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Abstract —— 9-Alkyl-2-deutericadenines (VIIb—d), adenosine-2-d (VIIe), and
2'-deoxvadenosine-2-d (VIIf) were synthesized from the 9-substituted adenines
Ib—f through cyclization of the monocyclic intermediates VIb—f with formic
acid-d:> or 1-(formyl-d)-2(1H)-pyridone. Rydrolysis of VIIIe, prepared through
this synthetic route, with 0.5 ¥ aquecus HCl (reflux, 2 h) gave adenine-2-d
(VIIa) in 77% yield. Unambiguous assigmments of the purine ring protons in
the nmr spectra of the unlabeled adenines Ia—f have been made by comparison

with those of the labeled adenines VIla-f.

Isotopically labeled adenine and its derivatives are of importance for bicchemical,
mechanistic, and spectroscopic studlies., The hydrogen at C-8 of purines can undergo
isotopic exchange through the ionic process, offering, for example, a ready access

to labeled adenine.1 However, the exchange is reversible in HzO,lc'f'2

rendering
sometimes the use of C{8)-H labeled purines rather limited. The more stable C(Z)-H
labeled purineslc may be obtained by catalytic hydrogen exchange at both C-2 and C-
8 and subsequent selective delabeling from C-8 in H202 or by isctopic hydrogenoly-
sis of 2—halopurines.3 Depending on the target purine structures, these methods
may frequently be inconvenient to carry out and may not always guarantee1i the cor-
rectness of the position and/or the magnitude of labeling. Now we wish to report a
new and unambiguous pathway from the 9-substituted adenines Ib—f to the title 2-

deutericadenines VIO a-f, which has utilized our knowledge4 concerning fission and

reclosure of the adenine ring.
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Prior to the present work, the route from the starting 9-substituted adenines (type
I} to the key intermediates (type VI) had already been extended through the l-ox-
ides (type II), 1l-alkoxy derivatives (type I}, and monccyclic ¥'-alkoxycarboxami-
dines (type VII).5 Thus, VIb—e+HCl were prepared according to the previously re-
ported procedure,5 and VId,e-HCl were alternatively obtained in 75% and 54% overall
vields from the l-methoxy analeogues ITId-HI (R%= Me)6 and ITe (R’= Me)7 through VIId
(R%= Me) [mp 118.5-119.5°C; 82% yield from IMd-HI (R:= Me)]° and VIle (R:= Me) [mp
148.5-149.5°C; 57% yield from Ie {(R?= Me)]. Adenosine l-oxide (Ie), the inter-
mediate for the synthesis of IITe from adenosine (Ie), had previously been prepared
in 65% yield in the form of the monohydrate by oxidation of Ie with 30% agquecus
H,0,in AcOH at 30°C for 5 days.9 We found that the reaction proceeded much faster
with a higher yield (81%) of IIe-H;0 when Ie (52.5 mmol) was oxidized with m-chlo-
roperbenzoic acid {105 mmol) in MeOH (1.5 1) at 30°C for 7 h.

The synthesis of the 2-deoxyribofuranosyl analogue VIf+HC1l fcllowed a similar reac-
ticn sequence. Thus, IIle was allowed to react with Mel in AcNMe, at 13-14°C for
6.5 h. The methylated product [IIf+HI (R?= Me)] was treated successively with Am-
berlite IRA-402 (HCO; ) and boiling agueous NaOH (15 min)}, and the resulting #'-me-
thoxycarboxamidine VIIf (R®= Me} (mp 138-139°C; 64% overall yield from ITf} was hy-
drogenolyzed in the usual manner to yield VIf-HCIL.

Cyclization of VIb—d-HCl to the 9-alkyl-2-deuterioadenines VIIIb—d through IVb—d by
incorporation of a deuterated C; unit was effected in formic acid-d,; (of over 99%%
isctopic purity) at 70-75°C for 16 h, producing VIIb (mp > 300°C; 84% yield), VIIc
(mp 194-196°C; 354% yield), and VIOd (mp 231.5-232.5°C; 52% overall yield from VIId).
For an alternative deuterioformylation, l-(formyl-d)-2{1H}-pyridone {(hygroscopic
solidj was prepared from 2(1#}-pyridone by treating it with formic acid-d» {of over
99% isotopic purity) and dicyclohexylcarbodiimide in CH:Cl» at 0°C for 2 h, the pro-
cedure being patterned after that reported11 for the synthesis of l-formyl-2(14)-
pyridone. Treatment of the free base VIb, obtained from VIb:-HC1l by passing its a-
queous solution through a column packed with Amberlite IRA-402 (OH7}, with 1-(for-
myl-d)-2(1H)-pyridone (5 molar eq.) in boiling MeCN for 1.5 h furnished VIIIb in 37%
yield. The latter cyclization method was then applied to the nucleoside VIie with a
slight modification. The hydrochleride VIe+HC1 was converted [by the use of Amber-
lite IRA-402 (OH™)] into VIe, which was allowed to react with 1-(formyl-d)-2(1H)-
pyridone (6 molar eqg.) in AcNMe. at room temperature for 4.5 h, affording adenosine-

2-d (VITe) (mp 233-234°C) in 42% overall yield {(from VIIe). 2'=-Deoxyadenosine=2-d
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TABLE 1. Chemical Shifts for Purine Ring Protons of Adenine and

Its 9-Substituted Derivatives in Me,50-ds

Compound Chemical shift (8)%)

No - N(9)-R! LabelatC(2} C(2)-H c(8)-H as”)
VIIla H D R — 3.07 —_
Ia H None 8.10 8.07 +0.03
vIOlb Me D e 8.08 _—
b Me None 8.15 8.08 +0.07
VIIlc Et D —_— 8.15 e
Ic Et None 8.15 8.15 £0.00
VIILd PhCH: D R — B.24 _—
1d PhCH: None 8.14 8.24 —0.1¢0
VIIe Rib®! D _ 8.34 _
Ie Rib} None B.13 8.34 -0.21
VIO E arib?) D — 8.32 -
1f arip?) None 8.13 8.32 —0.19

a) Measured in Me;S0-ds at 2080 m/f concentration and expressed in ppm

downfield from internal Me.,Si.

by 88 = Seiayn T Yoy -n

¢) Rib = 8-D~ribofuranosyl

d) dRib = Z—deoxy—B—E—ribofuranosyl

(VITEf) {mp 189.5-191°C) was likewise prepared from VIf-HC1l in 37% overall yield
(from VIIf). Hydrolysis of VIIOe in boiling 0.5 ¥ agueous HCl for 2 h provided ade-
nine-2-4 (VIlIla) (mp > 300°C) in 77% yield. The correctness of the above synthetic
outcome was supported by parallel cyclizations of VIb-HCl with formic acid and of
VIf with l-formyl-2 (1#)-pyridone, which gave 9-methyladenine (Ib)'? and adenosine
(Ie) in 70% (from VIIb) and 43% (from VIIe) yields, respectively. All the 2-deu-
tericadenines VIIIa—f thus prepared were of deuterium content equal in order of
magnitude to that of the formic acid-d: used.

Now that a series of the 2-deuterioadenines substituted or unsubstituted at N-9 was
in our hands, it became possible to compare their !H nmr spectra with those of the

unlabeled counterparts. Table 1 lists the chemical shifts for the purine ring pro-
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tons of VIDTa—f and Ia—f in Me,S50-ds. It may be seen that the C(2)-proton in ade-
nine (Ia) resonates at lower field than the C(8)-proton, whereas the reverse are
the cases of 9-benzyladenine (Id}, adencsine (Ie), and 2'-deoxyadenosine (If).

This is in agreement with what has been reported.13 Howewver, the generalizationl3b
that the C(Z2)-proton of 9-substituted adenines resonates at higher field than the
C(8)~proton does not hold true for 9-methyladenine (Ib} and 9-ethyladenine {(Ic).

It is interesting that in this series the regions where the C(2)- and C(8)-protons
resonate have a crossing at the N{9})-Et level, suggestive of the importance of
careful assignments of the ring protons in nmr spectra of 9-substituted adenines.
It is well known that adenine (Ia) and 9-substituted adenines including adenosine

ib,c, f.d In our

{Ie) underge hydrogen exchange at C-8 much faster than at C-2.
hands, adencsine-8-d (IX), prepared from Ie according to the reported deuterium la-
beling procedure,l4 underwent delabeling in H;O0 at 85°C at a rate cf 0.41 h™' (half
life 1.7 h). On the other hand, the label of adenosine-2-d (VIIOe) was guite stable
under similar conditions for at least 6 h.

In conclusion, a general and unambiguous synthetic route to 9-substituted 2-deu-
terioadenines (type VII) of high isotopic purity has been exemplified in the pres-
ent work. Because of their stability to isotopic exchange, these labeled compounds

should be useful as starting materials for syntheses of a variety of adenine struc-

tures which may often be required for biochemical and spectroscopic investigations.
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