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Abstract

Recently, AZT(N-pyridyl)phosphoramidates were reported as a ng& tf potential
anti-HIV therapeutics. In continuation of that wprkhere we present newN<{
heteroaryl)phosphoramidate derivatives of antivia®’-dideoxynucleosides containing other
types ofN-heteroaryl moieties, particularly those with highpophilicity. The present studies
comprise mechanistic investigations usitt§ NMR correlation analysis, which permitted
improvements in the synthetic procedures. The nbthcompounds were tested in biological
systems to establish their cytotoxicity and anti/Hictivity. The results were analyzed with
respect to possible correlations between biologarad physico-chemical properties of the

phosphoramidates studied, to get some insightliv&io antiviral mode of action.

Introduction

2',3'-Dideoxy derivatives of nucleosidesg( AZT, d4T, 3TC) are known to inhibit viral
reverse transciriptases and some of them are usethsévely in treatment of retroviral
infections [1]. Nevertheless, these compounds ardrém being optimal drugs and are still
under thorough investigations aimed to improvertipbiarmacological features. One of the
challenges is to overcome the AZT toxicity ass@datwith accumulation of AZT
monophosphate (AZTMP), which formed in cells rapiflom the parent nucleoside in a
reaction catalyzed by thymidine kinase (TK). In trast, phosphorylation of AZTMP to
AZTDP by thymidylate kinase is slow, leading to atwlation of AZTMP and decreasing
total AZT antiviral efficacy. The third phosphortilan, AZTDP - AZTTP, catalyzed by
unspecific 5'-nucleoside diphosphate kinase, igdragain [2]. Moreover, the large amounts
of the accumulated AZTMP inhibit thymidylate kindsg binding to its ATP site [3], and in



consequence, affect also phosphorylation of tharabTMP, and finally, DNA replication.
The simplest way to by-pass this problem would dmiaistration of proper doses of already
phosphorylated AZT; unfortunately, due to the negatharge of the phosphate residue,
AZTMP it is not able to pass the cell membrane. sTfauso-called ‘pro-nucleotide approach’
was developed, [4] in which the phosphate group tiierapeutic nucleotide analogue was
appropriately protected and in such uncharged fovas, able to surmount the lipid barrier of
a cell. Subsequently, inside the cell, the phosphabtecting groups were cleaved off
yielding the desired AZTMP.

Recently, we developed AZ(N-pyridyl)phosphoramidatesf( Fig. 1) as a new type of
pro-nucleotides, which exhibited high anti-HIV adly and low cytotoxicity on one hand,
and very good chemical stability, resistance toyeratic degradation, and excellent solubility
in water, on the other one [5]. Additionally, prelhary tests showed low acute toxicity of
these species in animal modélsb (Ar = 2-pyridyl): GHS class 5 (LE = 2500 mg/kg, rats,
oral); 7ab (Ar = 4-pyridyl): GHS class 2 (LE = 50 mg/kg, rats, oral) or class 3 (3= 200
mg/kg, rats, iv);7ac (Ar = 3-pyridyl): GHS class 5 (beyond classificatj no lethality at 2000
mg/kg, rats, oral). In the same study, sgsfor AZT was found to be 2500 mg/kg (oral) and
500 mg/kg (iv) [6].

High biological activity indicated that despite itheanionic character, AZT N-
pyridyl)phosphoramidate monoesters were able terehe cell effectively. We rationalized
this by assuming that in aqueous solutions, apan typical ionic forms these compounds
exist — to small but still significant extent — potonated, neutral species (Fig. 1), which
apparently can penetrate the cellular lipid memésan5]. Compatibility of [{-
pyridyl)phosphoramidates with aqueous and hydroghotedia may be also a result of the
dual nature of the pyridine ring, which is botholghilic due to its hydrocarbon fragment, and
hydrophilic due to the presence of the nitrogemato

FIGURE 1

These speculations prompted us to study the impfattte structure, lipophilicity and

basicity of the parent heterocyclic amines on &i\i- activity of the derived nucleoside

phosphoramidates.

Results and discussion
In order to elucidate the topics delineated abavwee series of heteroaryl 5'-
phosphoramidates were prepared: derivatives of @jminolines, aminocyanopyridines, and

aminothiazolines. Among 14 possible isomers of aairnolines and aminoisoquinolines, 8
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were readily commercially available and these wectided in this study. Various positions
of the nitrogen atoms in these isomers lead not tmidifferent spatial arrangement of the
(iso)quinoline groups, but also have a significempact on lipophilicity and basicity of the
designed nucleoside phosphoramidates (Table liegrb-11). Permeability through cell
membranes, which is a key feature of a compoundidered as a prospective drug, usually
correlates linearly with solubility of a substanicenonpolar solvents (Overton's rule), and
may be conveniently expressed as an octanol-watétipn coefficient, logP [7,8]. Most of
amino(iso)quinolines have lo@® in a range of 1.2-1.9, which is roughly an ordér o
magnitude higher than those of the unsubstituted@mgridines (log° = 0.2, 0.3, and 0.5 for
m, p, ando isomer, respectively used in the previous study [5]. Thus, phosphodaneis
containing a quinoline residue may be expected dneprate the cell membranes more
effectively than their pyridyl congeners. NexK s of amined+ are spread over the range
of 4.0-9.6. This should influence the acid-baseildgia of the derived phosphoramidates,
and consequently, the fraction of their neutrabt@mnated forms under physiological pH,
which are expected to surmount the cell membraseethan the ionic forms. Finally, the
aforementioned different spatial arrangement of tbemeric (iso)quinoline groups in
nucleoside phosphoramidates may have additionaéingn their biological activity in view
of the recent findings by Herdewijet al., who observed that some nucleoside 5'-
phosphoramidates can be used as substrates byeMévse transcriptase (without conversion
into the respective triphosphates), and that sirattvariations in the amide part had
fundamental impact on their substrate properties1]o

The two members in the second set of heterocynlio@s included in this study contain
a nitrile group in the pyridine ring (Table 1, eesr 12-13), which decreased significantly
their basicity (estimatedkp 0.5-3 vs. 6.0-6.7 for the respective aminopyrisiné hus,
protonation of the amide residue in the derivedsphoramidatescf. Fig. 1) should be
attenuated, and this may in turn lead to an iner@apopulation of neutral protonated forms,
which are expected to be particularly effectivecmossing the lipid membranes. The third
group, 2-aminothiazoles (Table 1, entries 14-16)swchosen to verify whether
phosphoramidates containing significantly differeeteroaromatic group can be synthesized
under the same conditions and if they retain thetivieal properties of K-

pyridyl)phosphoramidates. It is worth to note thla¢ thiazole motif is present in many

" Experimental values, included in reports generate@hemBioDraw v. 13.



molecules showing biological activity and succelssfintheses of the proposed here model

compounds may be a starting point for developménew bioactive derivatives.

Chemistry

The phosphoramidates of typé were prepared according to modified published
protocols,i.e. by condensation of nucleoside H'phosphonate with an amine followed by
oxidation (method A, Fig. 2) or by phosphorylatioh nucleoside with bis(triazoyl)N-
heteroaryl)phosphoramidates (method B, Fig. 4) f8].reactions were monitored by/P
NMR spectroscopy.

FIGURE 2

In the method A, nucleosidd-phosphonated [12] were condensed with heteroaryl
amines of type2 (1.1 equiv.) using diphenyl chlorophosphate (DPQF: equiv.) as a
condensing agent to yield-phosphonamidate3, which were oxidizedn situ to the final
phosphoramidates (Fig. 2). Since in same cases lower yields ofpfeelucts were obtained,
we inspected more carefully the course of the reastusing®P NMR spectroscopy. In the
standard procedure, the addition of agueous iodingyridine to the solution thén situ
formed mixture of3 + 4, resulted in relatively rapid (ca. 5 min) disappeae of*'P NMR
signal ofH-phosphonamidat8 at ca 7-9 ppm with a simultaneous built-up of tiganal of
the final product7 (0 ca. -3 ppm). Additionally, regeneration of someoamts of H-
phosphonaté was observed for several amir&svhich were more basic than pyridine. Most
likely, this was a result of hydrolysis 8f which in these cases was rapid enough to compete
with relatively sluggish iodination dfl-phosphonamidates. Under the above conditions no
intermediates could be observed in the reactiorturéX However, when iodination of the
mixture of 3 + 4 was carried out under anhydrous conditions, foonabf two groups of
signals in a 1:1 ratio was observed in e NMR spectra: a multiplet at ca. -7 ppm and two
doublets at ca. -24 ppm. The reaction was compiatkin ca. 5 min, as judged from
disappearance of the intermedidtéAlso, a decrease in intensity of the signal att@ ppm,
assigned to diphenyl phospha&ewas observed. Upon addition of an excess of watah
the new signals disappeared simultaneously witkin 5 min, and in the final'P NMR

spectrum only signals afand4 were present.

"Phosphoroiodidate diesters are extremely reactpeeticularly in the presence of pyridine (an effii
nucleophilic catalyst for this reaction) [13,14]nda the failure to detect signals & (or the derived

phosphopyridinium P-Pyspecies [14], not shown in Fig. 2)%® NMR spectra was not surprising.



The most plausible explanation of these resultsrimation of a mixed pyrophosphdie
(two diastereomers), for which the multiplet at ¢appm was assigned to the amidate ester
phosphorus atom [-P(O)(OR)(NHAr)], while the twouthtets at ca. -24 ppm, to the diester
one [-P(O)(OPh). This was confirmed by spiking the reaction mmnetucontaining the
assumed mixed pyrophosph#&esvith a sample of this compound obtained in thetiea of
(N-heteroaryl)phosphoramidate with DPEP.

These results prompted us to carry out the oxidgti@cess in two steps: (i) oxidation
of H-phosphonamidat@ using anhydrous iodine in pyridine to generateopkipsphates,
followed by (ii) its hydrolysis with an excess o&ter. Both steps proceeded with similar rate
and were completed within < 5 min yielding the desiproduc® quantitatively {'P NMR).

The above procedure was used successfully for ymhesis of most AZT N-
heteroaryl)phosphoramidat@ax (70—-80% isolated yields; Table 1). A wide scopetio$
approach was demonstrated by preparation of sexegetsentative derivatives of ddU, d4T,
ABC, and 3TC nucleoside3l{-e, Table 2). Synthesis ¢i-phosphonatetb-e[12] and their
subsequent coupling with aromatic amirZedollowed by oxidation \ide supra) proceeded
nearly quantitatively (P NMR); however, due to similaR's of the products and other
compounds present in the reaction mixtures, inrs¢wases a repeated chromatography was
required to obtain satisfactory purity of the dedir nucleoside N-
heteroaryl)phosphoramidates. This led to 10-15%e@dse in the yields (Table 2, entries 18,
20, 21, 25, 26, 28, & 29). Conversely, phosphorateidcg (d4T — 6AQ); entry 24) was
prepared with an excellent isolated yield of 97%nfeming the effectiveness and high
synthetic potential of the chemistry used.

FIGURE 3
Similarly as it was observed previously for 4ARA8)([5], condensations of AZH-

phosphonatela with more basic amines led to poor results (Tableentries 6 & 10),

presumably due to coincidence of several factohe first was an undesired superfluous
activation of the initially formed-phosphonamidate esteBs(Fig. 3) with an excess of a
condensing agent (diphenyl chlorophosphate, DPR&)resulted in formation of nucleoside

bis(N-heteroaryl)phosphordiamidite® (& ca. 95 ppm). Since such by-products were not

*Attempted isolation of pyrophosphates of typefailed due to their rather high reactivity. In aegte
experiments we found that such pyrophosphatesagacth amines and alcohols with preferential noplelic

attack at the phosphoramidate phosphorus atom.rtuinfately, this regioselectivity was not completa.(75%).
Thus, potential applications of pyrophosphdédsr synthesis of phosphoramidate diesters or phawsjiamidate

monoesters require further studies.



observed for amines withKg < 7, it is plausible that in the presence of muasic amines the
abundance of tervalent tautomers of tygyebecame significant, and their reaction with a
second molecule of DPCP and the amine yielded tiatipe diamides8. Upon their
oxidation, the respective big{heteroaryl)phosphordiamidat@gde ca. -5 ppm) were formed
in amounts up to 20%. Apart from decreasing th&dydé conversion ofl to 7, their presence
hampered the chromatographic purification of thsiréel monoamide products.
FIGURE 4
An additional problem associated with the more dasteroaryl amines was their rapid
reaction with the condensing agen¢sy., DPCP or others, while such side-reaction was
negligible for amines withk, < 7. In consequence, both the consumed amineBB@P had
to be replenished in several portions during tlaetien. This in turn generated large amounts
of HCI, which reduced nucleophilicity of the amingg protonation and led to their massive
precipitation from the reaction mixtures in a foofrhydrochlorides.
TABLE 1
TABLE 2
Thus, for incorporation of amines withKp> 7 into phosphoramidatés an approach
based on P(V) derivatives was developed (method Big. 4). Thus,
tris(triazoyl)phosphoramidati0 [15] was reacted with an amin®) to yield monosubstituted
amides of typell Similarly as the previously described di(tria2py(pyridin-4-
yl)]phosphoramidatd1a[5], also derivatives of 2APW (b), 4A2MQ (11¢), 1AIQ (11i), and
2AQ (11k) precipitated from the reaction mixtures and cob&l readily isolated as pure
products (the last were unstable during storagesandld be prepared directly before use). In
contrast, derivatives of other, less basic hetgtaarines remained in solution and attempts to
use them directly for the next reaction steps gawer results. Thus, the methods A and B
complement each other with a borderline Kf p 7 of the amine used.
To produce phosphoramidatéscontaining the more basic amines, the correspgndin
bistriazolidesl1b, 11i, and11k were dissolved in pyridine (at elevated tempemtu?5 °C, if
necessary) and reacted with the added AZT to yadtdr hydrolysis, productgax (Fig. 4) in

SAZT bis[N-(pyrid-4-yl)]phosphordiamidatéaa appeared to be very stable under neutral and lasiditions.
The half-life time in 0.1 M NaOH was ca. 10 daysd & 10% aqueous pyridine + 10% triethylamine5 aays.
In contrast, in 0.1 M HCI the hydrolysis was veapid (< 3 min). In all instances, monoamidasa was formed
as the final product. Initial experiments revedhigh anti-HIV activity of diamidat®aa (EG;, 30 nM; EG, 400
nM) and lack of cytotoxicity at concentrations up200uM. Further studies on this type of compounds are in

progress in this laboratory.



ca. 50-60% isolated yields. Fafle concomitant formation of bis(AZT) phosphate dest
was observed and the yield of desired prodiagwas low, ca. 20% after chromatographic
purification.

Similarly as we noted previously for AZTN{pyridyl)phosphoramidates [5], during
purification of all synthesized phosphoramidatesypie 7 in a form of triethylammonium
salts, a significant loss of the cation took placel the products were obtained partly or
completely in a form of acids. This is a seriousu&s since non-stoichiometric and variable
amounts of the cation compromise the accuracy ofpta preparation, while under-
stoichiometric counter-ion contents causes solybitiroblems and affects the chemical
stability of phosphoramidates (acid-catalyzed deagian). Thus, to obtain the products with
a 1:1 anion:cation ratio, a new purification prasexdwas developed (see Experimental Part).

The issue of the cation loss during purificatiom isubject of a separate publication [21].

Sability of phosphoramidates 7

The phosphoramidates of typewere examined with respect to their chemical and
enzymatic stability. All of them appeared to beaattduring incubation for 5 days at 37 °C in
RPMI buffer (HPLC &3P NMR analysis). A pilot experiment revealed outdtagly high
stability of phosphoramidat€aa (AZT — 4APy) in 0.1 M HCl| and 0.1 M NaOH (no
hydrolysis of the phosphoramidate group within ysg&'® NMR). For such high chemical
resistance one can expect a very long shelf-lifehisf type of compounds. In RPMI + 10%
fetal bovine serum (FBS) a rather slow decompasitias observed (Fig. 5, Tables 1 & 2),
the half-life time was usually several days; howederivatives of ddU7b) were in general
less stable. Most of phosphoramidates of dAd), ABC (7d), and 3TC {e) appeared to be
completely resistant to degradation by the FBStsmiu In order to compare stability of
compounds withsf, > 7 days, the amount of phosphoramidategich remained after 3 days
of incubation in 10% FBS/RPMI was determined (Taldle 2).

FIGURE 5

The final products of hydrolysis of the compoufdsc in FBS solution were identified
by RP HPLC as the respective nucleosides and arofrtgpe2. Unfortunately, in some cases
a separation of all compounds present in reactiotunes could not be achievedg., for
phosphoramidat&am the formed AZTMP and 2-aminothiazoBm co-migrated and the
analysis of the products was hampered (Fig. 5A}. dJ&weral phosphoramidatesg(, 7bo,
Fig. 5B), however, the peaks for all compounds wee# resolved and their assignment was

confirmed by spiking with original samples. Thioyided a clear-cut evidence for formation
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of the anticipated nucleoside monophosphates, whiatiher surprisingly, remained in a
steady concentration for many days (ca. 15% of AtJall species absorbing at 254 nm),
presumably as a result of similar rate of format@mmd degradation. Provided that an
analogous steady-state type of kinetics is kepivo, such continuous delivery of NMTP's by
gradual decomposition of phosphoramidatesould comply with a pro-nucleotide scenario,
in which phosphoramidates in the cells are firsdrblyzed — at least partly — to
monophosphate esters that serve subsequently stsatab for nucleotidyl kinases.

Peaks which could be assigned to phosphoramidatesteroarylamines (ArNHP4BI,)
that hypothetically may be formed by cleavage & BrO bond in compound§ were not
detected in neither case, indicating that suchvpaytof decomposition is probably of minor,
if any, significance.

It must be stressed that the formula of FBS-coirigimedia is significantly different
from the composition of fluids present inside celisd the above experiments should be

treated just as tentative ones to get some ingighprocesses occurring in living cells.

Biological evaluation

The biological goal for the preparation ®-fieteroaryl)phosphoramidates of type
was their evaluation as anti-HIV agents. As a fisdep, we examined the parent
heteroaromatic amines of tyge which likely are the catabolic products of thedsed
phosphoramidates, and found that these were oflovery low cytotoxicity (Table 1), and
did not show any anti-HIV activity up to concenioat of 10 uM. Thus, their biological
activity was assumed to be negligible. In contrabtAZT (N-heteroaryl)phosphoramidates of
type 7a were found to be potent anti-HIV agents even inomaolar concentrations. B§
values were in the range of 1-20 nM andyE@lues, ca. 10-200 nM (Table 1). Among
them, the most promising compounds {E€ 25 nM) contained isoquinolingdi & 7aj),
cyanopyridine Tal & 7am), and thiazoline amide groupsap, 7ao & 7ap), while those with
quinoline group Tad-7ah) were in general slightly less active (& 30—-220 nM).

All the tested phosphoramidates were practically-toxic for CEM-T4 cells, even at
the highest concentrations, which were limited dnjysolubility of the compounds. Thus, CC
indices could not be determined and the valuelefctvity indices may be only presumed.
Apparently, these are very high, in many casesyligethe level of hundreds of thousands or
more, making AZT -heteroaryl)phosphoramidates of tyfeevaluable candidates for further
development as anti-HIV drugs.



As it was mentioned in the introduction, the wotkimypothesis, which governed the
choice of the heteroaryl groups for phosphoramglabé type 7, was that increased
lipophilicity should facilitate cell membrane perabdity and in consequence, should lead to
superior pharmacological properties. To evaluateectness of these assumptions, water-
octanol partition coefficients of the compoundsdgtd were determined (micro shake-flask
partitioning approach [22]). Initial experimentsvealed that octanol-water partition of
phosphoramidates of typewas dependent on pH to a small extent oaly, logP7aq = -1.45
at pH 4; -1.72 at pH 7.4; -1.40 at pH 11. Thusyas assumed that Id®)~ log D and further
measurements were done at the physiological ptemyl The values of |lo§ determined are
included in Tables 1 and 2, and deserve some cotsm@nThe influence of lipophilicity of
the nucleoside residues on the total lipophiliofyphosphoramidates appeared to be rather
limited. Some trend of lower log's for derivatives of hydrophilic ddU [loByqu = -0.96 (lit. -
1.0 [23]), logP7ux = -1.7 — -2.4], d4T [lodPasr = -0.79 (lit. -0.6 [24,25]), loP7x = -2.0 — -
3.4], and 3TC [lodPs7c = -0.94 (lit. -0.93 [26]) , lodP-e0 = -2.3] than those for AZT [which is
equally lipo- and hydrophilic; lo&azr = 0.06 (lit. -0.01 — 0.1 [27-29]), |087ax = -0.7 — -2.1]
could be noted. However, similarly low Idgs were found for phosphoramidates of much
more lipophilic ABC [logPagc = 1.16 (lit. 0.85 [26]), lodP7ex = -1.6 — -1.9]. (ii) There is no
apparent relationship between lipophilicity of tHeee heteroarylamines and AZT
phosphoramidategax containing them (Table 1). (iii) There are largecdepancies between
experimental and calculated log values for compound¥a (Table 1). These three
observations indicate that the common additive odshfor predicting log? values is not
applicable for phosphoramidates of typepossibly due to acid-base equilibria, electronic
effects, and functional group interactions (intca-intermolecular) etc., which apparently
control the overall lipophilicity for this class obmpounds.

Thus, it was not surprising to see lack of correfatbetween lipophilicities and
antiviral potency of compounds (Table 1 and 2, Fig. 6). For example, in the AZT¥ies
(7ax), similarly very low EC values were found for theast hydrophilic7ai (log P = -0.7,
ECso = 2.0 nM) and the most hydrophilf@an and7ao (log P = -2.1, EGp = 2.1 nM), while
the least antiviral effectivéah (EGso = 20 nM) has an intermediate |8gvalue of -1.5.

We also did not observe any correlation betweentiw activity of amides7 and
their stability in RPMI-FBS or basicity of the pateamines2 (which should govern the
isoelectric point of amideg, and consequently, their cell membrane permegphalitgiven

pH).



Most likely, these results reflect a complex natofenti-HIV mode of action of the
compounds studied, including involvement in acidébaequilibria, the aforementioned
different cell membrane permeability, stability iohes the cells, and enzyme substrate
properties.

FIGURE 6

In a next set of experiments, phosphoramid@tes bearing other dideoxynucleoside
residues (ddU, d4T, ABC, and 3TC) were tested &sHHN agents (Table 2). d4T and ABC
nucleosides are significantly less active than AZand this was true for their
phosphoramidategc and7d in comparison t@a. Also, similarly to the AZT series, the best
phosphoramidates iic and 7d series were at a similar level of anti-HIV actyias their
parent nucleosides, while 3TC phosphoramid@eg(was ca. 2 orders of magnitude less
active than 3TC. Nevertheless, all the studied phosamidates of typ&c—e showed very
low toxicity for cells, and this makes them promgsicompounds for further evaluation as
antiviral agents.

Phosphoramidates in th&b series are a special case, since their pareneosidk,
dideoxyuridine (ddU), is biologically inert since mot phosphorylated by kinases to ddUMP.
Moreover, even when ddU was delivered to the cella form of masked mono- and
diphosphates, these were poorly phosphorylateddidT& (which is a potent HIV RT
inhibitor) [30]. Previously, we reported on inhibit of HIV by ddU [N-(pyridin-4-
yl)]phosphoramidate (Efg 0.2 uM) but not by analogous 2- and 3-aminopyridine \¢iives
[5]. In this work, among the studied compoundsypkt7b, a moderate activity (Bg4.2uM)
was found for N-(quinolin-3-yl)]phosphoramidatébd only.” Degradation of all derivatives
of type7b in the FBS medium proceeded in similar rates (& &)ltoward ddWia ddUMP (a
clear-cut formation of ddUMP was observed by HPE&CFig. 5B). It was rather unlikely that
in an anti-HIV assay the formation of ddUMP wasngfigantly more effective foi7bd than
for 7bg, 7bl, or 7bo. To explain the observed activity of some ddU mpihasamidates and
differences within this group, one may invoke re¢aesults by Herdevijn et al., who observed
that some nucleoside 3{amino acid)phosphoramidates could mimic dNTPisudleic acid
biosynthesis catalyzed by HIV RT and other polyrsesa and that propensity of a
phosphoramidate to be a substrate in such readépanded on the structure of AA residue

[9-11]. Provided that similar mode of action apglier (N-heteroaryl)phosphoramidates of

" ECs values of 0.2 [5] and 4.2M are still much better than these of 5€ 15 and 26uM, found as the best
results for classical pro-nucleotides of ddUMP [@hfl ddUDP [30], respectively.
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type 7, 3-aminoquinoline derivativébd itself could serve as substrate for incorporatian
DNA by HIV RT compromising further chain growth, iéthe other amides of typeb,
would be worse substrates.

This hypothesis may explain as well why some exopptly stable phosphoramidates
of type 7 (e.g. 7cd, 7dl, 7eg are able to inhibit proliferation of HIV despiteeir complete
resistance to degradation by FBS, which may suggestry low level of the respective
nucleosides or NMP's produced inside the cellss&lsssumptions still require experimental

verification.

Conclusions

In the chemical part of this contribution a numbef new nucleoside N-
heteroaryl)phosphoramidates were prepared in goettsy Mechanistic investigations
revealed thatin situ oxidation of nucleosidéH-phosphonamidates involved formation of
mixed pyrophosphoramidates as intermediates. Timgingy led to development of an
improved synthetic protocol, in which oxidation angdrolysis were carried out as one-pot
two-stage process. Additionally, side products fedmin reactions in which highly basic
amines were wused, were identified as so far unknowncleoside di-
heteroaryl)phosphorodiamidates, which are potdntizluable as a new type of antiviral
agents.

The obtained compounds were not harmful for CEMeBls, while were able to
suppress HIV-1 proliferation in nanomolar (AZT detives) or micromolar (ddU, d4T,
ABC, and 3TC derivatives) concentrations.

There are no clear-cut evidences how 2'3-didegsiposide -
heteroaryl)phosphoramidates of ty@eare incorporated into DNA. In a pro-nucleoside
scenario, they are dephosphorylated in the ceits.can be considered as a kind of storage for
gradual delivery of antiviral nucleoside analogudewever, some results (anti-HIV activity
of ddU derivatives) suggest more desirable proguntadde mode of action.e. cleavage of the
P-N bond with formation of phosphorylated nucleesid and by-passing the first
phosphorylation stage. Alternatively, phosphorateisar may be recruited as direct
substrates for HIV reverse transcriptase. Anti-Histivity of several amides that are fully
resistant to degradation by FBS may point to teert@echanism.

It is intriguing that irrespective of significantlgifferent type of the heteroaromatic

residues, which resulted in variations in enzymatability, lipophilicity, and (presumably)
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ionic equilibria, all AZT derivatives studied shadveather similar level of antiviral activity
(EGso= 1-20 nM; EGo~ 10-200 nM).

Concluding, efficient synthesis, stability, solutyil high anti-HIV activity, and very
low toxicity found for the phosphoramidates studiedalling for further studies on this class

of compounds as potential antiviral drugs.

AcknowledgmentsFinancial support form the National Science Cewfréoland, Projects
No. 2011/01/B/ST5/06414 & 2011/03/B/ST5/03102,rsagly acknowledged.

Experimental

Material and methods

'H, B, and®*P NMR spectra were recorded on Varian Unity BB VOO 3VIHz or Bruker
Avance Il 400 MHz machines. Mass spectra were deEmbwith the ESI technique with
negative ionization with accuracy below 5 ppm. Amoaf water in anhydrous solvents was
controlled using Karl Fischer coulometric titratidMetronm 684 KF coulometer). The
progress of reactions was monitored® NMR spectroscopy-P NMR data are collected in
Table 3. HPLC analyses were performed on a Nudl&66+-5C18 column (5.am, 4.6 mm X
250 mm) using Shimadzu Prominence UFLC and WateegZ HPLC systems and -0
50%/ 30 min gradient of A+B solvent systems (A,10M) aqueous triethylammonium acetate;
B, A + acetonitrile, 1 : 4, v/v) at 36 °C, flow eal.0 mL/min. Biological experiments were

carried out as described previously [5].

2',3'-DideoxynucleosideH-phosphonates la-e

AZT H-phosphonatda was obtained as described previously [32JPhosphonates of ddU
(1b), d4T @c), ABC (1d), and 3TC 1€ were prepared by a slightly modified diphehiA
phosphonate procedure [12]. A nucleoside (1 mmal vendered anhydrous by evaporation
with dry pyridine and dissolved in 5 mL of the saswvent. To this solution diphenis-
phosphonate (3 equiv.) was added while stirring Bfdfor 0.5 hour. The reaction was
guenched by addition of water (1 mL) and triethyilaen(TEA, 1 mL) and the solution
concentrated to a viscous oil. The residue wasohlied in minimal amount of water and
without work-up applied to silica-gel chromatograpbolumn, eluted subsequently with-0
30% (v/v) MeOH gradient in 99:1 ethyl acetate — THAactions containing pure product

were combined, evaporated and lyophilized from bagrz
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3'-Azido-3'-dideoxythymidin-5'-yl H-phosphonate, TEAH salt (AZT H-phosphonate,
1a) and2',3'-dideoxyuridin-5'-yl H-phosphonate, TEAH salt (ddU H-phosphonate 1b)
Analytical data were in agreement with the literat[82].
2',3'-Didehydro-3'-deoxythymidin-5'-yl  H-phosphonate, TEAH salt (d4T H-
phosphonate; 1c) Yield 72%. RP HPLQR; 12.78 min.*H NMR (400 MHz)&y (D-O) 1.21
(9H, t,J = 7.3 Hz), 1.89 (3H, d] = 1.0 Hz), 3.21 (6H, g] = 7.3 Hz), 4.07 (2H, m), 5.09 (1H,
s), 5.98 (1H, m), 6.49 (1H, m), 6.69 (1H,Jd 637.4 Hz), 6.95 (1H, m), 7.60 (1H, 3= 1.2
Hz). *C NMR (100 MHz)d. (D20) 7.7, 11, 46.2, 63.4 (dpc = 4.5 Hz), 85.4 (dJpc = 7.5
Hz), 89.5, 110.7, 124.9, 133.8, 137.7, 151.7, 166I{RMS m/z 287.1864, calcd. for
Ci10H12N206P 287.0438.
(1S,cis)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methyl  H-
phosphonate, TEAH salt (ABC H-phosphonate; 1d) Yield 47%. RP HPLGR; 17.67 min.
'H NMR (400 MHz)8y (D-0) 0.49 (2H, m), 0.76 (2H, m), 1.17 (9HJt= 7.3 Hz), 1.42 (1H,
m), 2.66 (2H, m), 3.06 (6H, ¢,=7.3 Hz), 3.76 (2H, m), 5.22 (1H,&,= 6.2 Hz), 5.77 (1H,
m), 6.10 (1H, m), 6.61 (1H, d,= 630.8 Hz), 7.63 (1H, s)°C NMR (100 MHz)5. (D-O) 6.2,
7.6, 22.8, 33.8, 45.1 (dpc = 7.0 Hz), 46, 58.6, 65.4 (dpc = 4.6 Hz), 112.6, 128.9, 136.4,
137.4, 155.1, 159. HRM®&Vz 349.1162, calcd. for {gH1sNsOsP 349.1183.
a-L-2',3-Dideoxy-3'-thiacytadin-5'-yl ~ H-phosphonate, TEAH salt (3TC H-
phosphonate; 1e) Yield 93%. RP HPLQR; 12.03 min.*H NMR (400 MHz)&y (D,O) 1.30
(9H, t,J = 7.3 Hz), 3.21 (6H, q) = 7.3 Hz), 3.26 (1H, m), 3.58 (1H, dii= 12.3 Hz), 4.18
(1H, m), 4.31 (1H, m), 5.47 (1H,d,= 7.2 Hz), 6.09 (1H, d] = 7.6 Hz), 6.36 (1H, 1) = 9.9
Hz), 8.06 (1H, dJ = 7.6 Hz), 6.82 (1H, d] = 642.4 Hz)!*C NMR (100 MHz). (D;0) 7.7,
36.2, 46.2, 63.6 (dlpc = 4.2 Hz), 83.9 (dJpc = 7.2 HZ), 86.9, 95.4, 141.5, 156, 165.2. HRMS
m/z 292.0085, calcd. for §8111N30sPS 292.0162.

2',3'-Dideoxynucleoside N-heteroaryl)phosphoramidates 7

Method A

All phosphoramidates containing amines &, 7 were prepared fromd-phosphonates of
typel by a slightly modified literature methods [5,2MucleosideH-phosphonaté (1 mmol)
and heteroaryl amin&d, 2f-, or 2j—p (1.1 mmol) were rendered anhydrous by the
evaporation of the added pyridine (3 x 10 mL) ahdnt dissolved in 10 mL of DCM
containing 10% (v/v) of pyridine. To this, DPCP 7{Immol) was added, and the reaction
mixture was left for 5 min yieldingl-phosphonamidate3 (for *'P NMR data, see Table 1).

Without isolation of these intermediates, a solutid iodine (2 mmol) in pyridine (1 mL) was
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added, the reaction mixture was left for 5 min @men, a solution of water (50 mmol) in
pyridine (1 mL) was added. After another 5 min, éxeess of iodine was decomposed with
the added ethanethiol, and the mixture was coratextrto an oil under reduced pressure.
Crude phosphoramidaiwas dissolved in a minimum amount of MeOH, appt®a silica-
gel column, and eluted with 0-20% gradient of MefdHethyl acetate containing 5% TEA.
Fractions containing the pure product were pooledl @/aporated to dryness under reduced
pressure. The residue was dissolved in a minimaluamnof water containing ca. 2 equiv. (in
respect to phosphoramidate) of TEA and lyophiliz&lich final procedure secured a
stoichiometric amount of the TEAHation (1 equiv.) [21], which was confirmed ty NMR
spectroscopy.

3'-Azido-3'-deoxythymidin-5"-yl [ N-(quinolin-3-yl)Jphosphoramidate, TEAH" salt (7ad)
Yield 78%. RP HPLQR; 20.32 min.*H NMR (400 MHz)8 (D;0) 1.21 (9H, tJ = 7.3 Hz),
1.45 (3H, s), 2.27 (2H, m), 3.10 (6H,Xx 7.3 Hz), 3.99 (1H, m), 4.08 (1H, m), 4.18 (2H, m
6.01 (1H, tJ = 5.6 Hz), 6.89 (1H, m), 7.45 (2H, m), 7.56 (1H, M69 (1H, d,J = 2.6 Hz),
7.75 (1H, dJ = 8.3 Hz), 8.50 (1H, dJ = 2.6 Hz).}*C NMR (100 MHz)3. (D-0) 7.7, 11.1,
35.3, 46, 59.2, 64.5 (dpc = 4.7 Hz), 81.9 (dJpc = 9.6 Hz), 84, 110.5, 119.2 (dc = 3.5
Hz), 125.9, 126.4, 126.6, 126.8, 127.8, 135.3,9,3540.9, 143.1 (dJpc = 10.5 Hz), 151.5,
166.2. HRMSWz 472.1258, calcd. for {gH19N;OgP 472.1140.
3'-Azido-3'-deoxythymidin-5"-yl [ N-(quinolin-5-yl)]Jphosphoramidate, TEAH" salt (7af)
Yield 77%. RP HPLQR; 19.26 min.*H NMR (400 MHz)8 (D;0) 1.15 (9H, tJ = 7.3 Hz),
1.51 (3H, s), 2.18 (2H, m), 3.01 (6H,X5 7.3 Hz), 3.96 (2H, m), 4.03 (1H, m), 4.15 (1H, m
5.97 (1H, tJ = 6.6 Hz), 7.22 (1H, s), 7.31 (1H, m), 7.38 (1H, /43 (2H, m), 8.44 (1H, d

= 8.4 Hz), 8.63 (1H, m)}*C NMR (100 MHz)s. (D,0) 7.7, 10.8, 35.3, 46.1, 59.8, 64.2 (d,
Jpc = 4.9 Hz), 82.4 (dJpc = 9 Hz), 84.6, 110.4, 113.6 (Gsc = 2 Hz), 119.7, 119.9, 120,
129.5, 130.8, 136.6, 137.2, 146.7, 149.3, 150.%.6l6HRMS m/z 472.1172, calcd. for
Ci9H10N7O6P 472.1140.

3'-Azido-3'-deoxythymidin-5"-yl [ N-(quinolin-6-yl)Jphosphoramidate, TEAH" salt (7ag)
Yield 73%. RP HPLQR; 19.14 min.*H NMR (400 MHz)8 (D;0) 1.14 (9H, tJ = 7.3 Hz),
1.51 (3H, s), 2.18 (2H, m), 3.01 (6H,HF= 7.32), 3.94 (2H, m), 4.06 (1H, m), 4.13 (1H, m),
5.98 (1H, tJ = 6.5 Hz), 7.07 (1H, m), 7.23 (1H, dii= 4.4, 8.4 Hz), 7.26 (1H, d,= 2.3 Hz),
7.40 (1H, ddJ = 2.4, 9.1 Hz), 7.70 (1H, d,= 9.1 Hz), 7.87 (1H, dJ = 8.2 Hz), 8.43 (1H,
m).*C NMR (100 MHz)5. (D,0) 7.7, 10.9, 35.2, 46.2, 59.5, 64 {gc = 5 Hz), 82.3 (dJpc

= 9.9 Hz), 84.6, 110.3, 110.5, 121.2, 123.7)d,= 9.9 Hz), 126.4, 128, 128.6, 136.5, 136.7,
140.3, 145.7, 150.5, 164.9. HRM®z 472.1131, calcd. for {gH19N7OsP 472.1140.
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3'-Azido-3'-deoxythymidin-5'-yl [ N-(quinolin-8-yl)Jphosphoramidate, TEAH" salt (7ah)
Yield 69%. RP HPLQR 22.35 min.*H NMR (400 MHz)8y (D-0) 1.28 (6H, tJ = 7.3 Hz),
1.46 (3H, s), 2.37 (2H, m), 3.20 (6H, % 7.3 Hz), 4.06 (1H, m), 4.16 (2H, m), 4.31 (1H, m
6.03 (1H, tJ = 6.5 Hz), 7.24 (1H, s), 7.37 (1H, m), 7.41 (28, m53 (1H, ddJ = 4.3, 8.2
Hz), 8.26 (1H, m), 8.76 (1H, m}*C NMR (100 MHz)3. (D-0) 7.7, 10.7, 35.2, 46.2, 59.7,
64.5 (d,Jpc = 5 Hz), 82.5 (dJpc = 8.9 Hz), 84.6, 110.3, 110.5, 110.6, 121.2, 128, Dpc =
9.8 Hz), 126.4, 128, 128.6, 136.5, 136.7, 140.3,2,4150.5. HRMSz 472.1138, calcd. for
Ci1gH19N7O6P 472.1140.

3'-Azido-3'-deoxythymidin-5'-yl [N-(isoquinolin-5-yl)Jphosphoramidate, TEAH' salt
(7aj). Yield 69%. RP HPLGR; 20.07 min*H NMR (400 MHz)8y (D,O) 1.26 (6H, tJ=7.3
Hz), 1.45 (3H, s), 2.34 (2H, m), 3.17 (6H,J= 7.3 Hz), 4.03 (1H, m), 4.12 (2H, m), 4.27
(1H, m), 6.00 (1H, tJ = 6.5 Hz), 7.23 (1H, s), 7.44 (2H, m), 7.73 (1H, mP2 (1H, dJ =
6.2 Hz), 8.35 (1H, dJ = 6.2 Hz), 9.04 (1H, sf3*C NMR (100 MHz)5. (D20) 7.7, 10.7, 35.1,
46.1, 59.8, 64.4 (dlpc = 4.7 Hz), 82.4 (dJpc = 9 Hz), 84.6, 110.4, 114.7, 117.4, 120, 127.3,
128. 128.3, 136, 136.6, 139.7, 150.6, 151.3, 16HIRMS m/z 472.1040, calcd. for
Ci1gH19N7O6P 472.1140.

3'-Azido-3'-deoxythymidin-5'-yl [ N-(5-cyanopyridin-2-yl)]Jphosphoramidate, TEAH" salt
(7al). Yield 74%. RP HPLGR: 18.84 min'H NMR (400 MHz)3y (D-O) 1.29 (9H, tJ = 7.3
Hz), 1.85 (3H, dJ = 1 Hz), 2.51 (2H, m), 3.21 (6H, 4,= 7.3 Hz), 4.07 (1H, m), 4.12 (1H,
m), 4.18 (1H, m), 4.40 (1H, m), 6.13 (1HJt 6.5 Hz), 7.06 (1H, d = 8.8 Hz), 7.50 (1H, d,
J=1.2 Hz), 7.85 (1H, dd] = 2.3, 8.9 Hz), 8.41 (1H, d=2.1 Hz)."*C NMR (100 MHz)5,
(D20) 7.7, 11.1, 35.4, 46.2, 59.6 (Ghc = 5 Hz), 64.4 (dJpc = 9.3 Hz), 82.3, 84.8, 99.2,
110.7, 117.8, 128, 137.2, 140.4, 150.9, 151.7, 11%d, Joc = 5.Hz), 165.7. HRMSw/z
447.0983, calcd. for gH16NsOsP 447.0935.

3'-Azido-3'-deoxythymidin-5'-yl [ N-(6-cyanopyridin-3-yl)]Jphosphoramidate, TEAH" salt
(7am). Yield 76%. RP HPLGR 18.59 min‘H NMR (400 MHz)84 (D»0) 1.30 (9H, tJ = 7.3
Hz), 1.84 (3H, s), 2.51 (2H, m), 3.22 (6H,X5 7.3 Hz), 4.03 (1H, m), 4.14 (2H, m), 4.36
(1H, m), 6.12 (1H, t) = 6.5 Hz), 7.39 (1H, s), 7.48 (1H, db= 2.6, 8.6 Hz), 7.67 (1H, d,=
6.5 Hz), 8.27 (1H, d] = 2.5 Hz).**C NMR (100 MHz). (D-0) 8.2, 11.8, 35.8, 46.6, 64.8 (d,
Jpc = 4.8 Hz), 82.4 (dJpc = 9.3 Hz), 85.31, 111.2, 117.8, 121.3, 123.4)d,= 5.6 Hz),
129.7, 137.3, 139.9 (dpc = 8.6 Hz), 143.1, 152.9, 168.2. HRMS&z 447.0845, calcd. for
Ci6H16NgOsP 447.0935.

3'-Azido-3'-deoxythymidin-5'-yl [N-(thiazol-2-yl)Jphosphoramidate, TEAH" salt (7an)
Yield 72%. RP HPLQR; 17.46 min.*H NMR (400 MHz)3 (D;0) 1.28 (9H, tJ = 7.3 Hz),
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1.88 (3H, dJ = 0.8 Hz), 2.49 (2H, m), 3.20 (6H, &= 7.3 Hz), 4.06 (1H, m), 4.13 (2H, m),
4.40 (1H, qJ = 4.8 Hz), 6.18 (1H, t) = 6.5 Hz), 6.84 (1H, d] = 3.8 Hz), 7.16 (1H, d, J = 3.8
Hz), 7.63 (1H, dJ = 1.1 Hz)."*C NMR (100 MHz) 8.2, 10.8, 11.7, 36.1, 46.6, 6@4.5 (d,
Jpc = 4.8 Hz), 82.9 (dJpc = 9.1 Hz), 84.9, 111.2, 125.4, 133.5, 137.3, 15163.9 (dJpc =
4.8 Hz), 166.1. HRM®vz 428.0424, calcd. for fgH1sN7O0sPS 428.0547.
3'-Azido-3'-deoxythymidin-5'-yl [ N-(4-methylthiazol-2-yl)]phosphoramidate, TEAH'
salt (7a0) Yield 75%. RP HPLGR 18.96 minH NMR (400 MHz)sy (D20) 1.27 (9H, tJ =
7.3 Hz), 1.86 (3H, s), 2.23 (3H, s), 2.47 (H, mL&(6H, q,J = 7.3 Hz), 4.04 (1H, m), 4.11
(H, m), 4.40 (1H, m), 6.14 (1H, 3,= 6.6 Hz), 6.77 (1H, d) = 1.1 Hz), 7.60 (1H, d) = 1.1
Hz). *C NMR (100 MHz) 8.2, 11.6, 36.1, 46.6, 60.3, 6415J6c = 4.9 Hz), 82.8 (dJpc = 9
Hz), 85, 111.2, 111.4, 136.9, 137.3, 151.4, 168,08 € 5.1 Hz), 166.3. HRM&Vz442.0618,
calcd. for G4H17N;O6PS 442.0704.

3'-Azido-3'-deoxythymidin-5'-yl [ N-(benzo[]thiazol-2-yl)]Jphosphoramidate, TEAH" salt
(7ap). Yield 69%. RP HPLGR; 21.78 min*H NMR (400 MHz)5y (D-O) 1.27 (9H, tJ = 7.3
Hz), 1.75 (3H, s), 2.40 (2H, m), 3.17 (6H,J= 7.3 Hz), 4.07 (2H, m), 4.17 (1H, m), 4.36
(1H, m), 6.02 (1H, tJ = 6.5 Hz), 7.17 (1H, tJ = 7.6 Hz), 7.32 (1H, = 7.7 Hz), 7.38 (1H,
s), 7.49 (1H, dJ = 8.1 Hz), 7.64 (1H, d] = 7.9 Hz).}*C NMR (100 MHz)s. (D;0) 7.7, 11.1,
35.5, 46.2, 59.3, 64.4 (dpc = 4.9 Hz), 82.1 (dJrc = 8.4 Hz), 84.4, 110.6, 118.1, 120.7,
122.7, 125.8, 130.3, 136.7, 148.5, 150.7, 164.B.46HRMS n/z 478.0542, calcd. for
C17H17/N7O6PS 478.0704.

2',3'-Dideoxyuridin-5'-yl [ N-(quinolin-3-yl)Jphosphoramidate, TEAH" salt (7bd). Two
chromatographic purifications were required. YiéB2. RP HPLCR; 17.81 min.*H NMR
(400 MHz)8y (DO) 1.19 (9H, tJ = 7.3 Hz), 1.72 (2H, m), 1.98 (1H, m), 2.24 (1H, B.09
(6H, q,J = 7.3 Hz), 3.84 (1H, m), 4.09 (1H, m), 4.26 (1H, ®.06 (1H, d, J = 8.0 Hz), 5.83
(1H, dd,J = 3.3, 7.3 Hz), 7.07 (1H, d,= 8.1 Hz), 7.42 (2H, m), 7.56 (1H, m), 7.71 (2H, m
8.50 (1H, dJ = 2.6 Hz).}*C NMR (100 MHz)3. (D,0) 7.7, 22.7, 24.4, 30.3, 46, 66 (gc =
5.1 Hz), 79.4 Jpc = 9.5 Hz), 85.2, 100.9, 119.2-¢ = 4.1 Hz).126, 126.2, 126.7, 126.9, 128,
135.6, 140.4 Jpc = 10.4 Hz), 142.7 ¥%c = 10.8 Hz), 150.2, 164.6. HRM®Vz 417.0958,
calcd. for GgH1gN4OgP 417.0969.

2',3'-Dideoxyuridin-5'-yl [ N-(quinolin-6-yl)Jphosphoramidate, TEAH" salt (7bg) Two
chromatographic purifications were required. Yi6@P. RP HPLCR; 16.70 min.*H NMR
(400 MHz)8y (DO) 1.27 (9H, tJ = 7.3 Hz), 1.80 (1H, m), 1.95 (1H, m), 2.09 (1H, )36
(1H, m), 3.19 (6H, gJ = 7.3 Hz), 3.91 (1H, m), 4.14 (1H, m), 4.37 (1H, BYI1 (1H, m),
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5.12 (1H, dJ = 8.0 Hz), 5.96 (1H, dd] = 3.3, 7.4 Hz), 7.23 (1H, d,= 8.0 Hz), 7.38 (1H, d,
J=2.5Hz), 7.48 (2H, m), 7.82 (1H, 3= 9.1 Hz), 8.18 (1H, d] = 8.2 Hz), 8.57 (1H, d] =
3.0 Hz).»*C NMR (100 MHz)d. (D;0) 7.7, 24.5, 30.1, 46.1, 66.1 (thc = 5.2 Hz), 79.6 (d,
Jpc = 9.8 Hz), 85.6, 100.8, 110.4 (& = 4.9 Hz), 121.1, 123.7 (dpc = 9.7 Hz), 126.2,
128.8, 136.7, 139.9, 140.5, 140.9, 145.4, 150.%.8%6 HRMSm/z 417.0636, calcd. for
Ci18H18N4O6P 417.0969.

2',3'-Dideoxyuridin-5'-yl [ N-(5-cyanopyridin-2-yl)Jphosphoramidate, TEAH" salt (7bl).
Yield 67%. RP HPLQR; 15.78 min.*H NMR (400 MHz)8 (D;0) 1.30 (9H, tJ = 7.3 Hz),
1.92 (1H, m), 2.12 (2H, m), 2.45 (1H, m), 3.22 (@HJ = 7.33Hz), 3.96 (1H, m), 4.16 (1H,
m), 4.35 (1H, m), 5.68 (1H, d,= 8.1 Hz), 6.04 (1H, dd] = 3.2, 7.3 Hz), 7.09 (1H, d,= 8.8
Hz), 7.70 (1H, d,J = 8.1 Hz), 7.87 (1H, dd] = 2.3, 8.9 Hz), 8.43 (1H, d, = 2.0 Hz)."*C
NMR (100 MHz)d. (D,0) 7.7, 24.4, 30.2, 46.2, 65.9 (- = 5.2 Hz), 79.7 (dJpc = 9.2 Hz),
85.9, 99.2, 101.1, 110.5, 117.8, 140.6, 141.7, 45051.8, 157.1, 165.5. HRM&vz
392.0699, calcd. for fgH15NsOsP 392.0765.

2',3'-Dideoxyuridin-5'-yl [ N-(4-methylthiazol-2-yl)]Jphosphoramidate, TEAH" salt (7bo)
Two chromatographic purifications were requiredel¥i53%. RP HPLQR; 15.90 min.'H
NMR (400 MHz)éy (D2O) 1.27 (9H, tJ = 7.3 Hz), 1.94 (1H, m), 2.08 (2H, m), 2.25 (3H, d
J =1 Hz), 2.42 (1H, m), 3.18 (6H, d,= 7.3 Hz), 3.95 (1H, m), 4.13 (1H, m), 4.33 (1H, m
5.71 (1H, dJ = 8.1 Hz), 6.04 (1H, ddl = 3.3, 7.1 Hz), 6.80 (1H, d,= 1 Hz), 7.80 (1H, dJ

= 8.1 Hz).»*C NMR (100 MHz)s. (D20) 7.7, 10.3, 24.3, 30.5, 46.1, 65.5 Jgc = 5.3 Hz),
79.8 (d,Jpc = 9.1 Hz), 85.9 (dJpc = 12.9 Hz), 101.1, 125, 132, 141.6, 151, 163.94el= 4.9
Hz), 165.7. HRMSwz 387.0485, calcd. for fgH16N4OsPS 387.0533.
2',3'-Didehydro-3'-deoxythymidin-5'-yl [ N-(quinolin-3-yl)Jphosphoramidate, TEAH"
salt (7cd) Yield 67%. RP HPLGR 16.46 min*H NMR (400 MHz)5y (D,0) 1.25 (9H, tJ =
7.3 Hz), 1.39 (3H, s), 3.16 (6H, §= 7.3 Hz), 3.77 (1H, m), 4.19 (1H, d= 11.1 Hz), 5.16
(1H, d,J = 7.7 Hz), 5.71 (1H, d] = 5.8 Hz), 6.37 (1H, d] = 6.1 Hz), 6.77 (1H, m), 7.55 (2H,
m), 7.66 (1H, m), 7.68 (1H, m), 7.79 (1H,Xs 8.3 Hz), 8.46 (1H, d] = 2.6 Hz).**C NMR
(100 MHz)é, (D20O) 7.7, 10.5, 46.1, 66.2 (Gsc = 5 Hz), 85 (dJpc = 11.1 Hz), 89.3, 110, 119
(Jpc = 3.3 Hz), 125.2, 126, 126.2, 126.9, 127, 12732.6, 135.2, 136, 140.4, 142.5 (dc =
11.2 Hz), 150.7, 164.3. HRM®/z 429.0933, calcd. for gH1sN4OsP 429.0969.
2',3'-Didehydro-3'-deoxythymidin-5'-yl [ N-(quinolin-6-yl)Jphosphoramidate, TEAH"
salt (7cg) RP HPLCR; 15.78 min. Yield 97%H NMR (400 MHz)8y (D-O) 1.17 (9H, tJ =
7.3 Hz), 1.36 (3H, s), 3.06 (6H,X= 7.3 Hz), 374 (1H, m), 4.10 (1H, m), 5.05 (1H, m), 5.65
(1H, m), 6.63 (1H, m), 6.84 (1H, d,= 1 Hz), 7.15 (1H, dJ = 2.4 Hz), 7.32 (2H, m), 7.61
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(1H, d,J = 9.8 Hz), 7.98 (1H, d}=8.1 Hz), 8.47 (1H, m):*C NMR (100 MHz)s. (D:0) 7.7,
10.7, 46, 65.8 (dJpc = 4.9 Hz), 85.1 (dJpc = 10.8 Hz), 89.3, 109.7, 110 (Ghc = 4.9 Hz),
121.1, 123.2 (dJpc = 9.4 Hz), 124.8, 126.2, 128.4, 133.1, 136.1, 33639.8, 140.3, 145.5,
150.6, 164.3. HRM$&Vz 429.0838, calcd. for gH1sN4OsP 429.0969.
2',3'-Didehydro-3'-deoxythymidin-5'-yl [ N-(5-cyanopyridin-2-yl)]phosphoramidate,
TEAH" salt (7cl) Two chromatographic purifications were requir¥eeld 63%. RP HPLC
R 15.47 min!H NMR (400 MHz)8y (D-O) 1.28 (9H, tJ = 7.3 Hz), 1.73 (3H, d, J = 0.8 Hz),
3.20 (6H, t,J = 7.3 Hz), 3.87 (1H, m), 4.15 (1H, m), 5.09 (1H,, )89 (1H, m), 6.44 (1H,
m), 6.81 (1H, m), 6.98 (1H, d,= 8.9 Hz), 7.30 (1H, dJ = 1.1 Hz), 7.79 (1H, d] = 8.8 Hz),
8.35 (1H, dJ = 2.1 Hz).}*C NMR (100 MHz)s. (D-0) 7.8, 10.9, 46.1, 65.9 (dsc = 5.2 Hz),
85 (d, Jpc = 10.2 Hz), 89.6, 99.2, 110.2, 110.4, 117.7, 12433.5, 137.2, 140.1, 151.3,
151.6, 157 (dJpc = 5.7 Hz), 165.3. HRM$&Vz 404.0794, calcd. for fH1sNsOsP” 404.0765.
2',3'-Didehydro-3'-deoxythymidin-5'-yl [ N-(4-methylthiazol-2-yl)]phosphoramidate,
TEAH " salt (7co) Two chromatographic purifications were requirgeld 61%. RP HPLC
R 16.01 min*H NMR (400 MHz)8y (D20) 1.29 (9H, tJ = 7.3 Hz), 1.79 (3H, dl = 0.8 Hz),
2.25 (3H, dJ = 1.1 Hz), 3.21 (6H, g] = 7.3 Hz), 3.88 (1H, m), 4.10 (1H, m), 5.11 (1M, s
5.93 (1H, m), 6.47 (1H, m), 6.73 (1H, s), 6.88 (1h), 7.39 (1H, dJ = 1.1 Hz)."*C NMR
(100 MHz) 3. (D20) 7.7, 10.3, 10.9, 46.2, 65 (@hc = 4.9 Hz), 85 (dJpc = 10.2 Hz), 89.7,
110.3, 124.5, 124.8, 132, 133.7, 137.5, 151.7,3161%5.9. HRMS/z 399.0532, calcd. for
C14H16N4O6PS 399.0533.
(1S,cis)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methyl  N-
(5-cyanopyridin-2-yl)Jphosphoramidate, TEAH" salt (7dl). Two chromatographic
purifications were required. Yield 35%. RP HPIRZ 19.39 min.*H NMR (400 MHz) &y
(D20) 0.69 (2H, m), 0.99 (2H, m), 1.27 (9HJt= 7.3 Hz), 1.93 (2H, m), 2.50 (1H, m), 2.88
(1H, m), 3.10 (1H, m), 3.19 (6H, 4,= 7.3 Hz), 3.57 (1H, m), 3.97 (1H, m), 5.10 (1H, m
5.88 (1H, m), 6.19 (1H, m), 6.71 (1H, = 8.8 Hz), 7.47 (1H, ddl = 2.2, 8.8 Hz), 7.50 (1H,
s), 8.12 (1H, dJ = 1.98Hz).*C NMR (100 MHz)3. (D,0) 6.3, 7.7, 22.8, 33.4, 44.8 @ =
4.0 Hz), 46.1, 58.4, 67.1 (dpc = 21.6 Hz), 98.5, 109.9, 112.6, 117.6, 128.3, 212936.5,
138, 139.9, 151.3, 154.8, 156.6, 158.7. HRMfx 466.1461, calcd. for fgH21N3OsP
466.1510.
(1S,cis)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methyl  N-
(4-methylthiazol-2-yl)]phosphoramidate, TEAH salt (7do) Two chromatographic
purifications were required. Yield 51%. RP HPIRE 19.94 min.*H NMR (400 MHz) &y
(D20) 0.66 (2H, m), 0.89 (2H, m), 1.26 (9HJt= 7.3 Hz), 1.42 (1H, m), 1.97 (3H, 3= 1.0
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Hz), 2.65 (1H, m), 2.81 (1H, s), 3.09 (1H, s), 3(&8, q,J = 7.3 Hz), 3.66 (1H, m), 3.90 (1H,
m), 5.17 (1H, m), 5.88 (1H, m), 6.17 (1H, m), 6(a#, s), 7.57 (1H, s)*C NMR (100 MHz)
dc (D20) 6.4, 7.7, 10.1, 22.6, 33.4, 45. (dc = 9.6 Hz), 46.1, 58.7, 66.8 (dsc = 5.3 Hz),
122.6, 124.5, 128.3, 132.1, 136.6, 138, 154.8,515863. HRMSm/z 461.1461, calcd. for
C1sH22NgO3PS 461.1278.

a-L-2',3'-Dideoxy-3'-thiacytadin-5'-yl [ N-(4-methylthiazol-2-yl)]phosphoramidate,
TEAH* salt (7eo) Yield 69%. RP HPLGR 12.03 min.*H NMR (400 MHz)8y (D;0) 1.27
(9H, t,J = 7.3 Hz), 2.22 (3H, d] = 0.8 Hz), 3.12 (1H, m), 3.17 (6H, &= 7.3 Hz), 3.49 (1H,
dd,J = 5.6, 12.2 Hz), 4.11 (1H, m), 4.24 (1H, m), 5(381, q,J = 7.6 Hz), 5.92 (1H, d] =
7.6 Hz), 6.25 (1H, tJ = 5.0 Hz), 6.77 (1H, s), 7.84 (1H, 8= 7.6 Hz).**C NMR (100 MHz)
dc (D20) 7.7, 10.4, 36.2, 46.1, 65.3 (@c = 5.1 Hz), 83.4 (dJpc = 8.9 Hz), 86.7, 95.4, 125,
132, 141.1, 156.3, 163.9 (dloc = 4.9 Hz), 165.3. HRMSmz 404.0546, calcd. for
C12H15Ns0sPS2 404.0257.

Method B

Phosphoramidates containing amines §f p 7 were prepared by the tristriazolide approach
as it was described previously [5]. The only diiece was solubility of di(triazoyl\
heteroaryl)phosphoramidates of typ& in pyridine: derivativellk was soluble at r.t11i
required heating at 735C for ca. 10, whilelle dissolved only partly and was used as a
suspension. ' NMR data of intermediates1l and AZT (triazoyl)\-
heteroaryl)phosphoramidat&g are listed in Table 3. Purification of the finabgucts7 was
done as in Method A.

3'-Azido-3'-deoxythymidin-5"-yl [ N-(quinolin-2-yl)Jphosphoramidate, TEAH" salt (7ak).
Yield 43%. RP HPLQR 22.40 min.*H NMR (400 MHz)dy (D-0) 1.26 (9H, tJ = 7.3 Hz),
1.60 (3H, s), 2.33 (2H, § = 6.7 Hz ), 3.17 (6H, kJ = 7.3 Hz), 4.03 (1H, m), 4.09 (1H, m),
4.20 (1H, m), 4.27 (1H, m), 5.92 (1H,}t= 6.5 Hz), 7.14 (1H, s), 7.21 (1H, 8= 9.1 Hz),
7.36 (1H, tJ=7.4 Hz), 7.54 (1H, 1) = 7.4 Hz), 7.60 (1H, 1) = 7.7 Hz), 7.66 (1H, d] = 8.0
Hz), 8.03 (1H, dJ = 9.1 Hz).)*C NMR (100 MHz)3, (D-0) 7.7, 11, 35.3, 46.2, 59.2, 64,8 (d,
Jpc = 5.1 Hz), 82 (dJec = 8.0 Hz), 84.2, 110.6, 112.7, 122.3, 122.8, 124%.5, 130.7,
136.4, 139.7, 150.3, 153,1, 164.9, 180.8. HRM& 472.1062, calcd. for {gH;oN;OcF
472.1140.

3'-Azido-3'-deoxythymidin-5'-yl [N-(isoquinolin-1-yl)Jphosphoramidate, TEAH® salt
(7ai). Yield 61%. RP HPLGR: 21.94 min*H NMR (400 MHz)3y (D-O) 1.27 (9H, tJ = 7.3
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Hz), 1.50 (3H, s), 2.39 (2H, m), 3.18 (6H,J= 7.3 Hz), 4.10 (1H, m), 4.14 (1H, m), 4.24
(1H, m), 4.33 (1H, m), 5.94 (1H,1,= 6.5 Hz), 7.17 (1H, d = 6 Hz), 7.25 (1H, s), 7.41 (1H,
s), 7.56 (1H, m), 7.70 (2H, m), 7.84 (1H,X& 6.6 Hz), 8.03 (1H, dJ = 8.4 Hz).**C NMR
(100 MHz)8. (D20) 8.1, 11.2, 35.8, 46.5, 60.1, 65 {ds 4.5 Hz), 82.8 (dJ = 7.5 Hz), 84.9,
110.8, 113.7, 118.6, 122.5, 126.9, 130.7, 136.8, 138.6, 151.2, 152.4, 166. HRMSz
472.1144, calcd. for {gH1gN;O6P 472.1140.

3'-Azido-3'-deoxythymidin-5'-yl  bis[N-(pyrid-4-yl)]phosphordiamidate, TEAH" salt
(9aa) The compound was formed as a side product daitegnpted preparation @aa by
Method A and was isolated chromatographically ftbereaction mixture. Yield ca. 109
NMR (400 MHz)3y (D-O) 1.71 (3H, s), 2.50 (2H, m), 4.16 (1H, m), 4.361(m), 4.39 (1H,
m), 4.44 (1H, m), 6.18 (1H, § = 6.8 Hz), 6.99 (2H, dd] = 1.6, 5.2 Hz), 7.01 (2H, dd,=
1.6, 5.0 Hz), 7.28 (1H, d = 0.8 Hz), 8.13 (2H, d] = 6.4 Hz), 8.15 (2H, d] = 5.6 Hz)."*C
NMR (100 MHz) §. (D-O) 11.6, 35.2, 59.1, 64.5, 81.3, 84.8, 110.9, 11219.7, 124.0,
129.3, 136.3, 147.1, 147.4. HRMS (positive moni&) 500.1514, calcd. for £H23NgOsP"
500.1554.

Determination of octanol-water partition coefficiert
Partition coefficientd® were determined using micro shake-flask partingrapproach [22].
0.01 M triethylammonium acetate buffer pH 7.4 ardctanol stock solutions were initially
saturated one with another, separated, and le&&dr. 20uL of 40 mM aqueous solution of a
sample (ca. 2 mg/100L) was diluted with 48QL of the buffer and shaken vigorously with
0.5 mL of the added octanol at 22 for 24 h. The mixture was centrifuged and a bhHach
layer was carefully pipetted out. From thesepl5aliquots were injected for HPLC and the
ratio of concentrations in each phase was detednaoeording to the area of appropriate
peaks. For compounds of the lowest lipophilicityneasured volume of the octanol layer was
evaporated to dryness, the residue dissolved i ¥élume of water, and used for HPLC
analysis.

TABLE 3
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" (if I/H,O/Py is used for oxidation) \ 8p ~-10 ppm
NuO_ H PhO_ O Py NuO_ H PhO_ O _
L t ArNHy + K 2 + PC . +C
o O PhO ClI O NHAr PhO O
1 2 DPCP 3 4
8p ~3 ppm 8p ~-6 ppm 8p ~7-9 ppm

1Jyp ~650-670 Hz
two diastereomers

1Jyp ~630 Hz

two diastereomers

Sp ~-3 ppm dp ~-7 ppm  8p ~-24 ppm
NuO_ O~  H,O NuO_ NHArO_ OPh NuO, O
T R s Wl VA W B et
| 7 DPCP b6 5
(verification of the structure of 6)
Ar: heteroaromatic group (see Table 1) HN—<|

Py: pyridine

—— O
a, AZT b, ddU c, d4T d, ABC e, 3TC

Figure 2. Synthesis of¢heteroaryl)phosphoramidatésMethod A
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NuO, O AmH, (2yDPCP [NuO, H 2 08 | ANH,DPCP NHAr
A g BN NuO-R, > NuO-R
O H O" NHAr NHA T
1 ’ ¥ dp ~95 ppm
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"Jnp ~630 Hz 1Jpp ~650-670 Hz l2/H20 I2/H,0
two diastereomers
NuO, O~ NuO,_ NHAr
//P\ + /,P\
O NHAr O NHAr
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Figure 3. A putative mechanism for the formatiomo€leoside di{-heteroaryl)phosphordiamidat@gor
amines of i, > 7 (see Table 1)
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Figure 5. Exemplary HPLC traces of phosphoramidatagpe7 incubated with FBS in RPMI buffer, 3T. A,
phosphoramidatéan (AZT — AT); B, phosphoramidatébo (ddU— AMT); n.i. = not identified
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Table 1. Properties of heteroaromatic amidesd AZT (N-heteroaryl)phosphoramidates of type

Entry # Structure K. logP® CCy CCo # Method Calc. Exp. ty° % of7 EGCse® ECo® Cmax Viability
(aq.) [UM]  [pM] (yield) ClogP° log P after 3d [nM] [nM]  [uM]  at Gax
1 - - - - - - AZT -° 0.04 0.06 - - 10 >500 300 100%
2 2a Nt 92[16] 0.3 >1060>1060 7aa B[5] -0.11 -0.94 >5d[5] n.d. 1.1[5]6[5] 200 [5]100% [5]
4APy B (59%)
N/
3 2b N 6.8[16] 0.5 >1060>1060 7ab A[5] -0.11 nd. 5d[5] nd. 2.4[5]29 [5] 200 [5] 100% [5]
2APy @ (84%)
=
4 2c N 6.0[16] 0.2 >1060>1060 7ac A[5] -0.11 nd. 3d[5] nd. 2.3[5]9[5] 200 [5]100% [5]
3APy @ (92%)
_N
5 2d ~-W 50[17] 1.6 1000 1400 7ad A 127 -1.72 >7d 78% 8 185 435 100%
3AQ N (78%)
6 2e NHy >968 ~¥ nd. nd 7ae B 177 nd. nd. nd. 75 50 200 nd.
4A2MQ N (20%)
N/
7 2f NH; 55[17] 1.2 115 160 7af A 127 -123 >7d 77% 9 30 571 100%
5AQ N (77%)
N
8 29 HZ”\@\/j 5.6 [17] 1.3 270 350 7ag A 127 -164 >7d 99% 2.5 115 454 100%
6AQ ¢ (73%)
9 2h \ 40[17] 1.8 250 500 7ah A 1.27 -1.47 7 d 73% 20 220 487 100%
8AQ N (69%)
NH;
10 2i A 7.6([17] 1.9 210 350 7ai B 106 -069 >7d 86% 2.0 15 218 100%
1AIQ N (61%)
NH,
11 2j NH; 5.6 [18] ~0.9 350 1050 73] A 106 -1.28 >7d 97% 7 15 356 100%
5AIQ 3 (69%)
12 2| NC |\ ~3 ~0.6 1675>1830 7al A -048 -192 >7d 68% 1.2 15 418 100%
6A3CNPY Py, (74%)
13 2m HN |\ ~0.8 ~0.4 >1670>16707am A -0.28 -1.67 4d 40% 1.1 8 364 100%
5A2CNPY ey (76%)
14 2n [S/>_NH2 5.4([17] 0.4 1890>1890 7an A -0.27 -2.10 2.5d 45% 1.3 9 377 70%
AT N (72%)
15 20 )IS/}NHZ 5.6 [19] ~1.F 600 >1750 7ao A 0.23 -2.06 7 d 65% 1.5 15 1100 100%
AMT N (75%)
16 2p @[S/>—NH2 4.5[17] ~2.f 500 1000 7ap A 132 -1.22 24h 23% 7 25 219 100%
ABT N (69%)

Af not otherwise stated, the Idgs are experimental values, included in reporteegged by ChemBioDraw v. 13Concentration
required to reduce the viability of mock-infecte@&Ma@-T4 cells by 50% or 90%, respectively, as detaeadiby the MTT method.
“Values calculated by ChemBioDraw v. 13n RPMI/FBS 9:1 (v/v), 37 °C, estimated from inteipn of HPLC peaks.
*Concentration required to achieve 50% and 90% ¢asply) protection from virus-induced cytopathoipity. "Maximal
concentration used in the ass&@bhe parent nucleosideEstimated; for 4-aminoquinoline&ka = 9.6 [20].'Values estimated according
to the changes in basicity of pyridinekgb.2) induced separately by the cyano and aminapgranortho andmeta positions ApKy:

0CN, -5.5;mCN, -3.8;0NH,, +1.5;mNH,, +0.8) [16]
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Table 2. Properties oN¢heteroaryl)phosphoramidates of ddib), d4T (7c), ABC (7d), and 3TC 7e

Entry #  Nucleoside Amine  Yield® Exp. ty° %of7 ECs CGCs Slsg ECy CCy Slyg

component log P after 3d  [uM] [uM] [UM]  [pM]
17 = — - 096 - - >10 [5] - - — - -
18 7hd 2d (3AQ) 55% -2.62 1.5d 36% 4.2 50 2.5 >10 >200 -
19 7bg ddu 29(6AQ) 5296 -2.35 6d 74% >10  >>200 - - >>200 -
20 7bl 2| (BA3CNPy) 67% -1.99 3.5d 53% >10  >>200 - —  >>200 -
21 7bo 20(AMT) 53%' -1.71 1.5d 40% >10  >>200 - - >>200 -
22 - - 079 - - 0.7 170 243 3.7 360 97
23 7cd 2d (3AQ) 67% -3.36 n.o° 100% 25  >>200 >160 >10 >>200 -
24 7cg daT 29(6AQ) 97% -2.61 n.of 100% >10  >>200 o - >>200 -
25  7cl 2| (BA3CNPy) 61%' -1.99 >>7d 88% 6.2  >>200 >65  >10 >>200 -
26 7co 20(AMT)  63%" -2.39 >7d 72% 1.2 >>200 >300 92200 >>40
27 < — - 116 - — 6 >200 38 >10 >>200 -
28 7dl ABC 2l (6A3CNPy) 35%' -1.94 n.of 100% 8.5 >200 >23  >10 >>200 -
29 7do 20(AMT) 51%" -1.62 n.o° 100% >10 >200 - - >>200 -
30 £ 3TC - - 094 - - 0.035 >>200 >11,400 0.2>>200>>1,000
31 7eo 20(AMT)  69% -2.27 n.o® 100% 6.85  >200 >29  >10 >>200 -

Method A.°In RPMI/FBS 9:1 (v/v), 37 °C, estimated from inteon of HPLC peaks’The parent nucleosidéYield
after two chromatographic purificatioridlo observable decomposition within 7 days.
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Table 33'P NMR data of new intermediates and products (iOfhot otherwise stated)

Cpd. O [ppm] Jnp [HZ] Cpd. O [ppm] Jup [HZ]
Intermediates Products
1c 3.05 611.0, 7.1 (dt)
1d 3.63 610.4, 7.3 (dt)
le 4.11 626.2, 8.5 (dt)
3ad’ 7.57;8.09  651.1, 7.6 (dq); 7ad -1.58 6.8 (q)
652.4, 7.6 (dq)
11e -16.73 L 7a¢ -4.99 6.4 (t)
3af 9.00; 9.55  656.6, 8.2 (dt); 7af -0.40 5.5 ()
653.9, 9.2 (dt)
3ac’ 7.38:7.85  653.9, 7.9 (dq); 7ag -1.99 5.9 (q)
651.1, 8.6 (dq)
3ah’ 7.52;8.12  667.6, 8.9 (dq); 7ah® -0.39 L
666.7, 9.2 (dq)
11i -14.99 L 7af° -4.20 2
3af° 8.62;9.28  653.5, 8.2 (dt); 73] -1.49 6.4 (q)
651.7, 8.7 (dt)
11k -14.7 2 7ak -3.09 5.5 (t)
3al° 6.23:6.98  680.9, 7.3 (dt); 7al° -3.49 5.5 ()
676.4, 8.7 (dt)
3am? 6.54; 6.88 667.2, 8.7 (dq); 7am -4.49 6.4 (q)
663.6, 8.2 (dq)
3an’ 9.27:9.62  652.7, 7.7 (dt); 7an -4.07 6.2 (t)
649.9, 7.7 (dt)
3ac® 9.73;9.95  646.3, 7.7 (dt); 7a0 -3.99 5.4 (t)
642.5, 7.7 (dt)
3ap® 9.65;9.98  650.7, 7.7 (db); 7ap® -3.29 2
648.9, 7.7 (dt)
3bd® 7.12;7.57  660.7,4dm); 7bd -1.82 7.3(9)
660.7, 2 (dm)
3bg’ 6.75;7.19  658.1, 8.2 (dt); 7bg -1.87 5.5 ()
656.2, 7.8 (dt)
3bl? 6.14;6.60  682.8, 8.2 (dt); 7bl -4.97 6.1 (q)
680.9, 9.1 (dt)
3bo’ 9.43 641.7, 7.7 (df) 7bo -3.82 4.9 (q)
3cd? 7.12:7.18  658.5, 6.9 (dt) 7cd -1.85 7.3(q)
3cc® 6.84 656.2, 7.3 (df) 7cg -1.71 7.7 (9)
3cl? 9.51;9.55  638.3, 7.0 (41 7cF -2.93 L2
3cd® 9.4% 640.1, 8.2 (df) 7co -3.92 L
3dI® 5.83;6.05  680.0, 7.3 (dq); 7dI® -2.92 3.7 (t)
681.2, 2 (dm)
3do’ 9.02;9.09 649.4, 9.8 (dq) 7do -3.90 3.7 (t)
3e0 10.10; 628.3, 2 (dm); 7ed -2.74 6.4 (t)
10.3¢ 633.2, 2 (dm)
12k -3.39;-354 2 8aa 95.0 2
12¢¢  -1.15;-1.36 2 9aa -5.1 L
12¢ -2.75;-297 2

®Two diastereomer8Unresolved®Overlapped diastereomefin Py.€In H,0.'In MeOH.
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Highlights
New 2',3'-dideoxynucleosid&i{heteroaryl)phosphoramidates were synthesized
Reaction pathways were studied in detail uSi®gNMR correlation analysis
New compounds are stable, water-soluble, and nxat for CEM-T4 cells
New AZT phosphoramidates are highly active agaiist1l (ECso = 2—20 nM)

Some of N-heteroaryl)phosphoramidates are supposed to Istratds for polymerases



Supplementary material — 'H, °C, *'P NMR spectra, and RP HPLC chromatograms

Aryl H-Phosphonates 18. Synthesis, properties, and biological activity of 2',3'-dideoxynucleoside (/V-heteroaryl)phosphoramidates
of increased lipophilicity

Krystian Kolodziej,* Joanna Romanowska,* Jacek Stawinski,” Jerzy Boryski,* Aleksandra Dabrowska,” Andrzej Lipniacki,” Andrzej Piasek,”

Adam Kraszewski,” and Michal Sobkowski®"
“Institute of Bioorganic Chemistry, Polish Academy of Sciences, Noskowskiego 12/14, 61-704 Poznan, Poland
°National Institute of Medicines, Chetmska 30/34, 00-725 Warsaw, Poland
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Phosphoramidate 7ah (AZT + 8AQ), 3P NMR, H,0
(with H3PO, ext. standard)
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Phosphoramidate 7ai (AZT + 1A1Q), 3'P NMR, CH.CI, o)
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Phosphoramidate 7aj (AZT + 5A1Q), 3P NMR, H,0
(with H3PO, ext. standard)
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Phosphoramidate 7ak (AZT + 2AQ), 3'PNMR, CH,Cl, 0
(with H3PO, ext. standard)
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Phosphoramidate 7do (ABC + AMT), *H NMR, D,0
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A

Phosphor amidate 7do (ABC + AMT), 3IP NMR, CH,Cl, NH
(with H3PO, ext. standard)
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<Chromatogram>

Phosphoramidate 7do (ABC + AMT)
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Phosphoramidate 7eo (3TC + AMT), 3C NMR, D,O
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NH,

Phosphoramidate 7eo (3TC + AMT), 3P NMR, MeOH
(with HyPO, ext. standard) Xy
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<Chromatogram:>

Phosphoramidate 7eo (3TC + AMT)
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