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Condensation of several derivatives of 2,5-anhydro-p-allose with phosphoranes gives, e.g., methyl trans-4,7-
anhydro-5,6,8-tri-O-benzoyl-2,3-dideoxy-p-allo-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--p-ribofuranosyl)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-O-benzoyl-p-ribofuranosyl
bromide with the silver derivatives of alkyl propiolates leads primarily to 1,2-0-(a-alkynylbenzylidene) deriva-

tives rather than to ribosylalkynes.

The presence of significant amounts of pseudouridine in
transfer RNAZ and the isolation of a number of nucleoside
antibiotics® such as formycin, showdomycin, pyrazomycin,
and oxazinomycin has stimulated much interest in the
synthesis of C-glycosyl nucleosides. Syntheses of pseu-
douridine* and of its sugar® and base® 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 systems.” ‘

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 showdomycin® and pyrazomycin?®
have been achieved via the keto ester 1a, while the diazo
sugar 1b has been converted into formycin B® and oxo-
formycin.1!
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1a, R = Ac; X = COCO,Me

b, R = CH,CH;; X = CHN,

¢, R=CH,C;H;; X= CHO

d, R =CH,C:H; X=COCO,Me

In a recent paper!? we have described the facile synthe-

sis of a variety of derivatives of 2,5-anhydro-p-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-p-allose. Under the
conditions that were used, however, these workers ob-
served extensive epimerization of the formyl group. We
have shown that the tri-O-benzyl ether (1c) can be readily
converted to the keto ester 1d and thence to showdomycin
via a Wittig reaction.® In this paper we describe the con-
version of several derivatives of 2,5-anhydro-p-allose into
substituted 4-8-p-ribofuranosylpyrazoles. Previously pyra-
zoles substituted at C3 by anhydroalditols have been de-
scribed via reactions of acetylenes with either diazo-10.14
or nitrilimino!® sugars. A few acyclic pyrazole-3-polyols
have also been prepared by similar routes.?® 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-O-acetyl-8-p-glucopyranosyl)-2-phenylacetylene by
Garcia-Lopez, et al. 17

Of the various methods available for the synthesis of 4-
substituted pyrazoles'® the 1,3-dipolar cycloaddition of
diazoalkanes to suitably activated 8-p-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-p-allo-
oct-2-enonate (4) appeared to be a suitable dipolarophilel®
for the above type of reaction. This compound was readily
prepared by condensation of freshly prepared 3,4,8-tri-O-
benzoyl-2,5-anhydro-p-allose (2)12 with carbomethoxy-
methylenetriphenylphosphorane (3)2° 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 at 6.24 and 7.06 ppm with Jz 3 = 15.5 Hz.21
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The condensation of the phosphorane 3 with 2,5-anhy-
dro-6-benzoyl-3,4-0-isopropylidene-p-allose  (8),'2 how-
ever, gave the unsaturated ester 9 as an 8:1 mixture of its
trans and cis isomers in a combined yield of 88%. An



C-Glycosyl Nucleosides

analysis of the isomeric mixture was readily apparent
from its nmr spectrum and was most easily revealed by
the methyl ester singlets which appeared at 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-
bomethoxyethylene)furan (10). The crystalline product so
obtained was shown by its nmr spectrum to be the pure
trans isomer with Jy 3 = 16 Hz.2! 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 3:1 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, CH=CHCO,Me
8
oo 0 Ho C0,Me
CH =
Z 2A—@—'C C\
H
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.'® 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-
zoyl-B-p-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,?? 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

HN—N
BzOCH, O CO.Me
o><o
1

with diazomethane. In this case the use of chlorine or bro-
mine, either alone or buffered by addition of sodium bi-
carbonate or tertiary amines, led to the formation of by-
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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 for 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-(3-p-ribofuranosyl)py-
razole (7a) in 87% yield. Hydrolysis of 7a, or of the triben-
zoate 6, with aqueous sodiuin 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 Cy- 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 carboxaiido substituents on the hetero-
cyclic ring,?8 it was of interest to prepare the amide 7e.
This crystalline compound could be prepared in 70% yield
by treatment of the fully blocked methyl ester 6 with sat-
urated methanolic ammonia at 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 7¢ 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,’® 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—NH
| |
RO, 7C COzMe ROQC COQME
BzOCH, O, BzOCH, 0
OBz OBz OBz OBz
12a, R=Et 12a, R=Ft
b, R=¢Bu b, R =¢Bu
N—N H N—NH
ROZC CO,Me H,NOC CONH,
BzOCH, HOCH; O
0Bz OBz OH OH
13a, R=Et 14
b, R =¢-Bu

sugar protons were largely superimposed upon each other
and the only signal that could be used to demonstrate the



2178 J. Org. Chem., Vol. 39, No. 15, 1974

mixture of isomers was that from the CH; group of the
ethyl ester, which appeared as two clearly resolved quar-
tets at 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-O-benzoyl-8-p-ribofuranosyl)pyrazole
(13a) in 75% yield. In this case the dehydrogenation could

JOC~21e]
EXPERIMENTAL
Seneral Methods
The gereral methods used are essentially as described in previous papers
1
in this serles’. He are partfcularly grateful to Dr. K. L. addox and

Mrs. J. Helsen for their continuous cooperation concerning nmr Spectroscopy..

Hethyl crene-4,7-anhydro-5,6,8-tri-O-banzoyl-2,3-dideoxy-Dualle=octn2-

enonate (4)

A solution of p-toluenesulfenic acid monohydrate (14.5 g, 76.5 mmol)
{n acetone (50 ml) was added at 3° to a solution of 1,3-dipheryl-2+{2,3,5~
trt-0-berzoy1-g-D=rtbofuranosyl)-imidazolidine (17,0 g, 25.5 mol)!Z in
metaylene chloride (500 m1). After 45 ~in at rqom temverature the mixture
was filtered and the precipitate was washed with methylene chloride. Solid
sodium bicarborate (2 g) was 2dded to tha cambined filtrates which were then
reflltered 2nd evaporated to dryness leaving 212 a8 @ syrup that was assen
tially homogerecus by tic using ether-hexane (2:1). This material was

dissolved {n methylene chloride (150 ml) and to 1t was added a solusion of
)ZTJ

r Nenetriphenylphospherane (17,0 g, 51 mmol)2” in methylene
chloride {150 m1). After 2 nr at rcom temaerature the solvent wes evaporated
and the residue was partitioned between cnlorofom ard water., The organic
Rhase was evaporated to deyness and the rasidue was dissolved fn methylene
shiowidg-ether (3:1, 100 <1) and #iTteved to remove excess 3. The filtrate
was evaporated anc the rasidue was cavomatograpned on 2 colum of silicic acic
using ether-nexane (1:1). The resulting product was evavorated Teaving 12,3 ¢

(91%) of 4 a5 & chronatograpnicaily honogeneous clear syrup: (213 +38.5°

JO0-21-L
Anal, Caled, for CTEHMOE {286.27): €, 67.12; H, 4,93
Found: €, 66,98; H, 4.93

3{3)-Carbemetnoxy-4-{2,3,5-tri-D-benzoyt-3-D=ribofuranasy] }-pyrazole (6}

(a) & solutfes of 4 (5.3 g, 10 mmol) {n 25 ml of ether was cooles to 3°
and to it was added a soldtior of diszometnane (~1.0 g by titraz‘on, 23 mmol)
1n ather (52 m1). Tne resuling sciution was stored at 0% for 2 kr aid then

evaporated to dryness lesvirg £.8 g (quant.) of the Z-pyrazoline (8} as an
essentially nomogeneous (tlc; etner-hexane, Z:1) white foam, the nmr spectrur
of which indicated the presence of several zastomers. Tnis materfa’ wes
dlrectly dissclved in dry carben tatrachloride (100 m1) and to 1t was addad
drogwise, wizh stirring, a freshly prepered, snwydrous solution of cFiorine
{1.6 ¢, 2 mmol) 1n carbon tetrachloride {300 ml). After the addition was
complete (1 hr} a small awount of Syrup that nad Separated was dissolved fn
chloroform {5 ml} and re-aaded to the reactior mixture. After 1.5 hr at

voo~ tenperature tne salvent was evaporated snd the resulting for~ was crys-
tall{zad *ro~ chloroformehexane glving 4.9 g (86%) of 6 with mp 8C-81°
snchangad upon recrystallizations AISON 209 vm (< 45,800}, 274 nm (e 2,590,
261 nm (e 2,803 [a15° 41,7% (¢ 9.2, CHCT4)s nme (CT21) 3.78 pom (s, 3, O%),
470 {1 3, Tty Cgltph, 580 (s, 3, Sy Gk, Cgab), 7.4 (n, 9, A), 7.87
(5, 1, Ggqqyls 8.0 (n, 8, 4r).

Mal. Caled. for Cypipgl,Gy (570.53): €, 63.26; H, 4.595 N, 4.9]

Found: O, 65.38; 4, 4,815 §, 4,57
(2} A solution of oramine (2.26 g, 14 mro}) ir ether (20 rl) was added
dropwise to a solution of crude 5 (5.2 g from 9.4 mmol of 4) in sther (138 w1}
in the presence of salid sodiu= b*carbonate (2,5 g} A"ter 10 win at room

ReSie

predomirantly 7c, ro further crystal®ine product was obained.

3(5) «Carboxy -4-(B-D=ribofuranosy) -pyrazole {7b)

(a) From the triverzoste (5}, - The trinenzcate (€, £33 =g, 0.87 mmol)
was feated &3 100° witn 9.5 N sediun hydroxide (50 ml) for 15 min giving &
clear solution. Tne latter was neutralized by additicn of Dowex 50 (k™)
resin, filtered end evaporated to dryness civing a solid residus, This was
continually extracted for 36 hr witn ather in a Soxalet apparatus to revova
benzeiz acid and the residie was tnen cissolved ir methanol and precipitated
by adeition of etner giving 160 mg (758} of 7p whicn sacwed a single creduct
JFon tlc ustng r-propanoi-conc. NA,CH-H,0 (€:3:1) or chioroform=2-propenst
{2:1) and by electrophoresis et ¢4 7.5, Tnls material could not be obtained
“n crystalline forn as eftner tre free acid or its cyciohexylamtne salt and

did not glve an elemental analys‘s within ccceptadle 1*mits even after

[esliEat
o

reprecipitaion with 2-propanel from weznanali E e (2 5,500 )y nme
OH}, 4.30 (Br s, 1, OH),

0% (d, 1, Sy = T8 Rz, Gy, 732 s,y ).

{dg0MSC} 3.3-3.9 ppm {m, 6, CpuH, CquM, Cuud, Cp

4.73 (br s, 1, CH),
Treaz-ent of this material (60 mg) witn 0.6 ¥ methanslic hydrogea

chlaride (1¢ m1} for 48 hr followed by preparative tlc using calorofors-

metharot (3:1) ard crystallizatior fron etnarol gave 33 =g (45%) of tre methyl

ester 7awith mp 187-183° and 1dentical in every way to an authettic sample.

(b, From the triol LZE), - The trial Z§ (220 =g, $.85 mmo1} was ireated
for 2 hr emc- temperature with 0.5 4 scdium rydvoxide and then nestralized
with Dowex 59 {H*) resin. The filtered salution was evaporated anc the residue
was drecipitated with ather Srom metharo) giving 160 =g of 73 thet was

chromatographically ident{cal to that from {a) and whisk also dic not give

44% yield.

Rt

Vagy (FIM 1720 €374 e (CDC15) 3,63 pam (s, 3, Ove),
64 (0 30 G Cai), 4,87 (edd, 1, 3p 4 = 105 B2, Jy 48 0y g @ 5 ey G0,
BT (dey 3 dg o = Bz, SpH), 5,84 {dd, 0 o m 8 HE, CF), 624 (ddL 1,
g3 = 185 bz, Gy 7,08 (dd, T, CGHEL 744 05, 9, A0, 7098 (m, 6, A},

nal.

(e 9.27, ¢iC14)5

Caled, for wazeu9 {530.51): C, 67.92; H, 4.94
Found: €, 67.98; H, £.88

Methy! trana-4,7-anhyero-8-C-benzoyl-2,3-dloeoxy-5,6-Dis0arapyl dderesDe

dlismoczm2-enonte (9)

(a) A solution of p-toluenesulfondc acid manohydrate (2.60 ¢, 13.7 mmo’}
tr acetone {10 m1) was added at 0% £0 2 solution of ©,3-didheny?-2-(5-0-

benzoy1+2,3~0-1503r00y T 1dene-g=-r{Eofuranosyt)-1midazol {dine (2.5 g, 5 mol}'2

i metnyrene caloride (SC ml). After 20 mir the mixtuve was filtered, the
precipitate was nashed with metyyiene c1loride and sol1d sodium >icarbonate
was adced to the filtrates. After filtratlon the soluticn was evaporated to
dryness laaving §"2 as 2 chromatographically ao=ogeneous {tlc with ether-
hexane, 2:1) syrup. The Tater was dissolved together with carbometroxy-
mahylenetrishenylphospnorare (3.3 g, 10 mmol} in methylene chloride (25 m)
#d scirred at roon tamperature for 1 fr. The mixtuve was then *i1terad and
euzporated Teaving 2 Syvup that was cFromategrasred on 3 colum of s*Ticle
acid using ether-hexane (2:') giving 1.6 g (882) of chromatographica’ly pore

§ a5 2 clear syruo tnas Was an 8:1 mixture of the $raua and ois fs0mers oy
VeOH
Mmax
(e 0.1, CHELg)

s 225 o (s 16,200, 273 o (s 1,000) , 280 o (e 802} (2127 -53.9°

( -
ax (FiIm] 1732 o

" L0 (CDCT5) T3 and 1,60 bpr (s, 3,
Cheg)y 373 s, 3, DMe), 4.4-4.6 (n, 6, C, gh's)i 6,21 (ody 1, Jp 5 = 36 42,
g4 15 Az 640, 7,00 (o8, 1, 0y 4 v 46 K2, ), 76 (n, 3, Ay, BT
(n, 2, &r).

JE2LE
temperature wate» wes added and the ~ixture wss partitfoned between chloroform
and water, Evaporation of the chloroform layer 1eft 2 yellew syrus waich
3ave three sgots won tle {chidroforn-ethyl acetate, 10:3). The lasst polar
component was 1solated by chrematography on silicic actd using the above
solvant giving 2.8 ¢ of 3 tlc hamogenaous prodict thet was crystallized from
cnlovoform-hexane giving 2.1 g (398} of § with mo 80-61° and fdertical to that

fron (a) above.

3-Carbome thaxy~4-(2,3 8-t ri -C-banzoy1 -3-D-ribofuranosyl) -2-pyrazaline (§)

A sample of the crude pyrazoting “ro- the reaction of 4 srd diazonathane
a5 shove was corvertec to an anslybical samp'e by srevaratve t1c using chloroforme
~ethanol (37:3). Elution of tae ultravioiet avsorbing band wit acatons
#oTlowed oy evaporation of the solvent, Filtration of a solutior of the residus
i chlaroform and re~avaporation 1e% § as a white frotn: Aleo 225 an
(= 9,300], 275 am (e €,809), 782 rw (¢ 5,300), 286 mm {e 5,300); []27 -a1.5°
(¢ 9.6, CHC1y)5 e (COCTy) suggested 3 mixzure of isoners as fndicased by
nultiple stgna’s, e.3., methy] ester singlats at 3.56 and 3.67 fpn,

Az, Caled. for Gyjhogy0p (S72.38]: C, 65,03 4, 4.93
Found: €, 64.88; H, 5.04

3{5) -Carbomathoxy-4-(-0-ribofurancsyt)-pyrazate (73}

A solutior of § (1,14 g, 2 wmct) ir. methanol {100 ml) containirg sadism
metroxide (5 ml af 0.5 M, 2,5 mnol) was stored st rcom temoerature for 2¢ hr.
It was then reutrelized by stirring with dried Dowex 8¢ (H*) resin, #iltered
and evaporated, Tre residve was partitionec betweer water (130 ml) and
chlcroform (40 =1} and tne aquedus phase was extractes twice with ghiercform
(26 mi). Evaparation of e 2queous phase Teft 2 crystalline restdue that was
recrystallized from etnanol giving 45C mg (87%) of 72 with mp 186-188°:

Jo821-8

elevantal analyses within acceptable Hmits. Attemptac puri<ication oy

preparative +1c led to some contamination with siltca gel.

3(5)<Carboethony-5(3) -carbomethoxy=t-(2,3,5 11 -0-benzoyl -8-D-ribo%ranasyl) ~

2-yrazoline {

4 solution of 4 (3.3 g, 10 rma1} and ethy] dlazoacetate (3.C g, 26.5
mmol) in etner (700 ml) wes heated undew refiux for 72 hr, The solvent was
then evaporated anc the residuz was chromatographed or 8 colum of stlicic
acid ustng etnep-rexana {3:1) giving 4.1 g (642) of a chromatograok’ca’ly
nomogeneows mixture of pyrazelire tautarers (124, 12'a). Crystallization

of & sample fram cloraform-hexane gave an almost fdentica mixture of
tassoners {nme} with mp 165-170%  [s13° 167,6° (¢ 0,33, HCYy)s nmr (£0C15)
1.25 9p- (¢, 3, OCH,CA;), 3.66 (5, 3, CODMa}, 4.8 ard 4.19 (g, tozal 4,
O0HCha) s 4.9 and &,5-4.9 (M, 6, €y 4y Cl, G Mg and pyrazaline His}, 5.6
(m, 1, Cgt“‘r‘« 5.86 (dd, 1, J = 3, £.8, CZAH)‘ 7.5 and 8.C {m, tozal 18, Ar).
P o, (664,63} 5

Anal. caica. for DMHSZNZD” (644,63} €, 63.35; A, 5,00; ¥, 4,35

Found: €, 63.18; H, 5.01, N, 4,17

3(5)-Carbaethoxy-£(3)-carbomethaxy-£-(2,3,5-srf-0-nenzoy" -3-D-ribofuranasyl } -

oyrazole {13a)

(a) A solution of 12a, 12'a (1.0 g, 1,35 mmo1) in Fresuly preparad
9,48 M chlorine in caraon setrachloride (20 mi) was stored at room temperature
for 3 hr and then evaparated to drytess. “ne resicue was cissolved in etner,
washed with aqueous sodtum ofcarbonate &nd then water, dried and evadorated.

The resicue was purified “rom miner by-products 2y preparative tic or two

1 m plates using benzere-acetone (9:1} givtng 750 =g (75%) of 1;

hemogensous foa~ shet did not crystalitze: e 228 nn (¢ 45,400, 273 an

Albrecht, Repke, and Moffatt

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

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-

J0C-21-3
Anal. Caled, for CV‘JHZZn7 (362.37): C, 52.97; H, 6.12

fourd: C, 62.75; H, 6,13

(b} Sotasstum s-butoxice (75C ng, 6.7 mol) was acded %o 4 salution of
trimetqy] phosahorcacetate (3. g, 16 01} in dimeshy] formamide ang stirred
3t 0° for 30 min. Te thit was added a solutlan of § (5 mel, generated as

sbove} n dimethylfow-ansde {13 m1) end tne mixture was stored st room

temperature for 2 hr. Aceiic actd {1 =1} was adaed, the solvent was evaporated
4% vaous and tne resicue was part:tiored between ethyl scetate and aqueous
sodiu~ bicarbonate. The orgar<c phase was washed with vate, dried (4g80,),
evaporated and purifled by preparative tlc on taree 1 m plates using hexane-
ethe» (2:1), The major, perwanganate-positive band was eluted giving 820 mg
{438) of 9 as 2 colorless syrup that was a roaghly 3:1 mixture oF the txans
and ote so=ers on the aasis of nmr, tne metny] ester groups appearing at 3.73

and 3.80 ppn respactively.

2-Benzoy] sxymetay) ~5-(srana-caborethaxymetaytene) ~furar (12)

The attempted condensation of 2 witn trimethy] phosphonoacetate 1n the

presence of porassium t-outox'de [as with 8 above) was accompanied by extensive

detenzoyiatton, Following rebenzaylation with benzoyl ¢aloride ard pyridine
the mixture of products was chromatograpned on a colun of silicic actd

asing rexane-sther {§:4), A ralatively non-volar product was cotaired 1n Tow
1040,

yield anc crystallized from chlorofornenexane giving 10 wis
O 223 mm (s 16,°00), 306 o {x 24,430); e (S0E,) 3,78 59 (5, 3, D),
539 (s, 2, G5, 638 4, 1y Jp g« 16 e, 5, 6,36 and 8,62 {a, 1, dy g ®

]
3.5 Hz, and Csr(), 7.65 (d, 1, ZGH‘" 7.83 {m, 3, A}, 8272 (m, 2, Ar}.

mp " D:

Vel
Ama:

JoCwPL4
A2 218 o (e 720005 xﬁ:x” 247 n (& 6,900); [n]é3 14.2° (c 0.2, D),
00 (0] Ze7BS, 1407, 6250y 49° n-r {dg-pyeidine) 3.78 ppn (s, 3, COCe),
21 (8, T gy * 12 e, Sy g, ® B e Lo M 433 140, T 0y gy
3 Hz, Ci‘bH)’ 4.85 (=, 1, C4 K}, 4.7C {dd, 1, :.‘“2‘ = JZ‘,:‘»‘ = 4 Hz, :Z\H)‘
485 (6, 1y 2y g0 @ L G, 607 (4,1, SR, BT s, T, g

fral, Caod. ov Oy gp0; (298.23): T, 46,535 H, 5.47 K, 10.85

Found: G, 45,543 H, 5,60; N, "0.75

3(3)-Carbexemi do-4-(g--ribofuranosyl-pyrazele (7c)

(a) A soiysion of 6 (570 ng, 1 mwol) in saturated metnanolic smonis
(70 m1) was stored at room temperaturs “or 3 Jays anc tnen evaporatec to dry-
1ess. The vesidue Was partitioned betwsen chlcroform and water and the

aquecus phase was washed twice with chloroform and then evaporated to dryness

Teaving 170 mg (79%) of pure, crystailine Jo. An amalytfcal sswple from
methano] rad ~p 20C-202°: *:!xz 209 nm (= 7,700}, x;’a‘x‘z 242 nm (< 7,600}

" " o -tr o
1028 27.9% (c 0.1, Fatu); ORD (Moo [6185, 1,200°, [0,y 0, [e1f3, -500°,

Ty 20 [015K, 4,200°% nme (¢g-pyidine} 415 ppm (d¢ with D0, *, 3o, =

AT, dg0 g1y = 3.5 e, Tg DL 4029 d8 WiEh D0, T,

Sgpfis .60 (e wlth D,C, T Jyu g @ S g w B bz, Gty 47 [, 2,

CoMls 3.93 (4, 1, €b), 8.22 (s, 1, G5H), 8.47 {brs, 2, COU,.
fral. Zatcd. for Cgypig0s (283.22): €, 43,48, , 5.59; N, 37,28
Found: C, 44,68, H, 5.32; N, 17.15

(B) A sogtior of 7a (400 mg; 11 Mquid a-monfa was heated in z stain-
“ess steel bomb at 100° for 2 hr. Zvaporation of the solvent and crystal-
Uzation from ethanol gave 150 mg {£0%) of 7¢ with mp 200-202° and in &1}

ways identical to that fro- {a), Waile the motrer T1quors appazred to be

JCE21-p
(£ 3,000), 280 nm (& 2,400); [aly -16.5° (¢ 0.2, CHCTy)s*mr {EDCT4) 1,30
pom (€, 3, 004pCHy), 3.85 (s, 3, £o0M4e), £.33 (q, 2, ogec.uz\,: 5.29 (m, 3
oy Cgipla 6,00 {my 3, &M, Gty CauR), 7.5 (=, 9, 4r), 7.85 {m, 6,
Ar), 11,4 (vbr, 1, K.
anal. Calcd, for Cyiaghydpy (662,60} €, 63,855 H, £.71; K, 4,36
Found: C, 63.38; K, 4.70; N, 4.35

(b) A selatior of bromine fr methylene crloride was adcsd dropwise
at 0° to a solution of J2a, 12'a (1.95 g, 3 mol) tn methyiene chioride
(102 w1) unti! an orange color pevsisted. After a furtier 15 wmin the soiution
was diluted with chioro®or~, washed with aqueous sodfum bicarhonate and water,
driad and evaporated. The resicue was purifled by preparative tic using

cnloroform-ethyl acatate (10:3) giving 1,26 g (65%) of identical to that

from (a}.

-4 ri-0-enzoy1-3-C-r bofurarasy?)-

3{3)-Carbomethoxy-5(3)~carba-t~outoxy-4-(2,.

2-pyrazoliae (120, 12')
§ solution of 4 (2.0 g, 2.7 mol) and t-butyl clazozcezate® (2.0 g,

14 mmal) 1n ether (103 m1) wes heatec under reflux for 7 days. The solvent
was evaporated and the rasidue was purifiec by preparative tlc usirg ether-

hexane {2:1). [n tiis way 1.15 g (573) oF unreacted 4 was recovered while

elution of the more pelar product gave 1.08 g (43%) of 12b, 12!3 as an
anorohous tovtomeric mixture containing predominantly two {somers {n almoss
equal amounts. In another, smalier scale experiment shis mixture was obzaines
in 59 yields Ay 230 m (= 34,790, 278 4m (sh, € 9,800, 282 m (e 9.700),
290 nm {sh, € 8,390); [u]? 107.7° (¢ 0.7, c+c13); e {T0C15) 1,31 and 1.26 pom

(s, £-BJ0), 3.58 and 3.1 (s, CObe).



C-Glycosyl Nucleosides

gen B 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 diphenyldiazomethane.19.26

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.?” 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 B1° and oxoformycin.1! 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

JOCw2)el0
nal Calcd. for CaghacyOry (672,85} &, 64.28; H, 5.39; ¥, 4.17
Found: €, 64,325 H, §.49; §, .05

40 mg (38%) of 14 was obtained wits =5 (265-270°, d) and infrarad spectrun

3{5} ~Cartomethoxy~5(3) -carbon-t-! ~4-{2,3,5-tri-0-benzoy) -8-D-ribofuranasyl) -
(51-Garbanethony- B3} -carko-t-sutony-4-{ IO benzos) -0 rIvofurancsy fdentical to that frov (a) ahove.

syrazole (13b)
a(s) ¢ 1d0-5(3) ~carbo-t-but,

(3) The pyrazele 13b (250 mg) was treated with methanolic smranta

{100 m1) at 100° for 48 hr as in (a) above.
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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 rémaining un-
changed. Accordingly, this material was directly treated
further with methariolic ammonia at 100° for 48 hr. Under
these conditions the crystalline bis(carboxamide) 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 the for-
mation of small amounts of 15 in the above reactions, we

CO,-t+-Bu —
HN 2 I\|I NH

N t'BUOQC
CO:Me  HOCH, O

CONH,
BzOCH, O

OBz OBz OH OH
15 16

J0CA2112
of 17 with mp 69-72° x"':gg” 230 v (¢ 21,000), 273 nm (c 1,200, 287 am

(e 900); [a]f? -47.6% (c 0,17, CHCI )y mor (CDC1y) 1.36 and 1.58 pom (5, 3,
CMey). 3.70 (s, 3, OMe), 4.46 (br s, 3, CjH, CgHy), 4.71 (m, 3, CGH, Cgkl,
.93 (dd, 1, 3y, = 72, 0y g % 2.5 Hz, collapsing to doublet upan {rradfation
of Ty 7.29 (¢ 1, CH), 7.4 (m. 3, Ar), 8.0 tm, 2, Ar).

90021411

After crystallization from water

The mixed pyrazoltnes (12, 12'b, 750 ng, 1.1 mmo1) were dissolved in a

4-{3-D-ribofuranosy?)-oyrazole {16)

Anal. Calcd. for CigH,q0Br (441.28): C, 51.71; H, 4,80
Anal. 1912197

fresnly prepared 0.47 M solution of chlorine in carbon tetracloride (2¢ ml)
and 'stored for 2.5 hr at room temperature. The solvent was then evaporated
and the residue wes dfssolved fn ether, weshed Wit squeous sodium bicaroonate
and water, dried and evasorated to dryness. Preparative tlc using benzene-
scetone (9:1) then gave 500 mg (66%) of 13 as a homogensous foam: MK
228 03 (= 48,200}, 274 o (< 3,000}, 281 rm (= 2,500); []5° -10.4° (c 1.0,
THOL)s o (D150 149 pam (s, 9, O-Chey), 3,86 (s, 3, D), 4.7 (m, 3,
Cylla Bgigds 5.99 (br 5, 3, € Cyrrfy Cyubl, 7,35 n, 9, Ar), 7.5 (n,
8, Ar).
Ana, Caled. for Coghayla0yy (670,651 C, 64.47; H, 5.11; N, 4,18

Faund: €y 64,313 H, 4.92; N, 4.35

3,5-Dfcarbaxa™ido-4-(8-D-ribofuranosyl)-pyrazole (14)

(a) A solution of 13a {620 mg, 0.96 mmol} in satursted metnanolic ammonia

(38 =1) was heated 1n 2 stairiess stee] bomb at 100° for 48 hr and then
evaporated to dryness. The rasfdue was triturated with ot ethyl acetate to
remove benzamide and the solid restdue was crystallized twice from water
giving 120 mg (443) of 14 with mp 265-270° (2} #12C 229 om (sh, & 8,900);
t00 fasoluble for rme or {aly; mess spectrum (70 ev, 200°) we 287 (4" + ),
183 (Base-CHD + H), 166 (n/e 183-iy).
Anal. Caled. for CyoHy,N,0p (286.28)1 C, 41.96; H, 4.93; ¥, 19.57

Found: €, 41.73; H, 5.00; ¥, 19.6

J0Ce21m13
quantitative yleld. This residue was chroratographed on a column of silicic

acig using ethar-hexane (2:1) which Tad to essentially complete conversion to
19 To remove traces of nighly palar impurities the crude 19 was further
purified by preparative tlc using ether-hexane (2:1) giving 120 =g (87%) of
19 with mp 129-130° from ether-haxane: %% 228 nm (e 18,400, 274 nm
(e 1,000), 281 om (& 1,000)3 [623 15.3° (c 0.5, CACI,), nr (60015) 1.36 ang
1.63 pom (s, 3, CHey), 3.88 (s, 3, OMe), 4.3-4.7 (m, 3, CyiHs cs.Hz). 4.75
(narrow v, 2, Ty, CyH), 5,84 (narron %%, 1, ¢ M), 7.45 (n, 3, Ar), 7.71
(501, Cypy), 8.02 (m, 2, Ar).
Anal. Caad. %or CgHyMy0y (402.62)5 C, 59.69; H, 5.57; N, 6.96

Found: ¢, §9,83; H, 5.52; K, 6.71

3,5-01-0-benzay1-1,2-0-[a-(2-carbome thoxyethyny1} -benzy { dene]~a-D-ribofurancse
{23}

Concentrated ammonfum hydroxide was added dropwise to a solution of

stlver nitrate (1.1 g, 6.5 7mol) in water (20 ml) untit the fnitial brown
precipitate dfsselved. This solution was cooled to D° and to it was added

¢ solution of methy] propiolata (487 mg, 5.8 mmol) 1n acetone {10 ml). Water
{100 m1) was then added giving a white precipitate that was collected, washed
Witk water, and dried in vasuo over P205 91ving 1.1 g {quant.) of sitver
metny] propiotate. The latter and 2,3,5-tri-O-benzoyl-D-ribofuranasyl
bromide (from 5.0 mol of the 1-O-acetate) were reacted in metnylene chloride
(50 mT) for 48 hr at room temperature as abave. The crude product,which
contained one major spot and some more polar tmpurities, was chromatographed

on 2 colum of silicic acid using a gradient of 5-20% ethy] acetate in hexane

Fresumably due to virtual coupling with Cy.H,

4 solution of 13b (500 mg, 0.75 mmol) was dissalved in saturated methanolic
amonia and stored at room temperature for 8 days. Following evaporation of
the solvent the residue was partitioned between water and chloroform and tne
agueoss phase was evaporated to dryness. The residue was purified by prapara-
tive tic using chiorofornemethanal (7:3) giving 140 mg (55%) of 16 as &
hamogensous foam: n-r {dgoyricine) 1,49 ppn (s, 9, OCY;), 4,15 (dd, 1,
gam * 12 HE Jgu guy * 3 HE, Cgu M), 432 (ddy 1, dg0 oy = 3 R, Cu),
4050 {my 1y Cpd, 4098 140, 1, 0y 50 = T e g g % 3.5 ke, SpH), B8
(44,1, 071 510 = 7 ¥z, Cud), 6.37 (¢4, 1, Ty 1K), 8.52 end 8,85 (br 5, 1, WHp).

Traatment of this materfal (140 =g) with saturated methanolic anmonia
at 100° for 48 hr followed by evaporation of the solvent and crystallization
frov water gave §0 mg (528) of 14 that was in all ways identical to that

described shove,

Methyl 4, hyd be 1-2-bromo-5, tsopropyidene~2,3~di deoxy-D-

allc-oct-2-enoate (17)

B solutlon of B (regeneratec from 15 1,3-dipnenylinidazolidine derivative,
4.5'g, 6.0 mol using o-toluenssulfonlc actd’2) and bromocarbomethoxymethyl-
enetriphenyiphosphorane (3.25 g, 7.9 mo1)2? in methylane chieride (153 ml)
wes stored at room temperature for & hr. The solutfon was then washed with
vater, dried (MgSG,) and evaporated Teaving a restdue that was chronatographed
01 3 colwm of sTlicic actd. Elution with ether-hexane (2:1) gave 2.25 g (65%)

J00-211
atving 1.3 g (50¢) of pure 23 as a clear syrup: )10 229 mm (c 30,000),

274 ' {5 2,200), 281 am {e 1,800): Eu]§3 7147 (e 1.0, CHCI); amr {CDG1,)
375 o (3, 3, OMe), 402 (dd, 1, dp w13 HE dy gt 4 HE Dy M),
.51 80, T, 0y gy = 85 HE, Cp ), 86 (20 10 Gy, 503 (a4, 1, 0y g
5 Mz, JJ‘.“ = B Hz, CyH), 5.27 (dd, 1, JV‘ZA = 4 Mz, CyH), 6,20 (d, 1,
CK), 7.2-7.55 {m, 9, Ar), 7.8-7.8 (m, 2, Ar), 7.98 {m, 4, Ar).
Mnal, Caled. for CyoHy 00 (528.52): C, £8.18; H, 4.58

Found: ©, 67.94; H, 4.78

3,5-D1-0-benzoy1+1,2-0-[n-{3-carbometi1oxypyrazol 4=y} -banzy{dene J-anD-

ribofuranoze (28]

T W solution of 23 (1.3 ¢, 2.5 maol) and alazonethane (5 mo1) in ether
(30 ml} was stored at 0° for T hr snd then evaporated to dryness, Tne resfdue
wes chramstograshed on a colum of s11icic acld using a gradient of 034
methanol In chloroform and giving 661 ng (47%] of 25 as a clear syrup®®:
MeH 230 om (2 31,4000, 278 mm (¢ 2,000}, 281 1 (= 1,600); 112 100
M 2
{dd, 1, dogm = 12 Hz, Cgu ), 449 (dd, 1, By pip T 345 Hay Gy, 4096
{ddy 1) dpe g0 m 5.5 02, 3y g0 7 9 Mz, Ci), 8.3 (g, 1, i =4 H
Sy 621 (T, G, 705 (s, 1, Gghl, 7,277 dm, 1T, A, 795 (m,
4, o).

(e 1.0, CHC15}s nme (€3C15) 3.6 pp= (s, 3, DMe), 3.80 (m, 1, ¢,

Ana), Calcd. for CyqHaghin0y (670,54): C, 85.26; H, 4.59; Y, 4.91
Found: €, 65.40; H, 4.67;, ¥, 4.72

1,2-0-[a-(3~carbame thoxypy razol -4-y1} -benzy i deneJo-D-ribofurancse {28)

A salution of 25 {200 mg, 9.35 fmel) {n methano! (20 m1) was treated

*The Tow recovery fs difFizult to understand since tle of ghe crude mixture
showed only traces of impuritfes.

Found: €, §1.68; #, 4.81

3-Carbomethoxy-4~{ §~D~banzoy1-2,3-0-150propy ] idena-A-D-ribofuranosyl ) -2«

ayrazoline (11)

4 solution of 9 (100 ng, 0,28 mnol} and ¢iazonathane (1.5 mol) in ether
(20 m) was stored at 0° for 2 hr and ther evaparated to dryness leaying
100 mg (90%) of 11 as e chromatographically homogeneous white foam. Upon
storags, 1] gradually devaloped 2 faster moving tmourity (cyelopropane?)
and for snalytical purposes the material was purifisd by preparative tlc using
chloreform-methanol {19:1). Elution of the major product gave chromato-
graphically hovogeneous 11 as a white foam, the nmr spectrum of which
indicated the presence of a mixture of Ssomers: MO 229 mm (e 14,200),
282 1 (¢ 3,800), 267 mn (e 3,900)3 [o]37 -21.2° (e 0.8, hC1,).
Bl Galed. for Sy Ny0, (404,43} C, 59.40; W, 5.98

Found: €, §9.28; H, 5.02

3(5)~Carbometoxy -4+ (5+0-benzoy1-2,3-0-1s0propy] idene-5-D- ribafurenosyl ) -

pyrazole {18)
A solutfan of 17 (250 -g, 0.56 mol) and dfazomethane (v1.25 mwol) in
ethar (36 m1) was stored at 0° for 2 hr and then evaporstad to dryness leaving

the pyrazoTine {18} s a chromatograshically homogensous, unstable foam fn

UCCe21-15
for 20 hr at room temperature with 0.75 mnol of sodfum methoxide and then

nevtralized with Dowex 50 (H') resin, The evaporated Filtrate sas purifisd
by sreparative t1c using chioroform-rethanal (85:15) to give 60 mg (503} of
28 25 & foam that did nov erystalitze: Ale0! 220 nn (sh, = 4,400); (]2 383
(e 0.8, MeOH); e (dgNS0) 3.52 pom (s, 3, OMe), 3.6 (=, 4, Gy, Cyik,
Coitph, 442 (dd, 1, dy1 0 = & 2o Gy}, 4,63 and 595 (n, 1, OH), 5,82
(A, 1, €M) 72074 (my 3, Ardy 745746 (n, 2, Ar), 2,76 (s, 1, GgH).
sl Calod. for Gy N0, (362,330 €, 56,35, K, 5.01; N, 7.73
Fourd: €, 56,463 4, 5.12; N, 7.91

4-BerzoyT-3-carbamethoxypyrazole {2¢)

A solutton af 25 (130 mg) in 90% trifluoroacetic actd (1 ml} was stored
at room temperature for 2.5 hr and then evaporated to dryness in vacuo. The
residue wes purified by preparative tlc using enlarofor~-metharo] (97:3)
giving 2 singla dand (s mixture of 29 and the sugar fragment) which crys-
tal1ized from ethy) acetate-hexane to give 20 mg (40%] of 29 with mp 131-
132° (revorted® np 129°). No further crystals coulc be obtained from the
mixture: APeCY 252 mn (¢ 14,300); nnr (GOC1,) 3.64 pp (s, 3, Obe), 7.50
{my 3, Ar), 7.84 {m. 2, Arj, 8,16 (s, 1, CsH). Mass spectwum (70 eV) n/e
230 (47, 171 {HeCOLHg), 153 (Hagih).
nal. Caled. for Cypkyoh 0y (230.22): €, 62.60; K, 4.38; N, 12.17

Found: €, 62.%9; M, 4.36; N, 11.86

Treatment of § under comparable canditions led to no change.
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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’-0O-isopropylidene protected 2-pyrazoline (11) 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.?® Thus reaction of the
aldehyde 8 with bromocarbomethoxymethylenetriphenyl-
phosphorane?® 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.3? 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-
B-p-ribofuranosyl)pyrazole (19) was obtained in 57% yield
from 17.

H CO,Me
B2OCH, 0 o=
~
Br
o><o
17
N B N—NH
l a
BrCH, 0 COMe  By0cH, 0 COMe
> >
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 series!? 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,3* the first furanosyl analog
has only recently been described.32 In an effort to prepare
the desired methyl 3-(2,3,5-tri-O-benzoyl-3-p-ribofurano-
syl)propiolate (24) we have investigated the condensation
of 2,3,5-tri-O-benzoyl-p-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 (Jy/,2» = 4 Hz) at 6.20 ppm.
This position is reminiscent of N-glycosides (nucleosides)
and many carbohydrate 1,2-acetals but is considerably
downfield from where one would expect to find Cy» H in
24, since both a number of C-glycosyl nucleosides®* and

Albrecht, Repke, and Moffatt

acetylenic carbinols3® show the related protons at roughly
5 ppm.38 In addition, Co» H and Cy: H appeared as dou-
blets of doublets at 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 at
6.21 ppm and Cz- H and Cs- H as doublets of doublets at
5.31 and 4.96 ppm. These chemical shifts are quite unlike
those of the pyrazole 6, in which Cy. H, Ca H and Cs H
all appeared at 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-b-
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 Pernet3? of a
similar a-substituted 1,2-O-ethylidene-a-p-glucopyranose
upon attempted alkylation of 2,3,4,6-tetra-O-acetyl-3-p-
glucopyranosyl chloride with sodio diethylmalonate.

BzOCH, O BzOCH, O,
Br —
0
+\,|
OBz OBz OBz O=
20 Ph
21
AgC=C~COMe l 22
BzOCH, O
0
OBz 0_"CEC——COZMe
Ph
23
BzOCHZ: C=C—C0OMe BzOCH, 0
Bz OBZ
CO,Me
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 O- and N-glyco-

YCH O X YCH O

0
OBz OBz 0Bz 0-X
26 27
sides and in both the pentose and hexose series) indicated
that the chemical shifts of C2- H vary between 5.56 and
6.40 ppm while those of Cs- 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

_Cs H at 4.60-5.25 ppm. While deshielding of C2r 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 Cz- 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 Cy H and Cs H in both 23
and 25 is consistent with the 1,2-0O-acetal rather than the
2,3-dibenzoyl structures.

It might also be pointed out that 23 and 25 have the
typically large values of J3- 4 (8 and 9 Hz) shown by com-
pounds related to 27 and indicative of the very small dihe-
dral angle between Cz» 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-O-acetal function, giving 4-ben-
zoyl-3-carbomethoxypyrazole (29). The latter could, un-

HOCH, 0

0

= J
OH O Q 1}‘ Hy—2
NH N

Ph CO;Me
COOMe PhC=0

28 29

fortunately, not be separated from the other reaction
product, presumably 3,5-di-O-benzoyl-p-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 LeMatre®® 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 8-n-
ribofuranosylacetylenes bearing participating groups such
as benzoyl esters at Ca- 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-O-isopropylidene-p-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 at 80° leads to the isolation in good
yield of 2,2’-anhydro-1-(3’-0-acetyl-3-p-arabinofuranosyl)cytosine hydrochloride (4a). By conducting the reac-
tion at room temperature an intermediate 5’-O-(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-(3-p-arabinofuranosyl)cytosine hydrochloride or 1-(8-p-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’-0O-butyryl-8-p-arabinofuranosyl)cytosine hydrochloride in good yield.

Previous papers in this series have outlined the anoma-
lous reactions of 2-acetoxyisobutyryl halides with uri-
dine,** adenosine,® and several adenosine analogs. In all
cases the observed products could be explained via the
conversion of the 2/,3’-cis diol function to a reactive 2/,3’-
acetoxonium ion.# In the case of the purine nucleosides3-7
such acetoxonium ions are opened by attack of halide ion
to form isomeric 2/,3’-trans chloro acetates with the 2/-0O-
acetyl-3’-deoxy-3’-halo-3-b-xylofuranosy! isomer predom-
inating. In the uridine series, however, the acetoxonium
ion undergoes preferential intramolecular attack by the Cq
carbonyl group of the pyrimidine ring to initially form
2,2’-anhydro-1-(3’-0-acetyl-8-p-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 Cg 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-
toxyisobutyry! 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’-0-acetyl-3-pD-arabinofuranosyl)cytosine hydro-
chloride (4a) in 68% yield. The structure of 4, which un-
doubtedly arises via 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-1-(3-b-
arabinofuranosyl)cytosine (4b) chromophore.®# The pres-
ence of a single acetyl group was indicated by nmr spec-
troscopy and this function was located at Cz- by the 0.9-
ppm downfield shift of C; 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.? Subsequent to this aspect of our work
several new methods for the synthesis of 4b have been de-
scribed1® and this compound has been the subject of ex-
tensive examination as an antitumor agent of low toxici-
ty.11 In addition, there has been interest in the pharmaco-
logical properties of the related 3’-phosphate ester (4¢).*2
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.



