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Abstract: The stereoselectlve addltlon of enantlomerlcally pure (as shown by 200 MHz lH NMR study) 

dlpeptlde Boc-Cys-Ala-OMe 4 to a-methylene-y-butyrolactones has been studled The stereoselectlvlty of 

the addltlon parallels the enantloselectlvlty observed m the allergic contact dermatitis mduced in guinea 

P’gs 

INTRODUCTION 

Allergic contact dermatitis (ACD), an mflamatlon of the skm, 1s generally provoked by small electrophdlc 

compounds called haptens The hapten penetrates the skm, reactmg with cell surface and structural protems 

These modified proteins then undergo phagocytosls and proteolysls m the epldermts macrophage. the 

Langerhans cell The effectwe antigen which IS the hapten bound to a protem fragment is then reexpressed on 

the cell surface by the Langerhans cell and presented to T-lymphocytes bearmg a receptor that fits the 

antlgemc entity This receptor medlated cell-cell mteractlon triggers the immune system speclfically 

agamst the hapten and leads, through a complex cascade of bIologIca processes, to hypersensltlvlty to the 

chemical 

Smce the protem Itself 1s a pure enantlomer, conjugates that result from the addltlon of optically pure 

haptens are dlastereomerlc and their propertles and partmularly the recognition by the T-lymphocyte 

receptors can be expected to be different It was recently shown in this laboratory1 that the 

enantlospeclficlty observed m ACD was, at least m part, related to the proxlmlty of the chiral center relative 

to the site of nucleophlllc protem attack1 This site is most probably the a-methylene group m a-methylene- 

y-butyrolactones 

Estabhshment of enantlospeclficlty of ACD IS based on the absence of cross-reactlon A cross- 

reactlon 1s an adverse skm reactlon to a substance B , different from the primary or mltlal sensltlzer A or 

allergen There 1s no cross-reactlon when guinea pigs sensruzed to one enantlomer are unaffected by the other 

enantlomer The prmclple of cross-reactlon 1s commonly used m clrmcal practice to determme to which 

family of compounds a patlent IS allergic Cross-sensltlvlty or cross-reactlon generally occurs when the 

structure of the primary sensitizer and of the test compound are related From a molecular vrew pomt, this 

means that the “effectrve antigens” produced m YWJ with two related haptens are not structurally very 

different and are recogmzed by the same T-cell receptor Data from this laboratory have shown, however, that 
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enanttomers do not cross-react One of the purpose of Uus study was to find out whether there was some 

correlation between the expected dlastereoselectlon of a model dlpeptlde addttlon to a-methylene-y- 

butyrolactones and the enanttospeclficlty of the observed skm reactton m experimentally senstuzed guinea 

P’gs 

In Uus paper, we describe the stereochemlstry of the addition of a mpepttde Boc-Cys-Ala-OMe 4, used 

as a model of protein nucleoplulic attack - to enantlomers of natural and synthetic a-methylene-y- 

butyrolactones In order to unambiguously establish a possible dlastereoselecuon in the addltlon reactlon, we 

needed to demonstrate the enantiomertc purtty of the dtpepttde Tlus was done by NMR We shall first deal 

with the drpeptlde synthesis and the determmatlon of its optical purity and second with the addrtion of this 

dipepude to a-methylene-y-butyrolactone enanttomers 

1 PEPTIDE SYNTHESIS 

We have synthesized the followmg dlpeptlde Boc-L-Cys-L-Ala-OMe usmg Boc- protected L-cystme and L- 

alamne methyl ester, accordmg to the mlxed carbonic anhydride method2p3 Regeneration of the thiol function 

was accomphshed with tn-(l-n-butyl) phosphme4 (Scheme I) 

Scheme I 

n 
Boc- Cys Cys-Boc a, Boc-Cys-Ala(OMe) bL Boc-Cys-Ala(OMe) 

a N-methyl morpholme. Isobutyl chloroformate. THF-DMF 

Ala(OMe), -15’C --)RT 

b P(Bu)s, MeOH& 

In order to determme whether racemlzatlon had occurred or not durmg these two steps, bls-Boc-(D,L)- 

cystlne5 aud (D.L)-Ala-OMe were also used and compared to the pcpudes obtained from pure L-ammo acads” 

The 200 MHz spectra were recorded on a Brucker 200 MHz spectrometer, the chemical shifts as well as the 

spm-spm couplmg constants are collected m Table I 



Synthesis of Boc-Cys-Ala-Me 5031 

Table I Boc-protected dlpeptrde methyl eaters 

Dlpeptlde Anal.data calcd/(found) IIf-NMR of -0Me and 

C H N -CH+ group In CDC13* 

Dwulflde dlmer of 
Boc-L-Cys-L-Ala-OMe 

L 

Dlsulflde dlmer of 
Boc-(D,L)-Cgs-L-Ala-OMe 

z 

Disulfide dimer of 
Boc-L-Cys-(D,L)-Ala-OMe 

9 
47 20 6 93 9 17 
(47 04) (7 04) (9 08) 

Boc-L-Cys-L-Ala-OMe 41 04 I 24 9 14 
4 (46 93) (7 29) (890) 

Boc-(D,L)-Cys-L-Ala-OMe 
i 

Boc-L-Cys-(D,L)-Ala-OMe 
6. 

47 20 6 93 9 17 
(47 42) (7 01) (8 99) 

4720 693 917 
(47 29) (6 82) (9 12) 

ndb 

4704 724 914 
(47 04) (7 22) (8 92) 

-0CH3 s 371 
-CH2S- AB p of an ABX 8, 2 89 8b 3 08 

Jab 147 J,, 111 Jbx 38 

-0CH3 fours376375374371 
-CH2S- complex m 

-0CH3 three s 3 74 373 370 
-CH2S- complex m 

-0CH3 s 3 76 
-CH2SH AB p of an ABXY 8, 2 79 6b 3 10 
Jab 139 Jax 10 1 Jbx 79 

-0CH3 s 3 75 
-CH2SH two AB p of an ABXY from the 
(L- L) compound (same data as 4) 

-0CH3 s 374 
-CH2SH Identical to 5 

a chenucal slnfts are reported m 8 ppm with respect to TMS as Internal standard Coupling constants (J) are 
expressed m hertz Multlphcmes are mdlcated by s (smglet) and m (multlplet) Other domams of the NMR 
spectra (concemmg the H,Cys. H,Ala) show slgmficant changes m racenuc peptIdes but are not dIscussed 
here 
b nd = not done smce 5 1s a racemlc nuxture correspondmg to 4 

2 . HAPTEN - DIPEPTIDE COUPLING 

Two general methods were used for the preparation of the hapten-dlpeptlde derlvatlves 

In a procedure that resembles physIologIca condltlons (method A) the reactIon was run m 0 2M 

sodmm phosphate buffer, at pH 7 4 contammg absolute ethanol to dissolve the dlpeptlde and the lactone’ 

AlternatIvely (method B), the dlpeptlde was solublhzed m dry methanol, to wluch a catalyuc amount 

of so&urn methoxide (0 3 eq ) was added A soluuon of the lactone m dry methanol was then added dropwlse 

The reactlon was completed m 10 mmutes and quenched by the ad&Ion of 1N HCI The product composltlon 

thus obtamed 1s summarized m Table II 
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Table II Results of dlpeptide addltlon to lactones 1 to U and of skm tests m gumea pigs 

H,- 9 ANTI adduct H.- Hb SYN adduct 

Lactone (sensltlzera) Antllsyn ratlob of Average skm reactlou d 

adducts Tests with enantlomers 

AC BC (+)- (-)- 

(+)-b-methyl-a-methylene- 
y-butyrolactone (+)-I 

(-)-B-methyl-a-methylene- 
y-butyrolactone (-)-I 

(+)-y-methyl-a-methylene- 
y-butyrolactone (+)-& 

(-)-y-methyl-a-methylene- 
y-butyrolactone (-)-a 

(+)-p,r-dlmethyl-a-methylene 
y-butyrolactone (+)-2 

(+)-Frullanollde (+)-Lp 

(-)-Frullanollde (-)-Lp 

(+)-Alantolactone (+)-lJ 

nd 

95 1 

61 

21 

antle 

antIe 

antle 

antIe 

61 

8 1 

2 1 

21 

antle 

antIe 

antle 

41 

09 

02 

13 o 48 

08 o 98 

04 

20 0 29 

03 1 Sg 

20 NAf 

01 

1 71 

0 51 

a Gumea pigs were sensitized (made allergic) with the mentloned lactones by the FCAT method1 o 
b The atm/syn ratio was determmed by 200 and 400 MHz NMR 
c Method A Phosphate buffer/ethanol, method B. sodmm methoxlde/methanol 
d Gumea pigs were tested on their flanks with non-irritant 1 % ethanohc solutions of lactones The average 
skm reactron was obtamed by adding the mtensities of the mdlvldual tests and dlvldmg the result by the 
number of guinea pigs used The mtenslty of the skm test was ranked accordmg to the followmg scale 

0 = no reaction, 
0 5 = discrete erythema not covermg the test area; 
1 = erythema covering the test area, 
2 = erythema + swelling on the test area. 
3 = erythema and swellmg gomg well beyond the test area 

e No syn could be detected nenher by 200 nor by 400 MHz NMR spectroscopy 
f The other enantlomer of alantolactone IS not available 
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The mductlon of contact sensltlvlty reqmres couplmg of the hapten to a skm protem Most strong 

haptens are electrophlllc (hke a-methylene-r-butyrolactones) and undergo nucleophihc attack by free ammo 

or th101 groups of polypeptldes Derivatization of protems by a&unsaturated lactones alters their structure 

and makes them antigemc TLese antlgemc protein-lactone conjugates are &astereomenc smce both protems 

and the lactone used for sensltlzatlon are optlcally pure The antlgemc structures obtamed with one or the 

other isomer of the hapten are expected to be different and would not be recogmzed by the same receptors on 

T-cells The results obtemed m this study relate the skm reaction to the absolute configurauon of the choral 

center m posloon p- and “I- of the y-butyrolactone It can also be expected that, the closer the choral center to 

the a-methylene group (the site of Michael addltton of the protem nucleophile), the more specific should be 

the btological response 

With both (+)- and (-)- frullanohdes (+)-l.Q_ and (-)-l.Q only - dlastereomer (isomer H7,Hl 1 Antl) 

was observed when the dlpeptlde 4 was added under the two reaction conditions This “total” asymmetric 

induction (within the limit of 400 MHz NMFt detectlon >98%) is parallel to the observed high 

enantloselectlvtty of the allergic skm reaction m the guinea pig almost no cross-reaction (average 0 2) to the 

(+)- enanttomer was observed m (-)- enantlomer sensltlzed animals and conversely9 

(+)- LQ (-I- lA (+)- u 

With alantolactone U (only one enantlomer 1s occurring naturally), 100 % asymetrlc mductlon 

(again within the limit of 400 MHz NMR detection) was observed when coupling was performed m phosphate 

buffer-ethanol but an anti/syn ratio of 4/l was observed m sodium methoxide/methanol Dlastereoselectivity 

was always higher when couplmg was effected in phosphate buffer as compared to the sodmtn methoxlde 

method In sodium methoxlde/methanol condltlon, the attackmg species 1s the dlpeptlde-S-anion while tn 

phosphate buffer (pH 7 4). the nucleophlle 1s probably the non lomzed thlol due to the higher pKa of the SH 

group Discrepancy In the two reactlon conditions 1s therefore not unexpected In this case, It was not 

possible to compare the results with the rn VZYO data since the (-)-enantlomer is not avatlable 
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With (+)- and (-)-B-methyl-a-methyleae-y-butyrolactoaes (+)-1 and C-)-L a high stereoselectloa was 

observed, whether the reaction was rua m phosphate buffer or m sodmm methoxlde/methanol Reaction at pH 

7 4 m the phosphate buffer IS closer to m viva coadmoas In both cases however, a selectlvlty of 6 1 was 

observed This parallels the ammal expernneat Imle, If any (0 2 average skla reactloa) cross-reaction to the 

other eaantlomer was observed1 

(+I- z t-j- 1 

The case of the y-methyl-a-methyleae-y-butyrolactoaes & 1s an Interesting one slate both (+)- aad 

(-)- eaaatlomers behave dtffereatly m in wvo experlmeatal sensitization (+)-r-Methyl-a-methyleaeq- 

butyrolactoae (+)-& IS a better sensitizer than its (-)- enantlomer (-)-& Gutaea pigs sensitized with the (+)- 

compound gave a very weak skta reactloa with the (-)--f-methyl-a-methylene_r-butyrolactoae (-)-a In 

contrast however, when guinea pigs were sensitized to the (-)- eaantlomer and skin tested with the (+)- 

eaantiomer, the allergic reaction was comparable to the response obtiuaed with the primary sensitizer Thus 

(+)- and (-)- y-methyl-a-methyleaeq-butyrolactoaes do cross-react on (-)-sensitized gumea pigs While the 

absence of cross-reaction could be confirmed both ways with p-methyl lactones and frullanolldes. y-methyl- 

a-methylene-y-butyrolactone enaatlomers did not behave identically m a two way skin test These m vavo 

findings are parallel to the diastereoselectivity observed m the formation of y-methyl lactone - dtpeptlde 

adduct An antllsyn ratlo of 6 1 was measured in the addltlon of dlpeptlde 4 to the (+)- y-methyl-a- 

methylene-y-butyrolactoae m phosphate buffer (2 1 anti/syn ratlo m sodmm methoxide). while a ratlo of 2 1 

only was found when & was added to the (-)- enantlomer m 

of the allergic reaction was observed m (+)-S, m contrast 

center with the site of attack IS not the only factor that 

response 

phosphate buffer The fact that enantlospeclficny 

to C-)-S suggests that proxtmlty of the choral 

influence the enantiospecificity of the immune 

(+)- s c-j- s 
One case however did not follow the general observation No parallelism could be observed between 

enantiospecificity of the allergic reaction and dlastereoselectlvlty of the peptide addltlon with (+)- b.r- 

dtmethyl a-methylene y-butyrolactone 2 One single isomer was formed when peptide 4 was added to the 

lactone 100 % enantiomeric selectivity was noted m both phosphate buffer or sodium methoxlde couplmg 

conditions The (+)- b,y- dlmethyl a-methylene y-butyrolactoae IS a weak allergen (0 4 average skm reactlon) 
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whtch means that UIIS hapten IS less reactive m comparmon with the other lactones tested The reactlon 

between (+)-2 and 4 was slow mdlcatmg that (+)-2 1s not as electrophtltc as the other haptens tested A less 

reacttve hapten however may produce fewer anttgemc sites on skm protems and may also be cleared more 

rapldly from the ctrculatlon Thts could dlmmtsh the affimty maturation of tmmunocompetent cells - whrch 

require constant anttgenic stunulatlon - thereby preventmg the production of high affimty T cell clones 

(+I- e 

CONCLUSION 

A high level of diastereoselectton of the addition of a nucleophlhc dlpeptlde with enantiomers of 

a-methylene r-butyrolactones could be noted Also, a parallelism between the diastereoselectivity of 

dlpeptide addition and the enantioselecttvtty of allergic contact dermatitis in SIX out of eight enantiomerlc 

lactones was observed 

General methods 

Proton NMR spectra of samples were recorded on 200- or 400-MHz Brucker spectrometers m CDC13 or CgDg 
Chemical shifts (6) are indicated in ppm with respect to TMS as internal standard Infrared spectra were 
obtamed on a Beckman Acculab spectrometer using CHC13 soluttons Mass spectra were recorded on a LKB 
9000 S spectrometer 

Dry solvents were freshly dtsttlled before use Tetrahydrofuran (THF) was dlsttlled from sod&urn 
benzophenone Dimethylformamlde (DMF) was stored over 4A molecular sieves All au and moisture sensitive 
reactions were conducted m flame-dried glassware under an atmosphere of dry argon The chromatographtc 
purlficatlons were conducted at normal pressure on silica gel columns (D.L) alanme-OMe was purchased from 
Sigma and used wlthout any further purification Bis-Boc-(D.L)-cystme was prepared from (D,L)-cystme 
according to Itoh’s procedure5 

(+)- and (-)-Frullanolldes were extracted respectively from Frullanra drlatara (L) Dum ssp 
ntsquallensls and F tamarrsci (L ) Dum ssp tamarisci as described9 Alantolactone and isoalantolactone 
were obtained as reported’ 1 from Helenm @ (Sigma), an extract of Inula helenrum (L) The a-methylene 
lactones z to 2 have been synthesrzed as descr&dl** 

The peptlde-lactone adducts l_2 to 14 are rather unstable Nevertheless we tried up to four times to 
obtam a correct elemental analysis When we could not obtain a satisfactory elemental analysrs we 
characterized the products by mass spectrometry 



5036 P TALAGA et al 

PEPTIDE SYNTHESIS 

Dnulfrde dimer of Boc-Cys-Aln-OMe 1 
A solution of N,N’-dl Boc-Cystme (1 0 g. 2 3 mmol) m dry THF (IO mL) under argon was cooled to -15’C (CClq, 
dry Ice) with stlrrmg, 2 1 eq (0 54 ml) of N-Methyl-morpholme. followed by 2 2 eq (0 66 ml) of lsobutyl 
chloroformate were added After five mmutes. a solution of alanme methyl ester (2 eq ) (642 mg) m DMF was 
added The CC14 - dry Ice bath was removed 5 mmutes later and the solution was allowed to stand for 20 h at 
room temperature The solution was concentrated under vacuum, the residue was taken up m ethyl acetate and 
water After extractlon, the aqueous phase was dlscarded and the orgamc phase was washed successively with 
10 mL of a saturated sodmm hcarbonate solution, 10 mL of water, 10 mL of 1N hydrochlonc acid and 10 mL 
of water The solution was dried over dry magnesmm sulfate, filtered and then concentrated under vacuum 
The peptide was recrystallized m ethyl acetate Two crops of crystals (828 mg) of peptlde 1 were obtained 
Yield 60% (See Table I) 

Disulflde dlmer of Boc-(D,L)-Cys-Ala-OMe 2 
The reaction was performed as above 
Yield 65% (See Table r) 

Dwulflde dlmer of Boc-Cys-(D,L)-Ala-OMe. 9 
The reaction was performed as above 
Yield 70% (See Table I) 

Boc-Cys-Ala-OMe: 4 
Reduction of 1 to & was essentially complete after reactlon of peptide 1 (See Table I) with 0 2 M P(Bu)3 (2 
eq ) in 9/l (v/v) MeOH I water for 2h at 25°C The crude peptlde was dissolved m ether and purlfled by 
column chromatography on silica gel (Eluent hexane / AcOEt 2/l) 
Yield 85% (See Table I) 

Boc-(D,L)-Cys-Ala-OMe: 5 
The reactlon was performed in the same way as for 4 
Yield 85% (See Table I) 

Boc-Cys-(D,L)-Ala-OMe: 6 
The reactlon was performed in the same way as for 4 
Yield 85% (See Table I) 

General procedure for the preparation of peptlde-lactone adducts: 
hcedure A. formation of a- 
To a mixture of absolute ethanol (1 mL) and phosphate buffer (0 2 M, pH 7 4, 0 2 mL) was added 1 mmol of 
lactone and 1 mmol of dlpeptlde Boc-Cys-Ala-OMe 4 A stream of argon was bubbled through the reactlon 
mixture for 1 h The flask was stored m the dark at room temperature for 5 days The reactlon mixture was 
then poured into 5 mL ether The layers were separated and the orgamc phase was dried over magnesmm 
sulfate and concentrated under vacuum 
The adducts were purlfled by chromatography on slllca gel 

To 5 mL of absolute methanol was added 1 mmol of dlpeptrde Boc-Cys-Ala-OMe 4 and 0 3 eq of sodmm 
hydride at 0°C under argon The lactone (1 mmol, m 3 mL absolute methanol) was added dropwlse and the 
mixture stirred for 10 mm and quenched with 2 mL of 1N HCl The reactlon mixture was then concentrated 
under vacuum, the residue taken up m ether and water After extractlon, the orgamc layer was dried over 
magnesmm sulfate The adducts were purlfled by chromatography on slllca gel 

I+)_ B_Mothvl- a-uvlone _ _ y butvractone-Cvs(Bocl-AlatOMe) A- 

Purified by chromatography, eluent hexane / AcOEt l/l (011) 
Method A Yield 95% 
Method B Yield 90% 
IR (cm-t) 1790. 1770. 1745 , 1710. 1670 
NMR (200 MHz) 7 15-7 00 (1H. m, N&Ala), 5 50-5 40 (lH, m. m-Cys), 4 57 (lH, dq J=7 1. Ku-Ala), 4 48- 
4 30 (2H, m, Ku-Cys + 1H of CK2-1), 3 83-3 71 (lH, m. 1H of CH2-1). 3 75 (3H. s, O&i&, 3 09-2 85 (4H. m, 

CK2SCH2). 2 65-2 50(1H, m, K-4). 247-2 35 (lH, m, H-3). 147 (9H. s, tzBu), 143 (3H. d 
JMe-Ala,Hu_Ala=7 3, &-Ala), 120 (6/7 of 3H, d JMe-7,H-4=6 3. m-7) and 108 ( l/7 Of 3H. d 

JMe-7,H-4=7 0, h-7) 
Anal Calcd for C18H3oN207S C, 5166, H, 7 22, Found C, 51 92, H, 7 24. 

MS m/e 418 (M+ ) 
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__ _ _ _ ocL4l&OMel A&&t 12b 
Purlfled by chromatography, eluent hexane / AcOEt l/l (011) 
Method A Yield 93% 
Method B Yield 90% 
IR(cm-1) 1790, 1770, 1745, 1710, 1670 
NMR (400 MHz) 7 03-7 00 (1H. m. W-Ala), 5 46-5 45 (1H. m, NfL-Cys), 4 54 (lH, dq J=7 1, &t-Ala), 4 47- 
4 43 (2H, m, Ha-Cys + 1H of CH2-5). 3 81-3 74 (lH, m, 1H of CH2-S), 3 75 (3H, s. OM&. 3 01-2 84 (4H, m, 
CK2SCH2). 268-2 62 (1H. m, K-4). 2 54-2 SO(lH. m, K-3). 146 (9H, S. l&.), 145(3H, d JMe-Ala,Ha-Ala= 7 3, 
&-Ala), 1 19 (S/9 of 3H, d JMa_7,H_4’9 0, a-7) and 108 (l/9 of 3H, d JMe_7,H_4=6 4, U-7) 

C 18H3ON207 S MS m/e 418 (M+ ) 

_ _ _ _ CvslBoc)-AlalOMe) &dduct 13a 
Pwfied by chromatography, eluent hexane / AcOEt l/l (011) 
Method A Yield 96% 
Method B Yield 91% 
IR (cm-l) 1790, 1770, 1740 , 1710, 1675 
NMR (200 MHz , C6D6) 7 15-7 05 (1H. m, W-Ala), 5 70-S 60 (lH, m, NE-Cys), 4 72-4 56 (2H, m, Ha-Cys + 
Ha-Ala), 3 76-3 65 (lH, m. H-5). 3 28 (3H, s, O&z). 2 98-2 72 (4H. m, CH2SCH2). 2 41-2 28 (1H. m, H-3). 149 
(9H, S. m, 127 (3H, d JMo_A]a,Ha_Ala=‘l 1, &-Ala), 095 (S/7 of 3H, d JMe-7,H-5’6 1, u-7) and 
0 78 ( ln of 3H, d JMe_7,H_5=6 5, kk-7) 

C18H3oN207S MS m/e 418 (M+ ) 
No satisfactory elemental analysis could be obtamed 

__ _ vlene _ _ Y bumOMe1 Adduct 13b 
Purified by chromatography, eluent hexane / AcOEt l/l (011) 
Method A Yield 97% 
Method B Yield 90% 
IR(cm-1) 1790, 1770, 1740 , 1710, 1675 
NMR (200 MHz , C6D6) 7 45-7 35 (1H. m. W-Ala), 5 98-5 89 (1H. m, NH-Cys), 4 89-4 65 @I-I. m, Ha-Cys + 
Ha-Ala), 4 22-4 12 (l/3 of lH, m, H-5) and 3 90-3 79 (2/3 of lH, m, H-5). 3 38 (3H, s, OMe). 3 12-2 67 (4H, 
m, CK2SCH2). 263-242 (lH, m, K-3), 154 (9H, s, W, 136 (3H, dd &-Ala). 105 (2/3 of 3H. d 
JMe_7,H_5=6 1. a-7) and 087 ( l/3 of 3H, d JMe_7,H_5=64. m-7) 

C18H3oN207S MS m/e 418 (M+ ) 
No satisfactory elemental analysis could be obtamed 

I+& E.r-Methvl a-m r-butvrolactone_Cvs(Boc1-AlacOMe Adduct 14 
Purified by chromatography, eluent hexane / AcOEt l/l (011) 
Method A Yield 97% 
Method B Yield 97% 
IR (cm-l) 1790, 1775, 1740 , 1715, 1680 
NMR (200 MHz , C6D6) 7 40-7 30 (lH, m, NH-Ala), 5 90 (lH, d JNH_Cys,Ha_Cys=7 9, NH-Cys). 4 95-4 78 
(lH, m, Ku-Cys), 4 72 (lH, dq J=7 2, Ha-Ala), 3 48-3 40 (lH, m. H-5). 3 37 (3H. s. Ok&.), 3 11-272 (4H, m, 
CH2SCH2). 2 06-l 98 (lH, m, H-3). 192-l 84(lH. m, H-4). 155(9H. s. l&u), 135 (3H. d JMe_A]a,Ha_Ala=7 2, 
&-Ala), 1 04 (3H, d JMe_8,H_5=6 1, a-8). 0 82 (3H, d JMe_7,H_4=6 3, a-7) 

C19H32N207S MS m/e 432 (M+ ) 
No satisfactory elemental analysis could be obtamed 

I+)- Frullanohde-Cvs(Boc)-AlatOMe) Adduct l,&i 
Purlfled by chromatography, Eluent hexane / AcOEt l/l (011) 
Method A Yield 95% 
Method B Yield 95% 
IR (cm-l) 1760, 1740 , 1710, 1670 
NMR (400 MHz) 7 04-6 95 (lH, m, NH-Ala) , 5 5-5 3 (lH, m, NH-Cys), 5 22 (lH, d, JH6,H7=4 3. K-6). 
4 57 (lH, dq J=7 2 , Ha-Ala). 4 40-4 30 (lH, m, Ha-Cys), 3 75 (3H, 8. O&$ 3 12-3 03 (3H, m, Cf12-13 + IH 
of CH2-Cys), 291-286 (lH, m, 1H of CfL2-Cys), 267-260 (1H. m JHll,H7=0. K-11). 250-246 (IH, m 
JH7,Hl l=O, H-7). 2 14-2 07 (2H, m, CH2-3). 1 76 (3H, s. M&-15), 147 (9H, s, L&L), 1 44 (3H, d 
JMe-Ala,Ha-Alad 8, .& -Ala), 103 (3H. s, m-14) 
Spm-spin decouplmg shows that JH7 ,H 1 1=0 whwh corresponds to the product wth an H-7,H-11 ant1 
arrangement’* 
[ a]D20= +31 (c = 160 CHC13) 
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~~~H~NzW MS m/e 538 (M+ ) 
No satisfactory elemental analysis could be obtamed 

Purified by chromatography, Eluent hexane / AcOEt l/l (011) 
Method A Yield 95% 
Method B Yield 95% 
IR (cm-l) 1760, 1740 , 1710. 1670 
NMR (400 mx) 709 (1H. d JNH_Ala,Ha_Ala=69. NK-Ala) , 545-5 35 (lH, m. NK-Cys). 5 22 (lH, d 
JH6.H74 3. K-6). 4 56 (1H. dq J=7 2 , Ha-Ala), 4 40-4 30 (1H. m, Ka-Cys), 3 74 (3H, s. O&j, 3 OS-299 (2H, 
m, cK2-CYs). 296-295 (2H. m, cIi2-13). 270-265 (1H. m, JHll,H7=0. K-11). 250-245 (lH, m. JH~,H~ 1~0. 
K-7), 208-2 07 (2H. m, cK2-3). 1 76 (3H, 8, u-15). 146(9H, s, m, 143 (3H, d JMe_Ala,H_Ala=6 8. 
U -Ala), 104 (3H, s, u-14) 

Spin-spm decouplmg shows that JH7,Hl 1=0 which corresponds to the product with an H-7.H-11 ant1 
arrangement’* 
[alD20=-22 (c = 1 71 CHC13) 

C27H42N2G7S MS m/e 538 (M+ ) 
No sattsfactory elemental analysis could be obtamed 

Purified by chromatography, Eluent hexane / AcOEt S/2 (011) 
Method A Yield %% 
Method B Yteld 96% 
IR(cm-1) 1785, 1770, 1745 , 1710. 1680 
NMR (200 MHz) 7 OS-695 (lH, m, NK-Ala) , 5 SO-540 (1H. m. NKCys), 5 26 (lH, d JH6,H7=40. K-6). 
4 80-4 75 (1H. m, K-8). 4 57 (1H. dq J=7 1, Ku-Ala). 4 40-4 30 (lH, m, Ka-Cys), 3 75 (3H. s, Om, 3 2-2 8 
(3H. m, 3H of CK2SCK2). 2 93 2 89 2 86 2 82 (1H. part A of an ABX JAB”15 0 JAX=8 0, 1H of CK2S). 2 70-2 40 
(2H. m, K-11 + K-7). 2 16 2 14 209 207 (lH, part A of an ABX JAB=13 0 JAX=4 0, 1H of CK2-9). 19-l 4 

(7H. m, CK2). 148 (9H. s, I&L), 144 (3H, d JMe_Ala,Ha_Ala=7 4, &-Ala), 1 23 (3H, S, a-14). 1 13 (3H, d 
J=7 6, m-15) 

[alD20=+39 (c=l22 CHC13) 
Anal Calcd for C27H42N207S C, 60 20. H, 7 86, N, 5 20, Found C, 60 07, H, 7 69, N, 4 93, 
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