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Methylation of desmethyl analogue of Y nudeosides. Wyosine from guanosine
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ABSTR&CT
Wyosine la, one of the fluorescent hypermodified Y nucleosides found in
tHNAsPhO, was synthesized chemically frm its biogenetic precursor guanosine
2. The route involved transformation of 2 into the tricyclic structure da
and subsequent methylation at N-4. The major products of various methylation
procedures were isomers of wyosinet methylated at N-5 (.3b) or at N-1 (4).
Mesoionic compound A is a new analogue of 7-methylguanosine 5, modified nucl-
eoside occuring in the unique positions in transfer, messenger and riboscmaJ
IRNAs. The chromatographic and spectral characteristics of wyosine and its
isomers is given.

INTRODUCTIC1
Hype3modified, fluorescent Y bases and respective nucleosides (Za),

occuring in tHRAs specific for phenylalanine have been the subject of many
studies /2-5/ due to their distinctive physical and chemical properties as
well as biological interest.

A multistep synthesis of wyosine (nucleoside Yt, la) starting from 5-
(methylanmino) -1-P -D-ribofuranosylimidazole.4-carboxamide has been reported
/6/ and recently improved /7/. Since it has been shown that biosyntheticallx
Y nucleosides are derived from guanosine /8,9/, the possibility of an analog-
ous chemical transformation was of interest.

Alkylation at the N-3 position has not been noted, even in traces, in
any of the numerous papers /10-15/ on alkylation of guanosine and deoxyguano-
sine. Therefore we approached the guanosine to wyosine conversion via
addition of the third ring to form 4-demethylwyosine /16/ - 5,9-dihYdro--
methyl-9-oxo-3-( {-D-ribofuranosyl )5B-imidazo [1, 2-a] purine, i, and
subsequent methylation. In addition to wyosine, its isomer, methylated at
the N-1 position (4), also deserved attention as an analogue of 7-
methylguanosine ', a unique component of transfer /17,18/, messenger /19/ and
ribosomal /20/ lKAs,, which is known to exist as a zwitterion at physiological
pH.
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The literature data on methylation of 3a have been limited to the report

of Kasai et al. /2/, who after reacting dimethylsulfoxide-methanolic solution

of 3a with ethereal diazomethane, isolated exclusively 5-methyl derivative 3b.
This paper describes our methylation studies on 4-desmethylwyosine, ained

especially towards 1-4 and N-1 derivatives.

RESUILS AND DISCUSSICW

On reinvestigation of literature methylation experiment /2/ on 4

desmethylwyosine 3a we found a trace of flourescent material, which partly
decomposed to wye base on attempted isolation. To increase the stability of

the glycisidic bond, 3a was transformed into 2', 3', 5'- tri-O-acetyl deriv-
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ative I-c. Of additional advantage was decreased polarity of 3 in comparison
with that of parent nucleoside i, which gave new possibilities for the meth-

ylation medium and chromatographic separations.
The behaviour of 4-desmethylwyosine in acetylation and deacetylation

reactions was distinctly different from that of guanosine. The conditions
required for a complete acetylation of 3a were very mild. Acetic anhydride
in pyridine at room temperature transformed it smoothly and almost quantitat-

ively into 5-N,2'-0,3'-0, 5'-O-tetra-acetyl compound X, whereas tetraacetylat-
ion of guanosine could have been accomplished only at the reflux temperature
/21/. N-acetyl linkage of X was more labile than O-acetyl ones and was

easily and selectively split with pyridine-methanol-water to give 3c.
Methylation of triacetate 3c with diazomethane in dichloromethane

solution did not result in essentially changed methylation pattern in
comparison with that of unblocked nucleoside in dimethyl sulfoxide-methanol-

ether. The major product as being N-.5 methylated 3e was identified on the

basis of the UV and 1H NMR spectra and by the deacetylation reaction which

gave 3b. In the present experiment however, two fluorescent minor methylat-
ion products were found. They were successfully separated from each other

and from prepondeTl N-5 m ethyl derivative by short column chromatography on silica
gel. One of them, isolated in %6 yield was identical with wyosine triacetate
le, described by Goto et al. /6/, with respect to the 1H NMR spectrum. Its
UV spectrum showed two maxima 236 (&34,300) and 292 nm (Eg 8,000),
which differed from Goto's results -\ie 234 ( £17.300) and 288 nm
( , 5,300) but were very close to that given recently /7/ for pure, crystal-

line wyosine. The structure of the other fluorescent compound, which we call
tentatively "pseudowyosine" has not been yet completely identified. Treat-
ment of triacetate le with 14N methanolic ammonia at room temperature for
various MEs.

In the above search for the methylation procedures, most favourable for

the fonmation of N-4 and -1- methylated tricyclic nucleosides, chromatograp-
hic, UV and 1H NIMR data shown in T!ABLF 2-4 were of important assistance.

It is worthy to note that although the vt.values on TLC of wyosine tri-

acetate and its congeners are very close, it was possible to separate these
compounds using short column technique. Although the best separation on TLC
was achieved in the solvent system B , chloroform-methanol (9:1), for short
2.5 hours resulted in wyosine la, which crystallized out from the deblocking
medium. The properties of wyosine thus obtained are listed in TABLE 1 to-

gether with respective data reported by Itaya et al. /7/. The comparison showed
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TABLE 1. Prperties of synthetic wyosine.

Melting point, °C

Half time of hydrolysis
of the glycosidic bond
at pH 2.9, 370C

ti/2,m'
UV (H2o)

maxI

Wyosine
frm guanosine

231 decomp.

55
pH 6.8

236 ( 34,500)
296 6 8,100)

Wyosine
according to /7/

235 decomp.

41
pH 7

236 ( 34,700)
296 (E 8,000)

Fluoresence (H20)
EmissionA x, nm

ExcitationA A, nm

NH [(CD3 2SO3
pIpM, o~

2-H

7-H
N-4CH3

6-CH3
3C 1MR CD3 )2SO] /22/
ppm frm TM

6-C

7-c
N-4 OH3
6-OH3

not reported

431 (excitation at 305 nm)

305 (emission at 431 nm)

8.25

7.39
4.09
2.23

8.25

7.37
4.09
2.23

not reported

137.21
105.62
33.81

14.03

practical identity of the characteristic featuires of the nucleoside obtained
by two entirely different routes. Our reslts also confirmed the stability
of wyosine under neutral conditions.

Neither of diazomethane methylation reactions of 4-desmetbhylwyosine 3
discussed above resulted in significant substitution at the 1-1 position.
That is in distinct contrast to guanosine which reacts with diazomethane at

N-7 AO15/, the position corresponding to N-1 of 3. Methylation agents of

the type MeX, however, similarly to guanosine, reacted with 3a at N-l to give
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TABLE 2. Thin Layer Chrmatography

Copcnmd
1~R values x 100 in systems a

A B C D E F

3c 77 51 68 84 _ _
3d 89 74 83 88 - -
3e 83 63 73 81 _ _
le 85 67 79 83 _ _
ie "pseudo" 87 74 83 86 -

3a 26 - - 84 58 66
3b 29 - 76 51 61
la 25 - _ 82 58 59
4 02 - - 33 40 -

2 02 - - 78 51 50
5 01 _ - 15 38 _

a see BPEPIEMETAL

A, an analogue of 7-methylguanosine . Diethyl sulfate was superior to
methyl iodide in this respect because of the higher reaction rate and easier
transformation of the salt, formed originally in the reaction, into the
zwitterionic nucleoside. Verification of the site of methylation as being
N-1 resulted from the independent synthesis of 4 by formation of the addit-

TABE 3. Ultraviolet Spectra

Compound A 3nm (6 103) Solvent

3c 229 (33.7) 285 (14-5) a

3d 223 (40.0) 275 (11.2) 303 (12.7) a

3e 230 (34.6) 286 (16.4) a

le 236 (34.3) 292 ( 8.0) a

le "pseudo" 230 287 a

3a 231 (35.8) 295 (13.9) b
3b 233 (34.7) 289 (13.1) b

la 236 (34.5) 296 ( 8.1) b

4 229 (23.0) 279 ( 7.6) 303 ( 6.6) b

a 953 ZtOE* bH20, pH 6.8
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ional ring onto 7-methylguanosine $. Treatment of E in anhydrous di-

methylfonnamide solution with potassium carbonate, followed by bromoacetone,

at room temperature provided the compound in all respects identical with the

methylation product of i with dimethyl sulfate.

1-Methyl-4-desmethylwyosine 4 underwent easily base-included hydrolytic opeing
of the imidazolium ring, characteristic for 7-methylguanosine, and other 7-

substituted purine nucleosides /23/. The ring opening of 4 was monitored by
the UV spectra in which the increase in absorbance at 234 nm corresponded to

the formation of the ring-opened product. It has been postulated /24/ that

the rate of ring opening reflects the extent of zwitterionic character i.e.

the presence of the negative charge in the pyrimidine moiety. At pH 10

compound 4 was hydrolyzed in the imidazolium ring with tl/2 of 13 min, a

value in between of these reported /24/ for 7-methlguanosine and 7-

methylinosine (25 and 5 min respectively). The similarity of chemical

properties of tricyclic 4 and those of 7-methylgaanosine was also demonstrated
at 3IHNR spectrum. The a-2 proton in 4, analogously to the C-8 proton in 7-
methylguanosine, rwonated at low field, at 9.24 & and exchanged readily
with D20 at room temperature.

The mesoionic character of 4, close to that of 7-methylguanosine,
together with an extra ring binding two nitrogen centers and changing the

dimensions of the molecule suggest this analogue as an interesting candidate

for investigation of the essence of the function of 7-methylguanosine in

column system dichloromethane-ethanol gave the optimal results. The

differences in the UV and 1MM spectra provided sensitive test for the purity
of the isolated compounds.

The experiments on ngng the methylation produot patterns of the

wyosine-akin tricyclic nucleodide a are in progress. At presence, despite
the low yield of N-4 methylation leading to naturally occuring wyusine, the

simplicity of the route provides this hypermodified nucleoside in pure form,
in quantities allowing for much broader characterization than so far.

The approach bears also interesting similarity to the recent hypothesis

concerning the sequence of events in the biogenetic formation of wyosine from
guanosine /25/. It has been found, that lysine is involved in the biosynth-
esis of Y base in t hu e of-mammalian cells. On that basis it has been

proposed that the first step of this biosynthesis is the fozation of tri-

cyclic base, by condensation between 2-amino group of guanosine and aldehyde
group of o(-amino-adipic acid semialdehyde, a metabolic of lysine. Methyla-
tion of the appropriate position completes the biosynthesis of Y base.
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E XPERMAL

General Methods

Melting points were determined in open capillaries on a BUchi SP-20
apparatus and are uncorrected. Elemental analyses were performed on a
Hewlett Packard 185 and a Perkin-ELmer 240 CHl analysers. Thin layer
chromatography (TLiC) was coducted on Merck precoated silica gel F254 plates
(thickness 0.25 mm) using the following solvent system measured by volume:

A, chlorofonm-methanol (4:1); B, chloroform-methanol (9:1); C, dichlorometh-
ane-ethanol (9:1); D, dioxane-water (4:1); E, n-butanol-glacial acetic
acid-water (5:3:2); F, isopropanol-coned.azmonia-water (7:1:2). For a pre-
parative short column chromatography Merck Tic silica gel type 60 H was used.
All evaporations were carried out in vacuo below 350C.

The ultraviolet spectra were obtained on a Zeiss Specord TV-Via
spectrophotometer. The rate of glycosidic bond hydrolysis was measured on a
Zeiss VSIJ-2P spectrophotmeter using Vierordt method. The fluorescence
spectra were recorded on a Hitachi NPF-4 fluorescence spectrophotometer at
200C. The 1H and 13C MM spectra were recorded on a JBOL FX 90 Q IT NMR
spectrmeter.

5.9-DihYdro-6-methL-9-oxo-3=(2 -D-ribofuranosyl)-5Bimidazo [1. 2-=1 pugxML7
Guanosine (2, 20 g 71 anol) was reacted with sodium hydride and then

with bCOfoacetoe according to /2/. After the solution had been poured into
0.5 N KCE (1 L) and kept at room temperature for 4 h it was neutralized with
Dowex exchange resin (50 W X 8, 50-100 mesh, pyridinium form). The resin was
filtered off,, the filtrate was concentrated to a small volume (250-300 mT).
TLC in systems A and F showed unreacted guanosine (R. 0.02 and 0.50) and a
product of RF 0.26 and 0.66 respectively. The solution was diluted with
acetone (2-3 L), ethyl ether (400-600 mL) was added, thick, brown oil that
separated out was dissolved in water and suspended on a column chrmatography
silica gel (15 g) by evaporation of the solvent. It was then applied on a
silica gel short column (U 7 cm, 200 g of adsorbent) and eluted with
chloroform-methanol (4:1). Fractions containing the product were pooled,
concentrated to approx. 0.5 L and left aside in a refrigerator; U crystal-
lized gradually frm this solution. Concentration of mother liquors afforded
additional crop of pure crystals (17 g, 74% total) : mp 2450C dec (lit. /2/
250°C dec).
Methylation of 3a with diazomethane. Reinvestigation of the reaction wydixb.

Reaction was performed according to /2/. TLC in system A of the soJut1on
after methylation showed the presence of fluorescent product in addition to
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unreacted substrate and 3 (RF 0.25, 0.26, 0.29 respectively). After evapor-

ation of the dimethylsulfoxide-methanolic solution TIC demonstrated that the
fluorescent compound of RIt 0.25 had vanished and another of R. 0.62 was

fommed. Dry residue was extracted with chloroform (2 x 10 mL), the extract
was dried with sodium sulfate and evaporated to leave a flourescent material
(1 mg UV spectrum (H20, pH 6.8) of which was identical with that reported
for wye (Yt base) /2/.

5'.9-Dihydro-6-metyl-9-oxo-3-(5.2'-0. 3'-0.5 '-C_tetra_acetyl-t3 -D-ribofuran-

os-vl) imidazo [1.2-a] Purine (3d).
A suspension of a (0.321 g, 1.0 mol) in anhydrous pyridine (5 ml) and

acetic anhydride (0.817 g, 8.0 mmol) was stirred magnetically at room temper.-
ature. After 1 h, when the suspension turned completely into the solution,
TIC in solvent A showed no unreacted substrate, a small amount of 3c and a

major spot of 3d (Rp 0.26, 0.77, 0.89 respectively). After additional 1 h

stirring 3d was the only product. The solvents were removed in vacuo and the

residue was coevaporated several times with isopropanol until a solid was

obtained. It was dissolved in chlorofon and chromatographed on a silica gel
short column ($ 2.5 cm, 20 g of absorbent) with chlorofom-methanol (95:5) as

an eluent, to give TLC homogenous 3d (0.43 g, 88*6). Analytical material was

obtained by recrystallization from isopropanol: mp 67.68OC.
Anal. Calcd for C21H23509: C,51.53; H,4.74; N,14o21-
Found: C,51.54; H,4.97; N,14.03.

5.9-1)ihydro metul--oz,--3-( 2' . 3' .5'-tri-0-aoetYlf.er.ribofursnosYl).5H.
imidazo Ll.2-aJ purine (3o),.

A suspension of 3 (3.21 g, 10 mel) in a ayrou pyridine (5o0 at) and

acetic anhydride (8.17 g, 80 mel) was reacted as described for M. The oily
residue of 3d obtained after evaporation of solvents was treated with a mix-
ture pyrdine-methanol-water (1:1:1) at room temperature. TC in solvent A
showed complete transfomation of 3 into 3 within 2 h. The solvaits were

then rod in vacuo and the residue was coevaporated several times with
isopropanol until a solid was obtained. This material was dissolved in
cbloroform and chromatographed on a silica gel short colun (, 5.5 cm, 100 g
of adsorbent) with cblorofom-methanol (95s5) as an eluent to give analytic-
ally pure 3 (solid foam, 3.84 g, 8696).
Anal. Calcd for C19Hl21508: C,51.01; H,4.73; 1N,15.65.
Pound: C,50.70; H,4.67; N14.95.
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Methlation of 4desmethylwyosine triacetate (3c) with diazomethane in dichl-
oromethase.

3 (0.447 g, 1 mmol) in form of a solid foam was treated at rom temper-

ature with saturated at 0°C dichloromethane solution of diazomethane (30 mL.
approx. 105 molar equivalents, according to titration with benzoic acid).
After 10 min, TLC in system B showed two minor spots, intensively fluoresoent

under 360 nm UV lamp, one major product, and unreacted substrate (R. 0-74,
0.67, 0.63 and 0.51 respectively). Prologation of the reaction time did not

reslt in the increase of the amount of fluorescent campounds, but in degrad-
ation. The unreacted methylating agent and the solvent were evaporated. The
residue was dissolved in dichlormethane and chromatographed on a silica gel
short column ( 5.5 cm, 120 g of adsorbent) with diohloromethane-ethanol
(975:25) as an eluent. Eluate was coliected in 20 mL fractions monitored by
TLC in system Bi, fractions were combined and evaporated. The composition of

the fractions found from NMIR spectra TABLE 4 and the amounts of material

were as follows (in order of elution): I, unidentified fluorescent nucleoside

acetate (9 mgk II, vyosine triacetate le (12.5 mg); nmI, e (380 mg); IV, 3
(50 mg).

imidazo [1.2-al urine (wyosine triacetate. le).
Frction II of RE 0.67 in system B and 0.79 in system C obtained frm

the above chromatographic separation was pure according to H and 13C MM
spectra. Detailed chronatographic and spectroscopic data are given in
TAXBL 2-4. Additional amount of le (1.5 mg) contained in fraction 1II was

isolated when these fractions fro several rzuns were combined, part of i

removed by crystallization from isopropanol and remaining mother liquors

chromatographed on a short column. Total yield 14 ag, 3.0)6 of solid foam.

5.9-DihdI5. 6-dimetbyl-9-ozjo-3( 2' .3' .5' -tri'cetl- ribofvao l)
imidazo [l. 2-al urane ( 3e) .

Fraction III (0.38 g, 826) was recrystallized from isopropanol, mp 107-
1090C.
Anal. Calcd for C202?508: C,52.06; H,5.02; N,15.18.
Found: C,52.00; H,5.38; 1,14.74.
4.Didro 4.6-imeth1-9oxo-3(-D-ribofuranosyl) imidazo [1e2-alxurine
(wyosine. la).

le (10 mg) was dissolved in 141N anhydrous methanolic nia (1 ml.) and

kept at room temperature. !LC in sytem A showed the reaction to be complete
after 2.5 h. Wyosine, la that crystallized out from the reaction mixture was
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collected by filtration (6 mg). Additional amount of nucleoside was isolated

by evaporation of the mother liquors and recrystallization from methanol mak-

ing total 6.5 mg, 906; mp 2310C dec. Compound was pure according to 'H and
3Cspectra.

Detailed chromatographic and spectroscopic data are given in TA.S 2-4.
Hydrolysis of the glrcosidio bond la. Determination of the rate.

Basing on the differences in the UT spectra of wyosine and wye base,
Vierordt method was used. la (2 aD)296, 0.25 )n0l) in 0.1 M citrate buffer

(2 mL, pH 2.9) was thereostated at 370C. Samples (200,pl) were withdrawn at

20-min time intervals, diluted with phosphate buffer (1 M, pH 7) to 2 L

volume and the UV absorbance was measured at 294 and 300 nm and at 294 and

312 nm. Pr the obtained values the amounts of the nucleoside and the base
in time t were calculated; tl/ 55 min (found graphically).

5*9_Di d5.;dinetb;rl s3(2-D-ribofuraosl) do [1.2-a] puerne3O (0.461 g, 1 _ol) was dissolved in 14 N d s methanolic a ia
(20 mL) and kept at room temperature. The time of complete deacetylation and
work-up procedure were the same as for le. White crystals (0.310 g, 93*
total)in all respects identical with 3 obtained from the methylation react-
ion according to /2/.

1.9-Dibydro-l.6-dimetyl-29oxo.3(l-D.ribofuranosl) imidazo [1,2-a] purine

Method A. A solution of , (0.321 g, 1 imol) in dimethylacetamide
(10 mL) was treated with dimethyl suLfate (0.164 g, 1.3 mmol) and kept at

room temperature until TIC in stems A, D and E showed the completion of the
reaction. Rp-s of the substrate and of the methylation product were

respectively: 0.26, 0.02 (A); 0.84, 0.33 (D); 0.58, 0.40 (E). The mixture
was cooled to 10°C, carefully adjusted to pH 8-8.5 with concentrated aqueous
ammonia and then diluted with acetone ( 100 mL) and ethyl ether (50 mL). The
precipitate that isolated was collected by filtration and recrystallized from
methanol to give an analytical sample of A (0.219 g, 656: mp 165-1660C dec.
Anal. Calcd for C14H17N505- 1/2H2 : C,48.84; H,5.27; 1.20.34
FPnmd: C,48.41; H,5.00; X,20.09.

The amount of hydration was determined frm 3H OM spectrm All
attempts to remove water, by heating in vacouo or by azeotroping, resulted in
partial decomposition.

The reaction of 3a with methyl iodide under the sme conditions needed
approx. 30 h for completion. The attempts to transform the salt foreed in
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the reaction into mesoicoic nucleoside were unsuocessful. Ration did not
take place at pH 8.5, higher values of pH reslted in imidazolium ring-
opened Product Rp 0.79 in system D, X PEo 234, 278 nm

Method B. To a stirred solution of 7-methylguanosine : (0.297 g,
1 mmol) in dry dimethyfoAside (5 mL) was added powdered potassium carbonate
(0.152 g, 1.1 mol) and bacetone (0.151 g, 1.1 mmol). The reaction was

carried out at room temperature until TLC in system D showed the complete
disappearance of the substrate (R. 0.15, 1h). The mixture was neutralized

with acetic acid, if needed, filtered through celite and the solvent was

evaporated in vacuo. The residual solid was recrystallized frm methanol to

give analytically pure product in all respects identical with 4 obtained by
method A.

Anal. Calod for C14HJ-N505 1/2H2 : C,48.84; H,5.27; N,20.34.
Found: C,48.93; H,5.14; N,20.30.

Rin&-e2MaiW reaction of 4. Deteeination of the rate.

Half time for the ring opeing ws ea in 0.1 M Tris-HCl buffer, pH
9.85 and 250C. Aqueous solution of 4 (1 uL) was combined with 0.2 M Tris HC1
buffer (1 mL). At time to this solution contained 1.4 0D234 of A. The ultra,-
violet spectrum was recorded at 5-min time intervals. The increase in absorb-

ance at 234 nm corresponded to the formation of the ring opened product.
AA234 0.56, to 90 min, / 13 min.
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