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i. INTRODUCTION

Nucleosides have been parent structures in the rational design and development of novel
antiviral drugs (Figure 1).7 Modified nucleoside analogues inhibit viral polymerases by either as
DNA/RNA chain terminators or as competitive inhibitors. The first generation of nucleoside antiviral
analogues is derived from substituent manipulation of the ribose parent ring. The basic ability to
inhibit viral polvmerases is achieved (in the case of these first generation drugs) by the removal of
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the hydroxyl groups from 2',3'-positions of the ribosae ring structure. Ribose derived nucleosides
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lacking the 2',3-hydroxyl groups are generally known as dideoxynucleosides, hence the abbreviation

(ddN). Since the derived chemical structures are useful for the inhibition of viral DNA or RNA
synthesis, an enormous number of compounds with various substituents can be investigated as
possible antiviral agents. Of these, some prominent first generation drugs include: ddC (ia),1-2 ddi

(1b),12 AZT (2a) (R = Me),1.3 AZddU (2b) (R = H),1.3 and d4T (3).14 Recently, promising results
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wucleoside analogues, has involved manipuiation of the
ribose ring size (Figure 2), as weli as subsequent manipuiation of some substituents on the
corresponding rings. In addition to the above-mentioned ribose (five-membered) ring structure, 3-,
4-, and 6-membered rings have been constructed and examined for possible antiviral activities.
Interesting antiviral and anticancer compounds have been reported from those structures 5-7.6-8
Needless to say, much current work in the discovery of antiviral agents is targeted on manipulations
of nucleoside backbones 5-7. A very interesting variation on the theme of nucleosides is the acyclic

structure 8, which, aside from the exclusion of a ring structure, includes other important structural
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components of nucleosides and their analoques 1g-h,9 In fact
compaonants ot nuclegsiges an LR inact
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acyclovir, ganciclovir, and famciclovir are essentially derived from 8.10
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Figure 2: Cyclic, acyclic, and heteroatom-containing nucleoside analogues.

Another notable class of compounds includes analogues with diheteroatom-containing sugar
moieties 9-10 (Figure 2). Remarkable levels of anti-HIV and anti-HBV potency have been observed
in 1,3-dioxolane 9 (X = Y = O)!1 and 1,3-oxathiolane nucleosides 10 (X = O, Y = §).1213
Furthermore, some L-(-)- enantiomers of 10, of which 3TC [(-)-2'-deoxv-3'-thiacvtidine] might well be

djheteroatnm-r‘nntmnlnn nv“th vl ne and dioxolane moieties.11- 13
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Since some success in the synthesis of antiviral agents has resulted from the manipulation of

imilar nucleoside systems in
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oxathiolane and dioxolane nucleoside systems, it is of interest to find sir
which the heteroatoms are nitrogen and oxygen. in this regard, this review attempts to cover reporis
of nitrogen-containing nucleoside analogues, with particular emphasis on the synthesis of
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isoxazoiidinyl and isoxazoiinyi nucieosides. We inciude aii pertinent reports pubiished before
January 1998.

2. NOTATION METHOD

Here, we propose a notation method for the structural description of nucleoside analogues.
This simple and efficient method will cover all the nucleoside ring structures and the use of this

system should facilitate the discussion of structural features. Although this notation method enable
adequate visualization of these nucleoside analogues without funher reference to figurss, it shall be

combined with the traditional nomenclature for the flavor of nucleoside chemistry.

in our method, the structure of 2*,3"-dideoxyribose nucieoside anaiogue 2 wiii be abbreviated
into C402 (Figure 3). The notation C40 indicates a five-membered ring compound with one
heteroatom (in this case, oxygen) and four carbons in the ring. Superscripts (a-e) will be used to
further differentiate the position of the heteroatom. As such, superscript (a) indicates a heteroatom
between the hydroxymethyl and the base, (b) would theoretically represent a heteroatom connected
to the base, and so on. Compounds 11-13 will, therefore, be written as C4X8, C4X¢, and C4Xd,

respectively.
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Figure 3: Notations for the naming of cyclic nucleoside analogues.

This notation has several advantages: (1) Structures can be understood without structural
formulas. For example, structure C402 or even “O2" means furan compound 2. Class Cs may be
used as a point of reference, and refers to the corresponding cyclopentane derivatives. (2) All cyclic
nucleoside analogues can be divided into classes and subclasses. For example, class 11 (C4X2)
can be further divided into the subclasses C402, C4S2, and C4Na. (3) This notation can be used to
group compounds together for prediction of structural stabilities. This last point is validated by the

fact that nitrogen containing compounds 14-20 exhibit drastically different levels of stability (Figure
4). For example, compound 18 is unlikely to be stable due to the presence of a carbinolamine
moiety
E HO— B HO— B HO— P
vn | B HO— B N/ Ve HO— ,B —\/)\/
nu N V4 \
\/ N N '

E R E
14 (C4N?) 15 (C4NP) 16 (C4N°) 17 (C4N9) 18 (C4N®) 19 (C302Nd)
20 (C3S2N9)

Figure 4: Nitrogen-containing nucleoside analogues (E = electron withdrawing groups; R = alkyl groups).
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The introduction of only one nitrogen atom into the 5-membered ring (Figure 4) can result in the
generation of groups of compounds such as 14-18 with backbones C4N2a, C4Nb, C4N¢, C4Nd, and
C4Ne. Several groups have focused on the construction of derivatives of compound 14, and some
of these derivatives show interesting antiviral activities.14 A few papers have been reported on the
synthesis of 15 and some of its derivatives earlier in this decade.15 Literature searches reveal that

nothing is known about classes 16 (C4N¢) and 18 (C4N°) and very httle is reported about
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quite probabie that

structures O-C-N or S-C-N. Consequently, the addition of nitrogen as a second heteroatom has
proven particularly difficult for these ring systems. Since synthesis of 14-20 is a problem, attempts
to determine the anti-viral activity of this class of compounds have been curtailed by a shortage of
molecules for testing purposes.

3. ISOXAZOLINYL AND ISOXAZOLIDINYL NUCLEOSIDES

Unlike compounds 19 (C302aNd) and 20 (C3S2Nd), N-O containing compounds feature relatively
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derivatives are known as isoxazolidines (21-22, 24-25) and isoxazolines (23). These compounds,
which can be prepared by taking advantage of the unique properties of hydroxylamine moieties, can

be divided into five categories such as in Figure 5. In spite of the wealth of information that exists on
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21 (C30°N°) 22 (C30°N9) 23 (C30°Nd-2H) 24 (C309N°) 25 (C309Ne)

Figure 5: Isoxazolinyl and isoxazolidinyl backbones 21-25.

the construction of N-O bond structures in chemical syntheses, the area of isoxazolinyl and
isoxazolidinyl nucleosides remains poorly investigated. However, it should be noted that a variety of
nucleoside structures containing N-O bonds have been constructed for exploratory studies to
provide strategies for potential drug development. Comprehensive literature searches reveal that

compounds belonging to classes 21-23 have been prepared through a limited number of methods.
Furthermore, virtually nothing in the way of syn theses is known about compounds of classes 24-25.
Consequently, the information known about ability of isoxazolidines to function as antiviral
______________________ [ . PP £ MAAAIA v memd P emerem e U oA
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agents is by no means comprehensive. uompourld of ciass 21 (C302N*®) represent isoxazolidine
nucleosides, and have been synthesized by Tronchet et. ait8 and Sindona et. ai.1® isoxazolidines of
class 22 (C30¢N9) have been synthesized by Zhao et. al,2% and also by Romeo et. al.21 Finally,
isoxazolines belonging to class 23 (C30°Nd-2H) have been synthesized by Zhao and his co-workers

with good enantioselectivity.22 Below, we summarize some synthetic pathways utilized in the
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preparation of these three classes of nucieoside analogues. in addition, we attempt to point out
some chemicaiiy interesting componsnt s which are unique to each of these syntheses.

3.1 Preparation of Class C30%Ne.

In 1992, Tronchet's group reported the first synthesis of nucleoside analogues of class 21
(Scheme 1).182 Specifically, the featured reaction in their synthesis involved the 1,3-dipolar
cycloaddition of simple nitrones 26a-b with vinyl acetate 27a and imidazole 27b. Subsequent base

it |

condensation of products 28a-d with mlvlnmd thvmmp in the presence of trimethylsilyl triflate results
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proceeded with relatively good regioselectivity, forming C302Ne nucleoside ring structures. A pair of
fran and cis isomers 21a-b were observed. The structurai anaiyses regarding the stabiiities of the
formed isomers are interesting. Tronchet found that the cis isomers are more stabie than the trans.
Since free rotation about the nitrogen atom is expected, these results seem a bit unexpected.
Tronchet and co-worker's were, in fact, able to show the stability of the cis-derived isomers by
calculating the relative stabilities of the ¢is and trans isomers using AM1 Hamiltonian precise mode
calculations. In the case of 21b, an energy difference of 2.6 kcal/mol was calculated in favor of the

cis isomers . Tronchet et. al argue that this barrier sufficiently explains the predominance of the cis

isomer observed in the case of 21b. The replacement of a carbon atom by nitrogen is particularly
interesting in these compounds. Since the nitrogen atom allows for relatively facile inversions (about
mibrammm) mmumalicodmnd bty marbame mboann 18 22l lim Jmbavandimnn ba amm bl adaiimbiiom] Samama b AL i £k o
1itrogen) preciuded Oy caroon atoms, it will 08 interesting to see tne stiucturai impact o1 this 1eatuie
in seeking out biologically active compounds of this class
R X R o | TMsB R o /T o
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LoD, 1=l £L1a, A=UAC £L0D LIN0=LFallS, l 10-Cis
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Scheme 1: Tronchet's 1,3 dipolar cycloaddition approach to isoxazolidines
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by Sindona's group and reported in 1986.7¥ Their synthesis of other non-hydroxylated derivatives oi

Q.

compound 21 takes advantage of direct 1,3-dipolar cycloadditions of nitrones 26b-c with
vinylthymine 27¢ (Scheme 2). Again, good regioselectivity is observed here. This step is then
followed by hydrolysis of 21¢ to afford 21d. Essentially, their effort constitutes a one-pot synthesis of
C302Ne derivatives. Two points are in order here. First, in the case of Sindona’s synthesis, the
glycosidic bond survives acidic hydrolysis of a THP moiety. Sindona and co-workers suggest that
the glycone might be protonated under acidic conditions, thereby enhancing the stability of the

alvcosidic bond. Secondly. compound 21d is water soluble, a fact that mmh! prove useful in future
Yiywwoidiv wviid DUV Y,y WWITTPUUT G fa T W ULV Vi, WL R RA WEFIE T W
drug design. If derivatives of these compounds are to be synthesized, the first point should prove

indispensabie.
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he synthesis of N-hydroxymethyi derivatives of isoxazolidines 21 (R = OH) have not been
reported using the 1,3-dipolar cycloaddition methodologies, perhaps due to the unstabie aminal
structural elements which were pointed out earlier. This point is crucial. Since the tri-
phosphorylation of the hydroxymethyl group is required for incorporation into elongating DNA chains,
the need for a hydroxymethyl mimic is warranted. Tronchet et. al have synthesized compounds
such as 21f, where a hydroxyl group is one carbon atom added from its usual position (Scheme

3).18a Briefly, the synthetic steps utilized here are as follows: base condensation of 28e followed by
dnnrnfnohnn vmldq 21¢.
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Scheme 3: Synthesis of C3O02N€ derivatives with potential tri-phosphorylation sites.

Scheme 4 shows the synthesis of substituted isoxazolidinyl thymine derivatives as explained
above. Elaborated nitrones can be used as starting materials to prepare substituted isoxazolidines
such as 21g-i. The a:f ratio of compounds 21g-i is 2:1 after base condensation with silylated
thymine. Although compounds 21j-l exhibit no antiviral activity, they represent the first attempt to

substitute hydroxy! groups onto the isoxazolidine ring. If antiviral biological activity is to be observed
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. _ebn, s

\r—- 62-73%, c:p=2:1 \‘-—/ it, 24h, 76-86% \l._/

R R R
28f, R=H 21g 21j
28g, R=Me 21h 21k
28h, R=CHp0Ac 21i 211

Scheme 4: Synthesis of substituted C302N€ derivatives.

To conclude, several C30O2Ne derivatives have been synthesized by 1,3-dipolar cycloaddition
methods. Some noteworthy points regarding these derivatives include their stability under mild
acidic and basic conditions. However, the poor levels of stereoselectivity observed upon base
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condensation with 2ig-i may caii for aiternative pathways during future syntheses of ihe abov
compounds.

3.2 Preparation of Class C30°Nd.

In 1995, Zhao and co-workers reported the synthesis of class C30¢Nd (Scheme 5).202 These
compounds, unlike the existing derivatives of 21, contain hydroxymethyl groups which are closely
analogous to those found on ribose. In short, they were the first isoxazolidines whose

hydroxymethyl group was directly analogous to the ribose parent-structure of nucleosides. The
synthetic pathway here involves the key Michael addition of N-methythydroxylamine onto o, 8-

unsaturated ester 29 to form 30. Subsequent DIBAL reduction and acetyl protection gives the
intermediate 31a. Condensation with silylated-thymine in the presence of TMSOTf as a catalyst
afforded the TPS-protected intermediate which was directly converted to the desired product 22a (B
= thymine).
A~ MeNHOH HCI Ro“/s._\ 1) DIBAL RO—\/\OAC 1) TMS-B HO_] /\?
Me" oH Me Me”
29 R = +BuPhySi 30 31a 22a

Scheme 5: A diastereoselective synthesis of the C30° Nd ciass of isoxazoiidines.

It is appropriate to point out that the Lewis acid-promoted coupling (Et2O.BF3 or TMSOTY) of
acetate 31a and TMS-protected nucleoside bases gives rise to the cis compounds 22a primarily.
However, much higher levels of diastereoselectivity is observed when TMSOTT is used as a Lewis
acid. Remarkably, the high levels of stereoselectivity observed here proceed in the absence of
metal chelation. These theoretically intriguing results set the stage for preparation of various
isoxazolidine nucleosides. The isoxazolidine derivatives can be prepared in a) good vield, and
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perhaps more importantly, b) good diastereoselectivity.
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32a, R=Me, R'=Me, E=COOE! 31b 22b 22f, B=thymine
32b, R=Bn, R'=n-CsH11, E=COOE! 31c 22c 229, B=5-F-uracil
32¢, R=Bn, R'=H E=COOEt 31d 22d 22h, B=5-F-uracil
32d, R=Bn, R'=H, E=COPh 31e 22e 22i, B=thymine
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Romeo et. al have used dipolar addition reactions to prepare thymine and fluorouracil
isoxazolidines 22f-i (Scheme 6).21 Nitrones containing electron withdrawing groups, as in 32a-d,
can be utilized in [3+2] cycloadditions with vinyl acetate to give a mixture of diastereomeric products
31. Subsequent base condensation yields isoxazolidines 22b-e. The synthetic sequence is
completed by reduction of 22b-e with sodium borohydride, producing target isoxazolidines 22f-i.

Since ketones can be used as the starting materials for the nitrone preparation, R' can be either



hydrogen or alkyl groups. While this reaction is facile and gives rise to multi-substituted C30°¢Nd,
base condensation here is not very diastereoselective. Unlike compound 31a (Scheme 5), which
produced primarily cis products upon condensation, compounds 31b-e (Scheme 6) gave a mixture
of cis:trans products 22b-e. The regioselectivity of the cycloaddition, however, is quite good.
Following their early success with Michael additions unto unsaturated esters, Zhao and co-
workers embarked upon a diastereoselective and enantioselective synthesis of pure isoxazolidine L-

enantiomers 22i-k (Scheme 7\ 20b  The enantioselectivity of this process stems from the
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yielding 34. Following this protection, a set of synthetic transformations, namely, DIBAL reduction,
TBAF deprotection, acetal formation, acetate protection, and base condensation, results in the
synthesis of intermediate 31f. Notably, the base condensation step (Scheme 7) yields cis products
exclusively and, as observed earlier, the remarkably high levels of stereoselectivity present here
proceeds in the absence of metal chelation. The conversion of 31f to the desired L-compound 22j-k
is effected by hydrolysis, oxidation with NalO4, and reduction with NaBH4. The synthetic utility of
this method is particularly obvious when three points are considered. Regarding the transformation

of intermediate 31f to final product 22k-j, it should be noted that a) the anomeric position is stable
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a variety of Grignard reagents, leading to the production of isoxazolidines which contain alkyl groups
as opposed to hydrogen. The introduction of alkyl groups will result in the formation of a new
stereogenic center which provides an additional opportunity to obtain two possible isomers for the
evaluation of antiviral activity.

1850 TBSQ, 1) DIBAL o l/ 1)TMS-B 8 ~OH
o \‘ 1) MeNHOH O;/O\,} 2) TBAF ACQ_ - —( 2) HzO* \ /
o M, —_—
@ 2) TBSCI \—( 3) Me;_»C(OMe)g ‘g_N H 3)NalO, O—N\
e 4) AcCl N A\ Ai~OILLE Me
TBSO’N\MQ Me “4) INGDMg
33 34 31t 22j, B=thymine

22k, B=cytosine

Scheme 7: Enantioselective synthesis of L-isoxazolidines 22j-k.

With the synthesis of L-isoxazolidines 22j-k complete, D-enantiomers could theoretically be
prepared from the alternative isomer of 33, which would require a long synthetic sequence. Instead,
the readily available unsaturated ester 35 was recruited in the scheme for the purpose of Michael
addition (Scheme 8).20¢ The syn-adduct 36 was produced after metal-catalyzed cyclization with zinc
chloride. The dimethyl dioxolane moiety was presumably responsible for the syn Michael addition of
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same product 36.20c  Formation of a variety of D-isoxazolidines 22I-p from 36 utilizes reactions
which have been described above (Scheme 7).
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N0 com 2GR o hoBAL Y B TN\
5 COk 7Y 5

Q/\/"‘\/; MHoH 7 1 T 24c ~( N—a

—_ 3) TMS- N—0O 7
Me’N 0 ) B Me ,N O Me'

35 36 31g 22|, B=thymine
22m, B=uracil
22n, B=cytosine
220 B=6-Cl-purine
22p, B=adenine

Scheme 8: Enantioselective synthesis of D-isoxazolidines 221-p.

3.3 Preparation of C30°Nd-2H (Isoxazolines).

The racemic isoxazoline compounds 23a-e were successfully prepared by employing a [3+2]
dipolar cycloaddition of N-vinyi-bases with appropriatély protected nitrile oxides (Scheme 9).22a-b
For example, the synthetic sequence begins with the use of N-vinyl-6-chloropurine 27f, which was
readily prepared after minor modifications of the Ts'o procedure. Compound 27f readily undergoes a
regioselective [2+3] cycloaddition with the THPO(CH2)2NO2-derived nitrile oxide to form 38d.

Treatment of 38d with Dowex 50 (H+) in methanol affords the desired product 23d. it should be
nntard that tha nlu~ancidina hand wae arniraricinalu etahlla 11InAdar thie anidin annditinn CAanuarecinn nf 2924
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triphenylphosphine reduction. The hydrolysis of azide reduction intermediate requires its treatment
with aqueous acetic acid at 100 °C and the final product 23e can be obtained in 51% yield.

THPO B B
A~ B PhNCO AN, MeoH HO\ A~/
THPO = Et-N ‘ 7 Lt \(\ 7
? N—O n N—O
37 27¢, B=thymine 38a 23a, B=thymine
27d, B=uracil 38b 23b, B=uracil
27e, B=N1-BOC-cytosine 38c 23c, B=cytosine
271, B=6-chloropurine 38d 23d, B-6—chloropurine

‘Jﬂ b-aoenme

Scheme 9: The 1,3-dipolar cycioaddition approach to racemic isoxazoiines.

These investigations have essentially laid the groundwork for preparation of the corresponding
phosphonate analogues 23f-j (Scheme 10).22b The synthesis of 23f-j commences with NCS
oxidation of oxime 39 in pyridine, yielding 40. The phosphonate moiety survives the steps of oxime
formation and oxidation. Cycloaddition with vinyl bases under heat affords the nucleoside
phosphonates 23f-j. The cycloaddition methods are very convenient for the preparation of
isoxazolines since the nitrile oxide starting materials can be prepared by either the dehydration of
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nitro compounds, or oxidation of oximes. The reglochemtstry of additions is generally controlled.
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cycloaddition methods in the preparation of 23 (ciass C30°N@-;



U S. Pan et al. / Tetrahedron 54 (1998) 65876604
. NC cl? - EtO. CI% B
EiO\‘ E .t S - Eto:PVA V mY' ba ie >P\//\ o~
g0” NN Pyridine  EtO ".N.::O_ Heat B0 \E ;/
39 40 23f, B=thymine

9'&! B=uracil

ey A

23h B=cytosine

EAS TR=Ea it

Scheme 10: Synthesis of isoxazoline nucleoside phosphonates.

A route to the enantioselective syntheses of these isoxazolines 23 has been reported (Scheme
11).22¢ Nucleoside analogues 41, in which the nitrogen atom is substituted with a p-methoxybenzyvi

Dl =N hahiasia = cas T .

group (pMB), were prepared for the development of oxidative methods to selectively remove the

mllbnsd mrmasiim Am Vo Rnitrnmsarn atann WWhhila Avidativua ramairal Af tha ARAR Aranim fram mitramam atame ie
cur\yl HIUUP Vil UHIg l ll|UyUl| [~V 2} YVHING VAIUGLYT ISiivval W uwe pIVII.J yluup HWUH 1 HUTUVUYTH QlULHo W,
for the most part, uncommon, it is well documented that the pMB group can be used as a protecting
group for aicohois and removed by oxidative cieavage with 2,3-dichioro-5,6-dicyano-1,4-

benzoquinone (DDQ). It is found that compounds 41a (B = purine derivatives) reacted with
DDQ/CH2Cl2/H20 in the presence of a catalytic amount of triethylamine to afford products 42a,
which was converted to the desired adenine product. In addition, the cytidine derivative 41b (B =
cytosine) can be similarly obtained. This approach offers the only effective method that can be used
to allow access to a variety of optically active isoxazolines 23, including the corresponding L-
isomers, which are otherwise difficult to obtain. The use of this synthetic scheme for the preparation

of 23kl allows for mfnnhnllv dmnrnnni svnthaseas in which nrn\nnnel\l nronnrnd isoxazolidines can
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be transformed to isoxazolines, circumventing the cycloaddition methods which were described

previously.
l
| B B B
—b—.—» — i B
O, /L ,) CHpCI9/H90 N—O
~ N—O  Et3N (cat)
35 41a 42a 23k, B=adenine
4ib 42b 231, B=cytosine

Scheme 11: Enantioselective synthesis of isoxazolines 23.

4. POLYCYCLIC ISOXAZOLIDINE NUCLEOSIDES

In addition to the above-mentioned syntheses, some recent reports document the preparation
of polycyclic nucleoside derivatives 43-51 (Figures 6-7). Compound 43 is the product of a
hydroxylamine-substituted C402 compound,232 which was prepared by the Mitsunobu reaction.23b

Generally other compounds are anproached by using 13421 poveloaddition methods. 23-25 Tha citog
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anaiogues described above, these poiycyiic anaiogues may resembie TSAO {{2',5'-bis-O-(tert-
butyldimethylsilyl)-3-spiro-5"-(4"-amino- 1*,2"-oxathiole-2",2"-dioxide)]-B-D-pentofuranosyl} analogs
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5226 With the exception of few examples, only thymine-containing derivatives 43-51 have been
prepared.23-25 Since this is the cass, it is not yet clear whether any of these polycyclic compounds
can act as anti-viral agents. Certainly, one should expect to see the synthesis of more polycyclic
derivatives in the future.
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Figure 6: Bicyclic isoxazolidine nucleosides.
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Figure 7: Other selected cyclic nucleosides.

A number of N-O containing nucleosides have been synthesized. Two major methods have
been utilized in these syntheses. Generaliy, these methods are: a) {3+2] dipoiar cycioaddition and b)
Michael addition. Investigations have predominantly focused on the preparation of isoxazolidinyl
and isoxazolinyl nucleosides utilizing a [3+2]-dipolar cycloaddition of various nitrones or nitrile oxides
as a cornerstone reaction. Cycloadditions offer an efficient route for the synthesis of a variety of
nucleoside analogues for the screening of their antiviral activities. The disadvantage of this method
is that the synthetic efficacy in the preparation of isoxazolines and isoxazolidines is hampered by the

poor enantio- or diastereoselectivities observed during cycloaddition.

On the other hand, Michael-addition methods which couple simple hydroxylamines to

i b bad lembmimmn Al Asdava affan P i irdi
unsaturated lactones and esters effect highly stereoselective syntheses of isoxazolidines and even
Y i b ATA o o o FY Sy | T (7 -~

PRI |
[}

isoxazolines. in short, the Michael addition method can be used for the enan
preparation of N-O nucleosides. These preliminary results have indicated that these derivatives are
quite stable under a variety of reaction conditions, including acid hydrolysis, oxidation, and reduction.
It will require some effort to develop other methods which may result in alternative approaches to
facile preparation of new derivatives 21-25.
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5.2 Blological Evaluation.

Since isoxazolidine nucleosides such as 22 can be N-alkyl substituted, it is believed that the
underlying properties of these nucleosides will present the unique opportunity for structural
modification of lead compounds of class C3OcNd. It would be interesting to see what sort of
structural requirements are needed for high affmltv ta viral nolvmerases Althouqh it has not been

=scxazchne denvateves will be prepared for biclogical studies. Alternatively, compounds 22 may also
P N P T N 1 &} A £ 4 4 fnimks £ {H H i 1
provide leads in the discovery of anticancer agents which function in similar ways as some of the

compounds described in this report.

Regarding the class of isoxazoline nucleosides 23, biological tests have revealed moderate
anti-HIV potency for a mixture of D- and L-isomers. It would be interesting to see whether
isoxazoline derivatives can be utilized as potent anti-viral agents in the future. So far, modification of
the bases, and inclusion of both phosphonate and hydroxymethyl derivatives have not proven highly
effective. Strictly speaking, structural modifications at the nitrogen atom in the nucleoside ring of
isoxazolines are ostensibly less numerous than modifications of isoxazolidines. However, the
modifications that have been made so far do not exhaust the possible changes that can be made to

SRRE VT UTTN L 1NIAVT 2V L SANIEaU DL Jaaie

improve the potency of isoxazolines.

Finally, regarding isoxazolidines 24-25 of classes C309N¢ and C30dNe, it is too premature to
make ]ucgmems regarding thé potential use of these derivatives as antiviral agents since
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