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An acid-stable analogue of the 3-f-D-ribofuranoside of Y-base
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ABSTRACT

A cyclonucleoside analogue of Yq riboside has been prepared and
shown to be relatively stable in M-hydrochloric acid solution at room
temperature.

The Y-nucleosides are perhaps the most chemically interesting
group of modified nucleosides which have so far been found to occur in
tRNAl_s. Not only do their aglycones, the Y-bases (1), contain the most
complex heterocyclic chromophore yet observed in nucleic acids but perhaps
even more notably their glycosidic bonds are exceptionally labile to acidic
hydrolysis. Thus Thiebe and Zachau found2 that the half-time for the
release of Ysc—base (la) from tRNAPhe, isolated from baker's yeast

(Saccharomyces cerviseae), was ca. 1-2 hr at pH 2.9 and 37°; these

workers also found2 that, under the same conditions, (la) was released at

a comparable rate from a hexanucleotide and from the putative Y-riboside,
both obtained by the enzymatic digestion of yeast tRNmPhe. In an elegant
piece of work, Nakaniski and his co-workers6 assigned the structure (la) to
Ysc—base and later confirmed this assignment by synthesis7. Subsequently,
YTU— and YL-bases (1b and 1lc) have been obtained by the very mild acidic

hydrolysis of tRNmphe, isolated from Torulopsis utilis8 and mammalian

1iver9, respectively.

YSC-Nucleoside has been shownlo'11 to be derived biogenetically
from guanosine. Furthermore, chromatographic and chemical evidence
consistent with its being a riboside has been obtainedz. On the basis of

this evidence2 it has been suggested that Y_.-nucleoside is the 3-g-D-ribo-

sC
furanoside of (laf% In order to clarify further the structures of the Y-
nucleosides, it would clearly be desirable to synthesize an authentic

3-g-D-ribofuranoside of a Y-base (1). However, it may not be possible to

carry out such a synthesis unambiguously until 3-N-methylguanosine (2)
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becomes available as a starting material. We now report the synthesis of
4,5'-cyclo-3-§fg-ribofuranosyl-4,9-dihydro-6-methy1-9-oxoimidazo[1,2—2}-
purine (4b), a close analogue of the 3-B-D-ribofuranoside of (1b) , starting
from 2',3'-Q_-isopropylidene—3,5'-cycloguanosine13 (3a), the only fully
characterized 3-N-alkylguanosine system of which we are aware. Kasai et al.

have recently reported14 that (4a) may also be obtained by the cyclization

of (5).
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Treatment of (3a) with an excess (ca. 1.5 molecular equivalents) of
sodium hydride, followed by an excess (ca. 2 molecular equivalents) of
freshly-distilled bromoacetone in anhydrous dimethylformamide solution at
room temperature gave, after 24 hr, (4a) as colourless fibrous needles in
52% isolated yield. Removal of the isopropylidene group (M-hydrochloric
acid, 20°, 60 hr) gave (4b) as colourless needles in 84% isolated yield.
The comparative stability of (4b) to acidic hydrolysis was confirmed by the
observations that it remained virtually unchanged after it had been allowed
to stand in 0.09 M-hydrochloric acid at 37° for 68 hr and that it underwent
only ca. 30% hydrolysis in 27 hr at 37° in 0.9 M-hydrochloric acid. Under
the latter conditions, guanosine and 3-N,5'-cycloguanosine (3b) underwent
ca. 80% and virtually quantitative hydrolysis, respectively. Thus the
glycosidic linkage of the Y-riboside analogue (4b) is more stable to acidic
hydrolysis than that of guanosine or 3-N,5'-cycloguanosine (3b). When (4b)
was treated with M-hydrochloric acid at 45° for 24 hr, a major product with
an ultraviolet spectrum closely similar to that reported for YTU-base was
obtained. This product, which is believed to be (6),14 is unstable under
more stringent acidic conditions; thus when (4b) was heated in M-hydro-
chloric acid solution at 100° for 30 min, a higher RF major product and
virtually no putative (6) was obtained.

The half-time of hydrolysis of 2'-deoxyguanosine15 is 3.4 hr at pH

sC
labile to acidic hydrolysis than 2'-deoxyguanosine by a factor of ca. one

2.8 and 48.4°. Therefore Y (and presumably YTU)-nucleoside2 is more

order of magnitude. As the glycosidic bond of 2'-deoxyguanosine is more

labile to acidic hydrolysis than that of guanosine by a factor of more than
c (or YTU)-nuc1e051de undergoes
acidic hydrolysis at a rate more than three orders of magnitude greater than

two orders of magnitudels, it follows that YS

that of guanosine and at a rate approaching 104 times that of the Y-riboside
analogue (4b). This is a very unexpected result inasmuch as it is unclear

why Y (or YTU)—3—riboside should be appreciably more susceptible to acidic

hydroissis than (4b). The rates of acidic hydrolysis of (4b) and 3-N,5'-
cycloguanosine (3b) are of the same order of magnitude and it therefore seems
probable that the rates of acidic hydrolysis of Yoo (or YTU)-riboside and
2-N-methylguanosine (2) will be similar. It also seems unlikely that the
glycosidic bond of the latter compound (2) will prove to be significantly
more labile to acidic hydrolysis than that of 3-N,5'-cycloguanosine (3b)
which is also a 3-N-alkyl derivative of guanosine. However, the effect of

the extra ring on the stability of the glycosidic linkage of the latter
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compound (3b) will remain uncertain until 3-N-methylguanosine (2) becomes
available. Support for the hypothesis that the glycosidic bonds of YSC
(or YTU)-riboside and the Y-riboside analogue (4b) are likely to have
similar stabilities to acid is provided by the observation that the
synthetic putative YTU-lﬁQ-ribofuranosidelz is comparatively stable to
acidic hydrolysis, even in 2M-hydrochloric acid at 37°. Usually, purine
7-B-D-ribofuranosides are somewhat less stable to acidic hydrolysis than
their 9-isomer516 but 7-(B-D-ribofuranosyl)-guanine is an exception in that
it is five times more stable to acidic hydrolysis than guanosine.

Despite previous studies2 on the sugar component of Ys -nucleoside,

C
a virtually inescapable conclusion of the present study is that Y_.- and

YTU-nucleosides are unlikely to be ribonucleosides. Neverthelessfcit would
seem from ultraviolet spectroscopic data that YTU-nucleoside14 is very
probably a 3-derivative of YTU-base (1b). All the nucleosides which have
been isolated from tRNA and fully characterized have so far proved to be

B-D-ribofuranosides or 2'-O-methyl-B-D-ribofuranosides. It _should be noted
in this context that 2'-O-methyladenosine has been reported™ to be ca. 2.5

times more stable to acidic hydrolysis than adenosine. The full character-
ization of the sugar moiety of the Y-nucleosides must await further
investigations. One interesting possibility is that the Y-nucleosides are
2'-deoxyribonucleosides. However, it is by no means clear that this
possibility is consistent with their extreme sensitivity to acidic
hydrolysis.
EXPERIMENTAL
U.v. absorption spectra were measured with a Unicam SP 800 spectro-
photometer. 1H N.m.r. spectra were measured at 90 MHz with a Bruker HFX 90
spectrometer. Merck silica gel 60 F254 was used for t.l.c. in solvent system
A [CHC13-Me0H (82:18 v/v)]1.
4,5'-Cyclo-3-(2',3'-grisopropylidene—gygrribofuranosyl)-4,9-dihydro—

6-methyl-9-oxoimidazo[l,2-a]purine (4a). - A dispersion of sodium hydride

(60%, 0.098 g, ca. 2.5 mmole) in oil was washed with petroleum ether (b.p.
40-60°, 3 x 20 ml) under N2. Dry dimethylformamide (10 ml) was added to

the residue and the cooled (ice-water bath) mixture treated with 2',3'-O-
isopropylidene - 3-5,5'-cycloguanosine13 (0.50 g, 1.64 mmole). The reactants
were allowed to warm up to room temperature, then stirred for a further
period of 1 hr, cooled again and treated with freshly-distilled bromoacetone
(0.3 ml, 3.6 mmole). The reaction mixture was then stirred at room
temperature. After 24 hr, the products were partitioned between dichloro-
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methane (30 ml) and M-potassium phosphate buffer (pH 6.0, 50 ml). The
organic layer was separated, washed with more phosphate buffer (3 x 20 ml),
dried (MgSO4) and concentrated under reduced pressure to give a glassy solid.
Crystallization of this material from ethanol-water (1:2 v/v) gave 4,5'-

cyclo-3-(2',3"' —-0-isopropylidene-g-D-ribofuranosyl)-4,9-dihydro-6-methyl-9-

oxoimidazo[l,2-a]Jpurine. [Found: C, 54.7; H, 4.7; N, 20.0. C16H17N504.
‘!Hzo requires: C, 54.5; H, 5.15; N, 19.9%) as colourless fibrous needles,
m.p. 295-296° (lii:.]'4 292.5°); yield 0.295 g (52%); r(CDC13): 2.47 (1H,
br.s), 2.74 (1H, t, J v 1.2 Hz), 3.87 (1H, s), 4.8l (1H, 44, J = 2.5 and

14 Hz), 4.91 (14, 4, J = 6 Hz), 5.04 (1H, t, J = 2.5 Hz), 5.28 (1H, 4, J =
6 Hz), 6.00 (dd, J = 2.5 and 14 Hz), 7.70 (3H, 4, J v 1.2 Hz), 8.41 (3H, s),
8.63 (3H, s); wultraviolet absorption: (a) in water, }‘max 293, 236

(e 3,900, 14,200) )‘min 259 nm (e 1,300); (b) in 0.1 M-sodium hydroxide,
)‘max 291, 235 (e 3,400, 12,300), Amin 258 nm (e 1,200); (c) in O.1 li-hzdro-
chloric acid, )‘max 276, 231 (¢ 5,300, 14,300), A 250 nm (e 1,200); M at

min
m/e = 343.1278 (100%), calc. for C, _H _N O, : 343.1280; PT‘ 0.67 (system A).

“16 175 4
4,5'-Cyclo-3-B-D-ribofuranosyl-4,9-dihydro-6-methyl-9-oxoimidazo-

[1,2-a]purine (4b). - A suspension of the above isopropylidene derivative
m&l mmole) in M-hydrochloric acid (5 ml) was stirred at room
temperature. After 60 hr, the products were neutralized with aqueous
ammonia (d 0.88) and the resulting suspension concentrated under reduced
pressure. Recrystallization of the residue from water gave 4,5'-cyclo-3-

g—g—ribofuranosyl-:l +9-dihydro-6-methyl-9-oxoimidazo[1l,2-a]purine [Found,

in material dried in vacuo over P,O; at 100°: C, 50.7; H, 4.5; N, 23.0.
C13H13N504.0.25H20 requires: C, 50.7; H, 4.4; N, 22.8%] as fine colour-
less needles, m.p. 266°; yield 0.036 g (84%); 1[(CD3)2S0-CD30D— (CDa)zco-
(9:1:10 v/v)]}: 2.06 (1H, s, H-2), 2.65 (1H, m, H-7), 3.71 (1H, s, H-1'"),
4.92 (1H, 44, J = 2 and 16 Hz, H-5'), 5.22 (1H, m, H-4'), 5.58 (1H, 44, J
= 3.5 and 6.5 Hz, H-3'), 5.85 (1H, dd, J = 3 and 16 Hz, H-5'), 5.95 (1H, 4,
J = 6.5 Hz, H-2'), 7.74 (3H, 4, J = 1.3 Hz, 6-CH3); ultraviolet absorption:
(a) in water, Amax 293, 235 (e 7,300, 28,600), )‘min 257 nm (e 4,200);
(b) in 0.1 M-sodium hydroxide, )‘max 293, 235 (¢ 8,200, 30,300), )‘min 258 nm
(e 5,500); (c) in 0.1 M-hydrochloric acid, )\max 275, 231 (e 13,000, 34,000),
A 248 nm (€ 6,100); M’ at m/e = 303.0958 (1008), calc. for C) H) N.O, :
303.0967; Rp 0.36 (system A).

Acidic hydrolysis of 4,5'—cyclo-3-_B_-£=>-ribofuranosy1-4,9-dihydro-6-
methyl-9-oxoimidazo[1l,2-alpurine (4b) - (a) A solution of (4b) in 0.09
M-hydrochloric acid was maintained at 37° for 68 hr. Ultraviolet spectros-
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copic and t.l.c. (system A) evidence revealed that no hydrolysis had
occurred. Under the same conditions, guanosine appeared to undergo ca.
5% and 3-N,5'-cycloguanosine ca. 10% hydrolysis.

(b) A solution of (4b) in 0.9 M-hydrochloric acid was maintained
at 37° for 27 hr. It appeared from ultraviolet spectroscopic and t.l.c.
(system A) evidence that ca. 30% hydrolysis had occurred. Under the same
conditions, guanosine appeared to undergo ca. 80% and 3-N,5'-cycloguanosine
ca. 100% hydrolysis.

(c) A solution of (4b) (0.015 g) in M-hydrochloric acid (100 ml)
was maintained at 45° for 24 hr, then neutralized with aqueous ammonia
and concentrated under reduced pressure. T.l.c. (system A) revealed one
main product (RF 0.27) and virtually no starting material (RF 0.36).
Ultraviolet absorption of major product: (a) in water, Amax 295, 232,

mi
(c) in 0.1 M-hydrochloric acid, A 277, 228, A ., 245 nm.
- max min

A_. 252 nm; (b) in 0.1 M-sodium hydroxide, A __ 295, 232, A_. 252 nm;
n - max min

(d) Wwhen the hydrolysis of (4b) was carried out in M-hydrochloric
acid at 100° for 30 min, a major fluorescent product with RF (system A)
0.65 and several minor lower RF products were obtained. —
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