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C@) 0.4328(4)  —02142(12) 0.3055 (3) 0.061 (3)
cs) 0.5205(4)  —0.1269 (14) 03222 (4) 0073 3)
C(6) 0.5564 (4) 0.0774 (14) 0.3734 (4) 0.071 (3)
c) 0.5052 (4) 0.2034 (12) 0.4102(3) 0.063 (3)
C@®) 0.4180 (3) 0.1131 (10) 0.3933(3) 0.044 (2)
co) 0.3459 (3) 0.2085 (12) 0.4211 (3) 0.050 (2)
oQ) 0.1894 (2) 0.0764 (7) 0.3909 (2) 0,056 (2)
oQ) 02319(3)  —0.2992(9) 0.2979 (2) 0.072(2)
009) 0.3478 (2) 0.3869 (8) 0.4649 (2) 0.074(2)
C(10) 0.1809(3)  —0.1178(12) 0.4447 (3) 0.063 (3)
can 0.0834(3)  —0.1074(12) 0.4384 (3) 0.062 (3)
ca2) 00192(3)  —0.2037 (11) 0.3623 (3) 0.058 (3)
N(13) —00749(3)  —0.1952(9) 0.3582 (2) 0.053 (2)
C(14) —0.1203(3)  —0.4119(13) 0.3597 (3) 0.049 (3)
c(1s) —02153(4)  —0.3647(12) 0.3594 (4) 0,059 (3)
0(14) —0.0031(3)  —0.6402(8) 0.3644 (3) 0.090 (2)
F(1) —02755(2)  —0.5044 (8) 0.3055 (2) 0.108 (2)
FQ) —02421(2)  —0.1163(7) 0.3503 (2) 0.095 (2)
F(3) —02227(2)  —0.4471(9) 0.4225(2) 0.113(2)

Table 2. Geometric parameters (A, )

N(1)—C(2) 1.389 (8) N(1)—C(9) 1.382 (6)
N(1)—0(1) 1.377 (6) C(2—CQ3) 1.490 (8)
C(2)—0(2) 1.192 (6) C(3)—C@) 1.369 (9)
C(3}—C(8) 1.375 (7) C@)y—C(5) 1.375(9)
C(5)—C(6) 1.377 (9) C6)—C(7) 1.393 (10)
C(7—C(8) 1.373 (7) C(8—C9) 1.495 (9)
C(9)—009) 1.208 (7) O(1)—C(10) 1.445(7)
C2)—N(1)—C(9) 115.1 (5) C(@)—N(1)—0(1) 1222 (4)
CO)—N(1)—0(1) 1224 (5) N(1)—C(2)—C(3) 1034 (4)
N(1)—C(2)—0(2) 124.6 (6) C(3)—C(2)—0(2) 132.0 (6)
C(2)—C(3)—C(4) 129.0 (5) C(2)—C(3)—C(8) 109.2 (5)
C(@)—C(3)—C(8) 1217 (5) C3y—C@)—C(5) 117.4 (5)
C(8)—C(5)—C(6) 1214 (7) C(5)—C(6)—C(7) 1212 (6)
C(6)—C(7)—C(8) 116.8 (5) C(3}—C(8)—C(7) 121.5 (5)
C(3)—C(8)—C(9) 108.5 (4) C(7—C(8)—C(9) 130.0 (5)
N(1)—C(9)—C(8) 1038 (5) N(1)—C(9)—0(9) 126.3 (6)
C(8)—C(9)—0(9) 129.9 (5) N(1)—0(1)—C(10) 108.7 3)

Data collection and reduction: P3/PC Data Collection (Siemens,
1989). Program package used to solve and refine the structure:
SHELXTL/PC (Siemens, 1990). Refinement was by full-matrix
least-squares methods.

We thank Dr Paul Kong Thoo Lin (MRC Cambridge)
for providing the crystals and the Research Foundation of
Leuven for financial support. LVM is a Research Asso-
ciate of the National Fund for Scientific Research (Bel-

gium).

Lists of structure factors, anisotropic thermal parameters, H-atom co-
ordinates, complete geometry and least-squares-planes data have been
deposited with the British Library Document Supply Centre as Supple-
mentary Publication No. SUP 55684 (12 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England. [CIF reference: AB1028]
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Abstract

The structure of 5-methyl-2-[(2,3,4-tri-O-acetyl-B-D-
arabinopyranosyl)thio]-3,4-dihydro-7H-pyrano[2,3-
dlpyrimidine-4,7-dione, C;oH,0N,O,¢S, is described.
This compound consists of a sugar ring and a planar
base (pyranopyrimidine derivative) linked unusually
by an S atom. The sugar ring is in a “C, chair
conformation and makes dihedral angles of 74.5 (4)
and 75.7 (4)° with the pyran and pyrimidine rings.
The S atom occupies an axial position on the sugar
ring and lies 2.461 (9) A out of the corresponding
mean plane.

Comment

Synthetic nucleosides are widely studied and used
therapeutically as antiviral (Lin et al.,, 1991), anti-
tumor (Ramasamy et al., 1990) and antibiotic com-
pounds (Knapp & Shieh, 1991). Our aim is to
synthesize nucleosides by substituting the hetero-
cyclic base (pyrimidine or purine) by a pyrano-
pyrimidine ring (1). From this compound, the
nucleosides (2) were synthesized and their antiviral

t This publication is dedicated to Marie-Eve Rolland.

© 1993 International Union of Crystallography
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activity was studied (Esanu, 1984). During this work,
the thioglycoside (3) was isolated and the structure
was determined by X-ray diffraction on a single
crystal.

R R = arabinose, ribose,
xylose, rhamnose

Dihydro-TH-pyrano|2,3-d|pyrimidine-4,7-dione moi-
ety (TPPM). The deviations of each atom of the
heterocyclic rings P1 [N(1)—C(2)—N(3)—C(4)—
C(10—C@O)] and P2 [C(5)—C(6)—C(7)—O(8)—
C(9)—C(10)] from the mean plane are within
0.013 (9) A. The S and O(40) atoms deviate from Pl
by 0.040 (1) and —0.01 (2) A; the C(50) and O(70)

atoms deviate from P2 by —0.05(2)A and

—0.03(1) A, respectively. The dihedral angle

between P1 and P2 is 2.8 (4)°.
2,3,4-Tri-O-acetylarabinopyranosyl ring (ARA).

The acetylarabinose ring adopts a *C, chair confor-
mation (which corresponds to 'C,, in our
numbering) where the S and O(140) atoms are
axially oriented, O(120) and O(130) occupying an
equatorial position, in contrast to the 1C(D) confor-
mation adopted in 1,2,3,4-tetra-O-acetyl-B-D-
arabinopyranose (James & Stevens, 1974). The aver-
age atom deviation from the best mean plane P3
involving the C(12), C(13), C(15), O(16) atoms is
0.017(6) A. The C(11) and C(14) atoms are dis-
placed from P3 by 0.67 (2) and —0.64 (2) A. The
C(11)—0(16) bond is significantly shorter than the
corresponding length [1.4316 (6) A] reported by
Longchambon et al. (1985) in B-pDL-arabinose but it
is in good agreement with that in tri-O-acetyl-B-D-
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arabinopyranosyl bromide (Corfield, Mohren,
Durette & Horton, 1972). The shortening of the
C(11)—O0O(16) length is induced by the polarizability
of the C(11)-bonded S atom. This suggests a partial
double-bond character for the C(11)—O(16) bond.
Thioarabinosidic linkage. The S atom bridges the
ARA and TPPM rings. It lies nearly in the Pl and
P2 mean planes and assumes an axial position on the
acetylarabinose ring. The dihedral angles between
the mean plane P3 and the Pl and P2 planes are
74.5 (4) and 75.7 (4)°, respectively. The orientation
of the TPPM moiety relative to the ARA ring may
be described by the torsion angles N(3)—C(2)—

S—C(11)= —172.9(7), N(1)—C(2)—S—C(11) =
8709, C@)—S—C(11)—O(16)=73.7(8) and
C(2)—S—C(11)—C(12) = —164.1 (7°. An intra-

molecular hydrogen bond N(3)—H(3)---O(132)) is
observed [2.88 (1) A; 169 (1)°; symmetry code (i)
—3+x,3—y, —2].

Fig. 1. The molecular conformation of the title compound.

Experimental

Crystal data

Ci1oH20N2010S A=07107 A

M, = 468.44 Cell parameters from 25
Orthorhombic reflections
P2,2,2; 0 = 14-25°
a=9202(1)A p = 0.196 mm™!
b=10716 (2) A T =298 K
c=22111 (3) A Parallelepiped

V =2180.3 (8) A’ 0.4 x 0.3 x 0.2 mm
Z=4 Brown

D, =14 Mgm™
Dm =141 Mgm™?
Mo Ko« radiation

Data collection

Nonius CAD-4 diffractome-
ter

w-26 scans

Absorption correction:
none

2197 measured reflections

2197 independent reflections

Crystal source: grown by
recrystallization from
methanol

991 observed reflections
[I>20(1)]

omax =25°

h=0-—>38

k=0— 12

I =0—24

2 standard reflections
intensity variation: none
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Refinement
Final R = 0.044
wR = 0.047
§$=20

991 reflections
289 parameters
w = 1/0*(F)

Table 1. Fractional atomic coordinates and equivalent

REGULAR STRUCTURAL PAPERS

(A/0)max = 0.89

Apmax =017 A3

Apmin = —0.16 e A3

Atomic scattering factors
from International Tables
for X-ray Crystallography

(1974, Vol. IV)

isotropic thermal parameters (A%

Ueq = 3(Un + U2 + U3y).

Table 2. Geometric parameters A,°)

X
S 0.4338 (4)
N(1) 0.444 (1)
C@2) 0.382(1)
NG3) 0.2692 ©9)
c@) 0.208 (1)
Ce5) 0.236 (1)
C(6) 0.314(2)
o) 0432(2)
0(8) 0.4650 (8)
co) 0.390(1)
C(10) 0.274(1)
cay) 0.598(1)
ca12) 0.640 (1)
c3) 0.683 (1)
C(14) 0.807 (1)
c(15) 0.767 (1)
0(16) 0.715(1)
0(40) 0.1079 (9)
C(50) 0.116(1)
0(70) 0.508 (1)
0(120) 0.5183 (8)
ca21) 0.497 (1)
0(122) 0.562 (1)
C(123) 0.381 (1)
0(130) 0.7287 (8)
ca3l) 0.727(1)
0(132) 0.6786 (9)
C(133) 0.792 (1)
0(140) 09319 (9)
c(141) 1.043 (2)
0(142) 1.040 (1)
C(143) 1.152 (1)
5—CQ)
s—C(11)
N(1)—C(2)
N(1)—C(9)
NG3)—C(@2)
N(3)—C(4)
C(4)—0(40)
C(4)—C(10)
C(5)—C(6)
C(5)—C(10)
C(5)—C(50)
C(6)—C(7)
C(H—0(8)
C(7)—0(70)
0(8)—C(9)
C(9)—C(10)
C(11)—0(16)
C(2)—N@3)—C()
0(40)—C(4—N@3)
0(40)—C(4)—C(10)
NG3)—C(4)—C(10)
C(6)—C(5)—C(10)

C(6)—C(5—C(50)

y z

0.5072 (3) 0.0445 (1)
0.6952 (8) 0.1241 (4)
0.591 (1) 0.1087 (4)
0.5381 (7) 0.1394 (4)
0.590 (1) 0.1912 (5)
0.776 (1) 0.2620 (5)
0.883 (1) 0.2748 (5)
0.925 (1) 0.2400 (5)
0.8531 (7) 0.1883 (3)
0.749 (1) 0.1744 (5)
0.707 (1) 0.2090 (5)
0.595 (1) 0.0232 (5)
0.562 (1) —0.0427 (5)
0.428 (1) —0.0471(5)
0.405 (1) —0.0030 (5)
0.447 (1) 0.0605 (5)
0.5730(8) 0.0605 (3)
0.5360 (7) 0.2155 (4)
0.733 (1) 0.3026 (6)
1.0119(8) 0.2475 (4)
0.5804(6)  —0.0829(3)
0.702 (1) —0.1007 (5)
07873(8)  —0.0797 (4)
0.709 (1) —0.1483 (6)
0.4073 (7) —0.1084 (3)
0.287 (1) —0.1275 (5)
02040(7)  —0.0976(4)
0273 (1) —0.1896 (6)
04742(7)  —0.0243(3)
0.416 (1) —0.0529 (7)
0.3035 (9) —0.0565 (5)
0.506 (1) —0.0746 (6)

175 (1)
1.84 (1)
1.30(1)
1.35(1)
1.36 (1)
1.39(1)
1.21Q1)
1.45 (1)
1.39 (2)
1.43 (1)
1.49 (2)
1.41(2)
141 (1)
117 Q1)
1.35(1)
1.39(1)
1.38(1)

1234 9)
119 (1)
128 (1)
114 (1)
18 (1)
121 (1)

C(11)—C(12)
C(12)—0(120)
C(12)—C(13)
C(13)—0(130)
C(13)—C(14)
C(14)—0(140)
C(14)—C(15)
C(15)—0(16)
0(120)—C(121)
C(121)—0(122)
C(121)—C(123)
0(130)—C(131)
C(131)—0(132)
C(131)—C(133)
0(140)—C(141)
C(141)—0(142)
C(141)—C(143)

0(130)—C(13)—C(14)
C(12)—C(13)—C(14)
0(140)—C(14)—C(13)
0(140)—C(14)—C(15)
C(13)—C(14)—C(15)
0(16)—C(15)—C(14)

Ueq
0.065 (2)
0.049 (6)
0.043 (7)
0.043 (5)
0.048 (7)
0,058 (8)
0.071 (9)
0.059 (8)
0.055 (5)
0.045 (7)
0.044 (6)
0.055 (7)
0.047 (7)
0.053 (8)
0.064 (8)
0.069 (9)
0.066 (6)
0.073 (6)
0.09 (1)
0.089 (7)
0.052 (5)
0.061 (8)
0.080 (6)
0.082 (9)
0.052 (5)
0.054 (8)
0.060 (5)
0.08 (1)
0.062 (5)
0.08 (1)
0.103 (8)
0.085 (9)

1.55 (1)
145 (1)
1.49 (1)
144 (1)
1.52(2)
1.45 (1)
1.52(2)
143 (1)
1.37(1)
1.19(1)
1.50 (2)
1.36 (1)
1.19(1)
151(2)
1.35(1)
121 (1)
147(2)

111.29)
108 (1)
107.6 (9)
110 (1)
111 (1)
111 (1)

C(10}—C(5)—C(50) 121 (1) C(11)—0(16)—C(15) 1149 (9)
C(5)—C(6)—C(7) 124 (1) C(121)—0(120—C(12)  114.6(8)
0(70)—C(7)—C(6) 130 (1) 0(122)—C(121)—0(120) 123 (1)
O(70y—C(7»—O(8) 115 (1) 0(122)—C(121)—C(123) 126 (1)
C(6)—C(7)—0(8) 116 (1) 0(120)—C(121)—C(123) 111 (1)
C(9)—0@®8)—C(7) 1219 9) C(131)—0(130)—C(13)  116.0 (9)
0(8)—C(9)—N(1) 110.6 (9) 0(132)—C(131)—0(130) 123 (1)
0(8)—C(9)—C(10) 123 (1) 0(132)—C(131)—C(133)  125(1)
N(1)—C(9)—C(10) 127 (1) 0(130)—C(131)—C(133) 112(1)
CO)—C(10)—C(5) 118 (1) C(141)—0(140y—C(14) 121 (1)
C9)—C(10)—C(4) 117 ) 0(142)—C(141)—0(140) 118 (1)
C(5)—C(10)—C(4) 125 (1) 0(142)—C(141)—C(143) 130 (1)
O(16)—C(11)—C(12)  108.8(9) 0(140)—C(141)—C(143) 111 (1)
0(16)—C(11)—S 1137 (7) C(2)—S—C(11) 997 (5)
C(12)—C(11)—S 109.3 (7) C)—N(1)—C(9) 1147 9)
0(120)—C(12)—C(13)  107.3 (9) N(1)—C(2)—S 1222 (8)
0(120)—C(12)—C(11)  110.4(9) NG3)—C(2)—S 1133 (8)
C(13)—C(12)—C(1) 1104 (9) N(1)—C(2)—N(@3) 124.5 (9)
0(130)—C(13)—C(12) 107 (1)

Data collection: All intensities were corrected for Lorentz and
polarization effects. The structure was determined by direct
methods using the program MULTAN88 (Debaerdemacker et
al., 1988). Full-matrix least-squares refinement on F magni-
tudes with anisotropic thermal parameters for non-H atoms and
isotropic parameters for H atoms was performed with ORXFLS
(Busing, 1971). The best mean planes were calculated using
BP7C (Ito & Sugarawa, 1983). Illustrations were generated with
the program ORTEPII (Johnson, 1976). Atomic coordinates are
listed in Table 1 and bond lengths in Table 2. The molecular
conformation is given in Fig. 1.

Lists of structure factors, anisotropic thermal parameters, H-atom coor-
dinates and complete geometry have been deposited with the British Li-
brary Document Supply Centre as Supplementary Publication No. SUP
55622 (16 pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: PA1010]
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