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The uracil derivatives 1-(2-hydroxyethoxymethyl/allyl/2,3-dihydroxypropyl)-5-methoxymethyl-6-
mcthyluracils (Vb, VIII, XI) and 4-alkylamino-1-(2-hydroxycthoxymethyl/allyl/2,3-dihydroxypropyl)-
S-methoxymethyl-6-methyl-2(1/1)-pyrimidinone (Via — Vic, [Xa - IXc, XIla - XIIc) were synthesized
from versatile intermediates 1-(2-benzoyloxycthoxymethyl/allyl/2,3-dihydroxypropyl)-4-methoxy-5-
methoxymethyl-6-methyl-2(1/{)-pyrimidinone (/Va, ViI, X), respectively. The compounds [Vb, Vb,
Vlia — Vic, VIII, IXa - IXc, XIla — XlIc were evaluated against Ranikhet disease virus (RDV) at the
dose of (0.1 ug/ml); compounds Via, VIb, IXa, XIIb showed 57, 100, 40, 80% inhibition, respectively.

Considerable attention has been paid to the novel group of nucleoside and nucleotide
analogues, in which the sugar moicty is replaced by an acyclic chain. This has resulted
in a number of interesting compounds. The most important antiviral drugs discovered
are the acyclic analogues of guanosine, 9-(2-hydroxycthoxymethyl)guanine! (ACV)
active against herpesvirus, and 9-(5)-(2,3-dihydroxypropyl)adenine?> (DHPA) active
against both DNA and RNA viruscs. It has been found that a number of acyclic nucleo-
sides of S-benzyluracil® are specific and fairly potent inhibitor of uridine phosphoryl-
asc. Some I-substituted uracils containing additional substituents at 5,6-position have
also been found to be potent inhibitors of thymidine phosphorylasc?.

As a part of our programme of cvaluating acyclic nucleosides® we report in this
communication the synthesis and antiviral activity of 1-(2-hydroxycthoxymethyl)-5-
mcthoxymethyl-6-methyluracil (Vb), 1-(2,3-dihydroxypropyl)-5-mecthoxymecthyl-6-
methyluracil ~ (X7), 1-(2-hydroxycthoxymethyl-5-methoxymethyl-6-methylcytosine
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(VIa) and 1-(2,3-dihydroxypropyl)-5-methoxymethyl-6-mcthylcytosine (X//a) and their
analogues (secc Scheme 1).

2,4-Dimcthoxy-5-mcthoxymethyl-6-methylpyrimidine (/1) was prepared by treatment
of S-c‘hl()romclhyl-2,4-dichlor()-()-mclhylpyrimidinc" (I with sodium mcthoxide in
methanol in 73% vyicld. The dichloropyrimidine / was obtained in three steps from
6-methyluracil by the literature procedure’. Reaction of the 2,4-dimethoxy-S-methoxy-
methyl-6-methylpyrimidine (/1) with 2-benzoyloxy-1-chloromethoxyethane® (/II) or
allyl bromide by modificd Hilbert—Johnson procedure’ afforded versatile intermediates
1-(2-benzoyloxyethoxymethyl)-4-methoxy-S-methoxy methyl-6-methyl-2(1H)-pyrimidinone
(IVa) and 1-allyl-4-methoxy-5-methoxymethyl-6-mcthyl-2(1H)-pyrimidinone (VII).
Treatment of /Va with hydrogen chloride!® in chloroform gave the corresponding
protected S-methoxymethyl-6-methyluracil derivative (Vi). Deprotection of the [Va
and Va with methanolic ammonia furnished 1-(2-hydroxycthoxymethyl)-4-methoxy-5-
methoxymethyl-6-methyl-2(1H)-pyrimidinone (/Vb) and 1-(2-hydroxycthoxymethyl)-
5-methoxymethyl-6-methyluracil (Vb), respectively. Hydroxylation of the compound
VII with sodium chlorate and osmium tetraoxide!! in aqueous methanol afforded race-
mic diol, 1-(2,3-dihydroxypropyl)-4-methoxy-5-methoxymethyl-6-methyl-2(1H)-pyri-
midinonc (X). Demethylation of VII and X with aqucous sodium hydroxide gave uracil
derivatives VIII and XI. The site of glycosylation was confirmed to be N-1 by dircct
comparison of the UV spectrum of Vb (A, (McOH): 210, 265 nm; (McOH + NaOH):
202, 264 nm) with the UV spectrum of the 5,6-dimethyluridine!? (A, (pH 1 — 4): 268
nm; A, (pH 14): 271 nm) which in turn resemble to the 1-methyluracil'®. Amination
of IVa, VII and X with mcthanolic ammonia in steel bomb afforded the corresponding
cytosine analogues Via, IXa and Xlla, respectively. Compounds [Va, VII and X were
also treated with mcthylamine or ethylamine to determine if alkyl substitution on the
4-amino group would have any cffect on the antiviral activity. Thus, 4-alkylamino-1-
(2-hydroxyethoxymethyl)-5-methoxymethyl-6-methyl-2(1H)-pyrimidinone (VIb and Vic),
1-allyl-4-alkylamino-5-methoxymethyl-6-methyl-2(1H)-pyrimidinone (/Xb and [Xc) and 4-
alkylamino-1—(2,3-dihydmxypmpyl)-él-mclhoxy-S-mclhnxymclhyI-6-mclhyl-2(1H)-
pyrimidinone (X/Ib and XIIc) were synthesized in good yiclds, by the reaction of the
Via, VII and X with mcthylaminc and cthylaminc.

The compounds IVb, Vb, Vla - Vic, VIII, IXa — IXc, XI, Xlla — XIIc were evaluated
for antiviral activity against Ranikhet discase virus (RDV) in chorio-allantoic membra-
nc (CAM) cultures at the dose of 0.1 pg/culture, 0.064 HA/ml by the method described
carlicr!®. The compounds Vla, VIb, [Xa and XIIb showed 57, 100, 40, and 80% inhi-
bition, respectively. The remaining compounds were found to exhibit cither low order
of activity or were inactive.
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EXPERIMENTAL

Melting points are uncorrected. Compounds were routinely checked for their homogeneity by TLC on silica
gel or GF-254 plates and their spots were located under UV lamp or by iodine vapours or by spraying with
Dragendor(f’s reagent. UV absorption spectra (Ay,y. nm) were recorded on Perkin-Elmer Lambda-15 and
Hitachi-320 model. IR spectra (Vy,, cm™') were recorded on Perkin—Elmer 157 or Acculab 1 model. H
NMR spectra (8, ppm) were recorded on Perkin-Elmer R-32 or EM360L instruments using TMS as
intcrnal reference. Mass spectra were run on Jeol JMS-D 300 using direct inlet system.

2,4-Dimethoxy-5-methoxymethyl-6-methylpyrimidine (I7)

A solution of I (ref.%* )(5.0 g. 23.6 mmol) in dry methanol (20 ml) was added slowly to NaOMe (3.8 g,
70.9 mmol). The reaction mixture was refluxed for 0.5 h and cooled. The separated solid was filtered and
washed with ether (50 ml). The combined filtrate was evaporated under reduced pressure to give 3.4 g
(73%) of pyrimidine /1. as an oil. UV spectrum (McOH): 219, 259. "H NMR spectrum (CDCl3): 2.36 s, 3 H
(6-CHj): 3.25 s, 3 H (5-CH,OCHy;); 3.87 s, 6 H (4-OCH; and 2-OCH;); 4.30 s, 2 H (5-CH,). Mass
spectrum (m/z): 198(M*). For Cqll;4N,0; (198.2) calculated: 54.53% C, 7.11% H, 14.3% N; found:
54.49% C, 7.30% . 14.02% N.

1-(2-Benzoyloxyethoxymethyl)-4-methoxy-5-methoxymethyl-6-methyl-2(Lif)-pyrimidinone (/Va)

2-Benzoyloxy-1-chloromethoxyethane® (117) (4.6 g. 21.2 mmol) in CH,Cl, (20 ml) was slowly added to the
mixture of /1 (3.5 g. 17.7 mmol), Na,CO; (2.3 g, 21.2 mmol in CH,Cl, (100 ml). The reaction mixture was
stirred at room temperature for 4 h. The resulting mixture was filtered and the residue washed with CH,Cl,
(100 ml). The filtrate was evaporated under reduced pressure to give a syrup which was chromatographed
on a SiO, column. Elution with benzene—cthyl acetate (8 : 2) and evaporation of the appropriate fractions
gave 3.3 g (52%) of pyrimidinone IVa, m.p. 110 °C (Cgllg). UV spectrum (MeOH) or (McOH + HCI):
221, 274: (MeOH + NaOH): 211, 275; 'H NMR spectrum (CDCly): 2.35 s, 3 H (6-CHj): 3.21's, 3 H
(5-CH,OCII,); 3.86 s, 3 H (4-OCH;); 3.92 m, 2 H (3'-H), 4.05 5. 2 H (5-CH,): 4.30 m, 4 H (4'-H): 5.45 s,
2 H (I'-H): 750 m, 3 H (Cgls): 7.87 — 8.00 m, 2 H (Cglls). Mass spectrum (m/z): 362 (MY).

1-(2-Benzoyloxyethoxymethyl)-4-methoxy-5-methoxymethyl-6-methyluracil (Va)

A solution of /Va (2.0 g, 5.5 mmol) in CHCl3 (325 ml) was saturated with HCI at 10 °C and the reaction
mixture was allowed to stand at room temperature for 10 h. The hydrogen chloride and CHCl; was remo-
ved under reduced pressure and the residue was chromatographed on SiO; column. Elution with benzene—
cthyl acetate (8 : 2) gave 1.5 g (78%) of methyl uracil Va. m.p. 106 °C. IR spectrum (KBr): 1 700, 1 660
(C=0). UV spectrum (McOH) or (MeOH + HCI): 224, 265; (McOIl + NaOH): 211, 265. 'H NMR
spectrum (CDCl3): 2.34 s, 3 H (6-CHj): 3.25 s, 3 H (5-CH,OCH;): 3.87 m, 2 H (3'-H): 4.14's, 2 H (5-
CH,); 432 m, 2 H (4'-H): 5.35 s, 2 H (1'-H): 7.30 - 7.50 m, 3 H (C¢Hs); 7.84 — 8.00 m, 2 H (CgHs). Mass
spectrum (m/z): 348 (M*).

1-(2-Hydroxyecthoxymethyl)-4-methoxy-5-methoxymethyl-6-methyl-2(1/{)-pyrimidinone (/Vb)

A mixture of IVa (0.6 g. 1.7 mmol) and MeOH-NH; (20 ml) was kept at 0 °C for 24 h. The excess of
MeOH and NH; was removed under reduced pressure. The product was chromatographed on a SiO,
column. Elution of the column with CHCI3-MeOH (98 : 2) and evaporation of the appropriate fractions
furnished 0.13 g (30%) of the title compound, as an oil. 'H NMR spectrum (CDCl3); 2.35 s, 3 H (6-CH3);
3.26 s, 3 H (5-CH,OCH;); 3.64 s, 4 H (3'-H and 4'-1); 3.89 s, 3 11 (4-OCH;); 4.18 s, 2 H (5-CH,); 545 s,
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2 I (1'-H). Mass spectrum (m/z): 258 (M*). For C;H;4N,O5 (258.3) calculated: 51.15% C, 7.02% H,
10.84% N; found: 51.31% C, 6.82% H, 10.64% N.

1-(2-Hydroxyethoxymethyl)-5-methoxymethyl-6-methyluracil (Vb)

Title compound was prepared from Va (1.0 g, 2.9 mmol) and McOH-NH; (40 ml), by the method descri-
bed for /Vb. Methyluracil Vb was obtained in 54% yield, m.p. 110 °C (ethyl acetate-hexane). 'H NMR
spectrum (CDCly): 2.36 s, 3 H (6-CHs); 3.26 s, 3 H (5-CH,OCH;); 3.63 s, 4 H (3'-H and 4'-11); 4.20's, 2 H
(5-CH,): 5.31 s, 2 H (1'-H). Mass spectrum (m/z); 244 (M*). For CoH,(N,O5 (244.3) calculated: 49.17%
C, 6.60% H, 11.47% N; found: 49.13% C, 6.32% H, 11.49% N.

1-(2-Hydroxyethoxymethyl)-5-methoxymethyl-6-methylcytosine (Via)

A mixture of /Va (1.0 g, 2.8 mmol) and MeOH-NH; (30 ml) was heated in a steel bomb at 100 °C for 16 h.
The excess of MeOH and NHj; was evaporated under reduced pressure and the residue was chro-
matographed on a SiO; column. Elution of the column with CHCl3-MeOH (9 : 1) and evaporation of the
appropriate fractions afforded 0.54 g (80%) of cytosine VIa, m.p. 187 °C. IR spectrum (KBr): 3 400 (OH,
NH,). 'H NMR spectrum (CDCl; + (CD3),SO): 2.34 s, 3 H (6-CH,); 3.22 s, 3 H (5-Cl 1,0CH;); 3.50s,4 H
(3'-H and 4'-H); 4.16 s, 2 H (5-CH,); 5.31's, 2 H (1'-H); 5.51 s, 1 H (5-H); 6.70 bs, 2 H (exchanges with
D,0, NH;). Mass spectrum (m/z): 243 (M*). For CjoH;5N;0, (243.3 calculated: 49.37% C, 7.05% H,
17.27% N: found: 49.54% C, 7.12% 11, 17.61% N.

This procedure was also applied for the preparation of 1-allyl-5-methoxymethyl-6-methylcytosine (IXa)
and 1-(2,3-dihydroxypropyl)-5-methoxymethyl-6-methylcytosine (X/la), were prepared by the same proce-
dure starting from 1-substituted-4-methoxy-5S-methoxymethyl-6-methyl-2(1/)-pyrimidinones (VII and X).
Characteristic data of compounds /Xa and X/la are listed in Table I.

1-(2-Hydroxyethoxymethyl)-4-methylamino-5-methoxymethyl-6-methyl-2( 1//)-pyrimidinone (VIb)

A mixture of IVa (0.9 g, 2.2 mmol) and CH;NH, (10 ml of 33% aqueous solution) was heated at 100 °C
for 8 h. The excess of CH;NH, was removed under reduced pressure. The residue was coevaporated with
EtOH (50 ml). The product thus obtained was chromatographed on a SiO; column, elution with CHCl;—
MeOH (8 : 2) and evaporation of the appropriate fractions gave 0.4 g (68%) of compound VIb, as an oil.
'H NMR spectrum (CDCly): 2.32's, 3 H (6-CH;): 2.82 d, 3 H (NHCH,); 3.245, 3 H (5-CH,OCH;); 3.42 s,
4 H (3'-H and 4'-H); 4.22 s, 2 H (5-CH,); 5.38 s, 2 H (1’-H): 6.20 bs, 1 H (exchanges with D,0, NH).
Mass spectrum (m/z): 257 (M*). For C;11;oN;0,4 (257.3) calculated: 51.35% C, 7.44% H, 16.33% N;
found: 51.26% C, 7.51% H, 16.20% N.

Similarly 1-(2-hydroxyethoxymethyl)-4-cthylamino-5-methoxymethyl-6-methyl-2(1H)-pyrimidinone
(VIc), 1-allyl-4-alkylamino-5-methoxymethyl-6-methyl-2(1/{)-pyrimidinone (IXb - IXc) and 4-alkylamino-
1-(2,3-dihydroxypropyl)-5-methoxymethyl -6-methyl-2(1//)-pyrimidinone (XIIb — XIIc) were prepared from
corresponding 1-(benzoylethoxymethyl/allyl/dihydroxypropyl)-4-methoxy-5-methoxymethyl-6-methyl-
2(1H)-pyrimidinone (/Va, Vlla and X) by reacting with methylamine and ethylamine solutions. Charac-
teristic data of compounds Vic, IXb - IXc and XIIb — Xlic are presented in Table 1.

1-Allyl-4-methoxy-5-methoxymethyl-6-methyl-2(1/{)-pyrimidinone (VII)

A mixture of / (5.0 g. 25.3 mmol), allyl bromide (3.7 g, 30.3 mmol) anhydrous Na,CO; (3.2 g, 30.3 mmol)
and CH;3CN (100 ml) was refluxed with the exclusion of moisture at 140 °C bath for 8 h. The resulting
mixture was cooled. filtered and the solid was washed with CH;3;CN (100 ml). The filtrate and washings
were combined and evaporated under reduced pressure to give a syrup which was chromatographed on a

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



Bhat

2960

“19)EM—[OUBY W

q

‘auexay-areiaoe (A1 ,

(HN ‘21qea8ueyoxa

O°@) H 159 80'9 :CHOHN-+ PUe H-, 1) H + "W SS'E —0€'E  99°61 8L 9T'€S (€120 69
(EHOTHOHN-#) H € 1 O1'T:(E1DAD) WAN Hy () T1LT /%) SW st'sT 08'L Tres  YOEINWHID L1001 - 66 X
(HN ‘21qe38ueyoxa
O H 1°sq 0T'9 *(H- 1) H T "W 0S¢ - TTE “(FHOHNt)  05°91 0g'L SIS (€'£57) 89
H € 'P 88°C :(0ST(EAD) + €10AD) YN H, ‘(W) LST (/™) SN €€91 L SETS  FOENSIH'YD  46ST - LS1 9Ix
(THN "31qeadueyoxa
0%a)'sq 059 :(H-EPUE H- Q) HE ' WwS6e - ¢9€ *H-DHT  €T’Ll 6L 956+ (£'€r0) tL
‘w p'g - 0€°¢ (OSUEAD) + €10AD) YAN H, ‘(JN) €FT (/%) SW LT'LT +0'L LE6F  TOINLTHOLD  o€L1 - ILT vIIX
(HN *21qeadueyoxa Q) H 1
'S4 p0'9 ‘(H- D HT W9y - 05y *CHOHNF)HT ‘W 9s'eE ~SE'€ 6Ll s 6L°09 (€°L€D) 98
(EHOTHOHN-Y) H € 1 ST'T {(F12A0) YAN H; ‘(W) LET(F#) S 0L'LT LO'8 LLO9  TOENSIHEID 01 - 201 oX1
(HN ‘21qea3ueyoxa QLA H 1 'sq ST'9 ((H- ) HT W So+ - 05y ¥6'81 L 6£°65 (g'€cT L8
(EHOHN) H € 'sq $6°C :(£10AD) WAN H, ‘(W) €T ‘(/%) SN T8'81 LY'L LT'6S  FOENLIHMD  ,ITI —6l1 9x1
(FHN ‘a1q9eadueyoxa 02Q)
HT'Sq059 ‘(H- O H 1 'W0o8s—09¢ (HE)HT WSI'S-00S 7961 EL 9T'LS (T°607) 9
(H-1) H T ‘W 6§ = Stp (£10AD) YWN H; ‘(W) 60T (/%) S 80°0C wL 6S'LS  TOENSTHOD  ,681 — LS1 vX]
(HN '0°Q ynm sadueyoxa)
H 1'sqQ 01°9 {(H- 1) H T *s 0p'S *(CHOHN-+) H T ‘W 0§°€ — €€ 1€°61 9L'L 6£°€S (€1L0) 9
(EHOTHOHN-F) H € 1 01°T :(£10AD) ¥WN H; ‘(JN) 1LT (/%) SW 8t'ST 08'L Tres  YOENWHTID 1o 22
N% H% 2% (o W) 2 PIIA
elep endadg ) o punodwo))
puno.j/paiejnoje) einuiod 2 "W

SIIX ‘QIIX ‘X1 ‘9XT *2IA sauoutpruukdoutwre({y|e-¢ pue o[y *vx] SaUISOIAd Jo ejep [e11dads pue [edisAyq

[ 319V,

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



Acyclic Nucleoside Analogues 2961

Si0; column, elution with CgHg—EtOAc (8 : 2) and evaporation of the appropriate fractions gave 3.1 g
(55%) of pyrimidinone VII, m.p. 106 °C. UV spectrum A, (McOH): 205, 271; 'H NMR spectrum
(CDCL): 2.35 s, 3 H (6-CH;); 3.28 5, 3 H (5-CH,0CH;): 3.90 s, 3 11 (4-OCHy); 4225, 2 H (5-CHy); 4.50 -
4.65 m, 2 H (1'-H); 5.02 = 5.25 m, 2 1 (3'-H); 5.65 — 6.06 m, 1 H (2'-H). Mass spectrum (m/z): 224 (M%),
for C{H;(N,0j; calculated (224.3).

1-Allyl-5-methoxymethyl-6-methyluracil (VIIT)

A mixture of pyrimidinone VI (0.5 g, 2.2 mmol) and 2 M aqueous NaOH (15 ml) was stirred at 50 °C for
24 h. The resulting mixture was cooled, neutralized with AcOH and concentrated under reduced pressure
to dryness. The product was dissolved in H,0 (100 ml), extracted with EtOAc (250 ml), the extracts dried
with Na,SO, and concentrated in vacuo to dryness. The product was crystallized from Et,0; yield 0.24 g
(51%), m.p. 140 °C. 'H NMR spectrum (CDCl3): 2.37 5. 3 H (6-Cly); 3.27 s, 3 H (5-CH,0CH,); 4.25 s,
2 H (5-CH,) 4.40 — 4.53 m, 2 1 (1'-1I); 5.10 - 5.25 m, 2 H (3-11); 5.60 - 6.00 m, 1 H (2'-H). Mass
spectrum (m/z): 210 (M*). For Cjgt4,NyO; (210.2) calculated: 57.12% C. 6.71% H. 13.32% N; found:
57.39% C, 6.82% 11, 13.45% N.

1-(2,3-Dihydroxypropyl)-4-methoxy-5-methoxymethyl -6-methyl-2(1/1)-pyrimidinone (X)

Osmium tetraoxide (0.08 g, 0.3 mmol) was added to the stirred solution of pyrimidinone VII (5.0 g, 22.3
mmol) and NaClO; (3.09 g, 29.0 mmol) in 50% aqueous MeOH (200 ml). Stirring was continued for 24 h.
The resulting mixture was filtered through Celite pad and the solid was washed with 11,0 (100 ml). The
filtrate and washings were combined and solvent removed under reduced pressure to dryness. The crude
product was chromatographed on a SiO; column, elution CHCl3-McOIH (9 : 1) and evaporation of the
appropriate fractions gave 3.8 g (66%) of dihydroxypropyl X. m.p. 96 °C cthyl acelate—hexane). IR
spectrum (KBr) : 3 300 (O1), 1 610 (C=0). UV spectrum Ay, (McOH): 205. 279; (MeOH-NaOH): 208,
278.'H NMR spectrum (CDCly): 2.41 s, 3 H (6-CHj): 3.27 s, 3 H (5-CH{,0CHy); 3.45 - 3.65 m, 2 H
(-1, 3.85 5. 3 H (4-OCH;): 3.85 — 4.06 m, 3 11 (2'-1 and 3"-1): 4.20 5. 2 H (5-CH,). Mass spectrum
(m/z); 258 (M*). For C, H;4N;05 (258.3) calculated: 51.15% C, 7.02% 11, 10.85% N; found: 51.36% C,
7.37% H, 11.09% N.

1-(2.3-Dihydroxypropy!)-5-methoxymethyl-6-methyluracil (X7)

A mixture of X (0.5 g. 1.9 mmol) and 2 M aqueous NaOH (30 ml) was stirred at room temperature for 24 h.
The resulting mixture was worked up as described for VIII. The crude product was chromatographed on a
Si0; column, elution with CHCl;-MeOH (8 : 2) and evaporation of the appropriate fractions gave 023 g
(48%) of methyluracil X1, m.p. 130 °C. IR spectrum (KBr): 3 240 (OI), 1 660 (C=0). UV spectrum A,y
(MeOH): 212, 270; (MeOH-NaOH): 212, 272. 'H NMR spectrum (CDCl3 + (CD3),SO): 2.33 s, 3 H (6-
Clly); 3.20 s, 3 1 (5-CH,OCIL); 3.30 ~ 3.45 m, 2 H (1I'-H); 3.74 - 4.05 m, 3 H (2-H and 3-H); 4.15 s,
2 H (5-CH,). Mass spectrum (m/z): 244 (M*). For CygH]}(N,O5 (244.3) calculated: 49.17% C, 6.60% H,
11.47% N; found : 49.32% C, 6.84% 1, 11.41% N.

I am grateful to Dr D. S. Bhakuni (C.D.R.1., Lucknow) for his constructive discussion through out the
course of this work. I am also thankful to the Scientist in-Charge and Director of C. D. R. 1. for providing me
necessary facilities for this work. Financial support from Council of Scientific and Industrial Research Insti-
tute New Delhi is gratefully acknowledged. Thanks are due to RS.A.C staff and Dr M. N. Joshi C. D. R. I.
Lucknow, for spectral data and preliminary screening of the compounds.
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