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ABSTRACT 

p -Thymidine 1 ~vas  selectively protected at the 5' - 
OH with I-phenylbenzoyl chloride in pyidine at -20' to 
give 2. Treutnzent of 2 with soditan hydride, carbon 
diszilphicle and methyl iodide t~nder N2 atmosphere 
afforded the xanthate 3. Via.fiee r.udical inechanism, 3, in 
the presence of a ,a ' -azoisobzt~~r.onit~~ile (AIBN) us 
ru~lical initiator, together with tribzltyltin hydride (n- 
Bu3SnH) and inethyl acrylate, guve 4. When 3 reacted 
under the same conditions with ucq-lonitrile, the dideoxy- 
p -D-thymidine derivative 5 was obtuined Compound 4 is 
the target conlpozmd .for the preparation of diheaded 
nucleoside 7. All strzlctz~res obtuinecl were conjrr~wd 
with IH-NMR . I3C-rVMR, FAB MS. EI MS spectra. 

INTRODUCTION 

During the last few years: interesting biological activities of 

several 2',3'-dideosy-3'-substituted nucleosides have been reported. 

Some compounds have inhibitol~ effects on retrovirus. particullarly the 

human immunodeticicnc~~ i-irus (HIV) and I I C I I C ~  are of potential use in 

the tbemp!- of AIDS -:. From the great lmnber of modified 



nucleosides synthesized, it has9'been tried to determine structure activity 

relationships3. From these studies, the best suggestion is to modify the 

natural nucleosides at C-2' and C-3'. Carbon branched substituents 

have been introduced at C-3'. Thus longer chains of 2',3'- 

dideoxynucleosides like 3'-~~anornetl1~14 and 3'-bydroxy~nethyl~ have 

been introduced. 

Pyranosyl and Furanosyl radicals are itnown to react with radical - 
acceptors like ac~ylonitrile, methyl acrylate in presence of a-Bu3SnH to 

give C-glycosyl coinpoimds6~7. Besides, similar routes have been used 

to introduce alkyl and ally1 groups at carbon C-3' in 2'- 

deoxyl~uclcosides~~9~~~, In this work, the author prepared nucleoside 

with lengtl~ening in carbon atoms, more than two, at C-3' hoping to 

increase the biological activity. Also compound 4 is the target 

compound for the synthesis of diheaded nucleosides. 

DISCUSSION 

P-Th~midine 1 reacted with 4-biphenylcarbonyl chloride in dry 

pyiidine at -20" to give the protected nucleoside: 1-[5'-0-(4- 

pl1enylbenzoyl)-2'-deoxy-~-D-erythro-pentofi~ranosyl)] thymine 2 in 

60% yield. The protection took place at the 5'-OH at -20°, cvl~ile at 0 

"C it ~vill  occur at the undesired 3'-OH position. Compound 2 when 

reacted n-it11 NaH and carbon disulphide. in dl? xylene under N2 

atmosphere. and subsequent addition of methyl iodide. gave the 

xantl~ate 3. The st~uctural assignment of 3 was based on NMR spectra: 

IH-NMR spectiurn shows a signal at 3.62 ppln corresponding to SCN3 

oroup- I3C-NMR shows bands at 6 = 18.6 ppm (SCH3) and 2 14.5 ppm b 

(C=S). (c.f. Expesimental). FAB MS of 3 shows: mdz = 5 13 (M + I-I+), 

(Chart 1 ) . 
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Compound 3 characterized by having a xanthate group (- 

OCSSCH3) at C-3': which is a good leaving group. TIILK, 3, in the 
I 

presence of the radical initiator ad-azoisobutyronitriie (AIBN) 

together with tributyltin hydride (11-Bu3SnH), as a source of hydrogen 

radical: generates the 3'-ribosyl-thymine radical, under nitrogen 

atmosphere. Subsequent reaction with methyl acrylate which is used as 

radical acceptor afforded 4 in 29% yield. This is in accordance with 

that previously mportedl 1. The structure of 4 was confirmed by NMR- 

spectra. 1 H-NMR spectnlm, shows the absence of band characteristic 

for -SCH3 (6 = 2.62 ppm) and the presence of signals at 6 = 2.14-2.53 

ppm as mukiplit corresponding to 2'-H. 3'-H, 1"-H and 2"-H protons 

(Scheme-l), besides the signal 6 = 3.59 ppm as singlet of -COOCH; 

(methyl ester group). - In I3C-NMR spectrum - the signals at 6 = 18.6 

ppm (SCN3) and 2 14.5 ppm (C=S) disappeared, while signals (in ppm) 

at 26.355 (C-1"), 35.56 (C-2"): 5 1.42 (OCH3) and 172.96 (CO-ester) 

are present to prove the proposed structure 4. Also FAR MS 

determination shows i d z  = 493 (M -I- H'). When the author used 

acr).lonitrile, as radical acceptor. to react with the xanthate 3, under the 

same conditions using AIBN and n-Bu3Sn.H in N2 atmosphere, 2',3'- 

a dideoxy-p-D-thymidine derivative 5 was obtained. The structure of 5 

was deduced from 113-NMR. I3C-NMR and FAB MS spectra (c.f. 

Experimental). One can explain this by the fact that the methyl acnlate 
% 

as radical acceptor is more faster than that the formed acrylonitrile one. 

Thus. in case of for~nation of 5. hydrogen radical attacks the ribosyl- 

radical at C-3'. before the attack of ac~lonitri le radical. wl~ich afforded 
the 3'.3'-didbsoy-derintive 5. The author thinks that the aim of this 

norl; was f~115lled. because of the sjmthesis of 4. the target compound 

for coupling ~vi th 5'-amino-0-D-thymidi& in n following \\*orl<. later 



on, to get the diheaded nucleoside 7 and its analogues for their 

evaluation against MIV. 

EXPENMENTAL 

Treated dry solvents were used. All solvents for coloumil .. 
cluromatography were used after distillation. Analytical TLC plates 60 

F254 and silica gel (230-400 mesh) were purchased from Merck. I H -  

and I~c-N-MR spectra were recorded on a Bsulm AC 250 FT NMR 
rl 

Spectrometer at 350 MHz for I3C-NMR. EI mass spectra were 

obtained on Varian MAT 3 1 1 A Spectrometer. 

l-[5'-0-(4-PhenyIbenzoyl)-2'-deo~-D-e~thropentofuranosyl]- 

thymine (2): 

4-Bipl~enplcarbonyl chloride (4.76 g: 0.022 inol) was added in 

small postions to a stirred solution of P-thymidii~e 1 (4.84 g: 0.02 inol) 

in diy pysidine (50 ml) at -20". Stiiring was continued for 4 11 at -j°C. 

The reaction mixture w-as poured onto crushed ice with stirring. A 

white precipitate was formed: filtered off: washed several times with 

water. The obtained solid was triturated three times with NaHCO; 

sol~~tion. The solid product was cl~romatographed on silica gel with 

CH30H/CHC13 (15:  vlv) to give coinpound 2. 

2: Yield 5.1 g (60%) - M.p. 220°C - IH-NMR 

DTUISOITMS]: 6 (ppin) = 1.64 (s. 3H. CM3), 2.24 (in. 21-1. ?'-El). 4.12 

(d. 1H: J = 3 . 7  Hz, 4'.-H):4.45 (d. 3H. J =  5.0. 5.3. Hz. 5'-1-1). 4.61 (d. 

1H: J = 3.4. 3.5 HZ. 3'-13): 5.50 (d. 1H. J = 3.7 I-Iz. 3'-01-1). 6.36 (t. 1H. 

J = 6.5. 6.7 HZ. 1'-H). 7.43 (111. 4H. asom. H): 7.73 (d. 3H. J = 14.1 Hz. 

asom. 14). 7.83 (d. 3H. J = Q . 3  HZ. xom. 3.6-14). 5.08 (d. 3N. J = S . l  
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Hz, arorn. I-I), 1 1.3 (s, 1 H, NH)- I3C-NMR [(EI)~ DMSOITMS]: 6 

(ppm) = 11.75 (CH;), 38.72 (C-2'1, 64.29 (C-5'1, 70.22 (C-3'), 83.62 

(C-l'), 83.853 (C-4'): 109.665 (C-5): 126.55, 126.89, 128.10, 125.30, 

128.95, 129.75: 138.68: 144.54 (biphenyl): 135.52 (C-6), 150.27 (C-2), 

. 163.48 (C-4), 165.3 (CO). FAB MS (DMSO 1% AcOH + 3- 

nitrobenzyl alcohol): mlz: 423 (M + H+). El MS: m/z (%) = 422 (Mf3 

. 5). (Cllart- I ) .  

1 -~5'-0-(4-Plzenylbenzoy~)-3'-0-(met~Ylthi~)t~io~arb~axy1-2'~3'- 

dideoxy-P-D-erythropentofuranosyl) thymine (3): 

To a solution of 3'-0-(4-phe~~ylbenzoyl)-~D-tl~ymidine 2 (4.2 g; 

0.01 mol) in dry tetrahydrof~lran (500 ml) and CS2 ( I S  ml, 0.25 mol); 

under N2 atmosphere; was added sodium hydride (50%: dispersion, 1 

g; 0.02 mol) in s~nall portions. The addition takes about 1 11, The 

reaction mixture was stirred for 3 11. at room temperature. CH31 (1.3 

~ n l ;  0.02 mol) was aded in one portion. After additional 2 h, the 

reaction mixture was quenched with acetic acid (0.5 ml). Afler 20 

minutes the reaction mixture was evaporated under reduced pressure. 

The residue was dissolved in CHC13, filtered, washed with NaHCO3 
* 

sol~~tion: dried over anhydrous Mg$04 and the filtrate was evaporated 

under vacuo and subjected to coloumn chromatography, using silica 
+ 

gel. with EtllerlPet-ether (60-50) (1 : 1 vlv) to give 3. 

,- , 
3: Yield 2.2 g (43%) - M.p. 140" - IH-NMR [(r))(j DMSOITMS]: **. 

/ ' 

6 @pm) = 1.64 (s. 314. CH:,). 2.67 (s. 314. SCH3). 2.66 (m; 2H. 2'-1-5. 

4.59 (s. 1H. 4'-14).4.65(d.2I-I.J=6.2Hz.5'-I-I)~6.15(d. 1H.J=3.4 

1-12. 3'-13). 6.25 (t. 11-1. J = 6 . 7  I-Iz. 1'-H). 7.49 (m. 4Ii. asom.-H): 7.73 

(m. 4I-I. arom.-I3 + 6-H). 5.08 (d. 2H. .I = 7.5 I-lz. asom.-1-1). 1 1.33 (s. 

1 FI. N-1-11. ' 3 ~ - ~ ~ ~  [(r))6 DhZSOIThIS1: 6 (ppm) = 1 1.73 (CI-I;) . 



18.6 (SCM3) , 35.77 (C-2') , 64.02 (C-5'): 80.65 (C-3'): 83.19 (C-l'), 

84.51 (C-4'): 109.87 (C-5), 126.86: 127.59, 127.90: 128.30, 128.94, 

129.80: 138.65, 144.92 (arom.C, biphenyl), 135.40 (C-6): 150.22 (C- 

2); 163.4 1 (C-4), 165.16 (C=O), 2 14.5 (C=S). FAB MS (DMSO + 1 % 

AcOM + 3-nitrobenzyl alcohol): mlz = 5 13 (M + Hf), (C11a1~-1). 

- 
l - ~ S ' - 0 - ( 4 - P h e n y l b e n z o y l ) - 3 ' - ( 2 " - m e t h o ~ - 2 ' , 3 ' -  

dideosy-P-D-erythropentofuranosyl) thymine (4): 
* 

A solution of 3 (2.56 g, 0.005 mol) and freshly distilled methyl 

acx-ylate (4.3 ml, 0.05 mol) in dly xylene (50 ml) ivas heated to 50-90" 

C under nitrogen atmospliere. A solution of trib~~tyltin hydride (2 ml, 

0.0086 mol) and AIBN (SO mg, 0.0003 mol) in dry xylene (20 inl) was 

added dropwise during I 11 at 90°C, under N2 atmosphere. The mixture 

was heated further for 4 11 and the solvent was then removed under 

reduced pressure. The crude product was purified by flash 

chsomatograpliy. Elution with pet-ether (60-50°C) (1.5 L) to remove 

excess AIBN and Bu;SnH reagents.Tl~e product was then eluated with 

CH30H/CH2C12 (15,  v/v) to give 4. 

4: Yield 0.71 g (29%) - foam - IH-NMR [(D)6 DMSO/TMS]: 6 
(ppm) = 1.62 (s, 3H: CH;), 2.14-2.53 (in. 7H, 2'-H. 3'-H. 1"-H: 2"-H): A 

3.59 (s. 3H: OCH;), 4.48 (s. lH, 4'-H). 4.63 (d. 2H. J = 6.7 Hz, 5'-H): 

6.18 (t. 1 N. J = 6.7 Hz. 1 '-H). 7.48 (m. 4H. arom.-H), 7.79 (m. 413. 

asom.-H + 6H): 8.06 (d. 2H. J = 7.5 Hz. arom.-H). 1 1 .27 (s. 113: NH). 

1 3 C - N M ~  [(D)6 DMSOITMS]: 6 (ppin) = I I .89 (CH3). 36.55 (C- 1 "), 

33.66 (C-2'): 38.86 (C-2"); 51.42 (OCH;), 64.29 (C-5'). 82.26 (C-1'): 

83.94 (C-3'): 109.34 (C-5). 126.85. 127.79. 127.95. 128.34. 129.04. 

139.75. 138.71. 144.51 (asom.-C. biphenyl). 135.51 (C-6). 150.20 (C- 

3). 163.52 (C-4). 165.30 (CO-th>-~nine). 172.96 (CO-estcr). FAB hIS 
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(DMSO + 1% AcOH + 3-nitrobenzyl alcohol): rnlz = 493 (M + 
I3+) . 

2',3'-Dideoxy-5'-0-(4-phenylbenzoyl) thymidine (5): 

A solution of 3 (2.56 g, 0.005 mol) and freshly distilled 

acrylonitrile (3.3 ml, 0.05 mol) in dry xylene (50 ml) was heated to 90" 

C under N2 atmosphere. A sol~~tion of n-Bu3SnH (2 ml, 0.0086 mol) 

and AIBN (80 mg, 0.0003 mol) in dry xylene (20 ml) was added 

dropwise during 1 h at 90°C. The reaction mixture was heated filrther 4 

h. The solvent was then removed under reduced pressure. The residue 

was subjected to flash chromatography, elution with pet-ether (60-80) , 

(1.5 L) and eluated with EtherIPet-ether (2:8, vlv) to obtain 5. 

5: Yield 0.44 g (22%) - foam - 113-NMR [(D)6 DMSOITMS]: 6 
(ppm) = 1.62 (s, 3H, CH3) , 1.9 1-2.12 (m, 4H, 2'-H and 3'-H) , 4.4 1 

(dd, 1 H, J = 1 1.3 and 7.4 Hz : 5'-H), 4.52 (in, 2H, 4'-H and 5'-H), 5.09 

(d,lH, J 4 . 2  Hz, 1'-H), 7.47 (in: qH, arom.-H), 7.69 (d, 2H, J = 7 . 2  

Hz, asom.-H and 6-H), 3.06 (d, 3H, J = 7.7 Hz, arom.-H), 1 1.3 1 (s, 1 H, 

N-H). I3C-NMR [(D)6 DMSOITMS]: 6 (ppm) = 1 1.78 (CH,) ,25.74 

((2-3'): 34.85 (C-3'): 65.13 (C-5'), 82.91 (C-l'), 84.42 (C-4'): 109.78 
)r 

(C-5),126.79, 127.84, 127.93, 128.29, 128.89, 129.76: 138.58, 144.85 

(arom. C-biphenyl), 135.29 (C-6), 150.5 1 (C-2), 163.29 (C-4), 166.02 
C (CO). FAB MS (DMSO + 1% AcOH + j-nitrobenzyl alcohol): mdz = 

407 (M + Hf). 
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OH ' 
100 (9.9%) )98 (base peak1 181 (98.6'/*1 . 153 (24.6%1 - 

Chart - 1  



ACKNOWLEDGEMENT 

DANIDA, and Danish Ministiy of Foreign Affairs are gratefdly 
aclcnowledged for their support to carry out this work at Odense 
University. 

REFERENCES %, 

1- T.S. Lin, M.S. Chen, C. McLaren, Y.S. G&, I. Ghazzouli and 
W.H. P~x~soff,  J. Med. Chem., 30, 440 (1 987). a 

2- P. I-Ierdewijin, J. Balazarini, E. De Clerq, R. Pauwels, M. Baba, S. 
Broder and H. Vanderhaegl~e, J. Med. Cllem., 30, 1270 (1987). 

3- E. De Clerq, A. Van Aerschot, P. Herde~vijin, M. Baba, R. 
Pauwels, and J. Balzarini, Nucleosides & Nucleotides. 8, 659 
(1989). 

4- T. I-Ialmos, R. Montserret and K. Antoaaliis. Nucleic Acids 
Research. 17. 7663 (1989). 

5-  E.M. Acton: R.N. Boemer, H.S. U11, K. J. Ryan. and D. W. Henry, 
J. Med. Chein., 22, 5 18 (1 979). 

6- B. Giese, J. Dupuis, M. Leisiag, M. Nix and H.J. Linder, 
Carbohyd. Res., 171, 329 (1987). 

7- B. Giese, Angew. Chem., 101, 993 (1989). 

2- E.M. Acton. R.N. Boe1-ner.H.S. Uh, K.J. Ryan. and D.W. Henry, + 

J. hled. Chein., 22, 5 18 (1 979). 

9- C.K. Chu: B. Doboszewslci, W. Schmidt, and G.V. Ullas, J. Org. 
Chein., 54. 2767 (1 989). 

10- K. Agyei-Aye and D.C. Baker. Carbolqrd. Res.. 153, 261 (1988). 

1 1 - J. Lau. K. Walczal;. K. Pupel;. C. Buch. C.A I. Nielseu and E.B. 
Pedersen. Arch. Pharin., 321. 953 (1 991). 

13- W.S. Mungall. G.I. Greene. G.A. Heavner and R.L. Letsinger. J. 
Org. Chein.. 10(11). 1659. (1 975). 



Free-radical syitlr esis c? f protected .............. . 


