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The Crystal and Molecular Structure of 1-Methyl-4-(f-pD-erythrofuranosyl)-
4-imidazoline-2-thione*

By A.ConNDE, E. MORENO AND R. MARQUEZ

Departamento de Optica y Seccion de Fisica del Departamento de Investigaciones Fisicas y Quimicas
(Centro Coordinado del CSIC), Universidad de Sevilla, Spain

(Received 27 June 1974; accepted 1 October 1974)

The crystal structure of title compound, CgH;3N,80;, has been determined by single-crystal X-ray
analysis from 1040 diffractometer data. The unit cell is monoclinic with a=10-674 (6), b= 10-349 (5) and
c=4-688 (3) A, f=102-00 (4)°. The space group is P2, and there are two molecules in the unit cell. The
structure has been solved by direct methods and refined by a full-matrix least-squares method to a final
R value of 0-055. The glycosidic torsion angle defined for the sequence of atoms Q(1)-C(5)-C(3)-C(4) is
44-2°. The sugar ring puckering is in the twist conformation 27;. The molecules are linked together by
hydrogen bonds one of which, involving the sugar O(1) atom, is unusually short.

Introduction

The crystal structure of 1-methyl-4-( f-D-erythrofurano-
syl)-4-imidazoline-2-thione has been determined as
part of a continuing investigation of the conformational
aspects of glucimidazoles and imidazole C-nucleosides
in this laboratory. This program has so far included
4-(B-p-erythrofuranosyl)imidazoline-2-thione  (Pérez-
Garrido, Lopez-Castro & Marquez, 1973), 1-methyl-
4,5-(D-glucofurano)imidazolidine-2-thione  (Jiménez-
Garay, Lopez-Castro & Madrquez, 1974) and I-p-
chlorophenyl-4-(z-D-erythrofuranosyl)-4-imidazoline-2
-thione (Pérez-Garrido, Conde & Madrquez, 1974).

The preparation and properties of the title com-
pound have been reported (Ferndndez-Bolafios, Fuen-
tes & Pradera de Fuentes, 1973). The formula was
established by oxidation analysis and n.m.r. spectros-
copy. lts molecular conformation, however, could not
be uniquely assigned, and X-ray analysis was suggested
by Professor J. Ferndndez-Bolafios.

Experimental

Single crystals of this compound were prepared and
kindly supplied by Professor J. Ferndndez-Bolafios
(Departamento de Quimica Orgdnica of this Univer-
sity). The crystals are colourless prisms elongated along
the ¢ axis,

Preliminary rotation and Weissenberg photographs
indicated monoclinic symmetry. The condition for
reflexion was observed to be: 0kO k=2n and the pos-
sible space groups consistent with this observation are
P2, and P2,/m. The former was chosen on the basis
of the E statistics.

The unit-cell parameters were determined by least-
squares methods from 25 accurate 26 values measured

* Paper presented at the Second European Crystallographic
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on an automatic four-circle diffractometer. The crystal
data are as follows: a=10-674 (6), b=10-349 (5), c=
4-688 (3) A, f=102-00 (4)°, ¥=506-52 A®, Z=2, D,,=
1-41, D,=141 g cm~3, F(000)=230, p(Mo Kx)=
2:94 cm~L

Intensity data were collected by the 6-26 scan method
on a Philips automated four-circle diffractometer with
graphite monochromated Mo Ko radiation (A=
0-7107 A). Reflexions were collected to a maximum
value of sin §/A=0-60. Three reference reflexions were
measured after every 50 reflexions during the data
collection. The variation in intensity was observed to
be less than 2% of its mean value.

The intensities of 1040 independent reflexions were
measured. 98 of these reflexions with /<20(/) were
considered as unobserved and were assigned a zero
weight throughout the refinement process. The data
were corrected for Lorentz—polarization effects but not
for absorption (uR<0-1).

Solution and refinement of the structure

The data were placed on an approximately absolute
scale by Wilson’s (1942) method. The normalized struc-
ture factors E (Karle & Karle, 1966) were calculated
with an overall temperature parameter of 2-8 A2, A
statistical test of the distribution of normalized struc-
ture factors (Table 1) gave a strong indication for the
absence of a centre of symmetry and the space group
P2, was definitively assigned.

Table 1. E statistics

Theoretical
Experimental Centric Acentric
{E[) 0-877 0-798 0-886
(E*=11) 0-702 0-968 0736
|E]>3 0-00 0-003 0-000
|E]>2 0-02 0-010 0-018
|E|>1 0-39 0-320 0-368
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The structure was solved by multisolution tangent
formula refinement (Germain, Main & Woolfson,
1971) of 180 reflexions with E>1-30. From the con-
vergence mapping a successful starting set (Table 2)
was obtained. The first three reflexions were used to fix
the origin. 10,0,0 and 802 had a high probability
(P>0-85) and, therefore, were considered as known
phases. From this information and with two appropiate
symbolic phases, of which 831 was used to fix the enan-
tiomorph, eight phase sets were generated.

Table 2. Starting set of phases
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An E map based on the phases generated for the set
with the highest ‘figure of merit’ revealed seven atomic
positions of the molecule. The structure (excluding the
H atoms) was completed from a three-dimensional
electron-density synthesis in which the phase angles
were determined from the known atomic positions.
Isotropic temperature factors exp (— B sin” §/A%) were

Table 3. Observed and calculated structure factors
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Table 3 (cont.)
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used in calculating structure factors and the R value
was 0-19. The atomic scattering factors for S, O, N and
C were taken from Cromer & Mann (1968).

The whole structure was then refined with full-
matrix least-squares methods, varying all positional
parameters and temperature factors. Six cycles, of
which the last three were with anisotropic thermal
factors, were sufficient to reduce the discrepancy index
to 0-055. The shifts in the last cycle of refinement were
less than O-1o for all parameters. A full-matrix least-
squares program written by Busing, Martin & Levy
(1962) was used and unit weights were applied. The
observed and calculated structure factors are given in
Table 3. The atomic parameters from the final least-
squares cycle are given in Table 4. The standard devia-
tions in atomic parameters were determined from the
diagonal elements of the inverse matrix in the last least-
squares calculation.
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Table 4. Atomic parameters

(a) Fractional coordinates and their standard deviations

S

o1y -
0@ -
o3y -~
N(1)
N(2)
C()
C(2)
C(3)
C4
C(5)
ce) -
cn -
c® -

X

0-4132 (1)
0-0028 (4)
0-0134 (4)
0-1904 (4)
0-3944 (4)
02122 (4)
0-5305 (5)
0-3382 (5)
0-1906 (6)
0-3037 (6)
0-0595 (5)
0-0321 (6)
0-1627 (5)
0-1368 (6)

y

0-0*
—0-1229 (5)
—0-4299 (4)
—03447 (5)
—0-2003 (6)
—0-1064 (5)
—02279 (8)
—0-1025 (6)
—~0-2045 (6)
—0-2650 (7)
—0-2387 (6)
—0-2932 (6)
—0-2615 (6)
—0-1238 (8)

z
0-9046 (4)

0-0165 (12)
0-3735 (11)

—~0-1116 (10)

0-5254 (13)
0-5140 (12)
0-5945 (20)
06419 (14)
0-3091 (15)
03154 (16)
0-1432 (14)
0-3241 (14)
0-1356 (15)
0-0359 (19)

(b) Anisotropic thermal parameters. The expression used is:
T= €xp [— 10_4(311}12 + ﬂzzkz + 53312 + zﬁlzhk + 2ﬁ13hl

ﬂll
S 5701 (1)
o) 69 (4)
0(2) 68 (5
0(3) 54 (4)
N(1) 47 (4)
N2 39
c() 286
C(2)  52(6)
Cc(3d)  57(6)
Cd)  43(5)
C(5) 48 (5
C6) 63 (5
C(7) 46 (5)
C@8) 49 (6)

ﬂZZ

70 (2)
594
53 (4
85 (5)
63 (6)
52 (4)
126 (10)
54 (6)
58 (6)
77 (7)
56 (6)
48 (6)
63 (6)
77 (7)

+2 55k .
ﬁ33 ﬂlZ

478 (10) —3 (1)
501 (28) —3 (3)
43927 —5(3)
364 (26) —11 (4)
389 31)  9(4)
391 (28) —1 (4)
766 (59) 25 (6)
345(33)  4(5)
331(32) —6(5)
459 (40) 4 (5)
308 (33) 1(4)
320 (33) —6(5)
370 (35) 8 (5)
709 (55) 3 (5)

513 BZ'&
—1(3) —-42(4)
-8(9)  62(10)
30(9) 41 (9)

7(8) —35(10)

4 (10) —17 (11)
12 (9) 0(11)
-8 (14) —43 (21)
12 (11) 3(13)
17 (1) 2(13)
15(12)  7(15)

4011 2(12)
21(12)  9(12)
32(11) —4(13)
22(15)  32(19)

* This coordinate was used to fix the origin.

1-METHYL-4-(8-D-ERYTHROFURANOSYL)-4-IMIDAZOLINE-2-THIONE

Results and discussion

The molecular conformation of 1-methyl-4-(8-D-
erythrofuranosyl)-4-imidazoline-2-thione is given in
Fig. 1. The bond lengths and angles with the estimated
standard deviations are given in Table 5.

Table 5. Bond lengths and angles in the molecule

(@) Bond lengths (A) (standard deviations in parentheses)

S———C(2)
O(1)-C(5)
O(1)-C(8)
0O(2)-C(6)
O(3)-C(7)
N()-C(1)
N(D-C(2)

1-695 (6)
1-438 (8)
1-452 (8)
1-440 (7)
1-425 (8)
1-449 (7)
1-348 (8)

N(D-C(4)
N(2)-C(2)
N(2)-C(3)
C(3)-C(4)
C(3)-C(5)
C(5)-C(6)
C(6)-C(7
C(1)-C(8®)

1-400 (9)
1355 (7)
1-384 (8)
1355 (9)
1-495 (9)
1529 (9)
1523 (9)
1:542 (9)

(b) Bond angles (°) (standard deviations in the range 0-5-
0:6°)

S——C(2)-N(2)
S——C(2)-N(1)
N(2)-C(2)-N(1)
C(N-N(1)-C(2)
C()-N(1)-C(4)
C(2)-N(1)-C(4)
C(2)-N(2)-C(3)
N(2)-C(3)-C(4)
N(1)-C(4)-C(3)
C(4)-C(3)-C(4)
N(2)-C(3)-C(4)

128-0
1255
106-4
1245
125-2
110-1
109-6
107-8
106-1
129-4
1225

(i) Imidazoline ring

The bond lengths and angles in the imidazoline
moiety agree well with the corresponding parameters
from the other analogous compounds. The S-C(2),
C(2)-N(1) and C(2)-N(2) distances indicate the effect
of the thiourea resonance system (Valle, Cojazzi, Bus-

Table 6. Least-squares planes in the molecule

(a) Equations of various planes in the standard orthogonal system as: Ax+By+Cz=D

|
11
I1I
v
Vv

Imidazoline ring
Five-atom furano ring
O(1)-C(5)-C(6)-C(7)
O(1)-C(5)-C(6)-C(8)
O(1)-C(5)-C(8)

Plane

(I} Deviations in A from the planes

S
o)
0O(2)
o@3)
N(1)
N2)
C(1)
C(2)
c3)
C4)
C(5)
C(6)
()
C(8)

—0-006 (%)

0-006

0-011
—0-057 (*)
—0-010
—0-007

0-001

0-093 (¥)

A B C
—0-3356 —0-6246 0-7052
—-0-0357 0-5452 0-8375
- =0:0217 0-3646 0-9309
0-1486 0-6003 0-7859
0-0514 0-4544 0-8893
II III v
0-017 0-057 0-094
—1:660 (*) —1-400 (*) —2:025 (*)
—0-328 (%) 0-319 (%) —0-595 (*)
0-616 (*) 0-846 (*) 0-905 (*)
-0-170 0-035 ~0-089
0-137 0-054 —0-058
—0-243 —0-032 —0-609 (*)
0-259 0:627 (*) 0-053

* Atom not included when calculating the plane.

C(5)-0(1)-C(8)
C(3)-C(5)-0(1)
O(1)-C(5)-C(6)
C(3)-C(5)-C(6)
C(5)-C(6)-C(7)
C(7)-C(6)-0(2)
C(5)-C(6)-0(2)
C(6)-C(7)-0(3)
C(8)-C(7)-0(3)
C(6)-C(71)-C(8)
C(7H-C(8) O(1)

D
1:7982

— 06446
—0-3351
—0:3042
—0-5128

v

00
—-1-662 (*)
—0:011 (*)

0-901 (%)

0-0

0-0
—0-260 (*)

0-422 (*)

110-2
108-7
104-0
1159
102-3
112:6
111-6
110-6
109-4
100-1
105-4
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setti & Mammi, 1970; Pérez-Garrido, Lépez-Castro &
Midrquez, 1973; Jiménez-Garay, Loépez-Castro &
Mdrquez, 1974; Pérez-Garrido, Conde & Madrquez,
1974). The N(1)-C(1) distance of 1-45 A agrees well
with the N-C (1-458 A) distance given by Singh &
Vijayan (1973) and the N-C bond length of 1456 A
reported by Jiménez-Garay, Lopez-Castro & Mdrquez
(1974) for the 1-methyl-4,5-(D-glucofurano)imidazoli-
dine-2-thione.

The imidazoline ring is planar as expected. The
least-squares plane for the atoms of the ring and the
corresponding deviations are shown in Table 6. The
S and C(1) atoms (not included when calculating the
plane) lie almost in the least-squares plane of the ring,
at 0-01 and 0-06 A below the plane, respectively. The
torsion angles S—C(1)-N(1)-N(2) and C(2)-N(2)-C(1)-
C(4) are 1-8 and 3-9°.

Fig. 2. Packing of the molecules as viewed along {001].

(ii) Sugar ring

The dimensions of the glucofurano ring are similar
to those found in other nucleosides and nucleotides
(Sundaralingam, 1969; Arnott, 1970; James & Ma-
tsushima, 1973; Sprang & Sundaralingam, 1973; Jimé-
nez-Garay, Lopez-Castro & Madrquez, 1974; Pérez-
Garrido, Conde & Mdrquez, 1974). As found in these
other structures there is a discrepancy between the bond
length C(5)-O(1), 1-44 A, and C(8)-O(l), 1-45 A. This
distinction between the two ring C~O distances most
likely has its source in the anomeric effect (Berman,
Chu & Jeffrey, 1967).

The exocyclic-oxygen hydroxyl bond lengths are
C(7)-0(3), 142 A, and C(6)-O(2), 1-44 A. These values
agree well with the C-O bond distances in 1-methyl-
4,5-(D-glucofurano)imidazolidine-2-thione  (Jiménez-
Garay, Lopez-Castro & Madrquez, 1974) and 1-p-
chlorophenyl-4-(a-pD-glucofurano)imidazoline-2-thione
(Pérez-Garrido, Conde & Mdrquez, 1974) but they are
longer than those found in ribose-containing nucleo-
sides (Lai & Marsh, 1972; Viswamitra, Swaminatha
Reddy, James & Williams, 1972; James & Matsushima,
1973).

The sugar ring adopts the C(6)-cis mode of puckering
and is in the twist conformation 275 in which C(6) and
C(7) are displaced 0-26 and 0-24 A respectively, on op-
posite sides of the furanose five-atom least-squares
plane. Some least-squares planes for the sugar ring are
given in Table 6.

Values for the important torsion angles are given in
Table 7 and are similar to those in other nucleosides
with analogous puckering of the sugar ring. Estimated
standard deviations in torsion angles are in the range
0-3-0-5°.

Table 7. Intramolecular torsion angles (°)

S—C(2)-N(1)-N(2) 1-8
C(1)-N(1)-C(4)-C(2) 3-9
C(5)-C(3)-C(4)~N(2) 62
C(3)-C(5)-C(6)—O(1) 60-8
0(2)-C(6)-C(7)—C(5) 60-1
0(3)-C(7)~C(6)—C(8) 64-7
C(8)-O(1)-C(5)—C(6) 165
C(3)—C(5)~C(6)-C(T) 24-1
0(1)-C(5)-C(6)—C(7) 367
C(5)-C(6)-C(7)—C(8) 41-4
C(6)—C(7)~C(8)-0(1) 32:1
C(7)-C(8)-0(1)-C(5) 101
0(1)-C(5)-C(3)—C(4) 442
C(6)-C(5)-C(3)-N(2) 65-4

(iii) Conformation of the molecule

The dihedral angle between the mean planes of the
imidazoline and the sugar ring is 74:2°. The conforma-
tion of the sugar ring relative of the imidazoline can be
described in terms of a torsion angle about the glyco-
sidic bond. This angle, defined for the sequence of
atoms O(1)-C(5)-C(3)-C(4) (Sundaralingam, 1969) is
44-2°, Arnott (1970) uses the sugar atom C(6) as the
reference point for his definition of this torsion angle.
The y value in Arnott’s notation is 65-4°.
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(iv) Molecular packing

Fig. 2 shows a view of the arrangement of the mole-
cules in the unit cell as viewed along [001]. The molec-
ular packing is clearly dominated by the formation of
hydrogen bonds. Each molecule of 1-methyl-4-(8-D-
erythrofuranosyl)-4-imidazoline-2-thione is connected
to three neighbouring molecules. The details of molec-
ular interactions are given in Table 8, which contains
those intermolecular contacts which are less than the
sum of the van der Waals radii (Pauling, 1966). One of
the more interesting aspects of this packing scheme is
the involvement of the sugar ring O(1) in the moderate-
ly strong hydrogen bond to O(2). Participation of O(1)
in hydrogen bonding is relatively uncommon and is
known to be generally weak in the cases in which
it occurs (Sprang & Sundaralingam, 1973).

Table 8. Intermolecular contacts (A) less than the sum of
the van der Waals radii

S—(O1Y) 3184 (5) O(1)-0(2")y  2-738 (7)
S-C(7Y 3-615 (6) O(2)-N(2fiy 2930 (6)
Key to symmetry relations
o —x i+y, -z
@iy -x, $+yl1-z
(i) —x, —%+y, -z
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