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(5050); 'H NMR 6 0.95 (3 H, d, 5'-Me), 2.04 (3 H, s, Ac), 2.07 (3 
H, s, Ac), 4.03 (1 H, m, H-3'),4.38 (1 H, m, H-5'), 5.12 (1 H, dd, 
H-4', J3,,4, = 3.7, J4,,5, = 7.3 Hz), 5.17 (1 H, t, H-2', J1,,2, c J2,,3, = 
3.2 Hz), 5.57 (1 H, dd, H-l', J1,,2, = 3.2, J1,,3, = 1.5 Hz), 5.69 (1 
H, d, H-5, J5,6 = 7.6 Hz), 7.56 (1 H, d, H-6), 8.64 (1 H, br s, NH). 

Anal. Calcd for Cl4H1,N3O6-H20: C, 49.26; H, 5.61; N, 12.31. 
Found: C, 49.53; H, 5.54; N, 12.44. 

The HPLC analysis of the mother liquor of crystallization 
showed that there were two major components in the solution. 
Separation of these components was achieved by HPLC on a 
semipreparative reverse-phase column wing H20-MeOH (7030) 
as the mobile phase. From the first fraction (rV = 20 mL), after 
concentration in vacuo and crystallization of the residue from 
acetone, an additional 40 mg of 19 (total yield 47%) was obtained, 
mp 168-170 "C. The second fraction (rV = 29 mL) was con- 
centrated and the residue crystallized from acetone. Compound 
18 (80 mg, 42%) was obtained as colorless crystals: mp 172-174 
"C; UV (MeOH) A, 262 nm (e 7050), A- 230 (1520); 'H NMR 

6 1.10 (3 H, d, 5'-Me), 1.83 (3 H, s, NAc), 2.03 (3 H, s, OAc), 2.15 
(3 H, s, OAc), 4.28 (1 H, m, H-59, 4.68 (1 H, m, H-3'), 4.89 (1 H, 
br s, H-49, 5.00 (1 H, br s, H-2'), 5.63 (1 H, d, H-5, J5,6 = 8.1 Hz), 
5.92 (1 H, s, H-l', J1,,2, = 0 Hz), 7.45 (1 H, d, H-6), 7.76 (1 H, br 
d, NHAc), 11.39 (1 H, br s, NH). 

Anal. Calcd for C1&21N308-1/3H20 C, 49.35; H, 5.61; N, 10.79. 
Found: C, 49.43; H, 5.91; N, 10.66. 
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Photolysis of anaerobic solutions of 9-(2,3,5tri-O-acetyl-~-~ribofuranosyl)purine (2',3',5'-tri-O-acetyInebularine) 
(lb) in methanol a t  2537 8, gave a diastereomeric mixture of 9-(2,3,5-tri-0-acetyl-@-~-ribofuranosyl)-l,6-di- 
hydro-6(R,S)-(hydroxymethyl)purines (2b) plus secondary photoproducts. The presence of oxygen resulted in 
more rapid formation of the 6-(hydroxymethyl)- (3b), 1,6-dihydro-6,6-bis(hydroxymethyl)- (4b), 6-methyl- (5b), 
and (R,S)-1,6-dihydro-6-(hydroxymethyl)-6-methyl-9- (2,3,5-tri-O-acetyl-@-~-ribofurano~yl)purine (6b) byproducts. 
Reevaluation of recently published claims that photoaddition of methanol to nebularine proceeded with high 
stereoselectivity is presented based on definitive 'H and 13C NMR spectral data and FAB mass spectrometry. 

Adenosine deaminase (adenosine aminohydrolase EC 
3.5.4.4) is a crucial catabolic enzyme in the regulation of 
metabolism of adenosine and 2'-deoxyadeno~ine.~ It also 
effects deamination (and related hydrolytic displacements) 
of a number of adenine nucleoside analogues and thereby 
diminishes their effectiveness as drugs.3 There has been 
considerable recent interest in the pharmacological eval- 
uation of inhibitors of this enzyme as single agents and as 
substrate druglinhibitor  combination^.^ 

The naturally occurring 3-(/3-~-ribofuranosyl)- (co- 
formycin, Ia)6 and 3-(2-deoxy-P-~-erythro-pento- 
furanosyl)-3,6,7,8-tetrahydroimidazo[4,5-d] [ 1,3]diazepin- 

(1) For the previous paper in this series, see: Robins, M. J.; Hatfield, 
P. W.; Balzarini, J.; De Clercq, E. J.  Med. Chem. 1984, 27, 1486. 

(2) See, for example: (a) Zielke, C. L.; Suelter, C. H. In "The 
Enzymes"; 3rd ed.: Boyer, P. D., Ed.; Academic Press: New York, 1971; 
Vol. IV, pp 47-78. (b) 'Regulatory Function of Adenosine"; Berne, R. 
M.; Rall, T. W., Rubio, R., Eds.; Martinus Nijhoff Publishers: The 
Hague, 1983. 

(3) See, for example: (a) Frederiksen, S. Arch. Biochem. Biophys. 
1966,113,383. (b) Bloch, A.; Robins, M. J.; McCarthy, J. R., Jr. J. Med. 
Chem. 1967,10,908. (c) Chassy, B. M.; Suhadolnik, R. J. J. Biol. Chem. 
1967, 242, 3655. 
(4) See for example: (a) LePage, G. A.; Worth, L. S.; Kimball, A. P. 

Cancer Res. 1976, 36, 1481. (b) Pede, A. L.; Glazer, R. I. Biochem. 
Pharmucol. 1978,27,2543. (c) Cass, C. E.; Selner, M.; Tan, T. H.; Muhs, 
W. H.; Robins, M. J. Cancer Treat. Rep. 1982,66,317. (d) Koller, C. A.; 
Mitchell, B. S. Cancer Res. 1983,43, 1409. (e) Siaw, M. F. E.; Coleman, 
M. S. J. Biol. Chem. 1984, 259, 9426. 

(5) Nakamura, H.; Koyama, G.; Iitaka, Y.; Ohno, M.; Yagisawa, N.; 
Kondo, S.; Maeda, K.; Umezawa, H. J. Am. Chem. SOC. 1974,964327. 
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8(R)-ol(2'-deoxycoformycin, covidarabine, Ib)6 nucleosides 
are the most potent known inhibitors of adenosine de- 
aminase.'~~ These two compounds are thought to function 
as "transition-state analogue" inhibitors.*" Photoaddition 
of methanol to 9-(/3-D-ribofuranosyl)purine (nebularine) 
(la) was reported to give a product, 1,6-dihydro-6(hy- 
droxymethy1)nebularine (2a),12 that is a strong reversible 
inhibitor of this e n ~ y m e . ~ * ~ J ' J ~  I t  also is thought t o  
function as a transition-state a n a l ~ g u e ~ J l - ~ ~  with a less 
complementary fit a t  the catalytic center than I. 

Our continuing interest in substrate binding to adeno- 
sine deamina~e~~ . '~  led us to consider evaluation of related 
putative tight-binding nucleoside analogues. Some of our 
prior results were not  in harmony with conclusions pub- 

(6) Woo, P. W. K.; Dion, H. W.; Lange, S. M.; Dahl, L. F.; Durham, 

(7) Cha, S. Biochem. Pharmacol. 1976,25, 2695. 
(8) Agarwal, R. P.; Spector, T.; Parks, R. E., Jr. Biochem. Pharmacol. 

(9) Wolfenden, R. Acc. Chem. Res. 1972, 5, 10. 
(10) Cha, S.; Agarwal, R. P.; Parks, R. E., Jr. Biochem. Pharmacol. 

(11) Frieden, C.; Kurz, L. C.; Gilbert, H. R. Biochemistry 1980, 19, 

(12) Evans, B.; Wolfenden, R. J .  Am. Chem. SOC. 1970, 92, 4751. 
(13) Wolfenden, R.; Wentworth, D. F.; Mitchell, G. N. Biochemistry 

1977, 16, 5071. 
(14) (a) Robins, M. J.; Basom, G. L. Can. J.  Chem. 1973,51,3161. (b) 

Robins, M. J.; Hawrelak, S. D. Tetrahedron Lett. 1978,3653. (c) Robins, 
M. J.; Hansske, F.; Bernier, S. E. Can. J.  Chem. 1981, 59, 3360. 

L. J. J. Heterocycl. Chem. 1974, 11, 641. 

1977, 26, 359. 

1976,24, 2187. 
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They reported selective formation of 1,6-dihydro-6-(hy- 
droxymethy1)nebularine (2a) under nitrogen, but all three 
products noted earlier12 were obtained in the presence of 
air.13 The fastest migrating product (6-(hydroxy- 
methyl)nebularine, 3a) was isolated and resubjected to 
photolysis in methanol. A product was obtained that had 
the same chromatographic mobility and lH NMR spec- 
trum as the slowest migrating product. This compound 
was reassigned the structure of 1,6-dihydro-6,6-bis(hy- 
droxymethy1)nebularine (4a) (rather than a mono adduct 
diastereomer).13 The product of anaerobic photoaddition 
migrated with the middle product of the three observed 
in the presence of air. Narrowly shifted twinning of some 
sugar and 6-hydroxymethyl carbon signals in the 13C NMR 
spectrum of this product was compatible with formation 
of comigrating C6 dia~tere0mers.l~ 

In 1983 Ohno and co-workers published a detailed re- 
investigation of these photoaddition rea~ti0ns.l~ Nebula- 
rine (la) was reportedls to give the same three major 
products found originally by Evans and Wolfenden.12 A 
crystal obtained by slow (over one month) diffusion- 
crystallization of the- major middle-migrating product 
fraction was subjected to X-ray diffraction and found to 
be 1,6-dihydro-6(S)-(hydroxymethyl)-9-(@-~-ribo- 
furanosy1)purine (2a S isomer).15 The slowest migrating 
product then was assigned as the diastereomeric 1,6-di- 
hydre6(R)-(hydroxymethyl) mono adduct (2a, R isomer).15 

These authors reported that photolysis of 2‘,3‘,5‘-tri-O- 
acetylnebularine (lb) in methanol gave three analogous 
product bands. The middle and slowest migrating prod- 
ucts were assigned as the 6(S) (major) and 6(R) (minor) 
mono hydroxymethyl adducts (2b). The fastest migrating 
product (3b) was converted chemically to the known 6- 
methylnebularine (5a). Chemical oxidation of the major 
product gave the aromatized 6-(hydroxymethy1)purine 
nucleoside derivative (3b) which further corroborated the 
site of addition as C6.15 

Several groups have employed the “1,6-dihydro-6-(hy- 
droxymethyl)-9-(P-D-ribofuranosyl)purine photoadduct” 
in studies on the inhibition of adenosine deaminase. The 
kinetic constants obtained have been attributed to the 
presumed diastereomeric m i ~ t u r e ~ J ~ * ’ ~ J ~ ~ ~  or the assigned 
individual stereoi~omers.’~J~ The most recently published 
study has further confused this issue.15 The slowest mi- 
grating (TLC) product, originally thought9J2 to be a mono 
adduct (2a) but later assigned as the bis(hydroxymethy1) 
compound (4a) by Wolfenden13 was reassigned as $e mono 
adduct R diastereomer by Ohno.15 The possibility of se- 
lective fractional crystallization of the 6(S) mono adduct 
from a mixed diastereomeric middle fraction was not ad- 
dressed.15 We consider it useful to report our results which 
confirm the latter interpretation and the earlier conclusions 
of Wolfenden and co-workers.13 

Results and Discussion 
Photolysis of 2’,3’,5’-tri-O-acetylnebularine (lb) in 

methanol under argon resulted in formation of a major 
(middle) and two minor product bands (TLC). With 
careful deoxygenation?l about 75% yields of the mono 
adduct (2b) (middle fraction) were. obtained with very 
minor amounts of starting lb  and the rapidly migrating 

OH 
1 

Hov HO X 

I a X = O H  
b X = H  

lished very recently15 on the course of photoaddition of 
methanol to nebularine. 

Photoaddition of alcohols to the parent purine ring was 
studied by Linschitz and Connolly.16 They observed at- 
tachment of hydrogen at  N1 and a-hydroxyalkyl a t  C6 
under anaerobic photolysis. Evans and Wolfenden em- 
ployed photoaddition of methanol to nebularine (la) and 
reported chromatographic isolation of three products.12 
The two slower migrating products had ultraviolet ab- 
sorption maxima at  -292 nm and gave mass spectral 
“parent ions” at  mlz  284.12 These two compounds were 
thought to be the 6-diastereomers of 1,6-dihydro-6-(hy- 
droxymethy1)nebularine (2a).9J2 The third product had 
a UV absorption maximum at 263 nm and other spectral 
properties compatible with the oxidatively aromatized 
6-(hydroxymethy1)nebularine (3a).12 

\ I C H Z O H  FHzOH 

a Series: R = H b Series: R = COCH3 

Ohno et al.17 subsequently reported that photoaddition 
of methanol to 2’,3’,5’-tri-O-acetylnebularine (lb) gave a 
1,6-dihydroS-(hydroxymethyl) adduct (2b) in 96% yield. 
This adduct was considered to be “free of isomeric 
impuritie~”’~ and was used in the first reported synthesis 
of coformycin. The photoaddition/ring expansion se- 
quence was used again by these authors in their more 
recently reported low-yielding synthesis of coformycin 
(diastereomeric a t  C8) and isocoformycin.ls 

Wolfenden and co-workers had amplified their inves- 
tigation of the photoaddition of methanol to nebularine.13 

(15) S h h a d a  ‘, M.; Nakamura, H.; Iitska, Y.; Ohno, M. Chem. Pharm. 
Bull. 1983 31, 3104. 

(16) (a) Linschitz, H.; Connolly, J. S. J.  Am. Chem. SOC. 1968,90,2979. 
(b) Connolly, J. S.; Linschitz, H. Photochem. Photobiol. 1968, 7, 791. 

(17) Ohno, M.; Yagisawa, N.; Shibahara, S.; Kondo, S.; Maeda, K.; 
Umezawa, H. J. Am. Chem. SOC. 1974, 96, 4326. 
(18) Shimazaki, M.; Kondo, S.; Maeda, K.; Ohno, M.; Umezawa, H. J.  

Antibtot. 1979, 32, 537. 

(19) Nair, V.; Wiechert, R. J. Bioorg. Chem. 1980, 9, 423. 
(20) Kurz, L. C.; Frieden, C. Biochemistry 1983, 22, 382. 
(21) In contrast to the results reported in ref 15, we observed little or 

no difference in conducting the photolyses in quartz or Vycor vessels. 
However, a marked effect of oxygen on product formation and generation 
of secondary photoproducta was observed. Argon was bubbled through 
the reaction solutions for at least an hour before and continuously during 
the ‘anaerobic photolyses”. 
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product band. Photolysis and sequential monitoring 
(TLC) of a less rigorously deoxygenated21 solution of l b  
in methanol indicated initial formation of the major 
(middle) product (2b), followed by appearance of the 
fastest and then slowest product bands. 

A sample of the fastest band (incompletely separated 
from the middle fraction by flash chromatographyzz) was 
found to contain several compounds by high-field ‘H NMR 
analysis. The major component in this sample was the 
mono hydroxymethyl 1,6-dihydro adduct 2b (middle 
fraction overlap). The oxidatively aromatized 64hydrox- 
ymethy1)purine nucleoside derivative (3b), its deoxygen- 
ated% 6-methylpurine product (5b), and the 64hydroxy- 
methyl)-6-methyl-1,6-dihydro photoadduct (6b) of the 
latter also were present. 

Photolysis of a methanolic solution of l b  without de- 
oxygenation (and open to the atmosphere) resulted in 
disappearance of starting material and isolation of a 19% 
yield of 6-methyl-9-( 2,3,5-tri-O-acetyl-/3-~-ribofuranosyl)- 
purine (5b) after column chromatography of the intensely 
yellow reaction mixture. This product was identical with 
that prepared from the 6-(hydroxymethy1)purine com- 
pound (3b) by the published15 chemical sequence. 

Anaerobic photolysis of a methanolic solution of the 
6-methylpurine derivative (5b) gave the 1,6-dihydro-6- 
(hydroxymethyl)-6-methylpurine nucleoside adduct (6b). 
The 4M-MHz lH NMR spectrum of 6b in CDC1, had 
narrowly shifted splitting of the base and certain resolved 
sugar proton peaks resulting from an essentially equal 
mixture of C6 diastereomers. Narrowly shifted twinning 
of a number of I3C NMR signals also was observed. 

Photolysis of a methanolic solution of the 6-(hydroxy- 
methy1)purine compound (3b) (prepared from 2b by 
chemical o~idation’~) gave the 1,6-dihydro-6,6-bis(hy- 
droxymethy1)purine adduct (4b). This compound had 
TLC mobility and spectral properties identical with those 
of the slowest migrating product from photolysis of lb. 
The 13C NMR chemical shifts of 4b in D20 are in good 
agreement with those reported by Shimazaki et al. for their 
slowest migrating product.15 However, it is apparent from 
comparison of the peak intensites in the spectra of 2b and 
4b that C6 of 4b is a quaternary carbon. There is no 
bonded-proton coupling and NOE effect for the signal 
from C6 of 4b and the 6-CHzOH carbon signal intensity 
is high for 4b. There are differences noted in our 200-MHz 
‘H NMR spectrum of 4b (see the Experimental Section), 
but it is in general relative agreement with the one reported 
at  100 MHz.15 No resonance was reported for H6 (the 
diastereomeric proton required in their structure) and a 
two-proton signal was noted at  6 4.15 for their 6-CHzOD 
g r 0 ~ p . l ~  Our spectrum has a narrowly shifted (0.002 ppm) 
doublet (of doublets) at 6 3.84 and a doublet at 6 3.61, each 
with lJgeml - 12 Hz and integrating for two protons, for the 
four diastereotopic protons of the 6-CH20D groups of 4b. 
This spectrum has no peak in the region of the signal for 
H6 in the spectrum of 2b. 

The reported E1 mass spectrum of 4b had the highest 
noted m/z ion at  “452 (M + Ac)+”.16 Our high resolution 
E1 mass spectrum had m / z  482.1626 (0.3%, M - H + Ac, 
calcd for Cz0Hz6N4010 482.1649) and 451.1460 (9.1%, M 
- H + Ac - CH,OH, calcd for Cl9HZ3N4O9 451.1465). Our 
FAB mass spectrum of 4b had mlz 441 (M + H). The E1 
mass spectrum of our 6-(hydroxymethyl)-6-methyl adduct 
(6b) also had no parent ion peak. The highest m/z  ion for 
6b was 393.1410 (14%, M - CH20H, calcd for C17H21N407 
393.1410). However, the FAB mass spectrum of 6b had 
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peaks for positive ion-associated molecular species at m l z  
425 (M + H), 447 (M + Na), and 463 (M + K). 

‘H NMR spectra of the major (middle fraction) photo- 
adduct (2b) at 100 MHz in DzO had sharp individual peaks 
as reported by Shimazaki et al.15 However, at 400 MHz 
(and with better resolution in CDCl, solutions) the dia- 
stereomeric complexity was apparent. A t  100.6 MHz the 
13C NMR spectra of 2b in both D20 and CDC1, had nar- 
rowly resolved shifts for a number of carbons of the dia- 
stereomers. 

Conclusions 
The results obtained in these investigative experiments 

demonstrated that photolysis of methanolic solutions of 
2’,3’,5’-tri-O-acetylnebularine (lb) resulted in a more 
complex reaction profile than reported earlier. It also is 
clear that no significant stereoselectivity occurred in the 
formation of the 1,6-dihydro-6-(hydroxymethyl) (2b) or 
1,6-dihydro-6-(hydroxymethyl)-6-methyl (6b) photo ad- 
ducts. This is in harmony with the earlier results of 
Wolfenden and co-workers13 but in sharp contrast with the 
recent claims of Shimazaki et al.15 Confirmatory reexam- 
ination of our earlier experiments in view of their recently 
published study leads to the conclusion that their opti- 
mistic views on the stere~selective’~ photoaddition of 
methanol to nebularine resulted from an unfortunate 
combination of overlapping NMR chemical shifts in the 
monoadduct diastereomers, loss of a hydroxymethyl 
fragment in E1 mass spectra of the bis adduct, and selective 
crystallization of a single diastereomer for X-ray analysis. 

Experimental Section 
Photolyses were performed in a double-walled quartz21 tube 

with cooling at 2 “C (with a Lauda Brinkman bath and circulation 
pump RC 20) in a Rayonet reactor with 16 75-W RPR 2537 A 
lamps. Flash evaporation was conducted at or below room tem- 
perature under water aspirator or mechanical oil pump vacuum. 
Merck silica on plastic sheets (no. 5735) was used for thin-layer 
chromatography (TLC) with MeOH/CHC13 (k9)  as developing 
solvent and migrating fractions were visualized under a 2537 A 
lamp. Flash chromatographyz2 was performed with Merck silica 
no. 9385,4043 Hm, and open column chromatography with Merck 
silica no. 7734,63-200 Hm. Solvent A is MeOH/CHC13 (1:19) and 
B is MeOH/CHC13 (1:9). Reagent grade methanol was redistilled 
for the photolyses. 

Preparation of 2’,3’,5’-Tri-O-acetylnebularine (lb). Ace- 
tylation of 25 g (93 m o l )  of inosine was effected by stirring with 
250 mg of 4-(N,N-dimethylamino)pyridine and 250 mL of AczO 
at room temperat~re.~~ Evaporation of volatile materials and 
coevaporation with toluene gave a residue that was crystallized 
from MeOH/CHC13 to give 35.4 g (96%) of 2’,3’,5’-tri-O-acetyl- 
inosine, mp 240-241 “C (lit.25 mp 241 “C); ‘H NMR and mass 
spectra were in agreement with this known structure. 

Chlorination of this material with SOCl2/HCONMe2/CHCl3 
as reported26 followed by column chromatography (A) gave 9- 
(2,3,5-tri-0-acetyl-~-~-ribofuranosyl)-6-chloropurine~*~ as a col- 
orless oil with UV, ‘H NMR, and mass spectra as expected for 
this known product. 

A sample (780 mg, 1.9 mmol) of this material was hydroge- 
nolyzed2’ with 300 mg (3.7 mmol) of NaOAc and 50 mg of 5% 
PdC catalyst in 15 mL of dry MeOH at 40 psi H2 for 24 h at room 

(22) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 
(23) Stenberg, V. I.; Travecedo, E. F. Tetrahedron 1971, 27, 513. 

(24) Robins, M. J.; MacCoss, M.; Naik, S. R.; Ramani, G. J. Am. 
Chem. Soc. 1976,98, 7381. 

(25) (a) Bredereck, H.; Martini, A. Chem. Ber. 1947,80,401. (b) Bhat, 
C. C. In ‘Synthetic Procedures in Nucleic Acid Chemistry”; Zorbach, W. 
W., Tipson, R. S., Eds.; Wiley-Interscience: New York, 1968; Vol. 1, pp 
200-201. 

(26) (a) Ikehara, M.; Uno, H.; Ishikawa, F. Chem. Pharm. Bull. 1964, 
12,267. (b) Zemlicka, J.; Sorm, F. Collect. Czech. Chem. Commun. 1965, 
30, 1880. 

(27) Vickers, R. S.; Gerster, J. F.; Robins, R. K. In “Synthetic Proce- 
dures in Nucleic Acid Chemistry”; Zorbach, W. W., Tipson, R. S., Eds.: 
Wiley-Interscience: New York, 1968 Vol. 1, pp 244-245. 
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temperature in a Pan shaking apparatus. Filtration of the mixture 
with a Celite pad, evaporation of solvent, partitioning with Et- 
OAc/HzO, drying the organic phase (MgS04), evaporation of 
solvent, column chromatography, and then flash chromatography 
(A) gave 560 mg (78%) of the title compound as a somewhat 
hygroscopic colorless solid foam. This product was TLC homo- 
geneous in two systems and had a clean, sharply resolved ‘H Nh4R 
s p e c t r ~ m ’ ~  and mass spectrum in agreement with the known 
structure. 

Photolysis of lb  under Argon. A solution of 920 mg (2.4 
“01) of lb in 90 mL of MeOH was purged with argon for at least 
1 h,2’ cooled to 2 “C, and irradiated for 140 min with constant 
argon purging. TLC indicated formation of a slower migrating 
major product band plus essentially equivalent intensity minor 
faster migrating spots corresponding to starting lb  and a slightly 
slower migrating zone. Solvent was evaporated from the reaction 
mixture and the residue was subjected to flash chromatography 
(B). Evaporation of appropriately pooled slower migrating 
fractions gave 770 mg (77%) of 1,6-dihydro-6-(hydroxy- 
methyl)-9-/2,3,5-tri-O -acetyl-@-D-ribofuranosyl)purine (2b) 
as a slightly yellow solid foam: UV (MeOH) max (broad) 298 nm 

7.02 (A6 0.007) (d of d becomes 2 s with D20 exchange, 1, H2), 
6.38 (br s, 1, NH, disappears with D20 exchange), 5.88 (A6 0.012) 

1, H2’), 5.58 (A6 0.004) (d o f t ,  J3,-4t -5 Hz, 1, H3’), 5.04 (m, 1, 
H6), 4.40 (m, 3, H4’,5’,5’’), 3.88 (A6 0.007) (d of t,  J -3 and 11 
Hz, 1) and 3.76 (m, 1) (6-CHzOH), 2.14, 2.12, 2.11 (3 s, 9, OAc’s). 
A less well resolved spectrum with most peaks shifted slightly 
downfield was obtained in D20. 13C NMR (100.6 MHz, CDC13) 

(CB), 86.13 + 85.94 (Cl’), 79.86 (C4’), 73.46 + 73.44 ((229, 70.69 

20.68, 20.43, 20.38 (CH3CO’s); NMR (100.6 MHz, D20) 
(differences in our spectrum from those reported15 were verified 
by selective bonded-proton decoupling) 6 173.79, 172.88, 172.56 

+ 132.08 (CB), 117.33 + 117.27 (C5), 85.45 + 85.37 (Cl’), 80.02 
+ 79.96 (C4’), 73.97 + 73.93 (C2’), 70.86 + 70.82 (C3’), 65.28 

(CH3CO’s); E1 mass spectrum (270 “C), m/z 452.1539 (1.7%, M 
- H + Ac, calcd for C19H24N409 452.1543), 410.1454 (1.4%, M, 
calcd for Cl7HZ2N4O8 410.1438), 393.1406 (2.4%, M - OH, calcd 
for Cl7HZ1N4O7 393.1410), 379.1249 (18.5%, M - CHzOH, calcd 
for CI6Hl9N4o7 379.1254). 

Photolysis of lb with “Some” Oxygen Present. A solution 
of 160 mg (0.42 mmol) of lb in 80 mL of MeOH was purged with 
argon for 10 min and then was photolyzed as described above 
(without Ar purging) with magnetic stirring. The reaction progress 
was monitored periodically by removal of a 100-pL sample, 
evaporation to dryness under a stream of Nz, and dissolving the 
residue in CH2C12 for evaluation by TLC. At 30 min essentially 
all of starting lb had disappeared. Monoadduct 2b and a faster 
migrating faint spot were observed. At 90 min a slower moving 
product spot also was visible. After 310 min the reaction mixture 
was evaporated and the residue subjected to tlash chromatography. 
Evaporation of combined early fractions gave 88 mg of an oily 
material whose 400 MHz NMR spectrum in CDC1, indicated the 
presence (in the approximate chemical yield) of monoadduct 2b 
(35%), the aromatized 6-hydroxymethyl compound 3b (13%), its 
deoxygenated% 6-methylnebularine derivative 5b (0.3 % ), and the 
product (6b, 3%) of photoaddition of methanol to the latter 
compound. 

A TLC homogeneous slow migrating fraction was pooled and 
evaporated to give 42 mg (23%) of 1,6-dihydro-6,6-bis(hy- 
droxymethyl)-9-(2,3,5-tri-0-acetyl-~-~-ribofuranosyl)purine 
(4b): UV (MeOH) max (broad) 296 nm ( t  4710); ‘H NMR (200 

1, H3’), 4.60 (m, 1, H4’), 4.40 (m, 2, H5’,5’’), 3.84 (2d, A6 0.002, 
JBBlll --12 Hz, 2) and 3.61 (d, JBBm --12 Hz, 2) (two nonequivalent 

(t 5040); ‘H NMR (400 MHz, CDCl3) 6 7.40 (A6 0.01) ( 2 ~ ,  1, HB), 

(d of d, J1,q -5 Hz, 1, Hl’), 5.78 (A6 0.012) d oft ,  Jy-3, -5 Hz, 

6 170.42, 169.52, 169.40 (CH~COS), 146.80 (C2), 131.84 + 131.70 

+ 70.66 (C3’), 66.79 (6-CHzOH), 63.26 (C5’), 55.69 + 55.66 (C6), 

+ 172.51 (CH~CO’S), 149.65 (CZ), 135.26 + 135.19 (C4), 132.15 

(6-CHzOH), 63.49 + 63.43 (C5’), 54.80 (C6), 20.49, 20.26, 20.12 

MHz, D2O) 6 7.74 (9, 1, HB), 7.34 (9, 1, H2), 6.07 (d, J1r-Z. -5 Hz, 
1, HI’), 5.76 (“t”, J2f-3, -5.5 Hz, 1, H2’), 5.59 (“t”, J3w -5.5 Hz, 

6-CHZOD groups), 2.22, 2.18,2.16 (3 8,  9, OAC’S); 13C NMR (100.6 
MHz, DzO) 6 174.0, 173.0,172.7 (CH~COS), 149.8 (C2), 136.5 (C4), 
132.5 (CS), 118.1 (C5), 85.5 (Cl’), 80.1 (C4’), 73.9 (CZ’), 70.8 (C3’), 
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65.5 (6-CHzOHs), 64.1 (C6), 63.5 (C5’), 20.5, 20.3, 20.1 (CH~COS); 
E1 mass spectrum (220 “C), m/z 482.1626 (0.3%, M - H + Ac, 
calcd for C z ~ z 6 N & ,  482-1649), 451.1460 (9.1%, M - H + Ac - 
CHzOH, calcd for C19H23N40g 451.1465), 409.1376 (9.8%, M - 
CHzOH, calcd for Cl7HZ1N4O8 409.1359); FAB Ms, m/z 441 (M 
+ H). 

Photolysis of lb in the Presence of Oxygen. A solution of 
380 mg (1 “01) of lb in 85 mL of MeOH was stirred magnetically 
at  2 “C and photolyzed as described above while open to the 
atmosphere for 90 min. TLC indicated that all of the starting 
lb had disappeared. The intensely yellow solution was evaporated 
and the residue was subjected to column chromatography 
(CHC13/Me2C0, 1:l). Evaporation of the TLC homogeneow faster 
migrating fractions gave 75 mg (19%) of 6-methyl-9-(2,3,5-tri- 
O-acetyl-@-D-ribofuranosyl)purine (5b): ‘H NMR (400 MHz, 
CDCl3) 6 8.87 (9, 1, HB), 8.19 ( 8 ,  1, H2), 6.25 (d, J1t-2, -5.5 Hz, 
1, Hl’), 5.98 (“t”, J2,-3, -5.5 Hz, 1, H2’), 5.70 (d of d, 53,-4, -5 
Hz, 1, H3’), 4.49 (m, 2, H4’,5’), 4.40 (d of d, 1, H59,  2.88 (s, 3, 
6-CH3), 2.17, 2.14,2.10 (3s,9, OAc’s); E1 mass spectrum (200 “C), 
m/z 392.1322 (0.7%, M, calcd for C17HzoN407 392.1332). This 
product had identical TLC migration and spectral properties with 
those of a sample prepared by the reported15 chemical sequence 
2b - 3b - 5b. 

Photolysis of 3b under Argon. A sample of the dihydro 
monohyroxymethyl adduct (2b) was oxidized with phenyltri- 
methylammonium perbromide to give 3b as de~cribed.’~ A so- 
lution of 250 mg (0.61 mmol) of 3b in MeOH was purged with 
argon for 1 hZ1 and irradiated for 150 min at  2 “C with constant 
argon purging. Evaporation and flash chromatography (B) of the 
residue gave 102 mg (38%) of TLC homogeneous 6,6-bis(hy- 
droxymethyl) adduct (4b) in addition to faster migrating com- 
ponents including 5b and 6b. This sample of 4b had TLC mobility 
and UV, ‘H and 13C NMR, and mass spectral properties identical 
with those of the slowest moving product of photolysis of lb. 

Photolysis of 5b under Argon. A solution of 255 mg (0.675 
mmol) of 5b in 85 mL of MeOH was purged with argon for 1 h,2I 
cooled to 2 “C, and photolyzed as described above for 135 min 
with constant argon purging. Evaporation of the solution and 
flash chromatography (B) gave 146 mg (53%) of TLC homoge- 
neous 1,6-dihydro-6-(hydroxymethyl)-6-methyl-9-(2,3,5-tri- 
0-acetyl-@-Dribofuranosyl)purine (6b) as an essentially equal 
diastereomeric mixture: UV (MeOH) max (broad) 294 nm ( 6  

7.02 (A6 0.005) (2 br s, 1, H2), 5.90 (A6 0.005) (2d, J1,-zr -5  Hz, 

-5.2 Hz, 1, H3’), 4.40 (m, 3, H4’, 5’,5”), 3.80 (A6 0.015) (2d, J,,, 
--11.5 Hz, 1) and 3.56 (A6 0.005) (2 d, 1) (6-CH20H), 2.10 (A6 
-0.005) (6 s, 9, OAc’s), 1.52 (A6 0.01) (2 s, 3, 6-CH3), D20 ex- 
changed peaks at 6 5.6 (NH) and 2.9 (OH); NMR (100.6 MHz, 

134.56 + 134.52 (C4), 131.85 (CB), 122.97 + 122.85 (C5), 86.21 + 
86.18 (Cl’), 79.94 + 79.85 (C4’), 73.61 + 73.56 (C2’), 70.81 + 70.70 

(6-CH3), 20.71, 20.46, 20.43 (CH3CO’s); E1 mass spectrum (250 
“C), m/z 393.1410 (14.4%, M - CH20H, calcd for C17H21N407 
393.1410); FAB MS m/z 425 (M + H), 447 (M + Na), 463 (M + 
K) . 
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4130); ‘H NMR (400 MHz, CDC13) 6 7.36 (A6 0.01) (29, 1, HB), 

1, Hl’), 5.77 (“t”, Jz,-3t -5.2 Hz, 1, H2’), 5.60 (A6 0.006) (2 t, 53‘4, 

CDC13) 6 170.45, 169.55, 169.49 + 169.41 (CHSCO’s), 146.33 (C2), 

(C3’), 70.44 (6-CHzOH), 63.31 (C5’), 59.01 + 58.94 (C6), 26.32 


