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Synopsis. An X-ray crystal structure analysis of the
title compound (C14H22N2Og) was carried out. There are
two molecules (A & B) in the asymmetric unit. In both
molecules valine side chains exist in a staggered conforma-
tion. The molecules in the crystalline state are stabilized by
N-H---O and C-H:--O hydrogen bonding.

The valine-containing peptides have the least ten-
dency to form a (-turn, but have a high propensity
to form a B3-sheet structure.l»? Although the succin-
imide ring, due to its cyclic nature, forces its succeeding
residue to adopt a S-turn conformation,®>—® there is no
evidence available regarding its effect on the preceding
residue. The present study was aimed at gaining more
information concerning the effect of the succinimide ring
over the preceding residue of the polypeptide chain.

Experimental

Colorless needle crystals of dimension 0.05x0.13x0.18
mm were grown from methanol by slow evaporation at room
temperature. A preliminary examination of the crystals and
intensity data collection were performed on an Enraf-Non-
ius CAD4 diffractometer equipped with graphite monochro-
mated Cu Ka radiation (A=1.5418 A). Accurate cell con-
stants were obtained from a least-squares refinement of the
setting angles of 23 reflections in the range 19<20<58°.
The crystal data are as follows: M;=314.34, monoclinic,
space group P21, a=8.365(4), b=17.466(3), c=11.582(2) A,
8=90.58(2)°, V=1692.1(9) A%, Z=4, Dy=1.234 gcm™3,
p=7.1cm™', F(000)=672.

A total of 2825 unique intensity data was measured at
298 K with the w/26 scan technique to a maximum 26 of
140°. Data were corrected for Lorentz and polarization ef-
fects as well as for empirical absorption based on a series of
1 scans. The transmission coefficients ranged from 0.840 to
0.998 with an average value of 0.944; 2174 reflections with in-
tensities greater than 2.50(I) were used for the structure so-
lution and refinement. Three standard reflections were mon-
itored for every two hours, but didn’t show any significant
variation. The structure solution was carried out by direct
methods using SHELXS86.® The structure was refined by a
full-matrix least-squares technique.” All of the non-hydro-
gen atoms were refined anisotropically; the hydrogen atoms
(obtained from difference Fourier) were refined isotropically.
Convergence was reached at a final R=0.043 and wR=0.047,
where w=1.0/[c(F)?+0.00398 F?] and §=0.763. The fi-
nal Fourier map was totally featureless, with maximum and
minimum Ap of 0.15 e¢/A% and —0.19 e/A3, respectively.
The atomic-scattering factors were taken from Cromer &
Weber.®) The computer programs used were PARST® and
PLUTO.1® All calculations were carried out using VAX730

Table 1.
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Positional and Equivalent Thermal Param-

eters of the Non-Hydrogen Atoms with Their esd’s

in Parentheses

Atom z y z Ueo®
Molecule A

01 —0.1642(3) —0.1459(2) 0.2931(3) 0.059(2)
02 0.0855(3) —0.1023(2) 0.3356(3) 0.061(2)
03’ 0.3724(4) —0.1879(3) 0.0255(3) 0.084(2)
04 0.1368(3) —0.2480(2) —0.0011(2) 0.056(2)
05 0.2622(4) —0.3769(2) —0.1128(3) 0.069(2)
06 0.0621(5) —0.1377(2) —0.1635(3) 0.088(3)
N1 0.0419(4) —0.1988(2)  0.2090(3) 0.048(2)
N2 0.1737(4) —0.2525(2) —0.1179(3) 0.052(2)
C1 —0.4196(7) —0.1216(4)  0.3554(7) 0.102(5)
C2 —0.2202(8) —0.0154(4)  0.3556(7) 0.098(4)
C3  —0.1911(8) —0.1221(4)  0.5001(5) 0.094(4)
C4 —0.2481(5) —0.0991(3) 0.3797(4) 0.059(3)
Ch —0.0054(5) —0.1452(2) 0.2843(3) 0.044(2)
C6A 0.2100(5) —0.2145(3) 0.1907(3) 0.052(2)
C7B 0.2698(7) —0.2894(3) 0.2489(5) 0.074(3)
C8G1 0.2463(7) —0.2847(4) 0.3776(5) 0.091(4)
C9G2  0.1998(9) —0.3602(4) 0.1995(6) 0.099(5)
C10’ 0.2532(5) —0.2129(3) 0.0654(4) 0.053(2)
C11 0.1246(6) —0.1962(3) —0.1922(4) 0.060(3)
C12 0.1646(6) —0.2251(3) —0.3110(4) 0.066(3)
C13 0.2293(5) —0.3061(3) —0.2936(4) 0.061(3)
Cl4 0.2273(5) —0.3205(3) —0.1662(4) 0.053(2)
Molecule B

01 0.2363(4)  0.0410(2) 0.4997(2) 0.069(2)
02 0.4219(4)  0.1206(2) 0.4226(3) 0.070(2)
03 0.1499(3)  0.1806(2) 0.2207(3) 0.065(2)
04 0.3885(3)  0.1956(2) 0.1353(2) 0.048(2)
05 0.2237(4)  0.2361(2) —0.0634(3) 0.065(2)
06 0.4572(5)  0.3268(2) 0.2649(3) 0.084(2)
N1 0.2718(4)  0.0415(2) 0.3122(3) 0.054(2)
N2 0.3391(4)  0.2691(2) 0.1096(3) 0.049(2)
C1 0.1451(9)  0.0155(4) 0.6838(5) 0.097(4)
C2 0.4375(8)  0.0310(5) 0.6530(5) 0.100(4)
C3 0.2509(9)  0.1449(4) 0.6416(5) 0.092(4)
C4 0.2713(6)  0.0603(3) 0.6207(4) 0.064(3)
Ch 0.3209(5)  0.0722(3) 0.4145(3) 0.053(2)
C6A 0.3329(5)  0.0726(2) 0.2069(3) 0.047(2)
C7B 0.2852(6)  0.0213(3) 0.1027(4) 0.059(3)
C8G1  0.1062(7)  0.0218(4) 0.0777(4) 0.080(3)
C9G2  0.3783(7)  0.0411(3) —0.0042(4) 0.077(3)
C10’ 0.2738(5)  0.1536(2) 0.1924(3) 0.046(2)
Cl1 0.3821(5)  0.3310(3) 0.1750(4) 0.057(3)
C12 0.3131(7)  0.4002(3) 0.1159(5) 0.076(3)
C13 0.2485(6)  0.3709(3) 0.0008(4) 0.065(3)
C14 0.2638(5)  0.2852(3)  0.0044(4) 0.052(2)

a) Ueq=1/3(U11+ U22+ Us3).
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Table 2. Bond Distances (A) and Bond Angles (°) Involving Non-Hydrogen Atoms

with Their esd’s in Parentheses

Atoms Lengths Atoms Lengths
Mol-A Mol-B Mol-A Mol-B
01-C4 1.477(6)  1.468(5) 01-C5 1.333(5)  1.336(5)
02-C5 1.218(5) 1.198(6) 03'-C10’ 1.187(6)  1.188(5)
04-N2 1.393(4) 1.380(5) 04-C10’ 1.379(5)  1.382(5)
05-C14 1.198(6) 1.208(6) 0O6-Cl11 1.196(6) 1.213(6)
N1-C5 1.342(5) 1.360(5) N1-C6A 1.450(5)  1.434(5)
N2-C11 1.367(6) 1.366(6) N2-C14 1.389(6)  1.395(6)
C1-C4 1.511(7) 1.509(9) C2-C4 1.507(9)  1.525(9)
C3-C4 1.523(8) 1.507(9) C6A-C7B 1.552(7)  1.552(6)
C6A-C10’ 1.499(6) 1.508(5) C7B-C8G1 1.508(8)  1.522(8)
C7B-C9G2 1.481(9) 1.510(7) C11-C12 1.506(7)  1.502(7)
C12-C13 1.527(7) 1.522(7) C13-C14 1.497(7)  1.503(7)
Atoms Angles Atoms Angles
Mol-A Mol-B Mol-A Mol-B

C4-01-C5 121.8(3) 120.6(3) N2-04-C10’ 113.9(3) 112.9(3)
C5-N1-C6A 121.3(4) 119.0(3) 04-N2-C14 121.0(4)  120.5(3)
04-N2-C11 120.2(4) 122.7(3) Cl1-N2-Cl4 117.2(4) 116.0(4)
C2-C4-C3 112.5(5) 113.2(5) C1-C4-C3 112.9(5)  110.5(5)
C1-C4-C2 111.5(5) 110.4(5) 01-C4-C3 109.2(4) 110.9(4)
01-C4-C2 109.6(4) 109.3(4) 01-C4-C1 100.7(4)  102.1(4)
02-C5-N1 124.0(4) 123.6(4) O1-C5-N1 110.1(4)  109.0(4)
01-C5-02 125.9(4) 127.5(4) NI1-C6A-C10’ 112.4(4)  109.3(3)
N1-C6A-C7B 113.9(4) 110.6(3) C7B-C6A-C10’ 110.9(4) 112.0(3)
C6A-C7B-C9G2 114.3(5) 112.0(4) C6A-C7B-C8Gl 109.8(4) 112.9(4)
C8G1-C7B-C9G2 111.9(5) 110.9(4) 04-C10'-C6A 110.9(3)  108.9(3)
03'-C10'-C6A 126.6(4) 128.9(4) 03'-C10'-04 122.5(4) 122.2(4)
06-C11-N2 124.7(4) 124.0(4) N2-Cl11-C12 105.4(4) 106.6(4)
06-C11-C12 129.9(5) 129.3(5) Cl1-C12-C13 105.8(4)  105.1(4)
C12-C13-C14 106.2(4) 106.3(4) N2-C14-C13 105.1(4)  105.2(4)
05-C14-C13 129.9(5) 131.8(4) 0O5-C14-N2 125.0(4)  123.0(5)

and MicroVAX II computers available in the department.

Results and Discussion

The final positional parameters of the atoms are listed
in Table 1.1Y A schematic diagram of the molecules is
shown in Fig. 1. The bond lengths, bond angles, and
selected torsion angles are given in Tables 2 and 3. The
differences in the bond lengths and bond angles between
the two molecules are within the estimated errors, and

Molecule-B

Molecule -A

Fig. 1. Schematic representation of the molecules.

Table 3. Some Selected Torsion Angles (°) Involving
Non-Hydrogens with Their esd’s in Parentheses

Angles

Atoms Mol-A Mol-B

0 C4-01-C5-N1 172.8(4) 176.2(4)
w 01-C5-N1-C6A —174.7(3) 172.9(3)
1) C5-N1-C6A~-C10’ —128.7(4) —65.9(5)
P N1-C6A-C10'-04 —41.1(5) 147.9(3)
w 04-N2-C14-C13 171.5(3) —172.5(3)
x11  N1-C6A-C7B-C8G1 —60.2(6) 67.4(5)
x12 N1-C6A-C7B-C9G2 66.5(6) —166.5(4)
Y C2-C4-01-C5 63.6(5) —65.4(6)
Y2 C1-C4-01-C5 —178.8(4) 177.8(4)
v3 C3-C4-01-C5 —59.7(5) 60.1(6)
Ya C4-01-C5-N1 172.8(4) 176.2(4)

are in good agreement with the average values of the
peptides reported in the literature.''® The peptide
unit is nearly planar. As can be seen from the values of
¢ and ¢ (Table 3), molecules A and B adopt a structure
that is very similar to an extended and a folded confor-
mation, respectively. The peptide linkage exists in the
trans conformation. The value of w (01-C5-N1-C6A)
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Fig. 2. Packing of the molecules viewed down the
a-axis.  The hydrogen bonding [N1(B)---O2(A)
(z, y, 2)=2.970(5) A, N1(A)---05(B) (—z, y—1/2,
—2)=2.999(5) A, C12(A)---06(B) (—z+1, y—1/2,
—2)=3.329(6) A.] A and B in the parentheses repre-
sent molecules A and B, respectively.

for molecules A and B are —174.7(3)° and 172.9(3)°,
respectively.

In both molecules, the tboc group adopts a trans—
trans conformation about the § (01-C5) and w (C5-
N1) bonds (172.8(4):~—174.7(3)° for molecule-A and
176.2(4) : 172.9(3)° for molecule-B, respectively).'¥) The
succinimide ring shows a considerable flexibility, as ob-
served in other related structures.>~> The conforma-
tion of the succinimide ring can be described by a
puckering amplitude of 0.053(4) A and a phase (¢) of
10.89° for molecule A and 0.079(5) A and —120.29° for
molecule B, calculated for the sequence N2, C11, C12,
C13, and C14.'® The N2 atom is puckered in molecule-
A, whereas in molecule-B the C12 atom is puckered.
The value of ¢ is intermediate between an envelope and
a twist conformation for both molecules.

The side-chain conformations for valine in the two
molecules show significant differences, as observed in
most of the valine containing peptides which have two
crystallographically independent molecules in the asym-
metric unit.'® The valine y-atoms are found to occur
in a possible staggered conformation.!” In the present
study, they also occurred in a staggered conformation
with the following values: x11(N1-C6A-C7B-C8G1)=
—60.2(6)° and x12(N1-C6A-C7B-C9G2)=67.4(5)° for
molecule A and 66.5(6)°, —166.5(4)° for molecule B.

Energy calculations of the molecules were performed
using the DTMM program.!® The energies of molecules
A and B were found to be 10.6 kcalmol~! and 9.3
kcal mol 1!, respectively, thus indicating that both the
conformations are energetically preferable.

The molecular packing viewed down the a-axis is

NOTES

2103

shown in Fig. 2. The molecules in the crystalline state
are stabilized by N-H---O and C-H---O hydrogen bond-
ing. The molecules are aggregated into separate layers
in helical fashion along the b-axis.

One of the authors (NS) is indebted to the Council of
Scientific and Industrial Research, India, for the award
of Senior Research Fellowship.
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