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Summary: The reglospeclflc functlonallzatlon of the base moiety of purlne nucleosldes 
through copper-mediated nucleophllic reactions Is described. 

Although copper mediated reactions have played a slgnlflcant role in aromatic 

nucleophllic dlsplacementsrl such transformations are nearly non-existent in synthesis 

lnvolvlng nucleosldes. Cuprous lodlde has been used to prepare alkynyl copper reagents’ 

and these have been used in palladium-catalyzed cross-coupling reactions to furnlsh alkyn- 

I-yl pyrlmidlne and purlne nucleosides.3’4 However, due to the I lmlted aval labl llty of 

useful Cut I) organocopper reagents s transformations Involving these have been of limlted 

scope. 5 The reaction of a halogenated nucleoslde with Cu(I)X and an approprlate 

nucleophlle potentially allows for the Introduction of a wide range of lnterestlng 

functional groups or synthons Into speclflc posltlons of nucleosldes. Thls communlcatlon 

reports on the development of copper-medlated reactlons leadlng to Interesting 

functionallzed analogues of adenoslne. The work complements our prevlous reports on 

palladium-catalyzed cross-coupling with organostannanes.6’7 

The requlslte precursort the sllylated 2-lodoadenoslne p 1 s was prepared as descr lbed 

previously by US.~ Treatment of 1 wlth sodium cyanide and cuprous bromide In DMF at 120’ 

C for 1 h gave the 2-cyano compound 2 In 64% yield after work-up and puriflcatlon (Table 

lr Entry 1). Similar results were obtained wlth cuprous cyanide (Entry 2). In order to 

circumvent complexation of the nucleoslde wlth copper IonsI the work-up Included 

neutrallzatlon of the basic reaction mixture and subsequent treatment wlth gaseous 

hydrogen sulflde. Line broadening of the H-8 resonance In the high-field ‘H NMR spectrum 

was evidence of copper complex&Ion. 10 Although 2-halogenated adenlne nucleosldes are 



susceptible to nucleophillc dlsplacementst the reactions proceed In low yields and for a 

very Ilmlted number of nucleophlles.““* Thus, for example, the conversion of 1 to 2 dld 

not proceed with sodium cyanide In the absence of CuBr. 

NH2 

1 ZR=CN 6 R = NHCH, 
3 R = SCN 7 R = C&CC H 
4 R = NH2 
5 R = N3 

8 R = C’i(d2&12 

When the reaction was carried out with copper thiocyanlde, clean conversion to 2- 

thlocyanoadenoslne 3 occurred (Entry 3). In contrast, when compound 1 was treated w 1-l-h 

NaSCN and CuBrr much longer reactlon times were requlred 9 and the react Ion proceeded I ess 

cleanly and a mixture of P-thlocyanide 3 and the corresponding 2-bromide was produced 

(Entry 4). The latter compound, the product of a copper-mediated halogen exchange 

reactlonr13 is of Interest, because, In the absence of nucleophiles, 1 can be converted 

easily to the corresponding chloro and brcmo compounds wlth approprlate cuprous salts. 

Copper medlated reactlons involving other nucleophlles may also be affected. For examples 

exposure of 1 to ammonia in the presence of CuBr gave a 75% yield of 4 which could be 

readily deprotected to 2,6-dlaminoadenosfne (Entry 5). This new synthesis of 2#6- 

diamlnoadenosine avolds the use of the high temperatures and pressures of previous 

preparatlons.14 

P-Azldoadenoslne, a blologlcally active nucleosIde1’2’15”6 can be easily prepared in 

Its protected form (5) through the react Ion of 1 w II-h CuBr and NaN3 at room temperature 

(Entry 6). A slde product of this transformation was the 2-N-hydroxyamlnoadenosine 

derlvatlve 6 which apparently results from the copper catalyzed decomposltlon of the 2- 

azldo cunpound (Entry 6). The yield of this side product can be maxlmlzed to about 72% by 



ralslng the reaction temperature (Entry 7). Other N-hydroxyamlno nucleosldes have been 

evaluated for anticancer actlvlty and for use as blologlcal probes,” and have been found 

to be mutagenic through covalent modification of guanlne residues In DNA. 18 

Monosubstltuted alkynes may also be introduced at the 2-posltlon of adenosine (Entry 8). 

The copper salt of dlethylmalonate reacts cleanly with 1 to furnish 8, a potent I a I 

precursor to a number of other 2-substituted adenoslnes. 

Table 

1 NaCNt CuBr 

2 CUCN 

3 CUSCN 

4 NaSCNp CuBr 

5 NH3, CuBr 

6 NaN3, CuBr 

Conda 

120 ‘C, 1 h 

120 ‘C, 1 h 

120 ‘C, 8 h 

120 ‘C, 18 h 

R.T., 24 h 

R.T., 24 h 

7 NaN3# CuBr 120 ‘C, 1 h 

8 C4HgC$Hr NaH, Cul 120 OC, 1 h 

9 CH2(C02Et)2P NaHI Cul 120 ‘C. 1 h 

a. 

b. 

DMF was the solvent of choice. 

These products were purlfled by preparative TLC on silica gel. They were converted 
to, the deprotected nucleosldes by reaction wlth tetraethylammonlum fluoride. The 
deprotected functlonallzed nucleosldes were purified by reversed-phase HPLC on 
Amberllte XAD-4 resin with ethanol/water as the elutlng solvent. The yields of 
purified deprotected compounds were In the range of 65-70X. Tp sllylated and 
deprotected products were characterized by hlgh-field ‘H and C NMR, UV, FTIRI and 
mass spectral (including FAB HRMS) data. 

C. 2-Bromo-9-~2r3r5-trI-O-t-butyIdImethyIsI‘lyI-bD-rIbofuranosyI~adenIne was produced 
In 24% yield. 

d. % Conversion. 

I. Copper Catalyzed Functional Ization of Purim Nucleosldes 

Productb 
2 

2 

3 

3 

4 

5 
6 

6 

7 

8 

s (R) % Y_l.&l 

CN 64 

CN 68 

SCN 64 

SCN 55C 

NH2 75 

zi, 
66 
27 

NHW 72 

C’,CC4Hg CZld 
MK02Et)2 

&d 

In summary, cuprous Ion medlated reactlons provide a facile approach to the 

reglospeclflc functionallzatlon of the base moiety of purlne nucleosldes. This 

methodologyr although known In aromatic chemistry s has seen Ilttle utlllzatlon previously 
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in nucleoslde systems. In addition to the examples presented, a wlde variety of other 

nucleophlles may potentially be used In these reactions. 
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