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In the crystal structure of the title compound, C13H19NO4,

there are two molecules in the asymmetric unit. The crystal

which was used for collecting intensity data was twinned. The

furoindolizine ring system adopts a fused envelope±chair±

envelope conformation. The packing is stabilized by inter-

molecular CÐH� � �O hydrogen bonds.

Comment

The synthesis of biologically active indolizine derivatives

continues to attract the attention of organic chemists, because

of their importance as pharmaceutical drugs, such as potential

central nervous system depressants, calcium entry blockers,

cardiovascular agents, spectral sensitizers and novel dyes

(Gubin et al., 1992; Poty et al., 1994; Hema et al., 2003). Several

polyhydroxylated indolizines are interesting as inhibitors of

glycosides (Hempel et al., 1993; Brandi et al., 1995). Indolizines

have also been tested as antimycobacterial agents against

mycobacterial tuberculosis (Gundersen et al., 2003).

The structural investigation of the title compound, (I)

(Fig. 1), has been undertaken as part of our study on the

conformational changes caused by different substituents at

positions on the furoindolizine ring system. Fig. 1 depicts the

correct absolute con®guration of the molecule as established

by the synthesis of the compound. The asymmetric unit of (I)

consists of two crystallographically independent molecules, A

and B. The crystal structure was re®ned as a twin with

orthorhombic pseudosymmetry, and the re®ned ratio of the

two twin components is 0.578 (1):0.422 (1). The corresponding

bond lengths and angles in the independent molecules (Fig. 1)

agree with each other and are comparable to those in a related

structure (VraÂbel et al., 2004).

The central six-membered ring is not planar and has a chair

conformation (Cremer & Pople, 1975). It is puckered in such a

manner that the four atoms C4, C5, C9 and C10 (C17, C18,

C22 and C23 for molecule B) are coplanar to within

0.007 (2) AÊ [0.009 (2) AÊ for molecule B], while atoms N1 and
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C3 (N2 and C16) are unequally displaced from this plane on

opposite sides, with out-of-plane displacements of 0.582 (2)

andÿ0.519 (2) AÊ , respectively [0.595 (2) andÿ0.525 (2) AÊ for

molecule B]. The oxopyrrolidine ring has an envelope

conformation, with atom C7 as the ¯ap (C20 for molecule B).

The deviations of atoms C7 and C20 from the mean plane of

the remaining four atoms are 0.263 (3) and 0.260 (3) AÊ ,

respectively. There are three different types of intermolecular

hydrogen bonds in the crystal structure. Atom C1 of molecule

A is involved in weak intermolecular CÐH� � �O interactions

with atoms O6 and O7 of symmetry-related molecules B.

Atoms C14 and C22 of molecule B act as donors for weak

intermolecular CÐH� � �O interactions with atom O2 of mol-

ecule A. A third type of intermolecular CÐH� � �O interaction

is between symmetry-related molecules A� � �A0 and B� � �B0
(Table 2).

Experimental

The title compound was prepared by stereoselective dihydroxylation

under the usual conditions. To a stirred solution of (4aS,9aS)-

2,4,4a,5,6,7,9,9a-octahydrofuro[2,3-f]indolizin-7-one (100 mg,

0.56 mmol) in acetone and water (5 ml, 5:1) was added an aqueous

solution of OsO4 (0.3 ml, 4%) dropwise. N-Methylmorpholine N-

oxide (0.2 g, 1.7 mmol) was then added. The reaction was monitored

by thin-layer chromatography (TLC). The excess OsO4 was decom-

posed by the addition of Na2S2O4 (0.2 g, 1.1 mmol). After removal of

the solvent and drying the residue, freshly distilled dichloromethane

(5 ml), 2,2-dimethoxypropane (0.3 ml, 2.4 mmol) and p-toluene-

sulfonic acid (50 mg, 0.3 mmol) were added under an argon atmos-

phere, again with TLC monitoring. The organic phase was twice

extracted with water and dried over MgSO4. The product was puri-

®ed by column chromatography (dichloromethane and acetone, 9:1)

and crystallized from acetone in 50% yield as a sole diastereomer.

Colorless block-shaped single crystals were prepared by recrystal-

lization from an ethanol solution.

Crystal data

C13H19NO4

Mr = 253.29
Monoclinic, P21

a = 5.9465 (1) AÊ

b = 17.7167 (3) AÊ

c = 11.8918 (2) AÊ

� = 90.037 (1)�

V = 1252.83 (4) AÊ 3

Z = 4

Dx = 1.343 Mg mÿ3

Mo K� radiation
Cell parameters from 6898

re¯ections
� = 3.2±30.9�

� = 0.10 mmÿ1

T = 183 (2) K
Needle, colorless
0.85 � 0.10 � 0.08 mm

Data collection

Bruker SMART CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2002)
Tmin = 0.920, Tmax = 0.992

22580 measured re¯ections

4637 independent re¯ections
4190 re¯ections with I > 2�(I)
Rint = 0.043
�max = 32.9�

h = ÿ9! 9
k = ÿ27! 26
l = ÿ17! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.082
S = 1.04
4637 re¯ections
368 parameters
Only H-atom U's re®ned

w = 1/[�2(Fo
2) + (0.0447P)2

+ 0.0464P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.21 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC10 1.426 (3)
O1ÐC1 1.454 (3)
O3ÐC11 1.433 (3)
O4ÐC11 1.432 (3)
N1ÐC8 1.355 (3)
N1ÐC9 1.442 (3)
N1ÐC5 1.461 (3)

O5ÐC23 1.428 (3)
O5ÐC14 1.445 (3)
O7ÐC24 1.433 (3)
O8ÐC24 1.444 (2)
N2ÐC21 1.358 (3)
N2ÐC22 1.458 (3)
N2ÐC18 1.460 (3)

C10ÐO1ÐC1 106.96 (16)
C2ÐO3ÐC11 109.00 (15)
C8ÐN1ÐC9 125.3 (2)
C9ÐN1ÐC5 118.15 (17)
C10ÐC3ÐC2 103.40 (16)
O2ÐC8ÐN1 125.2 (2)

C23ÐO5ÐC14 106.61 (16)
C15ÐO7ÐC24 109.21 (15)
C21ÐN2ÐC22 124.6 (2)
C22ÐN2ÐC18 117.96 (16)
C23ÐC16ÐC15 102.99 (16)
O6ÐC21ÐN2 124.6 (2)

C11ÐO4ÐC3ÐC10 119.34 (19)
O3ÐC2ÐC3ÐC4 96.71 (19)
C3ÐC4ÐC5ÐN1 47.9 (2)
N1ÐC5ÐC6ÐC7 ÿ19.7 (3)
N1ÐC9ÐC10ÐO1 ÿ162.63 (17)

C24ÐO8ÐC16ÐC23 120.00 (17)
O7ÐC15ÐC16ÐC17 96.3 (2)
C16ÐC17ÐC18ÐN2 48.7 (2)
N2ÐC18ÐC19ÐC20 ÿ23.6 (3)
N2ÐC22ÐC23ÐO5 ÿ163.21 (17)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C1ÐH1A� � �O6i 0.99 2.53 3.358 (3) 141
C1ÐH1B� � �O7ii 0.99 2.47 3.359 (3) 150
C6ÐH6B� � �O2i 0.99 2.58 3.476 (4) 150
C14ÐH14A� � �O2 0.99 2.50 3.324 (3) 141
C14ÐH14B� � �O3iii 0.99 2.46 3.383 (3) 156
C22ÐH22A� � �O2 0.99 2.58 3.527 (3) 160
C26ÐH26B� � �O4iv 0.98 2.54 3.498 (3) 166

Symmetry codes: (i) xÿ 1; y; z; (ii) x; y; 1 � z; (iii) 1� x; y; zÿ 1; (iv)
2ÿ x; 1

2� y; 1ÿ z.

H atoms were positioned geometrically and treated as riding atoms

(CÐH = 0.95±0.99 AÊ ), with re®ned individual Uiso values. The

absolute con®guration could not be reliably determined for this

compound using Mo radiation, and has been assigned on the basis of

the synthesis; Friedel pairs were merged.

Data collection: SMART (Siemens, 1995); cell re®nement: SAINT

(Siemens, 1995); data reduction: SAINT; program(s) used to solve

Figure 1
The asymmetric unit of (I), with the atomic numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.



structure: SHELXTL (Bruker, 2001); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPII (Johnson, 1976); software used to prepare material for

publication: SHELXL97.
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