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Synthesis of Pyrazofurin and its Analogues 

Nobuya Karagiri," Kenichi Takashima, Toru Haneda, and Tetsuzo Kato 
Pharmaceutical Institute, Tohoku University, A oba yama, Sendai 980, Japan 

Pyrazofurin and its analogues have been synthesized from ribosyl P-keto acid derivatives, which can be 
readily prepared by Wittig reaction of the protected D-ribose with phosphoranes. 

Reaction of 2,3-0-isopropylidene-5-0-trityl- a- and - P-o-ribose (6) with 3-ethoxycarbonyl-2-0~0- 
propylidenetriphenylphosphorane (8a) gave ethyl 4- (2',3'-0-isopropylidene-5'-0-trityl- a- and - p-D- 
ribofuranosyl)-3-oxobutanoate (I Oa). The P-keto ester (1 Oa) was treated with tosyl azide in the presence 
of triethylamine to afford ethyl 2-diazo-4- (2',3'-0-isopropylidene-5'-0-trityl- a- and - P-D-ribofuranosyl) - 
3-oxobutanoate (I 1 a) which, on treatment with sodium hydride, cyclized to ethyl 4- hydroxy-3- (2',3'- 
0- isopropylidene- 5'- 0- t ri tyl- p - D- ri bof uranosyl) pyrasole- 5 - carboxylate (1 6 p) and the a- anomer (1 6 a ) .  
Ammonolysis of (16p) and (16a) afforded the corresponding amides (19p) and (19a) which, after 
removal of the protecting groups, gave pyrazofurin (1 ) and pyrazofurin B (2) respectively. Pyrazofurin 
analogues (3), (4), and (5) were also synthesized by analogous procedures. 

Pyrazofurin (pyrazomycin) (1),2 a C-nucleoside having anti- 
tumour and antiviral activity, was isolated from ferment- 
ations of a strain of Streptomyces candidu~.~ Pyrazofurin B (2),6 
the a-anomer of (l), was also isolated from the same ferment- 
ations. 

The chemical synthesis of (1) was first achieved by Farkas 
et al? in 1972. DeBernardo and Weigele8 reported the 
synthesis of compound (1) from the P-keto ester prepared by 
substitution of the protected 1-bromo-D-ribose with diethyl 
acetonedicarboxylate. Recently, Buchanan et aL9 have 
reported the conversion of 3-cyano-4-nitro-5-(2',3',5'-tri-O- 
acetyl-p-D-ribofuranosyl)pyrazole into (1). 

We now report a simple and novel synthesis of compound 
(1) and its analogues from ribosyl p-keto esters and amides 
which can be readily prepared by a Wittig reaction. 

Results and Discussion 
It is reported that a stable ylide such as cyanomethylene- 
triphenylphosphorane reacts with the protected ribose (6) lo 

to give a C-glycoside which serves as a precursor for the 
synthesis of C-nucleosides." Previously, applying this reaction, 
we have synthesized homo-C-nucleosides from compound (6) 
and pyrimidinylmethylenephosphoranes.12 Our starting 
material (loa), the analogue of which has already been 
prepared by Claisen condensat ion of methyl D-ribofuranosyl- 
acetate with lithio-t-butyl acetate,13 was easily obtained by 
Wittig reaction of (6) with the phosphorane (8a). When a 
solution of compound (6) and the phosphorane (8a)14 in 
acetonitrile was heated under reflux, an anomeric mixture 
(p : a ca. 2 : 1) of the C-glycoside (10a) was obtained in 95% 
yield. The ratio of the 0- and a-anomers was determined by 
IH and 13C n.m.r. spectroscopy. In the I3C n.rn.r. spectrum of 
(lOa), signals due to two methyl carbons of the isopropylidene 
group of the p-anomer are observed at 6c 25.60 and 27.60 
p.p.m., within the range strongly indicative of the configur- 
ation (25.5 f 0.2 and 27.5 f 0.2), whereas those of the 
a-anomer are observedfat 6 24.95 and 26.24 p.p.m., clearly in 
the a range (24.9 f 0.3 and 26.3 0.2)." The intensity of 
these signals shows that the B-anomer is predominant. In 
the 'H n.m.r. spectrum of (lOa), a signal due to one of two 
isopropylidene methyl groups of the p-anomer is observed at 
8 1.53, whereas that of the a-anomer is observed at 6 1.48. The 
signals due to the methylene protons at C-2 of the p- and a- 
anomers are observed at 6 3.47 and 3.52, respectively. The 
intensity of these signals showed that the ratio p : a was 2 : 1. 

This reaction was also carried out in other solvents such 
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Table 1. Reaction of the protected D-ribose (6) with the phosphorane 
(8a) to give the C-glycoside (loa) 

Reaction Yield (%) Ratio 
Solvent time (h) of (IOa) p :a  

Acetonit rile 90 95 2 :  1 
N itromethane 10 74 3 : 2  
Benzene 20 54 I : ]  
Toluene 8 58 1 : l  

The reaction was carried out under reflux. 

as benzene, toluene, and nitromethane with the intention of 
clarifying the solvent effect on the yield and the ratio p : a. 
The results are summarized in Table 1. In every case, compared 
with acetonitrile, the reaction proceeded more rapidly, but the 
yield of (loa) as well as the p : a ratio was lower. 

Next, we investigated the synthesis of (lOa) using the 
phosphonate (9) l5 instead of (8a). When a solution of 
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Table 2. 'H and 13C N.m.r. spectral data (6 values for isopropylidene methyl groups) for C-glycosides (10a-d) 

'H (CDCIS) 13C (CDCI,) (p.p.m.) 
, 

a P 
Compd. r--*----\ 7- 

( 1 Oa) 1.30 1.48 1.32 1.53 
( 1 ow 1.29 1.45 1.33 1.54 

1.30 1.48 1.31 1.52 
1.51) a 

(104 1.28 1.46 1.32 1.52 
('OC) (1.34 

Enol form. 

3 

a B 
7- - 
24.95 26.24 25.60 27.60 
24.89 26.18 25.60 27.48 
24.95 26.18 25.60 27.48 

(24.30 25.89) (24.36 25.89) a 
25.01 26.30 25.54 27.48 

TrO 

Me Me 
(6) 

BzlO 

Bzl8 ZBzl 

( 7 )  

T r O  
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b ;  R = N H P h  
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n 
\p d ;  R = N  
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Tr = Ph$ 
B z ~  =PhCH2 

compounds (6) and (9) containing sodium hydride in 1,2- 
dimethoxyethane (DME) was heated under reflux for 90 h, 
an anomeric mixture of (loa) (p : a ca. 1 : 2) was obtained in 
63% yield. From a consideration of this result, it is found that 
use of (8a) for the synthesis of (loa) is more practical. 

Similarly, reaction of compound (6) with the phosphoranes 
(8b-d),  which were obtained from triphenylphosphine and 
the corresponding y-chloroacetoacetamides, in nitromethane 
gave the corresponding C-glycosides (lob-d) in good yield. 
The careful separation of an anomeric mixture of (1Oc) by 
silica gel column chromatography gave the P-C-glycoside 
(foam) and the a-anomer (m.p. 175 "C). Similar treatment of 
compound (10d) afforded the P-C-glycoside (foam) and the 
a-anomer (m.p. 125-127 "C). 'H and I3C N.m.r. spectral data 
of the glycosides (10a-d) are shown in Table 2. 

( 9 )  

N=N 

-Ph 

Me Me 
(101 a; R = O E t  , X = H2 

b;  R =  NHPh, X = H2 

C ; R = N  , X = H 2  3 
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n 
d ; R = N  O , X = H 2  u 
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c ; R = N  , X = N 2  

(11) a ; R = O E t , X  = N 2  

2,3,5-Tri-O-benzyl-~-ribose (7) l6 also reacted with the 
phosphorane (8a) in acetonitrile to give the C-glycoside (13) 
(p : a ca. 3 . 1) in 51% yield. The ratio of p : a was determined 
from the 'H n.m.r. spectrum, in which two signals due to 
methylene protons at C-4 of the P- and a-anomers are observed 
at 6 2.69 (m, ABX type) and 6 2.97 (m, ABX type), respectively. 

The signal of the a-anomer was shifted to lower field 
because of the benzyl group at 0-2'. However, Moffatt and 
his co-workers reported that the P-anomer of a C-glycoside 
protected with benzyl groups is thermodynamically more 
stable than the a-anomer. Moreover, the a-anomer, on treat- 
ment with base, is transformed into the p-anomer." Thus, the 
glycoside (13) was treated with 0 . 1 ~  sodium ethoxide in 
ethanol to give an anomeric mixture, the 'H n.m.r. spectrum of 
which showed an increase of the P : a ratio. 
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Again, this reaction of compounds (7) and (8a) was also 
carried out in other solvents such as nitromethane, N,N-di- 
methylformamide (DMF), and toluene. The results are 
summarized in Table 3. The yield of (13) was rather low when 
these solvents were used, and 1-(2',3',5'-tri-O-benzyl-a- and 
-B-~-ribofuranosyl)propan-2-one (1 5) was obtained as a by- 
product. 

Next, we carried out the conversion of C-glycosides 
(10a-d) into C-nucleosides. The C-glycoside (lOa) was treated 
with tosyl azide in the presence of triethylamine to afford the 
diazo compound (1 la) (p : a ca. 1 : 1) in 94% yield. Similar 
treatment of (1Oc) and (10d) gave the compounds (llc) and 
(lld) in quantitative yield. The C-glycoside (lob) was treated 
with tosyl azide under similar conditions to give the de- 
sired compound (1 lb), together with the 1,2,3-triazole (12) 
as a by-product. A deep brown colouration in the iron(@ 
chloride test indicated the presence of the enol form of (12). 
The 'H and 13C n.m.r. spectral data of compounds (lla-d) 
are shown in Table 4. The C-glycoside (13), protected with 
benzyl groups, was also treated with tosyl azide in the presence 
of triethylamine to give the diazo compound (14) in 91% 
yield. 

Next, the intramolecular cyclization of the diazo ester (lla) 
to give the pyrazole (lb) was investigated. When compound 
(1 la) was treated with sodium hydride in anhydrous DME at 
20 "C for 3 h, the pyrazole (16p) (m.p. 159-160 "C) and the 
a-anomer (16a) (foam) were obtained in 42 and 21% yield, 
respectively. The assignment of their respective stereo- 
chemistries was again established by observing the isopropyl- 
idene methyl 13C n.m.r. signals, which appeared at 6 25.48 and 
27.30 p.p.m. in (168), and at 24.60 and 26.18 p.p.m. in 
(16a). The i.r. spectra of both compounds contain an absorp- 
tion band at 3 440 cm-' due to the NH group of the pyrazole 
ring. 

Similar treatment of compound (llc) with sodium hydride 
gave a mixture of compounds (17p) and (17a) in 53% yield, 
which was chromatographically inseparable. On the other 
hand, the C-glycoside (lOd), when treated with sodium 
hydride, gave a 15% yield of the P-C-nucleoside (18p) as the 
sole product. Reaction of compound (I 1 b) under similar 

Table 3. Reaction of the protected o-ribose (7) with the phosphorane 
(8a) to give the C-glycoside (13) 

Yield (%) 
of (13) 
[Yield 

Reaction Reaction (%) of Ratio 
Solvent time (h) temp. ("C) (15)] p :  tc 

Acetonitrile 120 reflux 51 3:l 

Nitromethane 75 90 43 3: 1 

DMF 100 90 7 5: 1 

Toluene 100 90 47 2: 1 

LO1 

[14] [lo: 11 

[13] [ lo :  I] 

[26] [5 : 11 

Me Me 
( 1 6 ~ )  R = OEt 

(17a) R = N 3 
(19a) R = NH2 
(20W R =OMe 

H 

(22a,P) R = O E t  

( 2 3 P )  R = N  

TrO 

Me Me 

( 2 1 )  

conditions did not give the corresponding pyrazole, but 
resulted in the recovery of the starting material (a-anomer 
only) accompanied by the formation of the 1,2,3-triazole (12) 
(p : a ca. 3 : 1). The fl-C-nucleosides (17p) and (188) were also 
obtained in good yield by heating compound (16p) with 
pyrrolidine and morpholine, respectively. 

Similar cyclization of compound (14) gave a 65% yield of the 
C-nucleoside (22p) and (22a) (p : a ca. 5 : l), which, on being 
heated with morpholine, was exclusively transformed into the 
amide (238), with concomitant epimerization of the a-isomer. 
The (22p) : (22a) ratio was determined by 'H n.m.r. spectro- 
scopy. Namely, signals due to the 5'-methylene protons of 
(22p) are observed at S 3.56 (dd) and 3.86 (dd) owing to the 
effect of pyrazole ring whereas those of (2201) are observed at 
6 3.51 (d). 

Heating compound (16p) with ammonia in methanol gave 
the amide (19p) and the methyl ester (20p) in 73 and 22% 
yield, respectively. Prolonged heating (7 h) of compound (168) 
with ammonia gave a 94% yield of the amide (19p) as the sole 
product. The i.r. spectrum of (19B) shows an absorption band 
due to the amido carbonyl at 1 665 cm-'. In a similar manner, 
compound (16a) was transformed into the amide (19a) and 
the methyl ester (2001) in 46 and 25% yield, respectively. 

Table 4. 'H and I3C N.m.r. spectral data (6 values for isopropylidene methyl groups) for diazo compounds (1 la-d) 

'H (CDCl3) 
h 7 \ 

a B 
Compd. 7-- r--- 

(1 la) 1.32 1.49 1.32 1.54 
(1 1b) 1.33 1 S O  1.33 1.55 
(1 14 1.32 1.49 1.32 1.53 
(1 Id) 1.30 1.48 1.32 1.53 

I3C (CDC13) (p.p.m.) 
~~ 

a B- 
r-- r- 

25.12 26.30 25.66 27.53 
24.95 26.30 25.62 27.48 

27.53 25.07 26.30 
27.48 24.95 26.30 

25.60 
25.60 
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Table 5. 'H N.m.r. spectral data for protected C-nucleosides (168)-(20p), (16a), (19a), and (20a) in CDCIJ 

a In CLDL solution. 

J (Hz) 
h r- 

J1'*2' J2r.3, J3'.4' J4* .5#a  J1'.5*b 

3.5 6 3.5 5 -  

3.5 6 3.5 5 4 

3.5 6 3.5 5 4 

3.5 6 3.5 5 4 

3.5 6 3.5 5 -  

4 6 0 4 4 

3.5 6 0 4 4 

4 6 0 4 4 

7 

J5'a.Sb 

I 

10 

10 

10 

- 

10 

10 

10 

Table 6. 13C N.m.r. spectral data [6, values (p.p.m.) for iso- 
propyiidene groups] for protected C-nucleosides ( I  68)-(208), 
(16c(), (17a), (19a), and (20a) in CDC13 

Compd. Me Me C 
25.48 
25.48 
25.48 
25.42 
25.54 
24.60 
24.60 
24.42 
24.66 

27.30 
27.30 
27.30 
27.24 
27.36 
26.18 
26.30 
26.18 
26.37 

I 13.84 
113.60 
I 1  3.72 
113.78 
1 14.02 
1 12.78 
112.61 
112.78 
112.96 

Compound (20a) was treated again with ammonia to give 
compound (19a) in 71% yield. Reaction of compound (198) 
with N,N'-carbonyldi-imidazole in DME, in the presence of a 
catalytic amount of sodium hydride, furnished the pyrazolo- 
[1,3]oxazine (21) in 56% yield. The 'H n.m.r. and I3C n.m.r. 
spectral data for the protected C-nucleosides (1 6)-(20) are 
summarized in Tables 5 and 6. 

Deprotection of the amides (198) and (19a) with 90% 
trifluoroacetic acid at 20 "C for 45 min gave pyrazofurin (1) 
(85%), m.p. 108-1 10 "C (C9H13N306*HZO), and pyrazofurin 
B (2) (84%), m.p. 69-70 "c (C9Hl3N3O6*2H20), respectively. 
The i.r. spectra of our synthetic compounds (1) and (2) were 
identical in every respect with those of authentic samples of 
pyrazofurin and pyrazofurin B, respectively. Analogous 
treatment of compounds (1 7), (1 S), and (21) gave the pyrazo- 
furin derivatives (3), (4), and (5), respectively. The results are 
shown in Tables 7-9. On the other hand, removal of the 
benzyl group from (238) proceeds readily in a solution of 
boron trichloride l* in methylene dichloride at - 78 "C to give 
a 77% yield of compound (4), which is identical with the 
compound derived from (180). 

Experimental 
M.p.s were determined on a Yanaco model MP melting-point 
apparatus, and are uncorrected. 'H N.m.r. and 13C n.m.r. 
spectra were recorded using tetramethylsilane as internal 
standard on a JEOL JNM FX-100 spectrometer at 100 MHz 
and 25 MHz, respectively. 13C-lH Attachments were con- 

firmed by off-resonance experiments. 1.r. spectra were recorded 
on a JASCO A-101 spectrophotometer. High-performance 
liquid chromatography (h.p.1.c.) was carried out on a Waters 
Associate instrument (M 6000 pump; U6K injector) using a 
254 nm U.V. detector. Wakogel (C-200) was employed for 
silica gel column chromatography. Merck Kieselgel 60F 254 
was employed for t.1.c. Solvents used were purified by redistill- 
ation; e.g. acetonitrile and nitromethane were distilled from 
P205,  DME from LiAlH4, and DMF from BaO. 

2-0x0-3 -(phenylcarbamoyl)propylidenetriphenylphosphorane 
(8b).-A mixture of y-chloroacetoacetanilide l9 (10.6 g, 50 
mmol) and triphenylphosphine (1 3.1 g, 50 mmol) in anhydrous 
nitromethane (50 ml) was heated at 90 "C for 10 h. The solvent 
was evaporated under reduced pressure, and the residue was 
dissolved in chloroform (100 ml). The chloroform solution 
was washed with 10% aqueous sodium carbonate (50 ml x 2) 
and dried (Na2S04). The solvent was evaporated under 
reduced pressure and benzene was added to the resulting 
residue. The crystals which separated were filtered off, 
Recrystallization from benzene gave the product (8b) as a pale 
yellow powder (11.5 g, 5373, m.p. 215 "C (decomp.) (Found: 
C, 77.0; H, 5.55; N, 3.25. Ct8HZ4NO2P requires C, 76.85; 
H, 5.55; N, 3.2%); v,,,, (CHC13) 1 665 and 1 505 ern-'. 

2-Oxo-3-(pyrrolidin- 1 -y 1carbonyl)propylidenetrii heitylphos- 
phorane (Sc).-A mixture of N-(y-chloroacetoacety1)pyrroli- 
dine * (9.5 g, 50 mmol) and triphenylphosphine (13.1 g, 50 
mmol) in anhydrous nitromethane (50 ml) was heated at 
90°C for 4 h. The solvent was evaporated under reduced 
pressure and the residue was dissolved in benzene (100 ml). 
The benzene solution was washed with 10% aqueous sodium 
carbonate (50 ml x 2) and dried (NazS04). The solvent was 
evaporated under reduced pressure and the residue was sub- 
jected to column chromatography (adsorbent 400 g). Elution 
with ethyl acetate-methanol (10 : 1) gave a viscous oil, which 
was dissolved in chloroform. The chloroform solution was 
poured into hexane to give the product (8c) as a pale yellow 
powder (10.0 g, 48%), m.p. 144°C (Found: C, 74.3; H, 6.5; 

* N-(y-Chloroacetoacetyl)pyrrolidine and N-(y-chloroacetoacetyl)- 
morpholine were prepared by the reaction of diketene with chlorine, 
followed by treatment with pyrrolidine and morpholine, respectively. 
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Table 7. Deprotection of protected C-nucleosides ( I  78)-(198), (19a), and (21) with trifluoroacetic acid 

Products 
r- L 

Eluant proportions 
Protected compound 90% for column, ethyl 
T----h-, CF3C02H Reaction acetate-acetone- Yield (g) 

g (mmol) (m0 time (h) Compd. methanol-water [%I 
0.40 
[741 

(188) 1.0 (1.6) 20 0.75 (4) 50:l:l:l 0.35 

( 1  98) 1.76 (3) 40 0.75 (1 )  6 :  1 :  1 : l  0.34 

- (1  78) 1 . 1  (1.8) 20 I (3) 

[651 

\ 

M.p. ("C) [solvent for 
recrys t a1 1 iza t io n) 

[Acetone-methanol] 

[Ethanol] 

117-123 

165-1 67 

108-1 10 " 
[a51 [Water] 

69-70 (19a) 0.6 ( I )  14 I (2) 6 : l : l : l  0.24 
~341 [Water] 

(21) 0.6 (0.9) I2 1 ( 5 )  4 7 :  1 : I : I 0.25 foam 
~ 4 1  

Lit.,7 m.p. 112-115 OC,* 112-115 OC,' 111-113 "C. Lit.,6 m.p. 69-70 oC,8 76 "C. 

Table 8. Elemental analyses and i.r. spectra of C-nucleosides (1)-(5) 

Found (%) 
~~ ~ 

Compd. C H N Formula 
(1) 38.95 5.35 15.2 C9H13N306'H20 
(2) 36.3 5.9 14.35 C9H13Nj06*2H20 
(3) 5 1.45 6.7 11.2 CIJH~~N~O,*CH~COCH~ 

(4) 47.4 5.85 12.5 C13H1YN307 
(5) 42.15 4.35 13.3 CloH11Nj07*0.7CHjCOCH3 

In CHCI3. Due to acetone. 

Requires (%) 
7 \ 

C H N vc=o (KBr) 
39.0 5.45 15.15 1640 
36.6 5.8 14.25 1 650 
5 I .75 6.8 11.3 1 630" 

1 7 1 0  
47.4 5.8 12.75 1 630 
41.8 4.5 13.65 1 770, 

1 720 

Table 9. 'H and 13C N.m.r. spectra (6 values) for C-nucleosides (3)-(5) 

* (CD3OD) L 

7 \ r \ 

'H [(CD3)2SOl 

NH or OH 1'-, 2'-, 3'-, and 4'-C 1'-H 
Compd. (J1,,2dHz) f-----, r A > c-5' 

(3) 4.65 9.43 12.85 72.56 75.91 77.67 85.77 63.17 

(4) 4.72 8.55 12.38 72.04 75.74 77.20 85.25 62.47 

(5) 4.76 11.95 14.00 72.5 I 76.15 77.03 86.48 63.23 

(6) 

(6) 

(6) 

N, 3.5. C26H26N02P*+H20 requires C, 73.95; H, 6.3; N, 3.3%); 
vmx. (CHCl,) 1 620 and 1 530 cm-'. 

2-0x0-3 -(morpholinocarbonyl)propylidenetriphenylphos- 
phorane (8d).-A mixture of N-(y-chloroacetoacety1)morpho- 
line * (12 g, 58 mmol) and triphenylphosphine ( I  5.3 g, 58 mmol) 
in anhydrous nitromethane (50 ml) was heated at 90 "C for 
4 h. The solvent was evaporated under reduced pressure, and 
the residue was dissolved in chloroform (100 ml). The chloro- 
form solution was washed with 10% aqueous sodium car- 
bonate (50 ml x 2) and dried (Na2S04). The solvent was 
evaporated under reduced pressure, and the residue was sub- 
jected to column chromatography (400 g). Elution with ethyl 
acetate-methanol (10: 1) gave the product (8d) as a pale 
yellow syrup (15 g, 60%) (Found: C, 68.6; H, 6.05; N, 3.45. 

vmX. (CHCl,) 1 625, 1 585, and 1 540 cm-'. 
C26H26NO2P01*H2O requires C, 68.1; H, 6.4; N, 3.05%); 

* N-(y-Chloroacetoacety1)pyrrolidine and N-(y-chloroacetoacety1)- 
morpholine were prepared by the reaction of diketene with chlorine, 
followed by treatment with pyrrolidine and morpholine, respectively. 

Ethyl 4-(2', 3'-O-lsopropylidene-5'-O-trityl-cc- and -P-D- 
ri6ofuranosyf)-3-oxobutanoate (10a).--(a) A mixture of 2,3-0- 
isopropylidene-5-0-trityl-a- and -p-D-ribose (6)  lo (10.9 g, 
22 mmol) and 3-ethoxycarbonyl-2-oxopropylidenetriphenyl- 
phosphorane (8a) l4 (11.8 g, 30 mmol) in anhydrous aceto- 
nitrile (30 ml) was refluxed for 90 h. The solvent was evaporated 
under reduced pressure, and the residue was subjected to 
column chromatography (400 g). Elution with hexane-ethyl 
acetate (9 : 1) gave the product (10a) (p : cc ca. 2 : 1) as a foam 
(13.0 g, 95%) (Found: C, 72.85; H, 6.7. CJ3H3607 requires 
C, 72.75; H, 6.65%); vmx. (CHCl,) 1 740 and 1 720 cm-'. 
Similarly, use of nitromethane, benzene, or toluene as solvent, 
instead of acetonitrile, gave the product (lOa) in 74, 54, and 
58% yield, respectively. The results are summarized in Table I. 

(b) A solution of ethyl 4-diethylphosphono-3-oxobutanoate 
(9) l5 (0.87 g, 3.3 mmol) in anhydrous DME (2 ml) was added 
dropwise to an ice-cooled suspension of sodium hydride 
(50% dispersion; 0.126 g, 2.6 mmol) in DME (5 ml). To the 
mixture was added a solution of (6) (0.94 g, 2.2 mmol) in 
DME (5 ml). The resulting mixture was refluxed for 90 h. A 
solution of acetic acid (0.158 g, 2.6 mmol) in DME (2 ml) was 
added dropwise to the stirrcd, ice-cooled reaction mixture. 
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The solvent was evaporated under reduced pressure, and water 
(10 ml) was added to the residue. The mixture was extracted 
with benzene (10 ml), and the extract was dried over anhydrous 
sodium sulphate and evaporated under reduced pressure. The 
resulting residue was subjected to column chromatography 
(30 g). Elution with hexane-ethyl acetate (9: 1) gave the 
product (10a) (b : a ca. 1 : 2) as a foam (0.74 g, 63%). 

4-(2’,3’-0-Isopropylidene-5‘-O-trityl-a- and -p-D-ribo- 
furanosyl)-3-oxobutananifide (lob).-A mixture of compound 
(6) (0.5 g, 1.2 mmol) and the phosphorane (8b) (1 g, 2.3 mmol) 
in anhydrous nitromethane (15 ml) was refluxed for 12 h. The 
solvent was evaporated under reduced pressure, and the 
residue was subjected to column chromatography. Elution 
with hexane-ethyl acetate (8 : 1) gave the starting material (6) 
(0.1 g, 20% recovery). Subsequent elution with hexane-ethyl 
acetate (3 : 1) gave the product (lob) (p : u ca. 3 : 2) as a foam 
(0.5 g, 71%) (Found: C, 73.4; H, 6.25; N, 2.2. C37H37N06* 
3H20 requires C, 73.6; H, 6.4; N, 2.3%); vmau. (CHClJ 3 300, 
1 705, and 1 675 cm-’. 

N-[4-(2’,3’-O-Isopropylidene-5’-O-trityl-u- and -p-D-ribo- 
furanosyf)-3-oxobutanoy~pyrrolidine ( 1 Oc) .-A mixture of 
compound (6) (5  g, 11 mmol) and the phosphorane (8c) (5.8 g, 
13.2 mmol) in anhydrous nitromethane (60 ml) was refluxed 
for 24 h. The solvent was evaporated under reduced pressure, 
and the residue was subjected to column chromatography. 
Elution with hexane-ethyl acetate (2 : 1) gave the product 
(1Oc) (b : u ca. 3 : 2) as a foam (5.3 g, 87%). Rechromato- 
graphy of the product with hexane-ethyl acetate (2 : 1) gave 
fl-(lOc) as a foam and u-(lOc) as needles (from hexane- 
methanol), m.p. 175 “C. Compound p-(lOc) (Found: C, 
70.85 ; H, 7.0; N, 2.2. C34H37N0,-CH,C02C2Hs requires C, 
70.4; H, 7.25; N, 2.05%); vnlay. (CHCI,) 1 710 and 1 635 cm-’; 
compound u-(lOc) (Found: C, 73.5; H, 6.7; N, 2.5. C34H37N06 
requires C, 73.3; H, 7.2; N, 2.5%); vmau. (CHCl,) 1 710 and 
1 635 cm-’. 

N-[4-(2’,3’-0-Isopropylidene-5’-O-trityl-a- and -p-D-ribo- 
furanosyl)-3-oxobutanoyl]morpholine (1 Od) .-A mixture of 
compound (6) (3 g, 6.9 mmol) and the phosphorane (8d) (4 g, 
9.3 mmol) in anhydrous nitromethane (30 ml) was heated at 
95-100°C for 32 h. The solvent was evaporated under 
reduced pressure, and the residue was subjected to column 
chromatography. Elution with hexane-ethyl acetate (2 : 1) 
gave the product (10d) as a foam (3 g, 75%). Rechromato- 
graphy of the product with hexane-ethyl acetate (2 : 1) gave 
j3-(lOd) as a foam and u-(lOd) as needles (from hexane- 
methanol), m.p. 125-127 “C. Compound P-(lOd) (Found: 
C, 71.45; H, 6.5; N, 2.45. C3JH37N07 requires C, 71.05; 
H, 6.9; N, 2.15%); vmx. (CHCI,) 1710 and 1640 cm-’. 
Compound a-(l0d) (Found: C, 71.45; H, 6.5; N, 2.45); v,,,. 
(CHCl,) 1 710 and 1 635 cm-’. 

Ethyl 2-Diazo-4-(2‘,3’-O-isopropylidene-5’-O-trityl-u- and 
-~-~-ribofuranosyf)-3-oxobutanoate (1 1 a).-Triethylamine 
(2.23 g, 22 mmol) and toluene-p-sulphonyl azide (12 ml) were 
sequentially added to a solution of the ester (10a) (12.0 g, 22 
mmol) in anhydrous acetonitrile (100 ml). The mixture was 
kept at room temperature for 30 min. The solvent was then 
evaporated under reduced pressure, and the residue was 
subjected to column chromatography (500 8). Elution with 
hexane+thyl acetate (9 : 1) gave the product (lla) (b : u ca. 
1 : 1) as a foam (12.2 g, 94%) (Found: C, 70.05; H, 6.15; 
N, 5.0. C33H34N207**C6H14 requires C, 69.85; H, 6.3; N, 
4.75%); vmu. (CHCl,) 2 150, 1 710, and 1 645. 
2- Diazo-4-(2’,3’-0-isopropylidene-5’-O-trityl-u- and -D-D- 

ribofuranosyl)-3-oxobutananilide (1 1 b).-Triethylamine (0.3 g, 
3 mmol) and toluene-p-sulphonyl azide (1.5 ml) were added to 

a solution of the anilide (lob) (1.8 g, 3 mmol) in anhydrous 
acetonitrile (20 ml). The mixture was kept at room temperature 
for 1 h. The solvent then was evaporated under reduced 
pressure, and the residue was subjected to column chromato- 
graphy. Elution with hexane-ethyl acetate (4: 1) gave the 
product (1 lb) (p : u ca. 1 : 2) as a foam (0.5 g, 26%) (Found: 
C, 71.3; H, 6.1; N, 6.3. C37H3sN306*~H20 requires C, 71.25; 
H, 5.75; N, 6.75%); vmr. (CHCl,) 3 250, 2 150, and 1670 
cm-’. Subsequent elution with ethyl acetate gave the triazole 
(12) as a foam (1.3 g, 70%) (Found: C, 64.45; H, 6.55;  N, 6.4. 
C37H3SN306*4H20 requires C, 64.45; H, 6.3; N, 6.1%); vmX. 
(CHCl,) 1 730w and 1 650 cm-’. 

N-[2- Diazo-4-(2’, 3’-O-isopropylidene-5‘-O-trity1-a- and -P-D- 
ribofuranosyl)-3-oxobutanoyl]pyrrolidine (1 1 c) .-Triet hyl- 
amine (1 g, 9.5 mmol) and toluene-p-sulphonyl azide (5  ml) 
were added to a solution of compound (1Oc) (5.3 g, 9.5 mmol) 
in anhydrous acetonitrile (40 ml). The mixture was kept at 
room temperature for 2 h. The solvent was evaporated under 
reduced pressure, and the residue was subjected to column 
chromatography. Elution with hexane-ethyl acetate (4 : 1) 
gave the product (llc) as a foam (5.5 g, 100%) (Found: C, 
68.2; H, 6.5; N, 7.3. C34H35N306*H20 requires C, 68.05; 
H, 6.15; N, 7.0%); v,,,. (CHCL,) 2 100 and 1 620 cm-’. 

N-[2- Diazo-4-(2’,3 ’-O-isopropylidene-5’-O-trityl-a- and -P-D- 
ribofuranosyl)-3-oxobutanoy[lmorpholine (1 1 d).-Triethyl- 
amine (0.67 g, 6.6 mmol) and toluene-p-sulphonyl azide (4 ml) 
were added to a solution of compound (10d) (3.5 g, 6 mmol) in 
anhydrous acetonitrile (30 ml). The mixture was kept at room 
temperature for 2 h. The solvent was evaporated under 
reduced pressure, and the residue was subjected to column 
chromatography. Elution with hexane-ethyl acetate (2 : 1) 
gave the product (lld) as a foam (3.58 g, 100%) (Found: 
C, 70.3; H, 6.3; N, 6.1. C ~ ~ H ~ S N ~ O ~ * + C & &  requires C, 69.85; 
H, 6.0; N, 6.6%); vmx. (CHCl,) 2 100 and 1 640 cm-’. 

Ethyl 3-0~0-4-(2’,3’,5’-tri-O-benzyl-u- and -p-D-ribofuranos- 
yf)butanoate (13).-(a) A solution of the protected ribo- 
furanose (7) (1.85 g, 4.4 mmol) and the phosphorane (8a) 
(3.90 g, 10 mmol) in anhydrous acetonitrile (25 ml) was 
refluxed for 120 h. The solvent was evaporated under reduced 
pressure, and the residue was subjected to column chromato- 
graphy (100 g). Elution with hexane-ethyl acetate (5 : 1) gave 
the product (13) (p : u ca. 3 : 1) as a viscous oil (1.2 g, 51%) 
(Found: C, 71.85; H, 6.9. C32H3607 requires C, 72.15; H, 
6.8%); vmy. (CHCl,) 1 740 and 1715 cm-’; 8, (CDCl,) 1.24 
(3 H, t, J 7 Hz, CH2CH3), 2.69 (2 H x 9, m, 4-H2, P-anomer), 
2.97 (2 H x 4, m, 4-H2, a-anomer), 3.37 (2 H x a, s, 2-H2, 
u-anomer), 3.44 (2 H x $, s, 2-H2, p-anomer), 3.40-3.53 (2 H, 
m, 5’-H2), 4.494.55 (6 H, m, PhCH2 x 3), and 7.16-7.32 
(15 H, m, ArH). 

(b) A solution of compound (7) (1.85 g, 4.4 mmol) and the 
phosphorane (8a) (3.90 g, 10 mmol) in nitromethane (25 ml) 
was heated at 90 “C for 75 h. Work-up as above gave com- 
pound (13) (1.0 g, 43%) and 1-(2’,3’,5’-tri-O-benzyl-u- and 
-~-~-ribofuranosy~)propan-2-one (15) (p : a ca. 10 : 1) as a 
viscous oil (0.28 g, 14%) (Found: C, 75.5; H, 7.15. C29H3205 
requires C, 75.65; H, 7.0%); vnlax. 1 715 cm-’; SH (CDCI,) 2.03 
(3 H x s, CH,, a-anomer), 2.12 (3 H x #, s, CH,, p- 
anomer), 2.56 (2 H x f f ,  d, Jl,l. 6 Hz, l-Hz, p-anomer), 2.86 
(2 H x -i’i, m, 1-H2, a-anomer), 3.36-3.55 (2 H, m, 5’-Hz), 
4.44-4.56 (6 H, m, PhCH2 x 3), and 7.16-7.32 (15 H, m, 
ArH). 

(c) A solution of compound (7) (1.85 g, 4.4 mmol) and the 
phosphorane (8a) (3.90 g, 10 mmol) in anhydrous DMF 
(25 ml) was heated at 90 “C for 100 h. Work-up as above gave 
compound (1 3) (0.16 g, 7%) and compound (1 5 )  (0.26 g, 13%). 

(d) A solution of compound (7) (1.85 g, 4.4 mmol) and the 
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phosphorane @a) (3.90 g, 10 mmol) in anhydrous toluene 
(25 ml) was heated at 90 "C for 100 h. Work-up as above gave 
compound (13) (1.1 g, 47%) and compound (15) (0.53 g, 
26%). 
Ethyl 2- Diazo-3-oxo-4-(2', 3 ', 5 '-tri-0-benzyl- a- and +D- 

ribofuranosy1)butanoate (14).-Triethylamine (0.57 g, 5.6 
mmol) and toluene-p-sulphonyl azide (3.07 ml) were added to 
a solution of compound (13) (3.0 g, 5.6 mmol) in anhydrous 
acetonitrile (25 ml). The mixture was kept at 15 "C for 30 min. 
The solvent was evaporated under reduced pressure, and the 
residue was subjected to column chromatography (100 g). 
Elution with hexane-ethyl acetate (5 : 1) gave the product (14) 
(13 : a ca. 5 : 1) as a viscous oil (2.86 g, 91%) (Found: C, 67.9; 
H, 6.25; N, 5.0. C32H34NZ07*+H20 requires C, 67.7; H, 6.4; 
N, 4.95%); v,,,. 2 150, 1 710, and 1 650; 8" (CDC13) 1.29 
(3 H, t, J 7 Hz, CH,CH,), 3.10 (2 H x 6, m, 4-H2, B-anomer), 
3.29 (2 H x 3, m, 4-H2, a-anomer), 3.44-3.56 (2 H, m, 5'-Hz), 
4.50-4.54 (6 H, m, PhCH, x 3), and 7.24-7.27 (15 H, m, 
ArH). 

Cyclization of Compound (1 la).-A solution of compound 
(lla) (6.50 g, 11 mmol) in pure dry DME (60 ml) was added 
dropwise to a stirred, ice-cooled suspension of sodium 
hydride (NaH) (50% dispersion; 2.64 g, 55 mmol) in pure dry 
DME (60 ml) under nitrogen during 30 min. The reaction 
temperature was raised gradually to 20"C, and the mixture 
was stirred for a further 3 h. A solution of acetic acid (3.30 g, 
55 mmol) in DME (10 ml) was then added dropwise to the 
stirred, ice-cooled reaction mixture. The solvent was evapor- 
ated under reduced pressure to give a residue, to which water 
and diethyl ether were added. The ethereal solution was 
dried over anhydrous sodium sulphate and concentrated. The 
residue was subjected to column chromatography (800 g). 
Elution with hexane-ethyl acetate (3 : 1) gave ethyl 4-hydroxy- 
3-(2', 3 '-0- isoprop ylidene-5'-O-irityl-~-~-ribofuranosyl)pyra- 
zole-5-carboxylate (1613) (2.66 g, 42%) as prisms (from diethyl 
ether), m.p. 159-160 "C (Found: C, 69.3; H, 6.05; N, 4.65. 
C33H34NZ07 requires C, 69.45; H, 6.0; N, 4.9%); vnlaX, 3 440, 
1 720, and 1 685 cm-'. Further elution with the same solvent 
mixture gave ethyl 4-hydroxy-3-(2',3'-O-isopropylidene-5'-0- 
trityl-a-~-ribofuranosyl)pyrazo~e-5-carboxy~ate (1 64) as a 
foam (1.34 g, 21%) (Found: C, 67.7; H, 6.05; N, 4.6. C33H34- 
N2O7.%CH3CO2C2H5 requires C, 67.9; H, 6.35; N, 4.4%); 
v,,,. 3 440, 1 720, and 1 685 cm-'. 

4-~ydroxy-3-(2~,3'-O-isopropylidene-5'-O-triryl-a- and -P-D- 
ribofuranosyl)-5-pyrrolidin-l -ylcarbonylpyrazole (1 7 a) and 
(17b).-(a) A solution ofcompound (llc) (1.7 g, 2.8 mmol) in 
pure dry DME (10 ml) was added dropwise to a stirred, ice- 
cooled suspension of sodium hydride (50% dispersion; 0.68 g, 
14.2 mmol) in pure dry DME (10 ml). The mixture was stirred 
at room temperature for 3 h. A solution of acetic acid (0.85 g, 
14.2 mmol) in DME ( 5  ml) was then added dropwise to the 
stirred, ice-cooled reaction mixture. The solvent was evapor- 
ated under reduced pressure to give a residue, to which water 
and chloroform were added. The chloroform layer was washed 
with water, dried over anhydrous sodium sulphate, and con- 
centrated under reduced pressure. The resulting residue (2.6 g) 
was subjected to column chromatography. Elution with 
hexane-ethyl acetate (4: 1) gave a mixture of compounds 
(17p) and (17a) (p : a ca. 2 : 1) as a foam (0.9 g, 53%); vDlaX. 
(CHCI,) 3 440, 3 340, and 1 620 cm-'. 

(b) A solution of the ester (168) (0.73 g, 1.25 mmol) in 
pyrrolidine (15 ml) was refluxed for 6 h. Excess of pyrrolidine 
was evaporated under reduced pressure, and the residue was 
subjected to column chromatography (70 g). Elution with 
hexane-ethyl acetate (7 : 3) gave the product (17p) as a glass 
(0.64 g, 86%) (Found: C, 69.1; H, 6.75; N, 6.6. C35H37N306* 

jHzO requires C, 69.5; H, 6.35; N, 6.95"h; vmX. (CHCL) 
3 440, 3 340, and 1 620 cm-'. 

4-Hydroxy-3-(2',3'-0-isopropyZidene-5'-O-trityl-a- and +-a- 
ribofuranosyl)-5-morpholinocarbonylpyrazole (1 SP).-(a) A 
solution of compound (lld) (2.0 g, 3.3 mmol) in pure dry 
DME (20 ml) was added dropwise to a stirred suspension of 
sodium hydride (50% dispersion; 0.79 g, 16.5 mmol) in pure 
dry DME (10 ml) at -10 "C. The mixture was stirred at 
--lo "C for 30 min, and then at  room temperature for 3 h. A 
solution of aceticacid (1 g, 16.5 mmol) in pure dry DME (5  ml) 
was then added dropwise to the stirred, ice-cooled reaction 
mixture. The solvent was evaporated under reduced pressure. 
The residue was dissolved in chloroform and the solution was 
washed with water, dried over anhydrous sodium sulphate, 
and evaporated under reduced pressure. The residue (3 g) was 
subjected to column chromatography. Elution with hexane- 
ethyl acetate (3 : 1) gave the product (1813) as a foam (0.3 g, 
15%) (Found: C, 67.3; H, 6.35; N, 6.2. C35H37N307CH3C02- 
CzH5 requires C ,  66.95; H, 6.5; N, 6.0%); vmu. (CHCI,) 
3 450, 3 250, and 1 630 cm-'. 

(b) A solution of the ester (16p) (0.73 g, 1.25 mmol) in 
morpholine (15 ml) was heated at 105-110 "C for 6 h. Excess 
of rnorpholine was evaporated under reduced pressure, and 
the residue was subjected to column chromatography (70 8). 
Elution with hexane-ethyl acetate (7 : 3) gave the product 
(1813) as a glass (0.72 g, 83%). 

4- Hydroxy - 3 -( 2', 3 '-0- isoprop y lidene- 5'-0- tr ity l- p -D - ribo- 
furanosyl)pyrazole-5-carboxamide (1 9p).-A solution of the 
ester (1613) (2.30 g, 4 mmol) in pure dry methanol (70 ml) was 
saturated with ammonia gas at 0 "C. The mixture was heated 
a t  90-95 "C in a sealed tube for 7 h. The solvent was evapor- 
ated under reduced pressure, and the residue was subjected to 
column chromatography (60 g). Elution with hexane-ethyl 
acetate (3 : 2) gave the product (1913) as a glass (2.22 g, 94%) 
(Found: C, 67.6; H, 5.9; N, 7.3. C31H31N306*+CH3COzCzHS 
requires C, 67.7; H, 6.0; N, 7.15%); vmax. (CHCI,) 1 665 cm-'. 
Shortened heating (3 h) of the mixture gave the product (19p) 
(73%) and methyl 4-hydroxy-3-(2',3'-0-isopropylidene-5'-0- 
trityl-~-~-ribofuranosyl)pyrazole-5-carboxylate (2013) as a 
foam (22%) (Found: C, 68.5; H, 6.4; N, 4.45. C32H32Nz07* 
$CH3CO2C2H5 requires C, 68.2; H, 6.0; N, 4.75%); vmar. 
(CDC13) 3 420 and 1 690 cm-'. 

4-Hydroxy-3-(2', 3 '-O-isopropylidene-5'-O-trityl- a-D-ribo- 
furanosyl)pyrazoZe-5-carboxamide (1 9a).-A solution of the 
ester (16a) (1.20 g, 1.9 mmol) in pure dry methanol (35 ml) was 
saturated with ammonia gas at 0 "C. The mixture was heated 
a t  90-95 "C in a sealed tube for 2 h. The solvent was evapor- 
ated under reduced pressure, and the residue was subjected 
to column chromatography (30 g). Elution with hexane-ethyl 
acetate (3 : 1) gave the starting material (16a) (0.18 g, 15% 
recovery) and methyl 4-hydroxy-3-(2',3'-O-isopropylidene- 
5'-O-trityl-a-~-r~bofuranosy~)pyrazo~e-5-carboxylate (20~) as 
a glass (0.30 g, 25%) (Found: C ,  66.75; 23, 6.1 ; N, 4.25. 
C32H32N2007*CH3COzC2H5 requires C, 67.05 ; H, 6.25; N, 
4.35%); vnlau. 3 420 and 1 690 cm-'. Subsequent elution with 
hexane-ethyl acetate (3  : 2) gave the product (19a) as a glass 
(0.53 g, 46%) (Found: C ,  66.95; H, 6.2; N, 7.1. C31H31N306- 
iCH3C02CH2CH3 requires C, 67.2; H, 6.15; N, 6.9%); vmx. 
1665 cm-'. Similar treatment of compound (2001) gave the 
product (19a) in 71% yield. 

3 -(2', 3 ' -0-Zsoprop y lidene-5 '-0-trityl-D-D-ribo furanosy 1)- 
1 H, 6H-pyrazolo [ 3,4-el[ I ,  3loxazine-5 ,7-dione (2 1) .-A solution 
of the amide (19p) (1.76 g, 3 mmol) in pure dry DME (20 ml) 
!was added dropwise to a stirred, ice-cooled suspension of 
sodium hydride (50% dispersion; 72 mg, 1.5 mmol) in pure 
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dry DME (15 ml) under nitrogen. To the mixture was added a 
solution of 1 ,l'carbonyldi-imidazole (0.97 g, 6 mmol) in pure 
dry DME (5 ml). The resulting mixture was stirred for 10 h at 
room temperature. A solution of acetic acid (90 mg, 1.5 mmol) 
in DME (1 ml) was then added dropwise to the stirred, ice- 
cooled reaction mixture. The solvent was evaporated under 
reduced pressure to give a residue, to which was added a 
mixture of water (20 ml) and diethyl ether (20 ml). The 
ethereal layer was dried over anhydrous sodium sulphate and 
concentrated, and the residue was subjected to column 
chromatography (60 g). Elution with hexane-ethyl acetate 
(2 : 1) gave the product (21) as a foam (1.1 g, 56%) (Found: 
C, 65.7 ; H, 5.65 ; N, 6.4. C32H29N307*CH3C0zC2H5 requires 
C, 65.95; H, 5.7; N, 6.4%); vmu. (CHCl,) 3 400, 1775, and 
1 740 cm-'; & (CDCl,) 1.38 and 1.60 (6 H, br s x 2, CMe,), 
3.22 (2 H, d, Jq,y 4 Hz, 5'-H2), 4.40 (1 H, dt, J3,,4* 3, J 4 * , 5 '  4 Hz, 
4 - H ) ,  4.73 (1 H, dd, J2*,3* 5, J3,,4'  3 Hz, 3'-H), 5.10 (1 H, dd, 
Jy,Z 4, J 2 , , 3 ,  5 Hz, 2'-H), 5.17 (1 H, d, J1,,2* 4 Hz, 1'-H), 7.3 
(15 H, m, CPh,), and 9.0 (1 H, s, NH); & (CDCl,) 25.48 and 
27.30 (CMe2) and 114.66 p.p.m. (CMe2). Further elution with 
hexane-ethyl acetate (3 : 2) gave the starting material (19f3) 
(0.6 g, 34% recovery). 

Ethyl 4-Hydroxy-3-(2',3', 5'-tri-O-benzyl- a- and -p-D-ribo- 
furanosyl)pyrazoZe-5-carboxylate (22a) and (22p).-A solution 
of compound (14) (2.36 g, 4.3 mmol) in pure dry DME (20 ml) 
was added dropwise to a stirred, ice-cooled suspension of 
sodium hydride (60% dispersion; 0.86 g, 21 mmol) in pure dry 
DME (20 ml) under nitrogen. The mixture was stirred at room 
temperature for 24 h. A solution of acetic acid (1.26 g, 21 
mmol) in DME (10 ml) was then added dropwise to the 
stirred, icecooled reaction mixture. The solvent was evapor- 
ated under reduced pressure to give a residue, to which were 
added water (30 ml) and diethyl ether (30 ml). The ethereal 
layer was dried over anhydrous sodium sulphate and con- 
centrated, and the residue was subjected to column chromato- 
graphy (100 g). Elution with hexane-ethyl acetate (3 : 1) gave 
the product (224 and(22P) (P : a ca. 5 : 1) as a foam (1.53 g, 
65%) (Found: C, 69.75; H, 6.25; N, 4.45. C32H34N207*+C6HIQ 
requires C, 69.55; H, 6.65; N, 4.75%); vmx. (CHCl,) 3 430, 
3 270,l 730, and 1 685 cm-'; CjH (CDC13) 1.42 (3 H, t, J 7 Hz, 
CH2CH3), 3.51 (2 H x 16, d, J 4',5' 6 Hz, 5'-H2, a-anomer), 
3.56 (1 H x %, dd, J5,a,Srb 10, J4',5,a 2 Hz, 5'-Hz, P-anomer), 

5.30-5.40 (1 H, m, 1'-H), and 7.00-7.44 (15 H, m, ArH). 
The P :  a ratio was determined by high-performance liquid 
chroniatography (h.p.1.c.) with a p Bondapak CIS column 
(7.8 mm x 30 cm); eluant: methanol-water (3 : 1); flow rate: 
2 ml min-'; retention time: a 6.5 min; 8 7.1 min. 

4-Hydroxy-5-morpholinocarbonyl-3-(2', 3',5'-tri-O-benzyl- 
P-D-ribofuranosyl)pyrazo!e (23P).-A solution of compounds 
(22a) and (228) (2.80 g, 5 mmol) in morpholine (60 ml) was 
heated at 100 "C for 6 h. Excess of morpholine was evaporated 
under reduced pressure, and the residue was subjected tocolumn 
chromatography (120 g). Elution with hexane-ethyl acetate 
(1 : 1) gave the product (23B) as a foam (2.35 g, 78%) (Found: 
C, 67.3; H, 6.25; N, 6.6. C34H37N307*+H20 requires C, 67.1 ; 
H, 6.3; N, 6.9%); vmx. (CHCl,) 3 430, 3 270, and 1 640 cm-.'; 
&., (CDC13) 3.73 (8 H, br s, morpholine protons), 5.41 (1 H, 
s, 1'-H), 7.23-7.34 (15 H, m, ArH), 9.10 (1 H, s, OH), and 
11.08 (1 H, br, NH). 

General Procedure for Deprotection of Protected C-Nucleo- 
sides (178), (18p), (19a) and (19p), a n d  (21).-A solution of 
the protected C-nucleoside (1-3 mmol) in 90% trifluoroacetic 
acid (14-40  ml) was set aside at room temperature for 45 
min-1 h. The solvent was evaporated under reduced pressure 
below 5 "C, and the residue was subjected to column chromato- 

3.86 (1 H X 2, dd, J5a,,5*b 10, J 4 , , s b  3 HZ, 5'-Hz, p-anomer), 

graphy. Elution with acetone-methanol-water gave the C- 
nucleoside (1)-(5) ; the results are summarized in Table 7. 

Deprotection of the Protected C-Nucleoside (23P).-A 
solution of boron trichloride (1.97 g, 16.7 mmol) in pure dry 
methylene dichloride (7 ml) was added dropwise to a stirred 
solution of compound (23p) (0.1 g, 0.2 mmol) in pure dry 
methylene dichloride (2 ml) at -78 "C. The solution was kept 
at -78 "C for 24 h. A mixture of pure dry methanol (8.3 ml) 
and pure dry methylene dichloride (8.3 ml) was then added 
dropwise to the stirred solution at -78 "C. The mixture was 
kept at -20 "C for 24 h. The solvent was evaporated under 
reduced pressure at 30 "C and the residue was co-evaporated 
with pure dry methanol four times at 30°C. The resulting 
residue was subjected to column chromatography (10 g). 
Elution with ethyl acetate-acet one-met hanol-wa ter 
(50 : 1 : 1 : 1) gave the product (4) (40 mg, 77%). 
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