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Abstract—Data on preparation methods fol-@odified oxythymidines are summarized and systematized. A
synthesidree is presented permittingsglection of rational schemes for thymidine derivatipesparation, in
particular those that can be potential anti-HIV/AID8rugs.
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I. INTRODUCTION NARTIs (nucleoside analogs of reverse transcriptase

inhibitors) [5,6]. In the mentioned abnormal nucleo-

impact on the development of the nucleoside chem§bICIe the hy_drhoxrymgrouphlnr'aoosmondcanr be replagﬁd
istry. Tens of reviews and thousands of original yZ'I? (gf{gjigo?z Sﬁg?gegxefﬁ-ﬁw?cfilné})go()rular)e’ sa}fnll
papers treat these unique biological and chemicdl i bt 3'>:j'dy > & idehvd ply
objects. Aspecial journal on thisubject, Nucleotides rﬁmo'\ég 337 in 4T (2',3'-dideoxy-2,3'-didehydro-

& Nucleosides, habeen published since 1981 that thymidine) [7].

covers the most recent deveI(_)pments and di_scoveries The first preparation of the NARTIs group that
in the chemistry and biochemistry of nucleosides angince 1987 is firmly established on the market of the
nucleotides. Since the middle of nineteen eighties @nti-HIV/ AIDS drugs is the 3azido-2,3'-dideoxy-
new trend appeared in the nucleoside chemistry fofhymidine (AZT, Retrovir). The screening of the
among the synthetic analogs of the natural nucleosidasiological activity and the problems of the clinical
were discovered and put in production by thegpplication of the AZT and the NARTIs of the next
pharmaceutical industry the medicines against HIVgeneration are extensively discussed in numerous
proviral DNA. The latter process occurs on the HIV 54 yet on the chemical syntheses of the compounds

m-RNA matrix and is governed by a highly Specific {4t are extensively developed meeting the request of
viral enzymereverse transcriptase (revertase}4ll  ihe molecular biology and medicine.
Therefore the drugs of this group wereamed

Crick andWatson discovery produced a powerful

In the present paper are reviewed the publications

" The study was carried out under financial suppori®6EP 0N the synthesis of thymidine and its functional deriv-
program (grant p00-1176) and of the Russian Foundation foatives, potential ant-AIDS drugs, and themost
Basic Researchgrant no. 0-03-32531). important precursors thereof. Véétempted to present

1070-4280/01/3706-0759$25.@2001 MAIK “Nauka/Interperiodica



760 MALIN, OSTROVSKII

also the preparation methods for'-&ubstituted invades the cell nucleus. The viral DNA gets built
thymidines in a systematic form of‘@ynthesis treé  into the chromosomal DNA and further serves as a

ase for HIV virion replication. The replication

fSomehampng the Stl]fdiﬁs Lﬁ{’/iewed vl\)/ere ﬂIL’b"Shdeawcludes the transcription of the viral RNA on the
before the discovery of the virus by Gallo and , \ira| DNA and the transfer of viral RNA into the

Montagner (1984). Howeverthese fundamental jynsomal apparatus of the infectedll. Then under

investigations obviously play an important part in they,o o jiqance of the ribosome occurs the biosynthesis
strategy and tactics of the modern synthesis of th%f the viral proteins|5].

anti-HIV drugs. ] ] o
The final stages of the HIV life cycle consist in the
II. HIV LIFE CYCLE assembly of the viriorparticles. Here the important
part belongs to thespecific protease. Thisenzyme
The modern strategy for synthesis of the anti-AIDScleaves theviral proteins thahave been formeftom
drugs isbased on the knowledge of the structure andhe viral genetic material into relativelghort frag-
life Cyc|e of the HIV virion. In its internal Cavity are ments facultatlng the invasion of the new virions into
located two identical RNA molecules each containingthe cells of the hostody.

about 5700 nucleotideests, twotypes of internal ~ As seenfrom the above, the NARTIs preparations
proteins, p18 and p2fhe figures correspond to their function at the first stage of HIV lifeycle in theform
molecular weight expressed in thousdbaltons), and of 2',3'-dideoxynucleoside-Sriphosphate ddNTP
specific viral enzymes [3,16]. [17-20]. The molecular design preceding the syn-
The viral envelope is built ofglycoproteins, thesis of the anti-HIV/AIDS drugs consists in modify-

gp120 andgp4l, and lipids. Retroviral RN&ncodes N9 various fragments in the ddNT$ructure.
the genes of viral proteins and the gen that activates We shall consider the structure of ddNTP by an
the viral enzymes. The best studied are the functiongxample of thymidine derivatives to gatore insight
of two among the HIV viral enzymes, reverse trans-into the synthesis strategy of the anti-HtWugs.
criptase (revertase), and protease (proteinase).

The HIV particle is first adsorbed on the surface,, 3'I-Il;|DSETCI)Q)EJ\STTHUYRI\EDIOI\FI:E%'S-%EISPTI—IBJSTPEHDATES
of a T-lymphocyte, then injects into the cytoplasm™’
the matrixm-RNA and the reverse transcriptase. The Theoretically a modification can be preformed on
reverse transcriptasenzyme catalyzes the synthesisany of the selected structuréfagment: 1, triphos-
of proviral DNA on the matrix of viralRNA. Then phate rest; 2, deoxyribose; 3,pyrimidine base,
DNA replication occurs, formsduplex DNA that thymine (Scheme 1).

Scheme 1.
0
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However to terminate the elongation of HIV pro- The vyield of thymine obtained in this process is
viral DNA the most important alterations are eitherfairly high, 80%.
the replacement of'30H group by another pharmaco- _ _ _ .
phoric groupacceptable for the active center of the!V-2. 1-(3-D-Ribofuranosyl)thymine (ribothymidine)

enzyme, or the totahbsence of the substituent in the  The  1-@-D-Ribofuranosyl)thymine  (ribothymi-

3' position. Two approaches can be presumed {0 gine) is a key reagent in synthesis of various nucleo-
solution of this structuralproblem. The first one  gjqes, thymidine included. The preparation of ribo-

involves the thymldlne synthesis followed by mgltl- thymidine is commonly performed by condensation
stagetransformatlons. T_heeco_nd procedure consists of the D-ribose derivatives with thymine [2B9]. A

of thymine condensation with the G-protected (ypical problem in this procedure is a stereodirec-
3-subsjututed 2,3-dideoxyfuranose or its derivativesignal synthesis. The spatial configuration of the
The vital reagents for both synthetic routes areyycoside bond in the ribothymidine is determined by
thymine, ribothymidine, and thymidine. converting the latter into 1-(D-arabinofuranosyl)-

thymine via an intermediate 2;anhydro derivative
IV. MAIN REAGENTS FOR THE SYNTHESIS  [27]. The ribothymidine wasobtained for the first

OF 3-SUBSTITUTED THYMIDINES time in a 10% vyield by condensation &,4-di-

IV.1. Thymine methoxy-5-methylpyridine  with  acetochlororibose

. _ . (Hilbert-Johnson reaction). The low product yield is
Thymine synthesis along Fischer procedureyye to the difficulties in separation from thestereo-

consists in preparation of 5,6-dihydrothymine fromisomer (anomer). I§27] is also described the ribo-
methacrylic acid and urea by fusion followed by thymidine synthesis by condensation of thymidine
bromination and dehydrobrom_lnatlpn with alkp2il]. ~ mercury salt with the2,3,5-tri-O-benzoyl-D-ribo-

A condensation of-methylmalic acid under catalysis fyranosyl chioride followed by debenzoyiation of the
with acid (oleum) or base is aldmown. As a source 5r.o-protected nucleoside. The reaction afforded the
of the thymine carboxy group apart from urea Servgrget product in 50% yield. However heaso the
ethyl a-methylpropionate or butyratealso o,p-di-  fraction of the a-anomer is significant. The stereo-
bromomethylpropionyl chloride[22, 23]. All the  gg|ective preparation of ribothymidine was successive-
above methods have a common drowback to providg; carried out by protecting the thymine oxygen atoms
a low yield of thymine. with trimethylsilyl groups. Introduction of this

The industrial process for thymine production isProtective group occurs at boiling the thymine in
based on oxymethylation of uracil with paraform- €xcess hexamethyldisilazane in the presence of
aldehyde in alkaline medium followed by hydrogena-ammonium salts in catalytiquantity, or by treating
tion under pressure of the obtained 5-oxymethyluraciWith trimethylchlorosilane taken in  stoichiometric
in the presence of catalys{®kh, PtQ) This proce- amount. The Iatt_er reaction Is Carrleq (?Ut In
dure was later simplified by converting the 5-hydro-anhydrous solvent in the presence of a tertamyine.
xymethyluracil into 5-chloromethyluracil by treating  The condensation of the,3,5-tri-O-benzoyl-D-
with hydrochlonc_aud. Then thg Iatf[emompound Was  ripofuranosyl chloride with the bistrimethylsilyl
reduced by sodium borohydride in the presence Ofyymine derivatives yields ribothymidine in 680%
Pd/C under atmospheric pressui24, 25]. yield. It was established that the stereoselectivity of

the process was considerably affected bygenature,
reactiontime, catalyst and solvent charac{@8]. The

O o optimal combination of the teperature, catalysts,
_ _ CH,OH and the other parameters (Vorbruegen modification)
H—N HCOH H-N -
)\ |W )\ | was developed providing nearly complete stereo-
) 1|\I O ITI selectivity.
H The ribothymidine can also be prepared from

uridine [30] and by transglycosylation of thymine

H
0] 0] . . .
CH.Cl CH using inosine as substraf@1].
— 2 _ 3
HA H J\ | ﬂ»Hi | Later a complete procedure wateveloped for
o) II\I 0 ITI preparation of the ribothymidine from the D-ribose
H H

and thymine[29]. The conversion of the D-ribose
into 1-O-acetyl-2,3,5-triO-benzoylg-D-ribofuranose
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Scheme 2.
HO O~ _H.OH BzO 0. OCOCH,
—_— e —_—
OSi(CH,),
Me
N
(CHS)SSioJ*N
0] 0]
H-N Me HoN Me
O"™>™N O">N
HO7 o NH,, CH.OH B%07_-O
3? 3
OH OH OBz OBz

occurs in~60% yield by methanolysis according to
Fischer method with subsequent benzoylation ircondensation

pyridine and acid acetolys{82]. The benzoylation of

The thymidine was formerly mostly prepared by
of 3,5-di[O-(4-toluoyl)-2-deoxyribo-
furanosyl] chloride with a thymidine mercurgalt.

methyl{3-D-ribofuranoside was also attempted underBoth a- and B-enantiomers arise in this reaction, and

conditions of the phase-transfer catalysis. Tdwn-

also unstable deoxynucleosidegmpurities. On

densation of a bistrimethylsilyl thymine derivative removing the protective toluoyl group the thymidine

with 1-O-acetyl-2,3,5-triO-benzoylf-D-ribofuranose
occurs in dichloroethane or acetonitrile

is isolated by chromatography or by fractional crystal-

in thelization. Its yield in this procedure amounts to 40%

presence of trimethyliodosilane or silyl perfluoro- [34]. If in this method instead of thymine mercury

ethanesulfonate. In the process 1;825'-tri-O-
benzoyl)ribothymidine formed in 205% yield. De-
benzoylation of the lattereffected by solution of
ammonia (NaOH or CEDNa) afforded the ribo-
thymidine in 70% vyield (Scheme 2).

IV.3. 1-(2'-Deoxy-D-ribofuranosyl)thymine
(thymidine)

The commercial thymidine comedrom two

salt is used thymine bistrimethylsilyderivative, the
B-anomer of thymidine is obtained in a good yield
[85-90% with respect to '35'-di-O-(4-toluoyl)-
thymidine]. However certain precautions should be
taken to reduce the fraction of the-anomer. The
highestp-thymidine yield is obtained when the reac-
tion is carried out at room temperature and equimolar
reagents ratio in the chlorinated hydrocarbons
preventing the presence of the Lewacids. The
quality of the crystallinea-chloro-3,5-diO-(4-toluo-

sources: It can be of biotechnological or syntheticY!)-2'-deoxyribofuranose is crucial. The latteom-
origin. The former is aproduct of hydrolysis of a Poundis prepared from the 2-deoxy-D-ribd8é, 36].

natural DNA effected withenzyme. The DNA is
separated from a natural raw materialg., from the
milt of salmonfish. here arises a problem aficleo-

However now apparently the thymidine is most
widely synthesized from ribothymidine. In this
process a hydroxy group in' position is eliminated

sides separation. In the biotechnological synthesis dfom the ribose fragment.

thymidine is preferably used the nucleoside phos-
phorylase produced b¥t.Coli bacteria since in this

case the yield of thymidine approaches 7(33].

Alongside the biotechnological thymidine in the
processes of abnormal nucleosides preparation

extensively used the thymidine of synthetcigin.

Just the synthetic thymidine is now prevailing in the

market of the nucleoside ramaterials.

The synthesis of 2deoxyribonucleosides from the
corresponding ribonucleosides is performed in five
stages, and the key reagent is'2ahhydronucleoside.
This intermediate can be prepared either via cyclic
Carbonate (A) or cyclic sulfite (B) [3#40].

In the A procedure the intermediate cyclic
carbonate is synthesized in two ways: either by treat-
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ing ribothymidine with diphenyl carbonate in hexa- thionyl chloride in acetonitrile [42]. Theseparated
methylphosphoramide or dimethylformamide withcyclic sulfide is heated in dimethylformamide with
subsequent reaction with sodium hydrogen carbonatgodium acetate to furnish 2;anhydronucleoside in
carried out without separation of the intermediate50-60% yield. Further the '35'-di-O-acyl-2,2-an-
products to obtain the corresponding anhydronucledaydronucleoside is obtained that is converted stereo-
side; or by treating witlphosgene in toluer@yridine  specifically into the corresponding-halonucleoside.
mixture [41]. The B procedur@évolves preparation The latter is subjected to dehalogenation and deacyla-
of nucleoside sulfinyl derivative by the action of tion to get the target'2deoxynucleoside in 40%ield.

HO e}

0 O\ C/O o
He Me | I _ Me
)\ | 4 © 1\1 |
N /
HO o (C,H,0),CO L

OON
DMF or HMPA HO O—
B o)
OH OH go(y Me
> H-N
CH,CN | OH
HO o NTHcoONa,

DN[F/

Il
o)
0 O
N Me N Me
“\ | BzCN, ll\ |
O°N DMF or o N
HOM (oo CHCN  BO O~ CH,COBr, DMF
—_—
HCI, DMF
OBz
0 O 0
Me Me _ Me
H- N NH,, CH,OH )\ H N)‘j/
O or CH, OH
_CHONa ONa B _o ggniﬁfr
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Scheme 3.
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V. PROCEDURES FOR FUNCTIONALGROUPS
INTRODUCTION INTO 3 POSITION
OF THYMIDINE
V.1. Successive Transformations of Functional
Groups in Thymidine and Its Derivatives

Reactions with 3-hydroxy group of thymidine.
Synthetic procedures for preparation of-s8ib-

stituted thymidine derivatives have been extensively

developed since the beginning of ninetesixties. The

0)

Me

N

Tr, Ac, p-NO,Bz.

Reaction of 5O-trityl-3'-hydroxythymidine with
alkyl iodides (Alk = Me, Et, Bu) affording the cor-
responding 3-alkoxy derivatives was described by
Hampton [50]. The synthesis of 3carbamate
thymidine derivatives was reported ifb1].

Verheyden and Moffatt [52] developed a synthesis
method for 3-iodothymidine based on reaction of the
3'-hydroxy group of the 5protected thymidine with
ethyl diphenoxyphosphoroiodide (Scheme 3).

succession of reactions is usually as follows: selective An intermediate in this process is'-protected-

protection of the hydroxy group in the' Pposition;
activation of the hydroxy group in'3position by an
appropriatee.g., methanesulfonicgroup; generation
of a 2,3-anhydro bond (formation of a¥>-0? bond);
introduction of a substituent into'3position with

simultaneous rupture of the anhydro bond; deprote

tion, isolation,
compound.

and purification of the target

CgulfonyI-Z' ,3'-dideoxythymidine

2,3'-anhydrothymidine.

In [53-56] are presented various schemes 'eb8y-
thymidine syntheses from'-3iydroxythymidine.

Transformations of 5'-O-protected 3'-methane-
(3'-mesylthymi-
dine). The 3-mesylthymidine is among the most
important intermediates in the planned syntheses of
various thymidine derivatives. Therefore the pioneer-

The hydroxy group in Sposition is protected by ing studies of the chemical transformations of

trityl, dimethoxytrityl, benzoyl, toluoyl, orsome
other group [4348].

3'-mesylthymidine carried out by Fox [580] and
Horwitz [61, 62] arestill important and undergo
further developmentven now [6365].

Glinski et al. described a procedure for preparation
of  3'-(4-nitrophenylphosphate)-3'-dideoxythymi- In these studies was utilized the opportunity of the
dine and its various salts under the action of 4-nitromesyl group replacement with various nucleophilic
phenyl dichlorophosphatg49]. reagents. The mesyl group in Position is cleanly
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substituted by iodine at treatment with sodium iodidefrom the corresponding 'dnesyl-2,3'-dideoxy-

[61, 66-68]. thymidines.
0 0 Several modifications of these procedures are
Me M known distinguished by the character of protective
H-N | H—N © groups in 5 position and by reagents providing
0PN O)\N | formation of the G'-O? anhydro bond [7072].
Transformations of the other functional groups
(Y 0 TrO 0 in 3' position. The 3-iodo-2,3'-dideoxythymidine
Nal was applied to the synthesis of the othérd@riva-
tives, e.g., 3-cyano- [66, 67], 3-nitroso-, and
OMs 1 3'-nitro-2',3'-dideoxythymidine[73]. The halogen is

replaced by the cyanagroup at treatment of the

Similarly the reaction of Sdimethoxytrityl-3- 31 jjoqq.> 37 dideoxythymidine ~ with tert-O-butyl
mesyl-2,3'-dideoxythymidine with piperazine in isocyanate[65, 66-68].

pyridine solution affords in high yield 'Jpiperazin-
1-yl)-2',3'-dideoxythymidine protected with a di- ') 0

methoxytrityl group (DMTO) [69]. HoN Me HoN Me
| NN
N

0
H—N Me O )\N 0 )\
A | TrO o TrO o
07 >N
DMTO o) o
1

OMS - N)‘j/Me
N N
H—)N\)E/ Me oAy
HO
\ o~ ~N KO?‘
H-N N—H DMTO o —
AN
Py CN

CN
0)

N The 3-iodo-2,3'-dideoxythymidine is also an
[ j intermediate in the synthesis of 3-allenyl2-di-
1|\I deoxythymidine [71].

H The 3-azido-2,3'-dideoxythymidine (AZT) is

The analogous result is obtained at treating th nown to find wide application in the AID8eatment.

3'-mesylthymidine with the triphenoxyphosphonium HOWever the presence of a reactive azigeoup
iodide in DMF. provides a possibility to use it also as a reagent in the

synthesis of new thymidine derivatives. Tlide

A separate group of methods concerns the pregroup can be reduced into an amino group by hydro-
paration of 3-O-protected 2,3anhydrothymidines gen on a Pd/Ccatalyst [74].

0]

0 0 0
H-N Me Me ~ Me " Me

A U e 1
0% =N /LN 07N O0”™N

RO O NaOH RO O/o HO o 10% Pd/C, HO o

H2
—_
OMs N NH

3 2

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 6 2001



766 MALIN, OSTROVSKII

Certain modifications of this method furnish complicated intramolecular transformationg/7].
3'-aminocyano- and 'samincarbamato-23'-dideoxy- Recently appeared publications on the use of the azide
thymidines[75]. Ugi et al. from 5'-O-substituted-3  group in the synthesis of thymidine derivatives with
azido-2,3'-dideoxythymidine obtained'dormamido- 1,2,3-triazole or tetrzole substituents in the posi-
2',3'-dideoxythymidine that in its turn was convertedtion: 3'-(1,2,3-Traiazol-1-yl)-2 3'-dideoxythymidine
into 3-isocyano-2 3'-dideoxythymiding[76]. derivatives were reported to be synthesifeg.

0 0 0O

H_N)‘E/Me H—N/\‘E/Me H—JN\)E/ Me H_N)O‘j/Me
oA 0 o o TN o A
RO KO?‘ HC(0), Ac. py 0 K O 7‘ © w— coMe 1O 0

N

s NHCHO N, 0
H-N Me -N
Q C,H,COMe J\ | Il COCH,
H_N)‘j/Me O N N
HO
O)\N 0 COZCHS
TsCl, Py, NH.HO7 0
N-N
N g\g
The 3-isocyano-2,3'-dideoxythymidine was also CO,CH,
prepared from 3azido-2,3'-dideoxythymidine via
Scheme 4.
0] B 0 ]
Oy | ey
HO7 -0 pph, THF |10 _~O
il il
_N2
N, N=ppp,
—Ph,PO [RNCO, THF
0 B QT 0
Me
H—N)j Me H-NT H—N)‘E/ Me
HO O NH., toluene HO O HO 0
- +
N Ny
N NHR §C\ \C\
N SNR =0
N—N - -

R = t-Bu, i-Bu, C.,H,, CI(CH), Ph, 4-CIGH, 4-CH.CH,.
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Scheme 5.

O 0 0

Me
H—N)j e N Me H_N)‘j/Me
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TrO O
+ (MeS),C=N—-C _N—>

NH,
TH
C—s —Me C=S—Me
) ¥
0 C=N 0 C=N
sa s Ty
O)\N 07 ™~N
HO 0 HO 0
NH NH
2
HN=C~N"" XN

Finally the advantage was taken of the azidereaction of 5-O-protected-3-0xo0-2,3'-dideoxy-
group reactivity to carry out a multistage synthesis ofthymidine with diethylaminosulfur trifluoridegave
3'-(5- R-aminotetrazol-1-yl)-23'-dideoxythymidine rise to 3,3'-difluoro-2',3'-dideoxythymidine.

7 h 4). .
[79, 80] (Sc'eme ) ) ) . The drawbacks of these methods are the applica-
The reactions of the amino group in the@sition  tjon of expensive reagents and low yield of the target

However the opportunities provided by this group foryy he synthesis of "fluoro-2',3'-dideoxythymidine

the planned synthesis of'-8ubstituted thymidines . 3,3'-difluoro-2',3'-dideoxythymidine prepared

apparently are not exhausted. We can prove it by afj; o, ocedure similar to that mentionatiove.
example of reaction between'-B&-trityl-3'-amino-

2',3'-dideoxythymidine and N-cyanamido-S,S-di- According to Calvo-Mateo data [54] the reaction
methyldithiocarbonate83], and between 3amino-  of 3'-0x02,3'-dideoxythymidine with sodium cyanide
2',3'-dideoxythymidine and 1icarbimidoyl-bis-  afforded the corresponding'-8yano-2,3'-dideoxy-
(1,2,4-triazole) [84] (Scheme 5). thymidine, and with ethynylmagnesium bromide
The 3-oxo-2,3'-dideoxythymidine is fairly formed the 3-ethynyl-2,3'-dideoxythymidine [88].
accessible and also can serve as an initial compound

for preparation of 3modifies thymidines. Thus the Transformations of 5'-O-protected 2,3-

anhydrothymidine. Krayevsky et al [89] de-

0 o) monstrated the possibility to prepare then3ercapto-

2',3'- dldeoxythymldlne from 5trityl-2,3'-anhydro-

_ Me Me 2

H j\l\ | H—N | thymidine via opening of the anhydro bond® @0

07 N 0PN effected by potassium thioacetate (Scheme 6).
TolO 0 HO 0 The synthesis of '3allenyl-2,3'-dideoxythymidine

— T from 5'-benzoyl-2,3-anhydrothymidine was described
in [71]. In this reaction formed intermediately-&-
O F benzoyl-3-iodo-2,3'-dideoxythymidine.
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Scheme 6.
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The reaction of 50O-benzoyl-2,3-anhydro- In reaction of 5-benzoyl-2,3-anhydrothymidine

thymidine with magnesium iodide at heating in with 5-substituted tetrazoles [91] and with their alkyl-
toluene gaverise to 3-iodo-2,3'-dideoxythymidine. ammonium salts [9296] were obtained for the first
The latter provided the target product at treating withtime  5-O-benzoyl-3-(5-R-tetrazol-2-yl)thymidines
triphenylpropynyl-2-stannate in the presence of alkylthat on debenzoylation yielded-8-R-tetrazol-2-yl)-
bromide as a catalyst. thymidines (Scheme 7).

The 3-(isopropylthio)-2,3'-dideoxythymidine Transformations of 5'-O-protected 2,3'-epoxy-
and 3-phenylselenyl-23'-dideoxythymidine were thymidine. The opening of the 23'-epoxyring same
obtained by reacting '8O-protected 2,3anhydro- as in analogousx-oxides [977-100] is effected by
thymidine with 2-propylthiol and phenylselenide various reagents. As a result arises a mixture of
respectively [90]. two reaction products with substituents attached
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Scheme 7.
O 0 O
N Me _Na H—N Me H—N Me

o N — “HN(CHJ),, O”>N (N

BzO0— |.O R MF BZO‘| :o: H0—| :o:

> —_—
N/N\II\I N/N\Ill\I
| N | N
R R
R = H, CH, Ph, CHPh, 4-FGH,.

respectively to 2 and 3 positions. The reaction thymidines utilizing unsilylated thymine was further
between the 5O-trityl-2',3'-lyxoepoxythymidine developed[105, 106].
with the ethynyllithium in DMSO afforded '&thynyl-

2" 3'-dideoxythymidine [101]. The 3-fluoro-2',3'-dideoxythymidine was pre-

pared in a good yield from the corresponding 3-fluoro-
derivative of ribofuranose and the silylated thymine

0 Q e 107l
so e
B OSiMe
— . - (4]
im0 - L
0 — Me,Si0” SN
F
HC=C 0]

Hamptonet al. mentioned a formation of'3ethyl-

H-N Me
thio-2',3'-dideoxythymidine in a high yield in reac- O)\ |
tion of 5'-O-trityl-2',3'-xylo-epoxythymidine with N
ethanethiol in DMF. In [102] was described the HO 0
cleavage of the '23'-epoxy ring effected by methyl-
magnesiumiodide. Finally, the 3-cyano-2,3'-dide-
hydro-2,3'-dideoxythymidine and ‘3cyano-2,3'- F
dideoxythymidine were obtained successively in the
reaction of 5-O-trityl-2',3'-xylo-epoxythymidine
with sodium cyanide[103].

A similar procedure for preparation of-8uoro-
2',3'-dideoxythymidine was reported in [108].

The synthesis of isomeria- and -derivatives of
the 3-cyano-2,3'-dideoxythymidine is comprehen-
sively reported in [109].

V.2. Condensation of Ribofuranose Derivatives
with Thymine (Building up of a Glycoside Bond)

This approach is feasible for preparation of a wide Quite a number of 3modified nucleosides was
range of the 3modified nucleosides since the 3-sub-0btained by condensation of ribofuranose derivatives
stituted derivatives of deoxyfuranose are easilywith thymine [11G-115].

available. - L . -~
V.3. Thymidine Derivatives Used in the Clinical

The reaction of a silylated thymine with tf85-O- Treatment of HIV/AIDS Infection

protected 2-deoxyribofuranose furnished tHeh@dr-
oxymethyl-2,3'-dideoxythymidine [104]; a simpler
procedure for the synthesis od the'-rBodified

V.3.1. 3-Azido-2',3'-dideoxythymidine (AZT).
For AZT preparation were developed two methods:
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Scheme 8.

0 0] O

SO GRS SIS &
O)\N O)\N O)\N
HO o TrO o Tro 0
—_— —_—
OH OH
Q 0 0
N Me _ Me H=N Me
A 1 4.
0 N 07N O ™N
0~ | o TIO o HO o
— OH —>

N3
62%

either transformations of thymidine or ribothymidine, with methanesulfonic group in pyridingolution. In
or condensation of thymine with protected 3-azido-its turn the azidation is carried out by thabove
2,3-dideoxyribofuranose (building up of the glycosidenamed agents in an aprotic dipolar solvent within
bond). 9-140°C temperaturerange. The deprotection is

Let us consider the first method. The AZT Wasfurther effected by acids or bases (Scheme 9).

first prepared by Horwitz at the Michigan Cancer Fox and Miller [58] developed an alternative
Foundation as a potential anti-cancer aggg, 61, Synthesis of the ‘3azido-2,3'-dideoxythymidine.
72]. Above is given the simplified synthesis schemeThis approach consists in preparation 6fCotrityl-
(Scheme 8). 2'-deoxylyxofuranosylthymidine from the anhydro
. . . Cc¥-0%nucleoside that wasfurther activated by
In [74] AZT was obtained by treating the inter- jnyoqucing a mesyl group into '3position. Then
mediate 3mesoyl derivative with lithium azide in gziqation was carried out yielding a product with a
DMF at 90-95°C. reversed configuration at the*Catom. Although the
The most difficult part of these syntheses is theoverall number of stages in this alternative
chromatographic isolation of '2leoxylyxofurano- procedure isgreater, theyield of the azidation
sylthymidine since at the cleavage of the epaiyg  Product is high enough. However the overall yield of
arise up to four products. Further is performed thehe 3-azido2,3'-dideoxythymidine does not exceed
tritylation, introduction of amesyl group into the '3 20-30% [58].
position, then its substitution by an azidgroup The azidation of 50-trityl-3'-O-mesyl-2,3'-dide-
effected by azides ofithium, sodium, ammonium, oxythymidine is performed with the use ofBfold
dimethylammoniumetc. [116]. excess of the azidizinggent. The reaction is carried
The protection of the furanose hydroxyls is per-Out in DMF or hexamethyphosphoramide at 100
formed with various groups [438, 17119]. The 150°C [121]. It is possible to addome water into the
frequently used is triphenylmethyl (trityl) group that reaction mixture to increase the solubility of the alkali
shows high selectivity toward the OH group in 5 metal azides in the aprotic dipolaplvent.Below is
position. Apart from trityl protection arelso used presented the azidation mechanism assumed in [121]
dimethoxytrityl and readily available benzoyl group (Scheme10).
[120]. As already mentioned, thactivation of the It was shown that different conditions of reaction
hydroxy group in the 3 position is best performed give rise to dissimilar products, in particular,
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Scheme 9.
0] 0] 0]
H_N)‘E/Me H- N)‘E/ Me H-N )‘E/Me
O)\N O)\N o)\N
HO o HO 0 HO 0
—_—> —_—> OH
HO HO O
0 0 0
H-N | Me H-N | Me H—j\)ﬁ/ Me
O)\N O)\N 07N
TrO o) TrO 0 Tro o)
OH > OMs -
N;
0 0]
Me H_N Me
N
Y T
O N
TIO~| _0 \ HO 0
_— >
N;
3'-azido-lyxo- and 3-azidoerytrothymidine. In con- tert-butyldimethylsilyl-2,3'-dideoxythymidine  was

sidering the mechanism of'-&zido-2,3'-dideoxy-

described in [124]. The lattesompound was treated

thymidine formation it should be taken into accountwith trifluoromethanesulfonic acidanhydride. The

that under specific conditions '®-trityl-2,3'-an-
hydrothymidine can arise as intermediéBehemd.0).

corresponding triflate thymidine derivative fairly
readily cyclized into 5O-tert-butyldimethylsilyl-

The further development of the AZT synthesis was2,3 -anhydrothymidine. Its reaction with the sodium

dedicated to refining of the preparation methods forazide in DMF (5 h, 148C) followed by deprotection
the anhydro €-O?nucleosides. For instance, in the with tetrabutylammonium fluoride provided AZT in
patent [122] and the study [123] was described @80% yield.

selective benzoylation and anhydrization of thymidine

with benzoic acid in the presence of diethyl azodicarb
oxylate and triphenylphosphine IDMF. The result-
ing product, 5%0O-benzoyl-2,3-anhydrothymidine,
when treated with lithium azide in DMF at 1950
afforded 3-O-benzoyl-2,3'-dideoxythymidine in 90%
yield. A selective silylation of thymidine witttert-
BuSi(CH;),Cl in anhydrous pyridine to yield 'SO-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37

Glinski et al [125] developed a synthesis of
3'-azido-2,3'-dideoxythymidine from 2,3-anhydro-
thymidine or its 5-O-trityl derivative. The lattecom-
pound arose at treating thymidine orG-trityl-2',3'-
dideoxythymidine with 2-chloro-1,1,2-trifluoroethyl-
amine. The lattersubstance functioned as cyclizing
agent that generated the anhydro b¢h2i6].

No. 6 2001
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Scheme 10.
0] 0]
H—N )‘j/Me Me N—H
O N o) N/LO
TrO O TI'O /O
N, — e
R M
(5]
H-N Me B Me L H-N Me
07N O7>N N 0
TrO 0 O .0 O | o TrO 0
— I\ —
OMs (OMS N;

It was also shown that conversion of-B-trityl-3'- The overall yield of the 3azido-2,3'-dideoxy-
O-mesyl-2,3'-dideoxythymidine into the 5O-trityl-  thymidine with respect to thymidine amounted to
2,3'-anhydrothymidine could occur in the presence~25%. Theattempt to refine this scheme [127] did
of phthalic acid derivatives. not notably increase the overall yield AZT.

o In [128, 129] was described a synthesis of 2a-
hydrothymidine and 3azido-2,3'-dideoxythymidine
N | Me H-N Me with the use of sulfurtrifluoride. The treatment of
/“\ )\N | 5'-O-trityl-2',3'-dideoxythymidine with derivatives of
O N 0 sulfur trifluoride in 1,4-dioxane at room temperature
_0 HO O afforded in a high vyield 5O-trityl-2,3'-anhydro-
- thymidine that was further converted into AZT by
azidizing agents. The formation of the 2;anhydro
HO compound was presumed to occur via the correspond-
ing bridging 3-O-, N-,S-fluoroethers.

Me An interesting alternative AZT synthesis was per-
H N Me H-N . 19515

| | )\ | formed by treating 50-protected thymidine in DMF

I )\N 0° >N by a mixture triphenylphosphir&etrabromomethane

0 lithium azide [130]. The AZT yield amounted to

HO o .
HO ~0 67%. Asimilar procedure was also reported[i81].
—_—

N Fleetet al. [132] developed a multistage AZT syn-

thesis from thymine and xylose via intermediate
formation of a well crystallizing methyl-&-tert-
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butyldiphenylsilyl-2-deoxye, B-xylofuranoside. The This compound was patented as an original Russian
main stages of the process were as follows: conpreparation“Phosphazidéfor treating the HIV infec-
version of the D-xylose into methyl-36-iso- tion.
propylidenee, 3-D-xylofuranosides;  deoxygenation
by Barton procedure of the arising@{(methylthio)-
thiocarbonyl]xylofuranosides; removing of the iso-
propylidene protection and selective silylation of the
primary 5-OH group withtert-butyldiphenylchloro-
silane; formation of 3-triflate derivative of the Q-
methyl-5{ert-butyldiphenylxylofuranoside that was
further transformed into the targ@-azido-2-deoxy- V.3.2. 2,3'-Dideoxy-2,3'-didehydrothymidine
ribofuranoside. The condensation wfethyl-3-azido- (d,T). Horwitz et al [62] synthesized 23'-dideoxy-
2,3-dideoxy-50-tertbutyldiphenylsilylribofuranoside  2',3'-didehydrothymidine (¢) from thymidine by
with the thymine silyl ether resulted in 33% yield elimination reaction catalyzed with &#ase. They
of pB-anomer of 3-azido-2,3'-dideoxythymidine studied the transformation of' ,3'-deoxynucleosides
(separated by chromatography) and~29% vyield of prepared from 2deoxyuridine and thymidine into the
the correspondingx-anomer. respective 23'-unsubstituted nucleosides by the
The synthesis of methyl-3-azido-2,3-dideoxye6- gjﬁg)ﬂggt with potassiuntert-butylate in dimethyl
p-toluoyl-D-ribofuranoside from xylose through '
1,2,3,5-diO-isopropylidene-D-xylose was described This procedure was further refined by Mansuri
in [118, 133-135]. The product was furtharsed in [149, 150].
preparation of AZT by silyl procedure.

In conclusion to this chapter we would like to
indicate as a trend the growing number of studies on
the synthesis and investigation of phosphorylated
nucleosides, in particulathose of thymidine [8, 9,
17, 142148]. The phosphonates were shown to be
less toxic than the original 'anodified thymidines.

The condensation of O-methyl or 10O-acetyl-3- 9 M
azido-2,3-dideoxy-D-ribofuranosides with thymine in H-N ¢
the presence of Snglor (CH;);SISO,CF; [136] |
results in a mixture ofi- and B-anomers of 3azido- 07 N
2',3'-dideoxythymidine. HO O
The syntheses of '&zido-2,3'-dideoxythymidine
were also carried out proceeding fromylose, HO
D-mannitol [137#140], and also from 2,3'-cyclic
thymidine derivatives [141]. lMSCLPy
The majority of the above mentioned methods are 0 o)
difficult for realization since they are multistage, M Me
. .. . . c
require sophisticated chromatographic separation H-N | H N
procedures of the formed isomer mixtures, and use /II\ |
potentially hazardous and expensive reagents;, CS O™ =N NaOH N
NaH, (CH,);Si-SO,CF; etc. s O CH.OH MsO7 |0
A special attention should be drawn to the phos- —_—
phorylated derivative oAZT, 5'-phosphonate, pre- OMs I
pared by reac_:tion of tr_is(l,3-imida}zplyl)phosphorus
with the 3-azido-2,3'-dideoxythymidine. NaOH. Hzol
0 0 ¥ 0
Me Me Me
| Y l
0 o)\ N o O)\N O)\N
— HO
HOIIDOW R ?4 -BuOK, DMSO w
H - S
N, d,T
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Scheme 11.
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The first stage includes treatment of the thymidine Although the reaction can proceed in various
with a slight excess of methanesulfonyl chloride insolvents, water is the most favoraldénce here the
pyridine to yield 3,5‘-mesyl-2,3'-dideoxythymidine. process is homogeneous_

The latter is reacted with NaOH in water or ethanol _

to afford 2,3-anhydrothymidine that at prolonged The conversion of the thymidine into',3'-dide-
contact with the base is converted into the cor-oxy-2',3'-didehydrothymidine is described in [151].
responding oxetane in 74%eld. The procedure involves preparation of the cor-
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Scheme 13.Synthesistree for 3-modified thymidines
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responding oxetane derivative of thymidine or thethe schememark the key intermediates, unbroken
2,3'-anhydrothymidine. These compounds further ararrows show the main pathways, and the dashed

subjected to elimination (Schem4).

arrow correspond to the yendeveloped but possible

The oxetane derivative of thymidine was prepare(}ransmons (Scheme13).

by Horwitz method[62]. The elimination procedure
was improved: sodium hydride~8 mol equiv) in
N,N-dimethylacetamide was used at heating to°@0 1.
providing a high yield of the target compound. The
thymidine can also be converted into 2ghhydro- 5.
thymidine by heating with excess diphenyl sulfite in
the presence of 1l-methylimidazole. The product is
easily isolated from the reaction mixture in 65% g3
yield. The heating of the unprotected 2;8nhydro- 4.
thymidine with sodium hydride in th&l,N-dimethyl-
acetamide at 10€C for 30 min affords the £ in 5
81% vyield. The overallyield in this procedure
amounts to~50%. 6

In [152] the 4T and its analogs were obtained by
deoxygenation of the '2 3'-hydroxy groups along
GareggSamuelson method in the system ioditne
phenylphosphindmidazole. In thiscase the elimina-
tion occurs under mild conditions.

In [123] the ¢ T was prepared through an inter-
mediate phenylselenium derivative of thymidine
(Scheme12). 9.

CONCLUSION
10.

Within a short period (1015 years) was made
significant progress in syntheses and clinical studiegi.
of efficient anti-HIV drugs. Nearly all the modern
compounds that are active at various stages of the2.
HIV life cycle are the products of the fine organic
synthesis [153175]. Since the virus is highly
resistant against medicines it is obvious that thei3.
search for new components of anti-HIV medical
preparations will beggrowing. The structure ofhose 14.
compounds will depend on the newest developments
in the molecular biology. At thesame time it is clear

that AZT and the other thymidine derivatives will 15.
retain in the years to come their significance for thei6.

mono and complex AIDS therapy as indispensable
inhibitors of HIV revertase. Thanalysis of publica-

tions undertaken in this review revealed the mosti7.

important pathways to the synthesis of modified
thymidines, the significant intermediates and their
relation to the target products. Wmpe that the syn-

thesis tree constructed by us will be helpful for18.

development of planned strategy and tactics for the

synthesis of new HIV revertase inhibitors and for19.

improvement of the preparation methods of the
already known NARTIs groumrugs. Thecircles in
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