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Ah&ractSome 3’-blocked pyrimidine analogs were synthesized and tested as inhibitors of replication 
of human immunodeficiency virus (HIV) and Moloney-murine leukemia virus (MuLV). The analogs 
were of 3 kinds: (1) analogs of 3’-azido-3’-deoxythymidine (AZT) in which the C-5 CH3 of the base 
was exchanged for H (AZU) or C,H, (AZEU); (2) 3’-fluoro-3’-deoxythymidine (FLT) and analogs 
thereof, in which the C-5 CH, of the base was exchanged for H (FLU), C,HS (FLEU) or nC3H, (FLPU); 
(3) the lhreo analogs of AZT (AZTT) and AZU (AZUf). 

All analogs were less active inhibitors of HIV replication than AZT, except FLT, which was as 
active as AZT. The 3’4uoro analogs and AZEU did not inhibit MuLV replication at non-cytotoxic 
concentrations. Oral administration of FLT to MuLV-infected mice result in antiviral effects only at 
toxic drug levels. AZU and FLU were less potent inhibitors of HIV replication than AZT or FLT, but 
the 2’-deoxy uridine analogs were also less cytotoxic to human embryonic fibroblasts than the thymidine 
analogs. 

The S-triphosphates of AZU, AZT, AZEU, FLT and FLEU were tested as inhibitors of the HIV- 
and MuLV-reverse transcriptases. Rankinp. of the KJK,,, values for HIV-RT resulted in the following 
order of potency of the 5’4Aphosphates A!t?T = FLT; AZU > AZEU > FLEU. The 5’4riphosphatei 
of AZEU. FLT and FLEU did not inhibit the MuLV-RT. which exnlains. in Dart. the lack of effect of 
these analogs against MuLV replication. 

1 ,.I 

The three for& (azido “up”] of AZU and AZT were less active inhibitors of HIV replication than 
the erythro forms (azido “down”). A 15N-NMR and ‘H-NMR studv showed that the furanose moieties 
of a&logs with thd azido function “up” assume a conformation di&nct from that of the analogs with 
azido “down”. This is due to intramolecular stabilisation of the “N” conformer in the three (“up”) 
diastereomer, due to interaction of the azido functions with the nucleobase and possibly the OH group 
of C-5’ of the furanose. As discussed, this conformation might explain the decreased biological activity 
of rhreo forms compared with the erythro forms. 

The viral nucleic acid polymerases are preferred 
targets for antiviral agents [l-4]. Also for the treat- 
ment of HIV-induced disease, analogs of nucleo- 
sides, nucleotides and pyrophosphate, targeted 
towards HIV-reverse transcriptase (RT),n are 
currently receiving considerable attention [5,6]. 
The thymidine analog, 3’-azido-3’-deoxythymidine 

$ Corresponding author. 
7 Abbreviations used: RT, reverse transcriptase; HIV, 

human immunodeficiency virus; MO-Mulv, Molonev 
murine leukemia virus; R&MuLV, Rauscher Amine lei- 
kemia virus; Tp, 5’-O&phosphate; AZEU, l-(3’-tide- 
2’,3’-dideoxy-8-D-erythro-pentofuranosyl)-5-ethvlura~: 
AZU, 1-(3i-&do-2’;3’-didkoxy-~D-ery~h&pent&urano: 
svl)uracil: AZUt , l-(3’-azido-2’.3’-dideoxv-6-~-threo- 
&~tofur~osyl)ur&; gEU, l-(3’-fluoro-2’:3’-dideoxy- 
BD-erythro-pentofuranosyl)-5-ethyluracil; FLU, l-(3’- 
fluoro-2’,3’-dideoxy-B-~-ervrhro-uentofuranosvl)urac~; 
FLPU, 1-(3’-fluoro-2’,3’-didkoxy-gD-erythro-pento-fura: 
nosyl)-5-propyluraci; FLT, l-(3’-fluoro-2’,3’-dideoxy-/?-o- 
eryrhro-pentofuranosyl)thymine; AZT, l-(3’-azido-2’,3’- 
dideoxy-&D-erythro-pentofuranosyl)thymine. 

(AZT) is, for example, a potent inhibitor of HIV 
reverse transcription [7], and has shown clinical effi- 
cacy [8]. The antiviral effect of AZT is probably 
caused by the nucleoside analog-triphosphate (AZT- 
TP) inhibiting the viral reverse transcriptase [9, lo]. 

Here we present a study on some analogs of AZT. 
Specifically, we have investigated antiviral (HIV and 
MuLV) and cytotoxic effects of (1) analogs of AZT 
modified in C-5, (2) analogs of 3’-fluoro-3’-deoxy 
thymidine (FLT), another anti-retroviral agent [ll], 
modified in C-5, and (3) the three and erythro forms 
of AZT and AZU. See Fig. 1 for structures. In 
addition, to obtain a chemical basis for structure- 
activity relationships, we studied inhibition of HIV- 
and MuLV-RT by triphosphates of AZT- and FLT- 
analogs and the conformations of the erythro and 
three forms of AZT and AZU. 

MATERIALS AND METHODS 

Chemicals. Commercially available deoxynucleo- 
side triphosphates were from Sigma Chemical Co. 
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(St. Louis, MO). [3H]dTTP was purchased from New 
England Nuclear Corp. (Boston, MA). (Riboad- 
enylic acid),, (deoxythymidylic acidha-is 
((rA)n(dT)12_18) was from Pharmacia, Uppsala, 
Sweden. 

The Moloney-MuLV reverse transcriptase was 
obtained from Pharmacia. The HIV-reverse tran- 
scriptase was a recombinant product purified from 
cultures of E. coli expressing the cloned pol-gene 

WI. 

24-well microplates together with tenfold dilutions 
of each drug (1.0 ml). Immediately following this 
plating, 0.5 ml of HIV in two concentrations (Cfold 
apart) was added to each well, giving a total volume 
of 2 ml and final drug concentrations ranging from 
0.001 PM to 100 PM. After incubation in 5% CO2 in 
air at 37” for 6 days without medium change, HIV 
antigen content was measured in cells by 
immunofluorescence. 

Reverse transcriptase assays. For HIV-reverse 
transcriptase, the loo-p1 reaction mixture contained 
50 mM Tris-HCl (pH8.0), 50 mM KCI, 4mM 
dithithreitol, 6mM MgClr, 5Opg of bovine serum 
albumin Fraction V, 1 pg of (rA&,(dT)i2_i8, the indi- 
cated concentrations of [3H]dTTP (0.5-10 ,uM; 
specific activity 5500-1100 cpm/pmol) and 0.03 U 
enzyme preparation. 

For immunofluorescence, cells from each well 
were washed, spread on g-well slides and stained 
with human anti-HIV anti-serum (containing IgG to 
all major HIV components) following by fluorescein- 
isothiocyanate labelled sheep anti-human IgG (all 
reagents from SBL, Stockholm, Sweden). The 
stained cells were counted and the concentration of 
drug giving 50% of control (without drug) was the 
estimate of the lcso. 

After incubation at 37” for 40 min, 40 ~1 of the 
reaction mixtures (in duplicate) were spotted on 
paper disks (Munktell No. 5; 24 mm) and washed 
four times in ice-cold 5% trichloroacetic acid/O.02 M 
pyrophosphate and three times in ethanol. The dried 
paper disks were counted in 3 ml of Econofluor 
scintillation solution. At saturation with respect to 
(rA)n(dT)12_18 and dTTP, 20~1 of enzyme prep- 
aration incorporated 45 pmol of dTMP per 40 min at 
37”. The enzyme reactions were linear with time in 
the experiments described. 

The Moloney-MuLV reverse transcriptase assay 
was done in 100 ~1 reaction mixture containing 50 PM 
Tris-HCl (pH 8.3), 10 mM dithiothreitol, 8 mM 
MgC12 and 16 pg bovine serum albumin Fraction V, 
0.16 ,ng (rA),,(dT)i2_is, the indicated concentrations 
of [3H]dTTP and 0.25 U enzyme (as defined by the 
producer). The mixtures were incubated for 30 min 
at 37”, and radioactivity incorporated into acid-pre- 
cipitable material was measured as described above. 

To determine the inhibition of Moloney- and 
Rauscher-MuLV replication the XC-plaque test was 
used [14]. Cultures of growing 3T3 cells (in minimal 
essential medium and 10% fetal calf serum) were 
infected with 0.2ml of a virus dilution in presence 
of polybrene (4 pg/ml). The virus dilution of every 
preparation was determined so as to obtain cu. 100 
syncytia per microscope field. Inhibitors were added 
immediately after infection. Confluent cultures of 
infected cells, after approx. 3 days, were UV-irradi- 
ated and XC cells (lo5 cells/ml) were added. Two 
days after this addition, syncytia were counted after 
staining with crystal-violet, according to standard 
procedures. The effects of the compounds of the 
replication of Moloney- and Rauscher-MuLV were 
identical, and only the values for the Moloney virus 
are reported. 

Viruses. Human immunodeficiency virus (HIV) 
was obtained from the culture supernatant of a 
persistently HTLV-IIIa-infected Hs cell line [ 131. 
Moloney murine leukemia virus (MO-MuLV, 
referred to below as MuLV unless indicated other- 
wise) was obtained from Dr. E. M. Fenyo (Karo- 
linska Institute, Dept. of Virology, Stockholm). 
Virus stocks were prepared from the supernatant 
of infected 3T3 cells at day 3 p.i. Rauscher-MuLV 
(RVB3) was obtained from Dr. M. Strand (Johns 
Hopkins University, Baltimore). Virus stocks were 
prepared from spleens of infected Balb/c mice (see 
below), taken 18 days p.i., according to the protocol 
described below. 

Determination of drug toxicity in proliferating cells. 
Effects on cell proliferation were studied as described 
previously [15], test compound being added to 
actively growing cells, and the effects were deter- 
mined after 48 hr. Cell numbers were determined by 
a cell counter (Analysinstrument AB, Stockholm, 
Sweden). 

Animals and virus inoculation. Male Balb/c mice 
weighing 16-18 g and five weeks of age were inocu- 
lated intravenously (tail vein) with approximately 
lo6 SFU (syncytium forming units) of Ra-MuLV 
per mouse [16]. This results in disease as described 
below. Treatment was by drugs dissolved in tap water 
given orally via the drinking water, and was started 
immediately after infection, and contained for 15 
days. 

Cells. Hg cells (H, is a human CDrpositive 
lymphoid cell line) were grown in suspension in 
RPMI-1640 medium supplemented with 10% fetal 
calf serum. Flow 5000 is a human embryo fibroblast 
cell line used between passages 15-25; 3T3 (CCL 92) 
is a Swiss mouse embryo fibroblast cell line. Flow 
5000 and 3T3 cells were grown in minimal essential 
medium with Earle’s salts, supplemented with non- 
essential amino acids, 10 mM Hepes buffer (pH 7.2) 
and 10% fetal calf serum. 

To determine viral titers of spleens of infected 
mice, spleens were homogenized in minimal essential 
medium containing 10% fetal calf serum and serial 
dilutions of the homogenate were added to growing 
3T3 cells. White blood cell counts were determined 
in 20 ~1 blood according to standard procedures using 
a cell counter. Student’s t-test was used for statistical 
evaluation of mean numbers and animal weights. 
The viral titers were compared by the Mann-Whitney 
U-test. Differences of P < 0.05 for two-tailed tests 
were considered significant. 

Determination of antiviral effects in cell cultures. NMR-spectroscopy. 15N NMR spectra have been 
The inhibitory effect of the compounds on expression recorded at 27.4MHz on a Jeol JNM GX 270 
of HIV antigens was determined as follows. Unin- spectrometer using a probe-head of 10mm. The 
fected Hg cells (50,000 in 0.5 ml) were plated in 15N chemical shifts were determined from 
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gated-proton decoupled spectra (without NOE) and 
were referenced against an external solution of 
CH315N02 in CDsNOr. Typical parameters used 
were: about 35” pulse angle, pulse delay approx. 
35 set, 12 hr for accumulation time. The 15N res- 
onances of the azido group of AZT and AZTT 
were studied as function of temperature. Due to 
difficulties in recording 15N-NMR spectra at natural 
abundance j17], the ‘*N resonances of AZU and 
AZUT were only recorded at 35”. 

‘Hi NMR spectroscopy for conformational studies 
has been carried out at 270 MHz on the same spectro- 
meter using a probe with tubes of 5 mm o.d. TMS 
was used as internal reference in acetone-d,. 

Synthesis. FLT was obtained from Calbiochem. 
The other 3’-fluoro analogs were prepared by 
trimethylsilyl trifluoromethanesulfonate catalyzed 
transglycosylation from silylated FLT. In addition, 
FLEU was also synthesized by a method used for 
synthesis of FLT [18, cf. also 111. The two different 
methods used for synthesis of FLEU gave identical 
compounds. 5-Ethyl-2’-deoxyuridine was obtained 
from Robugen GmbH, Erlangen (F.R.G.). 

AZU, AZEU and AZUT were prepared anal- 
ogous to the syntheses described for AZT and 
AZT?, respectively [lo]. They were converted to 
their respective 5’-triphosphates, by reaction with 
phosphorous oxychloride followed by bis-(trib- 
utylammonium)-pyrophosphate [lo, 191. 

Miscellaneous. Melting points were uncorrected. 
iH-NMR spectra at 90MHz and 13C NMR at 
23.7 MHz were recorded with Jeol FX 900 instru- 
ment, and at 200MHz with Jeol FX 200 spectro- 
meter. Tetramethylsilane was used as the internal 
standard and the chemical shifts are reported in ppm 
(6 scale). WV absorption spectra were recorded with 
a Varian-Cary 2200 instrument and Jeol DX 303 
inst~ent was used for recording the mass spectra. 
IR absorption was recorded with Perkin-Elmer 298 
spectrometer. Thin-layer chromatography (TLC) 
was performed on Merck precoated 60Fz5,, plates. 
Merck Kieselgel G was used for short column 
chromatography. Before collection of spectral data 
and biological results, the compounds were exam- 
ined by TLC (see below) for homogeneity, and only 
of pure material, results are reported. 

1 - (5’ - 0 - trityl- 2’ - deoxy - 6 - R - erythro-pento- 
furanosyl)-5-ethyl-uracil (la). S-Ethyl-2’-deoxy- 
uridine (350 mg, 1.36mmol) was dissolved in dry 
pyridine (5 ml) and trityl chloride (454 mg, 
1.63 mmol) was added. The mixture was stirred at 
100“ for 2.5 hr and then poured into a saturated 
solution of sodium bicarbonate (30 ml). The sus- 
pension was extracted with dichloromethane 
(2 X 30 ml), the organic phase was dried over MgS04 
and evaporated to give a residue. The residue was 
purified upon a silica gel column to give la, yield 
575 mg (85%). ‘H NMR (CDCls): 9.12 (broad, 5, 
1H) NH; 7.32 (m, 16H) arom., H-6; 6.42 (t, Ji, 2, = 
7.8 Hz, 1H) H-l’; 4.55 (tn, 1H) H-3’; 4.00 (m,‘lH) 
H-4’; 3.41 (m, 2H) H-55”; 2.85 (&., 1H) OH; 2.34 
(m, 2H) II-2’2”; 1.87 (tn, 2H) CH,; 0.84 (L, 
JCHL_CH~ = 7.6 HZ, 3H) CHs. 

l-(5’-0-trity1-3’-0-methylsuifony1-2’-deoxy+D- 
e~thro-pe~tofuruno~y~-5-ethyl-uruci~ (2a). To a 
cold solution of compound la (555 mg, 1.11 mmol) 

BP 38:1-R 

in dry pyridine (6 ml) was added methylsulfonyl 
chloride (381 mg, 3.33 mmol) and the mixture was 
kept at 0” overnight. Cold water (1 ml) was added 
and the reaction was kept at 0” for another hour. The 
solution was poured into crushed ice-water (200 ml) 
slowly with vigorous stirring. The precipitate was 
filtered and washed generously with cold water till 
free of pyridine. The solid was dried, yield 510 mg 
(80%). ‘H NMR (CDC13): 8.48 (h., 1H) NH; 7.34 
(m, 16H) arom., H-6; 6.42 (rn, 1H) H-l’; 5.41 (tn, 
1H) H-3’; 4.32 (tn, IH) H-4’; 3.49 (3, 2H) H-5’5”; 
3.03 (s, 3H) CH,SO,; 2.25 (rn, 2H) H-2’2”; 1.93 
(m, 2H) CH,CH,; 0.85 (t, Jcn2cHj = 7.6 HZ) 
CH2CH3. 

1-(5’-0-trityl-2,3’-anhydro-2’-deoxy-P-D-erythro- 
pentofuranosyl)-5-ethyl-uracil (3a). To a solution of 
compound 2a (497 mg, 0.81 mmol) in dry dichloro- 
methane (5 ml) was added diazobicycloundecane 
(DBU) (164mg, 0.9mmol) and the mixture was 
stirred at room temperature overnight. One more 
portion of DBU (164 mg, 0.9 mmol) was added and 
stirring was continued till starting material 
disappeared. Solvent was removed and the residue 
was purified on a silica gel column to give 3a, yield 
369mg (95%). “H-NMR (CDCl& 7.32 (E, 15H) 
arom.; 6.85 (s, 1H) H-6; 5.49 (cl, J1e,2’ = 3.4 Hz) H- 
1’; 5.11 (tn, 1H) H-3’; 4.25 (m, 1H) H-4’; 3.36 
(d, J4,,s = 6.4 Hz) H-5’5”; 2.56-2.24 (n_t, 4H) H- 
2’,2”,CH2CH3; 1.13 (t, JCHZ,_-nj = 7.2 HZ, 3H) 
CHzCH,. 

1-(5’-O-trityl-3’-azido-2’,3’-dideoxy-P-D-erythro- 
pentofuranosyl)-5-ethyl-urucil (4a). The mixture of 
compound 3a (360mg, 0.75 mmol), lithium azide 
(110 mg, 2.25 mmol) and ammonium chloride 
(80 mg, 1.5 mmol) in dry dimethylformamide (8 ml) 
was stirred at 110” overnight. Solvent was removed 
by coevaporations with toluene. The residue was 
partitioned between ethyl acetate (100 ml) and water 
(20 ml). The organic phase was washed with water 
(20ml), evaporated to dryness and subsequently 
purified by a silica gel column to give 4a yield 219 mg 
(56%). ‘H-NMR (CD(&): 8.55 (h., 1H) NH; 7.34 
(tn, 16H) arom. H-6; 6.26 (t, Ji,,z, = 6.8 Hz, 1H) H- 
1’; 4.30 (rn, 1H) H-3’; 3.99 (tn, 1H) H-4’; 3.43 
(tn, 2H) H-5,5”; 2.40 (rn, 2H) H2,,2”; 1.98 (in, 2H) 
CH,CH,; 0.86 (t, JCH2cHJ = 7.4 Hz, 3H) CH,CH,; 
IR (KBr): vmax 2100 cm-’ (azido). C3aH2sN504: talc. 
523.2220, found 523.2371. 

1-(3’-Azido-2’,3’-dideoxy -p- D-erythro-pento- 
furunosy~-5-ethylur~ci2 (AZEU) @a). Compound 4a 
(296mg, 0.57 mmol) was dissolved in 80% acetic 
acid and the solution was heated under reflux for 
10min. The reaction mixture was cooled and the 
volatile matters were evaporated. Water (20 ml) was 
added and the suspension was filtered. The solid 
was washed with water (10 ml) and the filtrate was 
extracted with hexane (2 x 10ml). The aqueous 
phase was concentrated and freeze-dried to give 
AZEU yield 125 mg (90%). ‘H-NMR (DMSO-d,): 
9.1 (h., 1H) NH; 7.71 (s, 1H) H-6; 6.15 (t, J1,,2’ = 
6.5 Hz, 1H) H-l’; 4.40 (91, 1H) H-3’; 3.92 (m_, 1H) 
H-4’; 3.66 (tn, 2H) H-5’,5”; 2.31 (in, 4H) H-2’,2”, 
CH&Hs; 1.10 (2, Jcnz-cHj = 6.4 Hz, 3H) CHzCH,. 
IR (KBr): v,,,, 2100cm-1 (azido). 13C NMR 
(CDCI,): 86.9 (C-4’); 84.5 (C-l’); 61.8 (C-5’); 59.9 
(C-3’); 37.2 (C-2’); 20.0 (CH,CH,); 12.4 (CH&H,). 
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CllHrsNs04: talc. 282.1202 (M + H)+, found 
282.1234. 

1 - (3’ - Azido - 2’,3’ - dideoxy - 5’ - tetra - (triethyl- 
amm~niam)trjphosp~~ - p - D - erythro - pento- 
furanosyl)-Sethyl-uracil (AZEU-TP) (6a). The tetra 
(t~ethylammonium) salt of AZEU-PPP was pre- 
pared from 14 mg of AZEU, analogous to what has 
been described for the preparation of AZT-TP [lo]. 
Yield 28 mg (70%). ‘H-NMR (D20): 7.70 (g, 1H) 
H-6; 6.28 (t, J,‘,z, = 6.6 Hz, 1H) H-l’; 4.47 (m, 
1H) H-3’; 4.22 (4, 3H) H-4’,5’,5”; 3._18 (5 24H) 
NCHzCH,; 2.41 (tn, 4H) H-2’,2”, CH,CH,; 1.27 (& 
36H) NCHrCHa, 1.08 (1, JcH2eH = 7.4Hz, 3H) 
CH,CH3, slP NMR (D20): -10.1 (d, J = 19.9 Hz) 
y-P; -11.4 (4, J = 19.3 Hz). m-P; -22.9 (t) BP. IR 
(KBr): v,,, 2100 cm-’ (azido). UV (water): Iz,,, 267 
(E = 8900). 

1-~5’-O-~r~~l-2’-deoxy-~-D-e~thr~-pentofura- 
nosyl)uracil (lb). Yield = 92%. ‘H-NMR (CDC12): 
9.10 @r., 1H) NH; 7.75 (cl, Jssn = 8.4 Hz, 1H) H-6; 
7.36 (tn, 15H) arom., 6.28 (t, Jrs,y = 6.0Hz, 1H) H- 
I’; 5.38 (4, 1H) H-5; 4.46 (tn, 1H) H-3’; 4.01 (nt, 
1H) H-4’; 3.44 (m, 2H) H-5’5”; 2.38 (rn, 2H) H- 
2’,2”. 

1-(5’-O-trity~-3’-O-methy~sulfonyl-2’-deoxy-~-D- 
e~thro-pentofuranosyl)urac~l (2b). Yield = 90%, 
‘H-NMR (CDCQ: 9.15 (&., 1H) NH; 7.68 (d, J5,6 = 
7.68 Hz, 1H) H-6; 7.36 (tn, 15H) arom.; 6.35 (dd, 
Jv,z~ = 6.1 Hz, J,‘.2‘ = 5.9 Hz, 1H) H-l’; 5.40 (m_, 
2H) H-5, H-3’; 4.32 (m_, 1H) H-4’; 3.50 (m, 2H) H- 
5’5”; 3.01 (5, 3H)-CHs; 2.55 (in, 2H) H-2’,2”. 

1-(5’-0-trityl-2’,3’-anhydro-2’-deoxy-P-D-erythro- 
pentofuranosyl) uracil(3b). Compound (2b) (2.19 g, 
4 mmol) was dissolved in ethanol (80 ml) and sodium 
hydroxide (1 M, 4 ml) was added. The mixture was 
refluxed 7 min. Solvent was evaporated to dryness 
and the residue was separated with silica gel column 
to give 3b. Yield 1.25 g (68%). ‘H-NMR (CD&): 
7.30 (rn, 16H) arom., H-6; 5.85 (d_, J5,6 = 7.2 Hz, 
1H) H-5; 5.54 (d, J,r,*, = 3.5 Hz, 1H) H-l’; 5.09 (in, 
1H) H-3’; 4.23 (tn, 1H) H-4’; 3.32 (rn, 2H) H-5’5”; 
2.50 (n-r, 2H) H-2’2”. 

1-(5’-O-trityl-3’-azido-2’,3’-dideoxy-~-D-erythro- 
~entofuranosy~) uracil(4b). Compound 3b (232 mg, 
0.5 mmol), NaN, (98 mg, 1.5 mmol) was suspended 
in dimethylformamide (4 ml) and water (0.5 ml). The 
mixture was heated at 110” overnight. The insoluble 
matters were removed by filtration and the filtrate 
was coevaporated with toluene to dryness. The resi- 
due was purified with silica gel column to give 4b. 
Yield 150mg (60%). ‘H-NMR (CDCls): 9.41 (&., 
1H) NH; 7.84 (4, J5,6 = 8.1 Hz, 1H) H-6; 7.34 (E, 
15H) arom., 6.20 (t, J1c.2’ = 5.9 H2, 1H) H-l’; 5.41 
(d, 1H) H-5; 4.34 (m, 1H) H-3‘; 3.94 (u_r, 1H) H-4’; 
3.47 (m, 2H) H-5’,5”; 2.44 (m_, 2H) H-2’,2”. IR 
(KBr) = 21OOcm-’ (azido). C2sH2sNS04: talc. 
496.1985 (M + H)+, found 496.1874. 

1-(5~-O-tr~~i-3’-a~ido-2’,3’-djdeoxy-~-D-threo- 
pentofuranosyl)uracil (7). Compound 2b (1.1 g, 
2 mmol) was dissolved in dry tetrahydrofuran (20 ml) 
and a dry crystalline complex of potassium azide 
and 18-crown-6 (1.1 g, 2.56 mmol) was added and 
refluxed under nitrogen for 24 hr. The reaction mix- 
ture was cooled and diethyl ether (10 ml) was added. 
The precipitate was filtered off and the filtrate was 
evaporated to give a gum which was dissolved in 

dichloromethane (50 ml) and washed with saturated 
potassium chloride (20ml), water (20ml). The 
organic phase was evaporated and purified with silica 
gel column to give 5. Yield 0.68 g (69%). ‘H-NMR 
(CDCQ: 9.20 (k., 1H) NH; 7.32 (m, 16H) arom., 
H-6; 6.15 (dd, J1’,2, = 2.3 Hz, Jr.,, = 7.2 Hz, 1H) 
H-l’; 5.65 (cl, J5,6 = 7.8 Hz, 1H) H-5; 4.23 (rn, 2H) 
H-3’, H-4’; 3.52 (B-I, 2H) H-5’S”; 2.64-2.28 (tn. 
2H) H-2’2”. IR (KBr) = 21OOcm-t (azido). 
C2sH2sNS04: talc. 496.1985 (M + H)+, found 
496.2103. 

1-(3~-Azido-2’,3’-djdeoxy-~-D-eryt~ro-pento- 
f~ru~osy~urac~~ (AZ@) (5b). Yield 87%. “H-NMR 
(DMSO-d6): 8.25 (ci, Jst6 = 8.1 Hz, 1H) H-6; 6.48 
(t, J ,’ 2’ = 6.4 Hz, 1H) H-l’; 6.05 (cl, 1H) H-5; 5.03 
(k., iH) OH; 4.80 (rn, 1H) H-3’; 4.25 (m, 1H) H- 
4’; 4.02 (tn, 2H) H-5’,5”; 2.74 (tn, 2H) H-2’2”; 13C 
NMR (DzO + CD,COCD,): 85.0 (C-4’); 84.2 (C- 
l’); 60.8 (C-5’) 59.8 (C-3’); 36.2 (C-2’). IR (KBr): 
2100 cm-’ (azido). C9HllN504: talc. 254.0889 
(M + H)+, found 254.1011. 

l-(3’-Azido-2’,3’-dideoxy-P-D-threo-pentofura- 
nosy~~urac~~ (AZUT) (8). Yield 76%. ‘H-NMR 
(DMSO-de): 7.64 (& J5,6 = 7.8 Hz, 1H) H-6; 6.02 
(dd, Jv.2 = 3.0 Hz, JITs = 6.6 Hz, 1H) H-l‘; 5.68 
(~3, 1H) H-5; 5.07 (&. , 1H) OH; 4.47 (tn, 1H) H-3’; 
4.04 (tn, 1H) H-4’; 3.70 (m, 2H) H-S’S”; 2.87-1.96 
t’m, 2H) H-2’2”; r3C NMR (D,O): 84.8 (C-l’); 83.0 
(C-4’); 60.3 (C-3’); 59.6 (C-5’); 37.5 (C-2’). IR 
(KBr): 2100 cm-’ (azido). CgH1rNS04: talc. 
254.0889 (M + H)+, found 254.0997. 

1-(3’-Azido-2’,3’-dideoxy-5’-tetra-(triethylammo- 
nium)triphospho-B-D-erythro- entofur~osy~uraci~ 
(AZU-TP) (6b). Yield 53%. &I-NMR (DzO): 7.83 
(d, J5,6 = 8.4 Hz, 1H) H-6; 6.13 (I, J1tz = 6.8 Hz, 
1H) H-l’; 5.83 (ci, 1H) H-S; 4.46 (n-r, 1H) H-3’; 4.09 
(cl, 3H) H-4’, H-5,5”; 2.37 (q, 2H) H-2’2”; 3.18 
(tn, 24H) NCHzCH,; 1.14 (i, 36H) NCHzC&, 31P- 
NMR (DzO): -9.1 (4, J = 17.7 Hz) 6P; -11.2 (ci, 
J = 21.3 Hz) a-P; -22.3 (t, J = 19.5 Hz) @-P. UV 
(H20) &,,,, 260 nm (E = 8200). IR (KBr): 2100 cm-* 
(azido) . 

l-(3’-Fluoro-2’,3’-dideoxy-p-D-erythro-pento- 
~ranosy~-S-et~yluracj~ (FLEU) (10). 5-Ethyluracil 
(51 mg) and 3’-F-3’-deoxythymidine (48 mg) were 
suspended in acetonitrile (1.2 ml) and N,O- 
bis~t~methylsilyl)-a~ta~de (0.35 ml) was added. 
The mixture was stirred at room temperature for 
1.5 hr. Trimethyisiiyl trifluoromethane sulfonate 
(0.05 ml) was added. After stirring at room tem- 
perature for about 160 hr, the solvent was evaporated 
in vacuum, water (0.5 ml} was added, the mixture 
was filtered and washed with water (0.5ml). The 
combined water phase was applied to a C,s-column 
(HPLC) and eluted with methanokwater (1: 3) at a 
rate of 8.0mi/min. The desired #?-anomer, FLEU, 
eluted after 12.3 min and the cu-anomer after 
16.4min. Yield 7.3 mg (14%). UV A,, (HrO): 
266 nm. MS: M+ 258 (7%), 140 (loo%), 119 (64%). 

l-(3’-Fluoro-2’,3’-dideoxy-P-o-erythro-pento- 
furanosy~urucj~ (FLU) (11). FLU was prepared 
analogous to FLEU. The crude product was sep- 
arated on a Crs-HPLC column, using methanol- 
water (1: 9) at a rate of 9.5 ml/min to give after 
8.0 min the acanomer and after 9.75 min the desired 
@-anomer, FLU. Yield 1.6 mg (3%). ‘H-NMR (Jeol 
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FX 200, DMSO-d6) 6: 4.26 (dt, lH, J3’F,4, = 29.4 
Hz, J.,,r, = 1.5 Hz, H-4’); 5.40 (dd, lH, J3’F,3, = 53.7 
Hz, Jr’.s, = 4.9 Hz, H-3’); 5.66 (d, lH, J5,6 = 8.3 Hz, 
H-5); 6.31 (dd, lH, J = 5.7, J = 8.8 Hz, H-l’); 7.81 
(cl, lH, J5,6 = 8.3 Hz, H-6). 

l-(3’ - Fluoro-2’,3’-dideoxy- p-~-erythro-pento- 
furunosylj-5-propyluracil (FLPU) (12). FLPU was 
prepared analogous to FLEU. The crude product 
was separated on a &HPLC column, using meth- 
anol-water (35 : 65) at a rate of 7.0 ml/min to give 
after 12.9 min the desired &anomer FLPU and after 
18.0 min the a+anomer. Yield 3.6 mg (7%). UV &,, 
(HzO): 267 nm. MS: M+276 (6%), 154 (lOO%), 119 
(76%). 

Preparation of FLEU by the method of Kowollik 
and Langen [18]: 

1,(3’,5’ - Di - 0 - methylsulfonyf - 2’ - deoxy - p - D 
erythro-pentofuranosyl)-5-ethylurucil [20]. 5-Ethyl- 
2’-deoxyuridine (15.9 g) in dry pyridine (180 ml) was 
cooled on an ice-bath. Methanesulfonyl chloride 
(18.0ml) was added slowly and the solution was 
stirred at about 0” overnight, after which ice water 
was added (12 ml). After another 1 hr the mixture 
was poured onto ice water (3.4L) with vigorous 
stirring and was left at 0” for 5 hr. The mixture was 
filtered and washed with water (l.SL), 90% aq. 
ethanol (200 ml), ethanol (200 ml) and diethyl ether 
(2 x 200 ml). The residue was dried in uucuo to 
give 23.7 g of a crude product (93%, mp 138-148”). 
Recrystallization from about 500 ml of 90% aq. etha- 
nol gave 11.1 g (43.4%) of a product with mp 140.5- 
142” (Ci3H2aN20&; % talc. C 37.9, H 4.9, N 6.8; 
% found C 37.4, H 4.8, N 6.7). The solution was 
concentrated to give another 9.2 g (36%) of a product 
with mp 147-148.5 g (Ci3H2aN20&; % caic. C 37.9, 
H 4.9, N 6.8, % found C 37.6, H 4.8, N 6.8). Thin 
layer chromatography (TLC; silica, chloroform- 
methanol (9 : 1)) was identical for the two crystalline 
crops (Rf = 0.33) as well as the ‘H NMR spectra. 

2,3’-Anhydro-l-(2’-deoxy-5’-O-methy~~~onyl-$- 
~threo-pentofuranosy~-5-ethyLuruci1 (cf. Ref. 21). 
The ‘3’,5’-dimesylate of 2’-deoxy-5ethyluridine 
(6.19 g) in absolute ethanol (750 ml) was heated at 
reflux. NaOH dissolved in ethanol (15.5 ml, 0.967 M) 
was added and the heating was continued for 1 hr. 
The solution was left at room temperature overnight, 
after which the precipitate (CHsSOrNa) was filtered 
off. The solution was evaporated to dryness and the 
residue was recrystallized from ethanol (100 ml) to 
give 2.7 g of the 2,3’-anhydro compound, mp 138- 
140’. The solution was concentrated to a 50 ml vol- 
ume and another 1.2 g of the product was collected. 
Total yield 82%. TLC (silica, chlorofor~methanol 
(9:l)) Rf= 0.10. 

1-(2’,3’-Dideoxy-3’-~uoro-5’-O-methylsulfonyl-~- 
D-erythro-pentofurunosyl)-5-ethylurucil (cf. Ref. 18). 
The 2’-deoxy-2,3’-anhydro-5’-mesyl-5-ethyluridine 
compound (1.3 g, dried over P205) was dissolved 
under anhydrous conditions (glove-box) in dry, per- 
oxide free dioxane (250 ml) containing 0.05% of 
hydrogen fluoride (water content <0.005% by 
Fischer analysis). AlFs (0.5 g, dried at 100” over 
P,Or) was added and the mixture was heated in a 
stainless-steel container (dried in a dessicator over 
Pros before use) at 170” for 70min. The reaction 
product was isolated as described by Kowoflik and 

Langen for the analogous thymidine compound [18], 
to give 130mg. TLC (silica, chloroform-methanol 
(9: 1)) Rf = 0.50. MS: M+ 336 (25%), 197 (30%) 140 
(100%). ‘H NMR (Jeol FX 200, DMSO-d6) 6: 1.17 
EHCHH)~ 243;$ 

? 
,i;Hz~_;;2-J23.6F(~ H-2’), 3.22 (s 

-30 Hz), 4.39 
(H-i’), 35-50&j”, H-/3’, J3’F,3’ 250 Hz), 6.39 (dd, 
H-l’), 7.58 (s, H-6). 

l-(5’ - 0 - ace@- 2’,3’ - dideoxy - 3’ -$uoro - p - D- 
erythro-~entofuruno~y~-S-ethy~uruci~. The S’-mesyl- 
3~-~uoro-2~-deoxy-5-ethyluridine compound 
(110 mg, dried in uacao over P,Or) and CHrCO,K 
(IlOmg, dried in uucuo at 100°) were dissolved in 
acetic anhydride (12 ml) and stirred at 135” for 3 hr. 
The product (30 mg) was isolated as described for the 
thymidine analogue [ 181. TLC (silica, chloroform- 
methanol (19: 1) R = 0.24. MS: M+ 300 (12%), 161 
(35%), 140 (lOO%,lf. 

1- (2’,3’- Dideoxy- 3’-@4oro- p- D-erythro-pento- 
furunosyl)-5-ethylurucil (FLEU). 5’-Acetyl-3’-fluoro- 
2’-deoxy-5-ethyluridine (30 mg) was dissolved in 
about lOm1 of methanol saturated with ammonia 
and kept at 0” overnight. The solution was evap- 
orated and the residue was ~ystallized from ethy- 
lacetate to give 14 mg of the pure product, identical 
with the sample prepared by transglycosylation, mp 
177-179 (corrected). TLC (silica, chloroform-meth- 
anol (9 : 1) Rf = 0.42. ‘H NMR (Jeol FX 200, DMSO- 
d6) 6: 1.17 (t, CH,); 2.37 (q, CH,); 2.2-2.6 (m, H- 
2’); 3.76 (q, J4’,5’ = 3.9 Hz, H-5’); 4.21, 4.35 (dt, 
J3’F,4’ = 27.3 Hz, J4’,5’ = 3.9 Hz, H-4’); 5.28,5.55 
(dd, J3’F,3’ = 54.5 Hz, J2’,3’ = 4.9 Hz, H3’); 6.32, 
6.36 (dd, J = 7.8 Hz, J = 5.7 Hz, respectively, H- 
1’); 7.75 (s, H-6). 

Inhibition of HIV- and MuLV-replicution in cell 
cufture by AZT-analogs 

In HTLV-IIIn-infected Hg cells, AZT and FLT 
emerged as the most potent antiviral agents. As 
shown in Table 1, the order of activity was FLT > 
AZT > AZTf > AZU = FLU > FLEU > FLPU 
> AZEU > AZU 1‘. Thus, of the erythro- and threo- 
forms of AZT and AZU, the erythro forms were 
more potent and selective than the threo-forms. Of 
further interest is the observation that AZEU is 
inactive towards HIV in Hg cells, whereas the cor- 
responding 3’-fluoro analog, FLEU, is active, and 
selective (see also below). However, towards human 
fibroblasts (Flow 5000 cells) the 3’-azido-analogs 
were less cytotoxic than the 3’-fluoro-analogs. FLU 
is a less active anti-HIV agent than FLT in Ha cells. 
FLU is, however, also less toxic than FLT towards 
human embryonic fibroblasts. The results indicate 
that FLT and FLU deserve further attention with 
respect to their therapeutic potential. 

In the MuLV-3T3 cell system only AZT had an 
antiviral effect comparable to that in the HTLV-IIIa- 
Ha cell system. FLT only inhibited MuLV replication 
at concentrations inhibiting cell growth (Table 1). In 
fact, the 3’-fluoro-analogs were poor or non-selective 
inhibitors of MuLV replication, whereas AZT and 
AZU were selective inhibitors of this virus. 
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Table 1. Inhibition of replication of HIV and MuLV, and inhibition of cell growth by thymidine 
analogs 

GO WV* TCso W)t 

H9 

HIV MuLV I II 3T3 F5000 

AZU 0.5 3.5 - 370 >.500 >200 (5%) 
AZUf >lOO - - PlOO - >200 (0%) 
AZT 0.01 0.01 5 4 50 500 
AZTf 0.26 - - - - 250 
AZEU 100 >lOO (0%) 80 75 - 
FLU 0.5 >50 (16%) - - - >:: (10%) 
FLT 0.005 0.2 50 0.25 5 
FLEU 5 >50 (0) 17: - - 150 
FLPU >lO r100 (0) >250 (15%) - - ,250 (6%) 

Figures in parentheses: inhibition at the concentrations after the > sign. 
* The values are the concentrations inhibiting replication of HIV (H, cells) or MuLV (3T3 cells) 

by 50%, and are average values obtained from at least four dose-response curves. 
t The values are the concentrations inhibiting the growth of each cell-line by 50%, and are obtained 

from dose-response curves of eight different concentrations of each drug. Values listed under II are 
the concentrations giving 50% cell-lysis under conditions of the antiviral test (omitting virus). 

0 

RI R, b Abbrev. 
H N3 AZU 
CHs N3 AZT 

C2H5 N3 AZEU 
H F FLU 
CH3 F FIT 

R2 
C2H5 F FLEU 
nC3H7 F FLPU 

HO 

N3 

R=H: AZU R=H:AZUT 
R = CH,: AZT R = CH,: AZT t 

Fig. 1. Structural formulas and abbreviations used for the compounds investigated.. 

Inhibition of viral reverse transcriptases by tri- 
phosphates of AZT-analogs 

The activity of HIV-RT, using polyrA*oligo dT 
as template and dTTP (7,uM) as substrate, was 
inhibited by the triphosphates of AZU, AZT, 
AZEU, FLT and FLEU (Fig. 1, Table 2). AZT- 
and FLT-TP emerged as the most potent inhibitors, 
followed by AZU, AZEU- and FLEU-TP in this 
order. This order of activity is reflected in the KJK, 
values (Table 2). The result that the triphosphates 
of FLT and AZT are excellent inhibitors of HIV-RT 
has been described earlier [9,10,22-241. Judging 
from RT-inhibition data only, AZEU should have 

been more active than FLEU, but AZEU might not 
be phosphorylated extensively in Hg cells. Others 
also observed a poor anti-HIV effect of AZEU [ 1 I]. 

A different structure-activity relationship 
emerged when MuLV-RT was tested, using the same 
template and dTTP (6 PM). Thus, AZT- and AZU- 
TP inhibited this enzyme (Fig. 2, Table 2), whereas 
the triphosphates of the 3’-fluoro-analogs and AZEU 
were not, or only poor, inhibitors. The lack of specific 
anti-MuLV effect of FLT, FLEU and AZEU 
observed in cell culture (Table 1) is in agreement 
with these findings. As the Ki of FLT-TP for MuLV- 
RT is >lOO PM, the antiviral effect of FLT observed 



Inhibition of HIV and MuLV by 3’-blocked pyrimidine analogs 115 

Table 2. Inhibition of HIV- and MuLV-RT by tri- 
phosphates of some thymidine analogs 

RT* 

HIV MuLV 

K, K/K, Ki K/K, 

AZU-TP 0.016 0.003 10 0.08 
AZT-TP 0.006 0.001 4 0.003 
AZEU-TP 0.12 0.02 >200 >1.67 
FLT-TP 0.007 0.001 ,100 bO.8 
FLEU-TP 2.3 0.38 200 1.67 

* K, values were determined using a competitive 
inhibitor equation with the K,,, value of dTIP being 6 PM 
(HIV-RT) or 120 pM (MuLV-RT). Average values from 
three determinations. 

uninfected animals, a sign of toxicity, and at higher 
doses (0.5 mg/ml drinking water) FLT also 
decreased the spleen weight of uninfected animals. 

MuLV-infected cells appear not suitable for 
screening of 3’-blocked thymidine analogs with a 
potential to inhibit HIV. FLT, which is not a selective 
inhibitor of MuLV replication in cell-culture (of both 
the Rauscher- and Moloney-MuLV), can exert an 
antiviral effect in uiuo, but at doses resulting in 
toxicity, and the antiviral effect observed in uiuo is 
probably not caused by inhibition of the viral reverse 
transcriptase. In fact, several nucleoside analogs 
inhibiting HIV do not inhibit MuLV replication in 
uiuo and in vitro (our unpublished results), and 
alternative strategies need, therefore, to be worked 
out to determine the antiviral potential of such com- 
pounds in small laboratory animals. 

Conformation analysis of the erythro and threo forms 
of AZT and AZU 

The erythro forms of AZT and AZU inhibited 

Inhibitor concentration 

Fig. 2. Inhibition of HIV-RT (A) and MuLV-RT (B) by thymidine analogs. The activity of the enzymes 
was measured at the indicated concentrations. One hundred per cent activity was the incorporation 
of 48 pmol of dTMP per 60min for HIV-RT, and 18pmol/30 min for the MuLV-RT. Substrate 
concentrations used were 7 PM dTTP (HIV-RT) and 6 PM dTTP (MuLV-RT). 0, AZT-TP; X, 

AZU-TP; A; AZEU-TP; 0, FLT-TP; 0, FLEU-TP. 

in the MuLV system is likely to be caused by a 
cytotoxic mechanism (see also below). 

EfJicacy of FLT and AZT in vivo 

To assess the possibility of oral administration of 
FLT and AZT the drugs were given to mice infected 
with Ra-MuLV and to uninfected mice. 

Rauscher MuLV-infected mice develop a disease 
characterized by, amongst others, splenomegaly, 
increased white blood cell count and high titers of 
infectious virus in the spleen [16,25]. In our experi- 
ments, the pattern of disease development is that 
shown in Fig. 3. In line with earlier published results 
[25], AZT treatment via the drinking water pre- 
vented disease development (i.e. the increased 
spleen weight and white blood cell numbers), and 
decreased virus titers in the spleen (Table 3). FLT 
treatment was, at a dose of O.O5mg/ml drinking 
water, as effective in reducing virus titers and spleno- 
megaly as AZT given at a dose of 0.25 mg/ml drink- 
ing water. However, in contrast to AZT, FLT caused 
a decrease in the number of white blood cells in 

replication of HIV at lower concentrations than the 
threo forms. Differences in the character of the 3’- 
azido group and/or differences in the conformation 
of the pentose moieties of the two diastereomeric 
forms could be observed by NMR-spectroscopy, 
possibly explaining differences in biological effects. 

The azido group in AZT, AZU, AZTT and AZU t 
can be described by mesomeric forms I and II 

(I)R-N,=N$+ =N;-c*(II)R-N:- -N$+ =N,. 

Thus, N, is most deshielded due to its electron defi- 
cient nature. N, is the most shielded [26,27], prob- 
ably because of a stabilisation of its negative charge 
(in II) by R. Therefore, the assignment of 15N-NMR 
resonances for these compounds is done according 
to the shieldings of the constituent nitrogens: 
N, > N, > N,+ N’ and N3 resonance of the pyrim- 
idine part have been attributed in agreement with 
the literature [17]. 

From the data in Table 4. it can be seen that the 
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Fig. 3. Development of disease in Ra-MuLV-infected mice. 
0, viral titers in spleen; X, number of red blood cells 
(RBC); 0, number of white blood cells (WBC); w, spleen 

weight. Values shown are mean values from N = 8. 

15N shifts showed the azido-nitrogens in AZTT to 
be more shielded than in AZT. This may be due to 
intramolecular interaction(s) of the azido function 
with the thymine residue. A decrease of temperature 
from 30” to - 10” resulted in a shielding of 1 ppm for 
N, in AZTT while N, in AZT was deshielded by ca. 
3 ppm. These can be rationalized by invoking a loose 
complex between the C5, C6 double bond and the 
azido function in AZTT as shown in [A] in scheme 
1, preventing the flexibility of the azido function. 
Presumably N, is most involved in such a loose 

complex in AZTT , shown in [B] in scheme 1, as 
evident by its characteristic deshielding compared to 
N, of AZT and the shielding of the H6 proton by 
0.18 ppm. 

Protonation of an sp2- or sp-hybridized nitrogen 
usually shifts the protonated-nitrogen to an upfield 
region due to [17] (i) increase in its n charge density, 
(ii) variations in the average molecular excitation 
energy arising from a lack of n -+ J? transition (due 
to protonation involving the lone-pair), and (iii) 
difference in its n-bond order. In AZTT N, went 
upfield by cu. 0.7 ppm by raising the temperature 
from -20” to 30”, which can be due to an interaction 
between C5’-OH and N,. This “frozen confor- 
mation” at low temperature is favoured when the 
sugar moiety adopts an N conformation (as shown 
by ‘H-NMR). In AZT, N, was invariant over the 
same range of temperature (from +30” to - 10’). The 
noticeable deshielding of N, in AZT was presumably 
due to an increase of the solvation of its lone pair 
at a low temperature. Examination of a molecular 
model of AZT does not show any interaction of the 
azido group and the rest of the molecule. The H6 in 
AZT underwent a deshielding of cu. 0.1 ppm upon 
a decrease of the temperature from 20” to -2O”, 
presumably due to hydrogen bonding between its 5’- 
OH and 04’ with H6 while the H6 in AZTt moved 
only by cu. 0.03 ppm over a range of temperature of 
30” to -4O”, showing that the interaction between 
the azido function and the H5, H6 double bond in 
AZTT is quite pronounced. 

To determine the conformation of the 2’-deoxy- 
ribose moieties ‘H-NMR data can be used. The 

Table 3. Treatment of Rauscher-MuLV-infected mice and uninfected mice with FLT or AZT 

Treatment 

Spleen weight 

Infected Uninfected 
animals animals 

Number of 
white blood cells 

Infected Uninfected 
animals animals 

(x 109/L) (x 109/L) 

Medium virus titer 
per gram spleen 

(range) 
(“log SFU) 

A Exp. 
None 1.268 + 0.31 0.108 +- 0.015 10.9 z? 4.4 10.5 + 3.8 7.12 
FLT, 0.01 mg/ml 

(6.76-7.40) 
1.557 + 0.24 0.109 * 0.017 8.0 2 2.9 7.3 f 0.9 6.28 

FLT, 0.05 mg/ml 
(5.18-7.18)*** 

0.369 _’ 0.14; 0.109 + 0.010 5.3 r 1.2’; 4.6 * lS** 4.84 (3.95-8.87)*** 

B Exp. 
None 1.490 * 0.28 0.116 f 0.010 21.4 f 7.6 12.0 2 1.3 7.98 
FLT, 0.1 mg/ml 

(7.32-8.29) 
0.196 2 0.019* 0.100 2 0.032 4.74 

AZT, 0.25 mg/ml 
(4.45-4.81)*** 

0.498 + 0.17* 0.121 * 0.010 9.9 5 0.8** 12.0 _’ 4.8 5.45 (4.15-6.28)*** 

C Exp. 
None 1.360 2 0.33 0.103 f 0.008 8.20 
FLT, 0.5 mg/ml 

(8.08-8.36) 
0.142 * 0.059* 0.066 2 0.087 <3.0 

AZT, 0.5 mg/ml 0.291 2 0.038” 0.116 _’ 0.013 c2.5 

Determinations were done on material taken 15 days post-infection. Values shown are mean values f SD, unless 
indicated otherwise. 

Abbrev.: SFU, syncytium forming units. 
“Drugs were provided, dissolved in the drinking water at the indicated concentrations. Treatment was started 

immediately after infection. Groups of 8 (infected) or 5 (uninfected) animals were used. 
*P < 0.001 (t-test) relative to untreated controls; **P < 0.02 (t-test) relative to untreated control; ***P < 0.01 (Mann- 

Whitney U-test) relative to untreated controls. 
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Table 4. iSN-chemical shifts* of the eryfhro and three diastereomers of AZT and 
AZU 

Compound 30 
Temperature 

-10” -20 

N, = -135.2 N, = -135.2 Ng = -136.2 
N, = -305.9 N, = -306.6 N, = -306.7 

AZTtt N, = -169.3 NY = -170.4 N, = -170.6 
N3 = -227.7 N’ = -228.1 N3 = -228.2 
N’ = -237.1 N’ = -237.1 N’ = -237.1 

Ns = -134.6 Ns = -135.5 
N, = -303.3 N, = -303.5 

AZT N, = -167.0 NY = -164.0 
N3 =: -227.7 N3 = -228.1 
N’ = -237.8 N’ = -238.0 

Na = -135.9 
N, = -305.7 

AZUfS N, = -168.4 
N3 = -224.0 
N’ = -231.9 

NB = -135.7 
N, = -308.4 

AZUS NY = -165.8 
N3 = -223.9 
N’ = -232.9 

* In ppm, with respect to an external reference: CHs “NO2 concentration -0.4 M 
in acetone, a negative value denotes an upfield shift. 

tcu,BandydefinedasinR-N,=N$+=N;-. 
$ Measured at 35”. 
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HO 
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chemical shifts of AZU, AZT, AZUT , AZTT and 
those of the two thymidine isomers 2’-deoxy-l-&o- 
e~r~~o~ranosy~thymine (dThd) and 2’-deoxy-l-#?- 
~-threo~ranosyithymine (dThdf) are shown in 
Table 5. Two distinct conformations [28,29] occur 
in the 2’-deoxy ribose ring denoted as N-type 
(population of conformers from C3’ endo to C2’ 
exe) and S-type (population of conformers from C3’ 
exe to C2’ endo). 

These conformers can be conveniently described 
by the phase angle of pseudoration [PI, the puckering 
amplitude [#ml 128,291. From the five vicinal coup- 
lings (3J11,2. 3J,,,sm 3JY,l 3J2W,3~ and 3JY,ol), using the 
program PSEUROT developed by De Leeuw and 
Altona f30] the geometry of the N and S conformers 
can be determined together with their respective 

molar-fractions. Tbe simulation of spin-spin coup- 
lings of the J network of the sugar moieties have 
been carried out only for AZU although accurate 
values for vicinal couplings are prerequisite to get 
right values for P and em. An estimation of the 
preference in the conformational equilibrium 
(N f, S), obtained from spin-spin coupling constants 
directly extracted from a ‘H-NMR spectrum (Table 
6) shows that when the azido group is “down” 
(eryrhro) the %N is cu. 45% at room temperature 
whereas in AZTf and AZU t the N c) S equilibrium 
is displaced to cu. 85% N. It is, therefore, clear 
that the conformation of the sugar moiety is mainly 
dictated by the configuration of the 3’-substituent 
and not by the nature of substitution on the nucleo- 
base (i.e. C&Me in AZT and AZTt versus CS-H in 
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Table 5. ‘H-chemical shifts* of thymidine analogs 

Hl’ H2’ H2” H3’ H4’ H5’ HS’ 

AZTTt 6.22 2.40 2.52 4.51 3.95 3.86 3.81 
AZTt 6.10 2.85 2.22 4.54 4.17 3.91 3.91 
AZUTt 6.31 2.55 2.63 4.61 4.09 3.98 3.93 
AZUt 6.25 2.97 2.38 4.66 4.30 4.02 4.02 

dThd$ 6.18 2.07 2.09 4.26 3.77 3.60 3.55 
dThdf$ 6.07 1.85 2.55 4.24 3.79 3.72 3.64 

* At 270 MHz, referenced against TMS. 
t Recorded in acetone-& at 30”. 
$ Recorded in DMSO-d, at 20”. 

Table 6. Coupling constants* of thymidine analogs 

Compound J I’.Z’ J I’? J 2’.3’ J T.3’ J 3’.4’ J~,.Y J&.5’. 

AZWt 6.5 6.6 6.8 4.8 4.6 3.3 3.2 
AZTt 3.6 7.7 2.1 6.5 4.0 5.7 5.7 
AZUtt 6.6 6.4 6.9 4.9 4.5 3.5 2.9 
AZUt 3.4 7.8 2.0 6.2 4.1 6.0 5.5 

dThdf 2.2 8.2 1.0 5.1 3.0 6.7 4.5 
dThdT$ 6.6 7.4 3.5 5.1 3.3 3.5 3.7 

* In Hz, estimated accuracy 20.4 Hz. 
t Recorded in acetone-d, at 30”. 
$ Recorded in DMSO-d, at 20”. 

AZU and AZU 7 does not have any influence on the 
sugar conformation). It has been found [31] in 2’- 
deoxyadenosine (3’-OH “down”) that the sugar is 
in a slightly preferred S conformation while in the 
corresponding epimer with 3’-OH “up”, the con- 
formation is biased to N conformation. Similar fea- 
tures were also found in thymidine (3’-OH “down”) 
and in its epimer with the 3’-OH “up” (i.e. threo 
analogue) (Table 6), as shown for 5-methoxy-methyl- 
1-(2’-deoxy-p-D-lyxofuranosyl)uracil [32]. 

Furthermore [31], with a 3’-substituent “down”, 
the conformation around the 4’-5’ bond is usual, 
i.e. mainly y+, while, due to electronic and steric 
interactions, the conformation around 4’-5’ bond in 
a compound with the 3’-substitution “up” (i.e. threo) 
is mainly y’. This can be seen qualitatively in the 4’- 
5’ and 4’-5” coupling constants in the compounds 
investigated (Table 6). This is in agreement with a 
recent crystallographic study of AZT [33]. 

Thus, threo conformations (in AZTT and AZUT) 
are possibly stabilized by interaction between the 
azido group and the CS, C6 double bond in the 
pyrimidine part. A hydrogen bond between N, and 
5’-OH is presumably allowed when y’ is the main 
conformation across the 4’-5’ bond. It is, however, 
clear that the latter interaction will be completely 
absent in triphosphate derivatives. 

The difference in the antiviral effect of AZT and 
AZTT , and AZU and AZUT can be due to this 
drastic difference in their conformations, which can 
influence the rate of enzymatic phosphorylation of 
their 5’-OH functions. In addition, the intra- 
molecular stabilisation of the threo conformation 
may decrease binding of the 3’-azido substituent, as 

in the erythro-diastereomers, with an essential site 
in an enzyme. It is also likely that in the triphosphate 
derivatives of AZT, AZTT , AZU and AZUT , the 
Watson-Crick base pairing with the viral RNA tem- 
plate, mediated by viral reverse transcriptase, could 
be impaired depending upon the glycosidic bond 
angles in those derivatives. In fact, a K, value of 
0.0022 PM for the erythro form of AZT-TP has been 
observed using HIV RT from disrupted U937/ 
HTLV-III, whereas the threo form was less active, 
with a K, value of 0.2pM [lo]. 

The comprehensive analysis of potential antiviral 
compounds by spectroscopic, biochemical and viro- 
logical procedures, as described here, may facilitate 
design of new antiviral 3’-blocked pyrimidine 
analogs. 
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