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NUCLEOSIDES & NUCLEOTIDES, 12(3&4), 403-416 (1993) 

SYNTHESIS OF SEVERAL 2‘-DEOXY-3-ALKYL(ARYL)-3-DEAZAGUANOSINES: 
MILD ALKYLATION OF A CYANOMETHYL IMIDAZOLE WITH 

ELECTROPHILES 

Oscar L. Acevedo*, Robert S. Andrews and P. Dan Cook 
ISIS Pharmaceuticals, 2292 Faraday Avenue, Carlsbad, CA 92008 

Abstract. The synthesis of several 2’-deoxy-3-alkyl(aryl)-3-deazaguanosines and of 
their heterocyclic aglycone is described. The 2-(l-napthyl)ethyl substituent group 
induces a n  unnatural 3’-endo/high-anti (-sc) conformation of the nucleoside. 

Introduction: 
The syntheses1 of 3-deazaguanine (6-aminoimidazo[4,5-c]pyridin-4(5H)-one, 2 a) 

and of the nucleoside 2’-deoxy-3-deazaguanosine (6-amino-1-(2-deoxy-~-D-eryth~u- 
pentofuranosyl)imidazo[4,5-c]pyridin-4(5H)-one, 1, R=H) have been previously 
described. 3-Deazaguanine is a potent guanine antimetabolite2 with significant 
antitumor, antiviral, antibacterial and antiparasitic activities. 2’-Deoxy-3- 
deazaguanosine has exhibited a wide spectrum2 of antiviral and antitumor activity in 
addition to antibacterial activity against E. coli.3 Various ring: peripheral2/5 and 
sugar2.6 modifications on 3-deazaguanine have been made resulting in a wide 
modulation of the biological activity of the heterocyclic ring system. However, to date 
no publications have appeared in .which substitutions at the C-3 aromatic carbon ha vs 
been described. Substitutions made at this carbon in the nucleoside are of interest since 
they would influence the range of rotation of the heterocycie about the glycosidic bond7 
thus potentially modifying biological activity.8 Lipophilic substituents at this position 
could change the efficiency of transport of heterocycles and nucieosides across cellular 
membranes. We now report the synthesis of several 2‘-deoxy-3-alkyl(ary1)-3- 
dcazaguanosines and of their heterocyclic aglycone employing a mild alkylation 
procedure on an imidazole precursor to this ring system. 

Synthesis: Nucleosides. The synthesis of the 3-deazaguaninc ring system has been 
most widely achievedlt2 z 4 i  the base-catalysed cpclization of a 5(4)-cyanomcthyl- 
imidazole-4(5j-carboxamide, (4 ,  Fig 1). Both the 2’-deoxy- (l- I<’= H) and the 3- 
deazaguanosines (L R=OIH) have also been synthesized using a synthetic scheme 
which relies on this novel cyclization. The cyclization mechanism involves the attack of 
a carboxamide anion on the nitrile carbon followed by a prototropic shift. This 
mechanism should not change if the alpha carbon of the cyanomethyl group of 
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404 ACEVEDO, ANDREWS, AND COOK 

1 - - 2 a  - 4 

Fig 1. 

intermediate 4 were substituted with a n  alkyl or a ry l  substitueut. Both 4 and its 
nucleosidc couriterpnrt, compound 9 (R=H, Scheme I), may be obtained from the 
ammonolysis of the methyl 5-cj,anometI~~limidazo!e-4-carboxylates, 3 and 6. We chose 
to perform alkylrttions on the inethylene carbon of 6 and on the protected ester 1-1 
(Scheme 2), to convert the alkyiated products to their carboxamide derivatives a d  to 
subsequedy cydize the carboxaniides using one of several available procedcres.1 

Thus, the compound 69 was equilibrated with an excess of NaH at room 
temperature in acetonitrile. A dilute solution of the electrophile (3-5 equivalents) in 
acetonitrile was introduced uirz syringe and the reaction mixtures stirred under an inert 
atmosphere for periods of 3-18 hr. Neutralization of the reaction media and isolation of 
products by flash-column chromatography yielded mixtures of diastereomeric 
products. In the case of the methyl 5-(cyano[2-(l-napthyI)ethyl]methyl)imidazole-4- 
carboxyla te Z’-deoxynucIt.osidr.s (Ed), the diasteromers were separated by flash-column 
chromatography and characterized by 1I-I NMR. Individual isomers exhibited H-1’ 
pseudotriplets at 6,6.38 and 6.26 ppm and methine signals as doublet of doublets at 6, 
4.82 and 5.17 ppm, indicative of a tertiary hydrogen10 as part of an AM2 system. In 
addition, these compounds exhibited nitrile absorption bands at 2220 to 2230 cm -1 in 
their infrared spectra. 

The methyl 5-(cyano[all;~~i]methy1)-1-(2-deo~~-3,5-di-~-~; -toluojl-B-o-eilJ/;,ro- 
Fentot’uranosyl)in~idazole-4-carboxylnte nuckosides (s a-d) were heated in liquid 
ammonia a t  90 OC for 18-20 hr in a stainless steel vessel to afford modeiate yields of the 
corresponding deprotected carboxamides (9 a-d). Treatment of the carboxamides with 
methanolic ammonia at 95 “C yielded the desired 2’-deoxy-3-alkyl (ary1)-3- 
deazaguanosines (lo a-d). This two step procedure furnished the cyclized products in 
better yields than by the prolonged heating of the methyl 5-cyanomethyl-imidazole-4- 
carboxylates (8 a-d) in liquid ammonin.la 

The 2’-deoxy-3-alkyl (aryl)-3-deazaguanosines (10 a-d) thus obtained have uv 
spectra with nearly identical maxima to that of the 2’-deoxy-3-deazaguanosine, 1 
(R’=H). Also, their lH NhlR exhibit H-2 (IUPAC numbering) aromatic resonances at  6 
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2 ’-DEOXY-3-ALKYL(ARYL)-3-DEAZAGUANOSINES 405 

1. N a l i  
2. R-X or 2-(l-Napthyl)ethyl bromide 

R-X = Nonyl iodide, Ally1 bromide, Benzyl bromide 

0 

NH3 (1) CN 
CN 

HO 
Tolo 

- 8 a-d - 9 a-d 

HO 

Scheme 1 

7.9 to 8.0 pprn, compared to 7.9 pprn for 1, evidence of the nearly negligible electronic 
contributions from these substitutions to the overall purine ring current. However, the 
2D-NOESY Nh4R spectrum of 2’-deoxy-3-(2-[1-napthyl]ethyl)-3-deazaguanosine, (7-(2- 
[ l-napthyl]ethyl)-6-amino-l-(2-deoxy-~-D-e~thro-pentofuranosyl)imidazo[4,5- 
c]pyridin-4(5H)-one , d), in DMSO-d6 reveals some interesting features. The cross- 
peaks for the imidazole H-2 and sugar EI-3’-protons are strong and there are weak cross 
peaks for the H-2 and H-2’ protons. In addition, the H-2” (a ) signal appears 0.4 pprn 
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406 ACEVEDO, ANDREWS, AND COOK 

upfield of the H-2’ (0) signal, a configuration not normally registered for 2’- 
deoxynucleosides. Taken together, these observations indicate that the pseudorotation7 
of the sugar strongly favors 3’-endo (75 %)11 and that this conformation forces the H-2” 
proton into the shielding volume of the heterocyclic rings. An absence of NOE signals 
for the N-H imino and 3’-protons indicate that this and other nucleosides in this series 
appear to exist strictly in an anti conformation.12 Further, because there is a strong 
NOE cross-peak from H-2 and H-l’, it appears that this nucleoside is virtually locked 
into a high-anti (-sc) conformation. In contrast, the 2D-NOESY spectrum for the 2’- 
deoxy-3-allyl-3-deazaguanosine (7-allyl-6-amino-l-(2-deoxy-~D-en~thro 
-pentofuranosyl)imidazo[4,5-c]pyridin-4(5H)-one ., lo b) exhibits strong cross-peaks for 
the imidazole H-2 and sugar H-2’ protons and lesser cross peaks for H-2 and H-3’, 
indicating 2’-endo (62 %) as a predominant conformation for the deoxyribose sugar. 

We believe that the uruque preference of the deoxyribose for the 3’-endo 
conformation is caused by the steric crowding of the 2-(l-napthyl)ethyl group at the 3- 
position of the 3-deazaguanine with the sugar ring. Molecular ntodels indicate that the 
3’-endo/high-anti conformation best accomodates the steric bulk of the napthyi ring; 
and avoids the close proximity of the 11-2 and H-2’ protons of the 2’-deoxy-3-(2-[1- 
napthyl]ethyl)-3-deazaguano:;ine. In the case of the 2’-deoxy-3-allyl-3-deazaguanosine 
the steric crowding is less and the nucleoside adopts a 2’-endo/anti (a) conformation. 

Heterocyles. WE chose to protect the imidazo!ela of the methyl 5(4)-cyanomethyl- 
imidazole-4(5)-carbouylat-e, (2), with a tetrahydi-oyyranyl group (Scheme 2). A reaction 
with 2,3-dihydropyran in tlw presence of tosic acid yielded the tetrahydropyranyl 
positional isomers and 12 in roughly 21 ratio. These isomers were separated in 
order to isolate the isomer with a t5irahydropyranyl protecting ~;‘ouy in i7 position 
removed from the proposed site of alkylation. It w a s  our desire to work with the more 
abundant isomer 11 and, upon alkylation, to characterize a simpler mixture of alkylated 
products based on one chiral center and a raceinic tetrahydropyranyl group. We 
expected that the alkylated cyano?-nL.thylimidazoles obtained from our methodology 
would likely cyslize efiicieiitly in methariolic ammonia to yield the 7-alkyl(aryl)-6- 
amino-3-tet~ahydropyran)il-1,5-dihydroimidazo-[4,5-c]p~ridin-4-one ring system. The 
cyclization of positional ison-tcrs methyl 4-cyanomethyl-i 1~1idazolr-5-cnrboxylates (a) 
and (2) has been shown to occur more readily2 than that of the isomers a and 6. This 
cycliza tion is undoubtedly hindered by the presence of a tetrahydropyranyl or 2’- 
deoxyribo group at the imidazole nitrogen adjxent to the cyanomethyl substitutent. 

Thus, compound LI was alkylated using a procedure identical to that for the 
nucleosides. The alkylated products 
ammonia and heated at 75 O C  in a sealed vessel for 72 hours.13 After this time, the 
reaction mixtures were evaporatGd under reduced pressure to afford light colored solids 
which decomposed rapidly when exposed to air and moisture. Though the 7-alkyl 
(aryl)-6-ainino-3-tetrahydrop~ranyl-1midazo~4,5-c]pyridin~l(5H)-one (14 b-e) products 

b-e were subsequently treated with methanolic 
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2 '-DEOXY -ZALKYL(ARY L)-3-DEAZAGUANOSINES 407 

HCI / MeOH 

Scheme 2 

were undoubtedly part of these reaction mixtures, we were not able to isolate them 
under any circumstances. Instead, the crude reaction products were thoroughly rid of 
all ammonia and then treated with 1 N HCI in methanol for several hours; these 
conditions removed the tetrahydropyranyl protecting group and gave the 7-alkyl(aryl)- 
6-amino-1,5-dihydroimidazo[4,5-c]pyridin-4-one (2 b-e) products as hydrochloride 
salts.4a Similarly, compound 11 was cyclized in methanolic ammonia and the product 
treated with methanolic HCI to afford 2 a directly. 

As previously mentioned, tlie products of animonolysis U b-e decomposed 
rapidly in the course of isolation or during attempts at crystallization. We do not yet 
understand why these products would be anstable under these conditions. Since we 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



408 ACEVEDO, ANDREWS, AND COOK 

did not characterize the numerous products :,ee:i on thin-layer chromatography plates, 
we are unable to commtmt on tlte mechamsm of decomposition. FortunateIy, the 
instability of these intermediates \vas surmounted and the desired final products were 
isolated by an immediate treatment with methandic HCI. The hydrochloride salts 2 b-e 
gave satisfactory C,H,N analyses (see Experimental) and lH  NMR spectra after months 
of storage, attesting to their long-term stability. 

Discussion: We have described a mild alkylation procedure on the methylene carbon 
of a cyanomethyl imidazole precursor to 3-denzaguanine. The alkylated products 
obtained were subsequently cyclized to the 3-alkyl (aryl)-3-deazaguanines by sequential 
treatments with methanolic ammonia and methanolic HCl. The corresponding 
nucleosides were synthesized viri the mild alkylation of the methyl 5-cyanomethyl-l-(2- 
deoxy-P-D-eqthro -pentofurariosyl)imidazoJe-4-carboxyJa te with various electrophiles. 
Cyclized products were obtained using a two-step procedure employing liquid and 
then methanolic ammonia. 

Two-dimensional NMR experiments (2D-NOESY) indicate that the substituted 
2’-deoxy-3-deazaguanosines prefer the anti-conformation. Though this observation 
seems intuitively obvious, it may be noted that a high syn (+ac) conformational 
preference was observed for a related 2‘-deoxy-7-deazaguanosine substituted with an 
isopropyl group at the N-3 position.12 Additionally, the bulky substituent in 2’-deoxy- 
3-(2-[l-napthyl]ethy1)-3-deazaguanosine appears to force the sugar into an unusual 3’- 
endo conformation. We expect that gradually decreasing the size of these substituents 
would increase the equilibrium population of the nucleoside towards 2’-endo. Though 
2D-NOESY experiments were not performed on all nucleosides, the spectra of 2‘-deoxy- 
3-allyl-3-deazaguanosine and of 2’-deoxy-3-deazaguanosinel4 indicate a preponderance 
of T-endo conformation for these compounds. We do  not know whether these 
structural changes can be correlated with any biological activity. However, it is 
reasonable to expect that the 2’-deoxy-3-alkyl (aryl)-3-deazaguanosines bearing the 
larger substituents might be enhanced substrates for viral kinases due to their 
preference for the anti-conformation.15 

Biological Evaluation: The 2’-deoxy-3-alkyl (aryl)-3-cleaz.1guanosines and their 
heterocyclic aglycone were screilned for their anti-HIV activity in an MTT assay 
utilizing CEM and MT-2 cells. No anti-HIV ‘ictivity was detected with these 
compounds in either cell line. These compounds wzre also screened for activity against 
Influenza A virus in MDCK cells and showed no activity. Finally, all compounds 
showed no antitumor activity against the following tumor cell lines: CCW-SB 
(leukemia), HCT-116 (colon), €-IOP-62 (lung), RPMI-7951 (melanoma), SF-539 (CNS), 
and SN12K1 (renal). 
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Experimental Sectian: 

Silica gel used for flash chromatography was ICN 60 (Costa Mesa, CA), 32-63 
mesh. Materials not soluble in the solvent system used for flash chromatography (FC) 
were coevaporated onto E. Merck silica gel 100 (Darmstadt, Republic of Germany), 70- 
230 mesh, using a suitable solvent. 'The dry materia!s were then applied to the top of a 
FC column. TLC was performed on prescored E. Merck Kieselgcl60 F251 plates . 
Compounds were visualized by illurninating TLC plates under UV light (354 nm) 
and/or by spraying with 10 '% methanolic 132S04 followed by heating. Evaporations 
were carried out at 40-50 oC using a rotary evaporator and a vacuum pump coupled to 
a vacuum controller. Elemental analyses were perfcrmcd by Quantitative Technologies, 
Inc., Whitehouse, N.J. 1H NMR spectra were obtained at 400 MHz in DMSO-d6 unless 
otherwise noted. Where relevant, treatment of samples with D20 rec0rdt.d 
exchangeable hydrogens. Infrared spectra were recorded on a Perkin-Elmer 16PC FT-IR 
spectrophotometer. Solvent system A = ethyl acetate-hexanes, 3:2; B = ethyl acetate- 
methanol, 9:1, v/v. 

A large scale synthesis of the methyl 5-(cyanomethyl)-l-(2'-deoxy-3,5-di-O-p- 
toluoyl-p-D-erythro-pentof ~1ranosyl)imidazole-4-:arboxylate &), a starting material for 
this work was carried out according to the sodium-salt glycosylation procedure 
described in Reference 2. Likewise, the methyl 5-cyanomethyl-3-tetrahydropyra1iyl- 
imidazole-4-carboxylate (u) was prepared and separated from its positional isomer 
according to the procedure given in Reference lb. A small scale synthesis of the 2'- 
deoxy-3-deazaguanosine (6-amino-l-(2-deoxy-~-D-e~~~ti~ro-pentofuranosyl)imidazo[4,5- 
c]pyridin-4(5H)-one, L R=H) yielded material identical in every respect with that 
reported in Reference 2. The alkylation procedures described below yield 
diastereomeric mixtures differing in configuration at the alkylated (methine) carbon. 
For the nucleosides, these mixtures exhibit well-resolved signals for their H-2, methine, 
H-1' and other protons in their 400 MHz '1% NMR spectra. 

General Method: Alkylation. Methyl 5-(cyano[nonyllmethyl)-l-(2-deoxy-3,5-di-O-p- 
toluoyl-P-D-erythm-pentof uranosyl)imidazole-4-carboxylate (s a). 

A solution of fj (5.7 g, 11 mmol) in anhydrous acetonitrile (75 mL) was treated with 
sodium hydride (0.88 g, 60% inoil, washed with hexanes) at room temperature and 
under an atmosphere of argon. This suspension was stirred for 15 minutes and then 
treated with iodononane (7.5 mL, 37.4 mmol) viri syringe. The reaction mixture was 
stirred under these conditions for 6 hr; thin layer chromatography showed the 
disapperance of starting material nucleoside (Rf = 0.45, solvent A) and the appearance 
of two closely migrating and faster products (m- = 0.65, avg). The reaction was 
quenched with the addition of glacial acetic acid to pH 5 and then evaporated to 
dryness in V ~ C U O  to afford a yellow syrup. The syrup was redissolved in 
dichloromethane (150 mL) and the solution was washed with cold 0.1 N HCI, water, 
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410 ACEVEDO, ANDREWS, AND COOK 

and then dried over magnesium sulfate. Filtration and evaporation of the organic layer 
afforded a yellow gum which was purified using FC on silica gel (120 g) using a 
gradient of ethyl acetate in hexanes (20 to 50 Yo). Fractions corresponding to the 
alkylated products were pooled and evaporated to yield (8 a) as a foam, 2.9 g (47 "/.). 
'H NMR 6,8.18 and 5.15 (2 s; I 14; H-2); 6.48 and 6.37 (2 t; 1 H; H-1'); 4.68 and 4.36 (2 
m; 1 H; methine); 3.32 (s; 3 H; COOCH3); 2.05,1.75,1.18 and 0.90 (4 m; 19 H; nonyl). IR 
(film): 2240 cm-I (CN). A n d .  Calcd for C37H~pjN307 (643.778): C, 69.03, H, 7.04, N, 
6.53. Found: C, 68.77, H, 6.97, N, 6.39. 

Methyl 5-(allyl[cyaiio]methyl)-l-(2-deoxy-3,5-di-O-~-toluoyl-~-D~yth~o- 
pentofuranosyl)imidazole-4-carboxylate @ b). 
A solution of 6 (5.0 g, 9.7 mmol) in anhydrous acetonitrile (75 mL) was treated with 
sodium hydride (0.46 g, 11.6 mmol) and then ally1 bromide (2.5 mL, 29 mmol). Workup 
of the reaction and purification of the products on silica gel (75 g) as described in the 
General Method aiforded 8 b as a yellowish foam, 3.7 g (68 %). 'H NMl7 (200 MHz): 6, 
8.15 and 8 13 (2 s; 1 H; H-2); 6.35 (m; 1 H; H-1'); 5.75 and 5.08 (2 m; 3 H; vinyl); 3.79 (s; 3 
H; COOCH3). A d  . Calcd for C32w3IN307 (557.60): C, 66.77, H, 5.60, N, 7.53. Found: 
C, 66.43; H, 5.59, N, 7.38. 

Methyl 5-(5enzyl[cyano]methyl)-l-(~-deoxy-3,5-di-O-p-toluoyl-~~D~~~~~~o- 
pentofuranosyl)imidazole-4-cnrboxylat~ (8 c). 

A solution of 6 (5.0 g, 9.6 mmol) in anhydrous acetonitrile (75 m1.j was treated with 
sodium hydride (0.46 g, 11 mmol) uncier argon arid stirred at room temperature for 15 
minutes. The mixture was cooled to 4 O C  in an ice bath and a solution of benzyl 
bromide (1.26 mL, 10.6 mmol) in acetonitrile (15 ntI.) was added dropwise over 70 min. 
The ice bath was removed and the reaction further stirred at room temperature for 2.5 
hr. Workup of the reaction and purification of the products on silica gel (100 g) as 
described in the General Method afforded 8 c as a white foam, 3.4 g (58 %). 'H NMR 
6,8.12 and 8.05 (2 s; 1 H; €1-2); 8.0-7.10 (m; 13 H; aromatic); 6.33 and 6.01 (2 t; 1 H; H-1'); 
5.22 and 5.02 (2 t; 1 H; methine); 3.80 (s; 3 H; COOCH3). IR (film): 2240 cm-1 (-CN). 
Anal. Calcd for C35H33N307 (607.66): C, 69.18; H, 5.47; N, 6.92. Found: C, 69.15; H, 
5.43; N, 6.82. 

Methyl 5-(cyano~2-~l-napthyl~etliyllmethyl~-1-(2-deoxy-3,5-di-O-p-toluoyl-~-D- 
eythro-pentof uranosyl)imidazole-4-carboxylate (8 d). 
A solution of 6 (7.43 g, 14.3 mmol) in anhydrous acetonitrile (50 mL) was treated with 
sodium hydride (1.15 g, 28.7 mmol) under argon and stirred at room temperature for 15 
minutes. The 2-(1-napthy1)ethyl bromide (16.9 g, 71.5 mmol) was added neat and the 
reaction stirred for 18 hr. Workup of the reaction as described in the General Method 
and purification of the products on silica gel (150 g) using a gradient of ethyl acetate in 
hexanes (20 to 60 '%) yielded three major fractions. Fraction 1 (1.55 g) contained the 
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2 '-DEOXY-3-ALKYL(ARYL)-3-DEAZAGUANOSINES 41 1 

faster isomer; fraction 2 (0.90 g) contained a mixture of both isomers; fraction 3 (1.53 g) 
contained the slower isomer. Overall yield of 8 d, 3.9 g, 42 %. Fraction 1.1H NMR 8, 
8.17 (s; 1 H; H-2); 7.9-7.1 (m; 15 H; aromatic); 6.38 (t; 1 H; H-1'); 5.17 (t; 1 H; methine); 
3.72 (s;  3 H; COOCH3). Fraction 3. 6,8.15 (s; 1 H; H-2); 7.9-7.1 (m; 15 H; aromatic); 6.26 
(t; 1 H; H-1'); 4.82 (t; 1 H; methine); 3.77 (s; 3 H; COOCH3). Anal.. (Mixture of 
diastereomers). Calcd for C40H37hT307 (671.75): C, 71.52; H, 5.55; N, 6.26. Found C, 
71.76; H, 5.54; N, 6.02. 

General Method. Ammonolysis. 5-(Cya1~o[r.onyl]niethyl)-l-(2-deoxy-~-D-erytlzro- 
pentofuranosy1)imidazole-4-carboxamide (9 a). 

The nucleoside 8 a (2.98 g, 4.6 mmol) was dissolved in anhydrous methanol (5 mL) and 
transferred to a stainless steel vessel. The solution was cooled to -78 OC and then 
treated with anhydrous liquid ammonia (45 mL). The bomb lvas sealed and then 
heated to 100 OC in an oil b?th for 21 hr. TLC (solvent R) exhibited products Rf = 0.45, 
and toluamide Rf = 0.85, indicating a complete removal of the toluoyl protecting 
groups. Ammonia was evaporated at  room temperature and the amber gum which 
resulted was flash chromatographed on silica gel (80 g) using a gradient of methanol in 
ethyl acetate (5 to 10 %). Fractions corresponding to the products were pooled and 
evaporated in mcz~o  to yield a as a white foam, 1.2 g (63 Yo). 'H NMR: 8,8.09 and 8.05 
(2 s; 1 H; PI-2); 6.14 (t; 1 H: €3-1'); 5.45 and 5.32 (2 dd; 1 13; methine); 2.10,1.80,1.40-1.05 
and 0.82 (4 m; 19 €5; nonyl). Anal . Calcd. for C2gtIy2N404 (391.50): C, 61.20; H, 8.22; 
N, 14.27. Found: C, 60.97; H, 8.24; N,. 13.98. 

5-(Allyl[cyano]methyl~-'l-~2-decxy-~-~-enJ~lrro-pentofuran osy1)-imidazole-4- 
carboxamide (9 b). 
The nucleoside b (3.95g,7.08 mmol) was treated with liquid ammorua and heated to 
100 O C  in a stainless steel bomb fcr 8 hr. The products of this reaction were worked up 
and purified on silica gel (80 g) as described in the General Method.. The deprotected 
compound 9 b was isolated as a white foam, 1.3 g (58 %). H NMR:  8,8.09 and 8.05 (2 
s; 1 13; H-2); 6.15 (t; 1 I-I; H-1'); 5.75 and 5.10 (2 m; 3 H; vinyl); 5.42 and 5.34 (2 t; 1 €1; 
methine). Anal. Calcd for C14H18N404 (306.33): C, 54.89; H, 5.92; N, 18.29. Found: C, 
54.58; H, 5.92; N, 17.93. 

1 

5-(Benzyl~cyanolmethyl)-l-(2-deoxy-~-D-ev;~thro-pentof uranosyl)-imidazole-4- 
carboxamide Cp c) .  
The nucleoside 8 c (3.0 g, 4.95 mniol) was treated with liquid ammonia and heated to 
100 OC in a stainless steel banb  for 6 hr. The products of this reaction were worked up 
and purified on silica gel (80 g) as described in the General Method. The deprotected 
compound 2 c was isolated ds a white foam, 1.0 g (59 YO). H NMR 8,8.05 and 8.03 (2 s; 
1 H; H-2); 7.25 (m; 5 H; phenyl); 6.17 and 6.07 (2 t; 1 H; H-1'); 5.50 and 5.42 (2 t; 1 H; 
methine). Anal. Calcd for C181-133N307 (357.39): C, 60.49; H, 5.92; N, 15.68. Found: C, 
60.65; H, 5.69; N, 15.23. 

1 
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5-(Cyano[2-(l-1iapthyl)ethyllmethyl~-l-(-pentof uranosy1)- 
imidazole-4-carboxamide (S, d). 
The nucleoside 8 d (3.78 g, 5.76 mmol) was treated with liquid ammonia and then 
heated to 100 OC in a stainless steel bomb for 20 hr. The products of this reaction were 
worked up and purified on silica gel (86 g) as described in the General Method. The 
deprotected compound 2 d was isolated as a white foam, 1.2 g (49 Yo). 1H NMR S,8.14 
and 8.08 (2 s; 1 H; H-2); 8.0-7.3 (m; 7 H; napthyl); 6.22 and 6.19 (2 t; 1 H; H-1’); 5.55 and 
5.30 (2 t; 1 H; methine). A n d  Calcd for C23II2d,N404 (420.47): C, 65.70; H, 5.75; N, 
13.32. Found: C, 65.78; H, 5.72; N, 13.05. 

General Method: Cydization. 6-Amino-~-nonyl-l-(2-deoxy-~-D-erythro-pento- 
f~iraiiosyl)imidazo[4,5-clpyridiii-4(5H)-o1~e (2‘-Deoxy-3-nonyl-3-deazaguanosine, 
a). 
A solution of the nucleoside 9 a (250 mg) in 35 mL methanolic ammonia( methanol 
saturated with liquid ammonk at -20 OC) was heated tG 95 OC in a sealed vessel for 18 
hr. The mixture was evaporated to afford a dark solid which was redissolved in hot 
ethanol. The solid which sepacatcd upon cooling was filtered and dried in vacuo for 18 
hr to afford lo a (180 mg, 72 ‘%) as a n  amorphous solid. ME’ 150 O C  dec. IH NMR 6, 
10.3 (bs; 1 H; N-H); 7.90 (s; 1 H; 13-2); 6.08 (pseudo t; 1 H; H-l’, J=6.0 Hz); 5.15 (bs; 2 H; 
NH2); 2.52,1.30 and 1.82 (3  in; 19 H; nonyl). UV, hmax, nm, (log E ) :  MeOH, 312 (4.001), 
278 (4.040); p H  1, 322 (3 687), 296 (3.845); pH 7,308 (2.811), 276 (2.842); pH 12,290 
(3.978). And. Calcd for C20H32N404 (392.50): C, 61.20; M, 8.22; N, 14.27. Found: C, 
61.02; H, 8.20; N, 14.22. 

7-Allyl-6-amino-l-~2-deoxy-~-D-cy~~~~-pentofuranosy~~imidazo~4,5-clpyridin-4(5H)- 
one (2’-deoxy-3-allyl-3-deazaguanosine, lo b). 
The nucleoside S, b (250 mg) was  cyclized and purified according to the General 
Procedure described above to yield lo b (190 ing, 76 ‘ X )  as an amorphous solid. MP.155 
O C  dec. III NMR (200 MHz): 6, 10.4 (bs; 1 H; N-H); 7.98 (s; 1 H; H-2); 6.05 (pseudo t; 1 
H; H-l’, J=5.4 Hz); 5.92,5.02 and 4 88 (3 ni; 3 H; vinylic); 5.34 (s; 2 H; NII2); 3.40 and 3.19 
(2 m; 2 H; allylic). UV, hmnx,  nm, (log F): MeOH, 31 0 (3.996), 276 (4.060); pH 1,320 
(3.891), 292, (4.064); pH 7,300 (3.963), 274 (4.011); pH 12,283 (4.160). Anal. Calcd for 
C14H18N404 (306.32): C, 51.89; H, 5.92; N, 18.29. Found: C, 54.58; I-I,5.92; N, 18.09. 

6 - A m i n o - 7 - b e n z y l - l - ( 2 - d e ~ x y - ~ - D - P u l J t h u -  
4(5H)-one (2’-deoxy-3-benzyl-3-cleazilp,ua1iosins, lo c). 

The nucleosidc 9 c (250 mg) w a s  cydized drtd purified by trituration with hot ethanol as 
described in the General Mcthcd to yield lo c (200 mg, 8C, %) as a white solid. MI’ 140 
O C  dec. 11-1 NMII: 6 10.4 (bs; 1 H; N-1-1); 7.6.4 (s; 1 H; H-2); 7.3-7.1 (m, 5 I-I, phenyl); 6.04 
(pseudo t; 1 H; H-l’, J= 6.3 liz); 5.07 (bs; 2 1-1; NI12j; 4.07 and 3.85 (dd; 2 13; benzjdic, J = 

17 &). UV, hmax, nm, (log E): hfrOH, 310 (3.‘150), 276 (1.002); pH 1,030 (3.835), 294 
(3.988); pH 7 308 (3.925), 274 (0.9SSjj; p1-I 12,310 (3.938). Am!. Calcd for C19H20N4O4 
(356.38): C, 60.66; €3, 5.66; N, 15.72. Found: C, 60.55; M, 5.60; N, 15.51. 
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6-Aniino 7-~2-~1-nayth~11ethyl~-l-~2-deoxy-~-D-en~tl~r.n-pentofuranosgl)i1nidazo[4,~- 
clpyridin-4(5H)-one ~2’-deoxy-3-~2-~1-napthylletl1yl~-3-deazaguanosine, 13 d ). 
The nucleoside 9 d (250 mg) was cyclized and purified from hot ethanol as described in 
the General Method to yield lo d (200 mg, 80 ‘K) as an off-white solid. MP 195 OC dec. 
1H NMR 6, 10.5 @s; 1 H; N-H); 7.98 (s; 1 H; H-2); 8.2-7.4 (m; 7 H; napthyl); 6.21 
(pseudo t; 1 H; H-l’, J=6.9 Hz); 5.32 (bs; 2 14; NH2); 3.3-2.8 (m; 4 H; ethylene); 2.60 (m; 1 
H; H-2”); 2.20 (m; 1 H; H-2’). UV, hmax, run, (log &): MeOH, 310 (4.019), 289 (4.180); 
pH 1,324 (3.805), 290 (4.114); pH 7,310 (3.611), 284 (3.834); p H  12,286 (4.185). Anal. 
Calcd for C23H24NLi04 (420.47): C, 65.70; H, 5.75; N, 13.32. Found: C, 65.80; H, 5.72; N, 
13.05. 

General Method: Alkylation. Methyl 5-(cyano[nonyllr11ethyl)-3-tetrahydropyra1~yl- 
imidazole-4-carboxylate b). 
The cyanomethyl imidazole u (5.0 g, 20 mmol) was alkylated using NaH (1.2 g, 60 % 

in oil, washed with hexanes) and iodononane (7.6 g, 30 mmoi) as described in the 
General Procedure for the nucleosides. The products were purified by FC using a 
gradient of ethyl acetate in hexanes (20 to 50 ‘YO). Evdporation of the fractions containing 
the products yielded a b (5.0 g, 67 ‘%) as a yellow foam . 1H NMR (200 MHz): 6,8.22 
(s; 1 H; H-2); 5.87 (m; 1 H; H-3‘ tetrahydroyvranyl); 4.58 (xi; 1 H; methine); 3.85 (s; 3 H; 
COOCH3); 1.30 and 0.88 (2 m; 19 H; nonyl). L41rtl!. Calcd for C21H33N303 (575.51): C, 
67.17; H, 8.86; N, 11.19. Found: C, 67.37; H, 8.95; N, 11.21. 

Methyl 5-~allyl[cyanolniethyl~-3-tetrahydropyrany~-im~dazole-4-carboxylate (13 c) .  
The cyanomethyl imidazole 11 (5.0 g, 20 mmol) was alkylated using NaH (1.2 g )and 
ally1 bromide (3.6 g, 30 mmol) and purified according to the General Method described 
above. White foam, 3.9 g, 67 ‘ X I .  1H NMIi (200 MHz): 6,8.23 (s; 1 H,;H-2); 5.87 (m; 1 H; 
H-2’ tetrahydropyranyl); 5.77 and 5.15 (2 m; 3 H; vinylic); 5.68 (m; 1 H; metkine); 3.86 (s; 
3 H; COOCH3). A n d .  Calcd for C15H19N333: C, 62.27; H, 6.62; N, 14.52. Found: C, 
62.27; H, 6.62; N, 14.54. 

Methyl 5-~be1izyl~cyanolmcthyl~-3-t.etra!iydr~~~r~~nyl-imi~azol~-4-carboxylate (3 d). 
The cyanomethyl iinidazole U (5.0 g, 20 mmol) was alkylated using NnH (I 2 g ) and 
benzyl bromide (5.1 g, 30 1-nmol) a n d  purified according to the General Method 
described above. White foam, 4.8 g, 71 ?il. 11-1 NI\~lR (200 MHz.): 6 ,825 (s; 1H; H-2); 
7.20 (m; 5 H; pl-,enyl); 6.83 (m; 1 1-1; H-2‘ tetrahydropyranyl); 4.84 (m; I H; methine); 3.84 
and 3.80 (2 s; 3 El; COOCH3); 3.iY (in; 2 t i ;  b e ~ ~ y l i c ) . A d .  Calcd. for C19H21N3’33 
(339.39): C, 67.24; H, 6.24; N, 12.38. Foiind: C, 67.21; H, 6.19; N, 12.02. 

Methyl 5-(cyanol%-( l -napth~l )rthy~~~net~i~I) -3~  tetrahydropyranyl-imidazole-4- 
carboxylate (13 e). 
The cyanomethyl imidazole 11 (5.0 g, 20 mmol) wab alkylnted using NaH (1.2 g) and 2- 
(1-napthy1)ethyl bromide (7. I g. 30 nimol, Frinton Labs, Vinrlnnd, hT.J.) and purified 
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414 ACEVEDO, ANDREWS, AND COOK 

according to the General Method described above. Wltte foam, 5.0 g, 62 %. 1H NMR 
(200 MHz): 6,8.23 (s; 1 €-I; H-2); 8.1-7.3 (m; 7 H; napthyl); 5.80 (m; 1 H; H-2’ 
tetrahydropyranyl); 4.58 (m; 1 H; methine); 3.57 (s; 3 H; COOCH3). A n d .  Calcd for 
C24H35N303 (40.3.48): C, 71.34; H, 6.24; N, 10.41. Found: 71.38; H, 6.16; N, 10.45. 

General Method: Cyclization. 6-Amino-7-nonyl-1,5-dihydroimidazo[4,5-clpyridin~- 
one Hydrochloride salt (2 b). 
The compound 
(saturated at  -20 OC) in a stainless steel vessel. The mixture was stirred at 75 OC for 72 
hr and then evaporated to dryness in U K U O .  The resulting solid was coevaporated with 
methanol (45 mL) and then immediately stirred with methanolic 1 N HC1 (50 mL) for 12 
hr. After this time, the reaction mixture was evaporated to afford a light yellow gum. 
This gum was precipitated by repeated coevaporation with methanol. Amorphous 
solid, 1.1 g, 53 %,. MP 225 darkens; 240 O C  dec. 1H NMR: 6,10.8 (bs;l H; N-H); 8.72 (s; 
1 H; H-2); 5.80 (bs; 2 H; NH2); 2.0,0.9 and 0.4 (3 m; 19 H; nonyl). UV, hmax, nm, (log E): 

MeOH, 310 (3,933,270 (3.969). And. Calcd. for C15H25N40C1 (312.84): C, 57.59; H, 
8.05; N, 17.90. Found: C, 57.53; H, 8.05; N, 17.87. 

b (2.5 g, 6.7 mmol) was dissolved in 50 mL methanolic ammonia 

7-Allyl-G-amino-1,5-dihydr~~imidazo[4,5-clpyridin-~-one Hydrochloride salt (2. c). 
The compound 13 c (2.5 g, 8.6 mmol) was cyclized and isolated according to the 
General Method described above. Amorphous solid, 1.3 g, 67 ‘%,. MP 210 OC dec. 1H 
NMR 6, 11.0 (bs; 1 H; N-H); S.49 (s; 1 H; H-2); 5.80 and 4.98 (2 m; 3 H; vinylic); 5.80 (bs; 
2 H; NH2); 3.26 (m; 2 H,;allylic). UV, hinax, run, (log E): MeOH, 310 (3.927), 268 
(3.985). Arid. Calcd for C9HllN4OCl (226.66): C, 47.69; H, 4.89; N, 24.72. Found: 
C, 48.04; H, 5.02; N, 24.76 

6-Amino-7-benzyl-1,S-dil~ydroimid~~o[4,5-c~pyridin-4-one Hydrochloride salt (2 d). 
The compomd 13 d (2.5 g, 7.4 mmul) was cyclized and isolated according to the 
General Method described above. Arrmrphous solid, 1.9 g, 92 %. MP 196 OC dec. 1H 
NMR 6, 11.5 (bs; 1 H; N-H); 9.20 (s; 1 H; H-2); 7.17 (m; 5 H; phenyl); 6.20 (bs; 2 H; 
NH2); 3.95 (s; 2 13; benzylic). UV, m i ,  (log E ) :  MeOH, 31@ (3.958), 268 (3.988). 
Anal. Calcd for C13H13N4OCI (276.72): C, 56.42; H, 4.73; N, 20.25. Found: C, 56.40; 
H, 4.71; N, 20.03. 

6-Amino-7-(2-[l-napthyllethyl)-1,5-di hydroimidazo[4,S-clpyridin-4-one 
Hydrochloride salt (2 e). 
The compound 
General Method described above. Amorphous solid, 1.64 g, 78 %. MP 260 darkens, 273 
OC dec. 1H NMR: 6, 11.4 (bs; 1 1.1; N-H); 9.20 (s; 1 H; 1-1-2); 8.1-7.4 (m; 7 H; napthyl); 6.10 
(bs; 2 H; NH2); 3.15 and 3,02 (2 m; 4 H; ethylene). UV, Amax, nm, (log E): MeOH, 308 
(3.930), 272 (4.137). A n d .  Calcd for C18I117N40C1 (340.81): C, 63.18; H, 4.95; N, 16.28. 
Found: C, 63.18; H, 4.95; H, 16.28. 

e (2.5 g, 6.2 mrnol) was cyclized and isolated according to the 
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2 '-DEOXY-3-ALKYL(ARYL)-3-DEAZAGUANOSINES 415 

6-Amino-1,5-di hydroimidazo[4,5-c]pyridin-l-one (3-Deazaguanine) Hydrochloride 
salt (2 a). 
The compound 11 (2.5 g, 10 mmol) was cylized and the product isolated according to 
the Ceneral Method described above. This product gave a satisfactory lH NhlRbut 
proved unstable during purification and did not fi t  C:,I-l,N analysis as a hydrochloride 
salt.4a 113 NMR: S,10.5 (bs; 1 13; N-H); 8.18 (s; 1 El; H-2); 5.4 (bs; 2 H; NIi2); 4.6 (s; 1 H; 
H-7). 
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The synthetic intermediate &was obt,iined from the sodium salt glycosylation of methyl 5(4)- 
cyanomethyl-imidazole-$(5)carboxyla te (a) with I-chloro-2-deoxy-3,s-di-0-p -toluoyl-a-D-enjthro 
-pentofuranwe (cli lorosu~~r) in acetonitrile. Positional isomers corresponding to methyl 5- 
cyanomethyl-1 -(2-deoxy-3,5-di-O-p - to lu~)y l -~-D-cr~~~ro  -pentofuranosyl)-imidazole-4-carboxylate 
(6) and methyl 4-cyanomethyl-1 -(Z-tle~ixy-3,5-di-0-~1 -toluoyl-P-D-~~thro -pentofuranosyl)- 
imidazole 5-carboxylate (2) were obtained in 1:l.S ratios and in good overall yields. We found 
that the most favorable ratio of positional isomers was iihtained when the chlorosugar used in the 
condensation was free o f  acidic conhminants and anhydroLs conditions were maintained during 
the course of the reactic;m2 

Pretsch, E.; Seibl, I.; Simon, W. Spectral Data for Structure Determination of Organic 
Compounds, 2nd Edition, Fresenius, W.; Huher, J.F.K.; Pungor, E.; Rechnitz, G.A.; Simon, W.; 
West. T.S., Eds.; Springer-Verhg, New York, 1989, p. H-15. 

The relative p<)p~ihtloli5 of 2'-and ?-endo confomiatims of the nucleosidcs were determined 
from their 2D-NOESY sptctra, by '1 me,r~iirement oi t1.e volume o f  the cros5 peaks of H-2 and H- 
2' (p) versus 1-1-2 and 1-1-3' and  divitled by Lhr b i i n ~  of b:th cross-peakvolumes 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



416 

12 

13 

14 

15 

ACEVEDO, ANDREWS, AND COOK 

Rosenmeyer, H.; Totli, G.; Colankiewicz, B.; Kazimierczuk, 2.; Bourgeois, W.; Kretschmer, U.; 
Mutli, H.-P.; Seela, F. J. 01g. Chem. 1990,55,5784. 

Curiously, when the nrmionolysis was conducted at 100 OC, there was extensive decomposition 
and no products could be isulated. 

The ZD-NOESY spectrum of the 2‘-cleoxy-~-dt.az~igllanosinc indicates it prefers an 2’-endo/anti 
conformation. 

At room temperature, nucleosides in solu tioil exist In discrete syii or nrrti-conformational ranges 
about the glycosidic bond. Though the harrier betwrxn these ranges is low (= 25 kJ/mol), 
structural changes iike t h r w  Jesc r ihd  in this paper ~ o i i l d  raise this barrier. If in an enzymatic 
reaction the initid encounter betweai an enzyme and its substrate is fast compnrecl to the 
ccmformational interchange, the enzyme can distinguish between the different conformers. See: 
Birnbaurn, C.I.; Shugar, D. “Biologic,illy .4cti\;e Nucleoside; and Nucleotides: Confmnational 
Features and lnteractions with Enzyme:” in Nucleic Acid Structure, Part 3, S. Neidle, Ed. VCH 
Publishers, 1997. 
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