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Condensation of several derivatives of 2,5-anhydro-~-allose with phosphoranes gives, e.g., methyl trans-4,7- 
anhydro-5,6,8-tri-0-benzoyl-2,3-dideoxy-~-u~lo-oct-2-enonate (4) in high yield. 1,3-Dipolar cycloaddition of 4 
with diazomethane followed by dehydrogenation with chlorine readily gives 3(5)-carbomethoxy-4-(2,3,5-tri-O- 
benzoyl-0-D-ribofuranosy1)pyrazole (6) .  The latter can be deblocked to give several different pyrazole C-glycosyl 
nucleosides. Similar cycloaddition of 4 with alkyl diazoacetates leads to  some comparable 3,5-disubstituted 4- 
ribofuranosylpyrazoles. By using the 2-bromo derivative of 4, pyrazoles such as 6 are directly formed by sponta- 
neous dehydrobromination of the intermediate pyrazoline. Condensation of 2,3,5-tri-0-benzoyl-o-ribofuranosyl 
bromide with the silver derivatives of alkyl propiolates leads primarily to 1,2-0-(cu-alkynylbenzylidene) deriva- 
tives rather than to ribosylalkynes. 

The presence of significant amounts of pseudouridine in 
transfer RNA2 and the isolation of a number of nucleoside 
antibiotics3 such as formycin, showdomycin, pyrazomycin, 
and oxazinomycin has stimulated much interest in the 
synthesis of C-glycosyl nucleosides. Syntheses of pseu- 
douridine4 and of its sugar5 and base6 analogs have been 
achieved via direct condensation of suitable derivatives of 
the heterocyclic base and the pentose moiety. In addition, 
valuable progress has been made in the direct, Lewis acid 
catalyzed ribosidation of aromatic and certain heteroaro- 
matic  system^.^ 

A perhaps more versatile route for the synthesis of C- 
glycosyl nucleosides involves the elaboration of the desired 
heterocyclic systems starting from suitably functionalized 
anhydro sugars (1). Since the carbon-carbon bond ulti- 
mately joining the sugar and heterocycle is already pres- 
ent in the starting sugar, this route permits the formation 
of anomerically pure C-glycosides. Using this general 
method, syntheses of showdomycins and pyrazomycinQ 
have been achieved uia the keto ester la, while the diazo 
sugar lb  has been converted into formycin BIO and oxo- 
formycin.11 

OR OR 
la, R = Ac; X = COC0,Me 
b, R = CH,C,H,; X = CHN, 
c, R = CH,C,H,; X = CHO 
d, R = CH,C,H,; X = COC0,Me 

In a recent paperl2 we have described the facile synthe- 
sis of a variety of derivatives of 2,5-anhydro-~-allose (1, X 
= CHO) in which the hydroxyl functions are protected as 
esters, acetals, or benzyl ethers, In a subsequent publica- 
tion, Montgomery, et al.,13 have also described a similar 
route to derivatives of 2,5-anhydro-~-allose. Under the 
conditions that were used, however, these workers ob- 
served extensive epimerization of the formyl group. We 
have shown that the tri-0-benzyl ether (IC) can be readily 
converted to the keto ester Id and thence to showdomycin 
via a Wittig reacti0n.l In this paper we describe the con- 
version of several derivatives of 2,5-anhydro-~-allose into 
substituted 4-~-~-ribofuranosylpyrazoles. Previously pyra- 
zoles substituted at  C3 by anhydroalditols have been de- 
scribed uia reactions of acetylenes with either d i a ~ o - ~ O J ~  
or nitriliminolb sugars. A few acyclic pyrazole-3-polyols 
have also been prepared by similar routes.16 The only pre- 
vious example of a 4-glycosylpyrazole appears to have re- 

sulted from the reaction of diazomethane with 1-(2,3,4,6- 
tetra-0-acetyl-~-~-glucopyranosyl)-2-pheny~acety~ene by 
Garcia-Lopez, e t  ~ 1 . ~ 7  

Of the various methods available for the synthesis of 4- 
substituted pyrazoles18 the 1,3-dipolar cycloaddition of 
diazoalkanes to suitably activated P-D-ribofuranosylolefins 
or -acetylenes appeared to be most applicable for our pur- 
poses. The sequence used is outlined in Scheme I. Methyl 
trans-4,7-anhydro-5,6,8-tri-O-benzoyl-2,3-dideoxy-~-allo- 
oct-Z-enonate (4) appeared to be a suitable d ipolar~phi le l~  
for the above type of reaction. This compound was readily 
prepared by condensation of freshly prepared 3,4,6-tri-O- 
benzoyl-2,5-anhydro-~-allose with carbomethoxy- 
methylenetriphenylphosphorane (3)20 in methylene chlo- 
ride. Following chromatography on silicic acid, 4 was ob- 
tained in 91% yield as a homogeneous syrup. Examination 
by nmr spectroscopy showed that 4 was the pure trans iso- 
mer, C2 H and C3 H appearing as sharp doublets of dou- 
blets a t  6.24 and 7.06 ppm with& = 15.5 H z . ~ ~  

Scheme I 

I 

OBz OBz 
2 HN- r\l 
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OBz 6Bz OBz OBz 
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OBz OBz OH OH 
6 7a, X = OCH, 

b, X = O H  
c,  X = NH, 

The condensation of the phosphorane 3 with 2,5-anhy- 
dro-6-benzoyl-3,4-0-isopropylidene-~-allose (8),12 how- 
ever, gave the unsaturated ester 9 as an 8:l mixture of its 
trans and cis isomers in a combined yield of 88%. An 
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analysis of the isomeric mixture was readily apparent 
from its nmr spectrum and was most easily revealed by 
the methyl ester singlets which appeared a t  3.73 and 3.80 
ppm for the trans and cis isomers, respectively. An at- 
tempted alternative synthesis of 4 via base-catalyzed con- 
densation of the tribenzoate 2 with trimethyl phosphono- 
acetate was accompanied by extensive loss of benzoyl 
groups. Following rebenzoylation, the only pure compound 
isolated proved to be 2-benzoyloxymethyl-5-(trans-car- 
bomethoxyethy1ene)furan (10). The crystalline product so 
obtained was shown by its nmr spectrum to be the pure 
trans isomer with J 2 , 3  = 16 Hz.Z1 Clearly either the al- 
dehydo group of 2 or the unsaturated ester function in the 
primary product (4) provided sufficient activation to pro- 
mote base-catalyzed elimination of benzoyl groups leading 
to the furan. As expected, the elimination reaction was 
avoided in the corresponding reaction of trimethyl phos- 
phonoacetate with the isopropylidene derivative 8. From 
this reaction a 3:l mixture of the trans and cis isomers of 
9 was obtained in 45% yield. From the above it is clear 
that from the point of view of both yield and isomeric pu- 
rity, use of the phosphorane 3 constitutes the method of 
choice for preparation of the unsaturated esters 4 and 9. 

BzOCH, 0 CHO BzOCH, 0 CH=CHCO,Me 

U i G S i  
I I 

O X 0  

I I 

O X 0  
8 9 

BzOCH, 

10 

The unsaturated ester 4 underwent a facile 1,3-dipolar 
cycloaddition with an excess of diazomethane at  0". Evap- 
oration of the solvent left the crude 2-pyrazoline 5 in es- 
sentially quantitative yield. While 5 could be freed of 
minor impurities by chromatography on silicic acid, its 
nmr spectrum clearly showed it to be the expected mix- 
ture of tautomers which was reflected in multiple signals 
for several protons. Accordingly the direct dehydrogena- 
tion of 5 to the pyrazole 6 was investigated under a variety 
of conditions.18 The most effective method by far proved 
to be the reaction of a dilute solution of the 2-pyrazoline 
with 2-10 molar equiv of freshly prepared chlorine in car- 
bon tetrachloride. Under these conditions, 5 was convert- 
ed to crystalline 3(5)-carbomethoxy-4-(2,3,5-tri-O-ben- 
zoy1-p-o-ribofuranosyl)pyrazole (6) in an overall yield of 
86% from the unsaturated ester 4. In our experience, the 
use of bromine, which is commonly employed for such de- 
hydrogenations,22 rather than chlorine leads to capricious 
results. We have also investigated the dehydrogenation of 
the crude 2-pyrazoline 11 resulting from the reaction of 9 

HX-N 

'W 
O X 0  

11 
with diazomethane. In this case the use of chlorine or bro- 
mine, either alone or buffered bv addition of sodium bi- 

products. Other attempts using mercuric oxide, lead 
oxide, chloranil, and DDQ led to incomplete dehydrogena- 
tion or competing reactions. While alternative syntheses 
of the desired isopropylidene pyrazole 19 will be described 
later in this paper, we have found the tribenzoyl deriva- 
tive 5 to be a suitable substrate €or subsequent reactions. 

Treatment of 6 with methanolic sodium methoxide led 
to facile methanolysis of the benzoate esters and isolation 
of crystalline 3(5)-carbomethoxy-4-(~-~-ribofuranosy~)py- 
razole (7a) in 87% yield. Hydrolysis of 7a, or of the triben- 
zoate 6, with aqueous sodium hydroxide gave the free py- 
razolecarboxylic acid 7b, which was not obtained in crys- 
talline form either as the free acid or as its cyclohexylam- 
monium salt. While 7b as directly obtained was apparent- 
ly quite pure as judged by its chromatographic and elec- 
trophoretic homogeneity, it did not give an elemental 
analysis within acceptable limits (N roughly 2% low). Its 
nmr spectrum showed very sharp signals for both CIS H 
and the pyrazole ring proton and it would appear that 
there is an inorganic impurity present. All attempts to ef- 
fect purification by preparative tlc were unsuccessful, 
since elution of this very polar substance led to contami- 
nation by silicic acid. While isolation of analytically pure 
7b was not achieved, its structure was confirmed by re-for- 
mation of the crystalline methyl ester 7a upon treatment 
with methanolic hydrogen chloride. 

In view of the known biological activities of several nu- 
cleosides bearing carboxamido substituents on the hetero- 
cyclic ring,23 it was of interest to prepare the amide 7c. 
This crystalline compound could be prepared in 70% yield 
by treatment of the fully blocked methyl ester 6 with sat- 
urated methanolic ammonia a t  room temperature. Inter- 
estingly enough, this reaction required 5 days at  room 
temperature to reach completion and examination of ali- 
quots after shorter periods suggested that conversion of 
the methyl ester to the amide was the slowest step. Thus 
7a was the principal product detected after a 2-day treat- 
ment. The amide 712 was also obtained by treating the 
triol methyl ester 7a with liquid ammonia at 100". 

The unsaturated ester 4 also underwent cycloaddition 
with ethyl diazoacetate, although, as expected,lg the reac- 
tion was much slower than that with diazomethane. By 
chromatography on silicic acid a tlc-homogeneous mixture 
of pyrazoline isomers or tautomers (12a or 12'a) was iso- 
lated in 64% yield. In the nmr spectrum of 12a or 12'a the 

HN-N N--" 

R02C CO,Me 

OBz OBz OBz OBz 
Ea. R = E t  

b. R t-Bu 
12'a, R = Et 

b, R t-Bu 
N-NH N- " 

BzOCH, 0 iGs1 
H,NOC CONH., 

HOCHZ 0 CY 
I I I 

OBz OBz OH OH 
13a, R = Et 

b, R = t-Bu 
14 

sugar protons were largely superimposed upon each other 
carbonate or tertiary amines, led to the formation of by- and the only signal that could be used to demonstrate the 
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mixture of isomers was that from the CH2 group of the 
ethyl ester, which appeared as two clearly resolved quar- 
tets a t  4.08 and 4.19 ppm. The mixture could be obtained 
in crystalline form but without any apparent change in 
the isomeric composition. Dehydrogenation was readily 
effected with chlorine to give 3(5)-carboethoxy-5(3)-carbo- 
methoxy-4-(2,3,5-tri-0-benzoyl-~-~-ribofuranosyl)pyrazole 
(13a) in 75% yield. In this case the dehydrogenation could 

also be done quite satisfactorily (65% yield) using bro- 
mine. Treatment of 13a with methanolic ammonia at  100" 
gave the extremely insoluble crystalline diamide 14 in 
44% yield. 

The mechanism and direction of addition of diazoal- 
kanes to activated olefins has been extensively stud- 
ied.19,24,25 Most commonly the addition appears to be 
electronically controlled, leading to pyrazoles with nitro- 
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gen p to the activating group. 1,3-Dipoles such as diazoal- 
kanes, however, have the inherent capacity to exist in 
mesomeric forms in which the terminal nitrogen rather 
than carbon is a potential nucleophile. This, together with 
steric and electronic effects of substituents, allows the 
possibility that under appropriate conditions the reactions 
of diazoalkanes and unsaturated compounds can lead to 
inverse addition such as is found, e.g., in certain reactions 
of diphenyldia~omethane.~~ g Z 6  

In the hope that steric changes alone might, at least in 
part, lead to such an inverse addition we have examined 
the reaction of 4 with tert-butyl diazoacetate.27 Should 
inverse addition occur the product, following dehydroge- 
nation, would be 15, a type of compound that has pre- 
viously been prepared by different routes and utilized in 
the synthesis of formycin BIO and oxoformycin.ll The con- 
densation of 4 with tert-butyl diazoacetate was slow and 
even after 7 days under reflux in ether a pyrazoline was 
obtained in only 43% yield. If, however, one takes into ac- 
count the recovery of 57% of unreacted 4, this yield is ef- 
fectively quantitative. The pyrazoline is clearly a roughly 
equal mixture of double-bond isomers (presumably 12b 
and 12'b as shown below), since both the methyl and tert- 
butyl ester singlets appeared as twin singlets. Dehydroge- 
nation of these pyrazolines with chlorine gave a homoge- 
neous pyrazole (13b) which was isolated in 66% yield by 

chromatography on silicic acid. The ultraviolet spectrum 
of this pyrazole was almost identical to that of 13a, 
suggesting that the same mode of addition had taken 
place. In order to confirm this, 13b was treated with 
methanolic ammonia at  room temperature for 8 days. 
Under these conditions the major product proved to be 
the monoamide 16, the tert-butyl ester remaining un- 
changed. Accordingly, this material was directly treated 
further with methariolic ammonia at  100" for 48 hr. Under 
these conditions the crystalline bis(carb0xamide) 14 was 
obtained and shown to be in every way identical with 14 
obtained via the cycloaddition of 4 with ethyl diazoace- 
tate. In a similar way, direct treatment of 13b with 
methanolic ammonia at  100" gave crystalline 14, although 
the yield was only 38%. Thus, while, owing to nonquanti- 
tative yields, we cannot rule out the possibility of theyor- 
mation of small amounts of 15 in the above reactions, we 

CO,-t.Bu 

t-BuOpC CONH, 

15 

I 

OH OH 
16 

doC-21.ll 
of !! w i t h  mp 69.72': k::' 210 ~ r n  1s 21,000), 2 7 3  nm l z  1,200). 281 n m  

( C  9001; [ai;' -47.6' IC 0.17. ChC13!i n m l  !COClll 1.36 and 1.53  ~ 1 m  ! I .  1, 

CM2i. 1.70 I % ,  3 .  O W  4.46 Ibr I ,  3. c7H. C & l ,  4.7) !m, 3 ,  C5H. C6H1, 

4.93 (dd. 1 ,  J1,4 = 7 4 2 ,  J4,6 * 2.5 Hz, c a l l a p r l n g  t o  doub le t  upm lrradlatlon 

of C6H).  7.29 I d .  1. C 3 H ) ,  7.4 l m ,  3 ,  A ? ) .  6.0 (r, 2 ,  Ar) 

- Anal. Ct lcd .  for c19H2107B~ (44',%8): c,  61 .71 ;  H. 4.80 

Found: C, 81.58; i. 4.81 
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can provide no positive evidence for the inverse addition 
reactions under these conditions. 

We mentioned above that the dehydrogenation of the 
2’,3’-0-isopropylidene protected 2-pyrazoline (1 1) was not 
readily accomplished by the methods used successfully on 
the tribenzoate 5. The desired pyrazole 19 could, however, 
be prepared by a different route.28 Thus reaction of the 
aldehyde 8 with bromocarbomethoxymethylenetriphenyl- 
phosphoraneZ9 in methylene chloride gave the crystalline 
bromo olefin 17 in 65% yield. The stereochemistry of 17 is 
assumed to be as shown, both owing to analogy with the 
known trans configurations of 4 and 9 and to the very sim- 
ilar chemical shifts of the C3 protons in all three com- 
pounds. Since the cis deshielding parameter of bromine is 
roughly 0.5 ppm smaller than that of the carbomethoxy 
group, one would expect C3 H in the isomer of 17 in which 
H and Br are cis to be at  markedly higher field.30 Cy- 
cloaddition of diazomethane and 17 led quantitatively to a 
bromopyrazoline (probably 18) which was too unstable to 
purify in any way, and underwent dehydrobromination to 
the pyrazole 19 on brief heating in chloroform, washing 
with aqueous sodium bicarbonate, or passage through a 
column of silicic acid. Using the latter method, crystalline 
3(5) -carbomethoxy-4-(5-0-benzoyl-2,3-0-isopropylidene- 
p-D-ribofuranosy1)pyrazole (19) was obtained in 57% yield 
from 17. 

,CO,Me 

O X 0  
17 

0x0 0x0 
18 19 

Finally, it also seemed feasible to directly prepare pyra- 
zole C-glycosides via direct cycloaddition of diazo com- 
pounds to ribosylacetylenes. Such a method has been 
used in the glucopyranose seriesi7 and its application ap- 
pears to have been limited by the relative inaccessibility 
of furanosylalkynes. While a few pyranosylalkynes have 
been known for many years,31 the first furanosyl analog 
has only recently been des~r ibed .3~ In an effort to prepare 
the desired methyl 3-(2,3,5-tri-O-benzoyl-j3-~-ribofurano- 
sy1)propiolate (24) we have investigated the condensation 
of 2,3,5-tri-0-benzoyl-~-ribofuranosyl bromide (20) with 
the silver derivative of methyl propiolate 22.33 A facile 
reaction took place with separation of silver bromide and 
formation of one major product in addition to several 
minor, more polar by-products. The major product was 
isolated in 50% yield by chromatography and shown to 
have the expected elemental analysis for the desired ribo- 
furanosylacetylene 24, The nmr spectrum of this product, 
however, was somewhat unusual, since the anomeric pro- 
ton appeared as a doublet ( J l c , ~ ,  = 4 Hz) at  6.20 ppm. 
This position is reminiscent of N-glycosides (nucleosides) 
and many carbohydrate 1,e-acetals but is considerably 
downfield from where one would expect to find C1, H in 
24, since both a number of C-glycosyl  nucleoside^^^ and 

acetylenic carbinols35 show the related protons at  roughly 
5 ~ p m . ~ ~  In addition, CZ, H and C3, H appeared as dou- 
blets of doublets a t  5.27 and 5.13 ppm, both roughly 0.5 
ppm upfield of these protons in a variety of benzoylated 
nucleosides and glycosides. Nevertheless, this product was 
directly treated with diazomethane to afford an analyti- 
cally pure pyrazole which was not the previously de- 
scribed compound 6. Once again, the nmr spectrum of 
this substance showed the anomeric proton as a doublet a t  
6.21 ppm and Cp H and C3, H as doublets of doublets a t  
5.31 and 4.96 ppm. These chemical shifts are quite unlike 
those of the pyrazole 6, in which C1, H, CZ, H, and C3, H 
all appeared a t  5.80 ppm. 

On the basis of these results we propose that the con- 
densation of 20 and silver methyl propiolate does not give 
the ribofuranosylacetylene 24 but rather 3,5-di-O-ben- 
zoyl- 1 ,2 -  0- [a-( 2 -carbomethoxyethynyl)benzylidene]-a-D- 
ribofuranose (23) arising from alkylation of the intermedi- 
ate 1,2-benzoxonium ion 21. The subsequent product from 
addition of diazomethane to 23 would then be the pyra- 
zole 25 rather than 6. The formation of 23 finds close 
analogy in the isolation by Hanessian and P e ~ - n e t ~ ~  of a 
similar a-substituted 1,2-O-ethylidene-a-~-glucopyranose 
upon attempted alkylation of 2,3,4,6-tetra-O-acetyl-p-~- 
glucopyranosyl chloride with sodio diethylmalonate. 

21 

1 22 
AgCrC-CO!Me 

BzOCH, 0 a? 
6~~ 6i-C = C - C0,Me 

Ph 
23 

1 
BzOCH2 0 u? f i N  

6Bz b B z  
24 bZ O Y H  Ph 

C02Me 
25 

Support for these assignments comes from both spectro- 
scopic and degradative studies. Firstly, an examination of 
the nmr spectra in deuteriochloroform of over 30 com- 
pounds with partial structure 26 (both 0- and N-glyco- 

OBz ‘ ($2 I I  
OBz OBz 

26 27 
sides and in both the pentose and hexose series) indicated 
that the chemical shifts of Cz, H vary between 5.56 and 
6.40 ppm while those of C33 H are found at  5.55-6.25 ppm. 
On the other hand, nine differently substituted com- 
pounds of formula 27 showed Cz, H at  4.92-5.08 ppm, and 
C3‘ H at 4.60-5.25 ppm. While deshielding of C Z ,  H in 
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compounds of type 26 is entirely to be expected due to the 
effect of the 2'-O-benzoyl group, it is not immediately ob- 
vious why C3, H in 1,2-O-acetals (27) should appear at 
roughly 1 ppm higher field than the corresponding proton 
in 26. Regardless of whether this is a consequence of ste- 
ric, conformation, or other effects, it  is clear that the 
high-field chemical shifts of Cat H and C3, H in both 23 
and 25 is consistent with the 1,2-0-acetal rather than the 
2,3-dibenzoyl structures. 

I t  might also be pointed out that  23 and 25 have the 
typically large values of J 3 , , 4 ,  (8 and 9 Hz) shown by com- 
pounds related to 27 and indicative of the very small dihe- 
dral angle between C3, H and C4, H in these conforma- 
tionally rigid molecules. 

In addition, it might be noted that the chiral a-substi- 
tuted benzylidene function in 23 and 25 allows the possi- 
bility of two diastereoisomers. The observed sharp nmr 
spectra, however, suggest that  only one isomer is formed. 
Since the intermediate benzoxonium ion 21 is highly hin- 
dered on one face by the furanose ring and, in particular, 
the 3'-O-benzoyl group, it is not surprising that addition 
of the acetylide occurs stereoselectively from the unhin- 
dered exo face. 

Prolonged treatment of 25 with methanolic sodium 
methoxide under conditions that are known to completely 
debenzoylate nucleosides gave, as expected, the diol 28, 
clearly showing that the benzoyl ester originally present in 
20 had been converted into a base-stable function. The 
nmr spectrum of 28 showed the presence of a single phe- 
nyl group which was clearly not a benzoyl group since 
there were no signals at  8.0 ppm due to the protons ortho 
to the carbonyl function. Finally, treatment of 25 with 
90% trifluoroacetic acid at room temperature led to quite 
rapid cleavage of the 1,2-0-acetal function, giving 4-ben- 
zoyl-3-carbomethoxypyrazole (29). The latter could, un- 

HOCH, 0 

COOMe PhC = 0 
28 29 

fortunately, not be separated from the other reaction 
product, presumably 3,5-di-0-benzoyl-~-ribofuranose, by 
tlc in a variety of solvents. By direct crystallization, how- 
ever, 29 was obtained in crystalline form in 40% yield. 
This compound has previously been synthesized by Bas- 
tide and LeMatre38 using an independent route and its 
isolation completes and confirms the characterization of 
23 and 25. 

From the above it is clear that the preparation of P-D- 
ribofuranosylacetylenes bearing participating groups such 
as benzoyl esters a t  Cz, is not of practical importance as a 
route to C-glycosyl pyrazoles. Related work is, however, 
being pursued by Drs. H. Ohrui, R. S. Klein, and J. J. 
Fox at the Sloan Kettering Institute for Cancer Research 
using 2,3-0-isopropylidene-~-ribofuranose derivatives and 
will be reported at a later date. We are grateful to Drs. 
Ohrui and Fox for a discussion of our respective activities 
and for their advice. 
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The reaction of cytidine with 2-acetoxyisobutyryl chloride in acetonitrile a t  80” leads to  the isolation in good 
yield of 2,2’-anhydro-1-(3’-0-acetyl-~-~-arabinofuranosyl)cytosine hydrochloride (4a). By conducting the reac- 
tion at  room temperature an intermediate 5’-0-(trimethyldioxolanone) ether ( 5 )  is obtained and can be cleaved 
to 4a in very high yield. Under different conditions of hydrolysis 5 can be efficiently converted into either 2,2’- 
anhydro-1-(0-warabinofuranosy1)cytosine hydrochloride or 1-(P-D-arabinofuranosyl)cytosine. A variety of base 
analogs of cytidine have also been treated with 2-acetoxyisobutyryl chloride to give related analogs of 4a. The 
reaction can also be extended to other acyl derivatives, since cytidine and 2-butyryloxyisobutyryl chloride give 
2,2’-anhydro-1-(3’-0-butyryl-~-~-arabinofuranosyl)cytosine hydrochloride in good yield. 

Previous papers in this series have outlined the anoma- 
lous reactions of 2-acetoxyisobutyryl halides with uri- 
d i r ~ e , l , ~  a d e n o ~ i n e , ~  and several adenosine analogs.6 In all 
cases the observed products could be explained uia the 
conversion of the 2’,3’-cis diol function to a reactive 2’,3’- 
acetoxonium In the case of the purine nucleosides5-7 
such acetoxonium ions are opened by attack of halide ion 
to form isomeric 2‘,3‘-trans chloro acetates with the 2’-0- 
acetyl-3’-deoxy-3’-halo-~-~-xylofuranosyl isomer predom- 
inating. In the uridine series, however, the acetoxonium 
ion undergoes preferential intramolecular attack by the C I  
carbonyl group of the pyrimidine ring to initially form 
2,2’-anhydro- 1 - (3  ’-O-acetyl-P-D-arabinofuranosyl)uracil, 
which is then opened by halide ion giving a 3’-O-acetyl- 
2’-deoxy-2’-halouridine derivative with overall retention of 
configuration. 

In the cytidine series one might expect a similar type of 
participation by the C Z  carbonyl of the cytosine ring, and 
in this paper we describe some of the reactions of cytidine 
and several cytidine derivatives and analogs with 2-ace- 
toxyisobutyryl chloride. 

The addition of an excess of 2-acetoxyisobutyryl chlo- 
ride (2) to a suspension of cytidine (1) in acetonitrile at  
80” led to the formation of a clear solution within about 5 
min. On continued heating, a crystalline product began to 
separate and after a total of 30 min the remaining materi- 
al was precipitated with ether. Crystallization of the resi- 
due from methanol-acetone then gave crystalline 2,2’- 
anhydro-(3’-O-acetyl-~-~-arabinofuranosyl)cytosine hydro- 
chloride (4a) in 68% yield. The structure of 4, which un- 
doubtedly arises uia the 2’,3’-acetoxonium ion (3), was 
apparent from its analytical and spectroscopic properties. 
Thus the ultraviolet spectrum of 4a showed double maxi- 
ma at  231 and 263 nm typical of the 2,2’-anhydro-l-(@-~- 
arabinofuranosy1)cytosine (4b) chromophore.8 The pres- 
ence of a single acetyl group was indicated by nmr spec- 
troscopy and this function was located at C3, by the 0.9- 
ppm downfield shift of C3 H relative to that in 4b. Fur- 
ther confirmation of this structure via chemical degrada- 
tion to 4b will be presented later in this paper. 

Our interest in 4a became acute with the observation 
that this substance showed pronounced activity against 
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several DNA viruses in tissue culture and against L-1210 
leukemia in mice.9 Subsequent to this aspect of our work 
several new methods for the synthesis of 4b have been de- 
scribedl0 and this compound has been the subject of ex- 
tensive examination as an antitumor agent of low toxici- 
ty.l’ In addition, there has been interest in the pharmaco- 
logical properties of the related 3’-phosphate ester (4c) .I2 

While the preparation of 4a described above was quite 
efficient and simple on a modest scale, attempted scale 
up to a 100-mmol level led to reduced yields of crystalline 
material. This was largely due to the formation of by- 
products, the major ones being tentatively identified as 
cytosine nucleosides containing chlorinated sugars. It re- 
mains uncertain whether these products arise by direct 
opening of 3 with halide ion, or by further reactions of 4a. 


