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NUCLEOSIDES, XLIII')
SYNTHESIS AND PROPERTIES OF 0%-ALKYLTHYMIDINES

Leonidas Kiriasis, Silke Farkas, and Wolfgang Pfleiderer

Fakultdt fir Chemie, Universitdt Konstanz
Postfach 5560, D-7750 Konstanz / West Germany

Abstract. Various 04—a1ky1th midines 14-20 have been synthe-
sized by two different methods. 0%-Alkylation takes place with
3',5'-di-0-acetyl- (2) and 3',5'-di-0-benzoylthymidine (3) respec-
tively in a silver ion catalysed reaction with alkyl halides,
whereas the azolide approach makes use of a nucleophilic dis-
placement of the appropriate intermediate by alkoxides and sub-
sequent deacylation to the free nucleosides. Structural proofs

are based on elemental analyses, UV- and 'H-NMR-spectra.

Introduction. - Action of alkylating agents on DNA cau-

ses modifications at various nucleophilic sites which may

affect the replication as well as the transcription of the

2,3

genetic material Especially N-alkyl-N-nitrosoureas are

regarded as potent carcinogens, whereas N-alkyl-N-nitrosogua-
4

nidines are in addition also highly mutagenic Since N-nit-

roso alkylating agents show a pronounced affinity for 0-al-
517
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kylations due to the SN1-type mechanism of such reactionsS,

electrophilic attack at 02 and O4

as well as at O6 of guanine are seen as the main targets

of thymine, O2 of cytosine
6—9.
The modified pyrimidine and purine bases will then directly
influence the base-pairing behavior giving rise to unexpec-
ted transitions by mispairing.

In order to provide a series of 04-a1ky1-thymidine de-
rivatives for studies on repair mechanisms and other biolo-
gical effects their chemical syntheses have now been achiev-
ed by various procedures in reasonable to good yields.
Action of diazoalkanes on thymidine dates back to
193410

kyl derivatives, which are often difficult to separate
12

but leads to lTow yields and mixtures of 0- and N-al-
6,11,
Other methods include silver-catalyzed alkylations of
13 as well as its chemical modification
14-13 20 £5110wed by

nucleophilic displacement by the corresponding alcohols and

the amide function
to intermediary triazoles and imidazoles
alkoxides respectively.

Syntheses. - A first approach to 04—a]ky1ations of thy-
midine (l) was achieved by reaction of 3',5'-di-0-acetyl-
(2) and 3',5'-di-0-benzoylthymidine (3) respectively with
the appropriate alkyl halide in toluene and in the presence
of silver carbonate at slightly elevated temperatures. Heat-
ing of the starting material with silver carbonate in tolu-
ene under reflux for 1 h with azeotropic removal of moisture
prior to the addition of the alkylating agent is recommended.
The reaction produces in general two products, the expected
04—a1ky1-3',5'-d1-0-acy1thymidine (5-13) and a faster run-
ning component which turned out to be the corresponding 2,4-
di-0-alkylthymine, as shown by the isolation and characteri-
zation of 2,4-di-0-ethylthymine. The formation of the 2,4-
dialkoxy-5-methylpyrimidines can be explained by additional
02-a1ky]ation followed by nucleophilic attack of the halide
jon at the anomeric C-1' atom of the sugar moiety and clea-
vage of the glycosidic linkage. The main reaction products
are separated by silica gel chromatography and are subse-

quently deacylated by alkoxides or ammonia to give the 04-
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alkylthymidines 14-19 as colourless crystals in yields of
37-74 %.

0 OR? OR
AN Sy CHa NPy CHs NPy CH3
L) 1 1| |
oo B W ——— 0P
ROHC 4 92-53  ROHC HOHL g
RO H RO H HO H
R R R’ R
11H 5 | Ac | CHy 14 |CHy
2 |Ac 6 [ Bz [CH; 15 |CyHs
3Bz 7 | Ac | CoHs 16 |CHCHCHy
«N‘\ 8 | Bz | CoHs 17 |CH(CHs),
NN 9 | Ac | n-CiHy 18 |CHCH=CH,
'rijH? 10| Ac | CH(CH), 19 | CH,CeHs
0PN 11| Ac | CHCH=CH,
20 |CH,CH N
AcOHL g 12 | Ac ! CHCeHs @
13| Ac | CHCHD-NO
AcO H c | CHCh 2

04—Methy1thymidine (14) has been synthesized before
from 2,4-dimethoxy-5-methylpyrimidine and 3,5-di-0-p-toluoyl-
2-deoxyribofuranosyl chloride in a Hilbert-Johnson reaction
21, The o*-ethylthymidine (15) has
recently been characterized by X-ray ana]ysiszz, whereas in

followed by deacylation

the earlier literature only its 3',5'-di-0-acetyl derivative
was mentioned23.

The triazole approach was achieved by conversion of
3',56'-di-0-acetylthymidine (2) with phosphoryl chloride and
1,2,4-triazole into 1-(3,5-di-0-acetyl-2-deoxyribofuranosyl)-
5-methyl-4-(1,2,4-triazol-1-y1)-2(1H)pyrimidinone (4) and
subsequent nucleophilic displacements at C-4. Methanol and
ethanol respectively reacted in the presence of triethyl-
amine on boiling under reflux whereas isopropanol gave a
low yield under these conditions even after 3 days. Intro-
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duction of the 4-p-nitrophenylethoxy group required reflux-
ing for 2 days in acetonitrile/triethylamine to give after
ammonia treatment of the crude intermediate 13 a 39 % yield
of 2924.
ethylamine catalyzes the reaction to some extent, but the

The use of 4-dimethylaminopyridine instead of tri-

yield could not be improved over 38 % even on boiling for
24 h. Alkoxides react as expected much faster, give better
yields, and deacetylate simultaneously to give the free 04-
alkylthymidines 14, 15 and 17,

Activation of the amide function in 2 by POC1;/N-me-
thy]imidazo]ezo seems to play even a much stronger role
since displacement of the azolide group proceeds with metha-
nol/triethylamine even at room temp. in 40 % yield in 6 h.
This reaction has not yet been applied to other types of
alcohols.

Characterization of the 04-a1ky1thymidine derivatives
14-19 is based on elemental analyses, UV- and 1H-NMR—spectra
(Tab. 1).

EXPERIMENTAL

UV Spectra were recorded on a Cary Recording Spectro-
meter, Model 118, from Appl. Physics Corp. - NMR Spectra
were measured with a Bruker WM 250 high resolution spectro-
meter with tetramethylsilane as an internal standard and on
a 8-scale in ppm. - Thin layer chromatography was perform-
ed on silica gel sheets F 1550 LS 254 of Schleicher & Schiill,
preparative thick layer chromatography on glass plates 40 x
20 cm coated with a 0.2 cm layer of silica gel PF254 of
Merck/Darmstadt and column chromatography on Merck silica
gel 60 (particle size 0.063-0.2 mm). - Drying of the sub-
stances was achieved in a vacuum desiccator or in a Biichi-
T0 50 drying oven under vacuum at room temp. and slightly
elevated temp. respectively. Melting points were determined
in a Tottoli apparatus and are uncorrected.
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A. General Procedure for 04-A]ky1ation of Thymidine (l).
3',5'-Di-0-acetylthymidine (2)°° (3.26 g, 10 mmol) of 3',5'-
di-0-benzoylthymidine (_3_)26 (4.5 g, 10 mmol) is refluxed
with silver carbonate (4.14 g, 15 mmol) in toluene (120 ml)
for 1 h and then 20 ml of the solvent distilled off to re-
move any moisture. On cooling to 50°C the alkyl halide (20
mmol) is added and the reaction mixture is stirred at this

temp. for 15 to 30 h. The insoluble silver salts are fil-
tered off, washed with ethyl acetate and then the filtrate
evaporated to dryness. The residue is dissolved in a small
amount of ethyl acetate, put on a silica gel column 20x4 cm
(100 g silica gel) and chromatographed using the same sol-
vent. The main fraction containing the fully protected ma-
terial 5-12 is evaporated yielding a colourless o0il, which
on treatment with either sodium ethoxide in methanol (0.1 N
solution) for 3 h or with conc. aqueous ammonia (50 ml) in
dioxane (50 ml) and methanol (50 ml1) for 12-18 h at room
temp. causes deacylation. The reaction solution is evapo-
rated to dryness and the residue is purified by column chro-
matography (10x4 cm) with a mixture of chloroform/methanol
(20/1). The main fraction is evaporated to dryness again
and the residue triturated with ether or recrystallized
from ethanol.

B. General Procedure for the Synthesis of 04—A1ky1-
thymidines via the Triazolide Method. To a solution of
1,2,4-triazole (6.9 g, 0.1 mol) and phosphoryl chloride
(3.0 g, 20 mmol) in acetonitrile (20 ml) are added at 0%¢
with stirring triethylamine (10 g, 0.1 mol) dropwise with-

in 15 min. After stirring for 15 min a solution of 3',5'-
di-0-acetylthymidine (2) (3.26 g, 10 mmol) in acetonitrile
(50 m1) is added slowly and then the reaction mixture kept
for 18 h at room temp. Triethylamine (13 ml) and water (3ml)
is added and the scolution stirred for 15 min and finally
carefully evaporated in vacuum. The residue is dissolved in
chloroform (100 m1), washed twice with water (10 ml) and a



09: 45 27 January 2011

Downl oaded At:

OA-ALKYLTHYMIDINES 523

saturated solution of sodium bicarbonate (10 m1). The chlo-
roform layer is dried over MgSO4 and then evaporated to give
crude 1-(3,5-di-0-acetyl-2-deoxyribofuranosyl)-5-methyl-4-
(1,2,4-triazol-1-y1)-2(1H)pyrimidinone (4), which is pure
enough for the displacement reactions.

Sodium (0.25 g, 11 mmol1) is dissolved in the corres-
ponding alcohol (60 ml1) and then the triazole derivative 4
is added and the solution stirred at room temp. for 3-18 h
depending on the alkoxide residue. The reaction solution is
neutralized with acetic acid, evaporated to dryness and the
residue is recrystallized from acetone or ethanol.

04-Methy1thymidine (14). Alkylation of 2 according to

method A for 64 h at 40°C, with addition of extra methyl
jodide (2 ml) after each 24 h, afforded colourless crystals
from acetone {(1.07 g, 42 %) of m.p. 172-174%C. Lit.z1 171.5-
173.5%.

Application of the triazolide method yielded after 3 h
colourless crystals (1.61 g, 63 %) of m.p. 172-174°¢C.

Anal. Calc. for C,,H  N,0Og (256.3): C, 51.57;
H, 6.29; N, 10.93. Found: C, 51.57; H, 6.22; N, 10.90.

04—Ethy1thymidine (15). The alkylation of 2 with ethyl
jodide was performed 33 h at 50°C followed by 15 h stirring
at room temp. Deacylation and work-up led to colourless
crystals from a small quantity of ethanol (1.21 g, 45 %) of
m.p. 185°¢C.

Under analogous conditions 3',5'-di-0-benzoylthymidine
(3) gave 2.0 g (74 %) 15 of m.p. 186°C.

The triazolide method gave after 3 h treatment colour-
less needles (1.7 g, 63 %) of m.p. 185°¢.

Anal. Calc. for C12H18N205 (270.3): C, 53.30; H, 6.70;

N, 10.45. Found: C, 53.24; H, 6.75; N, 10.45.

04—n-Propy1thym1dine (16). Treatment of 2 with n-pro-
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pyl iodide at 50°¢C over night yielded colourless crystals
from ether (1.16 g, 41 %) of m.p. 105-106°C,

Anal. Calc. for 013 20N O (284.3): C, 54.92; H, 7.09;
N, 9.85. Found: C, 54.98; H, 7 22, N, 10.09,

04-Isopropy1thymidine (17). Alkylation of 2 was car-

ried out with isopropyl iodide at 50°C for 30 h. After de-
acylation, a colourless powder (1.53 g, 54 %) of m.p. 160°C
was obtained by trituration with diethylether.

The triazolide method afforded, after displacement with

isopropoxide for 18 h and treatment with ammonia for removal
of the acetyl groups, a colourless powder (1.59 g, 56 %) of
m.p. 160°C.

Anal. Calc. for C13H20N205 (284.3): C, 54.92; H, 7.09;

N, 9.85. Found: C, 54.82; H, 7.05; N, 9.69.

0*-A11ylthymidine (18). Alkylation of 2 with allyl-
bromide at 50°C for 16 h gave colourless crystals (1.24 g,
41 %) of m.p. 106-107°C.

Anal. Calc. for C, H,  N,0p (282.3): C, 55.31; H, 6.42;
N, 9.92. Found: C, 55.78; H, 6.48; N, 10.00.

04—Benzy1thymidine (12)- The alkylation of g was car-

ried out with benzylbromide at 50°C for 16 h. Deacetylation
by sodium ethoxide for 1 h at room temp. and acidification

of the concentrated aqueous solution gave colourless crys-

tals (1.36 g, 41 %) of m.p. 179-180°C.

Anal. Calc. for C17H20N205 (332.4): C, 61.44; H, 6.06;
N, 8.42. Found: C, 61.66; H, 6.17; N, 8.51.

04-[2-(4—nitropheny1)ethy]]-thymidine (20). The crude
triazolide 4 (0.75 g, 2 mmol) was dissolved in acetonitrile
(10 m1) and 2-{4-nitrophenyl)-ethanol (0.86 g, 5 mmol) and
N,N-diisopropylethylamine (0.9 m1, 5 mmol) were added and
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the mixture refluxed for 66 h. The reaction mixture was eva-
porated to dryness and purified by column chromatography
(20x3 cm, 50 g silica gel) in ethyl acetate. The main frac-
tion was evaporated to dryness and the protected intermedi-
ate 13 deacylated by conc. aqueous ammonia (3 m1) in metha-
nol (10 ml) by stirring for 18 h at room temp. Evaporation
and coevaporation with methanol gave on recrystallization
from ethyl acetate colourless needles (0.52 g, 66 %) of m.p.
143-146°C.

Anal. Calc. for C18H21N307 (391.4): C, 55.24; H, 5.41;
N, 10.74. Found: C, 55.26; H, 5.21; N, 10.71.
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