
Carbohydrate Research, 58 (1977) ClO-Cl2 
0 Elsmer Saentlfic Pubhshmg Company, Amsterdam - Prmted m The Netherlands 

Preliminary communication 

A nuld, photochemical process for the oxidation of nucleosides 

ROGER W BINKLEY,.DAVID G HEHEMANN, and WENDELL W BINKLEY 

Department of Chemstry, Cleveland State Unwers~ty, Cleveland, Ohto 44115 (US A ) 

(Received July Stn, 1977, accepted for pubhcation July 24th, 1977) 

Several years ago, Pftzner and Moffatt noted m then ploneermg work on oxulatlon 
of nucleosldes that a severe hxmtatlon exnted to the successful synthesis of certam keto- 
nucleondes* and ketonucleotldes, partxularly the 3’-keto compounds’ Oxxlatlon of 
bydroxyl groups to carbonyl products, a logxal process fot obtauung keto derlvatlves, re- 
sulted m molecuiar decomposltlon of many compounds (such as thynudme S-phosphate, 
adenoslne 5’-phosphate, undme 5’-phosphate, S’-@acetylthynudme, and 5’-U-p-rutro- 
benzoylthyrmdme) To account for tlus mstabtity, the reactlon sequence shown m Scheme 1 
was proposed2 [Subsequent research by Moffatt and coworkers showed that, m two 
examples where dl_O-tntyl denvatlves could be formed (undme* and N4 -acetylcytldme3), 
oxldatlon produced keto compounds suffclently stable for rsolatlon ] It was clear that a 
s+@icant need existed for an oxldatlon process sufficiently rndd to pernut general 

hydroxyl + carbonyl oxldatlon m nucleosldes and tbelr denvatlves without further reactlon 
The research described here offers to meet th stti-e~tmg need mth a recently developed, 
photochenucal procedure4 

Four nucIeoslde denvatlves have been thus oxldlzed. Apphcatlon of Gus process to 
5’-O-tntylthymtdme’ (1) dustrates the procedure A solution of 0 S g (47 mmol) of 
pyruvoyl chlonde6 111 benzene (5 ml) was added dropwlse to a stirred solution of 0 5 g 
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*StrxtlyN-[pentofuranosyl-2-(or 3-)ulose] denvatwes 
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(10 mmol) of 1 m 20 ml of anhydrous pyrldme After 15 mm, 50 ml of chloroform was 
added, the solution extracted ~nth two 50-ml portlons of water, and dried over anhydrous 
sodmm sulfate Evaporation of the chloroform and pyrldme m vacz~o left a yellow oil that 
was dissolved m 350 ml of benzene, purged for one h wth mtrogen, and lrradlated for 1 5 h 

through a Pyrex falter wth a 450-W Hanoi, medmm-pressure mercury lamp The pale- 
yellow benzene suspension was filtered to remove a small amount of insoluble material, and 
the benzene was evaporated off UI vacua to leave a residue that was dissolved m 10 ml of 
chloroform After slow addltlon of 20 ml of carbon tetrachlorlde and keepmg for 12 h, the 
photoproduct crystalhzed, m p 171-174”, ’ H n m r (60 MHz, CDC13) 6 8 55 (broad s, 
NH), 7 47-7 11 (m, aromatlc and H-6), 6 55,3 04,2 85 (AFIX pattern (JIa,zn 7, J1*,2* 8, 

J2- 2” 9 5 Hz, H-1’,2’,2”), 4.14,3 64,3 36 @3X pattern (J4*,st = J4*,,ft = 3, J,*,p 10 Hz, 
H2,5’,5”), and 1 52 (s, CH3) Also, the photoproduct exhlblted I r absorption at 
1778 cm-’ (carbonyl group m a five-membered rmg) The spectral evidence and the ele- 
mental analysis mdlcated the photoproduct to be 5’-U-tntyl-3’-ketothyrmdme (2) Thus 
structure was confumed by Its reduction with sodnun borohydrlde to yield exclusively 
1(2deoxy-5-O-tr~tyl-@-D-PD-threo-pentofuranosyl)thymme7 (3) The yield of crystallme 2 
from oxldatlon of 1 was 61% 

That the ketonucleoslde 2 was unstable under certain, mdd conditions was 
evidenced by the fact that dlssolvmg 2 m pyrldme at 25’ or chromatographmg it on sllrca 
gel resulted m quantltatlve formatron of 7 and 8 The structure of 7 was determmed from 
Its elemental analysis, its ’ H n m r spectrum (CsDsN) 6 8 24 (d, JI,Z 3 Hz, H-l), 7 50- 
6 76 (m, aromatlc), 5 54 (d, H-2), 4 43 (t, J4,5 = J4,5* = 4 Hz, H-4), and 3 33 (d, H-5,5’) 
and its mdependent synthesis by s&ca gelqatalyzed loss of methanol from methyl 2deoxy- 
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Three addltlonal nucleoslde denvatrves have also been oxldlzed successfully by the 
photochenucal oxldatlon procedure Compound 3 reacted to eve 2 m 57% yield 5’-O- 
Benzoylthynndmeg (4) was oxllzed to a compound, m p. 87-92’, for which the structure 
5’-U-benzoyl-3’ketotbynudme (5) was tentatively asslgned on the basis of elemental and 
n m r analysis and analogy to the oxidation of compound 1. The ’ H-n m r spectrum 
(60 MHz) of 5 showed absorptions at 6 8 94 (broad s, NH), 8.13-7 75 (m, oaromatrc), 
7 65-7 11 (m, m,p-arornatx, I-M), 6 30,3 04,2 68 (ABX pattern J1t,2n 7, Jl;2’p 6.5, J2’,2~~ 
10 Hz, H-1’,2’,2”), 5 034 24 (m, IU’,S’,S”), and 1 62 (s, Cl&) The tentative assignment 
of structure 5 to the photochenncal oxldatlon-product from 4 was confirmed by oxldatlon 
of 1(5-0-benzoyl-2deoxyj3-D-Gz~-pentofUranosyl)thymme* (6) to the same product (5) 
under Identical con&Ions The yields of 5 from 4 and 6 were 68 and 57%, respectlvelyt 

The successful oxldatlon of these four nucleoslde denvatlves demonstrates that 
the photochenucal oxldatlon-techmque fi not only a mild process, but also one compatible 
w&h typical ester and ether protectmg-groups The mlcatlons from this uutlal study are 
that photochermcal oxldatlon should prove qute valuable for transfornung nucleosldes that 
cannot be oxllzed successfully by extstmg techruques 
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*Compound 6 was synthesized from 1-(2-deoxy$-D-rhreo-pentofuranosyl)tbymme’ accordmg to the 
procedure used by Baker and Neena# to synthesize 4 
TThe yields gwen are for mater& sbgbtly contammated w~tb 5’-O-benzoylthymldme 


