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Palladium-catalyzed cross-coupling of 8-bromo-2’-deoxyadenosine with terminal alkynes in the
presence of copper(I) iodide in dimethylformamide resulted in a series of 8-(1-alkyn-1-yl)-2'-
deoxyadenosines. Hydrogenation of alkynyl derivatives over 10% Pd/C under atmospheric pressure
gave 8-n-alkyl analogues in nearly quantitative yields. On partial saturation of heptynyl, pentynyl,
and propynyl derivatives over Lindlar catalyst, the corresponding cis-olefins were obtained along
with minor amounts of trans isomers. Of the analogues tested, the following showed some activity,
i.e. they were found to be active at concentrations that were at least 3-fold lower than the cytotoxic
concentrations: the 8-heptynyl derivative against vaccinia virus (VV), vesicular stomatitis virus
(VSV), cytomegalovirus (CMV), and respiratory syncytial virus (RSV); the 8-propyl derivative
against varicella-zoster virus (VZV) and CMV; the 8-pentyl derivative against CMV; the 8-heptyl
derivative against VV, CMV, RSV, and influenza A; and the 8-heptenyl derivative against VV,
RSV, and influenza A. The unsubstituted 2’-deoxyadenosine did not show any antiviral effect,
except against RSV. Except for 8-propyl-dA, the antivirally active dA analogues were rather
inhibitory to the growth of human embryonic lung cells. The most cytotoxic was the 8-ethynyl

derivative.

Introduction

Numerous base-modified analogues of 2’-deoxyuridine
bearing alkyl, alkenyl, or alkynyl substituents at the C-5!
and C-62 positions were synthesized and tested in the last
2 decades. Several members of this series exhibit really
significant antiviral or antitumor activity. For example,
(E)-5-(2-bromovinyl)-2’-deoxyuridine (BVDU) is known
as one of the most potent antiherpetic agents,3 while the
5-isopropyl derivative was also found to be effective against
HSV-1 and HSV-2.4 In the alkynyl series, 5-ethynyl-dU
proved to be the most potent, but due to its lack of
selectivity it cannot be used as an antiviral agent.’

Among the purine nucleosides having C-substituents at
C-2, C-6, or C-8 position, a systematic structure—activity
study has so far not been done yet. Recently, Matsuda et
al. have investigated the adenosine receptor binding
activities of many 2-alkynyladenosines. They found that
2-(1-hexyn-1-yl)- and 2-(1-octyn-1-yl)adenosine had potent
and long-lasting antihypertensive activity.” In addition,
these derivatives were completely resistant to adenosine
deaminase,’ which is the primary catabolic enzyme for
adenine nucleosides and nucleotides. The C-6 and C-8-
octynyl analogues were also prepared, but they did not
show any antihypertensive activity.?

Further C-6 and C-8 alkynyl derivatives of nebularine
and adenosine were also synthesized by palladium-
catalyzed couplings of terminal alkynes with acetylated
ribofuranosides of 6-chloropurine and 8-bromoadenine,
respectively; however, no biological data have been
reported for these compounds.® Several 8-alkyladenosines
have also been prepared with different methods: e.g., by
palladium-catalyzed coupling of 8-bromoadenosine with
Grignard reagents,® by condensation of protected 8-lithio-
6-chloropurine ribofuranoside with alkyl halogenides,!°
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and by a multistep synthesis!! in which 8-[(ethoxycar-
bonyl)methylladenosine was the key intermediate.

Duetolow overall yields, none of these procedures seems
suitable for the economical preparation of 8-alkylpurine
nucleosides. Recently, a few versatile syntheses of some
8-alkyl- and alkenylpurine nucleosides were reported. The
common feature of these strategies is the application of
metal-organic reagents as alkyl donors: e.g., tetraalkyl-
tins,!2 tributylalkyltins,!3 and trialkylaluminums.!4 These
methods, contrary to the earlier ones, were successfully
used for the 8-alkylation of ribo-, 2’-deoxyribo-, and 2/,3'-
dideoxyribopurine nucleosides, irrespective of the number
of hydroxy groups in the sugar moiety. This is of special
importance considering the well-known antiretroviral
effects of 2/,3’-dideoxynucleosides.1®

However, these approaches have certain limitations.
Metal-organic reagents of such type with long (more than
four C-atoms) alkyl or alkenyl groups are not commercially
available. The necessary high reaction temperature results
in partial decomposition of the more sensitive products,!?
isomerization of the double bond,!? and partial dehalo-
genation of the starting materials.!213

Since the effect of C-8 substitution on the antiviral
activity was studied only in the case of acyclovir ana-
logues,1® we were interested in developing an economical
synthesis of several 8-alkynyl-, alkenyl-, and alkyl-2'-
deoxyadenosines for their antiviral evaluation.

Results and Discussion

Chemistry. Palladium-catalyzed cross-coupling of iodo
nucleosides with terminal alkynes is a well-known method
for the synthesis of different alkynyl derivatives of
pyrimidine and purine nucleosides. In most of these
couplings sugar hydroxy groups were protected by acy-
lation and triethylamine was used as the solvent.!®
Recently, Hobbs!? and Robins et al.l1® achieved some
successful alkynylations in DMF, which eliminated the
undesirable secondary intramolecular cyclizations. Al-
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though in our case the formation of such byproducts was
excluded, application of this solvent seemed to be a good
choice, since all components were highly soluble in DMF.

We chose 8-bromo-dA (1) as a starting material which
can readily be prepared by direct bromination of dA in ca.
70% yield.1® Coupling of 1 with four terminal alkynes in
DMTF in the presence of 0.1 equiv of (PhsP),PdCl,, 0.2
equiv of Cul, and 2.0 equiv of EtzN afforded the cor-
responding 8-(1-alkyn-1-yl)-dA analogues in 55-85%
overall yields (Scheme 1).

Working with the unprotected nucleosides, the synthetic
route proved to be advantageous especially in the case of
the heptynyl (2d) and pentynyl (2c¢) derivatives. These
analogues have better solubility in CHCl; and poorer
solubility in water with increasing length of the alkyl chain;
thus the majority of copper and triethylammonium salts
could be removed from the organic phase by extraction
with5% Na;EDTA/H:Osolution. Accordingtoour earlier
experiments, similar aqueous workup of 2a and 2b led to
a significant loss of products. Therefore, in all cases
triethylammonium bromide was first converted to its
hydrogen carbonate salt, which decomposed on evapora-
tion in vacuo, at 45 °C. The remaining metal impurities
were removed by two chromatographies on a short, dry
silicagel column.?® Desilylation of the 8-[(trimethylsilyl)-
ethynyl] intermediate proceeded smoothly in 5% NHy/
aqueous MeOH solution to give 2a in ca. 80% yield after
chromatography.

Complete saturation of the triple bonds over 10% Pd/C
at atmospheric H; pressure took place in 1 and 1.5 h for
2a and 2b, respectively. Atthesame time, hydrogenations
of 2¢ and 2d required much longer time under the same
conditions. This may be due to the increasing steric
hindrance caused by the long alkyl chains. However,
partial hydrogenations of 2c and 2d in the presence of
Lindlar catalyst to give the corresponding olefins (4c and
4d) proceeded more rapidly, especially in the case of 2d,
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wherereduction to4d required only2.5h. Althoughsimilar
partial reductions of acetylene derivatives of nucleosides
are known to give pure Z-olefins,¢ we found that in two
cases small amounts of E-isomers were also formed, as
indicated by 'H NMR (400 MHz) spectra. Reduction of
2d gave 4d in 86 % yield, which contained 3.7% of trans
isomer. Also a minor (5%) amount of 3d was isolated.
Similar hydrogenation of 2c afforded 4¢ as a major product,
but the proportion of the E-isomer (7.0 %) was still higher
than in the previous case. Trans isomers were unambigu-
ously identified by their larger vicinal coupling constant
(J = 15.5 Hz). In addition, their olefinic proton signals
appear 0.2-0.3 ppm downfield from those of cis isomers
in both cases. Interestingly, partial reduction of 2b gave
pure (Z)-8-(propen-1-yl)-dA (4b), with no traces of trans
isomer, in 75% isolated yield, along with 14% 3b, which
shows the increasing rate of overreduction with decreasing
length of alkyl chain.

In spite of the very small Ry differences on TLC, we
could completely separate the alkenyl and alkyl derivatives
by dry column flash chromatography (DCFC). However,
in the case of 4¢ and 4d, we could not separate the minor
E- and the major Z-isomers either by TLC or DCFC.

Structures of the new compounds were confirmed by
IHNMR, UV, and IR spectroscopy. Whilethe UV spectra
of the alkyl derivatives are practically identical with that
of dA (A\paxat 214 and 262 nm, Amin at 228 nm), introduction
of a conjugated double or triple bond into the C-8 position
results in a significant red-shift of both maxima of the
parent dA.

It should be noted that there are characteristic differ-
ences between the UV spectra of alkenyl and alkynyl
analogues, as well. Alkynyl compounds have three ab-
sorption maxima, at 205, 229, and 292 nm. The ¢ values
for the two main peaks are nearly identical, except for
8-ethynyl-dA, where the difference is somewhat larger. In
the case of alkenyl derivatives, we find only two maxima,
at 228 and 282 nm, although the first one has a strong
shoulder in the 207-212 nm wavelength range. Contrary
to what is seen for the alkynyl analogues, in the alkenyl
series the second maximum at 282 nm is much weaker (e
= 13 400), compared to the first one (¢ = 22 300).

Inthe infrared spectra of alkynyl derivatives (2b—d) the
vC=C bands appear at 2220 cm-! with the usual weak
intensity, while the same band of 2a at 2120 cm™! is
somewhat stronger. The similar unambiguous identifica-
tion of »C=C bands in the case of alkenyl analogues (4b-
d) is not possible, since these are overlapped by the very
strong bands coming from the scissoring vibration of amino
group and skeleton vibrations of heteroaromatic rings
appearing in the 1600-1660-cm region. These disturbing
bands can be separated and differentiated by Raman
spectroscopy that enables the unambiguous detection of
the yC=C band, as well.21

Antiviral Activity. Of the test compounds, the
8-ethynyl derivative (2a) was the most cytotoxic: it
inhibited the proliferation of HEL cells at an ICsq (50%
inhibitory concentration) of 2 ug/mL. The 8-heptynyl
derivative 2d, 8-heptyl derivative 3d, and 8-heptenyl
derivative 4d inhibited HEL cell proliferation at an ICsq
of 6, 13 and 20 ug/mL, respectively. They exhibited
inhibitory activity to some of the test viruses at concen-
trations that were at least 3-fold lower than the concen-
tration required to reduce host cell growth by 50%; i.e.,
2d inhibited CMV at 3 ug/mL, and 3d inhibited CMV at
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Table 1. Antiviral Activity of 8-Alkynyl-, 8-Alkenyl-, and 8-Alkyl-2’-deoxyadenosine Analogues

minimum inhibitory concentration® (ug/mL)

acy- riba-

virus (strain) cell 2a 2b 2¢ 2d 3a 3b 3¢ 3d 4b dc 4d dA BVDU clovir C-c3Ado virin
HSV-1(KOS) ESM >4 >200 100 >100 300 200 150 >40 >100 >200 >100 >400 0.02  0.07 >200 =300
HSV-2(G) ESM >4 2200 150 150 =200 70 150 >40 >100 >200 >40 >400 20 0.07 >200 2400
TK-HSV-1 ESM >4 150 100 >100 300 =300 >100 >40 >100 >100 >40 >400 >200 100 >200 2300

(B2006)
vV ESM >4 300 150 7 >400 70 150 20 >100 >100 20 >400 2 >400 4 70
VSV ESM >4 150 170 20 >400 400 170 >40 >100 >100 >40 >400 >400 >400 10 >400
VZV (Oka) HEL 7 40 40 15 >100 20 20 10 >50 >50 15 >100 0.004 4 ND ND
TK-VZV (07/1) HEL 4 40 20 8 55 17 20 6 >50 >50 10 >100 >10 80 ND ND
CMV (Davis) HEL 4 20 10 7 70 20 10 4 >50 >50 20 >100 170 50 ND ND
CMV (AD-169) HEL 2 20 10 2 70 20 I0 4 >50 >50 30 >100 170 35 ND ND
RSV (Long) HeLa >4 >200 >100 30 >200 >200 >100 20 >200 100 14 20 ND ND ND ND
influenza A MDCK >20 >200 30 2100 >200 >200 >100 20 >200 >200 12 >200 ND ND ND ND

(Ishikawa)
influenza B MDCK >20 >200 >100 >100 >200 >200 >100 >100 >200 >200 >100 >200 ND ND ND ND

(Singapore)
morphology ESM 10 >400 400 =200 >400 >400 =200 =100 2100 =200 =100 >400 >400 >400 2200 >400
proliferation HEL 2 40 10 6 >200 170 30 13 >50 40 20 ND >200 >200 ND ND
morphology HeLa 4 >200 100 100 >200 >200 100 100 >200 >200 100 200 ND ND ND ND
morphology MDCK 20 >200 100 100 >200 >200 100 100 >200 >200 100 >200 ND ND ND ND

s Required to reduce virus-induced cytopathicity or cell proliferation by 50%, or required to cause a microscopically detectable alteration

of cell morphology.

4 ug/mL. Furthermore, compounds 2d, 3d, and 4d were
found to be active against VV, VSV, RSV, and/or influenza
A virus at concentrations that were 5-10-fold lower than
the concentrations required to alter normal host cell
morphology (Table 1).

Some of the compounds (i.e. 2d, 4b, 4¢, and 4d) were
also evaluated against other viruses than those listed in
Table 1, i.e., PV-3, RV-1, SV, polio 1, Coxs B4, and SFV.
However, no activity was noted with any of the compounds
against these viruses (data not shown). In comparison
with the parent compound (dA), the 8-substituted deriva-
tives clearly showed an increased antiviral potency,
particularly against VV, VZV, and CMV. However, the
antiviral potency of even the most active dA congeners
(2d and 3d) was still significantly lower than that of the
established antiviral drugs BVDU and acylclovir.

The mechanism of antiviral action of the 8-alkynyl-,
8-alkenyl-, and 8-alkyl-dA analogues, in particular 2d, 3d,
and 4d, remains the subject of further investigation. The
possibility that the dA analogues might interact with
S-adenosylhomocysteine hydrolase was entertained. Yet,
neither 2d and 8d nor 2a and 3a inhibited AdoHcy
hydrolase activity (from murine L929 cells) at a concen-
tration of 100 ug/mL, while under the same conditions
neplanocin A and 3-deazaneplanocin A, two well-known
AdoHcy hydrolase inhibitors, inhibited AdoHcy hydrolase
at an ICs, of 0.005 and 0.03 uM, respectively (data not
shown).

Experimental Section

Abbreviations. HSV-1, herpes simplex virus type 1; HSV-2,
herpes simplex virus type 2; VV, vaccinia virus; VSV, vesicular
stomatitis virus; CMV, cytomegalovirus; VZV, varicella zoster
virus; PV-3, parainfluenza virus type 3; RV-1, reovirus type 1;
SV, Sindbis virus; Coxs B4, Coxsackie B4 virus; SFV, Semliki
forest virus; RSV, respiratory syncytial virus; ESM, human
embryonic skin—muscle cells; HEL, human embryonic lung cells;
MDCK, Madin-Darby canine kidney cells; HeLa, (human)
carcinoma cells; DCFC, dry column flash chromatography; brs,
broad singlet; d, doublet; dd, double of doublets; t, triplet; q,
quartet; m, multiplet; sh, shoulder.

Materials. Terminal alkynes, Cul, and Lindlar catalyst were
purchased from Fluka AG. 2’-Deoxyadenosine was from Pharma-
Waldhof GmbH (Disseldorf, Germany). Dimethylformamide

and triethylamine were distilled from CaH,. Bis(triphenylphos-
phine)palladium(II) chloride was prepared according to the
method of Burmeister and Basolo.2 All coupling reactions were
performed under an atmosphere of oxygen-free nitrogen, and
the solutions were vigorously deoxygenated with N, prior to the
addition of catalysts and terminal alkynes.

Spectroscopy. UV spectra were recorded with a Shimadzu
UV-160 spectrometer; maxima are reported in nanometers. IR
spectra were recorded with a Nicolet-205 FT-IR spectrometer.

1H NMR spectra were recorded on a Varian XL-400 FT-NMR
instrument operating at 400 MHz. Chemical shifts are reported
in ppm using Me,Si as the internal standard. Optical rotation
measurements were performed on a Polamat A (Carl Zeiss)
polarimeter. Melting points were determined with a Koefler
apparatus and were uncorrected.

Chromatography. Precoated TLC plates (Kieselgel 60 Fasy,
0.2 mm) were purchased from Merck; compounds were detected
by UV light. Kieselgel 60 H by Stahl (Merck) was used for
preparative DCFC.20

The solvent systems (v/v) used for TLC and DCFC were (A)
CHClyMeOH = 9:1, (B) EtOAc/MeOH = 9:1, and (C) CHCly
MeOH = 19:1.

2’-Deoxy-8-ethynyladenosine (2a). 8-Bromo-2’-deoxyaden-
osine (1)!9(0.99 g, 3.0 mmol) was dissolved in dry DMF, and then
absolute Et;N (0.83 mL, 6.0 mmol), (PPh3),PdCl; (210 mg, 0.3
mmol), Cul (114 mg, 0.6 mmol), and (trimethylsilyl)acetylene
(1.7mL, 12.0 mmol) were added. The mixture was stirred under
Nzatambient temperature. After 2.5hTLC (insystem A) showed
that the reaction was complete. The solvent was removed by
evaporation and the brown, oily residue obtained was taken up
in MeOH/CHClI; (40/40 mL). Amberlite IRA-400 in [HCO5"]
form (5 mequiv) was added and the mixture was stirred for 15
min. After filtration the ion-exchange treatment was repeated,
and the resin was filtered and washed with MeOH.

The combined filtrate was evaporated to dryness (finally at
45°C, 1 mm), dissolved in CHC]; (5 mL), and applied toa column
made of Kieselgel H (45 g). The apolar yellow impurities were
first eluted with CHCl;. Further elution with C and A systems
afforded 0.72 g (2.07 mmol, 69 %) of 8-[(trimethylsilyl)ethynyl]-
dA as a pale yellow foam which was pure according to TLC (R,
(A) = 0.31). Subsequent desilylation of this intermediate in 5%
NHa/MeOH-H;0 (50.mL) at 20 °C took place in 45 min, then
5.0 g of Kieselgel H was added to the solution and the mixture
was carefully evaporated to dryness. The residue obtained was
put on a Kieselgel H column (35 g) and eluted with systems C
and A.

The appropriate fractions were combined and evaporated to
give 0.43 g (1.57 mmol, 76 %) of 8-ethynyl-dA (2a) as a pale yellow
powder that was recrystallized from MeOH/H;0: mp >360 °C;
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R (B) = 0.23; []%p = -23° [c 0.5, MeOH/H;0 (1:1)], UV Anes
(MeOH) 205 (e 10 939), 229 (e 20 247), 292 (¢ 16 846), 303 sh (e
13 000); UV Amian (MeOH) 210 (e 10 176), 246 (¢ 2939); IR (KBr)
yC=C 2120 cm"!; 'H NMR (DMSO0-d; + CDCl3) 5 2.27 (1H, m,
H-2a), 2.99 (1H, m, H-2’b), 3.67-3.90 (2H, m, H-5'ab), 4.15 (1H,
m, H-4"), 4.19 (1H, s, C=CH), 4.62 (1H, m, H-3"), 5.22 (1H, d,
3-OH), 6.49 (1H, m, 5-OH), 6.59 (1H, dd, H-1", J} ,, = 5.8 Hz,
J% 2p = 9.5 Hz), 7.14 (2H, brs, NHy), 8.20 (1H, s, H-2). Anal.
(C12Hy;sNs03) C, H, N.

2’-Deoxy-8-(propyn-1-yl)adenosine (2b). Compound 1(2.00
g, 6.04 mmol) was dissolved in dry DMF (36 mL), and then
absolute Et;N (1.68 mL, 12.08 mmol), (PhsP);PdCl; (423 mg,
0.60 mmol), and Cul (230 mg, 1.20 mmol) were added. Then
propyne, which was previously generated and collected according
to the method of Hurd et al.,2® was introduced with stirring at
room temperature. After 4 h, TLC (in system B) indicated that
the reaction was complete and the solvent was removed by
evaporation under vacuum. The residue was dissolved in MeOH
(100 mL) and the ion-exchange treatment described for the
preparation of 2a was applied. The crude product thus obtained
was dissolved in MeOH (100 mL), 12 g of Kieselgel H was added,
and the mixture was slowly evaporated to dryness. Thedrysilica
residue was placed onto the top of a column made of Kieselgel
H (60g). The column was eluted with EtOAc containing MeOH
(1—>5%). The main product in most fractions was accompanied
by a more polar byproduct. The repeated DCFC afforded 1.02
g (3.52 mmol, 58%) of chromatographically pure 2b as a white
solid that was then recrystallized from EtOH: mp 214 °C; R, (B)
= 0.19; [a]?% = -33° (¢ 0.5, MeOH); UV Apox (MeOH) 206 (¢
14 902), 229 (¢ 22 941) 283 sh (¢ 19 700), 290 (¢ 20 673), 303 sh (e
15 000); UV Amin (MeOH), 212 (e 12 700), 246 (¢ 3700); IR (KBr)
yC=C 2240 cm™!, »,,CH3 2950 cm-!;'H NMR (DMSO0-dg + CDCls)
6 2.18 (3H, s, CHy), 2.27 (1H, m, H-2’a), 2.98 (1H, m, H-2'b),
3.68-3.96 (2H, m, H-5’ab), 4.17 (1H, brs, H-4'), 4.66 (1H, brs,
H-3%, 5.15 (1H, d, 3’-OH), 6.52 (1H, m, 5-OH), 6.60 (1H, dd,
H-1,J%,, = 5.5 Hz, J}, 4, = 9.5 Hz), 6.78 (2H, brs, NH),), 8.37
(1H, s, H-Z). Anal. (C;3HsN:Os) C, H, N.

2’-Deoxy-8-(1-pentyn-1-yl)adenosine (2¢). Compound 1
(2.00 g, 6.04 mmol) was dissolved in dry DMF (36 mL), and then
absolute Et;N (1.68 mL, 12.08 mmol), (Ph3P);PdCl; (423 mg,
0.60 mmol), Cul (230 mg, 1.20 mmol), and 1-pentyne (2.38 mL,
24.16 mmol) were added.

The mixture was stirred at 20 °C for 3 h and evaporated to
dryness. The oily residue obtained was dissolved in CHCl; (120
mL) and washed with 5% Na;EDTA/H;0 (3 X 40 mL), and the
combined aqueous phase, which contained a little product as
evidenced by TLC, was reextracted with CHCl; (2 X 40 mL). The
combined organic phase was concentrated in vacuo, dissolved in
CHCly/MeOH (50/50 mL), and treated with anion-exchange resin
in the usual way.

After evaporation in vacuo and dissolution of the residue in
CHCI; (~6 mL), the crude product was applied to a column (60
g). DCFC using CHCl3/MeOH (1 — 5%) as the eluant resulted
in 1.64 g (5.17 mmol, 86%) of 2¢ as a TLC-homogeneous white
solid that was recrystallized from EtOH/Et;0: mp 119-121 °C;
Rs (B) =0.27; [a]*p = -13° (c 1.0, MeOH); UV A, (MeOH) 206
(e 11 297), 229 (e 20 503), 284 sh (e 17 900), 292 (¢ 19 281), 303 sh
(€13 700); UV Amin (MeOH), 212 (e 9265), 246 (¢ 2958); IR (KBr)
vC=C 2220 cm-1, ,,CH; 2920 cm-!; '"H NMR (CDCl;) 6 1.05 (3H,
t, CHj), 1.70 (2H, m, CH,CHj), 2.33 (1H, m, H-2’a), 2.51 (2H, t,

=CCH,), 2.98 (1H, m, H-2'b), 3.76-4.02 (2H, m, H-5ab), 4.27
(1H, brs, H-4"), 4.82 (1H, m, H-3"), 6.08 (2H, brs, NH,), 6.64 (1H,
dd, H-1', J} 5, = 5.5 Hz, J}, 5, = 9.5 Hz), 6.74 (1H, d, 5-OH), 8.29
(1H, s, H-2). Anal. (CysHsNs03) C, H, N.

2-Deoxy-8-(1-heptyn-1-yl)adenosine (2d). Compound 1
(495 mg, 1.50 mmol) was dissolved in dry DMF (9 mL), and
absolute Et;N (0.42 mL, 3.00 mmol), (PhgP),PdCl; (105 mg, 0.15
mmol), Cul (57 mg, 0.30 mmol), and 1-heptyne (0.78 mL, 6.00
mmol) were added.

The complete reaction required 6 h, as indicated by TLC.
The mixture was allowed to stand at 4 °C overnight. After workup
it was purified as described for the preparation of 2¢. Impure
fractions were rechromatographed to give a total of 419 mg (1.21
mmol, 81%) of pure 2d as a white solid which was recrystallized
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from EtOH/Et;0: mp 112-114 °C; R (B) = 0.30; [a]22p = -28°
(¢ 1.0, MeOH); UV Apox (MeOH) 205 (e 10 260), 229 (e 20 211),
285sh (€17 800), 292 (¢ 19 458), 303 sh (¢ 13 700); UV Amin (MeOH)
212 (¢ 8042), 246 (¢ 2666); IR (KBr) yC=C 2220 ¢cm-!, v,CH; 2920
cm-! 'H; NMR (CDCly) § 0.92 (3H, t, CHy), 1.36-1.45 (6H, m,
(CHy)y), 2.30 (1H, m, H-2a), 2.52 (2H, t, C=CCH,), 2.98 (1H, m,
H-2'b), 3.76-4.04 (2H, m, H-5’ab), 4.28 (1H, brs, H-4"), 4.80 (1H,
m, H-3"), 6.46 (2H, brs, NHy), 6.64 (1H, dd, H-1’, J2 ,, = 5.5 Hz,
J% 24, = 9.5 Hz), 6.76 (1H, d, 5-OH), 8.27 (1H, s, H-2). Anal.
(C17H23N;s03) C, H, N.

General Procedure for the Preparation of 8-a-Alkyl-2’-
deoxyadenosines (3a—d). Compound 2a or 2b (1.5-1.5 mmol)
was dissolved in MeOH/H;0 (3:1) (16 mL) while 2¢ or 2d (1.0~
1.0 mmol) was dissolved in EtOH (12 mL). These solutions of
alkynes were added to the suspension of 100-150 mg of prehy-
drogenated 10% Pd-C in the given solvent (~5 mL), and the
resulting mixtures were shaken in a H; atmosphere at a slight
positive pressure. Complete hydrogenation of 2a and 2b took
place within 2 h while in the case of 2¢ and 2d the full saturation
of the triple bonds required 10 and 14 h, respectively. After the
H; consumption and TLC (in system B) had indicated that the
reaction was complete, the catalyst was filtered through an
asbestos pad and washed with a few portions of the appropriate
solvent. The combined filtrate was evaporated to give the
corresponding 8-alkyl-2’-deoxyadenosines (3a—d) as white solids
in 85-95% yield.

2’-Deoxy-8-ethyladenosine (3a): yield 94 %;mp 210-211°C
(from EtOH) (lit. mp 216 °C,12234-235 °C,14 R; (B) = 0.11 [«]®p
= -21° (¢ 1.0, MeOH); UV Apax (MeOH) 210 (¢ 17 079), 262 (e
17 426); UV Amin (MeOH), 228 (¢ 2392); IR (KBr) v,,CH; 2936
cm-!, v,,CH; 2974 cm-1; TH NMR data were practically identical
with those reported in the literature.! Anal. (C,oH;7N;03) C,
H, N.

2’-Deoxy-8-propyladenosine (3b): yield 91%; mp 164-166
°C; Ry (B) = 0.15 [a]®2p = -21° (¢ 1.0, MeOH); UV Ay (MeOH)
210 (e 14 005), 262 (e 12 254); UV A (MeOH) 228 (¢ 1156); IR
(KBr) v,CH; 2930 em-), »,CHjg 2870 em-!; 'H NMR (CDCl; +
DMSO0-dg) 6 1.10 (3H, t, CH3), 1.88 (2H, m, CH;CHy), 2.25 (1H,
m, H-2'a), 2.90 (2H, q, CH;C;H;), 3.10 (1H, m, H-2'b), 3.74-4.00
(2H, m, H-5'ab), 4.20 (1H, brs, H-4’), 4.71 (1H, m, H-3"), 4.88
(1H, brs, 3-OH), 6.25 (2H, brs, NHj), 6.38 (1H, dd, H-1"), 6.62
(1H, brs, 5-0OH), 8.21 (1H, s, H-2). Anal. (C;3H;sN;0) C, H, N.

2’-Deoxy-8-pentyladenosine (3c): yield 87%; mp 120-122
°C; Ry (B) = 0.22 [a]?%p = -8° (¢ 1.0, MeOH); UV Ap,y (MeOH)
212 (¢ 16 084), 262 (¢ 14 818); UV Amin (MeOH) 228 (e 2814); IR
(KBr) »,,CH; 2938 cm-1; 'H NMR (CDCly) 6 0.93 (3H, t, CHjy),
1.36-1.85 (6H, m, (CHy)3), 2.24 (1H, m, H-2'a), 2.90 (2H, q,
CH,CH,), 3.13 (1H, m, H-2'b), 3.75-4.00 (2H, m, H-5ab), 4.23
(1H, brs, H-4"), 4.80 (1H, m, H-3"), 5.80 (2H, brs, NH,), 6.34 (1H,
dd, H-l’), 8.26 (IH, 8, H-2) Anal. (Clststoa) C, H, N.

2’-Deoxy-8-heptyladenosine (3d): yield 85%; mp 124-126
°C; Rs(B) = 0.23 [a]%2p = -18° (¢ 1.0, MeOH); UV Ay (MeOH)
210 (e 15 892), 262 (e 12 463); UV Amin (MeOH) 228 (¢ 3880); IR
(KBr) 1,,CH; 2948 cm-!, »,CH; 2850 cm-!; 'H NMR (CDCly) &
0.90 (3H, t, CHy), 1.25-1.85 (10H, m, (CHy)s), 2.22 (1H, m, H-2a),
2.89 (2H, q, CH;C¢H,;3), 3.14 (1H, m, H-2'b), 3.75-4.02 (2H, m,
H-5ab), 4.23 (1H, brs, H-4"), 4.81 (1H, m, H-3"), 5.75 (2H, brs,
NHj),6.33 (1H,dd, H-1",J},,,, = 5.5 Hz, J}, 54, = 9.5 H2),6.88 (1H,
brs, 5’-OH), 8.26 (IH, 8, H-2) Anal. (CnHz-/NsOs) C, H, N.

General Method for the Synthesis of (Z)-8-(1-Alken-1-
yl)-2’-deoxyadenosines (4b—d). Compound 2¢ or 2d (0.5 mmol)
was dissolved in MeOH while 2b was dissolved in MeOH/H;0
(2/1) (12 mL each) containing 2% quinoline. The solutions were
added to the suspension of prehydrogenated Lindlar catalyst
(300 mg) in MeOH (5 mL). The mixtures were shaken in a H
atmosphere at aslight positive pressure for 2.5-4 h. The catalyst
was filtered through an asbestos pad and washed with the
appropriate solvent (4 X 10 mL), and filtrates were evaporated
todryness. SinceTLC indicated the presence of varying amounts
of alkyl compounds, each residue was purified by DCFC using
EtOAc/MeOH (1 — 7%) as eluant. The appropriate fractions
were combined and evaporated to give the major products (4b—
d) as white solids which were triturated with cold ether and then
filtered and dried on air.



8-Substituted 2'-Deoxyadenosines

(2)-8-(Propen-1-yl)-2’-deoxyadenosine (4b): yield 75%;mp
208-210 °C; R, (B) = 0.17; [a]®p = -15° (¢ 0.5, MeOH); UV Anes
(MeOH) 210 sh (e 14 700), 228 (e 22 366), 282 (e 13 401); UV Apin
(MeOH) 248 (¢ 4600); IR (KBr) »,CH; 2960 cm-!, »,CH; 2870
cm-!; 'H NMR (DMSO-dg + CDCl,) 6 2.13 (1H, m, H-2'a), 2.17
(3H, dd, CHjy), 2.98 (1H, m, H-2’b), 3.55-3.76 (2H, m, H-5'ab),
3.96 (1H, brs, H-4"), 4.49 (1H, m, H-3"), 5.24 (1H, d, 3"-OH), 5.92
(1H, brs, 5-OH), 6.26 (1H, m, C=CHCHjy), 6.35 (1H, dd, H-1’,
J% 5o = 9.0 Hz, J}, 4, = 5.5 Hz), 6.56 (1H, d, HC=CHCH3,J3 =
11. 5 Hz), 7.10 (2H brs, NH,), 8.08 (1H, s, H-2). Anal
(Ci1sH7Ns0s) C, H, N.

(2)-8-(1- Penten-l yl)-2’-deoxyadenosine (4¢): yield 78%;
mp 84-86 °C; Ry (B) = 0.24, [a]%p = -29° (¢ 1.0, MeOH); UV Anes
(MeOH) 210 sh (e 16 200), 228 (e 22 354), 282 (¢ 13 022); UV Ain
(MeOH) 248 (e 5800); IR (KBr) v, CH; 2920 cm-!, »,CH,; 2840
cm-};'H NMR (CDCl; + DMSO0-dg) §0.92 (3H, t, CH3), 1.46-1.55
(2H, m, CH,CHy3), 2.20 (1H, m, H-2a), 2.58 (2H, q, C=CHCH)),
3.72-3.97 (2H, m, H-5’ab), 4.16 (1H, brs, H-4"),4.66 (1H, m, H-3"),
5.05(1H,d, 3’-OH), 6.21 (1H, m, C=CHC;3H,), 6.35-6.39 (3H, m,
NH,, 5-OH), 6.40 (1H, dd, H-1"), 6.87 (1H, d, HC=CHCH,,
Jii, =11.5 Hz), 8.20 (1H, s, H-2). According to the spectrum the
sample contained ~7% E-isomer (6 6.52 and 7.00 ppm for the
olefinic protons, me, =15.5 Hz). Anal. (C;sH3Ns03) C, H, N.

(Z)-8-(1-Hepten-1-yl)-2’-deoxyadenosine (4d): yield 86%;
mp 112-114 °C; R, (B) = 0.27 [2]%p = -21° (c 1,0, MeOH); UV
Amax (MeOH) 210 sh (e 15 000), 228 (e 22 328), 282 (¢ 13 483); UV
Amin (MeOH) 248 (¢ 5800); IR (KBr) »,CH; 2920 cm-!, v.CHz 2840
cm-};'H NMR (CDCJ; + DMSO-dg) 5 0.90 (3H, t, CH3), 1.15-1.55
(6H, m, (CHy)3), 2.20 (1H, m, H-2’a), 2.62 (2H, q, C=CCH,), 3.00
(1H, m, H-2’b), 3.70-3.95 (2H, m, H-5ab), 4.16 (1H, brs, H-4"),
4,64 (1H,m,H-3),5.11(1H, d, 3’-0OH), 6.20 (1H, m, C=CHCH),),
6.37 (1H, dd, H-1", J}, 5, = 9.0 Hz, J, 54, = 5.5 Hz), 6.41 (1H, brs,
5'-OH), 6.46 (2H, br, s, NH,), 6.80 (1H, d, HC=CHC:H,,, J%, =
11.0Hz), 8.18 (1H, s, H-2). The spectrum indicated the presence
of 3.7% of E-isomer in the sample (for the olefinic protons, § 6.50
and 6.97 ppm, Jﬁm, = 15.5 Hz). Anal. (C;yHyN;O3) C, H, N.

Antiviral Activity Assays. The antiviral assays were based
oninhibition of virus-induced cytopathicity in either ESM, HEL,
HeLa, or MDCK cell cultures, following previously established
procedures.24-26

Inhibition of AdoHcy Hydrolase Activity. Inhibition of
murine L929 AdoHcy hydrolase activity was measured as
described previously.?
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