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Summary: Trifluoroacetic anhydride at 0” C reacts with a pyridine suspension of deoxyguanosine to generate a polar 
intermediate, presumably the corresponding 6-pyrldyl derivative. The reaction is complete in less than 15 minutes, and is not 
accompanied by degradation. From this intermediate a variety of 6substttuted deoxyguanosine derivatives can be obtained, 
some in excellent yields. 

Guanine nucleosides are known to be susceptible to reaction at the 6-oxygen with a variety of acylating,’ 

sulfonylating,2-5 and phosphorylatinge-s agents. This susceptibility, while problematic for oligonucleotiie synthesis,9 has 

provided access to many guanine S-O, N, and S derivatives. Because of our work on the effect of 

0smethykteoxyguanosine on DNA structure and stability, we had developed a route to d(O%e)G and other 6-substttuted 

deoxyguanosine compounds via sulfonylation of a triacyldeoxyguanosine derivative.5*1 Osl 1 This procedure, although 

generally satisfactory, does not give high enough yields for our present work, which involves the use of 1% labeled 

deoxyguanosine. At this time we report a simple route for synthesis of 6-substituted deoxyguanosines via a putative 6-pyrtdyl 

intermediate generated using trifluoroacetic anhydride in pyrkline. 

The &pyrtdyl derivative of inosine had been obtained by Adam&k, using the reaction of 2’,3’,5’-tri-Gacetylinosine 

with 4chlorophenylphosphorodichloridate in pyrkfine solution. l2 This reaction was later extended to guanosine by these 

same workers,Tss and to deoxyguanosine by Chollet .t3 The reaction requires approximately 24 hours and, at least in our 

hands, gives darkly colored mixtures of the 6-pyridyl compound along with unknown degradation products. A further 

disadvantage of both this procedure and our sulfonylation procedure is that a fully 0, #protected deoxyguanosine derivative 

must be employed. Triisobutyryl deoxyguanosine can be prepared in high yield, but the isobutyryl group is quite difficult to 

remove from the N2 position of most 6-substituted deoxyguanosines, particularly after incorporation into oligonucleotides. 

The acetyl group is a better choice for protection, but triacetyl deoxyguanosine generally is obtained in only moderate yields. 

We investigated the reaction of deoxyguanosine with trifluoroacetic anhydride in pyridine as an alternative means of 

generating a 6-pyridyl intermediate. In this case prior protection would not be required since O-trtfluoroacetyl groups are 

generally quite labile. We found that, using either deoxyguanosine itself (1) or its 3’,5’-bis-O-(fert-butyldimethylsilyl) 

derivative (5) the corresponding Bpyridyl derivative is formed rapidly at O”, as evidenced by the formation of the polar, 

fluorescent (tic) material, which is characteristic of Gpyrldyl guanine nucleosides. Reaction of 1 under these conditions most 

likely leads first to the 6-trifluoroacyl compound 2, with the trifluoroacetyl group subsequently displaced by pyrtdine to give 3. 

We have not been able to isolate and characterfze either 2 or 3, however. 
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Conversion to the 6Omethyl (4b14 or 6a15) or ethyl (6b16) derivatives is effected by dilution of the reaction mixture 

with the corresponding alcohol and addition of the sodium akoxkfe. Although the trlfluoroacetlc anhydrfde reaction is 

complete In minutes, displacement of the 6pyrfdyf moiety requires l-2 days, in most cases. This. In part, is due to the fact that 

the concentration of alkoxkfe must be kept below 0.13M for sodfum methoxide or 0.015M for sodium ethoxide. If higher 

concentrations of alkoxlde are used, the solution changes from a pale yellow to a red-brown color and the yield is reduced 

drastically. Using these low alkoxae concentrations, 4b is obtained after a 24 hour readfon ln 60 % yield, 6a after 20 hours 

in 80 % yield, and 6b after 60 hours in 51 % yield. Treatment of 3 with aqueous ammonia for 1 l/2 hours gfves 2-amino-2’- 

deoxyadenosine (4a), but In only 34 % yield.17 

The basic conditions needed for preparation of &b/6&b result in cleavage of all of the trifluomacyl groups so that 

the free deoxynucleosides (4a-b) or the 3’,5’-bis-O(TBDMS) derivatives (6,b) are obtained exclusively. In contrast, the 6- 

O-nitrophenyl (4c16) and pentafluorophenyl (4dlg) derivatives are prepared under much milder conditions, simply by 

addition of 4-nitrophenol or pentafluorophenol to the pyridine solution of 3, allowing an N2 trifluoroacyl group to be retained. 

The reaction times are similar but the yields are somewhat better : 48 hours for 4c (67 %) and 24 hours for 4d (95 %)). 

This trifluoroacetic anhydride/pyridine reaction provides an effective route for the synthesis of g-substituted 

deoxyguanosine derivatives, presumably via the 6-pyridyl compound. Although our main interest is in the deoxy series, in 

the one preliminary reaction that we have carried out on guanosine, the 2-Ntrifluoroacetyl-6-O(pentafluomphenyl) derivative 

was obtained in good yield. These b@entafluorophenyl compounds are prepared easily and in high yields. and may prove 

useful as general synthons for 6-substiiutffn.20 
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gUanOSIne) (4b). To 2 mmol of deoxyguanosine (l), dried by evaporation of pyridine and suspended in 10 mL of dry 
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suspension of 4.3 g of sodium methoxkfe in 300 mL of methanol was added dmpwlse. After a further 24 hrs, the mlxtum was 

treated with a solution of pyridine hydrochloride (12 mL of pyridine/ 4 mL cone HCI). The excess acid was destroyed by 
addition of 2 g of sodium bicarbonate and the mixture was evaporated to dryness. The residue was dissolved In water and 
purified on a Dynamax reversed-phase hplc column using a gradfent of 2 + 5% acetonftrlle In water in 45 mln at a flow rate of 6 
mUmin. Evaporation of appropriate fractions gave 0.36 g @IX) of pure 4b. A crystalline sample was obtained by 

crystallization from water, mp 155-7”. UV ,,,ex 
6.43 (br s, 2, NH2), 6.2O(“t”, I, Japp= 

(MeCH) 248 nm, UV,fn 281 nm; ‘H NMR (DMSO-@ 6 (ppm) 8.07 (8, l.H6), 
6.9 Hz, Ht.), 5.27 (d, 1, J&8 Hz, 3’-OH), 4.98 (1.1, J15.5 Hz, 5’-CH), 4.35 (m, 1, H3’), 

4.00 (s, 3, OCHa), 3.82 (m, 1, H4), 3.53 (m, 2, H 5’,5’), 2.57 6 2.22 (m & m, 1 & 1, Hp. 8 Hp.). Anal. Calcd. for 
CttHt5N504’H20: C, 44.15; H, 5.72; N, 23.40. Found: C, 44.15; H, 5.83; N, 23.43. 




