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Abseact: Sexy1 aad thmmyl peptides are cmverted into u-acetoxyglycyl peptides by watment Withlead 
tetraacetate. Reaction of these awtoxy derivativea or the more reactive a-cbloruglycyl peptides with thiols, 
dithiols and carbohydrates auows the attachment of such units to peptide chains. The rlzaction of a- 
chloroglycyl peptides with amino acid esters and eamhes proceeds with high stereoselectivity and yields 
peptides with N,N-acetal and (2-oxocyclohexyl)glyci~e moieties, respectively. 

Introduction 

Peptides containing unnatural amino acids are usually prepared by stepwise procedures.11 In contrast, 

methods based on the chemical modification of intact oligopeptides have only recently been investigated.21 We 

have developed a general method for the introduction of electrophilic glycine equivalents into peptides based 

on the conversion of serine and threonine residues into a-acetoxygiycine derivatives.31 The synthetic potential 

of this approach is indicated in Scheme 1. Elimination of acetic acid by treatment with tertiary amines leads to 

the in situ formation of dehydroglycine residues which readily react with nucleophiles41 to yield peptides 

containing modiied amino acids. 
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Conversion of serine and threoniae residues into ekctropbilic glycine equivalents 

The broad range of our technique is illustrated by the smooth conversion of dierent types of seryl or 

threonyl peptides into the corresponding a-acetoxyglycine derivatives 1 by treatment with lead tetraacetate in 

the presence of molecular sieve 4 & (Scheme 2). The products are obtained as 1: 1 mixtures of diastereomers in 

yields greater than 90?& The mild reaction conditions permit these transformations to be carried out even in the 

presence of several oxidation sensitive ammo acids, e.g. cystine, methionine and tryptophan. Only histidine and 

tyrosine require side chain protection.5) 
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In contrast, the generation of electrophilic glycine equivalents by direct bromination of oligopeptides is 

less regioselective and apt to side reactions due to the drastic reaction conditions.@ 

The a-acetoxyglycine derivatives 1 are suitable for reaction with powerful nucleophiles, e.g. thioles and 

organometallics. In the case of weaker nucleophiles it is advantageous to convert them into the more reactive 

chlorides 3. This can easily be achieved by a two-step procedure. Treatment of the acetoxy compounds 1 with 

thiols provides the a-(alkylthio)glycine derivatives 2 which react with sulfbryl chloride at room temperature7) 

to afford the corresponding chlorides 3 as diastereomeric mixtures in high yields (Scheme 3). 
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Reaction of a-metoxy- and a-cbloroglycyl peptida with nucleophilcs 

The reaction of a-acetoxypeptides with thiols allows an easy access to peptides containing a- 

(alkyl/aryltbio)glycyl residues.9 The potential of this method is demonstrated by the synthesis of a suffir 

containing macrocycle as depicted in Scheme 4. Oxidation of the protected cystinylserine peptide 4 with 

Pb(OAc)d yields the bis-acetoxy compound le which on treatment with ethane-1,2-dithiol in the presence of 

diazabicyclo[2.2.2]octane (DABCO) affords the macrocycle 5 in 63% yield as a diaskreomeric mixture. The 

compound is characterized by its spectroscopic data and the FAB-MS spectrum. Structure 5 incorporates an 

‘inversed’ cystine bridge -SCH2CH$- which is inert towards reduction. The synthesis of glutathione analogues 

with an inverted cystine bridge is being actively pur.xuxL5) 
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On treatment of the a-(alkylthio)glycyl peptide 2c with tri-n-butyltin hydride@ the glycyl derivative 6 is 

formed in high yield (Scheme 5). This procedure allows the smooth transformation of seryl or threonyl residues 

in peptides into their glycine analogues. Alternatively, treatment of the a-(ethylthio)glycyl peptide 2r with 

allyhri-n-butyltin yields the a-allylglycyl derivative 7 as a 1: 1 mixture of diastereomers.2~9) 
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The reaction of a-acetoxyglycyl peptides 1 with carbohydrates offers perspectives for the design of 

peptides possessing unique polarities. This is illustrated by the synthesis of lower homologues of O- 

glycosylserinesIu) which can be achieved either by reaction of FMOC-Ala-DL-Gly(OH)-OBn (8) with the 

trichloroimidate of tetraacetyla-D-mannopyranosidelt) or treatment of FMOC-Ala-DL-Gly(OAc)-OBn (1fJ 

with tetraacetyla-D-mannopyranose in the presence of Htlnig’s base (Scheme 6). In both cases a 

diastereomeric mixture of the a-mannosides 9 is obtained which can be separated by flash chromatography. 
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Scheme 6 

Whereas the examples described above proceed without signilicant stereoselectivity, the reactions of a- 

chloroglycyl peptides with amino acid esters exhibit remarkable stereochemical effects. This is disclosed even 

by simple 2-bromohippuric acid methyl ester which reacts with L-valine methyl ester and triethylamine to yield 

the =&ducts 10a and 10b with 78% d.e. (Scheme 7). The (S,S)-configuration of the main diastereomer lOa was 

assigned by X-ray crystallography. l*) 
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In the case of a-chloroglycyl peptides the stereochemical outcome of this reaction depends strongly on 

the contiguration of the amino acid ester employed. Thus, the reaction of Z-Val-DL-Gly(Cl)-OMe (3d) with D- 

Val-OMe yields preferably diastereomer lla with 86% d.e. whereas with L-Val-OMe diastereomer 12a is 

obtained with only 66% d.e. (Scheme 8). These observation can be rationalized as ‘matched’ and ‘mismatched’ 

cases using Masamune’s terminology for double stereoselection. 13) The main diastereomers are easily puritied 
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by flash chromatography and subsequent recrystallization. The compounds 11 and 12 represent a novel type of 

pseudopeptide in which a N,N-a&al unit fimctions as a connection between two peptide chains. 

3d lla llb 

3d 12a 

Scheme 8 

12b 

Double stereoselection is also observed in the reaction of a-chloroglycyl peptides with chirai enamines 

(Scheme 9). Treatment of enamine 13 derived from (A’)-prolinol methyl ether with Z-D-Phe-DL-Gly(Cl)-OMe 

yields the l’QR,SR-derivative 14a with 90% d,e. (‘matched case’), whereas Z-L-Phe-DL-Gly(CI)-OMe (3a) 

affords the l’R,2S,SSderivative 15a with only 20% d.e. (‘mismatched case’). In the reaction of 3r with pro- 
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chiral N-morpholinocyclohexene, diastenxwer 151 is obtained with 75% d.e. The exclusive formation of the 

anri-diastereomers is in accord with a Diels-Alder-like transition state as was proposed for the analogous 

reactions of enamines with a-bromohippuric acid esters. 14) The stereochemistry of 151 was assigwd by a X- 

ray structural analysi~.~~) 

We are indebted to the Deutsche Forschungsgemeinschaft for tinanciai support of this research. S. J. 
thanks the Fonds der Chemischen Industrie and M. J. the Studbtifhq des Darts&en Volkes for fellowships. 
M. K. is grateful to the Fonds xur Forderung des wissenschatllichen Forschung for an Erwin-S&r&linger- 
Stipendium. 

General 

MeltingpoiotsweredeterminedwithaB~~~apppnrtuaplld~eunco~.Lnfrared~were 
obtainedusiagaBrukerIFS45s~r.NMR~wcrs~withBrukerAW8OandVorianvxR4oOS 
iwmmmts (sohmcns in CDCIs unless othaw+e stated, Me4Si as internal reference). Optical rctations were measwed 
withaPertrinELmer241polarimeter.TLCseparstioapwerecarriadautoasilicagelTLCplatesM~60F254.Flash 
&awog@y was performed awrdiqt to lit.t5) cn Merck silica 8el @tick no. 9385). Organic solutions wae drial 
overaahydraLs~04md~~~warcarriedoutotnbcodp~ureusiqgamEatorycveporotor.Mass 
spectrawerecb&edat70eVu$ngaFiniganMAT9Os~ equipped with a data system. Elemental analyses 
wereperfbrmedatthebutitutBirOrganischeChunie,Universit&M8ncben. 

General procedure jbr the synthesis of a-acetoxyglycyl peptides 1 

To a stirred solution ofthe seryl(tbrecny1) peptide (10 mmel) ia dry EtOAc (50 ml) were added molecular sieve 4A 
@g)andPb(OAc).+(O.66g, lSmrol)underanPrBoaatmoaphae.The~~mixturewarheatadunder~~for2h 
and co&d to rt. After Bhratim tbmugb C&e, the organic layer was stirred witb rquecw 20% citric acid (lOOmI) unti 
the solution was nearly colcurkss. The organic layer was separated wasbed with brine, dried and evaporated. llrc crude 
prcducts can be directly used for the next steps. 

N-Bensyloxycarbonyl-L-phenylalanyl-DL-a+xetos&ycine methyl ester: (la): From Z-Phe-Tbr-OMe, yield 95%; 
lHNMR(400 MHZ): 8= 2.07 (s, 3H), 3.07-3.12 (III, 2H), 3.74 (s, 3H), 4.50-4.60 (Mm, lH), 5.07 (s, 2H), 5.41 (brm, 
NH), 6.36,6.38 (2d, J=89Hx, lH), 7.15-7.36 (rn, lOH), 7.45 (br.m, H-I); CuH8,4N807 (428.44). 

N-Benqvloq.varbonyl-DL-a-acetomlyqy-L-wline methyl ester (lb): From Z-Ser-Val-OMe, yield 96%; ‘H 
NMR (400 MHz): 6= 0.89-0.97 (III, 6H), 2.09 (s, 3H), 2.15-2.41 (m, HI), 3.74,3.75 (2s, 3H), 4.48-4.56 (IQ H-J), 5.11 
(s, 2H), 5.54 (d. &8.7Hx, NH), 7.29-7.37 (m, 6H); C,sHtiN807 (380.40). 

N-Be~llowycarbo~l-~phenylalanyl-DL-a~ceto~gl~l-L-~line methyl ester (1~): Frcm Z-Phe-Ser-Val-OMe, 
yield 91%; ‘H NMR (400 MHz): S= 0.92-1.00 (m, 6H), 2.08 (s, 3H), 2.14-2.21 (m, H-I), 3.08-3.13 @B-system, 2H), 
3.72 (s, 3H), 4.43-4.58 (m, 2H), 5.07 (s, 2H), 5.36 (brd, J=7.3Hx, NH), 6.39, 6.41 (2d, J=8.5Hz, H-l), 6.83 (I-J, 
J-9.3Hx, NH), 7.13-7.38 (m, 11H); C2,H3sN308 (527.57). 

N-Bensyloxycarbonyl-L-valyl-DL-a-acetoxyglycine methyl ester (Id): From Z-Val-Ser-OMe, yield 95%; rH 
NMR (400 MHZ): 6= 0.91-1.00 (m, 6H), 2.07-2.17 (m, B-l), 2.09 (s, 3H), 3.78 (s, 3H), 4.20 (br.t, &7.4Hz, H-l), 5.08- 
5.12 &B-system, ZH), 5.48 (t, J=8.4Hz, NH), 6.40, 6.42 (2d, &7.8Hx, HI), 7.26-7.38 (m, 5H), 7.59 (br.t, J=9.4Hx, 
NH); C,sH24Nz0, (380.40). 

NJ-Bisbensyloxylcarbonyl-L-cystinyl-DL-& a’-bisacetoxydiglycine dimethyl ester (le): From (Z)2=(Cy&=(Ser- 
OMe)z yield 65%, ‘H-NMR (80 MHZ): 8= 2.08,2.11 (each s, 3H), 2.75-3.20 (br.nr, 4H), 3.70,3.75 (each s, 3I-B 5.00- 
5.20 (I& 2H), 5.10, 5.20 (each s, 2H), 5.85 (brd, 2NH), 6.40, 6.42 (2d, J=8.5Ha, 2H), 7.35, 7.37 (each s, 5H), 8.90 
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(brm, 2NH); 13C-NMR (20.12 MHz) 6= 19.7, 24.3, 52.3, 66.6, 71.5, 127.4, 127.8, 135.8, 156.2, 166.2, 169.1; 
C3zH38N401,Sz (766.79). 

Generalprocedure for the synthesis of a-(alhylthio)glyqvlpeptides 2 

To a stirred mixture of a-acctoxyglycyl peptide l(l0 mmoi) and thiol(l0 mmol) in dry CH2Ci2 at 0°C was added 
NE+ or DABCO (20 mmol) via syringe uuder an argon atmosphete. After stirring at rt for 15 h, the solution was dihtted 
with tert-butyl methyl ether aud subsequently washed with 1 N HCI, satd. aqueous NaHCO3 solution and brine. Drying 

and evaporation of the solvent a&rded the a+ikyhhio)glycyl peptides 2 as colourless solids that were rectystallkd 
from EtGAc/pctroleum ether (40/60). 

N-Betuylo~rbonyM.-phenylalanyl-DL-a-(ethylthio)gl’ine methyl ester (2a): Yield 75%; mp 136-138OC; ‘H 

NMR (80 MHz): 6= 1.2 (t, k7.2Hz, 3H), 2.6 (q, J27.2Hz, 2H), 3.7 (s, 3H), 4.4-4.7 (brm, D-f), 5.0 (s, ZH), 5.4-5.7 (m, 
2H), 7.0-7.3 (m, 1 D-l); CUH2eOsNzS (430.52). 

N-Benzyloxycarbonyl-DL-a-(ethylthto)gl’l-L-valine methyl ester (Zb): Yield 78%, mp 138-141’C; ‘H NMR 

(400 MHz): 6- 0.90-0.97 (m, 6H), 1.23-1.28 (m, 3H), 2.16-2.22 (m, lH), 2.60-2.73 (m, ZH), 3.74,3.75 (2s, 3H), 4.49- 
4.55 (m, IH), 5.11-5.17 (AB-systeme, 2H), 5.45 (dd, h13.7 and 6.9Hz, IH), 6.04 (24 J=7.4Hz, NH), 7.30-7.36 (s, 
5H); FAR MS: 383 (16) w]; C1sH2e05NzS (382.48): calcd. C 56.53, H 6.85, N 7.32, S 8.38; found C 56.63, H 
6.94, N 7.41, S 8.39. 

N-Benzvroxvcarbo~l-~~ny~lanyl-DL-a-(e methyl ester (2~): Yield 73”/0; mp 140- 

142“C; 1HNMR(400MHa): &0.90,0.% (eiicbd,J=6.9Hz, 3H), 1.19&J= 7.5Ha,3H), 2.17-2.21 (m, lH), 2.50-2.57 
(m, 2H), 3.08-3.12 (A&yskm, 2H), 3.74 (s, 3H), 4.47,4.49 (2d, J=4.8Ha, 1H). 4.52-4.56 (m, HI), 5.08 (s, 2H), 5.36 
(brd, J=7.0& NH), 5.53, 5.56 (24 J=7.5Ha, lH), 6.84 (d, J=9.5Ha, NH), 7.15-7.37 (m, IOH); FAR MS 530 (11) 
m]; C2,H3s06N3S (529.65): calcd. C 61.23, H 6.66, N 7.93, S 6.05; thuudC 61.41, H 6.70, N 7.93, S 6.04. 

N-Betqyloxycarbony-L-wlyl-DL-a-(ethylthio)glmhe methyl ester (Zd): Yield 78%; mp 138-141°C; IR (KBr): 

3292,2961, 1744, 1691, 1651, 1537, 1454, 1249 an-l; ‘HNMR (80 MHa): i3= 0.85-1.1 (m, 6H), 1.25 (t, &7Hs, 3H), 
1.9-2.3 (m, lH), 2.65 (q, JVHa, ZH), 3.75 (s, 3H), 3.95-4.2 (m, D-I), 5.1 (s, 2H), 5.3 (br.d,+8Ha, D-l), 5.5 (d, &~Hz, 
D-l), 6.8 (brd, &8Ha, IH), 7.35 (s, 5H); FAR MS: 383 (7) m]; C,sH2605N$ (382.48): c&d. C 56.25, H 6.85, N 
7.32, S 8.38; found C 56.62, H 6.85, N 7.34, S 8.40. 

(4R. l5R)-4,15-Bisbenzyloxycarbonylamino-7, 12-bismethoqcarbonyl-1,2,8,1 I-tetmthia-6,13diaza-5,14- 
cyclohexadecadione (5): From (z),=(Cys)~=(Gly(OAc)_oMe)2 (770 mg, 1 mmol), DABCO (225 mg, 2 mmol), 1,2- 
e&s&hi01 (0.08 ml, 0.96 mmol) in THF: Yield 450 mg (63%) colourless oil; 1H NMR (90 MHz) fi= 2.80-3.20 (br.m, 
8H), 3.70,3.72 (each s, 3H), 4.50 (br.m, 2H), 5.06 (br.s, 4H), 5.55 (brm, 2H), 7.30 (s, IOH); FAR MS 741 (9) [MH+l; 

c3~36%&s4 W0.W. 

General procedure for the synthesis of a-chloroglycyl peptides 3 

To a solution of a-(ethyhhio)glycyl peptide 2 (1 mmol) in CH2Cl2 (20 ml) was added SO2Cl2 in CH2C12 (1 M, 
1.1 ml). After stirring for 15 min the volatile compounds were removed in vacua. The chloro compounds 3 remained as 
colourless solids or foams which were used for the next transformations without tinther purification. 

N-Benzyloxycarbonyl-L-phenylalanyl-DL-a-chloroglycine methyl ester (3a): Yield 99%; 1H NMR (80 MHz): 6= 
3.0 (d,k7Hz, 2H), 3.75 (s, 3H), 4.4-4.65 (br.m, D-I), 5.0 (s, 2H), 5.4-5.65 (m, NH), 6.15, 6.2 (d,J+Wa, lH), 7.1, 7.2 
(each s, lOH), 7.45-7.65 (m, NH); C~&,N,O,CI (404.85). 

N-Benqloxycarbonyl-DL-a-chloroglycyl-L-valine methyl ester (3b): Yield -lOO%, ‘H NMR (80 MHu): 6= 0.95- 
1.1 (m, 6H), 2.0-2.2 (m, D-l), 3.84 (s. 3H), 4.154.3 (m, lH), 5.1 (s, 2H), 5.4, 5.5 (2d, J=9Hz, NH), 6.3, 6.35 (2d, 
J=9Hz, lH), 7.3-7.4 (m, 5H), 7.65-7.7 (brm, NH); C,&12,N20,CI (356.806). 

N-Be~lo~carbonyl-L-phenylalanyl-DL-a~hlorogl~l-L-valine methyl ester (3~): Yield 97%; rH NMR (80 

MHz): 6= 0.9-1.0 (m, 6H), 2.0-2.15 (m, D-f), 3.1 (d, k7Hz, 2H), 3.7 (s, 3H), 4.14-4.37 (m, 2H), 5.1 (s, 2H), 5.4-5.6 (m, 
NH), 6.2,6.3 (24 J=8Hz, D-f), 6.7-6.95 (m, NH), 7.1-7.4 (m, 1 D-I); C25H30N306CI (503.98). 

N-Benzyloqvcarbonyl-L-valyl-DL-a-chloroglycine methyl ester (3d): Yield -100%; 1H NMR (400 MHZ): 6= 
0.91-1.01 (m, 6H), 2.08-2.20 (m, lH), 3.84 and 3.85 (s, 3H), 4.22 (m, lH), 5.07-5.16 (m, 2H), 5.44 and 5.49 (2 brd, 

MHz, lH), 6.28 and 6.30 (2 d, k9Hz, IH), 7.32-7.35 (m, 5H), 7.60-7.62 (m, br., D-I); 13C NMR (100.6 MHz): 6= 
17.5, 17.8; 19.0, 19.1; 30.8, 31.3; 53.7, 53.7, 59.6; 59.9, 60.0; 67.3, 67.4; 128.1, 128.2, 128.2, 128.5, 128.5; 136.0; 
156.4; 166.6, 166.7; 171.1; C,&,N20,CI (356.806). 
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General procedure for the reaction of a-(ethylthio)glycylpepttdes 2 with m’-n-butylrin derMttves 

A mixture of a-@thylthio)glycyl peptide 2 (1 mmol) with tri~l-butyltio hydride or ailyltri-n-b~tyttio ( 1.1 mmol) and 
AIF3N (0.1 mmol) was retluxed in benzene (25ml) for 1 h. After removal of the solvent the crude pnniucts were. purified 
by flash chromatography on silica gel [ehmnt: EtOAc&ztroleum ether (40/60) = I:1 (6) or 1:2 (7)]. 

N-Bensyloqvarbonyl-L-phenylalanyl-gI$yl-L-valtne methyl ester (6): From 2c and tri-n-butyltin hydride, yield 
85%; mp 131-132’C; IR (KBr): 3317, 1740, 1707, 1653, 1526. 1259, 1215 cm-l; IH NMR (400 MHz, CDC13): 8= 
0.90, 0.93 (each d, &6.9Hz, 6H), 2.10-2.19 (m, lH), 2.98-3.15 @B-system, ZH), 3.68 (s, 3H), 3.80-4.09 (AB-systan. 
2H), 4.444.52 (m, 2H), 5.00-5.08 (AB-syskm, ZH), 5.63 (d, J=7.8Ha, NH) 6.99-7.34 (m, 12H); ‘3C NMR (100.6 
MHz, CDCI,): 8= 17.9, 18.9, 31.1, 38.3,43.2, 52.1, 56.4, 57.4, 67.1, 127.1, 128.0, 128.2, 128.5, 128.7, 129.2, 136.1, 
136.4, 156.1, 168.6, 171.8, 172.3; FAB MS 470 (51) [MH+l; t$sH31N30, (370.41): calcd. C 63.95, H 6.65, N 8.95; 
found C 64.22, H 6.65, N 8.73. 

N-Benrvroxycarbo~l-~~~~~nyl-DLoNyl methyl ester (7): From 2a and allyltri-n-butyitin, yield 62%; 
mp 119-12O’C; IR (KBr): 3428, 3309, 1734, 1687, 1655, 1536, 1288, 1257 cm-l; IH NMR (400 MHz, CDCI,): 8= 
2.36-2.53 (m, 2H), 3.70,3.71 (awh s, 3H), 4.45 (br.q, k6.8Hz,lH), 4.57, 4.59 (t, &5.8Ha, lH),4.923.04 (m, ZH), 
5.08,5.09 (s, 2H), 5.33 (br.s. NH), 5.39-5.58 (m, lH), 6.28 (br.t, .I+.EHz, NH), 7.18-7.37 (m, 1OH); FAB MS 411 (25) 
FMe]; q3H26N20, (410.47). 

N-9-Fluonnylnret~i~rbhylaxywrbonyl-L~e~~ bet@ ester: Diisoptupylethylaminc (0.90 ml, 5 mmol) was 
added dqwiac to a solutia~~ of Fmoc-Ala-DTD016) (2.37 g, 4 mmol) ~IKI L-serk. be& ester~ueneaulfonate (1.47 
~~~)indry~~~~~,(~~~).AtterJtinias~6omiathcsolutioawaSdilutedto~~~witb~)Ez~~~and~ 

thrcctimcswith2~~~citric~~fivetimeswith~~CO3aad~withcitricacid.The~lpycr 
was~withwDtcrMddrisd.AAerremovaloftheJdvardtheproductwap~~fromEtOAc(peZrolaun 
e&r. Yield 85%, mp 193-195’C; 1H NMR. (400 MHz, p,]DMSO): 6= 1.23 (d, &7.OHa, 3H), 3.64 (ddd, A-10.9.5.4 
and 5H2, 1H). 3.74 (ddd, &10.9,5.4 and 5H2, IH), 4.15-4.30 (m, 4H), 4.41 (dt, .k7.8 and 5 Hz, Ml), 5.11 (t, k5.4 & 
lH), 5.13 (a, 2H), 7.28-7.47 (m, 9H), 5.56 (d, &7.8Hz, lH), 7.73 (t, J=7Hz, 2H), 7.89 (d, J=7.6Hz, 2H), 8.15 (d, 
k8. lHE, 1H); ~,&,N& (487.53). 

N-9-~uo~~l~t~l~~yl-~~l-D~h~l~i~ bet& ester (8): To a stirred solution of N-9- 
flmwl-ml-L& buuyl eater (0.98 g, 2 mmol) in dry EtOAc (50 ml) was added 4g of 
mo~lr~4A~Pb(0~)4(1_33&3IrPmol)Padthemidurewasbeatedundernnuxfor2hunderana%on 
~.After~aad~tratioa~ctlitc,tbeorgaaiclayerwasstin#lwith2o%aqueouscitricacid(l5ml) 
for15min.~gFpnic~yerwuseparated~wsrbedwithbrine,driedandevaponsed.Theresiduewasdissolvedin 
acetone (2OOml) and stirred with dilute aqueous NaHCO3 (100 ml) for 30 min. The solution was extra&d with EtOAc 
and the organic layer was dried. Removal of the solvent and recrystallization from CH~C12/petroleum ether lead to a 1: 1 
mixtum of the D- aad L-isomers. Yield 51%, mp 183’C; IR (KBr): 3312, 3066, 2950, 1742, 1689, 1664, 1532, 1478, 
1451, 1410,1377, 1313, 1259, 1103, 1089,758,741,698,621 cm-‘; ‘H-NMR (400 MHz, [D6]DMSD): 8= 1.20, 1.23 
(2d,J_7Hz, 3H), 4.13 (dt, k7.3 and 7.3H2, IH), 4.19-4.31 (m, 3H), 5.11-5.18 (m, 2H), 5.55 (dd, J=8.4 and 6.7H2, 
lH), 6.67,6.74 (2d, J=6.6Hz, lH), 7.32-7.44 (m, 9H), 7.53, 7.54 (2d,J=7.9Hz, H-l), 7.75 -7.89(m, 4H), 8.78, 8.80 (2d, 
J=8.4Hz, 1H); 13C-NMR (100.6 IW& [D6]DMSO): 8= 18.5, 47.1, 50.2, 50.3, 66.1, 66.5, 71.8, 71.9, 113.3, 120.5, 
125.7, 127.5, 128.1, 128.3, 128.5, 128.8, 136.2, 141.2, 144.2, 144.4, 156.1, 170.0, 170.1, 173.0; C2,H26N#, 
(474.52): talc. C 68.34, H 5.52, N 5.90; found C 68.61, H 5.76, N 5.81. 

N-9-Fluorenylmethoqcarbonyl-L-alanyl-DL-a-(Z,3,4, 6-tetra-O-ace@-a-D-mannopyranosyloq)gl$.?ne methyl 
ester (9): 

Method A: A solution of 8 (0.95 g, 2 mmol) and 0-(2,3,4,6-tetra-O~lacetyl-aD-mannopyranos- 
&hlom&imkke (0.99 g, 2 mmol) in dry CH2C12 (30 ml) was stirred with a catalytic quantity of BF3 x EQO for 5 h 
under ao argon atmosphere. The reaction mixture WBS diluted with CH2Cl2 to 100 ml and extra&d with aqueous 
NaHC03. The organic layer was dried and evaporated. Flash chromatography (CHC13/acetone 10 :1) aRorded one 
dktereomer of 9 as a colourless foam. 

Method B: To a &red, cooled (-78°C) solution of N-9-fluorenylmeIhoxycarbonyl-L-alanyl-DL-acetoxyglycine 
benzyl ester (If) (1.03 g, 2 mmol) and 2,3,4,6-tetra-0acetyla-D-mannopyranoside (0.70 g, 2 mmol) in dry THF (40 ml) 
was added diisopropykhy~amine (0.70 ml, 4 mmol) in THF via syringe under an argon atmosphere. A&r 2 h of stirr& 
at -78“C the mixture. was allowed to warm to rt and after 48 h it was acid&d with 20 % aqueous citric acid. Extra&e 
workup with EtoAc, drying of the organic layer and removal of the solvent gave a crude product which was 
chromatographed as iu method A. Yield 46% (method A), 35% (method B), colourless foam; IR (KBr): 3421, 1753, 
1699, 1519, 1451, 1369, 1230, 1079, 1055,760,742,698 cm- ‘; ‘H-NMR (400 MHz): 8= 1.39 (d, J=6.6Hz, 3H), 1.96 
(s, 3H), 2.03 (s,JH), 2.07 (s,6H), 3.63 (m, lH), 4.15 (dd, Al2.4 and 2.5Hz, lH), 4.21 (t, J=6.6Hz, lH), 4.26 (m,lH), 
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4.32 (dd, .kl2.4 and 5.6Hx, H-l), 4.43 (d, J=6.6Hz, 2H), 4.92 (d, J;1.3Hz, D-l), 5.05-5.34 (m, 5H), 5.42 (dd, 5=2.5 end 
1.3H2, lH), 6.03 (d, -.5Hx, HI), 7.26-7.76 (m,14H) ppm; “C-NMR (100.6 MHz): 6= 18.1, 20.5, 20.68, 20.7, 20.8, 
47.1, 51.0, 62.3,66.1,67.2, 67.8, 68.7, 71.0, 72.9,74.9, 95.5, 120.0 (2C), 125.02, 125.04, 127.08, 127.13, 127.7 (2C), 
128.2 (2C), 128.58, 128.61 (2C), 134.8, 141.3, 141.4, 143.7, 143.8, 156.1, 166.6, 169.7, 169.8, 170.3, 170.9, 173.4, 
FAB MS 805.2 (15) m; C4,H44N,0,, x 0.5 Hz0 (813.81): talc. C 60.51, H 5.46; found C 60.33, H 5.57. 

N-Bensoyi--a_l(lS)-l-(met~rbony~-2-methylpropyl~minoJgl~ne methyl ester (1WlOb): To methyl 2- 
benxoylemino-2-bm (272 mg, I mmol) in dry t&Cl, (10 ml) wes edded NEt3 (0.15 ml, 1.1 mmo) at -78.X 
After 0.5 h a solution of L-Vel-OMe x HCI (168 mg, 1 mmol) and NRt3 (0.15 ml) in CH2Clz (10 ml) wes added. During 
15 h of stirring the solution reached rt end wes diluted with tert-butyl methyl ether. It wes weshed twice with water and 
brineenddried.Thedinstemomeric mtio(8:1)wes&mnnimdby400MHx1HNMR spwbwwpy. The residue was 
purifkdbyfla&column chnmatography on silica gel using petmkum cther/lWAc (2: 1). (S)-lth: Yield 60 mg (66%) 
mp 127-128OC; [a]Dzs = +19.1 (c = 0.8 in CHC13); IR (KDr): 3355, 2963, 1736, 1648, 1581, 1543; 1H NMR (400 
MHZ): 6= 0.90 (d, J=7Hx, 3H), 0.96 (d, J=7Hx, 3H), 1.98 (m, D-l), 2.60 (brt., &7Hx, D-I), 3.29 (dd, &7, J=5Hx, lH), 
3.50 (s, 3H), 3.80 (s, 3H), 5.51 (t, J=9Hz, lH), 6.77 (d, J=9Hz, lH), 7.40-7.55 (m, 3H), 7.74-7.79 (m, 2H), - FAR MS: 
323 (18) m; C@,N20s (322.361): c&d. C 59.62 H 6.88 N 8.69; found C 59.85 H 7.01 N 8.60. 

N-~~lo~~onyl-(-~lyl-a-[(l~-l-(~t~~ony~-2-methylp~~l~~~~Jgl~ine methyl ester (IW 
llb): a-Chloropeptide 3d (356 mg, 1 mmol) was treeted with D-Val-OMe (168 mg, 1 mmol) as described for compounds 
10. D-c ratio: 12:l. (R)-11s: Yield 323 mg (720/o)), colourless solid, mp 108-109°C; IR (KDr): 3325, 2962, 
1740, 1691, 1656, 1534, 1388, 1370 cm-‘; lH NMR (400 MHx):S= 0.86, 0.89, 0.92, 0.93 (d, &7Hx, 12H), 1.94 (111, 
D-l), 2.06 (m, D-l), 2.58 (br., D-l), 3.20 (d, J=5Hz, IH), 3.61 (s, 3H), 3.75 (s, 3H), 4.07 (dd, &8Hz, &6Hx, lH), 5.10 
(s, 2H), 5.30 (d, J=8Hx, D-l), 5.54 (d, J=8Hz, D-I), 6.92 (brd, J=8Hz, D-l), 7.28-7.35 (m, 5H); FAR MS: 452 (5) 
[MH+l; CUH33N307 (451.520): cakd. C 58.52 H 7.37 N 9.31; found C 58.83 H 7.40 N 9.36. 

N-~~l~rbonyr-(s)-vullyl-cr;[(lS)-l-(meth~~ony~-2-~thylpro~l~mi~Jgl~ine methyl ester (12al 
12b): a-Chlompept& 3d (356 mg, 1 mmol) wes treated with L-Val-OMe (168 mg, 1 mmol) as described for compounds 
10. Diastereomeric ratio: 5:l. Yield 358 mg (79%) mixture of disstereomers, 140 mg (31%) pure diaste.reomer Q-12a es 
a colourless solid, mp 143-144°C; IR (KDr): 3318, 2%1, 1745, 1737, 1693, 1649, 1535, 1380, 1370 cm-l; 1H NMR 
(400 MHZ): g= 0.83,0.85 (d, &7Hz, 6H), 0.95 (d, &7Hz, 6H), 2.02 (m, D-I), 2.16 (m, D-I), 2.48 (br.s, D-l), 3.22 (s, br., 
lH), 3.68 (s, 3H), 3.75 (s, 3H), 4.07 (dd, k9Hx, &5Hx, lH), 5.07-5.14 (AD, 2H), 5.15-5.26 (m, 2H), 6.62 (brd, 
&8Hx, lH), 7.28-7.37 (m, 5H); C22H33N307 (451.520): cakd. C 58.52 H 7.37 N 9.31; fbund C 58.63 H 7.33 N 
9.22. 

General procedure for the reaction of a-chlorogl~l peptides 3 with cyclic enamines 

To a solution of a-chloroglycyl derivative 3 (1 mmol) in dry THF (15mi) was added NEt3 (O.O7ml, 1 mmol) with 
stining at -78OC under en argon atmosphere. The stirring was continued for 30 min and a&x cooling the mixture to 
-lOO°C a precooled (-78’C) solution of enamine (1.1 mmol) in dry THF (5ml) wes slowly added. The temperature was 
mainteined 3h et -1OO’C and 3 h at -78’C. After warming up to room temperature the mixture was hydrolyzed by 
addition of a few ml of dilute citric acid. The stirring wes continued end after 4 h the solution wes extra&d with EtOAc. 
The organic layer was washed with water and dried. After remove) of the solvent the diestcreomeric ratio of the crude 
products was determined by 400 MHZ tH NMR spectnwcopy. The pure products were obtained by flesh column 
chwmetogmphy on silica gel using EtOAc@troleum etber(40/60) 1: 1. 

N-Benqlo~arbonyl-D-phenylalanyl-(1 Y$2R)/(l ‘R,2s)-(2’-oxocyclohexyl)glycine methyl ester (14aIl4b): From 
Z-D-Phe-D,L-Gly(Cl)-OMe end (2+N-(1’-cyc1ohexenyl)-2-methoxymethy1-pyrrolidinet7) 13, diastercomexic ratio: 20: 1, 
yield 90% colourkss oil; *H NMR (400 MHZ): 6= 1.35.2.37 (m, 8H), 2.97-3.33 (m, 3H), 3.66 (s, 3H), 4.48 (q, 
&6X-k, D-l), 4.66,4.70 (2dd,J=9.6Hz,.&3.1Hz, D-I), 5.06(s, 2H), 5.35 (br.d,.k7.9Hz,NH), 6.70@,.&9.7Hz,NH), 
7.15-7.38 (m 1OH); C26H3&O6 (466.53). 

N-Bensyloxycarbonyl-L.phenylalanyl-(1 ‘R,2S)/(l ‘S,2R)-(2’-axoqclohexyl)gl’ine methyl ester (lSa/lSb): From 
3a and 13 (diastereomeric ratio: 3:2) or N-morphofmocyclohexene (diastereomeric ratio: 7:1), yield 87%, mp 89-90°C 
[(l’R,25’)-15a]; IR (KDr): 3386, 1709, 1671, 1519, 1499, 1275, 1244, 1215 cm-r; IH NMR (400 MHZ): 6= 1.44-1.59 
(m, H-Q, 1.64-1.75 (m, 2H), 1.87 (br.m, lH), 2.03-2.11 (m, 2H), 2.27-2.39 (AR-system, ZH), 3.25-3.30 (m, lH), 3.66 (s, 
3H), 4.46 (q, &7.OHz, D-l), 4.66, 4.70 (2 dd, +9.7Hz, J=3.1Hx, H-I), 5.07 (s, 2H), 5.27 (brd, k7.6Hz, NH), 6.65 (d, 
&9.4Hz, NH), 7.19-7.37 (m, IOH); 13C NMR (100.6 MHz): 6= 24.7,27.2,30.7,38.2,41.9,51.8,52.6,52.9,56.0,66.9, 
127.0, 127.9, 128.1, 128.2, 128.5, 128.6, 129.5, 136.1, 136.4, 155.8, 171.1, 171.2, 211.9; FAR MS 467 (38) @D-L+]; 
t&H3,,N206 (466.53): c&d. C 66.94, H 6.48, N 6.00; found C 66.68, H 6.32, N 6.12. 
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