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The synthesis of a series of 2-chloro- or 2-fluoro-9-(2-substituted-2-deoxy-8-D-arabinofuranosyl)adenines (4g-n) is
described. New compounds were prepared from either 2-chloroadenosine or 2-fluoroadenosine by first blocking
the 3’- and 5’-hydroxyls as the tetraisopropyldisiloxane derivatives. Activation of O-2’ by formation of a triflate
followed by nucleophilic displacement allowed introduction of various groups in the proper configuration at C-2".
Fluoride ion treatment then produced the deblocked nucleosides. All of the new compounds were evaluated as cytotoxic
agents against L1210 and H.Ep.-2 cells and as antiviral agents against herpes simplex viruses 1 and 2 and vaccinia

virus in culture.

Certain arabinofuranosyl nucleosides have interesting
and useful biological activities. Both 9-8-D-arabino-
furanosyladenine (araA, la)! and 1-8-D-arabino-
furanosylcytosine (araC, 2a)? are well known in the areas
of viral and cancer chemotherapy, respectively. 9-8-D-
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Arabinofuranosyl-2-fluoroadenine (2-F-araA, 1b), admin-
istered as the 5-monophosphate, has completed phase I
clinical trials®* and is presently in phase II trials as an
anticancer agent,>® and various other arabinofuranosyl
nucleosides have received considerable attention. Certain
arabinofuranosyl nucleosides with 2’-substituents other
than a hydroxyl also have produced marked biological
effects. Notable among these compounds are 9-(2-azido-
2-deoxy-3-D-arabinofuranosyl)adenine (arazide, 1¢) and
1-(2-deoxy-2-fluoro-g3-D-arabinofuranosyl)-5-iodocytosine
(FIAC, 2b). Arazide has pronounced cytotoxicity in cell
culture™? and also has in vivo activity against the P388
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mouse leukemia when administered with the potent
adenosine deaminase inhibitor pentostatin (2'-deoxyco-
formycin).” This combination is superior to the araA-
pentostatin combination on a once-a-day schedule for 6
days, resulting in a significant number of mice that were
long-term survivors. Without the pentostatin, arazide did
not result in a significant increase in the life span of the
leukemic mice. The reduced effectiveness of arazide
without pentostatin is presumably caused by a significant
deamination of arazide by adenosine deaminase, even
though arazide is much less susceptible to deamination
than araA itself. Arazide triphosphate has been found to
be an inhibitor of DNA polymerase a.!*'> FIAC has in
vitro®* and in vivo'>1® activity against herpes simplex vi-
ruses and shows some phase I clinical activity against im-
munosuppressed patients with herpes simplex virus in-
fections 1517

All of the nucleosides mentioned above require activa-
tion in order to exert their effects. Generally, the arabi-
nofuranosyl nucleosides are primarily activated (phos-
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phorylated) by different enzymes than the corresponding
ribofuranosyl nucleosides. For example, araA, 2-F-araA,
and araC are mainly activated by deoxypyrimidine ki-
nase.»® FIAC is phosphorylated by the virus-specific
thymidine kinase of HSV-1.13 Arazide appears to be an
exception to this generalization, because a CCRF-CEM cell
line deficient in adenosine kinase is 60-fold more resistant
to the arazide-pentostatin combination than a CCRF-
CEM line deficient in deoxycytidine kinase. This latter
line is only 1.4 times more resistant to the combination
than the standard CCRF-CEM cells.!®

Significant alterations in the metabolism of adenine
nucleosides can be effected by incorporating a 2-halo
substituent onto the purine ring. Among other effects,
such a change significantly reduces the ability of the
compound to serve as a substrate for adenosine deaminase
relative to the parent compound.?® In addition to 2-F-
araA, 2-bromo-, 2-chloro-, and 2-fluoro-2’-deoxyadenosine,
all of which are curative in the L1210 mouse leukemia and
other systems on the proper schedule, are examples of
useful compounds resulting from such a modification.?!,22

Two of the metabolites identified in animals treated with
2-F-araA phosphate, 2-fluoroadenine and 2-fluoro-ATP,
are formed presumably as a result of phosphorylase action
on 2-F-araA.?>?*  The initial cleavage product is 2-
fluoroadenine, which is then metabolized to the tri-
phosphate of 2-fluoroadenosine, a compound with con-
siderable toxicity but no anticancer activity. Because
2-F-araA is a substrate for Escherichia coli purine nu-
cleoside phosphorylase, it seems likely that this enzyme
is responsible for the cleavage observed in animals.??
Substitution of a fluorine or azido group at C-2’ of an
inosine derivative while retaining the arabino configuration
is known to make these derivatives highly resistant to
phosphorolytic cleavage.?

On the basis of the foregoing information, we have em-
barked upon a program of synthesis and biological evalu-
ation of arabinofuranosyl nucleosides with a 2'-substituent
other than a hydroxyl and with variously substituted pu-
rine rings. This paper presents the results of our inves-
tigations of such compounds with either a 2-fluoro or 2-
chloropurine heterocyclic ring, and azido, amino, chloro,
bromo, and iodo groups at C-2.

Chemistry. Our syntheses of the target structures
(4g-n) were based upon the selective protection of the 3’
and 5’-hydroxyls of the readily available 2-chloroadenosine
(3a)?" and 2-fluoroadenosine (3d).22 Treatment of 3a or
3d with 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane?°
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produced the 3',5’-substituted compounds 3b and 3e. Both
compounds were converted into their corresponding 2/-O-
triflates 3¢ and 3f with triflucromethanesulfonyl chloride
in the presence of 4-(dimethylamino)pyridine.®® Dis-
placement of the triflate in 3¢ was carried out with lithium
azide, lithium chloride, lithium bromide, and lithium iodide
to afford 4a-d.*® Comparable displacements on 3f with
lithium azide and lithium chloride gave 4e and 4f. Re-
moval of the silyl protecting group in 4a, 4b, 4e, and 4f
proceeded smoothly by treatment with 1 M tetra-n-buty-
lammonium fluoride in THF at room temperature, af-
fording target structures 4g, 4h, 41, and 4m in good yields.
Identical treatment of 4c and 4d, however, resulted in
competing elimination of HX and 2’,3’-epoxide formation.
Conducting the desilylation reaction at —20 °C for these
two compounds, followed by the addition of acetic acid
prior to processing, allowed good yields of both 4i and 4j
to be obtained without interference from these side reac-
tions. Catalytic reduction of the azido function in 4g and
41 in the presence of platinum on charcoal produced the
two amino compounds 4k and 4n.

Biological Evaluation. All of the target compounds
were evaluated for their cytotoxicities toward 11210 and
H.Ep.-2 cells in culture (see Table I). The 2-chloroadenine
nucleosides exhibited little or no cytotoxicity up to the
highest levels tested, while the 2-fluoroadenine nucleosides
showed some cytotoxicity in both systems, though the
cytotoxicity is more pronounced in the colony-counting
assay with H.Ep.-2 cells. The most cytotoxic compound
against the H.Ep.-2 cell line was the 2-fluoro-2’-amino
compound 4n. Given the cytotoxicity of arazide mentioned
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Table I. Cytotoxicity and Antiviral Data
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L1210 cells:

vaccinia virus

H.Ep. No. 2 cells: (Lederle CA/in L929 cells)

compd 2 substit 2’ substit ICy,, uM® IC;, uM? VR¢ MIC;,?

4g Cl N; >120° >120¢ 0.8 187
4h Cl Cl >120° >120¢ 0.7 83
4i Cl Br >110¢ >110¢ 0.4

4j Cl I >100¢ >100¢ 0

4k Cl NH, >120/ 80 0.6 g
4l F N, 100 29 2.4 14
4m F Cl 60 100 0.6 75
4n F NH, 120 12 0.7 68

aQur procedure is based upon that of Thayer et al.?! in which rapidly growing L1210 cells in suspension culture are exposed to a range of
concentrations of inhibitor, and the reduction in the rate of proliferation of treated cells relative to control cells is determined by means of
cell counts 24 and 48 h after addition of the inhibitor. The concentration of inhibitor required to produce a 50% reduction in the rate of cell

proliferation is designated ICs,.

1C,, is the concentration that produces a 50% inhibition of cloning of H.Ep. No. 2 cells over a 12-day

period relative to growth in the controls. ¢VR = virus rating: A measurement of selective antiviral activity which takes into account the
degree of inhibition of virus-induced cytopathogenic effects (CPE) and the degree of cytotoxicity produced by the test compound, deter-
mined by a modification of the method of Ehrlich et al.3? In our experience, a VR 21.0 indicates definite (+) antiviral activity, a VR of

0.5-0.9 indicates marginal to moderate (%) antiviral activity, and a VR < 0.5 usually indicates no (-) significant antiviral activity.

¢ MICy,

= minimum inhibitory concentration required for 50% inhibition of virus-induced CPE (in ug/mL). ¢No significant inhibition at the highest
level tested. /Only slight inhibition at the highest level tested. & CPE reduction <50%.

in the introduction, the relatively modest cytotoxicity of
41 is surprising. In order to determine whether or not 41-n
are activated in the same manner as arazide, these com-
pounds were examined in several mutant 1.1210 cell lines
by utilizing soft agar cloning and a colony-counting as-
say.?33¢ Three cell lines were compared with the parent
L1210/0 line. One line lacked adenosine kinase, one lacked
deoxycytidine kinase, and one lacked both enzymes. - The
IC;, values for all L1210/0 with 41-n were in the 65-80
M range. With all of the mutant lines, the IC;, values
for all three compounds were in the 80-150 pM range.
These relatively small differences suggest that the modest
cytotoxicity seen with these compounds is not based upon
phosphorylation by either deoxycytidine kinase or aden-
osine kinase. Neither 41 nor 4n exhibited any in vivo
activity against the P388 mouse leukemia on a qd 1-5
schedule at doses up to 100 mg/kg. Compounds 4g-n were
examined against herpes simplex virus type 1 (E-377) and
herpes simplex virus type 2 (MS) in Vero cell monolayers,
and none of the compounds exhibited any antiviral ac-
tivity. Against vaccinia virus in 1.929 cells marginal activity
was observed with 4g, 4h, 4k, 4m, and 4n, and good ac-
tivity was seen with azido compound 41 (see Table I).

Experimental Section

Melting points were determined on a Mel-Temp apparatus and
are uncorrected. 'H NMR and *C NMR spectra were recorded
on a Nicolet NMC 300NB spectrometer operating at 300.635 MHz
for 'H and 75.6 MHz for !3C or on a Varian XL-100-15 spec-
trometer operating at 100.1 MHz for 'H and 25.16 MHz for 13C.
Chemical shifts are expressed in parts per million downfield from
tetramethylsilane. Microanalyses were performed by Atlantic
Microlab, Inc., Atlanta, (3A, and by the Molecular Spectroscopy
Section of Southern Research Institute. Mass spectra were re-
corded on a Varian MAT 311A mass spectrometer in the fast atom
bombardment (FAB) mode. Ultraviolet absorption spectra were
recorded with a Cary 17 spectrophotometer. Each compound was
dissolved in dimethyl sulfoxide and diluted 10-fold with 0.1 N
HC], pH 7 buffer, and 0.1 N NaOH. Numbers in parentheses are
extinction coefficients (¢ X 10-9), sh = shoulder. HPLC analyses
were carried out with a Hewlett-Packard HP 1084B liquid
chromatograph with a Waters Associates uBondapak C,5 column
(3.9 mm X 30 cm) with UV monitoring (254 nm). All flash column
chromatography used 230-400-mesh silica gel from E. Merck.

(33) Alexander, J. A.; Bowdon, B. J.; Wheeler, G. P. Cancer Res.
1986, 46, 6024.
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Biochem. Pharmacol. 1986, 35, 41086.

2-Chloro-3',5’-0 -(tetraisopropyldisiloxane-1,3-diyl)-
adenosine (3b). A solution of 2-chloroadenosine (3a; 2 g, 6.63
mmol) in 60 mL of pyridine was treated at room temperature with
1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane (2.3 g, 7.3 mmol).
After the mixture was stirred for 1 h, the reaction was essentially
complete as indicated by TLC. At 3 h, the reaction mixture was
poured into an ice-water mixture, stirred for 15 min, and then
diluted with 200 mL of CHC]; to give a total volume of 800 mL.
The aqueous layer was extracted with CHCl; (2 X 100 mL). The
combined organic extracts were washed with water, dried over
MgSO,, and evaporated to dryness. The residue was coevaporated
with toluene to remove pyridine and crystallized from EtOH to
give crude 3b, 4.1 g. This solid was recrystallized from EtOH to
give 2.5 g (69%) of pure 3b, mp 203-205 °C. The filtrate was
purified on a flash column containing 50 g of silica gel and eluted
with CHCly: yield 425 mg (12%); TLC 95:5 CHCl;-MeOH, R;
0.50; MS, z/e 544 (M + 1)*; 'H NMR (CDClg, 300 MHz) 6 1.09
(m, 28, 4CH(CH3)2) 3.65(d, 1, 0H, J = 2 Hz), 4.0-4.2 (m, 3, H-4,
2 H-5’), 4,60 (m, 1, H-2), 5.01 (m, 1, H-3"), 5.94 (s, 1 H-1"), 6.49
(brs, 2, NH,), 7.96 (s, 1, H-8); 13C NMR (CDCl,, 100 MHz) 6 12,72,
12.76, 13.13, 13.30 (CH(CHy),), 17.00, 17.08, 17.08, 17.28, 17.34,
17.37, 17.50 (CH(CHj;),), 62.39 (C-5%), 71.52, 75.18 (C-2/, C-3"),
82.37, 89.84 (C-1’, C-4'), 119.30 (C-5), 140.08 (C-8), 150.20 (C-4),
154.32 (0'2), 156-40 (C'G). Anal. (022H3301N5058i2‘0.402H50H)
C,H,N.

2-Chloro-2’-O-[(trifluoromethyl)sulfonyl]-3',5’-O-(tetra-
isopropyldisiloxane-1,3-diyl)adenosine (3¢). A solution of 3b
(2.5 g, 4.59 mmol) in 85 mL of sieve-dried CH,Cl, was treated
with triethylamine (695 uL, 4.98 mmol) and 4-(dimethyl-
amino)pyridine (553 mg, 4.53 mmol) and chilled in an ice bath.
To the stirred solution was added trifluoromethanesulfonyl
chloride (530 uL, 4.98 mmol) by syringe. The cooling bath was
removed, and the reaction was allowed to stir 1.5 h. By TLC (95:5
CHCl;-MeOH, R, 0.60), the reaction was ~75% complete. Ad-
ditional trifluoromethanesulfonyl chloride (145 yL, 1.36 mmol)
was added in two portions over the next 3 h with cooling prior
to the addition. After being stirred at room temperature for 16
h, the reaction mixture was poured into ice water (1 L), stirred
for 0.5 h, and then diluted with CHCl, (300 mL). The layers were
separated, and the aqueous layer was extracted with more CHCl,
(2 X 225 mL and then 100 mL). The combined organic layer was
washed with water (3 X 200 mL), dried (MgS0,), and evaporated
to dryness. This residue was dissolved in 2:1 eyclohexane-ethyl
acetate and applied to a flash column containing 100 g of silica
gel. The column was eluted with 2:1 cyclohexane—ethyl acetate,
and appropriate fractions were combined and evaporated to give
essentially pure 3c: yield 2.9 g (93%); MS, z/e 676 (M + 1)*; exact
mass caled 676.167, found 676.170; 'H NMR (CDCl,, 300 MHz)
6 1.08 (m, 28, CH(CHa),), 4.02-4.24 (m, 3, H-4’, 2 H-5), 5.10 (dd,
1, Jyy = 5 Hz, Jy 4 = 9 Hz, H-3), 5.72 (d, 1 H-2), 6.09 (s, 1, H-1"),
6.46 (br s, 2, NH,), 7.95 (s, 1, H-8); 13C NMR (300 MHz) 6 12.80,
12.91, 12.96, 13.24 (CH(CHa)Z) 16.74, 16.80, 16.88, 16.92, 17.25,
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17.30, 17.41 (CH(CHjy),), 59.86 (C-5), 68.49 (C-3’), 81.56 (C-4'),
86.97 (C-2), 88.02 (C-1), 112.91, 116.43, 120.65, 124.88 (q, CFy),
119.13 (C-5), 139.33 (C-8), 149.85 (C-4), 154.68 (C-2), 156.33 (C-6).
2-Fluoro-3',5’-0 -(tetraisopropyldisiloxane-1,3-diyl)-
adenosine (3e). A solution of 2-fluoroadenosine (3d; 7.1 g, 25
mmol) and imidazole (7.5 g, 110 mmol) in 70 mL of dry di-
methylformamide was treated at room temperature with 1,3-
dichloro-1,1,3,3-tetraisopropyldisiloxane (8.67 g, 27.5 mmol). After
the mixture was stirred for 1 h, the reaction was essentially
complete as indicated by TLC. At 2 h, the reaction was poured
into 2.5 L of ice water and stirred for 3 h, and the solid was
collected, washed with cold water, and dried in vacuo at 56 °C
to give crude 3e, 17.5 g. This solid in CHCl, was purified by flash
chromatography (26 g of silica gel/g) with CHCl; as eluant and
then 98:2 CHCl;-MeOH to give essentially pure 3e, yield 4.0 g
(30%). Crystallization of a small sample from acetonitrile gave
pure 3e: mp 205-208 °C; TLC 95:5 CHCl;-MeOH, R, 0.46; MS,
z/e 528 (M + 1)*; 'H NMR (CDCl;, 300 MHz) 6 1. 08 (m, 28,
CH(CHjy)y), 3.46 (brs, 1, 2'-OH, Jy oy = 1.7 Hz), 4.02-4.16 (m,
3, H-4/, 2 H-5), 458 (d, 1, Jyy = 5.5 Hz, H-2'),5.05 (dd, 1, Jy
—76Hz H-3), 595(d 1, H- ,J1,2 = 1.2 Hz), 6.38 (brs, 2, NHZ),
7.92 (s, 1, H-8); 13C NMR (CDC13, 300 MHz) 6 12.65, 12.74, 13.08,
13.24 (CH(CH,),), 16.94, 16.99, 17.01, 17.13, 17.30, 17.47 (CH(C-
H,),), 61.91 (C-5’), 70.98, 74.96 (C-2’,3’), 82.21 (C-4"), 89.65 (C-1/,
Jorpy = 167.1 Ha), 118,55 (C-5, J5 p = 4.2 Hz), 139.85 (d, C-8,
Jgr = 2.3 Hz), 150.46 (C-4, J, 5 = 19.6 Hz), 157.49 (d, C-6, Jgr
= 20 1 HZ) 159.03 (d C- 2 JZF = 2115 HZ) Anal. (CZZHggF'
NsOsSlz -0. 3H20) C H N.
2-Fluoro-2’-O-[(trifluoromethyl)sulfonyl]-3’,5’-O-(tetra-
isopropyldisiloxane-1,3-diyl)adenosine (3f). A solution of 3e
(4.26 g, 8.08 mmol) in 145 mL of sieve-dried CH,Cl, was treated
with triethylamine (1.24 mL, 8.9 mmol) and 4-(dimethyl-
amino)pyridine (988 mg, 8.08 mmol). To this solution at 0 °C
was added trifluoromethanesulfonyl chloride (0.95 mL, 8.9 mmol)
in one portion by syringe. After the mixture was stirred at room
temperature for 4 h, the reaction was essentially complete. The
solution was poured into ice water (2 L) and stirred for 0.5 h, and
then CHCl, (500 mL) was added. The layers were separated, and
the aqueous layer was extracted with additional CHCl; (2 X 250
mL, 200 mL). The combined organic extracts were washed with
water (2 X 250 mL), dried (MgSO,), and evaporated to dryness.
This residue in CHCl; was applied to a flash column containing
150 g of silica gel with CHCl; as eluant. Fractions were combined
to give essentially pure 3f, 4.4 g (83%). A small sample crystallized
from CHCly: mp 175 °C dec; TLC 95:5 CHCl,-MeOH, R, 0.50;
MS, z/e 660 (M + 1); 'TH NMR (Me,SO-dg, 300 MHz) 6 0. 95—1 15
(m, 28, CH(CH,)y), 3.94-4.14 (m, 3, H-4', 2 H-5), 5.23 (dd, 1, Ja,5
=5 Hz, Jy 4 = 10 Hz, H-3), 603(d 1H-2), 6.43 (s, 1, H-1"), 7.97
(vbrs, 2, NH,), 8.22 (s, 1, H-8); *C NMR (Me,SO-dg, 300 MHz)
§12.06, 12.21, 12.28, 12.50 (CH(CH,),), 16.52, 16.58, 16.90, 16.98,
17.01, 17.16 (CH(CH,)y), 59.76 (C-5), 68.37 (C-3"), 80.26 (C-4"),
85.38 (C-2), 89.14 (C-1'), 117.60 (d, C-5, J; 5 = 4.0 Hz), 117.95
(a, CF3, Jop = 319.4 Hz), 139.96 (d, C-8, Jgr = 2.1 Hz), 149.65
(d, C-4, J,p = 19.9 Hz), 157.67 (d, C-6, Jop = 21.2 Hz), 158.44 (d,
C- 2 JZF = 205.8 HZ) Anal. (CZ3H37F4N5078812) C H N.
2-Chloro-9- [2-azido-2-deoxy-3,5-0 -(tetraisopropyl-
disiloxane-1,3-diyl)-8-D- arablnofuranosyl]purm 6-amine (4a).
A solution of 3¢ (800 mg, 1.18 mmol) in 5 mL of hexamethyl-
phosphoramide was treated with LiN, (115 mg, 2.36 mmol) and
stirred at room temperature while protected from moisture. A
2-h HPLC aliquot (linear gradient, 50% — 100% acetonitrile in
water, 20 min) indicated complete reaction. The solution was
poured into ice water (300 mL) and stirred for 0.5 h. The white
solid was collected, washed with water, and dried in vacuo at room
temperature to give crude 4a, 628 mg. This solid in CHCl; was
applied to a flash column containing 30 g of silica gel. The column
was eluted with CHC];, and the pure fractions were combined
and crystallized from EtOH to give pure 4a: yield 373 mg (55%);
mp 196-197 °C. The filtrate was plated on silica gel thick plates
(Analtech GF, 2000 ym) in 95:5 CHCl;-MeOH to yield more
material (85 mg, 13%): TLC 95:5 CHCl;-MeOH, R, 0.60; MS,
z/e 569 (M + 1)*; 'H NMR (CDCl;, 100 MHz) 6 1.0-1.2 (m, 28,
CH(CH,),), 3.85-4.2 (m, 3, H-4’, 2 H-5), 4.35-4.7 (m, 2, H-2/, 3/),
6.40 (d, 1, J = 6 Hz, H-1’), 6.48 (br s, 2, NH,), 8.05 (s, 1, H-8);
13C NMR (CDCl;, 100 MHz) 6 12.64, 13.02, 13.07, 13.59 (CH(C-
H,),), 16.86, 16.91, 17.01, 17.33, 17.40, 17.47 (CH(CH,),), 60.96
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(C-5), 68.17, 73.44 (C-2,3'), 82.086, 82.15 (C-1’,4"), 118.59 (C-5),
139.27 (C-8), 150.95 (C-4), 154.35 (C-2), 156.38 (C-6). Anal.
(022H37CIN304Si2) C, H, N.
2-Chloro-9-[2-chloro-2-deoxy-3,5-O -(tetraisopropyl-
disiloxane-1,3-diyl)-8-D-arabinofuranosyl]purin-6-amine (4b).
A solution of 3¢ (676 mg, 1 mmol) in 4 mL hexamethyl-
phosphoramide was treated with dry LiCl (85 mg, 2 mmol) and
stirred at room temperature while protected from moisture. A
5-h HPLC aliquot (linear gradient, 50% —> 100% acetonitrile in
water, 20 min) showed complete reaction. The solution was poured
into ice water (200 mL), stirred 15 min, and refrigerated overnight.
The white solid that precipitated was collected, washed with cold
water, and dried in vacuo at room temperature to give crude 4b,
576 mg. This solid in CHCl; was filtered to remove 2-chloro-
adenine (30 mg). The filtrate was applied to two silica gel thick
plates (Analtech, GF, 2000 um) that were developed in 95:5
CHCl;-MeOH. The extracted product was crystallized from
EtOH to give pure 4b: yield 218 mg (39% ); mp 206-207 °C; TLC
95:5 CHCl;-MeOH, R; 0.60; MS, z/e 562 (M + 1)*; '"H NMR
(CDCls, 300 MHz) 6 1.0-1.2 (m, 28, CH(CHj),), 3.92 (m, 1, H-4"),
409, 4.21(2dd, 2,J = 3 Hz, J = 13 Hz, 2 H-5), 465 (dd, 1, Jy.»
=6Hz Jyy = 8Hz H-2'), 4.74 (apparent t, 1, Jy » = 8 Hz, H 39,
6.45 (d, 1, H-1"), 6.49 (br s, 2, NH,), 8.11 (s, 1, H-8); 1°C NMR
(CDCl,, 100 MHpz) § 12.53, 12.99, 13.11, 13.61 (CH(CHj,),), 16.98,
17.32, 17.36, 17.40, 17.48 (CH(CH,),), 61.49 (C-5'), 62.98 (C-2),
76.22 (C-3), 82.86, 83.06 (C-1/,4), 118.46 (C-5), 139.41 (C-8, Je.apy
= 3 Hz), 150.95 (C-4), 154.31 (C-2), 156.37 (C-6). Anal. (C,,-
H4,CLLN;0,8i,) C, H, N.
2-Chloro-9-[2-bromo-2-deoxy-3,5-0 -(tetraisopropyl-
disiloxane-1,3-diyl)-3-D-arabinofuranosyl]purin-6-amine (4¢).
A solution of 3¢ (500 mg, 0.74 mmol) in 3 mL of hexamethyl-
phosphoramide was treated with dry LiBr (133 mg, 1.53 mmol)
and stirred at room temperature while protected from moisture.
A 5-h HPLC aliquot (linear gradient, 50% —> 100% acetonitrile
in water, 20 min) showed complete reaction. The reaction was
poured into ice water (200 mL), stirred 15 min, and refrigerated
overnight. The white solid that precipitated was collected, washed
with cold water, and dried in vacuo at room temperature to give
crude 4¢, 440 mg. This material in CHCl; was applied to a flash
column containing 25 g of silica gel. The column was eluted with
CHCI;, the pure fractions were combined and crystallized from
boiling EtOH, and the solid was dried in vacuo at room tem-
perature to give pure 4¢: yield 295 mg (66%); mp 198-200 °C.
The filtrate was applied to two silica gel thick plates (Analtech,
GF, 1000 um), which were developed in 95:5 CHCl;-MeOH, and
the product was extracted and crystallized from EtOH to give
more material: yield 15 mg (3%); TLC 95:5 CHCl,-MeOH, R;
0.60; MS, z/e 606 (M + 1)*; 'H NMR (CDCl,, 300 MHz) § 1.0~1.2
(m, 28, CH(CHjy),), 3.91 (m, 1, H-4%), 4.10,4.23 (2 dd, 2, J = 3 Hz,
J=13 HZ,ZH 5/),467 (dd 1 J1/2/—65HZ J2/3/—85HZ H- 2),
4.84 (apparent t, 1, Jy 4 = 8 Hz, 'H- 3/, 6.40 (s, 1, H-1’), 6.46 (br
s, 2, NH,), 8.11 (s, 1, H-8); 3C NMR (CDCl,, 100 MHz) § 12.55,
12.97, 13.12, 13.71 (CH(CH,),), 17.08, 17.32, 17.37, 17.40, 17.47
(CH(CH,),), 53.60 (C-2), 61.51 (C-5"), 76.38 (C-3"), 83.08, 83.51
(C-1,4"), 118.50 (C-5), 139.21 (C-8), 150.90 (C-4), 154.29 (C-2),
156.41 (C-6). Anal. (C,H;,BrCIN;0,Si,) C, H, N.
2-Chloro-9-[2-deoxy-2-i0do-3,5-O -(tetraisopropyl-
disiloxane-1,3-diyl)-3-D-arabinofuranosyl Jpurin-6-amine (4d).
A solution of 8¢ (500 mg, 0.74 mmol) in 3 mL of hexamethyl-
phosphoramide was treated with Lil (205 mg, 1.5 mmol) and
stirred at room temperature while protected from moisture. A
48-h HPLC aliquot (linear gradient, 50% — 100% acetonitrile
in water, 20 min) indicated complete reaction. The dark-red
solution was poured into ice water (200 mL), and the resulting
suspended solid was isolated by centrifugation, washed with cold
water, collected by filtration, and dried in vacuo at room tem-
perature to give crude 4d, 455 mg. This solid in CHCl; was applied
to a flash column containing 30 g of silica gel. The column was
eluted with CHCl;, and pure fractions were combined and
crystallized from EtOH to give pure 4d: yield 347 mg (72%); mp
170-171 °C; TLC 95:5 CHCl;-MeOH, R, 0.61; MS, z/e 654 M
+ 1)*; 'TH NMR (CDCl;, 300 MHz) 6 1. 0«1 25 (m, 28, CH(CHj,),),
3.87 (m, 1, H-4'), 4.10,4.24 (2 dd, 2, J = 3.5 Hz, J = 13 Hz, 2 H-5)),
4.71 (dd, 1, Jy,» = 6.5 Hz, Jy » = 9.5 Hz, H-2'), 4.92 (apparent
t,1, Jg,y = 8 Hz, H-3), 624 (d, 1, H-1) 630(brs, , NH,), 8.08
(s, 1, H- 8); 3C NMR (CDCl,, 100 MHz) 5 12.61, 12.92, 13.11, 13.88
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(CH(CHjy),), 17.04, 17.09, 17.25, 17.31, 17.38, 17.47 (CH(CH,)y),
30.60 (C-2/), 81.42 (C-5), 77.37 (C-3), 83.99, 84.41 (C-1'4"), 118.65
(C-5), 138.90 (C-8), 150.84 (C-4), 154.28 (C-2), 156.36 (C-6). Anal.
(022H37CIIN504812) C H N.

2-Fluoro-9-[2-azido-2-deoxy-3,5-0 - (tetralsopropyl
disiloxane-1,3-diyl)-8-D-arabinofuranosyl]purin-6-amine (4e).
A solution of 3f (4.45 g, 6.74 mmol) in 28 mL of hexamethyl-
phosphoramide was treated with LiN; (660 mg, 13.5 mmol) and
stirred at room temperature while protected from moisture. A
2.5-h HPLC aliquot (linear gradient, 50% - 100% acetonitrile
in water, 20 min) indicated complete reaction. The reaction was
poured into ice water (1.25 L) and stirred for 1 h, and the white
solid was collected, washed with cold water, and dried in vacuo
at room temperature to give crude 4e, 3.82 g. This solid in CHCl
was applied to a flash column containing 150 g of silica gel. The
column was eluted with CHCl;, and the pure fractions were
combined and crystallized from EtOH to give pure 4e: yield 2.02
g (54%); mp 195-198 °C dec; TLC 95:5 CHCl;-MeOH, R, 0.52;
MS, z/e 553 (M + 1)*; 'H NMR (CDCl;, 300 MHz) § 0.95-1.2
(m, 28, CH(CHj,),), 3.90, 3.93 (2 apparent t, 1, H-4), 4.05, 4.19
(2dd, 2,J = 3Hz, J =13 Hz, 2 H-5), 444 (dd, 1, Jy o = 7 Hz,
Jog = 85 Hz, H-2'), 4.56 (apparent t, 1, Jy ,.= 8.5 Hz H-3),6.35
(d, 1, H-1), 6.48 (br s, 2, NH,), 8.04 (s, 1, H-8); 13C NMR (CDCl,,
300 MHz) § 12.53, 12.93, 13.00, 13.53 (CH(CH3)2), 16.79, 16.84,
16.87, 16.96, 17.31, 17.37, 17.45 (CH(CHy)y), 60.70 (C-5'), 67.96
(C-27), 73.03 (C-3), 81.93, 81.98 (C-1,4'), 117.78 (d, C-5, J; 5 =
3.8 Hz), 138.94 (C-8), 151.15 (d, C-4, Jyr =195 Hz), 157.23 (d,
C-8, Jgr = 20.3 Hz), 159.18 (d, C- 2 J” = 210.9 Hz). Anal.
(022H37FN304812) C H N.

2-Fluoro-9-[2- chloro 2-deoxy-3,5-0 - (tetralsopropyl
disiloxane-1,3-diyl)-3-D- arabinofuranosyl]purin-6-amine (4f).
A solution of 3f (660 mg, 1 mmol) in 5 mL of hexamethyl-
phosphoramide was treated with dry LiCl (85 mg, 2 mmol) and
stirred at room temperature while protected from moisture. A
4-h HPLC aliquot (linear gradient, 50% - 100% acetonitrile in
water, 20 min) showed essentially complete reaction. At 5 h, the
solution was poured into ice water (200 mL) and stirred for 0.5
h. The white solid was collected, washed with cold water, and
dried in vacuo at room temperature to give crude 4f, 477 mg. This
solid in CHCl; was chromatographed on two silica gel thick plates
(Analtech, GF, 2000 um) in 1:1 cyclohexane-ethyl acetate. The
extracted product was crystallized from hot EtOH and dried in
vacuo at 56 °C for 6 h to give pure 4f: yield 164 mg (30%); mp
188-190 °C. Additional pure 4f was isolated from the ethanol
filtrate by chromatography on a silica gel thick plate (Analtech,
GF, 2000 um) in 95:5 CHCl;-MeOH: yield 18 mg (3%); TLC 95:5
CHCl;-MeOH, R; 0.52; MS, z/e 546 (M + 1)*; "TH NMR (CDCI;,
300 MHz) 6 1.0-1.2 (m, 28, CH(CH3),), 3.94 (m, 1, H-4'), 4.10, 4.22
(2dd, 2, J = 3.5 Hz, J = 13 Hz, 2 H-5’), 4.65 (dd, 1, J;.» = 6 Hz,
Jyg = 8 Hz), 4.75 (apparent t, 1, H-3), 6.41 (d, 1, H-1, 6.57 (br
s, 2, NH,), 8.09 (s, 1, H-8); 1*C NMR (CDCl, 300 MHz) § 12.40,
12.90, 13.04, 13.56 (CH(CHg)z) 16.92, 16.98, 17.30, 17.33, 17.37,
17.46 (CH(CHy)y), 61.19 (C-5), 62.79 (C-2'), 75.66 (C-3/), 82.70,
82.99 (C-1',4), 117.64 (d, C-5, J;5 = 4.2 Hz), 139.06 (d, C-8, Jgp
= 2.6 Hz), 151.15 (d, C-4, J, 5 = 19.4 Hz), 157.24 (d, C-6, Jyp =
20.1 Hz), 159.13 (d, C-2, J,5 = 210.8 Hz). Anal. (CyHyrCIF-
N;0,Si,) C, H, N.

2-Chloro-9- (2 azido-2-deoxy-8-D-arabinofuranosyl)purin-
6-amine (4g). A solution of 4a (416.7 mg, 0.732 mmol) in 2.5 mL
of dry THF (Aldrich, Sure/Seal) was treated at room temperature
with 1 M tetra-n-butylammonium fluoride in THF (1.46 mL, 1.46
mmol). A 15-min TLC aliquot showed complete reaction. The
solution was evaporated to dryness. The residue in MeOH was
applied to two silica gel thick plates (Analtech, GF, 2000 um) that
were developed in 4:1 CHCl;-MeOH. The product was extracted
with warm EtOH and evaporated, and the residue was crystallized
from water (45 mL) to give pure 4g, which was dried in vacuo
at 56 °C for 16 h: yield 199 mg (83%); mp 210 °C dec; TLC 4:1
CHCl;-MeOH, R; 0.60; HPLC 99%, 90:10 H,0-MeCN; MS, z/e
327 M + D) IR 2125 em™! (Ny); UV Amax PH 1 264.5 (15.3), pH
7 265 (15.9), pH 13 265 (16.3); 1H NMR (Me,SO-dg, 300 MHz)
6 3.62-3.86 (m, 3, H-4, 2 H-5"), 4.37 (m, 1, H-3), 4.52 (dd, 1, Jy.»
= 65Hz,J2«3«-8Hz) 518 (t, 1, J-5Hz,5’OH) 6.03 (d, 1,
J = 2 Hz, 3"OH), 6.34 (d, 1, H-1%), 7.86 (br s, 2, NH,), 8.36 (s,
1, H-8); 5C NMR (Me,SO-d, 100 MHz)  59.58 (C-5'), 67.32, 71.47
(C-2,3", 81.73, 83.26 (C-1/,4), 117.58 (C-5), 139.65 (C-8), 150.24
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(C-4), 153.11 (C-2), 156.74 (C-6). Anal. (C,(H;;CINgO,) C, H, N.
2-Chloro-9-(2-chloro-2-deoxy-83-D-arabinofuranosyl)-
purin-6-amine (4h). A solution of 4b (175 mg, 0.31 mmol) in
1 mL of dry THF (Aldrich, Sure/Seal) was treated at room
temperature with 2 equiv of 1 M tetra-n-butylammonium fluoride
in THF (0.62 mL). A 0.5-h TLC aliquot showed complete reaction.
The solution was evaporated to dryness, and the residue was
crystallized from hot water to give crude 4h, 143 mg. This solid
was recrystallized twice from 20 mL of boiling MeOH to give pure
material that was dried in vacuo at 78 °C for 16 h: yield 35 mg
(33%); mp 250-251 °C dec; TLC 4:1 CHCl;-MeOH, R; 0.66;
HPLC 99%, 90:10 H;0-MeCN; MS, z/¢ 320 M + 1)*; UV Ay,
pH 1 264 (16.8), pH 7 264 (17.1), pH 13 264 (18.5), 'H NMR
(Me,SO-dg, 300 MHz) 6 3.66-3.86 (m, 3, H-4/, 2 H-5), 4.43
(broadened dd, 1, H-3'), 4.78 (apparent, t, 1, Jy 5 = 6 Hz, H-2'),
5.20 (t, 1, -OH), 6.10 (d, 1, J = 6 Hz, 3'-OH), .41 (d, 1 H-1),
7.86 (br s, 2, NH,), 8.40 (s, 1, H-8); 13C NMR (Me,SO-d,, 300 MHz)
6 59.69 (C-5’), 63.50 (C-2), 73.75 (C-3), 82.43, 83.46 (C-1'4), 117.34
(C-5), 139.50 (C-8), 150.11 (C-4), 152.96 (C-2), 156.63 (C-6). Anal.
(C1oH;;CLN;504:0.56H,0-0.5CH;OH) C, H, N.
2-Chloro-9-(2-bromo-2-deoxy-3-D-arabinofuranosyl)-
purin-6-amine (4i). A solution of 4¢ (100 mg, 0.165 mmol) in
2.5 mL of dry THF (Aldrich, Sure/Seal) was chilled to -20 °C
and treated in one portion with 2 equiv of 1 M tetra-n-butyl-
ammonium fluoride in THF (0.33 mL). The reaction mixture was
kept at —20 °C for 16 h, at which time a TLC aliquot showed the
reaction to be complete. Glacial acetic acid (25 uL, 0.435 mmol)
was added at -20 °C to prevent elimination of HBr and epoxide
formation during workup. The cold solution was evaporated to
dryness, and the residue was solidified by MeOH trituration to
give crude 4i: 58 mg. This solid was recrystallized from 30 mL
of boiling MeOH to give pure material, which was dried in vacuo
at 56 °C for 16 h: yield 37 mg (58%); mp 230 °C dec; TLC 9:1
EtOAc-MeOH, R; 0.62; MS, z/e 364 (M + 1)*; UV )\, pH 1 264
(15.3), pH 7 265 (15 4), pH 13 264 (15.7); 'H NMR (Me,SO-dj,
300 MHz) § 3.68-3.84 (m, 3, H-4/, 2 H-5’), 4.53 (broadened dd,
1, H-3’), 4.81 (overlapping dd, nearly apparent t, 1, H-2’), 5.20
(t, 1, 5-OH), 6.09 (d, 1, J = 6 Hz, 3-OH), 6.37 (d, 1, J = 6 Hz,
H-1’), 7.86 (br s, 2, NH,), 8.40 (s, 1, H-8); 13C NMR (Me,SO0-d,
300 MHz) 6 54.98 (C-2"), 59.68 (C-5’), 73.88 (C-3"), 82.41, 83.88
(C-1',4"), 117.38 (C-5), 139.32 (C-8), 150.08 (C-4), 152.96 (C-2),
156.66 (C-6). Anal. (C,oH;;BrCIN;0,.0.8CH;0H) C, H, N.
2-Chloro-9-(2-deoxy-2-iodo-8-D-arabinofuranosyl)purin-
6-amine (4j). A solution of 4d (87.5 mg, 0.134 mmol) in 2 mL
of dry THF (Aldrich, Sure/Seal) was chilled to -20 °C and treated
in one portion with 2 equiv of 1 M tetra-n-butylammonium
fluoride in THF (0.27 mL). After 0.5 h at-20 °C, a TLC aliquot
showed 50% reaction. The solution was allowed to warm slowly
to 0 °C over the next 2.5 h, at which time TLC indicated complete
reaction. Glacial acetic acid (20 L, 0.348 mmol) was added, and
the cold solution was evaporated to dryness. The residue was
solidified by trituration with CH;OH to give crude 4j, 44 mg. This
solid was recrystallized from hot CH;OH (20 mL) to give pure
material that was dried in vacuo at 56 °C for 16 h: yield 30 mg
(54%); mp 190 °C dec; TLC 9:1 EtOAc-MeOH, R, 0.65; HPLC
99%, 90:10 H,0-MeCN; MS, z/e 412 M + 1)*; UV A, PH 1
265 (15 8), pH 7 265 (15. 8) pH 13 265 (16.2); TH NMR (Me,S0-d;,
300 MHz) ¢ 3.68-3.85 (m, 3, H-4’, 2 H-5"), 4.56 (m, 1, H-3'), 4.73
(dd, 1, Jy 2 = 7 Hz, Jy 5 = 9 Hz, H-2'), 5.28 (t, 1, 5-OH), 5.99 (d,
1,J = 6 Hz, 3-OH), 6.23 d, 1, H-1), 7.85 (br s, 2, NH,), 8.38 (s,
1, H-8); 3C NMR (Me,SO-dg, 300 MHz) 6 32.29 (C- 2’), 59.58 (C-5),
74.96 (C-3),83.34, 84.65 (C-1'49, 117.50 (C-5), 139.03 (C-8), 150.01
(C-4), 152.92 (C-2), 156.69 (C-6). Anal. (CyoH;;CIIN;04-0.1C-
H;0H) C, H, N.
2-Chloro-9-(2-amino-2-deoxy-8-D-arabinofuranosyl)-
purin-6-amine (4k). To a solution of 4g (82 mg, 0.25 mmol) in
20 mL of EtOH was added 23 mg of 5% platinum-on-carbon
powder (Engelhard), and the mixture was stirred under hydrogen
at atmospheric pressure for 48 h. The catalyst was filtered off,
and the filtrate was evaporated and crystallized from boiling EtOH
to give crude 4k, 44 mg. This solid in hot MeOH was applied
to two silica gel thick plates (Analtech, GF, 1000 um) that were
developed in 4:1 CHCl;-MeOH + 5% NH,OH. The product was
eluted with hot EtOH and evaporated. The residue was crys-
tallized from 20 mL boiling EtOH to give pure 4k: yield 30 mg
(40%); mp 235 °C dec; TLC 4:1 CHCl;-MeOH + 5% NH,OH,
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R;0.30; MS, z/e 301 (M + 1)*; UV A, pH 1 263 (15.2), pH 7
265 (15.4), pH 13 264 (15.7); 'H NMR (Me,SO-d, 300 MHz)
1.53 (br s, 2, 2'-NH,), 3.52 (apparent t, 1, H-2"), 3.63 (dd, 1, J =
4Hz,J = 125Hz H-5), 3.73 (m, 2, J3«4«-6Hz H-4/, H-5'), 4.03
(br dd, 1, H-3"), 5.10 (br, 1, 5-OH), 5.44 (d, 1, J = 5Hz,3’ OH),
6.11(d, 1, Jyy = 6.5 Hz, H-1), 7.75 (br s, 2, 6-NHj), 8.30 (s, 1,
H-8); 5C NMR (Me,S0-dg, 300 MHz) 6 60.20 (C-2,5"), 74.65 (C-3),
84.10, 84.49 (C-1/,4), 117.44 (C-5), 140.43 (C-8), 150.27 (C-4), 152.61
(C-2), 156.51 (C-6). Anal. (C;oH,;35CINO5) C, H, N.
2-Fluoro-9-(2-azido-2-deoxy-B-D-arabinofuranosyl) purin-
6-amine (41). A solution of 4e (220 mg, 0.398 mmol) in 2 mL of
dry THF (Aldrich, Sure/Seal) was treated at room temperature
with 1 M tetra-n-butylammonium fluoride in THF (796 uL, 0.796
mmol). A 0.5-h TLC aliquot showed complete reaction. The
solution was concentrated and applied to one silica gel thick plate
(Analtech, GF, 2000 ym) that was developed with 4:1 CHCl,-
MeOH. The product was extracted with warm MeOH and
crystallized from boiling water (20 mL) to give pure 41, which was
dried in vacuo at 56 °C for 22 h: yield 106 mg (86%); mp 212
°C; TLC 4:1 CHCl;-MeOH, R; 0.55; HPLC 99%, 90:10 H,0-
MeCN; MS, z/e 311 (M + 1)+ IR 2120 ecm™! (Ng); UV A pH
1 261.5 (14.5), 270 (sh), pH 7 262 (15.2), 270 (sh), pH 13, 262 (15.5),
270 (sh); 'H NMR (Me,SO-dg, 300 MHz) 6 3.62-3.85 (m, 3, H-4/,
2 H-5), 4.37 (m, 1, H-3), 4.61 (dd, 1, Jy,5 = 7 Hz, Jy 4 = 8 Haz,
H-2%),5.16 (t, 1, 5-OH), 6.01 (d, 1, J = 6Hz,3’OH) 629(d 1,
H-1%), 7.93 (br s, 2, NH,), 8.32 (s, 1, H-8); 13C NMR (Me,SO-d,,
300 MHz) § 59.47 (C-5%), 67.20 (C-2’), 71.26 (C-3'), 81.54, 83.08
(C-1'4), 116.78 (d, C-5, J3.¢ = 3.8 Hz), 139.37 (d, C-8, Jy 5 = 2.6
Hz), 150.39 (d, C-4, Jyp = 20.3 Hz), 157.45 (d, C-6, Jgp = 22.3 Hz),
168.51 (d, C-2, Jyp = 204.0 Hz). Anal. (CyH;;FNgO;) C, H, N.
2-Fluoro-9- (2 chloro-2-deoxy-3-D-arabinofuranosyl)-
purin-6-amine (4m). A solution of 4f (126 mg, 0.23 mmol) in
1 mL of dry THF (Aldrich, Sure/Seal) was treated at room
temperature with 2 equiv of 1 M tetra-n-butylammonium fluoride
in THF (0.46 mL). A 3-h TLC aliquot showed complete reaction.
The solution was evaporated, and the residue was crystallized from
MeOH to give crude 4m, 70 mg. This solid was recrystallized from
hot MeOH (35 mL) to give pure material that was dried in vacuo
at 56 °C for 16 h: yield 63 mg (89%); mp 205-207 °C; TLC 5:1
CHCl;-MeOH, R; 0.45; HPLC 98%, 90:10 H;0-MeCN; MS, z/e
304 M+ 1)%; UV A\, pH 1 262 (14.8), 270 (sh), pH 7 261 (15.6),
270 (sh), pH 13 262 (16.1), 270 (sh); 'H NMR (Me,SO-d;, 300
MHz) 6 3.66-3.86 (m, 3, H-4/, 2 H-5), 4.44 (m, 1, H-%), 4.77 (dd,
1 J1/2/—7HZ J2/3/—8HZ,H2) 520(t 1 5 OH) 6.07 (d 1
J= 55Hz 3-0H), 6.37 (4, 1, H-1"), 788(brs 2, NH,), 8.36 (s,
1, H-8); °C NMR (Me,SO-dg, 300 MHz) 6 59.69 (C-5), 63.48 (C-2'),
73.72 (C-3%), 82.39, 83.40 (C-1’,4"), 116.67 (d, C-5, Jor = 4.1 Hz),

139.31 (d, C-8, J3» = 2.3 Hz), 150.39 (d, C-4, J, 5 = 20.3 Hz), 157.46
(d, C-8, Jey = 21.4 Hz), 158.46 (d, C-2, J, 5 = 204.3 Hz). Anal.
(ClOHuClFN503 0.8CH;0H) C, H, N.
2-Fluoro-9-(2-amino-2-deoxy-8-D-arabinofuranosyl)-

purln -6-amine (4n). To a solution of 41 (60 mg, 0.193 mmol)
in 15 mL of EtOH was added 19 mg of 5% platinum-on-carbon
powder (Engelhard), and the mixture was stirred under hydrogen
at atmospheric pressure and room temperature. A 16-h TLC
aliquot showed essentially complete reaction. The catalyst was
filtered off and washed with EtOH, and the filtrate was evaporated
to dryness. This residue in hot MeOH was applied to two An-
altech, GF, 1000 um layer plates with Celite zones. After one
development in 4;1 CHCl;-MeOH + 5% NH,OH, the product
band was eluted with 1:1 CHCl;-MeOH + 10% NH,OH. The
plate extract was evaporated to dryness, and the residue was
crystallized from 20 mL of hot 99:1 EtOH-H,0. The solid was
collected after chilling, washed with cold EtOH, and dried in vacuo
at 56 °C for 16 h to give pure 4n: yield 25 mg (45%); mp 210
°C dec; TLC 3:1 CHCl;-MeOH + 5% NH,OH, R, 0.30; HPLC
98%, pH 3.6, 90:10 0.1 M NaOAc-MeCN; MS z/e 285 (M + 1)*;
UV Aoy PH 1 261 (14.9), 268 (sh), pH 7 262 (15.4), 270 (sh), pH
13 262 (15.4), 270 (sh); 'TH NMR (Me,SO-dg, 300 MHz) § 3.32 (br
s, 2, 2’-NH,), 3.62-3.84 (m, 4, H-2’, H-4’, 2 H-5), 4.29 (m, 1, H-3"),
5.56 (vbrs, 1, 5-0H), 5.77 (brs, 1, 3-OH), 6.19 (d, 1, J;,5 = 6
Hz, H-1’), 7.82 (br s, 2, 6-NH,), 8.29 (s, 1, H-8); 13C NMR
(Me,S0-dg, 300 MHz) 6 58.80 (C-27), 59.82 (C 5’), 72.62 (C-3%),
82.80, 83.96 (C-1/,4), 117.04 (d, C-5, Jg 5 = 4.0 Hz), 139.94 (C-8),
150.43 (d, C-4, J,r = 21.3 Hz), 157. 38 (d, C-6, Jer = 20.2 Hz),
158.37 (d, C-2, J2F = 203.8 Hz). Anal. (CloHlaFNsoa 0.7H,0)
C,H, N.
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Structure-Activity Relationship in PAF-acether. 4.! Synthesis and Biological

Activities of Carboxylate Isosteres
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The synthesis and biological characterization of some 3-carboxylate isosteres of PAF-acether structurally modified
in positions 1 (ether, carbamate), 2 (acetoyl, ethoxy), and 3 (chain length and polar head group) are reported. All
derivatives present antagonist activities against PAF-acether-induced effects in vitro (platelet aggregation) and in
vivo (bronchoconstriction and thrombocytopenia in guinea pig and, to a lesser extent, hypotension in rat). The
functional modifications presented here do not modify dramatically the potency of antagonist activities, and there
is no enantioselectivity. All of the isosteres are specific PAF-acether antagonists, except the 1-carbamoyl analogue,
which is also potent against acetylcholine-induced hypotension and bronchoconstriction.

Platelet activating factor (PAF-acether) is a phospho-
lipid mediator®* of anaphylaxis that is released by a
number of stimulated cells including platelets, macro-

*Université Paris 7.
! Centre de Recherches Roussel-Uclaf.
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phages, basophils, neutrophils, endothelium cells, and
isolated tissue preparation (for reviews, see ref 5-8). It

(1) For part 3 and references of previous papers, see ref 21.
(2) Benveniste, J.; Tencé, M.; Varenne, P.; Bidault, J.; Boullet, C,;
Polonsky, J. C. R. Seances Acad. Sci., Ser. D 1979, 289, 1037.
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