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Table 2. Selected geometric parameters (A, 
CI--NI 1 1.420 (6) CI 2---C 13 
C4---N4 1.404 (6) C 13--N 13 
NIl--C12 1.298(6) C13--CI4 
C12--C14 i 1.432 (7) 

C2---C I--N I 1 118.9(5) N11--C12--C13 
C6---CI--N I 1 122.1 (5) C 14i--C 12---C 13 
C3---C4---N4 122.1 (5) N 13---C 13--C 14 
C5--C4--N4 120.6 (5) N 13--C 13--CI 2 
C 12--N 11----CI 120.5(4) C 14------C 1 3 ~  12 
N I 1--C12---C 14 ~ 126.6(5) CI 3---C 14--C 12' 

Symmetry codes: (i) - x ,  - y ,  -z .  

o) 

1.485 (6) 
1.357 (6) 
1.361 (7) 

116.7(5) 
116.6 (5) 
122.8 (5) 
116.3 (5) 
120.9 (5) 
122.5 (4) 

The somewhat high R factor is attributed to the limited quality 
of the available crystals of (1). 

Data collection: CAD-4 (Enraf-Nonius, 1980). Cell refine- 
ment: CAD-4. Data reduction: HELENA (Spek, 1993). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: SHELXTL/PC (Sheldrick, 1992). 
Software used to prepare material for publication: SHELXL93. 

We thank EPSRC for support (to DJQ). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AB1362). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The title compound, 1-(5-O-benzoyl-2,3-dideoxy- 
2-oxo-&-D-ribofuranosyl)- 2,4( 1H,3H)- pyrimidinedione, 
C I 6 H I 4 N 2 0 6 ,  is an o~-nucleoside analogue. The glycosyl 
torsion angle [O4' - -C1' - -N1- -C2 - 7 6 . 9 ( 6 )  °] has a 
syn conformation. The sugar puckering is 04'-endo/C4'- 
exo, with pseudorotation parameters 0m = 19.8 and P = 
61.0. The exocyclic C3'--C4'---C5'--O5' torsion an- 
gle is gauche-trans [177.1 (6)°]. The pyrimidine N3 
atom forms a hydrogen bond with the 0 4  atom of a 
symmetry-related molecule. 
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Comment 
The pharmaceutical applications of nucleosides and nu- 
cleoside analogues have been widely recognized (Mit- 
suya, Yarchoan & Broder, 1990) and molecules like 
azidothymidine (AZT) are now marketed drugs. These 
drugs or potential drugs are all /3-D-nucleosides and 
closely resemble the monomers of RNA and DNA. 
Their anomeric form, however, i.e. the cr-nucleosides, 
which are resistant to nuclease digestion, have recently 
attracted attention as potential antisense drugs (Thuong 
& Helene, 1993). There are reports on the comparatively 
more efficient hybridization of modified a-nucleosides 
to natural DNA and on their high enzymatic stability 
(Abdel Aleem, Larsen & Pedersen, 1995). We are in- 
volved in the synthesis and analysis of &-nucleosides 
modified at the C2' and C3' positions and with various 
groups attached to the 05' atom in order to assess the 
effects of modifications on the overall geometry of the 
molecule (Sakthivel, Pathak & Suresh, 1994). As part 
of this study, we report herein the crystal structure of 
5'-O-benzoyl-2', 3'-dideoxy-2'-oxo-o~-uridine, (I). 
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An ORTEPII drawing (Johnson, 1976) of (I) together 
with the atom-labelling scheme is shown in Fig. 1. Bond 
lengths and angles (Table 2) for the pyrimidine base 
are as expected (Saenger, 1984). The bond length of 
the O atom attached to the C2' position of the sugar 
corresponds to a double bond, thus confirming the keto 
form. It is presumably as a result of the influence of 
this double bond that the neighbouring C3'----C4' bond 
is shorter and the furanosyl intra-ring angle at C2' is 
wider compared with standard values (Saenger, 1984). 
A shortening of the exocyclic C4'---C5' bond is also 
observed. 

C13 C12 

07 ~ ~  CII 

C8 

C5' 
O5' 

CI0 

C3' 

02' ~ C2' 

02 

04' 

CI' 

, NI 

C2 

, N3 

C6 

C5 

04 

Fig. 1. A perspective view (ORTEPII; Johnson, 1976) of (I) showing 
the atom-labelling scheme. Displacement ellipsoids are drawn at the 
50% probability level and H atoms have been omitted for clarity. 

The pyrimidine base has a syn conformation, with 
a glycosidic torsion angle X (O4'---C1'--N1---C2) of 
-76 .9  (6) ° indicating an o~ configuration. This is in con- 
trast to the more common anti conformation observed in 
pyrimidine nucleosides (Sundaralingam, 1971). It may 
be noted that the bulky groups at positions C 1' and C4', 
disposed on opposite sides of the furanosyl ring here, are 
sterically conducive to the syn conformation. The sugar 
puckering is °T (04'-endo/C4'-exo) with pseudorotation 
parameters Om and P of 19.8 and 61.0, respectively (A1- 
tona & Sundaralingam, 1972). The conformation about 
the exocyclic C4'---C5' bond is gauche-trans, with a 
torsion angle 7 (C3 ' - -C4 ' - - -C5 ' - -O5 ' )  of 177.1 (6) °. 
The degree of planarity of the three rings is of the order 

benzene > pyrimidine > furanose and the magnitudes 
of maximum deviation of atoms from their respective 
least-squares planes are 0.018, 0.020 and 0.113A, re- 
spectively. The pyrimidine and furanose planes are al- 
most perpendicular to one another (84.5°), while the 
plane of the benzene ring makes angles of 63.1 and 
60.7 °, respectively, with them. The planar O-benzoyl 
group is almost aligned with the C3'---C4'--C5'---O5'  
plane (13.5 °) and is disposed in a direction opposite to 
that of the C2 ' - -O2 '  keto bond. 

The pyrimidine moieties in the crystal are arranged 
symmetrically about planes parallel to the ab plane, 
bisecting the c axis (Fig. 2). The bases are not stacked. 
The sugar and benzene rings are arranged one above the 
other on either side of the pyrimidine moieties. There 
is one hydrogen bond between the heterocyclic N3 
atom and the 04  atom of a symmetry-related molecule. 
Parameters corresponding to this hydrogen bond and 
other C- -H. . .O- type  interactions (Taylor & Kennard, 
1982) are listed in Table 3. 

02' 0 b 

Fig. 2. A packing diagram (PLUTO; Motherwell & Clegg, 1978) 
showing the disposition of bases, sugar and benzene rings in the title 
structure viewed along the b axis. Dotted lines indicate hydrogen 
bonds. 

E x p e r i m e n t a l  

The synthesis of (I) involved the hydrolysis of the corre- 
sponding enamine, 1-(2,3-dideoxy-2-N-morpholino-5-O-trityl- 
o~-o-glycero-pent-2-enofuranosyl)uracil, under strongly acidic 
conditions according to Sakthivel, Pathak & Suresh (1994). 
A crystal suitable for diffraction analysis was obtained from 
methanol solution. 

Crystal data 

CI6HI4N206 Mo Ko~ radiation 
Mr = 330.29 A = 0.71069 ~, 
Monoclinic Cell parameters from 25 
C2 reflections 
a -- 20.337 (3) ,~ 0 = 8.32-17.61 ° 
b - 5.8139(6) .4, /z = 0.112 mm -I 
c = 13.362 (2) ,4, T = 295 (2) K 
/3 = 105.97 (2) ° Rectangular block 



1778 CI6H14N206 

V = 1519.0 (4) ,~3 
Z = 4  
Dx = 1.444 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
o2/20 scans 
Absorption correction: 

none 
2235 measured reflections 
1249 independent reflections 
734 observed reflections 

[I > 2o-(/)] 

Refinement 
Refinement on F 2 
R(F) = 0.0365 
wR(F 2) = 0.1057 
S = 0.714 
1249 reflections 
273 parameters 
All H-atom parameters 

refined 
w = 1/[o.2(Fo z) + (0.1000P) 2] 

where P = (Fo z + 2FcZ)/3 
(A/o')ma~ = 0.067 

0.22 × 0.12 × 0.06 mm 
Colourless 

Rint = 0.0463 
0max = 23.47 ° 
h = - 2 2  ~ 22 
k = 0 - - +  6 
l = - 14 ~ 14 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

Apmax = 0.136 e A -3 

Apmin = -0 .200  e ~ - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Absolute configuration: 
Flack (1983) 

Flack parameter = 0 (3) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

Ueq = ( 1 / 3 ) E i ~ j  Uoa ? a; ai.aj. 
x y 

04' 0.0819 (2) 0.3508 (7) 
C 1 ' 0.0469 (3) 0.4064 (10) 
C2' 0.0217 (3) 0.6508 (12) 
02' -0.0157 (2) 0.7480 (9) 
C3' 0.0452 (4) 0.7390 (13) 
C4' 0.0953 (3) 0.5575 (I1) 
C5' 0.0845 (3) 0.4983 (13) 
05' 0.1307 (2) 0.3171 (7) 
NI 0.0895 (2) 0.3773 (8) 
C2 0.1376 (3) 0.5486 (11) 
02 0.1425 (2) 0.7173 (7) 
N3 0.1774 (3) 0.5121 (9) 
C4 0.1768 (3) 0.3208 (10) 
04 0.2173 (2) 0.3150 (8) 
C5 0.1269 (4) 0.1534 (13) 
C6 0.0865 (3) 0.1843 (12) 
C7 0.1173 (3) 0.2316 (12) 
07 0.0734 (2) 0.3068 (11) 
C8 0.1606 (3) 0.0295 (12) 
C9 0.2122 (3) -0.0530 (13) 
CI0 0.2494 (3) -0.2452 (13) 
CI 1 0.2347 (4) -0.3520 (15) 
C12 0.1840 (4) -0.2783 (15) 
C13 0.1469 (4) -0.0833 (13) 

0.8027 
0.6992 
0.7031 
0.6277 
0.8114 
0.8684 
0.9704 
1.0200 
0.6289 
0.6313 
0.6859 
0.5644 
0.5018 
0.4484 
0.5075 
0.5697 

.1053 

.1407 

.1488 

.1089 

.1527 

.2349 

.2731 
1.2336 

Ueq 
(3) 0.0502 { 11 ) 
(5) 0.0429 (15) 
(5) 0.056 (2) 
(4) 0.0778 (15) 
(5) 0.057 (2) 
(5) 0.049 (2) 
(5) 0.051 (2) 
(3) 0.0535 (11) 
(3) 0.0428 (12) 
(4) 0.0425 (14) 
(3) 0.0526 (11) 
(4) 0.0472 (12) 
(4) 0.0483 (15) 
(3) 0.0668 (13) 
(6) 0.058 (2) 
(5) 0.052 (2) 
(4) 0.053 (2) 
(3) 0.078 (2) 
(4) 0.0510 (15) 
(6) 0.062 (2) 
(5) O.065 (2) 
(7) 0.076 (2) 
(6) 0.078 (2) 
(5) 0.060 (2) 

Table 2. Selected geometric parameters (A, o) 
O4t---Cl ' 1.408 (6) NI---C6 1.365 (8) 
O4'---C4' 1.469 (7) N1---C2 1.391 (7) 
CI~--NI 1.452 (7) C2--O2 1.210 (6) 
CIt--C2 ' 1.517 (9) C2--N3 1.377 (7) 
C2'--O2 t 1.221 (7) N3---C4 1.390 (7) 
C2'--C3' 1.485 (10)  C4---O4 1.230 (6) 
C3'--C4' 1.518 (9) C4---C5 1.422 (9) 

C4'--C5' 1.480 (8) C5--C6 1.331 (9) 
C5'--O5' 1.446 (7) C7--O7 1.203 (7) 
O5'--C7 1.338 (6) C7--C8 1.488 (9) 

C1'--O4'---C4' lll.1 (4) C6---NI--CI' t22.1 (5) 
O4'--CI '--NI 112.3 (4) C2--NI--CI '  116.3 (5) 
O4'--C1'--C2' 105.4 (5) O2---C2--N3 123.4 (5) 
N1---CI'---C2' 113.5 (5) O2--C2--N1 122.4 (5) 
O2'---C2'--C3' 127.2 (6) N3---C2--NI 114.2 (6) 
O2'---C2'---C1' 123.0 (7) C2--N3--C4 127.1 (6) 
C3'---C2'--C1' 109.6 (6) O4---C4---N3 118.3 (6) 
C2'--C3'--C4' 103.9 (5) O4----C4---C5 127.9 (6) 
O 4 ' ~ 4 ' - - C 5 '  108.0 (5) N3--C4--C5 113.8 (6) 
O4 '~4 ' - - -C3 '  106.3 (5) C6---C5--C4 120.8 (8) 
C5'--C4'---C3' 112.0 (5) C5---C6----N1 122.4 (7) 
O 5 ' ~ 5 ' ~ C 4 '  110.4 (5) O7--C7--O5' 123.2 (6) 
C7--O5'--C5' 113.7 (4) O7~7---C8 123.8 (5) ' 
C6~N1---C2 121.4 (5) O5'---C7---C8 112.9 (5) 

C4'--O4'--CI ' --NI 110.3 (5) C1'--O4'--C4'--C3' 20.1 (6) 
C4'--O4'--C1'--C2' -13.7 (5) C2'--C3'--C4'--O4' -17.3 (6) 
O4'---C1'--C2'--O2' -173.8 (5) O4'--C4'--C5'--O5' 60.4 (6) 
N1--CI'--C2'--O2' 63.0 (7) C3'--C4'--C5'--O5' 177.1 (6) 
O4'--C1'--C2'--C3' 2.1 (6) C4'--C5'--O5'---C7 - 170.9 (5) 
NI---CI'---C2'~C3' -121.2 (6) O4'--CI ' --NI--C2 -76.9 (6) 
O2'--C2'--C3'--C4' -174.8 (6) C5'--O5'---C7--C8 174.0 (5) 
C1'--C2'--C3'--C4' 9.6 (7) O5'--C7--C8~C9 3.7 (8) 

Table 3. Hydrogen-bonding geometry (A, °) 
D--H.  • .A D. • .A D--H.  • .A 

N3--H3N...O4 i 2.814 (6) 169 (5) 
C5'--H5'1. • .07" 3.336 (9) 156 (5) 
C6---H6C. • .O2 i'i 3.179 (7) 103 (4) 
CI0---H10C. • .04'" 3.365 (8) 117 (5) 
C12--H12C...04' 3.265 (9) 144 (6) 

Symmetry codes: (i) ½ - x ,  ½+3', 1 - z ;  (ii) - x , y ,  2 - z ;  (iii) x , y -  1,:;  
(iv) ½ - x , y -  ½ , 2 - z ; ( v )  x , 3 ' - l , l + z .  

The  s y m m e t r y  and latt ice type  were  ident i f ied f rom equiv-  
alent  ref lect ions and sys temat ic  absences.  H - a t o m  posi t ions  
were  genera ted  cons ider ing  ideal geome t ry  and ass igned  the 
isotropic d i sp lacement  parameters  o f  their  respect ive bonding  
a toms.  All H-a tom parameters  ( isotropic) were  ref ined in the 
subsequent  cycles .  

Data  col lect ion:  C A D - 4  P C  (En ra f -Non ius ,  1993). Cell  
ref inement :  C A D - 4  PC.  Data  reduct ion:  N R C V A X  D A T R D 2  

(Gabe,  Le  Page,  Char land ,  Lee  & Whi te ,  1989). Program(s)  
used to solve structure:  S H E L X S 8 6  (Sheldrick,  1990). Pro- 
gram(s)  used  to refine structure:  S H E L X L 9 3  (Sheldrick,  1993). 
Molecu la r  graphics:  O R T E P I I  (Johnson,  1976) and P L U T O  

(Motherwel l  & Clegg,  1978). 

KS thanks  CSIR,  N e w  De lh i ,  for a f e l l o w s h i p .  TP is 
grateful  to the D e p a r t m e n t  o f  S c i e n c e  and T e c h n o l o g y ,  
G o v e r n m e n t  o f  India,  for f inancia l  support  (Grant No.  
S R / O Y / C 0 3 / 9 2 ) .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and torsion angles have been 
deposited with the IUCr (Reference: DEI026). Copies may be 
obtained through The Managing Editor, Intemational Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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3 , 3 - D i c h l o r o - 4 - ( p - m e t h o x y p h e n y l ) -  1 - p h e n y l -  

2 - a z e t i d i n o n e  

C I c l ~  0 

(I) 

The four-membered ring of (I) is nearly planar; 
deviations from the mean plane are C2 -0.018 (4), C3 
0.016 (4), C4 -0.016 (3) and N1 0.019 (3) A (Fig. 1). 
While the distances within the four-membered ring are 
in the range of previously observed minimum (1.342 .&) 
and maximum (1.602A) values for other substituted 
monocyclic 2-azetidinones (Paulus, Kobelt & Jensen, 
1969; Parthasarathy, 1970; Kartha & Ambady, 1973; 
Colens, Declercq, Germain, Putzeys & Van Meerssche, 
1974; Chambers & Doedens, 1980), the ring angle at 
C3, with a value of 86.3 (2) °, is slightly outside the 
range of 85.4-85.6 ° observed previously. The long C3- -  
C4 distance [1.564 (5).&] reported here seems to be in 
agreement with those found in similar molecules. The 
phenyl tings have unexceptional geometry. Their least- 
squares planes are almost perpendicular to one another 
[dihedral angle 78.6o(1)°]. The shortest intermolecular 
distance of 2.54 (3)A is between the carbonyl O atom 
and a methyl H atom. 
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Abstract 
The structure of the title compound consists of discrete 
CI6H13C12NO2 molecules with a closest intermolecular 
contact of 2.54 (3),~ between the carbonyl O atom and 
a methyl H atom. The four-membered ring is nearly 
planar, with long C---C distances of 1.564(5) and 
1.537 (5)A, similar to the distances observed in other 
substituted monocyclic /3-1actams. The dihedral angle 
between the planes of the phenyl rings is 78.6 (1) °. 

Comment 
Many monocyclic /3-1actams are reported to show an- 
tibiotic as well as antifungal activity (Chambers & Doe- 
dens, 1980). Structural information may provide some 
explanation for such behaviour. The molecular struc- 
ture of 3, 3-dichloro-4-(p-methoxyphenyl)- 1-phenyl-2- 
azetidinone, (I), has been determined and the results are 
presented here. 

~ O 1  

c'6T 
c9 c 0ff 

C 1c_¢. "-" O 2 ~  C 7 " ~ O C 6  CII C12 

Fig. 1. ORTEP (Johnson, 1965) drawing of the title molecule with 
the atom-numbering scheme. Displacement ellipsoids are shown at 
50% probability levels. 

Experimental 

A solution of p-methoxybenzylideneaniline (0.01 mol, 2.11 g) 
and triethylamine (0.02 mol, 2.78 ml) in 35 ml benzene was 
stirred for 15 min. Dichloroacetyl chloride (0.02 mol, 1.92 ml) 
was added dropwise to the solution and the mixture stirred at 
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