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Abstract: The four possible 3'-uracil-l-yl and 3'-thymin-l-yl derivatives of 3'-deoxythymidine and the 
four analogous derivatives of 2'-deoxyuridine have been synthesised from thymidine and uridine, respect- 
ively. Advantages of the 2-(methoxycarbonyl)vinyl group to prevent the formation of anhydronueleos- 
ides and of SnCI2/PhSH/Et3N in relation to H2/Pd for the reduction of most azido groups are disclosed. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Preparation of 2',3'-dideoxynucleosides has become a subject of great interest, in relation with the AIDS 

chemotherapy. 1 2'/3'-Deoxynucleosides with the nucleobase at C3' or C2' ("isonucleosides") have drawn 

much attention as well. 2 In this context, it occurred to us that pentofuranoses with two nucleobases, such as 1 

and 2, deserved to be investigated not only as they may be viewed as a special subclass of C3'- or C2'- 

substituted deoxynucleosides or might be converted to "isonucleosides" by hydrolysis, but also because some of 

them could give rise to a novel type of antisense oligonucleotides,3 while some others - - i n  principle, those with 

two cis pyrimidine r ings--  could serve as models in studies related with the effect of the UV light on DNA. 4,5 

In this communication we report on syntheses of the hitherto unknown eight members of the series that follows: 

1, B = thymin- 1-yl, B' = uracil-l-yl or thymin-l-yl; and 2, B = uracil-l-yl, B' = uracil-l-yl or thymin- l-yl). 

1 2 

Conversion of 5'- O-tritylthymidine to tritylated AZT by a standard procedure, 6 followed by reduction with 

SnCI2/PhSH/Et3N, 7 afforded the desired 3'-aminothymidine derivative, which by treatment either with 3-ethoxy- 

propenoyl isocyanate or 3-methoxy-2-methylpropenoyl isocyanate and cyclisation under acidic conditions 8 

afforded l a  and lb,9,10 respectively (Scheme 1). On the other hand, blocking of N3 of 5'-O-tritylthymidine 

with the 2-(methoxycarbonyl)vinyl group 11 (Mocvinyl) to avoid the participation of the pyrimidine ring in the 

next step, substitution of the azido by hydroxy group through a Mitsunobu-like reaction, 12 removal of the 

Mocvinyl group with pyrrolidine at room temperature, l I and reduction of the azide as above afforded the altern- 

ative amino derivative (3' I~, or "up"), also in good overall yields; again, the method of Shaw and Warrener 8 was 

successfully utilised to build up the uracil and thymine rings of lc  and ld, 10,13 respectively. 
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Scheme 1. i, MeSO2CI, py, 0 oC, 15 h, 95%; ii, K+ phthalimide. DMF/H20, 90 oc, 3 h, 85%; iii, NAN3, DMF/H20, A, 
15 h, 80%; iv, SnCI2/PhSH/Et3N (1.5:4.5:4.5), CH3CN , rt, 30 rain, 85%; v, EtO-CH=CH-CO-N=C_-O (2.0), C6Hs/DMF , 
rt, 2 h, =90%; vi, 1 M H2SO4/dioxan, A, 4 h, 80-85%; vii, MeO-CH--CMeCO-N=C=O (2.0), CsHeIDMF, rt, 2 h, 85%; viii, 
HC=C-COOMe (1.0), DMAP (0.3), CH3CN/CH2CI2, rt, 40 rain, 83%; ix, Ph3P/DEAD/(PhO)2PON 3 (3.0), THF, 0-20 "C, 
5 h, 97%; x, SnCI2/PhSH/Et3N , CH3CN ' rt, 5 h, 75%; xi, pyrrolidine (exc.), CH3CN , rt, 4 h, 94%. 

Some practical details related to Scheme 1 are worthy of mention. First, introduction of the blocking group 
at N3 (Mocvinyl group, step viii) is so chemoselective and substitution of azido for hydroxy group (step ix) so 
stereoselective that only the desired 3'8 azido derivative is obtained (its 3'ct epimer is not detected). Secondly, 
reduction of the sterically crowded azido group to the amine (step x) with our [Et3NH][Sn(SPh)3] complex 7 is 
advantageous in relation to other standard reducing agents, even as compared to H2/Pd(C), which also reduces 
the double bond of the Mocvinyl group (the resulting CH2CH2COOMe substituent at N3 being afterwards not 
so easily eliminated); catalytic hydrogenation can be employed, however, if steps x and xi are reversed, ie if 
Mocvinyl is first removed and then the azide is reduced (H2, Pd/C, MeOH, rt, 5 h, 66%). Thirdly, as step vi 
indicates, cyclisation of the intermediate N-3-ethoxyacryloylureas (EtO-CH=CH-CO-NHCONH-R) and N-3- 
methoxymethacryloylureas (MeO-CH=CMe-NHCONH-R) is accomplished in excellent yields by heating in 
dioxan with dilute acid for only 4 h -- the glycosidic bond is not hydrolised under these conditions--, whereas 
other attempted conditions (such as heating with ammonia, ammonia in pyridine, or some Lewis acids) have 
appeared to be inefficient to promote these cyclisations. 

Scheme 2 summarises synthetic routes to 2'¢t- and 2'B-substituted uridine-related derivatives 2a-d.10 
Most steps are identical or similar to those of the preceding Scheme. 14 Nevertheless, regarding the preparation 
of 2e and 2d via the corresponding azide (see step x of Scheme 2), the tendency of uridine derivatives to afford 
02,2 '-anhydronucleosides (cyclonucleosides) could have posed a problem greater than in the case of le and ld. 
Fortunately, the same protocol as above has turned out to be feasible; 12 in other words, the N3-blocking 
Mocvinyl group is very appropriate in all cases. 

Another problem that worded us from the beginning, concerning the synthesis of 2e and 2d, is the cis-1,2 
relationship between the nucleobases. In practice, reduction of the 2'B azido group in this case was slower than 
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Scheme 2. i, TrCI, py, 120 °C, 2 h, 95%; ii, Im2C=S, toluene, 110 °C, 30 min, 80%; iii, Me3SiN3, LiF, DMF/TMEDA, 110 °C, 
48 h, 60%; iv, SnCI2/PhSH/Et3N, CH3CN, rt, 30 min, 95%, or H 2, Pd/C, MeOH, rt, 1 h, 95%; v, EtOCH=CH-CO-N=C=O (1.2), 
CsH6/DMF 1:1, rt, 3 h, 85%; vi, 1 M H2SO4/dioxan, A, ovemight, 80-90%; vii, MeOCH=CMe-CO-N=C=O (1.2), C6H6/DMF, 
rt, 3 h, 85%; viii, CISiPrl2OSiPrt2CI (1.05), py, rt, overn., 95%; ix, HC=-C-COOMe (1.0), DMAP (0.3), CH3CN/CH2CI 2 4:1, rt, 
40 min, 88%; x, Ph3P/DEAD/(PhO)2PON 3 (3.0), THF, 0-20 °C, ovemight, 68%; xi, pyrrolidine, CH3CN, rt, 3 h, 98%; xii, H2, 
Pal/C, MeOH, rt, 3 h, then MeOH, 40 °C, 12 h, 65%; xiii, EtOCH=CHCO-NCO (2.0), C6H6/DMF, rt, 5 h, 72%; xiv, 1 M H2SO4/ 
dioxan, ,% 5 h, 70-75%; xv, MeOCH=CMeCO-NCO (2.0), C6Hs/DMF, rt, 5 h, 70%. 

in previous substrates. Moreover, when the reduction was effected with SnCI2/PhSH/Et3N, a mixture of 3 and 
4 was obtained, in which the last compound - - the  isomer arising from a conjugate addition of the amino 
group--- predominated. Hydrogenation of the same azide over Pd/C (step xii of Scheme 2) afforded a different 
mixture, but on warming in MeOH most of the crude was convert- O O 
ed to the desired amine (3). Thus, as an exception, catalytic hydro- NC.-II-,. ~ t N . f f  ,fl-- -H 
genation was the method of choice in this particular case. Reaction J-. o of 3 with acryloyl isocyanate derivatives, although slower than in HN O R 
previousinstances, gaveN-acryloylureasSeandSdinyields~_tO ~ ~.~.~NH~Iff NH~I%/OR' 
around 70%. More readily than expected at first sight, these ureas O O 
cyclised under acidic conditions to 2¢ and 2d, respectively, with 4 5c, R = H, R' = Et 
concomitant deprotection of the hydroxy groups, 5d, R = R' = Me 

In summary, the stereoselective introduction of an azido group at position 3'fl of the thymidine parent 
system and, even more remarkably, at position 2'13 of the uridine system without participation of the nucleobase 
(i.e. without formation of anhydronucleosides as intermediates) has been achieved by blocking N3 with a 
Mocvinyl group. All the amino nucleosides described in this work can be readily converted into the title 
compounds ( l a - d ,  2a--d) by the method of Shaw and Warrener 8 (via cyclisation under acidic conditions, but 
not through other attempted procedures); even in the cases of sterically crowded compounds 2e and 2d, the 
intramolecular cyclisation could be performed in good yield. 15 Photochemical studies with some of these 
substrates, 16 incorporation into oligonucleotide sequences, and base-pairing studies are in course. 
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