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The trans stereochemical relationship of the two substituents

of the title compound, C9H12N2O5, a new spiro-nucleoside, has

been con®rmed. The cyclopentane moiety adopts the C30-
endo-type conformation, while the barbiturate ring is almost

planar. Molecules interconnected by a two-dimensional

network of hydrogen bonds build layers parallel to the ab

plane.

Comment

Among many modi®ed nucleosides exhibiting biological

activities, some spiro-nucleosides have been shown to be

useful as potent herbicides without animal toxicity. Synthetic

efforts have been devoted in recent years to their analogues

(Mio & Sano, 1997; Nakajima et al., 1991). We are interested in

the highly constrained structural feature of these spiro-

nucleosides which may be used as promising building units for

modi®ed oligonucleotide synthesis in the antisense and/or the

antigene strategy. It is well established that conformational

restriction may lead to favourable complex formation due to

an entropic advantage. This concept has been investigated

quite intensively in nucleoside, and especially oligonucleotide,

chemistry (Meldgaard & Wengel, 2000). Recently, we have

developed synthetic methods for a new carbocyclic spiro-

nucleoside containing the barbituric acid moiety, (I), using the

synthetic scheme below (Renard et al., 2002). The reagents

and conditions are as follows: (a) (CH2O)n, AcOH, H2SO4,

333 K, 24 h; (b) trimethylsilyl choride (TMSCl), MeOH; (c)

resolution; (d) tert-butyldimethylsilyl choride (TBDMSCl),

imidazole; (e) urea, tBuOK; (f) TMSCl, MeOH; TBDMSO is

tert-butyldimethylsilyl oxide.

We have shown that the spiro-nucleoside (I) is considerably

more stable against ring opening than the deoxyribosyl deri-
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vative. Also, these compounds present enhanced hydrogen

bonding capacity with the `complementary' deoxyadenosine

derivative. So it is interesting to determine the three-dimen-

sional structure and hydrogen-bonding features of this spiro-

nucleoside.

The present atomic arrangement is a typical layer organi-

zation. Molecules of the title compound interconnected by

NÐH� � �O and OÐH� � �O hydrogen bonds build up layers

parallel to the ab plane. In this compound, as expected, the

barbiturate ring is quasi-planar. The largest deviation from its

least-squares plane is 0.102 (2) AÊ for C10. It is also worth

noticing the relatively high density (1.623 Mg mÿ3) of this

compound.

Experimental

The title compound was prepared according to the process described

by Renard et al. (2002). To a solution of 30,50-O-bis(tert-butyldi-

methylsilyl)spirocyclopentylbarbituric acid (2.0 g, 4.4 mmol) in

MeOH (10 ml) was added TMSCl (500 ml). This solution was stirred

at room temperature for 15 min while the deprotected spirocyclo-

pentylbarbituric acid precipitated in the medium. The volatile

material was removed under reduced pressure and the resulting

residue was triturated into Et2O to afford a white powder (1.0 g,

4.3 mmol, 99%; m.p. 487±489 K). TLC (MeOH/CH2Cl2 20:80): Rf

0.28. [�]D
25 = +34.8 (c = 0.91, MeOH). IR (KBr): � 3351, 3197, 3076,

2844, 1754, 1740, 1689, 1444, 1352, 1175, 1081, 807 cmÿ1. 1H NMR

(200 MHz, [D6]DMSO): � 1.65±2.30 (m, 5H, H-20, H-40, H-60), 3.31 (m,

1H, H-50), 3.56 (m, 1H, H-50), 3.82 (m, 1H, H-30), 4.42 (m, OH-50), 4.84

(m, OH-30), 11.0 (br s, 2H, NH). 13C NMR (50 MHz, [D6]DMSO): � =

37.9 (C-60), 42.5 (C-20),49.0 (C-40), 51.9 (C-10), 61.3 (C-50), 72.5 (C-30),

150.5 (C O), 174.6 (C O). MS (FAB-, glycerol): m/z: 227 [MÐH].

Analysis for C9H12N2O5 (228.20), calculated: C 47.37, H 5.30, N

12.28%; found: C 47.46, H 5.46, N 12.27%. Crystals were obtained by

slow evaporation of a solution in water.

Crystal data

C9H12N2O5

Mr = 228.20
Monoclinic, P21

a = 7.467 (2) AÊ

b = 6.802 (1) AÊ

c = 9.673 (3) AÊ

� = 108.07 (2)�

V = 467.1 (2) AÊ 3

Z = 2

Dx = 1.623 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 9.3±12.7�

� = 0.13 mmÿ1

T = 293 K
Monoclinic prism, colourless
0.32 � 0.16 � 0.09 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

! scans
Absorption correction: none
2284 measured re¯ections
2187 independent re¯ections
1818 re¯ections with I > 1.5�(I)
Rint = 0.014

�max = 35�

h = ÿ12! 12
k = 0! 11
l = 0! 15
2 standard re¯ections

frequency: 120 min
intensity decay: 0.2%

Re®nement

Re®nement on F
R = 0.039
wR = 0.044
S = 1.40
1817 re¯ections
145 parameters

H-atom parameters not re®ned
w = 1/[�2(Fo) + 0.00006|Fo|2]
(�/�)max = 0.004
��max = 0.28 e AÊ ÿ3

��min = ÿ0.22 e AÊ ÿ3
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Figure 1
ORTEPII (Johnson, 1976) molecular diagram of the title compound.
Ellipsoids are shown at the 25% probability level.

Figure 2
The two-dimensional hydrogen-bond network projected along the c axis.
Black circles represent C atoms, blue circles N atoms, red circles O atoms,
and small circles H atoms. Hydrogen bonds are depicted by dotted lines.
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Table 1
Selected geometric parameters (AÊ , �).

O2ÐC2 1.425 (2)
O6ÐC6 1.217 (2)
O8ÐC8 1.219 (2)
O10ÐC10 1.218 (2)
O11ÐC11 1.417 (2)
N7ÐC6 1.359 (2)
N7ÐC8 1.371 (2)
N9ÐC8 1.372 (2)
N9ÐC10 1.365 (2)

C1ÐC2 1.519 (2)
C1ÐC5 1.566 (2)
C2ÐC3 1.532 (2)
C3ÐC4 1.523 (2)
C3ÐC11 1.523 (2)
C4ÐC5 1.563 (2)
C5ÐC6 1.511 (2)
C5ÐC10 1.503 (2)

C6ÐN7ÐC8 126.0 (1)
C8ÐN9ÐC10 125.4 (1)
C2ÐC1ÐC5 104.2 (1)
O2ÐC2ÐC1 109.5 (1)
O2ÐC2ÐC3 114.6 (1)
C1ÐC2ÐC3 102.7 (1)
C2ÐC3ÐC4 102.2 (1)
C2ÐC3ÐC11 115.9 (1)
C4ÐC3ÐC11 115.0 (1)
C3ÐC4ÐC5 105.7 (1)
C1ÐC5ÐC4 104.5 (1)
C1ÐC5ÐC6 109.9 (1)
C1ÐC5ÐC10 107.6 (1)

C4ÐC5ÐC6 109.1 (1)
C4ÐC5ÐC10 111.9 (1)
C6ÐC5ÐC10 113.5 (1)
O6ÐC6ÐN7 120.4 (1)
O6ÐC6ÐC5 120.7 (1)
N7ÐC6ÐC5 118.8 (1)
O8ÐC8ÐN7 121.9 (1)
O8ÐC8ÐN9 122.0 (1)
N7ÐC8ÐN9 116.0 (1)
O10ÐC10ÐN9 119.5 (1)
O10ÐC10ÐC5 122.1 (1)
N9ÐC10ÐC5 118.3 (1)
O11ÐC11ÐC3 114.0 (1)

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

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

O11ÐH12� � �O6i 0.81 2.00 2.809 (2) 173
N7ÐH8� � �O10ii 0.86 1.99 2.840 (2) 170
N9ÐH9� � �O2iii 0.85 2.04 2.862 (1) 161

Symmetry codes: (i) x; 1� y; z; (ii) x; yÿ 1; z; (iii) xÿ 1; y; z.

The H atoms attached to C were positioned geometrically whereas

H atoms on O or N were located from a difference Fourier map; in

both cases, they were not re®ned. Since there is a twofold screw axis,

in order to avoid any remaining shifts, we chose to constrain, as

origin, the atom O2, by ®xing its y coordinate instead of ®xing the

sum of coordinates. Because of the lack of any signi®cant anomalous

dispersion effects, the absolute con®guration could not be deter-

mined from the diffraction experiment. Friedel pairs in the data set

were merged prior to re®nement.

Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4 Software; data reduction: TEXSAN (Molecular

Structure Corporation, 1992±1997); program(s) used to solve struc-

ture: SIR 92 (Altomare et al., 1994); program(s) used to re®ne

structure: TEXSAN; software used to prepare material for publica-

tion: TEXSAN.
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