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SYNTHESIS AND GLYCOSIDIC BOND CLEAVAGE OF 7-METHYL- AND 7-ETHYL-

ADENOSINES: AN ALTERNATIVE SYNTHESIS OF 7~ALKYLADENINEST

Tozo Fujii* and Tohru Saite
Faculty of Pharmaceutical Sciences, Kanazawa University,

Takara-machi, Kanazawa %20, Japan

Abstract —— 7-Methyladenosine perchlorate (VIa: X = Cl04,) was
prepared in pure and crystalline form from N®-methoxyadenosine
{I) by methylation with MeI at the 7-position followed by cata-
lytic hydrogenolysis of the N®-methoxy group. 7-Bthyladenosine
perchlorate (VIEb: ¥ = Cl0y4) was also synthesized from Né-benzyl-~
oxyadenosine (II) in an analogous manner. On treatment with H;0
at 98-100°C for 40 min, VIa (X = Cl0,) and VIb (X = Cl0O,}) pro-
duced 7-methyladenine {VIDIa) and 7-ethyladenine (VIObk) in 84% and
55% yields. 1In 0.1 N aqueous HCl at 25°C, VIa (X = ClO4) and
VIb (X = Cl0y) ﬁere hydrolyzed in similar manners at rates of
2.22 x 107? min~! and 1.69 x 1073 min~!, respectively. Compari-
son of these rate constants with those of other three N-methyl-
adenosine isomers X, XI, and XI has revealed that the relative
ease of the hydrelysis of the glycosidic bond is in the order of

3= (XI) > 7- (VIIa) >> K- (x) 2 l-methyladenosine (XII).

7-Alkyladenosine (type VII) 1is among the four possible positional isomers of N-al-

kyladenosine. It has first been synthesized by us!

in the form of a hygroscopic
s0l1id of 7-methyladenosine sulfate [VIIa: X = 1/2504] in 1973 and obtained by
Singer gg_gl.z in the form of 7-methyl- or 7-ethyladenosine (type VII with unspec-
ified X) in 1974. However, these 7-alkyladenosines still remain poorly character-
ized, whereas the other three N-alkyladenosines, namely, 1- (XXI),? 3- (XI),* and

Né-methyladenosine (X} * have already been well known. This communication describes

*Dedicated to Emeritus Professor Dr. Kyosuke Tsuda, University of Tokyo, on
the occasion of his 75th birthday.
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some modifications and improvements in our original procedure! for the synthesis
of 7-methyladenosine sulfate (VIa: X = 1/2504), which permitted the corresponding
perchlorate (VIa: X = ClO4) to be available in pure and crystalline form. An ex-
tension of this procedure to the synthesis of 7-ethyladenosine perchlorate (VIb:
X = Clo,} and the results of a kinetic study of the hydrolytic cleavage of these
nucleosides are also included.

The hemihydrate®s® of N®-methoxyadenosine (I}3~7 was methylated with Mel in AcNMe»
as reported previously,! and the major product IMa (X = 1/250,) was separated, in
the form of a monchydrate [55% yield; mp 128-129°C (dec.}],! from the minor prod-
uct va (X = HS50, or 1/2 80y4) by means of column chromatography [Amberlite CG-400
(B850, ), H;0-0.5 N ag. HCO,H). cCatalytic hydrogenolysis (H,0, 1 atm, room temp.,
9 h) of Ma (X = 1/280,) was accomplished with hydrogen and Raney Ni W-2 catalyst
instead of 10% PA-C catalyst used! in the original procedure, and the crude prod-

uct was treated with aqg. NaClO, to give 7-methyladenosine perchlorate (VIa: X =

Cloy} as a hemihydrate [53% yield: mp ca. 120°C {dec.),d uv Ari:: ELOH 272 nm (¢
. 3 Hz20 . 3H20 . 2 H20 .
10100} ; Amax (pH 1) 271 (12900}; }\max (pH 7} 271 (12800); Amax (pH 13} unstable;

nmr (Me,S0-dg) ¢: 4.18 (3H, s, N{(7)-Me), 6.04 (1H, 4, J = 3.3 Hz, C{1')-H), 8.01
(2H, dull, NH,), B8.44 (1H, s, C(2)-H), 9.67 (1H, s, C(B)-H)1. Its uv spectra were
similar to thosels?10 of 7,9-dialkyladeninium salts. When heated in H,0 at 98-100
°C for 40 min, VIa (X = Cl0,) produced 7-methyladenine (VIIa)},'!?% mp > 300°C, in
84% yield. On the basis of this spectral and chemical evidence, the structure of
the 7-methylated nucleoside was established.

It has already been shown in this laboratory that in the alkylation of Nf®-alkoxy-
9-alkyladenines an Nf-alkoxy group orients the alkylation to both the 7- and the
Nf-position but with an advantage to the former position, and that the N6-benzyloxy
group causes the extent of the 7-alkylation to increase.r9 fThus, we next tried to
alkylate NS-benzyloxyadenosine (I)€ instead of the Nf-methoxy analogue I. Treat-
ment of the monohydrate® of I with MeI in AcNMe; at 30°C for 5 h furnished Nf-ben-

zyloxy-7-methyladenosine hydriodide (IVa: X = I} as a monohydrate [52% yield; mp

103-108°C (dec.); uv A22% EEOH 55y np (e 8470); 3H20 (pm 1) 226 (22700}, 286 (10500);
max max
A20 (pw 7) 226 (22600), 286 (10200): Aggg (pH 13) unstable]. As anticipated, a

max

minor product in this reaction was Nf-benzyloxy-NS-methyladenosine and it was iso-

lated as the perchleorate salt (VIa: X = ClO,) [20% yield; mp 160-161°C; uv AzE:EtOH
., yH20 . 1 H20 . 3 H0
277 nm (e 20800); lmax (pH 1) 276 (18400); Amax (pH 7) 277 (19500); Amax {(pH 13)

277 {20000)]. The location of the methyl group in IVa (X = I} and VIa (X = Cloy)
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was supported by their uv spectra similar to those of Nf-methoxy-7,9-dimethylade-
ninium iodide! and N®-methoxy-N®,9-dimethyladenine hydriodide.! Removal of the
benzyloxy group from IVa {X = I} was then attempted under hydrogenolytic conditions
employed for Ha (X = 1/2804). However, uptake of hydrogen was so slow that this
approach tc VHa had to be abandoned.

Ethylation of H+H,0 with EtI in AcNMe, at 25°C for 32 h and purification of the
product by column chromatography [Amberlite CG-400 {HSO, ), H,0] afforded N%-Len-
zyloxy-7-ethyladenosine sulfate (IVb: X = 1/2 804) as a monohydrate [53% yield; mp

95% EtOH . L Hy0
i 237 nm (e 9940), 290 (B460); A 2.

. L HR0
(PH 7) 232 (9340), 286 (10100); X 2~

109-110°C (dec.): uv A

H,0
max

(pH 1) 232 (9430),
286 {10200): X {(pH 13) unstable].l® When
the ethylated product mixture was directly heated, without chromatographic purifi-
cation, in H,0 at 98-100°C for 40 min, IXb [mp 166°C (sintered at 159°C); uv

95% EtOH . HD
max 277 nm {& 14800); lmax

(pH 7} 276 (15000); Aﬁég (pH 13) 298 (14100)] was obtained in 35% yield (from II-

Ho0

A max

(pH 1) 225 {(shoulder) ({7900}, 279 {11300);: X
H;0). This is analogous to the previously reported formation! of IXa from Ia (X
= 1/280,). Catalytic hydrogenclysis of IXb using hydrogen and Raney Ni W-2 cata-

lyst provided 7-ethyladenine (VIEb)2:17,18 {mp 258-259°C (dec.) (lit.l1® mp 263~
95% EtOH H,0

264°C); uv A2>> 272 nm (e 9800), 282 (shoulder) (6500); AL20 (pH 1) 273
(13600); 2220 (pn 7) 270 (10300), 280 (shoulder) (6700), essentially unchanged at

pH 13] in 82% yield. A similar hydrogenolysis of IVb«H;0 (X = ClOy), derived from
the above sulfate IVbsH,0 (X = 1/280,) in 92% yield, furnished 7-ethyladencsine

perchlorate (VIb: X = Cl0,) as a monchydrate [53% yield; mp 115-117°C (dec.}; uv

95% EtOH 272 nm (e 11300);: AHZO H,O H,0
max max max max

(pH 13) unstable; nmr (Me;SO-dg) §: l.48 (3H, t, J = 7.1 Hz, N(7)-CH;Me), 4.59

A {(pH 1)} 270 (13100), X {pH 7) 271 (13100}; A
(24, g, J = 7.1 Hz, N(7)-CHpMe}, 6.06 (1H, 4, J = 2.7 Hz, C(1l')-H}, B.02 (2H,
broad, NH,), 8.47 (lH, s, C(2)}-H), 9.80 (1H, s, C(8)~H)]. Direct catalytic hydro-
genolysis of the sulfate IVb-H,0 (X = 1/250,) under similar conditions was also
possible, but it gave, after treatment of the product with ag. NaClO,, the desired
compound [VIb-H,0 (X = ¢10,)] in only 28% yield. ©n heating in H,0 at 98-100°C
for 40 min, VHb-H,0 (X = Cl0,) liberated VIOb in 55% yield,

Benzylation of T+H,0 with PhCH,Br was also effected as described above for the
methylation and ethylation. However, we were unable to isolate the 7-benzylated
product; dibenzylated adenines were among the products.

As had seemed probable, the glycosidic bond of the 7-alkyladencsines thus obtained

was fairly unstable in agueous acidic solution. We found that the rate constants
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TABLE 1. Rate Constants (k) for the Hydrolyses of the Glycosidic Bonds

of N-Methyladenosines and 7-Ethyladenosine in 0.1 N ag. HCL

)

Pseudo-first-order rate constant?
{k x 105, min™1)

Compound at
I4 A ~
80.0°C 70.0°C 55.0°C 25.0°C

7-Methyladenosine (VIIa} _— ——— _— 222
7-Ethyladenosine (VIIb} _ —_— —_— 169
N®-Methyladenosine (X) 987 (1110) 300 47.3 0.82b)
3-Methyladenosine (XI) _ e _— 40000)
l-Methyladenosine (XI) 7249 (912) 221 (323) 33.0 0.562)

@} The value in parentheses is that taken from ref. 19. The progress of the reactions

was followed by high-performance liquid chromatography [uBondapak Cig, MeOH—aq. K-
H;PQy, or MeOH—aq. NayHPO4, 1.2—1.8 ml/min].

L) Estimated on the basis of the data at 55.0-—80.0°C and the Arrhenius equation for
reaction rate.

) From ref. 4.

d} The acid hydrolysis of XTI is knownl? to proceed through initial cleavage of the
glycosidic bond to form l-methyladenine, which is then transformed slowly to 53—
amino-N'-methylimidazole-4~carboxamidine. Under the specified conditions, the
first-order rate constant (k') for the latter step was determined to be 52 x 10~%

min~l (1it.19 %' = 1.07 x 1075 see™ = 64.2 x 105 min~1).

for the hydrolyses of VIEa (X = ClOy4}) and VIb (X = ClO4) to VIOTa and VIOb in 0.1 N
ag. HCL at 25°C were 2.22 x 1073 min~? (half life 5.2 h)} and 1.69 x 1073 min~! (half
life 6.8 h}, respectively. Table 1 lists the rate constants for the hydrolyses of
all four possible N-methyladenosine isomers in 0.1 N ag. HCl at various tempera-
tures. It may be seen that the ease with which depurinylation occurs decreases in
going through the series 3- (XI) > 7- (VIa) »>> Nf- {X) > l-methyladenosine (XI}.
It has been reported!? that in acidic solution the glycosidic bond of l-methylade-
nosine (XII) solvolyzes at about the same rate as does adenosine., It follows that
the introduction of the methyl group into adenosine at the 3- or 7-position makes
the glycosidic bond much weaker under acidic conditions. 1In the case of 7-methyl-
adenosine (VIa} or 7-ethyladenosine (VIIb}, such instability is probably owing to

quaternization of the imidazole nitrogen with the alkyl group, since the importance
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of protonation at the 7-position has been proposedl!®:20 for the acid hydrolysis of
some purine nucleosides. Interestingly, 7-ethyladenosine (VIIb) solvolyzes slightly
slower than the 7-methyl homologue VIIa, paralleling the observation?! on 7-alkyl-
guanosines,

We have already reported!® that 7,9-dialkyladeninium salts undergo ring opening to
give 4-alkylamino-6-amino-5-formamidopyrimidines and rearrangement to give N6,7-
dialkyladenines under moderately basic and strongly basic conditions, respectively.
On treatment with 0.5 N ag. Na,CO; or Amberlite CG-400 (OH™) in H,0 at room temper-
ature, VIIa (X = Cl0,) was found to give several products whose structures remained
undetermined. Under more basic and vigorous conditions (1 N ag. NaOH, 60°C, 3 h),
it was hydrolyzed to give VIDa in 44% yield and the desired product, N6-g-p-ribo-
furanosyl-7-methyladenine, was not obtained.

In conclusion, the present results confirm that our general synthetic route to 7,9-
dialkyladeninium salts from Nf6-alkoxy-9-alkyladenines is applicable to the synthe-
sis of 7-alkyladenosines (type VII)., The subsequent easy hydrolysis of the glyco-
sidic bond of VI has concluded an alternative synthesis of 7-alkyladenines, which
have previously been prepared2,11-15,17,18,22—28 by inconvenient methods. In addi-
tion, the above kinetic data on the glycosidic bond cleavage may also be useful
since the importance of 7- and 3-substituted adenine nucleosides has become greater
than previously because of the methods®’r21r2973! 4r gequencing deoxynucleic acids

applied to adenosine residues.
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