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NUCLEOSIDES & NUCLEOTIDES, 9 ( 5 ) ,  639 -647  ( 1 9 9 0 )  

SYNTHESIS AND ANTIVIRAL EVALUATION OF TWO NEW CARBOCYCLIC 
PYRROLO [2,3-d] PYRIMIDINE NUCLEOSIDES. 

Michel Legraverend* ', Christiane Huel+, Aurelio Zerial 2 , 
2 1 Marc Lemaitre and Emile Bisagni 

URA 1387 CNRS, + U 219 INSERM, Insti tut  Curie, section d e  Biologie, Bdtiment 

110-1 12, Cen t re  Universitaire, 91405 Orsay Cedex, France. * Rhhe-Pou lenc  

Sant6, Cen t re  d e  Recherche  d e  Vitry, 13, quai Ju les  Guesde, 94403 Vitry sur 
Seine, France. 

ABSTRACT : Two new carbocyclic pyrrolo[ 2,3-d ]pyrimidine nucleoside analogs 
related to t h e  an t iherpe t ic  agent  RP54 247 (8)  have  been synthesized. These 
compounds exhibited no antiviral ac t iv i ty  -- in vytro toward herpes  simplex virus 
type  I ,  human cytomegalovirus, and human immunodeficiency virus I. 

With t h e  exception of amantadine  and rimantadine, which a r e  influenza 
virus inhibitors, al l  o ther  antivirals presently licensed a r e  nucleoside analogs. 
Acyclovir (1) - is  now widely used for  t h e  t r ea tmen t  of herpes simplex virus (HSV-1, 

HSV-2) and varicella zoster virus (VZV) infections. More recently,  ganciclovir (2) 
has been approved fo r  t h e  management of cytomegalovirus (CMV) infection in 
immunocompromised (Fig. I). 

Renewed in te res t  in nucleoside analogs has  appeared since i t  has  been 

shown t h a t  3'-azido-3'-deoxythymidine (3) - (AZT, zidovudine) is a n  e f f ec t ive  
inhibitor of human immunodeficiency virus (HIV) , t h e  causa t ive  agent  of t h e  

acquired immunodeficiency syndrome (AIDS). A t  t h e  present t ime,  AZT is t h e  only 
drug approved for  t h e  t r ea tmen t  of AIDS4. However, toxicity observed in pa t ien ts  

t r ea t ed  with AZT4'5 (mainly anemia  and granulocytopenia) and t h e  fact tha t ,  at 
5b l eas t  in ce l l  cultures, HIV replication can  emerge  in t h e  presence of t h e  drug , 

emphasize t h e  need for new drugs in this area. The  mode of ac t ion  of AZT 
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6 40 LEGRAVEREND E T  AL. 

- 1 R = H (acyclovir) 

2 R = C H 2 0 H  (ganciclovir) 

- 3 (AZT) R = N3 ; I3 = t h y m i n e  2 R = H ; B = cytos ine  

4 - a R = N3 ; B = guanine 6 - R = H ; B = adenine  
b R = H ; B = guanine 

FIG. 1 S t ruc tures  of p o t e n t  an t iherpes  (A), an t icy tomegalovi rus  (21, and  anti-HIV 

(3, ?,z, 5) compounds. 

TABLE I. S t ruc tures  of s o m e  pyrroloC2,3-d]pyrimidine nucleosides with ant iviral  

proper ties. 

s 

- S Compound X Y z R1 R2 Ref .  

7a H NH2 CHOHCH3 H OH 8 

b H NH2 C H ( O C H 3 X H 3  H OH 8 

C H NH2 CN H O H  9 

d H NH2 CN OH H 9 

e H NH2 CONH2 H O H  9 

f H NH2 CONH2 OH H 9 

- 
- 
- 
- 

- 

NH2 OH H - - 10 , l l  

(RP54247) 
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CARBOCYCLIC PYRROL0[2,3-d]PYRIMIDINE - NUCLEOSIDES 641 

TABLE 11. Struc tures  of some carbocyclic nucleosides with anti-HSV (9a,b,d, g) 
or  anti-HIV properties (11) and of t h e  inactive compound 9c. 

--- 
- 

Y 

I X 

Compound 

9a 

b (cyclaradine) 

E 
d 

- 
- 

- 

s 

X Y 

NH2 OH 
H NH2 
NH2 OH 

NH2 NH2 

10 (neplanocin A) H NH2 - 

11 (carbovir) NH2 OH - 

R1 R2 R3 R4 Ref 

H OH OH H 12 
OH H H OH 13 
H OH H OH 14 
H OH H OH 14 

15 

16 

involves t h e  preferential  inhibition of HIV-coded reverse  t ranscr ip tase  by i t s  5’- 

tr iphosphate derivative . This mechanism may b e  common to o the r  
6b,7 dideoxynucleosides such as !-a+, 5 and - 6 . 

Other  types of nucleosides derived from pyrrolo[ 2,3-d]pyrimidine 
(7a,b,c,e, ---- Table I) a r e  known t o  inhibit d i f fe ren t  RNA viruses8. Ara-toyocamycin 

- 7d and ara-sangivamycin zf inhibit HSV-1 but even more powerfully human C M V  
9 in ce l l  cu l tures  

Carbocyclic nucleoside analogs a r e  also an impor tan t  family of 
antiviral agents  since anti-HSV ac t iv i t ies  have  been noted with - -  9a12, 9b13 and 

- 9dI4 (Table 11) whereas Neplanocin A (10) - and 3-deazaneplanocin A inhibit 
vaccinia virus and o ther  RNA viruses”. Moreover, some  carbocyclic nucleosides 
such as carbovir - 11 have been shown to  exhibit anti-HIV activity16 (Table 11). 

6a 
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6 4 2  LEGRAVEREND ET AL. 

W e  have ourselves reported t h e  preparation'' and anti-HSV ac t iv i t ies  of 
RP 54 247 (El", a carbocyclic pyrrolo[2,3-dlpyrimidine nucleoside, in cell  

cultures and in a HSV mouse model. 
In th i s  paper, we describe t h e  synthesis and antiviral  evaluation of 

two derivatives of 8, namely 12 and 13. Compound 12 was synthesized with t h e  

purpose of increasing t h e  anti-HSV activity of 8 lorl<s in t h e  case of t h e  anti-  
HSV compound with re ference  to  i t s  monoamino congener 95 which was 

inactive. Compound 12 was also synthesized in order to study i t s  anti-CMV 

(Table I). Compound 12 which h a s  -an azido group in t h e  3'-position was synthesized 
as potential  anti-HIV agent,  owing to  t h e  good anti-HIV ac t iv i ty  of 3 (AZT), 4a, 
and carbovir (11). Compound 8 was also evaluated for anti-CMV and anti-HIV 

properties. 

- - - 
- 

- 
activity already observed with o ther  pyrroloC2,3-dlpyrimidine nucleosides 7 9 - 

- - 
- - 

14 - 12 - 
The 2,4-diaminopyrrolo [ 2,3-d 1 pyrimidine derivative - 12 was isolated 

a f t e r  reaction of t h e  chloro derivative '4'' with ammonia at 90°C for 3 days  in a D
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CARBOCYCLIC PYRROL0[2,3-d]PYRIMIDINE - NUCLEOSIDES 643 

stainless-steel bomb. Condensation of azido-cyclopentylamine 16 and pyrimidine 

- 15 has  been  performed in I-butanol at 100°C for  3 days under ine r t  atmosphere.  
Amine 16 was obtained by mild acidic hydrolysis of 4- a -ace tamido-3  a - 

acetoxy-2 @-azido-1 a-cyclopentanemethyl acetate'' followed by column 

chromatography on Dowex 50 (H') in methanol. T rea tmen t  of - 17 with d i lu te  
aqueous HCI at room tempera ture  led to t h e  aldehyde which cyclised directly to 
t h e  pyrrolo[2,3-d]pyrimidine - 18. Hydrolysis of - 18 with IN  HCI under reflux 

conditions gave  7-deazaguanine derivative e. 
strain) in s ta t ionary  MRC5 cells was studied as reported previously 

Compounds - 12 and - 13 were  devoid of anti-HSV and anti-CMV ac t iv i ty  at 
concentration < 100 pg/ml. However, partial  inhibition (70 %) of C M V  

multiplication was observed with t h e  parenta l  compound E at 100 pg/ml. Higher 
concentrations (4 300 yg/ml) were  used in t h e  anti-HIV assay ( see  experimental  

section) where 20 % and 50 % inhibition of cell growth was noticed at 300 pg/ml  
with - 12 and - 13, respectively. An inhibition of 50 % of CEM ce l l  growth was  

noticed in a 7-days assay for compound - 8 at 30 pg/ml. These two  compounds (12 - 
and - 13) a s  well  as R P  54247 (E) were  to ta l ly  devoid of anti-HIV activity.  

- 
10 

The inhibition of t h e  cytopathic effect (CPE) of HSV-1 and  C M V  (Davis 
1 1  . 

In conclusion, replacement of 7-deazaguanine in 8 by a 7-deaza-2,6- 
diamino purine (12) led t o  a loss of anti-HSV activity. Anti-CMV ac t iv i ty  

previously observed with o ther  7-deaza adenosines (c, If) was de tec t ed  with 
compound - 8 only at 100 pg/ml but compounds - 12 and - 13 were  found inactive. 

The  introduction of a polymerase chain te rmina tor  (azido-group) at  t h e  3' 
position in 12, was insufficient to make  this compound ac t ive  aga ins t  HIV, despite 

i t s  s t ruc tura l  fea tures  re la ted  to t h e  guanosine analogs 4, - and carbovir - 11. 

EXPERIMENTAL SECTION 

Chemistry. The melting points were  taken  on a Kofler hot s t a g e  appara tus  and 
1 a r e  uncorrected. Nuclear magnetic resonance ( H NMR) spec t r a  were  obtained 

with a Varian XLlOO at 100 MHz and with a Bruker AM 400 W spec t rometer  at 
400 MHz. The  chemical sh i f t  values a r e  expressed in  6 values (pa r t s  per million) 
re la t ive  to tetramethylsilane.  The numbering used fo r  NMR d a t a  of compounds 12, 

-- 17, 18 and - 13 is  shown on t h e  schemes. Elemental  analyses were  performed by t h e  
"Service d e  Microanalyses", CNRS-ICSN, 91 190 Cif sur Yvet te ,  France. The 

preparative chromatographies were  car r ied  ou t  in glass columns packed with 230- 

400 mesh silica gel (Kiesel gel 60, Merk) under low pressure (1-10 bars). 
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6 44 LEGRAVEREND ET AL. 

(341 a ,2 b,3 @,5 @ )-3-C2,4-Diarnino-7H-pyrrolo[2,34]pyrimidin - -7yl l  
-5-hydroxyrnethyl-l,2cyclopentanediol(~). 

A solution of 750 mg (2.51 mmol) of (q-(la , 2 p  ,3@,56)-3-[2-amino-4- 
chloro-(7H)-pyrrolo[ 2,3-d]pyrimidin-7-yl]-5-hydroxymethyl-l,2-cyclopentanediol 
(14) - in 200 mL of liquid ammonia was hea ted  at  85°C for  3 days in a stainless- 

s tee l  bomb with stirring. The  ammonia was evapora ted  with a cu r ren t  of nitrogen 

and t h e  product purified by column chromatography under pressure (10 bars). 

Elution of - 12 was obtained with CH2C12 : EtOH (8 : 2, v/v). Yield 40 % ; m.p. 136- 
138°C (EtOH). 

'H NMR (100 MHz) (Me2SO-d6) $1.91 (m, 3H, CH2-4, H-5) ; 3.53 (m, 2H, 

C E 2 0 H )  ; 3.77 (m, 2H, H-I, H-2) ; 4.63 (t, IH, C H 2 E )  ; 4.88 (d, IH, OH) ; 4.93 (d, 
lH, OH) ; 5.08 (m, lH,  H-3) ; 5.49 (s, 2H, NH2) ; 6.30 (d, IH, H-6, J6-5= 3.5 Hz) ; 

6.43 (s, 2H, NH2) ; 6.89 (d, IH, H-6, J6-5= 3.5 Hz). - Anal. Calcd. for C12H17N503. 
C2H60 : C, 51.68 ; H, 7.08 ; N, 21.53. Found : C ,  51.39 ; H, 7.12 ; N, 21.23. 

10 

(341 a,2  @ ,3 a,4 a~-4-C~2-Amino-4chlor~542,2~iethoxyethyl~-pyrimidin~-yl]-  
amino I -2-azido-3-h ydr ox ycyclopentanemet hano l (g ) .  

A mixture of pyrimidine 15 (2,2 g, 7.8 mmol) az ido  cyclopentylamine 16 
(1.1 g, 6.4 mmol) and triethylamine (3 g) in I-butanol (50 mL) was s t i r r ed  for  two 
days at 100°C under a n  argon atmosphere. After evaporation under reduced 

pressure, t h e  residue was purified by gel column chromatography. Elution with 

hexane : EtOAc (7 : 3, v/v) separa ted  t h e  unreac ted  pyrimidine - 15, and - 17 was 
then obtained as a n  oil which crystall ized a f t e r  solvent evaporation. 
Recrystall ization from EtOAc yielded 47 % of pure product ; m.p. 119°C. H 

NMR (400 MHz) (Me2SO-d6) : 6 1.13 ( t t ,  6H, 2 x CH3) ; 1.35 (m, IH, H-5, J5,5= 

12.8 Hz, J5-l= 9.2 Hz) ; 1.88 (m, lH,  H-I) ; 2.19 (m, IH, H-5) ; 2.70 (m, 2H, CH2 
pyrim.) ; 3.47 (m, 4H, 2 x CH2) ; 3.64 (m, 2H, C E 2 0 H )  ; 3.69 (m, IH, H-2, 52-3' 

3.7 Hz, J2-1= 6.1 H z ) ;  3.90 (m, lH,  H-3, Jj-OH= 4.7 Hz) ; 4.26 (m, lH,  H-4, 
J ~ - N H  = 7.2 Hz, J4-3= 6 Hz) ; 4.50 (t,  1H, CH-ethyle) ; 4.88 (t ,  IH, CH2 E, 3 = 
5.1 Hz) ; 5.64 (d, lH, OH, J = 4.7 Hz) ; 6.27 (d, lH,  NH, J = 7.2 Hz) ; 6.36 (s, 2H, 

NH2) ; Anal. Calcd. fo r  C16H26N704C1 : C, 46.20 ; H, 6.25 ; N, 23.58. Found : C, 
46.19 ; H, 6.22 ; N, 23.34. 

I 
2 

3 
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CARBOCYCLIC PYRROL0[2,3-d]PYRIMIDINE - NUCLEOSIDES 645 

( 9 4 1  a ,2 /3,3 a ,4 a )-4-C2-Amino-4-chloro-7~-pyrrolo~2,3-d~pyrimidin-7-y1] 
-2-azido-3-hydroxycyclopentanemethanol(~). 

A solution of 17 (760 mg, 1.82 mmol) in aqueous HCI (0.2 N) containing 
50 % EtOH was s t i r red  for 3 days at room temperature.  Af te r  addition of a n  

excess of concent ra ted  NH40H, t h e  mixture was evaporated to  dryness. The  

residue was redissolved in EtOAc (200 mL) and washed with wa te r  (20 mL x 3). 
The organic phase was dried (MgS04) and t h e  solvent evapora ted  to yield a n  oil 
which crystall ized on drying (550 mg). An analytical  sample was obtained by 

recrystall ization in EtOAc (92 %) ; m.p. 179°C. 'H NMR (100 MHz) (Me2SO-d6) : 

6 2.07 (m, 2H, H-5) ; 3.57 (m, 2H, H-1, H-2) ; 3.87 (m, lH,  H-3) ; 4.03 (m, 2H, 

CH OH) j 4.94 (m, 2H, H-4) ; 5.48 (d, lH,  OH, J = 5 Hz) j 6.30 (d, IH, H-6 ; J = 3.7 -2 
Hz) ; 6.58 (s, 2H, NH2) ; 7.26 (d, IH, H-5 ; J = 3.7 Hz). Anal. Calcd. for  

CI2Hl4N7O2C1 : C, 44.51 ; H, 4.32 ; N, 30.29. Found : C, 44.93 ; H, 4.33 ; 

N, 30.33. 

- 

- 

($2-Arnino-7-[ (1 a ,2 a ,3 /3,4 a )-3-azido-2-hydroxy4-(hydroxyrnethyl)-cyclopent- 
yl]-3~,7~-pyrroloC2,3-d~pyrimidin4~ne (13). - 

A solution of 18 (1.6 g, 4.94 rnmol) in 2N HCI (100 mL) was hea ted  at 
100°C for 6 h. Af te r  cooling and neutralization by NH40H, wa te r  was evapora ted  
until precipitation of 13. A f i r s t  c rop  of was filtered. The  aqueous phase was 

then ex t r ac t ed  with EtOAc and t h e  residue obtained a f t e r  evaportion was 
subjected to silica gel column chromatography. Elution with CH2C12 : EtOH (9 : 
1, v/v) yielded - 13 which crystall ized from EtOH-water (27 %) j m.p. 212-213°C. 

'H NMR (400 MHz) (Me2SO-d6) : b 1.94 (m, lH,  H-5) ; 2.00 (m, IH, H-4) j 2.17 
(m, IH, H-5) j 3.58 (m, 2H, g 2 0 H )  ; 3.82 (t, lH,  H-3, 53-2' 5.1 Hz) ; 3.97 (9, IH, 

H-2, J2-OH= 4.6 Hz, J2-1= 5.1 Hz) ; 4.83 (m, IH, H-1) ; 4.93 (m, IH, C H 2 E )  ; 
5.45 (d, lH,  OH) ; 6.18 (s, 2H, NH2) ; 6.22 (d, lH,  H-5, 55-6' 3.5 Hz) ; 6.83 (d, lH,  

H-6) j 10.27 (s, IH, NH). - Anal. Calcd. for C12H15N703 : c, 47.20 ; H ~4.95  ; N, 
32.11. Found:  C, 47.15 j H, 4.84 j N, 31.89. 

- 

Biology. To de termine  anti-HIV-1 activity,  25 PL of each  compound dissolved in 

phosphate buffer saline (PBS) or  PBS alone were  distributed in t r ip l ica te  in e a c h  
4 

well of a 96-well t issue cu l ture  p lace  ; 125 y L  of CEM cell  suspension (5x10 

cells/mL) were  then added and t h e  p la tes  were  incubated fo r  1 hour at  37°C ( 5  % 

C02). Cells were  infec ted  with 100 pL/welI of a HIV-1 suspension (100-200 T C  
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646 LEGRAVEREND ET A L .  

IDso) and cultured for  7 days ; mock infec ted  cu l tures  were  car r ied  ou t  in parallel 
t o  de te rmine  t h e  cytotoxicity. Cell  viability was determined colorimetrically 
according to previously described essays''. The  ex ten t  of t h e  cy topa th ic  e f f e c t  
was 60 % in infected, un t rea ted  cultures. 

REFERENCES 

E.C. Mar, Y.C. Cheng, and E.S. Huang. Antimicrob. Agents Chemother.  - 24, 

518 (1983). 
Collaborative DHPG t r ea tmen t  group. New Engl. J. Med. - 314, 801 (1986). 

H. Mitsuya, K.J. Weinhold, P.A. Furman, M.H. St. Clair, 5. Nusinof-Lehrman, 
R.C. Gallo, D. Bolognesi, D.W. Barry, and S. Broder. Proc. Natl. Acad. Sci. 

USA 82, - 7096 (1985). 
L.A. Fischl, D.D. Richman, M.H. Grieco, M.S. Gottlieb, P.A. Volberding, 

O.L. Laskin, J.M. Leedom, J.E. Groopman, D. Mildvan, R.T. Scooley, G.G. 

Jackson, D.T. Durack, D. Phil, D. King, and A z t  coll. working Group. New 

Engl. J. Med. - 317, 185 (1987). 
a1D.D. Richman, M.A. Fischl, M.H. Grieco, M.S. Gottlieb, P.A. Volberding, 

O.L. Laskin, J.M. Leedom, J.E. Grooprnan, D. Mildvan, M.S. Hirsch, G.G. 

Jackson, D.J. Durack, D. Phil, S. Nusinoff-Lehrman, and Ast  coll. Working 

Group. New Engl. Med. - 317, 192 (1987). 
b) M.S. Smith, E.L. Brian, and J. Pagano. 3. Virology - 61, 3769 (1987). 
a)P.A. Furman, J.A. Fyfe, M.H. St. Clair, K. Weinhold, J.L. Rideout, G.A. 

Freeman, S. Nusinoff Lehrman, D.P. Bolognesi, S .  Broder, H. Mitsuya, and 

D.W. Barry. Proc. Natl. Acad. Sci. USA - 83, 8333 (1986). 

bf H. Mitsuya, S. Broder. Proc. Natl. Acad. Sci. (USA) - 83, 191 1 (1986). 
M. Baba, R. Pauwels, J. Balzarini, P. Herdewijn, and E. D e  Clercq. Biochem. 
Biophys. Res. Cornmun. - 145, 1080 (1987). 
D.E. Bergstrom, A.J. Brattesani, M.K. Ogawa, P.A. Reddy, M.J. Schweickert, 
J. Balzarini, and E. De Clercq. J. Med. Chem. 27, 285 (1984). 
S.R. Turk, C. Shipman 3r., R. Nassiri, G. Genzlinger, S.H. Krawczyk, L.B. 
Townsend, and J.C. Drach. Antimicrob. Agents Chemother.  - 31, 544 (1987). 

(10) M. Legraverend, R.M.N.Ngongo-Tekam, E. Bisagni, A. Zerial. J. Med. Chem. 

(11) A. Zerial, M. Zerial, M. Legraverend, E. Bisagni. Ann. Inst. Pasteur Virol. 

- 28, 1477 (1985). 

137E, 317 (1986). - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBOCYCLIC PYRROL0[2,3-d]PYRIMIDINE - NUCLEOSIDES 647 

(12) R. Vince, R.H. Turakhia, W.M. Shannon, and G. Arnett. J. Med. Chem. - 30, 

(13) R. Vince, and S. Daluge. J. Med. Chem. - 20, 612 (1977). 

(14) Y.F. Shealy, J.D. Clayton, G. Arne t t ,  and W.M. Shannon. J. Med. Chem. - 27, 

(15) M. Cools, and E. De Clercq, Biochem. Pharmacol. - 38, 1061 (1989). 

(16) R. Vince, Mei Hua, 3. Brownell, S. Daluge, F. Lee, W.M. Shannon, G. C. 

Lavelle, J. Qualls, O.S. Weislow, R. Kiser, P.G. Canonico, R.H. Schultz, V.L. 
Narahanan, J.G. Mayo, R.H. Shoemaker, and M.R. Boyd. Biochem. Biophys. 
Res. Commun. - 156, 1046 (1988). 

2026 (1987). 

670 (1984). 

(17) S. Daluge, and R. Vince. J. Org. Chem. - 43, 2311 (1978). 

(18) 0. Schwartz. AIDS Research and Human Retroviruses - 4, 441 (1988). 

Received July 24 ,  1989. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


