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Abstract—Synthesis of 3,9-dialkylguanines 5 has been accomplished by N-cyanation of Il-alkyl-5-
(alkylamino)imidazole-4-carboxamides 3 followed by base-catalysed cyclisation. Cyclocondensation of 9-alkyl-3-
methylguanines 5a, d, f with MeCOCH,Br gave 3-alkylwyes 6, model compounds of the most probable structere for

wyosine from Terulopsis atifis tRN AP,

The structures of the fluorescent bases from tRNAs™

have been elucidated as 1.' Syntheses of 1a'** and
{(£)-1b'" have been achieved by cyclisation of 3-
methylguanine  with appropriate  a-bromoketones.
Whyosine'*? from Torulopsis utilis tRNAT™ and wybu-
tosine® from yeast tRNAP™ have been proposed to be
3-8-D-ribofuranosides of 1a (28)'"* and 1b (2b),’" res-
pectively. 3-Methylguanosine (type 5: R'= g-D-ribo-
furanosyl; R* = Me) thus appears to be a good synthetic
intermediate for these nucleosides 2. As a model for the
synthesis of 3-methylguanosine we undertook to develop a
synthetic method of the so far unknown 39-dialkyl-
guanines 5. This paper describes a general synthesis of $
and conversion of them into 3-alkylwyes (3-alkyl-3.4-
dihydro-d.6-dimethyl-9 H-imidazol[1,2a]purin-9-cnes) 6.1

3,5-Cycloguanosines are examples of 3,9-disubstituted
guanines and have been synthesised by intramolecular
alkylation at the 3-position of guanosine derivatives.**

A part of this work was reperted in preliminary form

'
bt
b—d: R=CHz:CHC-,

However, alkylation of either 9-alkyl-’ or 3-methylgua-
nine® has been reported to oceur at the 7-position.
Probably the most promising means of obtaining 5 is the
cyclisation of appropriately substituted imidazole or
pyrimidine  derivatives. 1-Methyl-5-(methylamino)im-
idazole-4-carboxamide 3a° and its dibenzy! analogue'
seemed to be good starting materials for this approach.
We have improved the procedure for preparing these
compounds and we have established a general synthesis of
1-alkyl-5-(alkylamino)imidazole-4-carboxamides 3."
Yamazaki et al'’ have synthesised guanine by the
reaction of  5(4)-aminoimidazole-4(5)-carboxamide
{AICA) (type 3: R'=R*=H) with benzoyl isothiocy-
anate followed by methylation, ammonolysis, and
treatment with boiling NaOH aq. Guanosine has been
synthesised similarly.'> However, 3,5'-cycloguanosine
has been reported to be hydrolysed to 3,5-cycloxan-
thosine® under reaction conditions similar to those
employed in the last step for the synthesis of guanine or
guanosine.'? This knowledge discouraged us from utilising
their method for the synthesis of 5. Although these authers
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described that AICA did not give the cyanamide by
treatment with CNBr under various conditions,'*"* the
simplicity and straightforwardness of this approach led us
to focus our efforts on the cyanation of 3.

Reaction of 1-ethyl-5-(methylamino)imidazole-d-car-
boxamide 3d''® with CNBr in CH,C), in the presence of
NEt, took place only slowly at 30°. In aqueous solution
at pH 7 3d reacted smoothly with CNBr at room temp.
However, the main product was- not the desired 35-
{cyanomethylamino}-1-ethylimidazole-4-carboxamide 4d,
but  S-{(cyanoiminomethyl)methylamino]-1-ethylimidaz-
ole-4-carboxamide 7. Compound 7 was supposed to result
from nucleophilic attack of CN™ on the initially formed
4d and the reaction may be regarded as analogous to that
of a secondary amine with (CN),."* The reaction at pH 5
successfully afforded 44 in 33% yield. This compound
was characterised by elemental analysis and the follow-
ing spectral data. The IR spectrum showed a sharp
absorption band at 2225cm™' due to the C=N group.
The mass spectrum exhibited the M* peak at mie 193
and the base peak at mfe 176 which might be due to the
elimination of NH; from the CONH, group in an analo-
gous Tashion to the fragmentation of o-substitnted benz-
amides.'”” The NMR spectrum taken in (CD1),30
showed a sharp singlet at 3.24 ppm due to the NMe group
and no NH signal other than that of the CONH, group,
whereas the spectrum of 3d"'° showed a doublet at
2.83ppm and a quartet at 575 ppm due te the HNMe
group.

The reaction rate of 3d with CNBr at room temp
increased as the pH of the reaction medium was increased
between pH 2 and pH 5 without any formation of 7,
whereas 7 was formed besides 4d at pH 6 and above. The
reactions at various temperatures between 0° and 30° at
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pH § resulted in no meaningful improvement in the yield
of 4d. Addition of MeOH te the reaction mixture retar-
ded the reaction.

5-(Cyanomethylamino)-1-methyl 4a, S-cyanoethyl-
amino)-1-methyl 4b, and 5-(cyanoethylamino)-l-cthyl-
imidazole-4-carboxamide de were synthesised in & similar
manner to that described for 44. 5-(Benzvlcyanoamino)-
1-methyl 4¢  and L-benzyl-3-(cyanomethylamino)im-
idazole-4-carboxamide 4f were obtained from water-in-
soluble 3¢, f''° by prolonged reaction in a mixed solvent
of acetate buffer (pH 3) and MeOH. The results are
summarised in Table !. The structures of these com-
pounds were confirmed by spectral similarity to 4d
(Table 2).

Cyclisation of 4a to 39-dimethylguanine Sa was
effected by various means. On dissolution in 0.1 N
NaQH aq at reom temp, 4a changed into Sa (48% vield}
and {-methyl-5-(1-methylureido)imidazole-4-carbox-
amide 8 rapidly, Even in plain water at reflux, 4a cyclised
to Sa in 65% vield. Treatment of da with NaOEt in EtOH
at room temp gave Sa in 41% yield together with a
5-(2-ethyl- | -methyl - | -isoureido) - 1 - methylimidazole
- 4 - carboxamide 9. Compound 9 was transformed into 5a
by heating with NaOEt in EtOH. Thus, 5a was obtained
more effectively (86% vield) by direct heating of 4a with
NaQEt in EtOH. The highest yield (93%) of 5a was
achieved by treatment of 4a with NaH in M¢;NCHOQO at
room temp.

Correct analyses were obtained for 5a as the mono-
hydrate. The 39-dimethylguanine structure was sup-
ported by UV spectral similarity to 3,5-cycloguanosine®
or its 2'.3-O-isopropylidene derivative.” Compound 5a
was found to be unstable under alkaline conditions and
treatment of Sa with boiling 1 N KOH aq gave 39-
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Table 1. Cyanation of 1-alkyl-5-(alkylamino)imidazole-d-carboxamides 3

Analysts (%)

Product Besction congitions Tiald Appearance WP Formuia Found

Mm% Solvent’ Time (X} (Recrystn. solvemt)  (*D) {Caled.)

{hr) c 4 ]

5 A 1 R Col
4a orless pillars 233235 CoHoNa0 46.97 5.18 38.98
b d 10 B T (MeOH) (dec) (46.92 5.06 139,09)
&b 5 Colorless platas 49,83 5.81 36.15
bl A LR (EOR) D115 CBailal  0%73 5074 36.25)
4 a Colotless needles 212-214 61,27 5,13 27.49
4e 1 B 65 5t (EEOR) (dacy  CaaMaaMa®  (1iie 313 27.44)
4 Colorless plates 49.67 5.88 36.29
by s A £ 0» (EtOR) 190-18  CaBuaWa®  ((9'33 5074 36.2%)
is 1 Colorless plates 52.16 6.57 33.63
~ A M (EtoR) 156-138  CoMiaMa0 (52716 6.32 33.80)
o Colorless needles 153 61.05 5.09 27.48
ut 10 B 95 36 (E08) (dec) SRl ()15 513 27.48)

Ahe figures damots the molar sgquivalents.
The letters A and B refar to 1 M acetate buffer

-

(pH 5) and MeOH (3:4, v/v), respectivaly.

dimethylxaathine 11, 8, and 3a, further supporting the
structure of 5a. The structure of 11 was established by
direct comparison with a sample derived from 3a through
§ - [(ethoxycarbonyl)methylamina] - 1 - methylimidazole -
4-carboxamide 10. An alternative isoguanine structuret
for Sa was ruled out by a marked difference between 5a
and 3,9-dimethylisoguanine'® in UV spectrum.
Treatment of 4b—f with NaH in a manner similar to the
cyclisation of 4a gave 3-ethyl-9-methyl 5b, 3-benzyl-9-
methyl Sc, 9-ethyl-3-methyl 5d, 3,9-diethyl Se, and 9-
benzyl-3-methylguanine $f as shown in Table 3. The

tYamazaki et al® reported the formation of isoguanine by
alkaline treatment of 35(4)-(cyanoamino)imidazole-4(5)-carbox-
amide.

tDetails will be published elsewhere.

(pR 5) and a mixed sclvent of 1 H acetate buffer

structures of these compounds were confirmed by com-
parison of the UV and NMR spectra with those of 5a
(Table 4).

Ienaga and Pfleiderer** have synthesised 5a according
to the method of Yamazaki ef al." Since we have found
that 3-methylguanosine decomposes completelyt under
the reaction conditions employed in the final step of their
synthesis, it seems difficult to prepare 3-methylguanosine
by their method.

When 5t was treated with MeCOCH_Br in Me,S0 in
the presence of K,CO,, a fluorescent product was
obtained in 37% yield. This compound was characterised
as 3-benzylwye 61 on the basis of its catalytic hydre-
genolysis with Pd on C which gave 1a. The structure of
1a was confirmed by direct comparison with an authentic
sample synthesised according to the literature.'® Similar

Table 2. UV and NMR spectra of I-alky!-S-(alkylcyanoamino)imidazole-4-carboxamides 4

uy spectrla

Compound 95X EtOH ag H:D (pH 1) H:0 (pR 7) “‘g :"“;‘“‘
Ashoulder £x 107 Ashoulder ex10™"  Jmex €x107 .. PPt
(nm) (nm) (nm) Y. ~Alky . 2-8
7.26 (br)
wn 2% 7.4 235 6.3 22 1.3 224 0 362 m ;50 07 0 @
1.20 (v) 7.25 (br)
i 231 1.7 2% 6.3 243 7.3 153 (g 3@ R e
be 28 7.8 240 6.2 e 7.7 4-67 (8 3 36 () ——P .62 (&)
be 7.35 {(a)
1,37 {€) 7.22 (br)
b W/ 7.7 215 6.2 M1 7,5 12U W 0w 10 o T W
1.22 (t) 1.37 () 7.25 (br)
4e 236 7.5 239 5.6 w2 7.4 2153 (g 3.99 (b .37 sy 780 (@)
o 5.23 (s) b
ag 236 8.4 236 7.2 236° 8.5 2.96 (), 3300 7.93 (a)

%The apectra in 0.1 N MaOH aq changed rapidly.

bov.tlppod with a signal due to the phenyl protons

“shoulder
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Table 3. Cyclisation of 1-alkyi-5-(alkylcyancamino)imidazole-4-carboxamides 4 with NaH
Amount of Analysis (%)
Reaction
NaH Yield Appearance m.p. Feund
Product o ter (:‘:;‘ (¥) (Recrystn. solvent) (°C) Formula (Caled.)
equivalent) C H N
Colorless needles f24 42.53 5.51 35.46
sa 0.2 0.5 93 (H.0) 2300 CrHpNs0H30 (42.63 5.62 35.52)
Colorless needles 49.48 5.80 36.20
i 0.6 20 B8 (90% MeOH nq) 7300 Calli N0 (49.73 5.74 36.25)
Colorless needles 280-282 R 57.083 5.56 25.72
E 1.2 1 " (HeOH) (dac) ~CrsthaNeOtHa0" 57015 ST5y 2563
Colorless needles a 45.57 6.27 33.01
B 0.2 1 S (50% MeOH aq) 00 ML N0HL0T 5700 070 331y
Colorless prisms 270280 o 48.04 6,90 30.82
se 1.0 0.5 82 H.0) (gecy CrHiaa0H0T 43059 6 71 31.09)
Colorless plllars 61.03 5.21 27.64
3:‘.‘ 1.0 overnight 83 (MeOH) >300 CysH,aNs0 (6L.16 5.13 27.84)
The sample was dried at 110° and 2 mmHg for several howrs followed by expesure to air until a constant
weight was reached.
Table 4. Physical properties of 3,9-diatkylguanines §
UV spectra NMR spectra
Compound  pXa 957 EtOH aq HaC (pH 1} HaO (pH 7) HaC (pH 13) 4§ (ppm)
Amax -+ AmAX - Amar -» ADAX —. " _ _
(omy £X107" oy ex107 (T ex107 oy ex10 3-alkyl  9-Alkyl Nk &-H
216 3.0 5.5 o g
sSs  4.62:0.08 261 1,12 248 1.25 247 0,86 . 3.67(s)  3.91 (a) 6.6-7.1 (br}) 7.53 (8)
e 266 1.14 266 1.10
218 2.64
5b 4.64+0.06 262 1.09 250 1.21 249 0,80 8% 0.82 LA6(DY 4 00000 g9 be)  7.56 (8
o 267 1.0 267 1.06 4.14 (q)
218 4.21
248 1.01 : 267% 0.90 5.43 (a) » B
3o 41220.07 pp (3 B 130 2P 0B g 1 e.taq@ TH® T
216 2.86
S 4.65:0.07 262 1.14 249 1.26 248 0.84 %8 .86 4 .y LB Lk 7680
Fos 267 1.16 67 1.1l 4.31 (q)
218 2.84
a 2507 0.85 1.24 (£} 1.39 ()
f',: 4,64:0.07 263 1.14 251 1.27 322 ;).tlzg 267 1.12 41089y 4.22(q PR T.82(e)
224 3.00 Lo oo 5.62 (8)
Sf  4.2030.03 262 1.23 250 1.31 249 0.90 oo UUC 3.37 (s) 6.%7.1(m) 6.8(br) 7.73(s)
“ 267 1.19 . 7.3-7.5 (m)
Zshoulder
bo\vetllpped with 8 signal due to the pheayl protons
treatment of 5a and 5d with MeCOCH.Br gave 3- EXPERIMENTAL
methyl 6g and 3-ethylwye 6h, respectively, consistent .~ .,

with the synthesis of 6g by lenaga and Pfleiderer,** The
close UV and NMR spectral similarity of ég and éh to 6i
established the correctness of their structures. The UV
spectra of 6g, h, i at pH 7 are very similar in shape to the
reported spectrum of wyosine,'”” supporting that
wyosine is a 3-substituted wye.

In conclusion, the present work provides a simple and
mild synthesis of 3,9-dialkylguanines §. This method has
been utilised for the facile synthesis'” of 3-B-D-ribo-
furanosylwye 2a, the most probable structure for wyosine,
through 3-methylguanosine, both of which are very un-
stable aucleosides.*

tSyntheses of 2a and 3-methylguanosine were first reported by
Nakatsuka er al®®

All m.ps are corrected. Spectra reported herein were deter-
mined with a Hitachi 323 UV spectrophotometer, a JASCO
IRA-2 IR spectrophotometer, a JEOL INM-PS-100 or a JEOL
INM-FX 100 NMR spectrometer, or a JEOL JMS-018G mass
spectrometer. Unless otherwise stated, NMR spectra were
measured in (CDy):80 at 23-25° using Me,Si as an internal
standard. Me,Si(CH,);S0;Na was used for D,0 solns instead of
Me,Si. UV spectra were determined using solns in 95% E1OH aq,
0.1 N HCl aq (pH 1), 0.005 M phosphate buffer (pH 7), and 0.1 N
NaOH aq (pH 13). pKa's were measured spectrophotometric-
ally'® at 20° and ionic strength 1.00.

1-Alkyl-5-{alkyleyanoamino)imidazole-4-carboxamides 4

The procedure for the synthesis of 4d will be described as a
typical example. The other compounds were synthesised similarly
as specified in Table 1.
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5-(Cyanomethylamino)-1-ethylimidazole-4-carboxamide 4d. A
suspension of 3d (5.00g, 29.7mmol}''* and CNBr (lég,
151 mmol) in 1 M AcOH-AcONa aq (pH 5.0, 75 ml) was stirred
at room temp for 4 h. The mixture was saturated with NaCl and
then extracted with CHCl,. The combined CHCl, extracts were
dried over MgSQ, and evaporated to dryness. The residue was
washed successively with AcOEt (30 ml) and EtOH (4 ml) to give
a dark solid. This was dissolved in MeOH~CHCI, (1:1, v/v) and
the soln was treated with charcoal. Removal of the solvent by
evaporation left a colourless solid (1.24 g), m.p. 186-194°. The
combined AcOEt and EtOH washings were concentrated to a
small volome and purified by column chromatography [SiO,
(100 g), CHC1,-EtOH (8:1, v/v)] to furnish a second crop {0.67 g).
For analysis the product was recrystallised from EtOH (Tables 1
and 2). MS m/e: 193 (M*), 176 (M*-NH,), 150 (M*-NH,-CN); IR
(Nujol) em™": 3370, 3190, and 3080 (NH), 2225 (C=N), 1677
(C=0).

5 - [(Cyanoiminomethy)methylamino] - 1 - ethylimidazole - 4 -
carboxamide 7

A mixture of M (1.0t g, 6 mmol),"'* CNBr (0.95g, ca. 9 mmol),
and H,0 (30 ml) was stirred at 29° for 4h, being kept at pH
6.9-7.6 by occasional addition of NaHCQ;. The mixture was
evaporated to dryness and the resulting residue was purified by
column chromatography [Si0; (50 g), CHCl,-EtOH (8:1, v/v)).
As a less polar material 3d (0.07 g, 7%) was recovered, Crude 4d
(0.11 g}, m.p. 1535-167°, was obtained as a more polar material.
Further elution afforded 7 (0.32 g, 24% based on M), m.p. 205~
208° (dec). Recrystallisations from EtOH gave colourless
needles, m.p. 214-215° (dec) (Found: C, 49.34; H, 5.49; N, 37.86.
CoH ;N0 requires: C, 49.08; H, 5.49; N, 38.16%); MS mfe: 220
(M*), 203 (M*-NHy); NMR 4: 1.33 (3H, t, ] =7Hz, Ch,CHy),
3.07 (3H, s, NCH,), 3.87 (?H, q. ] = 7 Hz, CH,CH;), 7.10 and 7.28
(1H each, br, NH;), 7.75 (1H, s, 2-H), 9.90 (1H, br, NH); UV
AR EOH 229 nm (¢ 12,700); AH20 (pH 1) unstable; AB:0 (pH 7)
232 (11,900); AH2C (pH 13) unstable.

3.9-Dialkyiguanines 5

The procedures employed for cyclisation of 4a will be des-
cribed below. The identity of the products Sa obtained by
different methods was estalished by comparison of the IR spec-
tra. The other 3,9-dialkylguanines Sh-£ were synthesised similarty
according to method (i) (Table 3).

3.9-Dimethylguanine 5a. (i) A mixture of 4a (1.97 g, 11 mmol})
and 50% NaH (0.11 g, 2.3 mmol) in anhyd Me,NCHO (40 ml) was
stirred at room temp for 30 min. The mixture was evaporated to
dryness in vacuo and the resulting solid was nentralised with
50% AcOH aq. Insoluble solid was fiitered off, washed suc-
cessively with cold H,Q (10 ml) and EtOR (20 ml), and dried over
P05 in vacuo. The product was then exposed to air until a
constant weight was reached to give 5a (2.02 g) as monohydrate,
m.p.>> 300° (Tables 3 and 4).

(i) To a soln of Na (77 mg, 3.3 matom) in abs EtOH (25 ml)
was added 4a (500 mg, 2.79 mmol} and the mixture was stirred at
room temp for 2 h. The solvent was removed by evaporation and
the residue was washed with cold H;O (6 ml) and dried to give
$a - H,0 (205 mg). The washings were nentralised with 10% HCI
aq and evaporated to dryness in vacuo. The residue was washed
with cold H;O (2ml) to give a second crop of 3a- H,O (22 mg,
total yield 41%). To the aqueous washings was added ALO; (208)
and the mixture was evaporated to dryness in vacuo. The result-
ing solid was eluted with CHCL,-EtOH (6:1, v/v). The eluate
was evaporated to dryness and the residue was washed with
AcOEt-hexane (1:1, v/v) then dried over P05 at 2 mmHg and
30° for 10h to afford 9 (212 mg, 34%), m.p. 160-163°. Although this
sample was different from an- analytically pure 9 in m.p. and IR
spectrum, identity was established by NMR spectrum. Recrys-
tallisation from AcOEt and drying over P,0; at 2 mmHg and 30°
for 10h gave colourless needles 9, m.p. 154-155° (Found: C,
47.82; H, 6.93; N, 31.05, C;H N0, requires: C, 47.99; H, 6.71;
N, 31.09%); NMR &: 1.10 (3H, t, J =7 Hz, CH,CH5), 3.05 (3H, s,
NCH,), 3.40 (3H, s, 1-CH3), 3.99 (2H, g, J = 7 Hz, CH,CHs,), 5.62
(1H, br, NH}, 6.94 and 7.10 (1H each, br, NHy), 7.54 (1H, s, 2-H);
UV AREECH 238 hm (e 8100); AN (pH 1) 231 (8100); AP0
(pH 7) 237 (8500); AH2C (pH 13) 240 (7800).

1

(iti) Compound 9 (50 mg, 0.22 mmol) was dissolved in a soln of
Na (6 mg, 0.26 matom) in abs EtOH (3ml) and the soln was
refluxed for §h. The mixture was then evaporated to dryness to
leave a solid, which was neutralised with 10% HCI aq, washed
with HyO (1 ml), and dried to give 5a- H;O (34 mg, 77%).

{iv) The reaction mixture described under method (ii) was
refluxed for 7h. It was then worked up in 2 manner similar to
that described under method (iii) to give Sa - H,O (473 mg, 86%).

(v} A soln of 4a (500mg, 2.79mmeol} in 0.1 N NaOH aq
(100 ml) was allowed to stand at room temp for 10min then
brought to pH 8 with 10% HCI aq. The mixture was evaporated
to dryness in vacue and the residual solid was washed suc-
cessively with H,0 (?ml) and EtOH (2ml) and dried to give
5a - HyQ (263 mg, 48%). The combined washings were evaporated
after addition of ALQ, (10g) and the resulting solid was eluted
with CHCL,-EtOH (6:1, v/v). Removal of the solvent from the
eluate by evaporation left 8 (140 mg, 25%) as a colourless solid,
m.p. 266-268° (dec). Recrystallisations from MeOH-H,O (1:1,
v/v) gave colourless prisms, m.p. 269-271° (dec) {Found: C,
42.85; H, 5.74; N, 35.70. C,H,;N;0, requires: C, 42.63; H, 5.62;
N, 35.52%); MS mfe: 197 (M*), 180 (M*-NH,); NMR &: 3.03
(3H, s, NCHy), 3.42 (3H, s, 1-CH3), 5.96 (2H, br, ureido NH,),
6.99 and 7.16 (1H each, br, amido NH,), 7.61 (1H, s, 2-H); UV
AN EOR 296 nm (¢ 8400); A2 (pH 1) 212 (11,500); AEX (pH 7
and pH 13) 238 (8500).

{vi) A soln of da (100 mg, 0.558 mmol) in H,O (100 ml) was
refluxed for 4 h. It was then evaporated to dryness and recrystal-
lisation of the resulting solid from H,O gave Sa- H,O {71 mg,
6525).

3.9-Dimethylguanine hemipicrate was prepared as yellow
prisms, m.p. 294° (dec), by adding an excess of a sat soln of picric
acid in H,0 to a soln of Sa in hot H,O followed by recrystal-
lisations from H,0 (Found: C, 4094; H, 3.67; N, 30.98.
C>HgNsO - 1/2CH N,0; requires: C, 40.89; H, 1.60; N, 31.00%).

Hydrochiorides of 19-dialkylguanines §

To a hot soln of the free base § in H,0 or MeOH ag was added
an excess of 1 N HCl aq and the soln was evaporated to dryness.
The resulting solid was recrystallised from an appropriate
solvent. The UV spectra (pH 1, pH 7, and pH 13) of the
hydrochlorides were superimpasabic on the corresponding ones
of the free bases § (Table 4).

3.9-Dimethylgnanine hydrochloride 5a - HCI. Recrystallisations
from H,Q gave colourless needles, m.p. 283-284° (dec) (Found: C,
39.13; H, 4.73; N, 32.65. C;H,N;O - HC! requires: C, 38.98; H,
4,67; N, 32.48%); NMR (D;O at 76°) 8: 3.90 (3H, s, 3-CHy), 4.05
(3H, s, 9-CH.), 7.76 (1H, s, 8-H).

3-Ethyl-9-methylguanine hydrochloride Sh-HCl. This was
obtained as colourless needles, m.p, 269-270° (dec), after recrys-
tallisations from 50% EtOH aq (Found: C, 41.62; H, 5.31; N,
30.37. CgH,,NsO - HC! requires: C, 41.83; H, 5.27; N, 30.50%);
NMR (D,0} 5: 148 (3H, t, J=7THz, CH,CH,), 4.03 (3H, s,
9.CH,), 430 2H, q, J = 7 Hz, CH,CH,), .72 (IH, s, 8-H).

3-Benzyl-9-methylguanine  hemihvdrochloride  S¢- 1[2HCI,
Recrystallisations from H,0 gave the hemihydrochloride as
colourless prisms, m.p. 210-211° (dec) (Found: C, §7.12; H, 5.15;
N, 25.84. Ci3H;3NO - 1/2HCI requires; C, 57.08, H, 4.98; N,
25.61%). NMR &: 3.63 (3H, s, 9-CHs), 5.52 (2H, s, CH,), 7.13-
7.47 (5H, m, C4Hs), 7.66 (1H, s, §-H).

9-Ethyl-3-methylguanine kydrochioride $a - HCl. After recrys-
tallisations from 50% MeOH aq the sample was dried over PyQx
at 2mmHg and 110° for 10h then exposed to air until a constant
weight was reached, colourless plates, m.p. 238-240° (sinter)
(Found: C, 3899; H, 5.62; N, 28.19. CgHyNsO-HCl- H;0
requires: C, 38.79; H, 5.70; N, 28.28%); NMR &: 145 (3H, ¢,
}=7Hz, CH,CH;), 3.77 (3H, s, 3-CH;), 4.43 2H, q, ] =7Hz,
CH,CH,), 7.97 (1H, s, 8-H).

5 . [{ Bthoxycarbonylymethylamine] - 1 - methylimidazole - 4 -
carboxamide 10

A mixture of 3a (1.00g, 6.49mmol),"'" K,CO; (897 mg,
6.49 mmol), ethyl chloroformate (775 mg, 7.14 mmol), and dioxane
(45ml) was refluxed for 30min. The resulting mixture was
evaporated to dryness in vacue and the residue was extracted
with CHCly. The CHCl; extracts were evaporated to dryness and
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the residue was purified by column chromatography [Si0, (126 g),
CHCL-EtOH (8:1, v/v)] to give 10 {578 mg, 39%} as a colourless
sotid, m.p. 200-205°. Further elution of the column afforded 3a
(260 mg, 26%). Recrystallisations of 10 from EtOH gave colour-
less prisms, m.p. 204.5-206° (Found: C, 47.90; H, 6.37; N, 24.84,
CoH N4, requires: C, 47.78; H, 6.24; N, 24.77%); UV A3z E0HR
236 nm (e 9000); ANC (pH 1) 212 (11,400) AP (pH 7) 240
(8800); AH22 (pH 13) unstable,

3.9-Dimethylxanthine 11

(i) A mixture of 10 (300 mg, 1.33 mmol) and 50% NaH (130 mg,
2.7 mmol) and Me,NCHO (8 ml) was stirred at room temp for 6 h.
The solvent was removed by evaporation and the solid residue
was neutralised with 50% AcOH aq. Iasoluble solid was filtered
off, washed successively with a little H,0 and EtOH, and dried
to afford 11 (237 mg, 99%), mp. > 300° (lit”® m.p. 321-322°)
{Found: C, 46.62; H, 4.36; N, 31.37, C;HgN,0, requires: C, 46.66;
H, 4.48; N, 31.10%); NMR &: 3.61 (3H, s, 3-CH;),t 391 (3H, s,
9-CH,),t 7.62 (1H, s, $-H), 11.04 (1H, br, NH or QH); AS%EOH
236 nm (e 9500). 266 (9300); AR (pH 1) 237 (7900), 266 (9700);
AM0 (pH 7) 236 (8800), 268 (10,100); A5 (pH 13) 237 (shoulder)
(71003, 244 (shoulder) (6600, 269 (10,400),

(i1} Pyrolysis of 10 (200 mg, 0.884 mmol) was conducted at 220°
for 10 min. The resulting solid was washed with EtOH (4 ml) and
dried to give 11 (109 mg, 69%), identical (IR spectrum) with that
from {i).

3,4-Dikydro-3,4,6-trimetityl-9 H-imidazo[1,2- alpurin-9-one g

A hot soln of 52 H,0 (592 mg, 3 mmol) in Me,SO (85 ml) was
ailowed 10 cool to room temp with stirring to give a suspension of
minute crystals. After addition of K,CO, (1248, 9mmol),
MeCOCH;Br (2.47 g, 18 mmol) was added to the mixture and the
mixture was stirred at 30° for 5 h. The mixture was evaporated to
dryness in vacuo and the residue was extracted with hot MeOH
(3x20ml). The combined extracts were evaporated to dryness
after adding Al,O5 (58) and the resulting solid was placed on top
of a column packed with Al,O; (50g). The column was eluted
with AcOEt-EtOH (8:1, v/v}). The eluate containing a fluorescent
material was collected and evaporated to dryness to give a solid,
which was washed with EtOH (15ml) and dried to foraish 6g
(137 mg), mp. 290-293° (dec). The EtOH washings were
evaporated to dryness and the residue was purified by celumn
chromatography [ALO; (22g), CHCL-EtOH {20:1, v/v)] to
afford a second crop of 6g (37me, total yield 27%), m.f.
291-292° (dec). Recrystallisations from EtOH gave colourless
needles, m.p. 292-294° (dec) {lit.** m.p. 296-297°) (Found: C,
55.02; H, 5.01; N, 32.49. C,oH,;N;O requires: C, 55.29; H, 5.10;
N, 32.24%); NMR §: 2.22 (3H, slightly broad owing to long range
coupling with 7-H, 6-CH3}, 4.04 and 4.08 (3H each, s, NCHy), 7.33
(1H, slightly broad, 7-H), 7.74 (1H, s, 2-H); UV A%%E0H 233 gy
(e 32,900, 293 (7800); A (pH 1) 228 (37,200), 277 (11,700);
ARL (pH 7 and pH 13 233 (36,000), 264 (4100), 257 (7800); pKa
341 =0.02

3- Ethyi -3.4 - dihydro - 4,6 - dimethyl - 9 H - imidazo(1,2-a]purin -
§ - one 6h

A suspension of 5d- H,0 (211 mg, 1 mmol) in Me,SO (25 ml)
was freated in 2 manner similar to that described for the syn-
thesis of 6g and the resulting mixture was stirred at 30° for 3 h.
The orange coloured soln thus obtained was evaporated to dry-
ness in pacuo and the solid residue was extracted with hot EtOH
{10 ml). The EtOH soln was evaporated to dryness after addition
of Al,05 (2 g). The residual solid was placed on top of a column
packed with ALQ, (40g). The column was eluted with CHCl,-
EtOB (20:1, viv). The fluorescent cluaté was evaporated ta
dryness to give a partly crystalline residue, which was washed
with EtOH (1 ml) to afford 6h (69 mg, 30%), m.p. 259-264 (dec).
Recrystallisations from EtOH gave colourless pillars, m.p. 266-
269° (dec) (Found: C, 37.03; H, 5.62; N, 30.43. C,H;3N;0O
requires: C, §7.13; H, 567, N, 30.29%), NMR &: 1.46 (3H, 1,

tComparison with the spectrum of 3-methylxanthosine®
enables the assignment.

Tasuke ITava and Kazuo OGawa

J=7Hz, CH,CH;), 222 GH, d, I = | Hz, -CH,), 4.05 (3H, s,
4-CHy), 444 (2H, q, ) =THz, CH,CH;), 7.35 (1H, q, I=1Hz,
7.H), 7.86 (1H, s, 2-H); UV AS%EO¥ 23300 (¢ 33200), 293
(8100); AH:C (pH 1) 228 (37,200, 277 (11,700); AH22 (pH 7 and pH
13) 233 (35,900), 264 (4200), 297 (7800); pKa 3.41 +0.02.

3 - Benzyl - 34 - dihydro - 4,6 - dimethyl - 9H - imidazo|1,2 -
alpuarin - 9 - one 6i

A mixture of the starting materials containig 5f (383 mg,
1.5 mmol) was prepared and allowed to react in essentially the
same way as described for the synthesis of 6h. The resulting soln
was evaporated o dryness ir vacuo and the residue was washed
with hot EtOH to extract a fluorescent matter. To the EIOH
extracts was added SiO; (5 g} and the mixture was evaporated to
dryness. The solid residue was placed on top of a column (8i0,,
25 g), which was eluted with AcOEL-EtOH (10: 1, v/v) then with
AcOEt-EtOH {6:1, v/v). The fluorescent eluate was collected
and removal of the solvent by evaporation left a yellowish solid.
This was washed with Et,0 (20ml) and dried to give 6i- H,0
(172 mg, 37%), m.p. 220°. Recrystallisations from MeOH gave
colourless pillars. These were dried over P,(s at 2mmHg and
100° for $h and then exposed to air until & constant weight was
reached, m.p. 245-247° (sinter at 220°) (Found: C, 61.99; H, 5.28;
N, 22.57. CiHsNsO-HyO requires: C, 61.72; H, 3.50; N,
22.50%); NMR &: 2.19 (3H, d, I = 1.2Hz, 6-CH,), 3.79 (3H, s,
4-CHy), 5.76 2H, 5, CH,CHs), 7.0-7.2 (2H, m, phenyl protons),
7.37 (splitted by 1.2 Hz, 7-H, overlapped with a three-proton
multiplet at 7.3-7.5 ppm due to the pheny! protons), 7.97 (1H, s,
ZH); UV ASZEOH 234 nm (¢ 33.900), 294 (8400); A% (pH 1)
229 (3%,000), 277 (12.400%; A%:S(pH 7 and pH 13) 235 (34,700),
297 (7800); pKa 3.27 £ 0.03,

Atkaline hydrolysis of 39-dimethyiguanine 5a

A mixture of 5a- H,0 (200 mg, 1.01 mmol} and 1 N KOH ag
(10 ml) was refluxed for 30 min, cooled, and brought to pH 8 with
[0% HCl aq. The resuiting precipitate was filtered off, washed
with EtoH (2 m), and dried to give 11 {39 mg, 21%) as colourless
needles, m.p. > 300°. This sample was identical (IR spectrum and
paper chromatography) with an authentic sample derived from 10.

The combined filtrate and washings were evaporated to dryness
and the residue was extracted with hot EtOH. The EtOH soln
was evaporated to dryness afier adding AL O, (5.02) and the solid
residue was eluted with CHC1;-EtOH (6: 1, v/v). Removal of the
solvent from the eluate by evaporation gave a solid. This was
washed with EtOH (3ml) to afford crude 8. Recrystallisation
from H,O gave B (67 mg, 34%) as colourless prisms, m.p. 266-
268°, identical (IR spectrum) with an authentic sample derived
from da.

The EtOH washings of 8 were evaporated to dryness and the
solid residue was washed with AcOEt (3 ml) then dried to give 3a
(5.4 mg, 3.5%), m.p. 195-200°, identical (IR spectrum) with an
authentic sample,''®

Hydrogenalysis of 3-benzylwye 6

A soln of 6i- HyO (16 mg, 0.05 mmol) in AcOH (10ml) was
hydrogenated over 10% Pd on C (30 mg) at 1 atm and room temp
for 6 h. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo to leave 1a (10 mg, 96%). Recrystallisation
from H,0 gave colourless prisms, m.p. > 300°. The tic behaviour
andh[R spectrum of this sample matched with those of authentic
la.!
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