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Abstract: A fast  conjugated addition takes place when uridines and thymidines are treated with 

H C ~ ' ~ ' O O M e  in the presence o f  suitable bases such as DMAP. As the resulting N-CH=CH COOMe 

moie~, appears to be very stable under acidic conditions, but it is readily cleaved I~v nucleophiles such as 

pyrrolidiue or methylamine, a new protection protocol for N 3 of  uridines and thymidines is disclosed. 

In connection with a project on synthesis of bioisosters of 3'-azido-3'-deoxythymidine (AZT) and related 
deoxynucleosides, 1 we tried to convert azido uridines such as 1-3 into 1,2,3-triazolyl derivatives through 

13+21-cycloadditions. 2 Our goal was to prepare a series of hitherto unknown 2',3'-bis(azolyl) derivatives. 
While treatment of I-(3-azido-3-deoxy-5-O-trityI-WD-arabinofuranosyl)uracil (1) with methyl propynoate 

(or methyl propiolate, HCIC-COOMe, 3 equiv.) in refluxing CH3CN afforded a mixture of the expected 

triazolyl nucleosides (4"-COOMe/5"-COOMe, 5:1 ), 3'-azido-2',3'-dideoxy-2'-(pyrazol- 1 -yl )-5'-O-trityluridine 
(2) did not react under the same conditions (probably due to the steric hindrance around the azide group). 
Surprinsingly, 2'-azido-2',3'-dideoxy-3'-(imidazol-l-yl)-5'-O-trityluridine (3), when heated in CH3CN with 

HCRC-COOMe as in the preceding cases, gave exclusively a N-3-substituted product (a metoxycarbonylvinyl 
derivative); in other words, addition of the NH of the pyrimidine ring to the triple bond predominated over 
[3+2l-cycloaddition. 3 This result, which we attributed to the higher basicity of the imidazole appendage of 3 in 

relation to that of the pyrazole ring of 2, prompted us to investigate the reactivity of standard nucleosides with 
activated alkynes. We wish to report here the behaviour of several uridines and thymidines in this regard, as 
well as to advance some possible applications of the methoxycarbonylvinyl as a N-3 protecting group for these 
nucleosides. 
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When 2',3'-O-isopropylidene-5'-O-trityluridine, 4a (1.0 mmol), was treated with methyl propynoate 
( 1.2 mmol) and 4-dimethylaminopyridine (DMAP, 1.2 mmol) in 5-10 mL of CH3CN at room temperature (rt), 
a quick reaction occurred, so that within l0 min 4a was quantitatively converted to N-protected derivative 4b. 
Only one isomer, of E configuration, was obtained, in the light of the 1H (olefinic protons at b 7.03 and 8.22, 
with J = 14.8 Hz) and 13C NMR spectra. 4,5 
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"J~O CHaCN, rt, < l0 min ~ N  
T r O ~  " > 9 8 c ~  T ~  O MeOHA" ~ H O ~  'j~O 

NH CSA or HCI 

O ~t{CH3CN, rt, < 2 h ~ 92% HO OH 

~N )~ _>98~ 
4 a  ~ ~'~¢~ COOMc 4 b  ( ~  

Even though reaction times were longer, Et3N or l -methylimidazole 6 could be utilised instead of DMAP; 
by contrast, with EtPP2N or 2,6-1utidine no reaction took place, whereas DBU 'reacted' with HC-C-COOMe. 
For deprotection (4b - -  4a) a good nucleophile like pyrrolidine was added --at  rt, with 3-4 equiv, the reaction 
was very rapid at 0.05-49.10 M substrate concentrations, while at higher concentrations the reaction was almost 

instantaneous--, which, probably through a conjugated addition-elimination mechanism, freed the imide-like 
anion; 4a was easily separated from methyl E-3-(1-pyrrolidinyl)propenoate (see the preceding Scheme) by 
column chromatography. Instead of a moderate excess of pyrrolidine under dilute conditions, it can also be 

used a larger excess of CH3NH2/EtOH or a 1:1 mixture of aq. ammonia and CH3NH2/EtOH, which cleaved the 
N-3-CH bond in a few minutes. On the other hand, the hydroxy-protecting groups of 4b could be removed 
quite readily, by heating with MeOH/camphor-10-sulfonic acid (CSA. H20, 2 equiv.) or MeOH/HCI, without 

touching the CH=CH-COOMe group, to give N-[E-2-(methoxycarbonyl)vinylluridine, 4e, almost quantita- 
tively (TLC and NMR; 92% yield after 'flash' column chromatography). 

The reactivityofHC-C-COOMewithothernucleosidesissummarisedbeiow(next Scheme andTable). It 
can be observed that free hydroxy groups also react with methyl propynoate in the presence of DMAP, as could 

be expected, 4 since when an excess of the reagent was employed polysubstituted nucleosides were obtained (see 
5 ' ,  8', and 9'). 7 Cleavage of the O-CH=CH-COOMe moiety, leaving intact the N-CH=CH-COOMe one, was 
effected with MeOH/CSA, as shown for 5' .8 Nevertheless, it is wise to take advantage of the usually higher 

reactivity, in the presence of suitable bases, of the imide-like groups with regard to the hydroxy groups, in order 
to protect N-3 selectively. In fact, the chemoselective protection of NH vs. OH can be achieved by performing 
the reaction with only 1 equiv, of HCBC-COOMe and smaller amounts of DMAP, 9 as indicated for the direct 

conversion of 5a to 5b and of 8a to 8b. 
O 

COOMe f i~  N ~ C O O M e  

HC-= C- COOMe (2'4) ~ [~/"~O MeOH, A 
0 DMAP (I.0) O - ~  CSA H20, 2 h 

Nit CH3CN, rt, 30 min ~ 5 ' ~ .  
75% / o ~ . . . ~  

H O / o @ 

HC---- C- COOMe (1.0) , 
DMAP (0.5) H O ~  CSA H20, 2 h 

5a CH3CN-CH2CI 2 5:1, rt, 1.5 h 90-95'~; 
84q~ (+13% 4a reco',.) O~O 5b 

Finally, it deserves comment that desilylation of 6b (Bu4N+F-/AcOH, THF, 0 °C, 2 h) afforded N-[E-2- 
(methoxycarbonyl)vinyllthymidine(6e) in 92% yield. Treatment of either 7b, 8', 8b, or 9' with MeOH/ 
CSA also deprotected the oxygen functions to give 6e. Removal of CH=CH-COOMe of 6c and 8b by means 
of pyrrolidine (0.2 M in CH3CN) or CH3NH2 (10% in EtOH) was accomplished at rt in quantitative yield. 
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Table. Reaction of Thymidines with Methyl Propynoate in CIt3CN at rt 

O O 

R ' O - ~ o  ~ ~'J[~N ~Ho _- R ' ~ ~ 7  COOMe 

RO 6a-9a RO 6b/7b/8'/8b/9' 

substrate HC~C-COOMe D M A P  react, time product yield 
(no. equiv.) (no. equiv.) 

6a (R,R' = pri2SiOSiPr~ 2) 1.2 1.2 10 min 6b  (R,R' = pri2SiOSiPri2) 93% 

7a (R= R'=Ac) 1.2 1.2 10rain 7b (R=R'=Ac) 98% 

8a (R=H,R '=Tr )  2.4 1.2 90min 8 '  (R=OCHCHCOOMe, R'=Tr) 91% 

8a (R = H, R'= Tr) a 1.0 0.3 40min 8b  (R =H,R'=Tr) 75% b 

9a (R = R' = H) 3. I 1.2 30 min 9 ' (R = R' = OCHCHCOOMe) 94% 

a In CH3CN-CH2CI2 4:1. b 15% of 8a was rexawered. 

Although our main interest is focussed on the application of CH=CH-COOMe as a deactivating group of 

the pyrimidine ring regarding cyclonucleoside formation, 1° and even though the conditions for the removal of 

this protecting group are much milder than those generally utilised for the elimination of standard protecting 

groups (of the bases) in oligonucleotide synthesis, l ! we have investigated the stability of the internucleotide 

bonds in the presence of pyrrolidine. 12 We wish to advance here that both N-3 of TpTp derivative 10 are 

selectively deprotected to give the expected product (1 1) when treated with pyrrolidine ( 18 mmol per mmol) for 

24 h at rt, as monitored by 31p and I H NMR.13 In fact, 11 appeared to be stable under the reaction conditions, 

since no additional cleavage was noted by mixing 11 with a further amount of pyrrolidine for 48 h. 

O 
~ N  ,.,,,~ COOMe 

bH 8.22, 7.(X) (J = 147 llz)* 
n O  6tt 8.25, 71)5 (J : 14.7 lfz)* 

DIvlT- 0-1.  o...~ I o / 
.,_ X ~.,,~.,.COOM~ 

r - - . o  --~N ~NH 
~ . .  Ot ~s O_1¢,,. o~N O l ~  24 I~ CDCI3, rl, h 

O 

D M T - ~  O O 

r - - o  N. 

I* major diaslereoi~merl 

In summary, the CH=CH-COOR group may be selectively introduced at N-3 (via a conjugate addition), is 

very stable towards acids in non-aqueous media, and is readily cleaved at rt by standard nitrogen nucleophiles 

(via an addition-elimination process). Other applications 10 will be reported soon. 
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