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NUCLEOSIDES & NUCLEOTIDES, 1 1 ( 6 ) ,  1 2 2 9 - 1 2 3 9  ( 1 9 9 2 )  

THE CRYSTAL AND MOLECULAR STRUCTURE OF THE COMPLEX 
OF 2’,3’-DIDEHYDRO-2’,3’-DIDEOXYGUANOSINE WITH PYRIDINE 

Patrick Van Roey*$ and C.K. Chu’ 

$Medical Foundation of Buffalo, Inc., 73 High St., Buffalo, NY 14203 and ‘Department 
of Medicinal Chemistry, College of Pharmacy, University of Georgia, Athens, GA 30602 

ABSTRACT: The structure of 2‘,3’-didehydro-2’,3’-dideoxyguanosine was determined 
by X-ray crystallographic analysis of the complex with pyridine. The two independent 
nucleoside molecules have similar, commonly observed glycosyl link ( x  = -102.3” and 
-94.2”) and 5’-hydroxyl (y = 54.0” and 47.6”) conformations. The five-membered rings 
are very planar with r.m.s. deviations from planarity of less than 0.015 A. 2‘,3‘- 
Didehydro-2’,3’-dideoxyadenosine has a similar glycosyl link conformation but a 
different 5’-hydroxyl group orientation and a slightly less planar 5-membered ring. 

INTRODUCTION 

Since the emergence of 3’-azido-3’-deoxythymidine (AZT) as the first drug for the 

treatment of AIDS, much effort has been devoted to the synthesis and evaluation of 

other nucleosides analogues as potential new anti-HIV agents’. Modification of the 

sugar moiety of standard nucleosides has produced many compounds with highly 

varied activity and toxicity. 

* To whom correspondence should be addressed. Present Address: New York State Department 
of Health, Wadsworth Center for Laboratories and Research, Empire State Plaza, P.O. Box 509, 
Albany, NY 12201-0509. 
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Figure 1: Schematic diagram of D4G showing the numbering scheme. 

In previous ~ t u d i e s ~ - ~  we have hypothesized that there may be a correlation 

between the conformation of the nucleoside and the activity. Active compounds, 

particularly 2’,3’-dideoxynucleosides and their 3’-azido derivatives, showed to have a 

preference for an unusual sugar ring conformation with an extreme C3’-exo/C4’-endo 

puckering g e ~ m e t r y ~ - ~  and an increased stabilization of the up-conformation for the 5‘- 
hydroxyl group 4 . 

The 2’,3’-didehydro-2’,3‘-dideoxynucleosides are one class of compounds that has 

demonstrated interesting a ~ t i v i t i e s ~ - ~ .  Some of the compounds of the group, most 

specifically the thymidine (D4T)5-7, cytidine (D4CI8 and adenosine (D4A)’ analogues 

have proven to be quite active and D4T is undergoing phase I1 clinical trials. As a part 

of our drug discovery program, the guanosine analogue (D4G), shown in Figure 1, was 

synthesized and tested but proved to have very low activity (EC50 > 100. pM in PBM 

cellsI8. The crystal structure of D4G was determined and is compared with that of D4A 

with the purpose of determining i f  any conformational differences between the two 

compounds can be correlated with activity levels. This was of particular interest 

because D4A and D2A have similar structures9 as well as activities, EC50 - 0.76 and 0.91 

WM in PBM cells respectively. 
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STRUCTURE OF 2',3'-DIDEHYDRO-2',3'-DIDEOXYGUANOSINE 1231 

EXPERIMENTAL 

D4G was recrystallized by slow evaporation of a pyridine solution. The compound 

crystallizes as a 1:1 complex with the crystallization solvent. The crystals belong to the 

monoclinic space group P21 with cell dimensions a = 16.429(2) A, b = 9.179(1)A. c = 

10.864(2) A, p = 101.49(2)", V = 1605.5(3)A3, Z=4. The crystal used for data collection 

was needle shaped with approximate dimensions of 0.08 x 0.12 x 0.80 mm. The data 

were measured at room temperature on a Siemens P3V diffractometer using Nb-filtered 

MoKa radiation (h  = 0.71069 A). The data were processed using Blessing's data 

reduction packagelo. Lorentz and polarization corrections were applied but no 

absorption correction. In total 4008 data were measured in the range of 2.<28<50.". Of 

the 3032 unique data ,2568 had F > 3o(F) and were used in the refinement. The 

structures were determined by direct methods, program MULTAN'l, and refined by 

full-matrix least-squares. The locations of all hydrogen atoms, except for that bonded to 

05 '  for molecule B, were determined from difference maps and were included in the 

refinement. In total 556 parameters were refined. The y-coordinate of atom N1 of 

molecule A was held fixed to define the origin. Final R-values are R= 0.044 and Rw= 

0.031 for the data used in the refinement and R= 0.057 for all data. The standard 

deviation of an observation of unit weight is 1.770. Minimum and maximum values of 

final the difference map are -0.477 and 0.268 e.A-'. The atomic coordinates are listed in 

Table 1. Tables of anisotropic thermal parameters and observed and calculated structure 

factors are available from PVR upon request. 

RESULTS and DISCUSSION 

Figure 2 shows the molecular conformations of the two independent nucleoside 

molecules in the structure. Bonds lengths and angles are listed in Table 2. The most 

important conformational parameters of D4G are compared with those of D4A in 

Table 3. 

Both molecules have very similar conformations. This is in contrast to what has 

been observed for most nucleosides that crystallize with two molecules in the 
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1232 VAN ROEY AND CHU 

TABLE 1: Atomic coordinates (x104 for the non-hydrogen atoms and x103 for the hydrogen atoms) 
and isotropic thermal parameters (x10 2 ) for D4G. The e.s.d.'s are given in parentheses. Equivalent 

isotropic thermal parameters for the non-hydrogen atoms was calculated from the anisotropic thermal 
* *  

parameters using the equation: Beq = (1/3)CiZfLa. a. a..a.. ' I '  1 ' I  

Y 

8250(5) 
8311(5) 
9247(5) 
9797(6) 
8858(6) 
7210(6) 
633") 
6748(6) 
7875(6) 
9270(7) 
9215 

7776(6) 
7756(5) 
9582(5) 
8049(5) 

10669(5) 
8155(5) 
9866(5) 
949(4) 
821(6) 
704(6) 
887(4) 
660(4) 
563(4) 
640(4) 
742(4) 
898(5) 
979(6) 

7 068(6) 

8789(8) 
7478(8) 

7465(10) 
8706(11) 
9933(10) 
10020(6) 

893(6) 
656(6) 
665(5) 
875(8) 

X 

3610(2) 
4049(2) 
3452(2) 
2&59(2) 
4185(3) 
5262(3) 
5 3 7 7 ( 3 
6075(2) 
651213) 
6664(4) 
3000(2) 
3629(3) 
4166(2) 
3541(2) 
45250.) 
2298(2) 
597") 
5954(2) 
261 (2) 
344(2) 
406(3) 
446(2) 
519(2) 
504(2) 
626(3) 
698(3) 
714(3) 
687(3) 

6060(4) 
6193(5) 
6587(5) 
6847(4) 
6697(4) 
6306(3) 
560(3) 
582(4) 
664(4) 
702(4) 

Y 

11500(6) 
11 422(6) 
10448(6) 
9919(6) 

10937(7) 
12646(6) 
13420(6) 
13049(6) 
17 936(6) 
10520(8) 
1051 8(5) 
11959(6) 
11983(5) 
10168(5) 
11724(5) 
9038(5) 

11784(5) 
9959(5) 
1029(4) 
1150(4) 
1263(6) 
1102(4) 
1333(4) 
1407(5) 
1328(6) 
1223(5) 
1063(6) 
992(6) 

1523(9) 
145400) 
300(13) 

-793(11) 
-690(11) 

426(8) 
233(7) 
221 (7) 
28(9) 

-169(8) 
-133(7) 

2 

-2028(4) 
28(4) 

235(3) 

2039(4) 
1444(4) 
2657(4) 
3373(4) 
2739(5) 
3400(7) 

-789(4) 

-191 8( 3) 
-3186(4) 
-1063(3) 
1516(3) 
1195(3) 
-810(2) 
1518(3) 
3797(3) 
-260(3) 
-379(3) 
-330(5) 
299(4) 
823) 

289(4) 
438(4) 
257(4) 
411(5) 
293(4) 

6997(9) 
8303(9) 
8921 (8) 
8274(8) 
6983(8) 
6332(5) 
606(6) 
847(6) 
983(7) 
853(7) 
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STRUCTURE OF 2',3'-DIDEHYDRO-2',3'-DIDEOXYGUANOSINE 1233 

Figure 2: Stereo diagram (0RTEPl2) showing the molecular conformations of the two 

independent molecules of D4G in the asymmetric unit and the hydrogen bonds between 

them. 

asymmetric unit where the two molecules have clearly distinct conformations. Least- 

squares fitting of all atoms in both molecules shows average deviations of 0.099 A 

between equivalent atoms and a maximum deviation of 0.149 A for C8. The glycosyl 

links are  in the anti conformation with x - -100". This conformation, although 

commonly observed conformation for various nucleosides, is not as common for 2'- 

deoxyguanos ine  analogues,  which have  a grea te r  tendency  towards  syn-  
~ o n f o r m a t i o n s l ~ .  The 05'-hydroxyl groups are  in +sc conformations. This 

conformation is stabilized by weak intramolecular contacts between C8 and 05'. The 

C8***05'and H8***05' distances are 3.233 and 2.52 A in molecule A, and 3.269 and 

2.63 A in molecule B, respectively. 

The 5-membered rings are very planar. The r.m.s and maximum deviations of 

planarity listed in Table 3 show that the 5-membered rings are as planar as the bases and 

that the largest deviations form planarity are observed for C3'A (endo) and C4'B (endo), D
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1234 VAN ROEY AND CHU 

respectively. Because 04‘ is the only atom that could conceivably deviate significantly 

form the plane through the 5-atom ring, the magnitude of the deviations of C3’A and 

C4‘B probably indicates the level of precision of the structure. 04‘ is less than 0.03 A 

from the plane of the other four atoms. The pseudorotation torsion angles (PI and 

maximum torsion angles (vm), although not meaningful in view of the absence of ring 

puckering, are listed in Table 3. The pyridine rings are also very planar with r.m.s. 

deviations of planarity of 0.011A and 0.005A for molecules C and D, respectively. 

The main conformational parameters for D4A are compared with those of D4G in 

Table 3. The three conformations are very similar with the only major difference 

TABLE 2: Bond lengths (A) and Angles (“1 for D4G-pyridine. 

1.366(5) 
1.331 (6) 
1.331(5) 
1.367(6) 
1.353(5) 
1.372(5) 
1.417(6) 
1.391(5) 
1.394(5) 
1.223(5) 
1.303(6) 
1.372(6) 
1.484(7) 
1.469(6) 
1.407(6) 
1.299(7) 
1.465(7) 
1.513(9) 
1.444(6) 
1.398(6) 
1.372(6) 
1.334(6) 
1.323(5) 
1.378(6) 
1.343(6) 
1.378(5) 

1.403(5) 
1.394(5) 
1.399(6) 
1.235(6) 
1.305(6) 
1.372(7) 
1.475(7) 
1.458(6) 
1.408(6) 
1.296(6) 
1.494(8) 
1.481 (9) 
1.444(5) 
1.418(8) 

1.363(10) 
1.31 7(9) 

1.378(11) 
1.338(13) 
1.351 (12) 
1.315(9) 

1.393(14) 
1.347(11) 
1.349( 14) 
1.343(14) 
1.378(12) 
1.335(11) 
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TABLE 2 Cont. 

N(l A)-C(2A)-N(2A) 
N(l A)-C(2A)-N(3A) 
N(2A)-C(2A)-N(3A) 
C(5A)-C(4A)-N(3A) 
C(5A)-C(4A)-N(9A) 
N(3A)-C(4A)-N(9A) 
C(4A)-C(5A)-C(6A) 
C(4A)-C(5A)-N(7A) 
C(6A)-C(5A)-N(7A) 
C(5A)-C(6A)-N(lA) 
C(5A)-C(6A)-0(6A) 
N(l A)-C(6A)-0(6A) 
N(7A)-C(8A)-N(9A) 
C(TA)-C(l’A)-N(9A) 
C (2’A)-C (1 ’A)-0(4‘A) 
N(9A)-C(l’A)-0(4‘A 
C( 1’A)-C(2’A)-C(3’A) 
C(2’A)-C(YA)-C(4‘A) 
C(3’A)-C(4‘A)-C(5’A) 
C(YA)-C(4‘A)-O(4‘A) 
C(5’A)-C(4‘A)-0(4‘A) 
C(4‘A)-C(5’A)-O(YA) 
CQA)-N(IA)-C(6A) 
C(2A)-N(3A)-C(4A) 
C(5A)-N(7A)-C(8A) 
C(4A)-N(9A)-C(8A) 
C(4A)-N(BA)-C(I’A) 
C(8A)-N(9A)-C(l’A) 
C(l’A)-0(4‘A)-C(4‘A) 
N( 1 B)-C(2B)-N(2B) 
N(IB)-C(2B)-N(SB) 
N(2B)-C(2B)-N(3B) 
C(5B)-C(4B)-N(3B) 
C(5B)-C(4B)-N(9B) 
N(3B)-C(4B)-N(9B) 

117.5(3) 
1 23.4 (3) 
119.1 (3) 
127.6(3) 
105.7(3) 
126.7(3) 
120.3(3) 
110.8(3) 
128.8(3) 
110.7(3) 
128.8(3) 
120.5(3) 
113.1 (3) 
11 1.6(3) 
105.3(3) 
110.3(3) 
109.8(4) 
110.9(4) 
116.0(4) 
104.5(3) 
110.9(4) 
111.3(4) 
125.6(3) 
112.4(3) 
104.1(3) 
106.2(3) 
128.6(3) 
124.9(3) 
109.4(3) 
116.4(3) 
123.7(3) 
119.9(3) 
128.813) 
105.8(3) 
125.4(3) 

1235 

119.4(3) 
110.2(3) 
130.3(3) 
11 1.0(3) 
129.6(3) 
119.4(3) 
113.4(3) 
113.6(3) 
105.2(3) 
109.8(3) 
110.6(4) 
110.6(4) 
115.2(4) 
103.3(3) 
11 1.9(4) 
113.4(4) 
125.3(3) 
111.8(3) 
104.5(3) 
106.1 (3) 
125.8(3) 
128.0(3) 
110.3(3) 
124.9(5) 
117.0(5) 
119.2(6) 
118.8(6) 
124.7(6) 
115.4(4) 
120.6(6) 
120.3(7) 
119.8(6) 
118.1 (6) 
124.2(6) 
117.0(5) 

occuring in the C5’-05’ orientation of D4A which is ap. Also, the 5-membered ring is 

somewhat less planar in D4A than it is in D4G, with r.m.s. deviations of planarity of 

0.030 A and a maximum of 0.040 A for C4’ and 04’. It should be noted that the 

unsaturated fivemembered ring in D4CI4 and D4TI5 are also significantly less planar. 

Figure 3 shows the overlap of the two molecules of D4G with that of D4A 

produced by least-squares fitting the central atoms in the molecules (N9, Cl’, C2’ and 
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1236 VAN ROEY AND CHU 

TABLE 3: Most Important Conformational Parameters of D4G and Comparison with 

those of D4A. 

PARAMETER 
N9-C1’ (A) 

D4G Mol. A D4G Mol. B D4A 
1.469(6) 1.458(6) 1.464(3) 

x (C4-N9-C1‘-04‘) P) -102.3(5) -94.2(5) -1 00.2(3) 
y (C3’-C4’-C5’-05’) (“1 54.0(6) 47.6(7) 179.8(3) 
P (pseudorotation) P) 38. 244. 243. 
vm (“) 3.4 3.4 12.1 

Deviation of L.S. plane (A) 

Base r.m.s. 
5-membered ring 

r.m.s. 
maximum 

04’  distance from plane 
Cl’,CT ,CY ,c4‘ 

0.018 0.012 0.006 

0.013 0.014 0.0 
0.018 (C3’) 0.019 (C4’) 0.040 (C4’) 

0.029 0.012 0.094 

Figure 3: Stereodiagram showing the least-squares overlap of both molecules of D4G 

and the molecule of D4A. Note that the only difference is in the orientation of the 05’- 

hydroxyl group of D4A. 
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STRUCTURE OF 2’,3’-DIDEHYDRO-2‘,3‘-DIDEOXYGUANOSINE 1237 

Figure 4: Stereo packing diagram of D4G showing the intermolecular hydrogen bonding 

between the D4G and the pyridine molecules. 

TABLE 4: Geometries of the intermolecular hydrogen bonds in the structure of D4G- 

pyridine. H-*Y distances for normalized hydrogen atom positions are shown 

in parenthesis. 

X-K***Y X*..Y, A 
NlA-HNIA***N7B 2.860(5) 

N2A-HN2AA***06B 2.877(5) 

N2A-HN2AB***NlC 3.049(7) 

05’A-H05’A* *N3A 2.864(6) 

NlB-HNlB***N7A 2.838(4) 

N2B-HN2BA*.*06A 2.933(5) 

N2B-HN2BB***05’B 2.945(7) 

X-H, A 
0.89(4) 

0.79(6) 

1.06(5) 

0.78 (5) 

0.90(3) 

0.79(4) 

0.96(5) 

H***Y, A 
1.98(4) 
(1.79) 

2.10(6) 
(1.82) 

2.13(6) 
(2.11) 

2.22(5) 
(2.00) 

1.94(3) 
(1 76) 

2.16(4) 
(1.88) 

2.21 (5) 
(2.13) 

176(4) 

144(4) 

140(4) 

174(2) 

167(3) 

133(3) 

Eq. Position of Y 
x,y,z 

x,y,-1 +z 

x,y,-1 +z 

l-x,.5+y,-z 

05’B-H05’B***NlD 2.733(6) x,l+y,z 
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1238 VAN ROEY AND CHU 

04’). The average distance between equivalent atoms is 0.264 A in the fit of D4A on D4G 

A, and 0.280 A in the fit of D4A on D4G B. This compares to a distance of 0.190 A in the 

same fit for molecules A and B of D4G. Excluding 05’, the maximum distances from the 

related atoms in D4A are: in the bases, 0.396 A for C6 of molecule A and 0.388 14 for C2 

of molecule B; and, in the sugar moiety 0.417 A for C5’ in molecule A and 0.219 A for 

C5’in molecule B. 

Figure 4 shows the crystal packing with the interactions between the nucleoside 

and pyridine molecules. The intermolecular hydrogen bonds are shown in Table 4. The 

independent nucleoside molecules have intermolecular base pairing hydrogen bonding 

that links them into continuous chains in c-direction (A***B*.*A(x,y,z+l)***B(x,y,z+l)>. 

This base pairing involves N1 and N2 as hydrogen donors for one molecule and N7 and 

0 6  as acceptors for the other. The 05‘ hydroxyl group of molecule A donates its 

hydrogen to an N3 of a symmetry related molecule. 05’ of molecule B donates its 

hydrogen to N1 of one of the pyridine molecules and receives one from N2 of a 

symmetry related molecule. The second pyridine molecule accepts a hydrogen from 

N2A. 

The evaluation of the molecular conformations of two molecules of D4G and one 

molecule of D4A suggests that the combination of the purine base with a 2’,3‘- 

unsaturated sugar moiety would favor one single conformation for the glycosyl link. 

This is in contrast to most other nucleosides, including 2’,3‘-unsaturated purine 

analogues, that are usually observed in two or more conformations often in the same 

structure. No obvious indication of a correlation between the structures and activity of 

2’,3’-didehydro-2’,3’-dideoxypurines can be drawn from the comparison of the 

structures of D4A and D4G. The only major difference is in the conformation of the 05’ 

hydroxyl group. Although the more active compound, D4A, has the same ap 

conformation that has been shown to be stabilized in the extreme conformation of the 

very active saturated nucleosides4, this is the conformational parameter that is most 

easily affected by intermolecular interactions in the structure. 
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