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Synthesis and Evaluation of “AZT-HEPT”, “AZT-Pyridinone”, and “ddC-HEPT”
Conjugates as Inhibitors of HIV Reverse Transcriptase?!
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To test the concept that HIV reverse transcriptase could be effectively inhibited by “mixed site
inhibitors”, a series of seven conjugates containing both a nucleoside analogue component (AZT
1, ddC 2) and a nonnucleoside type inhibitor (HEPT analogue 12, pyridinone 27) were
synthesized and evaluated for their ability to block HIV replication. The (N-3 and C-5)AZT-
HEPT conjugates 15, 22, and 23 displayed 2—5 uM anti-HIV activity, but they had no effect
on the replication of HIV-2 or the HIV-1 strain with the Y181C mutation. The (C-5)AZT-
pyridinone conjugates 34—37 were found to be inactive. In marked contrast, the ddC-HEPT
molecule 26 displayed the same potency (ECso = 0.45 uM) against HIV-1 (wild type and the
Y181C nevirapine-resistant strain) and HIV-2 in cell culture. No synergistic effect was observed
for these bis-substrate inhibitors, suggesting that the two individual inhibitor components in
these molecules do not bind simultaneously in their respective sites. Interestingly, however,
the results indicate that the AZT-HEPT conjugates and the ddC-HEPT derivative 26 inhibit
reverse transcriptase (RT) in an opposite manner. One explanation for this difference is that
the former compounds interact preferentially with the hydrophobic pocket in RT, whereas 26

(after supposed triphosphorylation) inhibits RT through binding in the catalytic site.

Introduction

The human immunodeficiency virus type 1 (HIV-1)
polymerase, reverse transcriptase (RT), catalyzes the
multistep synthesis of a double-strand DNA copy of the
viral RNA genome, for subsequent integration into the
host cell DNA.2 As this enzyme is specific to HIV, the
development of RT inhibitors has been, and remains, a
key strategy in the fight against AIDS. To date, five
2',3'-dideoxynucleoside analogues, zidovudine (AZT, 1),
didanosine (ddl), zalcitabine (ddC, 2), stavudine (d4T),
and lamivudine (3TC), have been approved for the
control of HIV infection.® Although drug resistance
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emerges rapidly to these nucleoside based inhibitors
(NRTIs),*5 their use in combination therapy together
with a protease inhibitor has proven to be a highly
effective means to maintain the viral charge at remark-
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ably low levels.® However, adverse side effects become
increasingly important on the long term in the existing
therapy regimes, due to a large extent to the substantial
doses of protease inhibitors that are required. Increasing
attention is thus been directed toward the use of
nonnucleoside inhibitors of reverse transcriptase (NNR-
TIs)”8 in the combination approach. Unlike nucleoside
analogues, compounds of this structurally diverse class
of molecules inhibit RT in a noncompetitive manner
through binding in a hydrophobic pocket which is
located proximal to the catalytic site.”%19 Nevirapine
(BI-R6-587, Viramune), the BHAP derivative (delavir-
dine, Rescriptor), and the benzoxazinone DMP-266
(efavirenz, Sustiva) are the first molecules of this family
to be approved for use in clinic,! but other NNRTIs
including the analogue 4 (I-EBU, MKC-442)2 of HEPT
3 and loviride (a-APA, R89439)'3 also show considerable
promise. Rapid onset of drug resistance is also observed
for the NNRTIs when employed individually, but their
very pronounced selectivity toward inhibition of HIV-1
RT and their low toxicities make them attractive
candidates in the combination therapy approach.>14
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Pertinent in this context is the finding that a syner-
gistic inhibition of HIV replication is observed in vitro
and in clinical trials for certain combinations of nucleo-
side and nonnucleoside RT inhibitors,415 [nevirapine/
AZT/dd1,%6 Merck’s pyridinone L-697,661/AZT ' delavir-
dine/AZT/ddI,'® and MKC-442/AZT/dd11219]. Furthermore,
in the presence of several agents, the occurrence of new
mutations may lead to suppresion of others that emerge
for each agent when used alone or to phenotypical
conversion of resistance to sensitivity. For example, the
Y181C mutation,2° or the L100I mutation,?! in an AZT
resistance background (T215Y) significantly suppressed
(phenotypic) resistance to AZT. Thus the rationale for
NRTI-NNRTI combination therapy includes the pos-
sibility that a synergistic drug activity will lead to
greater efficacy and that the emergence of resistance
to individual agents will be forestalled.??

From a mechanistic viewpoint it has also been sug-
gested that using a combination of both types of RT
inhibitors would be advantageous. Indeed, kinetic stud-
ies indicated that binding of the NNRTIs in the hydro-
phobic pocket is translated by a lower rate of incorpo-
ration of the dNTPs, but without interfering significantly
with nucleotide binding.23-25 This apparent cooperative
interaction between the NNRTI-binding pocket and the
substrate-binding site led Spence et al.2® and Rittinger
et al.?* to postulate that an inhibitor combining the
functionalities of a nonnucleoside inhibitor and a nucle-
otide analogue could bind very tightly and specifically
to the HIV-RT and could be effective in the treatment
of AIDS. Furthermore, calculations on the additivity of
binding energies for multicomponent systems suggest
that the affinity of RT for a bis-substrate type molecule
may be greater than that for the separate components.26
These concepts give genesis to an alternative approach
to combination therapy using “mixed site inhibitors”,
i.e., single molecules which bind simultaneously in both
regions of RT.

Such hybrid compounds were also advocated on the
basis of early crystallographic data.?” However, in the
light of further structural studies it appears that,
although the distance between the catalytic site and the
hydrophobic binding pocket is relatively small (10—15
A),28-30 the two sites are distinct. Thus, from these static
structures no obvious channel was discerned whereby
a single molecule could fit into both sites. However, as
RT is a particularily flexible and dynamic molecule??-31.32
and in view of its capacity to accommodate, or interact,
with a wide range of NNRTIs, including those with
elongated structures such as the imidazo[1,5-b]py-
ridazine 5,8 it cannot yet be excluded that inhibitors
will be found which either do or, of equal interest, act
as if they bind in both the catalytic and hydrophobic
sites.
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On the basis of this premise we initiated a program
several years back to construct and evaluate the anti-
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HI1V activity of a series of mixed inhibitors containing,
at one extremity, a known nucleoside analogue inhibitor
and, at the other end of a functionalized tethering arm,
a nonnucleoside RT inhibitor.3436:37 In the preliminary
stage of this investigation particular attention has been
directed to the construction of NRTI-NNRTI conjugates
of AZT 1 and ddC 2 with compound 13, a HEPT
analogue (Scheme 1), and the pyridinone 27 issuing
from our laboratories (Scheme 4).38

In the seven mixed inhibitors that were synthesized
(compounds 15, 22, 23, 26, and 34—37; Schemes 1—4),
the tethering arm was varied in length and composition,
containing between 14 and 20 atoms. The connection
to AZT was made via the N-3 and C-5 positions, and to
ddC through a bond to the C-4 amino group. The choice
of the point of connection to the nucleoside inhibitor
component was based upon the observation that the N-4
substituted ddC analogues maintain some activity3® and
that derivatives of AZT bearing a variety of N-3 side
chains display good to potent anti-HIV-1 activity.*? It
was also anticipated that the presence of the elongated
C-5 substituent in the pyrimidine ring of AZT would not
interfer with the potential of this molecule to participate
in Watson—Crick type hydrogen-bonding interactions.*!
For the nonnucleoside component in these conjugates,
little was known concerning the introduction of N-
substituents on the amino group in the pyridinone 27.
However, it has been demonstrated that a variety of
substituents can replace the terminal hydroxyl group
in the N-1 side chain in HEPT 3.42744

Evaluation of the HIV activity of these new bis-
substrate inhibitors revealed that, whereas the AZT-
pyridinone compounds 34—37 were devoid of any sig-
nificant activity, the (N-3)AZT-HEPT conjugate 15 and
the two (C-5)AZT-HEPT systems 22 and 23 displayed
anti-HIV-1 activity at micromolar concentrations. Par-
ticularily remarkable, the ddC-HEPT compound 26
proved to be a potent inhibitor of both HIV-1 and HIV-2
RT (ECso ~ 0.45 uM).

Chemistry

To construct the AZT-HEPT type conjugate 15 (Scheme
1), 5’-O-(thexyldimethylsilyl) protected AZT 6 was con-
verted to the N-3 substituted compound 7 through
reaction with ethyl acrylate in the presence of DBU
(84%).4945 Reaction of this ester derivative with a large
excess of 1,10-diaminodecane*® in methanol at room
temperature gave 9 in 94% yield, and the corresponding
reaction of 5'-O-deprotected 8 provided amine 10 (63%).

The HEPT component 13, with an acid function at
the end of the N-1 side chain, was then prepared by
reaction of the available pyrimidine base 114 with
methyl 5-bromovalerate in the presence of potassium
carbonate (DMF, 60 °C, 5 h). In this process the N-1
alkylation product*”48 12 was obtained (15—20% yield)
along with three bisalkylated compounds. Attempts to
improve the yield of the monoalkylation using Cs,CO3
as the base or phase transfer conditions* failed (KOtBu-
THF or K,CO3-DMF, 18-crown-6). Saponification of 12
afforded the desired carboxylic derivative 13. Condensa-
tion of the 5'-O-protected amine 9 with acid 13 using
N-methylmorpholine and 2-chloro-4,6-dimethoxy-1,3,5-
triazine®® (CDMT) as the coupling reagent then gave
compound 14 in 60% vyield. This intermediate was



Synthesis of HIV Reverse Transcriptase 1 Inhibitors

Journal of Medicinal Chemistry, 2000, Vol. 43, No. 10 1929

Scheme 1. Synthesis of N-3 Substituted AZT-HEPT Conjugate 152
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a Reagents: (a) DBU, DMF, CH,=CHCOOC;Hs (84%); (b) Dowex 50X2, EtOH (86%); (c) NH2(CH2)10NH2, MeOH, 20 °C, 24 h then 40
°C; 54 h for 9 (94%) and 50 °C, 4 days for 10 (63%); (d) Br(CH2)sCOOCHS3, K,CO3, DMF, 60 °C (19%); (e) 1 N NaOH, acetone (94%); (f)

CDMT, NMM, DMF, then 13 (60%); (g) Dowex 50X2, MeOH (85%).

Scheme 2. Synthesis of C-5 Substituted AZT-HEPT Conjugates 22 and 232
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a Reagents: (a) MMTTCI, pyridine (50%); (b) MsCl, pyridine; (c) DBU, THF, reflux (86%); (d) NaN3;, DMF, 120 °C (85%); (e) Dowex
50X2, MeOH (89%); (f) NH2(CH2)nNH2 (n = 4, 10), MeOH, 4—5 days (21a: 76%; 21b: 74%); (g) CDMT, NMM, DMF, then 13 (22: 57%;

23 57%).

converted to 15 by treatment with Dowex 50X2 (H™)
resin in MeOH (85%).

To prepare the C-5 substituted AZT-HEPT conjugates
22 and 23 (Scheme 2), the known methyl ester*! 16 was

converted into its 5'-O-methoxytrityl (MMTr) derivative
17, and this intermediate was treated® with MsCI
followed by DBU to give the 2,3'-anhydronucleoside 18
(86%). Reaction of this compound with sodium azide in
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Scheme 3. Synthesis of N-4-Substituted ddC-HEPT Conjugate 262
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a Reagents: (a) TPSCI, EtsN, DMAP, CH,Cl,, then NH(CH2)12NH, (33%); (b) CDMT, NMM, DMF, then 13 (69%).

Scheme 4. Synthesis of C-5 Substituted
AZT-Pyridinone Conjugates 34—372
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a Reagents: (a) DCC, HOBT, CHCly, 0 °C, 30 min, then NMM
and 27, 0 °C to 20 °C, 15 h (29a: 45%; 29b: 72.5%; 29c: 75%;
29d: 77%); (b) for derivatives 29a and 29b. HCI conc., EtOAc, 20
°C, 10 to 30 min (30a’: 60%; 30b": 73.5%); (c) for derivatives 29c
and 29d: 4 N NaOH, MeOH/THF (2/3), 20 °C, 5 min to 1 h 30,
then HCI (30c’: 74%; 30d": 97%); (d) 2 N NaOH, then Dowex 50X2
(31: 95%; 33: 73%); (e) CDMT, NMM, DMF, then NMM and HCI-
H>N(CH2)3CO2Me (76%); (f) 31, 33, 30c’, or 30d', CDMT, NMM,
DMF, 0 °C to 20 °C, then respectively 30a’, 30b’, or 21a, 0 °C to
20 °C, 20 h (34: 65%; 35: 75%; 36: 57%; 37: 63%).

hot DMF effected ring opening with introduction of the
3' azido function to give 19. Removal of the methoxytri-

tyl group (Dowex 50X2 resin) then gave AZT analogue
20 in 34% overall yield from 16. Treatment of this ester
with a large excess of the requisite diamine in MeOH
at room temperature for 4—5 days produced amino
compounds 2l1la and 21b in 75% yield. Subsequent
CMDT mediated coupling of 21a or 21b with HEPT
derivative 13 gave, in 57% yield, the corresponding
conjugates 22 and 23.

The ddC component in the mixed inhibitor 26 (Scheme
3) was prepared in a one-pot procedure?® (33% yield),
involving reaction of 5'-O-acetyl-2',3'-dideoxyuridine 24
with triisopropylbenzenesulfonyl (TPS) chloride, fol-
lowed by treatment with 1,12-diaminododecane (5 equiv).
Coupling of amino derivative 25 with 13 using CMDT
provided 26 in good yield.

For the construction of conjugates containing the
pyridinone motif3® 27 (Scheme 4), the primary amino
group in this molecule was condensed®2 with the amino
acids 28a and 28b and with the ester acids 28c and 28d
under DCC/HOBT conditions®® (45—77%). The derived
amides 29a,b were then N-deprotected® to give amines
30a’,b’, and the esters 29c,d were treated with aqueous
base to give the corresponding acids 30c,d. The bis-
substrate inhibitors 34 and 35 were then obtained via
amide bond forming reactions involving pyridinones
30a'/30b’ and the AZT derivatives 31 and 33. Compound
31 was prepared from 20 by ester hydrolysis. Reaction
of this carboxylic compound with methyl-y-aminobu-
tyrate®® (CDMT), followed by aqueous NaOH, gave 33.
In similar amide bond forming reactions, conjugates 36
and 37 were prepared from pyridinones 30c¢'/30d' and
the amino nucleoside analogues 21a (75%).

Results and Discussion

The bis-substrate molecules (N-3)AZT-HEPT 15, (C-
5)AZT-HEPT 22 and 23, ddC-HEPT 26, and (C-5)AZT-
pyridinones 34—37, as well as their NNRTI [HEPT
analogue 12 and pyridinones 29a—d, 30a’'—d'] and
NRTI [(N-3)AZT 8 and 10, (C-5)AZT 20, 21a, 21b, 32,
and ddC 25] precursors with different lateral side
chains, were evaluated in vitro for their ability to block
replication of HIV-1 in two human T-4 lymphoblastoid
cell lines, CEM-SS and MT-4. As the data in Tables 1
and 3 show, all active compounds proved to be more
potent in the CEM model system. Furthermore, the
relative trend in activities, with respect to the reference
products [AZT, ddC, and 12], remained essentially the
same in the cell lines studied. For this reason, the
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Table 1. Structure and Antiviral Activity of AZT and ddC Derivatives against HIV-1 and HIV-22
A
N R HN R N=
T& L e
N (0] O~ N 0~ 'N
H H H
8,10 20,21,32 25
N3 N3
CEM-SS MT-4 PBM PBM
HIV-1 LAI HIV-1111B HIV-1111B HIV-2 D194
compd R ECso (,uM)b CCso (uM)© ECso (/tM)b CCso (uM)® ECso (,uM)b CCso (uM)© ECso (/4M)b
8 OC;Hs 0.8 >100 4.3 >100 21 >100 8
10 NH(CH32)10NH; 42 60 >100 >100 40 80 >100
20 OCH3 >100 >100 >100 >100 >100 >100 >100
2la NH(CH2)aNH> >100 >100 >100 >100 >100 >100 >100
21b NH(CH2)10NH; 20 38 >100 60 75 77 68
32 NH(CH2)sCOOCH; >100 >100 >100 75 >100 >100 >100
25 (CH2)12NH; 7.8 48 ~100 >100 2.9 61 4.7
AZT 0.002 >100 0.02 >100 0.001 75 0.006
ddC 0.031 34 2.4 >100 0.016 10 0.07

a See the Experimental Section for the assay method. The values are means of duplicate experiments. b Effective concentration of
compound required to achieve 50% inhibition of HIV-1 multiplication in infected cells. The symbol (>) indicates that the ECso was not
reached at the highest concentration tested. ¢ Cytotoxic concentration required to reduce by 50% the viability of noninfected treated cells.

Table 2. Inhibition of HIV LAI Replication (CEM-SS cells) by Pyridinones 27, 29, 30 and Heterodimers 34—372

H
N.
HN | R
N
ECso CCs
compd R (uM)P (uMm)°
27 H 0.017 >10
29a CO(CH3z)gsNHBoc >10 >10
30a’ CO(CH3)gNH; 58 >66
29b COCH;NHCOCH;NHBoc 3.2 >100
30b’ COCH2;NHCOCH:;NH> 0.72 >100
29c CO(CH3)3COOCHs3 24 >100
30c’ CO(CH3)3COOH 45 28
29d CO(CH3)sCOOCHs3 >10 >10
30d’ CO(CH3)sCOOH 70 >10
34 CO(CH2)sNHCO(CHy)-AZT >10 >25
35 COCH,NHCOCH,NHCO-(CH2)sNHCO(CH,),-AZT >100 26
36 CO(CH_3)3CONH-(CH2)4sNHCO(CH2)-AZT 25 >250
37 CO(CH3)sCONH-(CH2)4sNHCO(CH2),-AZT 33 35

a~¢ See corresponding footnotes of Table 1.

discussion will focus on the results obtained in the CEM
cell system. For the more active compounds, RT inhibi-
tion was also evaluated in peripheral blood mononuclear
(PBM) cells infected with both HIV-1 11IB and HIV-2
D194 strains.

Central to the idea of constructing bis-substrate
inhibitors was to determine to what extent the indi-
vidual NRTI and NNRTI components in each molecule
retain their capacity to inhibit HIV-1 RT once the lateral
side chains were introduced at the predetermined
positions. As the data in Table 1 shows, relative to AZT
(ECs0 = 0.002 uM) the presence of the ethyl 3-propionate
motif at N-3 in the AZT analogue 8 results in a 400-
fold decrease in activity. However, in agreement with
previous findings for AZT analogues*® bearing short

functionalized side chains at N-3, this compound still
remained active at submicromolar concentrations (ECsg
= 0.8 uM). Increasing the length of the side chain linker
through condensation with diaminodecane to give 10
produced a further decrease in potency (ECso = 42 uM).

Modification of the C-5 position of AZT through
conversion to 20 resulted in essentially a complete loss
of activity. A comparable loss in RT inhibition potency
was observed for the chain extended ester 32 and amine
21a. These results are in agreement with a report by
Chu et al.5¢ However, it is noteworthy that the amine
derivative 21b, with a 15-atom chain, retained partial
antiviral activity (ECsp = 20 uM). This effect, as for
isomer 10, was accompanied by an increase in cytotox-
icity.
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Table 3. Antiviral Activity of Conjugates “HEPT”-ddN against Selected HIV Strains?

(e}
j\)k/'[csz
O N S
ddN || tinker \n/\/\‘
(0]
CEM-SS MT-4 HIV-1 PBM PBM CEM-SS
HIV-1 LAI 1B HIV-1111B HIV-2 D194 HIV-1 (181C)d
ECso CCso ECso CCso  ECsom CCs ECso ECso
compd ddN linker @WM)P  (uM)e (uM)P (uM)e (uM)P (uM)e (uM)P (uM)P
15 AZT N-3  (CH2)2CONH(CH2)0NH 2.8 >25 >10 >10 55 >25 >25 23
22 AZTC-5  (CH»),CONH(CH2)s.NH 3.3 >55  >10 >10 43 >50 >50 >50
23 AZT C-5 (CH3)2,CONH(CH_2)10NH 1.7 >25 >10 ~10 5.1 >25 >25 >25
26 ddC N-4 NH(CH2)12NH 0.43 >25 6.2 >10 0.46 >10 0.43 0.53
AZT 0.002 >100 0.02 >100 0.001 75 0.006 0.004
ddcC 0.031 34 2.4 >100 0.016 10 0.07 ND¢
12 0.025 >33 0.33 >10 0.18 >33 >33 >33

a-c¢ See corresponding footnotes of Table 1. 9 Nevirapine-resistant. ¢ Not determined.

Among the nucleoside analogues bearing a long side
chain substituent, the best activity was observed for the
N-4 functionalized derivative of ddC, compound 25 (ECsg
= 7.8 uM). This ddC analogue similarily displayed
micromolar activity in the PBM cell systems infected
with HIV-1 and HIV-2.

Concerning the NNRTI components, evaluation of a
series of N-3 functionalized analogues of pyridinone 27
(Table 2) revealed that amino derivative 30b’ with an
additional Gly-Gly dipeptide fragment is active at
submicromolar concentrations (ECso = 0.72 uM). Simi-
larily, the N-Boc-Gly-Gly derivative 29b and analogue
30c’ with a terminal carboxylic acid group displayed
micromolar activity. For 29b and 30b’, their activity
appears to be unrelated to their cytotoxic properties (SI
>31-140).

The HEPT analogue 12 was found (Table 3) to display
significant anti-HIV-1 activity in CEM cells (ECsp =
0.025 uM) and in PBM (HIV-1 111B) cells (ECso = 0.18
1M).5758 Indeed, in the CEM model, this molecule was
80-fold more potent than HEPT itself.** As expected for
an NNRTI, compound 12 was devoid of any anti-HIV-2
activity.5®

Looking next at the bis-substrate inhibitors, although
the activities observed for the substituted pyridinones
were encouraging, the conjugates 34—37 obtained by
coupling of 30a’'—d' to the C-5 substituted AZT deriva-
tives 21a, 31, and 33 were inactive. In contrast, the (N-
3)AZT-HEPT conjugate 15 and, in particular, the two
(C-5)AZT-HEPT bis-substrate inhibitors 22 and 23 were
all equipotent, displaying 2—5 M activity in both the
CEM and PBMC (HIV-1 111B) models. As for the NNRTI
component 12, none of these conjugates were endowed
with anti-HIV-2 activity.

Relative to the AZT-HEPT inhibitors 15, 22, and 23
and the N-4 substituted derivative of ddC 25, a 10-fold
increase in activity was observed for the mixed inhibitor
ddC-HEPT 26. This trend was also found in PBM
(HIV-1 11IB) cells. Most important, however, was the
marked difference in the capacity of the AZT-HEPT and
ddC-HEPT systems to inhibit HIV-2 replication. Thus,
whereas compounds 15, 22, and 23 had no effect against
HIV-2, the ddC-HEPT conjugate 26 was active at

submicromolar concentrations against this HIV strain
(EC50 = 0.43 ,LtM).

Overall, the activities observed for the conjugates 15,
22, 23, and 26 were inferior to the values for the parent
nucleoside analogue and the NNRTI components. How-
ever, this observation alone cannot be taken as evidence
against a synergistic inhibition of RT by these mol-
ecules. Indeed, the differences in activities may result
in differences in cell membrane permeability and/or
different levels of phosphorylation of the nucleoside
subunit.

In determining whether the four bis-substrate mol-
ecules which display activity actually inhibit RT through
simultaneous interaction with the hydrophobic and
catalytic sites, several points and observations must be
considered. First, a common feature for each of the four
active bis-substrate molecules is the presence of the
HEPT component. One could conclude, therefore, that
this entity is essential for activity. However, this is
clearly not the case for compound 26, since NNRTIs are
highly selective toward inhibition of HIV-1 RT, and this
molecule is equipotent in its capacity to block RT
function in the cell lines infected respectively with
HIV-1 and HIV-2. One possible interpretation for this
result is that the ddC component alone contributes to
the activity observed, being successfully converted to its
triphosphate derivative® 6! and binding in the catalytic
site. Following on this idea, it is interesting that,
although compound 26 is less active than ddC, it is at
least 10 times more active than its precursor 25 with
the 12-dodecylamine side chain on the C-4 amino group.

Looking next at the (N-3)AZT-HEPT inhibitor 15, it
has previously been shown that N-3 substituted AZT
analogues maintain their capacity to inhibit HIV rep-
lication.* In this context, good levels of activity were
observed for compound 8. However, compound 10 with
the longer N-3 substituent was significantly less active
than conjugate 15. Similarily, the two (C-5)AZT-HEPT
conjugates are distinctly more potent than their C-5
substituted AZT precursors. These observations, to-
gether with the fact that none of the three bis-substrate
molecules inhibited HIV-2 replication at the highest
concentration tested (>25 uM), would tend to rule out
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the participation of the nucleoside component in the
capacity of these molecules to inhibit RT.

To clarify further these questions, the four conjugates
were evaluated, in CEM-SS cells, against replication of
a nevirapine-resistant HIV-1 strain (Y181C). Compared
to the wild type virus, the activities for the AZT-HEPT
derivatives 15, 22, and 23 and the HEPT analogue 12
were reduced by at least 8-fold. In contrast, compound
26 showed identical activity against both the wild type
and HIV-1/Y181C strains. These results confirmed that
it is the HEPT component that is essential for antiviral
activity with the AZT-HEPT conjugates and, once again,
that it is the nucleoside component which confers
activity to 26.52

From this analysis we conclude that our molecules
are not binding to RT so as to produce a synergistic
effect. It is remarkable, however, that these relatively
large systems do inhibit RT with a pronounced level of
activity. Concerning the interaction of the AZT-HEPT
conjugates with RT-1, it may be that these systems bind
in the hydrophobic pocket in such a fashion that the
side chain and the AZT component sit outside the site,
interacting with the surrounding medium and perhaps
also binding weakly to neighboring residues. This view
is supported by crystal structure data which clearly
show that the N-1 side chain of HEPT is directed toward
the exterior of the NNRTI-binding pocket.363 Given the
structural similarity between HEPT and pyridinone 27,
it is conceivable that the lack of activity for the AZT-
pyridinone conjugates is a consequence of a wrong
positioning of the tethering arm on the NNRTI compo-
nent.%*

Finally, one key reason compounds 15, 22, 23, and
26 appear to inhibit RT through interaction of only one
component in their bis-substrate structures may be that
the tethering arm is poorly adapted to permit the
nucleoside and the NNRTI motifs to communicate
simultaneously with their respective sites. This point
is being pursued in further investigation, as is a study
of the triphosphorylation of the ddC-HEPT conjugate
26 and the capacity of the desired triphosphate to
inhibit the isolated enzyme. This latter study is perti-
nent in view of recent reports that show that certain
bis-(hetero)aromatic compounds are effective RT-1 and
RT-2 inhibitors.55 Indeed there is evidence®® to suggest
that such systems inhibit RT through a mechanism
which targets neither the catalytic site nor the hydro-
phobic pocket.

Experimental Section

Chemistry. Melting points were determined using an
Electrothermal 9200 apparatus and were uncorrected. UV
spectra were determined on a Varian-Cary/3E spectrophotom-
eter. IR spectra were obtained with a Perkin-Elmer 1710
spectrophotometer. *H NMR spectra were recorded at 294 K
in the given solvents on a Bruker AM-300 spectrometer using
the hydrogenated residue of the deuterated solvents (CHCls,
0 = 7.25 ppm, CH30H, 6 = 3.30 ppm, and DMSO, ¢ = 2.54
ppm) as internal standards. Chemical shifts were reported as
0 values in parts per million units, downfield from TMS. The
splitting pattern abbreviations are as follows: s = singulet, d
= doublet, dd = doublet of doublet, dt = doublet of triplet, t =
triplet, q = quartet, br = broad, m = multiplet. Coupling
constants (J) are given in hertz (Hz). Chemical ionization (CI)
and electrospray ionization (ESI) mass spectra (MS) were
recorded on a Nermag R10-10-C spectrometer. High-resolution
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mass spectra (HRMS) were obtained on a JEOL-700 spectrom-
eter. Elemental analyses were performed by the “Service de
Microanalyses du CNRS” (Vernaison-Lyon, France). The thin-
layer chromatographic analyses were performed using pre-
coated silica gel (Merck, 60F;s4) plates, and the spots were
examined with UV light and phosphomolybdic acid spray.
Column chromatographies were carried out on Merck silica
gel (230—240 mesh). In all coupling experiments using DCC,
the glassware was dried in an oven for a 24 h period before
use and the reactants were dried over calcium chloride under
vacuum at room temperature during 12 h.

H NMR numbering for nucleosides, pyridinones derivatives,
and HEPT derivatives is as shown in Schemes 1 and 4, for
heterodimers it is as shown below, i.e., usual for the nucleosidic
entity, * for linker's atoms, and ' ' for NNRTI moiety.

CoHs
15* _
' H 10" S-Ar
\/ 7
1' 14*
(0]
Ny Compounds 15, 22 23 and 26
(0]
4
| NH
¥

N3 Compounds 34 - 37

3'-Azido-3'-deoxy-3-[2-(ethoxycarbonyl)ethyl]-5'-O-(thex-
yldimethylsilyl)thymidine (7). To a solution of 64° (220 mg,
0.54 mmol) in DMF (5 mL) at room temperature under argon
was added DBU (165 xL, 1.11 mmol) followed, after 1 h, by
ethylacrylate (120 uL, 1.10 mmol). After the mixture was
stirred for 20 h, H,O was added, and the solution was extracted
with diethyl ether (20 mL x 3). The organic layer was washed
with brine, dried, concentrated under reduced pressure, and
chromatographed (heptane/EtOAc: 6/4) to give 7 as a colorless
oil (230 mg, 84% yield): [a]*’p +39° (c 0.75, CHCIs); IR (CHCls)
v 2108, 1737, 1646 cm™%; 'H NMR (CDCl3) 6 0.17 (d, 6H, J =
2 Hz, (CH3);Si), 0.89 (m, 12H, (CHa),C x 2), 1.25 (t, 3H, J =
7 Hz, CH3CHy), 1.65 (m, 1H, (CH3),CH), 1.93 (s, 3H, CH3), 2.21
(m, 1H, CH-2'a), 2.44 (m, 1H, CH-2'b), 2.64 (t, 2H, J = 7.5 Hz,
CH:-8), 3.80 (m, 1H, CH-5'a), 3.92 (m, 1H, CH-5'b), 3.95 (m,
1H, CH-4'), 4.14 (q, 2H, J = 7 Hz, CH3CHy), 4.20—4.27 (m,
3H, CH-3', CH-7), 6.21 (t, 1H, J = 6.5 Hz, CH-1'), 7.37 (s,
1H, CH-6); MS (CI—NH3) m/z 527 (M + NH,)*, 510 (M + H)*.
Anal. (C23H39N5068i) C, H, N.

3'-Azido-3'-deoxy-3-[2-(ethoxycarbonyl)ethyl]thymi-
dine (8). Dowex 50X2—200 ion-exchange resin (500 mg) was
added to a solution of 7 (203 mg, 0.40 mmol) in EtOH (30 mL).
After 16 h, the resin was removed by filtration and washed
throughly with EtOH, and the filtrate was evaporated. After
flash chromatography (CH,CI, to CH,Cl,/MeOH: 95/5) com-
pound 8 was obtained as a colorless oil (125 mg, 86% yield):
[a]®°p +41° (c 1.0, CHCI3); IR (CHCIg) v 3440, 2108, 1729, 1705,
1672, 1647 cm™%; 'H NMR (CDCls) 6 1.25 (t, 3H, J = 7 Hz,
CH3CHy), 1.93 (s, 3H, CHj3), 2.40 (m, 1H, CH-2'a), 2.56 (m, 1H,
CH-2'b), 2.63 (m, 3H, CH,-8, OH), 3.81 (m, 1H, CH-5'a), 3.95—
4.00 (m, 2H, CH-4', CH-5'b), 4.13 (g, 2H, J = 7 Hz, CH3CH,),
4.24 (t, 2H, J = 7.5 Hz, CH,-7), 4.41 (m, 1H, CH-3'), 6.03 (t,
1H, J = 6.5 Hz, CH-1'), 7.36 (s, 1H, CH-6); MS (CI—NHj3) m/z
368 (M + H)+. Anal. (Cl5H21N505) C, H, N.

3-[[(10-Aminodecyl)amino]-3-oxopropyl]-3'-azido-3'-
deoxy-5'-O-(thexyldimethylsilyl)thymidine (9). A solution
of ethyl ester 7 (153 mg, 0.30 mmol) and 1,10-diaminodecane
(525 mg, 3.05 mmol) in MeOH (5 mL) was stirred at room
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temperature for 24 h, then at 40 °C for 50 h. After concentra-
tion, the crude product was purified by flash chromatography
(CH.CIl/MeOH/Et3;N: 10/0.5/0.5) to give 9 (180 mg, 94% yield)
as a foam: *H NMR (DMSO-ds) 6 0.13 (d, 6H, J = 2.5 Hz,
(CH3)2Si), 0.86 (M, 12H, (CHa3),C x 2), 1.18—1.37 (m, 16H, CH,-
13 to CH>-19, NHy), 1.47 (m, 2H, CH>-12), 1.60 (m, 1H,
(CH3),CH), 1.84 (s, 3H, CHj3), 2.28—2.38 (m, 4H, CH,-2', CH,-
20), 2.69 (t, 2H, 3 = 7.5 Hz, CH»-8), 2.99 (m, 2H, CH,-11), 3.79
(m, 2H, CH-5"), 3.87 (m, 1H, CH-4"), 4.01 (t, 2H, J = 7.5 Hz,
CHy-7), 4.38 (m, 1H, CH-3"), 6.13 (t, 1H, J = 6.5 Hz, CH-1'),
7.52 (s, 1H, CH-6), 7.91 (t, 1H, J = 5.5 Hz, NH-10); MS (CI—
NHz) m/z 636 (M + H)*.
3-[[(10-Aminodecyl)amino]-3-oxopropyl]-3'-azido-3'-
deoxythymidine (10). Compound 10 was prepared from
nucleoside 8 (60 mg, 0.163 mmol) as described for amine 9.
After the mixture was stirred at 50 °C for 4 days and
concentration, the residue was rinsed twice with EtOAc then
purified by flash chromatography (CH,Cl,/MeOH/Et;N: 20/1/
1) to give 10 (53 mg, 63% yield) as a pale yellow solid: 'H
NMR (CDsOD) ¢ 1.25—1.40 (m, 14H, CH>-13 to CH>-19), 1.40—
1.50 (m, 4H, CH>-12, NHy), 1.90 (s, 3H, CHg), 2.38 (m, 2H,
CH»-2"), 2.43 (m, 2H, CH,-20), 2.65 (t, 2H, J = 7 Hz, CH;-8),
3.11 (t, 2H, 3 = 7 Hz, CH,-11), 3.74 (dd, 1H, J = 12, 3 Hz,
CH-5'a), 3.84 (dd, 1H, J = 12, 3 Hz, CH-5'b), 3.91 (m, 1H, CH-
4", 4.18 (t, 2H, 3 = 7 Hz, CH,-7), 4.33 (dd, 1H, J = 11, 6 Hz,
CH-3'), 6.17 (t, 1H, J = 6 Hz, CH-1'), 7.84 (s, 1H, CH-6); MS
(C1-NHs) m/z 494 (M + H)*; HRMS (CI, CH,) m/z 494.3069
[(M + H)* calcd for Cp3HaoN7Os: 494.3091].
6-[(3,5-Dimethylphenyl)thio]-5-ethyl-1-[4-(methoxy-
carbonyl)butyl]uracil (12). To a solution of 11#4 (1.00 g, 3.62
mmol) in dry DMF (20 mL) were added K,CO; (0.50 g, 3.62
mmol) and methyl 5-bromovalerate (520 uL, 3.63 mmol). The
reaction mixture was heated at 60 °C for 5 h. Then, H,O (50
mL) was added, and the solution was extracted with EtOAc
(50 mL). The organic layer was washed with brine, dried,
concentrated under reduced pressure, and chromatographed
(cyclohexane/EtOAc: 65/35) to give 12 as a white solid which
was recrystallized in EtOAc (270 mg, 19% yield): mp 130 °C;
IR (CHCIs3) v 3391, 1735, 1675 cm™; UV (MeOH) Amax 282 (e =
15.000) nm; UV (0.1 N NaOH) Amax 284 (¢ = 15.000) nm; *H
NMR (CDCls) 6 1.03 (t, 3H, J = 7 Hz, CH,CHs), 1.40—1.70
(m, 4H, CH;-8, CH,-9), 2.23 (m, 2H, CH,-10), 2.28 (s, 6H, Ar-
CHjs), 2.70 (g, 2H, 3 = 7 Hz, CH,CH3), 3.65 (s, 3H, OCH3),
3.93 (m, 2H, CH,-7), 6.78 (s, 2H, Ar-H), 6.90 (s, 1H, Ar-H),
10.10 (br s, 1H, NH-3); MS (CI—NHs) m/z 408 (M + NH.,)*,
391 (M + H)Jr Anal. (C20H26N204S) C, H, N.
1-(4-Carboxybutyl)-6-[(3,5-dimethylphenyl)thio]-5-eth-
yluracil (13). To a cold mixture of 12 (320 mg, 0.82 mmol) in
acetone (4 mL), 1 N NaOH (2.5 mL) was added dropwise. After
the mixture was stirred for 3 h at room temperature, acetone
was removed in vacuo, and the product was precipitated from
the solution by slowly adding 1 N HCI, then was filtered,
washed with cold water, and dried to give 13 as a white solid
which was recrystallized in MeOH (290 mg, 94% yield): mp
157—158 °C; IR (KBr) v 342, 3003, 1705, 1667 cm™%; 1H NMR
(CDCl; + DMSO-dg) 6 1.03 (t, 3H, J = 7 Hz, CH,CHj3), 1.35—
1.65 (m, 4H, CH-8, CH;-9), 2.20 (m, 2H, CH,-10), 2.28 (s, 6H,
Ar-CHjs), 2.67 (g, 2H, 3 = 7 Hz, CH,CHg), 3.93 (m, 1H, CH,-
7), 6.77 (s, 2H, Ar-H), 6.87 (s, 1H, Ar-H), 10.50 (br, 2H, NH-3,
COOH).
2'-Deoxy-5-[2-(methoxycarbonyl)ethyl]-5'-O-(4-meth-
oxytrityl)uridine (17). A solution of nucleoside 164! (4.19 g,
13.34 mmol) and 4-methoxytrityl chloride (7.71 g, 23.81 mmol)
in dry pyridine (300 mL) was stirred for 20 h under argon.
The reaction was quenched with MeOH (5 mL), and the
mixture was concentrated to dryness. The residue was dis-
solved in CHCl, and washed twice with water, and the organic
layer was dried and concentrated. Flash chromatography
(EtOAc/cyclohexane/EtsN: 9/1/0.5) provided 17 as a foam (3.94
g, 50% yield): 'H NMR (CDCls) 6 1.70 (br s, 1H, OH), 2.10—
2.50 (m, 6H, CH-2', CH,-7, CH,-8), 3.44 (m, 2H, CH,-5'), 3.58
(s, 3H, OCHj3), 3.80 (s, 3H, OCHg), 4.04 (m, 1H, CH-4'), 4.55
(m, 1H, CH-3'), 6.36 (t, 1H, J = 7 Hz, CH-1'), 6.85 (d, 2H, J =
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9 Hz, Ar), 7.20—7.35 (m, 10H, Ph), 7.41 (d, 2H, J = 9 Hz, Ar),
7.51 (s, 1H, CH-6), 8.65 (br s, 1H, NH); MS (C1—NHs) m/z 587
(M + H)".
2,3'-Anhydro-2'-deoxy-5-[2-(methoxycarbonyl)ethyl]-
5-O-(4-methoxytrityl)uridine (18). At 0 °C, methanesulfo-
nyl chloride (775 uL, 10.00 mmol) was added dropwise, under
an argon atmosphere, to a solution of nucleoside 17 (3.91 g,
6.67 mmol) in dry pyridine (40 mL). The resulting mixture was
stirred at room temperature for 22 h, then quenched at 0 °C
with water (10 mL). After evaporation, the residue was taken
up in CH,CI, and washed twice with water, and the organic
layer was dried and concentrated to give a foam (4.40 g). To
the crude mesylate derivative dissolved in dry THF (100 mL)
was added DBU (1 mL, 6.68 mmol). After being stirred at
reflux for 5 h, the mixture was diluted with cold H,O (100 mL)
and extracted with EtOAc (3 x 100 mL). The combined organic
phase was dried, evaporated under reduced pressure, and
chromatographed (CH:Cl./MeOH/Et;N: 98/2/1, then 96/4/1) to
give 18 as a foam (3.26 g, 86% yield): [0]*°p —6° (c 1.0, CHCly);
'H NMR (CDClg) 6 2.40 (m, 1H, CH-2'a), 2.54 (d, 1H, J = 13
Hz, CH-2'b), 2.55—2.70 (m, 4H, CH,-7, CH-8), 3.34 (m, 2H,
CHy-5'), 3.63 (s, 3H, OCHj3), 3.78 (s, 3H, OCH3), 4.24 (m, 1H,
CH-4'), 5.14 (br s, 1H, CH-3"), 5.48 (d, 1H, J = 3.5 Hz, CH-1"),
6.80 (d, 2H, J = 8 Hz, Ar), 7.05 (s, 1H, CH-6), 7.15—7.30 (m,
10H, Ph), 7.41 (d, 2H, J = 8 Hz, Ar); MS (CI—NHs) m/z 569
(M + H)".
3'-Azido-2',3'-dideoxy-5-[2-(methoxycarbonyl)ethyl]-5'-
O-(4-methoxytrityl)uridine (19). Compound 18 (3.41 g, 6.00
mmol) was heated at 120 °C with sodium azide (1.56 g, 24.00
mmol) in dry DMF (300 mL) for 20 h. After cooling, the mixture
was poured into ice—water and extracted with EtOAc (3 x 100
mL). The combined phase was dried, evaporated under reduced
pressure, and chromatographed (CH.Cl,/MeOH/EtsN: 99/1/
1, then 97/3/1) to give 19 as a foam (3.12 g, 85% yield): [a]*’p
+15° (c 1.0, CHCIy); IR (CHCI3) v 3392, 2107, 1710, 1688 cm™1,;
IH NMR (CDCl3) 6 2.20—2.50 (m, 6H, CH,-2', CH,-7, CH;-8),
3.38 (dd, 1H, J = 11, 3 Hz, CH-5'a), 3.53 (dd, 1H, J = 11, 3
Hz, CH-5'b), 3.59 (s, 3H, OCH3), 3.81 (s, 3H, OCHg), 3.98 (dd,
1H, 3 = 7.5, 3.5 Hz, CH-4"), 432 (m, 1H, CH-3'), 6.23 (t, 1H,
J = 6.5 Hz, CH-1'), 6.88 (d, 2H, J = 8 Hz, Ar), 7.30—7.50 (m,
12H, Ar), 7.58 (s, 1H, CH-6), 8.95 (br s, 1H, NH).
3'-Azido-2',3'-dideoxy-5-[2-(methoxycarbonyl)ethyl]-
uridine (20). Dowex 50X2—200 mesh ion-exchange resin (2.0
g) was added to a solution of 19 (1.60 g, 2.60 mmol) in MeOH
(50 mL). After 3 h, the resin was removed by filtration and
washed thoroughly with MeOH, and the filtrate was evapo-
rated. After flash chromatography (CH,Cl.,/MeOH: 97/3) and
recrystallization from diethyl ether, 20 (790 mg, 89% yield)
was obtained as a white solid: mp 80—81 °C; [a]*°> +45° (c
1.0, CHCI3); IR (CHCI3) v 3520, 3392, 2108, 1710, 1688 cm™;
H NMR (CDCls3) ¢ 2.45 (t, 2H, J = 6 Hz, CH,-8), 2.55—2.70
(m, 4H, CH,-2', CH, -7), 3.40 (br s, 1H, OH), 3.67 (s, 3H, OCH),
3.80 (d, 1H, 3 = 12 Hz, CH-5'a), 3.97 (m, 1H, CH-4'), 4.02 (d,
1H, J = 12 Hz, CH-5'b), 4.42 (dd, 1H, J = 11, 6 Hz, CH-3'),
6.20 (t, 1H, 3 = 6.5 Hz, CH-1'), 7.72 (s, 1H, CH-6), 9.10 (br s,
1H, NH), MS (Cl—NHg) m/z 340 (M + H)+. Anal. (Cl3H17N506)
C,H, N.
5-[[(4-Aminobutyl)amino]-3-oxopropyl]-3'-azido-2',3'-
dideoxyuridine (21a). A solution of nucleoside 20 (180 mg,
0.53 mmol) and 1,4-diaminobutane (490 mg, 5.55 mmol) in
MeOH (5 mL) was stirred under argon for 4 days. After
repeated evaporations with toluene, the crude product was
rinsed three times with EtOAc to give 2la as a white,
hygroscopic, fluffy solid (160 mg, 76% yield): *H NMR (DMSO-
ds) 6 1.25—1.35 (m, 6H, CH2-12, CH,-13, NH>), 2.20—2.45 (m,
6H, CH»-2', CH,-7, CH>-8), 3.00 (m, 2H, CH-11), 3.61 (m, 2H,
CH-5'), 3.83 (m, 1H, CH-4'), 4.40 (dd, 1H, J = 11, 5 Hz, CH-
3", 6.09 (t, 1H, J = 6.5 Hz, CH-1'), 7.63 (s, 1H, CH-6), 7.82 (t,
1H, J = 5 Hz, NH-10); MS (CI—NHs) m/z 396 (M + H)™.
5-[[(10-Aminodecyl)amino]-3-oxopropyl]-3'-azido-2',3'-
dideoxyuridine (21b). A solution of nucleoside 20 (150 mg,
0.44 mmol) and 1,10-diaminodecane (760 mg, 4.41 mmol) in
MeOH (4 mL) was stirred under argon for 5 days. After
evaporation, the crude product was rinsed three times with
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EtOAc. The residual solid was purified by flash chromatog-
raphy (CH2Cl./MeOH/Et;N: 15/5/1) to give 21b as a white,
hygroscopic solid (156 mg, 74% yield): *H NMR (DMSO-ds) 6
1.20—-1.30 (m, 14H, CH,-13 to CH,-19), 1.30—1.40 (m, 4H, CH,-
12, NH;), 2.20—2.45 (m, 6H, CH,-2', CH,-7, CH;-8), 2.57 (m,
2H, CH,-20), 3.00 (m, 2H, CH-11), 3.63 (m, 2H, CH,-5'), 3.84
(m, 1H, CH-4'), 4.42 (m, 1H, CH-3'), 6.10 (t, 1H, J = 6.5 Hz,
CH-1'), 7.64 (s, 1H, CH-6), 7.83 (t, 1H, J = 5 Hz, NH-10); MS
(CI1-=NHgz) m/z 480 (M + H)*; HRMS (CI, CH,) m/z 480.2910
[(M + H)Jr calcd for C22H38N705: 4802934]

4-N-(12-Aminododecyl)-2',3'-dideoxycytidine (25). Com-
pound 24367 (250 mg, 0.98 mmol) was dried by coevaporating
twice with anhydrous pyridine and was dissolved in anhydrous
dichloromethane (15 mL). Triethylamine (35 xL, 2.51 mmol)
was added, then (2,4,6-triisopropylphenyl)sulfonyl chloride
(600 mg, 1.98 mmol) and 4-(dimethylamino)pyridine (25 mg,
0.02 mmol). The reaction was stirred for 3 h under argon at
room temperature, and 1,12-diaminododecane (1.25 g, 6.23
mmol) was added. After being stirred for 2 h, the mixture was
evaporated under reduced pressure, and the residue was
purified by flash chromatography (CH.Cl,/MeOH/Et;N: 18/
2/1 then 15/5/1) to give, after trituration with EtOAc, 128 mg
(33% yield) of 25 as a foam: *H NMR (DMSO-ds) 6 1.15—1.30
(m, 20H, CH; x 9, NHy), 1.46 (m, 2H, CH-9), 1.75—-1.85 (m,
3H, CH-2'a, CH,-3'), 2.23 (m, 1H, CH-2'b), 2.50 (CH>-19 with
DMSO0), 3.20 (dt, 2H, J = 6, 6 Hz, CH;-8), 3.53 (dd, 1H, J =
12, 4 Hz, CH-5'a), 3.66 (dd, 1H, J = 12, 3.5 Hz, CH-5'b), 3.99
(m, 1H, CH-4'), 5.69 (d, 1H, J = 7.5 Hz, CH-5), 5.92 (dd, 1H,
J = 6.5, 3 Hz, CH-1"), 7.65 (t, 1H, J = 5.5 Hz, NH), 7.82 (d,
1H, J = 7.5 Hz, CH-6). MS (CI—NHs) m/z 395 (M + H)*; HRMS
(Cl, CH4) m/z 395.3013 [(M + H)Jr calcd for Cy1H3gN4O3:
395.3022].

General Procedure for the Synthesis of the Pyridi-
none Analogues 29a—d. N,N'-Dicyclohexylcarbodiimide (7.0
equiv) was added to the cooled mixture (0 °C) of hydroxyben-
zotriazole (7.0 equiv) and acid®? 28a, 28b, 28c, or 28d (7.0
equiv) in anhydrous CH,Cl,. An exothermic reaction and
formation of a white precipitate were observed. The mixture
was stirred at 0 °C under argon for 35 min. The solution of
the pyridinone 27,8 in CH,Cl,, was added dropwise. After 5
min, N-methylmorpholine (7.7 equiv) was added. The mixture
was stirred at 0 °C for 3 h and at room temperature for 16 h.
N,N’-Dicyclohexylurea was filtered off. The solvent was re-
moved in vacuo, and the crude was taken in EtOAc. The
organic layer was washed twice with an aqueous solution of
sodium bicarbonate, once with aqueous solution of citric acid,
with water and brine. The organic layer was dried and
concentrated under reduced pressure. The residue was chro-
matographed as indicated.

3-[10-(N-tert-Butoxycarbonyl)aminodecanoyl]amino-
4-(3,5-dimethylbenzyl)-5-ethyl-6-methylpyridin-2(1H)-
one (29a). From 10-(N-tert-butoxycarbonyl)amino decanoic
acid 28a (1.49 g, 5.18 mmol) and pyridinone analogue 27 (0.20
g, 0.74 mmol) was obtained compound 29a as a yellow light
solid (0.18 g, 45% yield) after flash chromatography (CH,Cl,/
EtOH: 1/0 to 95/5): TLC (CH.CI/EtOH: 95/5) Rf 0.29; mp
148—149 °C; 'H NMR (CDCl3) 6 0.96 (t, 3H, J = 7 Hz,
CH,CH3), 1.25 (br s, 10H, CH,-11 to CH,-15), 1.43 (s, 9H, Boc),
1.57—-1.65 (m, 4H, CH,-10, CH,-16), 2.22 (s, 6H, Ar-CH3), 2.30
(9, 2H, 3 = 7 Hz, CH,CH3), 2.44 (s, 3H, CH3-6), 2.44—2.55 (m,
2H, CH»-9), 3.08 (t, 2H, J = 7 Hz, CH,-17), 3.98 (s, 2H, CH-
Ar), 4.50 (br s, 1H, NHBoc), 6.57 (s, 2H, Ar-H), 6.81 (s, 1H,
Ar-H), 7.55 (br s, 1H, NH). Anal. (C3,H9N304:0.4H,0) C, H,
N, O.

3-[N-(tert-Butoxycarbonyl)glycylglycyl]lamino-4-(3,5-
dimethylbenzyl)-5-ethyl-6-methylpyridin-2(1H)-one (29b).
From N-(tert-butoxycarbonyl)glycylglycine 28b (2.76 g, 11.91
mmol) and pyridinone analogue 27 (0.46 g, 1.70 mmol) was
obtained compound 29b as a white solid (0.60 g, 72.5% yield)
after flash chromatography (CH.CI./EtOH: 1/0 to 9/1): TLC
(CH,CI,/EtOH: 9/1) R;0.21; mp 187—188 °C; *H NMR (CDCl5)
0 0.84 (t, 3H, J = 6 Hz, CH,CH3), 1.37 (s, 9H, Boc), 2.19 (s,
6H, Ar-CHs), 2.24 (s, 3H, CH3-6), 2.32 (g, 2H, J = 7 Hz, CH;-
CHg), 3.75 (br s, 2H, CH,-9), 3.83 (s, 2H, CHAr), 3.96 (br s,
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2H, CH-12), 5.58 (br s, 1H, NHBoc), 6.62 (s, 2H, Ar-H), 6.75
(s, 1H, Ar-H), 7.65 (br s, 1H, NH), 8.34 (br s, 1H, NH), 12.65
(br S, 1H, NH-l) Anal. (C25H35N405‘H20) C, H.

4-(3,5-Dimethylbenzyl)-5-ethyl-3-(4-methoxycarbon-
ylbutanoyl)amino-6-methylpyridin-2(1H)-one (29c). From
monomethylglutarate 28c (0.76 g, 5.18 mmol) and pyridinone
analogue 27 (0.20 g, 0.74 mmol) was obtained compound 29c
as a white solid (0.22 g, 75% yield) after flash chromatography
(CH.CI,/EtOH: 1/0 to 95/5) TLC (CH.CIl,/EtOH: 95/5) R 0.08;
mp 205—206 °C; 'H NMR (CDCl3) 6 0.95 (t, 3H, J = 7 Hz,
CH,CHg3), 1.85—2.05 (m, 2H, CH,-10), 2.23 (s, 6H, Ar-CHg),
2.37 (s, 3H, CH3-6), 2.41—-2.47 (m, 6H, CH»-9, CH>-11,CH>-
CHj3), 3.63 (s, 3H, COOCHy3), 3.92 (s, 2H, CH>Ar), 6.59 (s, 2H,
Ar-H), 6.81 (s, 1H, Ar-H), 7.15 (br s, 1H, NH), 12.50 (br s, 1H,
NH-l). Anal. (Cz3H3oN204'O.25H20) C, H.

4-(3,5-Dimethylbenzyl)-5-ethyl-3-(9-methoxycarbonyl-
nonanoyl)amino-6-methylpyridin-2(1H)-one (29d). From
sebacic acid monomethylester 28d (1.12 g, 5.18 mmol) and
pyridinone analogue 27 (0.20 g, 0.74 mmol) was obtained
compound 29d as a white solid (0.27 g, 77% yield) after flash
chromatography (CH.CI,/EtOH: 1/0 to 95/5): TLC (CH.Cl./
EtOH: 95/5) Rf0.11; mp 161162 °C; *H NMR (CDCls) 6 0.94
(t, 3H, 3 =7 Hz, CH,CH3), 1.25 (br s, 8H, CH,-11 to CH-14),
1.50—1.77 (m, 4H, CH,-10, CH,-15), 2.22 (s, 6H, Ar-CH3), 2.34
(s, 3H, CH3-6), 2.27—2.50 (m, 6H, CH,-9, CH»-16, CH,CHs),
3.64 (s, 2H, COOCHs3), 3.92 (s, 2H, CH2Ar), 6.57 (s, 2H, Ar-
H), 6.80 (s, 1H, Ar-H), 7.01 (br s, 1H, NH), 12.25 (br s, 1H,
NH-l) Anal. (C23H40N204) C, H, N, 0.

General Procedure for the Synthesis of the Pyridi-
none Analogues 30a’, 30b’. The N-protected pyridinones 29a
and 29b were dissolved in EtOAc. Concentrated hydrochloric
acid was added, and the mixture was stirred at room temper-
ature for 20 to 30 min, basified by addition of concentrated
ammonia. The solvent was removed in vacuo, and water was
added. The obtained precipitate was filtered off, washed with
small quantities of water, and dried over calcium chloride
under vacuum.

3-(10-Aminodecanoyl)amino-4-(3,5-dimethylbenzyl)-5-
ethyl-6-methylpyridin-2(1H)-one (30a’). Compound 29a
(0.15 g, 0.28 mmol) was deprotected with 0.64 mL of concen-
trated hydrochloric acid to give compound 30a’ as a yellow
solid (73 mg, 60% vyield): TLC (CH,CI/EtOH: 8/2) R; 0.08;
mp 239-240 °C; *H NMR (CDCl; and CD30D) 6 0.69 (t, 3H, J
=7 Hz, CH,CHg), 1.05 (br s, 10H, CH,-11 to CH,-15), 1.37 (s,
4H, CH»2-10, CH»-16), 1.99 (s, 6H, Ar-CH3), 2.06 (s, 3H, CHs-
6), 2.03—2.10 (m, 2H, CH-9), 2.12 (q, 2H, J = 7.5 Hz, CH,-
CHs), 2.64 (t, 2H, 3 = 7 Hz, CH»-17), 3.61 (s, 2H, CH>Ar), 6.39
(s, 2H, Ar-H), 6.57 (s, 1H, Ar-H). Anal. (C27H41N304-0.4H,0)
C, H,O.

4-(3,5-Dimethylbenzyl)-5-ethyl-3-(N-glycylglycyl)amino-
6-methylpyridin-2(1H)-one (30b’). Compound 29b (0.20 g,
0.41 mmol) was deprotected with 0.95 mL of concentrated
hydrochloric acid to give compound 30b’ as a white solid (59
mg, 73.5% yield): TLC (CH.CI,/EtOH: 9/1) R; 0.29; mp 154—
155 °C; *H NMR (DMSO-ds) ¢ 0.80 (t, 3H, J = 7 Hz, CH,CH3),
2.20 (s, 3H, CH3-6), 2.23 (s, 6H, Ar-CH3), 2.27 (q, 2H, J = 7
Hz, CH,CHs), 3.63 (s, 2H, CH-9), 3.75 (s, 2H, CHAr), 3.98
(d, 2H, J =5 Hz, CH»-12), 6.76 (s, 2H, Ar-H), 6.82 (s, 1H, Ar-
H), 8.06 (br s, 2H, NHy), 8.69 (tl, 1H, J = 5 Hz, NH), 9.18 (s,
1H, NH), 11.68 (br s, 1H, NH-1). Anal. (C21H2sN40O3°1.25H,0)
C, H.

General Procedure for the Synthesis of the Pyridi-
none Analogues 30c', 30d’. An aqueous solution of 4 N
sodium hydroxide was added to the suspension of pyridinone
29c or 29d in a mixture of MeOH/THF (1/1.5). The solid was
immediately dissolved. The mixture was stirred at room
temperature for 5 min. The solvents were removed in vacuo,
and water was added. The aqueous layer thus obtained was
acidified by addition of an aqueous solution of 3 N hydrochloric
acid. The precipitate was filtered off, washed with water, and
dried over calcium chloride under vacuum at room tempera-
ture.

3-(4-Carboxybutanoyl)amino-4-(3,5-dimethylbenzyl)-
5-ethyl-6-methylpyridin-2(1H)-one (30c"). Compound 29c
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(98 mg, 0.25 mmol) was deprotected with 0.60 mL of aqueous
solution of 4 N sodium hydroxide to give compound 30c’ as a
white solid (70 mg, 74% yield): TLC (CH.CI,/EtOH: 9/1) R¢
0.07; mp 234-235 °C; *H NMR (DMSO-dg) 6 0.81 (t, 3H, J =
7 Hz, CH,CHg), 1.69—1.86 (m, 2H, CH,-10), 2.19 (s, 3H, CHs-
6), 2.23 (s, 6H, Ar-CHy), 2.23—2.39 (m, 6H, CH»-9, CH,-11,CH-
CHg), 3.74 (s, 2H, CHAr), 6.76 (s, 2H, Ar-H), 6.81 (s, 1H, Ar-
H), 8.97 (s, 1H, COyH), 11.74 (br s, 1H, NH-1). Anal.
(C22H2sN20,4) C, H, N.
3-(9-Carboxynonanoyl)amino-4-(3,5-dimethylbenzyl)-
5-ethyl-6-methylpyridin-2(1H)-one (30d’). Compound 29d
(200 mg, 0.43 mmol) was deprotected with 1.0 mL of aqueous
solution of 4 N sodium hydroxide to give compound 30d’ as a
white solid (188 mg, 97% yield): TLC (CH.CI,/EtOH: 9/1) R¢
0.14; mp 134—135 °C; 'H NMR (DMSO-dg) 6 0.81 (t, 3H, J =
7 Hz, CH,CH3), 1.20 (br s, 8H, CH,-11 to CH,-14), 1.44—1.64
(m, 4H, CH»-10, CH,-15), 2.15 (s, 3H, CH3-6), 2.22 (s, 6H, Ar-
CHg), 2.15-2.36 (m, 6H, CH,-9, CH,-16,CH,CH3), 3.74 (s, 2H,
CHAr), 6.76 (s, 2H, Ar-H), 6.81 (s, 1H, Ar-H), 8.94 (s, 1H,
CO;H), 11.75 (br s, 1H, NH-1). Anal. (C2;H3sN204-0.25H,0)
C, H, N.
3'-Azido-5-(2-carboxyethyl)-2',3'-dideoxyuridine (31).
To a solution of methyl ester 20 (403.0 mg, 1.18 mmol) in
MeOH (5 mL) was added 2 mL of 2 N NaOH dropwise at 0
°C. After being stirred for 3 h at room temperature, the
mixture was neutralized with Dowex 50X2—200 mesh ion-
exchange resin. After filtration and evaporation, the residue
obtained was rinsed with CH,CI, and dissolved in MeOH, and
the product 31 (365 mg, 95% yield) precipitated by adding
diethyl ether: TLC (EtOAc/MeOH: 8/2) R{0.35; mp 170—172
°C; [0]?°p +35° (¢ 1.1, MeOH); IR (KBr) 3600—3200, 2109, 1703,
1665 cm™L; IH NMR (DMSO-dg) 6 2.25—2.40 (m, 6H, CH-2",
CH»-7, CH>-8), 3.55—3.65 (m, 2H, CH,-5'), 3.83 (m, 1H, CH-
4", 4.41 (m, 1H, CH-3'), 6.09 (m, 1H, CH-1'), 7.71 (s, 1H, CH-
6), 11.20 (br, 2H, NH, COOH).
3'-Azido-2',3'-dideoxy-5-[[[3-(methoxycarbonyl)propyl]-
amino]-3-oxopropyl]uridine (32). To a cooled solution of 130
mg (0.40 mmol) of 31 and 60 xL (0.54 mmol) of N-methylmor-
pholine (NMM) in DMF (3 mL) was added 2-chloro-4,6-
dimethoxy-1,3,5-triazine (70 mg, 0.40 mmol). After the mixture
was stirred for 3 h at 0 °C, NMM (60 uL, 0.54 mmol) and
methyl-y-aminobutyrate hydrochloride® (63 mg, 0.41 mmol)
were added successively. After 20 h, the solvent was removed
in vacuo, and the residue was purified by flash chromatogra-
phy (EtOAc/MeOH: 94/4) to give 32 as a white solid (130 mg,
76% yield): mp (EtOAc) 128—-130 °C; [a]*p +27.5° (c 1.0,
MeOH); IR (KBr) 3406, 3322, 1735, 1710, 1676, 1658 cm™;
H NMR (DMSO-dg) 6 1.64 (m, 2H, CH,-12), 2.25—2.45 (m,
8H, CH,-2', CH,-7, CH,-8, CH,-13), 3.04 (m, 2H, CH,-11), 3.58
(s, 3H, OCHy), 3.60 (m, 2H, CH,-5'), 3.84 (m, 1H, CH-4'), 4.41
(dd, 1H, J = 11.5, 5.5. Hz, CH-3'), 5.20 (br s, 1H, OH), 6.09 (t,
1H, J = 6 Hz, CH-1"), 7.64 (s, 1H, CH-6), 7.86 (t, 1H, J = 5.5
Hz, NH-10), 11.37 (br s, 1H, NH-3); MS (C1-NH3) m/z 425 (M
+ H)+. Anal. (C17H24NGO7) C, H, N.
3'-Azido-5-[[(3-carboxypropyl)amino]-3-oxopropyl]-2',3'-
dideoxyuridine (33). To a solution of methylester 32 (100
mg, 0.23 mmol) in MeOH (4 mL) was added 0.5 mL of 2 N
NaOH at 0 °C dropwise. After being stirred for 4 h at room
temperature, the mixture was neutralized with Dowex 50X2—
200 ion-exchange resin. After filtration and concentration, the
residue obtained was rinsed with CH,ClI,, then recrystallized
in MeOH to give 33 as a white solid (71 mg, 73% yield): TLC
(EtOAc/MeOH/ACcOH: 9/1/0.02) R;0.16; mp 155—156 °C; [0]*°p
+30° (c 1.0, MeOH); IR (KBr) 3405, 3353, 2123, 1703, 1683,
1642 cm™L; 1H NMR (DMSO-dg) 6 1.60 (m, 2H, CH,-12), 2.15—
2.45 (m, 8H, CH,-2', CH,-7, CH,-8, CH,-13), 3.03 (m, 2H, CH.-
11), 3.61 (m, 2H, CH-5'), 3.81 (m, 1H, CH-4'), 4.40 (dd, 1H, J
=115, 5.5 Hz, CH-3'), 5.20 (br s, 1H, OH), 6.08 (t, 1H, J =
6.5 Hz, CH-1'), 7.63 (s, 1H, CH-6), 7.84 (t, 1H, J = 5.5 Hz,
NH-10), 11.35 (br s, 1H, NH-3), 12.10 (br, 1H, COOH).
General Procedure for the Synthesis of Heterodimers
14, 22, 23, 26, 34—37. To a cooled solution of carboxylic acid
compound 13, 31, 33, 30c’, or 30d" (1.0 equiv) and N-
methylmorpholine (1.5 equiv) in dry DMF was added 2-chloro-
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4,6-dimethoxy-1,3,5-triazine (1.1 equiv). After the mixture was
stirred for 3 h at 0 °C, a solution was added, in DMF, of the
amino derivative 9, 21a, 21b, 25, 30a’, or 30b’ (~1.0 equiv).
After 20 h, the solvent was removed in vacuo, and the residue
was chromatographed.
3'-Azido-3-[N-15-[6-(3,5-dimethylphenylthio)-5-ethyl-1-
(5-oxopentyl)uracil]-4,15-diaza-3-oxopentadecanyl]-3'-
deoxy-5'-O-(thexyldimethylsilyl)thymidine (14). From the
nucleoside 9 (160 mg, 0.252 mmol) and HEPT analogue 13
(95 mg, 0.250 mmol) was obtained compound 14 as a white
solid (150 mg, 60% yield) after flash chromatography (EtOAc/
MeOH: 98/2): mp 93-95 °C; *H NMR (DMSO-ds) 6 0.13 (d,
6H, J = 2.5 Hz, (CHg),Si), 0.84—0.94 (m, 15H, (CH3).C x 2,
CH,CHs), 1.24 (br s, 12H, CH,-7* to CH»-12*), 1.30—1.45 (m,
8H, CH,-6*, CH,-13*, CH,-8", CH,-9"), 1.60 (m, 1H, (CH3).CH),
1.84 (s, 3H, CH3-5), 1.99 (m, 2H, CH»-10"), 2.25 (s, 6H, Ar-
CHg), 2.25—2.40 (m, 4H, CH,-2', CH,-2*), 2.50 (CH,CHj; with
DMSO), 2.99 (m, 4H, CH»-5*, CH»-14*), 3.75—3.90 (m, 5H, CH-
4', CH2-5', CH,-7"), 4.00 (m, 2H, CH>-1*), 4.37 (m, 1H, CH-
3", 6.12 (t, 1H, J = 6 Hz, CH-1'), 6.91 (s, 2H, Ar-H), 6.93 (s,
1H, Ar-H), 7.20 (t, 1H, J = 5.5 Hz, NHCO), 7.51 (s, 1H, CH-
6), 7.88 (t, 1H, J = 5.5 Hz, NHCO), 11.60 (br s, 1H, NH-3");
MS (ESI) m/z 874.5 (M + Na)*, 852.5 (M + H)".
3'-Azido-2',3'-dideoxy-5-[N-9-[6-(3,5-dimethylphenylthio)-
5-ethyl-1-(5-oxopentyl)uracil]-4,9-diaza-3-oxononanyl]-
uridine (22). From the nucleoside 21a (54 mg, 0.144 mmol)
and HEPT analogue 13 (58 mg, 0.146 mmol) was obtained
compound 22 as a white solid (62 mg, 57%) after flash
chromatography (EtOAc/MeOH: 90/10) and recrystallization
from EtOAc/MeOH: mp 120—-123 °C; 'H NMR (DMSO-dg) 6
0.91 (t, 3H, J = 7.5 Hz, CH,CH3), 1.30—1.45 (m, 8H, CH,-12%,
CH-13*, CH,-8", CH»-9"), 1.98 (m, 2H, CH,-10"), 2.20—2.40
(m, 10H, CH,-2', CH,-2*, Ar-CH3), 2.42 (m, 2H, CH,-1*), 2.50
(CH,CH3 with DMSO), 3.00 (m, 4H, CH,-5*, CH-8*), 3.63 (m,
2H, CH»-5'), 3.83 (m, 3H, CH-4', CH»-7"), 4.41 (m, 1H, CH-3"),
5.25 (br s, 1H, OH), 6.10 (m, 1H, CH-1'), 6.90 (s, 2H, Ar-H),
6.92 (s, 1H, Ar-H), 7.63 (s, 1H, CH-6), 7.72 (br s, 1H, NHCO),
7.79 (br s, 1H, NHCO), 11.35 (br s, 1H, NH), 11.60 (br s, 1H,
NH); MS (ESI) m/z 751 (M + Na)*. Anal. (CssH47NgOsS) C, H,
N.
3'-Azido-2',3'-dideoxy-5-[N-15-[6-(3,5-dimethylphenyl-
thio)-5-ethyl-1-(5-oxopentyl)uracil]-4,15-diaza-3-oxo-
pentadecanyl]uridine (23). From the nucleoside 21b (71 mg,
0.148 mmol) and HEPT analogue 13 (58 mg, 0.146 mmol) was
obtained compound 23 as a white solid (71 mg, 57% yield) after
flash chromatography (EtOAc/MeOH: 95/5) and recrystalli-
zation from EtOAc: mp 98—100 °C; *H NMR (DMSO-dg) 6 0.90
(t, 3H, 3 = 7.5 Hz, CH,CHg), 1.20 (br s, 12H, CH,-7* to CH,-
12*), 1.35—-1.45 (m, 8H, CH,-6*, CH,-13*, CH,-8", CH,-9"),
1.97 (m, 2H, CH,-10"), 2.20—2.35 (m, 10H, CH,-2', CH,-2*, Ar-
CHg), 2.40 (m, 2H, CH,-1*), 2.50 (CH,CH3; with DMSO), 2.98
(m, 4H, CH,-5*%, CH»-14%*), 3.61 (m, 2H, CH,-5'), 3.80 (m, 3H,
CH-4', CH»-7"), 4.40 (m, 1H, CH-3), 5.23 (br s, 1H, OH), 6.08
(t, 1H, 3 = 6.5 Hz, CH-1"), 6.89 (s, 2H, Ar-H), 6.91 (s, 1H, Ar-
H), 7.61 (s, 1H, CH-6), 7.67 (t, 1H, J = 5.5 Hz, NHCO), 7.77
(t, 1H, 3 = 5.5 Hz, NHCO), 11.35 (br s, 1H, NH), 11.60 (br s,
1H, NH); MS (ESI) m/z 860 (M + Na)*, 838 (M + H)*. Anal.
(Ca1Hs9NgOgS) C, H, N.
2',3'-Dideoxy-4-N-[N-13-[6-(3,5-dimethylphenylthio)-5-
ethyl-1-(5-oxopentyl)uracil]-13-azadodecyl]cytidine (26).
From the nucleoside 25 (74 mg, 0.180 mmol) and HEPT
analogue 13 (68 mg, 0.181 mmol) was obtained compound 26
as a white solid (98 mg, 69% yield): mp 116—118 °C; *H NMR
(DMSO-ds) 6 0.92 (t, 3H, J = 7.5 Hz, CH,CHa), 1.25 (m, 16H,
CH2-3* to CH,-10*), 1.30—1.50 (m, 8H, CH,-2*, CH,-11*, CH,-
8", CH»-9"), 1.75—1.90 (m, 3H, CH-2'a, CH,-3'), 1.98 (m, 2H,
CH-10"), 2.20—2.25 (m, 7H, CH-2'b, Ar-CH3), 2.50 (CH,CH3
with DMSO0), 2.99 (m, 2H, CH,-12*), 3.19 (dt, 2H,J =6.5,6.5
Hz, CH,-1*), 3.54 (dd, 1H, J = 12, 4 Hz, CH-5'a), 3.66 (d, 1H,
J = 12 Hz, CH-5'b), 3.82 (m, 2H, CH-7"), 4.02 (m, 1H, CH-
4", 5.00 (br s, 1H, OH), 5.70 (d, 1H, 3 = 7.5 Hz, CH-5), 5.93
(dd, 1H, 3 = 6.5, 3 Hz, CH-1"), 6.90 (s, 2H, Ar-H), 6.93 (s, 1H,
Ar-H), 7.61 (t, 1H, J = 5.5 Hz, NH), 7.72 (t, 1H, J = 5.5 Hz,
NHCO), 7.84 (d, 1H, J = 7.5 Hz, CH-6), 11.60 (br s, 1H, NH-
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3"); MS (ESI) m/z 775.,5 (M + Na)*, 753.5 (M + H)*. Anal.
(CaoHeoNsO6S) C, H, N.
3'-Azido-2',3'-dideoxy-5-[N-15-[4-(3,5-dimethylbenzyl)-
5-ethyl-6-methyl-2-oxo-(1H)-pyridin-3-yl]-4,15-diaza-3,14-
dioxopentadecanyl]uridine (34). From the nucleoside 31
(22 mg, 0.067 mmol) and pyridinone analogue 30a’ (25 mg,
0.058 mmol) was obtained compound 34 as a white solid (28
mg, 65% yield) after flash chromatography (EtOAc/MeOH: 85/
15): mp 136—138 °C; *H NMR (DMSO-dg) 6 0.78 (t, 3H, J =
7 Hz, CH,CHj3), 1.10—1.30 (m, 10H, CH,-7* to CH>-11*), 1.30—
1.45 (m, 2H, CH,-12%*), 1.45—-1.55 (m, 2H, CH,-6*), 2.15—2.40
(m, 17H, CH,-2', CH,-2*, CH,-13*, CH3-6"", CH,CH3, Ar-CHjs),
2.40—2.45 (m, 2H, CH>-1*), 2.98—3.05 (m, 2H, CH,-5%), 3.60—
3.65 (m, 2H, CH,-5'), 3.71 (s, 2H, CH,Ar), 3.84 (m, 1H, CH-
4"), 4.43 (m, 1H, CH-3'), 5.26 (br s, 1H, OH), 6.10 (t, 1H, J =
6.5 Hz, CH-1'), 6.73 (s, 2H, Ar-H), 6.77 (s, 1H, Ar-H), 7.68 (s,
1H, CH-6), 7.79 (t, 1H, J = 5.5 Hz, NH-4%), 8.92 (br s, 1H,
NH-7"), 11.35 (br s, 1H, NH), 11.60 (br s, 1H, NH); MS (ESI)
m/z 769 (M + Na)+, 747 (M + H)+. Anal. (C39H54N307) C, H,
N.
3'-Azido-2',3'-dideoxy-5-[N-15-[4-(3,5-dimethylbenzyl)-
5-ethyl-6-methyl-2-oxo-(1H)-pyridin-3-yl]-4,9,12,15-tet-
raaza-3,8,11,14-tetraoxopentadecanyl]uridine (35). From
the nucleoside 33 (60 mg, 0.146 mmol) and pyridinone ana-
logue 30b’ (58 mg, 0.151 mmol) was obtained compound 35
as an amorphous white solid (85 mg, 75% yield) after flash
chromatography (CH,CIl,/MeOH: 8/2): *H NMR (DMSO-dg) 6
0.75 (t, 3H, J = 7 Hz, CH,CH3), 1.57—1.62 (m, 2H, CH.-6*),
2.09—2.35 (m, 17H, CH,-2', CH,-2*, CH,-7*, CH3-6", CH,CHj3,
Ar-CHj3), 2.39—2.42 (m, 2H, CH-1*), 3.00—3.05 (m, 2H, CH,-
5*), 3.61 (m, 2H, CH,-5'), 3.68—3.72 (m, 4H, COCH,NH, CH-
Ar), 3.80—3.84 (m, 3H, CH-4', COCH,NH), 4.41 (m, 1H, CH-
3'),5.32 (t, 1H, J = 5 Hz, OH), 6.08 (t, 1H, J = 6.5 Hz, CH-1"),
6.72 (s, 2H, Ar-H), 6.77 (s, 1H, Ar-H), 7.66 (s, 1H, CH-6), 7.92
(t, 1H, J = 5 Hz, NHCO), 8.13 (m, 2H, NHCO x 2), 8.99 (br s,
1H, NH-7"), 11.30 (br s, 1H, NH), 11.65 (br s, 1H, NH); MS
(ESI) m/z 799 (M + Na)*. Anal. (C37H43N1009'2H20) C, H, N.
3'-Azido-2',3'-dideoxy-5-[N-15-[4-(3,5-dimethylbenzyl)-
5-ethyl-6-methyl-2-oxo-(1H)-pyridin-3-yl]-4,9,15-triaza-3,-
10,14-trioxopentadecanyl]uridine (36). From the nucleo-
side 21a (51 mg, 0.13 mmol) and pyridinone analogue 30c' (50
mg, 0.13 mmol) was obtained compound 36 as a yellow light
solid (56 mg, 57% yield) after flash chromatography (CH.Cl,/
EtOH: 1/0 to 8/2): TLC (CH.CI,/EtOH: 8/2) R;0.55; mp 170—
171 °C; *H NMR (CD3OD) ¢ 0.88 (t, 3H, J = 7 Hz, CH,CH3),
1.40—1.50 (M, 4H, CH,-6*, CH,-7*), 1.85—1.95 (m, 2H, CH,-
12%*), 2.20 (s, 6H, Ar-CHs), 2.28 (s, 3H, CH3-6""), 2.23—2.38 (m,
12H, CH,-1*, CH,-2*, CH,-11*, CH,-13*, CH,-2', CH,CHy),
2.57 (t, 2H, 3 = 6 Hz, CH»-8%), 3.00—3.20 (m, 4H, CH,-5*, CH,-
Ar), 3.84—3.90 (m, 3H, CH,-5', CH-4"), 4.30 (m, 1H, CH-3),
6.15 (t, 1H, J = 6 Hz, CH-1'), 6.65 (s, 2H, Ar-H), 6.77 (s, 1H,
Ar-H), 7.77 (S, 1H, CH-G) Anal. (C33H51N903‘2H20) C, H, N.
3'-Azido-2',3'-dideoxy-5-[N-20-[4-(3,5-dimethylbenzyl)-
5-ethyl-6-methyl-2-oxo-(1H)-pyridin-3-yl]-4,9,20-triaza-3,-
10,19-trioxoicosanyl]uridine (37). From the nucleoside 21a
(43 mg, 0.11 mmol) and pyridinone analogue 30d’ (50 mg, 0.11
mmol), compound 37 was obtained as a white solid (57 mg,
63% yield) after flash chromatography (CH.CI,/EtOH: 1/0 to
8/2): TLC (CH.CI,/EtOH: 9/1) R¢ 0.47; mp 164—165 °C; 'H
NMR (CDs;0OD) 6 0.88 (t, 3H, J = 7 Hz, CH,CH3), 1.13—1.30
(m, 8H, CH,-13*, CH,-14*, CH,-15*, CH,-16%*), 1.45—1.50 (m,
4H, CH,-6*, CH,-7%), 1.50—1.57 (m, 4H, CH,-12*, CH,-17%),
2.13 (t, 2H, J = 8 Hz, CH,-2*) 2.21 (s, 6H, Ar-CH3), 2.29 (s,
3H, CH3-6"), 2.32—2.41 (m, 10H, CH,-1*, CH,-11*, CH,-18%,
CHy-2', CH,CHg3), 2.98 (s, 2H, CHAr), 3.00—3.15 (m, 4H, CH,-
5%, CH,-8*), 3.75—3.92 (m, 3H, CH,-5', CH-4), 4.35 (q, 1H, J
=5 Hz, CH-3'), 6.16 (t, 1H, J = 6 Hz, CH-1'), 6.68 (s, 2H, Ar-
H), 6.79 (s, 1H, Ar-H), 7.78 (s, 1H, CH-6), 7.97 (br s, 1H, NH).
Anal. (C43H61N903‘0.5H20) C, H, N, 0.
3'-Azido-3-[N-15-[6-(3,5-dimethylphenylthio)-5-ethyl-1-
(5-oxopentyl)uracil]-4,15-diaza-3-oxopentadecanyl]-3'-
deoxythymidine (15). Dowex 50X2—200 ion-exchange resin
(150 mg) was added to a solution of 14 (100 mg, 0.101 mmol)
in MeOH (4 mL). After 16 h, the resin was removed by
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filtration and washed throughly with MeOH, and the filtrate
was evaporated. After flash chromatography (CH.Cl,/MeOH:
95/5) and trituration with diethyl ether, 15 was obtained as a
white solid (73 mg, 85% yield): mp 148—150 °C; 'H NMR
(DMSO-ds) 6 0.90 (t, 3H, J = 7 Hz, CH,CH35), 1.22 (br s, 12H,
CHp-7* to CH,-12*), 1.30—1.50 (m, 8H, CH,-6*, CH,-13*, CH,-
8", CH»-9"), 1.82 (s, 3H, CHz-5), 1.96 (m, 2H, CH,-10"), 2.24
(s, 6H, Ar-CHg), 2.25—2.40 (m, 4H, CH,-2', CH,-2*), 2.50 (CH,-
CH; with DMSO), 2.97 (m, 4H, CH-5*, CH,-14*), 3.63 (m, 2H,
CH-5'), 3.83 (m, 3H, CH-4', CH,-7"), 3.98 (m, 2H, CH,-1*),
4.40 (m, 1H, CH-3'), 5.25 (br s, 1H, OH), 6.21 (t, 1H, J = 6 Hz,
CH-1"), 6.89 (s, 2H, Ar-H), 6.92 (s, 1H, Ar-H), 7.70 (t, 1H, J =
5.5 Hz, NHCO), 7.75 (s, 1H, CH-6), 7.85 (t, 1H, J = 5.5 Hz,
NHCO), 11.50 (br s, 1H, NH-3"); MS (ESI) m/z 874 (M + Na)™,
852 (M + H)Jr Anal. (C42H61N908S) C, H, N.

Antiviral Assay Procedures. The effects of the compounds
on the replication of HIV-1 were evaluated (see Tables 1—3),
as previously described® in CEM-SS cells and MT-4 cells. In
brief, the determination of anti HIV-1 I1IB activity in MT-4
cells was based on a reduction of the virus induced cytopatho-
genicity; the cell viability was measured by the mitochondrial
dehydrogenase activity, an enzyme reducing 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromine (MTT assay)
into formazan (formazan production was measured by reading
the optical density at 540 nm).%° The virus production by HIV-1
LAl or nevirapine-resistant HIV-1 CEM-SS infected cells was
measured by the reverse transcriptase activity associated with
virions released in culture supernatants. MT-4 and CEM-SS
cells were incubated, respectively, with 50 or 100 TCIDso of
the different virus; after a 30 min adsorption, free virus was
eliminated by washes and cells were then cultured in the
presence of different concentrations of compounds for 5 days,
the time at which virus multiplication was determinated. The
50% inhibition of virus multiplication (ECso) was derived from
a computer-generated median effect plot of the dose—effect
data.”® In the same experiment, cytotoxicity of the molecules
was evaluated on uninfected cells using the MTT assay. The
50% cytotoxic concentration (CCsg) was defined as the concen-
tration of drugs which reduced the cell viability by 50% and
was calculated using the program aforementionated. Prepara-
tion of PBMC and infection with HIV-1 111B or HIV-2 D 194
have already been reported.’® CEM-SS cells were obtained
from Peter Nara and nevirapine-resistant HIV-1(N119, point
mutation at RT codon 181) from D. Richman through the AIDS
Research and References Reagent Program, Division of AIDS,
NIAID, NIH.
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