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394.25 (82), 371.25 (91), 55.10 (100). .

(248,25(26) E )-3a,5-Cyclo-68-methoxy-24,26-dimethyl-
cholest-25(26)-ene (22) from 18: 'H NMR (300 MHz) 3.318 (3
H, s, OCH,), 1.557 (3 H, d, J = 6.5 Hz, C-29), 1.483 (3 H, 5, C-27),
1.016 (3 H, s, C-19), 0.947 (3 H, d, J = 6.9 Hz, C-28), 0.890 (3 H,
d, J = 6.6 Hz, C-21), 0.700 (3 H, s, C-18); low-resolution mass
spectrum, m/z (relative intensity) 426.40 (M*, 30), 411.40 (41),
394.25 (37), 371.25 (70), 55.10 (100).

Jaspisterol (26), Isojaspisterol (25), and Their Isomers (23,
24). Each i-methyl ether (19-22) was hydrolyzed to the corre-
sponding jaspisterol isomers (23-26) by a known procedure.®

(24R,25(26)Z)-24,26-Dimethylcholesta-5,25(26)-dien-35-0l
(23) from 19: mp 129-130 °C (MeOH); [«]?°p -12.3° (¢ 12.5,
CHCl,); GC RRT (1.73); HPLC RRT (0.96); for 'H NMR (300
MHz and 13C NMR (400 MHz) data, see Tables I and II; low-
resolution mass spectrum, m/z (relative intensity) 412.40 (M*,
32), 379.15 (10), 328.15 (16), 314.15 (17), 299.15 (35), 271.15 (28),
255.15 (16), 213.15 (25), 55.05 (100).

(24R ,25(26) E)-24,26-Dimethylcholesta-5,25(26)-dien-35-o0l
(24) from 20: mp 135-136 °C (MeOH); [«]®p -53.8° (¢ 5.1,
CHCly); GC RRT (1.77); HPLC RRT (0.96); for 'H NMR (300
MHz) and *C NMR (400 MHz) data, see Tables I and II; low-
resolution mass spectrum, m/z (relative intensity) 412.40 (M*,
30), 328.15 (17), 314.15 (21), 299.15 (36), 271.15 (26), 255.15 (14),
213.10 (26), 55.05 (100).

(248,25(26) Z)-24,26-Dimethylcholesta-5,25(26)-dien-35-ol
(Isojaspisterol, 25) from 21: mp 130-131 °C {MeOH); [«]%p
-52.8° (¢ 8.0, CHCly); GC RRT (1.73); HPLC RRT (0.96); for *H
NMR (300 MHz) and 3C NMR (400 MHz) data, see Tables I and
II; low-resolution mass spectrum, m/z (relative intensity) 412.40
(M*, 35), 328.15 (21), 314.15 (19), 299.15 (28), 271.15 (35), 255.15
(14), 213.00 (28), 55.05 (100).

(245,25(26) E')-24,26-Dimethylcholesta-5,25(26)-dien-38-0l
(Jaspisterol, 26) from 22: mp 113-114 °C (MeOH); [«]®p -44.1°
(¢ 10.3, CHCly); GC RRT (1.74); HPLC RRT (0.96); for '<H NMR
(300 MHz) and *C NMR (400 MHz), see Tables I and II; high-
resolution mass spectrum, m/z (relative intensity) 412.3694 (M*,

(18) Stoilov, L. L.; Thompson, J. E.; Cho, J.-H.; Djerassi, C. J. Am.
Chem. Soc. 1986, 108, 8235-8241.

86; caled for CyH 50 412.3705), 397.3486 (CysH 50, 21), 379.3361
(CysHys, 22), 328.2791 (Cy3HgeO, 26), 314.2618 (CgoHs,O, 30),
299.2383 (CyHy,0, 71), 271.2054 (C1oH,;0, 44), 255.2101 (CygHo,,
23), 213.1633 (CgH,,;, 33), 83.0867 (C¢H,;, 100).

Ozonolysis of Isomeric Jaspisterol i-Methyl Ethers
(19-22). A saturated solution of ozone in methylene chloride (5
mL) at —70 °C was added to each jaspisterol isomer i-methyl ether
(19-22) at —70 °C, and the mixtures were stirred at the same
temperature for 5 min. Excess ozone was destroyed by the ad-
dition of methyl sulfide. Concentration and separation by silica
gel column chromatography gave the corresponding carbonyl
compound (31 or 32), which was further purified by reverse-phase
HPLC.

(24R)-30,5-Cyclo-68-methoxy-24-methyl-27-norcholestan-
25-one (31)!° from 19 and 22: 'H NMR (300 MHz) 5 3.320 (3
H, s, OCHj,), 2.128 (3 H, C-26), 1.065 (3 H, d, J = 6.9 Hz, C-28),
1.017 (3 H, s, C-19),0.917 (3H, d, J = 6.6 Hz, C-21), 0.708 (3 H,
8, C-18); low-resolution mass spectrum, m/z (relative intensity
414.50 (M*, 29), 399.25 (42), 382.25 (100), 367.25 (24), 359.25 (71),
213.10 (34).

(2485)-3a,5-Cyclo-68-methoxy-24-methyl-27-norcholestan-
25-one (32)!% from 21 and 22: 'H NMR (300 MHz) 6 3.320 (3
H, s, OCH,), 2.123 (3 H, s, C-26), 1.077 (3 H, d, J = 6.9 Hz, C-28),
1.016 (3 H, s, C-19), 0.918 (3 H, d, J = 6.5 Hz, C-21), 0.705 (3 H,
8, C-18); low-resolution mass spectrum, m/z (relative intensity)
414.50 (M*, 41), 399.25 (58), 382.25 (100), 367.25 (24), 359.25 (81),
213.10 (21).

Ozonolysis of Natural Jaspisterol (26) and Isojaspisterol
(25). Ozonolysis of the mixture of i-methyl ethers, which was
derived from natural jaspisterol (26) and isojaspisterol (25), was
performed by the same procedure as above. The 300-MHz 'H
NMR spectrum of the product was same as that of 32.
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Synthesis of the versatile and stable C-nucleoside precursor 5-hydroxy-5-(2,3,5-tri-O-benzoyl-3-D-ribo-
furanosyl)furan-2(5H)-one (2) was achieved by oxidation of glycosyl furan (1) with Jones reagent. Treatment
of 2 with triethylamine in benzene afforded the elimination product 5 in 81% yield. Methoxylation of 2 with
hydrochloric acid in methanol afforded (5R)- and (55)-5-methoxy-5-(2,3,5-tri-O-benzoyl-8-D-ribofuranosyl)-
furan-2(5H)-one (6a and 6b). The conversion of the furanone ring into pyridazinone and N-aminopyrrolinone
was performed by treatment of 6a,b with hydrazine hydrate to give 11 and 12. Deblocking of 11 and 12 gave
13 and 17. Compounds 6a,b were reacted with hydroxylamine-O-sulfonic acid (HOSA) in methanol to form 18
in 72% yield. Deblocking of 18 gave 8-3-D-ribofuranosyl-6H-1,2-oxazin-6-one (20). Finally, reaction of 6a,b with
ammonia in dioxane gave the known epimers of protected pyrrolinone 22.

It has been demonstrated that certain five- and six-
membered o,8-unsaturated lactone derivatives possess, in
addition to other pharmacological properties,! tumor-in-
hibitory activity.? Moreover, they have proven to be

(1) Kaeriyama, M.; Sato, T.; Kumita, L.; Okuma, K.; Ando, M.; Hash-
imoto, S.; Yoneda, H. Jpn. Kokai Tokkyo Koho 1976, 76-146457; Chem.
Abstr. 1977, 87, 39258.

versatile synthetic intermediates, suitable for the elabo-
ration of other heterocyclic systems.? We were interested

(2) Dickens, F.; Jones, H. E. H. Br. J. Cancer. 1963, 17, 100. Kupchan,
S. M.; Hemingway, R. J.; Hemingway, J. C. J. Org. Chem. 1969, 34, 3894.
Kupchan, S. M.; Eakin, M. A,; Thomas, A. M. J. Med. Chem. 1971, 14,
1147. Semonsky, M.; Rockova, E.; Zikan, V.; Kakac, B.; Jelinek, V.
Collect. Czech. Chem. Commun. 1963, 28, 377. Zikan, V.; Semonsky, M.;
Jelinek, V. Ibid. 1969, 34, 2157.

0022-3263/87/1952-4521$01.50/0 ®© 1987 American Chemical Society



4522 J. Org. Chem., Vol. 52, No. 20, 1987

Maeba et al.

Scheme I°

OCH3

OCHj

HO o | . © |
_—Li%_;;>——COCH20HCOOH S HOHZC—*(;_;;>——COCHQCHCOOCH3

HO

h

4

e 0

]
- | o 0
o . | | o
820 0] —— BzQO o] OH — BzO o] OCHg + BzO (o] '/’/OCHa
|

BzO OBz BzO OBz

1 2

1d

BzO o
—T<%;;;>~—COCH::CHCOOH

BzO
5

BzO OBz v/ BzO OBz

6a 8b

¢Reagents: (a) CrO;~H,S0,, acetone; (b) Na,CO;-H,0, MeOH; (c) HCI, MeOH; (d) Et;N, benzene.

in the synthesis and antitumor properties of C-nucleoside
analogues. In previous publications? from our laboratory,
we described the synthesis of C-nucleoside analogues
starting from 2-(2,3,5-tri-O-benzoyl-3-D-ribofuranosyl)furan
(1). In this paper, we describe the preparation of «,3-un-
saturated lactone glycosides (5R)- and (55)-5-methoxy-
5-(2,3,5-tri-O-benzoyl-3-D-ribofuranosyl)furan-2(5H)-one
(6a and 6b) from 1 and demonstrate the utility of 6a,b
through the construction of pyridazin-6(1H)-one, 5-
hydroxypyrrolin-2-one, and a hitherto unknown 6H-1,2-
oxazin-6-one C-nucleoside.

The key synthetic intermediate furanone glycoside 2 can
be obtained from 1 by oxidation of its furan ring. It is well
known that 5-hydroxyfuran-2(5H)-one was prepared by the
sensitized photooxygenation of furan,® furfural,® or 2-furoic
acid,” and the oxidation of furan derivatives by m-
chloroperbenzoic acid (MCPBA)® or pyridinium chloro-
chromate (PCC)? resulted in formation of enedione sys-
tems. Oxidation of 1 by photolysis or PCC under a variety
of conditions proved unsuccessful. Compound 1 oxidized
by MCPBA in chloroform afforded the desired compound
2 in 11% yield. Variation in the reaction temperature,
time, reactant proportions, and solvent did not improve
the above yield. Next, treatment of 1 in acetone with

(3) Farifia, F.; Martin, M. V.; Sanchez, F.; Rabadan, F. Span. Pat.
465117, 1978; Chem. Abstr. 1979, 90, 152223w. Yuste, F.; Sanchez-
Obregon, R. J. Org. Chem. 1982, 47, 3665.

(4) Maeba, L.; Iwata, K.; Usami, F.; Furukawa, H. J. Org. Chem. 1983,
48, 2998. Maeba, L.; Usami, F.; Furukawa, H. Ibid. 1984, 49, 1534. Maeba,
L; Ishikawa, T.; Furukawa, H. Carbohydr. Res. 1985, 140, 332. Maeba,
I.; Usami, F.; Furukawa, H.; Ishida, T.; Inoue, M. Ibid. 1985, 141, 1.

(6) Graziano, M. L.; Iesce, M. R. Synthesis 1985, 1151. Grimminger,
W.; Kraus, W. Liebigs Ann. Chem. 1979, 1571.

(6) Doerr, I. L.; Willette, R. E. J. Org. Chem. 1973, 38, 3878.

(7) Farifia, F.; Martin, M. V.; Paredes, M. C. Heterocycles 1984, 22,
1733.

(8) Manfredi, K.; Gingerich, S. B.; Jennings, P. W. J. Org. Chem. 1985,
50, 535. Ruzo, L. O.; Casida, J. E.; Holden, 1. J. Chem. Soc., Chem.
Commun. 1985, 1642,

(9) Piancatelli, G.; Scettri, A.; D’Auria, M. Tetrahedron Lett. 1979,
1507.

chromium trioxide in sulfuric acid and water at 0 °C af-
forded 2 in 93% yield after purification by silica gel column
chromatography. Compound 2 is an inseparable mixture
of diastereoisomers (differing in configuration only at C-5).
Debenzoylation of 2 with sodium carbonate in methanol
did not afford the deprotected furanone glycoside but
instead gave the dihydrofuran 3 in 62% yield. This as-
signment was supported by the TH NMR spectrum, which
contained a chemical shift for the olefinic proton at § 6.70
(Jy,3 = 4.0 Hz). The 3C NMR spectrum and elemental
analysis are consistent with the structure of 3 being 4-
(1,4-anhydro-2-deoxy-D-erythro-pent-1-enofuranosyl)-2-
methoxy-4-oxobutyric acid. Treatment of 3 with hydro-
chloric acid in methanol afforded the corresponding furan
derivative 4. Several instances of C-glycosyl compounds
containing a dihydrofuran moiety have been reported
where side reactions gave furan derivatives.!® When 2 was
stirred in benzene with triethylamine, the elimination
product 5 was obtained in 81% yield. The formation of
5 occurs at room temperature and undoubtedly results
from abstraction by base of the H-1’ rendered more acidic
by the carbonyl group in the ring-opened system. Com-
pounds 3 and 5 should prove to be very useful synthetic
intermediates in future deoxy C-glycoside work.
Methoxylation of 2 with hydrochloric acid in methanol
at room temperature afforded two major products in a
combined yield of 94% and in a 1:1 ratio. These were
readily separable by preparative TLC and assumed to be
(5R)- and (5S5)-5-methoxy-5-(2,3,5-tri-O-benzoyl-8-D-ribo-
furanosyl)furan-2(5H)-one (6a and 6b). Isomerization (6a
= 6b) was observed during the methoxylation experiments
(Scheme I). In order to confirm the 8 configuration of
6a,b by comparison with the o anomer, the o anomer 7 was
also oxidized by using similar reaction conditions to give

(10) Tam, S.; Klein, R. S.; Heras, F. G.; Fox, J. J. J. Org. Chem. 1979,
44, 4854, Hennen, W. J.; Robins, R. K. J. Heterocycl. Chem. 1985, 22,
1747. Fuertes, M.; Garcia-Lépez, T.; Garcia-Muiioz, G.; Stud, M. J. Org.
Chem. 1976, 41, 4074.
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furanone 8. Attempts to purify 8 on preparative TLC
plates were not practical owing to appreciable decompo-
sition of this product. The furanone 8 was treated with
hydrochloric acid in methanol to obtain four products,
(5R)- and (5S5)-5-methoxy-5-(2,3,5-tri-O-benzoyl-a-D-ribo-
furanosyl)furan-2(5H)-one (9a and 9b) in 21% yield and
olefinic material (10a and 10b) in 24% yield. The as-
signments of the anomeric configuration at C-1’ to 6a,b
and 9a,b were based on comparison of their ‘H NMR
spectra. The chemical shift of the anomeric proton in
compound 9a and 9b (5 4.80 and 4.66) appeared downfield
from that of compound 6a and 6b (6 4.29 and 4.54) since
the 8 face location of this anomeric proton placed it out
of the shielding influence of the 2’-oxygen. This is in
agreement with the general trend seen for most nucleoside
anomeric pairs.'! Although Schemes I and II depict 6a,b
and 9a,b as each possessing an absolute configuration
about the hydroxy carbon (furanone C) that connects the
furanone and sugar moieties, this is merely illustrative
since the actual stereochemical assignment (R or S) was
not readily obtainable from available spectral data. The
olefinic products (10a,b) were assumed to be trans/cis
mixture of dihydrofuran products in which the lactone
moiety was ring-opened. This assignment was supported
by its 270-MHz 'H NMR spectrum, which contained
chemical shifts for the olefinic protons at § 6.93 and 7.51
for the trans isomer (J = 15.8 Hz) and at 4 6.28 and 6.68
for the cis isomer (J = 12.1 Hz) (Scheme II).

Reaction of the 8 isomers 6a,b with hydrazine hydrate
in methanol gave two products, pyridazinone 11 and a
mixture of diastereomeric N-aminopyrrolinones 12 that
could not be separated, in yields of 26% and 71%, re-
spectively. Debenzoylation of 11 with 1 N sodium hy-
droxide solution at room temperature afforded 13 in 97%

(11) Chuy, C. K.; El-Kabbani, F. M.; Thompson, B. B. Nucleosides
Nucleotides 1984, 3, 1.
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yield. In order to determine the anomeric configuration,
the isopropylidene acetal 14 was synthesized by using ethyl
orthoformate in acidic condition. The *H NMR spectrum
showed two singlets at § 1.35 and 1.55 with Aé = 0.20 ppm;
a value of less than 0.10 ppm would be expected in the case
of an o anomer. The proton at C-4’ showed a quartet at
6 4.12, the coupling of H-3" and H-4’ was about 3 Hz. In
« anomers this coupling constant should be zero, resulting
in an apparent triplet for H-4’. The N-amino compound
12 was characterized as its azomethine derivative 15. The
oxidation of N-amino heterocycles with lead tetraacetate,'?
tert-butyl hypochlorite,’® or silica gel** in chloroform—
methanol leading to ring expansion of the presumed
nitrene intermediate is well known. However, when 12 was
refluxed in benzene without any oxidizing agents, the
product of ring expansion 11 was obtained in quantitative
yield. The reaction does not proceed well when methanol
is used as the solvent. We propose the mechanism of this
ring expansion involving the formation of an intermediate
diaziridine 16, which subsequently evolves into a six-
membered pyridazinone derivative. These results indicate
that the configuration of 12 is 8. Debenzoylation of 12 with
1 N sodium hydroxide solution afforded 17, which was
chromatographically inseparable. Acetonization of 17 was
unsuccessful owing to the lability of the N-amino function
(Scheme III).

A general synthesis of the 1,2-oxazinones system is the
cyclization of the monooximes of «,3-unsaturated 1,4-di-
carbonyl compounds.!’® We found a novel synthesis of
1,2-oxazinone involving a ring expansion from furanones
6a,b by reaction with hydroxylamine-O-sulfonic acid
(HOSA). Compounds 6a,b were reacted with HOSA in
methanol to form 3-(2,3,5-tri-O-benzoyl-8-D-ribo-
furanosyl)-6H-1,2-oxazin-6-one (18) in 72% yield, the
structure of which was confirmed by 'H NMR and *C
NMR and mass spectra. The mechanism of this reaction
is presumed to be as follows: As the first step, a nucleo-
philic attack of HOSA takes place on the 5-position of 6a,b
and is followed by formation of 19,'® which is converted
to 18 by the ring expansion. Deprotection of 18 with 1 N
sodium hydroxide solution affords 20. For the assignment
of the anomeric configuration of 20, the data obtained from
the 2’,3’-O-isopropylidene derivative 21 is used as a basis
for the determination (See the Experimental Section).

The versatility of intermediates 6a,b was further dem-
onstrated by the synthesis of pyrrolinone 22 (Scheme IV).
Treatment of 6a,b with ammonia in dioxane at room
temperature gave the known epimers of protected pyrro-
linone 22, which were found to be identical with the
products previously prepared by the reported procedure.!”
The overall yield of 22 by this method is greater than the
yield by our earlier method.

Experimental Section

Melting points were determined on a Yanagimoto apparatus
and are uncorrected. Infrared (IR) spectra were measured with
a JASCO IRA-1 spectrometer. 'H NMR spectra were measured
with a JNM-GX-270 spectrometer with tetramethylsilane as an
internal standard. ®C NMR spectra were recorded on a JEOL
JNM-FX-100 Fourier transform spectrometer operating at 25.00

(12) Atkinson, R. S.; Rees, C. W. J. Chem. Soc. C 1969, 772.

(18) Baumgarten, H. E.; Wittman, W. F.; Lehmann, G. J. J. Hetero-
cycl. Chem. 1969, 6, 333.

(14) Viswanathan, N.; Sidhaye, A. R. Tetrahedron Lett. 1979, 5025.

(15) Birkinshow, J. H.; Oxford, A. E.; Raistrick, H. Biochem. J. 1936,
30, 394.

(16) Petersen, H. Justus Liebigs Ann. Chem. 1969, 726, 89.

(17) Maeba, I.; Hara, O.; Suzuki, M.; Furukawa, H. J. Org. Chem. 1987,
52, 2368.
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MHz with tetramethylsilane as an internal standard. Analytical
thin-layer chromatography was performed on glass plates coated
with a 0.5-mm layer of silica gel GFs5, (Merck). The compounds
were detected with a UV light (254 nm). Column chromatography
was performed on silica gel C-200 (74-149 um, Wakogel).
Spectroscopic data are reported on materials of >95% purity (by
H and 3C NMR).

(5R)- and (55)-5-Hydroxy-(2,3,5-tri-O-benzoyl-8-D-ribo-
furanosyl)furan-2(5H )-one (2). A solution of chromium tri-
oxide (5.34 g) in concentrated sulfuric acid (4.6 mL) and water
(15 mL) was cautiously added to a stirred solution of 1 (1.37 g,
2.7 mmol) in acetone (15 mL) at 0 °C until an orange-yellow color
persisted. The solution was stirred for an additional 4 h at room
temperature. Water was added, and the mixture was extracted
with chloroform (3 X 100 mL). The extracts were combined,
washed with water, dried over magnesium sulfate, and evaporated
in vacuo to a syrup. The residue was chromatographed over a
column of silica gel with chloroform as the eluent. This afforded
1.07 g of 2 (93%) as a colorless foam. Despite multiple elutions,
the diastereomers were not separated: IR (CHCly) 3450-3200 cm™!
(OH), 1770,1720 cm™ (C*-O) 'H NMR (C¢Dy) § 4.11 (d, %/5, H-1/,
Jyy = 4.7 Hz), 4.28 (4, 1/;, H-1", Jy o = 3.4 Hz), 4.31-4.48 (m,
3, H4 H-5%), 5.51-5.65 (m, 2, H-3, HS’) 5.98 (t, /5 H-2, Jy o
—JQS/—34HZ) 602(dd 2/3,H'2 J12—47HZJ2/ —57HZ)

6.51 (d, ?/s, H-4, Jy4 = 5.7 Hz), 6.69 (d, 1/3, H-4, J3, = 5.7 Hz),
6.85-8.27 (m, 15, Ar H); 13C NMR (CDCls) 5 63.88 (C-5), 72.35,
75.85, 79.45, 84.60 (C-1/, C-2/, C-3, C-4), 105.54 (C-5), 124.74 (C-3),
128.37-133.33 (Ar C), 151.70 (C-4), 165.21, 166.15, 171.18 (C==0).
Anal. Caled for C3Hy 04! /¢H,0: C, 65.81; H, 4.48. Found: C,
65.74; H, 4.36.

Oxidation of 1 with MCPBA, To a solution of 1 (100 mg,
0.2 mmol) in chloroform (3 mL) was slowly added 80% MCPBA
(84 mg, 0.4 mmol) in chloroform (1 mL) at 0~5 °C, and the mixture
was allowed to stand at room temperature for 12 h. Solvent was
removed under reduced pressure and the residue was separated
by preparative TLC to afford 10.3 mg of 2 (10.7%) identical in
all respects with that obtained by Jones oxidation.

4-(1,4-Anhydro-2-deoxy-D-erythro -pent-l-eno-
furanosyl)-2-methoxy-4-oxobutyric Acid (3). To a solution
of 2 (324 mg, 0.6 mmol) in methanol (10 mL) was added 500 mg
of sodium carbonate in water (5 mL). The suspension was cooled
in an ice bath for 2 h. After evaporation of the solvent, the residue
was chromatographed over a column of silica gel with chloro-
form—methanol (11:9) as the eluent. This afforded 90 mg of 3
(62%) as a syrup: 'H NMR (D,0) 5 3.54 (d, 2, H-3, J, 3 = 6 Hz),
3.76 (s, 8, OCHy), 4.08-4.32 (m, 2, H-5'), 4.51 (t, 1, H-2), 4.90 (q,
1, H-4, Jyy = Jy 5 = 4 Hz), 5,38 (t, 1, H-3); *C NMR (D,0) &
43.00 (C-3), 58.62 (OCHj), 62.83 (C-5"), 75.94, 79.62 (C-3’, C-4'),
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90.21 (C-2), 115.66 (C-2'), 156.26 (C-1’), 179.66, 194.58 (C=0).
Anal. Caled for C;(H 07 C, 48.78; H, 5.73. Found: C, 48.94;
H, 5.59.

Methyl 4-[5-(Hydroxymethylene)-2-furyl]-2-methoxy-4-
oxobutyrate (4). A solution of 3 (12 mg, 0.05 mmol) in methanol
(1 mL) containing 1 drop of concentrated hydrochloric acid was
allowed to stir at room temperature for 12 h. The reaction mixture
was neutralized with sodium bicarbonate. After evaporation of
the solvent, the residue was chromatographed over a column of
silica gel with chloroform—methanol (99:1) as the eluent. This
afforded 11 mg of 4 {98%) as an oil: MS, m/e 242 (M*); 'H NMR
(CDCly) 6 3.08-3.29 (m, 2, H-3), 3.44 (s, 3, COOCHjy), 3.76 (s, 3,
OCHy), 4.28-4.46 (m, 1, H-2), 4.66 (s, 2, CH,0H), 6.42 (d, 1, H-4
furan, J;, = 4 Hz), 7.14 (d, 1, H-3 furan). Anal. Calcd for
C;1H140g C, 54.54; H, 5.83. Found: C, 54.38; H, 5.66.

4-(3,5-Di-O -benzoyl-1,4-anhydro-2-deoxy-n-erythro -
pent-1-enofuranosyl)-4-oxo-2-butenoic Acid (5). To a solution
of 2 (2.09 g, 3.8 mmol) in absolute benzene (15 mL) was added
1.2 g (11.8 mmol) of triethylamine in absolute benzene {5 mL),
and the mixture was allowed to stand at room temperature for
4 h, Water was added, and the resultant mixture was neutralized
with hydrochloric acid solution. The mixture was extracted with
chloroform (3 X 50 mL), washed with water, dried over magnesium
sulfate, and evaporated in vacuo to a syrup. The residue was
chromatographed over a column of silica gel with chloroform as
the eluent. This afforded 1.31 g of 5 (80.6%) as a colorless syrup.
Due to the lability of this compound good elemental analysis could
not be obtained: "M NMR (CDCl,) 6 4.68 (d, 2, H-5', J, 5 = 4.7
Hz), 5.12 (m, 1, H-4), 6.18 (1, 1, H-3, Jy5 = Jy ¢ = 3.4 Hz), 6.34
(d,1,H-2,6.92 (d, 1, H-3, J55 = 15.5 Hz), 7.36-8.05 (m, 11, H-2,
Ar H); 13C NMR (CDClI;) 6 63.83 (C-5'), 78.74, 84.83 (C-3/, C-4),
109.46 (C-2/), 128.53-136.37 (C-2, C-3, Ar C), 158.25 (C-1"), 166.21,
169.31, 180.72 (C=0).

(5R)- and (58)-5-Methoxy-5-(2,3,5-tri-O -benzoyl-3-p-
ribofuranosyl)furan-2(5H)-one (6a and 6b). A solution of 2
(1.1 g, 2 mmol) in methanol (20 mL) containing 5 drops of con-
centrated hydrochloric acid was allowed to stir at room tem-
perature for 48 h. The reaction mixture was neutralized with a
saturated sodium bicarbonate solution, and the mixture was
extracted with chloroform (3 X 100 mL). The extracts were
combined, washed with water, dried over magnesium sulfate, and
evaporated in vacuo to a syrup. TLC (chloroform-methanol,
100:1) showed that the syrup contained two major components
(R; 0.44 and 0.38). The residue was chromatographed over a
column of silica gel with chloroform-benzene (11:9) as the eluent.
The first compound eluted, 6a (491 mg, 47.1%, corresponding
to R;0.44 on TLC), was obtained as a colorless syrup: IR (CHCI;)
1765, 1720 em™ (C==0); 'H NMR (CDC},) § 3.08 (s, 3, OCHjy),
4.29(d, 1, H-1", Jy » = 3.0 Hz), 4.47 (dd, 1, H-5'a, J 5, = 4.4 Hz,
Jyasn = 11.8 Hz), 4.55 (m, 1, H-4'), 4.83 (dd, 1, H-5'b, J 54, = 2.1
HZ), 5.85 (dd, 1, H"S/, JZ’,3/ =54 HZ, J3/‘4f =71 HZ), 6.07 (dd, 1,
H-2),6.37 (d, 1, H-3, J;, = 5.7 Hz), 7.37 (d, 1, H-4), 7.29-8.14
(m, 15, Ar H); 1*C NMR (CDCl,) 6 51.48 (OCHjy), 63.24 (C-5),
72.30, 75.88, 79.67, 85.53 (C-1/, C-2, C-3, C-4), 108.29 (C-5), 126.37
(C-3), 128.37-133.33 (Ar C), 152.05 (C-4), 164.98, 165.15, 166.03,
168.78 (C=0).

Compound 6b was eluted as the second fraction (492 mg, 47.1%,
corresponding to R;0.38 on TLC) as a colorless syrup: IR (CHCly)
1765, 1720 cm™ (C=0); 'H NMR (CDCl,) 5 3.28 (s, 3, OCHj),
454 (d, 1, H-1, Jy o = 4.0 Hz), 4.45-4.65 (m, 3, H-4’, H-5), 5.70
t,1, H-8, Jy g = Jy o = 5.7 Hz), 598 (d4, 1, H-2),6.29 (4, 1, H-3,
Jy4 = 5.7 Hz), 7.18 (d, 1, H-4), 7.27-8.06 (m, 15, Ar H); *C NMR
(CDCl,) 6 51.48 (OCHjy), 64.00 (C-5), 71.96, 72.25, 79.33, 83.02
(C-1,C-2, C-3, C-4, 108.82 (C-5), 126.83 (C-3), 128.30-133.34
(Ar C), 150.53 (C-4), 165.00, 166,03, 168.84 (C=0). Anal. Caled
for C5,Hys0,: C, 66.66; H, 4.69. Found for 6a: C, 66.49; H, 4.60.
Found for 6b: C, 66.54; H, 4.71.

Epimerization of 6a = 6b by Hydrochloric Acid. To a
solution of 20 mg of 6a in 1 mL of methanol was added 1 drop
of concentrated hydrochloric acid, and the resulting solution was
stored at room temperature for 3 days and then worked up as
above for 6a and 6b. The syrup was shown by 'H NMR spectrum
to consist of 6a and 6b in a ratio of 1:1.

(BR)- and (58)-5-Hydroxy-5-(2,3,5-tri-O-benzoyl-a-D-
ribofuranosyl)furan-2(5H)-one (8). The same procedure was,
used as the reaction of 1 with Jones reagent: yield 86.6%; colorless
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foam; IR (CHCl,) 3300 cm™ (OH), 1770, 1720 cm™ (C=0); 'H
NMR (CyDg) 6 4.27-4.53 (m, 4, H-1/, H-4’, H-5), 5.52~5.54 (m,
1 H-3), 5.60-5.64 (m, 1, H-3), 5.91-5.95 (m, 1, H-2), 6.85-8.14
(m, 16, H-4, Ar H); 3C NMR (CDCly) 5 63.89 (C-5'), 71.96, 72.72,
78.51, 80.50 (C-1/, C-2/, C-3/, C-4’), 124.86 (C-3), 128.36-133.74
(Ar C), 151.81 (C-4), 165.33, 166.26, 170.18 (C==0). Anal. Calcd
for CgH,,040: C, 66.17; H, 4.44. Found: C, 66.35; H, 4.69.

(5R)- and (55)-5-Methoxy-5-(2,3,5-tri-O -benzoyl-a-D-
ribofuranosyl)furan-2(5H)-one (9a and 9b) and trans- and
cis-Methyl 4-(3,5-Di-O-benzoyl-1,4-anhydro-2-deoxy-n-
erythro-pent-1l-enofuranosyl)-4-oxo-2-butenoate (10a and
10b). The same procedure was used as the reaction of 2 with
methanolic acid solution. Compounds 9 and 10 were separated
by preparative TLC with chloroform as the eluent after four
elutions. Compound 9a: yield 13.5%; colorless foam; R, 0.38
(CHCl13~-MeOH, 200:1); IR (CHCI;) 1780, 1730 cm™ (C=0); 'H
NMR (CDCl,) 6 3.17 (s, 3, OCHj), 4.50-4.61 (m, 3, H-4’, H-5),
4.80(d, 1, H-1", Jy» = 4.4 Hz), 5.77 (m, 1, H-3), 6.24 (t, 1, H-2),
6.34 (d, 1, H-3, J; 4 = 6.1 Hz), 7.19-8.04 (m, 16, H-4, Ar H); 1*C
NMR (CDCly) 8 51.25 (OCHy), 64.00 (C-5'), 71.84, 72.84, 75.82,
80.50 (C-1, C-27, C-&, C-4/), 110.34 (C-5), 127.07 (C-3),
128.41-133.68 (Ar C), 150.47 (C-4), 164.63, 165.04, 166.09, 168.84
(C=0).

Compound 9b: yield 7.2%; colorless foam; R; 0.29 (CHCl,-
MeOH, 200:1); IR (CHCly) 1780, 1730 cm™ (C=0); 'H NMR
(CDCly) 6 3.11 (s, 3, OCH3), 4.48 {dd, 1, H-5a, Jy 5, = 4.0 Hz, Jy, 1,
= 11.7 Hz), 4.60-4.70 (m, 2, H-4/, H-5'b), 4.66 (d, 1, H-V, J; 5 =
4.7 Hz), 5.77 (dd, 1, H-8'Jyy = 4.7 Hz, Jy, = 8.1 Hz), 6.25 (t,
1, H-2),6.30 (d, 1, H-3, J;, = 5.7 Hz), 7.18 (d, 1, H-4), 7.29-8.11
(m, 15, Ar H); 3C NMR (CDCl,) § 51.07 (OCHj,), 63.65 (C-5),
70.96, 72.19, 78.57, 79.39 (C-1’, C-2’, C-&, C-4), 108.93 (C-5), 126.37
(C-3), 128.30-133.39 (Ar C), 151.58 (C-4), 165.21, 165.33, 166.09,
169.60 (C=0). Anal. Calcd for Cq;He40,4: C, 66.66; H, 4.69.
Found for 9a: 66.55; H, 4.47. Found for 9b: C, 66.76; H, 4.63.

Compound 10a: yield 20.7%; syrup; R; 0.54 (CHCl;-MeOH,
200:1); "H NMR (CDCl,) 8 3.83 (s, 3, OCHy), 4.67 (d, 2, H-5, J,
=47 HZ), 5.10-5.40 (m, 1, H'4l), 6.18 (t, 1, H'3/, Jgf,af = J34,4/ =
3.0 Hz), 6.31 (d, 1, H-2), 7.41-8.06 (m, 10, Ar H); *)C NMR (CDCl,}
6 52.48 (OCHj), 63.84 (C-5%), 78.69, 84.83 (C-3, C-4"), 108.99 (C-2),
120.28 (C-3), 128.47-135.49 (C-2, Ar C), 158.37 (C-1’), 165.91,
166.03, 180.83 (C=0).

Compound 10b: yield 2.8% syrup; R; 0.50 (CHCl;-MeOH,
200:1); 'H NMR (CDCly) 6 3.69 (s, 3, OCH,), 4.63-4.65 (m, 2, H-5),
5.08 (m, 1, H-4), 6.11-6.14 (m, 2, H-2’, H-3’), 7.41-8.07 (m, 10,
Ar H). Anal. Caled for CyH,,04 (mixture): C, 66.05; H, 4.62.
Found: C, 65.71; H, 4.83.

3-(2,3,5-Tri-O -benzoyl-g-p-ribofuranosyl)-6(1H)-
pyridazinone (11) and (5R)- and (55)-1-Amino-5-hydroxy-
5-(2,3,5-tri-O-benzoyl-8-pD-ribofuranosyl)-3-pyrrolin-2-one
(12). To a solution of 6a,b (316 mg, 0.57 mmol) in methanol (5
mL) was slowly added hydrazine hydrate (42 mg, 0.85 mmol) in
methanol (1 mL) at 0-5 °C, and the mixture was allowed to stand
at room temperature for 2 h. The reaction mixture was evaporated
to dryness in vacuo. TLC (chloroform-methanol, 50:1) showed
that the light yellow syrup contained two major components (R,
0.35 and 0.22). The mixture was chromatographed over a column
of silica gel with chloroform-benzene (7:3) as the eluent. The first
compound eluted, 11 (78.7 mg, 25.7%, corresponding to R; 0.35
on TLC), was obtained as a foam. The best elemental analysis
was consistent with 0.5 mol of water: IR (CHCly) 3350 cm™, 1720,
1670 cm™ (C=0); 'H NMR (CDCl,) 6 4.57 (dd, 1, H-5a, Jy5, =
3.7Hz, Jy, 51, = 12.1 Hz), 4.71 (m, 1, H-4'), 4.86 (dd, 1, H-5b, Jy 4,
= 3.0 HZ, J5’a,5’b =121 HZ), 5,17 (d, 1, H'l’, Jl',Z’ =54 HZ),
5.81-5.86 (m, 2, H-2/, H-3), 6.85 (d, 1, H-5, J, 5 = 9.8 Hz), 7.35-8.07
(m, 16, H-4, Ar H); 13C NMR (CDCly) 6 63.77 (C-5), 72.43, 74.53,
80.85, 80.97 (C-1/, C-2/, C-%, C-4%), 128.41-133.50 (C-4, C-5, Ar
C), 144.97 (C-3), 161.76, 165.21, 165.33, 166.03 (C=0). Anal. Calcd
for C30H24N208'1/2H20: C, 65-57; H, 4.59; N, 5.10. Found: C,
65.71; H, 4.52; N, 4.97.

Compound 12 was eluted as the second fraction (223.8 mg,
70.7%, corresponding to R; 0.22 on TLC) as a foam. The best
elemental analysis was consistent with 0.5 mol of water: IR
(CHCl) 3500-3200 cm™ (OH, NH), 1730 cm™! (C=0); 'H NMR
(CDCly) 6 3.97 (br, 2, NH,), 4.45 (m, 1, H-1"), 4.50-4.80 (m, 3, H-4,
H-5), 5.59-5.67 (m, 1, H-3), 5.80-6.10 (m, 1, H-2'), 6.15 (d, !/,
H-3, J5, = 6.4 Hz), 6.21 (d, 1/,, H-3, J3, = 6.4 Hz), 7.00 (d, /5,
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H-4, J;, = 6.4 Hz), 7.04 (d, !/,, H-4, J5, = 6.4 Hz), 7.35-8.07 (m,
15, Ar H) 13C NMR (CDCI3) 5 63.71 (C 5), 72.13, 72.60, 84.53,
84.95 (C-1/, C-2/, C-3, C-4'), 89.40, 89.98 (C-5), 126.95-133.56 (C-3,
Ar C), 144.97, 145.73 (C-4), 165.39, 165.68, 166.38, 169.07, 169.66
(C=0). Anal. Calcd for C30HysNo0g!/,H,0: C, 63.49; H, 4.80;
N, 4.94. Found: C, 63.29; H, 5.02; N, 5.01.

Transformation of 12 to 11. A solution of 12 (29 mg, 0.05
mmol) in benzene (2 mL) was heated under reflux for 2 h.
Benzene was removed under reduced pressure, and the residue
was chromatographed over a column of silica gel with chloro-
form-methanol (97:3) as the eluent. This afforded 25 mg of 11
(95%) as a foam. Identity was confirmed by comparing IR and
1H NMR spectrum.

3-3-D-Ribofuranosyl-6(1 H)-pyridazinone (13). To a solution
of 11 (151 mg, 0.28 mmol) in methanol (10 mL) was added 1.5
mL of 1 N NaOH solution at 0 °C for 1 h, and the mixture was
rendered neutral with acetic acid and evaporated. The residue
was chromatographed over a column of silica gel with chloro-
form-methanol (1:1) as the eluent. This afforded 62.2 mg of 13
(97.4%) as a colorless syrup. This compound is hygroscopic, and
best analysis was obtained as the monohydrate: [a]?*%p ~17.0°
{c 0.37, methanol); MS, m/e 228 (M*); 'H NMR (CD;0D) 5 3.67
(dd, 1, H-5a, Jy 5, = 4.0 Hz, Jy, 51, = 12.1 Hz), 3.76 (dd, 1, H-5'D,
Jysn = 3.4 Hz), 3.96 (m, 1, H-4'), 4.07-4.14 (m, 2, H-2, H-3), 4.63
d, 1,H-1", Jy» = 6.1Hz),6.97(d, 1, H-5,J,5 = 9.8 Hz), 7.71 (d,
1, H- 4) 13C NMR (CD4;0D) 5 63.30 (C 5), 72.95, 76.81, 83.89, 86.99
(C-1, C-2,C-3,C-4),130.75, 133.80 (C-4, C-5), 149.35 (C-3), 163.92
(C=0). Anal. Calcd for CgH12N205-H20: C, 43.90; H, 5.73; N,
11.38. Found: C, 44.11; H, 5.63; N, 11.21.

3-(2,3-0 -Isopropylidene-B-pD-ribofuranosyl)-6 (1 H )-
pyridazinone (14). Ethyl orthoformate (0.1 mL, 0.6 mmol) was
added to a well-stirred suspension of 13 (9 mg, 0.032 mmol) in
acetone (1 mL) containing p-toluenesuifonic acid monohydrate
(4.6 mg), and the mixture was allowed to stand at room tem-
perature for 18 h. The sodium bicarbonate was added, and the
mixture was stirred for 15 min. The solid was collected by fil-
tration and thoroughly washed with acetone. The filtrates were
combined and evaporated in vacuo to a syrup, which was purified
by preparative TLC with chloroform~methanol (9:1) as the eluent:
vield 66.2%; colorless syrup; 'H NMR (CD,0D) 4 1.35 (s, 3,
isopropylidene CHj), 1.55 (s, 3, isopropylidene CHy), 3.62 (d, 2,
H-5,J, 5 = 5.0 Hz), 412 (q, 1, H-4'), 4.64-4.88 (m, 5, H-1’, H-2,
H3’ OH, NH), 6.90 (d, 1, H-5, Jys = 9.8 Hz), 7.58 (d, 1, H-4).

(5R)- and (55)-1- (N-Isopropylldeneammo) 5- hydroxy-
5-(2,3,5-tri-O-benzoyl-8-D-ribofuranosyl)-3-pyrrolin-2-one
(15). A solution of 12 (28 mg, 0.05 mmol) in acetone (3 mL) was
heated under reflux for 2 h. Acetone was removed under reduced
pressure, and the residue was chromatographed over a column
of silica gel with chloroform-methanol (49:1) as the eluent. This
afforded 15 mg of 15 (51%) as a colorless syrup. Due to the
unstable and hygroscopic nature of this compound, good elemental
analysis could not be obtained: ‘H NMR (CDCly) 6 1.92, 1.97,
2.08 (each s, 6, CHy), 4.46 (d, 1, H-1', J;.» = 4 Hz), 4.64 (apparent
s, 4, H-4, H-5’, OH), 5.60-5.88 (m, 1, H-2’ or H-3'), 5.96-6.32 (m,
2, H-3, H-2' or H-3"), 7.00-8.20 (m, 16, H-4, Ar H).

(5R)- and (55)-1-Amino-5-hydroxy-5-8-D-ribofuranosyl-
3-pyrrolin-2-one (17). The same procedure was used as for the
deprotection of 11 with 1 N NaOH solution: yield 92%; chro-
matographically homogeneous clear foam; *H NMR (CD;0D) &
3.53-4.28 (m, 6, H-1’, H-2’, H-3’, H-4’, H-5"), 6.17, 6.20 (each d,
1, H-3, J34 = 6.4 Hz), 7.04, 7.12 (each d, 1, H-4); 13C NMR (C-
D,;0D) 6§ 63.07, 63.53 (C-5), 72.43-87.11 (C-1’, C-2/, C-3’, C-4'),
91.79, 91.91 (C-5), 127.77, 128.18 (C-3), 147.66, 148.60 (C-4), 171.30
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(C=0). Anal. Calcd for CoH,;N,0¢!/,H,0: C, 42.35; H, 5.92;
N, 10.98. Found: C, 42.46; H, 5.95; N, 10.886.

3-(2,3,5-Tri-O-benzoyl-8-p-ribofuranosyl)-6 H-1,2-oxazin-
6-one (18). A solution of 6a,b (206 mg, 0.37 mmol) and hy-
droxylamine-O-sulfonic acid 334.7 mg (3.0 mmol) in methanol (10
mL) was treated under reflux for 10 h. The reaction mixture was
neutralized with a saturated sodium bicarbonate solution, and
the resulting mixture was extracted with chloroform (3 X 50 mL),
dried over magnesium sulfate, and evaporated in vacuo to a syrup.
The residue was chromatographed over silica gel with chloro-
form-benzene (11:9) as the eluent. This afforded 143.3 mg of 18
(71.8%) as colorless crystals: mp 147-148 °C; IR (CHCl;) 1750,
1720 cm™ (C=0); 'H NMR (CDCl) ¢ 4.60 (dd, 1, H-5'a, Jy 5,
= 3.4 Hz, Jy, 51, = 12.1 Hz), 4.73 (m, 1 H-4), 4.85 (dd, 1, H-5',
Jys = 3.0Hz),5.21(d,1,H-1", Jyp = 7.0 Hz), 581 (dd, 1, H-2),
5.89 (dd, 1, H-3, Jy g = 5.7 Hz, Jy o = 4.1 Hz), 6.58 (d, 1, H-5,
Ju5 = 9.8 Hz), 7.17-8.09 (m, 16, H-4, Ar H). Anal. Caled for
C3HysNOg: C, 68.54; H, 4.28; N, 2.58. Found: C, 66.37; H, 4.27;
N, 2.65.

3-8-D-Ribofuranosyl-6 H-1,2-oxazin-6-one (20). The same
procedure was used as for the deprotection of 11 with 1 N NaOH
solution: yield 92.3%; chromatographically homogeneous clear
foam; [a]?*% —18.2° (c 0.34, methanol); MS, m/e 229 (M*); 'H
NMR (CD,0D) 6 3.65-3.72 (m, 2, H-5'), 4.00 (m, 1, H-4"), 4.10-4.19
(m, 2, H-2/, H-3), 463 (d, 1, H-1', J;,, = 7.1 Hz), 6.81 (d, 1, H-5,
Jys =9.8Hz),7.54 (d, 1, H4) 13CNMR(CD OD)66312(C ),
73.19, 76.00, 81.92, 87.81 (C 1,C-2,C-3, C-4"), 126.60 (C-5), 132.92
(C-4), 157.43 (C-3), 164.98 (C=O). Anal. Caled for
CoH,\NOg!/H,0: C, 46.25; H, 4.96; N, 5.99. Found: C, 46.11;
H, 5.31; N, 5.96.

3-(2,3-O-Isopropylidene-S-D-ribofuranosyl)-6 H-1,2-0xa-
zin-6-one (21). The same procedure was used as the acetonization
of 13 with ethyl orthoformate: yield 58.3%; '"H NMR (CD,0D)
6 1.36 (s, 3, isopropylidene CHy), 1.54 (s, 3, isopropylidene CH,),
3.52-3.80 (m, 2, H-5), 4.18 (q, 1, H-4, Jy ¢ = Jy 5 = 4 Hz), 4.60-5.00
(m, 4, H-1", H-2’, H-3’, OH), 6.76 (d, 1, H-5, J,; = 9 Hz), 7.41 (d,
1, H-4).

(5R)- and (58)-5-Hydroxy-5-(2,3,5-tri-O -benzoyl-3-D-
ribofuranosyl)-3-pyrrolin-2-one (22). To a solution of 6a,b
(550 mg, 0.98 mmol) in dioxane (11 mL) was added ammonia (5
mL) at 0-5 °C, and the mixture was allowed to stand at room
temperature for 1 h. Water was added, and the resultant mixture
was neutralized with acetic acid. The mixture was extracted with
chloroform (3 X 100 mL), washed with water, dried over mag-
nesium sulfate, and evaporated in vacuo to a syrup. The residue
was chromatographed over a column of silica gel with chloro-
form—methanol (95:5) as the eluent. This afforded 450 mg of 22
(93%) as a colorless foam. Identity was confirmed by comparing
the IR and 'H NMR spectra with the spectra of the products
previously prepared by the reported procedure.

Registry No. 1, 86528-49-6; 2 (5R diastereomer), 109930-03-2;
2 (58 diastereomer), 110012-35-6; 3, 109930-04-3; 4, 109930-05-4;
5, 109930-06-5; 6a, 109930-07-6; 6b, 110012-36-7; 7, 86528-50-9;
8 (5R diastereomer), 110012-37-8; 8 (5S diastereomer), 110012-38-9;
9a, 110012-39-0; 9b, 110012-40-3; 10a, 109930-08-7; 10b,
109930-09-8; 11, 109930-10-1; 12 (5R diastereomer), 109930-11-2;
12 (5S diastereomer), 110012-41-4; 13, 109930-12-3; 14, 109930-
13-4; 15 (R diastereomer), 109930-14-5; 15 (58S diasteroemer),
110012-42-5; 17 (5R diasteromer), 109930-15-6; 17 (5S diaste-
reomer), 110012-43-6; 18, 109930-16-7; 20, 109930-17-8; 21,
109930-18-9; 22 (5R diastereomer), 108007-65-4; 22 (55 diaste-
reomer), 108100-93-2.



