Data collection

Siemens P4 diffractometer

26/8 scans

Absorption correction:
face-indexed numerical

(Sheldrick, 1994)

Tmin = 0.961, Thax = 0.983
4800 measured reflections
1943 independent refiections
999 reflections with

I>20()

Refinement

Refinement on F>

R[F? > 20(F%)] = 0.054
wR(F?) = 0.135

S = 1.001

DANIEL ZEWGE et al.

Rin = 0.060

Omax = 25.05°
h=-10—-1
k=-13 -1
l=-26— 26

3 standard reflections
every 97 reflections
intensity decay: 1.84%

(A/O’)max < 00010

Apmax = 0.182 e A7°
Apmm =—-0.132¢ A_J
Extinction correction: none

1942 reflections

147 parameters

H atoms: see below

w = 1/[o2(F2) + (0.055P)%]
where P = (F? + 2F2)/3

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

Table 1. Selected geometric parameters (A °)

o1—C2 1.214(3) 03—C10 1.321(3)
02—C10 1.205 (3)
02—C10—C9 124.5(3) 03—C10—C9 114.2(2)

Table 2. Hydrogen-bonding geometry (A °)

D—H---A D—H H-..A D-..A D—H.. A
O3—H3. - .ol 0.94 (3) 1.78 (3) 2.715(3) 174 (1)
C4—H4B- - -02" 097 2.66 3.566 (3) 155
C9—H9B- - -02" 097 2.69 3.537(3) 146

Symmetry codes: (i) x — 1,y,2; (i) L —x, 1 +y,2.

All non-carboxyl H atoms were found in electron-density
difference maps, but were replaced in calculated positions
and allowed to refine as riding models on their appropriate
C atoms. Displacement parameters for methylene H-atom
pairs were allowed to refine independently, as was the
single methine H atom. The carboxyl H atom was found
in an electron-density difference map, but was replaced in a
calculated position, and the O—H distance and displacement
parameter allowed to refine.

Data collection: XSCANS (Fait, 1991). Cell refinement:
XSCANS (Siemens, 1996). Data reduction: XSCANS (Siemens,
1996). Program(s) used to solve structure: SHELXTL/PC
(Sheldrick, 1994). Program(s) used to refine structure:
SHELXTL/PC. Molecular graphics: SHELXTL/PC. Software
used to prepare material for publication: SHELXTL/PC.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FG1471). Services for accessing these
data are described at the back of the journal.
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Amaryllidaceae Alkaloids: (+)-Tazettine,
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Abstract

The Amaryllidaceae alkaloids (+)-tazettine [(+)-(35,4aS,-
6aS,13bS)-3-methoxy-5-methyl-3,4,4a,5,6,6a-hexahydro-
8H,11H-[1,3]dioxolo[6,7][2]benzopyrano[3,4-c]indol-
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6a-ol, C;sHyNOs] and partially hydrated (+)-3-epi-
macronine [(+)-(35,4a8,6aR,13bS)-3-methoxy-5-methyl-
3,4,4a,5,6,6a-hexahydro-8H,11H-[1,3]dioxolo[6,7]1[2]-
benzopyrano[3,4-clindol-8-one 0.066-hydrate, C;gHo-
NOs.0.066H,0] have been extracted from Galanthus
plicatus subsp. byzantinus, while (+)-3-O-demethyl-
criwelline [(+)-(3R.4aS,6a8,13bS)-5-methyl-3,4,4a,5,6,6a-
hexahydro-8H,11H-[1,3]dioxolo[6,7][2]benzopyrano[3,4-
clindole-3,6a-diol, C17H,;9NOs] has been isolated from
the plant Galanthus gracilis. These compounds have
the ring skeleton of the tazettine or [2]benzopyrano-
[3,4-clindole subgroup. (+)-3-O-Demethylcriwelline is
a new alkaloid and is the 3-O-demethyl C3-epimer of
(+)-tazettine. The geometrical features of the compounds
differ predominantly in the conformations of the pyrrol-
idine and pyran rings.

Comment

The Amaryllidaceae alkaloids encompass a functionally
and structurally diverse group of bases (Martin, 1987).
Plants of the Amaryllidaceae family are generally con-
sidered to be sources for potential drugs having a wide
range of pharmacological activities, including antiviral
(Martin, 1987; Gabrielsen et al., 1992), antineoplastic
(Suffness & Cordell, 1985; Ghosal et al., 1988; Pettit ez
al., 1990), immunostimulant (Ghosal et al., 1984), anal-
gesic (Kametani et al., 1971), insect antifeedant (Ghosal
et al., 1985; Martin, 1987) and antimalarial properties
(Likhitwitayawuid et al., 1993). In particular, galanth-
amine inhibits cholinesterase activity and is undergoing
clinical trials for the treatment of Alzheimer’s disease
(Han et al., 1992). Therefore, the investigation of new
sources and new relatives of these important alkaloids
and the determination of their three-dimensional struc-
tures are crucial objectives.

Among the tazettine subgroup of Amaryllidaceae al-
kaloids, which are those compounds possessing the
[2]benzopyrano[3,4-clindole nucleus, few single-crystal
X-ray diffraction analyses have been reported. The ab-
solute configuration of (+)-tazettine, (I), a well known
Amaryllidaceae alkaloid (Wildman, 1968), has been
confirmed by the determination of the crystal struc-
ture of N-methyltazettine iodide (Sato & Koyama, 1971)
and agrees with the absolute structure that had previ-
ously been postulated from chemical degradation ex-
periments (Highet & Highet, 1966). Subsequently, the
crystal structure of pure (+)-tazettine has been deter-
mined (Ide er al., 1996), although it appears that the
wrong enantiomer has inadvertently been employed in
the refinement and the structural parameters lack preci-
sion because of the refinement strategy. The structure
of (£)-(6a3)-5-demethyl-6a-deoxydihydro-5-(methoxy-
carbonyl)tazettinone has also been reported (Abelman
et al., 1990). This communication reports a signifi-
cantly more precise redetermination of the structure
of (+)-tazettine, (I), as well as the first X-ray crystal

Ci138H2)NOs, C7H;9NOs AND C,3H9NOs.0.066H,O

OMc OH

(D (I

OMec

(ID)

structure determinations of (+)-3-O-demethylcriwelline,
{II), and (+)-3-epimacronine, (III). Compounds (I) and
(IIT) were isolated from Galanthus plicatus Bieb. subsp.
byzantinus (Baker) D. A. Webb growing in Bolu, Abant,
Turkey, while compound (II) was isolated from Galan-
thus gracilis Celak growing on Nif Mountain, Izmir,
Kemalpasa, Turkey (Unver et al., 1998). Compound
(III) has been detected previously in Sprekalia formo-
sissima (Wildman & Bailey, 1968) and Hymenocallis
rotata (Kihara et al., 1987), but compound (II) has not
previously been isolated from natural sources, although
it has been obtained as one of the products formed by
refluxing tazettine in 10% HCI for 4h (Keda et al.,
1956). Unver er al. (1998) have confirmed that com-
pound (II) is a true alkaloid and not a product of the
isolation procedures.

The structure of compound (I) (Fig. 1) was refined
using the enantiomer which matches that found for
N-methyltazettine iodide (Sato & Koyama, 1971). This
is the antipode of the one used, presumably erroneously,
by Ide er al. (1996). The s.u.’s in the present results
are a factor of three smaller than those in the former
work and, therefore, a more detailed comparison can
be made between the structures of compounds (I),
(II) and (III). The bond lengths and angles in (I) are
generally within the normally expected ranges. The only
slightly unusual values are the relatively short C6a—
O6a bond in the tertiary hydroxy group (Table 1) and the
asymmetrical nature of the bonds about N5, which range
from 1.462 (3) to 1.496 (2) A. The bond angles about N5
clearly display the sp* pyramidalization of this atom and
the methyl substituent is in the orientation which avoids
steric interactions with the cyclohexene ring. The overall
geometrical features of (I) do not differ significantly
from those reported by Ide er al. (1996). Those authors
found that the bond lengths about N5 were almost equal,
but the large s.u.’s in their report make fine comparisons
difficult.
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Fig. 1. View of the molecule of compound (I) showing the atom-
labelling scheme. Displacement ellipsoids are drawn at the 50%
probability level. H atoms are represented by spheres of arbitrary
size.

The cyclohexene ring, A, in (I) has a distorted half-
chair conformation in which atoms C4 and C4a lie on
opposite sides of the plane defined by atoms C13b, Cl,
C2 and C3, and deviate therefrom by 0.515(3) and
—0.175 (3) A, respectively. The puckermg parameters
(Cremer & Pople, 1975) are given in Table 6. The half-
chair conformation is distorted towards a C4-envelope.
The pyran ring, C, is close to an ideal half-chair
conformation in which C6a and O7 lie on opposite
sides of the plane defined by C8, C8a, C13a and C13b,
and deviate therefrom by 0.347(4) and —0.386(4) A,
respectively. The pyrrolidine ring, B, has a half-chair
conformation twisted on C6aTC13b, with C6a and
C13b —0.307 (5) and 0.321 (5) A, respectively, from the
plane defined by C4a, N5 and C6. If Cl1 is excluded,
the fused dioxolobenzene rings, D and E, form a planar
system in which the r.m.s. deviation is 0. 012 A. Atom
Cl1 lies 0.171(3) A from this plane. All of these ring
conformations agree with those found by Ide er al.
(1996). In N-methyltazettine iodide (Sato & Koyama,
1971), the cyclohexene ring is a more distorted half-
chair, with C4a being the only atom that is significantly
out of the ring plane.

The hydroxy substituent at Céa of (I) is the donor for
an intermolecular hydrogen bond with the 3-methoxy
group of a neighbouring molecule (Table 2). This inter-
action links the molecules into infinite one-dimensional
chains which run parallel to the x axis and have a graph
set with the C(8) motif (Bernstein et al., 1995).

The structure of (+)-3-O-demethylcriwelline, (II)
(Fig. 2), shows that this compound is the 3-O-demethyl
C3-epimer of (+)-tazettine. In the refinement, the enan-
tiomorph was chosen by assuming that all chiral centres,
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except that at C3, are the same as in (I). This assump-
tion is supported by the fact that the CD spectrum of
compound (II) is almost superimposable upon that of
(+)-tazettine (Unver et al., 1998). The bond lengths and
angles are very similar to those in compound (), includ-

.ing the relatively short C6a—O6a bond in the tertiary

hydroxy group and the asymmetrical nature of the bonds
about N5 (Table 3).

Fig. 2. View of the molecule of compound (II) showing the atom-
labelling scheme. Displacement ellipsoids are drawn at the 50%
probability level. H atoms are represented by spheres of arbitrary
size.

The ring conformations in (II) are very similar to
those in (I), except that the pyrrolidine ring in (II) has
the envelope conformation (Table 6), with C13b as the
envelope flap at a distance of 0.632 (4) A from the plane
defined by C4a, NS5, C6 and Cé6a. In the cyclohexene
ring of (II), which has a slightly more ideal half-chair
conformation than that in compound (I), C4 and C4a
lie 0.405(5) and —0.303 (5)A respectively, from the
plane defined by C13b, Cl, C2 and C3. The pyran
ring has an almost identical half—chair conformation to
that in compound (I); Céa and O7 lie —0.391(5) and
0.378(5) A, respectively, from the plane defined by C8,
C8a, Cl13a and C13b. In the fused dioxolobenzene ring
system, C11 lies 0.066 (4)A from the plane defined by
the eight remaining atoms, whose r.m.s. deviation from
the plane is 0.019 A.

The hydroxy group at C3 of (II) forms an intramolec-
ular hydrogen bond with N5 (Table 4) to give the
graph set S(6) . The hydroxy substituent at C6a is the
donor for an intermolecular hydrogen bond with the 3-
hydroxy group of a neighbouring molecule. This inter-
action links the molecules into infinite one-dimensional
chains which run parallel to the y axis and have a graph
set with the C(8) motif.

The structure of (+)-3-epimacronine, (III) (Fig. 3), is
also related to (+)-tazettine, except that the hydroxy



1656

group at C6a is absent and has been replaced by a
carbonyl group at C8. The enantiomer used in the re-
finement was chosen by assuming that C3, C4a and
C13b have the same configuration as in (+)-tazettine,
while C6a is inverted. This stereochemistry is in agree-

O

C15

(b)

Fig. 3. Views of (a) molecule A and (b) molecule B of compound
(III) showing the atom-labelling scheme. Displacement ellipsoids
are drawn at the 50% probability level. H atoms are represented by
spheres of arbitrary size.

CigH2NOs, C7H;9NOs AND C,3H,9NOs.0.066H,0

ment with that previously postulated from chemical
and spectroscopic evidence (Wildman & Bailey, 1968;
Kobayashi et al., 1980). The asymmetric unit contains
two symmetry-independent molecules of the alkaloid
plus a partially occupied site containing a water mol-
ecule. The molar fraction of water in the crystal lattice
is only 6.6 (5)%. The bond lengths and angles in the
two independent molecules show no significant differ-
ences and are generally very similar to those in com-
pounds (I) and (II) (Table 5). The O7—C8 and 027—
C28 bonds are shorter than in compounds (I) and (II)
due to conjugation with the carbonyl group. The bond
angles around C13b show larger deviations from tetrahe-
dral angles than the corresponding angles in compounds
(I) and (II).

The independent molecules in (III) differ slightly
from each other in the puckering of the various rings
(Table 6). The pyrrolidine ring in molecule A of (III)
has a half-chair conformation twisted on C6a—C13b,
which is distorted slightly towards a C6a-envelope con-
formation. Molecule B has the same half-chair confor-
mation, but with a slightly greater distortion towards
a Cl3b-envelope. For molecule A, C6a and C13b are
0.495 (6) and —0.235 (6) A respectively, from the plane
defined by C4a, N5 and C6, while for molecule B,
C26a and C33b are 0.180(6) and —0.543 (6) A from the
plane defined by C24a, N25 and C26. For the cyclo-
hexene ring, molecule A has a half-chair conforma-
tion twisted on C4—Cda, but distorted towards a C4-
envelope, with C4 and C4a —0.548 (4) and 0.124 (4) A,
respectively, from the plane defined by C13b, CI, C2
and C3. Molecule B has a more ideal half-chair con-
formation twisted on C24£—C24a, with C24 and C24a
0.319(5) and —0.339(5) A, respectively, from the plane
defined by C33b, C21, C22 and C23. The conformation
of the pyran ring differs from those in compounds (I)
and (II) because of the influence of the carbonyl group
at C8. In both independent molecules, this ring has a
distorted skew-boat conformation. In molecule A, Cé6a
and O7 lie 0.893 (4) and 0.338 (4) A, respectively, from
the plane defined by C8, C8a, Cl13a and C13b, while in
molecule B, C26a and 027 lie 0.923 (4) and 0.410 (4) A,
respectively, from the plane defined by C28, C28a, C33a
and C33b. In the fused dioxolobenzene rings of mol-
ecule A, C11 lies 0.026 (3) A from the plane defined by
the eight remammg atoms, whose r.m.s. deviation from
the plane is 0.004 A. The corresponding system in mol-
ecule B is less planar with C31 0.074 (6)A from the
plane whose eight defining atoms have an r.m.s. devia-
tion of 0.020 A.

Experimental

The isolation, purification and spectroscopic data of the
title compounds are described by Unver er al. (1998). The
compounds were crystallized from their solutions in acetone—
methanol by slow evaporation.



Compound (I)
Crystal data

CigH2:NOs

M, = 331.37
Orthorhombic
P2,2,2, .
a=13342(2) A
b=16839(1) A

c=7052(2) A
V=1584.5(5) A
Z=4

D, = 1.389 Mg m 3
D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter

w-26 scans

Absorption correction: none

3176 measured reflections

3072 independent reflections

2661 reflections with
I>20()

R = 0.014

Refinement

Refinement on F*
R[F? > 20(F%)] = 0.039
wR(F?) = 0.109
S=1.034
3072 reflections
221 parameters
H atoms constrained
w = U[o2(F}) + (0.0596P)*
+ 0.2133P]
where P = (F2 + 2F))/3
(A/0)max = 0.001
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Mo Ko radialion

A =0.71069 A

Cell parameters from 25
reflections

6 = 18.5-20.0°
u=0.102 mm™!
T=173(H K
Prism

0.40 x 0.27 x 0.27 mm
Colourless

omax=3oo
h=0-—18
k=—-1—23
l=-1—-9

3 standard reflections
every 150 reflections
intensity decay:

insignificant

Apmax = 028 e A3

Apmin = —0.21 e A73

Extinction correction:
SHELXL97 (Sheldrick,
1997)

Extinction coefficient:
0.0061 (18)

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

Table 1. Selected geometric parameters (A, °) for ()

03—C3 1.446 (2)
0O6a—C6a 1.402 (2)
07—C6a 1429 (2)
07—C8 1.428 (2)
C6—N5—C4a 108.50 (14)
C15—N5—C4a 111.02 (15)
CI5—N5—C6 114.57 (16)
C1—C13b—C4a 112.07 (14)
C1—C13b—Cé6a 109.71 (15)
C1—C2—C3—C4 —21.2(2)
C2—C1—C13b—C4a —-6.9(2)
C6—N5—C4a—CI13b  —12.40(19)
C4a—N5—C6—C6ba —12.1(2)

N5—C6 1.469 (3)

N5—C15 1.462 (3)
Ccl1—C2 1.331(3)
Cl1—CI13b—C13a 109.63 (14)
C4a—C13b—C6a 101.02 (14)
C4a—C13b—Cl3a 112.92(15)
C6a—C13b—C13a 111.22(13)
07—C8—C8a—C13a 16.1 (3)
C8a—C13a—CI13b—C6a 12.9(2)
C11—010—C9a—Cl12a —8.4(2)
C11—012—C12a—C9a 7.4(2)

Table 2. Hydrogen-bonding geometry (A, °) for(I)

D—H- . -A D—H H...A D-..A D—H---A
06a—Héa- - -03' 0.84 1.97 2.7656 (19) 158.6
Symmetry code: (i) x — 4,1 —y,1 —z
Compound (IT)

Crystal data
C,7H9NOs Mo Ko radiatjon
M, =317.34 A =0.71069 A

Monoclinic

P2, .
a=7297(5) A,
b=11.083 (2) A
c=9.531(3)A

B =104.30 (3)f
V=7468 (5) A’
Z=2

D, = 1.411 Mg m™3
D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter
w—20 scans
Absorption correction: none
1938 measured reflections
1806 independent reflections
1574 reflections with
1> 20()
Rin = 0.031

Refinement

Refinement on F?
RIF? > 20(F%)] = 0.036
wR(F?) = 0.095
S =1.036
1806 reflections
212 parameters
H atoms constrained
w = 1/[o*(F2) + (0.0454P)*
+ 0.1561P]
where P = (F? + 2F2)/3
(A/0)max = 0.001
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Cell parameters from 24
reflections

6 = 19-20°

g =0.104 mm™'
T=173 (1) K
Prism

0.50 x 0.30 x 0.23 mm
Colourless

Omax = 27.5°
h=0—->9
k=0— 14
I=-12 - 12

3 standard reflections
every 150 reflections
intensity decay:

insignificant

Apma =029 e A7?

Apmln = —0.18¢ A-3

Extinction correction:
SHELXL97 (Sheldrick,
1997)

Extinction coefficient:
0.006 (3)

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

Table 3. Selected geometric parameters (A °) for (HI)

03—C3 1.452 (3)
06a—C6a 1.390(3)
07—C6a 1.438 (3)
07—C8 1.427 (4)
C6—N5—C4a 107.9 (2)
C14—N5—C4a 112.4(2)
Cl14—N5—C6 112.9(2)
C1—C13b—C4a 1104 (2)
C1—C13b—C6a 110.2(2)
C1—C2—C3—C4 —179(4)
C2—C1—CI13b—C4a —13.4(3)
C6—N5—C4a—C13b  —22.2(3)
C4a—N5—C6—C6a —35(3)

N5—C6 1.484 (3)
N5—Ci4 1.463 (4)
C1—C2 1.329(4)
C1—C13b—Cl3a 110.6 (2)
C4a—C13b—C6a 100.3(2)
C4a—C13b—Cl3a 112.8(2)
C6a—C13b—C13a 112.2(2)
07—C8—C8a—C13a 16.9 (4)
C8a—C13a—C13b—C6a 15.9(3)
C11—010—C%—Cl12a —3.9(3)
C11—012—C12a—C9a 0.8(3)

Table 4. Hydrogen-bonding geometry (A, °) for (1I)

D—H---A D—H H--A DA D—H..A
O3—H3- - -N5 0.84 2.05 2.749 (3) 140.4
O6a—Hé6a- - -03' 0.84 1.89 2685 (3) 157.5
Symmetry code: (i) 2 — x,y — 4,1 — 2.

Compound (ITI)
Crystal data

Ci3H19NO5.0.066H,0
M, = 330.54

Mo Ko radiation
A=0.71069 A
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Monoclinic
P2, .
a=28176(2) A,
b =17.666 (2) A
¢ = 11.0743 (9) A
B 95.054 (9)°

= 15933 (3) A
Z =4

=1.378 Mg m ™

D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter
w-20 scans
Absorption correction: none
4033 measured reflections
3781 independent reflections
3413 reflections with
1> 20(])
Rim = 00[5

Refinement

Refinement on F?
RIF? > 20(F%)] =
wR(F?) = 0.090
S = 1.031
3781 reflections
448 parameters
H atoms constrained
w = U[oX(F2) + (0.0458P)°
+ 0.3026P]

where P = (F? + 2F})3

(A/0)max = 0.001

0.035

CisH,NOs, C17H;9NOs AND C;3H 9NOs5.0.066H,0

Cell parameters from 25
reflections

0 = 19-20°
p=0.101 mm~
T=1713 (1) K
Prism

0.50 x 0.35 x 0.32 mm
Colourless

Onax = 27.5°
h=0—10
k=0—22
l=-14— 14

3 standard reflections
every 150 reflections
intensity decay:

insignificant

Apmax = 022 € A_

Apmm =-02le A_

Extinction correction:
SHELXL97 (Sheldrick,
1997)

Extinction coefficient:
0.0051 (13)

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

Table 5. Selected geometric parameters (fi, °) for (HlI)

03—C3 1.432(3) 023—C23 1.443 (3)
07—Céa 1.436 (3) 027—C26a 1.448 (3)
07—C8 1.366 (3) 027—C28 1.355(3)
08—C8 1.199(3) 028—C28 1.214(3)
N5—C4a 1.501 (3) N25—C24a 1.494 (3)
N5—C6 1.486 (3) N25—C26 1.489 (3)
N5—C15 1.459 (3) N25—C35 1.454 (3)
c1—C2 1.331 (3) C21—C22 1.328(3)
C6—N5—C4a 109.30 (18)  C26—N25—C24a 109.41 (19)
C15—N5—Cda 111.8(2) C35—N25—C24a 111.5(2)
C15—N5—C6 112.8(2) C35—N25—C26 113.8 (2)
C1—C13b—C4da 111.42(18) C21—C33b—C24a 110.75 (19)
C1—C13b—Cé6a 11296 (19)  C21—C33b—C26a 112.90(19)
C1—Cl13b—Cl3a 108.15(18)  C21—C33b—C33a 108.43 (19)
C4a—C13b—Céa 99.07(17)  C24a—C33b—C26a 99.24 (19)
C4a—C13b—Cl13a 119.69(19)  C24a—C33b—C33a 1203 (2)
C6a—C13b—Cl3a 105.19(17)  C26a—C33b—C33a 104.83 (18)
C1—C2—C3—C4 —233(3)
C2—C1—C13b—C4a -56(3)
C6—N5—C4a—C13b -9.0(2)
C4a—N5—C6—C6a —19.5(2)
07—C8—C8a—C13a 16.5(3)
C8a—C13a—C13b—Cé6a -37.0(3)
C11—010—C9a—Cl12a 0.9(3)
C11—012—C12a—C9%a —-15(3)
C21—C22—C23—C24 —14.1(3)
C22—C21—C33b—C24a —14.7(3)
C26—N25—C24a—C33b —21.4(2)
C24a—N25—C26—C26a -7.02)
027—C28—C28a—C33a 149 (3)

C28a—C33a—C33b—C26a —42.9(3)
C31—030—C29a—C32a -3.74)
C31—032—C32a—C29% 1.2(3)

Table 6. Ring puckering parameters in compounds (1), (II)

and (111)

g (A) 6(°) ¥2 (°)
Ideal values?
Five-membered envelope - - n x 36
Five-membered half-chair - - (n x 36)+ 18
Six-membered half-chair - 50.8 (n x 60) + 30
Six-membered envelope - 54.7 n X 60
Six-membered skew-boat - 67.5 (n x 60)+ 30
Compound (I)
Cyclohexene ring 0.462 (2) 50.7(2) 134.4 (3)
Pyran ring 0485 (2) 51.3(2) 328.7(3)
Pyrrolidine ring 0.379 (2) - 89.4 (3)
Compound (IT)
Cyclohexene ring 0.463 (3) 48.4 (4) 145.3 (5)
Pyran ring 0.508 (3) 50.2(3) 331.14)
Pyrrolidine ring 0.408 (3) - 76.8 (4)
Compound (I1I) — molecule A
Cyclohexene ring 0.458 (3) 50.6 (4) 130.1 (4
Pyran ring 0.549 (2) 63.1(2) 82.8(3)
Pyrrolidine ring 0455 (3) - 96.4 (3)
Compound (1II) - molecule B
Cyclohexene ring 0429 (3) 48.4 (4) 151.1(5
Pyran ring 0.557 (3) 61.4(2) 89.7 (3)
Pyrrolidine ring 0450 (3) - 81.1(3)

Notes: (a) Cremer & Pople (1975).

For compounds (II) and (III), the origin was fixed according
to the method of Flack & Schwarzenbach (1988). In each
structure, all H atoms were initially located in a difference
electron-density map, but their positions were subsequently
geometrically optimized. The methyl and hydroxy groups were
refined as rigid groups which were allowed to rotate but not
to tip, and Ui(H) was set equal to 1.5Ucq(parent atom). All
other H atoms were allowed to ride on their parent atoms with
Uiso(H) = 1.2U4(C). An extinction correction was applied for
each structure, but the magnitudes of the s.u.’s of the extinction
coefficients indicate that these corrections have negligible
effects on the structural results. The presence of water in the
crystal lattice of (III) was indicated by a residual electron
density peak of 0.67¢ A~* when the water-free model was
employed, while all other peaks were less than 0.24e A3,
This peak was 2.84, 2.87 and 2.91 A from 03, 032 and OlO
respectively, which are appropriate O- - -O distances for hydro-
gen-bonded water molecules. Furthermore, an analysis of the
water-free model with PLATON (Spek, 1998) showed that
the structure contained 9 A~ holes. Although these holes are
quite small, they are further evidence for there being sufficient
space in the crystal lattice to accommodate water molecules.
Inclusion of an O atom in the model, together with refinement
of its site occupation factor, led to an improvement in the R
factors [wR(F*) = 0.0975 for the water-free model] and a site-
occupation factor for the O atom of 0.132 (9). The H atoms
of the partial occupancy water molecule were not included in
the model.

For all compounds, data collection: MSC/AFC Diffrac-
tometer Control Software (Molecular Structure Corporation,
1991); cell refinement: MSC/AFC Diffractometer Control Soft-
ware; data reduction: TEXSAN PROCESS (Molecular Struc-
ture Corporation, 1989); program(s) used to solve structures:
SHELXS86 (Sheldrick, 1990); program(s) used to refine struc-
tures: SHELXI197 (Sheldrick, 1997); molecular graphics: OR-
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TEPII (Johnson, 1976); software used to prepare material for
publication: SHELXL97.

The authors are grateful to the Swiss National Science
Foundation for financial support.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FG1465). Services for accessing these
data are described at the back of the journal.
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Abstract

The 12-membered ring in the title compound, Cy0H29N3-
05S.CH,Cl,, has conformational disorder with the two
C atoms adjacent to the fused benzene ring each oc-
cupying two sites. The major conformer is present in
74.3(8)% of the molecules. The formal N2—=C bond
in the 12-membered ring and the adjacent C—N bond
of the dimethylamino substituent have almost identical
lengths, indicative of the electron donor character of the
dimethylamino group. The amide group has the trans
conformation and forms an intramolecular hydrogen
bond with one of the sulfonyl O atoms. The solvent mol-
ecule forms C—H- - -O hydrogen bonds with the organic
substrate. This novel heterocycle has been formed by
a ring enlargement reaction of the corresponding nine-
membered 1,2-benzothiazonin-3-one 1,1-dioxide and 2-
(dimethylamino)-1-azaspiro[2.3}hex-1-ene.

Comment

Cyclic oxosulfonamides of the type (I) and 3-amino-2H-
azirines, (II), react to give ring-enlarged heterocycles
of the type (III) (Heimgartner, 1991; Orahovats et al.,
1992, 1996; Villalgordo et al., 1992; Mihova et al.,
1996, 1998). This reaction proceeds via the formation
of an aziridine intermediate, A, and the regioselective
nucleophilic attack of the aziridine N atom onto the
carbonyl group. This mechanism has been proven in
the case of a five-membered starting material, (I), by
using '’N-labelled (II) (Ametamey et al., 1988). In some
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