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Table 1. 3,4-Dibromo-2,3,4,5-tetrahydro-1,6-benzodi-
oxocin coordinates (x 10*) for non-H atoms and U,
values (A? x 10%) with e.s.d.’s in parentheses

U =33, 5,U ,atata,. a;
X y 4 U
Ol 4610 (5) 870 (18) 3521 (8) 50 (4)
C2 4229 (7) 1289 (28) 4112 (10) 41 (5)
C3 4419 (6) 5490 (30) 3312 (10) 44 (5)
04 4955 (5) 5166 (18) 3983 (7 50 (4)
C5 6042 (8) 4249 (29) 4023 (11) 53 (6)
Cé6 6508 (8) 2780 (33) 3927 (12) 61 (6)
C7 6344 (8) 794 (33) 3673 (12) 55 (6)
C8 5705 (7) 169 (32) 3574 (11) 52 (6)
C9 5235 (6) 1597 (27) 3679 (9) 36 (4)
Cl10 5394 (7) 3665 (28) 3875 (10) 44 (5)
Cll1 3639 (7) 2589 (27) 3670 (9) 38 (4)
Brl2 2958 (1) 2229 (4) 4271 (1) 63 (1)
Cl13 3802 (6) 5002 (28) 3656 (10) 43 (5)
Brl4 3093 (1) 6415 (4) 2892 (2) 74 (1)

Table 2. Interatomic distances (A) and angles (°)

C2-01 1-427 (18) C9-01-C2 118-3 (12)
C9-01 1-390 (17) C11-C2-01 107-1 (12)
Cl11-C2 1.559 (21) Cl13-C3-04 106-6 (12)
04-C3 1-443 (17) C10—04—-C3 117-0 (12)
C13-C3 1-576 (20) C10-C5-Cé6 120-7 (17)
C10-04 1-373 (19) C7-C6-C5 120-4 (15)
C6—Cs 1.394 (24) C8—-C7-C6 119-0 (17)
C10-C5 1-409 (21) C9-C8-C7 121-3 (18)
C7-Cé 1.344 (26) C8-C9-01 117-3 (15)
C8-C7 1-402 (21) C10—C9-01 122.8 (14)
C9-C8 1-387 (22) C10-C9-C8 119-7 (14)
C10-C9 1-369 (23) C5—-C10-04 118-4 (15)
Br12-C11 1.944 (13) C9-C10-04 122.9 (13)
C13-Cl1 1.561 (24) C9-C10-C5 1186 (16)
Br14-C13 1.980 (15) Br12—-C11-C2 108:5 (9)
C13-Cl11-C2 110-9 (12)
C13-C11-Brl2 108-4 (11)
C11-C13-C3 113-7 (13)
Br14—C13—C3 105-6 (10)
Br14—C13-Cl1 107-7 (10)
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3,4-DIBROMO-2,3.4,5-TETRAHYDRO-1,6-BENZODIOXOCIN

Fig. 1. 3,4-Dibromo-2,3,4,5-tetrahydro- 1,6-benzodioxocin.

and C3 but at the expense of eclipsing the C—H bonds
on C2 and Cl11 and on C3 and C13 which are
staggered in the observed structure. This conformation
is that found in 8,9-dimethyl-1,6-benzodithiocin
(Barnes, Schroth & Moegel, 1978) where the corre-
sponding deviations from the plane of the benzene ring
are 0-808, —1-080, 0-368 and —0-837 A, making the
angle between C11—C13 and the normal to the benzene
ring plane 33-8 (4)°.
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Abstract. C,,H;NO,H,0, M,=359-5, ortho-
rhombic, P2,2,2,, a=10-032(1), b=11-186 (1), ¢
=17-980 (1)A, U=2017-48A%, Z=4, D,=
1.276 Mg m=3, A(Cu Ka) = 1.5418 A, u = 0-69 mm~},
F(000) =784, T=293 K. Final R =0-05 for 1972

0108-2701/88/030518-04503.00

unique reflections with I > 3a(I). Ring 4 is planar, and
rings B and C adopt a chair conformation. Rings D and
E are envelopes, with C(14) and C(20) displaced from
their respective ring planes by 0-616(2) and
0-648 (3) A. The A/B ring junction is quasi-trans,

© 1988 International Union of Crystallography
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whilst ring systems B/C and C/D are trans fused about
the bonds C(8)—C(9) and C(13)—C(14) respectively.
The D/E junction shows cis fusion.

Introduction. Steroidal alkaloids are a class of com-
pounds possessing the basic or modified steroidal
skeleton with nitrogen incorporated as an integral part
of the ring or in the side chain. 1la-Hydroxycon-
1,4-dienine-3-oneis asteroidal alkaloid with the N atom
in ring E (Fig. 1). The compound was isolated from the
bark of the plant Holarrhena anti-dysenterica (Bhutani,
Ali, Sharma, Vaid & Gupta, 1987). The Holarrhena
alkaloids have a long history in herbal medicine as
antidysentrics and anthelmintics.

Experimental. The crystals were grown from acetone
solution by slow evaporation. The cell parameters were
refined from accurately determined 26 values of 24
reflections, 4.8 < 0 < 29-8°, on an Enraf-Nonius
CAD-4 diffractometer. Intensity data were collected
with Cu Ko radiation using a crystal of dimensions
1-1 x 0-6 x 0-5 mm up to (sinf)/A =0-627 A~! using
w-20 scan. Absorption correction (North, Phillips &
Mathews, 1968) was applied, transmission factor varied
from 96-9 to 97-2%. Lorentz and polarization correc-
tions were also applied. 2644 reflections were measured
with 0 <h < 12,0 <k <14,0 <! <22 of which 1972
reflections had 7 = 30(f). Three strong reflections
monitored periodically showed that the crystal was
stable to X-rays.

The structure was solved by direct methods using
MULTANI11/82 (Main et al., 1982). An E map
computed with the best set of phases (CFOM = 2.799)
revealed the positions of 23 out of 26 non-H atoms.
Successive difference Fourier maps revealed the
positions of the remaining three non-H atoms as well as
those of 29 H atoms. The remaining three H atoms
were fixed stereochemically. After the final cycle of
refinement with anisotropic temperature factors for
non-H atoms and isotropic temperature factors for H
atoms the R value was 0-05, wR =0-061 and S
(goodness of fit) = 2-4. The function minimized was
2w(IF,l —IF.)% where w=1/6%F,). The residual

o) 2
Q

Fig. 1. The numbering scheme of 1la-hydroxycon-1,4-dienine-

3-one.
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Table 1. Final fractional coordinates and equivalent
isotropic temperature factors of non-H atoms

Anisotropically refined atoms are given in the form of the isotropic
equivalent displacement parameter defined as: $[a’B(l,1) +
b'B(2,2) + ¢*B(3,3) + ab(cosy)B(1,2) + ac(cosP)B(1,3) +
be(cosa)B(2,3)].

x y z B(A?)
o(1) 0-2765 (3) 0-7509 (2) 0-8686 (1) 5-73 (5)
o(w1) 0-7434 (4) 1.0056 (2) 0-6007 (1) 7-25(7)
0(3) 0-2460 (4) 1-2857 (2) 0-8331(1) 6-53 (6)
N(I) 0-2343 (2) 1-5298 (2) 0-5571 (1) 3.14 (4)
C(1) 0-3480 (3) 1-0544 (3) 0-8284 (2) 3-81(5)
C(2) 0-3346 (3) 0-9542 (3) 0-8673 (2) 4.01 (5)
C(3) 0-2931 (3) 0-8429 (2) 0-8326 (2) 3.93(5)
C(4) 0-2708 (3) 0-8476 (2) 0-7534 (2) 4.12 (6)
C(5) 0-2882 (3) 0-9464 (2) 0:7126 (2) 3-86 (5)
C(6) 0-2610 (5) 0-9455 (3) 0-6304 (2) 5-97(8)
C(7) 0-1559 (4) 10387 (3) 0-6120(2) 5:03(7)
C(8) 0-1982 (3) 1-1625 (2) 0-6386 (1) 3-29 (5)
C(9) 0-2212 (2) 1-1614 (2) 0-7246 (1) 2-79 (4)
C(10) 0-3300 (3) 1-0652 (2) 0-7460 (1) 3-41 (5)
C(11) 0:2499 (3) 1.2888 (2) 0-7537 (1) 3-58 (5)
C(12) 0-1499 (3) 1-3815 (2) 0:7267(1) 3-59 (5)
C(13) 0-1393 (2) 13824 (2) 0-6418 (1) 2-88 (4)
C(14) 0-0963 (3) 1.2570 (2) 0-6185 (1) 3-30 (5)
C(15) 0-0564 (3) 1-2734 (3) 0-5376 (2) 4.59 (6)
C(16) 0-0163 (3) 1-3941 (3) 0-5373(2) 4.27 (6)
C(17) 0-0335 (3) 1-4641 (3) 0-6070 (1) 3-58 (5)
C(18) 0-2699 (3) 1-4289 (2) 0-6062 (1) 3.45(5)
C(19) 0-4696 (3) 1-0994 (3) 0-7151 (2) 5:75(7)
C(20) 0-1103 (3) 1-5788 (2) 0-5885(2) 3-70 (5)
c@2n 0-0403 (4) 1-6679 (3) 0-5380(2) 5-73(7)
C(22) 0-8407 (3) 0-8841 (3) 0-4487 (2) 4.67 (6)

electron density in the final difference Fourier map was
between +0-198 and —0-270e A-3. The maximum
shift/e.s.d. for non-H atoms is 0-08, including H atoms
it is 0-29. All calculations were performed using the
Enraf—Nonius (1979) Structure Determination Pack-
age on a PDP 11/44 computer. Atomic scattering
factors were taken from International Tables for X-ray
Crystallography (1974).

Discussion. The numbering scheme is given in Fig. 1.
The final coordinates and equivalent thermal param-
eters for non-H atoms are given in Table 1.* Bond
lengths, valence angles and endocyclic torsion angles
are given in Table 2.

The mean value of the C(sp?)~C(sp’) bonds
[1.537 (4) Al agrees with the accepted average
(1-533 A; Sutton, 1965), although the bonds C(9)—
C(10), C(16)—C(17) and C(5)—C(6) show significant
deviations (Table 2). Such variations in bond lengths
are common in steroids, owing to the strains imposed
by ring junctions, side chains and bond unsaturation.
The bond lengths C(1)—C(2), C(4)—C(5) and C(3)—
O(1) indicate their double-bond nature.

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and least-squares-planes data have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 44475 (17 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CHI1 2HU, England.
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Ring 4 is essentially planar, a feature found in only a
few steroids (Duax, Norton, Pokrywiecki & Eger,
1971; Peck, Langs, Eger & Duax, 1974). The endo-

Table 2. Bond lengths (A) and valence angles of non-H
atoms and observed and calculated values of torsional
angles for rings (°)

O(1)-C(3) 1-227 (3) C(8)—-C(14) 1.514 (4)
O3)-C(11) 1-430 (3) C(9)-C(10) 1-580 (3)
N(1)-C(18) 1-476 (3) C(9)—C(11) 1.546 (3)
N(1)-C(20) 1.472 (4) C(10)-C(19) 1555 (4)
C(1)-C(2) 1-329 (5) C(11)-C(12) 1.522 (4)
C(1)-C(10) 1-496 (4) C(12)—C(13) 1.530 (3)
C(2-C(3) 1-454 (5) C(13)-C(14) 1.526 (4)
C(3-C(4) 1-442 (4) C(13)-C(17) 1.534 (4)
C(4)-C(5) 1.337 (4) C(13)-C(18) 1.548 (3)
C(5)—C(6) 1-503 (4) C(14)-C(15) 1.521 (4)
C(5)-C(10) 1-518 (4) C(15)—C(16) 1.535 (5)
C(6)—C(7) 1.519 (5) C(16)—C(17) 1561 (5)
C(7)—C(8) 1-525 (4) C(17)—C(20) 1-533 (4)
C(8)-C(9) 1.563 (3) C(20)-C(21) 1-520 (5)
C(18)-N(1)-C(20) 105-1(2) C(9)—-C(10)-C(19) 111-5()
C(2)-C(1)-C(10) 125-3(3) 0O(3)—C(11)-C(9) 108-1(2)
C()-C(2-C(3) 121-7(3) 0O(3)~-C(11)-C(12) 108-5(2)
O(1)—C(3)-C(2) 122.0 (3) C(9)-C(11)-C(12) 113-4(2)
O(1)-C(3)-C(4) 1220 (3) C(11)-C(12)-C(13) 111-6(3)
C(2)-C(3-C(4) 115-9(2) C(12)—C(13)—C(14) 106-6 (2)
C(3)—-C(4)-C(5) 123-5(3) C(12)-C(13-C(17) 117-3(3)
C(4)—-C(5)-C(6) 120-7 (3) C(12)—C(13)-C(18) 110-9(3)
C(4)—C(5)-C(10) 122-8(2) C(14)—C(13)—C(17) 103-9(2)
C(6)-C(5)-C(10) 116-4 (2) C(14)—C(13)-C(18) 115-8(2)
C(5)-C(6)-C(7) 109-6 (3) C(17)—C(13)-C(18) 102-5(2)
C(6)-C(7-C(8) 111-3 (3) C(8)—C(14)—C(13)  112.7(3)
C(T)—C(8)-C(9) 110-1(2) C(8)-C(14)-C(15) 119:3(2)
C(7)-C(8)-C(14) 111-8(2) C(13)-C(14)—C(15) 103-1(2)
C(9)-C(8)-C(14) 109-9 (2) C(14)—C(15)—C(16) 103-5(2)
C(8)—C(9)-C(10) 110-4 (2) C(15)—C(16)—C(17) 106:7(2)
C(8)-C(9)-C(11) 110-8 (2) C(13)-C(17)-C(16) 104.5(2)
C(10—-C(9)—C(11) 114-7(3) C(13)-C(17)—-C(20) 103-9(3)
C(1)-C(10)-C(5) 110-8 (2) C(16)—C(17)~-C(20) 114.0(2)
C(1)—C(10)—C(9) 112-4 (3) N(1)-C(18)-C(13) 107-4(2)
C(1)-C(10)-C(19) 105-4(2) N(D-CQ0)-C(17) 1014 (2)
C(5)—C(10)—C(9) 108-0 (3) N(1)—C(20)-C(21) 113.9(2)
C(5)-C(10-C(19) 108-9(2) C(17-C(20)-C(21) 116-6(2)
Observed Calculated

Ring B

9-10-5-6 54.1(4) 58

10-5-6-7 -55-9 (5) =57

5-6-7-8 56-4 (3) 56

6-7-8-9 —59-2(3) -56

7-8-9-10 - 57-7(2) 58

8-9-10-5 ‘—-53.2(3) -59
Ring C With Without

ring D ring D

13-12-11-9 —54.9 (3) -56 —56

12-11-9-8 49.3 (3) 573 56

11-9-8-14 —50-5 (3) —58 —58

9-8-14-13 597 (3) 58 58

8-14-13-12 —63-1(3) -58 -59
14-13-12-11 59-0 (3) 58 58
Ring D

17-13-14-15 42.4 (3) 44-4

13-14-15-16 —39-8 (3) —44.4

14-15-16-17 22.5(3) 27.4

15-16-17-13 3.2(3) 0.0

16-17-13-14 -27:7(2) -27.4
Ring E
N1-20-17-13 42.9 (2) 44.4
20-17-13-18 —26-5(2) -27-4
17-13-18=-N1 0-9(2) 0.0
13-18-N1-20 26-3(2) 274
18-N1-20-17 —42.4(2) —44.4

11-HYDROXYCON-1,4-DIENINE-3-ONE MONOHYDRATE

cyclic torsion angles vary from 0-1 to 2-3°. The bond
angles at the sp> C atoms range from 115-9 (2) to
125-3 (2)°. This ring makes an angle of 32° with the
least-squares plane formed by C(5), C(9), C(12) and
Cc(17).

Ring B shows the normal chair conformation with
the best rotational axis bisecting the C(5)—C(10) and
C(7)—C(8) bonds and with the asymmetry parameter
AC,[C(5)—C(10)] = 2-1 (3)°. Ring C is also in a chair
conformation. The best rotational axis bisects C(9)—
C(11) and C(13)—C(14), with AC,[C(9)-C(11)]=
3-2 (4)°.

> Ci)
\
(o
|
cQ14)
(b)
H(14)

Fig. 2. Newman projections along (a) C(5)—C(10), (b) C(8)—C(9),
(¢) C(13)—C(14) and (d) C(13)—C(17).
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Ring D is a distorted envelope with a phase angle of
pseudorotation 4 =27-3 (4)° and maximum angle of
torsion ¢=41.2(3)° (Altona, Geise & Romers,
1968). The asymmetry parameter ACJ[C(14)]=
4.0 (5)°, which represents the distortion from ideal
mirror symmetry bisecting the C(16)—C(17) bond.
Ring E, which contains the lone N atom in the
structure, has an ideal C(20) envelope configuration
{4C[C(20)]=0-4 (2)°, A4=355(3)° and ¢=
40-4 (5)° 1.

Fig. 2 gives Newman projections along the bonds
involved in ring fusion and shows that atoms H(8) and
H(9) as well as C(18) and H(14) have antiperiplanar
configurations. Table 2 gives observed torsional angles
for the rings, together with values calculated for
appropriately substituted cyclohexane and cyclo-
pentane rings (Geise, Altona & Romers, 1967; Altona,
Geise & Romers, 1968). The differences between
observed and calculated values for ring B are probably
the result of ring A being planar here, rather than
puckered as in the above calculations. Torsional
deviations of ring C from the expected values reflect the
strain induced by ring F in the present compound.

In the crystal structure the lone water molecule forms
three hydrogen bonds. One of these is with the phenolic
O(3) atom [O(3)—H(3)---OW(1)=2.735A}, the
remaining two are with the keto O(1) atom [OW(1)—
HOW)---O(1) =2-809 A] and the N(1) atom
[OW(1)-H(OW).--N(1)=2-865 A]. The hydrogen
bonds from the water molecule link the steroid
molecules which are symmetrically related by 1—x,
—3+y, 3=z 1—x, $+y, +x and §+x,3—p, 1—2z.

Acta Cryst. (1988). C44, 521-525
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The overall shape of the molecule is convex towards
the o side, causing the vector C(10)—C(19) and ring £
to diverge. The torsional angle C(1)—C(10)—C(13)—
C(18) which gives the twist of the steroid molecule
about the line joining C(10) and C(13)is 110-2 (3)°.

We thank the Departments of Science and
Technology and Biotechnology, Government of India,
for financial support.

References

ALTONA, C., GEISE, H. J. & RoMERs, C. (1968). Tetrahedron, 24,
13-32.

Bautani, K. K., ALl, M., SHARMA, S. R, VaID, R. M. & GuPTA,
D. K. (1987). Phytochemistry. In the press.

Duax, W. L., NorTtOoN, D. A., POKRYWIECK], S. & EGER, S.
(1971). Steroids, 18, 525-544.

Enraf-Nonius (1979). Structure Determination Package. Enraf-
Nonius, Delft, The Netherlands.

GEISE, H. J., ALTONA, C. & RoMERs, C. (1967). Tetrahedron, 23,
439-463.

International Tables for X-ray Crystallography (1974). Vol. 1V.
Birmingham: Kynoch Press. (Present distributor D. Reidel,
Dordrecht.)

Main, P., FIskE, S. J., HuLL, S. E., LESSINGER, L., GERMAIN, G.,
DECLERCQ, J.-P. & WOOLFSON, M. M. (1982). MULTAN11/82.
A System of Computer Programs for the Automatic Solution of
Crystal Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

NorTH, A. C. T., PHILLIPS, D. C. & MATHEWS, F. D. (1968). Acta
Cryst. A24,351-359.

Peck, D. N,, Langs, D. A., EGEr, C. & Duax, W. L. (1974).
Cryst. Struct. Commun. 3,451-454.

Surton, L. E. (1965). Tables of Interatomic Distances and
Configuration in Molecules and lons. Spec. Publ. No. 18.
London: The Chemical Society.

Conformation and Structure of N-Benzyloxycarbonyl-L-arginine Hemihydrate
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Abstract. C,,H, N,0,.;H,0, M, =318:36, mono-
clinic, P2, a=8671(3), b=21-454(36), c=
8-733 ) A, #=95-86(2)°, V=1616 2) A3, Z=4,
D,=1.308, D,(flotation in CHCI,/CH,Cl)=
1-311 (3) Mg m=3, Mo Ko (AKa, =0-70926, iAKa,=
0-71354 A), u = 1-07 cm™', F(000) = 676, T = 295 K,
R =0-060, wR = 0-062 for 1803 observations. There
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Defense Academy, Hashirimizu, Yokosuka 239, Japan.
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0108-2701/88/030521-05%$03.00

are two independent Z-Arg molecules in the cell, but the
two independent molecules have very similar struc-
tures. The side-chain conformations observed in these
two molecules are unusual, but are similar to that
observed in one previous study.

Introduction. The interaction between the guanidyl
groups of arginine residues and the dicarboxylate
functionalities of y-carboxyglutamic acid (Gla) resi-
dues in a variety of proteins including bovine pro-
thrombin is believed to be of considerable importance

© 1988 International Union of Crystallography



