R. A. KRESINSKI AND J. P. FACKLER JR

Foundation (grant CHE 8708625), as well as the use
of the computing facilities of the University of Birm-
ingham Computer Centre, the University of Manchester
Regional Computing Centre and Staffordshire Univer-
sity, Stoke site. Special thanks are due to Dr M. Horder
at Birmingham and Mr A. Sherwood at Stoke for help
with file conversions and plotting.

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the ITUCr
(Reference: HH1069). Copies may be obtained through The Managing
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

References

David, W. I. F. & Ibberson, R. M. (1992). Acta Cryst. CA48,
301-308.

Davies, E. K. (1982). SNOOPI. Chemical Crystallography Labor-
atory, Univ. of Oxford, England.

Motherwell, W. D. S. & Clegg, W. (1983). PLUTO. Program for
Plotting Molecular and Crystal Structures. Univ. of Cambridge,
England.

Parkanyi, L., Kalmén, A., Kucsman, A. & Kapovits, I. (1989). J.
Mol. Struct. 198, 355-357.

Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure
Determination. Univ. of Cambridge, England.

Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of
Crystal Structures. Univ. of Gottingen, Germany.

Spirlet, M. R., van den Bossche, G., Dideberg, O. & Dupont, L.
(1979). Acta Cryst. B35, 203-205.

Acta Cryst. (1994). C50, 2041-2043

L-Nitroarginine Monohydrochloride
Monohydrate

NoBUO OKABE, YOsSHIKO KoHyAaMA, KAZUYUKI IKEDA
AND SATORU SUNANO

Faculty of Pharmaceutical Sciences, Kinki University,
Kowakae 3-4-1, Higashi Osaka 577, Japan

(Received 9 November 1993; accepted 19 April 1994)

Abstract

Two conformers are present in the asymmetric unit
of the title compound, C¢H4NsO; .Cl~.H,0, whose
conformational differences are characterized by
rotations about the C*—C? and C°>—N°* bonds. The
nitroguanidyl moieties of both conformers are nearly
planar; each is involved in an intramolecular hydro-
gen bond between the N° atom and an O atom of the
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nitro group. Molecules are held together by a
hydrogen-bond network involving the nitroguanidyl
moieties, the protonated a-amino and carboxyl
groups, two water molecules and two chloride ions.

Comment

L-Nitroarginine (1) is a specific and potent inhibitor
of nitric oxide (NO) generation (Milsch & Busse,
1990) which is formed by the enzymatic oxidation of
L-arginine and plays a crucial role in non-adrenergic
and non-cholinergic inhibitory neuromuscular trans-
mission in certain smooth muscles (Moncada,
Palmer & Higgs, 1991; Rand, 1992). For this reason,
it is important to determine the precise structure of
L-nitroarginine in order to clarify the relationship
between its structure and function.

NH,
|
CH COOH
//C\ /CH’\ VAl 4 Cl1™.H,0
O,NN N CH, |CH
NHjy

m

L-Nitroarginine crystallizes with two conformers
per asymmetric unit [forms (I) and (II)]. Both con-
formers have extended conformations as shown in
Fig. 1. The prominent conformational differences
between forms (I) and (II) are characterized by two
rotations; one is a rotation about the C*—C#? bond
[N(1)—C(2)—C(3)—C(4): —53 (2) for (I), 64 (1)° for
(ID)], and the other is about the C>—N¢ bond [C(4)—
C(5)—NQ2)—C(6): —91 (1) for (I), 94 (1)° for (II)].
The nitroguanidyl group adopts a nearly planar con-
formation [C(5)—N(2)—C(6)—N(@3), N(2—C(6)—
N(4)—N(5), C(6)—N(4)—N(5)—04): 4(2), —3(1)
and — 5 (1)° for (I), —8 (1), 0 (1) and 7 (1)° for (II)].
The hydrocarbon part of the side chain has a trans
conformation [C(2—C(3)—C(4)—C(5): —171 (1)
for (I), —171.1(7)° for (II)] and is oriented almost
perpendicular to the nitroguanidyl plane. Intra-
moleculear hydrogen bonds, N(2)—H(2)---O(4)
[2.57 (1) A] and N(2)—H(2')--O(4") [2.58 (1) A], are
present in the nitroguanidyl plane. Two conformers
are linked through an intermolecular hydrogen-
bonding network in which the —NH3, —COOH and
—NH, groups and H,O molecules act as proton
donors, and the Cl~ ions, the O atoms of the —NO,
and —COOH groups, H,O molecules and the —N=
atoms all function as proton acceptors. All H atoms
of the above donor groups take part in hydrogen
bonding to the proton acceptors. The details of the
hydrogen-bond geometry are available as part of the
supplementary material. The thermal motion of the
atoms C(3) and C(4) of form (I) is quite high, result-
ing in the unusual C(3)—C(4) bond length and
C(2—C(3)—C(4) and C(3)—C(4)—C(5) angles as
compared with the normal values of form (II).
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CsH14NsO4.C1-.H,O

Data collection

N(4) N(5) 0(3)
Rigaku AFC-5R diffractome- Rin = 0.022
ter Omax = 27.5°
w/26 scans h=0— 17
Absorption correction: k=-7—-0
empirical (DIFABS; I =-18 — 17

Walker & Stuart, 1983)

Tmin = 0.66, Thax = 1.06
3292 measured reflections
3164 independent reflections
1510 observed reflections

[I > 2.5¢0(D]

Refinement
Refinement on F

3 standard reflections
monitored every 150
reflections
intensity variation: —1.6%

w = 4F g F2)

R = 0.056 (A/0)max = 0.01
wR = 0.057 Apmax = 141 e A3
S = 1.59 Apmin = —3.60 ¢ A3

1510 reflections

306 parameters

H-atom parameters not
refined

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

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

Beg = (81r2/3)2i2jUija;' a}?‘ a;.a;.

Fig. 1. Perspective view of the two conformers [(I) and (II)] of the
title compound with the atomic numbering viewed down the &

axis. x y z Beq
Ci(1) 09202(2)  —03397 0.3596 (2) 44(1)
.. . ci2) 04100(2)  —0.2670(6) 0.3718 (2) 56(1)
_The crystal structures of L-arginine dihydrate and oq) 09883(4)  —0433(1) 0.6932 (3) 4303)
diarsenate have been reported elsewhere (Lehmann, 88;) 8-;223 g; gigg 8; 82968 (:; ;-2 8;
. . i . . ) —0. 5713 .
Verbist, Hamilton & Koetzle, 1973; Zalkin, Eimerl & ¢ 0.6404 (5) 0.024 (1) 0.4077 (4) 6.5 4)
Velsko, 1989). 0@3) 0.4920 (5) 0.496 (2) 0.9310(5) 5.9(4)
o@3’) 10059 (5)  —0.499 (1) 0.0648 (4) 52(3)
0(4) 0.4912 (6) 0.201 (1) 0.8531 (5) 6.3(4)
0@") 1.0115(5)  —0.205(1) 0.1444 (5) 6.1(4)
0(5) 0.6213(5)  —0.413(1) 0.5037 (4) 51(3)
0(6) 0.1187(4)  —0451(1) 0.5208 (4) 47(3)
N(1) 0.7665(5)  —0.094 (1) 0.5930 (4) 38(3)
N(1") 0.7373 (5) 0.405 (1) 03990 (4) 3503)
N(2) 0.6679 (6) 0.016 (2) 0.8695 (5) 5.1(4)
N@2') 0.8361(5)  —0.031(1) 0.1419 (5) 35(3)
NG3) 0.8012 (6) 0.234(2) 0.9502 (5) 42(4)
N(G3") 0.6988(6)  —0.251(2) 0.0617 (5) 43(4)
N@) 0.6426 (6) 0.359 (2) 0.9385 (5) 42(4)
Fig. 2. Stereoview of the title compound showing the packing in Eg;) gggg(l) 8 _g--;’zg g; 8"9’8?‘; g; ig S;
the unit cell viewed down the b axis. NG 0:9614(6) —0347 s 0.0943 s 43 @)
a1 0.9004(6)  —0.375(2) 0.6372 (5) 3.8(4)
c’) 0.5947 (7) 0.145(2) 0.3484 (6) 4.0(4)
Experimental CQ) 08517(7)  —0.177(2) 0.6664 (5) 40(4)
c@ 0.6432 (7) 0351 (2) 0.3252 (6) 3.6 (4)
Crystal data c3) 08134(9)  —0251(3) 07413(6)  11(1)
+ - - ca3’) 0.6703 (6) 0.327(2) 0.2412(5) 3.1(4)
CsH1.N504.C1™.H,0 Mo Ka radiation c@) 0.7570(9)  —0.117(4) 0.7746(8)  11(1)

» = 273.68 A =0.71069 A c@) 0.7399 (6) 0.137(2) 02383(5) 354
Monoclinic Cell parameters from 25 C(5) 0.7310(7) —0.167 (2) 0.8517(6) 4.8(5)
P2, reflections cs’) 0.7729 (6) 0.159 2) 0.1568 (6) 424)
a=1355 (3) A 0 = 4.3-7.35° C(6) 0.7021 (7) 0.198 (2) 0.9172 (6) 39(5)

6 } —0212(2 0943 (5 .
b = 5.936 (3) AA 4 = 0.320 mm™! (o) 0.8016 (7) @ 0.0943 (5) 34(4)
¢ =16.339 (3) T=296K .
8 = 107.80 (2)° Plate Table 2. Selected geometric parameters (A, °)
V=1252 (1) A’ 0.40 x 0.30 x 0.20 mm O(1)—C(1) 1.307 (9) N@)—C(6) 1.30 (1)
Z=4 Colorless o(1'y—c’) 1.29 (1) NG’ )—C(6") 1.35 (1)
D,=1452Mgm™ Crystal source: from 0.05N oz—ca), 118 NE—NG) 1:36(1)

s 02’ y—c(1") 121(1) N(4)—C(6) 136 (1)

Dy =1449 (4) Mg m HC1/50% ethanol 0(3)—N(5) 1.24(1) N@'—N(") 1.329 9)
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03" —N(5") 1.26 (1) N@4’)—C(6') 1.36 (1)
0O(4)—N(5) 1.24 (1) C(1)»—C(Q2) 1.49 (1)
04’ »—N(5") 1.23 (1) c(1'y—c@") 149 (1)
N(1)—C(2) 1.48 (1) C(2—C(3) 1.53(1)
Nt —C(2") 1.50 (1) C('—C(3") 1.53(1)
N(@2)—C(5) 1.47 (1) C(3)—C(4) 1.33(2)
N(2)—C(6) 1.33(1) C@3'—C@') 1.48(1)
N@2'»—C(5") 1.48 (1) C(4)—C(5) 1.44 (1)
N@2')»—C(6') 1.32(1) C@)—C(5") 1.53 (1)
C(5)—N(2)—C(6) 126.6 (9) N(1)—C(@2)—C?3) 111.9(7)
C(5'»—N(Q'y—C(6") 126.5 (8) C(1)—C(2—C(3) 109 (1)
N(5)—N(4)—C(6) 118.8 (9) N(1"»—C@"y—c(1") 107.6 (7)
N(5')—N(4")»—C(6") 118.5 (8) N(1")»—C2'—(3") 111.3(7)
O(3)—N(5)—0(4) 121.7 (8) Cc(1"—C'y—c@3") 113.4 (8)
O(3)—N(5)—N(4) 13 (1) C(2}—C(3)—C@) 122 (1)
O(4)—N(5)—N@#) 125 (1) C(2"—C 3" )—C@") 115.4 (7)
0@3')—N(5')—0@4") 121.0(8) C(3)—C4)—C(5) 124 (2)
03 )»—N()—N@') 11279 C(3')—C@'»—C(5") 108.7 (8)
04’ »—N(5")—N@4") 126.1 (9) NQ@)—C(5)—C4) 110 (1)
O(1)—C(1)—0(2) 124.4(9) NQ@'»—C(5'y—C@") 114.4 (8)
O(1)—C(1)—C(2) 112.4 (8) N(2)—C(6)—N(3) 121 (1)
0Q)—C(1)—C(2) 123.2(8) N(2)—C(6)—N(4) 126.3 (9)
o(1'y—C(1’»—0(2") 125(1) N@3)—C(6)—N4) 113 (1)
o1y —C(1"y—Cc2") 113.2(9) N(2')—C(6'»—N@3") 120.6 (9)
02" —C(1"y—CQ2") 122.1(9) NQ’'—C(6'—N(4') 127.1 (9)
N(1)—C(2)—C(1) 108.6 (7) N@')»—C6'—N@')  1122(9)

The crystal was sealed in a capillary to prevent sublimation.
The positions of the H atoms on atoms C(3) and C(4) were
calculated geometrically. Other H atoms were subsequently lo-
cated in successive difference Fourier maps. Program used for
data collection and cell refinement: MSC/AFC Diffractome-
ter Control Software (Molecular Structure Corporation, 1988).
Programs used to solve structure: SHELXS86 (Sheldrick, 1985)
and DIRDIF (Beurskens, 1984). All calculations, including
data reduction, were carried out using the TEXSAN crystallo-
graphic package (Molecular Structure Corporation, 1985).

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates, complete geometry, torsion angles and hydrogen-bond
geometry details have been deposited with the IUCr (Reference:
AS1098). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

The title compound is a tamoxifen derivative. The crys-
tal structure shows a central ethylene bond about which
three phenyl rings adopt a propeller conformation. The
[2-(1-pyrrolidinyl)ethoxy]phenyl ring lies trans with re-
spect to the ethyl group across the ethylene bond.

Comment

This study reports the structure of a trans-tamoxifen
derivative. frans-Tamoxifen and its derivatives show
antioestrogenic activity and are important for the treat-
ment of hormone-sensitive breast cancer. A number of
tamoxifen structures have been reported previously, and
include trans-tamoxifen (Precigoux, Courseille, Geof-
fre & Hospital, 1979), 2-hydroxytamoxifen, 3-hydroxy-
tamoxifen, 2-methyl-4-hydroxytamoxifen (Kuroda, Cut-
bush, Neidle & Leung, 1985), 4-methylthiotamoxifen
(Blackburn, Goodman & Smith, 1988) and tamoxifen
citrate (Goldberg & Becker, 1987). The structure of the
E and Z isomers of an iodotamoxifen have been re-
ported (Hunter, Payne, Rahman, Richardson & Ponce,
1983). The Z isomer of iodotamoxifen differs from the
title compound (I) in having a dimethylammine group
in place of the pyrrolidinyl group and a different iodo-
substituted phenyl ring.

The overall conformation of the structure is similar
to that seen for the other tamoxifen structures. The
central triphenylethylene system adopts a propeller
conformation. The dihedral angles formed between the
(1) unsubstituted phenyl, (2) 4-iodophenyl and (3) [2-
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