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ABSTRACT: 58-Bromo-58-deoxythymidine (1) crys-
tallizes with four molecules in a monoclinic unit cell
of space group C2. The ribose ring adopts an envelope
conformation, transient between and E0 (O48-exo),1T0

with the C18 atom being in the flap position. In the
crystal lattice, the molecules are connected by inter-
molecular one-dimensional chains of hydrogen bond-
ings from the hydroxyl hydrogen H38(O38) to the car-
bonyl oxygen O4. The differences in conformation and
a hydrogen-bonding system of 1 with comparison to
the structure of thymidine are observed. q 1998 John
Wiley & Sons, Inc. Heteroatom Chem 9: 591–596,
1998

INTRODUCTION

As the result of systematic studies on the relation
between the structure and reactivity of nucleosides,
nucleotides, and their structural analogs, we have fo-
cused our attention on 58-halogeno-58-deoxynucleo-
sides. Since the 1970s, they have played an impor-
tant role in the development of nucleoside analogs
synthesis because they can be relatively easily trans-
formed into deoxy-, amino-, thio-, unsaturated, and
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other derivatives [1]. They can be treated as versatile
alkylating agents toward thio- and selenophosphoric
acids, and thus, they also can be useful in the prep-
aration of DNA analogs [2]. We recently used 58-
bromo-58-deoxynucleosides, including 1, for the syn-
thesis of
38-O-thymidylyl(58-deoxy-58-selene-thymidylyl)-Se-
phosphoroselenolate, its O-methyl ester and metha-
nephosphonate derivatives [3, 4].

In this article, we present an X-ray crystallo-
graphic analysis of 58-bromo-58-deoxythymidine (1)
[5] and its comparison with 28-deoxythymidine. The
differences, both in molecular geometry and signifi-
cantly in the structures of lattices, are discussed.

Experimental

The X-ray crystal and molecular structure of 1 was
determined by the use of the intensity data collected
at room temperature for the h range 1–758 from a
crystal of dimensions 0.15 2 0.25 2 0.60 mm on an
Enraf-Nonius CAD4 diffractometer [6] with graphite
monochromatized CuKa radiation (k 4 1.54178 Å,
scan mode x/2h, scan with 1.33 ` 0.14 tan h). Com-
pound 1 crystallizes in the monoclinic system, space
group C2, with a 4 25.540 (7) Å, b 4 5.525 (2) Å, c
4 8.921 (2) Å, b 4 109.10 (2)8. Other crystal data for
C10H13O4N2Br are V 4 1190(9) Å3, F(000) 4 616, Z
4 4, Dc 4 1.704(2) g/cm3, Mr 4 305.14, l(CuKa) 4
48.2 cm11. Ranges of hkl were h 4 132–32, k 4 16–
0, and l 4 111–11.

The lattice constants were diffractometrically
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FIGURE 1 Molecular structure and atomic-numbering
scheme of 58-bromo-58-deoxythymidine (thermal ellipsoids
drawn at the 50% probability level). Intramolecular hydrogen
contact C18–H118 • • • O2 is shown.

determined from 25 reflections in the h range 17.1–
35.68. The decline in intensities of three control re-
flections (15, 11, 4; 1, 11, 4; 4, 12, 3) was 3.7%
during 38.2 hours of exposure; intensity data were
corrected by the use of the DECAY program [7], with
correction factors min. 4 1.00002, max. 4 1.01918,
and aver. 4 1.00949. The empirical absorption cor-
rection was applied by the use of the w-scan method
(EAC program) [7, 8]; the correction factors were
min. 4 0.8428, max. 4 0.9991, and aver. 4 0.9388.
From a total of 2703 measured reflections, 1350
unique reflections were obtained (Rint 4 0.0405), of
which 1328 with I $ 3r(I) were used in structure
analysis.

The structure was solved by direct methods and
refined by full-matrix least-squares (SHELXTL/PC)
using F’s [9, 10]. Hydrogen atoms were found in a
difference Fourier map and set as riding with fixed
isotropic thermal parameters equal to U 4 0.08 Å2.
Anisotropic thermal parameters were applied for all
nonhydrogen atoms. The final refinement converged
to R 4 0.066 and Rw 4 0.076 with weight w11 4
r2(F) ` 0.005 F2 for 155 refined parameters, with a
goodness-of-fit parameter equal to S 4 1.2967. Final
residual peak and hole were 1.114 eÅ13 (near the
bromide atom) and 10.752 eÅ13, respectively.

The absolute structure of 1 was determined in-
dependently by the use of three methods: the Rogers
g-test [9, 11], the Hamilton test [11, 12], and calcu-
lation of the Flack parameter x [13, 14]. The obtained
results were as follows: Rogers method: g 4
0.84(18), ginv 4 10.83(18); the Hamilton test: Rratio

4 1.024, N 4 1173, the probability of the oppo-
site(inv) configuration being a , 1016; Flack param-
eter x 4 0.01(5), unequivocally confirming the con-
figuration shown in Figure 1. The absolute
configurations at C18, C38, and C48 atoms are RC18,
SC38, and RC48, respectively.

Further details of the crystal structure investi-
gation are available on request from the Cambridge
Crystallographic Data Centre [15].

RESULTS AND DISCUSSION

The asymmetric part of the unit cell of 1 consists of
one molecule. The molecular structure of 1 with the
atom numbering is shown in Figure 1. Atomic co-
ordinates and equivalent isotropic thermal parame-
ters are given in Table 1. Selected bond lengths and
angles are listed in Table 2.

In the crystal lattice, the molecules of 1 are con-
nected by hydrogen-bonding chains from the hy-
droxyl hydrogen H38(O38) to the carbonyl oxygen O4
of the next molecule (symmetry: x, y 1 1, z 1 1). The
chains are along the diagonal line of the plane bc (see

Figure 2). The geometry of these hydrogen bonds is
as follows: O38-H38, 0.86 (1) Å; H38 • • • O4, 1.90 (1)
Å; O38 • • • O4, 2.727 (7) Å; and O38-H38 • • • O4, 161
(2)8.

The intermolecular hydrogen-bonding system
between the 38-hydroxyl hydrogen of the deoxyri-
bose ring and the carbonyl oxygen O4 of the thymine
ring has a strong influence on deformation of the
geometry of the thymine ring (C5–C4–N3 and O4–
C4–C5 angles equal 116.5 (5)8 and 123.4 (5)8, respec-
tively) and on elongation of the double bond O4–C4
[1.246 (7) Å], when compared with the length of the
C2–O2 double bond [1.199 (8) Å, Table 2].

The shortest intramolecular hydrogen contact
exists between the carbonyl oxygen O2 of the thy-
mine ring and the hydrogen atom H118 bonded to
carbon C18 of the ribose ring. The geometry of this
contact is the following: C18–H118, 0.99 (1) Å; H118
• • • O2, 2.24 (1) Å; C18 • • • O2, 2.728 (7) Å; C18–H118
• • • O2, 110 (2)8; and C2–O2 • • • H118, 66 (2)8.
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TABLE 1 Atomic Coordinates and Equivalent Isotropic Dis-
placement Coefficients U(eq)(Å2)

U 4 (1/3) RRU a*a*aa(eq) i j ij i j i j

Atom x y z U(eq)

Br1 0.9537(1) 0.7440a 0.2465(1) 0.0882(5)
N1 0.8385(2) 0.6673(10) 0.5714(4) 0.0295(7)
C2 0.7981(2) 0.6452(11) 0.6450(5) 0.0302(8)
O2 0.7603(2) 0.5052(11) 0.6001(4) 0.0445(8)
N3 0.8055(2) 0.7971(11) 0.7709(4) 0.0320(7)
C4 0.8448(2) 0.9741(12) 0.8233(4) 0.0339(8)
O4 0.8447(2) 1.1072(11) 0.9359(4) 0.0490(10)
C5 0.8854(2) 0.9939(12) 0.7415(4) 0.0330(8)
C51 0.9307(2) 1.1769(14) 0.7951(6) 0.0456(10)
C6 0.8796(2) 0.8383(12) 0.6198(5) 0.0333(8)
C18 0.8317(2) 0.5251(11) 0.4302(4) 0.0302(10)
C28 0.8123(2) 0.6626(12) 0.2755(5) 0.0347(8)
C38 0.8292(2) 0.4946(12) 0.1662(4) 0.0325(8)
O38 0.7851(1) 0.3255(11) 0.1018(4) 0.0453(10)
C48 0.8808(2) 0.3617(11) 0.2784(5) 0.0329(8)
C58 0.9346(3) 0.4027(14) 0.2539(7) 0.0476(12)
O48 0.8848(1) 0.4357(9) 0.4367(3) 0.0385(7)
H3 0.7729(10) 0.7851(20) 0.7945(10) 0.08b

H51 0.9390(10) 1.2337(20) 0.6965(10) 0.08b

H52 0.9185(10) 1.3095(20) 0.8440(10) 0.08b

H53 0.9642(10) 1.1075(20) 0.8713(10) 0.08b

H6 0.9105(10) 0.8686(20) 0.5639(10) 0.08b

H118 0.8082(10) 0.3903(20) 0.4424(10) 0.08b

H218 0.7741(10) 0.6891(20) 0.2372(10) 0.08b

H228 0.8319(10) 0.8134(20) 0.2855(10) 0.08b

H318 0.8390(10) 0.6006(20) 0.0839(10) 0.08b

H38 0.7966(10) 0.2462(20) 0.0351(10) 0.08b

H418 0.8726(10) 0.1884(20) 0.2712(10) 0.08b

H518 0.9691(10) 0.3294(20) 0.3339(10) 0.08b

H528 0.9315(10) 0.3328(20) 0.1501(10) 0.08b

aThe y coordinate of Br1 atom was fixed to set the origin.
bThermal parameters Uiso were fixed for all hydrogen atoms.

TABLE 2 Bond Lengths and Valence Angles in 1

Bond Lengths (Å )

Br1-C58 1.954(8) C18-O48 1.427(6) N3-C4 1.369(8)
C48-C58 1.478(9) C38-O38 1.431(7) C4-C5 1.454(7)
C38-C48 1.554(7) N1-C18 1.446(6) C5-C6 1.354(7)
C28-C38 1.508(8) N1-C2 1.398(8) O2-C2 1.199(8)
C18-C28 1.510(6) N1-C6 1.373(8) O4-C4 1.246(7)
C48-O48 1.441(6) C2-N3 1.365(7) C5-C51 1.493(8)

Valence Angles (8 )
Br1-C58-C48 114.0(5) C6-N1-C18 120.6(5)
C58-C48-O48 109.3(5) C2-N1-C6 121.2(5)
C38-C48-C58 117.8(5) O2-C2-N1 122.5(5)
O38-C38-C48 109.9(4) O2-C2-N3 123.5(5)
O38-C38-C28 107.9(4) N1-C2-N3 114.1(5)
C28-C38-C48 103.7(4) C2-N3-C4 127.5(5)
C18-C28-C38 101.7(4) O4-C4-N3 120.2(5)
C28-C18-O48 103.6(4) O4-C4-C5 123.4(5)
C18-O48-C48 107.3(4) N3-C4-C5 116.5(5)
C38-C48-O48 105.7(4) C4-C5-C6 116.5(5)
N1-C18-C28 115.6(4) C4-C5-C51 119.7(5)
N1-C18-O48 108.1(4) C6-C5-C51 123.8(5)
C2-N1-C18 117.7(4) N1-C6-C5 124.1(5)

The conformation of the molecule of 1 can be
described in detail by values of the torsion angles
listed in Table 3.

The endocyclic torsion angles and asymmetry
parameters calculated on the basis of these angles
[15] show that the five-membered ribose ring (C18-
C28-C38-C48-O48) adopts a deformed envelope con-
formation, transient between and E0 (O48-exo)17,1T0

with a torsion angle C28-C38-C48-O48 of 7.0 (5)8, with
the C18 atom being in the flap position. The dihedral
angle between the ring plane passing through O48,
C18, C28 atoms and the least-squares plane passing
through C28, C38, C48, O48 atoms is equal to 40.5 (3)8.
The dihedral angle between the latter plane and the
thymine ring plane is equal to 75.0 (2)8.

The three-dimensional arrangement of the thy-
mine ring with respect to the deoxyribose ring in the
molecule of 1 (shown in the Newman projection per-
pendicular to the N1–C18 bond (see Figure 3a) shows
that the oxygen atom O48 of the ribose ring is anti-

clinal to the thymine carbon C2 [140.0(5)8] and syn-
clinal to the thymine carbon C6 [47.6(6)8]. This re-
sults in the antiorientation of the pyrimidine ring
relative to the sugar moiety. This arrangement is
similar to that observed in the molecule of thymidine
[15, 18] (Figure 3b).

The comparison of other structural features of 1
with the structure of thymidine [15, 18] revealed that
these compounds crystallize in different systems: 1
is monoclinic and crystallizes in space group C2, but
thymidine is orthorhombic, with space group
P212121. The unit cells in both structures are com-
posed of four molecules. The conformation of thy-
midine is different from the conformation estab-
lished for 1. The values of endocyclic torsion angles
and asymmetry parameters [16], given in Table 3,
show that the five-membered deoxyribose rings in
thymidine and in 1 adopt a deformed envelope con-
formation, but the difference is in the atom that
opens the envelope: In thymidine, the carbon atom
C38 is in the flap position, but in 1, the carbon atom
C18 occupies that position.

In the deoxyribose ring of thymidine, the dihe-
dral angle between the ring plane passing through
C28, C38, C48 atoms and the least-squares plane pass-
ing through the C18, C28, C48, O48 atoms is equal to
36.68. The dihedral angle between the latter plane
and the thymine ring plane is equal to 74.3 (2)8.

Analysis of the inter- and intramolecular hydro-
gen contacts in the crystals of thymidine shows the
similarities of intermolecular contact between the
hydroxyl hydrogen H38(O38) and the carbonyl oxy-
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FIGURE 2 The hydrogen-bonding chains between the ribose and thymine rings in the crystal lattice of 1 (dashed lines), lying
along the diagonal line of the plane bc. The projection is perpendicular to the unit-cell a axis. Thermal ellipsoids are drawn at
the 25% probability level.

FIGURE 3 The Newman projection around the N1–C18
bond: (a) in the molecule of 1 and (b) in the molecule of thy-
midine [15, 18].

TABLE 3 Selected Torsion Angles for 1: Conformation of
the Ribose Ring of 1 in Comparison with Thymidine

(a) Conformation of the Ribose Ring in 1 and Thymidine:
Torsion Angles (8 )

Compound 1 Thymidine

C28-C38-C48-O48 7.0(5) 33.2
C18-C28-C38-C48 129.2(5) 136.9
C38-C28-C18-O48 42.3(5) 27.8
C28-C18-O48-C48 139.2(5) 17.0
C18-O48-C48-C38 19.9(5) 116.7

Asymmetry Parameters [16]
Compound 1 Thymidine

DC5(O48) 37.4(2) 46.3
DC5(C18) 6.9(2) 40.7
DC5(C28) 24.6(2) 19.6
DC5(C38) 46.7(2) 8.3
DC5(C48) 52.0(2) 33.2
DC2(O48-C18) 30.1(2) 58.7
DC2(C18-C28) 11.5(2) 41.1
DC2(C28-C38) 48.7(2) 7.8
DC2(C38-C48) 67.3(2) 28.5
DC2(C48-O48) 60.2(2) 53.9

(b) Other Interesting Torsion Angles for 1

Br1-C58-C48-C38 51.9(6) N1-C18-C28-C38 160.4(4)
Br1-C58-C48-O48 168.7(5) N1-C18-O48-C48 1162.4(4)
C18-O48-C48-C58 147.5(5) C2-N1-C18-C28 104.5(5)
C28-C38-C48-C58 1115.3(5) C2-N1-C18-O48 1140.0(5)
O38-C38-C28-C18 87.3(5) C6-N1-C18-C28 168.0(6)
O38-C38-C48-C58 129.6(5) C6-N1-C18-O48 47.6(6)
O38-C38-C48-O48 1108.1(5)

gen O4 of thymine and 1 (symmetry: 1x, 0.5 ` y,
0.5 1 z). The geometry of that contact in thymidine
is similar (O38–H38, 0.93 Å; H38 • • • O4, 1.82 Å; O38
• • • O4, 2.746 Å; and angle O38–H38 • • • O4 176.18),
but a difference in the direction of these hydrogen-
bonding chains in the crystal lattice of both struc-
tures (see Figures 2 and 4) is observed. In the crystal
lattice of thymidine, these chains are situated along
the unit-cell b axis (Figure 4).

The intermolecular hydrogen-bonding chains
between the deoxyribose hydroxyl hydrogen
H38(O38) and the thymine carbonyl oxygen O4 have
a similar influence on deformation of the geometry
of the thymine ring for both thymidine and 1. The
deformation of the corresponding (C5-C4-N3 and
O4-C4-C5) valence angles in thymidine is greater
than in 1, and the elongation of the O4–C4 double
bond is smaller (the respective C5-C4-N3 and O4-C4-
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TABLE 4 Two Hydrogen Contacts in Thymidine with Distances H • • • A Not Greater than • • 2.20 Å [15]

D–H • • A D–H (Å ) H • • A (Å ) D • • A (Å ) D–H • • Å (8 ) Symmetry

N3–H(N3) • • • O38 0.953 1.897 2.843 171.5 0.5 1 x, 1 1 y, z 1 0.5
O58–H(O58) • • • O58 0.843 1.959 2.798 173.5 x 1 0.5, 0.5 1 y, 1 1 z

FIGURE 4 The hydrogen-bonding chains between the ribose and thymine rings in the crystal lattice of thymidine (dashed
lines), lying along the unit-cell b axis. The projection is perpendicular to the unit-cell a axis.

C5 angles being 115.78 and 124.68, and the O4–C4
double bond length being 1.230 Å). The respective
C2–O2 double bond length is slightly greater (1.206
Å).

In the molecule of thymidine, other important
contacts are present, which are not observed in the
structure of 1 (in 1, besides that which was previ-
ously described, other inter- or intramolecular con-
tacts are greater than 2.37 Å). The parameters for
two important hydrogen bonds in the structure of
thymidine, with the H • • • A distance not greater than
2.20 Å, are collected in Table 4. An analogous (as in
1) intramolecular contact C2–O2 • • • H118 has the
following geometry: C18–H118, 0.97 Å; H118 • • • O2,
2.29 Å; C18 • • • O2, 2.748 Å; C18–H118 • • • O2, 1088;
and C2–O2 • • • H118, 818.

The presence of a heavy, strongly electronegative
bromine atom in molecule 1 affects intermolecular
contacts within the crystal lattice. The molecules of
1 form linear chains, bound with intermolecular hy-
drogen bonds O38–H38 • • • O4–C4 along the diagonal
line of the plane bc (Figure 2). Conversely, in thy-
midine, the same hydrogen bond results in a spiral
chain formation (Figure 4).
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