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KWAN SOO KIM and WALTERA. SZAREK. Can. J. Chem. 59,878 (1981). 
Several novel 3',7'-anhydrooctose nucleosides, including a 3',7'-anhydroocturonic acid nucleoside, namely 1-(3,7-anhydro- 

5,6-dideoxy-P-D-allo-octofuranosyluronic acid)-3-methyluracil (40), have been synthesized. The synthetic sequence leading to 40 
consists of three key steps: preparation of an octose nucleoside by a chain extension of an uridine derivative usinga Wittig reaction, 
conversion of the octose nucleoside into a bicyclic-octose nucleoside by an intramolecular cyclization, and elaboration of a 
carboxylic acid function at the C-8' position of the bicyclic-octose nucleoside. The structures of the 3',7'-anhydrooctose nucleosides 
have been established by their uv, 'Hmr, 13Cmr, and mass spectral data. 

KWAN SOO KIM et WALTER A. SZAREK. Can. J. Chem. 59,878 (1981). 
On a synthetise plusieurs nuclCosides du type anhydro-3',7' octose dont le nuclCoside de I'acideanhydro-3',7' octuronique, soit 

(I'acide anhydro-3,7 dideoxy-5,6 P-D-allo-octofurannosyluronique)-1 methyl-3 uracil (40). La synthbe comprend 3 etapes princi- 
pales; la premiere etape consiste ?i preparer un nucleoside de type octose par elongation de la chaine d'un derive de I'uridine en 
utilisant une reaction de Wittig. Dans la deuxieme Otape, on transforme I'octose en un nucleoside bicyclique en faisant appel B une 
cyclisation intramolCculaire. La troisieme etape permet de fixer une fonction acide carboxylique en position C'-8 du nucleoside 
octose bicyclique. On a etabli les structures des nucleosides anhydro-3',7' octose en se basant sur les donnees des spectres uv, rmn 
du 'H et du 13C et de la spectromktrie de masse. 

[Traduit par le journal] 

Introduction 
The synthesis of carbohydrates containing car- F .?? O=C 

I 
I bon chains composed of more than six carbon 

atoms, carbohydrates which have been called X H  0 

higher-carbon sugars (I), has posed a considerable 
challenge. Such syntheses require the creation of H2N & 0 MoH COOH 
C-C bonds together with control of the absolute OH 
stereochemistry at every carbon center. It is 1 R = NH H C H 2 C H 2 S C H , c ~ ~ ~ ,  
noteworthy that the concept of asymmetric synthe- 
sis was first realized by Emil Fischer's cyanohydrin 

F 
COOH 

I 
COOH 

2 R = O H  
reaction with carbohydrates (2). Added impetus 
has, in recent years, been given to this area of 
carbohydrate chemistry, by the development of 
new methods of chain extension (3) and by the 

EIIV-J discovery of various important antibiotics con- O< / R 
taining highly complex, higher-carbon sugars, such 
as lincomycin (4), celesticetin (9, apramycin (6), 
oxyapramycin (7), the ezomycins (8), mildiomycin 
(9), tunicamycin (lo), and hikizimycin (1 1). 

=lH COOH 

A major program in this laboratory has been con- 3 R = COOH 5 
4 R = CH20H cerned with the development of new methods of 

chain extension and with the synthesis of anti- tomyces and which contain a unique type of 
biotics containing higher-carbon sugars and of re- higher-carbon sugar. 
lated systems; some methods (12) and the synthesis The sugar, a 3,7-anhydroocturonic acid in 
of lincomycin (13) were reported several years ago, ezomycins A, (I), A2 (2), B1, B2, C1, and C2 (8) and 
and, recently, the synthesis of the octodiose related in octosyl acids A (3) and B (4) (17), is the first 
to apramycin has been also accomplished in this octose derivative containing a rigid bicyclic system 
laboratory (14). in which a furanoid ring is trans-fused to a pyranoid 

The present study is concerned with the ezomy- ring. In spite of their structural similarities, the 
cins (15, 16) and the octosyl acids (17) which were ezornycins and octosyl acids show marked differ- 
obtained from two different strains of Strep- ences in biological activities. Thus, whereas the 
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KIM AND SZAREK 879 

ezomycins are antifungal antibiotics (16), the oc- 
tosyl acids are devoid of any such activity. 

However, the adenine analog (5) of the octosyl 
acids, readily obtained from 3 by transglycosyla- 
tion (18, 19), was found to be an inhibitor of 
cyclic-AMP phosphodiesterases from various ani- 
mal tissues (19). In fact, octosyl acids 3 and 4 may 
be regarded as carboanalogs of 3',5'-cyclic nucleo- 
tides. The unique structures and the biological ac- 
tivities of the ezomycins and the octosyl acids have 
inspired various studies related to these com- 
pounds during the last few years. For example, a 
biosynthesis of octosyl acid A has been ac- 
complished by Sato et al. (20), and a synthesis of an 
octose derivative related to the octosyl acids has 
been attempted (21). A 13Cmr spectroscopic study 
of the ezomycins has been also reported (22). 

The present article describes the first synthesis 
of 3',7'-anhydrooctose nucleosides and of a 3',7'- 
anhydroocturonic acid nucleoside. 

Results and Discussion 
On the basis of a retrosynthetic analysis, it 

seemed most appropriate to prepare an octose 
nucleoside from a ribonucleoside by a three-carbon 
chain extension followed by cyclization of the oc- 
tose nucleoside to afford a 3',7'-anhydrooctose 
nucleoside. As the starting material, the readily 
available 2',3'-isopropylidene-3-methyluridine (6) 
(23) was chosen. This compound could be prepared 
from 2',3'-0-isopropylideneuridine in large quan- 
tities more easily by methylation with N,N- 
dimethylformamide dimethyl acetal. For the chain 
extension of 6, the three Wittig reagents 7,8, and 9 
were chosen. Although the Wittig reagent 7 would 
not provide functionality at C-8' of the 3',7'- 

anhydrooctose nucleoside, nevertheless, because 
of its ready availability (24) and simple structure, 7 
was employed, prior to the use of Wittig reagents 8 
and 9, for the synthesis of prototype compounds, 
especially in order to examine the formation of the 
trans-fused, bicyclic ring system. 

The aldehyde 10, obtained by oxidation of 6 and 
employed without isolation from the reaction mix- 
ture, was allowed to react with the Wittig reagent 7. 
Chromatographic purification afforded the a,P- 
(E)-unsaturated ketone 11 in 77% yield from 6. The 
'Hmr spectrum of 11 showed a doublet of doublets 
(J5',6' = 16 HZ, J4g,5g = 6 HZ) at 6 6.89 for H-5' and a 
singlet at 6 2.29 for H-8'. Compound 11 was reduced 
with sodium borohydride to give a chromato- 
graphically homogeneous, epimeric mixture, 
namely 1-[(E)-5,6,8-trideoxy-2,3-0-isopropylidene- 
p-D-a110 (and a-L-ta1o)-oct-5-enofuranosyll-3- 
methyluracil (12). The 'Hmr spectrum of 12, how- 
ever, indicated that small amounts of the saturated 
alcohols 13, which are the desired products of the 
next step, were also generated during the borohy- 
dride reduction of 11. Catalytic hydrogenation of 
the allylic alcohols 12 in the presence of 10% 
palladium-on-charcoal afforded the saturated al- 
cohols 13. Treatment of 13 with p-toluenesulfonyl 
chloride gave 14. The isopropylidene groups in 14 
were cleaved using 90% formic acid at 0°C to afford 
the diols 15 in 78% yield. Cyclization was ac- 
complished by treatment of thep-tolylsulfonates 15 
with sodium hydride in N,N-dimethylformamide at 
room temperature. Two epimeric 3',7'-anhydro- 
octose nucleosides were separated by column 
chromatography. The crystalline, faster-moving 
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isomer was identified as being 1-(3,7-anhydro- 
5,6,8-trideoxy- P -D-a110 -0ctofuranosy1)-3- methyl- 
uracil (16) (25%). The slower-moving isomer, 
namely 1-(3,7-anhydro-5,6,8-trideoxy-a-L-talo-oc- 
tofuranosy1)-3-methyluracil (17), was obtained as 
a syrup in 21% yield. Acetylation of 16 and 17 af- 
forded monoacetates 18 and 19, respectively. 

The trans-fused bicyclic system of compounds 16 
and 17 is supported by a sharp singlet (J1t,2t = 0 HZ) 
owing to H-1' protons in their 'Hmr spectra. Usu- 
ally the 'Hmr spectra of uridine derivatives show a 
doublet for the anomeric proton. The J1,,2, value of 
15, which is the immediate precursor of 16 and 17, is 
3.5 Hz. The zero value of J1,,2, of 16 and 17 corres- 
ponds to a C-3' endo conformation of the furanose 
ring and a trans relationship between H-1' and 
H-2'. Small or zero values of J1,,2, have been ob- 
served in the cases of 3',5'-cyclic nucleotides (25), 
the ezomycins (8), and the octosyl acids (17). The 
mass spectra of 16 and 17 reflect very clearly the 
bicyclic nature of the molecules. The mass spec- 
trum of 16 shows characteristic nucleoside-base 
peaks at rnle 155 (b + 30), rnle 127 (b + 2H), and 
rnle 126 (b + H) (26). In addition to these prominent 

ions, a major mode of fragmentation, not observed 
in other nucleoside spectra, is represented by the 
most intense peak at rnle 128, owing to the species 
formed from the molecular ion by the opening of the 
ribose ring, and a peak at mle 98 owing to further 
decomposition of this species (see Scheme 1). 
Comparable fragmentation patterns have been ob- 
served in the spectra of 3',5'-cyclic nucleotides 
(27). The intact sugar fragment is absent in this 
mass spectrum; however, the ion (mle 139), formed 
from the molecular ion by the elimination of H,O 
and subsequent cleavage of the glycosidic bond, is 
comprised of the entire bicyclic-sugar carbon 
skeleton. 

The stereochemistry at C-7' of 16 and 17 was 
assigned on the basis of their 13Cmr and 'Hmr 
chemical-shift data. The epimer, whose C-8' signal 
resonated at 6 21.0 in its 13Cmr spectrum, was 
assigned as being compound 16 bearing an equa- 
torial methyl group, whereas the compound whose 
C-8' signal was at 6 17.5 in its 13Cmr spectrum was 
assigned as being compound 17 bearing an axial 
methyl group. In their 'Hmr spectra, the resonance 
for the H-8' protons of 16 (6 1.32) appears at slightly 
higher field than that of 17 (6 1.36). It has been well 
established that, whereas the carbon resonance of 
an equatorial methyl group in cyclohexane and 
1,3-dioxane systems (28) shifts downfield relative 
to that of the corresponding axial one, the protons 
of an equatorial methyl group in cyclohexane, 1,3- 
dioxane, and 1,3,5-trioxane systems (29) resonate 
at higher field than do those of the corresponding 
axial one. 

The initial studies established the feasibility of 
the synthesis of a 3',7'-anhydrooctose nucleoside 

Me +. mle 128(10(1 C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

Y
O

R
K

 U
N

IV
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



KIM AND SZAREK 881 

by the approach described above. Attention was 
then directed to the functionalization of the C-5', 
C-6', and C-8' positions, a process which is re- 
quired for the eventual total synthesis of the 
ezomycins and the octosyl acids. Although the 
C-5'-C-6' double bond in compounds 11 and 12 
can be easily functionalized, the introduction of 
functionality at C-8' is not feasible at any stage of 
the above synthetic sequence. This problem was 
solved by employing another Wittig reagent, 
namely 8 (30), which could be prepared in a reason- 
able quantity relatively easily using a modified pro- 
cedure. Wittig reagent 9 (31) would be more suit- 
able than 8 for the introduction of the carboxylic 
acid function at C-8', however, the product of a 
Wittig reaction of 9 and 10 decomposed during the 
course of the reaction and subsequent processing. 

A Wittig reaction of 8 and 10 afforded after chro- 
matography the syrupy a$-(E)-unsaturated 
ketone 20 in 72% yield from 6. The 'Hmr spectrum 
of 20 showed a large trans-ethylenic coupling con- 
stant (J5,,61 = 16 HZ). Compound 20 was reduced 
with sodium borohydride in absolute ethanol at 

, -20°C to afford a chromatographically homo- 
geneous, epimeric mixture, namely 1-[(E)-8-0- 
acetyl-5,6-dideoxy-2,3-0-isopropylidene-p-D-a110 

I (and a-L-ta1o)-oct-5-enofuranosyll-3-methyluracil 
(21). The allylic alcohols 21 were converted by 
catalytic hydrogenation into the saturated alco- 
hols 22. The reaction of 22 with p-toluenesul- 
fonyl chloride afforded 23. Cleavage of the iso- 
propylidene groups of 23 was accomplished with 
90% formic acid at 0°C to give 24 in 75% yield. 

1 ,  

o.c,o OH OH 
Me2 

22 R' = Ac, RZ = H 24 R =  Ac 
23 R' = Ac, R2 = TS 29 R = CH2CH=CHz 
27 R1 = CHZCH=CH2, RZ = H 
28 R1 = CH2CH=CH2, R2 = TS 

Treatment of 24 with sodium hydride in dry 1,2- 
dimethoxyethane or N,N-dimethylformamide un- 
expectedly gave a complex multiplicity of prod- 
ucts. One of the major products was identified as 
being an oxirane derivative (25). However, the de- 
sired 3',7'-anhydrooctose nucleoside was not de- 
tected. Although this attempted cyclization reac- 
tion was not fully investigated, the complication of 
the reaction might be attributable to the lability of 
the acetyl group under the reaction conditions. The 
acetyl groups in 23 were replaced by allyl groups 
(32) by a sequence of three steps: (i) conversion of 
23 into a mixture of oxiranes using sodium 
methoxide in chloroform; (ii) ring opening of the 
oxiranes 26 with sodium alloxide in allyl alcohol at 
room temperature; (iii) treatment of the resulting 
secondary alcohols 27 with p-toluenesulfonyl 
chloride. The oxirane ring opening of 26 with al- 
loxide was regioselective and provided the ex- 
pected secondary alcohol 27 exclusively in 88% 
yield. The 'Hmr spectrum of 27 showed a two- 
proton multiplet at 6 5.03-5.34 owing to two termi- 
nal vinylic protons and an one-proton multiplet at 6 
5.58-6.39 attributable to another vinylic proton of 
the allyl group. Thep-tolylsulfonates 28 obtained in 
this way were converted into 29 in 89% yield by 
treatment with 90% formic acid at 0°C. 

The stage was again set for the elaboration of the 
bicyclic ring system. Cyclization was ac- 
complished by treatment of 29 with sodium hydride 
in 1,2-dimethoxyethane at room temperature to 
afford a chromatographically homogeneous, 
epimeric mixture (30) in 50% yield. A sharp singlet 
at 6 5.65 owing to anomeric protons in the 'Hmr 
spectrum of 30 indicated the trans-fused bicyclic 
structure. The allyl groups in 30 were isomerized to 
prop- 1-enyl groups by treatment with RhCl(PPh,), 
in refluxing aqueous ethanol (33). At this stage the 
two epimers could be separated by careful column 
chromatography to afford pure 31 in 45% and 32 in 
42% yield. The 'Hmr spectrum of 31 showed a 
three-proton doublet of doublets at 6 1.56 attribut- 
able to the allylic-methyl protons of the prop-1-enyl 
group and a one-proton multiplet at 6 5.86-6.30 
attributable to a vinylic proton on the carbon next 
to the oxygen atom of the prop-1-enyl group. The 
'Hmr spectrum of 32 also showed similar patterns 
of signals at 6 1.58 and at 6 5.91-6.32. The 
stereochemistry at C-7' of the two epimers 31 and 
32 was not assigned at this stage; however, it could 
be established later by the structural assignment of 
the two epimers 35 and 36 which were derived from 
31 and 32, respectively. Benzoylation of 31 and 32 
gave monobenzoates 33 and 34, respectively. Re- 
moval of the prop-1-enyl groups in 33 and 34 was 
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accomplished with 0.1 N hydrochloric acid in 
aqueous methanol at room temperature (32) to af- 
ford 1-(3,7-anhydro-2-0-benzoyl-5,6-dideoxy-P-D- 
allo-octofuranosy1)-3-methyluracil (35) and 1-(3,7- 
anhydro-2-0-benzoyl-5 ,6-dideoxy-a-L-talo -octo- 
furanosy1)-3-methyluracil (36), respectively. Hy- 
drolysis of the prop-1-enyl groups in 33 and 34 with 
mercuric chloride in the presence of mercuric oxide 
(34) resulted in the partial decomposition of prod- 
ucts 35 and 36. The stereochemistry at C-7' of 
compounds 35 and36  was readily assigned in a 
manner similar to that used for the assignments in 
the cases of the bicyclic octose nucleosides 16 and 
17. Thus, the C-8' signal in the 13Cmr spectrum of 
one epimer appeared at 6 65.0 and that of another 
epimer appeared at 6 60.9. The former was assigned 
as being compound 35 bearing an equatorial 
hydroxymethyl group and the latter as being com- 
pound 36. The stereochemistry at C-7' of com- 
pounds 31-34, thereby, could be correctly as- 
signed. 

Thus, the synthesis of a 3',7'-anhydrooctose 
nucleoside with a functional group at C-8' has 
been accomplished. Finally, the hydroxymethyl 
group of compound 35 was further transformed into 
a carboxylic acid function. Oxidation of 35 with 
chromium(V1) reagents was not very satisfactory, 
mainly because the isolation of the product from 
the reaction mixture was difficult or very tedious 
owing to the solubility of the product. Better results 
could be obtained by employing catalytic oxida- 
tion. Thus, compound 37, obtained from 35 by 
debenzoylation, was oxidized in the presence of 
10% platinum-on-charcoal at pH 8-9 at 70°C to 

give 1-(3,7-anhydro-5,6-dideoxy-P-D-allo-octo- 
furanosyluronic acid)-3-methyluracil (39) in 74% 
yield. Treatment of 39 with 3% hydrogen chloride 
in methanol afforded the methyl ester 40. The 'Hmr 
spectrum of 40 showed a three-proton singlet at 6 
3.75 attributable to the methyl ester at C-8'. The ir 
spectrum of 40 showed a broad band at 3430 cm-I. 

The sequence leading to the 3',7'-anhydro- 
octuronic acid nucleoside as described in this paper 
can be adapted to the synthesis of the ezomycins, 
the octosyl acids, and their analogs. Further inves- 
tigations into the functionalization at C-5' and C-6' 
of the 3',7'-anhydrooctose nucleoside are currently 
underway, and adifferent approach to the synthesis 
of 3',7'-anhydrooctose nucleosides will be reported 
separately. 

Me 

COOR 
32 RL = CH=CHCH3, R2 = H 39 R = H  
34 R1 = CH=CHCH,, R2 = Bz 40 R = M e  
36 R 1 =  H , R 2 =  BZ 
38 R 1 = R 2 = H  

Experimental 
Evaporations were performed under reduced pressure at or 

below 40°C (bath temperature). Melting points were determined 
on a Fisher-Johns apparatus and are uncorrected. Optical rota- 
tions were measured with a Perkin-Elmer model 141 automatic 
polarimeter at 23 f 3°C. Infrared spectra were recorded with a 
Perkin-Elmer 180 or a Perkin-Elmer 598 infrared spec- 
trophotometer. Ultraviolet spectra were measured with a Uni- 
cam SP 800B or a Perkin-Elmer 552 spectrophotometer. The 
'Hmr spectra were determined with a Varian EM-360or Bruker 
HX-60 spectrometer in chloroform-d with tetramethylsilane 
(TMS) as  the internal standard, unless otherwise stated. The 
13Cmr were recorded in chloroform-d solution on a Bruker 
HX-60 spectrometer equipped with an FT60M Fourier trans- 
form accessory at 15.09 MHz; chemical shifts are given in parts 
per million downfield from TMS. Mass spectra were taken on a 
Jeolco model JMS-Ol5C spectrometer using the direct-sample 
inlet system with a 70 eV ionization energy. Microanalyses were 
performed by Guelph Chemical Laboratories Ltd., Guelph, 
Ont. Thin-layer chromatography (tlc) was performed on pre- 
coated glass plates (silica gel 60 F-254,0.25 mm thickness) from 
EM Laboratories Inc., using the following solvent systems 
(vlv): (A) toluene-acetone, 1: 1; ( B )  toluene - ethyl acetate, l : l ;  
(C)  toluene-acetone, 2:l; (D)  toluene - ethyl acetate, 2: 1; (E) 
ethyl acetate; (F) ethyl acetate - methanol, 2: 1; (GI n-butanol- 
methanol-water, 8: 1: 1. The developed plates were air dried and 
compounds located by irradiation of the plates with uv light and 
by heating the plates at 150°C after they had been sprayed with 
10% aqueous sulfuric acid containing 1% cerium sulfate and 
1.5% molybdic acid. Column chromatography was performed 
on Brinkmann silica gel 60 (70-230 mesh, E. Merck). E. Merck 
precoated glass plates (silica gel F-254,20 x 20 cm, 2 mm thick- 
ness) were used for preparative tlc chromatography. 
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2',3'-0-Isopropylidene-3-methyluridine ( 6 )  
A suspension of 2',3'-0-isopropylideneuridine (35) (7.1 g, 

20 mmol) and N,N-dimethylformamide dimethyl acetal (9.5 g, 
80 mmol) in chloroform (80 mL) was heated at reflux tempera- 
ture with vigorous stirring. The mixture became homogeneous 
within 30 min. After 8 h the solvent was evaporated to give a 
reddish syrup which slowly crystallized on standing. Recrystal- 
lization from ethanol-ether gave compound 6 (6.5 g, 87%) hav- 
ingRf0.57(solventA), mp 133-134"C(lit. (10) mp 133.5-134°C); 
'Hmr 6: 1.38 (3H, s, Me), 1.60 (3H, s, Me), 3.33 (3H, s, NMe), 
3.55-3.92 (3H, m, H-4', 2(H-5')'s), 4.29(1H, bs, OH, exchanged 
in D,O), 4.74-5.02 (2H, m, H-2', H-37, 5.73 (lH, d, J1,,2, = 1.2 
H~,H-l'),5.74(1H,d,J~,~=8H~,H-5),7.60(1H,d,H-6). 

1-[(E)-5,6,8-Trideoxy-2,3-O-isopropylidene-P-~ribo-oct-5- 
eno-l,4-furanosid-7-ulosyl]-3-methyluracil(II) 

To a solution of 6 (2.39g, 8mmol) in dimethylsulfoxide 
(40 mL), stirred at room temperature under nitrogen, pyridine 
(0.64 mL), trifluoroacetic acid (0.30 mL), and N,N1-dicyclo- 
hexylcarbodiimide (4.96 g, 24 mmol) were added. After 12 h, the 
Wittig reagent 7 (3.31 g, 10.4 mmol) was added and stirring was 
continued for a further 24 h at room temperature. Oxalic acid 
dihydrate (2.9 g) and ethyl acetate (200 mL) were then added and 
the mixture was stirred for 10 min. This mixture was poured into 
saturated sodium chloride solution (100 mL), stirred for a few 
min, and filtered. The separated aqueous layer was extracted 
once more with ethyl acetate (80mL). The combined ethyl 
acetate solutions were washed with dilute aqueous sodium hy- 
drogen carbonate, saturated aqueous sodium chloride, and cold 
water, dried (MgSO,), and evaporated to give a dark red syrup. 
The thick syrup was dissolved again in ethyl acetate and insol- 
uble N,N1-dicyclohexylurea was removed by filtration. This 
procedure was repeated a few more times to remove N,N1- 
dicyclohexylurea. The resulting red syrup (5.5g) was 
chromatographed on a column of silica gel by elution with to- 
luene - ethyl acetate, 7:5 (vlv), to afford ll as a colorless syrup 
(2.07g, 77%) having Rr 0.23 (solvent B); [aID +54.8" (c 0.062, 
CHCI,); ir (film) v,,,: 1710, 1680, 1665, 1630cm-'; uv A,,, 
(EtOH): 217 (E 13000), 259 (6800) nm; 'Hmr 6: 1.38 (3H, s, 
isopropylidene-Me), 1.59 (3H, s, isopropylidene-Me), 2.29 (3H, 
s, H-8"s), 3.32 (3H, s, NMe), 4.51-5.17 (3H, m, H-2'-H-4'), 
5.61 (IH, d, J1',28= 1.2 HZ, H-1'1, 5.78 (lH, d, J5 ,6=  8.0 HZ, 
H-5),6.22(1H,d, J5,,6*= 16.0Hz,H-6'),6.89(1H,dd, J4',5,=6.0 
Hz, H-57, 7.27 (lH, d, H-6). Anal. calcd. for C1,H,oN,O,: C 
57.14, H 5.99, N 8.33; found: C 57.33, H 6.24, N 7.73. 

l-[(E)-5,6,8-Trideoxy-2,3-O-isopropylidene- P - ~ a l l o  (and 
a-L-talo)-oct-5-enofuranosyl 1-3-methyluracil (12) 

To a stirred solution of 11 (1.62g, 4.8mmol) in ethanol 
(30 mL) was added sodium borohydride (0.19 g, 5.0 mmol) at 
WC in the dark. Thin-layer chromatography (solvent C) showed 
that after 5 min the reaction mixture contained only one compo- 
nent (Rr 0.33) but no starting material. The reaction mixture was 
carefully neutralized with I N hydrochloric acid and the neutral 
mixture was evaporated to a residue which was concentrated 
several times with methanol. The residue was extracted with hot 
ethyl acetate (4 x 30 mL) and the extract was filtered through a 
small amount of silica gel. Evaporation of the solvent gave 12as 
a chromatographically homogeneous white foam (1.60 g, 98%). 
An analytical sample was obtained by preparative tlc using 
toluene-acetone, 1:l (vlv), as eluent; ir   film)^,,: 3430, 1710, 
1670, 1630cm-I; uv A,,, (EtOH): 212 (E 6800), 258 (9800) nm; 
lHmr 6: 1.26 (3H, d, J7,,g = 6.0 HZ), 1.34 (3H, s, isopro- 
pylidene-Me), 1.58 (3H, s, isopropylidene-Me). 2.67 (lH, 
bs, OH, exchanged in D,O), 3.30 (3H, s, NMe), 3.67-5.02 
(4H, H-2'-H-4', H-77, 5.49-5.90 (2H, m, H-5', H-67, 5.64 
(lH,d,J1',2,= 1.2H~,H-l'),5.73(1H,d,J~,~=8.0H~,H-5),7.26 
(lH, d, H-6). 

I-[5,6,8-Trideoxy-2,3-0-isopropylidene-P-mall0 (and a-L- 
talo)-octofuranosyl]-3-methyluracil(13) 

A solution of 12 (2.15 g, 6.3 mmol) in ethanol (150 mL) was 
shaken in a standard Paar bottle together with 10% palladium- 
on-charcoal catalyst (0.35 g) under a 1-atm hydrogen pressure at 
room temperature. As soon as the shaking was started, hy- 
drogen was consumed very rapidly. After 10 min the hydrogen 
uptake had almost ceased. Thin-layer chromatography (solvent 
C) showed that the R, value of the product was the same as that 
of the starting material. The reaction mixture was filtered 
through Celite twice and the filtrate was concentrated to a white 
foam which was chromatographed on a column of silica gel by 
elution with toluene - ethyl acetate, 5:6 (vlv), to give 13 as a 
white foam (1.81g, 84%); ir (film) v,,: 3430, 1710, 1670, 
1640 cm-I; uv h,, (EtOH): 214 (E 80001, 259 (12 600) nm; IHmr 
6: 1.21 (3H, d, J7,,g = 6.0 HZ, H-8'1, 1.34 (3H, s, isopropyli- 
dene-Me), 1.43-2.03 (4H, m, 2(H-5')'s, 2(H-6')'s), 1.57 (3H, s, 
isopropylidene-Me), 2.45 (IH, bs, OH, exchanged in D,O), 3.28 
(3H, s, NMe), 3.64-4.61 (4H, H-3'-H-5', H-7'1, 4.84 (lH, dd, 
./2',3'= ~ . ~ H z , J ~ ' , ~ =  2.0Hz,H-2'),5.58(1H,d,H-l'),5,72(1H, 
d, J5.6 = 8.0 Hz, H-5), 7.19 (IH, d, H-6). Anal. calcd. for 
C16H,,N,06: C56.46, H7.11, N 8.23;found: C56.06, H7.42, N 
7.97. 

1 -[5,6,8-Trideoxy-2.3-0-isopropylidene-7-0- p-tolylsulfonyl- 
P - ~ a l l o  (and a-L-talo)-octofuranosyl]- 
3-methyluracil (14) 

To a solution of 13 (0.86g, 2.5 mmol) in pyridine (4 mL) was 
added at WCp-toluenesulfonyl chloride (0.52 g, 2.8 mmol). The 
reaction mixture was kept at 0°C overnight to give only one 
product (R, 0.21, solvent D). The reaction mixture was poured 
with vigorous stirring into ice-water (40mL). The aqueous 
mixture was extracted with dichloromethane; the dichloro- 
methane extract was washed successively withcold 1 N sulfuric 
acid, saturated aqueous sodium hydrogen carbonate, and cold 
water. Evaporation of the dried (MgSO,) solution afforded 14 as 
a chromatographically homogeneous syrup (1.07g. 85%). An 
analytical sample was obtained by preparative tlc using tol- 
uene-acetone, 2: l (vlv), as eluent; ir (film) v,,,: 1710, 1670, 
1630, 1360, 1180 cm-I; uv A,,, (EtOH): 227 (E 12000), 259 
(10500)nm; 'Hmr6: 1.22(3H, d,J7',8'= 6.0Hz, H-87, 1.32(3H, 
s, isopropylidene-Me), 1.56 (3H, s, isopropylidene-Me), 
1.65-1.84 (4H, m, 2(H-5')'s, 2(H-6')'s), 2.42 (3H, s, PhMe), 3.28 
(3H, s, NMe), 3.82-4.76 (3H, H-3', H-4', H-77, 4.80 (IH, dd, 
J2',3'= 6.5Hz, JI,,2,= 2.0Hz,H-2'),5.56(1H,d, H-11),5.71 (lH, 
d, J5,6 = 8.0 HZ, H-5), 7.15 (lH, d, H-6), 7.17-7.78 (5H, m, 
aromatic H's). Anal. calcd. for CZ3H30NZ08S: C 55.86, H 6.1 1, 
N5.67, S6.48;found: C55.49, H6.34,N 5.48, S6.19. 

1-[5,6,8-Trideoxy-7-0-p-tolylsulfonyl-Wlo (and a-L- 
talo)-octofuranosyl]-3-methyluracil(15) 

The product 14 (0.90 g, 1.8 mmol) was dissolved in cold 90% 
formic acid (5 mL) and the solution was kept at WC overnight. 
Cold water (15 mL) was added to the reaction mixture and 
evaporated. Addition of more water and evaporation were re- 
peated to afford a pale yellow, solid residue which was fraction- 
ated on a column of silica gel by elution with toluene-acetone, 
3:2 (vlv), to give 15 as a colorless glass (0.65 g, 78%) having Rr 
0.10 (solvent C); ir (filrn)~,,: 3420, 1710, 1660, 1630, 1360, 1180 
cm-I; uv A,,, (EtOH): 226 (E 13 OW), 259 (12 600) nm; IHmr 6: 
1.20 (3H, d, JTS8' = 6.0 HZ, H-87, 1.69-1.89 (4H, m, 2(H-5')'s, 
2(H-6')'s). 2.42 (3H, s, PhMe), 3.27 (3H, s, NMe), 3.87 (2H, bs, 2 
OH), 4.02-4.78 (4H, H-2'-H-4', H-7'),5.67 (lH, d, J1*,28 = 3.5 
HZ, H-1'), 5.77(1H, d, 8.0Hz, H-5),7.15-7.81(6H, H-6, 
aromatic H's). 

Cyclization of 15 
The product 15 (0.6g, 1.3 mmol) in N,N-dimethylformamide 
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TABLE 1. Carbon-13 chemical-shift dataa for 3',7'-anhydrooctose nucleosides 16,17,35, and 36 

Compound C-2 C-4 C-5 C-6 C-1' C-2' C-3' C-4' C-5' C-6' C-7' C-8' NMe 

16 150.8 162.7 101.6 137.6 94.2 75.6b 80.3b 75.9b 31.5 29.5 73Sb 21.0 27.6 
17 150.9 162.8 101.7 137.6 93.8 72.7b 73.9b 76.2b 25.0 27.9 70.9b 17.5 27.6 
35 150.6 162.3 102.3 138.6 93.3 74.2b 79.8b 79.1b 28.5 25.5 76.2b 65.0 27.6 
36 150.7 162.3 102.3 138.4 92.3 72.Sb 74.6b 76.2b 23.4 26.1 73.8b 60.9 27.6 

"In ppm downfield from telramelhyls~lane in chloroform-d. 
bAss~gnmenls may be changed 

(10 mL) was vigorously stirred with sodium hydride (0.13 g, 
5.2 mmol, 50% oil dispersion) at room temperature for 3 h, after 
which time tlc (solvent C) showed the absence of starting 
material. The reaction mixture was poured with stirring into 
ice-water (100 mL) and the mixture was extracted exhaustively 
with dichloromethane. The combined organic solutions were 
washed with a small amount of cold water, dried (MgSO,), and 
concentrated to a syrup. Column chromatography on silica gel 
(toluene-acetone, 5:2 (vlv)) gave crystalline 1-(3,7-anhydro- 
5,6,8-trideoxy-~-~-allo-octofuranosyl)-3-methyluracil (16) 
(0.095 g, 25%). Recrystallization from toluene afforded white 
crystalline 16 having R, 0.30 (solvent C), mp 219.5-220°C; [a], 
+25.0" (c 0.14, CHCI,); ir (KBr) v,,: 3410, 1700, 1650, 
1620 cm-l; uv h,,, (EtOH): 214 (E 7800), 261 (13 300) nm: 'Hmr 
6: 1.26(3H, d,J7,,8,= 6.0Hz, H-8'), 1.56-2.31 (4H, m, 2(H-5')'s, 
2(H-6')'s), 2.85 (lH, bs, OH, exchanged in D,O), 3.07-4.29 (4H, 
H-2'-H-4', H-77, 3.30 (3H, s, NMe), 5.56 (IH, s, H-1'), 5.70 
(1% d, J5,6= 8.0 HZ, H-5), 7.25 (IH, d, H-6). See Table 1 for 
"Cmr data. Mass spectrum mle: 282 (M+, 14%), 264 (M+ - 
H20,  6), 155 (b + 30, 42), 139 (264 - b, 20), 128 [M+ - (b + 
CHO), 1001, 127 (b + 2H, 62), 126(b + H, 16), 98(128 - CHOH, 
29), 69 [(b + H) - MeNCO, 311. Anal. calcd. forC1,Hl8N2O5: C 
55.31, H 6.43, N 9.92; found: C 55.22, H 6.39, N 9.73. 
1-(3,7-Anhydro-5,6,8-trideoxy-a-~-talo-octofuranosy1)-3-me- 

thyluracil (17) was isolated as a colorless syrup (0.082g, 21%) 
having R, 0.26; [a], +31.7" (c 0.30, CHCI,); ir (film) v,,: 3410, 
1700,1650, 1620cm-I; uv h,,, (EtOH): 2 1 4 ( ~  74001,261 (13 300) 
nm; 'Hmr6: 1.32(3H, d, J7,,8,= 6.0Hz, H-8'),1.67-2.39(4H, m, 
2(H-5')'s, 2(H-6')'s), 3.02 ( IH, bs, OH, exchanged in D,O), 
3.28-4.5 1 (4H, H-2'-H-4', H-7'),3.30 (3H, s, NMe), 5.56 (lH, s,  
H-lo),  5.72 (IH, d, J 5 , 6 =  8.0 HZ, H-5), 7.27 (IH, d, H-6). See 
Table 1 for I3Cmr data. Mass spectrum m/e: 282 (M+, lo%), 264 
(M+ - H,O, 5), 155 (b + 30,50), 139 (264 - b, 18), 128 [M+ - (b 
+ CHO), 1001, 127 (b + 2H, 65), 126 (b + H, 22), 98 (128 - 
CHOH, 32), 69 [(b + H) - MeNCO, 331. Anal. calcd. for 
CI3Hl8N2O5: C 55.31, H 6.43, N 9.92; found: C 55.46, H 6.30, N 
9.80. 

[(Acetoxymethyl)carbonyl]methylenetriphenylphosphorane (8) 
To a cold solution of 1,3-dichloro-2-propanone (5 g, 39 mmol) 

(36) in acetone (150 mL) was added powdered lithium bromide 
(50g) with vigorous stirring using a mechanical stirrer. The 
reaction mixture was stirred at 18-20°C for 3 days. Evaporation 
of the solvent gave a brownish solid which was partitioned 
between water and dichloromethane. The aqueous solution was 
extracted once more with a small amount of dichloromethane. 
The combined dichloromethane solutions were washed with 
cold water, dried (MgSO,), and evaporated to afford crude 1,3- 
dibromo-2-propanone as a syrup. 

A solution of the crude 1,3-dibromo-2-propanone in toluene 
(25 mL) was added dropwise to a stirred solution of triphenyl- 
phosphine (10.2 g, 39 mmol) in toluene (30 mL) at room temper- 
ature. Stirring was continued overnight at room temperature. 
The solid was collected by filtration, washed with toluene, and 
dried. To a stirred solution of the dried salt'in 60% aqueous 

methanol (250 mL) was added an excess of powdered sodium 
carbonate. Stirring was continued for 30 min and more water 
(50 mL) was added to  the reaction mixture. After being stirred 
for another 30 min, the solid was collected by filtration, washed 
thoroughly with water, and dried in a desiccator to afford crude 
(bromoacetyl)methylenetriphenylphosphorane (7.5 g) as a 
white solid having Rf 0.18 (solvent E). 

A mixture of the crude (bromoacetyl)methylenetriphenyl- 
phosphorane (7.5 g) and powdered sodium acetate (18 g) in 
N,N-dimethylformamide (200 mL) was stirred vigorously using 
a mechanical stirrer at 50°C for 3 days. The reaction mixture was 
poured into water and the mixture was extracted with 
dichloromethane a few times. The combined dichloromethane 
extracts were washed with water, dried (MgSO,), and concen- 
trated to  a dark brownish solid. A solution of this solid in ethyl 
acetate was filtered through silica gel. Evaporation of the sol- 
vent afforded 8 as a yellow solid (4.1 g, 28% from 1,3-dichloro- 
2-propanone) having R, 0.16 (solvent E); 'Hmr 6: 2.12 (3H, s, 
OAc), 4.58(2H, s, COCH,O), 7.24-7.71 (16H, PCH, 15 aroma- 
tic H's). This material was suitable for use in the subsequent 
reaction. 

I-[(E)-8-O-Aceryl-5,6-dideoxy-2,3-O-isopropylidene-P-~ 
ribo-ocr-5-eno-I ,4-furanosid-7-ulosyll-3- 
methyluracil (20) 

To a solution of 6 (1.79g, 6.0mmol) in dimethylsulfoxide 
(30 mL), stirred at room temperature under nitrogen, pyridine 
(0.48 mL), trifluoroacetic acid (0.23 mL), and N,N1-dicyclo- 
hexylcarbodiimide (3.72g, 18 mmol) were added. After 18 h, the 
Wittig reagent 8 (2.94g, 7.8 mmol) was added and stirring was 
continued for a further 24 h at  room temperature. The product 
was isolated by the procedure which was used for 11 to  give, 
after column chromatography (toluene-acetone, 6: 1 (vlv)), 20 
as a colorless syrup (1.7 g, 72%) having R, 0.36 (solvent B ) ;  ir 
(film) v,,,: 1735, 1700, 1660, 1630 cm-I; uv ?L,, (EtOH) 226 (E 
10 100), 255(8500)nm; 'HmrS: 1.36(3H, s, isopropylidene-Me), 
1.57 (3H, s,  isopropylidene-Me), 2.16 (3H, s, OAc), 3.28 (3H, s, 
NMe), 4.56-5.01 (4H, H-3', H-4', 2(H-8')'s), 5.08 (IH, dd, Jz,,3, 
= 6.0Hz, J1,,2.= 1.2Hz,H-27, 5.56(1H,d, H-11),5.76(1H,d, 

8.0 HZ, H-5), 6.27 (lH, d, J5',6' = 16.0 HZ, H-6'), 6.99 (lH, 
dd, J4,,5,= 5.5 HZ, H-5'),7.16 (IH, d, H-6). 

I-[(E)-8-O-Acetyl-5,6-dideoxy-2,3-O-isopropylidene-P-~allo 
(and a-L- talo)-oct-5-enofuranosyll-3-methyluracil(21) 

To a stirred solution of 20 (1.46g, 3.7mmol) in ethanol 
(20 mL) was added sodium borohydride (0.15 g, 3.9 mmol) at 
-20°C in the dark. Thin-layer chromatography (solvent A) 
showed that after 5 min the reaction mixture contained one 
major component (Rf 0.51) but no starting material. The product 
was isolated by the procedure which was used for 12 to give, 
after column chromatography (toluene-acetone, 5:2 (vlv)), 21 
as a colorless syrup (1.25 g, 85%); ir   film)^,,: 3430, 1735, 1710, 
1660, 1630cm-I; uv h,, (EtOH): 2 1 2 ( ~  6700), 259 (9100) nm; 
lHmr 6: 1.35 (3H, s, isopropylidene-Me), 1.57 (3H, s, isopro- 
pylidene-Me), 2.08 (3H, s, COMe), 3.29(3H, s, NMe), 3.63-4.80 
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(5H, H-3', H-4', H-7', 2(H-8')'s), 4.99 (IH, dd, J2r,3p= 6.0 HZ, 
J1'.2'= 1.5 Hz, H-2'), 5.60(1H, d, H-1'), 5.74(1H, d, .Isv6= 8.0 
Hz, H-5), 5.76-5.97 (2H, m, H-S', H-6'),7.21 (IH, d, H-6). 

1-[8-O-Ace~l-5,6-dideoxy-2,3-O-isopropylidene-~-~allo 
(and a-L-ta1o)-octofuranosyl]-3-methyluracil (22) 

Catalytic hydrogenation of the allylic alcohols 21 (1.25 g, 
3.4mmol) was performed as described above for 12 and af- 
forded, after column chromatography (toluene-acetone, 5:2 
(vlv)), 22 as a glass (1.2g, 90%) having R, 0.51 (solvent A); ir 
(film) v,,: 3430, 1730, 1710, 1665, 1630cm-I; uv h,,, (EtOH): 
212 (E 7600), 259 (1 1 800) nm; IHmr 6: 1.36 (3H, s, isopropyli- 
dene-Me), 1.58 (3H, s,  isopropylidene-Me), 1.48-1.95 (4H, m, 
2(H-S')'S, 2(H-6')'s), 2.08 (3H, s, OAC), 2.89 (lH, bs, OH, 
exchanged in D,O), 3.30 (3H, s,  NMe), 3.63-4.67 (5H, H-3', 
H-4', H-7', 2(H-8')'s), 4.94 (lH, dd, J2,,y= 6.0 HZ, J1',2,= 2.0 
HZ, H-2'), 5.67 (lH, d, H-l'), 5.78 (IH, d, J5 ,6= 8.0 HZ, H-5), 
7.30 (IH, d, H-6). Anal. calcd. for ClsH26N208: C 54.26, H 6.58, 
N 7.03; found: C 54.57, H 6.87, N 6.88. 

1-[8-0-Aceryl-5,6-dideoxy-2,3-O-isopropylidene-7-0-p- 
tolylsulfonyl-P-ball0 (and a-L-talo)-octofuranosyl]- 
3-methyluracil (23) 

To a solution of 22 (1.1 g, 2.8 mmol) in pyridine (5 mL) was 
added at O°C p-toluenesulfonyl chloride (0.58 g, 3.1 mmol). The 
product was isolated by the procedure which was used for 14 to 
give, after column chromatography (toluene - ethyl acetate, 
5:2 (vlv)), 23 as a white foam (1.27g, 83%) having R, 0.51 
(solvent C); ir(film)v,,: 1710, 1670, 1630, 1360, 1180cm-I; uv 
I,,, (EtOH): 228(~ 14 000), 259(11 800)nm; IHmr6: 1.35 (3H, s, 
isopropylidene-Me), 1.56 (3H, s, isopropylidene-Me), 1.64-1.98 
(4H, m, 2(H-5')'s, 2(H-6')'s), 1.90 (3H, s, OAc), 2.43 (3H, s, 
PhMe), 3.29 (3H, s, NMe), 3.78-4.92 (6H, H-2'-H-4, H-7' 
2(H-8')'~), 5.60(1H, d, J1',2'= 2.0 HZ, H-If), 5.73 (lH, d,J5,6= 
8.0 Hz, H-5), 7.15 (lH, d, H-6), 7.20-7.80 (5H, m, aromatic 
H's). 

1-[8-O-Aceryl-5,6-dideoxy-7-0-ptolylsulfonyl-P-~allo 
(and a-L-ta1o)-octofuranosyl]-3-methyluracil (24) 

Hydrolysis of 23 (0.18 g, 0.33 mmol) was performed as de- 
scribed above for 14 and afforded, after preparative tlc (tol- 
uene-acetone, 2:3 (vlv)), 24 as a glass (0.13 g, 75%) having R, 
0.36 (solvent A); ir (film) v,,,: 3410, 1710, 1670, 1630, 1360, 
1 1 8 0 ~ m - ~ ;  uv h,,, (EtOH): 227 (E 13 000), 259 (12 000) nm; 
'Hmr 6: 1.66-2.01 (4H, m, 2(H-5')'s, 2(H-6')s), 2.46 (3H, s, 
PhMe), 3.29 (3H, s, NMe), 3.60-5.11 (8H, H-2'-H-4, H-7', 
2(H-8')'s, 2OH's), 5.64(1H, d, J 1 * , 2 3 =  3.5 HZ, H-l'), 5.82(1H,d, 
J5 ,6= 8.OHz, H-5), 7.27 (lH, d, H-6), 7.28-7.84 (5H, m, aroma- 
tic H's). 

Treatment of 24 with Sodium Hydride 
To a solution of 24 (0.101 g, 0.20 mmol) in dry 1,2-dimethoxy- 

ethane, stirred at room temperature under nitrogen, sodium 
hydride (0.014g, 0.59 mmol) was added. Thin-layer chromatog- 
raphy (solvent A) showed that after 10 min the reaction mixture 
contained five new components (R, 0.27,0.48, 0.51, 0.66, and 
0.78) and the starting material (R, 0.36). After the reaction mix- 
'ture had been stirred overnight tlc showed that three new com- 
ponents (R, 0,0.08, and 0.23) had been formed and that two of 
the components formed earlier (R, 0.48 and 0.66) had almost 
disappeared. Cold water was added to the reaction mixture and 
the solution was carefully neutralized with 0.1 N hydrochloric 
acid. The neutralized solution was evaporated to dryness. The 
residue was extracted with methanol and the extract was evapo- 
rated to give a white solid which was fractionated on preparative 
tlc using toluene-acetone, 2:3 (vlv), as eluent. One (R, 0.27) of 
the major components was identified as being 1-[7,8-anhydro- 

5,6-dideoxy-P-D-a110 (and a-L-falo)-octofuranosyl]-3-methyl- 
uracil (25) (0.015 g, 25%); ir (film) v,,: 3440, 1710, 1670, 
1630 cm-I; uv h,, (EtOH): 212 (E 7800), 259 (13 000) nm; 'Hmr 
6: 1.57-2.02 (4H, m, 2(H-Sr)'s, 2(H-6')'s), 2.45-3.08 (3H, m, 
H-7', 2(H-8')'s), 3.27 (3H, s, NMe), 3.65-4.38 (5H, H-2'-H-4', 
2 O H ' ~ ) , 5 . 6 6 ( 1 H , d , J ~ , , ~ =  3.5 Hz,H-l'), 5.75(1H.d.55,6= 8.0 
HZ, H-5), 7.34(1H, d, H-6). 

When 24 was treated with sodium methoxide in chloroform 
only one product was obtained (92%), which was identical to the 
material (25) isolated in the above experiment. 

1-[7,8-Anhydro-5,6-dideoxy-2,3-O-isopropylidene-P-~allo 
(and u-L-tala)-octofuranosyl]-3-methyluracil (26) 

To a solution of 23 (0.94 g, 1.7 mmol) in chloroform (25 mL) 
was added sodium methoxide (0.114 g, 2.0 mmol) with stirring at 
WC. After the reaction mixture had been stirred overnight at 
WC, tlc (solvent C) showed that the reaction mixture contained 
only one component (R, 0.46) but no starting material. The 
reaction mixture was carefully neutralized with cold 1 N hy- 
drochloric acid, diluted with water (15 mL), and extracted with 
dichloromethane (2 x 10 mL). The combined extracts were 
washed with water, dried (MgSO,), and evaporated to give 26 as 
a syrup (0.57 g, 97%). An analytical sample was obtained by 
preparative tlc using toluene-acetone, 2:l (vlv), as eluent; ir 
  film)^,,,: 1710, 1670, 1630 cm-I; uv h,,, (EtOH): 212 (E 7800). 
259 (13 000) nm; IHmr 6: 1.28 (3H, s, isopropylidene-Me), 1.52 
(3H, s, isopropylidene-Me), 1.45-1.97 (4H, m, 2(H-5')'s, 2(H- 
6')'s), 2.38-2.99 (3H, m, H-7'. 2(H-8')'s), 3.27 (3H, s, NMe), 
3.81-4.63 (2H, m, H-3', H-47, 4.84(1H,dd,J28,3,= ~ . O H Z , J ~ ~ , ~ ~  
= 2.0Hz, H-2'), 5.56(1H, d, H-l'), 5.70(1H, d,J5,6= 8 . 0 H ~ ,  
H-5), 7.17 (lH, d, H-6). 

1-[8-0-Ally1-5,6-dideoxy-2,3-O-isopropylidene-~-ballo 
(and a-L-ta1o)-octofuranosyl]-3-methyluracil (27) 

To a stirred solution of 26 (0.57 g, 1.7 mmol) in ally1 alcohol 
(7 mL) was added sodium alloxide (0.20 g, 2.5 mmol) at WC. The 
reaction mixture was stirred at 45-50°C. After 8 h tlc (solvent C) 
showed that the reaction mixture contained only one component 
(R, 0.29) but no starting material. The reaction mixture was 
carefully neutralized with cold 1 N hydrochloric acid. The neut- 
ralized solution was diluted with water (10 mL) and the solution 
was extracted with dichloromethane (3 x 10 mL). The com- 
bined extracts were washed with cold water, dried (MgSO,), and 
concentrated to a brownish syrup which was purified by column 
chromatography (toluene-acetone, 3: 1 (vlv)) to afford pure 27 
as a colorless syrup(0.61 g, 88%); ir   film)^,,: 3480,1710,1660, 
1630 cm-I; uv h,,, (EtOH): 21 1 (E 6800), 259(9300) nm; 'Hmr 6: 
1.32 (3H, s, isopropylidene-Me), 1.50-1.90 (4H, m, 2(H-5')'s, 
2(H-6')'s), 1.54 (3H, s, isopropylidene-Me), 2.66 (IH, bs, OH), 
3.27-4.64 (7H, H-3', H-4', H-7', 2(H-8')'s, 2 vinylic H's), 3.30 
(3H,s,NMe), 4.85(1H,dd,J2,,32= ~ . O H Z , J ~ , , ~ , =  2.0Hz,H-2'), 
5.03-5.34 (2H, m, terminal vinylic H's) 5.58-6.39 (lH, m, vin- 
ylic H), 5.64(1H,d, H-l'), 5.75(1H,d,J5,6= 8.0Hz. H-5),7.23 
(lH, d, H-6). 

1-[8-0-Allyl-5,6-dideoxy-2,3-O-isopropylidene-7-O-p- 
tolylsulfonyl-P-pallo (and a-L-ta1o)-octofuranosyll- 
3-methyluracil (28) 

To a solution of 27 (0.58 g, 1.4 mmol) in pyridine (3 mL) was 
added at O°C p-toluenesulfonyl chloride (0.33 g, 1.7 mmol). 
Thin-layer chromatography (solvent C) showed that after the 
reaction mixture had been kept overnight it contained only one 
component (R, 0.56) but no starting material. 'The product was 
isolated by the procedure which was used for 14 to give 28 as a 
syrup (0.75 g, 94%). An analytical sample was obtained by pre- 
parative tlc using toluene-acetone, 2:l (vlv) as eluent; ir (film) 
v,,: 1710, 1670, 1630, 1360, 1180cm-I; uv h,, (EtOH): 227 (E 
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15000), 259 (13500) nm; 'Hmr 6: 1.26 (3H, s, isopropyli- 
dene-Me), 1.48 (3H, s, isopropylidene-Me), 1.60-1.78 (4H, m, 
2(H-5')'s, 2(H-6')'s), 2.45 (3H, s, PhMe), 3.23 (3H, s, NMe), 
3.32-5.18 (lOH, H-2'-H-4', H-7', 2(H-8')'s, 2 allylic H's, 2 
terminal vinylic H's), 5.38-5.99 (lH, m, vinylic H), 5.54 (lH, d, 
J1',2'= 2.0Hz, H-11),5.68(1H, d, J5 ,6= 8 . 0 H ~ ,  H-5),7.05-7.79 
(6H, aromatic H's, H-6). 

1-[8-0-AllyI-5,Gdideoxy-7-O-prolylsulfonyl- P - ~ a l l o  (and 
a-L-talo)-octofuranosyl]-3-methyluracil (29) 

Deblocking of the isopropylidene groups of 28 (0.7g, 
1.2 mmol) was performed as described above for 14 and af- 
forded, after column chromatography (toluene-acetone, 7:3 
(vlv)), 29 as a colorless syrup (0.58g, 89%) having Rf 0.17 
(solvent C); ir (film) v,,,: 3430, 1710, 1660, 1355, 1180 cm-I; uv 
A,,, (EtOH): 227 (E 15 500), 259 (13 500) nm; 'Hmr 6: 1.69-2.02 
(4H, m, 2(H-5')'s, 2(H-6')'s), 2.44 (3H, s, PhMe), 3.30 (3H, s, 
NMe), 3.28-5.39 (IOH, H-2'-H-4', H-7', 2(H-8')'s, 2 allylic H's, 
2 terminal vinylic H's), 5.62 (IH, d, J1',2' = 3.5 Hz), 5.48-6.34 
(lH, m, vinylic H), 5.76 (IH, d, J5 ,6= 8.0 Hz, H-5), 7.08-7.83 
(6H, H-6,5 aromatic H's). 

1-[8-0-Allyl-3,7-anhydro-5,Gdideoxy-~-~allo (and a -  L- 
talo)-ocrofuranosyl]-3-merhyluracil(30) 

Product 28(0.57 g, 1.1 mmol) in 1.2-dimethoxyethane(20 mL) 
was stirred with sodium hydride (0.1 1 g, 4.4 mmol, 50% oil dis- 
persion) at room temperature for 8 h. The reaction mixture was 
poured into ice-water (40 mL) and the mixture was exhaustively 
extracted with dichloromethane. The combined extracts were 
washed with a small amount of water, dried (MgSO,), and con- 
centrated to a syrup which was chromatographed on a column of 
silica gel (toluene-acetone, 5:2 (vlv)) to give 30 as a colorless 
syrup (0.22g, 54%) having R, 0.49 (solvent A); ir (film) v,,,: 
3420, 1710, 1660, 1630cm-l; uv A,,, (EtOH): 214 (E 6400), 262 
(9850) nm; 'Hmr 6: 1.55-2.05 (4H, m, 2(H-5')'s, 2(H-6')'s), 3.30 
(3H, s, NMe), 3.14-4.40 (9H, H-2'-H-4', H-7', 2(H-8')'s, 2 allylic 
H's, OH), 5.02-5.39(2H, m, 2 terminal vinylic H's), 5.65 (IH, s, 
H-l'), 5.59-6.23 (lH, m, vinylic H), 6.77 (lH, d, J5 ,6=  8.0 Hz, 
H-5), 7.34 (lH, d, H-6). 

Isomerizarion of the Ally1 Groups in 30 wirh RhC1(PPh3), 
A mixture of 30 (210 mg, 0.56 mmol), 1,4-diazabicyclo[2.2.2]- 

octane (18 mg), and RhCI(PPh,), (52mg, 0.056 mmol) in 60% 
aqueous ethanol was heated at reflux temperature. After 1.5 h tlc 
(solvent A) showed that the reaction mixture contained two 
components (Rf 0.55.0.58) but no startingmaterial. The reaction 
mixture was filtered, and the filtrate was concentrated to half- 
volume and then partitioned between water and dichloro- 
methane. The aqueous layer was further extracted with 
dichloromethane a few times. The dried (K2C03) organic solu- 
tion was concentrated to a brownish foam which was fraction- 
ated on a column of silicagel (toluene-acetone, 3: 1 (vlv)) to give 
l-[3,7-anhydro-5,6-dideoxy-8-O-(prop-l-enyl)-~-~-allo-octo- 
furanosyll-3-methyluracil(31) as a colorless syrup (94 mg, 45%) 
having R, 0.58, [aID +32.7" (c 0.26, CH2C12); ir   film)^,,: 3430, 
1710,1660,1630~m-I; uvk,,,, (EtOH): 212(~6500), 261 (12 500) 
nm; lHmr 6: 1.56 (3H, dd, lJ = 6.5 HZ, 2J = 1.5 HZ, allylic 
Me), 1.58-2.02 (4H, m, 2(H-5')'s, 2(H-6')'s), 3.15-5.01 (8H, 
H-2'-H-4', H-7', 2(H-8')'s, =CH, OH), 3.29 (3H, s, NMe), 
5.61(1H,~,H-l'),5.71(1H,d,J~,~=8.OH~,H-5),5.86-6.30(1H, 
m, =HCO), 7.30(1H, d, H-6). 
1-[3,7-Anhydro-5,6-dideoxy-8-0-(prop- 1-eny1)-a-L-talo- 

octofuranosyl]-3-methyluracil (32) was isolated as a colorless 
syrup (88 mg, 42%) having Rf0.55; [aID +35.4" (c 0.26, CH,C12); 
ir   film)^,,,: 3430,1710,1660,1630 cm-I; uvk,,,, (EtOH): 212 (E 
7000), 261 (12 500) nm; 'Hmr 6: 1.58 (3H, dd, 'J = 6.5 Hz, 2J = 
1.5 Hz, allylic Me), 1.58-2.02 (4H, m, 2(H-5')'s, 2(H-6')'s), 
3.19-4.94 (8H, H-2'-H-4', H-7', 2(H-8')'~, =CH, OH), 3.30 

(3H, s, NMe),5.62(1H, s, H-l'), 5.76(1H,d,J5,6= 8.OHz,H-5), 
5.91-6.32(1H, m, =HCO), 7.38(1H, d, H-6). 

1-(3,7-Anhydro-2-O-benzoyl-5,Gdideoxy-P-~allo- 
octofuranosy1)-3-merhyluracil(35) 

TO a cooled solution of 31 (92mg, 0.25 mmol) in pyridine 
(2 mL) was added benzoyl chloride (42 mg, 0.30 mmol). The 
reaction mixture was kept at room temperature for 30 min and 
then poured into cold water (20 mL), and the mixture was ex- 
tracted with dichloromethane (2 x 20 mL). Concentration and 
then co-evaporation with toluene of the dried (MgSO,) di- 
chloromethane solution afforded crude 1-[3,7-anhydro-2-0- 
benzoyl-8-0-(prop- 1-eny1)-P-D-allo-octofuranosyl]-3-methyl- 
uracil (33) as a colorless syrup having Rf 0.72 (solvent A). To 
a solution of crude 33 in 60% aqueous methanol (8 mL) was 
added 0.1 N hydrochloric acid in 80% aqueous methanol (8 mL). 
The reaction mixture was stirred at room temperature for 8 h 
and then neutralized by addition of silver carbonate. The silver 
salts were removed by filtration. The filtrate was concentrated 
to half-volume and then extracted with dichloromethane several 
times. The dried (MgS04) organic solution was concentrated to 
a yellow solid which was fractionated by preparative tlc (to- 
luene-acetone, 2:l (vlv)) to afford 35 as a colorless syrup 
(87 mg, 88% from 31) having R, 0.46 (solvent C); [aID +28.8" (c 
0.07, CH,C12); ir   film)^,,: 3430,1710,1660,1630~m-~; uv A,, 
(EtOH): 231 (E 15 100), 258 (10300) nm; lHmr6: 1.54-1.88(4H, 
m, 2(H-5')'s, 2(H-6')'s), 3.28(3H, s, NMe), 3.52-3.86(6H, H-3', 
H-4', H-7', 2(H-8')'~, OH), 5.62 (IH, d, Jz:3.= 4.0 HZ, H-27, 
5.72 (lH, S, H-1'), 5.78 (lH, d, J 5 , 6 =  8.0 HZ, H-5), 7.21-8.23 
(6H, H-6, aromatic H's). See Table 1 for I3Cmr data. 

1-(3.7-Anhydro-2-0-benzoyl-5,Gdideoxy-a-~talo- 
octofuranosy1)-3-methyluracil(36) 

Compound 32 (85 mg, 0.23 mmol) was benzoylated as de- 
scribed above for compound 31 to give crude 1-[3,7- 
anhydro-2-0-benzoyl-5 ,6-dideoxy-8-0-(prop-1-enyl)-a-L-talo- 
octofuranosyl]-3-methyluracil(34) as a colorless syrup having Rf 
0.72 (solvent A). Removal of the prop-1-enyl group of 34 was 
performed as described above for 33 to afford, after the prepara- 
tive tlc (toluene-acetone, 2:l (vlv)), 36 as a colorless syrup 
(80 mg, 88% from 32) having R, 0.43 (solvent C); [ a ] ~  +32.7" (c 
0.09, CH2C12); ir   film)^,,,: 3430,1710,1660, 1630 cm-I; uv A,, 
(EtOH): 230 (E 14 000), 258 (10 000) nm; lHmr 6: 1.75-1.96 (4H, 
m, 2(H-5')'s, 2(H-6')'s), 3.28(3H, s, NMe), 3.66-4.15(6H, H-3', 
H-4', H-7', 2(H-8')'~, OH), 5.62 (lH, d, J2',3* = 4.0 HZ, H-27, 
5.77(1H,d,Js.6=8.OHz,H-5),5.78(1H,~,H-1'),7.20-8.15(6H, 
H-6, aromatic H's). See Table 1 for 13Cmr data. 

1-(3.7-Anhydro-5,Gdideoxy- 0-pallo-ocrofuranosy1)-3- 
methyluracil (37) 

To a solution of 35 (80 mg, 0.20 mmol) in methanol (2 mL) was 
added 1 N sodium methoxide in methanol (0.07 mL) at room 
temperature. The reaction was complete almost immediately. 
The reaction mixture was filtered through ion-exchange resin 
(H+) and the resin was washed with a small amount of methanol. 
Evaporation of the methanol solution afforded a brownish re- 
sidue which was purified by preparative tlc (ethyl acetate 
-acetone, 3:l (vlv)) to give 37 as an amorphous solid (58 mg, 
98%) having R, 0.63 (solvent F); [aID +21.2" (c 0.05, MeOH); ir 
(KBr)v,,: 3350,1700,1660,1620 cm-I ; uv A,,, (MeOH): 214 (E 
7500), 262 (12 800) nm; lHmr 6 (DMSO-d,): 1.66-2.12 (4H, m, 
2(H-5')'s, 2(H-6')'s), 3.27 (3H, s, NMe), 3.11-4.28 (6H, H- 
2'-H-4', H-7', 2(H-8')'~), 5.72(1H, S, H-1'), 5.80 (lH, d, J 5 , 6 =  
8.0 Hz, H-5), 7.66 (lH, d, H-6). Anal. calcd. for C,,H,N,O,: C 
52.35, H 6.08, N 9.39; found: C 52.39, H 6.23, N 9.47. 

1-(3,7-~nh~dro-5,Gdideox~-a-~-t~o~ocrofuranos~~)-3- 
methyluracil (38) 

Compound 36 (29mg, 0.072 mmol) was debenzoylated in a 
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manner similar to that used for compound 35 to afford, after 
preparative tlc (ethyl acetate - acetone, 3:1 (vlv)), 38 as an 
amorphous solid (21 mg, 98%) having Rf 0.61 (solvent F); [a], 
+25.6" (c 0.06, MeOH); ir (film) v,,: 3350, 1700, 1650, 
1620 cm-I; uv hmax (MeOH): 2 1 4 ( ~  7500), 262 (13 000) nm; lHmr 
6 (DMSO-d,): 1.75-2.21 (4H, m, 2(H-5')'s, 2(H-6')'s), 3.27 (3H, 
s,  NMe), 3.18-4.23 (6H, H-2'-H-4', H-7', 2(H-8')'s), 5.72(1H, s, 
H-l'), 5.82(1H, d ,JS,6= 8.0 HZ, H-S), 7.71 ( lH ,  d,  H-6). Anal. 
calcd. for Cl,Hl,N20,: C 52.35, H 6.08, N 9.39; found: C 52.59, 
H 6.08, N 9.20. 

1-(3,7-Anhydro-5,6-dideoxy-~-~-allo-octofuranosyluronic 
acid)-3-methyluracil (39) 

A mixture of 37 (50 mg, 0.17 mmol) in water (5 mL) and 10% 
platinum-on-charcoal catalyst (13 mg) were placed in a 30-mL 
test tube. The pH of the solution was adjusted to -8.5 by 
addition of saturated aqueous sodium hydrogen carbonate solu- 
tion. Oxygen was vigorously bubbled through the reaction mix- 
ture to provide sufficient agitation. The temperature of the reac- 
tion mixture was maintained at 70°C by means of a water bath 
throughout the course of the reaction. Every 30 min the pH of 
the reaction mixture was checked and adjusted to 8.5. The 
reaction was complete in 3 h. The reaction mixture was filtered 
through Celite twice and the filtrate was washed with dichloro- 
methane. The aqueous solution was eluted through ion- 
exchange resin (H+) and then freeze-dried to give a brownish 
foam which was carefully purified by preparative tlc (n-butanol 
- methanol-water, 8: 1: 1 (vlv)) to afford 39 as a colorless glass 
(39 mg, 74%) having Rf 0.18 (solvent G);  [a], +14.4" (c 0.3, 
0.1 N aqueous sodium hydroxide); ir (film) v,,,: 3420, 1710, 

I 1660, 1620cm-I; uv hmax (H,O): 213 (E 7800), 262 (13 500) nm; 
I 'Hmr 6 (D20): 1.78-2.29 (4H, m, 2(H-S1)'s, 2(H-6')'s), 

2.97-4.45(4H, H-2'-H-4', H-7'),3.26(3H, s, NMe), 5.71 ( lH ,  s, 
H-l'), 5.88 ( lH,  d, J 5 6 =  8.0 Hz, H-5), 7.62(1H, d,  H-6). Anal. 
calcd. for c,,H,,N,o': C 50.00, H 5.17, N 8.97;found: C 50.13, 

i H5.23,N9.11. 

3- Methyl-I-(methyl 3,7-anhydro-5,6-dideoxy-P-~allo- 
octofuranosyluronate)uracil(40) 

To a stirred solution of compound 39 (37 mg, 0.12 mmol) in 
methanol (1 mL) was added 5% hydrogen chloride in methanol 
(2mL) at "C. After 2 h ,  the reaction mixture was neutralized 
with silver carbonate. Silver salts were removed by filtration and 
the filtrate was concentrated to a pale yellow syrup which was 
purified by preparative tlc (toluene-acetone, 1: 1 (vlv)) to afford 
40 as a colorless syrup (31 mg, 81%) having Rf 0.38 (solvent A); 
[a], +25.7" (c 0.05, CHCI,); ir(film)v,,,: 3430, 1710, 1660, 1630 
cm-I; uv hmaX (MeOH): 214 (E 7500), 262 (14000) nm; 'Hmr 6: 
1.75-2.23 (4H, m, 2(H-5')'s, 2(H-6')'s), 3.27 (3H, s, NMe), 3.75 
(3H, s,  COOMe), 3.02-4.51 (4H, H-2'-H-4', H-7'),5.72 ( lH,  s, 
H-l'), 5.86(1H, d,J5,6= 8 . 0 H ~ ,  H-S), 7.62(1H, d, H-6). 
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