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1-(2-0-Acetyl-3,5-di-O-benzoyl-4-C-benzoyloxymethyl-w-L-arabinofuranosyl)thymine (/I) was converted to
2.2-anhydro derivative V by selective deacetylation, mesylation and trcatment with 1,8-diaza-
bicyclo[S.4.0Jundec-7-cne. Cleavage of the 2.2'-anhydro ring in compound V with hydrogen chloride or
bromide afforded the respective 2'-chloro and 2'-bromo derivatives VI and VII. Reaction of compound VII
with Cu/Zn couple and subsequent debenzoylation led to 1-(2,3-dideoxy-4-C-hydroxymethyl-a-1.-pent-2-
cnofuranosyl)thymine (IX). Catalytic hydrogenation of IX gave 1-(2,3-dideoxy-4-C-hydroxymethyl-a-L-
glycero-pentofuranosyl)thymine (X). Dehalogenation of compound VI with tributyltin hydride and
debenzoylation afforded 1-(2-deoxy-4-C-hydroxymethyl-a-L-erythro-pentofuranosyl)thymine (XI1). Trityl-
ation of compound X/, followed by mesylation, detritylation and nuclcophilic substitution with azide
furnished 1-(3-azido-23-didcoxy-4-C-hydroxymethyl-a-1.-threo-pentofuranosyl)thymine (XXIT).

AIDS represents one of the most serious problems of the contemiporary medicine. To
compounds with significant cffccts against HIV  belong  3'-azido-2',3'-didco-
xythymidine (AZT), 2',3'-didcoxy-2',3'-didehydrothymidine (d4T) and 2',3'-didco-
xynucleosides?, first of all derivatives of hypoxanthine (didanosine, Videx) and
cytosine (zalcitadine) which are being introduced into clinical practice.

In the present study we focused on the effect of introduction of further hydro-
xymethyl group in position 4-C of the sugar part of the molecule on the antiviral acti-
vity of the mentioned compounds. As found by Hicbl and Zbiral®, the homolog of AZT,
1-(3-azido-2,3,5-tridcoxy-p-D-allofuranosyl)thymine, docs not exhibit antiviral activity.
Also allofuranosyl analogs of AZT, d4T and 2'3'-didcoxythymidine, arc inactive
against HIV, even though 1-(3-azido-2,3-didcoxy-f3-D-allofuranosyl)thymine is active
against HSV-1 (sce ref.*). No antiviral activity has been found® also for analogs with
reversed  configuration  at - C(4)  (1-(3-azido-2,3-didcoxy-a-L-threo-pento-
furanosyDthymine, 1-(2,3-didcoxy-u-L-glycero-pentofuranosyl)thymine and 1-(2,3-
didcoxy-u-L-pent-2-cnofuranosyl)thymine).  Obviously, the presence of C(4)-
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hydroxymethyl group and f-D-configuration of the sugar moiety arc a salient requi-
rement for prescrvation of antiviral activity.

The literature reports® preparation of 1-(4-C-hydroxymethyl-o-L-lyxofuranosyl)- and
1-(2-deoxy-4-C-hydroxymethyl-a-L-lyxofuranosyl)nuclcosides in acceptable yiclds by
reaction of the corresponding 5'-aldchydonucleoside with formaldchyde in a strongly
alkalinc medium, followed by Canizzaro reduction with formaldehyde or trcatment
with sodium borohydride.

However, reaction of 5'-aldchydonucleoside (prepared by oxidation of 1-(3-azido-
2,3-didcoxy-B-D-ribo-hexofuranosyl)thymine with Dowex 1 in periodate form*) with
formaldchyde and subscquent reduction with sodium borohydride under conditions
described in the literature® resulted only in cleavage of the nucleoside bond. Therefore,
we prepared the C(4)-hydroxymethyl derivative starting from 1,2-O-isopropylidenc-
3,5-di-O-benzoyl-4-C-benzoyloxymethyl-B-L-arabinofuranose (f), prepared by benzoy-
lation of 1,2-O-isopropylidenc-4-C-hydroxymethyl-f-L-arabinofuranosc’. Acctolysis of
compound / and condensation of the formed acctate with silylated thymine in the
presence of tin tetrachloride® afforded the protected nucleoside /1. Deacetylation of /1
in dioxanc (catalyzed with concentrated hydrochloric acid, 6 days at room temperature)
gave nucleoside /Il with free 2'-hydroxy group which was esterified with mectha-
nesulfonyl chloride. The mesyl derivative IV was converted into the 2,2'-anhydro deri-
vative V by treatment with 1,8-diazabicyclo[5.4.0Jundec-7-ene in acctonitrile at room
temperaturc. Heating the anhydronucleoside Vin 1 M solution of hydrogen chloride or
bromide to 100 °C produced the chloro derivative VI or bromo derivative VII.

Reaction of the bromo derivative VII with Cu/Zn couple® in dimethylformamide led
to didcoxydidchydro derivative VIIT which was debenzoylated with methanolic sodium
mcthoxide to give free nucleoside IX. Hydrogenation of compound /X on Pd/C gave
dideoxy derivative X.

Chloro dcrivative VI was reduced with tributyltin hydride in boiling tolucne in the
presence of 2,2'-azobis(2-propionitrile) and the obtained 2'-deoxynucleoside X7 was
debenzoylated to free deoxynucleoside X/, The 5'-hydroxy- and C(4)-hydroxymethyl
groups were sclectively acylated with pivaloyl chloride and the formed dipivaloyl deri-
vative XIII was converted by mesylation into the mesyl derivative XIV. Attempts to
rcalize nucleophilic replacement of the methanesulfonyl group with azide led only to
f-climination, giving didcoxydidchydronucleoside XV. Also the described!? reaction of
dipivaloyl dcrivative X/II with triphenylphosphine, tetrabromomethance and lithium
azide in dimethylformamide gave only the climination product XV. Tritylation and sub-
sequent mesylation od deoxynucleoside X/ afforded ditritylmesyl derivative XVI which
on reaction with sodium azide afforded the climination product XVII. Detritylation of
compound XV/I furnished frec mesyl derivative XVIII which was converted into the
isopropylidenc dcrivative XIX. Mesyl derivative XVIII reacted with sodium azide in
dimethylformamide at 100 °C to give azido derivative XXII (21%) and didco-
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xydchydronucleoside IX (41%). Under the same conditions, isopropylidene derivative
XIX afforded isopropylidencazidonucleoside XX/ (15%) and elimination product XX
(59%). Under the reaction conditions, the didcoxydidehydronucleosides arc alrcady
unstable and therefore in all the attempted nucleophilic substitutions of mesyl by azide
groups we isolated also thymine from the reaction mixture.
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EXPERIMENTAL

Meclting points were determined on a Kofler block and arc uncorrected. 'H NMR spectra were measured on
a Varian XL-200 (200 MHz) instrument in hexadeuteriodimethyl sulfoxide with tetramethylsilane as
internal standard. Chemical shifts are given in ppm (8-scale) and coupling constants J in Hz. Column chro-
matography was performed on silica gel according to Pitra (30 — 60 pm, Service Iaboratorics of this Insti-
tute) and thin-layer chromatography (TL.C) on Silufol UV 254 sheets (Kavalier, Votice) in the following
systems: S1 ethyl acctate—toluene (1 : 1), S2 cthyl acetate. S3 ethyl acetate-2-propanol (21 : 4). The
solvents were evaporated at bath temperature 30 — 60 °C at 2 kPa and compounds were dried at 13 Pa over
phosphorus pentoxide.

Attempted Preparation of Azido Derivative XXII from 1-(3-Azido-2,3-dideoxy-B-b-ribo-hexo-
furanosyl)thymine

Dowex 1 (103 form, 1.7 g of dry ion exchanger) was added 1o a solution of 1-(3-azido-2,3-dideoxy-B-b-
ribo-hexofuranosyl)thymine! (297 mg, 1 mmol) in 80% aqucous methanol (8 ml) and the mixture was
stirred until the starting compound disappeared (1.5 h). The ion cxchanger was filtered off and washed
with methanol to disappearance of UV absorption of the cluate. The combined cluates were evaporated in
vacuo and the residue was dissolved in water (2 ml). Formaldehyde (37%, 0.2 ml) was added and then 2 M
sodium hydroxide (1 ml) was added dropwise. After 5 min, sodium borohydride (70 mg) was added at 0 °C.
The solution was neutralized with Dowex 50 (H* form) and taken down, the residuc was extracted with
methanol, the solvent was cvaporated and the residue chromatographed on a column of silica gel (25 g) in
cthyl acetate=2-propanol (22 : 3). The first fraction was evaporated and the material crystallized from
water to give 71 mg (27%) of 1-(3-azido-2,3-dideoxy-B-n-ervthro-pentofuranosyl)thymine (AZT), m.p. 119 —
122 °C; (ref.! m.p. 119 — 122 °C). Evaporation of further fraction gave 64 mg (51%) of thyminc.

3.5-Di-O-benzoyl-4-C-benzoyloxymethyl-1.2-O-isopropylidenc-B-L-arabinofuranose (1)

Benzoyl chloride (43 ml. 0.37 mol) was added with ice-cooling and stirring to a solution of 4-C-hydro-
xymethyl-1.2-O-isopropylidenef-L-arabinose (22.02 g, 0.1 mol) in pyridine (100 ml). After standing for S h at
room temperature, the reaction mixture was again cooled in an ice bath and water (8 ml) was added. After
10 min, the mixture was concentrated to a small volume and partitioned between ethyl acctate (300 ml)
and water (100 ml). The organic layer was scparated and washed with water (100 ml), 5% hydrochloric
acid to acidic reaction of the aqueous layer, water (100 ml) and 10% solution of sodium hydrogen carbo-
nate until the evolution of carbon dioxide ceased. After drying over magnesium sulfate and evaporation of
the solvent, the residue was dried at 40 °C and 13 Pa for 5 h, affording 51.5 g (97%) of product [ as a
solid foam. For C30t,404 (532.5) calculated: 67.66% C, 5.30% H: found: 67.89% C, 5.18% H. 'HH NMR
spectrum: 1.30 s and 1.55 s, 2 x 3 H (C(CH,),): 4.62 d, 1 H (IPCHO, J(a,b) = 11.3); 4.71 d, 1 H
(H'CHOY: 4.70 s, 2 1 (CH,0); 4.99 d, 1 H (112, J(2'.1) = 4.3); 5.69 s, 1 H (H-3); 6.16 d, 1 Il (H-1");
7.41 — 8.00 m, 15 H (H-arom.).

1-(2-0-Acetyl-3.5-di-O-benzoyl-4-C-benzoyloxymethyl-w-1.-arabinofuranosyl)thymine (/1)

Sulfuric acid (11.5 ml) was added dropwise during 30 min to an ice-cooled solution of isopropylidene deri-
vative [ (53.25 g, 0.1 mol) in a mixture of acetic acid (125 ml) and acetic anhydride (65 ml). After
standing at room temperature overnight, the mixture was poured on ice (1 kg), neutralized with solid
sodium hydrogen carbonate and extracted with cthyl acctate (2 x 500 ml). The combined extracts were
washed with 10% solution of sodium hydrogen carbonate until the evolution of carbon dioxide ceased,
dricd over magnesium sulfate and the solvent was cevaporated. The residue was dried in vacuo (13 Pa) at
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40 °C for 3 h. To a stirred solution of the residuc in dichloroecthane (160 ml), was added S-methyl-2,4-
bis(trimethylsilyloxy)pyrimidine (25.65 g, 0.1 mol) and, after its dissolution, tin tetrachloride (11 ml). The
mixture was set aside at room temperature overnight and poured in a vigorously stirred 10% sodium hydro-
gen carbonate solution (1.5 1). After standing for 1 h, the clear liquid was decanted and the residue filtered
through a layer of Celite. The filter was washed with ethyl acctate (200 ml) and the combined filtrates
were extracted with cthyl acetate (800 ml). The organic phasc was scparated, washed with 10% solution of
sodium hydrogen carbonate (2 x 250 ml), dried over magnesium sulfate and the solvent was evaporated.
Yicld 63.1 g of product I/ as a solid foam. Chromatography of 1 g of this product on a column of silica
gel (100 g) in toluenc—cthyl acetate (1 : 1) afforded 728 mg of product /I as a solid, chromatographically
homogencous foam. Total yield, calculated on the sugar derivative I, was 71%; Rp 0.49 (S19). For
C34H30N,0, (642.6) calculated: 63.55% C, 4.71% H, 4.36% N; found: 63.59% C, 4.73% H, 4.36% N. H
NMR spectrum: 1.66 d. 3 H (5-CHs, J = 0.9); 2.04 s, 3 H (CH;CO); 4.66 d, 1 H (H*CHO, J(a,b) = 12.0);
4.73 d, 1 H (IFCHO, J(ed) = 12.2); 4.88 d, 1 H (IPCHO): 4.91 d. 1 I (ICHO): 5.97 t, 1 H (H-2',
J2'1y = 7.0, J(2',3") = 6.6): 6.09 d, 111 (H-3"); 6.41 d, 1 H (H-1"): 7.41 — 8.00 m, 16 H (I1-6, H-arom.);
11.46 s, 1 H (11-3).

1-(3.5-Di-O-benzoyl-4-C-benzoyloxymethyl-a-1.-arabinofuranosyl)thymine (/11)

Concentrated hydrochloric acid (2 ml) was added to a solution of acetyl derivative I7 (3.21 g, 5 mmol) in
dioxane (30 ml). After stirring at 30 °C for 6 days, the reaction mixture was diluted with cthyl acetate (400 ml),
washed with water (100 ml), 5% solution of sodium hydrogen carbonate (100 ml), dried over magnesium
sulfate and the solvent was evaporated. Column chromatography of the residue on silica gel (300 g) in
toluene—cthyl acetate (2 : 3) gave 2.81 g (95%) of compound III as a solid foam, Ry 0.34 (S1). For
C35HgN500 (600.6) calculated: 63.99% C, 4.70% 11, 4.66% N; found: 63.82% C, 4.86% 11, 4.49% N. 'H
NMR spectrum: 1.72's, 3 H (5-CH,); 4.57 d, 1 H (IPCHO, J(a.,b) = 11.7); 4.68 d, 1 H (H°CHO, J(c,d) =
11.6): 4.77 — 4.87 m, 3 1 (1-2', HI’'CHO, HYCHIO); 5.79 d. 1 H (H-3', J(3',2") = 7.0); 6.21 d, 1 H (H-1,
J(1'.2') = 7.9); 6.25 d, 1 H (2'-OH1, J(OI,2") = 5.5); 7.39 — 8.02 m, 16 H (1-6, H-arom.); 11.47 s, 1 H
(H-3).

Using the same proccdure. 44.1 g of the crude acetyl derivative /I was converted into 28.16 g of
compound /1.

1-(3.5-Di-O-benzoyl-4-C-benzoyloxymethyl-2-O-methanesulfonyl-a-L-arabinofuranosyl)thymine (/V)

Mcthanesulfonyl chloride (15 ml, 195 mmol) was added dropwise at 0 °C to a stirred solution of tribenzoyl
derivative 111 (30.03 g, SO mmol) in pyridine (150 ml). After standing for 4 h at room temperature, the
mixture was again cooled in an ice bath and water (5 ml) was added. After 10 min, the mixture was
concentrated in vacuo and the residuc partitioned between water (300 ml) and ethyl acetate (1 1). The orga-
nic layer was separated, washed with 5% hydrochloric acid to acid reaction of the aqueous layer, water and
10% solution of sodium hydrogen carbonate (300 ml), and dricd over magnesium sulfate. Evaporation
of the solvent afforded 32.87 g (97%) of mesyl derivative IV as a solid foam, Rp 0.47 (S1). For
C33H39N05S (678.6) calculated: 58.40% C. 4.46% H, 4.13% N, 4.72% S; found: 58.51% C. 4.61% H,
3.97% N. 4.51% S. 'H NMR spectrum: 1.77 d, 3 H (5-CH;, J = 1.0); 3.25 s, 3 H (SO,CH;); 4.68 d, 1 H
(IPCHO, J(a,b) = 11.7); 4.78 d, 1 H (HCHO, J(c,d) = 12.0); 4.92 d, 1 H (HCHO); 4.93 d, 1 H (H’CHO);
5991, 1 H(H-2'); 6.16 d, 1 H (H-3',J(3',2') = 7.0); 6.54 d, 1 H (H-1', J(1'2") = 7.5); 7.38 — 8.00 m, 16 H
(H-6, H-arom.); 11.50 s, 1 H (H-3).
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2.2'-Anhydro-1-(3,5-di-O-benzoyl-4-C-benzoyloxymethyl-a-L-ribofuranosyl)thymine (V)

A solution of mesyl derivative IV (13.57 g, 20 mmol) and 1,8-diazabicyclo[5.4.0]Jundec-7-enc (3.8 ml) in
acetonitrile (130 ml) was allowed to stand at room temperature overnight. After evaporation of the solvent,
the residue was diluted with cthyl acctate (350 ml), the solution washed with water (100 ml), 2%
hydrochloric acid (100 ml), water (50 ml), and 10% solution of sodium hydrogen carbonate, and dried over
magnesium sulfate. After evaporation of the solvent, the residue was chromatographed on a column of sili-
ca gel (400 g) in cthyl acctate—2-propanol (24 : 1), affording 10.95 g (94%) of anhydro derivative V as a
solid foam, Rg 0.21 (S2). For C3,H,N,04 (582.5) calculated: 65.97% C, 4.50% H, 4.81% N; found:
65.95% C, 4.46% 11, 4.68% N. '11 NMR spectrum: 1.70 d, 3 1 (5-Cll;, J = 1.2); 4.58 s, 2 H (CH,0); 4.70
s, 2 H (CH,0); 5.83 — 594 m, 2 H (H-2',H-3"); 6.46 d, 1 I (H-1', J(1',2") = 5.2); 7.39 = 7.99 m, 16 H
(11-6, H-arom.).

1-(3,5-Di-O-benzoyl-4-C-benzoyloxymethyl-2-chloro-2-deoxy-a-1.-arabinofuranosyl)thymine (V1)

A solution of anhydro derivative V (11.65 g, 20 mmol) in 1 M solution of hydrogen chloride in
dimethylformamide (40 ml) was heated at 100 °C’ for 40 min. The solvent was then evaporated in vacuo,
the residue diluted with cthyl acetate (200 ml), washed with water (70 ml), 5% solution of sodium hydro-
gen carbonate (70 ml), dried over magnesium sulfate and the solvent was evaporated. The remaining gel
was repeatedly codistilled with acetone until solid compound VI was obtained (12.13 g, 98%), Ry 0.63
(S1). For C3,H»NyO6Cl (619.0) calculated: 62.09% C, 4.40% 11, 5.73% Cl, 4.53% N; found: 62.23% C,
4.56% 11, 5.61% Cl, 4.30% N. 11 NMR spectrum: 1.78 s, 3 11 (5-CH3): 4.61 - 4.97 m, 4 I (2 x CH,0);
5.40 ¢, 1 H(H-2"); 6.12.d, | 1T (11-3', J(3',2") = 8.5): 6.58 d. 1 H (11-1', J(1',2") = 8.9); 7.33 = 7.99 m, 16 I
(1-6, H-arom.); 11.61 s, 1 11 (11-3).

1-(3,5-Di-O-benzoyl-4-C-benzoyloxymethyl-2-bromo-2-dcoxy-a-1L-arabinofuranosyl)thymine (VII)

A solution of anhydro derivative V (11.65 g, 20 mmol) in 1 M solution of hydrogen bromide in
dimcthylformamide (40 ml) was heated at 100 °C for 20 min. The reaction mixture was worked up as
described for the chloro derivative VI, yiclding 13.01 g (98%) of derivative VII as an amorphous powder,
Ry 0.63 (S1). For C3,H3N>OgBr (663.5) calculated: 57.93% C, 4.10% H, 12.04% Br, 4.22% N; found:
58.12% C, 4.19% ., 12.04% Br, 3.98% N. "Il NMR spectrum: 1.78 s, 3 H (5-CIl;); 4.59 — 495 m, 4 1
(2 x CHy0); 5.36 1, 1 H (H-2", J(2',1') = 9.2, J(2'3") = 8.7): 6.16 d, 1 I (H-3"); 6.65 d, 1 H (H-1'); 7.30 —
7.97 m, 16 H (11-6, H-arom.); 11.60 s, 1 I (I1-3).

1-(5-O-Benzoyl-4-C-benzoyloxymethyl-2 3-didcoxy-a-1.-glycero-pent-2-enofuranosyl )thymine (VIII)

A solution of bromo derivative VII (6.63 g, 10 mmol) in dimcthylformamide (10 ml) was added dropwise
to a stirred suspension of Zn/Cu (1.66 g, sce ref.?) in dimethylformamide (50 ml). The mixture was stirred
for 1 h at room temperature. ‘The insoluble portion was filtered off. washed with dimethylformamide, and
the combined filtrates were concentrated in vacuo. The residue was dissolved in ethyl acetate (100 ml) and
the solution washed successively with 2% hydrochloric acid to acid reaction of the aqueous layer, water
(30 ml), 5% solution of sodium hydrogen carbonate (30 ml), dricd over magnesium sulfate, and the solvent
was cvaporated. Crystallization of the residue from toluene—cthyl acetate afforded 3.27 g (71%) of dide-
hydro derivative VIII, m.p. 99 101 °C, R 0.52 (S1). Chromatography of evaporation residue from the
mother liquors on a column of silica gel (100 g) in toluenc—ethyl acetate (3 : 2) gave (urther 1.07 g (23%)
of the same product. For Cy5H5,N504 (462.4) calculated: 64.93% C, 4.80% I, 6.06% N: found: 65.11% C,
4.98% 11, 5.87% N. 'l NMR spectrum: 1.37 s, 3 H (5-CHji); 4.51 d, 1 H (IIPCHO, J(a,b) = 11.3); 4.57 d,
1 H (IPCHO); 4.64 s, 2 11 (CH,0): 621 dd, 1 H (11-3', J(3'.1') = 1.3, J(3',2") = 6.0); 6.59 dd. 1 H (H-2,
J(2'1") = 2.1); 6.93 dd. 1 H (H-1"); 7.15 = 8.00 m, 11 H (H-6, H-arom.): 11.39 s, 1 H (I1-3).

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



4-C-Hydroxymethylthymidine Derivatives 415

1-(2,3-Dideoxy-4-C-hydroxymethyl-a-L-glycero-pent-2-enofuranosyl)thymine (ux)

A solution of benzoyl derivative VIII (3.70 g, 8 mmol) in 0.1 M methanolic solution of sodium methoxide
(50 ml) was allowed to stand overnight at room temperature. The mixture was neutralized with Dowex 50
(H* form), the ion cxchanger was filtered off, washed with methanol and the combined filtrates were
evaporated. Crystallization of the residuc from 2-propanol gave 1.89 g (93%) of didehydro derivative 1X,
m.p. 191 — 194 °C. Ri 0.23 (S3). For C;111,N;05 (254.2) calculated: 51.96% C, 5.55% H, 11.02% N,
found: 51.74% C. 5.56% 11, 11.22% N. 'l NMR spectrum: 1.72 d, 3 H (5-CHj3, J = 1.0); 3.26 - 3.70 m,
41 (2 x CH,0): 4.83 t. 1 11 (OH, J = 6.0): 498 1, 1 11 (OHL. J = 5.4); 5.90 dd, 1 H (H-3,J(3.1) = 15,
J(3.2') = 6.1% 6.27 dd, 1 H (112, J(2',1') = 2.0); 6.84 dd. 1 11 (11-1'); 7.30 d, 1 H (11-6, J = 1.2); 11.29 s,
1 (11-3).

1-(2.3-Dideoxy-4-C-hydroxymethyl-a-L-glycero-pentofuranosyl)thymine X)

Didehydro derivative IX (1.27 g, 5 mmol) was hydrogenated in a mixturc of methanol (18 ml) and water
(6 ml) on 10% Pd/C (130 mg) at atmospheric pressure for 15 h. The catalyst was filtered through Celite,
washed with methanol, and the combined filtrates were taken down. Crystallization of the residue from
2-propanol afforded 800 mg (62%) of dideoxy derivative X, m.p. 162 — 163 °C. Chromatography of the
residue after concentration of the mother liquors on a column of silica gel (30 g) in ethyl acetate-acctone—
cthanol-water (36 : 6 : 5 : 3). followed by crystallization from 2-propanol furnished further 323 mg (25%)
of the same product, Ry 0.25 ($3). For €y H;N5O5 (256.2) calculated: 51.55% C, 6.29% H, 10.93% N;
found: 51.48% C. 6.23% 11. 10.94% N. 'I1 NMR spectrum: 1.70 d, 3 1 (5-CH3, J = 0.6): 1.78 - 2.42 m, 4 H
(2 x H-2', 2 x 11-3'): 3.29 d, 2 H (CH,0, J(CHL,0.01) = 5.7); 3.41 - 3.58 m, 2 I (CH,0); 481 1, 1 H
(O): 5.03 t. 1 11 (OIL J = 5.1); 6.03 dd. 1 H (H-1".J(1'.2a’) = 5.4, J(1',2b) = 6.1); 7.82 d, 1 H (H-6,
J = 1.2) 11.21 s. 1 H (11-3); after exchange with D,O: 3.20 s, 2 11 (C11,0); 3.44 d, 1 H (IFCHO, J(a,b) =
11.5): 3.50 d. 1 I (1I°CHO).

l—(3.5-Di—()-hcnzoyl-4-(‘-hcnzoyloxymclhyl-?.-dcoxy-u»l.-cr_\'thro—pcnlofuranosyl)lhyminc (X1)

I M solution of tributyltin hydride in tolucne (20 ml) and 2.2'-azobis(2-methylpropionitrile) (200 mg) were
added at 100 °C 1o a solution of chloro derivative VI (6.19 g, 10 mmol) in toluene (50 ml). The solution
was heated at 100 °C for 40 min. cooled and the solvent was evaporated. The residue was mixed with light
petroleum (200 ml). the resulting solid was filtered, washed with light petroleum and dissolved in a mini-
mum amount of toluenc. The solution was filtered and added dropwise with stirring to light petroleum (300
ml). The precipitate was filtered and washed with light petroleum: yicld 5.81 g of powdery product. Chro-
matography of this compound (1 g) on a column of silica gel in toluenc—ethyl acetate (3 : 2) afforded 897 mg
of chromatographically pure product XI (89%, calculated on starting chloro derivative Vi), Rp 0.48 (S1).
For C35HagN20, (584.6) calculated: 65.75% C. 4.83% H, 4.79% N; found: 65.98% C, 4.95% H. 4.58% N.
"Il NMR spectrum: 1.70 d, 3 1 (5-CHj3, J = 1.0), 2.54 m. 1 1 (H-2a', J(2a',1") = 5.7, J(2a'.2b") = 14.0,
J(22'3') = 4.4); 3.12 m, | H (120, J(2b',1") = 6.6, J(2b'.3') = 6.6); 4.56 d, 1 H (H*CHO, J(a.b) = 11.7);
4.70 d. 1 H (H°CHO): 4.83 s, 2 11 (CH,0); 5.92 dd, 1 H (11-3'); 6.43 dd, 1 H (H-1"); 7.40 - 8.00 m, 16 H
(H-6, H-arom.); 11.39 s, 1 H (H-3).

1-(2-Deoxy-4-C-hydroxymethyl-t-1.-erythro-pentofuranosyl)thymine (XIT)

A crude product, containing 89.7% of compound X7 (4.81 g. mmol) was dissolved under stirring in 0.1 M
methanolic sodium methoxide (45 ml). ‘The solution was set aside at room temperature overnight and then
neutralized with Dowex 50 (H* form). The ion exchanger was filtered off and washed with methanol and
the combined filtrates were evaporated. Crystallization from 2-propanol afforded 1.57 g (78%) of
compound XII, m.p. 196 — 197 °C. Chromatography of the residuc after concentration of the mother liquors
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on a column of silica gel (40 g) in cthyl acctate—acetone—cthanol-water (17 : 3 : 3 : 2) and subsequent
crystallization from 2-propanol gave further 200 mg (10%) of the same product, Ry 0.20 (S3). For
C11HgN2Og (272.2) calculated: 48.52% C, 5.92% H, 10.29% N; found: 48.72% C. 5.96% H. 10.14% N.
'H NMR spectrum: 1.77 d, 3 H (5-CHj,, J = 0.6); 1.86 dt, 1 H (H-2a', J(2a',1') = 3.5. J(2a'2b") = 142,
J(22'3") = 2.9); 2.70 m, 1 I (H-2b', J(2b',1') = 7.0, J(2b'.3') = 6.8); 3.27 - 3.49 m, 2 H (CH,0); 3.62 d,
2 H (CHy0, J(CH,0,0H) = 6.0); 4.24 m, 1 H (11-3'); 4.55 1. 1 H (O, JOOH.CH,0) = 6.0); 478 1, 1 H
(OH, J(OH,CH,0) = 6.0); 5.75 d, 1 11 (3'-OH, J(OH,3") = 5.8); 6.09 dd. 1 H (H-1'); 7.90 s, 1 I (1I-6);
11.18 s, 1 H (H-3); after exchange with D,0: 3.32 d, 1 H (H*CHO, J(a,b) = 11.6); 3.41 d, | H (1I°CHO);
3.61 s, 2 H (CH,0).

1-(2-Deoxy-5-0-pivaloyl-4-C-pivaloyloxymethyl-a-L-erythro-pentofuranosyl)thymine (XI11)

Pivaloyl chloride (2.8 ml, 23 mmol) was added dropwise to an ice-cooled and stirred solution of compound
X1 (2.72 g, 10 mmol) in pyridine (20 ml). ‘The mixture was stirred in an ice bath for 15 min and then set
aside at room temperature for 1 h. After cooling to 0 °C', methanol (3 ml) was added and after 15 min the
solvents were evaporated. The residue was partitioned between water (50 ml) and ethyl acetate (250 ml).
‘The organic layer was scparated, washed successively with water (50 ml), 2% hydrochloric acid to acid
reaction of the aqueous layer, water (S0 ml), 5% solution of sodium hydrogen carbonate (S0 ml). dricd
over magnesium sulfate and the solvent was evaporated. Crystallization of the residue from butyl acetate
gave 3.02 g (66%) of pivaloyl derivative X1, m.p. 108 — 110 °C.

The residue after concentration of the mother liquors was chromatographed on a column of silica gel
(100 g) in ethyl acctate—toluene (2 : 1): subsequent erystallization afforded further 690 mg (15%) of the
same compound, Ry 0.16 (S1). For Cy H35N,04.1,0 (458.5) calculated: 55.01% C, 7.47% 1. 6.11% N;
found: 55.12% C, 7.21% H, 5.91% N. 'Il NMR spectrum: 1.12 s, 1.13 s and 1.14 s, 18 H (2 x pivaloyl);
1.78 d. 3 H (5-Cll3, J = 0.6); 1.98 du, 1 1 (H-2a’, J(2a',1") = 3.9, J(2a'.2b") = 14.5, J(2a'.3) = 3.6); 2.81 m,
LI (H-2b J(2b. 1) = 7.6, J(2b'.3") = 7.6); 3.96 d. 1 I (JIPCHO, J(a,b) = 11.7); 4.07 d. | H (11"CHO);
4.21 =436 m, 3 11 (CH,0, H-3"); 581 d, 1 I (3'-OH. J(OI,3") = 4.3); 6.20 dd, 1 1 (II-1'): 7.76 s, 1 11
(H-6); 11.30 s, | T (I1-3).

1-(2-Deoxy-5-O-pivaloyl-4-C-pivaloyloxymethyl-3-O-methanesulfonyl-a-L-¢rythro-pentofuranosyl)-
thyminc (X1V)

A solution of pivaloyl derivative X111 (2.29 g, 5 mmol) in pyridine (20 ml) was evaporated in vacuo. The
residuc was dissolved in pyridine (20 ml). the solution cooled in an ice bath and methanesulfonyl chloride
(2 ml, 26 mmol) was added under stirring. After standing for 4 h at room temperature, the mixture was
cooled and water (1 ml) was added. After 10 min, the mixture was cvaporated and the residue partitioned
between water (25 ml) and cthyl acctate (100 ml). The organic layer was separated, washed successively
with water (25 ml), 2% hydrochloric acid to acid reaction of the aqueous layer, water (25 ml). 10% solu-
tion of sodium hydrogen carbonate (30 ml) and dried over magnesium sulfate. The solvent was evaporated
and the residue was chromatographed on a column of silica gel (250 g) in toluenc—cthyl acetate (1 : 2) to
give 236 g (91%) of mesyl derivative X1V as a solid foam. Ry 0.17 (S1). For C,,113,N,0,(S (518.6) calcu-
lated: 50.95% C. 6.61% 11. 5.40% N. 6.18% S: found: SL.O4% C. 6.56% 1. 5.23% N. 6.10% S. '1 NMR
spectrum: 1.36 s and 151 s, 18 H (2 x pivaloyl); 1.80 s, 3 1 (5-CHy): 2.46 m. 1 H (11-24°. J(2a'.1') = 6.0,
J(22°2b") = 14.5, J(2a".3") = 4.5); 3.04 m. 1 11 (11-2b', J2B'.1') = 6.6, J(2'.3") = 6.6); 3.30 s, 3 Il
(SOCHz) 412 do 1 H (PCHO.L J(ab) = 118): 4.17 d. 1 H (HPCHO): 4.34 5. 2 H (CH,0): 5.39 dd. 1 11
(11-3): 6.26 1, 1 1T (1-1°): 7.48 s, 1 H (H-6); 11.40 s, 1 H (11-3).
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1-(2,3-Dideoxy-5-O-pivaloyl-4-C-pivaloyloxymethyl-a-L-glycero-pent-2-enofuranosyl)thymine (XV)

Lithium azide (258 mg, 5.3 mmol) was added to a solution of mesyl derivative XIV (519 mg, 1 mmol) in
dimethylformamide (6 ml) and the solution was heated at 100 °C for 7 h under argon. The solvent was
evaporated and the residue dissolved in ethyl acetate (15 ml). After washing with water (5 ml) and drying
over magnesium sulfate, the solvent was evaporated. The residue contained (TLC in S3), beside compound
XV, only a minor quantity of thymine and UV-transparent sugar compounds. Chromatography on a column
of silica gel (50 g) in ethyl acetate—tolucne (1 : 1) and subscquent crystallization from mecthanol afforded
310 mg (73%) of compound XV, m.p. 139 — 142 °C. For Cy;H;3oN,05 (422.5) calculated: 59.70% C, 7.16% 11,
6.63% N: found: 59.48% C, 6.97% H, 6.85% N. 'Hl NMR spectrum: 1.14 s, and 1.15 s, 18 H (2 x piva-
loyl); 1.78 d, 3 H (5-CH;, J = 1.2); 487 = 432 m, 4 1 (2 x CH,0); 6.15 dd, 1 H (-3, J(3'.1") = 1.2,
J(3'.2") = 6.1); 6.32 dd, 1 H (H-2', J(2',1") = 1.9); 6.87 dd. I H (H-1"); 7.23 d, 1 H (H-6,J = 0.9); 11.4 s,
1 H (H-3).

Reaction of Pivaloyl Derivative XIII with Triphenylphosphine, ‘Tetrabromomethane and Sodium Azide

A solution of monohydrate of pivaloyl derivative X/l (92 mg, 0.2 mmol) in dimcthylformamide (5 ml)
was concentrated to a half. To the residue were added triphenylphosphine (105 mg, 0.4 mmol), tetrabro-
momethane (133 mg, 0.4 mmol) and sodium azide (123 mg, 2.5 mmol). After standing at room temperature
for 24 h, methanol (0.5 ml) was added. The solvents were evaporated and the residue was partitioned be-
tween ethyl acetate (5 ml) and water (3 ml), the organic layer was separated, dried over magnesium sulfate
and the solvent was evaporated. As shown by TLC, the residue contained, beside compound XV, a small
amount of thymine and UV-nonabsorbing sugar compounds. Chromatography on a column of silica gel (30 g)
in cthyl acetate—toluene (1 : 1) gave 63 mg (75%) of compound X'V.

1-(2-Deoxy-3-O-methanesulfonyl-5-O-triphenylmethyl-4-C-triphenylmethyloxymethyl-«-1.-erythro-
pentofuranosyl)thymine (XVI)

A solution of deoxynucleoside X1 (2.72 g. 10 mmol) and triphenylmethyl chloride (6.69 g, 24 mmol) in
pyridine (40 ml) was heated at 100 °C for 1 h. After cooling to 0 °C, methanesulfonyl chloride (4 ml, 52
mmol) was added under stirring. The mixture was kept at 0 °C for 15 min, set aside at room tempcerature
for 5 h, and added dropwise with vigorous stirring in water (800 ml). The precipitate was filtered, washed
with water and dried on the air and then in vacuo over potassium hydroxide. It was dissolved in ethyl
acctate (60 ml) and the solution was added dropwise with stirring to light petroleum (800 ml). The preci-
pitate was collected on filter and air-dried to give 8.13 g (97%) of trityl derivative XVI, Ry 0.41 (S1). For
CsollioN2OgS (834.9) caleulated: 71.92% C, 5.55% 1. 3.36% N, 3.84% S: found: 71.81% C, 5.67% 1I,
3.17% N, 3.66% S. 'l NMR spectrum: 1.54 s, 3 H (5-CH3): 2.29 m, 1 H (H-2a", J(2a',1") = 3.7, J(2a'.2b")
= 145, J(22'.3") = 3.0); 2.45 — 2.55 m, 1 H (H-2b"); 3.04 5, 3 1 (SO,CH3); 3.31 — 3.59 m, 4 H (2 x
CH,0); 5.04 dd. 1 1 (H-3". J(3".2b") = 6.5), 6.21 dd, 1 H (1I-1', J(1".2b") = 6.9): 7.20 - 7.40 m, 31 I (11-6,
H-arom.); 11.40 s, 1 1 (11-3).

1-(2.3-Dideoxy-5-O-triphenylmethyl-4-C-triphenylmethyloxymethyl-a-L-glycero-pent-2-enofuranosyl)-
thymine (XVII)

A solution of mesyl derivative XVI (835 mg, I mmol) and lithium azide (294 mg, 6 mmol) in
dimethylformamide (4 ml) was heated at 100 °C for 7 h under argon and added dropwise under stirring
into water (100 ml). ‘The precipitate was filtered. washed with water, dried on air and then in vacuo over
potassium hydroxide, and chromatographed on a column of silica gel (60 g) in cthyl acetate—toluene (1 : 2).
Alter evaporation. the residue was dissolved in ethyl acetate (3 ml) and the solution added dropwise with
stirring to light petroleum (50 ml). ‘The precipitate was collected and air-dried: yicld 405 mg (55%) of
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compound XVII, Ry 0.62 (S1). For Cyoll43N,05 (738.8) calculated: 79.65% C, 5.73% H, 3.79% N; found:
79.43% C, 5.90% 11, 3.68% N. ' NMR spectrum: 1.32 s, 3 H (5-CH;); 3.07 d, 1 H (IPCHO, J(a,b) =
8.9): 3.09 d. 1 H (II°CHO, J(c,d) = 9.4); 3.19 d, 1 H (1I’CHO); 3.33 d, 1 H (HICHO): 6.07 dd., 1 H (11-3",
J3'1') = 1.1, J(3'.2") = 6.0); 6.61 dd, 1 H (H-2".J(2",1') = 2.0); 6.87 dd, 1 H (11-1"); 7.07 d, 1 H (11-6,
J = 1.2): 7.29 s, 30 H (H-arom.); 11.39 s, 1 H (H-3).

1-(2-Deoxy-4-C-hydroxymethyl-3-O-methanesulfonyl-a-1.-erythro-pentofuranosyl)thymine (XVIIT)

A solution of trityl derivative XVI (8.35 g, 10 mmol) in 80% aqucous acetic acid (30 ml) was heated at
106 °C for 25 min. Water (20 ml) was added and. after cooling, the precipitated triphenylmethanol was
filtered off and washed with water. The combined filtrates were concentrated and the residue was chro-
matographed on a column of silica gel (200 g) in ethyl acetate-2-propanol (23 : 2). The mesyl derivative
XVIII (2.82 g) was obtained as a solid foam. The preceding fraction from the chromatography was evapo-
rated (638 mg), the residue was dissolved in 0.1 M methanolic sodium methoxide (10 ml) and allowed to
stand at room temperature. After 3 h, the solution was ncutralized with Dowex 50 (H* form), the ion
exchanger was filtered off, washed with methanol and the combined filtrates were concentrated. Chro-
matography of the residue on a column of silica gel (50 g) in ethyl acetate-2-propanol (23 : 2) afforded
further 233 mg of compound XVIII. Both portions were combined and crystallized from a minimum
amount of methanol to give 2.76 g (79%) of mesyl derivative XVIII, m.p. 81 - 64 °C, R, 0.51 (S3). For
C12H gN5OgS (350.3) calculated: 41.14% C. 5.18% I, 8.00% N. 9.15% S; found: 40.95% C, 5.05% H.
7.82% N. 8.98% S. 'I1 NMR spectrum: 1.79 d, 3 H (S-CIly), J = 0.6); 2.29 dt, 1 11 (H-2a’, J(2a',1) = 4.8,
J(2a'20) = 14.4, J(22’3") = 3.7); 2.94 m, 1 H (H-2b". J2b'.1") = 7.1, J(2b'3") = 6.6); 3.24 s, 3 1]
(SO,CH;): 3.39 - 3.59 m. 2 H (CH,0): 3.62 d. 2 1 (CH,0, J(CH,0,0H) = 5.6): 5.00 t, 1 H (OH); 5.22
dd, 1 H (H-3"); 6.22 dd. 1 I (H-1"); 7.64 d. 1 1 (11-6. J = [.2): 11.32 s, 1 H (I-3); after exchange with
D,0:3.42.d, 1 H (IPCHO, J(a,b) = 11.6): 3.53 d, 1 11 (1I"CHO).

1-{(6R 8K)-8-Mcthanesulfonyloxy-2.2-dimethyl-1,3.5-trioxaspiro[3.4]oct-6-yl } thymine (X1X)

Sulfuric acid (0.1 ml) was added to a stirred mixture of mesyl derivative XVIII (1.75 g. 5 mmol), acetone
(15 ml) and 2.2-dimethoxypropane (15 ml). After 30 min, the reaction mixture was neutralized with fincly
ground sodium hydrogen carbonate. The insoluble portion was filtered off and washed with acetone. The
combined filtrates were taken down, the residue was mixed with ether (20 ml) and the crystalline material
was collected and washed with ether; yicld 1.54 g (79%) of isopropylidene derivative XIX, m.p. 146 - 148 °C.
Chromatography of the residue after concentration of the mother liquors on a column of silica gel (75 g)
in cthyl acctate afforded further 225 mg (11%) of the same compound, Ry 0.54 (S2). For C;5H;,N,04S
(390.4) calculated: 46.14% C, 5.68% 11, 7.18% N, 8.21% S; found: 45.92% C, 5.58% H. 6.96% N, 7.97%
S. '"H NMR spectrum: 1.35 s, 6 1 (C(CIL),): 1.79 d, 3 H (S-ClLy, J = 0.8); 2.30 dd, 1 H (11-2a", J(22',1") =
3.2.(22°.2b") = 15.9): 3.06 m, I H (H-2b", J(2b".1') = 8.0, J(2b',3") = 5.2): 3.30 s, 3 H (SO,CH3): 3.68 d, 1 11
(I"CHO. J(a.b)y = 12.2); 3.80 d, 1 H (HPCHO): 3.87 d, 1 11 (HCHO, J(c,d) = 12.2); 4.05 d, 1 1 (ICHO);
5.20.d. 1 H (H-3): 6.23 dd. 1 H (H-1'); 7.40 d, 1 1 (H-6. J = 1.0); 11.37 s, 1 H (H-3).

1-{(6R.85)-8-Azido-2,2-dimcthyl-1.3.5-trioxaspiro[3.4]oct-6-yl }thymine (XXT)

Ground sodium azide (650 mg, 10 mmol) was added to a solution of mesyl derivative XIX (781 g, 2 mmol)
in dimcthylformamide (6 ml) and the mixture was stirred under argon at 100 °C for § h. After cooling, the
insoluble portion was filtered, washed with cthyl acetate, and the combined filtrates were concentrated.
The residue was dissolved in cthyl acctate (60 ml), the solution was washed with water (10 ml), the
aqucous phase was washed with cthyl acetate (2 x 10 ml) and the combined organic phases were dried
over magnesium sulfate. After evaporation of the solvent, the residue was chromatographed on a column
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of silica gel (70 g) in cthyl acctate—toluene (7 : 1); yield 98 mg (15%) of azido derivative XXI as a solid
foam, Ry 0.72 (S2). For Cy4H;oNsOs (337.3) calculated: 49.84% C, 5.68% H, 20.76% N; found: 49.56% C,
5.79% 11, 20.50% N. 'H NMR spectrum: 1.35 s and 1.37 s, 3 H and 3 H (C(CHj),); 1.79 d, 3 H (5-CH,
J=1.0)% 230 m, 1 1 (11-2, J2a',1') = 5.9, J(2a',2b") = 14.2, J(2a'3") = 2.9); 2.61 m, 1 H (H-2b", J(2b'.1") =
8.3, J(2b'3") = 6.4); 3.67 —3.95 m, 4 H (2 x CH,0); 4.53 dd, 1 H (11-3'); 6.07 dd, 1 H (H-1"); 7.46 d, 1 H
(11-6,J = 1.2); 11.38 5, 1 H (H-3).

Evaporation of the second UV-absorbing fraction afforded 346 mg (59%) of 1-{(6R)-2.2-dimethyl-1,3,5-
trioxaspiro[3.4]oct-7-en-6-yl }thymine (XX) as a solid foam, R 0.46 (S2). For C;4H;gN,05(294.3) calcu-
lated: 57.13% C, 6.17% 11, 9.52% N; found: 56.88% C, 6.31% H, 9.31% N. 'H NMR spectrum: 1.31 s and
1.39 s, 3 H and 3 1 (C(CH,),): 1.78 s, 3 H (5-CH3); 3.57 dd, 1 H (I1PCHO, J(a,b) = 11.9.J = 1.1); 3.65 dd,
1 1 (HCHO, J(c,d) = 12.8, J = 1.3); 3.85 d, 1 H (HCHO); 4.04 d, 1 H (H'CHO); 6.01 dd, 1 H (H-3,
J3.1) = 1.4,J(32) = 59) 6.45dd, 1 H (112, J(2'.1") = 2.0); 6.88 dd, 1 H (11-1'); 7.16 d, 1 H (-6, J =
1.2): 11.40 s, 1 H (I1-3).

The third fraction afforded 98 mg (18%) of thyminc.

1-(3-Azido-2,3-didcoxy-4-C-hydroxymethyl-ai-1.-threo-pentofuranosylthymine (XXIT)

A) A solution of isopropylidenc derivative XXI (169 mg, 0.5 mmol) in 80% aqueous methanol (3 ml)
was refluxed with Dowex SO (1Y form, 0.25 ml of moist ion exchanger). The Dowex was filtered off,
washed with methanol and the combined filtrates were concentrated. Chromatography of the residue on a
column of silica gel (10 g) in cthyl acetate=2-propanol (21 : 4) afforded 143 mg (96%) of azido derivative
XXII as a solid foam. R 0.66 (S3). For Cy 1 5NsO5 (297.3) calculated: 44.44% C, 5.09% 1, 23.56% N;
found: 44.15% C, 5.30% 11, 23.33% N. 'l NMR spectrum: 1.77 d. 3 H (5-CHs, J = 0.8); 2.38 — 2.47 m,
2 H (2 x H-2"); 338 =358 m, 4 H (2 x CH,0); 4501, 1 H (11-3', J(3'.2") = 7.6); 489 (. 1 H (OH,
JOONL,CH,0) = 5.3); 5.25 t, 1 H (OH, J(OH.CH,0) = 5.3); 6.17 dd, 1 H (1-1', J(1',.2a") = 5.7, J(1'.2b") =
6.6): 7.70 d, 1 11 (1-6, J = 1.2); 11.28 s, 1 H (11-3); after exchange with D,0: 3.43 d, 1 H (I’CHO, J(a,b) =
11.6); 3.49 d. 1 H (I"CHO): 3.50 s, 2 H (CH,0).

B) Ground sodium azide (350 mg) was added to a solution of mesyl derivative XVIII (350 mg, 1 mmol)
in dimethylformamide (3.5 ml) and the stirred mixture was heated at 100 °C for 15 h under argon. After
cooling. the insoluble portion was filtered off, washed with dimethylformamide, and the combined filtrates
were concentrated. Chromatography of the residue on a column of silica gel (35 g) in cthyl acetate-2-
propanol (22 : 3) afforded 61 mg (21%) of azido derivative XXII, 32 mg (25%) of thymine and 104 mg
(41%) of didehydrodideoxy derivative IX.

The authors are indebted to Mrs F. Pospisilovi for the excellent technical assistance, to Mrs J. Jelinkovd
for measurement of the "t NMR spectra and to the staff of the Analytical Laboratory (Dr V. Pechanec, Head)
for the elemental analyses. This work was supported by Grant Agency of Czechoslovak Academy of Sciences,
grant No. 45512 .
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