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Abstract - The total synthesis of the peptide cycle [Pro- 
Leu-Val-(gly)Thz-(gly)Thz] a simplified analog If 
dolastatin 3 is reported here. Analysis of the 350 MHz H 
NMR spectrum permits the design of a spatial molecular 
model. This confonnational feature is of interest in the 
tentatives to assign the real structure of dolastatin 3 in 
the knowledge of intramolecular interaction of this drug 
with biological receptors. 

Since antiquity, extracts of plants and animals have been recognized to possess biologically 

important properties. Recently, the Indian Ocean sea hare Dolabella auricularia has revealed to be 

an exceptionally productive source of anticancer biosynthetic products (1. 2. 3). One of its 

extracted substance, dolastatin 3 was found to exhibit an exceptional in vitro antineoplastic 

activity (P388 leukemia cells : ED5o = 1 x 10 -4 to 1 x 10-7 ug/ml). On the basis of 1 mg amount 
from 100 kg of wet sea hare, Pettit et al (3) proposed a structure for dolastatin 3 (fig. 1) after -- 
studies by high-resolution EI mass spectroscopy, IH and l3 C NMR and amino acid composition. 

The cyclic backbone included a tripeptlde Pro-Leu-Val associated with two thiazole amino 

acids which are supposed to have been formed by biosynthetic condensations : glycine + cysteine 

giving the 2-aminomethyl-4-carboxythiazole designed as (gly)Thz and glutamine + cysteine conven- 

tionally called (gln)Thz (3). 
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Figure 1 

Proposed structure of dolastatin 3 

(R = CH2-CH2-CONH2) and structure 

of the simplified model (R = H) 
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Because of its large biological interest related to its high antineoplastic activity and 

owing to its low and tedious natural availability, this cyclic peptide has initiated attempts of 

total synthesis. Thus, different chemical ways to dolastatin 3 and to its isomers have been 

described (4.5.6) but, unfortunately, different biological and physical characteristics have been 

found, which were in discrepancy with the structure proposed by Pettit et al. To date, no new -- 
proposal has been made to rectify the formula of this cytotoxic drug which must be close to that 

proposed by Pettit in the light of the results described in his publication (3). This led US to 

undertake the synthesis of the simplified cyclic peptide [Pro-Leu-Val-(gly)Thz-(gly)Thzl which can 

be used as a reference for the structure of the cyclic backbone. Indeed, the assignments of the 

protons of the 'H NMR spectrum can gain new information on the spatial structure and can be useful 

to the elucidation of the real formula of dolastatin 3 by comparison with previous works. . 

SYNTHESIS 

The preparation of the protected tripeptide BOC-Pro-Leu-Val-OMe has been achieved using the 

procedure described previously (7) while the (gly)thiazole was prepared from BOC-Gly thioamide and 

ethyl bromopyruvate by an improvement of the classical Hantzsch condensation (8). The preparation 

of BOC-Gly thioamide was carried out by thionation of BOC-Glycinamide. That reaction was performed 

by a modification of the initial procedure of Lawesson (9) using 2,4-bis(4-phenoxyphenyl)-1.3- 

dithia-2,4-diphosphetane-2.4-disulfide (PTPS) (10) in anhydrous THF at 2O'C. This thiation was 

selective since t-BOC N-protecting group reacts with Lawesson's reagent at 110°C (9). The 

cyclization of the open chain model was obtained in diluted pyridine solution of the active ester. 

After purification of the cyclic peptide by column chromatography, its 
1 
H-NMR spectrum has been 

recorded in (CD,),SO using TM as internal reference. The protons chemical shifts have been 

unambiguously assigned from spin decoupling experiments on the NH and the a-CH. B-CH and CH3 

protons. The study of the temperature dependence of amide proton chemical shifts and the knowledge 

of coupling constants permit to propose a three-dimensional structure for the peptide backbone. 

The general pathway to the cyclic peptide is summarized in figure 2. BOC protecting groups 

were removed either by trifluoroacetic acid or by hydrogen bromide. DCC was used as coupling 

reagent in the presence of activating agents such as HOBt or HONSu. 

Pro Leu Val (gly)Thz (gly)Thz 

Figure 2 

Synthesis of Cycle [Pro-Leu-Val-(gly)Thz-(gly)Thzl 
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In tables 1 and 2 are listed the chemical shifts (6) of the protons in the low and high field 

regions. In figure 3. is shown the low field region of the 350 MHz 'H NHR spectrum of the cyclic 

peptide. along with assignments and selective homospin decoupling. The assignments of all the 

protons have been established taking into account spin decoupling experiments and comparisons with 

shorter synthetic fragments. 

9’5 910 a’5 i3lO 7.5 7.10 ek 610 5’5 5:o I 1 

4.5 ppm 4.0 

3 Figure 

350-MHz IH NMR spectrum of Cycle [Pro-Leu-Val-(gly)Thz-(gly)Thzl in (CD3)2S0. 

Connecting lines indicate coupled spin systems and assiqaents as determined 

by coupling experiments 

The temperature dependence of amide chemical shifts (d6/dt) (see figure 4) can be explained by 

the accessibility of the amide protons to the solvent, implying hydrogen bonding with the (IZII~)~ SO 

solvent. Such is the case for (gly)Thz and Val NH which exhibit a mean value of d6/dt = 5 x 10m3 

ppn/"C. The lack of effect of the temperature variations on the Leu NH (db/dt = 0.4 x 10m3 ppm/"C) 

is consistent with the presence of an intramolecular hydrogen bond involving this proton and very 

likely the opposite (gly)Thz carbonyl on the cyclic backbone. That constraint yet gives a good 

assessment of the three-dimensional structure. 
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Temperature dependence of NH chemical shifts of cycle 

[Pro-Leu-Val-(gly)Thr-(gly)Thz] in (CD,),SO 

A detailed study of the chemical shifts and coupling constants of protons in the low field 

region of the cyclic peptide spectrum brings some additional lights on its three-dimensional struc- 

ture. The rigidity of the backbone is substantiated by a non-equivalence of the geminal methylene 

protons of the (gly)Thz (see figure 3) in accordance with previous data on dolastatin 3 (6). By 

spin-decoupling experiments the vicinal and geminal coupling constants are well defined = -CHAH5 

-NH : HA, 5.10, dd. lH, J(HA He) = 14.7 Hz (a = 107'). J(NH-HA) = 8.05 Hz (e= 135") ; H5 = 4.70 dd, 

IH, J(HAH5) = 14.7 Hz, J(NH-H5) = 4.9 Hz ( e= 25") ; -CHA,H5,-NH- : HA,, 4.91 dd, 1H. J(HA,H5,) = 

17.5 Hz, (a = lOSo), J(NH-HA,) = 7.8 Hz (e= 140") ; H5,, 4.33, dd. lH, J(HA,H& = 17.5 Hz, 

J(NH-H5,) = 3.85 Hz (0 = 30") (see figure 5). A spatial molecular structure of the thiazole part of 

the molecule can be proposed, taking into account dihedral angles values calculated from coupling 

constants according to Neel's equation (11) for the vicinal correlation, and according to Karplus 

one for geminal correlation (12). The planarity of the thiazole-4-carboxamide moiety and the 

knowledge of the E-aminomethylene conformation permits to define with precision the position of the 

thiazole rings (figure 5). 

The deshielding of HA and HA, protons can be explained by the proximity of the oxygen atom of 

the carbonyls (with a dihedral angle CHA-CO and CHA, -CO of -25" and -20" respectively). On the basis 

of the above information, the whole cyclic backbone is easily reconstituted (figure 5). 

The molecule have been built with molecular Dreiding models and its spatial structure fits well 

with other features exhibited by the spectrum. Irradiation at 2.10 ppm transforms the multiplet at 

5.60 ppm in a single peak which substantiates the assignments of the signal at 2.10 ppm as Pro DCH2 

and at 5.60 ppm as Pro aCH. The deshielding of the latter proton can be attributed to the ring 

current effect of the vicinal thiazole. Methyl groups of Leu are not equivalent. They appear as two 

doublets at 0.32 and 0.48 ppm with J = 7 Hz. Their irradiation led to a simplification of the peak 

at 0.80 ppm (Leu yCH). The high field shift of the Leu side chain protons is consistent with the 

placement of those hydrogens in position where they experience the ring current effect emanating 

from the thiazole (figure 5). 
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N&CH2 N&CH2 Thz-CH Thz-CH Val NH Leu NH Pro NH COO! NH-CM2 NH-E2 LeuuCH ValaCH PrcaCH 

1 9.35 9.05 a.48 a.45 a.05 7.75 4.75 4.65 4.45 4.24 4.20 
(lH,t) (lH,t) (lH,s) (1H.s) (lH,d) (lH,d) (2H.m) (2H.m) (1H.m) (1H.m) (1H.m) 

2 9.30 9.15 a.27 7.95 a.10 
(lH,t) (1H.t) (1H.s) (lH,s) (lH,d) 

7.85 
(1H.d) 

9.10 4.75 4.65 4.45 
(1H.s) (2H.m) (2H,m) (1H.m) 

4.25 4.20 
(1H.m) (lH,m) 

2 9.37 9.06 a.38 a.32 a.05 8.67 a.57 9.32 4.75 4.65 4.50 4.23 4.27 
(lH,t) (1H.t) (lH,s) (1H.s) (1H.d) (lH.d) (lH,m) (1H.s) (2H.m) (2H,m) (1H.m) (1H.m) (1H.m) 

4 9.35 a.49 a.30 a.18 8.46 7.47 5.10 4.91 4.17 
(lH,m) (1H.m) (1H.s) (1H.s) (1H.d) (lH,d) (l;.;;) (;Hj$) (lH,m) 

(1H;dd) (lH,dd) 

TABLE 1 

Low field region of the 350 MHz specta in (CD,),SO 

4.05 5.60 
(lH,m) (1H.m) 

Pro6CH2 ProbCH2 ProaCH2 Val/3CH Leu6CH2 LeuaCH ValCH3 LeuCH3 

1 3.24 2.12 1.80-1.60 2.05 1.52 1.32 0.90 0.90 

(m, 2H) h. 2H) (m. 2H) h.lH) h, 2H) (m. H) (d, 2x3H) (d. 2x3H) 

2 3.24 2.12 1.80-1.60 2.05 1.50 1.31 0.90 - 
(m, 2H) (m, 2H) (m, 2H) (m,lH) (m, 2H) (m, H) (d, 2x3H) 

3 3.25 2.10 1.80-1.60 2.05 1.50 1.30 0.90 
(m. 2H) (m, 2H) (m. 2H) (m.lH) (m. 2H) (m. H) (d. 2xJH) 

!! 3.22 2.10 1.80-1.60 2.01 0.86 0.80 0.90 

h, 2H) h, 2H) (m, 2H) h,lH) (m, 2H) h, HI (d, 2x3H) 

TABLE 2 

High field region of the 350 MHz 'H NMR spectra in (CD3)2S0. 

0.90 
(d. 2x3H) 

0.90 
(d, 2x3H) 

0.32 
(;';;) 

(d;3H) 

Figure 5 

Proposed spatial molecular conformation of 
Cycle [Pry-Leu-Val(gly)-Thz(gly)-Thz(gly)ThzI 
based on H NMR analyses 
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CONCLUSION 

J.-L. BERNIER et al. 

The synthesis and the 'H NMR spectrum study of a simpler analog of dolastatin 3 bring interes- 

ting information about the structure of such a cyclic depsipeptide. In particular the two plane 

thiazole rings planes are well defined and the Leu NH proton is involved in a strong intramolecular 

hydrogen bond while the Leu side chain is in the shielding conical zone of a thiazole. These confor- 

mational features can be of interest in the knowledge of the mode of interaction of such a drug with 

a biological receptor, and perhaps, the 'H NMR spectrum can be useful to the finding of the exact 

structure of dolastatin 3 which remains an enigm. 

EXPERIMENTAL PROCEDURES 

Materials and Methods 

General methods 

Capillary melting points were determined on a Kofler hot-stage and are uncorrected. Thin layer 
chromatography was performed on 5 cm x 10 cm glass plates precoated with silica gel (0.25 n thick, 

Liz4 
Merck) using CHCl /MeOH 

made by iodine a 
(4:l) as solvent system in a saturated ananonia atmosphere. Detection 

vap rs or ninhydrin. Infrared spectra were carried out on a Beckman Acculab I 
spectrometer using KBr pellets. Fast atom bombardment mass spectra were obtained on a VG ZAB HF low 
resolution spectrometer. Electron impact mass spectra were recorded on a Ribermag RlO-10 quadrupole 
mass spectrometer combined with a Riber R 400 data system using direct insertion of the samples. 
Amino acids analyses were obtained from a Beckman 120 C amino acid analyzer following hydrolysis for 
24 h at 105'C in 6 N HCl. All peptides were shown to contain the appropriate amino acids in equiva- 
lent amounts. The protected amino acids were purchased from Fluka (Switzerland). 

BOC-Pro-Leu-Val-OMe 
This tripep$ide was prepared as pr_gviously described ($1 ; white cr stals 

0.875 ; EIMS : M = 441 ; IR = 3330 cm ( NH BOC), 1735 cm 
; rnfi : 1lO’C ; RFI= 

( CO ester , 1700 cm I ( CO BOC) ; H 
NMR (90 MHz. (CO ) SO/TMS), 6= 8.05 (d, 1H. NH Val, J = 8.5 Hz) ; 7.90 (d, lH, NH Leu. J = 8 Hz) ; 
4.45 (m, lH, C&L&I) ; 4.30 (m, lH, aCH Pro) ; 4.25 (m, lH, aCH Val) ; 3.55 (s, 3H. 0-CH ) ; 3.40 
(m, 2H, 6CH Pro) ; 2.15 (m, lH, BCH Val) ; 
8OC CH3) ; a.95 (d, 12 H, Leu and Val CH3). 

2-1.3 (m. 8CH2 Leu, yCH Leu, 8, yCH2 Pro) ; 1.23 (s, 9H. 

BOC-Pro-Leu-Val-OH 
To a solution of BOC-Pro-Leu-Val-OMe (4.4 g, 10 mnol) in methanol (50 ml) was added NaOH 

(1.6 g, 40 mnol) diluted in 10 ml of water. The mixture was stirred at room temperature for 2 h and 
then neutralized with 2 N HCl. The solvent was evaporated under reduced pressure and ethanol was 
added (50 ml). The precipitate of NaCl was collected and the organic solution was evaporated again 
to dryness. The residue was crystallized frog diethyl-ether giving 3.5 g of BOC_fro-Leu-Val-OH as 
white crystals (81 X) ;_qp : 98°C ; EIHS : M = 427 ; RF = 0.12 ; IR = 3340 cm ( NH BOC), 1700 
cm ( CO acid), 1690 cm ( CO BOC). 

BOC-glycinamide (BOC-Gly NH ) 
To? ditertiobutyl dicarbonate (10 mnol) in CH Cl (50 ml) were added 

1.1 g of Gly-NH 
h' 

HCl (io mnol) and 2.1 g of N(Et) The reaction mixtur a % w s refluxed for 3 h. 
Triethylamine s ts were extracted twice by 10 ml of 4' ater and the organic phase, dried over Na SO , 
was evaporated to give an oily residue which crysta$lized upon standing at_foom temperature (72 %fI 
White crystals ;_y : 94'C ; RF = 0.45-i EIMS : M = 174 ; IR = 3400 cm 
(NH BOC), 1700 cm ( CO amide), 1690 cm ( CO BOC). 

(NH2 amide), 3340 cm 

BOC-glycine-thioamide (BOC-Gly(S)NH ) 
70 a solution of 8OC-Gly NH (1.7 ?J 10 mnol) in dry THF (20 ml) was added PTPS (4.0 9. 7.4 

nanol) under a nitrogen atmospher b. The riaction mixture was stirred at room temperature until the 
starting material was consumed (6 h) as monitored by t.1.c. The solvent was evaporated and the thick 
residue 
;;;g;oiR1 

chrcmato raphed on a silica gel column (eluted with CH2C1 /ethyl acetate, 9:I). The resyl- 

-' 

"_"CO-y; S) 9 NH2 crystalljzed on standing (88 %). Whjfe crjstals 
IR - 3420 cm 

; mp : 121°C ; EIMS : M = 

( tS-thfbami;de). 
( NH2 thioamlde), 3300 cm ( NH BOC). 1680 cm ( CO BOC). 1650 

cm 

Ethyl 2-(N-BOC-aminomethyl)-thiazole-4-carboxylate (BOC-(gly)Thz-OEt) 
A mixture of 1.9 g (10 mnol) of the thioamlde and 1.95 g (10 nnnol) of ethyl bromopyruvate in 20 

ml of dry diethyl-ether was stirred for 3 h at room temperature. The precipitate of BOC-(gp) 
Thz-OEt is collected and washed with ether to give whiif crystals (75 X) ; mp i1133'C ; EIMS i M = 
286 IR = 3330 cm- ( NH BOC), 1750 cm 
(90 iHzRF (~O"j6!OjTMS) . 6= 8.35 (S, 

( CO ester), 1690 cm ( CO BOC). H NMR 
lH, CH Thz). 7.85 (t. lH, NH), 4.45 (d. 2H, CH2), 4.35 (q, 2H. 

O-&i2-CG3), 1.3 (t. 3H;O-CH2-CH3), 1.45 (s, 9H, 8OC CH3). 
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2.86 g, 10 mnol) (in acetic acid solution) was treated by HBr. After one hour 
at room temperature, the acidic solution was evaporated to dryness in vacua and acetone was added to 
the residue, affording a presipitate of (gly)Thz-OEt, HBr, which was_follec)ed (94 %). Whit,eIcrys- 
tals ; mp : 190°C ; EIMS : H = 186 ; RF = 0.40 ; IR : 2400-2600 cm 
ester). 

(NH2 salt), 1740 cm ( CO 

BOC(gly)Thz-OEt in methanol (2.86 g, 10 am101 in 50 ml) was added NaOH (1.6 g. 
40 nanol in 10 ml of water). The mixture was stirred for 3 h at room temperature and then neutralized 
by 1 N HCl. After eva oration 
a precipitate of BOC- P 

to dryness in vacua, water (10 ml) was added to the residue pffording 

RF = 0.10 ; 
gly]Thz-OH on standipg. 

IR = 3440 cm 
White crystals (43 X) ; mp = 1B4Y1; EIMS : M = 258 ; 

( OH), 3360 cm- ( NH BOC), 1720 ( CO acid), 1690 cm ( CO BOC). 

BOC-(gly)Thz-(gly)Thz-OEt 
To BOC-(gly)Thz-OH (1.25 g, 5 mnol) and (gly)Thz-OEt, HBr (1.35 g, 
in 50 ml oef CH 

5 
tnnol) Cl were added DCC (1.2 g, 6 mnol), HOBt (1.35 g, 10 mnol) and N(Et) (0 5 g 
5 nol). The mixture as 22 stirred at 0°C for 4 h and at 20°C overnight. After the remval o f3the'DCU: 
the solution was washed successively by 1 N HCl. water and 1 M NaHCO,. The oraanic phase was dried 
over Na SO and evaporated under reduced 
while csyseals which we:f collected (80 % 

ressure. Diethyl-ether waf%dded to the residue to afford 

cm- ( NH BOC), 1720 cm 
p ; "-9 7 ;IO;&; EjMS : M = 426 ; R = 0.85 ; IR = 3450 

( CO ester), 1780 cm H NMR ((CD ) SO/Tf& : 6 = 9.35 (t 1H. 
CH -NH). 8.45 (s, lH, CH Thz), 8.25 (s. 1H. CH Thz). 7.9b (t. 1H. NH3B8C), 4.75 (d, 2H. CH :NH). 
4.g'J-(d, 2H, fi2-NH), 4.45 (q, 2H. 0-CJ2-CH3), 1.45 (s. 9H, BOC CH3), 1.40 (t, 3H, 0-CH,-CH3r2 

1y)Thz OEt, HBr 
z-(gly)Thz-OEt (1 g, 2.5 nol) was dissolved in acetic acid and treated by HBr. The 

solution was stored for 1 h at room temperature and then evaporated in vacua to dryness, Diethyl- 
ether was added to the residue+to afford crystals which were furthfr(cNrHys;;E;ized from ethanol 
(62 $) : 
( NH ), 1730 cm ( CO ester), 1660 cm ( Cdamide). 

mp = _2?5Y ; EIMS : H = 3zq ; R = 0.75 ; IR = 3380 cm ; 2640-2600 cm 

BOC-Pro-Leu-Val-(gly)Thz-(gly)Thz-OEt (1) 
To a chilled solution of BOC-Pro-Leu-Vzl-OH (1.06 g, 2.5 nsnol) and (gly)Thz-(gly)Thz-OEt. HBr 

(1 g, 2.5 mnol) in dry CH Cl were added 0.55 g of DCC, 0.5 g of HOBt and 0.35 ml of N(Et) (2.5 
mnol). The reaction mixturg 3s stirred at O'C for 4 h and at 20°C overnight. The precipitate if DCU 
was collected and the solution was extracted successively by 1 N HCl. water, 1 H NaHC03. The organic 
phase was dried over Na2S0 and evaporated in vacua to dryness. 
residue, affording white cr$stals (59 X) ; mp = 148°C 

+Diethylether was added fo the 

((CD ) SO/TMS) 6 = 4.35 (q. 2H. 0-CH -CH ). 1.35 (s, 
othe? Frotons see table 1 and tableT 3 

9;. Ee6ncs L3:, ;.476"5(:, Fk,=0-?:;-&3): :!: 

BOC-Pro-Leu-Val-(gly)Thz-(gly)Thz-OH (2) 
To a solution of 1 (0 735 1 1) il methanol (20 ml) was added sodium hydroxide (0.16 g 4 

mnol) in 5 ml of water. ihe rgbacti:' mixture was stirred for 3 h at room temoerature and &en 
neutralized by 1 N HCl. After evaporation to dryness, 20 ml of water was added to the residue. 
E$CIP;ro;LfuRVa~-(Og~)Thz-(gly)Thz-Oli~2) precipitated (47_?) 

; IR = 3340 cm 7 NH BOC), 1700 cm 
; white crystals ;_pp = 190°C ; F$BMS : 

( CO acid), 1680 cm 
((CD ) SO/TM!) 6: 113;r~s,19~, BOC CH ). for other protons see tables 1 and 2. 

( CO BOC) ; H NMR 

Amina acid analysis , . ; Leu. 1.0 ; Val. 1.0. 

'Pro-Leu-Val-(gly)Thz-(gly)Thz-OH, HBr (3) 
A solution of 2 (700 mg, 1 mnol) in ac&tic acid (20 ml) was treated by HBr and stored for 1 h 

at room temoeraturc After evaooration to drvness in vacua. acetone was added to the residue to 
afford white crystals which were_cfllected andwashq with acetone (58 9) ; pp = 2OOY ; FABT : M+ 
= 607 ; R = 0 ; IR = 3400 cm 
((C03)2SO/fMS) see tables 1 and 2. 

( NH), 1720 cm- ( CO acid), 1660 cm- (CO amide) ; H NMR 

Cycle [Pro-Leu-Val-(gly)Thz 
To a chilled solution of 2 

mnol) HONSu (250 mg, 2.2 mnol), 
01) in 20 ml of dry DHF were added DCC (250 mg, 1.2 
ture was stirred at 0°C for 4 h and at room tempera- 

ture overniqht. After evaooration to drvness in vacua. CH,Cl, was added to the residue. DCU was 
collected and the solution was evaporated to give white cry&a'is of BOC Pro-Leu-Val-(gly)Thz-(glyll 
ThzONSu which was u_fed for the next step w_\thout purification (72 X) ; RF = 0.75 ; IR = 3340 cm 
( NH BOC). 1750 cm ( CO ester), 1690 cm ( CO BOC). The active ester (500 mg) was dissolved in 
acetic acid, treated with HBr and stirred for 1 h at rocm temperature. The acidic solution was 
;?$F;rated in vacua and the active HBr.Pro-Leu-Val-(gly)Thz-(gly)ThzONSu, was dissolved in 20 ml of 

. That solution was then added dropwise to 250 ml of pyridine and stirred for 48 h at room 
t&pe?ature. The pyridine solution was evaporated in vacua to dryness , the residue was chrcmatogra- 
phed on a silica gel column (2 cm x 12 cm) with CHC13/MeOH (4:l) as eluent solvent. The+punfied 

IR = 3330 cm 
(_21 %) ; mp = 202°C ilR = 0.70 ; FABNS : H = 589 ; 

TV; ; \f; ), 
a 

1660 cm t CO amide). Anal. calf. for 
: C. 52.47 ; H, 6.15 ; N, 16.43. H NMR 
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at concentration of 
recorded on a CAMECA 350 (CNRS Vernaison - France). Spectra were obtained 

10 mg peptide/ml by using a sweep width of 3521 136 Hz with 16 K data points. 
Approximatively 200 pulses were accumulated for each experiment. Decoupling experiments were perfor- 
med on amide protons, c&H protons. and CH,. The correlations with resoectivelv the aCH orotons and 
BCH protons were established through a modification of the peaks due to disappearance of a vicinal 
coupling factor. Variable temperature measurements were made over the range of 25-100°C. Chemical 
shifts are expressed in ppm from internal TMS. 

Abbreviations : The customary L-configuration for amino acid residues has been omitted. Standard 
abbreviations for amino acids and derivatives are those recomnended by the IUPAC-IUB connnission on 
Biochemical Nomenclature (1972) Biochemistry, 11. 1726-1732. Other abbreviations used are : BOC, 
tert-butyloxycarbonyl ; HOBt. hydroxybenzotriazo% 
hexylcarbodiimide 

; HONSu, N-hydroxysuccinimide ; OCC, N.N'-dicyclo- 

N(Et) 
; OCU. N.N'-dicyclohexylurea, THF, tetrahydrofuran ; OHF, dimethylfonnamide, 

triethylamine. AcOH, 
ted &nethylsulphoxide 

acetic acid ; NMR, nuclear magnetic resonance ; (CD ) SO, hexadeutera- 
; TMS. tetramethylsilane, PTPS. 2,4-bis(4-phenoxyphen$l$-1,3-dithia-2,4- 

diphosphetane-2,4-disulfide ; t.1.c.. thin layer chromatography ; EIMS, electronic impact mass 
spectrcmetry ; FABMS, fast atom bombardment mass spectrometry ; 
4-carboxylic acid. 

(gly)Thz, 2-aminoethyl-thiazole- 

Acknowledgments. We are very grateful to CNRS, Vernaison, for IH NMR spectroscopy records and to G. 
Ricart (University of Lille I) for mass spectrometry data. We thank M. Lohez for technical assistan- 
ce and C. Masson for dactylography. 

(1) 

(2) 

(3) 

(4) 
(i) 

11 
(i) 
(9) 

(IO) 

I::{ 

REFERENCES 

Pettit. G.R., Kamano, Y.. Fujii, Y.. Herald, C.L., Inoue. M.. Brown, P.. Gust, 0.. Kitahara, 
K., Schmidt, J.M., Doubek, O.L., Michel, C. (1981) J. Nat. Prod., 44, 482-485. 
Pettit, G.R., Ode, R.H.. Herald, C.L., Von Oreele, R.B., Michel,~ (1976) J. Am. Chem. Sot., 
98. 4677-4678. 
Ettit, G.R., Kamano, Y., Brown, P., Gust, 0.. Inoue, M., Herald, C.L. (1982) J. Am. Chem. 
sot.. 104. 905-907. 
Hamadax., Kohda, K., Shiori, T. (1984) Tetrahedron Lett.. 25. 5303-5306. 
Schmidt, U., Uty. R. (1984) Angew. Chem. Int. Ed. Eng?., 2, p5-726. 
Pettit G.R.. Nelson P.S., Holza fel C.W.. 
Laufer, D.A., Blout, E.R. (1967 P 

(1985), J. Org. Chem. 50, 2654-2659. 
J. Am. Chem. Sot., 89. 1246-124x 

Cross, D.F.W., Kenner. G.W., Sheppard, R.C.. Stehr, CE. (1963) J. Chem. SOC., 2143-2150. 
Pedersen, B.S., Scheibye, S.. Clausen, K., Lawesson, S.O. (1978) Bull. Sot. Chim. Belg., 87. 
293-297. 
Clausen, K.. Thorsen, M., Lawesson, S.O. (1982) Chemica Scripta, 14-18. 
Cung, M.T.. Marraud, M.. Neel. J. (1974) Macromolecules, 7, 606-613. 
Silverstein, (1963) in "Spectrcmetric Identification 07 Organic Compounds" Fourth Edition 
(Silverstein, R.M., Bassler, G., Morrill, T.C.) p. 210 John Wiley and Sons Eds., New York. 


