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Sir:

Several reports have appeared on the synthesis of
pseudouridine [5-(8-p-ribofuranosyljuracil, y-uridine | (2)
and Y-cytidine (3). All these methods involve the con-
densation of a suitably protected sugar with a preformed
These procedures are
As part of our
program of preparation of nucleosides bearing a carbon
to carbon linkage between the sugar and aglycon (C-
nucleosides), we investigated the synthesis of 5-ribofuran-
osylpyrimidines. Of special interest is the synthesis of the
hitherto-unknown l}/-isocytidine (Figure 1) which may be

NH2
H NS
HOGH, HOGCH, HOCHZ Hocr-l2

y-uridine

pyrimidin-3-yllithium derivative.
complicated and the yields are low.
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Figure 1

viewed as an analog of cytidine or as a carbon isostere of
S-azacytidine (4a) [a nucleoside antibiotic (4b) which is
also an anti-leukemic agent (4¢)]. This report describes a
facile 4-step synthesis of Y-isocytidine.

The key intermediate (Figure 2) for the synthesis of
Y-isocytidine 5 is the 2-(D-ribofuranosyl)-2-formylacetate
derivative 3 (R = alkyl, R' = H). Although sodio deriv-
atives of malonic esters (5,6) and other active methylene
compounds (7) have been condensed with protected p-
ribosyl halides to afford C-glycosyl derivatives, ring closure
of these (e.g. with urea) gives only 6-substituted pyrimidine
C-5-nucleosides (5). Attempts to prepare 3 by condensa-
tion of ethyl formylacetate or its dimethyl acetal with
halogenoses were not successful (8). The synthesis of the
sodium enolate 3 (R = Na) was readily achieved in good
yield by formylation of methyl or ethyl 2-(2',3"-O-iso-
propylidene-5'-0-trityl-p-ribofuranosyl)acetate 2 with

ethyl formate and sodium hydride. The pmr spectrum of

of 3 was generally similar to that for 2 except for the

TrOGH,

Figure 2
absence of the methylene signal (8 = 2.68). Though the
configuration at C-1' of 3 is not established, its general
structure is confirmed by conversion to 5 (vide infra).
Compound 2 was prepared in high yield by condensation
of 2,3-O-isopropylidene-5-O-trityl-D-ribofuranose 1 (5,9)
with (alkoxycarbonylmethylene)triphenylphosphorane
(10-13).

Crude enolate 3 was treated with guanidine and sodium
methoxide in methanol to afford only one nucleosidic
product as detected by tle (14). The protected nucleo-
side 4 was readily isolated in ~ 30% yield in crystalline
form after column chromatography using silica gel G;
m.p. 251-253°; uv A max (ethanol): 291 nm, A max
(pH 12) 277 nm, A max (pH 1) 259 nm. (The uv spectral
behavior resembles that for isocytosine) (15). Pmr data
(DMSO-dg): isopropylidene CH3 8 = 1.20 (s, 3H); 1.31
(s, 3H); H5', 5" 2.54 (m, 2H); H4', 4.14 (m, 1H); H3,
4.61 (d, 1H, J3r,,r = 6 Hz); H2',4.76 (4, TH, J,7,5’
6 Hz, J y,1r = 3.5 Hz); N1, 4.96 (d, HI, ], = 3.
Hz); NH,, 6.49 (broad s, 2H), trityl, 7.36 (m, 15H);
H6, 7.55 (s, 1H); NH, 10.96 (broad s, 1H). The con-
figuration of 4 at C-1" is not established. The H1-12'
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coupling constant (3.5 Hz in DMS0-dg) does not permit
definitive assignment. On the basis of Imbach’s rule (16),
the difference in chemical shifts of the two methyl signals
of the isopropylidene group (11 Hz) suggests that com-
pound 4 is the a-isomer. Treatment of 4 with ~10%
methanolic hydrogen chloride afforded ~ 90% yield of
mixed (af) isomeric free nucleosides from which the beta
isomer, Y-socytidine 5, crystallized from the reaction
mixture as ils hydrochloride salt in ~ 20% yeild, m.p.
215-216° dec.; [oz]%5 +120° (¢ 0.1 water); uv: X max
(pHl 3.6) 268 nm (e, 9,000), shoulder 290 (8,000), A min
(pH 3.6) 247 (6,200), X max (0.1N TICI) 262 (14,000),
X min (0.1N HCI) 241 (8,800), X max (0.IN NaOH) 277
(13,600), X min (0.1 NaOH) 253 (5,700). From the
mother liquor, crystalline hydrochloride of the a-isomer
6 was obtained (70%), m.p. 182-183° dec.; [oz]%5 -164°
(c0.1 water); uv: X\ max (pH 3.7) 265 nm (e, 10,900)
shoulder 290 (6,700), A min (pH 3.7) 248 (8,300); A max
(01N HCI) 262 (16,000), X min (0.1N 11CI) 242 (10,800),
A max (0.1N NaOH) 278 (15,600), X min (0.1IN NaOI)
253 (6,100). The configuration of C-1" for Y-isocytidine
5 and the a-isomer 6 was established by comparison Lo
their pmr spectra (in deuterium oxide) with Y-uridine
and its a-isomer. The spectrum of 5 was almost identical
with that of Y-uridine while that for 6 was almost
identical to the a-isomer of Y-uridine (17). As reported
for o and B isomers of pseudouridine (18), the signal
for H-1" of Y-isocytidine 5 appears upfield (8§ = 4.72)
relative to that for 6 (§ = 5.04), while the signal of H-6
of 5 (8§ = 7.75) occurs downfield relative to that of 6
(6 = 7.65). Most noteworthy is the fact that the A8 values
for H-1" (0.32) and for H-6 (0.10) for the Y-isocytidine
isomers 5 and 6 are identical with the corresponding A8
values for H-1' and H-6 of « and § isomers of pseudo-
uridine (17). Compounds 4, 5, and 6 gave proper
elemental analyses.

Upon treatment with dilute deuterium chloride in
deuterium oxide al room temperature, pure o-isomer 6
underwent a slow epimerization at C-1' to Y-isocytidine
§ as indicated by pmr. The H-6 signal of 6 decreased
slowly with concomitant increase of a new signal corres-
ponding to the H-6 signal of 6. The rest of the spectrum
consists of signals for both 5 and 6. No evidence for the
formation of pyranosyl isomers was found. Thus the
yield of the desired Y-isocytidine is readily raised to
~ 80% from 4 by acid-catalyzed isomerization of 6 > 5
regardless of the configuration at C-1" of 3 or 4. Com-
pound 3 should be a versatile intermediate for the syn-
theses of pseudouridine type nucleosides of potential
biochemical and chemotherapeutic value. Chemical efforts
toward these goals are underway.

Preliminary studies (20) of y-isocytidine 5 against
leukemia 5178Y cells in vitro show a 50% inhibition of
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growth at 0.8 ug./ml. whereas with 5-azacytidine the [Dgq
is 1.0 pg./ml. This inhibition by {-isocytidine (like that
by 5-azacytidine) is blocked by uridine and cytidine but
not by 2'-deoxycytidine. The a-isomer 6 is considerably
less effective as a growth inhibitor of these cells.
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