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Summary Estenficaaon of N-protected a-ammo acids was achieved via lsopropenyl chlorocarbonate (IPCC) 
activation In situ alcoholysls of the unstable mlxed anhydnde intermediate was catalyzed by 4- 
(dlmethylammo)pyndme (DMAP) Competing lsopropenyl ester formation was neghgble when usmg 
methylene chlonde as the solvent A vanety of esters from pnmary and secondary alcohols were obtamed with 
good yields (60 to 96 %), and even the more hmdered tertlobutyl alcohol gave acceptable yields under more 
drasuc conditions The improvement 111 depslpepnde synthetic methodology is dlustrated by preparation of the 
annbiotic vahnomycm, usmg IPCC for ester bond formation, and BOP reagent for pepndlc couphng and the 
last-step cychzatlon 

Introduction 

Esters of ammo acids are often used as the startmg point for peptlde elongation 2 Ester hnkage IS also 

found m numerous compounds of blolo@cal importance 3 Despite the wealth of aviillable methods for ammo 

ester preparationp only few sunple processes allow estenficanon by alcoholysls of the acnvated carboxyhc 

function, under mild condlhons 5 Untd to now, the synthesis of depslpepades from N-protected ammo acids 

has best been achieved usmg the carboxylate alkylatlor@ or altematlvely DCC5b and its water-soluble 

analogue EDC@ with DMAP as the catalyst However, the method has drawbacks, such as the formanon of by 

products, dlfflcultles m punflcatlon, and the assumed racemlzatlon 5a~c*6 A recent improvement usmg 

DMAPTFA as an additive m refluxmg chloroform permits macrolactomzanon of the cyclodepslpepnde (+) 

Jasplakmohde 7 

As part of an ongoing program devoted to developing general methods for the construction of 

blolo@cally important depslpeptldes,8 we have mvestlgated the estenficatlon of N-protected ammo acids usmg 

lsopropenyl chlorocarbonate (WCC) actlvatlon 9+10 and our prehmmary results concemmg DMAP-catalyzed 

alcoholysls of nuxed carboxyhc-carbomc anhydnde has previously been repotted lo This activated a-ammo 

acid was generated m situ from eqmmolar amounts of IPCC and methylamme (Scheme 1, eq 1) 

The present paper detais the preparanon of ammo esters and the synthesis of depslpeptldes This 

reaction 1s proposed for use m a new method for prepanng the anubloac valmomycm 1 (Figure) 

Results and Dlscusslon 

Isopropenyl chlorocarbonate has been used as a carboxyhc activator m class~al pepnde synthesis m 

solution 9 As with the usual alkyl chlorocarbonates, the formatlon of a transient mlxed anhydrlde was 
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postulated 1 1 Mixed carboxyhc-carbomc anhydndes are known to generate the correspondmg alcohol as a by- 

product In a recent study, Kim et al took advantage of tins side reaction to prepare esters from alkyl 

chlorocarbonates, usmg DMAP as the catalyst 5d However, the procedure was hnuted by the accesslblhty of 

the reqmted chlorocarbonates In contrast, mixed anhydnde prepared from IPCC releases the enolate of 

acetone (Scheme 1, eq 2) 

Scheme 1. IPCC Promote-d Esterification of Aminoacids 

To account for this reaction, formation of the 

corresponding lsopropenyl ester was mvestlgated by 

treating tert-butyloxycarbonyl-phenylalanme (BocPhe) 

with 1 eqmv of IPCC, 1 eqtnv of tnethylamme, and 0 2 

eqmv of DMAP m dtierent solvents at -5 “C The results 

summarized m Table I show that lsopropenyl-tert- 

butyloxycarbonyl-phenylalanmate 2 was not formed m 

methylene chlonde and that medium yields were obtamed 

m ether-type solvents (Scheme 2) Therefore, the use of 

IPCC m methylene chlonde remamed very promlsmg for 

nucleophihc couplmg of N-protected ammo acids wnh 

hydroxyl compounds, excluding lsopropenyl ester 

formation 

It was then necessary to compare IPCC with other 

chlorocarbonates in the alcoholysls of the mixed 

anhydnde mtermedlate by a hydroxyl denvatlve Its 

Scheme 2. Formation of Isopropenylester 

IPCC CMAP 

BocPheOH - BocPheO-6 = CH, 

TM= 5°C 
2 

lble I. Solvent Effect on the FormatIon of 
Boc-Phe-0-isopropenyI2 

!301ve.nt Yield % 

CH,Cl, 0 

THF 59 

D~oxane 44 

DME 45 

supenonty was demonstmted m the followmg expenment BocPhe was activated either with IPCC or with 

methyl chlorocarbonate m the presence of deuterated methanol The amounts of deuterated methyl ester 

formed were clearly measured by ‘H NMR mtegratlon The results summarized m Table II show that actlvatlon 

with IPCC led exclusively to the correspondmg deuterated ester (entry l), whereas actlvatlon with methyl 

chlorocarbonate gave a mature of deuterated and non-deuterated methyl esters (entry 4) even when usmg a 
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large excess of deuterated methanol (entry 5) 

Table II. Comparison of IPCC and Methyl Chlorocarbonate (MCOa 

mhy altmloand dCOhO1 cblomcrnbon6te 
mttoofe.ster (%) 

“ondaucrated dultaaled 

1 BocShe-OH D@CD, = 0 100 

2 HO-CH 3 IPCC 100 0 

3 none MCC 100 0 

4 WcD, MCC 30 70 

5 DDX& MCC 7 93 

(a) -AU reactmm were caned out wtth eqmmolar amounts of ammo aad. chbrocarbonate. 
alcohol. and meihyl amme usmg 0 2 equv of DMAP @) - 5 quv of alcohol was used 

N-protected u-armno esters have been prepared from a vanety of ammo acids usmg pnmary alcohols 

(Table III) and secondary alcohols (Table IV) We found that even acid-sensitive alcohols such as S-(+)-2,2- 

dunethyl-1,3dloxolane-4-methanol can be used efficiently (Table III, entnes 9, 13, 14) This method also has 

the advantage of allowmg ester&anon of ammo acids with tertiary alcohols N-protected c~anuno ten-butyl 

esters are currently prepared either by reacting the benzyloxycarbonyl denvatlve with lsobutene and 

concentrated sulfunc acld,12 or by couphng the acid with tert-butyl alcohol m the presence of a carbodum~de 

and 4-(dunethylammo)-pyndme 5c Altematlvely N,N-dunethylformanude dl-tert-butyl acetal has somenmes 

nble IV. Preparabon of Secondary Esters of N-Protected Ammo Acids 

anunoand alcohol ydd, % mp, “C [aI: (1. MeoH) 

BooVal-OH 87 56-57 -75 

Boc-V&OH 3 82 133-134 -40 
6 
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been used l3 In the preparanon of ten-butyl esters usmg lFCC achvaaon, two sbghtly tierent procedures were 

followed (1) an equunolar nuxture of ammo acuJa, IPCC, methylamme. and tert-butyl alcohol m methylene 

chlonde were stmed with 0 2 eqmv of DMAP for 30 mm at O’C (method A), or (u) tea-butyl alcohol was used 

as the solvent and the reaction was done for the same nme at 30°C (method B) Under the latter condmons, 

mcteasmg yields were generally observed (Table V) 

Epunenzatton must be absent to ensure the usefulness of the method, and unttal proof of tlus was 

provided by the observatton that the opucal rotations of the isolated esters were comparable to those reported III 

the hterature However, these specific rotanons are usually low and tbe small vananons gven m the dtierent 

reports are not agmficant Thus, unambquous proof of the lack of eplmenzanon was obtamed by ‘H NMR, 

usmg the pnmary S-(+>2,2-d~methyl-l,3-&oxolane-4-methaol (enmes 9, 13, 14, Table 111) and secondary 

Scheme 3. Synthesis of ZAlaPheOtBu 

IPCC. DMAP. TEA H,.PdK: 

ZPheOH L ZPheOtBu -p PheOtBu 
tBuCJH. 35 “C 3 MeOH 

4 

TEA IPCC. DMAP TEA 

PhsOtBu + ZAlaOSu _ ZAlaPheOtBu - ZAlaPheOH 

5 a2a2 6 
tBGtI. CH 292e 0 ‘C 

7 

cholesterol or R-(+)-borne01 (Table 1V) The extent of eplmenzation for tea-butyl ester formatlon was measured 

by dmstereomenc rattos In this study, both tert-butyl esters of the N-benzyloxycarbonyl-L-phenylalanme 

(ZPheOtBu 3) and the correspondmg D-isomer were prepared using the more drastic method B, after 

hydrogenolysa, the resultmg free amme 4 was coupled with the hydroxy succmlmld-active ester of N- 

benzyloxycarbonyl-L-alamne (ZAlaOSu 5) In the ‘H-NMR spectra, signals related to the tert-butyl esters of 

phenylalanme or the Pmethyl of alanme were clearly separate from each of the two dastereomers 6, and no 

mixed spectra were obtamed for either dlpeptlde, thus mdlcatmg an eplmenzatlon lower than 2 % In contrast, 

tert-butyl ester&anon of ZAlaPhe 7 showed 25% eplmenzation of the stereogemc C-a of the Phe residue 

This last expected result shows the hmltanon of the method for N-acyl ammo acid estenficatlon 

Synthesis of depslpeptldes 1s @ven here as a general apphcauon of this ester bond formanon Followmg 

normal IPCC activation, all depslpeptldes were produced with excellent yields (Table VI) The method was 

often favorable compared to DCC or the recently pubhshed COMODD actlvatlon l4 Taking advantage of the 

presence of two choral centers, the dmstereomenc punty of the isolated compounds was ascertamed by ‘H 

NMR 

Total synthesis of the autlblotlc valmomycm 115 was undertaken to show the rehabtity of the method 
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Figmx . Valinomycin 

D-VALac.Vd-D-Hyv 

1 

C ZEGGAF et al 

In the Figure it can be seen that thy dodeca-cyciodepsqepude 1s 

a mmenc molecule Based on pmv~ously pubbshed ~trate~~* 

it appeared admsable to choose the tetradepqeptxie D-Val L 

Lac LVal D-Hyv subumt for the segment-coupbng formanon of 

the lmear precursor Depsqepndes D-Val-Lac and Val-D-Hyv 

were needed for the convergent synthesis of this 

tetradepsqxptlde, as deplcted m Scheme 4 Thus, followmg 

IPCC acnvanon, Boc-D-Val-Lac-OBzl 8 and BouVal-D-Hyv- 

OBzl9 were prepared ti 98% and 90% yields, respecnvely 

After the usual deprotechons, Bee-D-Val-Lac 10 was coupled to 

TFA.Val-D-Hyv-OBzl 11 by the BOP procedure,16 @vmg the 

tetradepsqxptlde Boc-D-Val-Lac-Val-D-Hyv-OBzl 12 with an 

80% yield With one batch of tis tetradepslpeptlde 12, Boc 

protecnon was Emoted by TFA, leadmg to TFA D-Val-Lac-Val- 

D-Hyv-OBzl 13, and with another batch, the carboxyhc benzyl protection was remoted by hydrogenauon, 

leadmg to Boc-D-Val-Lac-Val-D-Hyv 14 These two products were used for repetmve segment couplmg 

Scheme 4. The Synthesis of Valinomycine 

D-Vd L-Lac L-Vsl D-Hyv D-VA L-Lac L-Val D-Hyv D-Val L-LX L-VII D-HJV 

a 

10 

12 

14 

16 

Boc-.OH H--O&l3cc-OH H-,OBz 

Bee a OBZBCC b Ok 9 

Boc = OHH d 

d .o= 

OBZ 

OH 

a IFCC/DMAP. 98% b IRXIDMAP 90% ‘Hz IPdC d TFA. ’ BOMBA. 80% ‘BOPREA. 80% 

8 
BOPIIW. 90% 
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elongation The octa-depst~pttde mtermedmte 15 was isolated with an 80% yield and the lmear dodeca- 

depqepttde 16, the precursor of vabnomycm 1, was obtamed wltb a 90% yteld usmg the BOP pro&me 

FmaUy, after deprotechon of both termmt, BOP-promoted cycluatton led to crystaked valmomycm wtb a 

moderate yield (30%) usmg no further improvements This syntbeac compound exlubited data comparable to 

the vabnomycm described m the &rature, and was tdenucal to a commercxally awlable sample 

Experimental Section 
Meltmg pomts were deWmmed usmg a Bucht meltmg-pomt apparatus NMR data were obtamed at 360 MHz on a Bruker 

WM-360 mstrument. chemtcal shtfts @pm) were reported relattve to mtemal telramethylsdane Spectfic opncal rotauons were 
measured on a Schmtdt and Haensch Polaruomc D apparatus aud are at fl’ Elemental analyses were obtamed from the Serwce 
Centi d’Analyse du CNRS PAB mass m easurements were supphed by Pr Aubagnac, USTL Montpelher Aualytlc TLC were 
performed on nhca gel FZ54 ahmunttmt sheets (0 2 mm duck, Merck) Column chromatographzs were performed usmg sdtca gel 
(70-200 m. Amtcon) BOP reagent was a gtft from Sempa-Chmue IPCC was obtamed, as a gift, from SNPE (France) Ammo acid 
denvattves were purchased from Bachem or Novabmchem Vahnomycm was purchased from Aldnch 

Isopropenyl N-Boc-phenylalanlnate FCC (0.25 ml, 2 2 mmol). was added at O°C to a solunon of Boc Phe (530 mg, 2 
mmol). TEA (0 27 ml. 2 mmol) and DMAP (25 mg, 0 2 mmol) m THF (10 ml) After 1 h of sturmg, ether (20 ml) was added aud the 
soluuon was washed wttb water, 5% sodmm hydrogenocarbonate, and sammted brme The orgamc phase was dried over anhydrous 
sodmm sulfate and evapomted to dryness Sthcagel chromatography of the crude residue (hexane - ethyl acetate, 85 15) afforded 360 
mg of tsopropenyl ester yteld 59%. m p 55°C (etber - hexane). Rf 0 5 (hexane - ethyl acetate 80 20), [a]*% -8’ (c 1, h&OH), 1H 
NMR (CDC13) 6 ppm 14 (9H, s, Boc). 3 1 (2H, m, CH2 Phe), 4 6 (2H. m, Ha Phe and H ~sopropenyl), 4 7 (lH, s. H ~sopropenyl), 
495(1H,m,NH),72(5H,mPhe) Calc forC17H23NO4 C6686.H759,N459% Found C6661.H768,N451 MS306 
(MH+), 250 (28%). 206 (20%),120 (58%). 57 (100%) 

&netal procedure of esteritication with pnmary and secondary alcohols TEA (0 75 ml, 5 5 mmol) and DMAP (122 
mg, 1 mmol) were added to a solutton of the N-protected ammo acld (5 mmol) and the alcohol (5.5 mmol) m methylene chlonde (15 
ml) The mtxtttte was cooled to 0°C and IPCC (0 65 ml, 5.5 -01) was added dropw~se wtth stmmg for 10 mm After an addmonal 
20 mm. ethyl acetate (50 ml) was added then washed wtth potassium hydrogenosulfate 5 96 (2 x 10 ml), sodmm hydrogenocarbonate 
5 % (2 x 10 ml), and saturated brme (10 ml) The orgmc phase was drted over anhydrous scdmn sulfate and concentrated under 
reduced pressure The product was punfied euher by crystalhzatlon or by column chromatography usmg rmIture.s of ethyl acetate 
and hexane as the eluent 

EkwVal-0-cholesteryl 87% yteld, mp 56-57 ‘C. [a]*% -75O (c 1, MeOH). 1H NMR (CDCl$ 8 ppm 0 67 (3H, s, CH3- 
18), 0 82 (3H, d) and 0 92 (3H. CH3-Val), 0 87 (6H, 6 CH3 - 26.27). 0 92 (3H. s, CH3 - 21). 14 (9H. s, Boc), 2 2 (1H. m, HP). 4 15 
(lH, m, H - 3) 4 65 (1Y m. Ha), 5 05 (1H. d. NH). 5 37 (lH, d. H-6) Other signals were not atmbuted C&c for C37H63NO4 C 
7585,Hl084,N239% Found C7598,HlO%,N222 

BocVal-0-bomyl 82% yield. mp 133-134 ‘C, [al*% 40’ (c 1, M&X-I), 1H NMR (CDC13) 6 ppm 0 79 (3H, s, (X3-10), 
0 80 (3H. d) and 0 91 OH. CH3-Val). 0 86 (3H. d) and 0 88 (3H. d, CH3 - 8,9). 0 97 (Hi, m. H - 33.127 (lH, m, H-5a), 13 (lH, 
~H-~),14(9H,s,B~),165(1H,~H-4),174(1H,m.H-5e),19(1H,mH-3e). 214(1H.m,H~),235(1H,m.H-2). 
4 22 (1H. m, Ha), 4 86 (lH, m. H - 6). 5 0 (1H. d, NH) Calc for C2OH35NO4 C 67 95, H 9 98. N 3 96 46 Found c 67 83, H 
1016.N404 

General procedure of esterificatlon with tert-butyl alcohol 
MerhodA Thu method LS tdenucal to the foregomg procedure apart from the amount of terhobutanol(3 molar equivalent) 
Method B TEA (0 75 ml, 5 5 mmol) and DMAP (122 mg, 1 mmol) and then IPCC (0 65 ml, 5 5 mmol) were added to a heated (35 
“C) solutton of the N-protected ammo acid (5 mmol) m terttobutanol After 30 mm, the sohmon was concentrated under reduced 

pressure The residue was solublhzed m ethyl acetate (50 ml) aud worked up as deacnbed above 
Preparation of Z-Ala-F’he-OtBu Pd/C catalyuc hydrogenauon of Z-Phe-OtBu, pmpared accordmg to method B (335 mg, 

1 mmol), m MeOH gave the free amme after 1 h at room temperature and atmosphenc pressure The reactmn mtxntre was then 
filtered on cehte and the soluuon evaporated under reduced pressure The solutmn of 011s free amme and Z-Ala-OSu* (320 mg, 1 1 
mmol) m dtchloromethane (10 ml) was cooled to 0°C DIEA (0 18 ml. 1 mmol) was added dropwise to the soluuon wnh surrmg 
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After 1 h, the soh~uon was washed wnh 5% potassutm hydmge.nosulfate (2 x 10 ml), 5% sodmm hydrogenocarbonate (2 x 10 ml), 
andsaturaWbnne(1Oml) ‘Iheor~cphasewasdnedoveranhy~sodrumsulfateandconcennated underreducedptEssure 
The dqf@ule was tsolated as a c&&s ml (90%). whtch was homogeneous accordmg to TLC analysts (ethyl acemte / hexane 50.50 
.RfO53),lHNMR(DMso,D~ 6119(3H,dcH3Ala),13(9H,s.otBu).295(W,m,~2phe),412(1H,m.H-aphe).437 
(lK~HcrAla).5O(w.s.~2Z),71-74(l1~~~sZ.~5pheandNHphe).8o9(lH,~~Ala) 

Z-Ala-D-Phe-OtBu was prepa~I accordmg to the same procedure startmg from 2D-Flte-OtBu 1H NMR (DMSO. Dd 8 

104 (3H. d, CH3 Ala), 137 (9H, I, OtBu). 2 9109 m) and 3 04 (1H. m, CH2 phe), 4 08 (lH, m, H-a phe), 4 4 (H-L m, H-a Ala), 
5O(W,s,~2Z),71-74(llH,m,CgNgZC6HJPhewdNHPhe),82(1H.d,~Ala) 

Z-Ala-Phe-OH tert-butylation Z-L-Ala-Phe-OH (369 mg, 1 mmol) was estertied accordmg to method A The usual 
washmgs gave the tat-butyl ester (255 mg, 60% yield) lH NMR spectra showed two sets of sqnals correqmdmg to Z-Ala-&e- 
OtBu (80%) and Z-Ala-D-Phe-OtBu (20%) 

Depsipeptide preparation: KC (1 1 eq) was added to a sohmon of N-protected ammo acid, C-protected hydroxy acid (1 
eq),TEA(14eq)andDMAp(O4eq)m&chloromethane. atO”C Afterlhofsttrrmg,thesoluuonwaswashedwtthwater,5% 
sodtum hydrogmbonate, and saturated brme The orgamc phase was &led over anhydrous sodmm sulfate and evaporated to 
dryness The depsqepttde was punfied by sthcagel cohmm chmmatography 

Z-Thr-(Boc-Phe)-OMe was prepared from Z-Thr-OMe and Boc-Phe as a colorless or1 (95% yield), which was 
homogeneous wdmg u) TLC analyst (ethyl acetate I hexane 50 50. Rf 0 83). [a120D +8O (c 1, MeOH), *H NMR (DMSO, D6) 6 
l13~~4J=6lHz,~3Thr),129(9H,s,Boc).275(1H,dd,J~=98Hz,J2=134Hz),and295(lH,dQJ,=5~Hz,J2= 
134~H-~Phe).365(3~s,OCH3),415(1H,m,H-aPhe),445(1H,dd.J~=24Hz,J2=92~,H-aThr),511(W,s,CH2 
Z),525(l~m,H-~~),73(1lH,m.CgHgZ,CgH~PheandNHPhe),765(lH.~J=92~,NH~) MS515(MH+),415 
(25%), 120 (28%). 91(100%). 57 (55%) 

Z-Tbr-(Boc-VaWOMe was prepared from Z-Thr-OMe and Boc-Val as a colorless otl (96% yield), which was homogeneous 
accordmg to TLC anaIyms (ethyl acetate / he-xane 50 50. Rf 0 76). [aJmD =I0 (c 1. MeOH), 1H NMR (DMSO, Dd 6 0 79 (3H, d, J 
=67Hz)andO81(3H,d,J=67Hz,~~\gl),115(3H.6J=61Hz,CH~Thr),136(9H,s.Boc),185(1H.m,H-~~),362 
(3H. S, WI-id. 3 78 (IH, m H-a Phe), 4 45 (lH, dd, Jt = 3 1 Hz, J2 = 9 8 Hz, H-a Thr). 5 2 (1H. m, H-p lltr). 7 11 (lH, d, J = 9 8 
Hz NH Val), 7 26-7 41 (5H. m, C&I5 Z). 7 69 (1s d, J = 9 2 Hz, NH Thr) MS 467 (MH+). 367 (20%). 91 (100%). 72 (43%). 57 
(44%) 

Z-Ser-(Eoc-Phe)-OMe was prcparcd from Z-Ser-OMe and Boc-Phe as a colorless 011(85% yield), which was homogeneous 
accOKhg to TLC attslys~s (ethyl acetate I hexane, 50 50, Rf 0 84). [almD -12’ (c 1. MeOH), tH NMR (DMSO, Dd 6 13 (9H. s, 
Boc), 2 9 (ul m H-B phe), 3 67 (3H, s, OCHd.4 19 (IH, m, H-a Phe), 4 3 @-I. m, CH2 Scr). 4 45 (1H. m. H-a Ser), 5 06 @-I, s, 
CH2 z), 7 15 (19 m NH phe), 7 4 (1OH. m, C&5 Z and C&5 phe), 7 82 (lH, d, J = 8 3 Hz, NH Ser) MS 501 (MH+), 401 (24%), 
120 (21%). 91(100%), 57 (56%) 

Z-Thr-kc-Tyr(Me)]-CAM was prepared from Z-Thr-CAM and Boc-Tyr(Me) &s a whtte powder (98% yteld). whtch was 
homogeneous accordmg to TLC analysts (ethyl acetate / hexane / acettc actd 50 50 1, Rf 0 35). [a]mD +5“ (c 1, Me-OH), 1H NMR 
@MSO,Dd ~ll6(3H,d.J=6lIIzCH~Thr),l30(9H,s,Boc),269(1H,dd,J1=9gHz,J2=l37Hz),and29(lH,dd,J1= 
49~.J2=137~,H-~~),371(3H,s,~3),41(1~m,H-a~).436and455(W,d,J=151Hz,~2CAM).461(1H. 
dQJ1=2gHz,J2=93HhH-aThr),512(W,s,CH2Z),532(1H,m,H-~Thr),683and7ll(W,d,Jr84Hz.C6Hq~)).709 
(lH, d. J = 7 Hz NH Tyr), 7 31-7 44 (59 m C&5 Z), 7 75 (1H. d, J = 9 4 Hz, NH Thr) Calc for C$I37N3010 C 59 28, H 6 35, 
N 7 15 46 Found C 59 12, H 6 58, N 6 98 MS 588 (MH+), 488 (15%). 121(35%), 91 (lOO%), 57 (50%) 

Z-Thr-IBoc-MeTyr(Me)]-CAM was prepared from ZThr-CAM and Boc-MeTyr(Me) as a whne powder (98% yteld), wluch 
was homogeneous accordmg to TLC attalysls (ethyl acetate / hexane / aceuc actd 50 50 1, Rf 0 52). [a]zoD -20° (c 1. MeOH), tH 
NMR (DMSO, Dd 6 120 (3H, d, J = 6 1 Hx, CH3 Thr), 1 30 (9H, s, Boc), 2 56 (3H, s, NCH3 QT), 2 82-2 94 (2H, m, H-P ‘Qr), 
3 70 (3H. S, ocH3), 4 40 and 4 51 (W, d, J = 15 1 Hz, CH2 CAM), 4 504 83 (W, m, H-a Thr and H-P ‘I)rr), 5 08 (W, s, CH2 Z), 
525(l~m,H-~Thr),682and709(2~d.J=85Hz,CgHq~),724-755(5H,m.CgH5:Z),780(1H,d.J=92Hz,MI’Ihr). 
7 89 (NH Thr, mmor rotame. Calc for C#-j9N3010 C 59 89, H 6.53, N 6 98 % Found C 59 75, H 6 50, N 6 92 

Boc-D-Ala-HP-OBzl was prepared from Hyv-OBzl and Boc-D-Ala as a colorless 0x1(92% yteld), whtch was homogeneous 
accordmg to TLC analysts (ethyl wetate / hexane 20 80, Rf 0 42). [a120D +8=’ (c 1, MeOH), lH NMR (DMSO, Dd 8 0 88 (3H. d, J 
=67~)~092(3H.d.J=67~.~HgHyv),l25(3H,d.J=73Hz,CH~Ala),138(9H,~.Boc).215(1H,m,H-~Hyv),41 
(1H. m. H-a Ala), 4 81 (IH, m. Ha Hyv). 5 14 and 5 18 (lH, d, J = 12 3 HZ, CH2 Bzl). 7 27-7 42 (6H, m, C6H5 Bzl and NH Ala) 
MS 380 (MH+), 280 (42%), 91(100%), 57 (53%) 

Boc-Aa-Hyu-OBzl was prepared from Hyv-OBzl and Boc-Ala BS a colorless 011 (95% yield). which was homogeneous 
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mg to TLC analysis (ethyl acetate /he= 20 80; Rf 0 45). k#-“D -67’ (c 116, Me-OH), 1H NMR (DMSO, D,$ 8 0.8s (3~. 

6J=67~)~O~(386J=67~CHJHyv),l25(39dJ=7Hz,~3A~)),138(9~s.~),215(1~m,H_8Hyv), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
AW 

Prepa&ionofvalinomydn1 
WD-Val-Lao0Bz.l. (8)= was pmpared from BocDVal and Lac-OBzl as a colorless 011 (98% yield), whxh was 

homogeneous &xordm8 to TLC analysis (e&y1 acetate / hexane 5 95, Rf 0.5). [a& -95’ (c 2, benzeue). lH NMR (CDCl$ 8 
O88~H,d)andO%~H,6CH~~),142(9H.~Boc).15~H.d,CH3Lac),22(1H,m,H-~~),43(1H.m.H-a\gl),495 
(H-I, m, NH Val), 5 15 (3H. m, H-a Lac and CHz Bzl). 7 32 (5H, m, C&I5 Bzl) 

Boc-D-Val-Lac-OH (10) lSc was pq~ed by w/c cataly~c hydrogcmauon of Boc-D-Val-Lac-OBzl (760 mg, 2 mmol) m 
MeOHfor4hatroom tanperahue and under atmosphenc pressure The macuon nuxmre was then fdtered on c&e and the soluuon 
evaporated undex reduced pressure to gwe 550 mg of a compound (95% yield) Idenucal to prevmusly described Boc-D-Val-La&H 

Boc-Val-D-HOT-OBzl (9)lk was pmpared followmg IPCC-promoted depsqq.unie formaaon from D-Hyv-OBzl and Boc- 
W. BS a colorless od (90% yleld), whtch was homogeneous accordmg to TLC analysis (ethyl acetate / hexaoe 20 80, Rf 0 56). 
[a& -lP (c 1. d~oxane), lH NMR (CDCl3) 8 0 88 - 102 (WI, m, CH3 Hyv wd Val). 142 (9H, s. Boc), 2 2 W-I, m, H_P Hyv 
andH-~~),43(1H,m,Hs\61).481(1~6H-aHyv).515(2H,m,CH~Bd),731(5H.m,~5Bzl) 

TFA.V~CD-H~~-OBTJ (11) (163 g. 4 mmol) prepared above WBS treated with tnfluoroaceuc acid (4 ml) for 30 mm ‘Ike. 
nuxture was mmrated with &ethyl ether and the TPA salt 11 of the resaltmg ammo-free depsqeptuie was obtamed as a whne powder 
(15 g, 89%), whxb was homogeneous acuxdmg to TLC analysis (ethyl acetate I hexane 30 70; Rf 0 25). [a& +25’ (c 2, MeOH) 
[ht. +24.5O (c 2, MeOH). hydrochlondeJ15c 

Bee-D-Vai-Lac-Val-D-Hyv-OBzl(l2) lk Dnsopropylethylamme (12 ml, 6 8 mmol). and BOP reagent (145 g, 3 3 mmol) 
were added successive.ly to a surred solutmn of the trdluoroaceuc salt 11 (126 g, 3 mmol) and tbe acid 10 (870 mg, 1 mmol) m 
methylene chlonde (20 ml) SUmng was contmued for 1 h The reacuon nuxture was then washed wnh 5% KHSO4 (2x20 ml), water, 
5% NaHC03 (2x20 ml). and saturated brme The orgamc phase was dned over anhydrous Na.$O,, fdtered, and concentrated under 
reduced Pressure to gwe a residue which wss chromatogmphed on sthcagel (ethyl acetate / hexane, 30 70) The tehadepslpepude was 
isolated as a colorless od (14 8. 80% yield), whxh was homogeneous zzcordmg to TLC analysis (ethyl acetate / hexane 50 50, Rf 
0 82). [a]*OD -9 5’ (c 2, EtOH). lH NMR (CDC13) 8 0 85 102 (18H, m, CH3 Hyv, D-W md Val), 14 (9H. s, Boc), 148 (3H. d, 
CH3 Lac), 2 12 (lH, m, H-p DVal), 2 25 WI, m, H-p Hyv wd Val), 4 12 (19 m. H-a D-W), 4 5 (1H. m. H-a W), 5 05 (19 d, H-a 
Hyv), 5 12 (W. m. CH2 Bzl). 5 28 (lH, m, H-a Lac), 7 35 (5H, m, C&I5 Bzl) 

Boc-D-Val-Lac-Val-D-Hyv-OH (14) was pmpared by Pd/C catalyuc hydrogenauon of BocD-Val-LaoVal-D-Hyv-OBzl(l2) 
(580 mg, 1 mmol) followmg the method described for the preparauon of Boc-D-Val-Lac-OH (10). to gwe 450 mg (92 %) of a 
compound nienUcal to tit previously described m the hterature 1% 

TPADVal-Ix-Val-D-Hyv-OBzl (13) was prepared from BocD-Val-Lac-Val-D-Hyv-OBzl (12) (580 mg, 1 mmol) 
followmg the method descr&d for deprotezuon of Boc-ValD-Hyv-OBzl (9) [a]*OD +29’= (c 2, EtOH) [ht +29 5O (c 2, EtOH), 
hydrochlomle]15c 

Bof-@-Val-Larval-D-Hyv)z.OBzl (15) lsc was prepared from TPA-D-Val-Lac-Val-D-Hyv-OBzl(13) and Boc-D-Val-Lac- 
W-D-Hyv-OH (14). followmg the method described above for the preparauon of Boc-D-Val-Lac-ValD-Hyv-OBzl (12). to gwe 760 
mg (80% yield) of a compound ldenucal to that previously dexnbed m the hterature, [c4]*O~ -5” (c 2, EtOH) [In -5“ (c 2, EtOH)] & 

Boc@-Val-LPc-Val.D-Hyv)~OH (16) 15~ was prepsred from Boc-~-Val-Lac-Val-D-H~)2~B~ (IS), followmg the 
method described above for the preparatlcn of Boc-D-Val-Lzc-Val-D-Hyv-OH (14). to gwe 610 mg (89% ydd) of a compound 
ldenacal to that previously described m the htemtnre 15~ 

Boc-(D-Val-La&1l-D-Hyv)~-OBzl(17)~~ was pqxued from TIXD-Val-Lac-Val-D-Hyvv-OBzl(355 mg, 0 6 nunol) (13) 
and Boc-(D-Val-Lz-Vsl-D-Hyvh-OH (515 mg, 0 6 mmol) (16). followmg the method described for the preparauon of Boc-D-Val- 
Lac-Val-D-Hyv-OBzl(12). to give 710 mg (90% yield) of a compound Idenucal to that prex~ously described m the hterature, [ulZO~ 
-90 (c 1 4, BtoH) [ht -9 40 (c 1 4, BtOH)] t5c 

Vahnomyan Boc_(D-Val-Lac-Val-D-Hyv)3~Bzl was fully deproteeted by the usual catalyuc hydrogenauon, followed by 
trffluoroaceuc acid treatment to give 600 mg of TPA (D-Val-L-Lac-L-Vai-D-Hyv)3-OH (17) (90% yield). [a]*OD +9” (c 1, CHCl3 
[ht +9 3’ (c 1, CHCl3). hydrochloride] 15c BOP reagent (175 mg, 0 4 mmol) and TEA (0 6 ml) was added to a soluuon of 17 (400 
mg, 0 32 mmol) m dxhloromethane (50 ml), and the mlxture was sumd fox 48 h at room temperature After the usual workup the 
residue was chromatographled on a low-bar skagel column (hexane / ethyl acetate, 80 20) Valmomycm was crystalked m 
mtromethane (107 mg) and was ldenucal to a commercial sample and the valmomycm prev~onsly described m the hterature 1k,23 
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