7

The rR®NAs are the major components of r:itosomcs and
couiribure upto 65% of trelr weight. There are th:=e kinads of
rRNY in prokaryotic ribosomes which are distinguisned by their

mol:cula:r weights.

In eukaryotic cells there exist two additional kinds of
RNA:x, suzh as heterogenzous nuclear RNA (hnRNA), a nuclear pre-
cursor of mRNA and small 1uclear RNA (snRNA) which participates

in RMNA processing (c.f. Leaninger, 1982).

It has Yeen reportzd, (c.f. Rottman, 1978) that 5'-ends
of viral nuclear mRNA are freguently 'capped' with & structure
in which 7-metihyl-guanosiae 1s joined by (5'-53'} <riphcspnarte
linl. to a 2'-O-methylated ribonucleoside at 1its 3'-hydroxyl
through the 3'-phoshpate. The mRNA molecules fregquently contain
int-:rnal 6-methyladenylates and other 2'-0O-ribose methylated
nuc..eotides. The presence of ‘cap' structure 1is needed £for

bincding and translation of mRNA.

2: WUCLEOSIDE ANALOGUES

The signirficant role of nucleic acids and their components
in 1living systems and the remarkable understanding of their
gene tic archives and cellular Jeplication have contributed a

gree¢ t deal of research during rhe last 2 - 3 decadés. Some of



the major ones have been inter alia in the area of syntleses

of modified nucleosides and nucleotides, homo- and heraropoly-
nucti20tides, Jones {1979), and polynucleotides a!f defined
seqgivnces 1.e. gene svnthaesis, Khorana (1979) Mattzucci and

Caritners {(198l) and Sung and Narang (1982).

The analogues of nucleic acid bases and nucleosides have
beean synthesized by var:ious workers in which extersive
var .arions in purine, pyrimidine and pentose moiety have been
mad::, Hichelson (1963); Brown (1962, 1970); Elion and Hitckings
(1953}; Prasoff et al. (1974) and Clercg and Torrence {1978).

r

fhess analogues have been wuseful in therapy of carr«er,

Welsenh  (1361), metabolic disorders, therapy against various
viral infectious agents e.g. herpes wviruses, reterovirus,
Var .cella - zoster virus etc. The citation for the design and

syn:heses of such nucleic acid analogues may be found in the
rev..ews oI Elion and Hitchings (1965); Clercq and Torrence
{1978); Smith {(1980);:; Chabner (1981) and Robins and Reveénker
(1988). Pruscff et al. (1984a) and Clercg (1985} reviewed the
posaible target for viiral chemotherapy. Pruscff et al. (1¢84b)
have: discussed the molecular basis for treatment of herpes virus
infections with antiviral drugs based on nucleoside analogues.
Pru:off et al. (1985%) reviewed the ©basic biochemical and

pharmacelogical aspects of antiviral agents.



Thus, +ith such wide uses and broad applicability as cilted
abore, the entity o©of these analogues with the passage of time

has now been zonfirmed as "Ant:viral Drugs"”.

It wou.d therefore be of interest to describe very briefly
SOome importznt base and nuclecside analogues which are

bic..ogically active.

2.1: Clinically Important Synthetic Base Analogues

6-Thiocuanine, an analogue o©of gquanine, has been used
¢linically in the treatment of acute myelocytic and chronic
granulocytic leukemias. It 1is an antimetabolite of guanine which
is c:converted 1into 6-thioguanine - ribose phosphate. It incorpo-
rates with LA and RNA hence interferes with guanine synthesis

(c.!'. Reming=°n, 1985).

The th_o-analogue of hypoxanthine 1.e. 6-mercaptopurine
wher used wi_th methotrexate provides a combination of first
chozce in th= maintenance of chemotherapy of acute lymphocytic
leutemia. It 1is an antimetabolite precursor which 1s converted
int¢ 6-thioirosinic acid which acts as antimetabolite to inhibit
the synthes.s of adenine and guanine and also to prevent

conversion c¢: purine bases into nucleotides (¢.f. Remington,

198¢) .,
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In 1957 Heidelberger synthesized 5-fluorcuracil as an
analogue”pf thymine on the basis of the observat:uns that rat
tumour cells utilized the base uracil more efficiently than the
int=2stinal mucosa. In ccmbination with other drugs: it provides
chenctherapy of first choice in the treatment of breast cancer,
isl=t ‘cells tumour, colorectal cancer and gastric carcinoma.
It 1is regarded as a congener of uracil that acts both as a
surrogate and as a metabolite. Its metabolite 5-fluorcuridine
5'-nonophosphate blocks the synthesis of thymidylic a=-id and

henze of DNA {c.f. Remingcon, 1985}. Heidelberger et al. (1957)

aiso synthesized 5-fluorouridine { FUR) having antitumour
activity, but it showead levkopenia and thromtupenia with
gas:ro-intestinal toxicicty as side effects, hence 1t was

abaidoned. Recently Ozaki et &l. (1989) have prepared 5'-0-acyl
derivatives of 5-fluorcuridine by introducing twelve kinds of
alishatic acyl groups with carbon numbers 1-27 at the
5'-i)-position of FUR. They have shown intraperitoneal antitumour

act .vity of these compounds against leukemia 1210 in mice.

The purine analogue 4-hydroxypyrazole pyrimidine commonly
knovwn as "Allopurinol"” has also been used as an inhibitor of
de novo purine biosynthesis and =xanthine oxidase. It is used
for the treatment of hyperurecemia and gout {c.f. Martin et al.

198.).



1]

Azothiopurine which 1s catabolized to 6-mercaptopurine
is wuseful 1in o©o:gan transplantation as a supporft of events

invclved in immunoleogic reactions (c.f. Martin et al. 1981).

22: Nucleosides with Modification in Heterocyclic Base Moiety

A  number <t S5-substituted pyriridine nucleosides and
varisus other nucleoside analogues have been synthesized over
the years. Their tiolooical activities have been determined and
most of them have been found active 2against one or several
viruses. These nucleoside analogues have been divided into the

catejories such as shown below:

23: 5-Substituted Pyrimidine Deoxyribosides

The substitution of halogen groups such as -F, -Cl, -Br,
and -I 1in deoxyuridine has been reported by Clercqg et al.
(1974%). These are reported to inhibit the multiplication of DNA

viruses and reteroviruses.

The 5-icdo-2'-deoxyuridine {Idoxuridine, 1IDU) has been
reported to be the first antiviral nucleoside synthesized from
2'-deoxyuridine by Prusoff (1959}). It is a prototype of »nyrimi-
dine nucleos$ide antiviral agent, active against various DNA

viruses 1in_wvitro. It 1s used against herpes infection in man
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to »osrevent blindness. IDU is the first c¢hemotherapeutic agent
to oe licensed for auman use by the FDA 1in United States,

Prusoff et al. {1984a and 1985} and Pruscff and Lin (1988).

Another compound known as E-5(2-Bromovinyl)-2’'-deoxyuri-
dine was synthesized by Jones et al. (1979}). Clercg et al.
{1979) showed it to hbe a potent and selective inhibitory agent
for HSV-1l. This dcug has also been r=cognized by the FDA in
United States for treatment against viral infections, Prusoff

et al. (1984a ana 1985) and Prusoff and Lin (1988).

The 5-substituted triflioromethyl-2'-decxyuridine also
xnown as Trifluridine (CF3dUrd) was originally synthesized to
be «n anticancer agent, but it was found to be more effective
as «antiviral drug, Heldelberger (1957). Its use is restricted
for topical therapy of herpetic keratitis. It has also been
recognized by the FDA in United States for clinical use against
viral infections, Prusoff et al. (1984a and 1985) and Prusoff

and Lin (1988).

In addition to the above, a variety of 5-substituted 2°'-
deoxyuridine have been cited in the literature, for example,
hydroxymethyl {-CH,0H), Clercq and Torrence (1978}); thiocyano
(-S§S-C2=N), Clercg and Shugar (1975); hydroxy (-0OH) and ethynyl

(=C=ZH), Clercq et al. (1977); and vinyl (-CH=CH;), Clercg
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et a#l. (1977); Rahim et al. (1982) and Walker et al. (1982),
cartoxamitlomethoxy and allyloxy, Torrence at al. (1978). These
ana.ogues have been reported to be effective against HSV and

vacclnia virrus, Clercg and Torrence {(1978).

The 5-substituted cyanc (-CEN), Torrence et al. (1977)
and nitro (-NO3) analoyues of 2'-deoxyuridine, C(lercqg and

Torrence {1978) are spz2cific antivaccinial agents.

The substitution such as propyl (—CH2-Ch2-CH3) has been

repcrted by Cheng et al. (1976), Ruth and Burgstrom (1978) and

Clercq and Torrence (1978), methylaminc (-CHpNH3) oy Shen et
al. ({1966), Names and Hilleman (1965} and Prusoff and Ward
(1976); ethylamino {-CH;-CH;-NH;) by Shen et al. (1966);

methoxymethyl by Meldrum et al. (1974) and propynyloxy by
Torrence et al. (1978}, These analogues are specific antiherpe-

tic agents, Clercqg and Torrence {(1978).

The substitution such as allyl (-CH;=CH-Ci;| hes been
repcrted by Cheng et al. (1976); mercaptomethyl (-S-CH;) by
Guptz et al. {(1975) and methylmercapto (*CHE—SJ by Hardi et al.
(1975). These analcogues 1inhibit herpes simplex virus replica-
tion. The 2-halovinyl is effective against HSV-1 in wvitro, Luke
(1983). The methyl (-CHJ) substituted analogue 1inhibits HSV-

and rsaccinia virus replication.
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The substitution such as “ormyl (-CHO), oxime of formyl
(-CHNQH), azidomethyl {-CH2B3), 2-bromovinyl (-CH=CHBr[E]},
ethyl (-CH,-CH3), 1l,3-dithiolan-2yl (-0-CH{SCHj;],), methyl-thio-
methyl (-CHpSCHy}: methylsulfoaylmethyl (-CH;-503-CH3) have been
cited from Clercq (1985). He r=ported that C-5 substituents like
fluoro, trifluoromethyl, nitro and formyl derivatives of
2'-d=2oxyuridines were the most potent cytostatic agents. They

also inhibited the proliferation of tumour cells.

The substitution of halogen grecups such as -F, -Cl, -Br,
and -I, nitro (NO2); ethynyl (-C =CH} and ethyl {(-CH3-CH3) in
deoxycytidine and the biclogical properties of these analogues
have been reported by Clercq and Torrence (1978). Their antivi-
ral activities are quite similar to the 53-substituted deoxyuri-
dine derivatives. The substitu“ions such as allyl (—CH2=CH—CH2),
propyl {-CH;-CH,-CH3) and propenyl were reported by Ruth and
Burgstrom (1978). The substitution such as vinyl (~CH=CH,} has
been reported by Rahim et al. (1982) and ethynyl by Sharma et

al. (1984).

Wyatt and Cohn (1953) found that DNA of E. coli T even
bactariophages e.g. T2, T4, and T6 contained, apart from normal
deoxycytidine, a fair proportion of 5-hydroxymethyl cytidine.
Khan and Qudrat-e~-Khuda (1982) prepared 53-hydroxymethylcytidine

by direct hydroxymethylation using formaldehyde.
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24: Cytosine Arabinnsides

Cytarabine (Ara-C) was synthesized in 1959 and has since
beer recognized as the most active antimetabolite for remission
indiction in adult non-lymphatic leukemia, Ellison (1968).
Kremer (1975} reported its use for non-lymphatic leukemii which
provided 60-70% remission in unselected cases. Band et al.
(197 3) found its use in the treatment of maningeal leukemia or

lymphoma.

Ancther c¢ytosine derivative known as 2'-fluoro-5-icdo-1-
-D-¢ rabinofuranosyl cytosine (FTAC) was synthesized by Watnabe
et 1l. (1979). It has been reported to protect mice against a
lett.al infection of HSV-1l. In ccancer patients it has been shown
to abort cutanecous Varicella-zoster. The FIAZ was found tc be
superior to Ara-A in this regard in a double blind study (c.f.

Rob:.ns and Revanker, 1988).

The l-gB-D-arabinofuranosylthymine: (Are-T) was isolated
from c¢ertain caribbean sponges hence also named as spongiothy-
mid:ne. 1t was synthesized by Fox et al. (1¢57) and Underwood
et 11. (1964} who showed it to have activity against HSV-1 in

the rabbit cornea.
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From amongst purine nucleosides the adenine arabinoside,
Viderabin  (Ara-A) was first synthesized by Lee et al. (1960).
Miller et al. (1968) found it to be a nucleoside antibiotic.
Sidwell et al. {1968) reported its antiviral activity in vitro
against HS5V-1l infecticns in mice and HSV-keratitis in hamsters.
Ara-A represents a major advance in the chemotherapy of herpes
virus infections. This drug has also received the approval of
FDA in United States for treatment against . herpes virus

infeztion, Prusorff et al. {1984a and 1985) and Prusoff and Lin

{1983}).

Cytidine arabinosides have also been substitu:ed by
halojens such as -F, -Cl, -Br and -I by Buthala (1964):; hydro
and methyl by Chien et al. (1973) and wvarious others. These
derivatives were shown to inhibit viruses such as S$.V.40, adeno,

herpes simplex, Varicella-zostel, cytomegalo etc., Chien et al.

{19713y,

Uridine arabinosides have been substituted on 5-position
by -nydro, -iodo, methyl, ethyl etc. which were found active
agairst herpes wvirus. The 5-methyl substituted arabinothymidine
has "»een reported to inhibit the growth of HSY and Varicella-
zoster virus, Underwood et al. [(1964)}. Schabel Jr. (1968) repor-
ted that the purine arabinoside such as arabinoadenine inhibited

all the DNA and some RNA viruses.
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Recently the synthesis of boron containinjy antimetaboli-
tes of nucleosides such as 2'-deoxyguanosine-N-7-cynoborane,
2'-ieoxyinosine-N-7-cynoborane, 2'-deoxyadenosine-N-1-¢cynobo-
rant: and 2'-deoxycytidine-N-J3-cynoborane have been reported by
Sooel et al. (1989). But only 2'-deoxyadenosine-N-l-cynoborane
and 2'-deoxycytidine-N-3-cynocborane showed potent activity in

T-mult-3 and human colorectal adenocarcinoma.

2.5 Clinically Tmportant Nucleoside Analogues

The 5-azacytidine, a new analogue, has been shown to
pos: ess promising activity against adnlzx non-lymphocytic
leulemia. It can either be synthesized chemically or produced
micirobiologically. It mainly effects the synthesis and function

of ENA, Li et al. {(1970}.

The J-deazauridine was synthesized by Robin and Curie in
196¢. Bloch et al. (1973} found it to have antiiumour activity
against Ehrlich ascites and L-1210 tumour cells. It 1is an
analogue of uridine. The primary action of 3-deazauridine, as
the active triphosphate, 1is the inhibition of CTP synthetase.
It idoes not incorporate into RNA and DNA. It also inhibits
cytidine deaminase, deoxycytidylate deaminase and ribonucleotide

reductase.
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Amongst the azido-substituted nucleosides the 3'-az’do-3'-

deoxythym;dine {AZT) has gained much importance. It was {irst
prepared by Horwitz et al. (1964) and later with slight
mod: fication by Lir and Prusocff (1978). Ostertag et al. (1974)
repcrted that AZT was active against reterovirus and Friend
leu}emia virus. Mitsuya et al. (1985} found it to inhibit
various strains of human T-lymphotropic virus (HTLV-I1I11};
lymp hadenopathy-asscciated wvirus (LAV); AlDS-assoclated virus

{ARV) and human immunodeficiency virus {HIV).

The 2',3'-dideoxyadenosine was first prepared by Robins
and Robins (1964). It was found to inhibit reterovirus 334C and
murine leukemia wvirus in NIH Swiss 3T3 cells in culture, Wagner
et al. (1984). Recently Mitsuya and Border (1986) have shown
that this compound completely protected ATH 8 cells exposed to
HIV. Similar inhibition 1is also shown by 2',3'-dideoxyguano-

sine.

The 2',3'-dideoxycytidine was first prepared by Hortwitz
et al. (1967). It has been reported to 1inhibit HIV and its
clinical trials have also been <carried out at NIH in AIDS

patiants, Mitsuya and Border (1986).

The syntheses of azido nucleosides, AZT have also been
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reported by various workers such as Horwitz et al. (1964);
Torrence et al. (1973); Bobek et al. (198C}; Lin and Mancini
(.983); Mitsuya et al. (1985); Lin et al. {1988); Mansuri et
a.. (1989); Murata and Achiwa (1990) are worth mentioning. These
comp ounds have been reported as active against human immuno-
defjciéncy virus (HIV) which 1is responsible for the Acquired

IrmLnodeficiency Syndrome (AIDS).

Birnbaum et al. ({1987, 1988) studied X-rav crystallography
cf 5uch compounds and have correlated the binlogical activity
of WZT with the conformatica of their chemical structure and

glycosidic torsion angle.
2.6: Miscellaneous Biologically Active Nucleosides

A number of different types of nucleosides have been syn-
thesized from time to time which are reported to be biclogically
active, for example, ribavirin or virazole is an impeortant such
nuclz2oside. It was synthesized by Witkowski et al. (1972) and
consists of a triazole ring in place of natural heterocyclic
base. It has been reported 2s one of the most poweriul syrthetic
antisiral agents active against DNA viruses. Virazole has been
approved by the FDA in United States for the treatment of viral
infer:tions, Prusocff et al. (1984a, 1985) and Prusoff and Lin

(198:4).
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The pyrazofurin or pyrazomycin is a (-glycoside and has
an ctivity comparable to ribavirin. It suppresses the replica-
tion of herpes wvirus, murine leukemia virus etc. Descamps and

Cle:reqg (1977).

The acyclovir (ACV) was first synthesized by Schaeffer
et «l, (l971}). It is a structural analogue of guanosine, effec-
tive: against herpes encepnalitis, topical therapy of herpes

ker:titis, etc. (c.f. Pruscoff et al. 1985).

2.7 Nucleosides with Modification in Sugar
and Heterocyclic Base Mcilety

Numercus meodifications have been carried out in nucleotide
stricture involving both sugar and heterocyclic base. Cheng et
al. (1975) and Pruscoff et al. (1977) have reported 5-iodo-5'-
amiro-2',5'-dideoxyuridine. Its activity is restricted only to
herfes and reteroviruses. Lee and Chang (1978) reported the
synthesis of N-methylited and P-methylated and N- and P- dime-
thylated CMP and UMP with dimethylsulphate. Holy and Pischal
{1977) prepared 5'~C-carboxymethyluridine. They then prepared
5-stbstituted halogen derivatives of the 5'-0O-carboxymethyluri-
dine. Keppler and Kiefer {1983} patented bis-3'-0-(5-alkyl)-2'-
deoxyuridine sulphoxides which showed antiviral activity. Lin

et ¢l. (1987) prepared analogues of pyrimidine deoxyribonucleo-
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sifdl2s by substituting wvarious functienal groups in base and
sugar moieties. These were tested against Malconey murine
leu<emia virus (M-MULV). Some of them were also tes+ted in vitro
against HTLV - II/LAV/AAV (AIDS wvirus). Kunio et al. (1989)
patanted the synthesis of 5'-aminocacyl-5-fluouridine derivative
as useful antitumour, antiviral agent and immunosuppressant.
Yas 1ko et al. (1989) patented the synthesis of 2' 3'-dideoxy-
cytidine by debromination and hydrogenation of !'-bromo-2"',
3'-lidehydro-2',3'-dideoxycytidine for the treatment of Acquired

Imminodeficiency Syndrome {(AIDS).

3: NUCLEOTIDES

The nucleotides, as already indicated, are nucleosides
phosiphorylated on 5'-hydroxyl group of the sugar, D-ribose or
dec«yribose. They are found in a vafiety of cells and tissues
whe e they perform important functions such as " strucrtural
compyonents, biocatalysts, receptors, repositories of genetic
informations ets., They are particularly well-known as building

bla:ks of RNA and DNA in which they function as coding elements.

Purine ribonuclecotides serve in biological systems as the
ubiigquitous high-energy source such as adenosine triphosphate
(AT?) and as regulatory signals such as c¢yclic-AMP and cyclic-

GMP in a wide variety of tissues and organisms. Flavin adenine



