
74 D-PERSEITOL 

SHELDRICK, G. M. (1986). SHELXS86. Program for crystal struc- 
ture determination. Univ. of G6ttingen, Federal Republic of 
Germany. 

SPEK, A. L. (1982). The EUCLID package. In Computational 
Crystallography, edited by D. SAYRE, p. 528. Oxford: Clarendon 
Press. 

Acta Cryst. (1990). C46, 74-78 

Structure of a 1:1 Complex between N-Boc-L-Pro-L-VaI-OCH3 (I) and 
AT-Boe-L-Pro-Ca-Methylated-L-Val-OCH3 (II) 

BY J. TPdKHA, H. C. PATEL AND T. P. SINGH* 

Department of Biophysics, All lndia Institute of Medical Sciences, New Delhi-110 029, India 

(Received 10 November 1988; accepted 13 April 1989) 

Abstract. C16H28NaO5.C17H3oN2Os, M r = 670"84, tri- 
clinic, P1, a=9.698 (4), b=  10.173 (3), c= 
10-557 (2)A, a =  110-1 (2),  /3=97.49(2), T = 
90.64 (2) °, V = 967.4 (5) A 3, Z =  1, Dm= 1.104 (5), 
Dx = 1"151 (5) g cm -3, A(Cu Kc0 = 1"5418/~, /~ = 
6"63 cm-1, F(000) = 364, T = 298 K, final R = 0.061 
for 2772 unique observed reflections. The peptides 
were synthesized by combination of N-Boc-L-Pro 
and valine methyl ester (I) and N-Boc-L-Pro and 
CtLmethylated valine methyl ester (II). The mol- 
ecules of the 1:1 complex are hydrogen-bonded 
together via the carbonyl O atoms of the Pro residues 
of (I) and (If) and the amino N atoms of valiner and 
Ca-methylated valine respectively. The molecula'r 
dimensions in the methyl ester moieties of (1) and' (IT) 
show significant departures from the standard 
values. The backbone conformations of the two pep- 
tides are similar. The Boc groups adopt trana-cis 
conformations. The pyrrolidine rings of the Pro resi- 
dues exist in Cr-endo conformations. The torsion 
angles that define the conformations of the valine 
residues are close to -60  and 600 respectively. The 
crystal structure is essentially stablilized by a net- 
work of van der Waals interactions and hydrogen 
bonds. 

Introduction. The conformational preferences of  
amino acid side chains are of fundamental impor- 
tance • in determining the interactions that govern the 
preferred conformations of. polypeptides and 
proteins (Chandrasekharan & Ramachandran, 1970; 
Janin, Wodak, Levitt & Maigret, 1978; Bt~at, 
Sasisekharan & Vijayan, 1979) and of oligopep{ktes 
(Benedetti, Morelli, Nemethy & Scheraga, 1983). 
Conformational preferences may be determined by 
conformational-energy computations (Zimmerman; 
Pottle, Nemethy & Scheraga, 1977; Vasqucz, 
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Nemethy & Scheraga, 1983). They are basically 
governed to a large extent by interactions of a given 
side chain with atoms of the two neighbouring units. 
It is therefore worthwhile to examine the backbone 
and side-chain conformations of peptides with only 
marginal differences in the size of the side chains. We 
report here the crystal structure of a 1:1 complex 
between N-Boc-L-Pro-L-Val-OCH3 (I) and N-Boc-L- 
Pro-CtLmethylated-L-Val-OCH3 (II). The peptide (I) 
has been synthesized earlier (Crisma, Fasman, 
Balaram & Balaram, 1984). 

ClH3 0 H 0 H H O 
II .! II • I I II 

(1) H3C- C-O-C. . -/N-C,,- C- N- C- C- O-CHef -' 

H2C, c ,CH2 jCH 
L2 H3C CH 3 

+ 

CH~ O H O H H O 
I " I I  I I I  I I II 

(II) H3C- C- O-C-- N-C- C- N"-C- C-O-CH3 
I o, ,-,/ \ ^ ,  I 
CH 3 n2t'\ ,,/t 'r l 2 / C \  

CH3 

Experimental. The amino acids valine and tert-butyl- 
glycine (CtLmethylated valine) were obtained from 
Sigma Chemical Company. The valine methyl ester 
and CO-methylated valine methyl ester were synthe- 
sized by reacting valine and CtLmethylated valine 
separately in methanol with thionyl chloride, which 
was added drop by drop. The mixture was stirred for 
10 min at 263 K. N-Boe-L-Pro-L-Val-OCH3 (I) and 
'N-B.OC-L-Pro-CO-methylated-L-Val-OCH3 (II) Were 
synthesized by coupling N-Boo-L-Pro-OH with valine 
methyl ester and C~-metli~lated valine methyl ester, 
respectively,'using the procedure described by Poisel 
(1977). A 1:1 mixture of peptides (I)and 0I) was 
crystallized from their solution in mothanol at 298 K. 
Large, irregular and ~olourk~ss, crystals; one with 
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dimensions 0.80 x 0-30 x 0.20 mm was used for data 
collection on an Enraf-Nonius CAD-4 diffractom- 
eter with Cu Ka radiation in oy-2O scan mode. Unit- 
cell parameters refined with 25 high-angle reflections 
(0 = 16 to 45°). The density of the sample was 
measured by the flotation technique. Standard 
reflection l i t  showed changes <-4-8% in intensity Peptide(I) 
during the complete data collection. All reflections Ctl) 
( h : 0 t o  10;k: - 1 1  to 11, l: - 1 1  to l l )  i n t h e r a n g e  c(2) c(3) 
1< 0 < 55 ° were measured. Of the 3075 measured c(4) 

o(1) 
reflections, 2772 unique reflections were considered c(5) 
observed [I_> 20-(/)]. Corrections were made for Lor- o(2) 

N(1) 
entz and polarization effects but not for absorption co(,) 
( /~R=0.30).  The structure was solved by direct c,(1) C'(I)  
methods using SHELXS86 (Sheldrick, 1986) and c,(1) 
refined by full-matrix least-squares procedure by c'(1) O'(l) 
minimizing Y.wI(AF)I 2 with SHELX76 (Sheldrick, N(2) 

Ca(2) 
1976), initially with isotropic and then anisotropic c~(2) 
thermal parameters for non-H atoms. Calculated C~'(2) C~2(2) 
H-atom positions were included in the refinement c,(2) 
with fixed parameters. Final values for 2772 0'(2) 0(3) 
observed reflections: R = 0.061, wR = 0.061 and S = c(6) 
0.50, weights w = 1 were used. Final ~lp was - 0 . 1 4  
to 0.18 e A -3 and maximum shift to e.s.d, ratio, 
(A/0-)max, was 0"19. Atomic scattering factors for 
non-H atoms from Cromer & Mann (1968) and 
H-atom scattering factors from Stewart, Davidson & 
Simpson (1965). 

Discussion. Atomic coordinates of non-H atoms with 
equivalent isotropic thermal parameters are listed in 
Table 1.* The atomic numbering scheme together 
with a perspective view as seen along the c axis is 
shown in Fig. 1. The bond lengths and angles involv- 
ing non-H atoms are given in Table 2. The values of 
bond lengths and valence angles in the side chains of 
valine and Ct~-methylated valine, and in the O C H  3 
groups of the peptides show significant departures 
from the standard values. The temperature factors 
and the electron densities for these atoms did not 
suggest any disorder. 

The convention for describing the peptide confor- 
mational angles used in this article follows the 
recommendations of the IUPAC-IUB Commission 
on Biochemical Nomenclature (1970). The backbone 
conformations of the two peptides are very similar. 
The backbone torsion angles in (I) are 0~ = 179.4 (6), 
tOo = 2.9 (10), ~Ol = - 73.9 (8), ~bl = 159.5 (5), tO1 = 
168.0 (6), ~02 = - - 9 8 " 5  ( 9 ) ,  ~//2 T =  7.4 (15) ° while those 

* Lists of structure factors, H-atom coordinates, anisotropic 
thermal parameters, torsion angles, bond lengths and angles 
involving H atoms and details of hydrogen bonds and van der 
Waals distances have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
52149 (29 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 

Table 1. Fractional coordinates ( x 10 4) and equivalent 
isotropic temperature factors (x  10 3) of non-H atoms 

with e.s.d. 's in parentheses 

Ue q = ~ ( U l l a 2 a  . 2  + U22bZb .2 + U33c2c 02 "Jr" Ulzaba*b*cosy 
+ Ui3aca*c*cosfl + U23bcb*c*cosot). 

x y z u~(A 2) 

-4024 (10) -3791 (10) -2718 (9) 142 (7) 
-3860(10)  -4443 (8) - 6 3 6  (11) 136 (7) 
-6119 (8) -3761 (9) -1497 (10) 126 (6) 
-4556  (7) -3530  (8) - 1377 (7) 94 (5) 
-4108 (5) -2109 (5) -415  (4) 85 (3) 
-4610  (8) - 9 9 6  (8) -659  (8) 98 (5) 
- 5439 (6) - 999 (6) - 1607 (6) 129 (4) 
-4084 (5) 187 (6) 342 (6) 88 (3) 
-3065 (6) 252 (6) 1486 (6) 77 (4) 
-2595 (8) 1817 (7) 2089 (10) 114 (6) 
- 3640(16) 2496 (10) 1539 (17) 273 (14) 
-4421 (9) 1568 (8) 270 (11) 138 (7) 
-3649 (6) -207  (6) 2529 (7) 75 (4) 
-4900(4)  - 154(5) 2658 (5) 98 (3) 
-2691 (5) -589  (5) 3349(5) 78 (3) 
-2962 (7) -815  (9) 4580 (7) 99 (5) 
-2392 (9) -2150  (10) 4727 (9) 123 (6) 
-3054  (13) -3392 (11) 3559 (12) 190(11) 

-771 (9) -2072 (10) 4851 (10) 131 (7) 
-2501 (12) 414 (15) 5810 (12) 147 (9) 
-2618 (11) 389 (11) 6970 (8) 229 (9) 
-2105 (10) 1476 (9) 5702 (9) 173 (7) 
- 1640(15) 2561 (12) 7274 (14) 257 (13) 

Pept ide  (II)  
C(l 1) 2483 (i 1) - 4532 (I 1) 2525 (12) 198 (10) 
c(12) 1979 (11) - 6091 (9) 21 (12) 166 (9) 
c(13) 82 (9) -5359 (10) 1431 (11) 139 (7) 
C(14) 1512 (8) -4956  (7) !197 (9) 108 (5) 
0(I  1) 1471 (4) - 3621 (4) 944 (5) 83 (3) 
C(15) 649 (6) - 3511 (7) - 103 (7) 77 (4) 
O(12) - 129 (5) -4434  (5) -963  (5) 103 (3) 
N(I 1) 809 (5) -2204  (5) - 143 (5) 70 (3) 
C*(I 1) 1722 (5) - 1087 (5) 825 (5) 60 (3) 
Ca(l 1) 1684 (8) 46 (7) 184 (7) 94 (5) 
C'(I  1) 446 (12) - 2 7 6  (10) -784  (11) 178 (9) 
C~(I I) - 16 (8) - 1778 (7) - 1197 (7) 97 (5) 
C'(I 1) 1221 (6) - 536 (6) 2198 (6) 64 (3) 
O'(11) - 13 (4) - 620 (5) 2338 (4) 81 (3) 
N(12) 2221 (4) 122 (5) 3232 (4) 63 (3) 
C0(12) 1871 (7) 957 (6) 4545 (6) 74 (4) 
Ca(12) 3027 (10) 961 (11) 5675 (8) 128 (7) 
C~'(12) 3164 (1 I) - 574  (14) 5642 (1 I) 187 (10) 
CV2(12) 4213 (14) 2043 (18) 5662 (15) 268 (15) 
C,3(12) 2794 (28) 1611 (19) 7054 (17) 364 (24) 
C'(12) 1528 (10) 2393 (8) 4532 (8) 107 (5) 
O'(12) 1735 (12) 2809 (7) 3665 (8) 253 (12) 
O(13) 906 (6) 3117 (6) 5542 (6) 127 (4) 
C(16) 537 (13) 4505 (10) 5629 (11) 179 (9) 

in (II) are 0~, = - 178.7 (6), toOl = - 1.0 (9), ~Oll = 
-70 .3  (7), 011 = 157.8 (5), toll = 166.8 (5), ~012 = 
- 82.8 (7), O r  = 165-4 (6) °. The conformations of 
the Boc groups as characterized by 01 and too are 
trans-cis (Benedetti, Pedone, Toniolo, Nemethy, 
Pottle & Scheraga, 1980) and the urethane moiety is 
planar. This conformation is very similar to that 
observed in N-Boc-L-Pro-dehydro-Leu-OCH3 
(Narula, Patel, Singh, Chauhan & Sharma, 1988). 
The torsion angles 01 [C(4)--O(1)--C(5)---O(2)] and 
01 [C(14)---O(11)--C(15)--O(12)] of 0.9(12) and 
- 0 . 9 ( 1 0 )  ° in peptides (I) and (II) respectively 
indicate that the C(5)--O(2) bond is synperiplanar 
with the C(4)---O(1) bond as seen for esters in gen- 
eral (Bender, 1960; Dunitz & Strickler, 1968). The 
values of ~ol, ~bl and ~02 in (I) and ~Oll , 011 and ~o12 in 
(II) indicate that the backbones of the peptides 
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adopt a collagen-like helix conformation (Rich & 
Crick, 1961; Ramachandran, Ramakrishnan & 
Sasisekharan, 1963). The values of $ r  and $r2 are 
very different and indicate the influence of an 
additional methyl group at C#(12) in peptide (II). 
The torsion angles of the pyrrolidine rings are 
X~ = 17-7 (9), X 2 = - 23-4 (13), X 3 = 18.3 (13), X 4 = 
- 5.8 (10), ~ = - 7.1 (8) ° and X~l = 19.9 (8), X21 
= - 21-9 (10), X]l = 14.6 (9), X41 = - 1.0 (8), 0°1 = 
-11 .5  (7) ° in peptides (I) and (II) respectively. The 
atoms CV(1), C'(1) in (I) and CV(ll), C'(ll)  in (II) 
are displaced by 0.206 (7), 2.234 (7) and 0.163 (8), 
1.402 (7) /~, respectively, from the least-squares 
planes through the pyrrolidine rings. The torsion 
angles and the displacements mentioned above show 
that the five-membered rings are puckered and adopt 
the CV-endo conformation (Benedetti, 1977). The 
conformations of the backbone and the pyrrolidine 
ring are very similar to those found in N-Boc-L-Pro- 
dehydro-Leu-OCH3 (Narttla et al., 1988). The tor- 
sion angles that define the conformations of the valyl 
side chains are X2 Lt= -60-9  (10), g~ '2= 63.5 (9) ° in 
(I) and X[~1=-61 .8(9) ,  X152= 78-3 (9), X~ 3= 
--]73"4 (12) ° in (II) respectively. These values corre- 
spond to a staggered position of the a-methyl group, 
between NH and CO groups (Bhat et al., 1979). This 
side-chain conformation of the valyl residue is rarely 
observed (Benedetti, 1977). 

Puckering of the pyrrolidine ring. The pyrrolidine 
ring of the Pro residue invariably occurs in puckered 
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Fig. 1. The perspective view of peptides (I) and (II) as seen down 
the  c axis, wi th  atomic numbering. 

Table 2. Bond lengths (A) and angles (o) involving 
non-H atoms 

Peptide Or) Peptide (II) 
C(1)---C(4) 1.509 ( 1 3 )  C(II)--C~I4) 1-505 (14) 
C(2)---C(4) 1.518 ( 1 4 )  C(12)---C(14) 1.500 (12) 
C(3)----C(4) 1.513 ( 1 0 )  C(13)---C(14) 1.517 (13) 
C(4)---O(1) 1.473 (7) C(14)---O(11) 1-472 (10) 
O(1)---C(5) 1.329 ( 1 0 )  0(11)---C(15) 1.314 (8) 
C(5)~0(2) 1.198 ( 1 0 )  {2(15)--0(12) 1.222 (7) 
C(5)---N(I) 1-339 (8) C(15)----N(I 1) 1.353 (9) 
N(I)---C*(I) 1.440 (8) N(11)---C~(11) 1.435 (6) 
N(I)----C~(I) 1.471 (11) N(I 1)----CS(l 1) 1.475 (9) 
C*(I)---~(1) 1.535 (9) C~(I l)--Ca(l 1) 1.524 (10) 
c*(i)--c(i) 1.5o4 (11) c*(11y---c(11) 1-510 (8) 
C#(I)---C'(1) 1.407 ( 1 7 )  C#(11)---C~'(I 1) 1-426 (13) 
C~'(l)-.-~(1) 1.451 ( 1 6 )  CV(ll)---CS(ll) 1.483 (12) 
C'(I)----O'(1) 1-238 (7) C'(11)----O(11) 1.230 (7) 
C'(1)--N(2) 1.339 (8) C'(I I)--N(12) 1-337 (6) 
N(2)--C"(2) 1.451 ( 1 1 )  N(12)---C~(12) 1.440 (7) 
C"(2)----C#(2) 1.522 (14) C"(12)------C#(12) 1.526 (II) 
C*(2)---C'(2) 1.472 ( 1 3 )  C~(12)---C'(12) 1.506 (11) 
CB(2)--Cv~(2) 1.493 ( 1 2 )  C#(12)--Cv'(12) 1-557 (19) 
C#(2)-----Cv2(2) 1.560 (12) C#(12)-----C~'2(12) 1.588 (20) 
C'(2)-4)'(2) 1.254 ( 1 7 )  C#(12)---C'3(12) 1-426 (20) 
C'(2)--O(3) 1.189 ( 1 9 )  C'(12)--O'(12) 1-170 (14) 
O(3)---C(6) 1.645 ( 1 4 )  C'(12)--~(13) 1.296 (10) 

O(13)--C(16) 1.436 (12) 

C(2)---C(4)----C(3) 108-6 (7) C(12)--C,(14)---C(13) 110.4 (8) 
C(1)--C,(4)--C(3) 114.3 (7) C(I 1)---C(14)----C(13) 109.0 (8) 
C(1)--C(4)--C(2) 110.9 (7) C(l 1)---C(14)---C(12) 116.0 (8) 
C(3)--C(4)--O(1) 109.6 (6) C(13)--C(14)--O(1 l) 109.6 (7) 
C(2)---C(4)--O(1) 101.9 (6) C(12)--C(14)--O(11) 110-7 (7) 
C(l)--C(4)--O(1) ll0.9 (6) C(l l)---C(14)---O(ll) 100.9 (7) 
C(4)--O(I)--C(5) 120.0 (5) (2(14)--O(11)--C(15) 120.7 (6) 
O(I)--C(5)---N(I) 110.4 (7) O(11)--C(15)---N(I1) 110.I (6) 
O(1)---C(5)--O(2) 126.9 (8) O(11)--C(15)--O(12) 127.0 (7) 
O(2)---C(5)---N(1) 122.7 (8) O(12)--C(15)--N(1 l) 122.9 (6) 
C(5)--N(I)---CS(I) 120.8 (7) C(15)--N(I1)--Cs(11) 121.6 (5) 
C(5)--N(I)---C*(I) 125.0 (6) C(15)--N(11)---~(11) 125.3 (5) 
C'*(I)--N(I)---C~(I) 113.9 (6) C"(ll)--N(11)---C~(ll) 113.1 (5) 
N(I)--C~(I)--C'(I) 113.5 (5) N(11)--C~(I 1)--C'(11) 112.2 (5) 
N(I)---C*(I)--C#(I) 102.4 (5) N(I I)---C*(1 l)---Ca(11) 103.7 (5) 
C#(I)---C~(1)---C'(I) 110.6 (6) Ca(l 1)---~(I I)--C'(1 l) 110.2 (5) 
C*(I)--C#(1)--C'(I) 105.3 (9) C"(I l)--C#(l l)---C~'(1 I) 105.8 (7) 
c~(1)--c'(D---~(D 112.6 ( 1 0 )  co(11)--c,(i1)---~(11) 110.6 (8) 
N(1)--CS(I)--C'(I) 101.0 (8) N(I 1)---C'(l l)--C~'(l 1) 102-2 (6) 
C*(I)--C'(1)--N(2) 114.3 (5) C"(I I)--C'(ll)--N(12) 114-1 (5) 
C*(1)---C'(I)---O'(I) 122-1 (6) C'(I 1)---C(I 1)----O'(11) 122.8 (5) 
O'(I)---C(I)---N(2) 123.5 (6) O'(I1)---C'(1 I)---N(12) 123-1 (5) 
C'(1)--N(2)--C*(2) 124.0 (5) C'(I 1)--N(12)---~(12) 120.6 (5) 
N(2)--C~(2)---C'(2) 111.9 (8) N(12--~(12)---C'(12) 109.1 (5) 
N(2)--~(2)--Ca(2) 114.1 (6) N(12)--C*(12)---Ca(12) 110.4 (6) 
CB(2)---C*(2)--C'(2) • I 11.3 (8) Ca(12)---C*(12)--C'(12) 114-4 (7) 
C*(2)--Ca(2)--Cv2(2) 110.2 (8) C*(12)--Ca(12)--Cr3(12) 118.2 (12) 
C-~(2)--C#(2)--Crt(2) 109.5 (8) C"(12)---Ca(12)--C~2(12) 105-1 (8) 
C~(2)--CP(2)--C~2(2) 112.6 (8) C"(12)---C~(12)---CY~(12) 108.4 (7) 
C"(2)--C'(2)--O(3) 119.9 ( 1 0 )  C~'3(12).--C#(12)--CV2(12) 98-3 (12) 
C'*(2)-43'(2)--O'(2) 120.6 ( 1 2 )  C~4(12)--Ca(12)--C"(12) 99.1 (11) 
O'(2)---C'(2)--O(3) 119.3 (1 i) C,t(12)--Ca(12)--C~'2(12) 128-,1 (10) 
C'(2)---O(3)---C(6) 105.3 ( 1 0 )  C"(12)---C'(12)--O(13) 113.7 (7) 

CY( 12)--C~( 12)---O'(12) 124.0 (8) 
O'(12)--C'(12)--O(13) 122.2 (8) 
C'(12)---O(13)--C(16) 118-2 (7) 

conformations, and C~-endo and C~-exo conforma- 
tions are defined as those in which the C • atom and 
the ~ group of Pro lie on the same side and 
opposite sides, respectively, of the mean plane of the 
ring (Ashida & Kakudo, 1974). 

For the Pro residue in L configuration, the C~-endo 
conformation may be characterized by positive X 1 
and g 3, and negative g 2 and g 4 values while the 
CY-exo conformation may be characterized by 
negative X 1 and X 3 and positive X 2 and g 4. 

The dependence of the puckering of the Pro 
residue on the backbone conformation can be ration- 
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Table 3. Torsion angles (o) of Pro residues 

Peptide ~, 

N-Boc-L-Pro-dehydro-  - 48 ! 37 
Phe-L-GIy-OH 

N-Boc-L-ProMehydro-  - 51 133 
L-Leu-NHCH3 

N-Boc-L-Pro-OH - 72 166 

N-Boe-L-Pro-L-GIy-OH - 61 147 

N-Boc-L-Pro-Sar-OH - 67 152 

Z-Pro-L-Leu-OEt  - 62 171 

N-Boe-Aib-L-Leu-L- - 69 151 
P r o - N H M e . 2 H 2 0  

N-Boc-L-Pro-L-Val- - 74 159 
OCHr-N-Boe-L-Pro -  - 70 158 
C&methyla ted-L-Val -OCH3 

N-Boc-L-Pro-dehydro-  - 72 141 
L-Ieu-OCH3(I) 
N-Boc-L-Pro-dehydro-  - 64 148 
L-Leu-OCH3(II)  

p -Bromo-Z-Gly-L-  - 58 - 33 
Pro-L-Leu-Gly  

o-Bromo-Z-Gly-L-  - 65 - 26 
Pro-L-Leu-L-Gly-L-Pro-OH 

Proteinase K Pro 175 - 6 1  - 3 3  

N-Ac-didehydro - 58 - 58 
-Pro 

x'  x ~ x 3 x" 
- 24 34 - 30 15 6 C~-exo 

- 25 38 - 34 20 2 C~-exo 

31 - 3 5  24 - 4  - 17 C~-endo 

5 1 - 7 11 - 10 C~-exo 

22 - 30 25 - I 1 - 7 CV-endo 

30 - 37 29 - 9 - 14 CV-endo 

16 - 16 10 0"8 - 10 CV-endo 

18 - 2 3  18 - 6  - 7  CV-endo 
20 - 22 15 - I - 12 C~-endo 

11 - 11 6 2 - 9 C~-endo 

- 1 8  31 - 3 1  21 - I  Cr-exo 

- 16 21 - 17 6 6 C~-exo 

- 24 27 - 19 - 3 13 C~-exo 

- 27 43 - 42 26 - 0 CV-exo 

1 4 - 7 8 - 6 CV-exo 
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M a i s t o  (1974) 

Benedetti, Pavone, Tonio lo ,  
Bonora & Palumbo (1977) 

Benedetti, Ciajo lo ,  Di  Blasio, 
Pavone, Pedone, Toniolo 
& B o n o r a  (1979) 

Sugino, Tanaka & Ashida 
(1978) 

Prasad, Balaram & Bala ram,  
(1984) 

Present work 

l qa ru l a  et al. (1988) 

Ueki, Ashida, Kakudo, 
Sasada & Katsube (1969) 

Ueki ,  Bando, Ashida & 
K a k u d o  (1971) 

Betzel (1986) 

Aj6,  Buset t i ,  Granozz i  & 
Liakopoulou-Kyriakides 
(1984) 

alized in terms of steric repulsion involving the side- 
chain atoms such as C a and C 8 with the neighbour- 
ing atoms of the backbone. The values of the torsion 
angles of the Pro residue in some representative 
structures are listed in Table 3. It is clear from Table 
3 that the CV-endo conformation is observed more 
frequently than the C~-exo conformation. The con- 
formation of the backbone of the Pro residue is 
commonly found to be trans but the cis conforma- 
tion has also been observed in some cases (Table 3). 
As seen from Table 3, if the Pro residue is in the 
trans conformation, the pyrrolidine ring adopts 
either the C~-endo or the CV-exo conformation. 
However, if the Pro residue is in the cis conformation 
then the pyrrolidine ring adopts the C~-exo confor- 
mation only. 

The crystal structure and the hydrogen-bonding 
scheme are illustrated in Fig. 2. The molecules of 
peptides (I) and (II) form a complex through two 
hydrogen bonds: N(2)--H(2)---O(11)= 2-931 (7) and 
N(12)---H(12). . .O(1)=2.931(6)A. As seen from 
Fig. 2, the molecules are packed along e in the 
crystal. The structure is stabilized by weak van der 
Waals forces and hydrogen bonds. 

The authors acknowledge the receipt of peptide 
samples from Dr A. K. Sharma, Biophysics Division, 
Indian Veterinary Institute, Izatnagar, India. They 
thank Ms Punit Narula for discussions. The authors 
are grateful to the Biotechnology Centre, JNU, for 

Fig. 2. The crystal structure as seen along the c axis. 

making their computer facility available for the 
refinement. Financial assistance from ICMR is grate- 
fully acknowledged. 
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N-(3,4-Dichlorophenyl)cyclopropanecarboxamide and 
N-(3,4-Didflorophenyl)aceta~de 

BY PETER G. JONES* 
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Abstract. C10H9C12NO (1), M, = 230.10, monoclinic, 
= = 1(5 = 9.615 (2)/~, P2/c, a 5-025(1), b 22.05 ), c 

/3 = 101-53 (2) °, V =  1044.0/~3, Z =  4, Dx = 
1-46 Mg m -3, A(Mo Ka) = 0.71069/~, ~ = 
0.6 mm-1,  F(000) = 472, T = 293 K. The structure 
was refined to R = 0.038 for 1525 unique observed 
reflections. CsH7CI2NO (2), Mr = 204.05, triclinic, 
P1, a = 7.254 (2), b = 9.848 (2), c = 13.441 (3)/~, a 

* Current address: Institut ffir Anorganische und Analytische 
Chemie der Technischen Universit/it, Hagenring 30, 3300 Braun- 
schweig, Federal Republic of Germany. 

0108-2701/90/010078-04503.00 

= 90.86 (2) ,  /3 = 99.78 (2), y = 103.61 (2) °, V =  
917.9/~ 3 , Z  4, Dx = l . 4 8 M g m  -3, / z = 0 . 7 m m  -1, 
F(000) = 416, T = 293 K. The structure was refined 
to R 0.047 for 2930 unique observed reflections. In 
(1) the N - - H  bond is syn to the meta-C1 substituent, 
whereas in both independent molecules of (2) the 
conformation is anti. The C--N-- -C bond angles are 
wide (127-129°), consistent with a known correlation 
with the dihedral angle between phenyl and amide 
planes and attributable to steric interactions between 
the O atom and H(2), the ortho H atom. In both 
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