
Crystal Structure of 2,4-Diselenouracil 
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The crystal structure of 2,4-diselenouracil has been determined to provide some 
quantitative molecular information about the nature of hydrogen bonding exhi- 
bited by this compound inosolution. The  crystal is ommonoclinic, with space 
group P 2Jc, with a = 4.41 A. ,b  = 14.90 A., c = 10.69 A., and 0 = 108.4”. The 
observed density is 2.42 Gm. ~ m . - ~  and that calculated for four molecules in the unit 
cell is 2.33 Gm. cm.?. The structure was determined by the heavy atom technique 
and refined by block diagonal least squares to an R value of 0.136. The compound 
was found to exist primarily in a zwitterionic amidic configuration rather than the 
keto form. The seleniums formed relatively strong hydrogen” bonds of the form 

N(H) ... Se with distances of 3.47 and 3.75 A. 

ARIOUS EXPBKIMENTAT, obscrvations (1, 2) V havc indicated that selenium analogs of py- 
rimiclitie and purine bases are ablc to form rclatively 
strong hydrogen borids in solution. Many of these 
seleno-bases have also been shown to bc pharma- 
cologically active antineoplastic agcnts (3, 4 j .  I t  
has been implied (5) that this activity may bc at- 
tributablc to  the “formation of unusually strong 
hydrogen bonds when incorporatcd into dcoxynu- 
clcic acids.” The present X ray investigation of 
one of thesc selcno-derivatives, 2,4-diselenouracil, 
was primarily undertaken to obtain structural 
information about the nature of the interrnolecular 
hydrogen bonding. 

EXPERIMENTAL 

1)iselenouracil crystallizcs from ethanol-water 
solutious as yellow dichroic prisms, which exhibited 
twinning along thc (100) plane. Many batches of 
recrystallized material were cxamincd for thc prrs- 
ence of a “single” crystal, but all crystals appeared 
to bc twinned. I t  was round neccssary to use a 
crystal from which the twin had bcen disscctcd for 
the collection of intensity data. The fragrrient used 
showed excellent extinction under the polarizing 
microscope, but photographs indicated that a small 
amount of the twin reniained; this m-as estimated to 
he less than 10% from oscillation photographs, 

Oscillation and Weissenberg phntographs titken 
about t,he a and b axcs using Cu radiation ( A  = 
1.6418 A.)  showed the crystal to bc innnoclinic, wit11 
unit cell dimensions of u = 4.41 A,,  b = 14.00 A., 
I; = 10.69 A,,  arid 6 = 108.4” (with estitnateclstaitd- 
ard deviations of 0.5Oj,). Thc space group, as deter- 
mined from Weissenberg photographs aticl confirmed 
by  the deterrnination arid refinement of thc struc- 
turc, is P Z1/c. The density measurcd by flotation 
in a mixture of tetrabromoethane and chloroform 
was found to be 2.42 Gm./cm.3, arid that calculated 
For a unit cell containing four molcculcs of disclcno- 
uracil was 2.33 Gin./crn.3. 

The intensity data were rcctrrrlcd on cqui-in- 
elination U’eissenbcrg photographs using multiple 
film packs. The dissected crystal (ditncnions 

Keceived Malch 14, 1966. f t u m  the Chrmical Ci-ystallog- 
r-aphy Laboratory, Oxrold Ilniveisity, Oxfuid, h’ngland, and  
the Department of Pharmacology. Medical School, Yale Uni- 
versity, A-ew Haven, Conn. 

Accepted for publicatirrn April 14, 1966. 
This investigation was .;uppot-ied in part by I~ellou~ship 1- 

1~2-GM-22,83n-Ol t o  Eli Sheftrr f lom the 1 T .  S. Piihlic Ilealth 
Servicr, Betheda ,  Md. 
The authoi-s a x  indrblrd lo P1ufesrol- U. C. FIodgkin, 

P I < S ,  f o r  hci interest, to Pi-~,fessor S. l<anusa4ieii C o n  hi, dis-  
cussions, and to the computing center of Oxioid Univcisity 
for  use of their facilities. * PI-csmt address: Department of Plrai m:rccntic\, School 
uf Pha~tnacy, S t a w  Univerhity of A-ew York at  Iluffalo. 

~~ ~~ 

0.14 mm. along u, 0.04 mm. along b, and 0.02 mm. 
along c) w-as first niountecl about the a axis for col- 
Icction of layers h = 0, 1, and 2, and it was then cut 
in half perpendicular to  a and remounted about b 
to obtain thc laycrs k = 0 and 1. The intensities 
were estimated visually and corrected for Lorentz 
polarization effects. Thc structure factors for the 
data about the two axes were put on the same scale 
by comparing commoxi reflections. There were 
649 unique reflections that gave measurable values; 
this represents approximately 5570 of all unique 
reflections in the Cu sphere. 

Determination and Refinement of Structure.- 
The positions of thc two selenium atoms wcrc casily 
located from an unsharpened Patterson synthesis, 
and the atoms comprising the pyrimidinc ring wcrc 
then found in a Fourier synthesis phased on the 
seleniums. The atomic identity of thc six ring atoms 
was obtained by electron density calculations at  
the atomic sites. The rcfincment of the positional 
arid isotropic thermal parameters of the molecule 
was carried out by block diagonal least squares, 
using a program dcscribcd by Mills and Rollctt 
(6). The weighing scheme used in the refinemetit 
was similar to that of Hughes (7). During the final 
cyclcs of rcfinemerit it was riccessary to give zero 
weight to 36 weak reflections, as they appeared to bc 
significantly influeiiced by the presence of the twin. 
The refirletnetit was considered to be coniplrtc whcn 
the parameter shifts were less than one-third of their 
estimated standard deviations, which wcrc cal- 
culated from the diagonal clcmcrits of the normal 
matrix. The positional atid thermal pararrieters 
obtained are listed in ’k~blc  I. ‘rhe final R value 

T A B L E  I: -pOSITIOXAL AND ISUTROPIC THERMAL 
PARAMETERS FOR ~,~-DISELENOURACIL 

4to111 x/a Y / b  Z / C  Brso 
N(1)  -0.29ti 0.088 0.380 3 .5  
C ( 2 )  -0.248 0.020 0.302 3 .1  
S e ( 2 )  -0.397ti -0.0951 0.3275 4.1 
I i (3)  -0.118 0.038 0.199 3.5 
C ( 4 )  0.013 0.118 0.1’73 3 . 4  
Se(5)  0.2002 0.1359 0.0249 3.5 

-0.056 0.193 0.257 3 . 9  
c (6) -0.204 0.1’75 0.361 4.3 

~ . 

(equals Z ; ~ ( F ~  I - 1 F ~ I I / ’ Z ~  FQ I )  was 0.136 for all 
649 reflrctioiis. A list of the observed arid calcu- 
lated structure factors can be obtained from the au- 
thors. The atom form factors uscd in the above 
calculations fot- c;irIji)n and nitrogen were those of 
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Rerghuis et (11. (8),  and lor selenium those of Thomas 
and Umeda (9) were used after being corrected for 
anomalous scattering. A11 computations wcrc done 
on a Ferranti mercury electroliic computer, using 
many of the programs described by Mills and Rolletl 
(6).  

RESULTS AND DISCUSSION 

From X-ray studies on uracil (10) and various 
uracil containing compounds (11-14) i t  has been 
shown that in the solid state it exists primarily 
in the diketo form rather than the enol configura- 
tion. The C(2)-Se(2) and C(4)-SeJ4) bond lengths 
of 1.89 and 1.99 d. (E.S.D. 0.05 A,),  respectivcly, 
suggcsts that the electronic structure around the 
seleniums would be predominantly a zwittcrionic 
amidic configuration (11) rather than I. 

Joumal of Ylaarmuce~iticul Sciercces 

Fig. 1.-Packing diagram of 2,4-diselenouracil as 
Probable hydrogen bonds viewed down the a axis. 

are indicated by broken lines. 

I I1 111 

Thc cnol form (111) was eliminated as a possible 
configuration, as this structure was found to bc iso- 
morphous with the crystal structure of dithiouracil 
(17), for which hydrogen atoms wcrc found attached 
to the nitrogens. The presence of the amidic con- 
figuration rather than thc cnolic one is also con- 
sistent with the dipole moment, ultraviolet spectra, 
and ionization measurements (2, 18) made on 
2-pyridselenone and its N-methyl derivative. The 
y m  of the covalent bond radii foro Se and C is 1.91 
A. for the single bond and 1.74 A. for the double 
bond (15). Thcsc results are not surprising in the 
light of the studies of Mautner (l), which showed 
that Se has a greater ability than S and 0 to with- 
draw electrons from N in pyridine and pyrimidine 
derivatives. 

The E.S.D.’s given above for the Se bonds is 
twice that calculated from the diagonal elements 
ol the normal matrix, as i t  is felt that this is a more 
reasonable approximation to the errors. Relatively 
large standard deviations for the pyrimidine ring 
bonds (0.1 A.) makes it impossible to assess their 
bond urders and, therefore, precludes any discussion 
of this part of the molecule. 

Though seleniuni compounds arc not usually 
thought of as hydrogen bond participants, in di- 
sclcnouracil thc seleniuxns appear to form such inter- 
actions. The short Se . . . N distances of 3.47 
and 3.75 .k. and the angles around the nitrogen atoms 
indicate that the seleniums are forming relatively 
strong hydrogen bonds (Fig. 1). These hydrogen 
ititeractions are attributable to the electronic con- 
figuration and seem to be a function of thc amount 
of polarizatiori in the C-Sc bonds. In the structure 
of N-phexiyl-N’-berizoyl~elenourea (16) a Se . . . N 
hydrogm bond of 3.83 A. was found, and it could 

also be attributed to  the electron-withdrawing 
property of the selenium. The importance of such 
bonding is best realized in connection with the post- 
ulate ( 5 )  that the antirieoplastic activity of selenium 
derivatives of purine and pyrimidine bases may be 
related to their ability to form strong hydrogen 
bonds with their complemcnt basc within the helical 
deoxyribonucleic acid (DNA). 

The least squares plane through the eight atoms, 
indicated they are coplanar; i.e., thc deviation of 
any atom from this plane is less than an E.S.D. 
of its positional parameter along the normal to the 
plane. This observation is consistent with the 
results on uracil and thymine. 
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