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Abatrati-Y-O-Trityl-, Y-O-benzoyl-, 5’-O-acetyl- and unprotected 8-bromoadenosine wert subjected to 
sulfonylation using sodium hydride and triisopropyl-benzeneulfonyl chloride in N,Ndimethylformamide 
solution. In each case 2’- and 3’-monosulfonylated compounds were tbe main products. The ratio of 2’- to 
3’-sulfonylated compound increased as the bulkiness of 5’-substituted group increased. Each sulfonylated 
product was conlirmed as to their structure by elemental analysis and UV and IR absorption properties as 
well BS transformation to 8,2’- and 8,3’-S~clonucleosides. The present series of reactions alfords a con- 
venient and novel method for the synthesis of puke cyclonucleosides. 

IN RECWT years the synthesis and properties of a variety of purine 8-cyclonucleosides 
have been reported. z These cyclonucleosides are useful for transformation of 
ribonucleosides to deoxyribonucleosides.3-5 Especially, 8,2-S- and 8,3’-S-cyclo- 
nucleosides of adenosine have afforded naturally occurring t’deoxy- and 3’deoxy- 
adenosine (the antibiotic cordycepin). 3* 6 However, tosylation of S-acetyl-8-bromo- 
adenosine, with the intention of obtaining a suitable intermediate of cyclonucleosides, 
gave 2’- and 3’-tosylate in almost 1: 1 ratio and made it di5cult to separate the 
desired isomer for further reactions. In this respect, we attempted to control the attack 
of a sulfonylating reagent either on 2’- or 3’-OH group by the introduction of a bulky 
group in the S-position’ and by the use of a bulky sulfonyl chloride as reagent. As 
the sulfonyl chloride we chose 2,4,6_triisopropylbenzenesulfonyl chloride (TPS-Cl),* 
because this reagent proved to be bulky enough so that it could not react with a 
nucleoside OH group in pyridine at room temperature.g Therefore, if a sugar OH 
group of various 5’-substituted adenosine derivatives could react with TPS-Cl, we 
should obtain information on the selectivity of sulfonylation for either the 2’- or 
3’-OH group. 

It was shown previously that nucleoside OH groups will dissociate to -O- by 
using sodium hydride in an aprotic dipolar solvent.“* ’ ’ We utilized this method for 
the reaction of 8-bromoadenosine derivatives with TPS-Cl. If a sulfonyl group is 
introduced into 8-bromoadenosine, this compound could be easily cyclized to yield 
S-cyclonucleosides, whose structures have been firmly established.’ 8-Bromo- 
adenosine” (Ia), 5’-0 -acetyl-8-bromoadenosine’ (Ib), 5’-0-benzoyl-8-bromoadeno- 
sine (Ic) and 5’-0-trityl-8-bromoadenosine (Id) were sulfonylated. Compound Ic was 
synthesized by benrnylation of 2’,3’-0-isopropylidene-8-bromoadenosine,i3 followed 
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by removal of isopropylidene group by 98 % acetic acid. Compound Id was synthe- 
sized by reaction oftrityl chloride with 8-bromoadenosine using conditions established 
for the tritylation of adenosine.14 

The S-blocked nucleosides, thus obtained, were allowed to react with sodium 
hydride in dry dimethylformamide and then with TPS-Cl. The reaction products 
were examined by TLC. Material corresponding to each spot were isolated and its 
physicochemical properties and elemental analysis determined. The results are 
shown in Table 1. The structure of 2’-TPS and 3’-TPS compound was confirmed 
further by transformation to the authentic 8,2’-Scyclo- and 8,3’-S-cyclonucleoside.’ 

2’-TPS-5’-trityl-8-bromoadenosine (IId) (R, O-68) was obtained by recrystallization 
of the reaction product or by column chromatography on alumina. Compound IId 
showed IR absorption bands at 1178 and 1353 cm- ’ corresponding to sulfonic ester 
and UV absorption maxima in ethanol at 265.5 nm similar to that of 8-bromo- 
adenosine. lz Cyclization of IId with sodium hydrogen sulfide in dimethylformamide- 
water media afforded 5’-trityl-8,2’-anhydro-8-mercapto-9-B_D-arab~ofuranosylade- 
nine (5’-trityl-8,2’-S-cycloadenosine) (IVd), which could be detritylated in 80 y0 acetic 
acid to give 8,2’-S-cycloadenosine (IVa). Thus compound IId was the 2’-TPS deriva- 
tive. Elemental analyses of compound IId supported this conclusion. 

A series of reactions with compound IIId (R, 04) similar to those performed for 
compound IId gave 8,3’-anhydro-8-mercapto-9-P-D-xylofuranosyladenine3 (8,3’-S- 
cycloadenosine) (Va) via 5’-trityl-8,3’&cycloadenosine (Vd). Compound IIId was 
thus shown to be 3’-TPS-5’-trityl-8-bromoadenosine. The great difference in R, 
values in silica gel TLC of two isomers, the 2’-TPS (IId) and 3’-TPS derivative (IIId), 
is surprising, because the 2’- and 3’-tosyl-8-bromoadenosine3 had almost the same 
R, values in thin-layer and paper chromatography. This may be due to a difference in 
conformation of IId and IIId caused by the interaction of the bulky trityl and tri- 
isopropylbenzene group. Examination of molecular models showed that the 2’4somer 
(IId) was a more folded conformation than the 3’counterpart. 

2 

a:R=H 
b: R = Acctyl 
c: R = Bcnzoyl 
d: R = Trityl 
TPS = 2,4,6-Tri- 
isopropylbcnzene-sulronyl 

HO 

IV 



Studies of nucleosidea and nucleotides-XL1 4253 

The products from the reaction of TPS with 5’-0-acetyl-8-bromoadenosine (Ib) had 
R, 040 and R, @28 in TIC. These compounds, IIb and IIIb, were separated from each 
other by silica gel column chromatography and purified by recrystallization. Both 
compounds showed IR absorption bands at 1183 and 1180 cm-’ (assigned to the 
aryl sulfonic ester) and 1730 and 1737 cm-’ (assigned to the acetyl group). UV 
absorption maxima at 268 nm also suggested the 8-bromoadenosine chromophore, 
which ruled out a possible sulfonylation of the adenine ring Deacetylation with 
ammonia-methanol gave 2’-TPS (IIa) and 3’-TPS-8-bromoadenosine (IIIa) and 
confirmed the structure of IIb and IIIb as 2’-TPS- and 3’-TPS-5’-O-acetyl-8-bromo- 
adenosine. The elemental analysis was in agreement with this structure. 

The products obtained in the sulfonylation of unprotected 8-bromoadenosine were 
purified by recrystallization (IIa and IIIa). Both compounds showed IR absorption 
bands at 1180 cm- ’ and 1185 cm- i. The UV absorption maxima at 265-268 nm 
resembled that of 8-bromoadenosine. Elemental analysis and the successive cycliza- 
tion to 8,2’- and 8,3’-S-cyclonucleoside confirmed the structure of IIa and IIIa as 
2’-TPS and 3’-TPS-8-bromoadenosine. In the sulfonylation of unprotected 8-bromo- 
adenosine a small amount of di-TPS compound was obtained. In large scale experi- 
ments with the long reaction times often another byproduct was seen. Though the 
structure of this compound was not completely elucidated, its chromatographic 
mobility and UV absorption properties suggested that it may be a dimer containing 
intermolecular 8,2’- or 8,3’-ether linkages.” 

As judged from the results in Table 1, the ratio of 2’- to 3’-isomer increased as the 
bulkiness of 5’-protecting group increased. In the extreme case of the 5’-trityl, 3 times 
as much 2’-TPS compound than 3’4somer was formed. In the case of the 5’benzoyL 
and 5’-acetyl derivatives, the ratio 2’-TPS/3’-TPS was nearly one and the ratio was 
even lower with 5’unprotected 8-bromoadenosine. The most striking fact was that 
even in unprotected 8-bromoadenosine 5’-TPS compound was formed only in very 
low yield. These results are consistent with previous reports of Martin et a1.16 and 
Gin et al.” who showed that methylation of adenosine in alkaline solution leads to 
far more 2’-isomer than 3’-isomer and only to a small amount of the 5’-substituted 
compound. These results could be explained by assuming an anion stabilized by 
resonance between the two hybrids, a and b in Fig 1. 

b 

If a bulky group was substituted at 5’position of 8-bromoadenosine, 2’-OH might 
be more easily sulfonylated by TPS than the 3’-OH for steric reasons. This situation 
could be demonstrated in a molecular model showing that the 3’-OH is in strong 
contact with 5’-trityl group in the case of 5’-trityl-8-bromoadenosine. In contrast to 
this, if 5’-OH is free, the 3’-OH might be more easily substituted than 2’-OH, because 
of the steric interference of the bromoadenine moiety. A recent investigation of the 
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crystal structure of 8-bromoguanosine showed a “syn” structure for bromo- 
guanosine,‘s which suggests the same conformation in 8-bromoadenosine. Imura 
et al.’ ‘. ig reported that benzylation of uridine in dimethylformamide gave only 30 % 
of 2’benzyl derivative and no 3’4somer. However, in this case substitution occurred 
at the N3 position before effect on sugar OH and therefore the ionized species may be 
different from the present case. 

The fact that the 2’-TPS compound always show higher R, values in TLC than the 
3’-TPS derivatives is interesting because it suggests more packed form for 2’-TPS 
than for 3’-TPS compqund. This point was further -supported by the UV absorption 
properties of two isomers. Table 2 shows that difference in extinction value s in acidic 
solution (s,,) and in neutral solution (.+,) was always positive. This is in accordance 
with the assumption that hypochromicity in neutral solution (due to stacking of base 
and TPS group) is abolished in acidic solution. Furthermore, the differences in s,,-sN 
value for 2’- and 3’-isomer (see the last column in Table 2) is 100, 400 and 700 for 
S-trityl, S-acetyl and unprotected nucleoside, respectively. This may suggest that the 
interaction of the TPS residue with the bromoadenine ring increased in the order 
Tr < AC < H in 5’-position. Investigation of NMR spectra also supported this view. 
Chemical shifts of H2 of 2’-isomer always appeared in the higher field compared to 
that of the 3’4somer. As studied by Ts’o et al., 2o the signal of H2 of the adenine ring 
shows a shift to higher field when an adjacent adenine ring is in stacked position. The 
existence of this sort of interaction in adenosine derivative has been reported 
previously.2 ’ 

Sulfonylation of 8-bromoadenosine derivatives was thus achieved selectively by 
using sodium hydride in dimethylformamide followed by the addition of TPS-Cl as 
sulfonylating agent. By this procedure the 2’- as well as 3’-TPS derivative of 8- 
bromoadenosine were synthesized in high yield. From the TPS compounds, the 
2-S and 3’-S-cyclonucleosides were obtained in good overall yield. Moreover, the 
hitherto unknown29 22 8,3’-Ocyclonucleoside, 8,3’-anhydro-8-oxy-9-B_D-xylofurano- 
syladenine was first synthesized. The details of this experiment will be reported in a 
forthcoming paper. 

TABLE 1. PERCENT rm~~ AND R, VALUBS M TLC OP S’-S~ 8-BROMOADBNOSINB 

Starting material 

2’-TPS compound 

% R,” 

3’-TPS compound 

% Rr 

Other products 

% 

8-Br-5’-Tr-adenosine 705 0.68 24.8 040 47 
8-Br-5’-Bz-adenosine 46.8 060 35.1 Q45 18.1 
&Br-5’-Ac-adenosine 43.1 040 427 028 14.2 
8-Br-adenosine 380 021 44-O 016 18.0 

o Solvent of TLC was in text. 

EXPERIMENTAL+ 

Paper chromatography. Asamdiq chromatographien were performed on Toyo Roshi No. 51A paper in 
the following solvent:solvent A, water adjusted to pH 10 with cone ammonia; solvent B, n-BuOH-water, 
86: 14; solvent C, i-PrOH-ammonia-water, 7 : 1:2. 

l Ultraviolet qectra were measured with a Hitachi EPS-3T recording spectrophotometer, infrared 
spectra with a Hitachi EPI-L spectrophotometer, and NMR spectra with a Hitachi H-6013 high resolution 
spectrometer operated at 60 mc with tetramethylsilane aa internal standard. 
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TAWE 2. PROPERTYIB OF UV IX-ITNCTION OF 2’- AND 3’-r~s-Satmsnwnm 8-muxfo~~~nwa1~~ 

Compound eK%* ~-ng,-,,,-3’-TF%C,-,,,b 

2’-TPS-S-Tr-8-Br-adenosine 1200 100 
3’-TP!J-S-Tr-8-Br-adenosine 1100 100 
2’-TPS-S-Ac-8-Br-adenosine 1700 
3’-TPS-S-Ac-&Br-adenosine 1300 

400 

2’-TPS&Br-adenosine 1500 
3’-TPS-8-Br-adenosine 800 

700 

’ Ed-++, stands for dierence of e in acidic and neutral media 
* Dilkrence of e,-et,, value of 2’- and 3’-TPS compounds. 

TAI%B 3. E ISMENTALANALYSLSoFTPSCOMPoUNLEi 

Compound 
Tlmxetical (“/.) Found ( %I 

C H N C H N 

8-Br-S-Tr-2’-TP!I-adenosine 61.81 566 8.19 61-95 5.73 8.13 
8-Br-5’-Ac-2’-TP!I-adenosine 49-s 5-57 1069 4950 5.70 1069 
&Br-S-Ac-3’-TPSosine 4954 5-57 1069 4964 5.49 l(f73 
I-Br-2’-TPSadenosine 4901 5.59 1 l-42 4927 563 11.17 
8-Br-3’-TPS-adenosine 49w 559 11.42 4899 5.83 1 l-21 

Compound M.p. UV max (nm) (e) IR (cm- ‘) NMR (6) 

2’-TPS-S-Tr- 
8-Br-adenosine 

123-124” 

3’-TPS-S-Tr- 
I-Br-adenosine 

2’-TPSS-Ac- 
8-Br-adenosine 

90-91” 

3’-TPS-S-Ac- 
8-Br-adenosine 

104106” 

I’-TPS-8-Br- 

adenosine 

217-218” 

3’-TPS-8-Br- 
adenosine 

185186” 

pH1264 (14,900), 233 (18,600, shy, 285 (6000, sh) 
pH7 2655 (13,700), 233 (18,600, sh), 285 (6000, sh) 
pH13 2655 (12,800), 233 (17,500, sh), 285 (5800, sh) 

pH1 264 (16,900), 233 (19,100, sh), 285 (7000, sh) 
pH7 264.5 (15,800), 232 (21,ooO, sh), 285 (7000, sh) 
pH13 266 (13,700), 232 (17,800, sh), 285 (7100, sh) 

pH1 264.5 (14,400), 2355 (12,900), 286 (5900, sh) 
pH7 266 (12,700), 235 (ll,OOO), 286 (5400, sh) 
pH13 265 (12,600), 2385 (10,900), 286 (5400, sh) 

pH1 264 (16,600), 235 (14,000), 285 (7100, sh) 
pH7 266 (15,300), 2345 (13,700). 285 (7100, sh) 

pH13266(1~.900),235(14,000),285(7500,sh) 

pH 1 265 (17,400), 235 (13,900), 285 (7600, sh) 
pH7 266 (15,900), 234.5 (13,200), 285 (7400, sh) 
pH13 2675 (15,300), 238 (13,500), 285 (7200, sh) 

pH1 265 (16.100), 234 (12,700), 285 (6900, sh) 
pH7 266.5 (15,300), 233.5 (12,4CQ, 285 (6900, sh) 
pH13 268 (13,5C0), 234 (13,400), 285 (8000, sh) 

1178 (sulknate) 

1180 (sulfonate) 

1183 (sulfonate) 
1730 (carbonyl) 

1180 (sulfonate) 
1737 (carbonyl) 

1185 (sulfonatef 

1180 (sulfonate) 

7.96 (2-H) 

7.92 (2-H) 

7.98 (2-H) 

7.91 (2-H) 

807 (2-H) 









Studies of nucleosides and nucleotides-XL1 4259 

” P. 0. P. Ts’o, N. S. Kondo, M. P. Schwcizer and D. P. Holliq Biochemistry 8,997 (1969) 
‘l M Ike&a and H. Tada, Chem. Phan Bull. 14,197 (1966) 
” M. Ikehara and M. Knncko, reported preliminarily at the Kinki Regional Meeting of Pharmaceutical 

Society of Japan (1968) 


