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Abstract - The molecular and crystal structures of two monothiatgd anal- 
ogues of melanostatln, namely t-Boc-L-Pro’i’(CSNH)-L-Leu-Gly-NH2 (1) and L- 
-Top-L-Leu-Gly-NHEt (21, determined by X-ray diffractlon analyses, are re- 
ported. In compound (1) the tertiary urethane bond adopts the cis conforma- 
tion. Both trlpeptide amldes are folded in a type-11 B-bend conformation at 
the -L-Leu-Gly-sequence. A weak intramolecular H bond, involving the thio- 
amide sulfur atom as the acceptor, is a significant characteristic of com- 
pound 1. The two structures are discussed, In particular, In comparison to 
those of H-L-Pro-L-Leu-Gly-NH, and t-Boc-L-Pro-L-Leu-Gly-NH2, the latter re- 
cently solvel in the Padova laboratory. 

INTROCNJCTION 

In the field of drug design and molecular pharmacology much effort has recently been spent 1n a 

systematic search for analogues of small peptides with altered properties, e.g different solubil- 

-ity, higher potency or higher stability towards proteolytlc enzymes. In this connection a promis- 

ing approach is based on the use of the thioamide function as an lsosteric amide replacement (for 

recent reviews see references 1 and 2). 

As for the preferred conformation of thlated peptides, X-ray diffraction structures have been 

reported for two analogues of Z(Gly),,OBzl (Z, benzyloxycarbonyl; 06~1, benzyloxy; n : 2, 3), a- 

dopting either extended or partially bent forms.3-5 On the other hand, we are currently investi- 

gating the structural effect of incorporating a sulfur atom into a peptlde chain with a high tend- 

ency to fold into a B-bend conformation.6-9 In this context, X-ray diffraction structures of two 

Alb containing, monothlated, blocked tripeptldes have recently been described.” In this paper we 

report the molecular and crystal structures of two monothiated analogues of the B-bend forming 

tripeptide amide melanostatin (H-L-Pro-L-Leu-Gly-NHz), namely t-Boc-L-Pro’t’(CSNH)-L-Leu-Gly-NH, (1) 

(t-Boc, tert-butyloxycarbonyl) and L-Top-L-Leu-Gly-NHEt (2) (Top, 5-thloxoproline; NHEt, ethyl- 

amino), determined by X-ray diffraction analysis. The conformational preferences of the two com- 

pounds are compared, in particular, with those of melanostatln itself” and that of its P-tee- 

-butyloxycarbonylated derivative (the latter structure has recently been solved in the Padova lab- 

oratory).‘* 

a)This work is dedicated to the memory of Prof. S.-O. Lawesson, a pioneer in the synthesis of thi- 
ated peptides, on the occasion of the second anniversary of his untimely death. 

b)Present address: A/S Cheminova, DK-7620 Lemvig, Denmark. 

c)The nomenclature of this compound is in accord with the recomnendatlons of the IUPAC-IUB Commls- 
sion on Biochemical Nomenclature, ~vr. J. Biochem. 138, 9 (1984). 
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Fig. 1 - Molecular structure of t-Boc-L-P&CSNH) L-Leu-Gly-NH 2 (1). The N-H . . ..S=C intra- 

molecular H-bond is indicated as a dashed line. 

Fig. 2 - Molecular structure of L-Top-L-Leu-Gly-NHEt (2). The N-H . . ..O=C intramolecular H-bond is 

indicated as a dashed line. 
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RE5ulS AH) DISCUSSION 

The molecular structures of compounds 1 and 2 with their atomic numbering schemes are shown In 

Figs. 1 and 2, respectively. Bond lengths and bond angles (together with their estimated standard 

deviations) are given In Tables 2 and 3. Torsion angles’” are listed in Tables 4 and 5. The geo- 

metry of the lntra- and Intermolecular Ii aonds is given in Table 6. 

structure1 pereters 

Bond lengths and bond angles observed for compounds 1 and 2 are in agreement with previously de- 

scribed results for the geometry of the t-Boc-urethane,‘r ester,” and amIdeI groups, Top,17 

Pro,” Leu,‘9~20 and Cly residues, and the peptlde unit.z’*22 

In particular: (i) In the t-B oc Ma-protecting group of compound 1 the tert-butyl C(l)-C(4), 

C(2)-C(4), and C(3)-C(4) bonds show some artlflclal shortening due to the treatment of the thermal 

motion with anisotropic temperature factors [the U aq tensor components for the C(l), C(2), and 

C(3) atoms are In the range of 0.112 to 0.132 AZ]. Unfavourable lnteractlons between the bulky 

tert-butyl group and spatially proximate atoms, especially the carbonyl oxygen O(2), result in 

the alteration of several bond angles relative to values observed in unhindered compounds.” The 

C(4)-0(1)-C(5) bond angle is 

esters.15 

(11) The C(lO)-S(l) bond 

length (1.664 A) of compound 

1, relatively long for an a- 

cyclic thlopeptide unit,3-5*23 

should probably be related to 

an increased delocalization of 

the electrons on the sulfur 

atom involved as acceptor in a 

weak H bondI (see below). In 

addition, the S(l)-C(lO)-N(2) 

bond angle (124.9“) is sig- 

nificantly wider than the 

S(l)-C(lO)-C(6) bond angle 

(121.B0), a typical feature of 

acyclic thiopeptide U- 

nits 3-5,10,23 

(iii) The C(4)-S(1) bond 

length (1.675 A) and the wide 

%1)X(4)-C(3) and S(l)-C(4)- 

N(1) bond angles (125-126O) of 

the cyclic thioamide moiety of 

compound 2 are close to those 

observed in the related com- 

pounds H-L-Top-OH” and H-L- 

Top-OMe” (OMe, methoxy). 

123.4O, i e about 6O larger than the value generally found in 

Table 1. Crystal data for e-Boc-L-ProY(CSNH)-L-Leu-Gly-NH2 (1) 

and L-Top-L-Leu-Cly-NHEt (2) 

Parameter Compound 1 Compound 2 

Molecular formula CleH3zNbO,S CISHZ~N,O,S 

M.W. (amu.) 400.5 342.4 

Density (calcd.) g/cm3 1.13 1.147 

Density (exptl.) g/cm’ 1.13 1.14 

Space group P212121 P212121 

2 4 4 

a (A) 17.0270) 25.672(3) 

b (A) 13.372(3) 12.108(3) 

c (A) 10.306(3) 6.376(3) 

a (0) 90 90 

6 (“1 90 90 

y (“) 90 90 

Reflections [I 2 3a(I)] 1930 1509 

R value 0.052 0.058 

Rw value 0.056 0.064 

The pyrrolidine ring of compound 1 exhibits an approximate Cs (envelope) symmetry, the mirror 

plane passing through the C6 atom. This structure may be designated as Cs-C6 ~xo,*~ the C6 and C’ 

atoms residing on opposite sides of the N-Ca-Cd plane (conformation B according to the 

classification proposed by Balasubramanian et a13.25 The heterocyclic ring of compound 2 has also 

an approximate Cs symmetry, the mirror plane passing through the CY atom. This structure may be 

classified as Cs-cy endo ” (the Cy and C’ atoms are on the same side of the N-CCL-C6 plane) or 8.” 

The Leu side-chain conformation of both compounds 1 and 2 1s the comnon g- (t g-) conforma- 

tion.‘9~20 Atoms in these side chains have high temperature factors; In particular the U tensor 

components for the two C6 atoms range from 0.092 to 0.145 A’. 
-7 
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Table 2. Bond lengths (x, and bond angles (") for t-BOC-L-P~oY(CSNH) L-L~u-G~~-NH~ (1) 

(ESDIFI are given in parentheses) 

C(1) - C(4) 

C(2) - C(4) 

C(3) - C(4) 

C(4) - O(1) 

O(1) - C(5) 

C(5) - O(2) 

C(5) - N(1) 

N(l) - C(9) 

C(9) - C(8) 

C(8) - C(7) 

C(7) - C(6) 

N(1) - C(6) 

C(6) - C(10) 

C(lO)- S(1) 

C(lO)- N(2) 

N(2) - C(X) 

C(ll)- C(12) 

C(12)- C(13) 

C(13)- C(14) 

C(13)- C(15) 

C(ll)- C(16) 

C(16)- O(3) 

C(16)- N(3) 

N(3) - C(17) 

C(17)- C(18) 

C(l8)- O(4) 

C(18)- N(4) 

1.517(10) 

1.518(10) 

1.474(9) 

1.477(6) 

1.352(6) 

1.217(6) 

1.324(6) 

1.461(6) 

1.484(9) 

1.505(9) 

1.528(7) 

1.459(6) 

1.511(6) 

1.664(4) 

1.319(5) 

1.448(5) 

1.538(6) 

1.503(6) 

1.453(H) 

1.541(7) 

1.536(5) 

1.220(5) 

1.334(5) 

1.442(5) 

1.522(6) 

1.215(5) 

1.313(5) 

C(1) -C(4) -C(2) 

C(1) -C(4) -C(3) 

C(2) -C(4) -C(3) 

C(1) -C(4) -O(l) 

C(2) -C(4) -O(l) 

C(3) -C(4) -O(l) 

C(4) -O(l) -C(5) 

O(1) -C(5) -O(2) 

O(1) -C(5) -N(l) 

O(2) -C(5) -N(l) 

C(5) -N(l) -C(9) 

C(6) -N(l) -C(9) 

N(1) -C(9) -C(8) 

C(9) -C(8) -C(7) 

C(8) -C(7) -C(6) 

C(7) -C(6) -N(l) 

C(6) -N(l) -C(5) 

C(7) -C(6) -C(lO) 

N(l)- C(6) -C(lO) 

Table 3. Bond lengths (;) and bond angles ("1 for L-Top-L-Leu-Cly-NHEt (2) 

(ESD's are given in parentheses) 

S(1) - C(4) 

C(4) - C(3) 

C(3) - C(2) 

C(2) - C(l) 

C(4) - N(l) 

N(1) - C(l) 

C(1) - C(5) 

C(5) - O(1) 

C(5) - N(2) 

N(2) - C(6) 

C(6) - C(7) 

C(7) - C(8) 

C(8) - C(9) 

C(8) - C(10) 

C(6) - C(U) 

C(U)- O(2) 

C(ll)- N(3) 

N(3) - Cc121 

C(12)- C(13) 

C(13)- O(3) 

C(13)- N(4) 

N(4) - Cc141 

C(14)- C(15) 

1.675(5) 

1.501(7) 

1.511(7) 

1.534(7) 

1.308(6) 

1.458(6) 

1.527(7) 

1.215(6) 

1.348(5) 

1.436(6) 

1.529(6) 

1.540(8) 

1.515(8) 

1.484(12) 

1.543(6) 

1.216(6) 

1.336(6) 

1.467(7) 

1.498(7) 

1.230(6) 

1.324(7) 

1.454(8) 

1.401(17) 

S(1) -C(4) -C(3) 

C(4) -C(3) -C(2) 

C(3) -C(2) -C(l) 

C(2) -C(l) -N(l). 

C(1) -N(l) -C(4) 

S(1) -C(4) -N(l) 

N(1) -C(4) -C(3) 

N(1) -C(l) -C(5) 

C(5) -C(l) -C(2) 

C(1) -C(5) -O(l) 

N(2) -C(5) -O(l) 

C(1) -C(5) -N(2) 

C(5) -N(2) -C(6) 

N(2) -C(6) -C(7) 

C(6) -C(7) -C(8) 

110.0(6) 

112.4(5) 

112.5(6) 

108.4(5) 

102.2(4) 

110.9(5) 

123.4(4) 

124.7(4) 

109.5(4) 

125.8(4) 

121.5(4) 

113.1(4) 

104.6(4) 

106.5(5) 

105.2(5) 

101.6(4) 

125.0(4) 

111.2(4) 

113.4(3) 

C(6) -C(lO)-S(1) 

C(6) -C(lO)-N(2) 

S(1) -C(lO)-N(2) 

C(lO)-N(2) -C(M) 

N(2) -C(ll)-Cc121 

C(H)-C(12)-C(13) 

C(12)-C(13)-C(14) 

C(l2)-C(13)-C(15) 

C(14)-C(13)-C(15) 

N(2) -C(U)-C(16) 

C(12)-C(ll)-C(16) 

C(ll)-C(16)-O(3) 

O(3) -C(16)-N(3) 

C(U)-C(16)-N(3) 

C(16)-N(3) -C(17) 

N(3) -C(17)-C(18) 

C(17)-C(18)-O(4) 

O(4) -C(18)-N(4) 

C(17)-C(18)-N(4) 

126.4(3) 

105.6(4) 

105.1(4) 

103.5(4) 

115.2(4) 

124.7(4) 

108.9(4) 

110.3(4) 

112.9(4) 

122-l(4) 

123.6(4) 

114.3(4) 

119.5(4) 

111.8(4) 

114.6(4) 

C(7) -C(8) -C(9) 

C(7) -C(8) -C(lO) 

C(lO)-C(8) -C(9) 

N(2) -C(6) -C(H) 

C(7) -C(6) -C(ll) 

C(6) -C(ll)-O(2) 

C(6) -C(U)-N(3) 

O(2) -C(ll)-N(3) 

C(ll)-N(3) -C(12) 

N(3) -C(12)-C(13) 

C(12)-C(13)-0(3) 

C(12)-C(13)-N(4) 

O(3) -C(13)-N(4) 

C(13)-N(4) -C(14) 

N(4) -C(14)-Cc151 

121.8(3) 

113.2(3) 

124.9(3) 

123.4(3) 

110.6(3) 

114.1(3) 

114.5(5) 

111.0(4) 

112.3(5) 

108.0(3) 

109.6(3) 

121.0(3) 

122.1(3) 

116.9(3) 

119.7(3) 

115.8(3) 

117.4(4) 

125.1(O) 

117.5(4) 

110.1(5) 

114.4(6) 

113.7(6) 

109.3(3) 

111.7(4) 

120.9(4) 

113.7(4) 

125.4(4) 

122.7(4) 

115.9(4) 

118.2(5) 

118.8(4) 

122.9(5) 

122.7(5) 

116.5(7) 



Table 4. Torsion angles (") for t-Boc-L-ProY(CSNH) L-Lea-Gly-NH 2 (1) 

(EDS'S are given in parentheses) 

C(1) -C(4) -O(l) -C(5) -58.8(6) 

C(2) -C(4) -O(l) -C(5) -174.9(5) 

C(3) -C(4) -O(l) -C(5) 65.0(6) 

C(4) -O(l) -C(5) -O(Z) -15.2(7) 

C(4) -O(l) -C(5) -N(l) 166.2(4) 

O(1) -C(5) -N(l) -C(9) -177.1(4) 

O(2) -C(5) -N(l) -C(9) 4.3(7) 

o(1) -C(5) -N(l) -C(6) -4.5(6) 

O(2) -C(5) -N(l) -C(6) 176.9(4) 

C(5) -N(l) -C(9) -C(8) 176.2(4) 

C(6) -N(l) -C(9) -C(8) 2.8(5) 

N(1) -C(9) -C(8) -C(7) 16.2(6) 

C(9) -C(8) -C(7) -C(6) -28.7(6) 

C(9) -N(l) -C(6) -C(7) -19.9(5) 

C(lO)-C(6) -C(7) -C(8) -92.2(5) 

C(8) -C(7) -C(6) -N(l) 28.9(5) 

C(lO)-C(6) -N(l) -C(9) 99.6(4) 

C(lO)-C(6) -N(l) -C(5) -73.6(5) 

C(7) -C(6) -N(l) -C(5) 166.9(4) 

C(7) -C(6) -C(lO)-S(1) 84.6(4) 

N(1) -C(6) -C(lO)-S(1) 

C(7) -C(6) -C(lO)-N(2) 

N(1) -C(6) -C(lO)-N(2) 

C(6) -C(lO)-N(2) -C(ll) 

S(1) -C(lO)-N(2) -C(ll) 

C(lO)-N(2) -C(ll)-C(12) 

C(lO)-N(2) -C(U)-C(16) 

N(2) -C(ll)-C(12)-C(13) 

C(ll)-C(l2)-C(l3)-C(l4) 

C(ll)-C(l2)-C(l3)-C(15) 

C(l3)-C(l2)-C(ll)-C(l6) 

N(2) -C(ll)-C(16)-O(3) 

C(l2)-C(U)-C(l6)-O(3) 

N(2) -C(ll)-C(16)-N(3) 

C(l2)-C(ll)-C(lS)-N(3) 

C(ll)-C(16)-N(3) -C(17) 

O(3) -C(16)-N(3) -C(17) 

C(16)-N(3) -C(17)-C(18) 

N(3) -C(17)-C(16)-O(4) 

N(3) -C(17)-C(16)-N(4) 

Table 5. Torsion angles ("1 for L-Top-L-Leu-Cly-NHEt (2) 

(EDS'S are given in parentheses) 

S(1) -C(4) -C(3) -C(2) -169.8(O) 

S(1) -C(4) -N(l) -C(l) 177.8(O) 

C(4) -C(3) -C(2) -C(l) -12.8(5) 

N(1) -C(O) -C(3) -C(2) 9.1(6) 

C(3) -C(2) -C(l) -N(l) 12.0(5) 

C(2) -C(l) -N(l) -C(4) -7.1(5) 

C(4) -N(l) -C(l) -C(5) 113.9(5) 

C(1) -N(l) -C(4) -C(3) -1.1(6) 

C(3) -C(2) -C(l) -C(5) 107.3(4) 

N(1) -C(l) -C(5) -N(2) 143.0(4) 

C(2) -C(l) -C(5) -O(l) 76.3(6) 

N(1) -C(l) -C(5) -O(l) -38.9(6) 

C(2) -C(l) -C(5) -N(2) -101.7(S) 

C(1) -C(5) -N(2) -C(6) 172.8(4) 

O(1) -C(5) -N(2) -C(6) -5.1(7) 

C(5) -N(2) -C(6) -C(7) 176.9(4) 

N(2) -C(6) -C(7) -C(8) -62.6(5) 

C(6) -C(7) -C(8) -C(9) 

C(6) -C(7) -C(8) -C(lO) 

C(5) -N(2) -C(6) -C(ll) 

C(8) -C(7) -C(6) -C(ll) 

N(2) -C(6) -C(ll)-O(2) 

C(7) -C(6) -C(ll)-O(2) 

N(2) -C(6) -C(U)-N(3) 

C(7) -C!(6) -C(ll)-N(3) 

C(6) -C(U)-N(3) -C(12) 

O(2) -C(U)-N(3) -C(12) 

C(ll)-N(3) -C(12)-C(13) 

N(3) -C(12)-C(13)-O(3) 

C(14)-N(4) -C(13)-O(3) 

N(3) -C(12)-C(13)-N(4) 

C(12)-C(13)-N(4) -C(14) 

C(13)-N(4) -C(14)-C(15) 

Monothiated andogues of melanostatin 

-29.3(5) 

-92.0(4) 

154.2(3) 

169.0(3) 

-7.3(5) 

162.9(3) 

-77.0(4) 

-66.4(5) 

-60.1(6) 

171.4(4) 

176.5(4) 

-49.0(5) 

71.7(5) 

131.8(3) 

-107.6(4) 

-176.0(3) 

2.7(6) 

71.3(4) 

-164.3(4) 

15.6(5) 

176.3(5) 

-54.3(7) 

-58.6(5) 

174.5(4) 

-45.6(6) 

78.7(5) 

136.3(4) 

-99.3(5) 

-174.7(4) 

7.3(6) 

89.4(6) 

159.6(5) 

3.0(9) 

-21.5(7) 

-175.7(5) 

-120.7(8) 
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Fig. 3 - Packing mode of the t-Boc-L-Proy(CSNH) L-Leu-Gly-NH2 (1) molecules viewed down the b 

axis. The intra- and intermolecular H-bonds are indicated as dashed and dotted lines, 

respectively. 

Fig. 4 - Packing mode of the L-Top-L-Leu-Gly-NHEt (2) molecules viewed down the c axis. The 

intra- and intermolecules H-bonds are indicated as dashed and dotted lines, 

respectively. For clarity, the intermolecular H-bond between Nl-H and 02 (x,y,z+l) is 

not shown. 
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The tertiary urethane bond of the t-Boc-Pro moiety of compound 1 adopts the relatively common cis 

conformation, the O(l)-C(5)-N(l)-C(9) torsion angle being - 4.5°.‘8’26 In the NQ-protecting t-Boc 

group, the C(4)-O(1) bond 1s an the usual trans arrangement relative to the C(5)-N(1) bond, the 

C(4)-O(l)-C(5)-N(1) torsion angle being 166.2O. This feature, accompanied by the cis arrangement 

of the 0(1)-C(5) bond relative to the N(l)-C(6) bond, allows us to classify the urethane moiety of 

this compound as typea.lUY2’ 

The C(=S)-NH group is trans and close to planarity (w E 169.0”), a common obaervatlon for an 

acyclic thiopeptide unit.3-5*‘0*23 

The backbone conformation of compound 1 is folded at the Leu-Gly sequence. The o,y values for 

the L-Leu (0 I - JJO, ‘t’ : 131.8O) and Cly (0 = 71.3O, ‘? = 15.6”) residues lie close to the values 

expected for an ideal type-11 B-bend.6-9 A weak 4 * 1 intramolecular H bond 1s seen between the 

carboxamido nitrogen of the Gly residue and the thiocarbonyl sulfur of the ProY(CSNH)-Leu ae- 

quence.The N....S separation, 3.56 A, 1s leas than the outer limit of 3.7 A.2B-‘0 To our know- 

ledge, thla is the first obaervatlon of a (backbone) N-H.... S=C (backbone) intramolecular H bond 

ln pseudopeptldea. The Pro residue is semi-extended (@ = - 73.6”. Y = 154.2O). 

The C(=S)-NH group of the y-thiolactam moiety of compound 2 is CIS and planar, as expected, 

the C(l)-N(l)-C(4)-C(3) torsion angle being - l.l”.” The backbone conformation of this peptide 

resembles that of compound 1 discussed above, partially extended at the Top residue and folded 

(type-11 6-bendj6-’ at the L-Leu-Gly sequence. The torsion angles are 143.0° (‘t’ L-Top), - 58.8O and 

136.3O (Q, ‘i’ L-Leu), and 89.4” and - 21.5” (0, Y Gly). A weak 4 + 1 intramolecular H bond is ob- 

served between the carboxamldo nitrogen of the Gly residue and the carbonyl oxygen of the lop res- 

Idue. The N.... 0 distance 1s 3.04 A.3’v32 

Crystal packing 

The crystal packing mode of compound 1 is characterized by a network of intermolecular N-H....0 H 

bonds involving the three remaining NH donors (the Leu, Gly, and carboxamldo NH protons, where the 

latter is the one not part of the intramolecular H bond) and the three remaining C:O accep- 

tors (the t-Boc, Leu, and Gly carbonyla). The N.... 0 distances of 2.79, 2.90, and 2.97 A are with- 

in or close to the average range observed for a large number of intermolecular N-H....O=C H bonds 

ln peptlde structures (between 2.9 and 3.0 A)?‘v)~ 

In the crystal packing mode of compound 2, in addition to two intermolecular N-H....O=C H- 

bonds (involving the Top and Gly NH donors and the Leu and Gly C:O acceptors), an intermolecular 

N-H . . ..S=C H bond is seen (involving the Leu NH donor). The N . . ..O separations are 2.80 and 2.81 

A , 3’932 while the N . . ..S separation 1s 3.47 A?‘-” An intermolecular N-H....S=C H bond was also ob- 

served in the crystal structure of H-L-Top-OH, but not in that of its methyl ester.” 

cOWLusIoNs 

This X-ray diffractlon study aubatantlates previous indications pointing to the high tendency of 

the X-L-Pro-L-Leu-Gly-NH-sequence to fold into B-bend conformations.6-9 If an H-bonding acceptor 

is available on X, then two consecutive, intramolecularly H-bonded type-III B-bends might form at 

the L-Pro-L-Leu and L-Leu-Gly sequences, eventually giving rise to an incipient 3lo-helix, as ob- 

served for H-L-Cys(Eizl)-L-Pro-L-Leu-Gly-NH2 (Bzl, benzyl).” It is worth noting that in this te- 

trapeptide amide the critical Cys(Bzl)-Pro amide group is trans. If, however, an H-bonding accep- 

tor is not available before the Pro residue in the chain, then only one Intramolecularly H-bonded 

&bend might form. In this connection the first observation was the type-11 B-bend formed by the 

L-Leu-Gly sequence of melanostatin, H-L-Pro-C-Leu-Gly-NHP.” More recently, we showed that the 

same conformation is adopted also by t-Boc-L-Pro-L-Leu-Gly-NH2 (in this fi-protected tripeptlde a- 

mide the tertiary urethane group is cis and therefore its C=O group cannot take part in the intra- 

molecular H-bonding).‘* 

In neither the structure of compound 1 nor in that of compound 2 presented here is an accep- 

tor in the X-Pro sequence available for an intramolecular H-bond. In fact, the N-terminal tertiary 
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Table 6. Geometry of H bonds in the crystals of t-Boc-L-P~oP(CSNH)-L-L~U-G~~-NHZ (1) 
and L-Top-L-Leu-Cly-NHEt (2) 

Donor (D) Acceptor (A) Symmetry Equiv. Distances (A) Angle (“) 
of Acceptor D H H....A . . . . D - H....A 

(1) t-Boc-L-ProY(CSNH)-L-Leu-Gly-NH2 (1) 

N(4)-H S(l) 
N(2)-H O(4) 
N(3)-H O(2) 
N(4)-H’ 00) 

(Ii) L-Top-L-Leu-Gly-NHEt (2) 

x f Y , 2 
1/2-x, -y ,1/2+z 

-x ,1/2+y,3/2-z 
1/2-x, -y ,2-l/2 

N(4)-H O(1) x t Y t = 
N(l)-H O(2) x 9 Y , z+l 
N(2)-H S(l) -x+2,y+1/2,-z+1/2 
N(3)-H O(3) -x+3/2, -y+l, z+1/2 

3.56(l) 
2.79(l) 
2.90(l) 
2.97(l) 

3.04(l) 
2.80(l) 
3.47(l) 
2.81(l) 

2.75(l) 
1.85(l) 
2.04(l) 
2.14(l) 

2.20(l) 146(l) 
2.05(l) 148(l) 
2.62(2) 172(l) 
1.86(2) 176(l) 

urethane group of compound 1 and the thioamide group of compound 2 are both cis. Therefore, it is 

not surprising that the conformational feature characterizing both compounds 1 and 2 1s a single 

(type-II) B-bend. 

In addition, the present results stress the following points: 

(i) Replacement of an oxygen by a sulfur atom In a peptide (amide) unit near the N-terminus does 

not produce any slgnlficant change in the propensity of the X-L-Pro-L-Leu-Gly-NH-sequence to 

fold. 

(ii) A thloamide sulfur atom can act as an H-bonding acceptor In a B-bend conformation. 

Finally, the bond angles and bond lengths not directly involving the sulfur atom of thlated 

peptldes are generally very close to those of the unsubstituted peptides (this work and refer- 

ences 3-5, 10, 23), further enhancing the attractiveness of this type of isosteric amide bond 

replacement.’ As for the solution conformation, it has recently been demonstrated by ‘H NMR that 

the trans disposition of the C(=S)-NH group is that preferred by acyclic thiated peptides In 

organic so1vents,3* as already well established for their oxygenated counterparts. 

EXPERImENTAL 

Hsterials 

The synthesis and characterization of t-Boc-L-ProY(CSNH)-L-Leu-Gly-NH 2 (1) and L-Top-L-Leu-Gly- 
-NHEt (2) have already been reported.35’36 

X-Ray Diffraction Anslysis 

Single crystals of t-Boc-L-Pro’i’(CSNH)-L-Leu-Gly-NH? (1) were grown by slow evaporation from an 
acetone solution. 

X-Ray diffraction data were collected on a Phillps PW 1100 four-circle diffractometer, using MoKa 
radiation monochromstized by a graphite crystal (X : 0.71069 A). Intensities were corrected for 
Lorentz and polarlzstion effects and put on an absolute scale by Wilson’s method. No absorption 
correction was applied. The crystallographic data are summarized in Table 1. 

The structure was solved by application of the direct methods program MULTAN 80.37 The E-maps of 
the set of phases with best combined figure of merit revealed the positions of 22 non-hydrogen 
atoms. The positions of the remaining non-hydrogen atoms were derived from subsequent difference 
Fourier maps. The structure was refined by the block matrix least-7quares procedure. The function 
minimized was .ZwA*, (A I IF,,1 - (F,I) and w was [o(Fo) + 0.0020 Fo]-‘. Weighting-scheme analysis 
showed no serious dependence of the mean wh* as a function of either IF01 and X-‘sine. The scat- 
tering factors were taken from the International Tables for X-Ray Crystallography.” 

The correction for the real and imaginary parts of the anomalous dispersion was applied to sul- 
fur. The refinement was carried out allowing all non-hydrogen atoms to vibrate anisotropically. 
The hydrogen atoms were located from difference Fourier maps and included in the last cycle. Cal- 
culations were carried out using the SHELX-76 program.” The final conventional R value for the 
1930 observed reflectlons [I 130(I)] was 0.052 (R, = 0.056). 
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Single crystals of L-Top-L-Leu-Cly-NHEt (2) were grown by slow evaporation From a methanol/dlethyl 
ether/n-hexane solution. All data and methods were Identical to those reported above For t-Boc-L- 
ProY(CSNH)-L-Leu-Cly-NH? (1) with the Following exceptions: (1) w was [o(Fo) + 00.34 Fa]-‘; (11) 
the Final conveotlonal R value For the 1509 observed reflections [I 2 30(I)] was 0.058 
(Rw : 0.064). 

The crystallographic data for compounds 1 and 2 are listed in Table 1. 

The Final posltlonal parameters of the non-hydrogen atoms, along with the equivalent isotropic 
thermal factors and hydrogen positional parameters have been deposited at the Cambridge Crystallo- 
graphic Data Centre. Anisotropic temperature factors and structure Factor tables are available on 
request from Or. R. Bardi. 

Acknoaledqements - The authors are grateful to Or. M. Thorsen for supplying compound 1. 
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