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Z = benzyloxycarbonyl 

Scheme I 

Table 1. Experimental and physical data for compounds 2 and 3 

N-Z-dipeptide ester 2 N-Z-endothiodipeptide 

M.p./n;)’ [aI, 
ester 2 

Found* 
Yield 

Found Reported Reported (ss) 

H.p./n;* [al,” 

a 82-4 80-l” - 78’ 82-4 
b 110 109-10” I 12-14~ - 93 

118-19 c 77-8 78-9” -10.55 -16.5 (~~0.47, HeaCo, 2o’)” 97 1.5775 -11.50 

d 86 86-7” +5.85b +9.5 (c=2, AcOH. 22°)ae 98 66-8 +34.75 
ee 1 .5482 Oil26 -43.15 

91 1 .5389 -52.20 

f 110-12 11128 -7.20 -24 (~~4.00, MeOH. 26°)as 95 I .5801 -8.20 

(c=2.00, AcOEt, 22’). 

; a];2 = ilO. (c-2.43, lOOti AcOH); lit..a’ [x12’ = +9.l (~~2.43, 99% AcOH). 

This yield was obtained by cryatallisation without column chromatography. 

This product consists of iuo species with different m.ps. The lower melting species can be 
separated by crystnllisation. 

An equilibrium exists between to forms, which could be separated by tic. When each of the 
two forms was subjected to rlc, the two original spots showed up again. 

Scac2, = 36.0, Scrcz, = 170.1, for 2e &a,21 = 28.6, Sc7(2j = 
24.2, Scac2, = 45.5, and ior 21 &SC,, = 18.5. The mass 
spectra of compounds 2 have features in common with 
those of N-Zdipeptide alkyl esters described earlier.‘7-‘9 
Thus abundant peaks are observed for the molecular ions 
(M]? with the base peak in all spectra being [C,H,l+. Also 
the following fragment ions are observed: [M-PhCH,O.]‘, 

tThe symbols Glyt and.Alat are used to indicate the thiocar- The structural proofs of 3 are based on NMR, IR, UV, 
bony1 analogs of the glycine and alanine residues, as proposed by and MS. N-Protected endothiopeptide esters of type 3 
du Vigneaud et al.’ have not been reported in the literature before, and no 

[M-R”‘O.]+ (indistinguishable from the first mentioned 
for 2l+f), [Z-NH-CHR-CO-NR’=CHR”]+, [Z-NH[CHR- 
CO]+, [Z-NH = CHR)‘(especially abundant for 2f), [Ph- 
CHI-NH=CHR]‘, [OC-NH-CHR”-COOR”‘]+, and [NH= 
CR’COOR’“]‘. Other fragment ions are (M-R”‘OH]z 
and for the benzyl esters 2b-f a prominent peak cor- 
responding to loss of m/e 197 from the molecular ion. 
(Exact mass measurement on 2b (M-197) obs. 159.045, 
talc for CJH7N204 159.041). 



Table 2. Spectroscopic data for compounds 2 and 3 

'H NMR (CDCl,) 13C NMR .(CDCI,) II? (CHCl, ) uv 

x 

11: 
a (I amide/ 

(CHCl,) 

HI H. H. CO Cl Cl c= a Ca (' thioamide 11 
ester urethane 

20 6.00 3.85 7.05 3.95 1650 1690* 
Ct,6j td,6j tt,6j td,6j 

156.5 43.9 '69.6 40.8 '69.9 1540 1730 21&P 

156.4 44.0 l68.9 47.8 172.4 

1660 
residue 1 residue 2 1530 

156.3 44.1 169.2 4R.6 170.3 
1640 
1550 

156.0 43.0 166.8 58.7 171.3 
1650 

1660 
156.1 50.5 173.1 41.3 169.7 1480 

156.5 51.4 200.3 46.5 168.2 
1525 

2: x = 0 
156.7 51.9 200.3 46.8 168.4 1510 

3. x = s 
156.6 51.6 199.4 53.3 171.6 1510 

~ s -5.5 4.15 
6.85 -5.5 

(d.6) (4.6) 156.3 51.5 199.8 53.4 169.1 1515 

4.05 - -5.0 
cd.51 155.6 49.7 196.0 65.4 169.6 

1190 

1720-40 

1750 1730a 

1730 16td 

1730 1710 

1720 1700 

1730 1700= 

1720-40 

1720-40 

1730-50 

1710-30 

216' 

222 E. 

g 

260 Q. 
R 

216b % 

258 x 
w 

218b 
f. 

268 
e 

275 

270 

216' 

275 

x ’ tdl:) ‘;.7” 8.70 4.70 
(b) (d.5) 

155.7 56.3 206.2 46.7 168.1 1495 1730 1700 273 

e KBr 
b Icto11 
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Table 3. Experimental, physical, and spectroscopic data for 4 

Yield M.p. :H VMIt (DMSO-de) '"C NMR (DMSO-de) IR (KBr) W 

("$) 
H,N+ H;3: HZ H," 

a 
Cl Cl 

a (EtOH) 
CL! C, ester 

ha 95 b 224 8.30 3.90 11.0 4.40 45.6 196.3 46.4 167.4 1220 1745 212 

(d) (b) (m) (b) (d. 5) 
1570 266 

c 
4b ;Fd 188-9 8.70 3.85 11.0 4.40 1210 214 

(b) (m) (b) (d,5, 
45.7 196.5 46.5 167.5 

1550 
1730 

264 

a 
Elemental analysis: Calc.: C 28.03, H 5.09. N 10.89. S 12.47, Br 31.08. Found: C 28.01, 
H 5.21, N 10.65. S 12.25, Hr 31.00%. 

b 
10 ml 129, HRr/AcOH. 0.5 h. 

' 10 ml 2ooi HBr/AcOH, 12 h. 

d 5 ml 76% Hlh-/AcOH + 1 ml anhydr. toluene. 48 h. 

residue 1 1 residue 2 1 

4 

spectroscopic data are available for the closely related 
N-protected endothiopeptides 
XNHCHRC(S)NHR’COOH.2a ‘H and “C’iMR cl:: 
ical shifts of backbone protons and carbons are presen- 
ted in Table 2 as well as IR carbonyl and thiocarbonyl 
absorptions (thioamide II. ester, urethane) and UV ab- 
sorption maxima. In ‘H NMR the methylene and phenyl 
protons of the Z and OBzl groups, and the methylene and 
Me protons of the OEt group of 3a show the same shift 
values as described for the corresponding 2 above. Also 
the urethane (H,) protons are nearly all unaffected when 
going from 2 to 3. The backbone methylene and methine 
(HY and H;) protons are shifted 0.10-0.55 ppm 
downfield, and the amide (H2) protons are shifted l.55- 
1.75 ppm downfield. For 3c SHBc2) = 1.40 (d, 7 Hz), for 3d 
&,,,,, = 3.1 (d, 5 Hz), for 3e SHpt2) and SHrc2) = 1.75-2.25 
(m), 6”W, = 3.5-3.75 (m), and for 31 BHBoj = I .45 (d, 7 Hz). 
In 13C NMR the methylene and phenyl carbons of the Z 
and OBzl groups, and the methylene and Me carbons of 
the OEt group of 3a are unaffected when going from 2 to 3. 
The same holds for the urethane CO (Co) carbons, whereas 
the ester CO (C,) carbons are shifted 0.8-1.7 ppm upfield. 
The backbone methylene and methine (CY and C;) carbons 
are shifted 5.8-7.6 ppm and 4.8-6.7 ppm downfield, res- 
pectively. The most remarkable difference in shift values is 
observed for the amide carbonyl (C,) carbon which is 
shifted 29.2-33. I ppm downfield. By a least square analysis 
of the chemical shifts of the carbonyl carbons of 2a+ef 
and the corresponding Ja-cpJ the following equation was 
found: SC-S = I .62 * c&, - 74.15. Earlier a slightly different 
equation has been found for amides - thioamides.“b By 
using the equation in case of 2d where three carbonyl 
signals are found in the same area, it was possible to make 
an assignment for the amide CO (C,) carbon. For 3e 
6 C@(2) = 16.6, for 3d Scacz, = 34.5, Se,,,, = 170.0, for 3e 
Scpt2, = 28.3, ScT(2, = 24.3, Scscz, = 48.6, and for 31 8cpt,, = 
15.1. In IR the thioamide I band falls in the fingerprint 
region which makes the assignment of this band difficult. 
For all the thiopeptides strong absorptions are observed in 
UV at 258275 nm, which is in accordance with reported 

data for thioamide ?r + 7~* transitions2’ The mass spectra 
show abundant peaks for the molecular ions [Ml? (except 
for 3d which gives [M-H.]‘) with [GH,]’ as base peak in 
all spectra. Besides, fragment ions corresponding to [M- 
SH.]‘, [M-PhCH,.]‘, [M-PhCH,O.l+, [M-R”‘O.l+ (in- 
distinguishable from the former ion for 3b-f). [M-R”’ 
OH]?, and peaks corresponding to loss of m/e I35 from 3a 
and m/e 197 from 3W (though not as prominent as for 
Zb-1) (Exact mass measurement on 3b (M-197). obs. 
175.0175, talc. for C,H,N,O,S 175.0177). 

Two experiments were performed in order to find out 
if any racemization happened during the thionation. The 
N-protected endothiodipeptide esters 3c and 31 were al- 
lowed to react with AgN03 in dioxane2.’ which led to 
formation of the starting compounds 2’c and 2’1. By 
comparison of the optical rotations of the original com- 
pounds 2 and the reproduced compounds 2’ (Table I and 
Experimental), it is noticed that no racemization happens 
during the thionation neither in amino acid residue I nor in 
amino acid residue 2. 
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The benzyloxycarbonyl group could be removed from 
the N-protected endothiodipeptide esters, 3, using HBr in 
acetic acid under anhydrous conditions,” to give HBr-salts 
of endothiodipeptide esters, 4. The Z-group was 
removed within 0.5 hr using 12% (w/w) HBrlAcOH at 
20”. Longer reaction time and more concentrated 
HBr/AcOH did not affect the ester or thioamide groups 
(Table 3). 




