2228

MasoN, R. & ROBERTSON, G. B. (1966). Advances in
Structural Research by Diffraction Methods, Vol. 2,
edited by R. BRILL & R. MASON, pp. 35-73. New York:
Wiley—Interscience.

NortH. A. C. T., PuiLLips, D. C. & MaTrHEWS, F. S.
(1968). Acta Cryst. A24, 351-359.

RoBiNs, M. J, Currig, B. L., RosiNs, R. K. &
BLOCH, A. (1969) Proc. Amer. Assoc. Cancer Res. 10,
73-79.

ScHWALBE, C. H. & SAENGER, W. (1973). Acta Cryst. B29,
61-69.

ScHWALBE, C. H., SAENGER, W. & GAssSMAN, J. (1971).
Biochem. Biophys. Res. Commun. 44, 57-62.

Acta Cryst. (1977). B33,2228-2232

THE CRYSTAL STRUCTURE OF 3-DEAZACYTIDINE

SHERFINSKI, J. S. & MARSH, R. E. (1973). Acta Cryst. B29,
192-198.

SINGH, P. & HobpGsoN, D. J. (1974). J. Amer. Chem. Soc.
96, 1239-1241.

SPRANG, S. & SUNDARALINGAM, M. (1973). Acta Cryst.
B29, 1910-1916.

STEWART, J. M., KUNDELL, F. A. & BALDWIN, J. C. (1970).
The XRAY-70 system. Computer Science Center, Univ.
of Maryland, College Park, Maryland.

TOUGARD, P. & LEFEBVRE-SOUBEYRAN, O. (1974). Acta
Cryst. B30, 86—89.

Young, D. W. & WiLsoN, H. R. (1975). Acta Cryst. B31,
961-965.

The Crystal Structure of 2,2'-Anhydro-2-hydroxy- 1-(-D-arabino-
pentofuranosyl)-4-pyridone
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C,oH,NO;, orthorhombic, P2,2,2,,a = 9-255(3), b = 16-783 (5), c = 12-858 (4) A, Z =8, D_ = 1485 ¢
em™3, g(Mo Ka) = 1-59 cm~!, The structure was determined by direct methods and refined by full-matrix
least squares to R = 0-05 [1476 reflexions with I > 36([); 73% of total in the sphere 3° > 26 > 50°]. There
are two molecules in the asymmetric unit; one has the E, [C(4’)-exo] conformation, the other the *E [C(4')-

endo|. Ring fusion has fixed the glycosidic torsion angle (average ., = 292-0°) but the torsion angles about

C(4")—C(5") are different (molecule 4: ¢,, = 69-5°, Voc = 174:2°;

71.8°).

Introduction

Several 3-deazapyrimidines possess significant anti-
tumour activities, although their mechanism of action is
not fully elucidated. Implicit in their activity is the lack
of an N atom in the 3 position of the pyrimidine ring,
thus precluding Watson—Crick base pairing. A com-
parison of the molecular geometry of the present com-
pound with that of the related 2,2’-anhydro-1-(f-p-
arabino-furanosyl)uracil (Delbaere & James, 1973) is
made in this paper.

Suitable single crystals of the title compound were
obtained from Dr M. J. Robins, Chemistry Depart-
ment, University of Alberta. The compound had been
synthesized according to Robins & Currie (1968). The
space group was determined from the systematic ab-
sences observed on photographs (200, & = 2n + 1; 0kO,
k=2n+ 1:00, ! =2n + 1) and the final cell dimen-
sions and intensities were measured from a crystal

molecule B: ¢, = 169-9°, ¢, =

(0-40 x 0-25 x 0-10 mm) with a FACS-1 diffrac-
tometer. Details of the data collection are those
described in Hutcheon & James (1974). Those reflex-
ions with o(I)/I > 0-30 were excluded from the
solution and refinement. The standard deviation in in-
tensity was computed from o(f) = [P + £#B +
(0-017)?]"/2, where P is the total peak count, B the total
background count, 7 the net intensity of the peak and ¢
the ratio of the total peak-scan time to the total
background-counting time. No corrections for ab-
sorption were applied.

The structure was solved by symbolic addition
(Karle & Karle, 1966) and tangent refinement (Karle &
Hauptman, 1956). Those X, relations which resulted
from three reflexions on the same axial zone were
removed (Karle, 1969). Completion of the initial model
was achieved by a series of F, maps based on partial
structural information from the starting E map. Full-
matrix least-squares refinement of all the atomic
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Table 1. Final atomic parameters (x 10%, for H x 10%) with standard deviations in parentheses

x y z x y z
N(DA 27(7) 3399 (3) 3566 (4) N(1)B 5511(9) 3253(3) 1649 (4)
C(2)4 546 (9 3214 (4) 2605 (5) C(2)B 5823 (8) 3145(4) 633 (5)
C(3)4 89(9 3582(4) 1728 (5) C(3)B 5305 (9) 3617(4) —127(5)
C(hA —1030 (9) 4174 (4) 1802 (5) C(4)B 4374 (9) 4268 (4) 149 (6)
oA —1569 (8) 4501 (3) 1018 (4) O4)B 3856 (7) 4734 (3) —534(4)
C(5)4 —1511(10) 4369 (4) 2843 (5) C(5)B 4062 (11) 4364 (5) 1235(7)
C(6)4 —997 (10) 3980(3) 3676 (5) C(6)B 4630 (11) 3871(5) 1947 (6)
C(1N4 566 (9) 2843 (4) 4338 (5) C(1')B 6225(9) 2656 (4) 2310(5)
c(2"4 1704 (10) 2363 (4) 3722 (5) C(2')B 7146 (9) 2191 (4) 1510 (5)
0(2"4 1556 (7) 2637(3) 2651 (4) O(2')B 6712 (7) 2518(2) 490 (3)
C(3"4 1228 (9) 1496 (3) 3857(4) C(3)B 6633 (8) 1331 (4) 1628 (5)
O(3')4 2454 (7) 1018 (3) 4053 (4) O(3")B 7645 (7) 914 (4) 2253 (4)
Cc@n4 145 (9) 1547 (4) 4752 (5) C@4)B 5164 (9) 1395 (4) 2202(5)
O(1")4 —534(6) 2301(2) 4620 (4) O(1")B 5245 (8) 2128(3) 2786 (4)
C(5"4 —1005 (8) 895 (4) 4734 (5) C(5")B 3911 (10) 1385(5) 1459 (6)
O(5"4 —1851(6) 956 (3) 5652 (4) O(5")B 3763 (9) 611(3) 1065 (5)
H(3)4 40 (9) 343 (4) 109 (6) H(3)B 557(13) 352(6) —83(8)
H(5)4 —204 (15) 481 (6) 296 (9) H(5)B 362(12) 485 (5) 142 (6)
H(6)4 —128(19) 412 (8) 432(11) H(6)B 446 (13) 390 (5) 247(7)
H(14 91 (14) 308(7) 49 (9) H(1")B 673 (20) 294 (8) 297(10)
H(2"4 275(12) 244 (4) 399 (6) H(2")B 837(17) 228 (6) 155(8)
H(3")4 66 (11) 135 (4) 315(6) H(3")B 652 (13) 108 (6) 92 (8)
H(@3' 14 228 (12) 59 (5) 388 (7) H@3'1)B 804 (12) 62(5) 189(7)
H(4"4 67(12) 155 (5) 545(7) H4')B 505 (16) 86 (6) 284 (9)
H(5"4 =37(11) 344) 471 (6) H(5")B 305 (18) 149 (6) 185 (8)
H(5' A —156 (15) 88 (6) 403 (8) H(5'1)B 403 (9) 182 (4) 86 (5)
H(5'2)4 —252(14) 55(6) 564 (8) H(5'2)B 357(15) 66 (6) 17(9)

Fig. 1. Stereo-drawing (Johnson, 1965) of molecule B in this structure. The sugar pucker is *E and the conformation around C(4’)—C(5) is
trans—gauche.
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parameters converged to a final R = 0-05.* The final
cycles minimized £ w(IF,| — IF.I)* and the weights
were derived from counting statistics, w'2 = {2F, /[P +
t2 B + (0-011)?]} V2 The atomic form factors for C, N
and O were those of Cromer & Mann (1968), and for H
we used the orbitally contracted model given by Mason
& Robertson (1966). The positional parameters are
listed in Table 1.

Discussion

The overall conformation of B is shown in Fig. 1. A
major conformational difference between the two
molecules of the asymmetric unit is in the torsion angles
about C(4")—C(5"), which in A4 is gauche—trans (¢, =

* Lists of structure factors and thermal parameters have been
deposited with the British Library Lending Division as Supplemen-
tary Publication No. SUP 32436 (12 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography. 13 White Friars, Chester CH1 1NZ, England.

Table 2. Deviations (A) of atoms from the least-

squares planes
Atoms indicated by an asterisk are those determining the best
planes.
Plane [ Plane 11

(Molecule 4) (Molecule B)
N(1)* —0-009 —0-002
CQ)* —0-001 —0-001
C(3)* 0.018 0-001
C(4)* —0-024 0-001
C(5)* 0-015 —0-004
C(6)* 0-002 0-005
04) —0-097 0-006
C(1" —0-208 0-003
c2h —0-088 0-120
02" —0-003 0-008
e 117 045

Plane I11 Plane IV

(Molecule 4) (Molecule B)
C(1")* 0-051 0.018
C(2'* —0-048 —-0-017
C(3"* 0-031 0-011
o(1"y* —0-035 —0-012
Cc@4n 0-539 —0-400
C(5" 0-111 —1-878
0(5") 0-746 —2.114
N(I) —1-146 —1-201
0(2") —1.355 —1.316
03" 0-880 1.335
¥ 177-1 21-6

Equations of least-squares planes in direct space
Px+Qv+Rz=S

Plane P 0 R S (A)
I 6-612 11-634 1.230 4.420
11 7-368 10-035 1-185 7.521
111 4.486 —1.643 11-176 4.576
v 6-264 —2.746 9.228 5-281

2,2’-ANHYDRO-2-HYDROXY-1-(f-D-arabino-PENTOFURANOSYL)-4-PYRIDONE

69-5°. goc = 174-2°) but in B is trans—gauche (¢p,q =
169-9°, 9, = 71:8°). Coupled with this difference is
the difference in sugar pucker; 4 has E, [C(4')-exo]
whereas B has ‘E [C(4')-endo]. (See Table 2 for the
details of the out-of-plane displacements of the various
atoms.) In 2.2'-anhydro-1-(f-D-arabino-furanosyl)-
uracil (Delbaere & James, 1973) both molecules in the
asymmetric unit had a similar sugar ring pucker C(3')-
exo, C(2")-exo, and both had the gauche—trans confor-
mation about C(4')—C(5'). The latter sugar pucker is
very similar to the *E conformation of B in the present
structure. which indicates that the conformation of the
sugar ring and the C(4)—C(5') torsion angle are in-
dependent conformational variables. Clearly the major
effects on the torsion angles, C(4')—C(5'), are the
hydrogen-bonding characteristics from neighbouring
molecules. The cyclic fusion of the base to the sugar ring

04

c3nece 1203
121 18 8 IJOCS 2‘?
120
122 8 120 7
1231 I?OSCO;ya
120
.|Nxo¢/“7\
N1 H6
11071288
’ 118|283
110 0|
wo 102
6
1067¢Cr'
198 10i 9
¥ X104.9
e C 241047
04-0
038
04
11251
1271
90 1439 4.-448 H5
n3 9%s |4§/C N g
c3 Cs 094
1:354
1347 1:1342
C6 070
H52 Hs\‘l’Od B3 {I73367 wE:c,
X 110 [
,°,2>\ 1420 0%96
0514014 1 450
1471
1527
1303 423 o
/ 145
Ca ! l
H3 1-08
28 E
102 ?‘g%l 1531 084
1-21 c3 152
Ha 1-412
||4|9
o3
177
H31

(&)

Fig. 2. (a) Bond lengths (A) and (b) bond angles (°) and atomic
numbering of the title compound. The uppermost number in each
pair refers to that dimension of molecule A, the lower to B.
Where there is only one number both dimensions are identical.
The es.d.’s in bond lengths average 0-009 A and in bond angles
0-5°.
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Fig. 3. Stereo-drawing (Johnson, 1965) of the molecular packing of 2,2'-anhydro-2~hydroxy—1-(/}-D-arabinorpentofuranosyl)-4-pyridone.
This view is down [001] with a horizontal and b vertical. Hydrogen bonds are indicated by dashed lines.

Table 3. Hydrogen-bond distances and angles

Bond type Distances (A) Angle (°) Symmetry
A-H.--B A---B A-H H..-B A-H-.-B of acceptor
O(5"YB—H(5"2) - - - O(4)4 2:701(7)  1.14(11)  1-58(11) 172 2,lla
O@B3NB—H(3'1)-- - O(4)B 2:702(7)  0-98(9) 1.92 (13) 151 2,la
0GN4—HE'1)- - - 044 2:675(6)  0-77(9) 1-93 (9) 163 2,lb
O(5"4—H(5'2) - - -O(4)B 2.763(7)  0-83(11) 1-94 (11) 171 2,lb
restricts the glycosidic torsion angle x., (Sun- metric unit. In the present crystals, however, the pack-

daralingam, 1969) to 292-0° (average for A and B).
This value is similar to the average of 292-2° found in
the N(3) analogue of the present structure (Delbaere &
James, 1973) and to the value of 299° for 2,2'-
anhydro-1-(8-p-arabino-furanosyl)cytosine hydro-
chloride (Brennan & Sundaralingam, 1973).

Table 2 also shows the details of the planarity of the
4-pyridone rings when fused via O(2) to C(2') of the
arabinose moiety. The main difference between the two
molecules is in the relatively large displacement of C(1')
from the base in 4 (0-208 A), whereas the atom
furthest from the plane of the base in B is C(2") (0-120
A). In 2.2'-anhydro-1-(f-p-arabino-furanosyl)uracil the
atom furthest from the plane of the base was C(1')
(0-11 A mean value).

The bond lengths and angles with the atomic num-
bering are given in Fig. 2. The five-membered ring,
C(1")—=N(1)—C(2)—0(2")—C(2"), has almost the iden-
tical geometry as the N(3) analogue (Delbacre &
James, 1973). There is considerable double-bond
character in C(2)—0O(2’), average value 1.348 A, and
this is consistent with the other structures having this
2,2’-anhydro linkage. There are significant differences
in the geometry of the base in the bonds involving
C(3"), but these differences are consistent with the
substitution of N(3) in uracil for the C(3)—H group in
the present structure. The bond lengths and angles of
the arabinose ring are in agreement with those observed
in the other 2,2'-anhydro structures.

The molecular packing is shown in Fig. 3. In 2,2'-
anhydro-18-p-arabino-furanosyl)uracil (Delbaere &
James, 1973) the dominant feature was the dimeric
packing of the two independent molecules of the asym-

ing is completely different. The two molecules are
related by translations of approximately 0-5 in a and
0-17 in ¢, and are connected by an intricate network of
intermolecular hydrogen bonds (Table 3). Hydrogen
bonding from O(3")4 to O(4)4 and from O(5')4 to
O(4)B serves to hold each layer [parallel to (001)] of
molecules together, whereas hydrogen bonding from
O(3")B to O(4)B and from O(5')B to O(4)4 holds these
molecular layers together. O(4) of each 4 and B acts as
an acceptor of two hydrogen bonds (Table 3). The major
conformational differences between 4 and B are deter-
mined by the intermolecular hydrogen bonding {O(5')
of A acts as a donor for an intralayer hydrogen bond,
whereas O(5") of B is a donor for an interlayer hydro-
gen bond]. Two of the four hydrogen bonds deviate sig-
nificantly from linearity (/O—H---O, 151 and 163°)
but lie within the allowable range suggested by Don-
ohue (1968).

We thank Dr M. Elder of the Atlas Computing
Laboratory, England, for carrying out the final cycles
of least-squares refinement. This work was supported
by funds from the Medical Research Council of
Canada to the Group in Protein Structure and Func-
tion at the University of Alberta.
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Structure Cristalline de I'lodure de Phénylamino-1 N-Pipéridiniométhyl-4 Benzéne
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The three-dimensional structure of 1-phenylamino-4-N-piperidiniomethylbenzene iodide has been solved by
X-ray crystallographic analysis. Crystal data are: space group P2/c,Z=4,a=11.41 (2),b=8-88(7),c =
18-59 (0) A, B = 103-52°. The structure was determined by the heavy-atom method. The final R value is
0-061. The iodide anion is responsible for crystalline cohesion.

Introduction

Au cours de travaux concernant I’aminométhylation
(Miocque & Vierfond, 1970a,b), il a été établi par des
regroupements chimiques et grace a I’étude des spectres
de 'H RMN que Paminométhylation des mono- et
dialkylanilines porte sur la position para du noyau
benzénique.

L’extension des recherches a la diphénylamine a
montre que la substitution était également possible; elle
peut s’effectuer théoriquement soit en ortho, soit en
para de 'azote.

Toutefois, I'abondance des protons aromatiques
dans les spectres de 'H RMN des dérivés étudiés, ne
permet pas d’établir avec certitude 'emplacement du
substituant aminométhyle. Compte tenu de |intérét
pharmacologique potentiel de ces composés, il a donc
semblé utile de déterminer leur structure tridimension-
nelle par diffraction des rayons X.

Partie expérimentale

L’iodure de phénylamino-1 N-pipéridiniométhyl-4 ben-
zéne cristallise dans I’éthanol sous forme de petits
prismes monocliniques jaune d’or.

Les valeurs approchées des paramétres cristallins ont
été déterminées sur les diagrammes de Bragg et de
Weissenberg. Nous les avons précisés lors des mesures
au diffractométre.

Données cristallographiques

Systeme monoclinique, @ = 11,41 (2), b = 8,88 (7.
c=18,59 (0) A, =103,52°, ¥ = 1833,12 A% D, =
1.479. D, = 1460 g cm~3, Z = 4. Nombre de réflex-
ions: 2641, dont 2105 observées.

Les intensités diffractées ont été mesurées sur un dif-
fractométre  automatique Siemens équipé d’un
compteur a scintillation. en balayage 6-26 et en utili-
sant le rayonnement Cu Ka.



