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Data collection

Enraf-Nonius CAD-4 R = 0.036
diffractometer Omax = 25°

w/26 scans h=0-— 10

Absorption correction: =-13—-13
Gaussian, calculated I=0—-8

Tmin = 0900, Tmax = 0963
1350 measured reflections
654 independent reflections
248 reflections with

I>o()

3 standard reflections
frequency: 240 min
intensity decay: 3%

Refinement

Refinement on F (A/0)max = 0.0002

R = 0.049 Apmx = 0322 A3
wR = 0.040 Apmin = —0428 ¢ A™3
S =1.169 Extinction correction: none

248 reflections

30 parameters

H atoms: see below

Weights: calculated from
measured e.s.d.’s

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)2;E;U‘jai‘ a}?ai.aj.

X y z Ueq
S ] 0.21604 (14) 1/4 0.0509 (9)
Cl 1 0.3662 (5) 1/4 0.038 (3)
c2 1.0785 (6) 0.5578 (3) 1/4 0.050 (2)
c3 1.2903 (5) 0.3993 (4) 1/4 0.060 (3)
N1 1.1263 (4) 0.4391 (3) 1/4 0.0404 (16)

o
Table 2. Selected geometric parameters (A, °)

S—Cl 1.681 (5) C2—NI 1.390 (5)
CI—NI 1.346 (4) C3—NI 1.458 (5)
c2—c2 1.329 (7)
N1i—C1—NI 105.3 (4) CI—NI—C2 1104 (4)
N1—Cl—S$ 127.4 (2) CI—N1—C3 124.8 (3)
C2'—C2—N] 106.9 (4) C2—N1—C3 124.7 (4)
$—~C1—N1—-C2 180.0 H2—C2—N1—C3 0.0
S—C1—N1—C3 0.0 NI—C2—C2'—NI' 0.0
H2—C2—N1—C1 180.0 H2—C2—C2'—NI' 180.0

Symmetry code: (i) 2 —x,y, § —z.

All non-H atoms were located from electron density maps
and were refined anisotropically by full-matrix least squares. H
atoms were located from difference Fourier synthesis and were
not refined postionally, while the displacement parameters
were refined isotropically.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: Xrai3.4
(Hall, Flack & Stewart, 1995). Program(s) used to solve
structure: Xral3.4. Program(s) used to refine structure: Xtal3.4.
Molecular graphics: ORTEPII (Johnson, 1976) in Xtal3.4.
Software used to prepare material for publication: Xtal3.4.
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Abstract

The N1—HI imino group of the five-membered ring
of the title compound, C,0HoNO3, forms intermolecular
hydrogen bonds between Ol along the a axis and
between O3 along the b axis. Thus, a two-dimensional
hydrogen-bonding network forms a layer perpendicular
to the ¢ axis. The layer, which consists of one of two
independent molecules, stacks alternately along the c
axis and produces a sandwich structure.

Comment

The relationship between the crystal structures of N-
carboxy anhydrides (NCAs) of L-amino acids and their
polymerizability in the solid state has been studied by
Kanazawa (1992a) and Kanazawa & Kawai (1980). The
crystal structures of glycine NCA (Kanazawa, Matsura,
Tanaka, Kakudo, Komoto & Kawai, 1976a), L-alanine
NCA (Kanazawa, Matsura, Tanaka, Kakudo, Komoto
& Kawai, 1976b), y-benzyl-L-glutamate NCA (Kana-
zawa, Ohashi, Sasada & Kawai, 1978a), L-leucine NCA
(Kanazawa, Ohashi, Sasada & Kawai, 1978b), L-valine
NCA (Kanazawa, Ohashi & Sasada, 1984) and pL-valine
NCA (Takenaka, Ohashi & Kanazawa, 1994) have been
determined so far.
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The crystal of the title compound, (I), contains
two independent molecules, A and B. However, as
the molecular structures are almost identical, only the
dimensions of molecule A are listed in Table 1. The
geometrical structure of the five-membered ring of this
molecule is similar to that of the other six NCAs so far
determined.

0
)

Intermolecular hydrogen-bond distances and angles
are listed in Table 2. Although the six NCA crystals
listed above show ribbon-type or dimer-type hydrogen
bonding, only this crystal has a two-dimensional hydro-
gen-bond network that forms layers in molecules A and
B perpendicular to the ¢ axis. The layers are stacked
alternately along the ¢ axis to form a sandwich structure.

In Fig. 2, benzyl groups are packed in a layer with
the five-membered NCA rings in another layer; the two

Fig. 1. Structure of L-phenylalanine NCA (ORTEPII; Johnson, 1976)
with the numbering scheme for the non-H atoms. Displacement
ellipsoids are drawn at the 50% probability level; H atoms are drawn
as small circles of arbitrary radii. (The structures of molecules A
and B are very similar; thus, only the structure of molecule A is
shown.)

o B A c

“i}” DQ\% D 7’{; £ ?’\_j‘i ® _(j’\j
AR eEN D8]
Fp 84 80 0 Fn
b {?l PO S r\_j}a iy {oy
}“k Sa BN VA 'R N

Fig. 2. Projection of the crystal structure of pL-phenylalanine NCA
along the a axis. The labels D and L represent the p- and L-
enantiomers, respectively. Molecules A and B are indicated by the
labels A and B.
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layers are aligned alternately. This sandwich structure
is very important for the solid-state polymerization of
amino acid NCAs (Kanazawa, 1992b).

Experimental

The title compound was obtained by the reaction of pL-phenyl-
alanine and trichloromethyl chloroformate in tetrahydrofuran,
as for the other NCAs. The reaction product was recrystallized
from a mixture of ethyl acetate and hexane.

Crystal data

CioHoNO; Cu Ka radiation

M, =191.18 A=154184 A
Orthorhombic Cell parameters from 25
Pna2, X reflections
a=9.606(2) A 0 = 25.79-27.48°
b=6378(2) A ¢ = 0.864 mm™'

c = 30.077(5) A T=29%2)K
V=18427(7) A’ Plate

Z=38 0.30 x 0.10 x 0.10 mm

D, =1378 Mg m~? Colorless

D,, not measured

Data collection

Rigaku AFC-5R diffractom- 1304 reflections with

eter I > 20()
w-26 scan Omax = 62.48°
Absorption correction: h=0— 10

empirical via ¢ scans k=0-17

(North, Phillips & I=-34 -0

3 standard reflections
every 100 reflections
intensity decay: 1.928%

Mathews, 1968)

Tin = 0.881, Trax = 0.917
1503 measured reflections
1503 independent reflections

Refinement

Extinction correction:
SHELXL93 (Sheldrick,

Refinement on F?
RIF? > 20(F%)] = 0.034

wR(F?) = 0.090 1993)
S = 1.089 Extinction coefficient:
1443 reflections 0.0019 (2)

253 parameters

H atoms not refined

w = U[aX(F2?) + (0.0479P)?]
where P = (F2 + 2F2)/3

(A/0)max < 0.001

Apmax = 0.135 e A7?

Apmn = —0.154 ¢ A7

Table 1. Selected geometric parameters (A °)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute configuration:
Flack (1983)

Flack parameter = 0.3 (4)

014—ClA 1.204 (4) N1A—C3A 1.446 (4)
02A—C2A 1.369 (4) C2A—C3A 1.499 (5)
024—Cl1A 1.394 (4) C3A—C4A 1.541 (5)
03A—C2A 1.195 (4) C4A—C5A 1.511 (5)
N1A—ClA 1.325(4)

C2A—02A—CI1A 109.0 (2) 02A—C2A—C3A 109.1 (3)
Cl1A—NIA—C3A 113.4(3) N1A—C3A—C2A 100.0 (3)
OIA—CI1A—NI1A 130.9(3) NiA—C3A—C4A 114.0(3)
01A—C1A—024 120.9 (3) C2A—C3A—C4A 111.4 (3)
N1A—C1A—024 108.3 (3) C5A—C4A—C3A 113.5(3)
03A—C2A—024 121.5(3) C6A—C5A—C4A 121.2(3)
03A—C2A—C3A 129.4 (3) CI10A—C5A—C4A 120.4 (3)
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Table 2. Hydrogen-bonding geometry (A °)

D—H-A H.--A D...A D—H---A
N1A—HI1A. - -014" 2.319(3) 2.898 (4) 124.88 (9)
N1A—HIA. - -03A" 2471 (4) 3.110(4) 131.59(9)
N1B—HIB---01B" 2.340 (4) 2918 4) 124.8 (1)

N1B—H1B- . -O3B" 2.444 (4) 3.099 4) 133.45 (9)

Symmetry codes: () x— 4, § —y, z (i) x, L +y,z (i) § +x, -1 — 5,2
ivyx,y—1,z

Extinction conditions indicated that the space group was Pna2,
(No. 33) or Pnam (No. 62). Successful structure solution by
direct methods and successive refinement confirmed the space
group to be Pna2,. Although two independent enantiomers
(molecules A and B) are related by a local inversion center
at x = 0.86, y = 0.50, z = 0.33, this crystal structure can
not be described by the centrosymmetric space group (Pnam).
The absolute structure was not determined [x = 0.3 (4);
Flack, 1983]. H atoms were located at geometrically calculated
positions and were included in the refinement using the riding
model. Polar axis restraints were applied according to the
method of Flack & Schwarzenbach (1988). Data collection
was performed for the independent region of the reciprocal
space. Because some reflections were in a blind region of
the equipment, their equivalent reflections, i.e. h k —I, were
measured instead.

Data collection: MSC/IAFC Diffractometer Control Soft-
ware (Molecular Structure Corporation, 1992a). Cell refine-
ment: MSC/AFC Diffractometer Control Software. Data reduc-
tion: TEXSAN (Molecular Structure Corporation, 1992b). Pro-
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990).
Program(s) used to refine structure: SHELXL93 (Sheldrick,
1993). Molecular graphics: TEXSAN and ORTEPII (John-
son, 1976). Software used to prepare material for publication:
SHELXI.93.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: DE1051). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, Ci7H;NO, crystallizes with two
independent molecules in the asymmetric unit. The
conformation of the molecules is essentially the same.
All saturated rings adopt a chair conformation, which is
a prerequisite for efficient charge transfer.

Comment

End-functionalized oligo(cyclohexylidenes), which con-
sist of chair-type cyclohexane rings connected via
double bonds (Hoogesteger et al., 1995), are ver-
satile molecular building blocks for the preparation
of supramolecular assemblies, such as non-covalent
polymer-like systems (Hoogesteger, Jenneskens, Kooij-
man, Veldman & Spek, 1996), Langmuir-Blodgeit
mono- and multilayers (Hoogesteger et al., 1997), and
the ripening and growth of microcrystals deposited on
silicon by spin-coating (ten Grotenhuis, van der Eerden,
Hoogesteger & Jenneskens, 1996). Since oligo(cyclo-
hexylidenes) are semi-rigid aliphatic bridges, possess-
ing a o-m—o¢ topology, it was envisaged that end-
functionalization with an electron-donor and an electron-
acceptor moiety would give opto-electric compounds,
i.e. materials which give long-range charge separation
by electron transfer from the donor to the acceptor
upon photoexcitation (Paddon-Row, 1994, and refer-
ences therein).
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