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Anal. Caled for 023H2707C1: C, 61.26; H, 6.04. Found: C, 61.12;
H, 5.97. :

Registry No.—2a, 57015-41-5; 2b, 57015-42-8; 4a, 57015-43-T;
4b, 57015-44-8; 7a, 57015-45-9; 8a, 57015-46-0; 9a, 57015-47-1; 9b,
57015-48-2; 10a, 57015-49-3; 10b, 57015-50-6; 11a, 57015-51-7; 11b,
57015-52-8; 12a, 57015-53-9; 15a, 57015-54-0; 15b, 57015-55-1; 16a,
57015-56-2; 16b, 57015-57-3; 19a, 57015-58-4; 19b, 57015-59-5; 20a,
57015-60-8; 20b, 57015-61-9; 21, 57015-62-0; 22, 57015-63-1; 23,
57015-64-2; 24, 57015-65-3; 25a, 57015-66-4; 26a, 57031-28-4; 27a,
57015-67-5; 27b, 57015-68-6; 28a, 57015-69-7; 28b, 57015-70-0; 29a,
57015-71-1; 30a, 57015-72-2; 31, 57015-73-3; 82, 57015-74-4; 33,
57015-75-5; 35, 36623-21-9; 36a, 57015-76-6; phosgene, 75-44-5.
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Condensation of 2,3-0-isopropylidene-5-0-trityl-D-ribofuranosyl chloride (3) with the silver acetylide of meth-
yl (or ethyl) propiolate 4a {(or 4b) gives fair yields of the §-D-ribofuranosyl propiolate 5a (or 5b). 1,3-Dipolar cy-
cloaddition of 5a with trimethylsilyl azide gives directly the deblocked 1,2,3-triazole ester 7 which on treatment
with methanolic ammonia affords amide 8. 1,3-Dipolar cycloaddition of 5a (or 8b) with diazomethane gives the
fully blocked 4-ribosylated pyrazole ester 9a (or 9b) in good yields along with the N-methyl derivative 10a (or
10b). Compound 9a (or 9b) can be readily deblocked to the corresponding 4-ribosylpyrazole ester 13a (or 13b) or
treated with ammonia to give the blocked pyrazole amide 11. A similar cycloaddition reaction of 5a with ethyl di-
azoacetate (15) affords the 4-ribofuranosylpyrazole-3,5-dicarboxylate 16 as the major product and some 3-ribofu-
ranosylpyrazole-4,5-dicarboxylate 17. These two products have been unequivocally identified by comparing them
with the products (16 and 19) obtained from the cycloaddition reaction of 5b with methyl diazoacetate (18).

A relatively new group of naturally occurring nucleo-
sides? exhibiting important biological activities has been
isolated recently. They are the C-nucleoside antibiotics
formycin, formycin B, showdomyecin, and pyrazomycin.
Also belonging to this class of compounds is the most re-
cently isolated oxazinomycin,® a close analogue of pseu-
douridine.* All, except pseudouridine, possess antibiotic
properties and many exhibit anticancer and antiviral ac-
tivities. These biological properties, together with their
unique structural feature (a C-C linkage between the het-
erocycle and the sugar), have elicited many efforts directed
toward the synthesis of such compounds or analogues

thereof.

The methods described for the synthesis of C nucleosides
can be classified into three general types. The first involves
the conversion of some available C nucleosides to prepare
new ones. 6-Azapseudouridine, for example, has been syn-
thesized® from pseudouridine. Oxazinomycin has been con-
verted to pseudouridine3® and formycin has been obtained
from formycin B.8 The second approach, direct condensa-
tion of suitably blocked sugar derivatives with appropriate
heterocyclic bases (usually as metalated derivatives), has
been utilized for the preparation of pseudouridine” or some
of its sugar analogues,® 5-ribosylcytosine? and 1-deazauri-
dine.l® The third and most fruitful approdch to date has
been the multistep elaboration of the desired heterocycle
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from a C-glycosyl derivative functionalized at the Cy- sub-
stituent. By this general method showdomycin,!! formycin
B,2 oxoformyein,18 and pyrazomycinl4 were prepared. One
type of C-glycosyl derivative which has received much at-
tention recently is represented by the C-glycosyl acety-
lenes, 620 some of which have been utilized to prepare sim-
ple triazole,15818 pyrazole,2° and isoxazole!® C nucleosides
via 1,3-dipolar cycloaddition reactions to the triple bond.2*
Synthesis of Ribofuranosyl Acetylenic Esters, We
have investigated the synthesis of ribosyl acetylenic deriva-
tives such as 1 because (1) acetylenic esters are more reac-
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tive to 1,3-dipolar cycloaddition reactions than ordinary
alkynes?! and (2) they can also be used as intermediates for
the elaboration of six-membered heterocycles via reaction
of the two electrophilic sites (acyl function and 8 carbon)
with reagents containing the amidino or ureido function,?
or for the synthesis of five-membered heterocycles with re-
agents such as hydrazine?3 or hydroxylamine.24

Most methods described to prepare glycosyl acetylenes
have used the reaction of a suitably blocked sugari57 or a
glycosyl halide!6?0 with an acetylene Grignard reagent?s
and therefore such methods were not immediately applica-
ble to the synthesis of the ester 1. As an alternate ap-
proach, the reaction of a suitably protected halogenose
with the silver acetylide of an alkyl propiolate?® was con-
sidered. The potential utility of readily available haloge-
noses such as the tri-O-acyl D-ribofuranosyl halides seemed
doubtful in view of the known propensity of sugar halides
bearing participating acyl groups at C-2 to give 1,2-ketal
derivatives upon reaction with organometallic com-
pounds.1%27:28 This view was recently confirmed by a report
from Albrecht, Repke, and Moffatt,?® who have obtained
3,5-di-O-benzoyl-1,2-0-[a-(2-carbomethoxyethynyl)benzy-
lidene)]-a-D-ribofuranose as a major product of the reaction
of tri-O-benzoyl-D-ribofuranosyl bromide with the silver
derivative of methyl propiolate. The recently synthesized
2,3-0-isopropylidene-5-0O-trityl-8-D-ribofuranosy! chloride
(3),%° on the other hand, appeared to be a promising candi-
date for this type of reaction.

Condensation of the silver acetylide of ethyl propiolate
{4b, Chart I) with the crystalline 2,3-O-isopropylidene-5-
O-trityl-g-D-ribofuranosyl chloride (8 anomer of 3) afford-
ed an “anomeric”®2 mixture of ethyl 3-(2,3-O-isopro-
pylidene-5-O-trityl-D-ribofuranosyl)propiolates . (5b- and
6b).31b:32 After ready separation by dry column chromatog-
raphy, the faster moving 8 anomer 5b was isolated as a
syrup while the slower moving o anomer was obtained in
crystalline form (5b/6b ~ 3, by weight). The assignment of
anomeric configurations was based on the following 'H
NMR data: (a) The chemical shift of H-1’ for 5b is smaller
(6 4.76) than that for 6b (¢ 5.18). This consistent relation-
ship between the chemical shift of H-1’ of a pair of anomers
has been utilized previously to assign the configuration at
C-1’ to nucleosides®® and C glycosides.34 (b) The /1o value
in 5b is smaller (2.8 Hz) than that in 6b (4.7 Hz). Although
not conclusive, the difference in coupling constants for
these two fairly rigid 2,3-O-isopropylidenated ribofurano-
syl systems supports the assignments made. (¢) The 'H
NMR spectra of all C nucleosides (9b, 10b, 11, 16, and 19)
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derived from 5b (vide infra) exhibit differences between
the chemical shifts of the isopropylidene methyl signals (A8
0.23-0.30) in excellent agreement with the values charac-
teristic of 8 nucleosides.3®

This condensation reaction (3 — 5 + 6) is affected by
several factors. (a) For optimum yields, the silver acetylide
must be dried in vacuo. (pump) at room temperature®® for
at least 2 days. (b) Condensation rates are dependent on
the solvent used. Under comparable reagent concentra-
tions, a reaction would be completed, for example, in 3 hr
in dichloromethane whereas in benzene, 2 weeks are re-
quired. In both cases, however, the ratio of 8 (8b) to « (6b)
anomers was fairly constant (~3:1) with a total yield of
55-60%. (c) It was found that if conditions were not kept
scrupulously free of protic impurities, the amount of vari-
ous side products, that are always formed to some extent,
increased appreciably. Some of the side products which
have been isolated by chromatography were identified by
1H NMR spectroscopy as 1,5-anhydro-2,3-O-isopropyli-
dene-3-D-ribofuranose, ethyl 3-trityl propiolate, and com-
pound 2.

In order to avoid the fairly elaborate work-up which ac-
companies the isolation of crystalline ribofuranosyl chlo-
ride 33t and the unavoidable partial loss of material, con-
ditions were sought which would permit preparation of 3
and its condensation in situ with 4b to give 5b (Chart I) in
a “one pot” reaction. Of particular importance was the de-
sirability of a solvent suitable for both reactions (2 — 3 —
5 + 6) since DMF, the solvent originally used in the prepa-
ration of the ribosyl chloride 3,30 was found to be totally in-
adequate for the condensation step, giving mostly products
resulting from undesirable reactions. The reasons for this
are not yet clear. It was found that acetonitrile is a suitable
solvent for the preparation of 3 and its condensation in situ
with 4b. This method has afforded reproducible yields
(45% from 2) of a mixture of the 8 (5b) and « (6b) anomers
in a ratio of ~5:1. Slightly lower yields have been obtained
when dichloromethane was used as the solvent.

A similar procedure for the in situ condensation of 3 with
the silver acetylide of methyl propiolate 4a in acetonitrile
or dichloromethane has yielded results comparable to those
described above for the ethyl derivatives.
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It has been shown also that reaction of 2 with triphenyl-
phosphine and carbon tetrachloride gives the 8 anomer of
the chloro sugar 3 via an intermediate. Thus TLC monitor-
ing of the reaction of 2 with triphenylphosphine and carbon
tetrachloride in acetonitrile or dichloromethane revealed
the initial formation of an intermediate compound (R
~0.45 in petroleum ether-ethyl acetate, 10:1) which is
slowly but completely converted to the known 2,3-O-iso-
propylidene-5-O-trityl-8-D-ribofuranosyl chloride (the 8
anomer of 3) (Ry ~0.6 in petroleum ether—ethyl acetate,
10:1). Since the starting material 2 is a mixture of anomers
with the 8 anomer predominating3® and since this type of
reaction generally proceeds by inversion of configuration,3”
it is reasonable to assume that the initially formed product
is the a-ribosyl chloride which in the presence of chloride
ion epimerizes to the more stable 8-chloro anomer. This
hypothesis is supported by monitoring the reaction of 2
with triphenylphosphine and carbon tetrachloride in
CDCl; simultaneously by 'H NMR38 and TLC. As the sig-
nals for the 8 anomer of 2 (H-1, § 5.30, J1 2 = 0 Hz) de-
crease in intensity, a new set of signals, attributable to the
intermediate described above, appears which includes a
doublet at low field (6 6.30 J12 = 6.2 Hz). As the reaction
proceeds, the signals of 2 slowly disappear while signals
corresponding to the known @-chloro anomer of 3 (H-1, &
6.09, J12 = 0 Hz) increase in intensity. The relative values
of the chemical shifts and coupling constants of the low-
field doublet (5 6.30) and of the H-1 signal of the 8 anomer
of 3 are consistent with the expected parameters of the
anomeric pair of 3. Analogous results have been obtained
by following the course of the reaction in CDgCN by H
NMR spectroscopy.

1,3-Dipolar Cycloaddition Reactions of 5a and 5b.
Among the various 1,3-dipolar cycloaddition reactions that
alkynes undergo readily, the reaction with azides has been
found of synthetic value for the preparation of 1,2,3-tria-
zoles.?? The use of trimethylsilyl azide is of particular in-
terest since this reagent is stable and can be used in place
of the explosive hydrazoic acid for the synthesis of N-un-
substituted triazoles (the Si-N bond being easily cleaved
by protic solvents).4

Treatment of the methyl ester 5a (Chart II) with 5-6
equiv of trimethylsilyl azide at 105°C for 20 hr in a sealed

Chart II

N
~NH
N/

5a (CH,),SiN,

HO OH
8

vessel was sufficient for complete conversion of the acetyle-
nic function to the triazole. This major reaction, however,
was accompanied by partial removal of the trityl and iso-
propylidene functions, leading to a mixture of partially
blocked derivatives of 5(4)-carbomethoxy-4(5)-(3-D-ribo-

furanosyl)-1,2,3-triazole (7). These side reactions may have-

De Las Heras, Tam, Klein, and Fox

been catalyzed by the formation of some hydrazoic acid
during the reaction. Extending the reaction time had no
adverse effect, however, on the stability of the already
formed triazole ring while allowing complete removal of all
blocking groups from the ribose moiety. This procedure has
afforded directly the desired crystalline triazole 7 from 5a
in good yield. Conversion of the ester 7 to the amide 8 was
accomplished in good yield on treatment of 7 with 50%
NHj; in methanol for 3 days at 60°C in a sealed vessel.

Another type of 1,3-dipolar cycloaddition to acetylenes is
their reaction with diazoalkanes to afford pyrazoles.?3 In
view of the biological importance of the formycins and py-
razomycins which contain a pyrazole ring ribosylated at po-
sition 3(5), it was of interest to determine the utility of es-
ters 5a and 5b as intermediates for the synthesis of pyra-
zole C nucleosides by reaction with diazoalkanes.

Reaction of 5a with a slight excess of diazomethane
(Chart III) in ether at 0°C was completed within 30-45

Chart III
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min. Two products detected by TLC were isolated by col-
umn chromatography. The major component, obtained in
72% yield, was identified as the pyrazole ester 9a. The
minor component, obtained in 3.5% yield, was found to be a
N-methyl derivative formed by the secondary reaction of
9a with an excess of diazomethane, Similarly, reaction of
5b with diazomethane gave 9b (72%) and 10b (10%).

The minor products were tentatively assigned structure
10 by analogy with many studies on alkylation in the pyra-
zole series.4! These have led to the generalization that py-
razoles substituted by an electron-withdrawing group (such
as acyl) at the 3 or 5 positions usually undergo alkylation
mainly, if not exclusively, at the adjacent nitrogen atom.
Although these results may vary depending on the condi-
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tions of alkylation, the rule seems to have no exception
when diazomethane is employed as the alkylating agent.

Treatment of 9a or 9b with ammonia-methanol (50%) at
50-75° for 3—4 days afforded good yields of the crystalline
amide 11. Removal of the protecting groups with methanol-
ic HCl afforded a good yield of the known crystalline amide
12.2242 Similar deblocking reactions of 9b and 9a with
methanolic HCI afforded 13b and the known 13a,%? both as
crystalline materials. Treatment of the minor product 10b
with MeOH-HCI gave the unblocked N-methylated deriva-
tive 14b in crystalline form.

The foregoing reactions of the acetylenic esters 5a and
5b with diazomethane afforded as expected the pyrazole
esters ribosylated at position 4 as the only detectable prod-
uct. These results are consistent with previous stud-
jes?1:2343 on the mechanism and mode of addition of dia-
zoalkanes to activated dipolarophiles. According to these
studies the terminal nitrogen of the diazo compound at-
taches to the carbon « to the activating electron-withdraw-
ing group (COOR). Our results also parallel recent observa-
tions by Albrecht, Repke, and Moffatt,2? who found no pos-
itive evidence for the inverse mode of cycloaddition of dia-
zomethane or diazo esters to a blocked derivative of the ac-
rylate analogue of 5a. The products of such inverse addi-
tion are desirable since they possess the common structural
feature present in pyrazomycin and formycin, namely a
3(5)-ribosyl pyrazole.

Since there are numerous reports showing that inverse
1,3-dipolar addition of diazoalkanes occur more readily to
substituted acetylenic dipolarophiles than to the corre-
sponding analogously substituted ethylenic deriva-
tives,21b43cd 44,45 fyurther investigation of the cycloaddition
reactions of 5a and 5b with other diazoalkanes was under-
taken. Diazo esters are particularly suitable for such a
study for the following reasons. It has been reported, for
example, that while diazomethane adds to CgHzC=C-
COOE't to give equal amounts of the products formed by
“normal” and ‘“inverse” mode of addition, the reaction
with methyl diazoacetate gives chiefly the product derived
from “inverse” addition.44 Furthermore, should inverse ad-
dition occur with 5a or 5b the products obtained (such as
17 and 19) would be directly suitable for the synthesis of
formycins or formycin analogues.1213

Reaction of the methyl propiolate derivative 5a with an
excess of ethyl diazoacetate (15, Chart IV) afforded two
products of different chromatographic mobilities on silica
thin layer. The major product (slower moving) was ob-
tained in 63% yield after crystallization from the reaction
mixture and subsequent chromatography of the mother li-
quors, while the minor component could be isolated in 10%
yield by chromatography. Uv and 'H NMR spectroscopic
data indicated that the two components were indeed the
expected pyrazole derivatives 16 and 17, each formed by
one of the two possible modes of cycloaddition. It was not
possible, however, to assign these products a definite struc-
ture (such as 16 or 17) since their physical properties (uv,
ir, 1H NMR) could fit either one. Chemical proof of their
structures was obtained as follows. After treatment of the
ethyl propiolate derivative 5b with methyl diazoacetate
(18) at room temperature for 9 days, two products of differ-
ent mobility could be detected by TLC. The major slower
moving component obtained in 56% yield by crystallization
directly from the reaction mixture and subsequent column
chromatography of the mother liquor was found to be iden-
tical in all respects with the major product 16 obtained
from the previous reaction. This common product only
could arise from the “normal” mode of addition and has,
therefore, structure 16. The minor product (8% after chro-
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matography), as expected, was found to be different from
all other products, as deduced from its melting point, ir,
and 'H NMR spectra, and its behavior on TLC. It was
therefore assigned structure 19. It also follows that the
minor component obtained from the previous reaction of
5a with 15 has structure 17. In view of the synthetic signifi-
cance of compounds 17 and 19 as potential intermediates
for the synthesis of formycin analogues, the 1,3-dipolar cy-
cloaddition reactions of 5a and 5b with the diazo esters de-
scribed above were repeated at higher temperature, since a
decrease in the stereoselectivity of the reaction should re-
sult in a corresponding increase in the relative yield of the
desired minor products. Such modifications in the original
conditions resulted in appreciable increases in the yields of
17 and 19. Thus, reaction of 5a with 15 at 50°C for 20 hr af-
forded 61% of 16 and 15% of 17 and reaction of 5b with 18
at 50°C for 2 days afforded 54% of 16 and 13% of 19,

Chart IV
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The present method which readily provides pyrazole di-
carboxylic acid derivatives such as 17 and 19 in essentially
two steps from the readily available blocked ribose 2 offers,
to our view, an attractively short alternate route for the
synthesis of formycin analogues.

Experimental Section

General Procedure. Melting points were determined with a
Thomas-Hoover apparatus and are uncorrected. The NMR spectra
were obtained on a Varian A-60 or Jeol PS-100 spectrometer with
Me4Si as internal standard. Chemical shifts are reported in parts
per million (é) and signals are described as s (singlet), d (doublet),
t (triplet), q (quartet), and m (multiplet). Values given for cou-
pling constants are first order. Microanalyses were performed by
Spang Microanalytical Laboratory, Ann Arbor, Mich. Thin layer
chromatography (TLC) was performed on microscope slides coat-
ed with Merck silica gel GF2s4 and substances were visualized ei-
ther by uv absorption or by spraying with 20% ethanolic sulfuric
acid and charring. Column chromatography was performed by the
dry column technique*® in nylon tubes filled with Woelm silica gel
(70-230 mesh) using a 60:1 ratio of absorbent to substance unless
otherwise specified.

Silver Acetylides of Methyl and Ethyl Propiolate (4a and
4b). The silver acetylide 4a (or 4b) was prepared from the reaction
of an ethanolic solution of methyl (or ethyl) propiolate with am-
moniacal AgNOj3 in the manner described in ref 26a. The precipi-
tated silver acetylide 4a (or 4b) was repeatedly washed with H,0,
EtOH, and ether and dried at room temperature3® over PsOs under
vacuum for at least 2 days before use. .

Methy! 3-(2,3-O-Isopropylidene-5- O-trityl-8- and -a-D-ri-
bofuranosyl)propiolate (5a and 6a). To a solution of 13.0 g (0.03
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mol) of 2 in 70 ml of anhydrous CHsCN (dried over molecular
sieves 3 &) were added 9.2 g (0.06 mol) of CCl4 and 11.8 g (0.045
mol) of (Ph)sP. The mixture was stirred at room temperature until
TLC indicated the disappearance of the starting material 2 (Ry ~
0.18 in petroleum ether-EtOAc, 10:1) (usually within 20 min). At
this point, 5 g of 3 A molecular sieves and 13.3 g (0.07 mol) of silver
acetylide of methyl propiolate 4a?%8 were added and the mixture
was stirred at room temperature, in the dark, until TLC indicated
the disappearance of all the chloro sugar 3 [Ry ~ 0.45 for the & ano-
mer and Ry ~ 0.6 for the 8 anomer in petroleum ether (30-60°)-
EtOAc,(10:1)]. The reaction toock ~10 days. The mixture was then
diluted with 200 ml of CH3Cl, and filtered. The filtrate, on evapo-
ration, dfforded a thick syrup which partially dissolved on warm-
ing with diethyl ether (300 ml) leaving an oil which was removed
by filtration through 50 g of silica gel. The filtrate, which con-
tained mainly the S-acetylenic ester 5a (R; ~ 0.36 in petroleum
ether-EtOAc, 10:1) was evaporated to dryness and the residue
chromatographed on a dry silica gel column (600 g) using a mix-
ture of petroleum ether~EtOAc (10:1) as eluent.

Compound 5a was isolated as a syrup (5.14 g, 34%) and was ob-
tained analytically pure by a second chromatography using the
same system: Apmax (EtOH) 253 nm (e 750), 260 (790), 263 (710) sh,
266 (610) sh, 269 (440) sh; ymax (CHCl3) 2260 (C==C), 1715 cm™!
(C=0); 1H NMR (CDCly) é 1.30 and 1.50, (2 5, 6, CMes), 3.28 (m,
2, H-5"), 3.66 (s, 3, COOMe), 4.33 (m, 1, H-4'), 4.62 (dd, 1, H-3’,
J2',3/ =58, Jysy =15 Hz), 4.75 (4, 1, H-1’, Jyro =29 Hz), 4.83
(dd, 1, H-2'), 7.19-7.52 (m, 15, trityl).

Anal. Caled for Cg1H3oOg (498.6): C, 74.68; H, 6.07. Found: C,
74.67; H, 6.02. .

Elution of a slower moving band afforded 1.15 g (7.6%) of 6a as a
syrup which crystallized on standing. Recrystallization from
EtOAc-petroleum ether gave the analytical sample: mp 157-158°;
Amax (EtOH) 253 nm (e 570), 259 (670), 262 (560), 266 (480), 269
(810); #max (KBr) 2265 (C=C), 1715 ecm~! (C=0); 'H NMR
(CDClg) 5 1.35 and 1.56 (2 s, 6, CMey), 8.11 (dd, 1, H-5' a, Ja5a =
3.11, Jya 5 = 10.2 Hz), 3.43 (dd; 1, H-5"b, J4 55 = 3.1 Hz), 3.77 (s,
3, COOMe), 4.26 (t, 1, H-4'), 470 (d, 1, H-3, J3 = 6.1 Hz), 4.95
(dd, 1, H-2'), 5.18 (4, 1, H-1", Jy/ o = 4.6 Hz), 7.23-7.39 (m, 15, trit-

1).
Y Anal. Caled for C31Hs3006 (498.8); C, 74.68; H, 6.07. Found: C,
74.55; H, 6.18.

Ethyl 3-(2,3-O-Isopropylidene-5-O-trityl-8- and -a-D-ribo-
furanosyl)propiolate (5b and 6b). Method A. From Compound
2. To a solution of 43.2 g (0.1 mol) of 2 in 250 m} of dried CH3CN
were added 39.4 g (0.15 mol) of (Ph)sP and 30.8 g (0.2 mol), of CCly
and the clear solution was stirred at room temperature until TLC
indicated the disappearance of 2 (usually 20 min). A suspension of
43 g (0.21 mol) of the silver derivative of ethyl propiolate 4b%a in
dry CH3CN (160 ml) which had been prestirred with 3 A molecular
sieves (80 g) for 2 hr was then added to the solution of chloro sugar
3 prepared above. This mixture was stirred in the dark until TLC
indicated the disappearance of the chloro sugar 3. This usually
takes 5 days. The procedure described above for the isolation of
the methyl derivatives 5a was used to obtain 18.4 g (36%) of Sbasa
syrup. This compound was obtained analytically pure after anoth-
er chromatography using the same system: Amax (EtOH) 254 nm (e
840), 259 (910), 263 (770), 266 (670), 269 (480); Vmax (CHCls) 2260
(C=C), 1715 em~! (C=0); TH NMR (CDCly) & 1.19 (t, 8,
CH,CHa), 1.30 and 1.50 (2 s, 6, CMey), 3.29 (m, 2, H-5'), 4.13 (q, 2,
COOCHy), 4.33 (m, 1, H-4'), 4.62 (dd, 1, H-8, Ja» = 5.8, Jyu =
1.8 Hz), 4.76 (d, 1, H-1", Jr,or = 2.8 Hz), 4.84 (dd, 1, H-2'), 7.20-
7.53 (m, 15, trityl).

Anal. Caled for C3sH3006 (512.6); C, 74.98; H, 6.29. Found: C,
74.97; H, 6.35.

By the same procedure also was isolated 4.3 g (8.4%) of 6b: mp
133-134° (from EtOAc-petroleum ether); Amax (EtOH) 253 nm (e
680), 259 (750), 263 (630), 266 (530), 269 (870); vmax (KBr) 2265
(C=C), 1715 em~! (C=0); 'H NMR (CDClg) & 1.30 (t, 3,
CH,CHy), 1.35 and 1.56 (2 s, 6, CMey), 3.10 (dd, 1, H-5'a, Ju5a =
3.1, Jyasn = 10.2 Hz), 3.48 (dd, 1, H-5'b, Jysp = 3.0 Hz), 4.24 (m,
3, COOCH,, H-4"), 4.70 (d, 1, H-8/, J2 3 = 6.0 Hz), 4.96 (dd, 1, H-
27), 5.18 (d, 1, H-1’, J1,2 = 4.7 Hz), 7.27-7.38 (m, 15, trityl).

Anal. Caled for CasH3:06 (512.8): C, 74.98; H, 6.29. Found: C,
75.05;H,6.31.

Method B. From Compound 3. A suspension of 4b (4.1 g, 0.2
mol) and of 3 A molecular sieves (10 g) in a mixture of benzene (40
ml) and CH;Clg (10 ml) previously dried over molecular sieves was
stirred for 20 min at room temperature in the absence of light. The
crystalline 8 anomer of 320 (4.51 g, 0.01 mol) was then added and
the. reaction mixture was stirred for 40 hr. The products were ob-
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tained as described in method A. The isolated compounds 5b and
6b weighed 2.27 g (44.5% from 3) and 0.80 g (15.5%).
5(4)-Carbomethoxy-4(5)-{8-D-ribofuranosyl)-1,2,3-triazole
(7). The propiolate derivative 5a (2.50 g, 5 mmol) was dissolved in
3.0 g (26 mmol) of trimethylsilyl azide and heated in a sealed ves-
sel at 105° for 48 hr. After cooling to room temperature the solu-
tion was diluted with 10 ml of MeOH and evaporated to dryness.
The residue was triturated with EtOAc and filtered to give 7 (0.823
g, 63%) as a solid which crystallized from CH3CN: mp 146-147°;
Amax (EtOH) 218 nm (e 7660); Anax (PH 13) 235 nm (¢ 6880); 1H
NMR (Me280-dg) § 3.56 (m, 3, H-&, OH), 3.84 (s, 3, COOCHj3),
3.7-4.1 (m, 3, H-2", H-3’, H-4"), 4.99 (d, 1, OH, Jouu = 4.9 Hz),
5.15(d, 1,0, Jouu = 5.5 Hz), 5.23 (d, 1, H-1’, J1 o = 5.2 Hz).

Anal. Caled for CgH13N3Osg (259.2): C, 41.70; H, 5.06; N, 16.21.
Found: C, 41.72; H, 5.12; N, 16.22.

5(4)-Carboxamido-4(5)-(8-D-ribofuranosyl)-1,2,3-triazole
(8). A solution of 1.30 g (5 mmol) of 7 in 20 m] of MeOH and 20 ml
of liquid ammonia was heated at 60° in a sealed vessel for 3 days.
The solution was cooled to room temperature and evaporated to
dryness to afford, after chromatography (MeOH-EtOAc-CHCl3,
2:1:1) 8 as a syrup (0.98 g, 80%): Amax (EtOH) 210 nm (¢ 9970); 1H
NMR (Me2S0-dg) b 3.1-4.0 (m, 6, H-2, H-8', H-4’, H-5/, OH), 4.91
and 5.12 (2 broad s, 2, OH), 5.27 (d, 1, H-1/, Jy 2 = 4.6 Hz), 7.40
and 7.71 (28, 2, CONH,).

This compound could not be obtained analytically pure and was
further characterized as its tri-O-acetyl derivative by treating 8
(0.300 g, 1.2 mmol) in pyridine with acetic anhydride. Subsequent
column chromatography (EtOAc-petroleum ether, 3:1) afforded
0.41 g (88%) of 5(4)-carboxamido-4(5)-2,3,5-tri-O-acetyl-3-D-ribo-.
furanosyl-1,2,3-triazole. An analytical sample was obtained by a
second chromatography using the same solvent system: Amax
(EtOH) 209 nm (¢ 8650); Amax (pH 13) 238 nm (¢ 7380); 'H NMR
(CDCls) 8 2.07, 2.09, and 2.09 (3 s, 9, OAc), 4.36 (broad s, 3, H-4’,
H-5%), 5,42 (dd, 1, H-%, Jo g = 5.0, Jg,4 = 5.2 Hz), 5.69 (dd, 1, H-
2),5.76 (d, 1, H-V’, Jy o = 4.5 Hz), 6.75 and 7.39 (2 s, 2, CONHo).

Anal. Caled for C14H1sN4Og (870.3): C, 45.51; H, 4.90; N, 15.13.
Found: C, 45.25; H, 4.90; N, 14.96.

Reaction of Methyl 3-(2,3-O-Isopropylidene-5-O-trityl-8-
D-ribofuranosyl)propiolate (5a) with Diazomethane. To 4.0 g
(8 mmol) of 5a in 30 ml of ether at 0°C (ice-water bath) was added
100 ml of a cold, dried ethereal solution of CHzNj (~12~15 mmol).
The mixture was kept at 0° for 30 min. It was then treated drop-
wise with a diluted solution of AcOH in ether until the evolution of
nitrogen stopped. Evaporation to dryness and column chromatog-
raphy of the residue (petroleum ether-EtOAc, 2:1) afforded two
products. The major and more polar component was obtained as a
white foam (3.15 g, 72%) and identified as 3(5)-carbomethoxy-4-
(2,3-0-isopropylidene-5-O-trityl-3-D-ribofuranosyl)pyrazole (9a).
It crystallized from MeOH with one molecule of crystallization (as
shown by NMR), mp 120-125°, Product 9a also could be obtained
in crystalline form (54%) by direct crystallization of the residue
from MeOH without chromatography: Amax (pH 13) 232 nm (¢
12650), 250 (7830) sh; TH NMR (CDCl3) § 1.34 and '1.60 (2 s, 6,
CMey), 8.33 (m, 2, H-5), 3.46 (s, 3, CH;0H from crystallization),
3.68 (s, 3, COOCHy), 4.26 (m, 1, H-4'), 4.67 {m, 2, H-2’, H-8'), 5.47
(d, 1, H-1, Jy o = 2.7 Hz), 7.17-7.54 (m, 15, trityl), 7.83 (s, 1, H-3).

Anal. Caled for 032H32N203-CH30H (572.7): C, 69.21; H, 6,34;
N, 4.89. Found: C, 69.13; H, 6.31; N, 4.89.

From the column was also isolated 0.14 g of a minor and less
polar product (syrup). From the similarity of its NMR spectrum to
that of 10b (vide infra) it was identified as 5-carbomethoxy-4-
(2,3-0-isopropylidene-5-0-trityl-8-D-ribofuranosyl)-1-methylpy-
razole (10a) resulting from further reaction of the pyrazole initially
formed with CHyNg: 'H NMR (CDClg) 6 1.31 and 1.59 (2 s, 6,
CMey), 3.26 (d, 2, H-5', J4 5 = 4.9 Hz), 3.87 (s, 3, NCH3), 4.13 (s, 3,
COOCH3), 4.22 (m, 1, H-4%), 4.59 (m, 2, H-2", H-3"), 5.39 (d, 1, H-1’,
Jv g = 3.4 Hz), 7.22-7.57 (m, 16, trityl, H-3).

Reaction of Ethyl 3-(2,3-O-Isopropylidene-5- O-trityl-g-D-
ribofuranosyl)propiolate (5b) with Diazomethane. To 0.57 g
(1.1 mmot) of 5b in 5 ml of ether at 0° was added 15 ml of a cold
ethereal solution of CHoNg (~1.5 mmol). The mixture was left at
0° for 45 min and treated dropwise with a solution of AcOH in
ether. The colorless solution was then evaporated to a syrup which
was chromatographed on a dry column of silica gel using petrole-
um ether-EtOAc (2:1) as eluent. Two products were isolated. Elu-
tion of the major component (slower moving) gave 0.451 g (73%) of
3(5)-carbethoxy-4-(2,3-0-isopropylidene-5-O-trityl-8-D-ribofura-
nosyl)pyrazole (9b) as a white foam which crystallized from MeOH
with one solvent molecule of crystallization, mp 95-105° (only par-
tial removal of the solvent of crystallization could be achieved by
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drying 9b for 6 days at 80°C): Amax (pH 13) 233 nm (e 11840), 251
(7850) sh; 1H NMR (CDCls) 4 1.31 (t, 3, CH,CHj), 1.33 and 1.60 (2

s, 6, CMey), 3.33 (m, 2, H-5'), 3.48 (s, 3, CH30H crystallization),’

4.28 (m, 3, COOCHy;, H-4), 4.65 (m, 2, H-2, H-3'), 5.84(d, 1, H-V/,
Jvg = 2.4 Hz), 7.24-7.53 (m, 15, trityl), 7.77 (s, 1, H-3).

Anal. Caled for 033H34N206-CH30H (586.7): C, 69,61; H, 6.53;
N, 4.77. Found: C, 69.65; H, 6.44; N, 4.78.

Elution of the minor (and less polar) product afforded 0.065 g
(10%) of 5-carbethoxy(2,3-O-isopropylidene-5-0-trityl-3-D-ribofu-
ranosyl)-1-methylpyrazole (10b) as a syrup. Purification of this
compound by a second chromatography (petroleum ether-EtOAc,
6:1) afforded the analytical sample: Apax (EtOH) 248 nm (e 7129)
sh; TH NMR (CDCl3) 6 1.31 and 1.58 (2 s, 6, CMey), 1.40 (t, 3,
CHyCHj), 8.22 (d, 2, H-5, J4 5 = 4.6 Hz), 4.16 (s, 3, NCHj), 4.16
(t, 1, H-4"), 4.38 (q, 2, COOCHy), 4.57 (m, 2, H-2/, H-3), 543 (d, 1,
H-1, Jy, = 2.8 Hz), 7.23-7.50 (m, 15, trityl), 7.55 (s, 1, H-3).

Anal. Calcd for CasH3sN20s (568.7): C, 71.81; H, 6.38; N, 4.93.
Found: C, 71.90; H, 6.31; N, 4.87.

3(5)-Carboxamido-4-(2,3-O-Isopropylidene-5- O-trityl-8-
D-ribofuranosyl)pyrazole (11). A. From 9a. A methanolic solu-
tion (5 ml) of 9a (1.36 g, 2.5 mmol) was added to a mixture of 10 ml
of MeOH and 15 ml of liquid ammonia. The mixture was heated in
a sealed tube for 3 days at 54°, cooled at room temperature, evapo-
rated to dryness, and dissolved in hot benzene. On cooling 0.808 g
(61%) of 11 was obtained as colorless crystals: mp 214-215%; Amax
(pH 13) 232 nm (e 13580), 248 (8990) sh; 'H NMR (CDCl;) 1.36
and 1.59 (2 s, 6, CMeo), 3.16-3.46 (m, 2, H-5'), 4.27 (m, 1, H-4),
4,75 (m, 2, H-2, H-3'), 5.18 (d, 1, H-1’, Jy» = 4.2 Hz), 5.59 and
7.88 (2 broad s, 2, CONHy) 7.21-7.45 (m, 15, trityl), 7.63 (s, 1, H-3).

Anal. Caled for CaiH31N3Os (525.6): C, 70.84; H, 5.94; N, 7.99.
Found: C, 70.75; H, 5.85; N, 7.94.

B. From 9b. Similar treatment of 9b (0.300 g, 0.54 mmol) for 4
days at 72° afforded 0.233 g (82%) of 11 identical in all respects
with that obtained by method A.

3(5)-Carboxamido-4- (ﬁ-D-rlbofuranosyl)pyrazole (12). To a
solution of 0.525 g (1 mmol) of 11 in 10 ml in MeOH was added 5
ml of a saturated solution of HCl in MeOH. After standing for 90
min, the reaction mixture was evaporated to dryness and the resi-
due was partitioned between water and CHCls. The aqueous phase
was washed twice with CHCl; and evaporated to dryness. The resi-
due was redissolved in water and evaporated again, leaving 0.238 g
of 12 as a white foam (homogeneous material on TLC). Recrystalli-
zation from MeOH afforded a pure sample (0.188 g, 75%) of the
known 12,242 mp 199-201°C (reported 200-202°C,2° 208-
210°C*?), with physical properties identical with those previously
reported for that compound.

3(5)-Carbomethoxy-4-(8-D-ribofuranosyl)pyrazole (13a). A
solution of 0.270 g (0.5 mmol) of 9a in 5 ml of MeOH was treated
with 25 ml of a saturated solution of HCL. After standing for 90
min, the product was isolated as described above for the prepara-
tion of 12. The procedure afforded 0.125 g of a crystalline residue.
This material was recrystallized from EtOH-ether to give the
known 13a2® in pure form (0.092 g, 72%), mp 181-182.5°C (re-
ported 186-188°C29),

3(5)-Carbethoxy-4-(8-D-ribofuranosyl)pyrazole (13b). Into.

13 ml of EtOH containing 0.550 g (1 mmol) of 9b was dissolved 0.9
g of anhydrous HCL. After 2 hr at room temperature the mixture
was processed as described above for the preparation of 12, Thus
0.270 g of 13b was obtained as a white foam which crystallized
from MeOH-ether to give 0.191 g (70%) of 13b analytically pure:
mp 155-156°; Aymax (EtOH) 222 nm (e 11510), Amay (pH 13) 241 nm
(¢10390); 'H NMR (MesSO0-de) 8 1.30 (t, 3, CH.CH3), 3.32-3.86
(m, 5, H-2/, H-3', H-4', H-5'), 4.27 (q, 2, COOCHg) 4.75 (broad s, X
OH’s) 5.09(d, 1, H-V, Jy o = 3.7 Hz), '790(s 1, H-3).

Ana.l Calcd f()l' C11H16N206 (272 3) C 48, 53 H 5. 92; N, 10.29.
Found: C, 48.59; H, 6.07; N, 10.16.

5-Carbethoxy-1-methyl-4-(8-D-ribofuranosyl)pyrazole
(14b). To 50 ml of an ethanolic solution of 10b (0.57 g, 1 mmol)
was added 5 ml of a saturated solution of HCl in EtOH. After 2 hr
at room temperature the mixture was treated as described pre-
viously to afford 0.19 g (66%) of a syrup which crystallized from
MeOH-ether to give analytically pure 14b: mp 144-146°; Apax
(EtOH) 233 nm (¢ 8680), 246 (¢ 6800) sh; Amax (pH 13) 236 nm
(e5130); 'H NMR (MeSO-dg) & 1.33 (t, 3, CH.CH3), 3.56 (m, 2
H-5%), 3.72-4.41 (m, 8, H-2’, H-3’, H-4/, 3 OH’s, COOCHy), 4.03 (s,
3, NCHy), 5.06 (d, 1, H-1’, Jy,y = 4.6 Hz), 7.67 (s, 1, H-3).

Anal. Caled for C12H1sN2Og (286.3): C, 50.35; H, 6.34; N, 9.79.
Found: C, 50.28; H, 6.32; N, 9.80.

Reaction of Methyl 3-(2,3-O-Isopropylidene-5- O-trityl-g-
D-ribofuranosyl)propiolate (5a) with Ethyl Diazoacetate (15).
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A mixture of 1.05 g (2.1 mmol) of 5a and 0.93 g (8 mmol) of 15 was
heated at 50° for 20 hr. The mixture was then cooled at room tem-
perature for 2 hr and the crystalline product which had precipitat-
ed was filtered and washed twice with ether (2 X 2 ml) to give

0.606 g (46%) of 3(5)-carbethoxy-5(3)-carbomethoxy-4-(2,3-O-iso-
propylidene-5-O-trityl-8-D-ribofuranosyl)pyrazole (16). Recrystal-
lization from EtOAc—petroleum ether afforded the analytical sam-
ple: mp 202-204°; Amex (pH 13) 254 nm (e 9660); *H NMR (CDCls)
5 1.33 and 1.61 (2 s, 6, CMey), 1.34 (t, 3, CH;CH3), 3.20 (dd, 1, H-
5'a, Jy 5 = 4.1 Hz, Jsapn = 9.7 Hz), 3.42 (dd, 1, H-5'b, Jy5p =
7.3 Hz), 3.74 (s, 3, COOCHy), 4.01-4.38 (m, 3, H-4’, COOCHz), 4.25
(dd, 1, H-3, J2,3,_ 7.3, Jy4 = 5.5 Hz), 4.75 (dd, 1 H-2), 5.81 (d,
1, H-1, Jy o = 5.0 Hz), 7.19-7.52 (m, 15, trityl).

Anal. Caled for CasHaeN2Og (612.7): C, 68.61; H, 5.92; N, 4.57.
Found: C, 68.66; H, 5.91; N, 4.52.

The filtrate and washings were combined and chromatographed
on dry column (petroleum ether-EtOAc, 2:1) to afford 0.186 g of a
slower moving product identical with 16 (total yield 61%) and
0.195 g (15%) of a faster moving product which after crystallization
from EtOAc-petroleum ether (mp 183-184°) was identified as
3(5)-carbethoxy-4-carbomethoxy-5(3)-(2,3-0-isopropylidene-5-0-
trityl-8-D-ribofuranosyl)pyrazole (17): Amax (pH 13) 230 nm (e
11460) sh, 253 (9200); *H NMR (CDCl3) é 1.34 and 1.60 (2 s, 6,
CMey), 1.39 (t, 8, CH.CH3), 3.06 (dd, 1, H-8'a, Jy 5a = 6.6, Jy, 5'1,
= 10.8 Hz), 3.44 (dd, 1, H-6'b, Jysn = 35 Hz) 3.83 (s, 3,
COOCHjy), 4.41 (m, 3, H-4, COOCHz) 4.59 (dd, 1, H-3, Jo g =
5.5, Jyo = 3.3 Hz), 4.83 (dd, 1, H-2), 5,52 (d, 1, H-l’, J1',2' =28
Hz), 7.25-7.50 (m, 15, trityl).

Anal. Calcd for C3sH3zeN2Og (612.7): C, 68.61; H, 5.92; N, 4.57.
Found: C, 68.82; H, 5.81; N, 4.71.

When this reaction was carried out at room temperature for 3
days, the same procedure of isolation and purification afforded 16
and 17 in 63 and 10.3% yield, respectively.

Reaction of Ethyl 3-(2,3-0-Isopropylidene-5-O-trityl-8-D-
ribofuranosyl)propiolate (5b) with Methyl Diazoacetate (18).
A mixture of 0.700 g (1.37 mmol) of 5b and 0.460 g (4.6 mmol) of 18
was heated 4t 50° for 2 days. The mixture was then cooled at room
temperature for 2 hr and the crystalline product which had precip-
itated was filtered and washed twice with ether (2 X 2 ml) to give
0.369 g (44%) of 16, The filtrate and washings were combined and
chromatographed on a dry column (petroleum ether-EtOAc, 2:1)
to give 0.086 g of 16 (total yield 54.4%) and 0.112 g (18.3%) of a
faster moving product which after crystallization from EtOAc-pe-
troleum ether (mp 159-161°) was identified as 4-carbethoxy-3(5)-
carbomethoxy-5(3)-(2,3-0-isopropylidene-5-0-trityl-g-D-ribofura-
nosyl)pyrazole (19): Amax (PH 13) 230 nm (e 11890) sh, 252 (9800);
‘H NMR (CDCl3) § 1.33 and 1.59 (2 s, 6, CMey), 1.33 (t, 3,
CH2CHb), 3.07 (dd, 1, H-5'a, J4 5, = 6.8, Jyapp = 10.8 Hz), 3.47
(dd, 1, H-5'b, Jysp = 3.4 Hz), 3.93 (s, 3, COOCHy), 4.32 (q, 2,
COOCH,), 4.42 (m, 1, H-4'), 4.60 (dd, 1, H-3, Jy 3 = 6.1, Jy o =
3.7 Hz), 4.84 (dd, 1, H-2"), 5.55 (4, 1, H-1, Jy 2 = 2.4 Hz), 7.26—

7.51 (m, 15, trityl).

Anal, Caled for C35H3eN2Os (612.7): C, 68.61; H, 5.92; N, 4.57.
Found: C, 68.68; H, 5.89; N, 4.53.

When this reaction was carried out at room temperature for 9
days and the same subsequent procedure was followed, 16 and 19
were obtained in 56 and 8.3% yield, respectively.

Registry No. —2, 55726-19-7; 4a, 57031-37-5; 4b, 57016-89-4;
Ba, 57016-90-7; 5b, 57016-91-8; 6a, 57016-92-9; 6h, 57016-93-0; 7,
57049-19-1; 8, 57016-94-1; 8 triacetate, 57016-95-2; 9a, 57016-96-3;
9b, 57016-97-4; 10a, 57016-98-5; 10b, 57016-99-6; 11, 57017-00-2;
12, 50720-82-6; 13a, 50866-58-5; 13b, 57017-01-3; 14b, 57017-02-4;
15, 623-73-4; 16, 57017-03-5; 17, 57017-04-6; 18, 6832-16-2; 19,
57017-05-7; trimethylsilyl azide, 4648-54-8; diazomethane, 334-
88-3.
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Nitrite esters of polysaccharides and synthetic polyhydroxy polymers are obtained by reaction of polyhydroxy
polymer with dinitrogen tetroxide or nitrosyl chloride in a medjum containing a suitable proton acceptor. The
polymeric nitrite esters are relatively unstable compounds and can be isolated only at low temperatures as wet, fi-
brous materials from a neutral or alkaline medium, In the presence of a protic solvent, such as water or alcohol,
and catalytic amounts of mineral acid, they decompose immediately with formation of nitrous acid or alkyl nitrite
and regeneration of the corresponding polyhydroxy polymer. Results suggest that nitrosation of alcoholic hydrox-
yl groups, irrespective of their origin, follows the same mechanism and is subject to an equilibrium ROH + N2O,
= RONO + HNOs, whose equilibrium constant depends greatly on the stability of the nitrite ester.

It has been found previously that celiulose can be solubi-
‘lized with nitrogen dioxide or nitrosyl chloride in N,N-dial-
kylacylamide, with formation of clear and viscous solu-
tions.2 More recent results indicate that the reason for this
solvation lies in the formation of cellulose trinitrite ester, a
compound that decomposes immediately in the presence of
a protic solvent and mineral acid as a catalyst with regener-
ation of the cellulose.? A reaction mechanism has been pro-
posed?® in which the nitrosyl nitrate form, not the symmet-
ric nitrogen dioxide dimer, is the reactive agent that quan-
titatively esterifies the cellulose molecule. Nitrosyl chloride

reacts in a similar fashion producing nitrite ester and, in-
stead of nitrate ion, chloride ion. However, a 2.5- to 3-fold
excess of nitrosyl chloride is required for completion of the
reaction probably as a result of a higher stability, i.e., lower
reactivity, of nitrosyl chloride.

It is postulated that the N,N-dialkylacylamide functions
as a proton acceptor, so the équilibrium as shown in
Scheme I would shift to the right to provide for an essen-
tially quantitative nitrite ester formation. Consistent with
this mechanism, the rate of esterification increases and the
conversion with nitrosyl chloride can be completed with



