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ABSTRACT: The p-toluenesulfonyl (tosyl) group, an effective protector of the amine function of thymidine
derivatives2a andb, has proven to be photoremovable. This photoreaction was successfully used in the synthesis of
new 3-amino analogs of'3azido-3-deoxythymidine (AZT)6aandb. Selective photohydrolysis of/§-tosylamides

2a and b was carried out by UV irradiation 300 nm) in aqueous acetonitrile in the presence of 1,5-
dimethoxynaphthalene as an electron donbd 998 John Wiley & Sons, Ltd.
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INTRODUCTION mide acceptof. This idea was then extended to
intermolecular sensitization by Hamada and co-work-
The discovery of significant antiviral activity of’-5 ers/® They carried out photochemical hydrolysis M
aminothymidine and ‘daminothymidine has stimulated tosylphenethylamine derivatives and obtained detosy-
intense interest in the chemistry of nucleoside analogslated phenethylamines via electron transfer from the
with amino groups. Thymidine derivatives with amino  excited electron-donating aromatic compounds (Scheme
functions at the 5 and 3-positions have also attracted 1).
attention because of their use as precursors for the syn-

hv

thesis of various ‘23 -dideoxynucleoside$> which have p M, Ip* 2, prAr——> P+ D
proved to be selective inhibitors of HIV-1 replication.

The p-toluenesulfonyl (tosyl) group has been recog- D: donor, A: acceptor, D'"A™ : radical ion pair, P product
nized as a useful protector of amines because of the ease Scheme 1

of its introduction and its stability under a wide variety of )

chemical conditions. The use of this group in synthesisis I this paper, we present our results on the photo-

convenient. However, the strongly basic conditibfesg. ~ chemical removal of tosyl group from thé\sposition of

sodium in ammonia, sodium butoxide and sodium 5’-am|nopyr|m|d|ne nu<_:|e05|des and synthetic applica-

naphthalenide) or the strongly acidic conditions (e.g. tions of this photoreaction.

heating in 48% HBr) required for the detosylation step

have limited its applicability. Hence the development of a

mild and selective method for the removal of the tosyl RESULTS AND DISCUSSION

group from the amino function of nucleoside derivatives ] o )

would be welcome. We have found that on irradiation at300 nm in the
Umezawaet al® have reported that on irradiation, in Presence of 1,5-dimethoxynaphthalene, Ni¢osylates

the presence of sodium borohydride, 6,7-dimethoxy- Of S-aminopyrimidine nucleosides 1-[BmethylN-

1,2,3,4-tetrahydroisoquinolindl-tosylates were readily ~ tosSyl)-3-O-mesyl-2,3,5-trideoxys-D-threo-pentafurano-

cleaved to the corresponding tetrahydroisoquinolines in SYllthymine @a) and 1-[5-(-ethyl-N-tosyl)-3-O-mesyl-

high yields. This process was explained by intramole- 2.3.5-trideoxyp-b-threo-pentafuranosyljthymine  26)

cular electron transfer in the excited singlet state from the Were readily cleaved to the corresponding 5-aminopyr-

methoxy-substituted aromatic donor to the arylsulfona- imidine nucleosideSaandSh in high yields (Scheme 2).
N-Tosylates of Saminopyrimidine nucleosidea—c
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Scheme 2. (a) TsCl, Py, —5°C, 12 h; (b) MsCl, Py, —=5°C, 12 h; (c) for 2¢, DBU, CH5CN, 82°C, 2 h; (d) for 2a and b, hv (A > 300
nm), 1,5-dimethoxynapthalene, CH3CN-H,0 (9:1, v/Av); (e) Dowex 50Wx2; (f) NaNs, DMF, 90°C, 45min. Thy = thymin-1-yl;

Ms = methanesulfonyl; Ts = p-toluenesulfonyl.

nitrile affordedthe 2,3-anhydronucleoside3. Attempts
at photochemicalremoval of the tosyl group from

nucleosides2a and b and 3 were carried out using
electron-donatingaromaticcompoundssuchas 2-meth-
oxynaphthalenend 1,5-dimethoxynapthalene.Irradia-
tion of 2a andb with Pyrex-filteredultraviolet radiation
(>300 nm) in aqueousacetonitrile solution in the
presenceof 1,5-dimethoxynaphthalen(which acts as
an electrontransferphotosensitizerfauseghe selective
removal of the tosyl group from the 5N position and
gives 4a and b in about 78% yields. The 3-O-threo

mesyl group in the products4a and b and 5a and b

remainsintact. Toluenesulfonatesalts 4a and b were
convertedn to thefreeaminobasesa andb by passing
themthroughDowex50Wx2 cation-exchangresin.The
liberated p-toluenesulfonic acid and 1,5-dimethoxy-
naphthalengresentin the reactionmixture were eluted
with methanol-chloroform(2:1, v/v) andwaterandthen
5aandb weredesorbedvith 1 M ammoniasolution.The

0 1998JohnWiley & Sons,Ltd.

formationof detosylategroductssa andb wasdetected
by HPLC usinga photodiodearray detector(PAD). The
UV absorptionspectraof 2a andb showtwo character-
istic bandsat \max; = 230nmand A\yax i =266nm. As a
resultof the photochemicaremovalof the tosyl group
from the 5N position of 2a and b, the decay of the
230nm band correspondingto the tosyl group was
observedFig. 1).
When2-methoxynaphthalensasusedasanelectron-
donating compound, no reaction was observed. 2-
Methoxynaphthalene/astoo weakasan electrondonor
to form an excited donor—-acceptopair with the tosyl
ring, which canbe explainedby a valueof the half-wave
oxidationpotential (E1»” = 1.38V) higherthanthat for
1,5-dimethoxynaphtalenég, > = 1.28 V).2° We also
observedhatUV irradiationof 3 (>300nm) in aqueous
acetonitrilein the presencef 1,5-dimethoxynaphthane
led to the removalof the tosyl groupwith simultaneous
cleavageof the 2,3-anhydrobond. This photoreaction
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Figure 1. UV absorption spectra of 3’,5'-dideoxy-5"-(N-ethyl-
N-tosyl)-3'-O-mesyl-xylo-thymidine ~ (c=1.0 x 107*  mol
dm~, solid line) and 3’,5’-dideoxy-5’-eth3ylamino-3’-O—
mesyl-xylo-thymidine (c=9.9 x 107> mol dm =, dotted line).

merits further investigation in order to identify the
productformed.

The reaction of 5a and b with sodium azide in
dimethylformamideat 90°C providedthe corresponding
5'-amino-3-azido-3,5-dideoxythymidinederivatives6a
andb.

Elementalanalysesand spectraldata(UV, IR and*H
NMR) are consistenwith the structuresshown.The *H
NMR spectraof 2a andb and5a andb displayadoublet
of doubletsat$ 6.13—-6.27ppmfor H-1". The presencef
3-OMs at the ‘up’ position restricts rotation at C-5,
resultingin the H-5" andH-5" protonsbeingdisplayedas
multiplets with 6= 3.35ppm for 2a and b and
6 ~ 2.80ppmfor 5a andb. The signalsfor H-2" andH-
2" are widely separatedmultiplets with 6 ~ 2.50 and
2.80ppm for 2a andb andwith § ~ 2.25and2.60ppm
for 5a andb, which indicatesa cis configurationof H-1'
and H-3.**2 The *H NMR spectraof 6a and b, in
contrastdisplaya doubletat 6 ~ 2.80ppm for H-5" and
H-5", a pseudo-tripletat 6 =~ 6.10ppm for H-1' and
closelyspacednultipletsaté 2.21-2.5¢pmfor H-2' and
H-2".

In conclusion,we have demonstratedhat the tosyl
group can be selectivelyremovedby a photochemical
method from the 5-amino function of thymidine
derivatives2a and b. The 3'-O-threecmesyl group in
the products5a and b remainsintact, which permits
nucleophilic substitutionby the azideto obtainnew 5'-
aminoderivativesof 3'-azido-3-deoxythymidire (AZT),
6aandb.

EXPERIMENTAL

Melting points were determinedon a Boetiusapparatus
0 1998JohnWiley & Sons,Ltd.

andareuncorrectedMicroanalysesvere obtainedon an

Perkin-Elmemodel240elementabnalyzerUV spectra
wererecordedon a Specordvi40 instrument(Carl Zeiss,
Jena,Germany).IR spectrawere recordedon a Perkin-
Elmer Model 180 infrared spectrophotonter. *H NMR

spectrawere determinedon Varian-Gemini 300MHz

spectrometer.

Column chromatographyvas performedon a Merck
silicagel 60 H (5—-40um) column.Analytical HPLC was
carried out on a Waters Nova-PakC,g reversephase
column (3.9 x 50mm, 4 um particle size), with water—
methanol (55:45) as the eluent at a flow-rate of 1 ml
min~* anddetectionat 265nm with a WatersModel 966
photodiodearray detector.

Irradiations at >300nm were carried out in a
cylindrical reactor using an immersed, water-cooled,
400W high-pressuremercury lamp (Polamp, Poland),
with a cylindrical Pyrex light filter in an argon atmo-
sphere.

Preparation of compounds 2a and b. To a solution of
la—c(0.5g) in anhydrougyridine (30ml) at —5°C, tosyl
chloride (1.2 equiv.)wasaddedandthe reactionmixture
wasstirredat —5°C for 12h. Mesyl chloride(1.2 equiv.)
was addedto the reactionmixture, which was stirred at
—5°C for a further 12h. Subsequentlyhe mixture was
poured into cold water (50ml) and the solution was
extractedwith chloroform (3 x 15ml). The combined
organicextractswerewashedvith aqueoutNaHCG; and
then with water, dried over Na,SO,, filtered and
evaporatedunder reducedpressure Products2a and b
were crystallizedfrom ethanoland dried in vacuoover
phosphoruspentoxide. Compounds2a and b were
obtainedin 88%yield.

2a: m.p.101-103C (EtOH). UV (CH30H):Amax 230,
267nm. *H NMR (CDCly):6 1.94(d, 3H, J=1.1Hz, 5-
CHs), 2.43 (s, 3H, tosyl CHy), 2.48 (dd, 1H, J=2.7,
15.9Hz, H-2), 2.81 (m, 1H, H-2"), 2.99 (s, 3H, mesyl
CH,), 3.26 (s, 3H, 5N-CHs), 3.30(m, 2H, H-5, H-5"),
4.30(m, 1H, H-4), 5.32(m, 1H, H-3), 6.21(dd, 1H, H-
1), 7.32(d, 2H,J = 8.2Hz, metaHsof tosyl), 7.45(d, 1H,
J=1.1Hz, H-6), 7.68 (d, 2H, J=8.3Hz, ortho Hs of
tosyl). Analysis: calculatedfor C,gH,5N30gS,, C 46.81,
H 5.17,N 8.62;found,C 46.70,H 5.30,N 8.70%.

2b: m.p. 104-105C (CH3OH). UV (CH30OH):Amax
230,266nm.*H NMR (CDCl;):A 1.11(t, 3H,J=7.1Hz,
5 N-C-CHg), 1.96(d, 3H,J = 1.2Hz,5-CHy), 2.44(s, 3H,
tosylCH,), 2.51(dd,1H,J=3.1,16.2Hz,H-2), 2.83(m,
1H, H-2"), 3.15(s, 3H, mesylCHs), 3.21(m, 2H, 5 N-
CH,), 3.35(m, 2H, H-5, H-5"), 4.22(m, 1H, H-4), 5.27
(m, 1H, H-3), 6.27(dd, 1H, J=3.0,8.3Hz, H-1'), 7.33
(d, 2H, J=8.0Hz, meta Hs of tosyl), 7.45 (d, 1H,
J=1.2Hz, H-6), 7.70 (d, 2H, J=8.2Hz, ortho Hs of
tosyl), 8.88 (s, 1H, 3N-H). Analysis: calculated for
C20H27N30882, C47.89,H5.43,N 8.38;found,C 48.10,
H 5.21,N 8.28%.
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Preparation of compound 3. The crude product 2c
(0.3g, 0.06mmol) wasdissolvedin acetonitrile(15ml),
thenDBU wasadded(0.11ml, 0.117g) andthereaction
mixturewasrefluxedfor 2 h. The solventwasevaporated
underreducedpressureThe residuewas recrystallized
from acetonitrile and dried in vacuo over phosphorus
pentoxideto afford product3 in 75%yield.

3: m.p. 202-204C (CHzCN). UV (CHzOH):Amax
234nm. *H NMR (DMSO-dg): 6 0.95(t, 3H, J=7.0Hz,
5 N-C-CH), 1.76(d, 3H,J=1.0Hz,5-CHjy), 2.39(s,3H,
tosyl CHg), 2.60(dd, 1H, H-2), 3.06—3.31(m, 4H, 5'N-
CH,, H-2", H-5), 3.45(dd, 1H, J=4.5,15.1Hz, H-5"),
4.41 (m, 1H, H-4), 5.31 (s, 1H, H-3), 5.82 (d, 1H,
J=3.5Hz, H-1), 7.41 (d, 2H, J=8.5Hz, ortho Hs of
tosyl). Analysis:calculatedor C,gH»3N305S,C 56.28,H
5.72,N 10.36;found, C 56.44,H 5.87,N 10.51%.

Preparation of compounds 5a and b by irradiation of
compounds 2a and b in the presence of 1,5-
dimethoxynaphthalene. A solution of 2 (0.3 g) and
1,5-dimethoxynapthalene(0.6 mmol) in aqueousacet-
onitrile [200ml of CH;CN-H,O (9:10, v/v)] was
irradiated for 4 h. After removal of the solvents,the
residuewas dissolvedin methanol- water (75:25, v/v)
andthe solutionwasappliedto a column (2 x 5cm) of
Dowex 50Wx2 (H") (50—-100mesh).The column was
eluted with methanol- chloroform (3:1, v/v) (200ml)
and then with water (300ml) in order to remove p-
toluenesulfonic acid and 1,5-dimethoxynaphthalen
Finally, the amino nucleosidessa and b were eluted
with 1 M ammoniasolutionin nearly quantitativeyield.
The fractions containing5 were combinedand evapo-
ratedunderreducedpressureTheresidueasa solid foam
wasdriedin vacuoover phosphorupentoxideto afford
product5 in 78%vyield.

5a: UV (CH3OH):Amax 266nm. *H NMR (DMSO-
dg):6 1.81(s, 3H, 5-CHy), 2.23(dd, 1H, J=2.6,16.0Hz,
H-2), 2.32(s,3H,5N-CHjy), 2.57(m, 1H, H-2"), 2.80(m,
2H,H-5, H-5"), 3.15(s,3H, mesylCHs), 4.12(m, 1H, H-
4, 5.28(m, 1H, H-3), 6.18(dd, 1H, H-1), 7.38(s, 1H,
H-6). Analysis: calculatedfor C;,H;9N30gS, C 43.23,H
5.75,N 12.61;found,C 43.34,H 5.91,N 12.78.

5b: UV (CH3OH):A\max 266nm. *H NMR (DMSO-
dg):6 1.01(t, 3H,J=8.5Hz, 5N-C-CHg), 1.78(s, 3H, 5-
CHjy), 2.25(dd,1H,J=2.4,15.8Hz,H-2), 2.55-2.63m,
3H, 5N-CH,, H-2"), 2.84 (m, 2H, H-5, H-5"), 3.28 (s,
3H, mesylCHg), 4.08(m, 1H, H-4"), 5.23(m, 1H, H-3)),
6.13(dd, 1H, J=2.7, 8.0Hz, H-1'), 7.40 (s, 1H, H-6).
Analysis: calculatedfor C13H,1N30gS, C 44.95,H 6.09,
N 12.10;found,C 45.10,H 6.15,N 12.22%.

Preparation of compounds 6a and b from 5a and b. To
asolutionof 5 (0.10g) in dimethylformamidg8 ml) was
addedsodiumazide (2 equiv.) andthe reactionmixture
was stirred at 90°C for 45min. The cooled reaction

0 1998JohnWiley & Sons,Ltd.

mixture was evaporatedinderreducedpressureandthe
crudeproductwasappliedto a silica gel column (15 g)
and chromatographedising chloroform—methano(80—
50:1, v/v) as eluent. The fractions containing 6 were
combinedand evaporatedunderreducedpressure The
solidfoamobtainedvasdriedoverphosphorupentoxide
to afford product6 in 89%yield.

6a: UV (CHzOH):Amax 266nm. *H NMR (DMSO-
dg):6 1.80(s, 3H, 5-CHg), 2.28(m, 2H, H-2', H-2"), 2.34
(s, 3H, 5N-CHjy), 2.79 (d, 2H, J=5.1Hz, H-5, H-5"),
3.84 (m, 1H, H-4), 4.39 (m, 1H, H-3), 6.12 (t, 1H,
J=6.4Hz, H-1), 7.68 (s, 1H, H-6). IR (KBr):vmax
2100cm (Ns). Analysis:calculatedor C;1H16NgO3, C
47.13,H 5.76, N 29.99; found, C 47.27,H 5.83, N
30.12%.

6b: UV (CH30H):Amax 265nm. *H NMR (DMSO-
dg):6 1.02 (t, 3H, J=7.1Hz, 5N-C-CH,), 1.79 (d, 3H,
J=1.1Hz, 5-CHy), 2.21-2.50(m, 2H, H-2, H-2") 2.57
(q,2H,J=7.1Hz,5N-CHy), 2.75(d, 2H, J=5.3Hz, H-
5, H-5"), 3.81(q, 1H, H-4'), 4.38(m, 1H, H-3), 6.07(t,
1H, J=6.6Hz, H-1'), 7.66 (d, 1H, J=1.1Hz, H-6). IR
(KBN):vmax 2100cm™* (N3). Analysis: calculated for
ClelgNGO;g, C 48.97,H 6.16,N 28.56;found, C 48.81,
H 6.28,N 28.70%.
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