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4-Chloro-3- (~t-~-ribofuranosyl)-3H-imidazo [4,5-c] pyridine (XII) . 
Method B.-The procedure was essentially that used for the 
synthesis of VI11 from X .  To a solution of XI (obtained by ribo- 
sidation, followed by separation; 2.35 9.) in 80 ml. of absolute 
methanol was added cyclohexylamine (11.6 g, ) ,  The solution was 
kept a t  room temperature for 2 days and finally refluxed for 1 hr. 
(until the paper chromatography in Ht0, adjusted to pH 10 
had a single spot: Rf 0.60). The solution was concentrated to 
ca. 5 ml. To the solution 20 ml. of water was added and the mix- 
ture was treated with chloroform (30 ml.). The aqueous layer 
was separated and concentrated to dryness. The residue wa8 
taken in methanol (20 ml,) ,  and methanol was removed in vacuo. 
The process was repeated twice to afford crystalline nucleoside, 

942 mg. (84%), m.p. 177-178'. After recrystallization from 
aqueous ethanol, m.p. 179-180'; Rr (BuOH-H20, 84: 16 v./v.) 
0.54; ultraviolet absorption: A::' 275 mp (e 5300). 

Anal. Calcd. for C,,H,,C1NJ04: C, 46.22; H ,  4.23; N, 14.71. 
Found: C,46.40; H,4.06; N, 14.95. 

Acknowledgment.-We wish to thank Dr. Jack J. 
Fox of the Sloan-Kettering Institute for reviewing our 
manuscript and for his valuable suggestions. We also 
wish to thank Mrs. Toyoko Tohma for the elementary 
microanalyses. 
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The dinitrobenzenesulfenic esters of butanol and cyclohexanol were found to be relatively stable in acetic 
acid and in pyridine solutions containing acetic anhydride, p-toluenesulfonyl chloride, and dicyclohexylcarbodi- 
imide; however, they reacted readily at room temperature with solutions containing polarizable nucleophiletl 
such as thiosulfate, cyanide, or thiophenol. As ~t consequence of the stability of the esters in pyridine and the 
lability in solutions containing active nucleophiles, the 2,4-dinitrobenzenesulfenyl group offers promise as a 
blocking agent for hydroxyl functions, supplementing acyl groups, which are removed by alkaline treatment, and 
trityl or tetrahydropyranyl groups, which are removed by acid treatment. The feasibility of using the 2,4- 
dinitrobenzenesulfenyl group in nucleoside work was explored by preparing derivatives of thymidine and 5'-0- 
tritylthymidine, removing the trityl and dinitrobenzenesulfenyl groups in stepwise fashion, and acetylating one 
of the dinitrobenzenesulfenyl derivatives. 

The groups most frequently used to protect hydroxyl 
functions in nucleosides and nucleotides are a ~ e t y l , ~  
b e n ~ y l , ~  triarylmethyl,+* benz0yl,~?8 tetrahydropyra- 
n ~ l , ~  and isopropylidene.8 Hydroxyl groups pro- 
tected by esterification are unblocked by alkaline hy- 
drolysis; those protected by ether formation are un- 
blocked by acid hydrolysis. For use in the synthesis 
of oligonucleotides on polymer supportsg it was desir- 
able to have available a blocking group which would 
withstand the conditions employed in forming inter- 
nucleotide bonds, yet which could be selectively re- 
moved under mild conditions in a neutral medium or in a 
pyridine solution. Ability to remove the blocking 
group in an aprotic solvent was especially desirable, 
since in that case both the formation of internucleotide 
bonds and unblocking of hydroxyl functions could be 
carried out without changing the nature of the solvent. 

With these considerations in mind we selected the 
2,4-dinitrobenzenesulfenyl group for study as a poten- 
tial blocking agent in nucleotide syntheses. Three 
lines of evidence supported this choice. (a) Khar- 
asch, McQuarrie, and Buess showed that relatively 
stable esters could be prepared in high yield from the 
reaction of 2,4-dinitrobenzenesulfenyl chloride with 
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simple aliphatic alcohols. lo (b) Edwards and Pear- 
sonll pointed out that nucleophilicity toward divalent 
sulfur is largely governed by the polarizability of the 
attacking nucleophile; accordingly, it  appeared likely 
that facile cleavage of the sulfenic esters might be real- 
ized with weakly basic but highly polarizable nucleo- 
philes. (c) Foss12 described an analytical method for 
determination of closely related compounds, the 2,4- 
dinitrobenzenesulfenamides, which involved the quan- 
titative conversion of sulfenamides to amines by re- 
action with a polarizable ion, thiosulfate, in dilute acid 
a t  room temperature. 

Preliminary experiments with 2,4-dinitrobenzene- 
sulfenic esters of butanol and cyclohexanol revealed that 
the dinitrobenzenesulfenic esters were sufficiently stable 
to serve as blocking groups in synthetic work. Thus, 
the esters were recovered unchanged after standing 48 
hr. in pyridine solutions containing either acetic anhy- 
dride or p-toluenesulfonyl chloride. Furthermore, 
chromatographic evidence indicated that cyclohexyl 
2,4-dinitrobenzenesulfenate was not affected in a 
solution in which pyridinium thymidine 5'-phosphate 
was converted to a mixture of oligonucleotides by di- 
cyclohexylcarbodiimide13; that  is, the sulfenic ester 
survived in the presence of the active phosphate com- 
prising the phosphorylating agent. 

(10) N. Kharasch, D .  P. McQuarrie, and C.  M. Buess, ibid. ,  T I ,  2658 
(1953). 

(11) J .  0. Edwards and R. G .  Pearson, ibid. ,  84, 16 (1962). The con- 
clusions were baaed on data on disulfide reactions assembled by A.  J. Parker 
and N .  Kharasch, Chem. Rev. ,  59, 583 (1959). 

(12) 0. Foss, Acta Chem. Scand., 1, 307 (1947). 
(13) Preparation of thymidine oligonucleotides by the action of dicyclo- 

hexylcarbodiimide in pyridine on pyridinium thymidine 5-phosphate n'a8 
described by G .  M. Tener, H. G .  Khorana. R.  Markham, and E. H. Pol, 
J .  A m .  Chem. Soe., 80, 6223 (1958). 
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The feasibility of cleaving simple model esters under 
mild conditions was then examined. I n  view of Foss’s 
work on the sulfenamides12 the action of thiosulfate 
on the esters was explored first. As shown in Table I, 
the alkyl 2,4-dinitrobenzenesulfenates reacted readily 
with thiosulfate, the order of reactivity being n-butyl 
> sec-butyl > cyclohexyl. Thiosulfate reacted with 
the esters somewhat faster in an acidic medium than a 
neutral one. 

TABLE I 

THIOSULFATE I N  AQCEOUS ALCOHOL 
REACTION O F  ALKYL 2,4-DINITROBENZENESVLFENATES WITH 

Reaction time, 
Alkyl group min. 

n-Butyl 10 
30 
60 
300 

30 
60 

sec-Butyl 10 

Cyclohexyl 10 
n-Butylb 10 
sec-Butylb 10 

% reactiona 

41.6 
67.6 
75.0 
97.2 
16.7 
31.4 
54.4 
10.9 
64.3 
29.3 

a Reactions followed titrimetrically. See Experimental sec- 
tion for details. The per cent reaction was calculated on the 
basis that the stoichiometry was ROSAr + S20a-2 + HzO = 
4rSSzO~- + ROH + OH-. In these reactions 5 ml. of 10% 
acetic acid in water was added to  the sulfenate solution just 
prior to addition of thiosulfate. Dilute acid in the absence 
of thiosulfate did not affect the ester. 

The behavior of several other nucleophilic agents was 
investigated spectroscopically. Pseudo-first-order rate 
constants for reactions involving sodium thiosulfate, 
sodium cyanide, sodium sulfide, and thiophenol are 
presented in Table 11. I n  absence of the added nucleo- 
philes no detectable change occurred in the buffer solu- 
tions of the sulfenic esters. Thiophenol was the most 

TABLE I1 

KUCLEOPHILES IN AQUEOUS METHANOL AT 25”“ 
REACTION OF ALKYL 2,4-L>INITROBENZENESULFENATES WITH 

kobsd min. -1  

Alkyl Nucleophilic Ester dis- Product 
group agent added p H  appearance appearance 

n-Butyl NaCN 8.9 0.16 (342)b 0.022 (442)b 
n-Butyl KazSzOa 8 . 9  0.069“ (340) 0.078c (415) 
Cyclohexyl KaCN 8.9 0.17 (342) 0.022 (429) 
Cyclohexyl NazS 6.6 0.094 (340) 0.097 (388) 
Cyclohexyl CeHbSH 11.8 -7.6 (342) 

a 1 X M in ester; 2.4 X M in nucleophilic agent. 
This 

value corresponds to the rate after an “induction period” of a 
few minutes (see Experimental section). 

Wave length in mp a t  which the reaction was followed. 

striking agent tested. It reacted with cyclohexyl 2,4- 
dinitrobenzenesulfenate a t  a rate too fast for accurate 
measurement under these conditions; the half-life in 
0.0024 M thiophenol at pH 11.8 was approximately 5 
sec. Sodium azide, sodium nitrite, and thiourea (each 
0.02 M )  had no observable effect on the sulfenic ester 
over the 50-min. period investigated. 

On the basis of these results an investigation of the 
chemistry of the 2,4-dinitrobenzenesulfenyl derivatives 
of a nucleoside, thymidine, was undertaken. The 
transformations effected are summarized in Chart I. 

CHART I 

, O w T  
“ O w T  3 ” O w T  - ArSCI 

5‘-O-Tritylthymidine yielded 2,4-dinitrobenzene- 
sulfenyl-5’-0-tritylthyrnidine (111) when treated with 
2,4-dinitrobenzenesulfenyl chloride in diniethylforni- 
amide. Evidence that the sulfenyl group was bound 
a t  the 3’-O-position and that it would serve as a block- 
ing group was provided by cleaving the trityl group 
with acetic acid, acetylating the 2,4-dinitrobenzene- 
sulfenylthyniidine (IV) thereby produced, and finally 
removing the sulfenyl group by treatment with thio- 
phenol in pyridine. 5’-O-Acetylthymidine was the 
exclusive thymidine derivative obtained as shown by 
paper chromatography performed under conditions 
which separate the 5’-O-acetyl-, 3’-O-acetyl-, and 3’-0- 
5’-O-diacetylthymidine derivatives. 

The reaction of thymidine (I) and j’-O-tritylthy- 
midine (11) with excess 2,4-dinitrobenzenesulfenyl chlo- 
ride in pyridine furnished products which analyzed as 
the tris- and the bis-2,4-dinitrobenzenesulfenyl deriva- 
tive (VI and VII), respectively. Introduction of one 
more dinitrobenzenesulfenyl group than the number of 
hydroxyl groups was somewhat surprising since in the 
acetylation of j’-O-tritylthymidine with a thirtyfold 
excess of acetic anhydride in pyridine only a monoacetyl 
derivative had been ~ b t a i n e d . ~ ? ’ ~  The extra arene- 
sulfenyl group is no doubt introduced into the thymine 
ring. In  accord with expectations from the model 
studies, it  was found that the sulfenyl groups could be 
cleaved from these thymidine derivatives readily. 
Thus, bis-2,4-dinitrobenzenesulfenyl-5’-O-tritylthy- 
midine was converted to 5’-0-tritylthymidine by sodium 
thiosulfate in aqueous alcohol and tris-2,4-dinitroben- 
zenesulfenylthymidine rapidly yielded thymidine when 
treated with thiophenol in pyridine a t  room tempera- 
ture. 

The ultraviolet absorption spectra of the dinitro- 
benzenesulfenylthymidine derivatives showed two 
strong bands with maxima near 264 and 330 mp (see 
Table 111). From a comparison with the spectra of 
thymidine and n-butyl 2,4-dinitrobenzenesulfenate it 
may be seen that the former band arises from absorp- 
tion by both the thymine ring and the dinitrobenzene- 
sulfenyl group while the latter is associated only with 
the dinitrobenzenesulfenyl group. The extinction coef- 
ficients of the two bands in the spectra of I11 and IV 

(14) On the other hand, benaoylation of the heterocyclic ring in a uridine 
derivative was observed b y  Y. Lapidot and H.  G. Khorana, J. Am. Chsm. 
Soc.. 85, 3852 (1963). 
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TABLE I11 
ULTRAVIOLET ABSORPTION SPECTRA IN DIOXANE 

Compound A,,, emax X IO-' Xmax emax X 10-4 

I 264 0.96 . . .  
I1 264 1 .01  . . .  
I11 264 2.00 330 1 .10  
IV 264 1 .80  328 1 .05  
VI 264 3.60 310 2.80 
BuOSAr" 256 0.98 335 1 .15  
I + BuOSAr 264 1.90 333 1 .14  

a BuOSAr = n-butyl 2,4-dinitrobenzenesulfenate. 

correspond approximately to the sum of the coef- 
ficients for thymidine and n-butyl dinitrobenzenesul- 
fenate. The maxima were not shifted when the solu- 
tions were 0.01 M in hydrochloric acid. In  0.1 N 
alkali a reaction of the sulfenic esters occurred i s  evi- 
denced by the development of a deep reddish brown 
color. 

The carbonyl region of the infrared spectra of 5'-0- 
tri tylt hymidine, 3 '-0- (2,4-dinitrobenzenesulf enyl) -5'- 
0-tritylthymidine, and 3'-0-(2,4-dinitrobenzene- 
sulfeny1)thymidine was characterized by a broad, 
strong band with the maximum a t  5.92 mp. In  con- 
trast, the materials which contained an arenesulfenyl 
group in tho thymine ring (VI and VII) exhibited two 
bands, a weak, sharp one a t  5.80 and a much more 
intense band a t  5.92 mp. Thymidine gave two bands 
of about equal intensity a t  5.85 and 5.97 mp. 

We conclude from these studies of dinitrobenzene- 
sulfenic esters that  the 2,4-dinitrobenzenesulfenyl group 
merits consideration, along with more conventional 
groups such as trityl, tetrahydropyranyl, and acetyl, 
as a blocking agent for hydroxyl group. It has the 
special feature that it can be removed selectively in 
neutral aqueous-alcoholic solution or in pyridine solu- 
tion by reaction with nucleophilic agents such as thio- 
sulfate or thiophenol. 

Experimental 
The infrared spectra were determined with a Baird recording 

spectrometer with the sample in potassium bromide, and ultra- 
violet spectra were determined on a Cary Model 11 recording 
spectrophotometer. Melting points were taken on a Fisher- 
Johns apparatus. Microanalyses were performed by the Micro- 
Tech Laboratories, Skokie, 111. 
2,4-Dinitrobenzenesulfenic esters of 1-butanol, 2-butanol, and 

cyclohexanol were prepared by the method of Kharasch, Mc- 
Quarrie, and Buess . 

Kinetics.-The reactions reported in Table I were carried out 
by mixing 25 ml. of an ethanol solution 0.0133 M in the 2,4- 
dinitrobenzenesulfenic ester with 25 ml. of 0.01 N sodium thio- 
sulfate in water a t  room teperature. After the indicated time 
interval (Table I) the solutions were diluted with 40 ml. of water 
and the excess thiosulfate was titrated with 0.01 N iodine solu- 
tion. 

For the reactions reported in Table 11, solutions were prepared 
by diluting 25 ml. of an aqueous solution 0.01 M in nucleo- 
phile and 0.01 M in potassium acid phthalate to 100 ml. with 
methanol and adjusting the pH by addition of aqueous sodium 
hydroxide. At zero time 0.10 ml. of a methanol solution of the 
sulfenic ester (2.6 X M )  was added to 2.50 ml. of the nucleo- 
phile solution in a cuvette. Spectral changes were then ob- 
served with a Cary spectrophotometer. Ester disappear- 
ance was measured by the absorbance decrease near 340 mp 
and product appearance by the absorbance increase in the 415- 
440-mp region (measured a t  387.5 in the case of the sulfide reac- 
tion). The thiosulfate reaction was complicated in that the 
rate was relatively very  low for the first few minutee; thereafter 
plots of log ( A m  - A )  us. time for the absorbance decrease a t  340 
mp (ester decrease) and the increase a t  415 mp (product appear- 

ance) were linear. Scans of the spectrum from 500 to 270 mp 
indicated two consecutive reactions when cyanide was the nucleo- 
phile. These reactions could be distinguished by the spectral 
changes at 342 mp, where the final products and the intermediate 
formed in the first reaction had the same absorbance, and above 
420 mp, where the absorbance change was largely due to con- 
version of intermediate to final product. Both the rapid reac- 
tion observed a t  342 mp and the slower reaction observed a t  the 
longer wave length gave first-order plots. The reaction involving 
sodium sulfide exhibited a single isosbestic point (367.5 me) and 
good first-order kinetics, corresponding to a simple displacement 
on sulfur in the ester with formation of a stable product. 

Nucleotide Synthesis in Presence of Cyclohexyl 2,4-Dinitro- 
benzenesu1fenate.-As a test of the stability of a sulfenic ester 
under the conditions of polynucleotide synthesis, a mixture con- 
taining dry pyridinium thymidine 5'-phosphate (prepared by 
passing. 34 mg. of calcium thymidine 5'-phosphate over Rexyn 
RG 50 H resin in the pyridinium form), 150 mg. of dicyclo- 
hexylcarbodiimide, and 30 mg. of cyclohexyl 2,4-dinitrobenzene- 
sulfenate in 3 ml. of pyridine was allowed to stand in a dry nitro- 
gen atmosphere in a sealed flaek for 4 days a t  room tempera- 
ture. The solution was then filtered to remove dicyclohexylurea 
and a small portion was chromatographed on Whatmann 3MM 
paper in an ascending manner with 1-butanol-ethanol-water 
(5:2:5 v./v.). Aromatic products were detected by their 
fluorescence in ultraviolet light. The chromatogram consisted of 
a series of oligonucleotides a t  Rf 0.02, 0.09, 0.19, and 0.29 and 
sulfenic ester (which appeared as a single yellow spot) at Rf 0.93. 
The Rf values were the same EM those obtained when chromato- 
grams were run (a) on an oligonucleotide mixture prepared in 
the absence of the sulfenic ester, (b) on cyclohexyl 2,Cdinitro- 
benzenesulfenate, and (c) on a mixture of the solutions used in 
a and b.  

3'-0-(2,4-Dinitrobenzenes~enyl)-5'-O-tritylthymidine (111). 
-2,4-Dinitrobenzenesulfenyl chloride (0.160 g., 0.68 mmole) in 
0.3 ml. of pyridine was added to 0.240 g. (0.43 mmole) of the 
monobenzene adduct of 5'-O-tritylthymidinel6 in 4 ml. of dry 
dimethylformamide. After 40 min. the mixture was poured into 
ice-water and stirred one hr. The resulting yellow precipitate 
was separated by filtration, washed with water, and extracted 
with hot methanol. After filtration of the extract to remove sus- 
pended disulfide, the solution was evaporated to give the crude 
dinitrobenzenesulfenyltritylthymidine in essentially quantitative 
amount (0.30 9.). This product was used directly for prepara- 
tion of dinitrobenzenesulfenylthymidine described later. On the 
melting point block it softened to a viscous yellow liquid a t  
109-125' and decomposed rapidly, liberating gas and turning 
black a t  208". By chromatography on Whatman 1 paper in n- 

butyl alcohol-acetic acid-water (5 : 2 : 3) i t  moved as a single spot 
(Rf 0.96); under these conditions the Rf for thymidine was 0.68. 
When a dioxane soution was spotted directly on DEAE paper 
some decomposition to thymidine occurred as evidenced by forma- 
tion of a brown spot. Chromatography with the butyl alcohol- 
acetic acid solution revealed three spots: a brown spot a t  the 
origin, a fluorescent spot a t  Rr 0.69 corresponding to 11, and 
a yellow spot a t  Rf 0.96 corresponding to undecomposed 111. 
If the solution of I11 was acidified prior to application to the 
DEAE paper no decomposition occurred during chromatography 
with butyl alcohol-acetic acid-water, a single spot being ob- 
tained a t  Rf 0.93. For analysis and the ultraviolet spectral 
determination the dinitrobenzenesulfenyltritylthymidine was 
recrystallized from methanol. It then softened in the range 
125-130" and decomposed a t  208". 

A n d .  Calcd. for C ~ S H ~ O N ~ O & ~ :  C, 61.57; H ,  4.43; N, 8.21; 
S,4.70. Found: C,60.36; H, 4.70; N,  8.31; S, 4.86; residue, 
1.81. 

Bis-2,4-dinitrobenzenesulfenyl-5'-O-tritylthymidine (VII) .- 
5'-O-Tritylthymidine benzene adduct (0.237 g., 0.422 mmole) 
and excess 2,4-dinitrobenzenesulfenyl chloride (0.353 g., 1.5 
mmoles) were dissolved in 8 ml. of anhydrous pyridine and al- 
lowed to stand for 40 min., whereupon the solution was poured 
onto ice. The resulting yellow precipitate was collected by 
filtration and extracted with portions of hot chloroform until the 
chloroform extracts were colorless (this operation separated the 
ester derivative from 2,4-dinitrophenyl disulfide, which is in- 
soluble in chloroform). On concent>rntion of the combined 
chloroform extracts to a small volume and addition of pentane 

(15) Prepared by the method of G .  Weimann and H. G. Khorana, . I .  A m .  
Chem. Scc. ,  84, 419 (1962). 
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0.301 g. (82% yield calculated as the bis derivative) of yellow 
precipitate was obtained. It softened a t  145-165” and decom- 
posed a t  200-201 O .  The behavior on heating was not altered on 
recrystallizing the product from methanol. 

Anal. Calcd. for C41H32N6013SZ: C, 55.90; H ,  3.66; N,  9.54; 
S, 7.28. Found: C, 56.30; H,3.91;  N,9.76; S, 7.01; residue 
(from C, H analysis), 1.81. 
Tris-2,4-dinitrobenzenesulfenylthymidine (VI) .-A solution of 

thymidine (0.4844 g., 2 mmoles) and 2,4-dinitrobenzenesulfenyl 
chloride (1.877 g., 8 mmoles) in 15 ml. of dry pyridine was al- 
lowed to stand for 40 min.; then i t  was poured onto ice and 
worked up as in the reaction involving 5’-O-tritylthymidine and 
2,4-dinitrobenzenesulfenyl chloride. The product from the chloro- 
form extracts (90% calculated as the tris derivative) was re- 
crystallized from chloroform. On the melting point block it 
changed from yellow to dark brown, without melting or softening, 
a t  165-167”. 

Anal. Calcd. for tris-2,4-dinitrobenzenesulfenylthymidine 
C?sHnoNeOl-iS: C, 40.19; H,  2.41; N, 13.39; S, 11.50. Found: 
C, 40.20; H,  2.78; N,  13.39; S, 10.85; residue0.59. 
3’-0-(2,4-Dinitrobenzenesulfenyl)thymidine (IV) . A .  From 

VI1.-A mixture of 0.30 g. (0.346 mmole) of bis(2,4-djnitro- 
benzenesulfenyl)-5’-O-tritylthymidine and 5 ml. of acetic acid was 
heated at  the boiling point for 5 min.; then 1 ml. of water in 1 
ml. of acetic acid was added slowly and the mixture was heated 
for 15 min. on a steam bath. The resulting heterogeneous mix- 
ture was extracted with 20-ml. portions of hot heptane to re- 
move t,riphenylcarbinol. The remaining eolid product was re- 
covered by cooling the mixture and filtering. After successive 
washing with heptane, methanol, and ether and drying it weighed 
0.0610 g. (427,) and decomposed vigorously a t  189-191” without 
prior softening. An analytical sample was obtained by recrys- 
tallization from ethyl acetate and decomposed sharply within a 
1” range. With very slow heating the temperature a t  
which decomposition set in was 188’; with rapid heating de- 
composition set in a t  a somewhat higher temperature (up to 
193”). Major bands in the infrared spectrum (KBr disk) oc- 
curred at  2.87, 5.80, 5.92, 6.22, 6.53, 7.41, and 11.97 p .  

S, 7.28. Found: C, 43.23; H,3.61; N, 12.52; S, 7.33; residue 
0.79. 

B. From 111.-Compound I11 (0.200 g., 0.294 mmole) was 
treated with 2 ml. of acetic acid on the steam bath for 20 rnin.; 
then 5 ml. of 507, acetic acid in water was added dropwise and 
the mixture was heated an additional 10 min. After dilution 
with 100 ml. of cold water the yellow precipitate was collected, 
washed with hot heptane, and recrystallized from ethyl acetate. 
The yield of purified dinitrobenzenesulfenylthymidine was 100 
mg. (657,). The decomposition temperature and the infrared 
spectrum were the same as those obtained with the compound pre- 
pared from VII. On chromatography on Whatman 1 paper 
with n-butyl alcohol-acetic acid-water (5: 2 :3) the substance 
moved as a single spot ( R I  0.92). 

And. Calcd. for Cl6Hl6N4OQS: See above. Found: C, 43.28; 
H,  3.53; N ,  12.06; S, 7.32; residue0.95. 

Conversion of 3’-0-( 2,4-Dinitrobenzenesulfenyl)thymidine to 
5’-O-Acetylthymidine.-A solution of 0.050 g. of compound IV 
and 0.3 ml. of acetic anhydride in 1 ml. of pyridine was allowed 
to stand overnight; then it was diluted with 25 ml. of water, 
allowed to stand 1 hr., and evaporated to a gum. This material 
was dissolved in 2 ml. of pyridine and treated with 0.5 ml. of 
thiophenol. After 3 hr. a t  room temperature the solution was 
concentrated; a portion was chromatographed on Whatman 1 

On continued heating the sample turned black. 

And .  Calcd. for C ~ ~ H ~ ~ X ~ O Q S :  C, 43.64; H ,  3.66; N, 12.72; 

paper in n-butyl alcohol-acetic acid-water ( 5 : 2 : 3 ) .  Two prod- 
ucts were found. One, the sulfur-containing fragment, ap- 
peared a t  the solvent front, and the other, whirh was colorless 
and fluoresced blue in ultraviolet light, appeared a t  Rt 0.76. 
The latter was identified as 5’-O-acetylthymine by comparison 
with chromatograms of 5’-O-acetyIthymidine, 3’-O-acetylthymi- 
dine, and the diacetyl derivative. RI values in n-butyl alcohol- 
acetic acid-water were thymidine, 0.68; 5’-O-acetylthymidine, 
0.76; 3’-O-acetylthymidine, 0.83; and 3’-0-5’-0-diacetyl- 
thymidine, 0.85. Mixtures containing the 5’-0-acetyl deriva- 
tive with the 3’-0-acetyl isomer or the 3’-0-5’-O-diacetyl deriva- 
tive were readily resolved. Similar results were obtained with 
isopropyl alcohol-ammonia-water ( 7 :  1 : 2) as solvent for the 
chromatogram (Rr of product from reaction 0.72, thymidine 
0.66, 5‘ derivative 0.72, 3’ derivative 0.76, and diacetpl deriva- 
tive 0.79). For these experiments 5’-0-acetylthymidine and 
3’-0-5’-0-diacetylthymidine were prepared by acetylation of 
thymidine4 and 3’-O-acetylthymidine was prepared from 5‘-0- 
tritylthymidine by the method of Michelaon and Todd 16 

Reaction of Bis-2,4-dinitrobenzenesulfenyl-5’-O-tritylthy- 
midine with Sodium Thiosulfate.-To a solution of 0.110 g. 
(0.127 mmole) of bis-2,4-dinitrobenzenesulfenyl-5’-O-tritylthy- 
midine in 750 ml. of methanol was added 2.0 g. of eodium thio- 
sulfate in 250 ml. of water. After 4 hr. the volume was reduced 
to 50 ml. under vacuum; then 50 ml. of water was added and the 
solution was extracted three times with 25-ml. portions of chloro- 
form. Evaporation of the chloroform extracts and recrystalliza- 
tion of the resulting solid from benzene afforded 0.0447 g. (637,) 
of the monobenxene adduct of 5’-O-tritylthymidine, m.p. 118- 
123’; m.p. 160-162” after heating to remove the ben- 
zene; Rt 0.91 on Whatman 40 in isopropyl alcohol-ammonia- 
water (7:1:2 v./v.). The half-life for reaction of I11 with 
sodium thiosulfate in aqueous alcohol under the conditions used 
for the reactions in Table I1 was 9.6 min. measured at  340 mp 
and 9.8 min. measured a t  415 mp. 

Conversion of Tris-2,4-dinitrobenzenesulfenylthymidine to 
Thymidine.--A solution of 0.040 g. of the tris derivative in 50 
ml. of methanol was mixed with 0.15 g. of sodium thiosulfate in 
20 ml. of water. After 2 hr. of stirring, the solution, originally 
yellow, had turned deep orange. Chromatography of a sample 
on Whatman 40 in isopropyl alcohol-water-ammonia (7 : 2 : 1) 
and on diethylaminoethylcellulose thin layer plates with 0.02 M 
hydrochloric acid as the liquid phase afforded in each case an 
ultraviolet fluorescent spot with the same RI as thymidine ( R I  
0.72 and 0.93, respectively). 

When a drop of thiophenol was added to a solution of the tris 
derivative (17.5 mg.) in 1 ml. of pyridine, the solution turned a 
deep red immediately. Paper chromatography and thin layer 
chromatography again showed that thymidine was the product 
of the reaction. 

In  confirmation of the fact that thymidine was formed in the 
thiophenol reaction, the pyridine solution was concentrated under 
vacuum and the products were added to a Dowex-1 ion-exchange 
column in the formate form a t  pH 8.8. The column was washed 
with 0.01 M ammonium formate at  pH 8.8 and eluted with 0.01 M 
ammonium formate a t  p H  7.5. The elution pattern corre- 
sponded exactly to  that of thymidine and the spectrum of the 
product eluted (fractions 8-12, 17-ml. fractions) was that of 
thymidine. The optical density corresponded to an 8070 yield 
of thymidine based on the tris ester (V) .  

(16) A. M .  Michelson and A. R. Todd, J. Chem. Soe., 951 (1953). 


