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NUCLEOSIDES & NUCLEOTIDES, 9(4), 499-513 (1990) 

CRYSTAL AND MOLECULAR STRUCTURES OF THE ANTIVIRAL ACYCLONUCLEOSIDE 

AND ITS PRODRUG 9-[4-ACETOXY-3-(ACETOXYMETHYL)BUTYL]-2- 
9-[ 4-HYDROXY-3-(HYDROXYMETHYL)BUTYL]GUANT.W (BRL 39123, PENCICLOVIR) 

AMINOPURINE (BRL 42810, FAMCICLOVIR) 

Michael R. Harnden+*, Richard L. Jarvest', 
Alexandra M.Z. Slawinl, and David J. Williams§ 

+ Beecham Pharmaceuticals Research Division, Biosciences Research 
Centre, Great Burgh, Epsom, Surrey KT18 5XQ, England. 

@Department of Chemistry, Imperial College, London SW7 2AY, England. 

ABSTRACT. The crystal and molecular structures of two closely related 
antiviral purine derivatives are reported. In 9-[4-hydroxy-3- 
(hydroxymethyl)butyl]guanine (2) the plane of the acyclic N9 substituent 
is orthogonal to the purine ring. In crystals of 2 there is an 
extensive network of intermolecular hydrogen bonds. In 9-[4-acetoxy-3- 
(acetoxymethyl)butyl]-2-aminopurine (3 )  characteristic changes in the 
geometry of the pyrimidine ring in comparison with 2 are observed. 
crystals of the 2-aminopurine derivative 3 there is an absence of major 
hydrogen bonding interactions and there are K - K  interactions between 
parallel overlapping pyrimidine moieties. 

In 

We have reported previously the synthesis 1,2 of the 

acyclonucleoside 9-[4-hydroxy-3-(hydroxymethyl)butyl]guanine ( 2, BRL 
39123, penciclovir) and its potent and selective activity against 

viruses of the herpes family, both in cell culture 2,3 and in animal 

infection models4. 

R 
1 R = H  
2 R=CHpOH 

OCCH3 
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The mechanism of action of 2, like that of acyclovir (4), involves 
selective phosphorylation by a herpesvirus-specified thymidine kinase 

and inhibition of the viral DNA polymerase by its triphosphate5,6. 

concentrations of the triphosphate of 2 are, however, formed more 

rapidly in virus-infected cells than is the case with acyclovir 

triphosphate and, once formed, the triphosphate of 2 has a longer 
half-life6, 7. 

in cell culture3 and in some animal mbdels has been shown to be 

efficacious using less frequent dosing schedules than are required for 
demonstration of activity with acyclovir4. 

formulations of 2 are being progressed to clinical trials. Like 

acyclovir and other 9-substituted guanines the gastrointestinal 
absorption of 2 is, however, rather poor. The 6-deoxy congener of 2 
and a series of its ester and other derivatives8,9 were therefore 

synthesized for evaluation as orally active prodrugs of the antiviral 

acyclonucleoside. Many of these compounds are well absorbed after oral 
administration to rodents and are readily converted by esterases and 

xanthine oxidase to 2 in vivo. From results obtained in these studies 
and in infected animals, 9-[4-acetoxy-3- 

(acetoxymethyl)butyl]-2-aminopurine ( 3, BRL 42810, famciclovir) was 

selected for progression to clinical studies evaluating its potential as 
an orally active anti-herpesvirus agent. In this publication the 

crystal and molecular structures of 2 and 3 are described. 

High 

Consequently, 2 has more persistent antiviral properties 

Intravenous and topical 

EXPERIMENTAL 

The purine derivatives 2 and 3 were synthesized via the common 

intermediate 9- [ 4-acetoxy-3- (acetoxymethyl) butyl] -2-amino-6- 
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STRUCTURES OF PENCICLOVIR AND FAMCICLOVIR 501 

chloropurine, obtained by alkylation of 2-amino-6-chloropurine with 

4- ace t oxy-3- (ace t oxymet hy1)-1 -br omobutane lo - Subsequent hydrolysis gave 
the guanine derivative 2, which was dissolved in aqueous ammonia and the 

ammonia allowed to evaporate at room temperature to afford crystals of 

its monohydrate, m.p. 277OCI1: C ~ O H ~ ~ N ~ O ~ . H ~ O ,  = 271.3, orthorhombic, 

- a = 8.204(1), - b = 11.016(1), 2 = 13.888(2)1, 1 = 1255X3, space group 

- - -  Pn2la, Z = 4, - Dc = 1.44g~m-~, Cu radiation, h = 1.541781, p(Cu-Ka) = 

9cm-1, E(000) = 576. 

The 2-minopurine derivative 3 was obtained by hydrogenation of the 

above mentioned 9-alkylated 2-amino-6-chl~ropurine~, 12 and was 

recrystallised from water to provide crystals of its monohydrate, m.p. 

87-95OC: C14H19N504*H20, - M = 339.4, triclinic, 5 = 9.579(3), 

10.102(4), 5 = 17.562(5)1, a = 84.19(3), [3 = 75.76(3), 3 =  85.31(3)0, !,! 
= 1636"A, space group B, z = 4 (2 crystallographically independent 
molecules), gc = 1.38g~m-~, Cu radiation, X = 1.541788, p(Cu-Ka) = 

9cm-I, E(o00) = 720. 

0.22 mm for 2, and of dimensions 0.20 x 0.27 x 0.40 mm for 3, were 
measured on a Nicolet R3m diffractometer with Cu-sa radiation (graphite 

monochromator) using w-scans. 

(20 < l l O o )  independent reflections were measured, of which 879 and 3401, 

respectively, had lF01 - > 3a<lQl>, and were considered to be observed. 

The data were corrected for Lorentz and polarisation factors; no 
absorption corrections were applied. 

direct methods. 

For 2 a A E  map revealed the presence of a molecule of water of 

crystallisation. The protons on 0(13), O(14) and O(15) were located 
from a A 2  map and refined isotropically. 

hydrogen atoms were idealised, C-H = 0.96A, assigned isotropic thermal 
parameters, U(H) = 1.2 Ueq(C), and allowed to ride on their parent 
carbon or nitrogen atoms. The polarity of the structure could not be 

determined unambiguous1 y. 

= 

Data for a crystal of dimensions 0.12 x 0.22 x 

For 2 895 (28 ,<116O) and for 3 4108 

The structures were solved by 

The non-hydrogen atoms were refined anisotropically. 

The positions of the remaining 
0 

For 3 a A E  map revealed the presence of two water molecules, one 

associated with each independent molecule. Both the water protons on 
0(40), and one on 0(20), were located from a A E  map and refined 
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502 HARNDEN ET AL. 

0 TABLE 1. Atom coord ina te s  ( ~ 1 0 4 )  and temperature f a c t o r s  (A2 X lo3) f o r  
2 with est imated s tandard dev ia t ions  i n  parentheses .  

X 

-49 (2 ) 
-399(3) 
-639 (3) 
-497(2) 
-245(3) 

132(3) 
273(3) 
601(2) 
249(2) 
-24(3) 

-738 (3 )  
707 (3) 
187(3) 

-366(3) 

1551(3) 
1132(2) 
3172(2) 

-333(2) 

947(3) 

Y 

2653 
2380(2) 
1210(2) 
3203(2) 
4344(2) 
4701 (2 )  
3809(2) 
3956(2 ) 
5942 (2) 
6323 (3 ) 
5399(2) 
5530(2 ) 
5358(3) 
5257 ( 3 )  
6444(3) 
7275(2) 
4678(3) 
4476(2) 
3414(2) 

2 

602(1) 
1543 (2 ) 
1 7  39 (2 ) 
2240(1) 
1904(2) 
971(2) 
254 (2 )  

-612 (1 )  

1789(2) 
2423 (1) 
3446(2 ) 
4099 (2) 
5154(2) 
5599(2) 
5711(2) 
5729(2) 
6717(1) 
8080 (1) 

910(1) 

* Equivalent i s o t r o p i c  U defined a s  one t h i r d  of t he  
t r a c e  of t he  or thogonal ised U i j  t enso r  

i s o t r o p i c a l l y .  The p o s i t i o n s  of t h e  remaining hydrogen atoms were 

i d e a l i s e d ,  C-H = 0.96i,  ass igned i s o t r o p i c  thermal parameters,  U(H) = 

1.2 u e q ( C ) ,  and allowed t o  r i d e  on t h e i r  parent  carbon o r  n i t rogen  

atoms. The methyl groups were r e f ined  as r i g i d  bodies. Refinement was 

by block-cascade fu l l -ma t r ix  l ea s t - squa res  t o  g ive  f o r  2 & = 0.030, &w = 

0.033 [w-l = “2(F) - + O.O0085F2] - and f o r  3 

“2(F) - + o . o o o ~ O F 2 ] ~  - 
f i n a l  AF maps were 0.15 and -0.20eA-3 f o r  2 and 0.46 and -0.44eg-3 

f o r  3, 
refinement were 0.033 and 0.334 f o r  2 and 0.056 and 0.176 for 3, 

respect ively.  

using the  SHELXTL program systeml3. 

probably due t o  the  tendency of t h e  a v a i l a b l e  c r y s t a l s  t o  be crazed. 

Re la t ive ly  poor q u a l i t y  c r y s t a l s  and r e s u l t i n g  high & values  a r e  not 

uncommon i n  nucleoside work. 

= 0.096, g w  = 0.097 [w-1 = 

The maximum and r e s i d u a l  e l e c t r o n  d e n s i t i e s  i n  the  
0 

r e spec t ive ly .  The mean and maximum s h i f t l e r r o r  i n  t h e  f i n a l  

Computations were c a r r i e d  out  on an Ec l ipse  S140 computer 

The high f i n a l  value of & f o r  3 is 
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0 
TABLE 2. Bond l e n g t h s  (A) f o r  2 w i t h  e . s .d . ' s  i n  p a r e n t h e s e s .  

1.37 l(3) 
1.332 (4) 
1.356(3) 
1.370(3) 
1.373 ( 3 )  
1.310 ( 3 )  
1.466( 3 )  
1.529(3) 
1.516( 3 )  
1.431(3) 

TABLE 3. Bond a n g l e s  ( O )  f o r  2 w i t h  e.s.d. 's  i n  pa ren theses .  

C( 2 )-N( 1 )-C( 6) 
N ( 1 ) -C( 2 ) -N (3 ) 
C( 2 )-N ( 3  )-C( 4) 
N ( 3  ) -C (4 ) -N (9 ) 
C(4)-C(5)-C(6) 
C (6 ) -C (5 ) -N (7 ) 
N( 1 )-C( 6 )-0(6 ) 
C(5)-N(7 )-C(8) 
C( 4 )-N( 9 )-C( 8 ) 
C(8 )-N (9 )-C( 10) 
C( lO)-C( 11)-C( 12) 
C(ll)-C(12)-C(l4) 
C( 12)-C( 13)-O(13) 

125.0(2) 
123.8(2) 
111.9(2) 
126.7 (2) 
118.8(2) 
130.3 (2) 
119.9(2) 
104.4 (2 ) 
106.5(2 ) 
126.3(2) 
111.5(2) 
109.2(2) 
111.9(2) 

N( 1 )-C( 2 )-N (2 ) 
N (2 )-C( 2 ) -N ( 3  ) 
N(3)-C( 4)-C( 5) 
C (5 ) -C (4 ) -N (9 ) 
C( 4 )-C( 5 )-N (7 ) 
N( 1 )-C(6) -C( 5) 
C( 5)-C( 6)-0 (6 ) 
N ( 7 ) -C ( 8 ) -N ( 9 ) 
C( 4)-N (9 )-C( 10) 
N(g)-C(lO)-C(ll) 
C(ll)-C(12)-C(l3) 
C(13)-C(12)-C(14) 
C( 12)-C( 14)-O(14) 

1.387 ( 3 )  
1.329 ( 3 )  
1.389(3) 
1.404 ( 3 )  
1.244 ( 3 )  
1.369 ( 3 )  
1.505 ( 3 )  
1.515(4) 
1.422 (4) 

116.0(2) 

128.1(2) 
105.1(2) 
110.9(2 ) 
112.3(2) 
127.8(2) 
113.2(2) 
127.2(2) 
113.2(2) 
114.3(2) 
111.7(2) 
113.2(2) 

120.1(2) 

RESULTS AND DISCUSSION 

F r a c t i o n a l  c o o r d i n a t e s  of t h e  non-hydrogen atoms f o r  2 are g iven  i n  

TABLE lI4. 
FIG. 1 shows a p e r s p e c t i v e  view of t h e  molecule ,  and t h e  i n c l u d e d  water 

molecule.  The atoms of  t h e  s i d e c h a i n  N(9) ... O(14) are p l a n a r  t o  

w i t h i n  0.26A and t h i s  p l ane  is a lmost  p e r p e n d i c u l a r  t o  t h e  mean p lane  of 

t h e  pu r ine .  The C(4)N(9)C(lO)C(ll) and C(8)N(9)C(lO)C(ll) t o r s i o n  

a n g l e s  a r e  84.6(3) and - 97.9(3)0 r e s p e c t i v e l y .  The p u r i n e  u n i t  

e x h i b i t s  c h a r a c t e r i s t i c  d e p a r t u r e s  from p l a n a r i t y ,  w i t h  t h e  maximum 

d e v i a t i o n  of 0.029i for N(1). N(2) l ies  0.0491 from t h i s  p lane .  

non-p lana r i ty  is due t o  a small d i h e d r a l  a n g l e  (2.5O) between t h e  

py r imid ine  and imidazo le  r i n g s ,  t h e  imidazo le  r i n g  be ing  p l a n a r  t o  

TABLES 2 and 3 list t h e  bond l e n g t h s  and v a l e n c e  a n g l e s .  

0 

This  
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5 04 HARNDEN ET AL. 

FIG. 1 : The molecular structure of 2.H20 giving atom numbering. 

0 
within 0.005A. The bond lengths and angles within the purine nucleus 
are identical within statistical significance to those reported for the 

closely related 9-(4-hydroxybutyl) guanine (1) l5 and in accord with the 
published "standard values' 'I6- 
departures from the fully extended conformation in the N ( 9 )  to O(14) 

part of the side chain, with a maximum deviation from %-geometry of 
go about the C(11) - C(12) bond. This i s  almost certainly due to the 

branching CH20H group on C(12) (the C(lO)C(ll)C(12)C(13) torsion angle 
being 72.9(3)0) and the associated hydrogen bonding interactions of the 

O(13) hydroxyl as well as that associated with O(14). In 
9-(4-hydroxybutyl)guanine this side chain does not deviate by more than 
20 from perfect all &-geometry. 

There are noticeable but small 
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FIG. 2 : Part of one of the continous sheets of hydrogen bonded 
molecules in the structure of 2.H20. 

TABLE 4 .  Hydrogen bonding geomet r i e s  X-H....Y f o r  2. 

I I I I I 
X I H I Y I X..Y I H..Y I fi 

I I I (1) I ( A )  I ( O )  

1 
N ( l )  I H(1) I N(7) I 2.83 I 1.88 I 167 

N(2) I H(2a) I O(6) 1 2.93 I 2.02 1 158 

N(2) I H(2b) I O(14) I 2.90 I 2.07 I 144 

O(13)  I H(13) I N(3) I 3.05 I 2.09 I 166 

O(14) I H(14) I O(15) I 2.71 I 1.73 I 175 

O(15) I H(15a) I O(14) I 2.78 I 1.81 I 172 

O(15) I H(15b) I O ( 6 )  I 2.85 1 1.89 I 166 
I I I I I 
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5 06 HARNDEN ET AL. 

TABLE 5 .  Atom coordinates ( x 1 0 4 )  and temperature factors ( I 2  x l o 3 )  for 
3 with estimated standard deviations in parentheses. 

X 

6 1 4 ( 5 )  
9 8 1 ( 5 )  

1 8 3 7 ( 4 )  
2 2 9 8 ( 5 )  
2 0 1 5 ( 6 )  
1100 ( 6 )  
2690 ( 5  ) 
3 3 7 5 ( 6 )  
3 185 ( 5 )  
3 8 3 3 ( 6 )  
2 7 3 2 ( 6 )  
1944 ( 6 )  

8 3 8 ( 6 )  
-287 ( 4 )  

- 1 4 4 3 ( 6 )  
- 1 5 7 3 ( 5 )  
-2558 ( 6 )  

2 9 0 7 ( 6 )  
3 6 8 6 ( 4 )  
4405 ( 5 )  
4 4 8 4 ( 4 )  
5 1 2 3 ( 7 )  

4 6 9 ( 5 )  
2333 ( 6 )  

1 8 2 ( 5 )  
- 1 7 9 ( 6 )  

4 3 5 ( 5 )  
1 5 6 4 ( 6 )  
2 0 3 7 ( 6 )  
1304 ( 6  ) 
3227 ( 5 )  
3412 ( 6  ) 
2 4 3 8 ( 5 )  
2 3 9 4 ( 6 )  
1 1 1 1 ( 6 )  

997 ( 5 )  
- 3 4 7 ( 5 )  

- 1 5 9 2 ( 4 )  
-2889 ( 6  ) 
- 3 0 3 0 ( 4 )  
- 4 0 7 1 ( 6 )  

2295 ( 5 )  
2 4 7 8 ( 4 )  
3 4 2 9 ( 6 )  
4 1 0 7 ( 4 )  
3 5 1 2 ( 7 )  

- 1 3 3 5 ( 5 )  
4 5 7 9 ( 6 )  

Y 
-6871 ( 4 )  
-6131 ( 5  ) 
- 5 0 9 0 ( 4 )  
-4820(5 ) 
- 5 4 8 9 ( 5 )  
-6549 ( 5  ) 
-4951 ( 5 )  
- 3 9 7 0 ( 6 )  
- 3 8 4 2 ( 4 )  
-2861 ( 5 )  
- 1 8 2 9 ( 5 )  

- 9 2 1 ( 5 )  
2 9 ( 5 )  

- 7 3 8 ( 3 )  
- 3 2 ( 6 )  

1 1 5 4 ( 4 )  
- 9 3 6 ( 6 )  
- 1 2 9 ( 5 )  

7 6 2 ( 3 )  
1 6 6 1 ( 5 )  
1 7 4 4 ( 4 )  
2589 ( 6 )  

- 6 5 0 4 ( 5 )  
-5592( 5 ) 

3 0 7 7 ( 4 )  
3 6 3 1 ( 5 )  
4 6 0 7 ( 4 )  
5056 ( 5 )  
4587 ( 5 )  
3 5 7 8 ( 5 )  
5 2 7 4 ( 5 )  
6 0 9 3 ( 6 )  
6 0 3 1 ( 4 )  
6 8 2 3 ( 5 )  
7 8 4 9 ( 5 )  
8 8 3 0 ( 5 )  
9 7 5 2 ( 5 )  
8961 ( 4  ) 
9 6 1 8 ( 6 )  

10798 ( 4 )  
8719 ( 7 )  
9660 ( 5 )  

1 0 4 3 0 ( 4 )  
11401 ( 5 )  
1 1 5 7 0 ( 4 )  
1 2 1 7 0 ( 6 )  

3 1 0 1 ( 5 )  
4664 ( 6  ) 

z 
4 5 3 2 ( 2 )  
3 8 3 3 ( 3 )  
3 6 6 4 ( 2 )  
4 2 7 6 ( 3 )  
5022 ( 3 )  
5 1 2 9 ( 3 )  
5 5 2 3 ( 3 )  
5067 ( 4 )  
4 3 1 9 ( 3 )  
3670 ( 3 )  
3450 ( 3 )  
4 0 8 5 ( 3 )  
3796 ( 3 )  
3 6 6 2 ( 2 )  
3 5 0 8 ( 3 )  
3 4 7 3 ( 3 )  
3 4 2 6 ( 4 )  
4 4 0 6 ( 3 )  
3 7 6 1 ( 2 )  
3 9 8 5 ( 3 )  
4 6 4 2 ( 2 )  
3 2 9 9 ( 4 )  
3240 ( 3 )  
7 1 9 7 ( 3 )  

1 2 0 5 ( 3 )  
1 4 2 6 ( 3 )  

8 6 0 ( 3 )  
1 1 3 ( 3 )  
- 3 6 ( 3 )  

-316 ( 3 )  
1 6 1 ( 4 )  
8 9 3 ( 3 )  

1 5 4 1 ( 3 )  
1667 ( 3 )  

9 6 4 ( 3 )  
1 1 6 5 ( 3 )  
1 2 9 3 ( 2 )  
1 4 6 6 ( 3 )  
1 5 1 6 ( 3 )  
1 5 6 5 ( 4 )  

6 3 9 ( 3 )  
1 2 4 4 ( 2 )  
1010 ( 3 )  

3 3 5 ( 3 )  
1 6 5 9 ( 4 )  
1 7 3 3 ( 3 )  

- 1 9 3 4 ( 3 )  

4 9 a ( 3 )  

* Equivalent isotropic U defined as one third of the 
trace of the orthogonalised Uij tensor 
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TABLE 6. Bond l eng ths  (1) f o r  3 with e.s.d.’s i n  parentheses .  

N(1)-C(2) 
C(2 1-N ( 3  1 
N(3)-C(4) 
c (4 1 -N ( 9 1 
C( 5 )-N(7 1 
C(8 1-N (9  1 
C( 1O)-C( 11) 
C(12)-C(13) 
C( 13)-0 (13)  
C ( 14 )-0 (14) 
C( 16)-0 (16 ) 
C( 17)-O( 17) 
N(21 )-C( 22) 
C (22 ) -N ( 23 ) 
N(23)-C(24) 
C( 24 )-N (29) 
C( 25)-N (27 ) 
C ( 28 ) -N ( 29 ) 
C( 30)-C(31) 
C( 32 )-C (33) 
C(33)-O(33) 

C( 36)-0 (36) 
C( 34) -O (34) 

C(37)-O( 37) 

1.355( 6 )  
1.350 (7 ) 
1.319(7) 
1.373 ( 7 )  
1.386 ( 8 )  
1.363(8) 
1.513(8) 
1.517 (8 )  
1.454 ( 7 )  
1.191 (7 )  
1.462 (6)  
1.186 (7 )  
1.368(7 ) 
1.324 (8 )  
1.350(6) 
1.358 (7)  
1.396(7) 
1.389 (7 ) 
1.529 (7 ) 
1.515(7) 
1.449(6) 
1.198(7) 
1.431 (7 )  
1.205 ( 7 )  

N(1)-C(6) 

C(4 )-C( 5 1 
C(5 )-C(6) 
N ( 7  W ( 8 )  

C(ll)-C(12) 

C(2)-N(19) 

N(9)-C(10) 

C( 12)-C( 16) 
0(13)-C(14) 
C( 14)-C( 15) 
O(16)-C( 1 7 )  
C (17 )-C( 18) 
N (2 1 )-C( 26 ) 
C (22  )-N (39) 
C( 24)-C( 25)  
C (25 )-C( 26) 
N (27 )-C( 28) 
N (29)-C(30) 
C (  31 )-C( 32 ) 
C (  32)-C( 36 ) 
0 (33)-C( 34) 

0 (36)-C( 37 ) 
C(37)-C(38) 

c ( 34 ) -c ( 35 ) 

1.324(8) 
1.352(8) 
1.386 (7 ) 
1.408 (8 ) 
1.320(7) 
1.480(6) 
1.528(7) 
1.509(8) 
1.337 (7 ) 
1.502(9) 
1.328 (7)  
1.507 ( 7 )  
1.338(7) 
1.365 (7 ) 
1.397 ( 7 )  
1.365 (8)  
1.285 (9 )  
1.447 (8 )  
1.522(7) 
1.516(7) 
1.340(6) 
1.476 (9 )  
1.357 (7 )  
1.464 (9)  

There i s  an ex tens ive  network of hydrogen bonding between symmetry 

r e l a t e d  and l a t t i c e  t r a n s l a t e d  molecules (FIG. 2 ) .  A l l  p o t e n t i a l  donor 

and accceptor  s i tes  wi th in  the  molecule,  a l s o  t h e  water molecule,  are 

involved i n  inter-molecular hydrogen bonding i n t e r a c t i o n s  (TABLE 4 ) .  

T h i s  r e s u l t s  i n  continuous p a r a l l e l  hydrogen-bonded s h e e t s  of molecules,  

the water molecule se rv ing  t o  cross- l ink between ad jacen t  shee t s .  These 

in t e rmolecu la r  hydrogen bonds, with the except ion of t hose  t o  the  water 

molecule, involve t h e  same p a t t e r n  of donor acceptor  atoms as observed 

f o r  1. However, in c o n t r a s t  with 9-(4-hydroxybutyl)guanine, t h e r e  i s  

an absence of any base p a i r  s t ack ing .  

F r a c t i o n a l  atomic coord ina te s  f o r  3 a r e  given i n  TABLE 5. TABLES 6 

and 7 l i s t  the bond l eng ths  and valence angles .  FIG. 3 shows a 

pe r spec t ive  view of one of t h e  p a i r  of c r y s t a l l o g r a p h i c a l l y  independent 

molecules i n  the c r y s t a l .  A s  can been seen from the  l ea s t - squa res  f i t  

of t h e  purine r i n g s  of t h e  two molecules (FIG. 4 ) ,  both have v i r t u a l l y  
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TABLE 7. Bond angles ( O )  for 3 with e.s.d.'s in parentheses. 

C( 2)-N( 1 )-C( 6) 
N(l)-C(2)-N(19) 
C( 2 )-N(3)-C( 4) 
N (3 ) -C (4 ) -N (9 ) 
C( 4)-C( 5 )-C( 6 ) 
C (6 ) -C (5 ) -N (7 ) 
C( 5)-N (7 )-C (8) 
C (4 )-N (9 ) -C (8) 
C( 8 )-N (9)-C( 10) 

C( 11 )-C( 12)-C( 16) 
C(12)-C(13)-0(13) 
O( 13)-C( 14)-O( 14) 
0(14)-C(14)-C(15) 
C( 16)-0 (16 )-C( 17 ) 
0 ( 16)-C( 17 )-C( 18) 
C( 22)-N (21 )-C( 26) 
N(21)-C(22)-N(39) 
C( 22 )-N (23)-C( 24 ) 
N(23)-C(24)-N(29) 
C(24)-C(25)-C(26) 
C( 26)-C( 25 )-N (27 ) 
C( 2 5)-N (27 )-C (28 ) 
C( 24)-N (29)-C( 28) 
C( 28)-N(29)-C( 30) 
C(30)-C(31)-C(32) 
C(31)-C(32)-C( 36) 
C( 32 )-C( 33)-0 (33) 
0 (33)-C (34)-O(34) 
0 (34)-C( 34)-C( 35) 
C(36)-0(36)-C(37) 
0 (36 )-C( 37 )-C( 38) 

c(lo)-c(ll)-c(l2) 

118.4(5) 
116.2(5) 
112.3(4) 
128.3(4) 
115.2(5) 
132.7(5) 
102.6(5) 
106.8 (4) 
126.8(5) 
116.8(5) 
115.1(4) 
108.9(4) 
123.6(6) 
125.5(6) 
114.5(4) 
111.9(5) 
115.9(5) 
114.2(5) 
112.5(4) 
128.0(5) 
116.2(5) 
134.3 (5) 
103.9(4) 
104.4 (5) 
127.2(5) 
116.6(4) 
114.8(5) 

122.5(5) 
125.7(5) 
116.0(4) 
112.4(5) 

108.1(4) 

N( 1 )-C (2 )-N(3 ) 
N (3 ) -C (2 ) -N ( 19) 
N(3 )-C( 4 )-C( 5 ) 
C (5 ) -C (4 ) -N (9 ) 
C (4 )-C ( 5 )-N( 7 ) 
N (1 )-C (6 )-C(5 ) 
N(7 )-C( 8)-N (9 ) 
C(4)-N (9 )-C( 10) 
N(9)-C(l0)-C(l1) 
C(ll)-C(12)-C(l3) 
C( 13)-C( 12)-C( 16) 
C(13)-0(13)-C(14) 
0(13)-C(14)-C( 15) 
C( 12)-C( 16)-O( 16) 
O( 16)-C( 17 )-0 (17 ) 
0 ( 17 )-C( 17 ) -C ( 18) 
N(2 1 )-C( 22)-N (2 3 )  
N (23 )-C (22 ) -N (39 ) 
N(23)-C(24)-C(25) 
C ( 25 ) -C (24 ) -N ( 29 ) 
C( 24)-C( 25)-N (27 ) 
N(21)-C(26)-C(25) 
N(27)-C(28)-N(29) 
C(24)-N(29)-C(30) 
N(29)-C(30)-C(31) 
C(31)-C(32)-C(33) 
C(33)-C( 32)-C(36) 
C(33)-0(33)-C(34) 
0 (33)-C( 34)-C( 35) 
C( 32 )-C( 36)+ (36 ) 
O(36)-C( 37 )-0 (37) 
0 (37 )-C( 37 )-C (38) 

126.7(5) 
117.0(4) 
127.3(5) 
104.4 (5) 
112.1(5) 
120.1(5) 
114.1(6) 
126.4(5) 
112.7(4) 
111.2(5) 
108.9(4) 
116.0(4) 
110.9(5) 
108.3(4) 
125.0(5) 
123.1(5) 
128.3(5) 
117.5(5) 
125.0(5) 
107.0(4) 
109.5( 5) 
122.0(5) 

128.4(4) 
112.3(5) 
110.8(4) 
109.1(4) 
116.6(4) 
111.8(5) 
108.8 (4) 
121.5(6) 
126.0(5) 

115.2(5) 

identical conformations, the only differences being slight changes in 
the orientation of the side chains beyond C(11) due to a 6O difference 

in the torsion angles about the C(10) - C(11) bond, 62.8(6)' as compared 
with 56.9(6)O. Within the purine nucleus the maximum deviation from the 

least-squares fit of the two molecules is 0.027i. 
the N(9) ... C(l1) portion of the side chain i s  approximately orthogonal 
to the purine moiety. The C(4)N(9)C( lO)C( 11) and C(8)N(9)C( lO)C(ll) 
torsion angles for the two molecules are 70.5(6) and 111.0(6)O, and 

72.4(6) and 108.6(6)O, respectively. 

geometry about the C(l0) - C(11) bond in 2, 

As in 2 the plane of 

However, whereas there is an &- 
here the geometry is gauche 
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FIG. 3 : Perspective view of one of the pair of crystallographically 
independent molecules of 3.H20 giving atom numbering. 
(The numbers of the atoms in the second molecule are as 
in the first + 20). 

(vide infra). A gauche geometry was also observed for this portion of 

the side chain in two of the three conformers in the crystal structure 
of acyclovir17 

The purine units in both molecules are noticeably closer to planar 
(maximum deviations from planarity of 0.0132 in both molecules) than 

in 2. This is due to an absence of any significant folding of the 
pyrimidine/imidazole rings in 3 . The bond lengths (TABLE 6) in 3 

emphasise the presence of a double bond between N ( 1 )  and C(6) and there 

is the expected shortening of the N(7)-C(8) bond as compared with C(8) - 
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I 

I _ - - -  
I 

FIG. 4 : Least-squares fit of the purine components of the two 
independent molecules of 3. 

FIG. 5 : Parallel overlap of symmetry related pairs of molecules of 3. 
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N(9). The presence of the N(1) - C(6) double bond and the absence of a 
C(6) carbonyl substituent results in appreciable changes in the angles 

within the pyrimidine ring. As expected, these differences occur at 
N ( 1 )  and C(6) with an 8 O  reduction in the angle at N(1) and a 

corresponding go increase at C(6) as compared with the values in 2. 
The remaining angles within the ring are essentially unchanged. 
Identical angles are observed in the structure of a 
5-fluoro-1-methyluracil: 2-amino-9-ethylpurine complex. 18 

Because of the absence of strong hydrogen bonding donors in 3 

there is not the extensive network of intermolecular interactions 
observed in either 1 l5 or 2 . 
(3.12 and 3.052) exist linking one of the amine protons and the ester 
carbonyl oxygen atoms, O(14) of 'like' molecules; i .e. bonds between 

identical conformers only. The included water molecules each form a 
single hydrogen bond to the imidazole nitrogen atom, N(7). 

Weak hydrogen bonds in each molecule 

As in 2 there is no base pair stacking, though centrosymmetrically 

related pairs of molecules do exhibit T-K overlap (FIG. 5), possibly 

reflecting enhanced aromaticity of the purine in 3. 

separation between the purine planes is 3.302. 

The interplanar 

1. 

2. 

3. 

4 .  

5. 
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