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Abstract - 1-Ethyl-6-imino-3-methyl-2-0x0-9-5-D-ribofuranosylpurine (2, l-ethyl-3-methyl-
isoguanosine) has been synthesized from 5-(methylamino)-1-g-D-ribofuranosylimidazole-4-
carbonitrile, This modified purine, by virtue of substituents on beth ML ang N3 nitroyens
is frozen in the B-iming form; its uv spectrum is compared te that of enalegs which cen
exist in the tautomeric 6-amino = G-imine forms. It is relatively stable to hydrolysis of
the 9-ribosyl bond in contrast to other N3 -substituted nucleosides

Recently 1-methylisoguanosine (1, 4:.*.0r1’dc151'ne,1

6-amino-1-metnyl -2-0x0-9-g-D-ribefuranosylpurine)
was independently isolated from three different marine animals (from a dorid nudibranch, Anisodoris
nobilis, from the coast of Ca]iform‘a;l from & spenge, Tedania digitata, from the eastern coast of

Austra]ia;z and from a coral, Madacis mirabilis, from the Caribbean Seas). Before these
1

discoveries, N'-substituted isoguanosines were conspicuously missing, either as naturally occurring

ar synthetic nucleosides, 1-Methylisoguanosine (1) causes sustained lowering of blood pressure in

1,4

experimental animals. The prolonged activity presumably is made possible because it is not

destroyed in vive by adenosine deaminase. Among the rare modified nucleosides, the only cnes which

are substituted at both N1 and N3 seem to be the unusual ¥ nucleosides, (wyosine,5 b

wybutosine™ and
wybutuxosineT) which have a fused imidazele ring between ¢ ana Nl and are also methylated at N3,
A characteristic of these NI,N3—d1‘substituted nucleosides,n and of 3-substituted!?-17 nuclecsides
in general, seems t¢ be their unusually high susceptibility to acid hydrolysis of the glycesidic
bond. The tautomeric structure of a nucleoside such as la = [b under physiclogical conditions 1s in
important factor in determining its intermolecular interactions via hydrogen bonding. In our
repert on the isolation of l-methylisoguanosine 1 we represented it as the 6-imino forn® (ia),
while Cook et al.? reported it as the 6-amino form {lb).  The &-amino form was convincingly

supported by 13(: nmr spin-lattice relaxation studies? in dimethylsulfoxide (DM3S0) solvent. We

sought to obtain independent evidence in neutral agueous solution via the uv spectra of model




compounds. We have synthesized l-ethyl-3-methylisoguanosine (2} which must exist in the &-imino
form. We hoped that a comparisen of the uv spectra of 1 and 2 might clarify this tautomerism
questien. A comparable studym of the more complex tautomerism of isoguanosine {analogous to la=]1b
but lacking the Nl-methy] group) favared the G-aming form but was not conclusive, in part because

of a Yack of a suitable NI.N3-disubstituted model corﬂpcuund.1C| The X-ray crystal structure of the

NH NH2 H
Me‘N — Me-y Et~-N N§ R=
> ‘_ &\ O)\'I“ N g-D-Ribofuranosyl
k Me R
tg 1o 3
imino  form Aming form {-Ethyl-3-methylisoguanosine

hydrochloride salt of 9-meth_y11‘soguan1‘nell does not answer the question of the tautomeric form in
neutral solution since the protonated forms of la and }lz are resgnance hybrids. Reaction of §12
with ethyl fisccyanate in N,N-dimethylformamide (100°C, 6 h) followed by treatment with ammonium
hydroxide tn metnanal at 0°C yielded 2 [76%, mp 165-167°C, mfe, 326 {M+1) uv l;ax {pH 2}, 282 nm (¢

Hp0
5.4 x 103); A2 (ph 6), 209 (5.0 x 103), 292 {4.7 x 103); 220 (o 10}, 283 (5.6 x 13); pka, 4.7;

M nmr (DMSO-dg) 1.15 (3 H, t, CHy), 3.2 (2 H, g, N - CHy}, 3.6 (3 H, s, N5 - CHy) 4.1 (2 H, 4,
-0-CHy), 5.7 (1H, d, Cl‘-H), 7.8 (1 H, s, Cg - H)]. The structure of 2 was assigred on the basis

of its method of synthesis and its 1y nmr, uy and mass spectral propertfes.

NC
IN> EtNCO j[> N, W 30+ E1~NJIN> R =2,3,5-1ri-0-acetyl-
HNN Tomp BN N-C-N ~

) | MeOH B-D-ribofurarosy!
Me R 0 Me R

3 4 5

The IH nmr spectrum of the 6-imirg form of 2 shows an equal intensity triplet {§6.60, J14N-1H’ 49
Hz) which agrees with the data®s8} from la: namely 1 can exist in the imino from {la} in [MSQ. The
uv spectrum of l-ethyl-3-methylisoguanosine (g) in aqueous media at pH 6 is compared with the spec-
tra of l-methylisoguanosine {1), 1-ethyl1‘soguanos1’ne,13 Nﬁ,Ns-Q-tr‘imethﬂ‘isuguanine and the parent
nucleoside, iscguanosine in Table I. These five purine derivatives have almost identical spectral
curves with three common absorption maxima at approximately 210, 250, and 293 nm, Superficially

one might assume that they all had the same basic chromophore. However, Ns,Nb—Q-tMmethyl-
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jsoguanine has the 6-amino structure analogous to lb (it cannot exist in the 6-imino form) while
the Nl,N3-d1'suDst1'tuted 2 has the 6-imino form analogous to la (it cannot exist in the amino form
in neutral solutian). unfortunately, since the uv spectra of these two model compounds with
different nuclear structures are essentially the same, no conclusion can be drawn concerning the

taytomeric form of 1 in neutral solution based on uv spectra,

Table I. UV Spectra of [socguanosine and Its Derivatives in Neutral Aquecus Solution,

Isoguanosine Derivative Anax» nm@ € X 1(]3‘b Reference
Isoguanosine 293, 248, 08 11, 9, 23 10
1-Me-isoguanosine (1) 292, 248, ---© 9,7, --¢ 1

i 294, 250, ---C 1, 9, --¢ 2
1-Et-isoguanosine (6) 293, 249, 209 0, 8, 18 13
1-Et-3-me-isoguanosine (2) 292, 249, 211 5, 5, 19 d
N N8 9.Trimethylisoguanine 295, 249, 212 i1, 8, 17 0

a} Some of the values from the iiterature are taken from figures and are t 2 nm.

b) Rounded to the nearest whole number. <¢) Not reported below 220 nm. d} This study.

The uv spectra of iseguanosine and 9-methylisoguanine in dioxane are strongly influenced by
addition of water;1 however, under the same conditions, that of 2 is virtually unchanged (.
W03, e 7 x 103), while that of Nl-ethyl'isog.uanos‘inel?"a shows anly a slight shift in wavelength but
no ¢hange in intensity 99:1 dicoxane: Hol, % nax 08; 93:7 dioxane: Hyly X max N2, e= 10 x 103). We
conclude tnat these spectral differences are caused by hydrogen bonding in the first two compounds
and that such bonding has been blocked by &! and N3 substitution in the latter two compounds. The

glucosidic bonds of W3-substituted nucleosides (3-methy]adenosines,14 3-methylguanos1’ne,15 3-

% and 3-methy11‘soguanosine” are unusually susceptible to &cid catalyzed

methyl xanthcsine,
hydrolysis; for example, 3-me~tl’1_y]adenosineM hydrelyzes one-thousand times faster than adenosine
itself. However, we have found the Nl,N3-diSub5tituted nuclegpside g is reasonably stable,
hydrelyzing to l-ethyi-3-methylisoguanine (§) at a rate only slightly faster than that of
adenosinel?: pseudo-first order hydrolysis rate constants for 2 were obtained by measuring the
decreasing peak area of 2 and increasing peak area for 5 in aliquots removed at intervais and
analyzed by HPLC {u-Bondapak C-18; Hy0:MeQH, 80:2 retention time for 2, 6.8 win; for 5, 8.2 min;

uv detector 280 nm). The rate constant for 2 {1.6 x 0% min~1, 0.1 HC1, 26%C; 3.2 x 1073 min1,




2.0

N oHCL, 289C; 1,4 % 1073 min~l, 0.1 % HC1, %09C) is about 17105 that published for 3-

methy]isoguanosine,” 176000 that for 3-methylguanosine15 and abeut 17260 that for 3.methyl-

adensoine.

14
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