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NUCLEOSIDES & NUCLEOTIDES, 10(7), 1551-1562 (1991) 

SYNTHESIS AND EVALUATION OF ANTI-HIV-1 AND ANTITUMOR ACTI- 
VITY OF 2',3'-DIDEHYDRO-2',3'-DIDEOXY-3-DEAZAADENOSINE7 2',3'- 
DIDEOXY-3-DEAZAADENOSINE AND S O M E  2' ,3'-DIDEOXY-3-DEAZA- 
ADENOSINE 5'-DIALKYL PHOSPHATES~ 

P. Franchetti,a* L. Cappellacci,a G .  Cristalli,a M. Grifantini,a 
A. Pani,b P. La Collab and G. Nocentinic 

aDipartimento di Scienzc Chimichc, Universiti di Camerino, 62032 Camerino. 
bDipartimento di Biologia Sperinientale, Scz. Microbiologia, Universita' di Ca- 

CIstituto di Farmacologia Medica, Universita' di Perugia, 06100 Perugia, Italy. 
gliari, 09124 Cagliari. 

Abstract-  T h e  4-amino-l-(2.3-dideoxy-P -D-glycero-pent-2-enofurano- 
s y l ) -  lH-irnidazo[4,5-c]pyridine (1) and 4-amino-l-(2,3-dideoxy-P - D - g f y c e r o -  
pentofuranosyl)-lH-imidazo[4,5-c]pyridine (2) ,  3-deaza analogues of  the anti- 
H I V  agents  2'.3'-didehydro-2',3'-dideoxyadenosine (d4A) and 2 ' ,3 ' -dideoxy-  
adenosine (ddA), have been synthesized. The reaction of 3-deazaadenosine (3) 
with 2-acetoxyisobutyryl bromide yielded a mixture of  cis and trans 2 ' ,3 ' -ha-  
lo acetates which was convertcd into olefinic nucleoside ( 1 )  on treatment 
with a Zn/Cu couplc and then with mcthanolic ammonia. The 2',3'-dideoxy-3- 
d e a z a a d e n o s i n e  ( 2 )  was obtained by catalytic reduction of 1 .  A number of 
phosphate  triestcr dcrivativcs of  2 have also been prepared. The  diethyl-, 
d ipropyl -  and dibutyl-pliospliatcs 7 a - c  and 3-deazaadenosine have shown 
anti-HIV activity at non-cytotoxic doses. Compounds 7 a - c  have also shown 
significant cytostatic activity against murine colon adenocarcinoma cells. 

Numerous purine and pyrimidine derivativcs belonging to the classes of 

2',3'-dideoxy- and 2',3'-didchydro-2',3'-dideoxynucleosides have emerged as  

potent in vitro inhibitors of H1V.2 From this group, several compounds are 

presently undcrgoing clinical trials as anti-AIDS drugs, and one of the most 

promising appcars to bc  2',3'-dideoxyinosine (ddI),3 the deamination product 

of 2',3'-dideoxyadcnosinc (ddA).  

In the scarch Tor morc active and metabolically stable ddA derivatives, 

compounds bearing subslitut ions in either the sugar  or the purine moiety 

have been synthesized and tested. Ainoiig the latter are 2-halo-2',3'-dideoxy- 
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1552 FRANCHETTI ET AL. 

a d e n o ~ i n e , ~  2',3'-didcoxy-derivatives of  toyocamycin,  sangivamycin,  tuberci- 

d in ,  and their 2',3'-unsaturatcd  counterpart^.^ All of them have proved to be 

poor  substratcs  o f  adcriosinc dcaminasc (ADA),  but only 2',3'-dideoxy-2- 

aminoadenosine has shown an anti-HIV activity comparable t o  that of  ddA. 

To obtain compounds endowed with potential anti-HIV activity coupled with 

resistance towards deamination, we synthesizcd the 3-deaza analog o f  ddA, 2',3'- 

dideoxy-3-deazaadenosinc (3-deaza-ddA) (2) and its unsaturated derivative, 2',3'- 

didehydro-2',3'-didcoxy-3-deazaadenosine ( 3 - d e a z a - d 4 A )  (1). The hope was that 

t h e  new products  would retain s o m e  of  t h e  interest ing b iochemica l  and 

biological activities of 3-deazaadenosine (3-deaza-A). This  compound,  in fact, i n  

addition to resistance to dearn ina t i0n ,6 .~  selectively inhibits the  synthesis of 

the mRNAs for  the pr76 gag and pr180 gag-pol proteins of avian retroviruses819 
as  well as for thc M-protein of influenza virus,lO and induces differentiation 

of  human promyelocytic leukemia HL60 cells in v i t r o .  Contrary to  previous 

f i n d i n g s ,  12 3-deazaa-A has been shown to be converted intracellularly into its 

mono- and triphosphatcs.13 Nevertheless, the possibility was taken into account 

that compounds 1 and 2 could not be  quantitatively phosphorylated by cellular 

kinases. W e  thercfore synthesized the 5 ' -monophosphate  der ivat ives  ( 7 a - c )  of 

3-deaza-ddA in the  form of dialkyl  phosphate  t r ies ters ,  t o  faci l i ta te  their  

intracel lular  up take .14  

SYNTHESIS 
T h e  synthesis of 3-deaza-ddA ( 2 )  was carried out  starting from 3-deaza- 

A 1 5 ( 3 )  as reported in Schcrne 1.  Reaction of 3 with 2-acetoxyisobutyryl bromide 

(Mat tocks ' s  b r o m i d e ) l 6  provided a mixture of c i s  and t r a n s  bromo acetates 4 

and 5 ,  in which the 5'-position was protectcd as  a mixture of either the 2- 

acetoxyisobutyrate or  the d ioxolanc . l7  The mixture of bromo acetates 4 and 5 

was treated with thc Zn/Cu couple at room temperature in MeOH to afford 

protected olcfins 6 .  Trcatmcnt of the crude mixture of  olefins with a saturated 

solution of ammonia in methanol at 20 "C overnight gave 3-deaza-d4A (1) in 

47% yield. Catalytic hydrogenation of olefin 1 gave 3-deaza-ddA (2) in greater 

than 56% isolatcd yicld. After we had communicated this synthesis,] Seela e t  

a I . l 8  and S e r a f i n o w ~ k i ~ ~  reported two different methods of  synthesis of 3- 

deaza-ddA. T h e  S ' -0-dialkyl  phosphatc triester derivatives of 2 ( 7 a - c )  h a v e  

been synthes ized  in modera tc  yield by reac t ing  3-deaza-ddA with t h e  
appropr ia te  dialkyl  phosphorochlor idate  in dry pyr id ine  ( S c h e m e  1). T h e  

compounds  are character ized by microanalysis  and l H ,  *3C and 3 1 P  N M R  

s p e c t r o s c o p y .  
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15 54 FRANCHETTI ET AL. 

T A B L E  1 -  Cytotoxicity and anti-HIV activity of 1, 2 and 7 a - c .  in the 
absence or in  t h e  presence of Coformycin ( C F ) .  

a l o n e  +CF25 p M  
__ __ 

Compd MNTD" ED90b MNTD ED90 

3 - d e a z a - A  30 3 0  30 3 0  

d 4 A  54 10 5 4  10 

1 100 >loo 100 >loo 

ddA > 1000 1 0  > 1000 1.1 

2 200 >200 2 0 0  >200 

7 a  2 s  25 2 5  2 5  

7 b  20 2 0  2 0  2 0  

7 c  12 1 2  1 2  12 
___I____________________-----_--~_---_-----------------_- 

"NTD (Maximum Non T o x i c  Dose): compound concent ra t ion  a l lowing  
exponential MT4 growth for  three cell cycles. b E D g ~  (Effect ive Dose 90): 
compound concentration required to  reduce by 90% the HIV-1 yield in MT4 
cells. Virus yield in untreated controls was 2 . 3 ~ 1 0 ~  CCIDSO per mL. 

B I O L O G I C A L  EVALUATION 

A n t i v i r a l  a c t i v i t y .  C o m p o u n d s  1, 2,  a n d  7a-c  were  eva lua ted  for  their  

inhibitory effects on ilie yield of infectious HIV-1 in MT4 cells (Table 1). As 

reference compounds, 3-deaza-A, ddA, and d3A were used. 

In agreement  with the  ant iviral  act ivi ty  shown aga ins t  o ther  re t ro-  

viruses .S.9 3-deaza-A inhibited the multiplication of HIV at concentrations non 

toxic for uninfccted cclls. Among the 3-deaza derivatives of ddA, compound 2 

was inactive whcreas 7a-c inhibited by 90% the HIV multiplication at non 

cytotoxic  concentrat ions.  Although the potency of  these compounds  was 
comparable to that of ddA, their selectivity indices (s.i.  = M N T D E D 9 0 )  were 

considcrably lowcr. Ncvcrtheless, the anti-HIV activity of 7 a  - c  is quite 

remarkable in vicw of thc fact that dialkyl esters of AZT 5'-monophosphate are 

i n a c t i v e . 2 0  Contrary to d l A ,  which showed a s.i. of 5, compound 1 was totally 

i n a c t i v e .  

In the prescncc of Coformycin (CF),  an inhibitor of both ADA and ade- 

nosin-monophosphate  dcaminase, nonc of  the compounds tested showed an 
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2',3'-DIDEOXY-3-DEAZAADENOSINE AND RELATED COMPOUNDS 1555 

TABLE 
C26, a n d  CHO cel l  l ines .  

2- Antitumor activity of I ,  2, 7a-c against P388, HL60, B16, 

~~ -~ ~~ 

ID50a (JJ M )  

Compd P388 HL60 B16 C26 CHO 

~~ 

3 - D e a z a - A  193.1 208.8 362.3 27.7 208.2 
d 4 A  63.3 139 69.44 18.02 45.5 
1 235.8 331.6 187.1 59.2 218.1 
d d A  197.5 b 320.5 279.7 307.3 
2 804.8 >I000 729.4 153.4 > 1000 
7 a  343.8 >loo0 998.1 83.5 530.3 
7 b  90.7 >loo0 82.5 11.8 375.6 
7 c  69.9 143.0 57.5 8.1 76.2 

__--______________------------------------------------------------------- 
a IDSO (Inhibitory Dose 50): compound concentration required to reduce by 50% 
radioactive UdR incorporation. Values are the mean of at least three separate 
experiments. bInactive at maximum concentration tested (1000 pm ) 

increascd antiviral activity or toxicity. The sole exception was ddA, whose anti- 

HIV activity (but not cytotoxicity) was potentiated by 10 fold. Identical results 

were obtained i n  expcrimcnts performed with other ADA inhibitors.21 A likely 

explanation is that 3-deaza derivatives are less susceptible than ddA to 

deamination. This hypothesis was confirmed by cell-free experiments with 
purified ADA from human crythrocytes. In fact, the results revealed that the 
3-deaza derivatives 1 ,  2 and 7 a - c  are resistent to deamination. It is noteworthy 
that, in addition to a lack of anti-HIV activity, compound 2 is also less cytotoxic 

than its dialkyl monophosphate esters. This could be explained by postulating 

that 2 is inefficicntly phosphorylated by cellular kinases. 

Cy tos t a t i c  ac t iv i ty .  Compounds 1 ,  2 ,  and 7a-c were also evaluated i n  v i t r o  

for cytostatic activity against murine leukemia (P388), human promyelocytic 
leukemia (HLGO), niurinc melanoma (B 16), murine colon adenocarcinoma (C26), 
and Chinese hamstcr ovary (CHO) cell lines (Table 2). The 3-deaza-A, ddA, and 

d4A as reference compounds were used. 
All the compounds, showed littlc or moderate cytostatic activity against the 

majority of cell lincs. Some inhibitory effcct was obtained against murine colon 
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1556 FRANCHETTI ET AL. 

adcnocarcinoma cclls, against which the most active compounds were 7c a n d  

7 b ,  while thc least active were 7a and 2. As far as the phosphate triesters of 2 

were concerned, it could be concluded that a correlation exis ts  between their 

lipophilicity and efficacy as  cytostatic agents. 

EXPERIMENTAL SECTION 

The melting points (uncorrected) were taken on a Buchi apparatus. Elemental 

analyses were dctermincd on a Carlo Erba Model 1106 analyzer. Ultraviolet 

spectra werc recordcd with an H P  8452 A diode array spectrophotometer driven 

by an Olivctti M 24. Thin layer chromatography (TLC) was run on silica gel 60 F- 

254 platcs (Mcrck); silica gel 60 (Merck) for column chromatography was used. 

Nuclear magnctic resonancc 'H,  * j C  and 31P NMR spectra were determined at 

300, 7 5  and 121 MHz respectively, with a Varian VXR-300 spectrometer. The 

chemical shift values arc expressed in 6 values (parts per million) relative to 

tetramethylsilane as an internal s tandard.  All exchangeable  protons were 
confirmed by addition of  D 2 0 .  

4 - A  m i  n o - 1 - (2,3 - d i d e o x  y - 6  - D - g l y  c e r o  - p e n t - 2 - e n o f  u r a n o  s y I )  - 1H - i m i  - 
d a z o [ 4 , 5 - c ] p y r i d i n e  ( 1 )  (2',3'-didehydro-2',3'-dideoxy-3-deazaadeno- 
s i n e ) .  To a s lur ry  of 3 - d c 2 ~ a - A ~ ~  (3) (1 g, 3.75 mmol) in acetonitrile (15 mL), a 
mixture  of acetonitrile (4 mL),  H 2 0  (0.075 mL, 4 .16  mmol)  and 2-ace-  

toxyisobutyryl  b r o m i d e l 6  (2.25 mL, 15 mmol) was added. The reaction mixture 
was stirred for 1.5 h at room tcmperaturc, then quenched with saturated N a H C 0 3  

(40 mL) and solid N a H C 0 3  to adjust to pH 8, and stirred for a further 5 min. The 

resulting yellow solution was extracted with methylene chloride (5 x 20 mL) and 

then Concentrated to 10 mL. Mcthanol (20 niL) was added and then concentrated 

to 10 mL. This organic phase containing compounds 4 and 5 was used directly in 

the next step; the solution was added to the freshly prepared Zn/Cu couplel7 a n d  

the heterogeneous reaction mixture stirred for 5 min. The  reaction mixture was 

filtered through Celite and the Celite pad was washed further with methanol (10 

mL). To the filtrate collected. Amberlyst 27 exchange resin (OH form) was added 

portionwise until a gradual increasc in thc pH was observed (ca. p H  6-7). The 

mixture was filtered through Celite and the pad was washed with methanol (10 

mL). The filtratc, which contained 6, was concentrated to 10 mL and then added, 

at 0 "C, to a saturatcd solution of ammonia in methanol (10 mL). The solution was 

allowed to warm to 2 0  "C and stirred for  2 4  h. The reaction mixture was 

concentrated in vacuo and the residue was chromatographed o n  a silica gel 
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Z8,3'-DIDEOXY-3-DEAZAADEN0SINE AND RELATED COMPOUNDS 1557 

column using CHC13-McOH-NH40H (85:14:1). Compound 1 was collected as a white 

solid (0.42 g. 47%); mp 198-200 "C; UV A m a x  (MeOH) 210 nm (E 8800). 266 nm (E 

5200 ). IH NMR (Mc2SO-dg) 6 3.52 ( m, 2H, H-5', H-5'7, 4.83 ( m, lH, H-4'). 4.90 (t, 
lH, OH), 6.18 ( s, 2H, NH2), 6.20 (m ,1H, H-3'), 6.51 (m, lH, H-2'). 6.88 ( d, lH, J = 5.8 

Hz, H-7 ), 6.90 (m, IH, H-l'), 7.67 (d, lH, J = 5.8 Hz, H-6), 8.11 (s, lH, H-2). 13C NMR 
(MezSO-dg) 6 140.1 (c-2), 126.7 (C-3a), 152.3 (c-4), 140.3 (C-6), 96.9 (C-7), 137.7 (C- 

7a), 89.5 (C-1'). 134.4 (C-27, 125.4 (C-3'), 87.8 (C-47, 62.8 (C-5'). A n a l .  Calcd. for 
C11H12N402: C 56.89; H 5.21; N 24.13. Found: C 56.75; H 5.43; N 24.25. 

4 - A m i n o -  1 - ( 2 , 3 -  di d e o x y -  B - D - g l y c e r o -  p e n  t o f  u r a n o s y 1 ) -  1H - i m i d a - 
zo[4 ,5-c]pyridine  (2)  (2',3'-dideoxy-3-deazaadenosine). To a slurry of 1 
(0.5 g, 2.13 mmol) in 90% aqueous cthanol (70 mL), palladium on carbon (5%) 
(0.15 g) was addcd and the reaction mixture was exposed to hydrogen at 20 psi of 

prcssure for 4 h.  Thc mixture was filtcred and washed with ethanol (30 mL). The 

filtrate was cvaporatcd to dryncss in vacuo, and the residue was purified by 
silica gel column chromatography using CHC13-MeOH-NH40H (85: 14:l) as eluent. 

Compound 2 was collcctcd as a white solid (0.294 g, 56%); mp 164-166 "C [lit.18: 
colorless foam; 19: colorlcss amorphous powdcr 1 19-126"CI; UV (MeOH) Amax 2 10 

nm (E 8700). 266 nm (E 5400 ) tlit.18: 267 nm; 19: 235 and 268 nm]. The lH, and l3C 

NMR spectra are identical to those rcportcd in 1itcrature.l 8 

Further elution of the column with the same mixture of eluents gave 13 mg 

(6%) of 3-deazaadenine. 

4 - A m i n o  - I - ( 2 , 3  - d i d e o  x y - - D -gZycero  - p e n  t of  u r a  n 0s  y 1 ) - 1H - i m i d a - 
zo[4 ,5-c lpyridine  5 ' -d ie thy l  phosphate (7a )  (2 ' ,3 ' -d ideoxy-3-deaza-  
adenosine Sl-diethyl phosphate). Compound 2 (0.2 g, 0.86 mmol) was 

dissolved in pyridine (15 mL), and dicthyl phosphorochloridate (0.296 g, 0.248 

mL. 1.72 mmol) was addcd dropwise with vigorous stirring at 4 "C. After stirring 
for 6 h at room tempcrature, the reaction was quenched with H 2 0  (0.031 mL, 1.72 

mmol), and the solvent was removed under reduced pressure. The resulting oil 
was purified on a silica gel column using CHCI3-MeOH (85-15) as eluent. 

Pooling and evaporation of appropriate fractions of the first eluate gave 7a as a 
white solid (0.087 g, 29%); mp 84-86 "C; UV (MeOH) A m a x  210 nm (E 9900), 268 nm 
(E 5500). 'H NMR (MC2SO-dg) 6 1.18 (dt, 6H, CH3), 2.04-2.18 (2m, 2H, H-3', H-3"), 

2.45 (m, 2H, H-2', H-2'7, 3.92 (m, 5H, H-5' and CHZOP), 4.12 (m, IH, H-5"), 4.33 (m, 

Hz, H-7). 7.68 (d, lH, J = 5.8 Hz, H-6), 8.25 (s, lH, H-2); 31P NMR (Me2SO-dg) 6 0.076; 

137.7 (C-7a), 85.3 (C-1'). 30.7 (C-27, 25.4 (C-37, 78.6 (C-4'), 67.9 (CH20P), 63.2 (C- 

lH, H-4'). 6.22 (s, 2H, NHz), 6.18 (dd, lH, J = 4.4, 6.5 Hz, H-1'). 6.83 (d, lH, J = 5.8 

l3c NMR (Me2SO-dg) 6 138.1 (C-2), 126.6 (C-3a). 151.5 (C-4). 139.5 (C-6), 97.3 (C-7), 
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FRANCHETTI E7 AL. 1558 

5 ' ) ,  15.7 (CH3). A n a l .  Calcd. for C15H23N405P: 

48.55, H 6.38, N 14.98. 

C 48.64, H 6.25, N 15.12. Found: C 

4 - A n: i n o - 1 - ( 2 , 3  - d i d e o x y - (3 - D - g l y c e r o - p e n t o f u r a n o s y I ) - 1 H - i m i d a - 
zo[4 ,5-c lpyridine  5 ' -d ipropyl  phosphate  (7b)  (2 ' , 3 ' -Dideoxy-3 -deaza-  
adenosine 5'-dipropyl phosphate) .  This compound was prepared in an 

analogous manncr to 7 a  above, cxcept that the dipropyl phosphorochloridate 
was produced in situ by the reaction of dipropyl phosphite and CCI4 anhydrous 

(molar ratio 1:2) in t r i ~ t h y l a m i n e ; ~ ~  furthermore, the reaction mixture was 

stirred for 48  ti at room tcmpcraturc. Separation by chromatographic silica gel 

column gavc the product 7 b  as a whitc foam. Thus, from 0.2 g of 2 ,  (0.095 g, 
28 96) was isolated. UV (McOH) A n l a x  210 nm (E IOlOO), 266 nm (E 4900). 'H NMR 

(hk2SO-db)  6 0.87 (m,  6H,  CH3). 1.58 (ni, 4H, C H ~ C H Z O P ) ,  2.05-2.18 (2m, 2H, H-3', 

H-3'3, 2.47 (m, 2H, H-2', H-2"). 3.90 (m, 4H. CH2OP), 3.98 and 4.12 (2m, 2H, H-5', H- 

5"). 4.34 (m, lH, H-4'), 6.18 (dd, l H ,  J = 4.4, 6.5 Hz, H-I'), 6.32 (s, 2H, NH2), 6.85 (d, 

lH, J = 5.8 Hz, H-7), 7.68 (d. lH, J = 5.8 Hz, H-6), 8.22 ( s ,  l H ,  H-2). 31P NMR 
(MC2SO-dg) 8 0.251. l3C NMR (MC2SO-dg) 8 138.9 (c-2),  126.6 (C-3a), 151.6 (c-4),  

139.4 (C-6). 97.2 (C-7). 137.8 (C-7a), 85.3 (C-l'), 31.5 (C-2'), 25.8 (C-3'), 78.5 (C- 

4'). 67.9 (CH20P),  66.8 (C-5'), 25.0 (CH3CH2) .  13.7 (CH3). A n a l .  Calcd. for 

C17H27N405P: C 55.57; H 7.40; N 15.24. Found: C 55.73; H 7.38; N 15.46. 

4 - A  m in  o - 1 - ( 2 , 3  - d i d e o x y -  p - D - g l y c  e r o  - p e n t  o f u r a n o s y  I )  - 1 H - i m i d a - 
zo[4 ,5-c]pyridine  S ' -d ibuthy l  phosphate  (7c )  (2 ' , 3 ' -d ideoxy-3 -deaza-  

adenos ine  5'-dibuthyl phosphate).  This compound was prepared in an 

entirely analogous manner to 7 b  above, except that a lower reaction time was 

employed (24 h) at room temperature. Chromatographic separation gave 

compound 7c  as a white foam. Thus, from 0.2 g of 2 ,  (0.13 g, 36%) was isolated. 
uv (MeOH) hmax 212 nm (E 11200). 266 nm (E 5400). IH N M R  (Me2SO-dg) 6 0.84 (m, 

6H, CH3), 1.27 (m, 4H, CH~CHZ) ,  1.51 (m, 4H, CH2CH20P). 2.05-2.18 (2 m, 2H, H-3', H- 

3"), 2.48 (m, 2H, H-2', H-2"), 3.88 (m, 4H, CII2OP). 3.97 and 4.1 I (2m, 2H, H-5', H- 
5"). 4.31 (m. 1H. H-4'). 6.18 (dd, lH, J = 4.39, 6.36 Hz, H-1'). 6.55 (s, 2H, NH2), 6.87 

(Me2SO-dg) 8 0.266. 13C NMR (Me2SO-dg) 6 138.6 (C-2), 126.7 (C-3a), 151.7 (C-4). 

139.4 (C-6), 97.2 (C-7), 137.7 (C-7a). 85.3 (C-l'), 30.7 (C-2'). 25.4 (C-3'). 78.5 (C-4'), 
68.0 (CH20P), 66.7 (C-57, 31.5 (CH2CH20P). 18.0 (CH3CH2), 13.2 (CH3). Anal.  Calcd. 
for C19H31N405P: C 53.51, H 7.32, N 13.13. Found: C 53.68, H 7.54, N 13.29. 

(d, 1H. J = 5.8 Hz, H-7). 7.67 (d, IH, J = 5.8 Hz, H-6), 8.22 ( s ,  lH ,  H-2). 31P NMR 

B i o l o g i c a l  d e t e r m i n a t i o n  

C e l l s .  In anti-HIV assay, the following cells were used: H9/JIIB cells, a H9 

subline which is persistently infected with HTLV-IIIB; C8166 and MT4 cells, a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
3
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Z8,3'-DIDEOXY-3-DEAZAADEN0SINE AND RELATED COMPOUNDS 1559 

CD4+ T-cell line containing a genome of  HTLV-I and expressing only the tat 

gene, in which HIV induces an easily detectable, syncytium-forming cytopathic 

effect (CPE). These cell lines were grown in RPMI-1640 medium supplemented 

with 10% fetal calf serum (FCS), 100 U per mL penicillin and 100 p g  per mL 
streptomycin, at 37 "C in a CO2 incubator. 

In antiproliferative assay,  the fol lowing cells were used: P388 murine 

lymphocyt ic  leukemia,  HL60 human promyelocyt ic  leukemia ,  B16 mur ine  

melanoma, C26 murine colon adenocarcinoma, CHO Chinese hamster ovary. CHO 
were grown in HAM'S F12 supplemented with 3 m M  glutamine, 1% vitamins and 

10% heat-inactivated FCS. C26 were grown in MEM supplemented with 3 m M  

glutamine and 5% FCS. T h e  other  cell l ines  were grown in RPMI-1640 

supplemented with 100 U per mL penicillin, 100 pg per mL streptomycin, 50 U 

per  m L  gentamicin, 3 niM glutamine, 10 m M  HEPES buffer, and 15% heat- 
inactivated new-born calf serum (P388). 10% FCS (B16) or 15% FCS (HL60). All 

cell lines were checked periodically for mycoplasma contamination and were 

found negat ive.  

V i r u s .  T h e  HIV-1 used in the assay was obtained from culture supernatants of 

H9/IIIB cells collected at the end of  an exponential growth phase. The titer of 

virus stock solutions varied from 2 to  4x105 cell culture infectious doses fifty 
(CCID50) per mL. 

Toxicity test.  MT4 cclls wcre seeded at a density of  1x105 cells per mL in 
growth medium and cultured with various concentrations of the compounds. 

Cell numbers wcre detcrmined with a Coultcr counter after 96 h of incubation 

at 37 "C. 
Anti-HIV assay. Exponcntially growing MT4 cells were seeded at a density of 
1x106  cells per mL and then infected with 1x105 C C I D ~ O  of H I V - 1 .  After a 2 h 

incubation at 37 "C the inoculum was removed, the cells were washed three 

times and then resuspended at 1x105 per mL in RPMI-1640 containing 10% FCS, 

in  the  absence or  in the presence of the test compounds. After a 4 days 

incubation at 37  "C, the number of  syncytia was evaluated a t  the inverted 
microscope and the amount of  infectious virus produced was determined by end 

point  t i t ra t ion.  
HIV titration. Titration or  HIV was performed in C8166 cells by the standard 

limiting dilution method (dilution 1:2, four replica wells per dilution) in 9 6  well 

plates. The  infectious virus titer was mcasured by light microscope scoring of 
syncytia after 4 days of incubation, and virus titcr was calculated as C C I D ~ O  by 

the Reed and Muench method. 
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I n  V i t r o  a n t i t u m o r  e v a l u a t i o n .  
C o m p o u n d s  s o l u b i l i z a t i o n .  Immcdiatcly before testing, compound 2 was 

solubilized in watcr. compounds 1 and 7 a - c  were solubilized in DMSO and water. 

The highcr DMSO conccntration used (0.5%) did not have any cytotoxic effect in 

our  tcsting system. 

A n t i p r o l i f e r a t i v e  a s s a y .  T h c  assay dcvclopcd for  prcdictive evaluation of 
tumor chcnioscnsiiivity has bccn uscd.2 

Bricfly, various conccn[ralions of each drug wcrc placed with tumor cell 

suspcnsion (P388, lo4 cclls/wcll; HL60, 5x104 cells/wcll; B16,  2 . 5 ~ 1 0 3  cells/well; 

C26,  lo3  cells/wcll; CHO,  2 . 5 ~ 1 0 3  celIs/well). Forty eight hours later DNA 

synthesis was evaluated by adding 0.1 )1 Ci/well of [125]1-5-iodo-2'-deoxyuridine 

along with 2'-deoxy-5-fluorouridine (0.01 JA g/well) to the cultured cells for an 

additional 18 h .  Harvesting was performed by a multiple suction filtration 

apparatus (Mash 11) on a fiberglass filter . Paper disks containing the aspirate 

cel ls  were read in a gamma-scintillation counter. Resul ts  a re  expressed as  

perccntagc ratio of inhibited radioisotope incorporation in the  treated cultures 

vs. untreatcd controls .  Dose rcsulting in  50% inhibi t ion of radioisotope 
incorporation (IDSO) was dctcrmincd as suggcsted by C h ~ u ~ ~ ;  the mean ID50 of 

a t  lcast three experinicnts was reported. 

Adenos ine  d e a m i n a s e  assay.  Compounds  1, 2 and 7 a - c  were tested for their 

ability to serve as substrates of adenosine deaminase from human erythrocytes 

as  reportcd i n  the l i t ~ r a t u r e , 2 ~  and found to be  resistent to  deamination. 
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delle Ricerche (Progctto Strategic0 "Studio d i  farmaci per  la prevenzione e 
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