ACYCLIC ANALOGS OF NUCLEOSIDES. SYNTHESIS OF 1,5-DIHYDROXY-3-OXA-
2-PENTYL DERIVATIVES OF NUCLEIC BASES
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A convenient method for the synthesis of 1,5-dihydroxy-3-oxa-2-pentyl derivatives
of nucleic bases, which consists in the condensation of trimethylsilyl derivatives
of nucleic bases with 1,2,5-triacetoxy-3-oxapentane in the presence of SnCl,, is
proposed. Optically active derivatives — (R)- and (S)-1-(1,5-dihydroxy-3-oxa-2-
pentyl)uracil, respectlvely — were obtained by periodate ox1dat10n of a-L- and a-D-
arabinopvranosyluracil.

The attention of chemists engaged in research on the synthesis of antiviral prepara-
tions has lately been riveted on acyclic analogs of nucleosides. Although the theoretical
substantiation of the activity of this class of compounds was publishedmore than 10 years ago
[1], practical interest in it intensified after the antiviral activity of compounds such as
9~(4-hydroxy-2-oxabutyl)guanine (acyclovir), 9-(2,3-dihydroxypropyl)adenine (DHPA), 9-(3-
hydroxymethyl-4-hydroxy-2-oxabutyl)guanine (BIOLF-62), and a number of others had been demon-
strated (see [2, 3]).

The present communication is devoted to the synthesis of 1,5~dihydroxy-3-oxa-2-pentyl-
derivatives Ia-f of nucleic bases, the hydroxyalkyl residue of which models the C(;1)—0(,")~
C(s') fragment of the ribose ring of natural nucleosides.
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1a-f
la B=Ura-1,b Thy-1,¢ [l5Ura-1,d Cyt-1, € Ade-9,f Ade-3

Only the synthesis of (R,S)-9-(1,5-dihydroxy-3-oxa~2-pentyl)adenine (Ie) by alkylation
of 6-chloropurine with l-benzyloxy-2-iodo-5-trimethylsilyloxy-3-oxapentane with subsequent
replacement of the chlorine atom by an amino group and hydrogenolysis of the benzyl group
[4] and the synthesis of the (R) and (S) enantiomers of analogs of Ie [5], which was realized
by periodate oxidation with subsequent reduction by sodium borohydride of 9-B-D-xylopyrano-
syladenine and 9-a-D-arabinopyranosvladenine, respectively, have.been described in the litera-
ture.

A more convenient and simpler method for obtaining the racemic analogs Ia-f is described
in the present paper:
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Fig. 1. Circular dichroism spectra of deri-
vatives (R)-IX (1) and (S)-IX (2) in water
at 20°C.

Acetate III was obtained by replacement of the halogen atom in 2-chloromethyldioxolane
(II) [6] by an acetoxy group with subsequent opening of the dioxolane ring with acetic anhy-
dride in the presence of ZnCl,.

Virtually only l-alkyl derivatives are formed in the alkylation of trimethylsilyl deri-
vatives of pyrimidine bases, whereas a mixture of the 9- and 3-substituted isomers is formed
in the case of 6-N-benzoyladenine. The yields of the compounds obtained are presented in
Table 1.

The use of only acyl protective groups simplifies deblocking of the compounds obtained.
Treatment of the protected analogs with a methanol solution of ammonia leads to the desired
products Ia-f in good yields (Table 1).

Since a chiral center at C(,) is present in the compounds obtained, the optically pure
enantiomers, which model the a and B anomers of uridine, were synthesized in the case of 1-
(1,5~dihydroxy-3-oxa-2-pentyl)uracil.

1. NalO,
HO _- g I‘Ira 2. NaBH, AcO 1 o, Ure Ho»«L 0 Ura

oH _ 3.4c,0 RGN P 5{

}/ ’ ! NH,/MeOH [
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o VUre —0 HoO .0
- —

&' W K HO —— —-— —— j
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HO OH . HO OH

vi X (5)-KX

Periodate oxidation of 1-(a-L-arabinopyranosyl)uracil (VI) and 1-(3-D-erythrofuranosyl)-
uracil (VII) with subsequent reduction with dosium borohydride leads to (R) enantiomer (R)-
IX. The same sequence of reactions converts l-(a-D-arabinopyranosyl)uracil (X) to the cor-
responding (S) enantiomer (S)-IX.

The periodate oxidation is conveniently followed from the change in the PMR spectra. The
three compounds VI, VII, and X all give the same dialdehyde as a result of oxidation. The
spectrum of this dialdehyde is substantially simpler than the spectra of the starting com-
pounds and consists of doublet and triplet signals (~5.2 ppm) of the protons of the hydrate
form of the aldehyde groups and of the AB system (3.68 and 3.61 ppm) of the CH, group. In
addition, a singlet signal at 8.32 ppm, which corresponds to the formic acid formed in the
oxidation, appears in the oxidation of VI and X.
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The circular dichroism (CD) spectra of.enantiomers (R)-IX and (S)-IX are presented in
Fig. 1. :

The structures of the compounds obtained were confirmed by the UV (Table 1) and PMR
(Table 2) spectra. The UV spectra make-it possible to unambiguously establish the site of
attachment of the hydroxyalkyl substituent.to.the nucleic base. - The structure of the substi-
tuent itself shows up graphically in the PMR spectrum. . We note the: 2-H triplet and two trip-
lets of hydroxy groups. The latter two signals indicate the presence of two unsymmetrically
oriented primary hydroxy groups in the molecules of the compounds. obtained.

EXPERIMENTAL

The UV spectra were recorded with a Varian Cary. 210. spectrophotometer. The circular:
dichroism spectra were obtained with a Jobin-Ivon Mark III dichrograph. - A Varian XL-100
spectrometer was used to record the PMR spectra. This-layer .chromatography (TLC) was carried-
out on Silufol UV-254 plates in an ethanol—chloroform ‘system -(5-20% ethanol) with develop-
ment in UV light. Silica gel L 40/100 (Czechoslovakian SSR). was used for. column chromato-
graphy.

The results of elementary analysis (C, H, N) of the compounds obtained differed from -
the calculated values by no more than 0.37.

2-Acetoxymethyi-1,3-dioxolane (III). A mixture of 49 g (0.4 mole) of 2-chloromethyl-
1,3-dioxolane (II) [6] and 65.6 g (0.8 mole) of anhydrous sodium acetate in 500 ml of ab-
solute DMF was refluxed for 48 h, after which the mixture was cooled and poured into 2 liters
of water. The aqueous mixture was extracted with chloroform (four 250-ml portions), the ex-
tracts were washed with 250 ml of water and dried with anhydrous Na,S0,, and the solvent was
removed in vacuo. The residue was distilled in vacuo to.give 26.7 g (457) of a product with
bp 91-93°C (16 mm). PMR spectrum (CDCl,): -5.09 (1H, t, CH), 4.09 (2H, d, J = 4.5 Hz, CH,),
3.94 (4H, d, CH,), 2.097 ppm (3H, s, CH,CO,).

1,2,5-Triacetoxy-3~oxapentane (IV). A 1-g sample of anhydrous ZnCl, was added with
cooling (with ice water) and stirring to a solution of 14.6 g (0.1 mole) of acetoxydioxolane
IIT in 30 ml of acetic anhydride, after which stirring was continued until the ZnCl, had
dissolved (~1 h), and the resulting solution was allowed.to stand at 20°C for 18 h. The
mixture was evaporated in vacuo, and the residue was stirred with 200 ml of saturated NaHCO;
solution. The resulting mixture was extracted with chloroform (four 50-ml portions), and
the extracts were washed with 50 ml of 10% NaHCO, solution and water, dried with anhydrous
Na,S0,, and evaporated. The residue was distilled in vacuo to give 20.4 g (82%) of a product
with bp 125-126°C (1 mm). PMR spectrum (CDCl,): 5.95 (1H, t, J = 4.4 Hz, CH), 4.18 (4H, m,
2-CH,), 3.87 (2H, m, CH,), 2.12 (3H, s, 2~OCOCH,), 2.08 ppm (6H, s, 1- and 5-OCOCH,).

Alkylation of the Nucleic Bases. A 1.24-g (5 mmole) sample of acetate IV and 0.75 ml
(6.5 mmole) of SnCl, were added successively to a solution of 6 mmole of the trimethylsilyl
derivative of the nucleic base, which was obtained by refluxing 6 mmole of the corresponding
base with 20 ml of hexamethyldisilazane and 1 ml of trimethylchlorosilane until all of the
solid had dissolved, after which the solution was evaporated in vacuo, in 30 ml of absolute
acetonitrile, and the resulting solution was maintained at 20°C for 24 h in the synthesis
of Va-d and at 20°C for 48 h in the synthesis of Ve and Vf. The solvent was removed in vacuo,
the residue was stirred with 100 ml of chloroform, and the resulting mixture was poured into
250 ml of saturated NaHCO; solution. The aqueous mixture was filtered, the organic layer
was separated, and the aqueous layer was extracted with chloroform (five 50-ml portions).
The combined chloroform extracts were dried with anhydrous Na,SO, and evaporated, and the
residue was dissolved in 2 ml of chloroform and chromatographed with a column (4 by 9.5 cm)
packed with silica gel by elution with ethanol-chloroform (1:39) (1:9 in the case of Vd).
The fractions containing the reaction product were evaporated to dryness in vacuo, and the
residue was crystallized from ethanol. The yields are presented in Table 1, and the PMR
spectra are presented in Table 2.

Removal of the Protective Groups. A l1-mmole sample of the protected analog Va-f of the
nucleoside was dissolved in 10 ml of a semisaturated (at 0°C) methanol solution of ammonia,
and the solution was allowed to stand at 20°C for 16 h. It was then evaporated to dryness
in vacuo, and the residue was recrystallized from a suitable solvent (Table 1) to give Ia-f
(Tables 1 and 2).

190



(R)-1-(1,5-Dihydroxy-3-oxa-2-pentyl)uracil [(R)-IX]. A 0.46-g (2.2 mmole) sample of
NaIO, was added in portions with stirring to a solution of 244 mg (1 mmole) of 1-(a-L-ara-
binopyranosyl)uracil [7] in 8 ml of water, and the solution was stirred at 20°C for 1 h.

The solution was then treated with 5 M NaOH (to pH 6-7), 40 ml of ethanol was added, and the
mixture was stirred for 15 min. The precipitate was removed by filtration and washed with
20 ml of ethanol. A 76~mg (2 mmole) sample of NaBH, was added in portions with stirring to
the combined filtrate, and the mixture was stirred for 2 h at 20°C. The mixture was then
treated with CH,COOH (to pH 6-7) and evaporated in vacuo, and the residue was evaporated
with absolute pyridine (three 10-ml portions), after which 10 ml of absolute pyridine and

5 ml of acetic anhydride were added. The reaction mass was stirred for 16 h at 20°C and then
evaporated in vacuo. The residue was distributed between 20 ml of chloroform and 20 ml of
water. The organic layer was separated, and the aqueous layer was extracted with chloroform
(two 20-ml portions). The combined chloroform extracts were washed successively with satur-
ated NaHCO; solution and water, dried with anhydrous Na,SO,, and evaporated to dryness in
vacuo. The residue was dried by evaporation with toluene (two 20-ml portions), dissolvedin
1 ml of chloroform, and chromatographed with a column packed with silica gel (30 g) by elu-
tion with ethanol—chloroform (1:39). The fractions containing the reaction product were
evaporated to give 0.27 g (90%) of acetate (R)- VIII The PMR spectrum was identical to the
spectrum of racemic Va.

A solution of 0.25 g (0.83 mmole) of acetate (R)-VIII in 7 ml of methanol semisaturated
with ammonia at 0°C was maintained at 20°C for 20 h, after which it was evaporated to dry-
ness in vacuo, and the residue was recrystallized from acetone to give 162 mg (75%) of pro-
duct. The physical and spectral characteristics of the compound obtained were the same as.
those for racemic Ia.

Similarly, but with the use of a 1.1-fold excess of Nal0,, (R)-IX was obtained from 1-
(B-D-erythrofuranosyl)uracil [8].

(8)-1-(1,5-Dihydroxy-3-oxa-2-pentyl)uracil was obtained from 1-(a-D-arabinopyranosyl)-
uracil via the method described above.
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