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The primary hydroxy group of ethyl 2,3dideoxy-a-~-erythro-hex-2-enopy- 
ranoside (1) was selectively protected and the secondary hydroxy group was 
deoxygenated via the dithiocubonate 3 from which ethyl 60-(4meth- 
oxybe~yl)-2,3,4trideoxy-a-~-g~cem-hex-2~nopyranoside (4) and its re- 
gioisomer (5) were produced These were converted into didehydro nucleo- 
sides by glycosylation of silylated heterocyclic bases in the presence of 
trimethylsilyl trifluoromethanesulfonate as catalyst. The configurations of 
the anomeric products were assigned by ‘H-NhfR analysis of the corre- 
sponding saturated compounds which were obtained by hydrogenation of the 
double bond in tk carbohydrate moiety. The compounds h.b,d, lOa,b, 
14a,b,e,f, and lS4b.e.f did not show any significant activity against HIV or 
HSV-1. 

Synthese pyranoider Analoga des anti-€IN-aktiven 3’-Desoxy-2’,3’-di- 
dehydrothymidm (D4“) 

Die prim. OH-Chppe des Ethyl-2,3-didesoxy-a-~-e~t/1ro-hex-2-enopyra- 
nosids (1) wurde selektiv zu 2 geschiltzt und die sek. OH-Gruppe Uber das 
Dithiocarbonat 3 desoxygeniert. So entstanden 6-0-(4-methoxybenzoyl)- 
2,3,~~~0xy-a-~g~~er~~xycero-hex-2enopyrano (4) und win Regioisomer 
5. Durch Glykosilierung silylierter Nukleobasen mit Trimethylsilyl-trifluor- 
methansulfonat als Katalysator entstanden die entspr. Didehydronukleoside. 
- Die Konfigurationen der Anomeren wurden durch ‘H-NMR-Analp der 
zugeharipn gesilttigten Verbindungen bestimmt, die durch Hydrieren der 
Doppelbindung im Kohlenhydratanteil entstanden waren. - Die Verbindun- 
gen 9a,b,d, lOa,b, 14a,b,e,f und 15a,b,e,f migen keine s i g n i h t e  Aktivittit 
gegen H N  oder HSV-1. 

Unfortunately, there is still a need of compounds with efficient and selec- 
tive inhibition of the human retroviru~’~~) (HIV). Among the nucleosides, 
the lead compound for the synthesis of new anti-HN compounds is 3’- 
azid0-3’4eoxythy111idine (AZT)4) which in absence of a free 3’-hydroxy 
group results in termination of DNA synthesis. Other sugar modified nucle- 
osides such as 2’,3’-didehydro-2’.3’-dideoxycytosine (D4C)5-8) and 2’,3’- 
didehydro-3’-deoxythymidine (D4T)48-’o) have also shown antiviral activ- 
ity. The latter compounds have stimulated our interest to synthesize unsatu- 
rated pyranosyl nucleosides. 

Ethyl 4,6-0-diacetyl-2,3-dideoxy-a-~-e1yfhro-hex-2-eno- 
pyranoside was obtained from 3,4,6-tri-O-acetyl-D-glucal as 
described by Ferrier and Praud‘ ’) and subsequently deace- 
tylated with a catalytic amount of sodium in methanol at 
room temp. to give 1. Ethyl 6-0-(4-methoxybenzoy1)-2,3- 
dideoxy-a-~-eryrhro-hex-2-enopyranoside 2 was readily 
prepared by selective protection of the prim. hydroxy group 
of 1 by reaction with bmethoxybenzoyl chloride in dry pry- 
ridine and benzene at 0’C.- ‘H-NMR-spectrum of 2 shows 
4-H as a doublet at 6 = 4.18 ppm in agreement with reports 
on similar compounds’2) showing that the protection had 
occurred at the prim. hydroxy group. The free hydroxy 
group at C-4 was transformed into an S-methyl dithiocarbo- 
nate 3 by reaction with NaH, CS2, and a catalytic amount of 
imidazole in dry tetrahydrofuran at 0°C and then with H3CI 
at room temp. This compound was reduced with tri-n-bu- 
tyltin hydride using a catalytic amount of a,a’-azoisobuty- 
ronitrile in dry toluene. TLC analysis showed formation of 
two products 4 and 5. Separation on silica column was 
rather difficult because of their similar polarity due to their 
only difference being the position of the double bound 

which was assigned by comparison of their ‘H-NMR- and 
13C-NMR-spectra with those of 2-hexenopyranoses and 3- 
hexenopyrano~es’~+’~). Ethyl 6-0-(4-methoxybenzoy1)- 
2,3,4-trideoxy-a-~-glycero-hex-2-enopyranoside 4 and its 
regioisomer 5 were formed in almost equal amounts, most 
likely viu a resonance stabilized allylic radical formed by 
reduction of compound 3. 
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Scheme 1 

The isomers 4 and 5 were used for glycosylation of sily- 
lated nucleobases with trimethyl trifluoromethanesulfonslte 
as catalyst according to Vorbriiggen and co-worker~’~*’~). 
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The condensation between compound 4 and silylated uracil 
or thymine in dry acetonitrile gave a mixture of products 
which was separated by prep. reverse phase HPLC to give 
the pure a-anomers 6a,b and p-anomers 7a,b as well as the 
pure 1 ,Zunsaturated pyranos-3-yl-uracils 8a.b. Glycosyl- 
ation of the silylated ~-isobutyrylcyto~ine'~) under the 
same condition at O°C resulted in coupling of the 3-position 
of the sugar to give compound I c  with only traces of the 
normal nucleosides 6c and 7c. Formation of compound 8c 
was more favourable at higher temp. or longer reaction 
times. When the reaction temp. was lowered to -2O"C, the 
proportion between 6c, 7c, and 8c was changed into 16:1:2. 
The p-anomer 7c and its regioisomer 8c were isolated as a 
mixture. The condensation of 3,4unsaturated pyranoside 5 
with silylated pyrimidine bases or N6-isobutyxyladenine 
using trimethylsilyl trifluoromethanesulfonate afforded an 
anomeric mixture which was separated by reverse phase 
HPLC to give the nucleosides 12a-d and 13a-d. 

Finally, treatment of the compounds 6-8,12, and 13 with 
methanolic ammonia at room temp. followed by chromato- 
graphic purification afforded the unprotected nucleosides 9- 
11,14, and 15, respectively. 
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15a,b,e, 16, and 17 which were synthesized by an inde- 
pendent route from 2-deoxy-D-arabino-hexopyranosyl nu- 
cleosides"! 
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Scheme 4 

2D H-H-NMR-spectra were used to assign the protons in the unsaturated 
sugars and nucleosides. The 'H-NMR-spectra of compound 11 showed 
large axial-axial and geminal coupling constants of - 13 Hz and a small 
axialequatorial coupling constant of - 5 Hz which with the assumption of 
a half chair conformation assign the erythro configuration. For the cytosine 
nucleoside l l d  it was also possible to deduce the equatorial coupling con- 
stant Jk,4* = 5.0 Hz which shows that the nucleobase is in the axial posi- 
tion. This is opposite to full chair conformation which, according to OUT 

e~perience'~'~~),  has the large nucleobase in the equatorial position deter- 
mining which chair conformation is possible for the sugar ring. 

Compounds 9a,b,d, 10a,b, 14a,b,e,f, and 15a,b,e,f were 
selected for in vifro studies of biological effects. The com- 
pounds did not show any cytotoxicity or significant activity 
against Herpes Simplex Virus type 1 (HSV- l), strain Mcln- 
tyre, when propagated in a continuous cell line from rabbit 
cornea (SIRL) which was maintained in Eagle's MEM con- 
taining 1 % fetal caIf serum and test compounds (100 yM). 
The same compounds were also devoid of cytotoxicity and 
activity against HIV-1 (strain HTLV-IIIB) in MT-4 cells, 
when MT-4 cells were incubated with virus, washed and 
added in a proportion of 1:lO to uninfected MT-4 cells 
which had been preincubated in test compound (1 00 pM) 
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containing growth medium for 2 h. The MT-4 cells were 
maintained with the culture medium likewise containing the 
test compound (100 pM) and expression of HIV in culture 
medium was quantitated by HIV antigen detection ELISA. 

493 
(300 mg) in dry toluene (150 ml) was added dropwise during 60 min with 
stirring under Nz. The mixture was refluxed for 2-5 h until TLC analysis 
(ethyl acetatebenzene 793) indicated the disappearance of starting materi- 
al. The mixture was evaporated and the residual oil was chromatographed 
on silica gel column (70 x 5 cm) with ethyl acetate/bemne (7:93) to give 
compound 4 (3.21 g, 36%) and compound 5 (3.47 g, 39%). 

4: ‘H-NMR (CDCl3): 6 (ppm) = 1.22 (t, 7.1 Hz, 3H, CH3), 2.02 (dt, 17.8 
Hz, 4.2 Hz, lH, 6%), 2.17 (dd, 17.8 Hz, 10.4 Hz, lH, 4-Ha. 3.54 (dq, 9.5 
Hz, 7.1 Hz, 1H. OC&-CH3). 3.85 (m, 4H, OCH3 and OC&,-CH3), 4.33 
(m, 3H, 5-H and 6-H), 5.03 (d, 2.3 Hz, IH, I-H). 5.79 (dd, 9.7 Hz. 2.3 Hz, 

8.01 (d, 8.8 Hz, 2H, Ar-H).- 13C-NMR (CDC13): 6 (ppm) = 15.4 (CH3), 
lH, 2-H), 6.03 (dd, 9.7 Hz, 4.2 Hz, 1H. 3-H), 6.91 (d, 8.8 Hz, 2H, Ar-H), 

26.7 (C-4). 55.4 (OCH3), 63.2 (OCHz), 64.8 (C-6), 66.5 (C-5), 94.4 (C-l), 
113.6 and 122.5 (Ar), 125.9 (C-2). 128.2 (C-3), 131.7 and 163.6 (Ar), 
166.1 (C=O).- MS (70 eV): m/z (Ti) = 292 (9, M+). 

5: ‘H-NMR (cm13): 6 (pprn) = 1.24 (t. 7.1 Hz, 3H, CH3). 2.09 (m. lH, 
2-H& 2.46 (m. lH, 2-H& 3.56 (dq, 9.6 Hz, 7.1 Hz, IH, OC&-CH3), 3.84 
(m, 4H. OCH3 and OC&-CH3), 4.39 (m, 2H, 6-H), 4.54 (m, IH, 5-H), 
5.05 (d, 4.0 HZ, lH, 1-H), 5.75 (d, 10.3 Hz, lH, 4-H). 5.85 (dd, 10.3 Hz, 
4.3 HZ, IH, 3-H),6.91 (4 8.6 Hz, 2H, Ar-H), 8.01 (d, 8.6 Hz, 2H, Ar-H).- 
13 

(OCHz), 66.0 (C-6), 66.7 (C-5). 95.6 (C-I), 113.6 and 122.5 (Ar), 123.9 
C-NMR (CDCl3): 6 (pprn) = 15.2 (CH3). 30.1 (C-2). 55.4 (OCH3). 63.2 

(C-4)- 124.9 (C-3), 131.7 and 163.5 (Ar). 166.0 (C=O).- MS (70 eV): m/z 
(95) = 292 (7, M+). 

Preparation of Nucleosides 6,7 and 8. General Procedure 

A solution of the appropriate pyrimidine or purine bases (1.5 equiv.) in 
hexamethyldisilazane (HMDS) (20 ml) and a catalytic amount of ammoni- 
um sulphate was refluxed for 4-6 h. The excess HMDS was removed by 
co-evaporation with 2 x 50 ml portions of dry toluene under reduced press- 
ure. A mixture of the appropriate silyted nucleobase (1.5 equiv.) and com- 
pound 4 (1 equiv.) in 50 ml dry acetonitrile was stirred under N2 and the 
mixture was cooled to OOC. Trimethylsilyl trifluoromethanesulfonate (1.1 
equiv.) was added and the resulting solution was kept at 0°C until analyti- 
cal silica TLC (ethyl acetate/petroleum ether (60-80°C) (73)) showed dis- 
appearance of carbohydrate (15-120 rnin). The mixture was diluted with 
methylene chloride (100 ml) and shaken with saturated aqueous NaHC03 
and washed with water (2 x 150 ml). The org. phase was dried over magne- 
sium sulphate and concentrated under reduced pressure to give a mde 
product which was purified by preparative reverse phase HPLC or by 
column chromatography. 

Experimental Part 

NMR-spectra: Bruker AC 250 NMR, TMS as internal standard.- EI 
mass-spectra: Varian MAT 31 1A.- Silica gel TLC: Merck silica gel (0.040- 
0.063 nun).- Reverse-phase HPLC C18 column (15 pm, 300 A).- Elemen- 
tal analysis: NOVO-NORDISK Microanalytical Laboratory, Novo AIM, 
DK-2880 Bagsvaerd. 

Erhyl 23-Dideoxy-6-0-(4-meth~benzoyl)-a-~-e1yhro-hex- 
2enopyranoside (2) 

Compound 1”) (21.7 g, 124.6 mmol) was dissolved in dry pyridine (275 
ml) and dry benzene (275 ml) at OOC. 4-Methoxybenzoyl chloride (18.6 ml, 
137.0 mmol) in dry pyridme (100 ml) and dry benzene (100 ml) was slowly 
added with stirring during 90 min. After 2 h at 0°C the solution was poured 
into 500 ml ice-water and extracted twice with benzene (300 ml). The 
combined org. layers were washed several times with water, dried with 
MgS04 and evaporated in vacua Wdine was removed by co-evaporation 
with 100 ml dry toluene. The residual oil was purified by silica column 
chromatography (30 x 7.5 cm) with ethyl acetate/petroleum ether (60- 
80°C) (1:l). Yield 24.2 g (63%).- ‘H-NMR (CDC13): 6 (ppm) = 1.22 (t. 7.1 
Hz, 3H, CH3). 3.55 (dq, 9.5 Hz, 7.1 Hz, OCH,-CH3). 3.84 (m. 4H, OC&- 
CH3 and CH3), 4.01 (ddd, 9.4 Hz, 5.2 Hz, 2.5 HZ lH, 5-H), 4.18 (d, 9.4 Hz, 
1H, 4-H), 4.56 (dd, J = 12.1 Hz, 2.5 Hz, lH, 6-H& 4.63 (dd, 12.1 Hz, 5.2 

IH, 3-H). 6.89 (d, 8.9 HZ, 2H, Ar-H), 8.00 (d, 8.9 Hz, 2H. Ar-H).- 13C- 
Hg lH, 6Hb), 5.02 (br s. lH, 1-H), 5.75 (m. 1H. 2-H), 6.01 (d, 10.1 Hz. 

NMR (CDCI3): 6 (ppm) = 15.0 (CH3). 55.1 (OCH3). 63.6 (C-4). 63.7 
(OCH3). 64.0 (C-6). 70.2 (C-5). 93.9 (C-I), 113.9 and 121.9 (Ar), 126.1 
(C-2). I31.5(Ar), 131.1 (C-3). 163.3 (&), 166.7(C&). 

Ethyl 23-Dideoxr-6-0-(4-methoxybenroyl)-4-O-(S-~t~l- 
dithiocarbo~~a-~-erythro-hex-2-enopyranoside (3) 

CS2 (11.7 ml, 194.7 mmol) and a catalytic amount of imidazole were 
added to a suspension of NaH (4.87 g 50% in oil, 97.3 mmol) in dry 
tetrahydrofuran (250 ml). Compound 2 (20.0 g, 64.9 mmol) in 150 ml dry 
tetrahydrofuran was added dropwise with stining during 30 min. The mix- 
ture was kept at OOC for 60 min and CH31 (8.0 ml, 129.8 mmol) was added. 
The solution was stirred for 60 min at room temp. F’yidinium acetat (py- 
ndWacetic acid 1:l) (25 ml) and a few drop of water were added. The 
mixture was concentrated, diluted with water (500 ml), and extracted with 
diethyl ether (2 x 400 ml). The org. layer was dried over MgS04 and 
evaporated The residual oil was purified by silica cc (20 x 7.5 cm) with 
ethyl aceWpetroleurn ether (60-80”C) (12:88). Yield 20.6 g (80%).- ‘H- 
NMR (CDCl3): 6 (pprn) = 1.24 (t, 7.1 Hz, 3H. CH3). 2.55 (s. 3H, SCH3), 
3.58(dq,9.3Hz,7.1Hz, 1H,0C&-CH3),3.86(rn,4H,0CH3andOC&- 
CH3), 4.44 (m, 3H, 5-H and 6-H), 5.08 (br s, lH, 1-H), 5.91 (m, IH, 2-H), 

Ar-H), 8.01 (d, 8.9 Hz, 2H. Ar-H).- I3C-NMR (CDCI3): 6 (ppm) = 15.1 
6.04 (d, 10.3 Hz. lH, 3-H), 6.34 (6 9.2 HZ, IH, 4-H). 6.91 (d, 8.9 Hz, 2H, 

(CH3), 19.0 (SCH3)- 55.2 (OCH,), 63.2 (OCH2), 64.1 (C-6). 66.6 (C-4), 
73.7 (C-5), 94.0 (C-l), 113.4 and 122.1 (Ar), 127.9 (C-2). 128.6 (C-3), 
131.7 and 163.3 (Ar), 165.7 (C=O), 215.1 (C=S). 

Ethyl 6-O-(4-Methoxybenzoyl)-23,4-trideo~-a-~-g~cero-hex- 
2-enopyranoside (4) and ethyl 6-0-(4-Methoxybenzoyl)-2.3,4-trideoxy- 
a-D-glycero-hex-3-enopyranoside (5) 

97% hi-n-butyltin hydride (13.5 ml, 49.1 mmol) and a,a’-azoisobuty- 
ronitrile (50 rng) were added to dry toluene (600 ml). At gentle reflux a 
solution of compound 3 (12.0 g, 30.1 mmol) and a,a’-azoisobutyronitle 

1 -(6-0-(4-~ethoxybenzoyl)-23,4-trideo~~-~-glycero-~x- 
2-enopyranosy1)uracil (6~1, its $-Isomer 7a, and Regioisomer 8a 

Prepared from silylated uracil (4.4 mmol) and compound 4 (0.85 g, 2.9 
mmol) at 0°C for 15 min and separated by HPLC with 26% ethanol in 
water. 

6a: Yield 373 mg (36%).- ‘H-NMR ([DdDMSO): 6 (ppm) = 2.27 (m, 
2H, 4‘-H). 3.85 (s, 3H, OCHd, 4.05 (m, lH, 5’-H). 4.30 (m. 2H, 6‘-H), 
5.58 (d, 7.9 Hz, lH, 5-H), 5.81 (dd, 10.2 Hz, 2.4 Hz, lH, 2’-H), 6.25 (br s, 
lH, l’-H), 6.42 (m, lH, 3’-H), 7.05 (6 8.8 Hz, 2H, Ar-H), 7.70 (d. 7.9 Hz, 
IH, 6-H), 7.87 (d, 8.8 Hz, 2H, Ar-H), 11.40 (s, IH, N-H).- ”C-NMR 
([DalDMSO): 6 (ppm) = 26.0 (C-4‘). 55.4 (OCH3). 65.4 (C-6‘), 66.1 (C- 
5’). 76.7 (C-1’). 100.4 ((2-5). 113.9 and 121.6 (Ar), 122.0 (C-2’). 131.1 
(Ar), 132.0 (C-3’). 142.1 (C-6), 150.7 (C-2). 163.1 (C-4), 163.3 (Ar), 165.1 
(C=O). 

7a: Yield 80 mg (8%).- ‘H-NMR (CDCI3): 6 (ppm) = 2.24 (m. 2H, 
4’-H), 3.85 (s, 3H, OCH,), 4.30 (m, 3H, 5’-H and 6’-H), 5.62 (d, 9.9 Hz, 
lH, 2’-H), 5.76 (d, 8.0 Hz, lH, 5-H), 6.27 (m, lH, 3’-H), 6.55 (br s, lH, 

Hz, 2H, Ar-H).- 13C-NMR (CDC13): 6 (ppm) = 26.3 (C-4‘), 55.2 (OCH3), 
l’-H), 6.92 (d, 8.7 Hz, 2H,  Ar-H), 7.29 (d, 8.0 Hz, lH, 6-H), 7.99 (d, 8.7 

65.7 (C-6’), 72.1 (C-57, 78.6 (C-1’). 102.9 (C-5), 113.5 and 121.9 (Ar), 
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8c: Yield 798 mg (59%).- ‘H-NMR (CDCI3): 6 (ppm) = 1.21 (d, 6.8 Hz, 
6H. 2 CH3). 2.17 (m, 2H, 4‘-H), 2.77 (septet, 6.8 Hz, IH, CH). 3.85 (s, 3H, 
OCH3). 4.02 (m, IH, 5’-H), 4.41 (m, 2H, 6’-H), 4.79 (t, 5.6 Hz. IH, 2’-H), 
5.07 (m, IH, 3’-H), 6.90 (m, 3H, 1’-H and Ar-H), 7.46 (d, 7.3 Hz, lH, 

#-H).- 13C-NMR (CDCI?): 6 (pprn) = 18.8 (CH3), 18.9 (CH3), 29.6 (C- 
4’), 36.1 (CH), 48.2 (C-3’), 55.2 (OCH,), 65.2 (C-6’), 68.9 (C-5’). 95.6 

5-H), 7.98 (d, 8.7 HZ, 2H, Ar-H), 8.07 (d, 7.3 Hz, IH, 6-H), 9.40 (s, IH, 

(C-2’). 95.9 (C-5), 113.4, 121.7, and 131.5 (Ar), 146.5 (C-6), 150.4 (C-I.), 
155.4 (C-2), 162.3 (C-4). 163.3 (Ar), 165.6 (GO), 177.3 (C--O). 

125.0 (C-2’), 131.1 (C-3’), 131.6 (Ar), 140.3 (C-6), 150.5 (C-2). 163.4 
(C-4 and Ar), 165.8 (C=O). 

8a: Yield 272 mg (24%).- ‘H-NMR (CDCl3): 6 (ppm) = 2.23 (m, 2H, 
4-H). 3.86 (s, 3H, OCH31, 4.10 (m, IH, 5’-H), 4.39 (dd, 12.0 Hz, 5.6 Hz, 

2’-H), 5.07 (m. IH, 3’-H), 5.72 (d, 8.0 Hz, lH, 5-H), 6.87 (d, 5.7 Hz, IH, 

Hz, 2HI Ar-H), 10.04 (br s, IH, N-H).- I3C-NMR (CDC13): 6 (ppm) = 30.3 

lH, 6’-H,), 4.48 (dd, 12.0 Hz, 3.0 Hz, lH, 6’-Hb), 4.74 (t, 5.7 Hz, IH, 

I’-H), 6.92 (d, 8.6 Hz, 2H, Ar-H), 7.68 (d, 8.0 Hz, IH, 6-H), 8.00 (d, 8.6 

(C-4’). 46.8 (C-3’), 55.3 (OCH3), 65.2 (C-6‘). 69.3 (C-5’). 95.5 (C-2’). 
101.2 (C-5). 113.5, 121.7, and 131.6 (Ar), 141.8 (C-6), 150.4 (C-I.), 150.8 
(C-2). 163.4 (Ar), 163.7 (C-4), 165.7 (C=O). 

I -(6-0-(4-Methoxybenzoyl)-2~,4-trideoxya-~-glycero-hex- 
2-enopyranosy1)ihymine (6b). its p-Isomer 7b, and Regioisomer 8b 

Prepared from silylated thymine (5.1 mmol) and compound 4 (1.0 g, 3.4 
mmol) at 0°C for 30 min and separated by HPLC with 29% ethanol in 
water. 

6 b  Yield 275 mg (23%).- ‘H-NMR ([DJDMSO): 6 (ppm) = 1.77 (s, 3H, 
CH3), 2.26 (m, 2H, 4‘-H), 3.84 (s. 3H, OCH3), 4.02 (m, IH, 5’-H), 4.28 (d, 
4.6 Hz, 2H. 6’-H). 5.79 (d, 9.2 Hz, IH, 2’-H), 6.32 (br s, IH, 1’-H), 6.42 
(m. lH, 3’-H), 7.04 (d, 8.8 Hz. 2H, Ar-H), 7.53 (s, lH, 6-H), 7.86 (d, 8.8 
H z  2H, Ar-H), 11.39 (s, IH, N-H).- 13C-NMR ([D6]DMSO): 6 (ppm) = 

108.1 (C-s),, 114.0 and 121.6 (Ar), 122.3 (C-2’). 131.1 (Ar), 131.7 (C-3’). 

7 b  Yield 160 mg (13%).- ‘H-NMR (CDC13): 6 (ppm) = 1.92 (s, 3H, 
CH3). 2.22 (m, 2H, 4‘-H), 3.86 (s, 3H, OCH3), 4.28 (m, IH, 5’-H), 4.39 (m, 

3’-H), 6.56 (br s, lH, l’-H), 6.92 (d, 8.7 Hz, 2H. Ar-H), 7.08 (s, IH, 6-H), 
7.86 (d, 8.7 Hz, 2H, Ar-H).- l3C-NMR (CDCI3): 6 (ppm) = 12.3 (CH3), 

12.0 (CH3), 25.7 (C-4’), 55.4 (OCH3). 65.4 (C-6’). 66.1 (C-5’), 76.4 (C-1’). 

137.7 ((2-6). 150.7 (C-2). 163.1 (Ar), 163.8 (C-4), 165.1 ( C 4 ) .  

2H, 6’-H), 5.62 (d, 10.0 Hz, IH, 2’-H), 6.28 (dd, 10.0 Hz, 5.3 Hz, IH, 

26.4 (C-4’). 55.3 (OCHd, 65.8 (C-6’). 72.1 (C-5’), 78.5 (C-1’). 111.3 
(C-5). 113.5 and 121.9 (Ar), 125.4 (C-2’). 130.9 (C-3’). 131.6 (Ar), 135.9 
(C-6), 150.6 ((2-2). 163.4 (Ar), 163.9 (C-4), 165.9 (C=O). 
8b Yield 136 mg (I]%).- ’H-NMR (CDCI3): 6 (ppm) = 1.93 (s, 3H, 

CH3), 2.15 (m, 2H, 4‘-H), 3.86 (s, 3H, OCH3). 4.11 (m, IH, 5’-H), 4.39 

4.74 (1, 5.6 Hz, IH, 2’-H), 5.07 (m, lH, 3’-H), 6.87 (d, 5.6 Hz, IH, 1’-H), 

9.75 (br s, IH, N-H).- 13C-NMR (CDc13): 6 (ppm) = 12.5 (CH3). 30.5 

(dd, 12.0 Hz, 5.7 Hz, IH, 6’-H3, 4.48 (dd, 12.0 Hz. 3.3 Hz, IH, 6’-Hb), 

6.90 (d, 8.7 Hz, 2H, Ar-H), 7.47 (s, IH, 6-H), 8.00 (d, 8.7 Hz, 2H, Ar-H), 

(C-4’). 46.5 (C-3’). 55.3 (OCH3), 65.2 (C-6‘), 69.3 (C-5’), 95.5 (C-2’). 
109.6 (C-5), 113.5, 121.8, and 131.6 (Ar), 137.8 (C-6). 150.1 (C-1’). 150.9 
(C-2), 163.4(Ar), 164.1 (C-4), 165.7 (GO). 

I-(6-0-(4-Methoxy enzoyl)-23,4-tri&oxya-~-glycero-hex- 
Z-enopyranosy l ) -hdi i~u~~lcy~os ine  (6c) and its Regioisomer 8c 

8c was prepared from silylated ~-isobutyryI~ytosine’~) and compound 4 
(0.925 g, 3.2 mmol) at 0°C for 2 h and purified by silica column chromato- 
graphy (30 x 1.55 cm) with CH2C12 and methanol (95:5). When the reac- 
tion was canied out at -2OOC for 5 h, 6c was the main product, 7c and 8c 
were isolated as a mixture in low yield. 

6c: Yield 751 mg (41%).- ‘H-NMR (CDCI,): 6 (ppm) = 1.19 (two over- 
lapping doublets, 6.8 Hz, 6H. 2 CH3), 2.32 (m, 2H, 4’-H), 2.84 (septet, 6.8 
Hz, IH,CH), 3.84 (s, 3H,0CH3),4.06 (m, IH, 5’-H),4.38 (m,2H,6’-H), 
5.90 (d, 10.0 Hz, IH, 2’-H), 6.43 (m, IH, 3’-H), 6.58 (br s, IH, I’-H), 6.90 

7.98 (d, 8.5 Hz, 2H, Ar-H), 9.58 (br s, IH, #-H).- I3C-NMR (CDC13): 6 
(d, 8.5 HZ, 2H, Ar-H), 7.42 (d, 7.1 Hz, lH, 5-H), 7.91 (d, 7.1 Hz, IH, 6-H), 

(ppm) = 19.1 (2 CH3), 26.6 ((2-4’). 29.7 (CH), 55.4 (OCH3). 65.7 (C-6’). 
66.8 (C-5’). 78.9 (C-l’), 96.2 (C-5), 113.7 and 122.0 (Ar), 122.5 (C-2’). 
131.7 (Ar), 131.8 (C-3’), 145.3 (C-6). 155.7 (C-2). 163.2 (Ar), 163.6 (C-4), 
166.0 (C=O), 177.9 (C=O). 

7c: Selected data for p-isomer.- ‘H-NMR (CDCI3): 6 (ppm) = 6.70 (br s, 
IH, 1’-H).- 13C-NMR (CDC13): 6 (ppm) = 80.1 (C-1’). 

Preparation of Nucieosides 12 and 13 

Compound 5 (1.0 equiv.) in dry acetonitrile (10 ml) was added dropwise 
during 20 min to a solution of the appropriate silylated nucleobase (1.5 
equiv.) and trimethylsilyl trifluoromethanesulfonate (1.5 equiv.) in dry ace- 
tonitrile (50 d) under N2 with stirring at room temp. The mixture was kept 
at this temp. until silica TLC analysis (ethyl acetate/petroleum ether (60- 
80°C) (7:3) showed disappearance of the starting carbohydrate (2-6 h). The 
mixture was diluted with CH2CI2 (100 m1) and the crude product was 
worked up as mentioned for compound 6-8 followed by purification with 
preparative reverse phase HPLC. 

I -(6-O-(~-Methoxybenzoyl)-23,4-trideoxya-~-glycero-hex- 
3-enopyranosy1)uracil (12a) and its B-Isomer 13a 

Prepared from silylated uracil (4.2 mmol) and compound 5 (0.86 g, 2.9 
mmol) at room temp. for 5 h and separated by HPLC with 29% ethanol in 
water. 

12a: Yield 372 mg (37%)- ‘H-NMR ([D6]DMSO): 6 (ppm) = 2.30 (dt, 
13.9 HG 2.3 Hz, lH, 2’-&), 2.50 (m, IH, 2’-H,), 3.83 (s, 3H. OCH,), 4.29 
(dd, 12.0 Hz, 3.1 HZ, lH, 6’-Hb), 4.55 (dd, 12.0 Hz, 6.0 Hz, IH, 6’-Ha), 
4.70 (m, IH, 5’-H), 5.62 (d, 8.1 Hz, IH, 5-H), 5.86 (d, 9.6 Hz, lH, 4‘-H), 

lH, 6-H), 7.95 (d, 8.8 Hz, 2H, Ar-H), 11.38 (s, IH, d-H) . -  13C-NMR 
6.06 (m, 2H, 1’-H and 3’-H), 7.04 (d, 8.8 Hz, 2H, Ar-H), 7.72 (d, 8.1 Hz, 

([DbIDMSO): 6 (pprn) = 29.2 (C-2’), 55.2 (OCH3), 65.3 (C-6’), 73.8 (C- 
5’), 75.6 (C-l’), 102.5 (C-5), 113.5 and 121.9 (Ar), 124.7 (C-4‘). 124.8 
(C-3’). 131.5 (Ar), 139.7 (C-6). 150.1 (C-2). 163.4 (C-4 and Ar), 165.8 
(C=O). 

13a: Yield 359 mg (36%).- ‘H-NMR ([D6]DMSO): 6 (ppm) = 2.24 (m, 
IH, 2’-K), 2.49 (m, IH, 2’-HJ, 3.84 (s, 3H, OCH3), 4.35 (m, 2H, 6’-H), 
4.81 (m, IH, 5’-H), 5.64(d, 8.1 Hz, IH, 5-H), 5.81 (m,2H, 1’-H and4‘-H), 
6.00 (m, lH, 3’-H), 7.05 (d, 8.8 Hz, 2H, Ar-H), 7.67 (d, 8.1 Hz, IH, 6-H), 
7.92 (d, 8.8 Hz, 2H, Ar-H).- 13C-NMR ([DJDMSO): 6 (ppm) = 28.6 
(C-27, 55.4 (OCH3). 65.3 (C-6‘), 74.6 (C-S’), 78.0 (C-l’), 102.1 (C-5), 
114.0 and 121.6 (Ar), 125.2 (C-4‘), 125.7 (C-37, 131.3 (Ar), 140.4 (C-6). 
150.2 (C-2). 163.1 (C-4). 163.2 (Ar), 165.2 (C=O). 

I -(6-0-(4-Methoxybenzoy1)-2 3,4-trideoxya-~-glycero-hex. 
3-enopyranosy1)thymine (12b) and its P-Anomer 13b 

Prepared from silylated thymine (6.4 mmol) and compound 5 ( 1.26 g, 4.3 
mmol) at room temp. for 2 h and separated by HPLC with 32% ethanol in 
water. 

12b: YieId 334 mg (22%).- ’H-NMR (CDC13): 6 (pprn) = 1.94 (s, 3H, 
CH3). 2.32 (m, 2H, 2’-H), 3.84 (s, 3H, OCH3), 4.35 (dd, 12.0 Hz, 3.2 Hz, 
IH, 6‘-Hb), 4.54 (dd, 12.0 Hz, 6.0 Hz, IH, 6‘-Ha), 4.76 (m, IH, 5’-H), 5.82 
(d, 10.3 Hz, IH, 4l-H). 6.00 (ddd, 10.3 Hz, 5.9 Hz, 2.9 Hz, IH, 3’-H), 6.22 
(dd, 7.1 Hz, 3.6 Hz, IH, l’-H), 6.94 (d, 8.7 HG 2H, Ar-H), 7.29 (s, IH, 
6-H), 8.03 (d, 8.7 Hz, 2H, Ar-H), 9.78 (s, IH, N-H).- I3C-NMR (CDC13): 6 
(ppm) = 12.4 (CH3), 29.2 (C-2’), 55.2 (OCH3), 65.0 (C-6’). 73.9 (C-5’). 

131.7 (Ar), 135.4 (C-61, 150.3 (C-2). 163.4 (Ar), 163.8 (C-4), 165.8 (C=O). 
13b: Yield 225 mg (15%).- ’H-NMR (CDCI3): 6 (ppm) = 1.93 (s, 3H, 

CH& 2.35 (m, 2H, 2’-H), 3.86 (s, 3H, OCH3). 4.60 (m, 2H, 6’-H), 4.82 (m, 
IH, 5’-H), 5.79 (d, 9.3 Hz, IH, 4’-H), 5.94 (m, 2H, 1’-H and 3’-H), 6.93 

75.3 (C-1’). 111.0 (C-5), 113.5 and 121.8 (Ar), 124.8 (C-4’). 124.9 (C-3’), 
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Pyranoid Analogues of 3’-Deoxy-2’,3’-didehydrothymidine (D4T) 

”CNMR (CDC13): 6 (ppm) = 12.4 (CH3), 30.0 (C-2’). 55.3 (OCH3). 65.4 
(d, 8.8 HZ, 2H, Ar-H), 7.23 (s, lH, 6-H). 8.01 (d. 8.8 Hz. 2H. Ar-H).- 

(C-6’), 75.1 (C-57, 78.4 (C-1’). 111.3 ((2-5). 113.6 and 122.1 (Ar), 125.0 
(C-4’). 125.8 (C-3’), 131.6 (A), 135.1 (C-6), 150.1 (C-2), 163.5 (Ar), 
163.7 (C-4), 165.9 (C=O). 
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I -(6-0-(4-Methoxybenzoyl)-2 3,4-trideoxya-~-glycero-hex- 
3-enopyranosyl)-~-isoburyrylcytosine ( l a )  and its $-Anomer 1 3  

Prepared from silylated d-isobutyryl~ytosine’~) and compound 5 (1.25 
g, 4.3 mmol) at room temp. for 3 h and separated by HPLC with 32% 
ethanol in water. 
12c Yield 412 mg (23%).- ‘H-NMR (CDCl3): 6 (ppm) = 1.21 (d, 6.8 Hz, 

6H, 2 CH3), 2.14 (m, lH, 2’-HJ. 2.73 (m. 2H, 2’-H,, and CH), 3.85 (s, 3H, 
OCH3). 4.36 (dd, 12.1 Hz, 3.4 Hz, lH, 6’-H,,), 4.58 (dd, 12.1 Hz, 6.2 Hz, 
IH, 6‘-Ha), 4.83 (m, lH, 5’-H), 5.83 (d, 10.1 Hz, lH, 4‘-H), 6.02 (m, lH, 
3’-H), 6.23 (dd 8.8 Hz, 3.2 HZ, lH, 1’-H), 6.92 (d, 8.8 Hz, 2H, Ar-H), 7.48 
(d, 7.5 Hz, lH, 5-H), 7.92 (d, 7.5 Hz, lH, 6-H), 8.01 (d, 8.8 Hz, 2H, Ar-H), 
9.06 (br s, lH, d-H).- I3C-NMR (CDCl3): 6 (ppm) = 18.9 (2 CH3), 30.2 
(C-2’). 36.4 (CH), 55.3 (OCH3), 64.7 (C-6‘), 74.1 (C-5’). 77.1 (C-1’). 96.7 
(C-5). 113.6 and 121.9 (Ar). 124.7 (C-4’). 125.1 (C-3’). 132.0 (Ar), 144.2 
(‘2-6). 154.7 (C-2), 162.4 ((2-4). 163.4 (Ar), 165.9 (C=O), 177.3 ((24). 

13c Yield 347 mg (19%).- ‘H-NMR (CDC13): 6 (ppm) = 1.2 1 (d, 6.9 Hz, 
6H, 2 CH3), 2.17 (m, lH, 2’44). 2.69 (m, 2H, 2’-Ha and CH), 3.86 (s, 3H, 
OCH3). 4.46 (m, 2H, 6’-H), 4.84 (m, lH, 5’-H), 5.79 (d, 10.2 Hz, lH, 
4l-H). 6.00 (m, W, 1’-H and 3’-H), 6.93 (d, 8.8 Hz, 2H, Ar-H). 7.48 

9.01 (s, IH, d-H).- 13C-NMR (CDC13): 6(ppm) = 18.8 (CH3), 19.0 (CH3). 
(d, 7.5 HZ, lH, 5-H), 7.91 (d, 7.5 HZ, lH, 6-H), 8.00 (d, 8.8 Hz, 2H, Ar-H), 

30.7 (C-23 36.4 (CH), 55.3 (OCH3). 65.3 (C-6‘). 75.2 (C-57, 80.2 (C-l’), 
96.9 (C-5), 113.6 and 122.0 (Ar), 125.2 (C-4‘). 125.3 (C-3’). 131.6 (Ar), 
144.1 (C-6), 154.5 (C-2). 162.4 (C-4). 163.4 (Ar), 165.9 (C=O), 177.1 
(C=O). 

9-(6-0-(4-Methoxybenzoyl)-2 3,4-trideoxy~-~-glycero-hex-3-enopyranosyl 
)-N6-isobutyryla&nine (12d) and its #LAnomer 13d 

Prepared from silylated N6-isobutmladenine (2.8 mmol) and compound 
5 (0.56 g, 1.9 mmol) at 0°C for 4 h and separated by HPLC with 32% 
ethanol in water. 

12d: Yield 103 mg (13%).- ‘H-NMR (CDC13): 6 (pprn) = 1.30 (d, 6.8 
Hz, 6H, 2 CH3h2.86 (m, 2H, 2’-H), 3.21 (septet, 6.8 Hz, lH, CH), 3.84 (s, 
3H. OCH3),4.31 (dd, 11.6 Hz, 3.2 Hz, lH, 6’-Hb), 4.56 (m, lH, 5’-H), 4.69 
(dd 11.6HZ. 6.7 Hz, lH, 6’-HJ,5.93 (dd. 10.1 Hz, 1.8 Hz, lH, 4‘-H), 6.15 
(dd, 10.1 Hz, 5.5 HZ, lH, 3’-H), 6.42 (dd. 7.9 Hz, 3.9 Hz, lH, 1’-H), 6.89 
(d, 8.9 Hz, 2H, Ar-H), 7.98 (d, 8.9 Hz. 2H, Ar-H), 8.27 (s, lH, 8-H), 8.73 
(s, IH. 2-H), 9.23 (br. lH, N6-H).- I3C-NMR (CDC13): 6 (ppm) = 19.0 (2 
CH3), 28.9 (C-2’), 35.8 (CH), 55.2 (OCH3). 64.4 (C-6’), 71.6 (C-5’), 75.9 
(C-l’), 113.5 and 121.8 (Ar), 122.0 (C-5). 124.5 (C-4‘). 125.4 (C-3’). 131.6 
(Ar), 141.1 (C-8), 149.3 (C-4). 151.2 (C-6), 152.5 (C-2), 163.4 (Ar). 165.9 
(GO), 176.2 (C=O). 

13d: Yield 60 mg (8%).- ‘H-NMR (CDCl3): 6 (ppm) = 1.32 (d, 6.7 Hz, 
6H, 2 CH3). 2.63 (ddd, 15.3 Hz, 5.5 Hz, 2.6 Hz, lH, 2’-He).2.84 (dd, 15.3 
Hz, 7.8 Hz, lH, 2’-H3,3.24 (septet, 6.7 Hz, lH, CH), 3.84 (s, 3H, OCH3). 
4.66 (m, 2H, @-HI. 4.94 (m, lH, 5’-H), 5.89 (d, 10.2 Hz, IH, 4’-H), 6.1 1 

Ar-H). 8.30 (s, lH, 8-H), 8.73 (s, lH, 2-H), 9.32 (s, lH, N6-H).- 13C-NMR 
(-13): 6 (pprn) = 19.0 (2 CH3), 30.8 (C-2’). 35.8 (CH), 55.2 (OCH3), 

(m, 2H, 1’-H and 3’-H), 6.89 (d. 8.8 Hz, 2H, Ar-H), 7.97 (d, 8.8 Hz, 2H. 

65.2 (C-6‘). 75.0 (C-s’), 78.5 (C-l’), 113.4 (Ar), 121.9 (Ar and C-5), 124.6 
(C-4’), 125.9 (C-3’), 140.4 (C-8). 149.3 (C-4), 150.7 (C-6), 152.4 (C-2), 
163.3 (Ar), 165.8 (C=O), 176.3 (C=O). 

Deprotectian to give 9-11,14, and 15 

Compound 6.7,s. 12, or 13 was added to a saturated solution of meth- 
anolic ammonia (50 ml) and stirred at room temp. for 4 days. After evap- 

oration in vacuo, the product was purified by flash chromatography with 
methanol/CH2C12 (5:95) to remove the impurities, followed by methanol 
to afford the product 9.10, 11.14, or 15. 

I -(2 3,4-Trideoxyu-~-glycero-hex-2-enopyranosyl)ur~il (9s) 

Yield 119 mg (51%)~ M.p. 112-124”C, hygroscopic.- ‘H-NMR 
([DdDMSO): 6 (ppm) = 2.06 (m. 2H, 4‘-H), 3.36 (m, lH, 2H, 6’-H), 3.62 
(dd, 9.6 Hz, 4.1 Hz, 5’-H), 4.77 (t, 5.3 Hz, lH, 6’-OH), 5.54 (d, 8.0 Hz, 
lH, 5-H), 5.73 (d, 10.3 Hz, lH, 2’-H), 6.19 (s, lH, 1’-H), 6.39 (ddd, 10.3 
Hz, 5.0 Hz, 2.5 Hz, lH, 3’-H), 7.67 (d, 8.0 Hz, lH, 6-H), 11.36 (s, lH, 
N-H).- 13C-NMR ([&]DMSO): 6 (ppm) = 26.0 (C-4’), 63.4 (C-67, 68.7 

150.7 ((2-21, 163.3 (C-4).- MS (70 eV): m/z (a) = 224 (5.3, M+).- 
C&12N204 x 0.7 HzO (236.8) Calcd. C 50.7 H 5.62 N 11.8 Found C 
50.7 H 5.55 N 11.5. 

(C-5’). 76.4 (C-l’), 100.4 (C-5). 122.0 (C-27, 132.2 (C-3’). 142.2 (C-6). 

1 -(23,4-Trideoxy$-D-glycero-hex-2-enopyranosyl)uracif (1Oa) 

Yield 21 mg (42%).- M.p. 155-156OC.- ‘H-NMR ([D6]DMSO): 6 (pprn) 
= 2.18 (m, 2H, 4’-H), 3.41 (m, 2H, 6’-H), 3.85 (dd, 9.6 Hz, 4.6 Hz, IH, 
5’-H), 4.79 (t, 5.1 Hz, lH, 6’-0H), 5.63 (m, 2H, 2’-H and 5-H), 6.26 (m, 
2H, 1’-H and 3’-H), 7.36 (d, 8.1 Hz, lH, 6-H), 11.36 (s, lH, N-H).- 13C- 
NMR ([DdDMSO): 6 (pprn) = 21.9 (C-4’), 63.5 (C-6’),74.7 (C-5’), 78.1 

163.3 (C-4).- MS (70 eV): m/z (%) = 224 (0.3, M”). 
(C-13, 102.1 (C-5), 124.8 (C-2’)- 131.5 (C-3% 141.0 ( C 4 ,  150.3 (C-2), 

142 3,4-Trideoxy~-~-glycero-hex-2-enopyranosyl)thymine (9b) 

Yield 106 mg (57%).- M.p. 174176°C.- ‘H-NMR ([DdDMSO): 6(ppm) 
= 1.77 (s, 3H, CH3), 2.07 (m. 2H, 4’-H), 3.36 (m, 2H, 6’-H), 3.97 (dd. 9.8 
Hz, 4.3 Hz, IH, 5’-H), 4.76 (br s, lH, 6‘-OH), 5.72 (d, 10.1 Hz, lH, 2”). 
6.18 (br s, lH, 1’-H), 6.38 (m, lH, 3’-H), 7.5 (s, lH, 6-H), 11.36 (br s, lH, 
N-H).- 13C-NMR ([DdDMSO): 6 (ppm) = 11.9 (CH3). 26.0 (C-4‘). 63.4 

137.6 (C-6). 150.7 (C-2), 163.9 (C-4).- MS (70 eV): m/z (%) = 238 (2.0, 
@).-. C11H14N204 (238.2) Calcd. C 55.5 H 5.92 N 11.8 Found C 55.2 H 
6.04N 11.7. 

(C-6’). 68.7 (C-5’). 76.1 (C-13, 108.0 (C-5), 122.2 (C-2’). 132.0 (C-37, 

1-(23-4-Tr~deoxy$-D-glycera-~x-2-enopyranosy~)thymine (lob) 

Yield 48 mg (44%).- M.p. 121-122°C.- ‘H-NMR ([D6]DMso): 6 (ppm) 
= 1.78 (s, 3H, CH3), 2.07 (m, 2H, 4’-H), 3.42 (m, 2H, 6’-H), 3.85 (dd, 9.7 

2’-H). 6.26 (m, 2H, 1’-H and 3’-H), 7.21 (s, lH, 6-H), 11.36 (br s, 1H. 
N-H).- 13C-NMR ([DdDMSO): 6 (ppm) = 11.9 (CH3). 26.0 (C-4‘). 63.5 

136.4 (C-6). 150.4 (C-2). 163.7 (C-4).- MS (70 eV): m/z (%) = 238 (1.3, 
M“).- C11H14NzO4 (238.2) Calcd. C 55.5 H 5.92 N 11.8 Found C 55.4 H 
6.14N 11.5. 

Hz, 4.5 Hz, lH, 5’-H), 4.81 (t, 5.7 Hz, IH, 6’-OH), 5.63 (d, 10.1 Hz, lH, 

(C-6’), 74.8 (C-5’), 78.0 (C-1’)- 109.7 (C-5), 125.1 (C-27, 131.5 (C-37, 

142 J,4-Trideoxya-~-glycero-hex-2-enopyranosyl)cytosine (W) 
Yield 251 mg (64%). hygroscopic foam.- ‘H-NMR ([D6]DMSO): 6 

(ppm) = 2.05 (m, 2H, 4’-H), 3.38 (m, 2H, 6’-H), 3.60 (dd, 9.5 Hz, 4.5 Hz, 
IH, 5’-H), 4.78 (t. 5.5 Hz, lH, 6’-OH), 5.71 (m, 2H. 2’-H and 5-H), 6.33 
(m. 2H, 1’-H and 3’-H). 7.17 (br s, lH, #-H), 7.29 (br s, lH, g-H),  7.61 
(d.7.4 Hz, 1H,6-H).- ‘3C-NMR([D,5]DMSO): 6 (ppm) =26.2 (C-4‘),63.5 

142.5 (C-6). 155.3 (C-2). 165.7 (C-4).- MS (70 eV): m/z (C) = 223 (3.3. 

C 48.2 H 6.24 N 16.8. 

(‘2-6’). 68.2 (C-5’). 76.5 (C-1’). 93.1 (C-5). 123.1 ((2-2’)- 131.2 (C-3’). 

M”).- C&&303 x 1.4 H20 (248.45) Calcd. C 48.3 H 6.41 N 16.9 Found 

1-(1 J-Anhydra-23,4-trideoxy~-erythra-hex-l -enitol-3-yl)urucil (118) 

Yield 80 mg (47%).- M.p. 155-156°C.- ‘H-NMR ([DdDMSO): 6 (ppm) 
= 1.85 (td, 12.4 Hz, 5.1 Hz, lH, 4‘-HA, 1.96 (d, 12.4 Hz, lH, 4’-I&), 3.48 
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(d, 4.2 Hz, 2H, 6’-H), 3.68 (m, IH, 5’-H), 4.72 (t. 5.4 Hz, IH, 2’-H), 4.84 
(m, 2H, 6’-OH and 3’-H), 5.54 (d, 8.0 Hz, IH, 5-H), 6.89 (d, 5.4 Hz, IH, 
l’-H), 7.73 (d, 8.0 Hz, 1H. 6-H), 11.30 (br s, IH, N-H).- I3C-NMR 
([D6]DMSO): 6 (pprn) = 30.1 (C-4’). 46.1 (C-37, 62.7 (C-6‘). 71.6 (C- 

163.4 (C-41.- MS (70 eV): m/z (%) = 224 (24.0, M+’).- CI@Il2N2O4 x 
1.2 H2O (245.8) Calcd. C 48.9 H 5.90 N 11.4 Found C 48.6 H 5.49 N 
11.3. 

5’)v 96.1 (C-23 101.1 ((2-3, 142.6 ((2-6). 149.9 (C-I,), 150.7 (C-2), 

I-(I 5-Anhydro-23,4-trideoxyo-eryrhro-hex-l -enitol-3-yl)thymine (l lb) 

Yield 57 mg (62%).- M.p. 222-255°C (dec.).- ’H-NMR ([DdDMSO): 6 
(pprn) = 1.78 (s, 3H, CH,), 1.90 (m, 2H, 4’-H), 3.48 (d, 4.8 Hz, 2H, 6‘-H), 
3.74 (m, IH, 5’-H), 4.72 (t. 5.6 Hz, IH, 2’-H), 4.84 (m, 2H, 6’-OH and 

13C-NMR ([D6]DMSO): 6 (ppm) = 12.0 (CH3). 30.3 (C-4‘). 45.7 (C-3’). 

1’). 150.6 (C-2), 150.6 (C-2), 164.0 (C-4).- MS (70 eV): m/z (a) = 238 

Found C 52.1 H 5.91 N I 1.0. 

3’-H), 6.88 (d, 5.6 Hz, IH, l’-H), 7.57 (s, IH, 6-H), 11.27 (br. IH, N-H).- 

62.7 (C-6’), 71.6 (C-5’). 96.4 (C-2’). 107.7 (C-5), 138.1 (C-6). 149.7 (C- 

(15.0, M3.- CllH14N204 x 0.9 H20 (254.5) Calcd. C 51.9 H 6.26 N 11.0 

1 -(I 5-Anhydro-2 3,4-trideoxy~-eryfhro-hex-l -enitol-3-yl)cytosine 
(Ild) 

I 42 3.4 -Trideoxy$-D-glycero-hex-3-enopyramyl)thymine (15b) 

Yield 90 mg (49%).- M.p. 148-150°C.- ‘H-NMR ([DdDMSO): S (ppm) 

(dd, 17.3 Hz, 7.5 Hz, IH, 2’-H3, 3.46 (t, 5.7 Hz, 2H, 6’-H), 4.38 (m, IH, 
5’-H), 4.81 (t, 5.7 Hz, lH, 6’-0H), 5.75 (m, 2H, 4‘-H and I’-H), 5.89 (dd, 
10.1 Hz, 5.5 Hz, 3’-H), 7.64 (s, IH, 6-H), 11.36 (s, IH, N-H).- I3C-NMR 

= 1.80 (s, 3H, CH3). 2.15 (ddd, 17.3 Hz, 5.5 Hz, 2.4 Hz, IH, 2’-HJ, 2.39 

([D61DMSO): 6 (ppm) = 11.9 (CH3), 28.7 ((2-2’). 63.4 (C-6‘). 77.6 (C-5’). 
77.8 (C-l’), 109.5 (C-5), 124.1 (C-4’). 127.2 (C-3’), 136.4 (C-6). 150.1 
(C-2), 163.6 (C-4).- MS (70 eV): m/z (%) = 238 (0.5, Mc). 

I -(23,4-TrideoxyU-D-glycero-hex-3-enopyranoyl)cyrosine (14e) 

Yield 157 mg (73%), hygroscopic foam.- ‘H-NMR ([D6]DMSO): 6 
(ppm) = 2.26 (m, 2H, 2’-H), 3.50 (m, 2H, 6’-H), 4.28 (m, IH, 5’-H), 4.87 

Hz, IH, 4’-H), 5.88 (m, 2H, 1’-H and 3’-H), 7.18 (br s, IH, d-H),  7.26 (br 
s, lH, d-H),  7.60 (d, 7.4 Hz, lH, 6-H).- I3C-NMR ([D6]DMs0): 6 (ppm) 

((2-4’). 126.6 (C-3’1, 141.2 (C-6). 154.8 (C-2). 165.5 (C-4).- MS (70 eV): 
m/z (%) = 223 (5.0, M”). 

I -(2 3,4-Trideoxy#-D-glycero-hex-3-enopyranosyl)cyrosine (1Je) 

(t, 5.5 Hz, IH, 6’-0H), 5.75 (d, 7.4 Hz, IH, 5-H), 5.81 (dd, 10.3 Hz, 2.3 

= 28.9 (C-2’). 62.4 (C-6’), 75.0 (C-5’). 75.7 (C-I.), 93.9 (C-5). 124.1 

Yield 127 mg (70%), hygroscopic foam.- ‘H-NMR ([D,j]DMSO): 6 

5.4 Hz, lH, 6’-0H), 5.85 (m, 4H, 5-H, 4’-H, I’-H, and 3’-H), 7.18 (br s, 
IH, d-H) ,  7.29 (br s, IH, d-H),  7.67 (d, 7.5 Hz, IH, 6-H).- I3C-NMR 
(rD6JDMSO): 6 (pprn) = 29.6 (C-2’). 63.4 (C-6’). 77.5 (C-57, 78.6 (C-l’), 

(C-4).- MS (70 eV): m/z (56)  = 223 (2.6, M“). 

251 mg(59%)’- M.p* 215-2160c’- ‘H-NMR([DdDMSo): 6(ppm) 
(ppm) = 2.3 (m, 2H, Z-H), 3.44 (m, 2H, 6’-H), 4.36 (m, 1H, 59-H). 4.83 (t, = 1.77 (td, 13.5 Hz, 5.0 Hz, IH, 4‘-H,J, 1.92 (d, 13.5 Hz, IH, 4‘-&), 3.48 

(m, 2H, 6’-H), 3.63 (m, IH, 5’-H), 4.70 (t, 5.7 Hz, IH, 2’-H), 4.81 (t, 5.4 

5-H), 6.87 (d, 5.7 Hz, IH, 1’-H), 7.03 (br, IH, d-H) ,  7.10 (br, IH, d-H),  
7.69 (d, 7.4 Hz, IH, 6-H).- 13C-NMR ([D6]DMSO): 6 (ppm) = 30.4 (C-4’), 

HZ, lH, 6’-OH), 4.88 (dd, 5.7 Hz, 5.0 Hz, IH, 3’-H), 5.71 (d, 7.4 Hz, IH, 

94.1 ((2-5). 124.2 (C-4’), 127.3 (C-37, 141.2 (C-6), 154.5 (C-2). 165.4 

46.1 (C-3’). 62.9 (C-6’). 71.4 (C-5’), 92.7 (C-5). 97.0 (C-2’). 143.1 (C-6), 
149.2 (C-l’), 155.4 (C-2). 165.5 (C-4).- MS (70 eV): m/z (%) = 223 (1 1.0, 
Mt).- C,$313N303 x 0.6 H20 (234.0) Calcd. C 51.3 H 6.12 N 17.9 Found 
C 51.2 H 5.96 N 17.6. 

1 -(23,4-Trideoxy~-~-glycero-hex-3-enopyranosyl)uracil (14a) 

Yield 143 mg (61%). hygroscopic.- ‘H-NMR ([D6]DMSo): 6 (ppm) = 
2.34 (m, 2H, 2’-H), 3.85 (m, 2H, 6’-H), 4.28 (br s, IH, 5’-H), 4.86 (br s, 
IH, V-OH). 5.62 (d, 8.1 Hz, IH, 5-H), 5.93 (m, 3H, 4’-H, I’-H, and 3’-H), 
7.66 (d, 8.1 Hz, IH, 6-H), 11.36 (br s, 1H, N-H).- 13C-NMR ([D6]DMSO): 
6 (pprn) = 28.2 (C-27, 62.5 ((2-6’). 74.8 (C-5’). 75.5 (C-l’), 101.5 (C-5). 

eV): mlz (%) = 224 (0.1. MC). 
123.8 (C-4‘). 126.6 (C-3’), 141.0 (C-6). 150.2 (C-2), 162.9 (C-4).- MS (70 

1 -(2 3,4-Trideoxy$-D-glycero-hex-3-enopyranosyl)uracil (Ua) 

Yield 126 mg (56%).- M.p. 176-178OC.- ‘H-NMR ([DdDMSO): 6(ppm) 
= 2.18 (dt, 17.5 Hz. 2.8 Hz, IH, 2’-HJ, 2.45 (m, IH, 2’-H3, 3.45 (d, 5.2 
Hz, 2H, 6’-H), 4.39 (br s, IH, 5’-H), 4.81 (br s, IH, 6’-OH), 5.65 (d, 8.0 
Hz, IH, 5-H), 5.74 (m, 2H, 1’-H and 4’-H), 5.89 (ddd, 10.4 Hz, 5.4 Hz. 2.8 
Hz, IH, 3’-H),7.77 (d, 8.0Hz. IH, 6-H), 11.39 (br s, IH, N-H).- 13C-NMR 
([D6]DMSO): S (ppm) = 28.8 (C-2’),63.3 (C-6’). 77.6 (C-5’), 78.1 (C-1’). 

(C-4).- MS (70 eV): m/z (46) = 224 (0.3, M”). 
101.8 (C-5). 123.9 (C-4’). 127.2 (C-3’). 140.9 (C-61, 150.1 (C-2). 162.9 

I42 3,4-Trideoxya-~-glycero-hex-3-enopyranosyl)thymine (14b) 

9-(23,4-Trideoxyu-~-glycero-hex-3-enopyranosyl)adenine (140 

Yield 26 mg (63%).- M.p. 194-196OC (dec.).- ’H-NMR ([DdDMSO): 6 
(ppm) = 2.53 (dt, 14.1 Hz, 5.4 Hz, IH, 2’-&), 2.89 (ddd, 14.1 Hz, 5.4 Hz, 
2.7 Hz, IH, 2’-Ha), 3.55 (m, 2H, 6’-H), 4.07 (m, IH, 5’-H) , 4.86 (t. 5.6 
Hz, IH, 6‘-OH), 5.90 (d, 10.6 Hz, IH, 4’-H), 6.04 (m, lH, 3’-H). 6.18 (t, 
~.~HZ,~H,I’-H),~.~O(S,~H,N~-H),~.~~(S,IH,~-H),~.~~(S,~H,~-H).- 
13C-NMR ([DdDMSO): 6 (ppm) = 28.2 (C-2’). 62.7 (C-6‘). 73.5 (C-5’). 

(C-4), 152.6 (C-2), 155.9 (C-6).- MS (70 eV): m/z (46) = 247 (1.3, Mc) 
74.6 (C-l’), 118.6 (C-5), 123.6 (C-4‘). 126.8 (C-3’), 139.9 (C-8), 149.2 

9-(23,4-Trideoxy$-D-glycero-hex-3-enopyranosyl)adenine (1Sf) 

Yield 20 mg (61%).- M.p. 198-196OC (dec.).- ‘H-NMR ([DdDMSO): 6 
(ppm) = 2.41 (ddd, 15.7 Hz, 6.2 Hz, 3.9 Hz, lH, 2’-&), 2.89 (dd, 15.7 Hz, 
11.7 Hz, IH, 2’-H3,3.42 (m, 2H, 6’-H), 4.46 (m, IH, 5’-H), 4.84 (t. 5.8 Hz, 
IH, 6’-OH), 5.89 (m, 3H, 4’-H, 1 ’-H, and 3’-H), 7.28 (s. 2H, N6-H), 8.16 (s, 
lH, 8-H), 8.41 (s, lH, 2-H).- MS (70eV): m/z (%) = 247 (1.3, MC). 

Hydrogenation to give 16 and 17 

Compound 9a, 9+ 15% or 15c (0.1 I mmol) was hydrogenated in meth- 
anolic soIutior~/lO% PdjC at 1.4 bar room temp. for 2 h. The catalyst was 
removed, the Ntrate was evaporated in vacuo to give compound 16 or 17. 
‘H-NMR and 13C-NMR spectra of 16a.b and 17a.b were similarly to those. 
reported’*’. 

Yield 120mg (534).- M.p. 146-148°C.- ’H-NMR ([DdDMSO): 6 (pprn) 
= 1.79 (s, 3H, CH3). 2.23 (dt, 17.2 Hz, 4.5 Hz, IH, 2’-y), 2.43 (ddd, 17.2 
Hz, 8.6 Hz, 2.4 Hz, 1H. 2’-H3, 3.50 (m, 2H, 6’-H), 4.30 (m, IH, 5’-H), 
4.86 (t, 5.5 &, IH, 6’-OH), 5.84 (m, 3H, 4’-H, 1 ’-H, 3’-H), 7.55 (s, 
IH, 6-H). 11-35 ( S v  1K N-H).- ”C-NMR ([DdDMSO): 6 (PPm) = 11.7 
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