 

synthesis from convemently protected D or L ammoaclds? but because the bpases have the abdlty to accept a 

broad range of substrates, we though that it wdl he interesting to study If these enzymes could catalyze the simple 

amide formauon m an enantioselechve way from racemlc substrates 
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In a prebmmary commumc~on~, we &scrkd the synthesis of 0pQcally achve amides from a racernic 

ester and different ammes usmg yeast Canduia cylmdracea hpase as catalyst We have mtroduced some 

m&cations mto the substrate and reacaon condmons m order to improve the opt~al punty of the am&s and 

the results am reported here Besides, we have stied the potentiahty of this enzyme to catalyze a ttansarmdation 

reaction The ammolysis of an unactwated ester, ethyl (i)-2-methylbutyrate, has been mvesogated too 

RESULTS AND DISCUSSION 

Yeast Cunakka cylmdracea hpase catalyzes the reaction between ethyl (f)-2chloroproplonate (la) and 

ahphatlc or aromauc ammes gvmg m all the cases the correspondmg (S)-amide The enantioselecuvlty of this 

reaction depends on the amme In general, ahphatic am&s are obtamed with lugher optical punty than aromauc 

amides Bulky subshtuent on the amme (tert-butyl) has a strong negative mfluence on the enantmselectwe actlvlty 

of the enzyme 

As one can see m Table I, the yeast Car&da cyhdracea hpase acts m a broad range of temperature 

With aromatic ammes, the reaction was camed out to 60°C to accelerate the reacnon, but with some ahphaac 

ammes winch spontaneously react with ethyl (f)-2-chloropqnonate. it was necessary to carry the reaction at 

temperaas lower than room temperature, and despite tis, the yeast hpase showed a hgh catalytic actlvlty The 

solvent effect ts important too, with ahphatic ammes. hexane was the best solvent (hexane, log P= 3 5, CC&, log 

P= 3)6, but CC14 was the most smtable for aromatic ammes because these ammes have low solublhty m hexane 

In addmon, we have checked little m&canons on the ester substrate Although the difference between an ethyl 

or methyl ester 1s not very slgmficatlve (the reacuon time 1s smular), when methyl (f)-2-chloroproplonate (lb) 

was used m this reaction, the optical punty of some amides (Table II) was appreciably improved In the 

remammg ammolysls reactIons. small &fferences wert observed With aromanc ammes, both with methyl and 

ethyl ester, the reaction 1s camed out to 6CPC Even though m the most cases a nse m tempera= does not lead to 

a decrease of the catalytic actlvlty of the hpase m orgamc solvents7, m some cases the enantloselectlvq can be 

improved when mdder temperatures are used For this reason, we med the ammolysls reaction with aromatlc 

ammes at room temperature usmg acuvated esters such as 2,2.2-mchloroethyl (f)-2chloroproptonate (lc) and 

for a slmdar percentage of conversion, the optlcal yields were poorer (308, 52% and 91% for 3f, 3g and 3h 

respechvely) 
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la, R= C!H,-CH, 2 

lb, R= CH, 

lc, R= CH,-Ccl, 

Table I (S)-Am&s (3) from (rt)-(la) and ammes (2) 

Entry R’ Trme, h (T, “C) Yreld, % ee, % 

3a n-butyl 3 (2) 62 95 

3b &Yl 7 (2) 60 92 

3c r-butyl 3 (2) 50 <5 

3d cyclohexyl 3 (2) 44 63 

3e betray1 21(25) 56 74 

3f phenyl 48 (60) 52 80 

3g P-tolY1 31(60) 81 65 

3h p-methoxyphenyl 35 (60) 83 >95 

Table II. @)-Amides (3) from (f)-(lb) 

Entry Yield, % ee, 8 

3a 60 >95 

3e 

3g 

50 95 

80 75 

Analyrmg the results showed, we can deduce the followmg 

- In all the cases CCL prefers the S enantmmer of the (f)-2-chloroptopronate ester m contrast to what rt ts found 

111 the estenficatton reacttons, for whrch this hpase showed a total preference towards the R enantromer of the 

actd 

- The enanuoselecttve actrvrty of the CCL 1s dramattcally influenced by the nucleophrle structure With the same 

racemtc substrate, the optrcal yield of the amides ranges from d to >95% 

- In the case of ahphaac ammes, the e e of the amide decreases m hne wrth the ramrficatron level of the amme 

- Even though we cannot grve an explanatton about vanatrons observed wrth respect to the sue of the R group of 

the ester, this can be used in each partrcular case to rmprove the enantromenc excess of the product 

The transamrdation IS known to be a drfficult reaction. Oenerally, high temperatures or cnhcal pH are 

required9 In thus respect, we though that as lipases have proved to be efficient catalysts m the acyl transfer 

reactrons, rt would be possrble that these enzymes could catalyze tranaamrdatron reactrons Fust, we choose N- 



9210 V Gmmetal 

methyl-N-phenyl-2-chlompmp1onam1de as substrate because the leavmg group 1s a secondary amme (we have 

noaced that CCL does not catalyze the ammolys1s of 2-chloroprop1onate esters when secondary ammes such as N 

methylamhne or &phenylamme are used) so 1t could not compete unth the pnmary amine used as nucleophde, 

however CCL does not show any catalytic act~ty m dus reaction, probably due to stenc hmdrance. To allevlate 

this stenc congestion and to avoid the reversibility of the process, we have used N-(2,2,2-mfluoroethyl)-2- 

chloroprolnonamlde (4) as substrate and m this case CCL catalyzed the reacuon. The results are summanzd 1n 

Table III. 

0 0 

+ 

CCL 

N-CF3 + 
R’NH2 - 

N’ 
R 

Cl A 
+ 

Cl /-I 

4 2 3 

Table III. Transamidahon reactum of (4) ~nth am1nes (2) 

Entry R’ Solvent Yield. % ee. % 

3a n-butyl hexane 48 78 

3b dYl hexane 40 60 

3f phenyl tetrachlorometbane 3 52 

3h pmethoxyphenyl tetfachlommethane 20 74 

Although the chemzil and optical yields of the am&s by this last method are lower than by ammolys1s 

of the ester, it 1s the fit example of 11pase catalyzed transam1dahon and may be an altemahve route to the 

resoluhon of chual ammes and armdes 

Finally, we have mvestlgated the ammolysls of ethyl (f)-Zmethylbutyrate Despite the fact that the best 

ester substrates m 11pase catalyzed reactions are those havmg an electronwlthdrawmg group m Cz-positions. 

recently the resolunon of 2-methyMkano1c acti by CCL catalyzed estenficatlon yleldmg the (&ester has been 

pubhshedlo. We started the study of tlus ammolys1s reachon by checking the catalyhc power of some 11pases m 

Mferent orgamc solvents The best results (Table IV) were obtamed when bpases from Pseudomonas cepacua 

(PS) and Can&& cylrndrucea were used as catalysts As 1t can be seen 1n Table IV, both bpases exhlb1t opposite 
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selecttvrty With CCL the (&am& @a) IS obtamed, agam thrs enzyme showed an opposue enanuoselecuvny 

wnh respect to the estmfica&on mchon of the (f)-2-methylbutamnc Bad10 

0 0 

o/\ + RN% 
J-w= ) 

x ,R 

(RI or (S)-(6) 

Table IV Amides (6) from (k)-(S) and ammes 

Entry R I+= Solvent Yreld. 96 

6a n-butyl CC hexam 18 

6a n-butyl PS 1 &dioxane 20 

6b ally1 PS dusopropyl ether 15 

ee, % (Conf ) 

84 (R) 

40 (s) 

62 (S) 

CONCLUSION 

Cut&u cyZutdrucea hpase is a very useful catalyst m ammolysts and transanudaaon reactions It 1s of 

great tmportance the influence of the amine on the enantloselecttve acttvtty of this enzyme As a result, 

ammolysis reacuon is an altemahve and complementsry method to the conespondmg estenficauon 

EXPERIMENTAL 

Cat&da cyhndracea hpase, Type VII crude, was purchased from Srgma Chemical Co Pseudomoms 

cepucua hpase from Amano Pharmaceuttcal Co All reagents were of commercmlly quahty and were purchased 

from Aldrtch Chemte N-(2,2.2-Tnfluoroethyl)-2-chloropropionannde was obtamed by reaction of (f)-2- 

chloroproptomc chlonde and 2.2,2-mfluoroethylamme Solvents were dtsulled over an adequate desiccant and 

stored under argon For column chromatography, Merck silica gel 60/230-400 mesh was used Meltmg pomts 
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were taken using a Gallenkamp apparatus and are unconected. Opacal mtahons were measured usmg a Perkm- 

Elmer 241 polanmeter IR spectra were recorded on a Perkm-Elmer 170-X Infrared founer transform 

spectrophotometer tH- and W-NMR were obtamed ~th TMS (tetramethylsdane) as internal standard, using a 

Bruker AC-300 (IH- 300 MHz and W- 75.5 MHz) spectrometer Mass spectra were recorded on a Hewlett- 

Packard 5897 A spectrometer All the new compounds gave satisfactory elemental analysis and were performed 

by Mcroanalyhsches Perkm-Elmer 240 

Determination of enanuomenc excess and configuration was as follows For amides (3) the ee was 

calculated by lH-NMR spectroscopy using the chual shift reagent tns[3-(tnfluommethylhydroxymethylen)-(+)- 

camphorato]eu.ropmm (Ill), the configurahon was determmed by analogy wtth the optically active am& obtamed 

from ethyl (S)-(-)-2-chloroproplonate and the conespondmg amme For amides (6). both ee and configuration 

were calculated by comparison with the optically active amide prepared from (Q-(+)-2-methylbutync anhydnde 

and the approplate amme 

Candidu cylindracea lipase catalyzed aminolysis of (f)-2-chloropropionate esters (1). 

To a soluuon of 10 mmol of ester (1) and 5 mmol of the correspondmg amme (2) m 30 mL of hexane 

(ahphanc amme) or tetrachloromethane (aromatic amine) was added CCL (4 g) The suspension was sttrred at 

2Y!, 25°C or 6O“C Reaction was terminated by removal of the enzyme by filtration Organic solvent and ester 

were evaporated under reduced pressure to @ve am& (3) after recrystalhzauon m hexaneK!C& (ahphatlc anude) 

or CC4 (aromatic amide). 

Cundida cylindracea lipase catalyzed transamidation of (f)-N-(2,2,2-trifluoroethyl)-2. 

chloropropionamide (4). 

To a soluuon of 16 mmol of am& (4) and 0.8 mmol of the correspondmg amme (2) m 15 mL of 

solvent, CCL (2 g) was added The mumre was stmed at 50°C for 11 days and then the enzyme was removed by 

filtrauon and the solvent evaporated The residue was subjected to flash chromatography on silica using hexane- 

ethyl acetate-dlethylamme (20 l@O 1) as eluent. 

(S)-(-)-N-n-butyl-2-chloropropionamide (3s) mp 32-34’C. [a]o 3 -16 6’ (c 147, ethanol). ee 95%. IR 

(nuJo1) VC=O 1630 cm-l, lH-NMR (CDC13) 6 (ppm) 0 87 (t, 3H, CH3), 1 32 (m, 2H, CH2), 1 48 (m, 2H, 

CH2), 1 67 (d, 3H, CH3). 3 20 (m. 2H, CH2), 4 35 (q, lH, CH), 6.60 (bs, lH, NH), W-NMR (CDCl3) 6 

(ppm) 13 57 (CH3), 19 84 (CH2). 22 56 (CH3), 3124 (CH2). 39 5 1 KHz), 55 95 (CH), 169 30 (C=O), MS 

m/z 163 (M+) 

(S)-(-)-N-allyl-2-chloropropionamide (3b) 011. [a]o 25 -5 2” (c 1 08, ethanol), ee 92%. IR (neat) vc=o 

163Ocm-1, 1H-NMR (CDC13) 6 @pm) 168 (d, 3H, CH3), 3 87 (m, 2H, CH2), 4 39 (q, lH, CH), 5 15 (m, 

2H, CH2), 5 80 (m, lH, CH), 6 62 (bs, 1H. NH), W-NMR (CDC13) 6 (ppm) 22 73 (CH3), 42 08 (CHz), 

55 92 (CH), 116 69 (CHz), 133 29 (CH), 169.31 (C=O), MS m/z 147 (M+) 
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N-1-butyl-2-chloropropionamide (3~) mp 103-105°C; IR (nupl): vco 1635 cm-t, tH-NMR (CDCl3) 6 

(ppm) 1.25 (8, 9H, CHs), 1.57 (d, 3H, CH3). 4.18 (q. lH, CH), 6.30 (bs, 1H. NH), tXXIMR (CDCls) 6 

@pm): 22 54 Q-Is). 28.32 (CHs), 5136 (C), 56.15 (CH), 168.50 ((530). MS m/z: 163 @I+) 

(S)-(-)-N-cyclohexyl3-chloropropionamide (3d) mp 102-ItWC, [u]D~ -4.6’ (c 1 09, ethanol), ee 

30%. IR (nujol). VC=Q 1634 cm-t, tH-NMR (CDCl3) 6 @pm): 1 13-1 90 (m, lOH, CH2). 1.72 (d, 3H, CH3), 

3 73 (m. H-I, CH). 4.38 (q, 1H. CH), 6 51 (bs, lH, NH), WXMR (CD&) 6 (ppm) 22 67 (U-Is), 24 61 

(CH2). 25 33 (CH2), 32 64 (CI-Iz), 48 48 (CH), 55 95 (CH), 168 34 (GO), MS m/z 189 (M+) 

(S)-(-)-N-benzyl-2-chloropropionamide (3e)- mp 64&X, [a]D 25 -4 3’ (c 0 35, ethanol), ee 7496, IR 

(nuiol) vc=o 1640 cm-t, tH-NMR (CDCl3) 6 (ppm) 175 (d. 3H, CH3). 4 50 (m, 3H, CHa and CH), 6 90 (bs, 

lH, NH), 7 22-7 42 (m, 5H, aromatic), 1X-NMR (CDCls) 6 @pm) 22 57 (CI-I3), 43 73 (CH2). 55 72 (CH), 

127 51 (CH), 127.56 (U-I), 137.38 (C), 163 37 (GO), MS m/z. 197 (M+) 

(S)-(-)-N-phenyl-2-chloropropionamide (31). mp 81-83°C [a]+ -48 7’ (c 0 95, ethanol), ee 80% IR 

(nuJo1) VC~ 1665 cm-l, tH-NMR (CDC13) 6 (ppm) 1 82 (d. 3H, CH3), 4 58 (q, lH, CH), 7 1-7 6 (m, 

SH,aromattc), 8 32 (bs, lH, NH), W-NMR (CDC13) 6 @pm) 22 53 (CH3), 56 08 (CH), 119 99 (CH), 

124.98 (CT-I), 129 01 (CH), 136 84 (C), 167 40 (GO). MS m/z 183 (M+) 

(S)-(-)-N-p-tolyl-2-chloropropionamide (3g) mp 114-116”C, [a]$5 -41 7’ (c 0 48, ethanol), ee 65%. 

IR (nuiol) VC=O 1660 cm-t, tH-NMR (CDCl3) 6 (ppm) 1 80 (d, 3H, CH3). 2 31 (s. 3H. CHs), 4 50 (q. IH. 

CH), 7 l-7 4 (m, 4H, aromatic). 8 22 (bs, lH, NH), W-NMR (CDCls) 6 (ppm) 20.62 (CH3), 22 01 (CHs), 

55 46 (CH). 120 25 (CH), 129 22 (U-I), 134 23 (C), 134 43 (C), 167 63 (GO), MS m/z 197 (M+). 

(S)-(-)-N-p-methoxyphenyl-2-chloropropionamide (3h)- mp 103-105’C, [a]~~~ -58.2’ (c 0 48, 

ethanol), ee >95%; IR (nuJo1): VCIO 1677 cm-*, lH-NMR (CDCl3) 6 (ppm) 191 (d, 3H, CH3). 3 89 (s, 3H. 

CH3). 4 10 (q, 1H. CH), 6 9-7.5 (m, 4H, aromatrc), 8 10 (bs, lH, NH), W-NMR (CDC13) 6 @pm) 21 99 

(CH3). 55 13 (CH3), 55.36 (CH), 113 82 Q-I), 122 12 (CH), 129 84 (C), 156 62 (C), 167 71 (GO). MS 

m/z 213 @I+) 

Lipase catalyzed aminolysis of ethyl W-2-methylbutyrate (5). 

Ethyl (f)-2-methylbutyrate (10 mmol) and the correspondmg amme (7 mmol) were dissolved m the 

appropiate solvent (Table IV) and then 50 mg of hpase per mL of solvent was added (10 g of CCL or 1 g of 

PSL). After being stnred at 5O’C (wtth CCL) or 30°C (with PSL) for 5 days, the enzyme was filtered and the 

solvent evaporated under vacuum The chromatographtc separation on slhca of the resulhng restdue yield the 

amide (6) (eluent hezane-ethyl acetate 1 1) 

(S)-(+)-N-n-butyl-2-methylbutyramide (6a) oil, [a]# +7 3” (c 0.22, chloroform), ee 40%. IR (neat) 

vc=o 1646 cm-t, tH-NMR (CDCl3) 6 @pm) 0 90 (t, 3H, CHs), 0.93 (t. 3H. CH3). 1 22 (d. 3H, CH3). 136 

(m, 2H, CH2). 147-1.55 (m, 2H, CH2 and lH, CH2). 165 (m, IH, CH2), 2 12 (m, lH, CH), 3 25 (m, 2H, 
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CH2), 6.02 (bs, lH, NH), tXXMR (CDC13) 6 @pm): 11 82 (CH3). 13 66 (CH3). 17.45 (CH3), 19 98 

(CH2), 27 25 (CH2), 3169 (CHd, 39 02 (CH2), 43 18 (CH), 176.61 (C=O); MS m/z: 157 (M+). 

(S)-(+)-N-allyl3-methylbutyramide (6b): ml, [a]# +12 6O (c 0 36, chloroform), ee 62%; IR (neat) 

vc=o 1646 cm-l; tH-NMR (CDC13) 6 @pm): 0.85 (t, 3H, CH3), 109 (d, 3H, CH3). 136 (m, lH, CH2), 151 

(m. IH, CHz), 2 05 (m, lH, CH), 3 83 (m, W, CHz), 5.08 (m, 2H, CI-iz), 5.61 (bs, lH, NH), 5 80 (m, lH, 

CH), 1%NMR (CDCl3) 6 (ppm). 11.90 (CH3). 17 51 (CH3). 27.29 (CHz), 41.67 (CH2). 43.24 (CH), 116 16 

(C!H2), 134 46 (CH), 176 24 (C=G); MS m/z 141 (M+) 
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