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C-Nucleoside Studies. Part A New Synthesis of 3-(2,3,5-Tri-O- 
benzyl-P-D-ri bofuranosy1)pyrazole and its Conversion into 4- Nitro-3(5)- 
p - D - r i bof u ran osy 1 py razo I e 

By J. Grant Buchanan," Alan R. Edgar, Roderick J. Hutchison, Alan Stobie, and Richard H. Wightman, 
Department of Chemistry, Heriot-Watt University, Riccarton, Currie, Edinburgh EH14 4AS 

1,l -Diethoxy-3- (2,3,5-tri-0-benzyl-@-D-ribofuranosyl)prop-2-yne (1 2) has been synthesised from 2,3,5-tri- 0- 
benzyl-D-ribofuranose in 52% yield. Acidic hydrolysis followed by reaction with hydrazine affords 3-(2,3,5-tri-O- 
benzyl-P-D-ribofuranosy1)pyrazole (1 ) in 71 % yield. Mild methods have been devised for nitration of pyrazole 
derivatives at  C-4, leading to a synthesis of 4-nitro-3(5)-@-D-ribofuranosylpyrazole (3) from (1 ) in 56% overall 
yield. 

IN earlier papers 3 9 4  we have described the synthesis 
of 3-(2,3,5-tri-0-benzyl-~-n-ribofuranosyl)pyrazole (1) .  
One of our objectives has been to prepare 4-amino-3-P-n- 
ribofuranosylpyrazole (2) which is related to  the C- 
nucleoside antibiotic pyrazofurin (pyrazomycin) (9) .5 

We thought that the amine (2), as its 5'-phosphate, 
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to be too unstable for feeding experiments. The nitro- 
pyrazole (3) has recently been used in a new synthesis of 
f ormycin .2 

One synthesis 4 of the pyrazole (1) involved reaction 
between hydrazine and the acetylenic aldehyde (10) 
which was obtained by oxidation of the primary alcohol 
(11) with chromic oxide. The oxidation step required 
great care and gave a total yield of only 42% after 
chromatography. We have therefore explored the use 
of 3,3-diethoxypropynylmagnesium bromide 7-9 for the 
preparation of the acetal (12). Reaction of 2,3,5-tri-O- 
benzyl-n-ribofuranose (13) with the Grignard reagent 
afforded a mixture o f  epimcric diols lo (24) which was 
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partially purified by chromatography. Treatment with 
toluene-$-sulphonyl chloride in pyridine lo then gave a 
mixture of the ribofuranosyl derivatives (12) and (16) 
together with the disulphonate(s) (15). The course of 
similar reactions has been discussed a t  some length.l0>l1 
After chromatography the yields of the pure p- (12) and 
a-acetal (16) were 52 and 0% respectively. The di- 
sulphonates were not obtained in analytically pure 
form, but the presence of toluenesulphonate groups was 
evident from the i.r. and lH n.m.r. spectra. 

might be a biochemical precursor of formycin and the substituted-propynal (10) was 
pyrazofurin by analogy with the de novo biosynthesis of converted into the pyrazole (1) (72%) by reaction with 
purine nucleotides.6 The nitropyrazole (3) was an hydrazine. The acetal (12) was therefore hydrolysed 
obvious synthetic target. This paper describes a new, using hydrochloric acid in acetic acid and the resulting 
improved synthesis of the pyrazole (l) ,  together with aldehyde (10) treated in situ with hydrazine to give the 
nitration studies leading to (3). The amine (2) proved pyrazole (1) in 71% yield. The fbconfiguration in (12) 

In earlier work 
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is firmly established by this conversion and i t  is interest- 
ing that the yields of p- and a-isomers [(B) and (lC;)] are 
very similar to those observed in earlier work involving 
reaction of the ribofuranose (13) with other acetylenic 
Grignard reagents, followed by c y c l i s a t i ~ n . ~ , ~ ~  

In attempting a synthesis of the 4-nitro-derivative (3) 
several factors had to be considered. It is well known 
that treatment of pyrazoles with a mixture o f  nitric and 
sulphonic acids (‘ mixed acid ’) gives exclusively the 
4-nitro-derivative,12-14 but the conditions required arc 
vigorous, probably because of the formation of the pyr- 
azolium cation.l5-I7 Using mixed acid, Moffatt and his 
co-workers 18 were unable to  nitrate the pyrazole ring 
of the ribosylpyrazole (17) even under forcing conditions. 

Nitration of pyrazoles under mild conditions has been 
accomplished using acetyl nitrate, l’~l*~~ formed in situ 
from nitric acid and acetic anhydride. Under these 
conditions a neutral pyrazole molecule is the probable 
substrate. In  pyrazoles unsubstituted on nitrogen the 
product is normally an N-nitropyrazole,21v 22 but N- 
arylpyrazoles give the 4-nitropyrazole in fair yield.l7? 1 9 9  2* 

An extensive study of the nitration of N-benzyl- 
pyrazoles 23 and N-(2,4-dinitrophenyl)pyrazoles 24 with 
acetyl nitrate showed that both these protecting groups 
were suitable, but the dinitrophenyl group was preferred 
because it could easily be removed 25 under basic 
conditions after nitration had been achieved. Treat- 
ment of the pyrazole (1) with l-fluoro-2,4-dinitroben- 
zene in the presence of triethylamine 25 afforded the 
dinitrophenyl derivative (4) in 82% yield. Reaction of 
this compound with acetyl nitrate was unsatisfactory 
and i t  appeared that nitration and possibly acetolysis 
of the benzyl ether groups occurred under these condi- 
t i o n ~ . ~ ~  

The triacetate (6) seemed a more suitable potential 
substrate for nitration by acetyl nitrate because the 
protecting groups would be stable to the acidic condi- 
tions but removable by inethanolic sodium methoxide. 
The benzyl groups in the ether (4) were selectively cleaved 
by boron trichloride 25926 to  give the triol (5)  which 
afforded the triacetate (6) on acetylation. The most 
satisfactory reagent for nitration proved to be copper(I1) 
nitrate-acetic anhydride 27y28 which gave the 4-nitro- 
compound (7) in 93% yield. The location of the nitro- 
group at  C-4 was clear from the l H  n.m.r. spectra of (6) 
and (7) .  Whereas in (6) the H-4 signal appears at 
8 6.57 and H-5 at 6 ca. 7.7, H-4 is absent from the spec- 
trum of (7) and the H-5 signal, desliielded by the 4- 
nitro-group, appears at 6 8.5. Treatment of the tri- 
acetate (7) with sodium methoxide gave the triol (3) 
with simultaneous removal of dinitrophenyl and ester 
groups. There was some evidence (t.1.c.) that the 
dinitrophenyl group was removed before the ester 
groups. 

The amine (2), produced by catalytic hydrogenation 
of the nitro-compound (3), proved to be very unstable 
in the presence of air, in keeping with the behaviour of 
simpler 4-aminopyrazoles and their salts.23$ 29 I t  was 
converted, in sitzt, into the penta-acetyl derivative (8). 

We felt it necessary to establish unambiguously t1.e 
p-configuration in the triol (3), since the basic react‘on 
conditions of the deprotection step opened the possib.*lity 
for anomerisation via an intermediate of type (18) To 
this end the triol (3) was converted into its 2,3-0-j ;opro- 
pylidene derivative (19) for detailed n.m,r. examination. 
Interestingly, acid-catalysed condensation of (3) with 
acetone overnight gave a high yield of the crystalline 
adduct (ZO), presumably formed by Michael dddition of 
pyrazole nitrogen to 4-methylpent-3-en-?-one, itself 

H U 

BzO OBz RO OR 0, p 
C 
Me;! 

(17) (18) (19) 

9 P 
Me2 
C 

R~OFH, 

(21 1 R’= D N P , R 2 =  H, R3= A C  

(22) R‘= D N P , R 2 = N 0 2 , R 3 = A c  

(23) R‘= R3= H I  R 2 =  NO2 

HOCH;! 
I 

C H 

produced by self-condensation of acetone. When this 
adduct was treated with sodium niethoxide in methanol 
it cleanly lost the substituent on nitrogen to  give the 
isopropylidene derivative (19). 

The lH n.m.r. spectrum of (19) showed a significant 
coupling (J 3 Hz) between H-3’ and H-4’, with the signal 
for H-4’ appearing as a quartet due to approximately 
equal coupling with protons at positions 3‘ and 5’. This 
behaviour is typical of the isopropylidene derivatives of 
nucleosides of P-configuration .30 Also, the chemical 
shiit difference (As) between the two methyl signals of the 
isopropylideiie group has a value, 0.2 p.p.m., typical of 
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a P-~onfiguratioii.~~ However, the value of 2.5 Hz 
observed for the coupling between H-1' and H-2' was 
rather larger than might have been expected for a com- 
pound of p-c~nfiguration.~~> 33 That epimerisation had 
not occurred, and that (19) and thus (3) had the pyrazole 
p-oriented, was conclusively established by synthesis of 
the corresponding a-compound (24). 

The synthetic route used paralleled that carried out in 
tlie p-series. Thus, the a-triacetate (21) was nitrated 
with copper(rr) nitrate-acetic anhydride to give thc 4- 
nitro derivative (22) in 780/, yield. This material was 
deprotected with sodium niethoxide to give the cc-trio1 
(23) which was directly treated with acetone and sul- 
phuric acid for a fairly short time (2.5 h), to give the 
cc-isopropylidene derivative (24). 

This product was clearly different from the p-com- 
pound (19) by all physical properties measured. In  
particular, its lH n.m.r. spectrum showed no observable 
coupling between H-3' and H-4', with the latter signal 
appearing as a triplet; this behaviour is typical of a- 
oriented nuc leo~ides .~~ The chemical shift diff ereiices 
(AS) between the isopropylidene signals was small 
(0.04 p.p.m.), again typical of an a-c~nfigurat ion,~~ 
whilst had a value (5 Hz) larger than for the p- 
isomer (I 9). 

EXPERIMENTAL 

The general inethorls used were as stated iu I'art 2.11 
Adsorption chromatography was carried out using Kieselgel 
H type 60 (Merck) ; an external pressure was applied to the 
tops of  colunins. For t.1.c. precoated aluniinium-backed 
plates [Kieselgel HFzja type 60 (Merck)] were used. 

l,l-Diethoxy-3-[2,3,5-tri-O-benzyZ-~(and a)-n-ribofurano- 
syZIprop-2-yne [( 12) awd (16)] .-A solution of ethylmag- 
nesiuiii bromide [from magnesium (0.285 g) and ethyl 
bromide (2.07 g, 1.6 mol. equiv.)] in dry tetrahydrofuran 
(10 in]) was heated to 50-60 "C and a solution of 1, l -  
diethoxyprop-2-yne 34 (2.75 g, 1.2 mol. equiv.) in dry 
tetrahydrofuran (10 nil) was added with stirring during 45 
min. After a further 1 h a t  50 "C a solution of 2,3,5-tri-O- 
benzyl-D-ribofuranose (13) (1.0 g, 0.2 mol. equiv.) was 
added during 20 min. The mixture was stirred for a 
further 30 min, cooled to room temperature, and evaporated. 
The residue was dissolved in chloroform (50 ml) ancl shaken 
with aqueous 10% ammonium chloride (50 nil) followed by 
water (50 nil). The dried (Na,SO,) chloroform solution was 
evaporated to give a mobile dark red oil shown by t.1.c. to 
consist mainly of unchanged diethoxypropyne and two 
compounds of Rp value similar to that of (13). The mixture 
was chroma tographed on silica gel. Light petroleum-ether 
(2 : 1)  eluted unchanged diethoxypropyne (1.63 g) and 
light petroleum-ether ( 1  : 2) eluted a mixture of epimeric 
diols (14) as a syrup (1.58 g, >looyo) showing S(60 MHz; 
CDCI,) 1.18 (ca. 6 H ,  t, J 6.7 Hz,  2 Me), 2.8-5.0 (ca. 28 H ,  
ni), 5.29 [I  H, d, J 1 . 1  Hz, CH(OEt),], ancl 7.3 ( G U .  15 H ,  m, 
,4r). 

The impure diols (14) (1.58 g) in dry pyridine (10 ml) were 
treated with toluene-p-sulplionyl chloride [ 1.13 g, 2.5 niol. 
equiv. based on (13)] during 20 inin a t  60-70 "C. After 
1.5 h a t  cu. 60 "C t.1.c. indicated that the diols had dis- 
appeared, being replaced by two major products of lower 
polarity. After hydrolysis of the excess of acid chloride 

tlie product was isolated using chloroform to give a dark 
syrup (1.37 g) which was chromatographed on silica gel. 
Elution with light petroleum-ether (5 : 1) gave first the p- 
acetd (12) as a pure syrup (660 mg, 52y0), [aID -0.9" (c 2.24 
in CHCl,) ; vlIlrly, (film) 2 240 ci1i-l ( C X )  ; S(60 MHz; CDCI,) 
2.20 (6 H, t, j 6.7 Hz; 2 Me)> 3.2-4.9 (16 I-I, in), 5.29 [l H, 
d,  J ca.  1 Hz, CH(OEt),], aiid 7.3 (15 H, in, Ar); m/e 530 

[ 8 % ,  - C:CCH(OEt),], and 91 (1000/,, C7H,) (E'ound: 
C, 74.7; H, 7.3.  C33H3806 requires C, 74.7; H, 7.2%). 

Further elution o f  the column with light petroleum-ether 
(5  : 1)  gave first x mixture of (12) and (16) (42 mg) followed 
by the cc-acetal 1 (16) ( 1  13 ing, 9yo) as a pure syrup which 
later crystallised, but did not recrystallise readily 011 a small 
scale. 

Elution of the column with light petroleum-ether (2 : 1)  
gave a syrupy mixture of two components (270 mg) ; v , , , ~ ~ .  
(film) 2 250 ( C X )  and 1 180 cm-l (SO,); S(60 MHz; CDCI,) 
2.35, 2.40 (6  H, 2s, 2 f i l e  C,H4), 5.30 [l H, m, CH(OEt),], 
and 7.0-8.0 (23 H, m, Ar). 

Finally, elution with light petroleum-ether (1 : 1)  
afforded unchanged (13) (113 mg, 11%) as a syrup which 
crystallisecl as needles, ni.p. 48-50 "C, identified by coin- 
parison with an authentic sample. 

On a large scale, tri-O-benzyl-D-ribofuranose (13) (40 g) 
gave a misture of diols (14) (50 g) which was treated with 
toluene-p-sulphonyl chloride in pyridine to give the [j- 
acetal (12) (23 g, 46%). 

3(5)-(2,3,5-I'ri-O-benzyZ-p-~-ribofu~anosyZ)~yra~uZe (1 )  .- 
?'he acetal (12) (10 g) was dissolved in glacial acetic acid 
(270 nil) aiid hydrochloric acid ( 2 M ;  80 ml) and stirred a t  
room temperature for 30 inin. To this was added a solution 
of hydrazine hydrate (15 nil) in glacial acetic acid (50 1111) 

dropwise during 15 niin. The dark red solution was heated 
under reflux. I t  became colourless and heating was con- 
tinued for 1 h. The solution was cooled in ice and basified 
with ice-cold concentrated aqueous sodium hydroxide. 
The product was isolated using dichloromethane to give a 
crude syrup (9.2 g) which was chrotnatographed on silica 
gel. Light petroleuni-ether (3  : 1) eluted the pyrazole (1)  
(8.0 g, 71%) which was recrystallised from benzene-light 
petroleum to give the pure pyrazole (1)  (7.5 g), indistin- 
guishable from an authentic sa1iiple.~,4 

furanosy2)pyrazoZe (4) .-The pyrazole (1 )  (0.37 g) was dis- 
solved in dry benzene (50 nil) and trietliylaniine (0.15 g, 
4 inol. equiv.) and heated under reflux overnight with 1- 
fluoro-2,4-dinitrobenzene (0.3 g, 4 niol. equiv.). The 
solvent was removed to leave a dark syrup (0.54 g) which 
was chroniatographed on silica gel. Light petroleum-ether 
(2 : 1)  eluted unchanged fluorodinitrobenzene (50 mg) 
followed by tlie DNP-derivative (4) as a red syrup (408 mg, 
82%); vlnax. (film) 1 535 and 1 345 cm-l (NO,); S(60 MHz; 
ClIC1,) 3.3--4.8 ( 1 1  H, m, 6 ring H + 3 CH,Ph), 5.19 ( 1  H ,  

(lx, M') ,  485 (7%,  M '  - OEt), 439 (4%, M f  - C,H7), 393 

1-( 2,4-DinitrophenyZ) -3-( 2,3,5-tri-O-benzyl-P-u-ribo- 

d, J 4.4 Hz, H-l'), 6.58 ( 1  H ,  d, J 2.7 Hz, H-P) ,  7.3 (15 H ,  
111, AT), 7.69 ( 1  H, d ,  J 2.7 Hz, H-3), 7.75 ( 1  H, dd, J 10 
and 0.5 Hz, H-6"), 8.49 ( 1  H, dd, J 10 and 2.4 Hz, H-5"), 
and 8.67 ( 1  H, clcl, J 2.4 and 0.5 Hz, H-3") * (Found: C, 
66.0; H ,  5 .0;  N, 8.9.  C3,H3,N40, requires C, 66.0; H I  5.1; 
N, 8.8%). 

1-( 2,4-DinitrophenyZ) -3-( 2,3,5-tri-O-acetyl-P-~-~i~)u- 
furanosy1)pyrazoZe (6) .-To a solution of boron trichloride 

* Unprimed numbers refer to the pyrazole hydrogen atoms, 
primed (') numbers to  the sugar residue, and double primed (") 
numbers to  the DNP substituent throughout. 
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(84 ml) in dry dichloromethane (550 ml) at -78 “C was 
added dropwise over 0.5 h a solution of the tribenzyl ether 
(4)  ( 2  1.1 g) in dichloromethane (550 ml) . The mixture was 
maintained a t  - 78 “C for 5 h, methanol-dichloromethane 
(1 : 1 ;  1.4 1) was added, and the mixture allowed to warm 
to room temperature over 2 h.  The solvents were removed 
in vacuo, and the residue codistilled with methanol (500 ml) 
4 times. To the resultant triol (5) was added pyridine 
(400 ml) and acetic anhydride (200 ml). The mixture was 
stirred overnight, solvents were removed in vacuo, and the 
residue chromatographed on silica gel with light petroleum- 
ethyl acetate ( 2  : 1) as eluant to yield the triacetate (6)  as a 
yellow syrup (16.1 g, 980/,), [a], $12.7” (c 0.55 in CHC1,); 
v,,,,. (film) 1 750 (ester), 1 610 (Ar), 1540,  and 1 350 cin-l 
(NO,); 6(60  MHz;  CDCl,) 2.10 ( 3  H, s, Me), 2.15 (6 H, s, 
Me), 4.3 ( 3  H ,  m, sugar), 5.0-5.5 ( 3  H, m, sugar), 6.57 
(1  H, d, J 3 H z ,  H-4) ,  7.6-7.9 ( 2  H, in, H-5 ,  H-6’7, and 
8.3-8.6 ( 2  H, m, H-3”, H-5”) (Found: C, 48.6; H, 4.2; 
N ,  11.45; C,oH,,N,O1l requires C, 48.8; H, 4.1 ; N ,  1 1.4%)- 

furanosyl)-4-nitropyruzole (7)  .-A mixture of copper(I1) 
nitrate trihydrate ( 4  g) and acetic anhydride (30 ml) was 
stirred for 1.5 h. The triacetate (6) (2.0 g) was added and 
the mixture stirred a t  room temperature for 48 h, with 
addition of more copper nitrate ( 2  g) after 24 h. After 
addition of water (100 ml), the mixture was extracted with 
ethyl acetate. The washed organic layer was evaporated 
to dryness and the residue chromatographed over silica 
gel, with light petroleum-ethyl acetate ( 2  : I )  as eluant to 
yield the nitro-derivative (7)  (2.02 g, 93%) as an amorphous 
yellow solid, [a], +18.5” (c 0.54 in CHC1,); v,,,. (film) 
1 750 (ester), 1 610 (Ar) ,  1550 and 1350 cm-l (NO,); 
6(100 ILIHz; CDCl,) 2.08 ( 9  H, s ,  Me), 4.0-4.4 ( 3  H, m, 
13-4’, H-5’), 5.1-5.7 ( 3  H ,  m, H-l’,  H-2’, H-3’), 7.78 (1  H, 
cl, J 8 Hz, H-Ci”), and 8.4-8.7 ( 3  H, m, H-5, H-3”, H-5”) 
(Found: C, 44.7; H, 3.6; N ,  13.2. C20H19N5013 requires 
c‘, 44.7; H, 3.5; N ,  13.0%). 

4-Nitvo- 3- (~-u-r ibof~ranosyl)~yruzole  (3)  .-To the tri- 
acetate (7)  (2.02 g) in methanol (50 nil) was added a solution 
of sodium niethoxide (from 0.25 g of sodium) in methanol 
(25 nil). After 1 h, acetic acid was added to neutrality and 
the solvents were removed in vacuo. The products in 
inethanol were evaporated to dryness with silica gel. The 
resultant silica gel was applied to the top of a column of 
more silica, and the column eluted with ethyl acetate- 
methanol (10 :  I) to yield the triol (3 )  (0.70 g, 76%) as an 
oil ,  [a],, +57.!3” (c  1.07 in water); v,,,,.. (film) 3 300 (OH) 
c1n-l; S(60 MHz; D,O) 3.8-4.8 ( 5  H, m, H-2’-ti’), 5.47 
( 1  H, d, J 5 H z ,  H-l’), and 8.4 ( 1  H, s ,  H-5 )  (Found: C, 
3‘3.2; H, 4 .6 ;  N ,  17.0. C,HllN,O, requires C, 39.2; H ,  
4.5; N, 17.1%). 

furanosyZ)$yrazoZe (8) .-To a stirred suspension of palladium 
on charcoal (5% ; 20 mg) in acetic acid (5 ml) under hydro- 
gen was atlded a solution of the triol ( 3 )  (0.10 g) in acetic 
acid ( 3  nil). The mixture was stirred for 12 h, and then 
filtered under nitrogen, and the catalyst washed with acetic 
acid. The residue after evaporation was dissolved in 
pyricline (10 ml) and acetic anhydride (5 ml), and the solu- 
tion left under nitrogen overnight. Evaporation and 
chromatography on silica gel with light petroleum-ethyl 
acetate ( 3  : 2) as eluant gave the penta-acetyl derivative ( 8 )  
(0.14 g, 81%) as an oil, [a]= +12.3” (c  0.57 in CHCI,); vmax. 
(film) 3 400 (NH), 1 750 (ester), 1 695, and 1 550 cm-l 
(amide); 6(100 MHz; CDC1,) 2.02, 2.10 (each 3 H, s, Me), 

1 - (2,4-L)initrophenyl) -3- (2,3,5-tri-O-acetyl-P-~-ribo- 

4-A cetamido- l-nccfyZ-3-( 2,3,5-tri-O-acetyl-P-~-ribo- 

2.15 (6 H ,  s, Me), 2.60 ( 3  H, s ,  pyrazole Ac), 4.4 (3 H, m, 
sugar), 5.2 (2 H, m, sugar), 5.60 ( 1  H, t ,  J 5 Hz, sugar), 
8.2 ( 1  H, s, exchangeable with D,O, NH), and 8.82 (1  H, s, 
H-5)  (Found: C,  51.1; H, 5.6; N ,  9.3; M+, 425.1441. 
C,,H,,N,O, requires C, 50.8; H, 5.4; N ,  9.9%; M+, 
425.143 4 ) .  

1 -( 1,l-Dimethyl-3-oxobu€yyE) -3-( 2,3-O-isopropylidene-P-~- 
ribofuranosyl) -4-nitropyrazole (20) .-Concentrated sulphuric 
acid (0.5 ml) was added to a solution of the triol (3)  (0.64 g) 
in dry acetone (50 ml). After 18 h the mixture was 
neutralised with sodium carbonate, filtered, and evapor- 
ated. Chromatography over silica with light petroleum- 
ethyl acetate ( 1  : 1) as eluant and crystallisation from 
benzene-light petroleum gave the isopropylidene derivative 
(20) (0.774 g, 77y0) ,  m.p. 91-92 “ C ;  v,, (KBr) 3 300 
(OH), 1 7 2 0  ( G O ) ,  1540,  and 1340 cm-l (NO,); S(60 
MHz; CDCl,) 1.37, 1.62 (each 3 H, s, CMe,), 1.70 (6 H ,  s,  
CMe,), 2.07 (3  H, s, COMe), 3.05 ( 2  H, s ,  -CH,-), 3.7 ( 2  H, 
in, H-5’), 4.4 ( 1  H, m, H-4’), 4.9 ( 2  H, m, H-2’, H-3’), 
5.73 ( 1  H ,  d ,  2 H z ,  H-l’) ,  and 8.36 ( 1  H, s, H-5) (Found: 
C, 53.1; H, 6.5;  N ,  11.25. C17H2,N,07 requires C, 53.3; 
H, 6.5;  N ,  11.0%). 

3-( 2,3-O-~sopropy~idene-~-~-ribufuranosyl)-4-n~tropyrazole 
(19).-To a solution of (20) (0.774 g)  in methanol (40 ml) 
was added sodium methoxide (from 0.150 g of sodium) in 
methanol (20 ml). After 18 h, the solution was neutralised 
with acetic acid, evaporated, and the residue partitioned 
between ethyl acetate and sodium hydrogen carbonate 
solution. The dried organic layer was evaporated, and the 
residue crystallised from dichloromethane to give the 
isopropylidene derivative (19) (0.50 g, 87%),  m.p. 181- 
182 “C; [a], +20.8” ( e  0.72 in acetone); vmX. (KBr) 3 200 
(OH,NH). 1510,  and 1380 cm-l (NO,); S[IOO MHz; 
(CD,),CO] 1.32, 1.56 (each 3 H, s, CMe,), 2.8br (1  H, s, 
OH), 3.66 ( 1  H, dd, J 12 and 4.5 Hz, H-5’&), 3.86 ( 1  H ,  dd, J 

J 6 and 3 Hz, H-3’), 4.97 (1 H ,  dd, J 6 and 2.5 Hz, H-2’), 
5.64 (1  H, d, J 2.5 Hz, H-l’),  and 8.36 ( 1  H, s, H-5) (Found: 
C, 46.2; H, 5.3; N ,  14.8. C11H16N,0, requires C,  46.3; H, 

12, 4 Hz, H-5’b), 4.22 ( 1  H, 9, J 4 Hz, H-4’), 4.84 ( 1  H ,  dd, 

5.3; N ,  14.7%). 
1 - ( 2,4- D i ni trop he n y  1) -4-n i tro- 3- ( 2,3,5- t v i  -0 -acetyl- a- D - 

ribofuranosy2)pyrazole (22) .-Copper(n) nitrate trihydrate 
( 2  g)  and acetic anhydride (15 ml) were stirred for 1.5 h;  
the a-triacetate (21) (1.0 g) was added, followed after 14 h 
by further copper nitrate (1 g). After a further 24 h, water 
(50 ml) was added, and the product isolated with ethyl 
acetate. The residue after solvent removal was chromato- 
graphed on silica gel, with light petroleum-ethyl acetate 
( 2  : 1) as eluant to give the nitropyrazole (22) (0.85 g, 78%) as 
an amorphous yellow solid, [a], -36.4” (c 0.60 in CHCI,) ; 
vnYdx. (film) 1 750 (ester), 1 620 ( A r ) ,  1 555, and 1 350 cm-1 
(NO, ) ;  6(100 MHz; CDCI,) 1.96, 2.02, 2.08 (each 3 H, s ,  
Me), 4.0-4.6 ( 3  H, m, H-4’, H-57, 5.2-5.9 ( 3  H ,  m, H-1’- 
39,  7.76 (1 H ,  d, J 8 H z ,  H-6’7, 8.4-8.6 ( 2  H, m,  H-5, 
H-5”), and 8.74 ( 1  H, d, J 2 Hz, H-3”) (Found: C, 44.8; 
H, 3.5; N ,  13.8. C,,,H1gN501, requires C, 44.7; H, 3.54; 
N ,  13.0%). 

pyrazole (24).-A solution of sodium methoxide (from 0.1 g 
o f  sodium) in methanol (12 ml) was added to  the triacetyl 
derivative (22) (0.74 g) in methanol (25 ml). After 1 h, the 
mixture was neutralised with acetic acid, and evaporated 
to dryness. The product was preadsorbed on silica gel 
using methanol, and applied to the top of a column of 
silica gel. The column was eluted with light petroleum- 

3- (2, 3-O-Isopropylidene-ar-~-ribo furanosyl)-4-nitro- 
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ether ( 1  : 1) to remove dinitroanisole and then with ethyl 
acetate-methanol (10 : 1)  to yield the trio1 (23) (0.28 g). 
h portion (0.09 g) of this material was dissolved in dry 

acetone (5 ml). Concentrated sulphuric acid (0.05 ml) 
was added, and after 2.5 h the mixture was neutralised by 
addition of solid sodium carbonate. After filtration and 
solvent removal, chromatography on silica gel with light 
petroleum-ether (1 : 2) as eluant, followed by crystallisation 
from chloroform gave the cc-isopropylidene compound (24)  
(0.07 g, 56%), m.p. 136-137 "C, [a], -171 .4" (c  0.88 in 
CHC1,); vmax. (KBr) 3 400, 3 200 (OH,NH), 1 520,  and 
1 325 cm-l (NO,) ; 8-100 MHz; (CD,),CO] 1 . 2 0  and 1.24 (each 
3 H, s, CMe,), 3.80 (2 H, d, J 4 Hz, H-5'), 4 . 3 6  ( 1  H, t, J 4 

H-Z'), 5.82 ( 1  H, d, J 5 Hz, H-l'), and 8.16 (1 H, s, H-5) 
(Found: C, 46.0; H, 5.1; N, 14.7. C,,H,,N,O, requires 
C, 46.3; H, 5 . 3 ;  N, 14.7%). 

Hz, H-a'), 5.00 ( 1  H, d, J 5 Hz, H-3'), 5.24 ( 1  H, t, J 5 Hz, 
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