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1-Deaza-5"-noraisteromycin'
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ABSTRACT

(x)-1-Deazaaristeromycin (4) has been reported to be an inactivator of S-
adenosylhomocysteine (AdoHcy) hydrolase and, as a consequence, to affect S-
adenosylmethionine (AdoMet) mediated macromolecular biomethylations. To extend
this to our program focused on 5'-noraristeromycin derivatives as inhibitors of the
same hydrolase enzyme as potential antiviral agents, both enantiomers of 1-deaza-5'-
noraristeromycin (5 and 20) have been prepared. Compounds 5 and 20 were evaluated
against the following viruses: vaccinia, cowpox, monkeypox, Ebola, herpes simplex
type 1 and 2, human cytomegalovirus, Epstein Barr, varicella zoster, hepatitis B,
hepatitis C, HIV-1 and HIV-2, adenovirus type 1, measles, Pichinde, parainfluenza
type 3, influenza A (HIN1 and H3N2), influenza B, Venezuelan equine encephalitis,
rhinovirus type 2, respiratory syncytial, yellow fever, and West Nile. No activity was
found nor was there any cytotoxicity to the viral host cells.
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INTRODUCTION

Carbocyclic nucleosides (carbanucleosides) have long been synthesized as potential

antiviral agents. Examples are aristeromycin (1),""! neplanocin A, carbovir,
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Figure 1. Aristeromycin and related carbanucleosides.

carbodine (2),'* and carbooxetancin G (for a leading reference see Ref. [5]). Modifi-

cation of these lead compounds has occurred in the heterocyclic base portion and/or in
the cyclopentane.'’ In this direction and motivated by the desire to limit 5'-
phosphorylation of aristeromycin and, in turn, its cyctotoxicity, 5'-noraristeromycin
(3% and its 3-deaza,'’ 7-deaza'®! and 4'-deoxy!'"! analogs were prepared and found
to have significant biological (including antiviral) properties. Like aristeromycin, the
activity of these compounds has been attributed to their inhibition of S-adenosyl-L-
homocysteine (AdoHcy) hydrolase,''*! an enzyme that modulates biomethylations
mediated by S-adenosylmethionine (AdoMet)."'*! With this observation, our attention
was recently drawn to (+)-1-deazaaristeromycin (4), which has been reported to be an
irreversible inactivator of AdoHcy hydrolase."* Thus, as part of a program seeking
inhibitors of viruses sensitive to perturbation of AdoHcy hydrolase!"”! and as an
extension of our 5'-nor carbanucleoside studies, the synthesis and antiviral properties of
both enantiomers of 1-deaza-5'-noraristeromycin (5 and 20) were sought. The results of
this effort are described (Figure 1).
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Chemistry

To achieve the target compound 1-deaza-5"-noraristeromycin (5), two different
routes were designed (Scheme 1) from a common precursor 6:/'® Path A requires a
preformed imidazo[4,5-b]pyridine (1-deazapurine); Path B follows a de novo plan by
constructing the heterocyclic base from a cyclopentane derivative.

Path A

Pathway A seemed to embody the fewest steps and was considered first. Following
a standard procedure in our laboratory (for a leading reference see Ref. [17]) that
involves a Pd(0) mediated coupling of a heterocyclic base with a cyclopentyl allylic
acetate, reaction of monoacetate 6''®! with 7-acetamido-3H-imidazo[4,5-b]pyridine (N 6
acetyl-1-deazaadenine, 10)"8 was carried out (Scheme 2). However, the expected
product 7 could not obtained employing a variety of conditions. Attention then turned
to Path B.

Path B

The two building blocks for this route were seen as 4-amino-2-chloro-3-
nitropyridine (13)""! and the protected cyclopentylamine 8.*°! Compound 13 was
achieved in two steps from commercially available 2-chloro-4-aminopyridine (14) as
shown in Scheme 3.1 In that regard,!'”’ the nitration of 14, followed by rearrange-
ment of nitramine 15, gave two products, 13 and 16 (6:1). The ratio of the products
was determined by NMR in which the C-5 and C-6 hydrogens appeared as doublets for

NH, NHNO»> NH» NH»
| X a A b O2N A . Ny NO2
Cl N Cl N Cl N Cl N
14 15 13 16

Reaction conditions: a, fuming HNO3, conc. HoSQOy, 0 °C, 15 min; b, conc. HoSOy,
0°Cto 75°C, 3h

Scheme 3. (From Ref. [19].)

MARCEL DEKKER, INc.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

) 1}



ORDER | _=*_[Il REPRINTS

70 Yin and Schneller
NH,
HoN OH N
(Et0)2(0)PO OH 0 ? TS
\Q/ 2 oH e R T OH
o
22071 23 21 "o 20 oH

Reaction conditions: a, potassium phthalimide, Pd(PPhg)s, DMSO/THF, 60 °C[2%: p, (i) N-methylmorpholine,
N-oxide, OsQy,, acetone; (ii) 2,2-dimethoxypropane, p-toluenesulfonic acid, acetone, 15 h20 ; ¢, NH3, MeOH,
6 h; d, see Scheme 4 where 21 replaces 8

Scheme 4.

13 (8 7.89 and 6.81 ppm) while the C-3 and C-6 hydrogens of 16 were singlets (o 8.84
and 6.95 ppm).

With 13 available it was reacted with amine in the presence of triethylamine
following a general method!”! to give 17. Reduction of 17 followed by fused imidazole
ring formation with formamidine acetate resulted in two products (18 and 19) instead
of one as suggested by the literature.!'*! These isomeric compounds were distinguished
by observing a broad 2-proton amine singlet (5 6.33 ppm) in the NMR spectrum of 18.
In this regard, compound 19 displayed a one proton NH singlet at 12.52 ppm.
Deprotection of 18 with 0.5 N HCI provided the desired 5.

The L-like enantiomer 20 was synthesized from 21 (Scheme 4) via a similar
sequence of reactions for achieving 5 (Scheme 5). A means to the requisite 21 was
modeled after our literature procedure to 82°! but beginning with 22.1”)

With the intention of obtaining 5 and 20 from a common precursor, Scheme 6 was
considered. In that regard, racemic 24 was prepared from cyclopentadiene following a
literature procedure.”!’’ Acetylation of (+)-24 with subsequent chiral-selective
hydrolysis using Pseudomonas cepacia lipase yielded 25 and 26 with high ee (NMR
analysis).® While 25 and 26 could be converted into 5 and 20, respectively, as shown in
Scheme 6, the long time required for the enzymatic resolution reaction rendered this
plan of employing (+)-24 as a common precursor unfavorable for further consideration.

g[20l

Antiviral Analysis

Compounds 5 and 20 were evaluated against the following viruses!'®' (for
leading references on the procedures used for the assays see Refs. [22—24]): vaccinia,
cowpox, monkeypox, Ebola, herpes simplex type 1 and 2, human cytomegalovirus,
Epstein Barr, varicella zoster, hepatitis B, hepatitis C, HIV-1 and HIV-2, adenovirus
type 1, measles, Pichinde, parainfluenza type 3, influenza A (HIN1 and H3N2),
influenza B, Venezuelan equine encephalitis, rhinovirus type 2, respiratory syncytial,
yellow fever, and West Nile. No activity was found nor was there any cytotoxicity to

“Enantiomeric purity was determined by proton NMR spectroscopy in the presence of the chiral
shift reagent tris[3-(heptafluoropropylhydroxymethylene)-d-campharaJeuropium (III), Eu(hfc)s.
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Reaction conditions: a, EtzN, 1-BuOH, reflux, 36 h; b, (i) H, Pd/C, EtOH, rt, overnight; (ii) formamidine acetate,
2-methoxyethanol, refluxing, 2 h; ¢, 0.5 N HCI, MeOH, rt, 30 min

Scheme 5.

the viral host cells. From this, it can be concluded that N-1 is essential for 5'-
noraristeromcyin (3) to exert its antiviral properties. Also the structural prototype
represented by 5 and 20 does not lend itself to development for inhibiting the orthopox
or flaviviruses, which are particular interest to our group.

EXPERIMENTAL SECTION

General methods. Melting points were recorded on a Meltemp II melting point
apparatus and are uncorrected. Combustion analyses were performed by Atlantic
Microlab, Inc., Norcross, GA. 'H and '*C NMR spectra were recorded on a Bruker AC
250 spectrometer (operated at 250 and 62.5 MHz, respectively) and are referenced to
internal tetramethylsilane (TMS) at 0.0 ppm. The spin multiplicities are indicated by

© ab O S
HO\@)‘ 0 HO\Q) 0 0 N\Q/OAC
)24 25 26
(ee, 95%) (ee, 99%)
5 20

Reaction conditions: a, Aco0, pyridine, DMAP, CH.Cly; b, Pseudomonas cepacia lipase,
NaOH, NaH,PO, buffer, acetone; c, (i) see steps b and c of Scheme 5; (ii) steps a, b, and c
of Scheme 4; d, steps b, ¢, and d of Scheme 5

Scheme 6.
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the symbols s (singlet), d (doublet), t (triplet), m (multiplet), and br (broad). Reactions
were monitored by thin-layer chromatography (TLC) using 0.5-mm Whatman Diamond
silica gel 60-F,s,4 precoated plates with visualization by irradiation with a Mineralight
UVGL-25 lamp. Yields refer to chromatographically and spectroscopically (‘H and '*C
NMR) homogeneous) materials.

(1S,2R,3S,4R)-4-(4'-Amino-3'-nitro-2'-pyridyl)amino-2,3-isopropylidene-dioxy-
cyclopentane-1, 2, 3-triol (17). To a solution of 4-amino-2-chloropyridine (14) (2.0 g,
15.6 mmol) in conc. sulfuric acid (96%, 20 mL) at 0°C was added fuming nitric acid
(10 mL, 90%) in a dropwise manner. The reaction was stirred for 30 min at the same
temperature and then poured into crushed ice in a beaker. This pH of the mixture was
adjusted to 3 by cautiously adding conc. ammonium hydroxide while maintaining the
temperature below 10°C. The resulting solid was filtered and washed with ice-H,O
(2 x 10 mL) to give 15 as an off-white solid, which was directly used in the next step
without further purification.

The nitramine from the last step was added, in small portions to well-stirred, ice-
cooled conc. sulfuric acid (40 mL, 96%). The mixture was heated at 75°C for 1.5 h and
then poured into crushed ice in a beaker. This mixture was basified to pH 8 by adding,
cautiously, conc. ammonium hydroxide while maintaining the temperature below 10°C.
The resulting solid was recovered by filtration and dried to give a yellow solid (1.8 g,
74%) that was purified by column chromatography with hexanes-EtOAc (1:1) to give
4-amino-2-chloro-3-nitropyridine (13)!"” as a yellow solid, mp, 202-203°C (lit.”*!
205-207°C): 'H NMR (DMSO) & 7.89 (d, J=5.90 Hz, 1H), 7.35 (brs, 2H), 6.81(d,
J=5.90 Hz, 1H) and 4-amino-2-chloro-5-nitropyridine (16) also as a yellow solid, mp,
153-154°C (1it."*' 155-156°C): 'H NMR (DMSO) & 8.84 (s, 1H), 8.10 (brs, 2H), 6.95
(s, 1H).

A mixture of 82° (519 mg, 3 mmol) and the newly prepared 13 (622 mg,
3.6 mmol) in 1-butanol (10 mL) containing triethylamine (0.2 mL) was refluxed for 36
h. The mixture was then evaporated and purified by column chromatography (hexanes-
EtOAc, 10:1) to give 17 as a yellow solid (0.75 g, 81%), mp, 174—175°C: 'H NMR
(DMSO) & 9.27 (d, J=8.10 Hz, 1H), 8.08 (s, 2H), 7.66 (d, J=8.10 Hz, 1H), 6.09 (d,
J=5.84 Hz, 1H), 5.49 (d, J=2.47 Hz, 1H), 4.57 (t, J=9.29, 7.16 Hz, 1H), 4.38 (m,
2H), 4.07 (m, 1H), 3.30 (s, 1H), 2.10 (m, 1H), 1.60 (d, J=14.0 Hz, 1H), 1.33 (s, 3H),
1.17 (s, 3H); '*C NMR (DMSO) & 153.231, 152.898, 151.014, 115.828, 109.043,
101.027, 85.552, 85.362, 75.871, 55.279, 34.770, 26.153, 23.709. Anal. Calcd for
C3H;30sNy4: C, 50.31; H, 5.84, N, 18.05; Found: C, 50.57; H, 5.94, N, 18.06.

(1'R,2'S,3'R,4'S)-7-Amino-3-(2,3 ,4'-trihydroxycyclopent-1'-yl)-3H-imidazo[4,5-
blpyridine (5). Compound 17 (630 mg, 2.1 mmol) in absolute EtOH (30 mL) was
hydrogenated overnight at 40 psi in the presence of palladium on charcoal (10% wt,
300 mg). The catalyst was removed by filtration through a pad of Celite and the filtrate
removed under reduced pressure to give the triamino-derivative as colorless solid. A
mixture of this solid and formamidine acetate (340 mg, 3.0 mmol) in 2-methoxyethanol
(10 mL) was refluxed for 3 h under a N, atmosphere. The reaction mixture was
concentrated in vacuo to give a residue, which was purified by column chromatography
(CH,Cl,/MeOH, 10:1) to give (1'R,2'S,3'R,4'S)-7-amino-3-(4'-hydroxy-2',3’-O-isopro-
pylidenedioxycyclopent-1'-yl)-3H-imidazo[4,5-b]pyridine (18) as a white solid (320 mg,
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53%) and 19 (180 mg, 30%). 18, '"H NMR (DMSO) & 8.15 (s, 1H), 7.76 (d, J=5.40
Hz, 1H), 6.30 (m, 3H), 5.64 (s, 1H), 4.88 (m, 1H), 4.80 (m, 1H), 4.49 (d, J=7.45Hz,
1H), 4.12 (s, 1H), 2.43 (m, 1H), 2.11 (m, 1H), 1.40 (s, 3H), 1.18 (s, 3H); 19, 'H NMR
(DMSO) & 12.52 (brs, 1H), 8.02 (s, 1H), 7.69 (d, J=5.80 Hz, 1H), 6.71 (d, J=5.80 Hz,
1H), 6.40 (d, J=9.27 Hz, 1H), 5.55 (s, 1H), 4.55(m, 1H), 4.43 (s, 2H), 4.08 (d, J=3.12
Hz, 1H), 2.16 (m, 1H), 1.63 (d, J=14.00 Hz, 1H), 1.33 (s, 3H), 1.16 (s, 3H).
Compound 18 was used for the next step without further characterization.

Compound 18 (200 mg, 0.69 mmol) was dissolved in 0.5N HCl (20 mL) in
MeOH. This mixture was stirred at rt for 0.5 h and then evaporated to dryness under
reduced pressure. The residue was dissolved in MeOH again and neutralized with IRA-
67 resin. The mixture was filtered and the solvent evaporated under reduced pressure.
The residue was purified by column chromatography (EtOAc-MeOH, 10:1) to give 5
(130 mg, 75%) as a white solid, mp>230°C dec: '"H NMR (DMSO) 6 8.08 (s, 1H),
7.69 (d, J=5.43 Hz, 1H), 6.41 (s, 2H), 6.33 (d, J=5.43 Hz, 1H), 5.93 (s, 1H), 5.02 (d,
J=4.65 Hz, 1H), 4.84 (d, J=3.2 Hz, 1H), 4.63 (m, 1H), 4.57 (s, 1H), 3.88 (s, 1H), 3.75
(s, 1H), 2.57 (m, 1H), 1.79 (m, 1H); '*C NMR (DMSO) & 147.50, 146.28, 143.47,
140.03, 123.57, 101.86, 76.99, 75.35, 73.92, 58.83, 36.35; Anal. Calcd for
C11H14N4O3 - 0.05H,0: C, 52.58; H, 5.61; N, 22.30. Found: C, 52.93; H, 5.69; N, 21.97.

(1R, 4S)-4-(N-Phthalimidyl)-2-cyclopenten-1-o0l (23). To a solution of the po-
tassium salt of phthalimide (6.56 g, 34.6 mmol) in anhydrous DMSO (40 mL) was
added triphenyl phosphine (518 mg, 6 mol%) and tetrakis(triphenylphosphine)palla-
dium (1.38 g, 4 mol%). The mixture was stirred for 5 min and a solution of 22" (8.5 g,
34.6 mmol) in freshly distilled THF (200 mL) was added to the above mixture. The
resulting mixture was immediately transferred to a preheated oil bath at 50°C and the
mixture was stirred for 16 h. The solvent was removed at reduced pressure and the
residue was slurried in CH,Cl, (200 mL) and filtered. The filtrate was washed with
brine (150 mL), dried (Na,SO,) and filtered. After removal of the solvent, the residue
was purified by column chromatography with hexanes-EtOAc (10:1 — 5: 1) to give 23
as a light yellow solid (3.70 g, 57%) whose 'H and '*C NMR spectra were identical
with reported value.*”

(1'S,2'R,3'S,4'R)-7-Amino-3-(2',3' ,4'-trihydroxycyclopent-1'-yl)-3H-imidazo[4,5-
blpyridine (20). Compound 20 was synthesized from 23 by the method described for
the preparation of 5. Anal. Caled for C;H;4N4O5-0.25H,0: C, 51.88; H,5.69; N,
21.99. Found: C, 51.87; H, 5.74; N, 21.72.

(+)-4-(N-Phthalimidyl)-2-cyclopenten-1-ol (24). To an ice-cold mechanically
stirred mixture of freshly cracked cyclopentadiene (23.50 g, 0.35 mol), Na,CO5 (106 g,
1.00 mol) and CH,Cl, (500 mL) was added dropwise 32% peracetic acid (47.89 mL)
that had been pretreated with NaOAc (2.66 g). After the addition was complete, the
reaction was stirred at rt for 6 h, until a negative starch-iodide test was obtained. The
mixture was filtered, and the filtrate evaporated under reduced pressure to afford crude
cyclopentene-3,4-epoxide, which was used directly in the next step.

A solution of the crude epoxide in dry THF (200 mL) and DMSO (30 mL) was
treated with potassium salt of phthalimide (52.3 g, 276 mmol) and tetrakis(triphenyl-
phosphine)palladium (1.4 g, 1.21 mmol). The mixture was refluxed under N,
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atmosphere for 3 h and at rt for overnight. The solid was then filtered and solvent was
removed under reduced pressure. The residue was dissolved in EtOAc (500 mL),
washed with brine (2 x 100 mL) and dried (Na,SOy4). The mixture was filtered and the
filtrate evaporated. The residue was purified by column chromatography with hexanes-
EtOAc (3:1) to give a light yellow solid (33 g, 41%, two steps), which was
recrystallized from EtOAc and hexanes to give a white solid, whose 'H and '*C NMR
spectra were identical with reported values.'*!

(1S, 4R)-4-(N-Phthalimidyl)-2-cyclopenten-1-0l (25) and (1R, 4S)-1-Acetoxy-4-
(N-phthalimidyl)-2-cyclopentene (26). To a solution of 24 (11.4 g, 50 mmol) and
Ac,O (6.3 mL) in dry CH,Cl, (200 mL) at 0°C was added pyridine (4.68 g) and
DMAP (250 mg). The mixture was then stirred at rt for 20 h, washed with ice-cooled
saturated NaHCO5; (3 x 50 mL), IN HCI (3 x 50 mL), brine (50 mL) and dried
(MgS0O,4). The mixture was filtered and the filtrate was evaporated under reduced
pressure. The residue was purified by column chromatography with hexanes-EtOAc
(3:1) to give the monoacetate as a white solid racemate (12.0 g, 89%).

The pH of a suspension of this racemic acetate (2.7 g, 10 mmol) in phosphate
buffer solution (0.1 M, 17 mL) and acetone (5 mL) was adjusted to 7 with 6 M NaOH
solution and to the stirred mixture was added Pseudomonas cepacia lipase (PCL)
(Amano International Enzyme Corporation) (200 mg). During the hydrolysis, the
continuous addition of NaOH (10 mL, 0.5 M, 1.05 equiv) maintained the pH ca. 7.
After 18 h, the mixture was filtered over a pad of Celite, the filtrate extracted with
EtOAc (3 x 50 mL), and the combined extracts dried (MgSO,4) and evaporated under
reduced pressure. The residue was purified by column chromatography using hexanes-
EtOAc (3:1) to give 26 (1.3 g, 48%) as a white solid and 25 (1.0 g, 45%) as a white
solid. 26: ee,* 99%, mp 223°C dec; '"H NMR (CDCls) & 7.80 (m, 2H), 7.71 (m, 2H),
6.10 (m, 1H), 5.99 (m, 1H), 5.68 (m, 1H), 5.26 (m, 1H), 2.86 (m, 1H), 2.17 (m, 1H),
2.04 (s, 3H). 25: ee,® 95%; the 'H and '*C NMR spectra of 25 were identical with
reported values.!*”!
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