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Table 1. Final least-squares parameters for C, N and
O in the diammonium salt of tetranitrobiimidazole
(% 10%) and equivalent isotropic U values ( x 10°)

U, is defined as one third of the trace of the orthogonalized

Uj; tensor.

X y ¥4 ch (AZ)
c(1) 5115 (6) 5547 (2) 4709 (1) 242)
Q) 6067 (6) 6516 (3) 3677 (1) 27Q)
c@3) 4840 (6) 7560 (3) 4145 (1) 28 (2)
NQ1) 6248 (5) 5220 (2) 4035 (1) 28 ()
N@) 4242 (5) 6951 (2) 4811 (1) 28 (2)
NQG) 6996 (6) 6608 (2) 2916 (1) 35(2)
N(4) 4322 (7) 9105 (2) 4043 (1) 4103)
o) 9050 (5) 5723 (2) 2709 (1) 54(2)
0(2) 5675 (6) 7564 (2) 2507 (1) 53(2)
0Q3) 5912 (6) 9742 (2) 3579 (1) 63 (3)
0(4) 2352(7) 9708 (2) 4440 (1) 72(3)
Ammonium ion
N(S) 10054 (8) 2558 (3) 3829 (2) 39(3)
C¢NgOZ~ anion and one NH, cation. The rings are

planar within 0-03 A. The nitro groups are twisted
out of the ring plane by 18-9 (1) and 216 (1)°. The
ammonium ion is hydrogen bonded to four different
molecules. Two H atoms make hydrogen bonds to
ring'N atoms and two to O atoms. This rigid struc-
ture is compatible with the relatively high decompo-
sition temperature (without melting) of 523-533 K.
Bond distances are very similar.to those found in
biimidazole (Cromer, Ryan & Storm, 1987) and in
tetranitrobiimidazole dihydrate (Cromer & Storm,
1990).

Related literature. References to structures of other
small high-energy molecules are given by Cromer,
Hall, Lee & Ryan (1988).
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Table 2. Bond lengths (A) and angles (°) in the
diammonium salt of tetranitrobiimidazole

Cc(1)y—C(1) 1-451 (1) C(3—N@©) 1-347 (3)
C(1)—N(1) 1:346 (3) C(3)—N@) 1-438 (3)
C(1)—NQ) 1-345 (3) N@)y—O(1) 12221 (3)
C(2—N(1) 1:346 (3) N@G3)—0(2) 1-229 (3)
C(2y—N@3) 1-434 (3) N@4)»—0(3) 1-223 (3)
C(2)—C(3) 1:379 (3) N@4)—04) 1220 (3)
C(1)—C(1)—N(1) 12119 (1) C(Iy—-N(1)—C(2), - 102:5(2)
C(1)y—C(1)y—N(@) 1222 (1) C(1)y—N@2)y—CQ3) 102-3 (2)
N(1)—C(1)—N(2) 1160 (2) C(3)—N@B)—0(1) 1180 (2)
C(3)—C()—N(1) 109-5 (2) C3)-NG)—O0(2) 1184 (2)
C(3—C(2—N@3) 131-1 2) O(1)—N@3)—0(2) 1236 2)
N(1)—C(@2y—N@3) 1194 (2) C(Q2)—N@4)—0(3) 1186 (3) .
C(2)—C(3)—N(2) 1097 (2) C2-N@)—O0@)  1175Q)
C(2—C(3)—N(4) 1311 (2) O(3)—N(4)—0(4) 1239 (2)
N@2)—C@3)—N@4) 119-1 (2)
Hydrogen bonds

Symmetry
X—H-Y operation on Y d(X—Y) dH-Y) [ X—H-Y
N)—H(1)N(1) x,y,z 2898 (3) 200(4) 173(3)
N(G)—H@)N@2) 2-x,1=-y, 1=z 3091 (3) 2:36(6) 160 (5)
N()-H(Q2)+0Q) 2—x, —3i+y,1—z 3017(3) 204(6) 177(6)
N(S)—H(@)--0(3) x, —1+y,z2 3065(4) 235(5) 168 (6)
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- Structure of tert-Butyl 4-Aminomethyl-3-carboxymethyl-2,3,4-trideoxy-
S-hydroxymethyl-a-D-lyxopyranoside-6-lactam

By ANNE-MARIE FAUCHER, MICHEL SIMARD, FRANCINE BELANGER-GARIEPY AND STEPHEN HANESSIAN*
Deépartement de Chimie, Universite de Montréal, CP 6128, Succ. A, Montréal, Québec, Canada H3C 3J7

(Received 30 November 1989; accepted 27 March 1990)

Abstract. C13H23N04 H20 M
C2, a=15725(6), b=6:871 (2), c= 14100 (7) A, B
=9370(3)°, V=15203A%, Z=4, D.=

1203 Mg m~3, A(Cu Ka) = 1-54178 &, u(Cu Ka) =
0-721 mm~}, F000)= 600, T=293K, R =0-047,

275-34, monoclinic,

* Author to whom correspondence should be addressed.
0108-2701/90/101960-03%03.00

wR = 0-046 for 1511 observed reflections. The title
compound contains a bicyclic a-D-pyranoside system
that has a cis ring junction with the é-lactam ring.
The molecules are held in the crystal by hydrogen
bonds of the O—H:--O type or N—H--O type. The
O-+O distances range from 2-707 (3) to 2 875 @A,
while the N---O distance is 2-876 (4) A

© 1990 International Union of Crystallography
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Experimental. As part of a general strategy towards
the synthesis of indole alkaloids such as ajmalicine
(1), and some of its natural steroisomers, inter-
mediate (2) was obtained. Although the structure of
the olefinic precursor (3a), derived in nine steps from
D-glucose, had already been confirmed by X-ray
analysis (Léger, Bélanger-Gariépy, Hanessian &
Brisse, 1984), further transformations to (2) neces-
sitated stereochemical assignment by X-ray crystal-
lography. In this paper, we report the crystal
structure of (2) (m.p. 434436 K, ether—chloroform)
by X-ray analysis.

(3a) R= Ac
(3b) R=H

(1

Plate-shape crystal of C;3H,;3NO4.H,O bounded
by {001}, {101}, {111}; dimensions 0-11 x 0-14 x
0-47 mm. Unit cell from 25 well centered reflections
in the range 20 < 6 < 23°, Nonius CAD-4 diffrac-
tometer, graphite-monochromatized Cu Ka radia-
tion, w scan technique, Aw = (1-00 + 0-14tanf)°,
20, =140:0° (—19<h=<19,0=<k<8, —17=<l=<
17). Orientation monitored every 200 measurements,
intensity checked every hour using seven standard
reflections, largest intensity fluctuation 1-0%. 3145
measured reflections, 1698 reflections (hkl, hkl)
retained after averaging of equivalent reflections to
Laue 2 symmetry (R, 0-043) of which 1515 where 7
= 1960 (1) retained for structure determination and
refinement. Lp correction, no absorption correction.

The structure was solved by direct methods
(MULTAN80)* and difference Fourier calculations
(SHELX). Full-matrix least-squares refinement
based on F, all non-H atoms anisotropic. All H
atoms found on difference Fourier synthesis. Func-
tion minimized: Xw(|F,|—|F])>. In the last
refinement cycles, four reflections (020, 131, 132 and
203) with high residuals were given zero weight
because of suspected errors in intensity measure-
ments. Final R = 0-047, wR = 0-046 {weights derived
from the counting statistics w= 1/[g*(F)+0-0001F?]}
and S = 2-145 for 271 parameters. Maximum (4/0)
=0-35, average (4/c)= 0-03, residual electron den-

* The programs used here are modified versions of NRC-2, data
reduction, NRC-10 bond distances and angles and NRC-22, mean
planes (Ahmed, Hall, Pippy & Huber, 1973); MULTANS0, multi-
solution program (Main, Fiske, Hull, Lessinger, Germain,
Declercq & Woolfson, 1980); SHELX, program for structure
determination (Sheldrick, 1976) and ORTEP, stereodrawings
(Johnson, 1965).

1961

Table 1. Final atomic coordinates and their e.s.d.’s
(% 10%) and U, values (A% x 10°) for C,3H,;NO,.H,0

U, = (1/3)5,5,U,,a*a*a, a,.

x y z Ueg
o) 7237 (1) 4103 (3) 6623 (1) 54
o5) 7886 (1) 7146 4) 6910 (1) 52
o(6) 7546 (1) 9586 (4) 9132 2) 66
0O(8) 10886 (1) 3520 (4) 9062 (2) 59
ow 8775 (2) 9437 (4) 10675 (2) 73
N(8) 10142 (2) 6247 (4) 8708 (2) 48
C(1) 7961 (2) 5247 (5) 6517 (2) 52
C(2) 8709 (2) 4184 (5) 6999 (2) 50
C(3) 8653 (2) 4134 (4) 8075 (2) 41
c() 8561 (2) 6208 (4) 8461 (2) 39
C(5) 7800 (2) 7167 (5) 7925 (2) 44
C(6) 7678 (2) 9307 (5) 8157 (3) 56
[6@)) 9416 (2) 3102 (5) 8575 (2) 46
C(8) 10202 (2) 4326 (5) 8789 (2) 44
C(9) 9380 (2) 7364 (5) 8395 (2) 48
C(10) 6436 (2) 4561 (6) 6088 (2) 61
C(11) 6558 (3) 5100 (7) 5083 (3) 88
C(12) 5951 (3) 5992 (8) 6622 (4) 118
C(13) 5966 (3) 2552 (7) 6103 (3) 100

Table 2. Interatomic distances (A), bond angles (°)
and torsion angles (°) with their e.s.d’s for
C|3H23NO4.H20

C(1)—-0(1) 1-399 (4) O(1)—C(1)—0(5) 112:6 (3)
C(1)y—0(5) 1-426 (5) Oo(1)—C(1—C(2) 107-2 (3)
C(1)—C(2) 1-509 (4) O(5)y—C(1—C(2) 110-5(3)
CQ—C(3) 1-526 (4) C(1)—C(2—C(3) 111-4 (3)
C(3—C@) 1-536 (4) C(2—C(3—C(@4) 110-1 (2)
C3—C(M 1:527 (4) C(2—C3yr—C(M 1121 (2)
C(4y—C(5) 1-523 (4) C(4—C(3)—C(7) 110:9 (2)
C(4)y—C(9) 1:521 (4) C3r—Car—C(5) 108-3 (2)
C(5y—0(5) 1-446 (4) C3y—Car—Co) 111-3(2)
C(5y—C(6) 1-521 (5) C(5—C@)—C(%) 1126 (2)
C(6—0(6) 1-417 (4) O(5—C(5—C4) 111-52)
C(1—C(8) 1-509 (4) O(5—C(5—C(6) 1041 (2)
C(8)y—0(8) 1-248 (4) C(4y—C(5—C(6) 1147 (3)
C(8)—N(8) 1-328 (5) C(5)—C(6)—O(6) 1116 (3)
C(9—N(8) 1467 (4) C(3)—C(7)—C(8) 1163 (3)
C(10—0O(1) 1-460 (4) O(8—C(8y—N(8) 121-5 (3)
C(10)y—C(11) 1-489 (5) O(8—C(8)y—C(7) 119:5 (3)
C(10y—C(12) 1-480 (6) N@BY—C@BY—C(7) 1190 (3)
C(10y—C(13) 1-567 (6) C(4y—C(9—N(8) 112-8 (3)
O(1)—C(10—C(11) 1127 (3)
O(1)—C(10—C(12) 1096 (3)
O(1)y—C(10y—C(13) 101-3 (3)
C(11)y—C(10—C(12) 1149 (3)
C(11)y—C(10—C(13) 108-8 (3)
C(12)y—C(10—C(13) 108-6 (3)
C(1)—0(1)—C(10) 1203 (2)
C(1—0(5—C(5) 114-2 2)
C(8y—N(8)—C(9) 1267 (3)
Ring A Ring B
C(1—CQy—C3r—C4 —54-8 (3) C(3—C(7—C(8—N(8) 128 (4)
C(2y—C(3)—C(4)—C(5) 545 (3) C(7—C(8y—N(8)—C(9) -2-1(5)
C—CA—C(5—-0(5) =562 (3) C(8—N(8)—C(9—C(4) 187 (4)
C(4y—C(5y—0(5)y—C(1) 592 (3) N(@8)—C(9—C()—C(3) —44-4 (3)
C(5y—0(5—C(1)—C(2) =571 (3) CHO—CE—C(3—C(7) 54-8 (3)
O(5)—C(1—C(2)—C(3) 546 (3) C(4—C(3)—C(1—C@8) -390 (3)
Inter-ring
C(—C—C3—C(7) —1787(3) C(5)—C(4)—C(3)—C(7) 179-1 (2)
O(5—C(5—C(@)—C(9) 674 (3)  CR—C(N—C3—C(2) 84:5(3)
C(2—C3—C—C(%9) -699 (3) N@)—C(9—C@)y—C(5) —~1664 (2)
Substituents
O(1)—C(1)—C(2)—C(3) - 685 (3) C(6—C(5y—0O(5—C(1) —1767 (2)
O(N—C(1)—O(5—C(5) 627 (3) C(6y—C(5)—C4—C(3) -—1741(2)
C(10y—O(1)—C(1)—C(2) —1689(2) C(6)—C(5—C(4—C(%9) —50-5 (3)
C10y—O(1—C(1)—0(5) 694 (3) O(6)—C(6)—C(5)y—0(5) 177:5 (2)
C(H—O(1)—C10—C(11) 421 (4 O(6)—C(6—C(5—C(4) -60-4 (3)
C(1)y—O(1—C(10—C(12) -87-3(4) OB —C(8—C(7)—C(3) -1691(3)
C(1)—O(1)y—C(10y—C(13) 1581 (3) O(8y—C(8—N(8)—C(9) 1799 (3)
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Table 3. Bond distances (A) and angles (°) involving
hydrogen bonds for C,;H,3NO,H,0

A—H-B A—B A—H H—B A—H—B
O(6)—HO(6)-0E8) 2707 (3) 090 (2) 182 2) 1699 (13)
N(8)—HN(8)-OW* 2876 (4) 090 (2) 207(1) 1479 (12)
OW—HOW/(1)-0(6) 2817 (3) 114 2) 169 2) 1715 (11)
OW-—HOW(2)--O(8%) 2875 (4) 069 (1) 220 (1) 168-5 (15)
O(6)--OW--0(8) 10016 (11) HOW(1))—OW—HOW(2) 1030 (14)
O(6)-OW--N(8") 12866 (12)  HOW(1)—OW--HN(8) 1218 (8)
O(8)--OW--N(8%) 12712(12)  HOW(Q)—OW--HN(@H) 1321 (12)
OW--0(6)—C(6) 1275 (2) HOW(1)--0(6)—C(6) 1305 (5)
OW--O(8")y—C(85) 1284 (2) HOW(2)-0@8%)—C(8%) 1267 (4)
OW-N@E")—C(8%) 1340 (2) HN(8)—N(8)—C(8) 1132 (9)
OW--N(8)—C(%%) 985 (2) HN(8)—N(8)—C(9) 1200 (9)

Symmetry code: (i) —3+x, 1+, z (i) 2~ x, y, 2—z (i) 2—x, 1 +p,
2—-z

Fig. 1. Stereopair showing the molecular conformation and the
atomic numbering of C,;3;H;;NO,H,0. The ellipsoids corre-
spond to 50% probability, except for the H atoms which are
shown as spheres of arbitrary sizes.

sity fluctuation on the final difference Fourier syn-
thesis +0-16 and —0-11e A3,

The scattering curves for the non-H atoms were
taken from Cromer & Mann (1968) and those for the
H atoms from Stewart, Davidson & Simpson (1965).

The final coordinates for the non-H atoms are
given in Table 1, selected bond distances and angles
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in Table 2,* and bond distances and angles involving
hydrogen bonds in Table 3. Fig. 1 shows a thermal-
ellipsoid plot with the atom numbering.

Related literature. For the synthesis of the compound
(3a), see Hanessian, Faucher & Léger (1990).

We would like to acknowledge NSERCC for
financial support and a scholarship to AMF.

* Lists of structure factors, anisotropic thermal parameters,
bond distances and angles involving H atoms, and H-atom coordi-
nates have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 52891 (13
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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Structure Studies of Mitomycins. ITI. Structure of M-83

By NoRriAkI HIRAYAMA
Tokyo Research Laboratories, Kyowa Hakko Kogyo Co. Ltd, 3-6-6 Asahimachi, Machida, Tokyo 194, Japan

(Received 19 February 1990; accepted 11 April 1990)

Abstract. 7-N-(p-Hydroxyphenyl)mitomycin C* (I),

C21H22N406.H20, M, = 444’45, Orthorh()mbic,
P22.2, a= 8056 (2), b=33-832(9), c=
7-469 (1) A, V'=2036 (1) A3, Z =4, D, =

* Mitomycin C is [laR]-6-amino-8-[[(aminocarbonyl)oxy]-
methyl]-1,1a,2,8,8a,8b-hexahydro-8a-methoxy-5-methylazirino-

[2",3:3,4]pyrrolo[1,2-alindole-4,7-dione.
0108-2701/90/101962-03%03.00

1445gcm™3 CuKa, A=154184 A, n =88cm™},
F(000)=936, T=293K, R=0-041 for 1923
observed reflections with F> 3o(F). Although the
overall structure, except the p-hydroxyphenyl group,
is similar to mitomycin C, the bond lengths in the
quinone ring are significantly influenced by the sub-
stituent. The phenyl and quinone rings are nearly
planar and the two rings form a dihedral angle of

© 1990 International Union of Crystallography



