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NUCLEOSIDES & NUCLEOTIDES, 15(11&12), 1779-1795 (1996) 

SYNTHESIS OF PYRAZOLO[~ ,~ -C~PYRIDINE C-RIBONUCLEOSIDES VIA AN 
EFFECTIVE TETRAZOLE TO PYRAZOLE TRANSFORMATION 

b1;irij;i Prhavc ;ind Joie Kobe* 
National Institute of Chemistry, Hajdi-ihova 19, 1 1  I S  Ljubljana and 

Krka, Pharinaceutical and Chemical Works, 8000 Novo mesto, Slovenia 

Abstract: Methyl 2-[4-1nethoxycarbonyl-S-( (3-D-ribofuranosy1)- I H-pyrazolyl-3]-acetate 
(7a) obtained from ribofuranosyltetrazole 3 by conjugative addition to dimethyl 1,3- 
allenedicarboxylate or dimethyl 3-chloro-2-pentenedioate after electrocyclization of 2- 
propenyltetrazole 5 was used as a suitable intermediate to provide pyrazolo 
[4,3-c]pyridine C-ribonucleosides 1 and 2 related to 7-substituted 3-deazaxanthosine and 
-guanosine analogs. 

Introduction Recently, the expansion of the genetic alphabet as proposed by 
Benner et crl. began to deal with the strategy of design and synthesis of modified bases 
that can be incorporated by DNA and RNA polymerases. Several of the proposed 
nonnatural bases possess a carbon-carbon bond joining the ribose ring and incorporation 
of such functionalized bases in RNA should provide RNA molecules with the potential 
for an increase in catalytic power.' Furthermore, an old observation of the existence of 
triple helical DNA, as now documented for synthetic oligomers, has shown the 
therapeutic significance of such triple helix forming oligonucleotides by blocking 
transcription ofviral proteins ' 

I 

i 

2 

This paper reports on chemical synthesis of 3-(13-D-ribofuranosyI)- 1H- 
pyrazolo[4,3-c]pyridine-4.6(SH,7H)-dione ( I )  and -6-amino- 1 H-pyrazolo[4,3-c]pyridine- 
4(SH)-one (2), related to 7-substituted 3-deazaxanthosine and -guanosine analogs, 
respectively. Both target compounds 1 and 2 are likely to be capable of forming three 
hydrogen bonds. In addition, 2 matches pyrazolopyridine analog PI [ 1 -(2-deoxy-p-D- 
ribofuranosyl)-3-1nethyl-5-a1nino- I H-pyrazolo[4,3-c]pyrimidine-7(6H)-one], which can 
form a stable triade wi th  Watson-Creek GC pair, as reported by Dervan L'/ L I / . ~  
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1780 PRHAVC AND KOBE 

0 

0 JfJN> Y 

Ketrosynthetic analysis suggested that the synthesis of 1 and 2 might be realized by 
the cyclization of appropriate glycosyl pyrazole precursor 6a and outlines the design \)in 

stereocontrolled I-eai-rangement of tetrazolyl-2 acrylate SR prepared by regioselective 
co nJ iiga t i vc add i t i  o 11 (7 t' t et razo 1 e 3 it 

2 X = NH, 

r 1 

Rib 

==3 

C0,Me 

%C09 Me 

I 
R ib  

5a 3a 
Rib = 1 1  D-rlbofuranosyl 

We irepoi-ted the synthesis of such substituted pyrazole 6 at an earlier date.5 Since 
that repoi-t the small-scale procedure was subjected to certain modifications on a semi- 

synthetic scale (0  O F  inole) 

Resol t s and Disciissiort . 

I ' i . c l p i i u / i o t t  of ~ - l ~ ~ l ~ ~ ~ f i i t ~ i ~ t t ~ ~ . ~ ~ ~ ~ l ~ ~ ~ ~ t ~ ~ i ~ o t ~ . s  Various attempts were made to effect 
cotiJugative addition of 5-substituted tetrazoles (Me, COOMe, Ph) to activated alkynes 

and alkenes, but  largely without s~iccess '' Instead, lithiation of 2-alkyltetrazoles was 
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PYRAZOLO[~,~-C]PYRIDINE C-RIBONUCLEOSIDES 1781 

developed as a new synthetic route to 2-alkenyltetrazoles.' In their thorough studies 
Moody e/  nl.' reported on thermal decomposition of the appropriate 2-alkenyltetrazoles 
as a general route to 3-phenyl- 1 H-pyrazoles, while no pyrazoles could be obtained froin 
tetrazolyl-2 acrylates. In contrast, we have communicated at the same time on 
therinolysis of 2-(.1.~-dimetliosycarbonyl-1-propen-2-yl)-5-(2,3,5-tri-O-benzoyl-~-D- 
ribofuranosy1)tetrazole (51) yielding the designed pyrazole 6;i ' Sa was obtained froin 
protected S-(l'-D-ribofui-anosyl)- I H-teti-azole 3;) by conjugative addition to dimethyl 1,3- 

allenedicarboxylate (DMAL) or dimethyl 3-chloro-2-pentenedioate (DMCP) (Scheme 1). 

DMCP provided in DMF at 120°C a mixture of N- I and  N-2 alkenyltetrazoles 4a and 5i1 

in an 116 ratio, whereas only N-2 propenyltetrazole Sii  was isolated with DMAL in 
benzene below 7°C. Since therniolysis affected Sa only, the resulting glycosylpyrazole 6a 

was easily separated fiom unchanged 4a by filtration after treatment of the mixture of 
regioisoiners 4a and Sa in hot xylene Transfoi-mations of Sa to 6a were performed in 

quantitative yields Schnellei- used DhIAL for 1 ,3-dipolar cycloaddition to diazosugar 
thus obtaining a positional isomer t o  6;). 1 . e  methyl 2-[3-1netl~oxycar-bonyl-5-(2,~,5-tri-0- 

benzyl-l{-D-ribofiiranosyl)- I l-i-pyrazolyl-l]-acetate.x 
Additionally, dimethyl acetylenedicarboxylate (DMAD) and methyl 4-hydroxy-2- 

butynoate' (MHB) seemed to be treasonable tr,ji-unsaturated carbonyl compounds for use 
in the conjugative addition of 5-ribofiiranosyl tetrazoles %I-b. DMAD afforded with 3b in 
toluene at room teinperatiire a n  eqiiiniolar mixture of N- 1 and N-2 substituted terazoles 
4b and 511 (which we were not able to separate by column chromatography), whereas 
only N-2 isomer S c  w a s  formed from 3i1 with neat XIHB"' at 4'C (Sclieiiie 1) .  Further 

treatment of the 4ai5h iiiixtui-e in h o t  sylene, followed by separation on silica gel, 
afforded unchanged 4b and pvrazolyldicarbosvlate 6b Fai-kas and Sorni prepared the 
2',3',S'-tri-0-beiiz~l analog of 61) 1.c dimethyl 2-[5-(2,j,S-tri-0-benzyl-p-D- 

ribofiiranos!d)- I H-pyrazol-j,l-diyl]di-carboxylate by a multi-step synthesis from 
ailononitrile \ " [ /  the diazosugar with DMAD. '  

6 

Therniolysis of N-2 hydroxypr-openyltetrazole Sc did not provide the corresponding 
ribofuranosylpvr-azole 

j ;c//:c///o/ I of 5-/b h o f / / / ~  11 /o.y ,/p,l ~ / ~ o / c ~ s  7. De pro t ec t i on of 6 ;I with met hanolic 
sodium methylate at ambient temperature aforded methyl 2-[S-(li-D-ribofuranosyl)-4- 
metlioxycarbonyl- I I~l-p~razolyl-j]-acetate (7;i) With 7a in hand the synthesis of the 
3-deazaxanthosine analog wax realized in a straightforward manner Diester 7a was 

ammo n i o I yzed q i i  a t i  t i t  a t  i ve I y a t  ambient t e ni 11 e I-a t 11 re in two days to g i ve inonoam i de 8 21, 
which was after ti-eatnient \vitli sodium methylate in boiling methanol readily closed to 
pyrazoIo[l,~-c~]pyridine I (Sclieiiie 2 ) ,  similar to the cyclization of 3-deazaxanthine froin 
3-(4-1netlioxycarbonyl- I H-imidazolyl-3)-acetamide." The position of the ainide function 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1782 PRHAVC AND KOBE 

3a R = B z  
b RR = TPDS 

4a R = Bz, 6 = CH,CO,Me 5a R = B z  f$=CYCQMe 
b RR = TPDS 9 = C0,Me b RR = TPDS. 9 = C0,Me 

c R = B z  q = C y O H  

RO' 'OR 

6a R = Bz & = CH,CO,Me 
b RR = TPDS 9 = CO,Me 

Reagents and conditions i Ratio of isomersa Yieldb 

3 a + l  l e q D M A L / b e n ~ e n e / 7 ~ C / I 4 h  5a = 100 62 
3a + 1 Oeq D M C P /  DMF/  120°C/2h  5a 5b  = 85 15 62 
3b + 2 5eq DMAD / to luene / rt / 3d 5b 4b = 50 50 40 
3a + 2 6 eq MHB / 4OC / 5d 5c = 100 55 

aDetermined frorn 'H spectra of crude reaction mixtures 
bTotal yield after chromatographic purification 

SCHEME 1 

in inonoainide 8;i \ \ ;IS expected due to the known greater reactivity of  an aliphatic ester 
over aroinatic one, a n d  cunfii-ined on the basis of IK  spectra in comparison to literature 

data l 2  I3C-NMK signals at 3 1.4, 161.7 and 170.6 ppm for C-7, C-4 and C-6 and two 

shai-p CO bands at 1702 and 16S2 cm-' confirm the diketo form of  1. 

The synthesis of .?-deazaguaiiosine analog 2 was realized by the method of  Robins 

P I  t r l  de\*elopeti t'c)r the pi-epai-ation of condensed aminopyridone systems i > / c r  an 

acetonitrile intermediate I' 7.0 ticilitate hi-ther- transfonnations, ~nonoamide 8a was 

converted into a iiiore organic soli ihle tot-in Acetylation wi th  acetic anhydride and 

triethylamine iii acetoniti-ile in  the pesence  of a catalytic m o u n t  of  DklAP" provided 

tetraacetyl derivati\,c 9, whereas isopropylidenation in acetone with iodine as a catalyst" 

afforded diisoprop~lidene der-ivative. characterized as CIXHZSN3O7 by HRMS. 
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PYRAZOLO[4,3-c]PYRIDINE C-RIBONUCLEOSIDES 1783 

' ; ~ i  

ii L 

CMp TBDMS 

10a e., 

1 ix 

R,O@ 

R,O OR, 
1 

b F!,R,=CM9,q=H 

AGO 

9 

SCHEME 2: Reagents and conditions: i ,  J,. acetone, rt, 4-12h, 70-99%; i i ,  TBDMS-triflate, Et,N, 
(CH,CI),, rt, 7h, 91%; i i i ,  27% NH,/MeOH, rt, 1-2d, 100%; iv, 1. 1M MeONa/MeOH, 
A ,  I h ;  2. CH,COOH, 61%; v,  Ac,O, DMAP, Et,N, MeCN, rt, 2h, 3558% (after FC); 
vi, TFAA, py, THF, 5 "C, 2h, then rt ovnt, 53-63%; vii, 27% NHJMeOH, 60 "C, 4h, 
80%; viii, Dowex H+, MeOH, rt, ovnt, 95%; i x ,  liq.NH3, 130-150 "C, 3h, 63-90%. 

Alternatively, by protecting the sugar moiety before ammoniolysis, diester 7a was 

transformed with iodine in acetone at ambient temperature into 2',3'-O-isopropylidene 
derivative 7b which was aininoniolyzed quantitatively into inonoamide 8b. Dehydration 
of 8b by trifluoroacetic anhydride (TFAA) and pyridine in THF'6 provided 
pyrazolylacetonitrile IOb with a specific sharp band at 2263 cm-' in the IR spectrum. 
Treatment of IOb with liquid ammonia at 130°C did not yield the desired 3- 
deazaguanosine analog 2b. We anticipated that the unprotected 5'-OH group has 
unfavorably influenced the final ring closure, and firther protection with lwt- 

butyldimethylsilyl (TBDMS) group was considered. No reaction of 10b with TBDMS- 
chloride in pyridine was observed. Since the protection with much more reactive 
corresponding ti-ifluoroinethylsulfonate (triflate) was not possible due to its known 
reactivity towards CN group, the overall synthetic pathway was started at the step of 
diester 7b. With TBDMS-tritlate, 7b was converted into S'-0-TBDMS pyrazolylacetate 
7c. The latter was, after one-day ainmoniolysis and subsequent dehydration of 

17 
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1784 PRHAVC AND KOBE 

iiionoaiiiidc Xc. ti-andornied inlo the coin esponding acetoniti-ile IOc, similar t o  the 

conversion of .j'-O-iioiisubstit~lted acetate 71) to acetonitrile I O b  The ring closul-e of 
acetonitrile 1Oc and deprotection of 5'-O in  liquid ammonia at 130°C affor-ded 6-amino-3- 
( 2 , ~ - O - ~ s o ~ ~ r o ~ ~ ~ I - i d e n e - ~ i - D - l - ~ l ~ o f t 1 1 - ~ ~ 1 i ~ ~ s ~ l ) -  I I - l -~~yrar .olo[4,3-~~]~~~1-idine-1(  5H)-one (2h)  

which was isolated 13). estract io i i  \ k i t h  \vatel- in  620% yield as a fluffy material (Scheme 2 )  
'H-NVR d a t a  of  tile aglycone pal-t of tile molecule (\\it11 c i  5 33.  i 7 2  and 1 0  I 5 

belonging to W 7 .  "L'f I ?  and NH, i-especti\dy) wei-e in an excellent agreement with those 
of 7-amino- I I I -pyr~i~olo[4,~~-c~]~~~i-idine-4(5l~l)-one ( t i  5 4 I ,  5 78 and 10 .5 ) . ' ~  Five 
aromatic resonances at  (5 102 .37. I47 -34. 149 2 I .  149.66 and 157 97 Lvere found in the 
I3C-NMR spectrum i n  addition to 68 95 ppiii \vhich correlated with H-7. A bathochroinic 
shift of 211 (;.,,,,(, 286 nin i n  MeOH) in comparison to IOb ( j . , , , . , ,  2.50 nin in MeOH) was 
observed i n  the U V  spectrum When 1Oc \ \as  treated with inethanolic ammonia at  60°C 
only deprotection of tlie 5'-O. fill-nisliing 101). was observed 

Acetonifriles 1011 ar id  1Oc \\ei-e t i i l ly  deprotecteci hit11 Lh~4e.r H in MeOH The 
resulting IO;r \ \ a s  re;idiI> closed i n  liquid aiiinionia a t  I SO"(' to 1"i-"zoIo[4,3-(]1'yi-idiiie 

~-ri1~oniic1eosit1e 211. It undeinient isoprop! lidenation to gi\,e 211 itienticat (TLC. IR. 'H-  
and  C-KMR) to pyi-azolo[3,3-c]p~/ri(iiiie 2',~'-O-isopropylidene 1-ibofuranoside 2 b  

obtained by the ring closiire of IOc Acetylation of 2a (Ac20,  Et3N, DMAP)" provided 
the 2',3',S'-tri-O-acefyl derivative 2c 

Additional pi-oof for 211-b was obtained ftom HRMS of their derivatized analogs. 
Microscale transformation of 2;i and 2b with bis(tri~nethylsilyl)acetaniide, TMSCI and 
pyridine" provided hexa- and tetra(trimethylsilyl) derivatives, respectively By the use of 
GCMS technique, mass spectra with the two most intensive peaks at i d z  714(M', 100) 
and 39S(B 130, 84). and 6lO(M , -32) and 39S(B+30. 100) respectijrely, were obtained 

I 3  

EXPERlRl ENTAL SECTION 

Genetxl. M;iteri;ils and methods. Toluene and pyridine were dried by refluxing 
over KOH and BaO, respectively and then distilled, benzene and xylene were dried over 
CaClz and then distilled; DMF was dried over BaO and distilled under reduced pressure 
MeCN was distilled over CaH2, THF over LiAltL,. AczO and TFAA were distilled prior 
to use. Ion exchanger Dowex 1 1  (SOWXS, Fluka) was washed with MeOH prior to use. 
Other solvents and  r-eagents \vei-e of commercial purity Evaporations were conducted 
with I-otary c\'aporator under- reduced pressure Flash cliromatopraphy was carried out on 
Silica gel 60 (40-63 p n i ~  hlerck) and  analytical TLC' on precoated plates Silica gel 60 FzsJ 
(Merck) l'he spots \\.ere visualized by irradiation with UV light (251 nin) or by spraying 
with eithet- 3 5% pliospliomolibdic acid in  EtOH or sat. aq (NHJ)*SO4 and heating 
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PYRAZOLO[4,3-c]PYRIDINE C-RIBONUCLEOSIDES 1785 

Melting points were determined on Kofler apparatus and are uncorrected. IR 
spectra were obtained using Bio-Rad FTS 15/80 spectrophotometer. Mass spectra were 
recorded on VG Autospec Q spectrophotonieter at Jozef Stefan Institute, Ljubljana. 
Microanalyses \\ere pel-formed at Department of Chemistry, University of Ljubljana and 
at Department of Chemistry. Karl-Fi-anz University, Graz Optical rotations were 
measured on Perkin Elmer 24 I MC polarimeter. NMR spectra were recorded using 

Varian VSR-300 instrument ( ' H  at 299.94 and I3C at 75.43 MHz). MeJSi and solvents 
were used as internal references for 'H and I3C (CDC13, 77.00 ppin; Me2SO-d6, 39.50 
ppm; MezCO-d,, (5c.l,3 29.80) measurements, respectively. Chemical shifts and coupling 
constants we1-e obtained f'rom the first order analysis of the spectra. The spectra were 
assigned by nieans oh the cor-responding H-'H and "C-'H chemical shift correlated 

spectra 
2-( I , 3 - D i i i i e t l i o ~ y c ; i ~ ~ ~ ~ i i ~ l -  I -~~~opeii-2-yl)-S-(2,3,S-t1.i-0-benzoyl-~~-D-1.ibo- 

fiil.;iiiosyl)tctl.;izole (5) To an ice cold mixture of 3a2' (26.72 g, 52 inmol) in benzene 
(350 nil) DMAL"' (S  9 g, 57 mtnol) was added dropwise at such a rate that the 
temperature of the mixture was kept bellow 7°C. After an overnight stirring, the ice bath 
was removed and the mixture allowed to warm to rt and evaporated. The residue was 
dissolved in EtOAc (500 i d )  and washed with IN aq. HCI (2 x 100 ml), water and brine 
and dried (Na2S04). Chromatography on silica gel (450 g, CH2C12) with CH2C12 ( 5  I) 
yielded Sn (21.4 g, 62%) as a white crisp foam. 'H NMR (CDC13): 8 3.68, 3.80(2s, 6H, 
2Me), 4.56(d, 3H, C!&COOhle, JgG,,, = 2.0 Hz), 4.64(1n, IH, H-S'), 4.81(m, lH, H-S"), 

CH-C), 7 39, 7 54, 8.04(3ni, ISH, 3Ph); J l . 2 .  = 5.2 Hz. I3C (CDC13): 6 33 57 
(CH2COOMe), 52 13, 52.50(2COO&), 63.78(C-5'), 72.53(C-3'), 74.80(C-2'), 74.93 

133.25, 133 3 2  and I33,36(3Pli), 142.53(CH=C), 163.77(C-5), 164.78, 164.87, 164.96, 
165.80 and I67 89(3cOPh, 2 m O M e )  MS in/z 520(M'-N2-PhCOOH). Anal. Calcd for 

CL&,NJO, I C', 00 00, H. 4 5 I ,  N. 8 35 Found C, 61 I S ,  H, 4.44; N, S 39 

I 

4 83(11i, IH, H-4'), 5 71(d, IH. H-I , ) ,  6.0S(t, IH, H-3'), 6.I6(t, IH, H-2'), 7 . 0 6 ( ~ ,  lH, 

(C-l ' ) ,  SO 59(C-4'), 1 I3,5O(CH=C), 128.22, 128.60, 129.28, 129.53, 132.85, 132.91, 

1- ;ind 2- (  I , 3 - ~ i i i i e t l i o a y r ; i 1 . ~ ~ i i y l -  I -p1 .opei~-2-y l ) -S- (2 ,3 ,S- t~ i -~~-~e i izoyl -~~-D-  

~ihofril.;iiiosyl)tetl.;i~ol~ ( - la ;rnd Sa). Into a hot ( I  20°C) solution of tetrazole 3a (25.7 
g, 50 Ininol) i n  DMF (250 nil) DMCP'" (9.8 g, SO mmol) was added dropwise and the 

reaction mixture stirred for 411. N,N-Dimethylfoniiatiiidinium chloride was filtered off and 
the filtrate evaporated. The residue was applied to a silica gel column (500 g in CH2CI,) 
and eluted with CHlClz (7 I )  to give mixture of 4a and Sa (22.32 g, 62%) in an 116 ratio 
as a white foam. The mixture was used in reactions in xylene without any further 
separation 
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1786 PRHAVC AND KOBE 

421: ’H  NMR (CDC13): 6 3 63, 3.78(2s, 6H, 2COOMe). 4-18, 4.70(2d, 2H, 

= 17 4 Hz), 4 57(dd, IH, H-5’), 4 76(dd, IH, H-S”), 4.82(in, iH, H- CH2C00h/Ie, 

4’), 5 57(d, IH,  H-I’), 6 19(dd, IH, H-3’), 6.4S(dd, IH, H-?’), 6 . 6 4 ( ~ ,  IH, CH=C), 
7.33, 7.56, 7.97(3111, ISH, 3Ph); , /1 .2 .  = 4 0, ./2.y 15.4, J3.j. = 6.3,  ,Jj.Z. = 4.2, Jj.5- = 3.6, 

./1;.5- = 12.3 Hz. I3C NMR (CDC13): 6 36 57(CH2COOMe), 52.38, 52.56(2COO&), 
63.25(C-5’), 72 34(C-3’), 72 68(C-I ’), 74.64(C-2’), 8 1.2qC-47, 120,97(CH=C), 
128.34, 128 40, 129 16, 129 71. 129.80, 133.23, 133.53, 133.61 and 133.65(3Ph), 
141,78(CH=c), 151 94(C-5), 164.41. 165.00, 165.13, 166.10 and 168 .31 (3aPh ,  
2 a O M e )  HRMS ( F A R )  m/z calcd for C I J H ~ [ N , O I ~  671.199, found 671.199(MH’). 
Anal Calcd forC,,H7,,N,01 I .  C. 60 90, H, 4 5 I ,  N,  8.35 Found: C, 60 84; H, 4 67; N, 
8.07. (Pure 4i1 was obtained after the thennolysis of 4a/5a mixture in xylene; vide i / ! f h . )  

1 - and 2-( 1,2-Di1iietlioxyc;11.boiiyletlieiiyl)-S-[S-0-be1izoyl-2,3-0-( l,l,3,3-tetrs- 
iso~~ro~~yldisylox;~ne-l,3-diyl)-~~-D-~ibofo~a1iosyl~tetrazole (4b and 9). A mixture of 
tetrazole 3b” (1.54 g, 3 minol) in toluene (25 ml) and DMAD (0 43 g, 3 inmol) was 
stirred at it for one day. DMAD was added again in two portions (0.43 g, 3 minol and 
0.2 g, 1.4 minol) in one day interval and then mixture left stirring for another day. The 
evaporated residue was purified by chroinatography on silica gel (200 g, CH2C12) with 
CH2C12 (2 I )  to provide mixture of 4b-Z, 4b-E and Sb-E in ratio 47.3:SO as a pale yellow 
oil (0.77 g, 40%). 4b-2 crystallized (mp 105-107°C froin MeOH) in few days and was 

separated from 4b-E and Sb-E by washing with MeOH. The mixture of 4b and Sb was 
used as such in  fLirthei- reaction. 

4b-Z ’H NRlR (CDC17) 3 1.03-1.13(in. 28H, 4i-Pr), 3 63, 3.70(2s, 6H, 

2C00Me),  4 19-4 ?9(in, 2H, H-3’. H-5’), 4 3S(in, IH, H-4’), 4.44(dd, IH, M-S”), 
5 07(dd, IH, H-2’), 5 27(d. IH ,  H-1’). 7 OS(s, IH, CH=C), 7.45, 7.59, 8,01(3in, SH, 
Ph), ./I 2 ’  = 2 7, . I2 . ,  4 3 Hz ‘7C NMR (CDC13). 6 12.38, 12 50, 12.60, 13.10, 16.63, 
16.67. 16 S S .  17 09 (4/l’r), 52.37,  5.3 3 1(2COOm), 64 17(C-S’), 74. I l(C-3’), 

76 23(C-2’).  77 S7IC-I ’). SO 92(C-4’), 137 90, 129 0s. 129 16, I32 69(Ph), 
17.02. 

138 OS(CH-C), l.;2 96(CH=(’), 153 SS(C-5), I60 51, 1 6 1 . 5 9 ( 2 ~ O M e ) ,  
165 57((UJPh) MS miz 647(M -/PI) Anal Calcd for C31H46N,011, Siz. C, 53.89; H, 
6 71; N, S . l  I .  Found C, 54 13, H, 6 9s; N, 7.96 

4b-E”: ‘ H  NRlR (CDCI2) (5 1 Ob(i11, 2SH, 4/-Pr), 3.76, 3 S2(2s, 6H, ZCOOMe), 
4.42-4.69(m, 4H, H-5’, H-5”. H-4’, H-3’), 5 14(d, IH, H-I,), 5.25(in, IH, H-2’), 6.66(s, 
IH. CH=C). 7 50-7 60, 7 63-7 72, 7.90-7 95(31n, 5H, Ph); .Jl.2. = 2.6 Hz. 13C NMR 
(CDCl3): 6 12 60-13 3 2 ,  16 87-17 -36(4iPr), 52.70, 53.57(2COO&), 63.30(C-5’), 73.90 
(C-3’)-  76 27(C-2’). 76 77(C-I’). S2 O2(C-4’). 126 42(CH=C), 128.27-129.26, 133.13 
(Ph), 13.3 17(CH=C.), 153 62(C-5)~ 160 3 2 .  163 03, 165 SS(2mOMe, a P h )  
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PYRAZOL0[4,3-c]PYRIDINE C-RIBONUCLEOSIDES 1787 

5b-E*: ’H NMR (CDC13): 6 1.06(1n, 28H, 4iPr), 3.85, 4.03(2s, 6H, 2COOMe), 
4.45-4.52(1n, 2H, H-4’, H-5’), 4.59-4.64(1n, 2H, H-3’, H-5’7, 4.84(t, lH, H-27, 5.32(d, 
lH, H-l’), 6.86(s, IH, CH=C), 7.40-7.48, 7.53-7.61, 7.99-8.06(31n. 5H, Ph); J1.2. = J2.3. 

= 4.6 Hz. I3C NMR (CDCI’): 6 12.65-13.37, 16.91-17.40(4iPr), 52.69, 53.88(2COOMe), 
64.52(C-5’), 74.32(C-3’), 76.97(C-2’), 77.16(C-1’), 82.57(C-4’), 112.35(CH=C), 

5, 2 m O M e ,  UJPh). *‘H and I3C NMR data were obtained froin the spectra of 4b-Z, 
4b-E and Sb-E mixture. 

128.31, 128.50, 129.62, 133.03(Ph), 139.04(CH=C), 162.1 I ,  163.59, 166.08, 166.23(C- 

2-(3-Hydroxy- 1 -~iietlioxycarbo~iyl- 1 -propeu-2-yI)-S-(2,3,S-tri-O-beozoyl-~~-D- 
ribofuranosy1)tetrazole (5). A mixture of tetrazole 3a (1.5 g, 2.9 ininol) and MHE3 
(0.53 g, 4.6 mmol) was stirred at 4“C for 3 d.  Another portion of MHB (0.34 g, 3 mmol) 
was added and stirred for 2 d. The evaporated residue was applied to a silica gel column 
(250 g, CH2C12/EtOAc, 5: I )  and eluted with CH2CI2/EtOAc, 5: 1 to give 5c ( 1  g, 55%) as 
a white foam. ‘H NMR (CDC13): 6 2.66(t, IH, OH), 3.67(s, 3H, COOMe), 4.62(dd, 2H, 
CFTLOH; ’J = 6.5 Hz, ‘J = I .4 Hz), 4.64(m, lH, H-57, 4.76-4.84(m, 2H, H-4’, H-5”), 

8.03(3m, 15H, 3Ph); = 5.0, J2.3.  = 5.1, .I3.,,. = 5.3 Hz. I3C NMR (CDCI3): 6 

5.68(d, IH, H-l’), 6.01(t, lH, H-3’), 6.12(t, IH, H-2’), 6.33(t, lH, CH=C), 7.40, 7.53, 

52.25(COO&), 61.54(CH,OH). 63.95(C-5’), 72.60(C-3’), 75.01(C-2’), 75. I3(C-l’), 
80.41(C-4’), I15.26(CH=C), 128.35, 128.40, 128.66, 128.73, 129.40, 129.68, 129.71, 
133.15, 133.5 I ,  133.56(3Ph), I42.79(CH=C), 163.45(C-5), 164.13(mOMe), 165.16, 

165.26, 166.24(3COPh). Anal. Calcd for CB2HZRN4OI0: C, 61.14; H, 4.49; N, 8.91. 
Found: C, 6 1.23; H, 4.60; N, 8.70. 

Methyl 2-[S-(2,3,S-tri-0-be1izoyl-j~-D-ribofuranosyl)-2-methoxycarbonyl-lH- 
pyrazolyl-31-acetate (6a). 

Me//7od A .  A mixture of 4;i and 51 ( 1  1 .5  g, 17.2 minol) of a 1/6 ratio (vide sr/prn) 

in xylene (300 i d )  was heated at 160°C for 2 d .  Pyrazole 6a was filtered with suction (5.1 

g, 52%; nip 150-1°C fiom EtOH). The filtrate was evaporated, applied to a silica gel 
column (250 g, CH,C12) and eluted with CH2C121EtOAc (20:l)  to give 4a (1.02 g)  as a 
white crisp foam 

Me//?odH: A solution of Sa (10.24 g, 15.3 ininol) in xylene (250 ml) was heated at 
160°C for 22 h. The resulting pyrazole 6a (6 88 g, 70%) was identical (TLC, NMR) to 6a 
obtained by Method A. 

H NMR (CDC13): 6 3.72, 3.74(2s, 6H, 2COOMe), 4.01(s, 2H, CH2COOMe), 4.68 I 
- 

(dd, IH, H-5’), 4.76(f11, IH. H-4’), 4.8S(dd, IH, H-5”), 5.80(dd, IH, H-j’), 5.88(d, IH, 
H-l’), 6.07(dd, IH, H-2’), 7.31, 7.42, 7.55, 7.86, 8.06(51n, ISH, 3Ph); = 3.1, J2.3. = 

5.1, J3.4.  = 7.2, ./J... = 2.9, ./4.5- = 5.9, J 5 . 5 -  = 11.6 Hz. I3C NMR (CDC13): 6 32.33 
- CHlCOOMe), 50 91, 5 I .86(2COO&), 63.85(C-5’), 71.58(C-3’), 75.46(C-2’), 76.15(C- 
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1788 PRHAVC AND KOBE 

I , ) ,  7 s  67(C-4’), 108 46(C-4), 127.90, 128 00. 128 01, 12S.33> 128 74. 128 93. 129 29? 

129 -39, 129 507 133 91, 1-33 00(31’11), 145 72, 146.94(C-3, C - 5 ) ,  162 86(mOMe).  

164 60. I64 82, I66 4S(.3COPh), I70 16(CHLCOOMe) Anal Calcd foi- C.34H30N201 I C, 
63 55; H, 3 71, N, 4 36 Found C. 63 66, 13. 4 93. U, 4 40 

Diiiiethyl {S- IS-O- beiizoyl-2.3-O-( I ,  I ,3,3-tet~;iisopiopyldisylox;iiie- 1 J-diyt)-p- 
D-l-ibofiil.;iiiosyll-I t l -py~~ izo l -3 ,1 -d i~ l }d ic ; i~boxy l ; i~e  (bb). A iiiixtiire of 4b a n d  Ski 

(0.5 g, 0.72 nimol; ivitle . S U / I U / )  in xylene (20 i d )  was heated at reflus temperature foi- l h  

The evaporated residue was chromatographed on silica gel (20 g. CH2Cl2) with CH2C12 

( 1  5 I )  to give 4b (0 09 g) and with CHzClz/EtOAc (20.1, I I )  to  give pyrazle 6b (0 21 g?  
SS%) as  a white foam H NMR (CDC13) 6 l.O6(1n, 2SH, 4iP1-), 3 S2, 3.95(2s. 6H. 
2COOMe), 4 21(dd, IH, H-3’), 4.43(dt, IH,  H-4’), 4 51(1n, 2H, H-2’, H-S’), 4.84(H- 

S “ ) ,  S.47(d, IH,  H-1’). 7 45, 7 59, 8 OS(3in. SH, Hi). 11.7(br s. IH, NH),. /I .2.  = 2.9, .I:.?- 
= 4 2,  .13.4, = 6 9, .I4 > ’  = 2.6, ,I4->. = 7 I ,  , /r.-i. .  = 12 1 Hz.  ”C NMR (CDCI?): [& 12 77. 

12 81, 13 08. 13.45. 17 00, 17.06, 17.19, 17.27, 17.36(4iPr). S I  S6, 52 54 (2COOm) .  

I 

65 10(C-5’), 73 6O(C-3’) ,  78 6O(C-3‘), 79 8 l ( C - l ’ ) %  81 09(C-4’)> I10 75(C-34). 128 57. 
129.17 129 76, I33 5X(Ph). 133 75, 147 21(C-3. C-5), I02 I I ,  I01 6 1 ( 2 a O M e ) ,  

167 6I(UJPh) Calcd for C I I H 4 ~ I N L O I , ,  Siz C, 56 17. H, 6 99, N ,  4.13 Found C, 55 95, 

H, 7 01, N, 4 40. 

M e t h y l  2- ~4-i~ietIioxyc;iIboiiyI-S-( (3- D-ribofiiranosyI)- 1 H-pg~;~zoIyI-31-;icel;~te 

(7a).  A mixtiire of pyrazole 6ii (6.SS g, 10 7 ninio!) in  inethanolic methylate (90 ml. 0 3 

N) was stirred at rt for- 2 11. neutralized with I h v e x  H ’  and filtered The filtrate was 
coevaporated several times with water to remove hlcOBz Pyi-azole 7;i (2.69 g. 76%) 

was obtained as a \vhite crisp foam ‘ H  N M R  (hle2SO-d(,, D 2 0 )  6 3 6S, 3 77(2s, 6H, 

2COOMe), 3 09(cici. I H ,  H-5’),  3 SS(dd, IH, H-5”), 3 90(s, 2H. CH2COOMe), 3 95(m, 

.I4 5 = 2 8, . I 5  5 = I2 3 Hz “C N N R  (Me2SO-d6) 6 3 3  69(SI12C00Me), SO 98, 5 1.63 

(2COOm).  GO 42(C-5’), 69.66(C-3’), 75 9S(C-2’). 77.52(C- 1 ’), 83 02(C-4’), 107 60(C- 

4). 147 34, 147.83(C-.3, C - S ) ,  I63 34(CXJOMe), 170 5 2 ( C H 2 a O M e )  IR (KBr) 173s 

(CH2UJOMe), 1 6 0 5 ( A i - ~ O M e )  cm-’ HRMS miz calcd for C13HlxN20x 330 1060, 

found 330 IOh.3(M ) Anal Calcd foi- C l lHi sNzOs  C. 47 2S, H. 5 19. N. S 48 Found C, 
47 3 5 ,  H, 5 31, N, S 39 An analytical sample was purified by cliroi~iiiatograpliy on silica 
gel with CHIC12/MeOH ( 5  1 )  

lH, H-4’), 4 05(t, IH. H-3’), 4.10(t. IH, H-?’), 5 32(d, IH, H-1’): ,/I.*. = 3 7, ./j 3 = 3.4, 

M e t h y l  2-~S-(2,3-0-iso~~~o~~ylideoe-p-D-r.ibof~i~;li iosyl)-1-i1ietlioxyc;i~boi1yl- 

I H-py~;izoIyl-3~-;icrt;ite (7b). A mixture of pyrazolylacetate 7a (2.60 g, 8 .2  mmol) in a 
solution of iodine in acetone (0.9 y I z / l  S O  nil acetone) was overnight stirred at rt S?4 Aq 

Na2S203 (24 ni l )  \$as added and the iniuture estracted with CHCll - ( 1  50 + SO ml) 
Combined extracts \\ere washed with hi-ine (50 nil), dried (Na2SOj) and evaporated to 
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PYRAZOLO[4,3-c]PYRIDINE C-RIBONUCLEOSIDES 1789 

give 711 (3  0 g. 00%) as a white foani ‘ H  N V R  (CDC13) I 35, 161(2s, 6H, CMe,), 

3 74(dd, I f I .  H-5’ ) .  -3 7.5. 3 S4(7s,  613, 2COOMe). 4 OO(dti, IH, H-S”), 4 Ol(s, 2H, 

CH2COOMe), 4 32(1n, 11-1, H-4’), 4 75(dd, IH,  H-?’), 4.SS(dd, lH, H-3’), 5.71(d, IH, 
H-l’) ,  = 3.9, ./4.5- = 3 2, J4.(.- = 3.6, J5.5. = 11.9 Hz. I7C NMR = 2 4, , / 2 . 7  = 6 3 ,  
(CDCl3): 6 25 55, 2 7 . 4 6 ( C k 2 ) .  ~ 32.4 1 (CH2COOMe), 5 1.39, 52.40(2COO&), 62.47 
(C-S’), SO 17(C-l’), SO 7S(C-3’), 86 32(C-4’), 86.74(C-2’), 108.43(C-4), 1 13.46(CMez), 
145 05, 151.03(C-3, C-5), 163,56(ArmOMe), 170 61 (CH2CXJOMe). IR (film, NaCI): 
I 742(CH2COOMe), I7 1 5(UJOMe) cin-’. HRMS i d z  calcd for ClhH2ZNZ08 370.1380, 
found 370.139O(M*) Anal. Calcd for ClGHz2N2Ox x HzO. C, 49 53; H, 6.23; N, 7.22. 
Found: C, 49.70; H, 6.05, N, 7 37 An analytical sample was purified by chromatography 
on silica gel with CH2Clz/hleOl-I (20 I ). 

M e t h y I 2- 1 5-( 5- 0-ferf-  b I I  t y I d i 111 e t h y Is i l y I-2,3- 0- is o p ro p y l id en e- 13- D- ri bo- 
filrilt~osyl)-4-il~ethoxyc;ll.bonyl- I H-l)yri~zolyl-3l-i~cet;1te ( 7 ~ ) .  TO a solution of 
pyrazolylacetate 711 (3.0 g, 8 1 mmol) in CH2C12 ( 1  00 nil) were added Et3N ( I .  13 i d ,  8 1 
mmol) and TBDMS-triflate ( 1  85 nil, 8 1 ininol) and stirred at rt for 7 h The mixture was 
diluted with CHCI, (100 nil) and washed with water (3 x 25 id),  brine (25 i d ) ,  dried 
(Na2S0,) and evaporated to give 7 c  (3  55 g, 91%) as a pale yellow stiff syrup. ‘H NMR 
(CDCI3). h 0 15, 0.17(2s, OH, SiMe2), 0.93(s, 9H, /-Bu), I . 3 3 ,  1.58(2s, 6H CMe,), 3.69, 

3.79(2s, 6H, 2COOMe), 3,74(dd, IH, H-5’), 3 90(s, 2H, CH2COOMe), 4.01(dd, IH, H- 
5 ” ) ,  4.25(m, lH, H-4’), 4.67(dd, lH> H-3’), 4 72(dd, lH, H-2’), 5.70(d, IH, H-I’); 
- 1.7, , / 2 . 3 .  = 5.7, = 4.0, .I4.!- = 3 9, ./,.!-. = 2.9, J 5 . 5 . .  = 11.5 Hz. ”C NMR (CDCI;): 6 

-5.32(SiMe2), 18 54(CMe3), 25 6 I, 27.49(CMe2), 25.99(CMe3), 33.92(CH2COOMe), 

4’), 107 95(C-4), I 1 3  46(CMe2), 148 16, 14S.SS(C-3, C-S), 163 67(Ar=OMe), 170.98 
(CH2COOMe). 1R (fjlm, NaCI). I 745(CH2CQOMe), 17 I 8(COOMe) cin-’. HRMS i d z  
calcd for C21H13N20xSi 469,201, found 469 200(M’-Me) 

- 

51.21, 52.00(2COO&), 63.35(C-5’), 79.70, SO 14, 85 86, 86.66(C-l’, C-2’, C-3’, C- 

Moaoamide 8 froni diester 7. ( & ) W / U /  Me//iod. A mixture of pyrazolylacetate 7 in 
27% inethanolic ammonia (8 inlil mmol) was shaken at rt in a pressure bottle for 1-2 d 

and then evaporated to give acetamide 8 in quantitative yield 8 was used in further 
reaction without purification 

2-1 4-Met Iioxyc;~rbonyI-S-( ~~-D-l-ibofur;liiosyl)-l H-pyrazolyl-31-acet~nide (8.1). 
Reaction time with 7.1 ( 1  g, 3 niinol) 2 d.  Yield after freeze drying 0.95 g, fluffy 
compound. ‘H NMR (Me2SO-do, SO “C) 5 3 57(dd, IH, H-5’), 3.69(s, 2H, CH2CONHz), 
3 72(dd, IH, H-5”), 3 7-3(s, 3H. Me), 3 S3(m, IH, H-4’), 4.02(1n, IH, H-3’), 4.09(1n, IH, 

H-2’), 5.23(d,  IH, H-l’), 6.4-7 7(br, 3H, NH, NH?),; ./I.z. = 3.9, . / - I . 5 .  = 3.8, = 3.6, 
.?(.Y = 11.9 Hz i3C NMR (Me2SO-d6, SO OC): 6 33.69(CH2CONH2), 50.55(Me), 
61 .09(c-s’), 70 is(c-3’),  75.3 i(e-z’), ~ s . o s ( c - I ’ ) ,  83 37(c-47, 10s 1 i(c-41, 146.1 1, 
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1790 PRHAVC AND KOBE 

149 26(C-3, C-S), 163 54(UJOMe), 170 36(CONH2). 1R (KBr): 1 6 7 4 ( a N H 2 ) ,  

1696(COOMe) cni-’ HRMS ( F A R ’ )  i d z  calcd for CI2HIXN3O7, 316.1 152, found 
316.114S(MH’). Anal. Calcd for CIZHl7N3O7: C, 45.72; H, 5.44; N, 13.33. Found: C, 
46.12; H, 5.74; N, 12 98. An analytical sample was purified by chromatography on silica 
gel with CHzClz/MeOH (10: I ,  5:  I ) .  

2-~S-(2,3-0-lsopropylidei1e-~~-D-ribofiir;1iiosyl)-4-methoxyc~r1,onyl-lH- 
pyri1zalyl-3I-;~cet;11~iide (81)). Reaction time with 71, (0 61 g, I 65 mmol). 2d. Yield 0 59 
g, colorless foam ‘1-1 NMR (Me2CO-d6): (;I I 32, 1 .S4(2s, OH, CMe2), 3.17(br s, IH, OH- 
S ’ ) ,  3 S6(dd. I H, H-!‘)> 3 79(m, I H ,  COOMe, H-F”), 3.89(s, 2H, Cf12CONH2), 4.14(1n, 
IH, H-4’), 4 S l (n i ,  7H,  H-2’, W-3~). 5 S l ( d ,  IH, H-l’) ,  6.72, 7.17(2 br s, 3H, NH, 
NH,),; .Il = 2 7 Hz ‘7C NR4R (h4e2CO-d6). 6 25.68, 27 .38 (Cm2) ,  34.26(CH2CONH2), 
5 I 28 (COO&), 02 S?(C-5’), SO 60(C-3’), S2 09(C-2’), 86.85(C-I’), 86.90(C-4’), 
109 O7(C-4), I I .3,S5(Chfe2). 164 55(PJOMe), 172.1 S(CONH,). IR (film, NaCI)- 
169S(CONH2). 1670(cQOMe) cm-’ HRMS m/z calcd for CliH21N107, 755.1380, found 
355 1.3OO(hf ) Anal Calcd for- C l iH21N307 .  C, SO 70, H, S 96; N, 11.83 Found C, 
SO 65. H. 0 0s. N ,  I I 60 An analytical sample was pui-ified by chromatography on silica 
gel with CHzCI~/MeOf-l (50 I ,  20  I ) 

2- I 5-( 5- 0- Tert- I) ti t y1 d i 111 e t 11 y I s i 13’1-2,3- 0- is  o 1) r o  p y l id en e- p- D- r i b o fii ran 0s y 1)- 4- 
iiietlioxyc;irboiiyl- I H-pyri~z0lyl-3I-;rcet;~iiiide (8c). Reaction time with 7c (3.5 g, 7.5 
mmol). I d .  Yield .3 I 2, colorless foam. ’ F l  NMR (Me2CO-d6): 6 O.OS(s, 6H, SiMe,), 
0 SS (s, OH, I-Bu), I 37. I 52(?s7 OH CMe,), 3 77(1n, 2H, H-S’, H-S”), 3.78(s, 3H, 
COOMe), 3 S6(s, 7 t l ~  Ck12COOMe). 4.IO(iii, IH, IH-4’) 4.73(dd, IH, H-3’),. 5.03(br s, 
IH,  H-2’). 5 4S(d, I I ~ I ,  H - l ’ ) ~  6 57. 7 O O ( 2  br S, 3H, NH, NH,). ./ I  2 .  = 3 .2  Hz. I3C NMR 
(Me2CO-d,,) c i  -5 2 0 ~  -5 22(Sihle2). IS 81(Ch4e3). 25.67, 27 6 9 ( C k 2 ) ,  2 6 . 2 1 ( C E 3 ) ,  
34.2.7 (CH2CONI I ? ) .  5 1 23(COO&.le), 64.3S(C-S’), SO.6O(C-I ’), Y3.23(C-3’), 85.74(C- 

2 ’ ) ,  86 87(C-4’), 109 36(C-3), I 13.76(CMe2), 1 6 4 , 5 9 ( ~ O M e ) ,  171 S3(CXONH2) IR 
(film. NaC‘I) 1709((C(JOh‘le), 1 67O(C3NH2) cm-I. HRMS mdz calcd for C20H32N707Si 
454.201, found 454 20O(M -hle) 

3-(~~- l ) -~ ibof i ir : i i iosy l ) -  I tl-pyr;izolo[ -1,3-c]pyridiiie-it,6(5H,7H)-dioiie (1) .  A 
niistiire of iiionoiliiiide 8;r (0 90 2. 3 tmiol). in methanolic sodium methylate (Ihl. 6 ml) 

was stirred at ireflu\ teiiiperature for 2 h a n d  then neutralized with glacial acetic acid 
(0.34 nil) Filtration and washing with water provided I (0.58 g, 61%) as a white solid; 
inp 194-6°C (fi-om \\parer) H N h l K  (Me2SO-d,) ii 3.50(dd, IH, H-S’), 3 65(dd, IH, H- 
5”). 3 S2(m, IH. H-4’), 3 91(br  s, 2H, H-7a, H-7b), 3 9S(in, IH, H-3’), 4.1S(br s, IH, 
H-2’), S O7(br s. IH. H-I,) ,  10 S5(br  s, IH, N H ) .  ”C NMR (Me2SO-d6) (;I 3 1 4(br, C-7), 
61 50(C-5’), 70 80(C-3’), 75 O(br, C-2’). 76.4(br, C-l’), 84.60(C-4’), 106.70(C-3a), 
142 5, 144 S ( 2  br, C-3, C-7a), 161.65, 170.6(C-4, C-6). IR (KBr): 1702, 1682(2CO)cin‘ 

I 
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PYRAZOLO [4,3-c]PY RIDINE C-RIBONUCLEOSIDES 1791 

Anal. Calcd for CllHI3N3O6: C, 46.65; H, 4.63; N, 14.84. Found: C, 46.55; H, 4.48; N, I 

14.77. 
N-acetyl 2-~S-(2,3,5-0-acetyl-~~-D-ribof~1r;~11osyl)-4-methoxyc~rbo11yl-lH- 

pyr~zolyl-3~-;1cet;~111ide (9) A mixture of monoaiiiide 8 ( I20 mg, 0.4 ininol) in MeCN, 
DMAP (2 mg, 0.02 minol), Et3N (0.2s ml, 2 mmol) and AczO (0. IS id, 2.4 minol) was 
stirred at rt for 2 h .  The evaporated residue was treated with water and extracted with 
CHC13 (2 x 7 nil) and the combined organic layers washed with sat. aq. NaHC03 (3 x 3 
ml), dried (Na2S04).  The evaporated residue was purified on silica gel column (10 g, 

CH2CI2/MeOH, 20: 1 )  with CH2C12/MeOH (20:1, 0.5 1) to provide tetraacetyl derivative 9 
(102 mg, 5S%) as a foam H NMR (CDC13): h 2.06, 2. I S ,  2.16, 2 34(4s, 12H, 4COMe), 
3.80(s, i H ,  COOMe), 4.10(d, 2H, CFI?CONHAc, J,,,,, = 7.6 Hz), 4 17(dd, IH, H-S’), 
4.3S(m, IH. H-4’), 4 47(dd. I H ,  H-5”), 5 25(dd, IH, H-3’). 5 56(d, IH, H-l’), 5.62(dd, 

./.-5-- = 11.6 Hz ”C NMK (CDC17): ii 20 42, 20 55, 20.84. 25 21(4COMe), 

7S.1 l (C- l ’ ,  C-4’), 10s 72(C-4), 146.71, 146.84(C-3, C-S), 163.62(mOMe) ,  168.91, 
169.32, 169.56, 17 1 05(4CYJMe), 172.00(CYJNHAc). HRMS ndz calcd for C2(,HzsN3O1 
43s. 150, found 43s 149(M ) .Anal. Calcd for CZOHZsN3Ol I~  C, 49.69; H, 5.21; N, 8.69. 
Found: C, 49 SS, H, 5 44; N. S 55 

1 

I El, H-2’), 9 . 2 3 ( ~ .  1 H, NH, ); ./I.?. = 2 7, ,/2 1 = 4 9, ./3.,. = 7 7 ,  ./,.y = 2 . 3 ,  ,/j-y = 4.5, 

36 ~ ~ ( C H ~ C O N H A C ) ,  5 1.64(COO&), 63 2l(C-S’), 70.3S, 74 97(C-2’, C-3’), 77.57, 

2- [ 5-( 2,3-O- I so propyl id en c- 13- 1)- rib0 fu 1-21 II osyl)-4-111 e t 11 ox y C:I rho II y I- 1 H - 
pyr;~zolyl-3~-;icetoi1it~ile (1011). Into an ice-cold mixture of 8b (0  57 g, 1 6 iiiniol) in 
THF ( 5  nil) and pyi-idine (0 54ml. 6 S mmol) TFAA (0 51 nil. 3.6 mmol) was added at 

S L I C ~  a rate that the temperattii-e was kept below 5°C. After an overnight stirring at rt the 
reaction mixture was diluted with CH7CI (30 nil), washed with water (10 ml) and sat. aq. 
NaHCOl (2 s 5 ml), dried ( N a 2 S 0 4 )  and evaporated to yield l ob  (0 43 g. 63%) as a 
white foam. ‘ H  NMR (CDCI>). 6 I 30. 1 52(2s, OH, CMe2), 3 6O(m, 2H, H-S’, H-5”). 
3 76(s, 3H. COOMe), 4.Ol(ni. IH. H-4’). 4.12(s, 2H, CH2CN), 4 69(1n, 2H, H-2’, H-3’), 
S.OS(dd, IH, OH-5’. ‘.I = 6.8 and 5.3 Hz), 5.36(d, IH, H-1’); .Il.2. = 3.4 Hz. ”C NMR 
(CDC13): 6 17.01 (CHlCN), 25.45, 2 7 . 3 6 ( C m ? ) ,  S 1.24(COO&), 6 1.02(C-5’), 77.93, 
80.83(C-3’, c-2’), 85.06, 85 30(c-l’, c-4’),  107 39(C-4), I13 44(cMe2), 117.57(CN), 

144.63, 146.31 (C-3, C-5), 162 SZ(C0). IR (KBr). 2263(CN), 171 l ( C 0 )  cm-l UV 
(MeOH) i.,,,,,, 224(sh, E = 14s) 250(149), 270(sh, 151). HRMS i d z  calcd for 

C l ~ H i ~ ) N 3 O 6  3 3 s  1352, found 3 3 s  13S0(MH’) Anal. Calcd for CliHI1N3O6 x 0.5 HzO. 
C, 52.02; H, 5.S2, N, 12.13. Found 51 95, H, 5.77; N, 11.72. An analytical sample was 
purified by chromatography on silica gel with CH2C12/MeOH (SO: I ) .  

2-1S-(S-O- Tcr~-butyldi1iietliylsil~l-2,3-O-iso~~ropylide11c-~~-D-ribofi1r~11osyl)-4- 
niethoxyc;i~hoeyl-1 t i -py~~~zolgl-3j; icetoi1it~i le  (10c). Into an ice-cold solution of 
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1792 PRHAVC AND KOBE 

acetainide 8c (35, 0 3 mmol) i n  THF (70 ml) and pvridine (2.26 nil. 28 niinol) TFAA (2 

nil, 14 mmol) was  added dropwise over I h Reaction mixture was left stirring overnight 
at rt and then diluted with CHCll ( 1  50 nil). washed with watcr (6 x 30 nil), dried 
(Na2S04)  and evaporated The oily residue was chromatographed o n  silica gel column 
(250 g, CH2CI,) with CHzClz (4  I) to give IOc (1.53 g, 53%) as a colorless glassy 
compound. ‘H NMR (CDCI,). 6 0 16, 0 19(2s, 611, SiMez), 0 94(s, 9H, /-Bu), 1 35, 

I 59(2s, 6H, CMe2). 3,75(dd,  IH. H-S’), 3 87(s, 3H, COOMe), 3.95(d, 2H, CH2CN; .Isc,,, 
=- 7.3 Hz). 4 04(dd, IH,  H-S”), 4 27(m. IH, H-4’). 46S(m,  2H, H-3’. H-2’), S 71(d, IH, 
H-1’); JI = 2 7, ,/< i’ = I I 7 Hz. “C NMR (CDClj) (5 -5 49. - 

5 46 (SiMe:), 17 42(CH2CN). IS 42(CMe7), 35 48. 27 3S(CMe2), 35 S4(CW3),  

= I 2. ,/, = 2 7, ,/, 

51 46(COOh4e). (>.3 40 (C-5’).  79 5 9 ( C - l ~ ) ,  80 13, 86 SS(C-2’>  C-3’), 85 86(C-4’), 
107 34(C-4),1 13 44(Chle2),l 16 4S(CN),  144 61, 148.59(C-3, C-5), 163,0l(CO). IR 
(film. Na(’l) ?_25S((’N), I7 I7(CO) cm-l HRhlS i d z  calcd for CzoHloN306Si 436.190, 

found 436 1 S9 (R1‘ ) Anal Calcd for Cz(,Ho,N,06Si. C, 55.85, H, 7.37, N, 9.30 Found: 

C. 55 55. H, 7 4s; h 9 I I 

2-1 5-( ~ ~ - 1 ) - ~ i l ~ o f i i ~ i i 1 i ~ ~ ~ 1 ) - l - i i i e t I i ~ ~ ~ c i i r b o i i ~ I -  I H-py~;~~o lyI -3~-nce ton i t~ i l e  
( I O a ) .  .A inixture of’acetoniti-ile I O h  (0 5 s- I 5 mmol) in  MeOH (50 nil) and Dou,ex H -  
( 5  g )  \\’as oveini$t stit-i-ed ;I I  1.1. tiltei-ed : r i d  e\apoi-ated to give acetonitrile IO;r (0.4 g, 
9 1 7 0 )  \vith mp 73-5“C (f’rom acetoiieEtO€I) 6 3 85(s, 3H, ‘H N M R  (h,le2CO-dc,) 
COOMe). 3 9O(ni. I H.  H-5’),  4 00-4 1 I(m, 2H, W4’, H-5”)? 4.07(s, 2H, CH,CN), 
4 16(br s, IH. H--3‘). 4 24-4 34(br,  H-2’, OH-5’). 4.S(br s, IH, OH-3’), S.2(br, IH, 
01 1-2’). 5 36(d, I El. 11- I ’), I2 ,9( tx ,  I H, NI I ) ,  z’ = 6 S Hz “C NMR (Me2CO-d6). 5 

83 39(C-4’), 107 69(C-4), 117 55(CN), 145.6. 149.9(2 br, C-3, C-5), 164.05(CO) IR 
(KRI-)  3300(OH), 2263(CN), 1 7OSiCO) cm-l. MS (FAB-) ndz 298(MH.). Anal. Calcd 

for C 1 2 H 1 5 N , 0 ( ,  x 0 5 HzO: C. 47 07: H. 5 26. N, 13.70. Found: C, 47.02; H, 5 21, N, 
13 72 

17 49(CH,CN), 5 I (>;(COOLMe). 61 22((.’-5’). 70.22(C-2’), 77 60(C-3’), SO Ol(C-l’), 

3-( 13- D- Kibofu r;i iiosyl)-6-;ini i no- I I+-pyriizolo 143-4  pyridiiie-4( 5 H)-one (2n). A 

mixture of pyrazol~lacetoniti-ile I O a  (0.3 g, 1 inmol) and liquid aininonia (10 nil) was 
heated at 160°C in a stainless steel high-pressui-e vessel for 3 h and then evaporated with 
MeOH to solid residue. The residue was treated with hot water (20 ml), filtered and 

freeze dried to gi\,e 22  (0 25 g, S9%) as a pale brown fluffy compound ‘ H  NMR 
(Me2SO-d,,). 6 3 51ini. IH, I{-5’). 3 63(dd, 11-1. H-S”), 3 S4(1n, IH, H-4’), 4.09(m, lH, 

IH-.;‘), 3 ? 5 ( 1 1 i ~  IH. H-2’).  3 SS(d. 11-1. 1 1 - I > ) ,  5 37(s. IH. H-7), 5 5 3 ( ~ ,  2H, NHI), 10 0,  
12 l(2br, 2k17 2N1 I ) ,  . I ,  2 0 S I I z  C N M K  (MezSO-d,;) 15 63 iO(C-5’), 69.30(C-7), 
71 2 S ( C - 3 ~ ) .  73 ? - + ( C - 2 . ) ~  7S  3 l ( ( ’ - i ’ ) .  S5 72(C-4’)> I02 52(C-3a), 145 5 1 ,  149 06, 

I 1  

I40 S9(C-.3. ( - - (>> (~‘-7a). 158 22(C-4) IK (K13r). lh52(CO) cin.’. Anal. Calcd for 
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CI,HI4N4O1 C, 46.Sl .  H, 5 00, N, 19.85 Found: C, 47.17, H, 4 S 3 ,  N, 19 80 An 
analytical sample was purified by filtering of its water solution through a membrane 
filtered and subsequent freeze diying. 

3 - ( 2 , 3 - 0 - I s o p ~ o p i l i d e 1 1 e - ~ ~ - l ~ - ~ i b o f ~ 1 ~ i ~ 1 1 o s y I ) - 6 - ; ~ 1 ~ ~ i 1 ~ ~ - 1  H-py~;l~oolo[ 4 3 - 4 -  

pyi.idiee-j(SH)-one ( 2 b ) .  A miuture of acetonitrile 10c (0 45 g, I nlmol) and  liquid 
ammonia (10 nil) was heated at  1-30”C i n  a stainless steel high-pi-essure vessel for 3 h 

andthen evaporated to solid residue. The I-esidue was partitioned bet\veen \Later (SO ml) 
and CHCll (50 nil) Water layer was separated fi-om organic, filtered and freeze dr-ied to 

give 21-3 (0 2 2, 63%) as a pale pink fliifTy compound [a]z1 -41, I (c 0.42, Me2SO) ‘H 
NMR (Me2SO-d6). i;l 1 29, 1.50(2s, 6H, CMe2), 3 47(dd, IH, H-5’), 3 5S(dd, IH, H-S”), 
4.03(1n, IH, H-4’), 4 SO(dd, IH, H-3’)> 4.96(d, IH, H-l’), 5 03(dd, IH, H-?’), 5.34(s, 

= 3 5, .J5.i- = I 1 7 Hz ”C NMR (MezSO-d6) i‘, 25 43, 37 4S(Cmz), 

I) 

lH, H-7), 5 73(s, 2H, NHz), I0 15, 12 34(2 bi- S, 2H, 2NH), . / I . ? .  = 5 3 ,  .J?.X 16.4, , J 7 - 4  =’ 

3 1, .I,.>. = 3 8, 
61 90 (C-5’), 6s 9.3(c‘-7), 79 99(C-l’), S2 07(C-3’), 82 9l(C-3’), S3 S2(C-4’), 

102.37(C-3a), 113 41(CMez), 147 34, 149.21, 149,66(C-3, C-6, C-7a). 157.97(C-4). IR 

(KBr): 1634 (CO) c n - ’  UV (hIeO1-I) i.,,,~,, 22(1(sli, 6 = 15 I ) ,  26S( 1S4), 2S4(sh, 184). 

HRMS (El) m/z calcd for C14HlxN,05 322 1277, found 322.1279, (FAB’) in/z calcd for 
CI,H19N40i 323 1355, found 323.1361(MH’). Anal. Calcd for CIJHixN40s  x CH30H:  
C, 50.S4; H, 6 25; N. I S  S I .  Found. C, 50 70, H, 6 3 3 ,  N, 15.71. An analytical sample 
was purified by chromatography on silica gel with CHCl3 and CHCI3/MeOH (50: 1, 20. I ,  
10 1). 

3-(2,3,S-T~i-0-i~~etyl-p-D-l.ibofilr,ll~osyl)-6-;~n~i110-1 H-pyrazolo[ 43 -4 -  
Pyridiiie-il(SH)-one (2c). A mixture of 2i1 (0.2 g, 0.7  mmol). Et3N (0 4 ml, 2.8 mmol), 
AczO (0 27 nil, 2 8 minol) and DMAP (10 mg, 0 08 ininol) in MeCN (9 inl) was stirred at 
rt for 3 h and then evaporated several times with MeOH The residue was 
chromatographed on silica gel column (50 g, CH,Cl2) with CHzC12 (0.5 I ) ,  
CHzC12/MeOH (SO: I ,  0.1 I ,  30 I ,  0.1 I ,  20: 1 ,  0.2 1) to give 2c (0.1 g, 35%) with mp 256- 
60°C (from water). ‘H  NMR (h4ezSO-d6): 6 2.01, 2.03, 2.07(3s, 9H, ;Me), 4 09(dd, IH, 
H-S’), 4.17(dd. IH, H-4’), 4 34(dd, IH, H-5”). 5.19(d,  IH, 13-1’). 5 . 3 2 ( ~ ,  IH, H-7), 
5.42(t, IH, H-3’), 5.69(~, 2H, Nk12), 5 75(t, IH, H-2’), 10.16(~, IH, NH), 12 .41 (~ ,  IH, 

NH); .J1.2.  = 6.2, = 5 9, ,I4 i-  = 3 S, .Ji.5.. = 11.2 Hz ”C NMR 
(MezSO-d~). “r 20 33, 20.42, 20.56 (3Me), 63.49(C-5’), 68 64(C-7), 71.60(C-3’), 
73.13(C-2’), 76 20(C-I’), 79 03(C-4’), 102 79(C-3a), 145 88, 149 32, 149.41(C-3, C-6, 

C-7a), 157 7S(C-4), 169 44, 169.56, 170. I3(3CO). IR (KBr) 346 I ,  33S2(2NH), 1746, 
1666, 3646(3CO), cm-‘ HRMS (EI)  ndz calcd for Cl7HZONJO8 40s. 1297, found 

408.12SI(h4’). Anal. Calcd for Cl,H2,,N,0x: C, 50.00; H, 4.94, N. 13.72. Found: C, 
50.06; H, 5 15; N, I3 42 

= 6 0,  .IX.,. = 5.5,  
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