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SuntrnaTy : A 8gnth88t8 of me8o-l~thf~~nQ wfth dfs~tmfnatfon 01 the chfral center8 

is reported. Two cystetne rasidues of opposite configuration and wtth orthogonat 

protections are t e.qxmaHty and revers~b~g tfnked tn ordsr to promote the fozntatton of an 

intramo&?utazl dirnrlffde bpfdge thu8 avofdfng 8ynnatrCmttun reacttom durtng the aul$ur 

extrusZon step. 

INTHODUOTION 

Lanthionine 1 (Figure 1) is the particular aminoacid resulting from the connection 

of two slanine moieties through a sulfide bridge. Lanthionine wae first isolated fr0m 

wool'. human hair or lactalbumine"! , and later Peatherss. It presumably results from an 

intramolecular rearrangement of a cystine residue4, which gives cysteine and 

dehydroalanine, afPording lanthionine vta a 1,Gaddition reactions- 

Both lanthionine and its 3-twthyl homologue have received wide attention due to 

their hfological importance. They are constituent8 of some polycyclic peptides named 

*lantibioticsn6*7 including nisines-1a (an efficient food preservative), subtilinell, 

epidermine12 (active against staphylococcus and streptococcus), ancovenine'3 (an enzyme 

inhibitor) and new compounds having immunostimulant and antiturkoral proPertiesi4~'6. 

Two methods were considered for the preparation of l~~ioni~-containi~ peptides, 

The first one resulted from the oxidation of two cysteine resikes. already incorporated 

in the appropriate peptide chain. thus affording the corresponding cystine peptide. This 

was followed by sulfur extrusion to give the thioether bridge9*10**3*i7. The main 

difficulty, encountered when more then two cysteine residues were included in the peptide 

d&n, is the lack of regioselactivity in the disulfide bridge formation. TO avoid this 

difficulty, protection of each pair of cysteine residues with orthogonal Pr0teCtive groups 

was attempted. However, after fo~ation of the first disulfide bridge, the oxidation of 

the second P&r 0f thiols could presumsbly proceed with some dlsulfide exchsngel*. Also, 

it is not alWaYS convenient to control the final sulfide positions19.20. 

For instance. these difficulties have been previously encountered in the total 

synthesis of nisine. However, the synthesis wee successfully achieved unequiv0&.ly*b 

using fragment condensation of each separately prepared cyclic sulfide moiety. 
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The second stategy involved lengthening the peptide chain by using a previously 

prepared meso-lanthionine derivative. This avoids regioselectivity problems. However, it 

is necessary to synthesize a meao-lanthionine synthon with suitable orthogonal protecting 

groups in order to differentiate the two opposite chiral centers. 

There is currently no satisfactory enantioselective synthesis of such derivatives 

reported in the literature. Published syntheses of unprotected meso-lanthionine belong to 

two classes of reactions : 

- nucleophilic substitution 

- sulfur extrusion of cystine residues. 

a) Nucleophilic substitution 

The simplest procedure involves S-alkylation of L-cysteine with L- E- 

chloroalaninezl or serine4 (Figure 1). However the required strongly basic conditions are 

responsible for a B-elimination reaction followed by a 1.4-addition of the thiolate anion. 

As a result. a mixture of diastereoisomers. which is not easily separated, is formed in 

only moderate yield (10-30%)14~22-24. 

H2N-CH-CH2-S- + X-CHzz-CH-NH2 __i) H~N-CH-CH~-S-CWZ-CH-NH~ 

&02H ;OaH &OaH ;OaH 

X=Cl.OH 1 - 

- Figurel- 

Nevertheless, the method has been used in some cases to afford unsymmetrically 

substituted lanthionine derivatives from substituted starting compounds. However. the 

differentiation between the two chiral centers has been subject to criticism23*24 because 

of further regioselective saponification of only one carboxylate function*5 (results which 

could not be reproduced by other workersz6). or difficult regeneration of the carboxylic 

acid function from an amide group"". 

Low yields, added to problems of racemisation*T and chiral center discrimination, 

make this approach unattractive for the desired synthesis of meso-lsnthionine derivatives. 

Symmetrical lenthionine derivatives were also prepared vfa the ring-opening of 

benzyl 1-benzyloxycarbonyl 2-amiridinecarboxylate with benzyl N-Z-cysteinate28. but the 

overall yield is only 20% and. moreover, the starting optically active aziridine is not 

easily available. 

Another new route to lanthionine is the ring-opening of the unprotected serine B- 

lactone*v with L-cysteine in water, the pH being kept at 5.0-5.5. Under these specific 

conditions. only a nucleophilic attack of sulfur on the B-lactone methylene 0ccurs3~. 

This ring-opening reaction has been reported with other nucleophilic compounds3o but part 

of these results were not confirmed by those of Le Gofficsl. Se that as it may, the 

organic solvents necessary to dissolve the corresponding N-substituted lactones would 

preclude any thiolate anion formation3O and the reaction would not occur. Therefore, this 

route is inappropriate for the synthesis of unsymmetrically substitued lanthionines. 
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b) Sulfur extrusion of cystine residues 

This approach appears the most advantageous because chiral centers are not involved 

in the reactions. On treatment with tris(diethylamino)phosphine, sulfur extrusion of 

symmetrical cystine derivatives takes place via a reversible reaction affording 

lanthionine derivatives mixed with the starting cystine26n32. On the other hand, similar 

treatment applied to unsymmetrical cystine derivatives affords a mixture of three 

lanthionines and three cystines arising the recombination of ionic intermediates due to 

phosphine-catalyzed equilfbria32*33 (Figure 2). 

R'CHz-S-S-CHzR' + RCk-S-S-CHzR 

11 
RCXh-S- 

RCHz-S-S-CHzR' + 

RCHz-S-P' 

- Figure 

RCHz-S-CHzR 

+P-S-CRzR' + 

- RCHz-S-C&R' 

-S-CHzR' + 

R'CHz-S-C&R' 

2- 

To attain pure unsymmetrical lanthionines, Kiniz6 suggested differentiation of the 

sulfur atoms of cystine by converting one of them into a sulfoxide. This should afford 

only one phosphoniuw ion which can then react with a cysteine sulfinate ion prepared 

separately. 

0 0 

R-S-S-R [O] R-H-S-R (EtzN)sP R-fs- + S-R-;: R'S- R-S-R' 

- Figure 3 - 

Unfortunately a mixture of cystines and lanthionines was again obtained due to the 

reversibility of the reactions. Moreover, carboxylic acid functions must be protected as 

they can react with aminophosphines34*35. 

RESULTS 

With the aim of synthesizing a meso-lanthionine with discrimination of the chiral 

centers, we decided to use a cyclic disulfide. In this way, the equilibria shown in Figure 

2 would be avoided and intramolecular reactions favored. Moreover, only one thioether will 

be obtained whatever the sulfur atom attached by the phoephine molecule. 

However, this new concept is not free of some challenges : it is necessary to 

synthesize for the first time a disymmetric cyclic derivative of meso-cystine allowing the 

further preparation of peptides with meso-cystine residues because of orthogonal 

protection of both amine functions. 
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In order to prepare such a cyclic derivative, we 

molecules with opposite configurations 2 and 3 via a his-ester - - 

have connected two cysteine 

link (Figure 4). 

Various groups have been considered for the thiol protectionx6 (Trt, Acm. Barn. Bn. 

Nps. Npys); their use will be discussed later. The two amine functional groups have been 

protected by the usual orthogonal Boc and Z groups. The link between the carboxylic acid 

functions in 2 and 3 has to be totally stable during further reactions. It must also be - - 
easily removed without any racemixation at the end of the synthesis. We have chosen, with 

success, ethyleneglycol as the linking group, the bond formed being short enough to favor 

intramolecular disulfide formation. 

Ester 4 was obtained from S.N-diprotected (L)-cysteines according to two routes : - 
t- reaction with epoxyethane37-39 occurring in high yield. However, the reaction must be 

catalyzed with triphenylphosphine which unfortunately precludes the use of S-protecting 

groups such as Nps or Npys40 

it- reaction with one equivalent of ethyleneglycol in the presence of coupling agents: 

DCC/DMA@'. DCC/supported CCP"2. EEDQ43*44, DPPA45. There is always formation of the 

diester derivative, the amount of which depends on the experimental conditions. Column 

chromatography separation is then necessary. 

The highest yield of 4 (75%) was obtained with the S-Trt protecting group and 

epoxyethane as reagent. 

The diester 5a was then prepared from 4a and N-Z, S-Trt (D) cysteine 3a in the - - - 

presence of DCC/DMAP (Table 1). 

The important second stage of the synthesis concerns the disulfide bridge 

formation46. which csn be carried out in either one or two steps. 

In the two-step route, the S-protecting groups are first smoothly removed"O. A further 

oxidation (Table 2) gives the disulfide bridge. When the S-protecting group is Nps. fi is 

afforded in quantitative yield, but unfortunately the starting compound 5e is obtained in - 

very low yield. For this reason the one step route was preferred. 

A well-known method in peptide synthesis is to directly oxidize. using iodine"7. S- 

protected cysteine residues to the corresponding cystines. Although high yields are 

obtained with residues such as Cys(Trt) or Cys(Acm) included in a peptide chain47, we have 

found that this is not so in the case of an isolated cysteine derivative. For example, 

Boc-Cys(Trt)OCHs afforded di-Boc-cystine dimethyl ester in the low yield of 20%. Starting 

with Boc-Cys(Trt)OCH2-CH?OCys(Trt)-2, we obtained under optimum experimental conditions 

(MeOH/Iz 1OOM) the cyclic cystine derivatives in 15% yield. 

On the other hand. diacetoxyiodobenxene4s afforded good yields of cystine 

derivatives (Table 2). better results being observed when using trityl protection of the 

thiol function. 

In this way we prepared the N-Boc N'-Z cyclic cystine derivative 5 with a meso- 

configuration, in four steps and in 35% overall yield from the starting (D)-cysteine. The 

negative FAB mass spectrum showed the absence of any dimerization product resulting from 

sn intermolecular reaction. no ion at higher masses was detected. 



The diester link was smoothly saponified affording a novel cystine derivative x with meso- 

configuration and amine orthogonal protecting groups and allowing easy discrimination of 

both chiral centers. 

The final difficulty in the synthesis was sulfur extrusion by reaction with a 

phosphine32-3h.“9-51 in aprotic medium. In our csse, regardless of the sulfur atom 

attacked by the phosphine, a single lanthionine derivative should be produced (Figure 4). 

OH OH 
R-s-:H2 z 

CX2-S-R &I*-&2 CH2-S-R 

Boc-RI&H~L, Boc-NH-:HcL, 
(0)YH-NHz 

OF C02H 

&02H CHz-CH2 ;02CH2CHzOH 

!! 
a R=Trt. b R=Acm. c R=Bam, d R=Bn, e R=Nps. f R=Npys - - 

yl2 -y-i2 p-yH2 

Boc-NH-CH CH-NH2 +--- 
I I 

Boc-NH-:H $zMHz +--- 

CL) C02H C02H (2) 

9 

co2 co2 

8 '((cH2<2 

- Figure4 - 

Attempts with various phosphines {PBu3, R(C6H5)3. P(O-@J%f3. 

~Hz-S-R R-S-CR2 

Boc-NH-CH~L, &B-RRZ 

502 602 
/ 

5 'cR2-cH2 

~Hz-S-S-7I2 

Boc-NH-CH 
I 

~HH-RHZ 

b2 co2 

6 ' (CH2;2 

5 
PH2 -s-s-cH2 

Boc-NH-CH &i-NBS 

(L) LOzH ho2Ii (Of 

II 

P[N(CR3)213, REN(C2&)213) 

showed that only tris(dfethylamino)-phosphine gave the desired cyclic lanthionine 

derivative g. Due to the presence of the thiophosphine by-product, the final purification 

had to be carefully conducted and the yield was only 22%. Work is in progress using 

supported phosphines32 in order to increase this yield. 

No racemization took place during sulfur extrusion. NMR spectra of the L,D compound 

8 alone and in mixture with the L.L isomer were recorded in CDCl3 in presence of 

increasing amounts of Eu(Fod)3 ; in the first case no splitting of the metbylene signal of 

the ester moiety was observed, whereas it appeared L168=0.06 ppm in the same conditions 

(0.3 eq. of EufFod)3) with the mixture of isomers. 

Finally, the carboxylic acid groups wer8 smoothly liberated by saponification of 

the glycolic diester. 

The meso-lanthionine derivative 9 obtained in this way can be directly used in 

peptide synthesis. Because of the amine protecting groups which can be selectively 

cleaved, subsequent coupling reactions are regioselective. 

Conclusion : Our new method involving use of a ravsrsible link betwean two cysteine 

residues of opposite configurations. constitutes the first efficient synthesis of a new 

meso-lanthionine deriV8tiVe with discrimination of the chiral centers. 
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Uncorrected melting points were measured with a BUCHI apparatus. Chromatographic 

eluents were : A = ether 7 - hexane 3; B = hexane 8 - acetone 2. 1H NMR spectra were 

recorded on a BRUKRR 250 MHz spectrometer with 'IMS as internal reference. Signal 

multiplicity is given as : d = doublet, dd = doublet of doublets. m = multiplet. Specific 

rotations were measured with a PRRKIN-ELMER 241 polarimeter. 

N-Boc S-Trt ethylene glycol mono ester of cysteine 4 _ 
MethodA : Boc-Cys(Trt) 2 (78. 15mmol) dissolved in anhydrous dichloromethane 

(lOOm1) was dropwise added to a solution of DCC (3.lg. 15mmol). DMAP (0.18g. 1.5mmol) and 

ethyleneglycol (0.95ml. 17mmol) in anhydrous dichloromethane (lOOm1). After stirring 3h at 

room temperature, some dicyclohexylurea was filtered off and the filtrate evaporated. The 

residue was dissolved in a small volume of ethyl acetate and left at O°C for one night ; 

more dicyclohexylurea was removed by filtration. After evaporation of the filtrate, the 

residue was purified using column chromatography (silica, eluent A). 

- The first fraction yielded a white solid identified as N'-Boc N-acylurea (0.3g. ~a. 3%). 

Rr(A)=0.78; 

'H NMR (CDC13) 5 ppm : 1.5 (31H. q , Boc and C6H11). 2.6 (2H. d, CHz), 4.3 (1H. m. CHP), 

5.1 (lH, d. NH), 7.4 (15H. m, Trt). 

Calculated for CboH51N304S : C 71.75, H 7.62, N 6.28; found C 71.69. H 7.71, N 6.10 

- The second fraction yielded the ethyleneglycol bis ester of N-Boc S-Trt cysteine (2.8g. 

20%). Rr(A)=0.48. mp=82-83OC. 

1H RMR (CDC13) d ppm : 1.4 (18H, s, Boc). 2.7 (4H. d. 2CHz). 4.3 (6H, m. 2CHd and 2 OCHz), 

5.1 (2H, d. 2NH). 7.4 (30H. m. 2Trt). 

Calculated for C94H6oNzOsS2 : c 70.58, H 5.71. N 2.94; found C 70.66, H.5.68, N 2.89 

- The third fraction was the required compound 2 (5.3g. 70%) Rf(A)=O.28. Rf(B)=O.42. 

mp=88-qO°C. 

III NRR (cDc~~) r(ppm : 1.4 (qR, s. Boc), 2.7 (W. d. CHa). 3.8 (W. m. O-CR2). 4.3 (3H. m. 

CHotand COzCH2). 5.2 (1% d, NH), 7.4 (15H. m. Trt). 

Calculated for C29H33N05S : c 68.63, H 6.51, N 2.76; found C 68.54, H 6.60, N 2.96. 

Method 6 : Epoxyethsne (6.5g. 150mmol) was bubbled for 30 min through a stirred 

solution of Boc-Cys(Trt) 2 (2.3g. 5mmol) in chloroform (1OOml) containing 

triphenylphosphine (0.005g). and cooled to -2OOC. After being stirred for 24h at room 

temperature, the solution was evaporated and the ester was isolated as a white solid after 

purification on a silica column. Yield=755 (1.W. mp=88-90°C. Rf(A)=0.27. The Physical 

constants were identical to those of the third product isolated in method A. 

Method c : To a solution of Boc-Cys(Trt) 2 (4.63g. 1Ommol) in dichloromethane 

(60ml). were added at room temperature EEW (2.47%. l&01) and ethylene glycol (0.62. 

llmmol). After the mixture had been stirred for 12h at the same temperature. the solvent 

and the quinoline formed were evaporated under reduced pressure to afford the product 

(2.8g) in 56% yield after chromatography on silica (eluent A). 

Physical constants : see method A. third product. 
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Method D : To a solution of Boc-Cys(Trt) 1 (4.638, lOmmo1) in dichloromethane 

(60ml). were added at room temperature DPPA (4.31111, Xlmmol), triethylamine (2.8ml. 2Ommol) 

and ethylene glycol (0.62ml. llmmol). After the mixture had been stirred for 5h at room 

temperature, the solvent was evaporated under reduced pressure to afford the product 

(3.15g) in 62% yield after chromatography on silica column, eluent A. 

Physical constants : see method A. third product. 

Preparation of 5a (L.D) 

To a stirred solution of 4 (3.048. 6mmol). DCC (1.2g. 6mmol) and DMAP (0.073g. 

0.6mol) in dichloromethane (60ml). was added dropwise a solution of (D)-Z-Cys(Trt) 3 

(z.g8g. 6mmo1) in dichloromethane (40ml). After 3h at room temperature, the DCU was 

filtered and the solvent evaporated under reduced pressure. The residue was dissolved in 

15ml of ethyl acetate and on cooling a further qusntity of DCU precipitated. After 

filtration snd evaporation, the residue was dissolved in lOm1 of anhydrous ether which was 

evaporated and the foam-like residue was chromatographed on a silica column (eluent A). 

The following products were successively isolated : 

- N'-Z N-acyl urea. (0.16g) Yield 4%. Rr(A) = 0.65 

- (L.D) Dissymmetrical ester 2. (2.37g) Yield 40%. mp=88-89OC, Rr(A)=0.41. [ 0~ lo=-5 

(c=l, CHxOH) 

'H NMR (CDCl3) & ppm : 1.4 (9H. s. Boc). 2.6 (4H. d. 2CHz). 4.3 (6H. m. 2CHu and 2 OC&). 

5.1 (2H. s, CHz-C6H5). 5.4 (1H. d. NH), 5.8 (1H. d, NH). 7.4 (35H. m. arom) 

Calculated for C59H58N208S2 : C 71.80, H 5.88, N 2.84: found C 71.32. H 6.21. N 2.67 

Other ethyleneglycol diesters are listed in Table 1. 

esters obtained 

(L) (L) 
Boc-Cys(Trt)OCHzCHzOCys(Trt)-Z 

(L) (L) 
Boc-Cys(Trt)OCHzCHzOCys(Trt)-Boc 

(L) (L) 
Z-Cys(Trt)OCHzCHzOCys(Trt)-Z 
(L) (I) 

Boc-Cys(Acm)OCHzCHzOCys(Acm)-Boc 
(L) (D) 

Boc-Cys(Trt)OCHzCHzOCys(Trt)-Z 

yield mpoc 

60 72-74 

99 80-82 

t 

99 106-108 

42 88-90 

45 88-89 

c”lD 

+ 25 (c=l,MeOH) 

- 28 (c=l,MeOH) 

- 27 (c=l.MeOH) 

+ 17 (C=2,CHCl3) 

- 5 (c=l.MeOH) 

- Table 1 : Glycolic esters 5 - DCC/DMAP method - 
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Disulfide bridge foxmation : 

General procedure : to a solution of the starting material 2 in dichloromethane 

(immol/l) was added diacetoxyphenyliodide (1.1 eq.). and the solution was stirred at room 

temperature (for the stirring time, see Table 2). The solution wss diluted with 

dichloromethane then extracted 4 times with water to remove most of the acetic acid 

formed. The organic layer was dried and evaporated under reduced pressure. The residue was 

then dissolved in ether and the reaction product precipitated by addition of hexsne. 

All products formed are listed in Table 2. 

starting cysteine derivatives 

Boc-Cys-OH 
Z-cys-OH 

Z-Cys(Trt)-OH 
Boc-Cys(Trt)-OH 
Boc-Cys(Acm)-OH 
Boc-Cys(Bn)-OH 

Boc-Ala-Cys(Trt)-OMe 
CL.1 (I) 

Z-Cys(Trt)OCkCH2OCys(Trt)-Z 
(L) (L) 

Boc-Cys(Trt)OCHzCHrOCys(Trt)-Boc 
(L) (L) 

Boc-Cys(Trt)OCHzCHzOCys(Trt)-Z 
(L) (D) 

Boc-Cys(Trt)OCHzCfiOCys(Trt)-Z 
(L) (I) 

Boc-Cys(Acm)OCHzCH2OCys(Acm)-Boc 

mpoc of beaction 
cystine time 
derivat. in mn 

142-145 
120-122 
118-120 
142-145 
142-145 
142-145 
oil 

84-86 

78-80 

75-76 

72-74 

78-80 

SO 

;: 

50 

360 

90 

60 

150 

, 
J field 

% 

ip 

63 

z 
62 

65 

55 

60 

70 

58 

- Table 2 : Oxidation of cysteine derivatives with PhI(OAc)z - 

(L,D) Ethyleneglycol bis ester of N-kc N’-Z cystine 5 

According to the previous procedure. the product 5 was formed in 70% yield, Rr(A)=O.Zl, 

mp=72-74OC, [a]~=-5 (c=l. CH3OH). FAB negative-ion spectrum : [M-H]- : m/z 499 

lNMR (CDC13)&ppm : 1.4 (gH, s .Boc). 3.3 (4H. m. 2CH2 : cystine), 4.2 (W. m. 2CHol). 4.5 

(4H, s. 0-CH2CH2-0), 5.1 (2H, 8. CHz : Z). 5.6 (1H. d, NH-Boc). 5.8 (lH, d. NH-Z). 7.5 

(5H, s arom. : Z). L,L diastereoisomer : mp=75-76"C. [=]D =-20 (c=l. CH3OH). identical NMR 

spectrum 

Calculated for C21H26N20aS2 : C 50.45. H 5.64, N 5.60; found C 50.21, H 5.56, N 5.42 
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(L,D) Ethyleneglycol bis ester of N-Dot N’-Z lanthionine 8 

Tris(diethylamino)phosphine (25 es.) was added to a solution of 5 in anhydrous DMF 

(lmmol/lGml). After 12h under nitrogen at rook temperature, the solvent was eliminated 

under reduced pressure and the residue chromatographed on silica (eluent A) to afford the 

product in 22% yield. Rr(A)=0.48. [&ID=-6 (c=l. WOH), FAB negative-ion spectrum [M-H]- : 

m/a 467 

lH NMR (CDC13)dppm : 1.4 (9I-I. s .Boc). 3.0 (2l-I. m. CHz). 4.3 (6H. m. 2CH= and 0-CHzC&-0) 

5.1 (2H. s CHz : Z), 5.7 (1H. d. NH-Boc), 6.0 (1H. d. NH-Z), 7.4 (5H. s. arom.). 

Calculated for C21H28N2OaS : C 53.84, H 6.02. N 5.98; found C 53.78, H 6.14. N 55.87 

(L,D) N-Hoc N'-Z Lantbionine 9 

A solution of 8 (5 mmoles. 2.35g) in isopropylic alcool (20ml) containing 5ml of a O.lN 

NaOH solution was stirred lh at room temperature. Water (1Oml) was then added and the 

alcool evaporated under reduced pressure. The remaining aqueous solution was acidified to 

pH=3-4 with a 1N HCl solution then extracted with ethyl acetate. The organic layer was 

separated. washed two times with water, dried on NazS04 then concentrated under vacuum to 

afford a very hygroscopic foam-like product in quantitative yield. 

["l]~=-5 (c=l. CHjOH) ; FAR negative-ion spectrum CM-HI- : m/z 441 

m. ZCHw), 5.1 (2H. s. 

), 

IH NMR (CDC13)dppm : 1.4 (9H. 

CH2 : Z). 5.7 (lH, d. NH-Boc). 

Calculated for CisHz6NaOaS : C 

s, Boc). 3.0 (4H, m, 2CH2). 4.3 (2H. 

6.0 (lH, d. NH-Z), 7.4 (5H. s. arom. 

51.58, H 5.92, N 6.33: found C 51.41 . H 5.79, N 6.48 

(L,D) N-Hoc N'Z Cystine 1 

According to a similar procedure, the hygroscopic product was formed in quantitative 

yield. 

[ O(]D=-4 (c=l, CHJOH) ; FAB negative-ion spectrum [M-H]- : m/s 473 

'H m (CDC13)dppm : 1.4 (9H. s. Boc). 3.3 (4H. m, 2CH2). 4.2 (2H. m. 2CHa). 5.1 (2H. s. 

CH2 : 2). 5.6 (1H. d. NH-Boc). 5.8 (1H. d. NH-Z). 7.5 (5H. s. arom.). 

Calculated for ClqHz6NsOaSz: C 48.10. H 5.53, N 5.91; found C 47.97. H 5.47, N 6.15 

1 HORN M.J.. JONES D.B.. RINGRL S.J.. J. BfoE. Chem.. 1941. 138. 141. 
HORN M.J.. JONES D.B.. fbfd. 1941. 119. 471. 

7 
a 
9 
10 

11 
12 

HORN M.J.; JONES D-B.; RING& S.J:,-?-Bfb:. Cheat.. 1942, 144. 87. 
ZEFivAs L., FKRDHRIGOS N.. Israel J. Chem., 1974, g. 139-152. 
SCHOBHRL A., WAQNER A., Chem. Ber.. 1947, so, 379-390. 
KNTIAN K.D.. SCHNHIDKR U., G&Z F.. ZiiNER H.. KELLNER R.. 
276 

JUNG G.. Nature. 1988. 333. 
; KELLNER R., JUNG G., JOSTKN M.. KALElTA C.. KNTIAN K.D.. SAHL H-G., Angw. Chem. 

Int. Ed. En&, 
JUNG G., 

1989. 28. 616-619. 

GROSS E.. 
Anga. Chem. Int. Ed.. 1991. 30. 1051. 
MORRLL J.L.. J. Am. Chem. Sot., 

F'IJKASE K.. WAKAMIYA T.. SHIBA .T., 
1971. 2. 4634-4635. 

FVKASE K.. 
Butt. Chem. Sot. Japan, 1986, 3. 2505-2508. 

KITAZAWA M.. SAN0 A., SHIMS0 K.. FUJITA H., HORIMOTG S.. WAKAMIYA T.. SHIBA 
T ., Tetrahedron ktt.. 1988. 3, 795-798. 
GFOSS E.. KILTZ H.H.. NKRRLIN II., 
ALLGAIRR H., JUNG G., 

Hopps Seyter's 2. PhystoE. Chem.. 1973. 354. 810. 

Engt., 
WRRNHR R.G.. SCHNEIDER U.. ZAHNRR H., Angw. Chem. Int. Ed. 

1985. 24, 1051-1053 ; Eur. J. Bfochem.. 1986. 160. 9. 



94 F.CAVEUER-FRON'~IN~~~Z. 

I3 WAKAMIYA T.. UEKI Y., SHIBA T.. KID0 Y.. MOTOKI Y., Tetrahedron Lett., 1985. 26. 665- 
668 ; SHIBA T.. WAKAMIYA T.. FUKASE K.. SAN0 A., SHIMBO K.. UEKI Y.. Bfopotgmers. 1986. 
3. 11-19. 

l4 MIGLIORB-SAMOUR D.. BOUCHAUDON J.. FLGC'H F.. ZBRIAL A., NINET L.. WERNER G.. JOLLES 
P ., C. R. Acad. Set.. 1979. 289D. 473 ; Life Sciences. 1980. 2, 883. 

15 IZUMI s.. J. Antfbfotfcs. lgE%, 566. 
I6 WIESMUELLER K.H., BBSSLBR W.. JUNG G.. Hoppe Seyter's 2. P)ylsfot. Chem., 1983. 364, 

!=A1 _ 
l7 KITAZAWA M., FUKASE K.. WAKAMIYA T.. SHIBA T.. Pept. Chem.. 1986. 317-322. 
18 SPEAR K.L.. BROWN M.S.. OLINS G.M.. PATTON D.R.. J. Med. Chem.. 1989. 2. 1094 ; SPEAR 

K.L., REINHARD E.J., MC MAHON E.G., OLINS G.M.. PALOMO M.A.. PAlTON D.R., J. Med. 
Chem., 1989. 32. 67-72. 

19 VIOLAND -B;N.TTOU J.S., VINEYARD B.D.. SIEGEL N.R.. SMITH C.E.. PYLA P.D.. ZOBEL J.F., 
TOREN P.C., KOLODZIBJ E.W., Int. J. Peptfde Protein Res., 1991, 12, 463-467. 

20 NISHIUCHI Y.. SAKAKIBARA S.. FEBS Lett.. 1982. e. 260 ; SHIMONICHI Y., HIDAKA Y.. 
KOIZUMI M.. HANE M.. AIMGTO S.. TAKEDA T.. MIWATANI T.. TAKBDA Y.. FEBS Lett.. 1987. 

21 
215. 165 
BROWN G.. DU VIGNBAUD V.. J. BfoE. Chem.. 1940. 134. 413 ; 1941. 140, 767-771. 

22 STAPLETON I.W.. WEBER O.A., Int. J. Peptfde Protefn Res.. 1971. 2w254. 
23 PHOTAKI I..SAMOUILIDIS I., CARANIKAS S., ZERVAS L.. J. Chem. Sot. Perkfn I, 1979. 2599- 

2605. 
24 BOUCHAUDON J., DUTRUC-ROSSET 0.. HANES C.. FLOCH F., ZERIAL A., WERNER G.. Proceed. 

Internat. Fortun Pevttdes, Le Cap d'Agde. 1984. 118. 
25 ZERVAS L.. THECDRO~=OULOS~D.. J.-Am. Chem. Sot., 1956. 1.359-1363. 
26 

78. 
KIN1 G.D.. POD. Utah State Unfv.. 1984 ; OLSEN. R.K.. KIN1 G.D., J. Org. Chem.. 1985, 
50, 4332-4536. - 

27 Lanthionine undergoes complete racemization in 3hr in 2.4N NaOH solutions or under 
acidic hydrolysis conditions23. 

28 NAKAJINA K.. ODA H., OKAWA K.. Bull. Chem. Sot. Japan. 1983, 56. 520-522. 
29 ARNOLD L.D.. KALANTAR T.H., VEDERAS J.C.. J. Am. Chem. Sot.. 1985, 107. 7105-7109 

ARNOLD L.D.. DROVER J.C.. VEDERAS J.C.. J. Am. Chem. Sot.. 1987. log. 46w4659. 
3O ARNOLD L.D.. MAY R.G.. VEDERAS J-C.. J. Am. Chem. Sot.. 1988. 110. 2237-2241. 
3l KUCHARCZYK N.. BADET B.. LE GOFFIC F.. Synth. Cornnun.. 1989. 9, 1603-1609. 
x2 HARPP D.N., GLEASON J.G.. J. Org. Chem.. 1971. 36. 73 
33 
34 

HARPP D.N., GLEASON J.G.. J. Am. Chem. Sot.. 1971. 93. 2437-2445. 
HARPP D.N., GLEASON J.G.. J. org. Chem.. 1970, 3, 3259-3263. 

35 OAE S.. KIM Y.H.. FUKUSHIMA D., KAKATA T., Chem. Lett., 1977. 893-896 ; OAE S.. KIM 
Y.H., FUKUSHIMA D.. SHINHAMA K.. J. Chem. Sot. Perktn I, 1978. 913-917. 

36 CAVELIER F.. DAUNIS J.. JACQUIER R.. Bull. Sot. Chfm. France, 1990. 127. 210-225. 
37 
3* 

PARKBR R.. ISAACS N., Chem. Rev., 1959. 2. 737-799. 
BREWSTER J.. J. Am. Chem. Sot., 1956, 78, 4061-4064 

39 CURTIN D.. BRADLEY A., HENDRICKSON Y.. J. Am. Chem. Sot.. 1956, 78, 4064-4068. 
4o MA'ISUEDA R., HIGASHIDA S.. RIDGE R.J.. MATSUFDA G.R.. Pept. Chem., 1981. 31-36 ; Chem. 

Lett.. 1982. 921-924. 
41 NEISES D., STBGLICH W., Angsw. Chem. Int. Ed. , En&. 1978, 17, 522-524. 
42 GUENDOUZ F.. JACQUIER R.. VBRDUCCI J.. Tetrahedron, 1988, Lr j’O95-7108. 
43 BBLLEAU B.. MARTEL R.. LACASSE G., MENARD M.. WEINBERG N.L.. PERRON Y.G.. J. Am. Chem. 

sot. * 1968. 90, 823 : BELLEAU B.. MALBK G.. fbfd.. 1968. 90, 1651-1652. 
44 BODANSZKY M.. TOLLE J-C.. GARDNER J.D.. WALKER M.D.. MUTT V.. Int. J. Peptfde Protefn 

45 
Rea., 1980, &, 402-411: 
YAMADA s.. YOKOYMA Y.. SHIOIRI T.. J. 

46 
Org. Chem.. 1974, 2, 3302-3303. 

CAVELIER F.. DAUNIS J.. R.. JACQUIER 
47 KAMBER B.. 

Butt. Sot. Chfm. France. 1989, 5. 788-797. 
HeZv. Chim. Acta, 1971. 2. 927-930 ; KAMBW B.. IiM’WNN A-. EISLW K-9 

RINIKBR B.. RINK H.. SIEBER P.. RITIEL W.. 
4a 

Hetv. Chfm. Acta. 1980. 63. 899-915. 
KOLOVOS MOUTEVELIS-MINAKAKIS P.. M.. Tetrahedron Lett., 1984. 25. 4153-4156. 

49 IiBRSCHEID .J.D.M.. TIJHUIS M.W.. NOORDIK J.H.. OTTENHEIJM H3.J.. J. Am. Chem. Sot.. 

so 
1979. 101, 1159-1162. 
SAT0 T.. HINO T.. Tetrahedron, 1976. 2, 507-513. 

51 HARPP D.N., ARSH D.K.. Chem. Commun.. 1970, 811 ; HARPP D.N.. SMITH R.A.. J. Am. Chem. 
sot.. 1982, 104. 6045-6053 ; HARPP D.N., GRANATA A., J. Org. Chem., 1980. 9. 271-273. 

52 HARPP D.N., ADAMS J.. GLEASON J.G., MULLINS D.. STELIOU K.. Tetrahedron Lett.. 1978, 
42. 3989-3992. - 


