This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Synthesis and DNA Topoisomerase-II Inhibitory Activity of Unnatural

Nucleosides

Ram Chandra Mishra®; Namrata Dwivedi® Iti Bansal®; Jitendra Kumar Saxena®; Rama Pati Tripathi®
@ Medicinal and Process Chemistry Division, Central Drug Research Institute, Lucknow, India
Biochemistry Division, Central Drug Research Institute, Lucknow, India

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Mishra, Ram Chandra , Dwivedi, Namrata , Bansal, Iti , Saxena, Jitendra Kumar and Tripathi, Rama
Pati(2005) 'Synthesis and DNA Topoisomerase-II Inhibitory Activity of Unnatural Nucleosides', Nucleosides, Nucleotides
and Nucleic Acids, 24: 1, 15 — 35

To link to this Article: DOI: 10.1081/NCN-200046776
URL: http://dx.doi.org/10.1081/NCN-200046776

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1081/NCN-200046776
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 35 26 January 2011

Downl oaded At:

Taylor &Francis

Taylor & Francis Group

Copyright © 2005 Taylor & Francis, Inc.
ISSN: 1525-7770 print/ 1532-2335 online
DOI: 10.1081/NCN-200046776

Nucleosides, Nucleotides, and Nucleic Acids, 24 (1):15-35, (2005) e

SYNTHESIS AND DNA TOPOISOMERASE-II INHIBITORY ACTIVITY
OF UNNATURAL NUCLEOSIDES

Ram Chandra Mishra, Namrata Dwivedi, and Rama Pati Tripathi - Medicinal
and Process Chemistry Division, Central Drug Research Institute, Lucknow, India

Iti Bansal, and Jitendra Kumar Saxena © Biochemistry Division, Central Drug
Research Institute, Lucknow, India

s The synthesis and biological activities of a number of unnatural nucleosides (23 —-43) is described.
Nucleosides have been synthesized by SnCly-catalyzed condensation of amino sugar acetates and
silylated modified pyrimidines. Few of the 2'-0-acetyl derivatives of the nucleosides were hydrolyzed to
the respective hydroxy derivatives by treatment with methanol saturated with ammonia. The compounds
were screened against Filarial DNA-topoisomerase-1I but only one of the compounds (29) inhibited this
enzyme at 40 g/ mL of reaction mixture.

Keywords Nucleosides, DNA topoisomerase-II, Brugia malayi, Aza pyrimidines,
Glycosylated amino ester

INTRODUCTION

Unnatural nucleosides, until recently, have dominated as antiviral, antitumor,
and anticancer agents because of their involvement with one or more aspects of
nucleic acid biosynthesis." =/ They have been obtained by condensation of un-
natural sugars or natural sugar glycosyl donors and natural or unnatural purine or
pyrimidine bases.!! Azanucleosides (e.g., 6-aza Cyd) are structural analogues of
natural nucleosides showing anticancer, antimycoplasmal, and antiviral effects.”!
Very recently, 6-azauridine has been reported to be incorporated into the genome of
HDV ribozyme active sites.!"”! Modified nucleosides have also been reported to
occur in various types of RNA and many of them have been used as tools for the
study of nucleic acid metabolism.!""! Nucleosides with modifications both in sugars
and bases have been isolated from RNAs.I">'®l Many antibiotics are composed of
nucleosides with modified amino sugars and are inhibitors of DNA-dependent RNA
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TABLE 1 Glycosyl B-Amino/Amido Esters and Diacetates

Sugar Sugar acetate R R'

1 12 CH; H/COCH;
2 13 CH,Ph H/COCH;

3 14 CH; Hexadecyl

4 15 CHj Cyclopropyl
5 16 CH;, Furyl

6 17 CH; Benzyl

7 18 CH; 4NOyCOPh
8 19 CH,Ph 4NOyCOPh
9 20 CH; 3-CI-COPh
10 21 CH,Ph 3-CI-COPh
11 22 CH,Ph CO(CH,),2CHj3

[14-17

polymerase of both prokaryotes and eukaryotes, I clearly pointing out their
involvement in many reactions pertaining to the nucleic acid metabolism. Although
B-nucleosides have extensively been studied for different biological activities,!"®~*'!
a-nucleosides have received little attention in relation to biological activities. How-
ever, several such nucleosides are known to exhibit significant antimetabolic prop-
erties.* In an our ongoing program, we have recently shown that glycosyl amino
esters and many other glycoconjugates developed by conventional and combina-
torial approaches have proven to be very good DNA-topoisomerase-II inhibitor of
filarial parasite.l”>~*"! Encouraged by this, we were interested to synthesize a few
nucleosides from the amino sugars responsible for DNA-topoisomerase-II inhibitory
activity. In the present study we describe the effect of unnatural nucleosides,
obtained by condensation of glycosyl amino esters and modified pyrimidine bases
onto the Filarial DNA-topoisomerase-Il. Thus, in the present communication
synthesis and DNA-topo-II inhibitory activity of such nucleosides is reported.

RESULTS AND DISCUSSION

The synthetic strategy begins with the glycosylated B-amino esters 1, 2, and 3—
6 obtained by conjugate addition of ammonia and different primary amines as
reported by us earlier.*>~*"! However, the glycosyl amido esters 7—11 were
obtained by the reaction of 1 or 2 with substituted carboxylic acids using DCC
coupling procedure or with acid chloride in the presence of triethylamine, in very
good yields.

The glycosyl donors, 14-22, were prepared by the hydrolysis of 1,2-O-
isopropylidene followed by acetylation of the resulting hemiacetal in one pot from
3—11 by concentrated HySO, in the presence of AcyO/AcOH in good yields
(Table 1) (Scheme 1). During the above reaction, acetylation of the amino group
occurred in case of glycosyl amino esters 1 and 2 to give compounds 12 and 13,
respectively. The structures of all the products were determined on the basis of
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spectroscopic data; these were found to be mixtures of o- and B-anomers and were
used as such without further purification. The glycosyl 1,2-di-O-acetates were
obtained as epimeric mixtures of o- and B-anomers in a ratio of approximately 1:3
in all the cases reported. The o- and B-anomeric configuration was ascertained on
the basis of coupling constant between H-1 (anomeric) and H-2. In glycosyl donors,

TABLE 2 Unnatural Nucleosides (23—43) Synthesized

Compound No. R R! R?
23 CH; COCHg N H
24 CH; COCH; N CH;
25 CH; COCH;3 CH Br
26 CH,Ph COCH; N H
27 CHyPh COCHg N CH;
28 CHj3 Hexadecyl N CHj3
29 CH; Cyclopropyl N H
30 CH, Furyl N CH,
31 CHjs Benzyl N CHj
32 CH; 4NO,COPh N H
33 CH; 4NOy,-COPh N CH;
34 CH; 4NO,COPh CH Br
35 CHyPh 4NOy-COPh N CH;
36 CHyPh 4NO,COPh CH Br
37 CH; 3-CI-COPh N CH;
38 CHyPh 3-CI-COPh N H
39 CH,Ph CO(CHy),2CHj3 N CH;
40 CH; COCH; N CH;
41 CHyPh COCHj3 N H
42 CH; Cyclopropyl N H
43 CHyPh 4NOy,-COPh N CH;
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signals for anomeric proton with J values 4.5 Hz and 0—1 Hz were assigned to o-
and B-anomers respectively. Similarly, H-2 was a singlet in B-anomer, whereas it
appeared as merged /overlapped dd in o-anomers, and is hence reported as m.
Condensation of glycosyl donors with silyl derivatives of the pyrimidine bases was
carried out using SnCly as catalyst (Table 2).

6-Aza uracil, 5-bromo uracil, and 6-aza thymine bases were silylated to their
corresponding O-silyl derivatives by reaction with HMDS in refluxing toluene in the
presence of ammonium sulphate. Thus, glycosyl acetates (12—22), on
condensation with silylated bases, afforded 2-O-acetyl nucleosides (23-39) in
good yields. The nucleosides were obtained as diastereoisomeric mixtures as the
starting glycosyl acetates were diastereoisomeric mixtures. The structures of these
nucleosides were established on the basis of spectroscopic data and analysis. The
anomeric configuration was ascertained on the basis of proton magnetic resonance
("H NMR) spectral data. As expected in the case of unsubstituted amino sugar, the
anchimeric assistance due to 2"-acetyl group led to the formation of B-nucleosides
stereoselectively. But, in the case of glycosyl donor having 5-N-benzoyl substituents
led to the formation of nucleosides with an o-configuration. The combined effect of
3-O-substitution and the substituent at amine part has a greater effect on
stereoselection, leading to formation of only the a-nucleosides in some of the cases
(27, 35, 39). Nucleosides (23—43) in their MS (FAB) have characterstic [M + H]|"
signals corresponding to their molecular formulae. In IR spectrum of all the
nucleosides, absorption bands at around 1680 cm ™' for the carbonyl group in the
pyrimidine ring were present. The configuration anomeric center was determined
on the basis of coupling constant of the anomeric proton (H-1'). In B-nucleosides
J1.2 was found to be 0—2 Hz, while in a-nucleosides it was around 5.0 Hz; and the
H-2' appeared as overlapped /merged dd leading to an m-ike signal. In '*C NMR
spectra of the above nucleosides, the anomeric C-1" appeared at around 6 89-90.
The C2 and C4 of the pyrimidine ring appeared at around & 148.0 and 156.0,
respectively, besides other usual signals. Analytical data were in accordance with
the established structures.

Four of the above nucleosides (24, 26, 29, and 35) were deacetylated by
treatment with ammonia in methanol at ambient temperature to get 2-hydroxy
nucleosides (40-43) in quantitative yields. In deacetylated nucleosides the
anomeric proton shifted to upfield in comparison to the acetylated ones. The
structures of all these nucleosides were also established on the basis of spectro-
scopic data and analysis.

DNA Topoisomerase-Ill Inhibitory Activity

As shown in Figure 1, only one of the compounds synthesised (29) exhibited
topoisomerase—II inhibitory activity up to only 40%, while the other compounds
have no inhibition against this enzyme. However, compound 39 formed complex
with DNA, and compounds 23, 24, 27, 30, and 31 caused degradation/
cleavage of DNA. Topo inhibitors like TAS-103, a novel antineoplastic agent, also
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FIGURE 1 Inhibition of Setaria cervi topoisomerase-Il by unnatural nucleosides. The enzyme activity was
monitored as described in the text. In both figures, Lane 1, pBR322 DNA alone; Lane 2, DNA + S. cervi
topoisomerase II.

caused topoisomerase-Il-mediated DNA cleavage in treated cells, indicating that
these, too, act as a novel antineoplastic agent.[36] Compounds 26 and 27 were
tested against HEV (herpes encephalytis virus) and many of them were screened
for their in vitro antimycobacterial activity, but none of them showed any
significant activity.

DNA Topoisomerase Il Estimation

Adult parasites of Setaria cervi were obtained from local abattoir and brought to
the laboratory in 0.85% NaCl. Adult Brugia malayi were recovered from the
peritoneal cavity of gerbil infected 90—180 days intraperitoneally. Worms were
thoroughly washed in saline and homogenized in homogenizing medium (10%
homogenate). Protein content was measured by the method of Lowry et al.*”! The
reaction catalyzed by DNA topoIl was estimated as reported earlier.”® The
reaction mixture in a final volume of 20 pl contained 50 mM Tris-HCI, pH 7.5; 50
mM KCI; 10 mM MgCly; 1 mM ATP; 0.1 mM EDTA; 0.5 mM DTT; 30 pg/ml
BSA; 0.25 pg pBR322 DNA; and enzyme protein. The reaction was carried out at
37°C for 30 min. and stopped by adding 5 pl of stop buffer. The samples were
electrophoresed on 1% agarose gel in Tris-acetate buffer for 18 h at 20 V. Gels were
stained with ethidium bromide (0.5 pg/mL) and visualized and photographed on a
GDS 7500 UVP TransIlluminator (Ultraviolet Products, U.K.). Incubating enzyme
protein with the inhibitor for 10 min. at 37°C and starting the reaction by addition
of pBR322 measured the effect of inhibitors on the enzyme activity. The percent
inhibition was measured by micro densitometry of the gel with a gel base /gel blot
Progel analysis software programme.

EXPERIMENTAL
General Methods

Thinlayer chromatographies were carried out on silica gel (Kiesel 60-F254,
Merck), spots were developed in iodine vapors and by spraying with 5% sulfuric
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acid in alcohol followed by heating at 100°C. Column chromatographies were
carried out on silica gel (120-230 mesh, Merck) using the indicated eluent. IR
spectra of liquids were recorded as thin films on KBr plates with a Perkin Elmer 881
spectrophotometer. NMR spectra were recorded on Bruker spectrometers 200
MHz or 300 MHz and the reference used was CDCl;. Chemical shifts were given as
O ppm values and J values were given in Hertz (Hz). Elemental analyses were
performed on a Perkin-Elmer 2400 II elemental analyzer. The optical rotations were
measured in a 1.0 dm tube with Jasco dip-140 polarimeter in chloroform, methanol,
or ethyl acetate. The excess of the reagents or solvents were evaporated under
reduced pressure at a bath temperature between 45 and 55°C.

General Procedure for the Synthesis of Compounds 7-10

Ethyl[5,6-dideoxy-1,2-di-O-isopropylidene-3-O-methyl-5-N-(4-
nitrobenzoyl)amino]-a-D-gluco and-p-L-ido-hepto-1,4-furanuro-
nate (7). A mixture of 4nitrobenzoic acid (2.60 g, 7.58 mmol), dicyclohexyl
carbodimide (2.10 g, 7.8 mmol), and dimethylamino pyridine (1.54 g, 3.8 mmol) in
anhydrous dichloromethane (50.0 mL) was stirred magnetically at 0°C for five min.
A solution of ethyl-5-amino-5,6-dideoxy-1,2-O-isopropylidene-3-O-methyl-o-D-gluco
and B-L-ido-1,4heptofuranuronate (1a, 2.0 g, 4.10 mmol) in anhydrous dichloro-
methane (10.0 mL) was added drop-wise over a period of 30 min. to the stirring
reaction mixture and stirring continued at ambient temperature for 6 h. After
disappearance of starting material (tlc), the reaction mixture was filtered and the
filtrate concentrated under reduced pressure. The residue thus obtained was
dissolved in ethyl acetate, washed with aqueous NH,Cl (2 x 25 mL) and water
(2 x 20 mL). The organic layer was dried (NaySO,) and concentrated under
reduced pressure to give a crude mass, which was chromatographed over SiOqy
column using hexane:ethyl acetate (4:1) as eluent to give compound 7 as colorless
foam 2.16 g (92%), Rf 0.50 (7:3 hexane /ethyl acetate); [o]p® — 32.33 (¢ 0.3,
CH3;0H). MS (FAB): m/z 439 (M + H)"; IR (Neat), Viax: 3292, 2932, 1727, 1658,
1629, 1600, and 1527 cm™~'; "H NMR (CDCly): 5 8.28 and 7.92 (d, / = 8.8 Hz, 2H,
ArH), 7.58, 7.04 (d, J = 8.1 Hz, 1H, diastereomeric NHCO); 5.94, 5.90 (d, J = 3.8
Hz, 1H, diastereomeric H-1); 4.94—4.72 (two m, 1H, diastereomeric H-5), 4.63—4.60
(m, 1H, diastereomeric H-2); 4.45-4.30 (m, 1H, diastereomeric H-4); 4.14 (q,
J =7.1Hz, 2H, —OCH,CHj); 3.90, 3.75 (d, J = 3.2 Hz, 1H, diastereomeric H-3);
3.45, 3.39 (s, 3H, diastereomeric —OCHj); 2.94-2.68 (m, 2H, H-6); 1.49, and 1.32
[s, 6H, (CHj)oC]; 1.25 (t, J=7.1 Hz, 3H, —OCHyCHs;). Anal. Calcd for
CyoHygsNoOg: C, 54.79; H, 5.98; N, 6.39. Found: C, 54.92; H, 6.23; N, 6.11.

Ethyl[3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene-5-N-(4-
nitrobenzoyl)amino]-B-L-ido-hepto-1,4-furanuronate (8). Color-
less solid, mp 181°C; yield 1.90 g (95%), Rf 0.55 (7:3 hexane/ethyl acetate),
[e]p* — 8.00 (¢ 0.275, CH;OH). MS (FAB): m/z 514 (M + H)", IR(KBr) Vppay:
3336, 2985, 2929, 1738, 1656, 1600, 1547, 1519, 1460, and 1377 cm . '"H NMR
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(200 MHz, CDCly): 6 8.15 and 7.74 (d, J = 8.4 Hz, 2H, ArH); 7.25 (m, 5H, ArH);
6.95 (d, J/ = 7.8 Hz, 1H, NHCO); 5.99 (d, J = 3.8 Hz, 1H, H-1); 4.88—4.84 (m, 1H,
H-5); 4.69—-4.64 (m, 2H, —OCHuPh and H-2); 4.48—4.41 (m, 2H, —OCHgPh and
H+4); 4.13 (q, / = 7.1 Hz, 2H, —OCH,CHjy); 3.99 (d, J = 3.2 Hz, 1H, H-3); 2.72—
2,66 (m, 2H, H-6); 149, 1.33 [s, 6 H, (CHj)C]; 1.25 (t, J=7.1 Hz, 3H,
—OCHCHj). Anal. Calcd for CoH3zoNoOg: C, 60.69; H, 5.88; N, 5.44. Found: C,
61.01; H, 6.04; N, 5.23.

Ethyl[5-N-(3-chlorobenzoyl)amino-5,6-dideoxy-1,2-O-isopro-
pylidene-3-O-methyl]-o-D-gluco and-B-L-ido-hepto-1,4-furanuro-
nate (9). Colorless foam; yield 2.32 g (89%), Rf 0.45 (7:3 hexane/ethyl
acetate), [o]p? — 228 (¢ 0525, CH;OH). MS (FAB): m/z 420 (M + H)',
IR(KBY), Vi 3360, 2088, 2936, 1729, 1652, 1536, 1469, and 1377 ecm™%; 'H
NMR (200 MHz, CDCly): 8 7.75 (s, 1H, ArH); 7.63 (d, J = 7.5 Hz, 1H, ArH);
7.43-7.34 (m, 2H, ArH); 6.94 (d, J =82 Hz, 1H, NHCO); 594 (d, J = 3.9 Hz,
1H, H-1); 4.95-4.78 (m, 1H, H-5); 4.60 (d, J = 3.9 Hz, 1H, H2); 4.51-4.46 (m,
1H, H4); 4.16 (q, J = 7.1 Hz, 2H, —OCH,CHy); 3.74 (d, J = 3.2 Hz, 1H, H-3);
3.38 (s, 3H, —OCHj); 2.81-2.70 (m, 2H, H-6); 1.49, 1.32 [s, 3H, (CHz),C]; 1.25 (t,
J = 7.1 Hz, 6H, —OCH,CHj). Anal. Calcd for CooHysCINO;: C, 56.14; H, 6.12;
N, 3.27. Found: C, 56.44; H, 6.41; N, 3.08.

Ethyl[3-O-benzyl-5-N-(3-chlorobenzoyl)amino-5,6-dideoxy-1,2-
O-isopropylidene]-a-D-gluco and-f-L-ido-hepto-1,4-furanuronate
(102. Colourless foam; yield 1.85 g (93%), Rf 0.50 (7:3 hexane /ethyl acetate),
[o]p> —6.40 (¢ 0.250, CH;OH). MS (FAB): m/z 504 (M + H)", IR(KBt), Viax:
3368, 2983, 2928, 1730, 1658, 1570, 1536, and 1465, 1377 cm ™ '; "H NMR (200 MHz,
CDCly): 5 7.64 (s, 1H, ArH); 7.51-7.22 (m, 8H, ArH); 6.79 (d, J = 8.1 Hz, 1H,
NHCO); 5.98 (d, J = 3.8 Hz, 1H, H-1); 4.87-4.74 (m, 1H, H-5); 4.68-4.63 (m, 2H,
—OCHPh and H-92); 4.47—4.42 (m, 2H, —OCHyPh and H-4); 4.12 (q, / = 7.1 Hz,
9H, —OCH,CH,); 3.97 (d, J = 32 Hz, 1H, H:3); 2.84-2.57 (m, 2H, H6); 1.5,
149 [s, 6H, (CHy),CJ; 1.23 (t, J = 7.1 Hz, 3H, —OCH,CHs). Anal. Calcd for
CysHsoNO,CL: C, 61.96; H, 6.00; N, 2.78. Found: C, 62.23; H, 6.32; N, 2.57.

Ethyl[3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene-5-N-(tetra-
decanoyl)amino]-f-L-ido-hepto-1,4-furanuronate (11). Ethyl[5-ami-
no-3-0-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-p-L-ido-1,4-heptofuranuronate (la,
1.5 g, 4.10 mmol) was dissolved in anhydrous dichloromethane and stirred
magnetically at 0°C for 10 min. followed by the addition of triethyl amine (1.0 mL,
9.0 mmol). Myristoyl chloride (2.6 mL, 4.20 mmol) was taken in anhydrous
dichloromethane and added drop-wise over a period of 30 min. to the stirring
reaction mixture and stirring continued at 30°C for 3 h. After disappearance of
starting material (tlc), the reaction mixture was filtered, concentrated under reduced
pressure, residue dissolved in ethyl acetate and washed with aqueous NH,Cl
(2 x 25 mL) and water (2 x 20 mL). The organic layer was dried (Na,SO,) and
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concentrated under reduced pressure to give a crude mass, which was chromato-
graphed over SiOy column using hexane:ethyl acetate (5:1) as eluent to give
compound 11. Colorless solid, mp 121-123°C, yield 2.24 g (95%), Rf 0.65 (7:3
hexane /ethyl acetate), [o]p>® — 12.57 (¢ 0.175, CH;OH). MS (FAB): m/z 575
M + H)", IR(KBr), Vinay: 2925, 2856, 1733, 1656, 1541, and 1459 cm™ '; '"H NMR
(200 MHz, CDCls): 6 7.35-7.32 (m, 5H, ArH); 5.99 (d, / = 8.0 Hz, 1H, NHCO);
594 (d, / = 3.8 Hz, 1H, H-1); 4.69-4.54 (m, 3H, —OCHAPh, H-2 and H-5); 4.40—
4.35 (m, 2H, —OCHgPh and H-4); 4.09 (q, / = 7.1 Hz, 2H, —OCH,CHj); 3.90 (d,
J =32 Hz, 1H, H-3); 2.64 (dd, J = 16.1 and 6.0 Hz, 1H, H-64); 2.49 (dd, J = 16.1
and 5.3 Hz, 1H , H-6); 2.06—1.98 (m, 2H, COCHy); 1.48, 1.32 [s, 6H, (CHj),C],
1.23 (m, 25H, 11 x CH,; and OCHyCHs). Anal. Caled for C3sHz3sNO7: C, 68.84;
H, 9.28; N, 2.43. Found: C, 69.13; H, 9.54; N, 2.19.

General Procedure for the Synthesis of Compounds 1222

Ethyl[5-N-(acetyl)amino-1,2-di-O-acetyl-5,6-dideoxy-3-O-meth-
yl)]-o-D-gluco and p-L-ido-hepto-1,4-furanuronate (12). To a
stirring solution of ethyl-5-amino-5, 6-dideoxy-1,2-O-isopropylidene-3-O-methyl-o-D-
gluco and P-L-ido-1,4-heptofuranuronate (1a, 3.0 g, 10.38 mmol) in glacial acetic
acid (15.0 mL) at 0°C, acetic anhydride (1.5 mL) was added and stirring
continued at the same temperature. After 10 min., concentrated sulfuric acid (0.2
mL) was added and the stirring further continued for 12 h. The reaction mixture
was poured on crushed ice containing sodium bicarbonate and it was extracted
repeatedly with chloroform. The organic layer dried (NaySO,) and concentrated
under reduced pressure to get a crude product, which on column chromatog-
raphy (SiO9) using chloroform /methanol (99:1) as eluent afforded compound 12
as yellowish foam; yield 3.68 g (89%), Rf 0.35 (3:2 hexane /ethyl acetate), [o]p>
— 15.69 (¢ 0.325, CH;OH). MS (FAB): m/z 376 (M + H)", IR(Neat) Vi, 3377,
2987, 1741, 1662, 1543, 1440, and 1373 cm™'; '"H NMR (200 MHz, CDCly): &
6.40 (d, J = 4.5 Hz, 1H, H-1, a-anomer); 6.09 (s, 1H, H-1, f-anomer); 5.21 (s, 1H,
H-2, B-anomer); 5.17-5.12 (m, 1H, H-2, o-anomer); 4.68—4.51 (m, 2H, H4 and H-
5); 4.11 (q, J = 7.1 Hz, 2H, —OCH,CH,); 3.78 (d, J = 2.1 Hz, 1H, H-3); 3.47,
3.46, 3.45, and 3.42 (s, 3H, —OCHj; of diastereomeric anomers); 2.68—2.64 (m,
2H, H-6); 2.11, 2.10, and 1.95 [s, 9H, 2 x OCOCHj3 and NHCOCHg]; 1.25 (t,
J =7.1Hz, 3H, —OCHyCHjs). Anal. Calcd for C;HysNOg: C, 51.20; H, 6.71; N,
3.73. Found: C, 51.43; H, 6.92; N, 3.60.

Ethyl[1,2-di-O-acetyl-3-O-benzyl-5-N-acetyl-5,6-dideoxy) ]-B-L-
ido-hepto-1,4-furanuronate (13). Yellow oil; yield 2.68 g (92 %), Rf 0.40
(3:2 hexane /ethyl acetate), [o]p>> —7.66 (¢ 0.30, CH;OH). MS (FAB): m/z 451
(M + H)", IR(Neat), Vimay: 3373, 2371, 1739, 1661, 1545, 1437, and 1373 cm™'; 'H
NMR (200 MHz, CDCl;): 6 7.35 (m, 5H, ArH); 6.41 (d, / = 4.5 Hz, 1H, H-1, o-
anomer); 6.04 (d, / = 7.8 Hz, IH, NHCO); 5.27 (s, 1H, H-1, B-anomer); 5.27-5.23
(m, 1H, H-2, o-anomer); 4.77(d, J = 11.8 Hz, 1H, OCHAPh); 4.64—4.51 (m, 3H,
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OCHAPh, H-5 and H-4); 4.11 (q, /= 7.1 Hz, 2H, —OCH,CHj); 3.98 (d, J = 4.6
Hz, 1H, H3); 262 (d, /=54 Hz, 2H, H#6); 211, 20, and 1.81 [s, 9H,
2 x OCOCH;3 and NHCOCHg|; 1.25 (t, /= 7.1 Hz, 3H, —OCHyCHjs). Anal.
Calcd for CyoHggNOy: C, 58.53; H, 6.47; N, 3.10. Found: C, 58.82; H, 6.73; N, 3.01.

Ethyl[ 1,2-di-O-acetyl-5,6-dideoxy-5-hexadecylamino-3-O-meth-
yl)]-B-L-ido-hepto-1,4-furanuronate (14). Yellow oil; yield 1.22 g (90%),
Rf 0.60 (3:2 hexane /ethyl acetate), [oc]D25 — 2341 (¢ 0.1375, CH3;0OH). MS (FAB):
m/z 558 (M + H)", IR(KBr), Viay: 3341, 2983, 1730, 1247, 1177, 1028, and 757
cm™'. "H NMR (200 MHz, CDCly): § 6.42 (d, J = 4.6 Hz, 1H, H-1, o-anomer); 6.11
(s, 1H, H-1, B-anomer); 5.19 (s, 1H, H-2, B-anomer); 5.18-5.11 (m, 1H, H-2,
o-anomer); 4.66—4.49 (m, 2H, H-4 and H-5); 4.03 (q, / = 7.1 Hz, 2H, —OCH,CHj);
3.68 (d, J = 2.1 Hz, 1H, H-3); 3.45, 3.41 (s, 3H, —OCHyj), 2.68-2.64 (m, 2H, H-6);
2.06, 2.04 (s, 6H, 2 x OCOCHjg); 1.55 (m, 2H, NHCH,CH,); 1.25 (m, 33H,
— 15 x CHy's and OCH,CHs). 0.87 (t, / = 6.9 Hz, 3H, —CHyCHs). Anal. Calcd
for C3)H55NOg: C, 64.60; H, 9.94; N, 2.51. Found: C, 64.71; H, 10.23; N, 2.38.

Ethyl[1,2-di-O-acetyl-5-cyclopropylamino-5,6-dideoxy-3-O-
methyl) ]-B-L-ido-hepto-1,4-furanuronate (15). Colorless oil; yield
1.13 g (88%), Rf 0.50 (3:2 hexane /ethyl acetate), [o]p>" — 12.72 (¢ 0.2625, CH;OH).
MS (FAB): m/z 374 (M + H)", IR(KBI), Vpmax: 3355, 3048, 2978, 2923, 2845, and
1721 em™". "H NMR (200 MHz, CDCly): § 6.38 (d, J = 4.5 Hz, 1H, H-1, o-anomer);
6.12 (s, 1H, H-1, B-anomer); 5.24 (s, 1H, H-2, f-anomer); 5.21-5.18 (m, 1H, H-2,
o-anomer); 4.68—4.51 (m, 2H, H-4 and H-5); 4.08 (q, / = 7.1 Hz, 2H, —OCH,CHy);
3.59 (d, J/ = 2.1 Hz, 1H, H-3); 3.47 and 3.45 (s, 3H, —OCHy); 2.72-2.66 (m, 2H, H-
6); 2.08, and 2.05 (s, 6H, 2 x OCOCHj); 1.88 (m, 1H, NHCH); 1.26 (t, / = 7.1 Hz,
3H, —OCHyCHjs); 0.55—-0.48 (m, 4H, cyclopropyl CH,). Anal. Calcd for
Ci7Hy»NOg: C, 54.68; H, 7.29; N, 3.75. Found: C, 54.82; H, 7.53; N, 3.55.

Ethyl[1,2-di-O-acetyl-5,6-dideoxy-5-furylamino-3-O-methyl) ]-
B-L-ido-hepto-1,4-furanuronate (16). Colorless foam; yield 1.32 g (85%),
Rf0.45 (3:2 hexane / ethyl acetate), [o]p>" — 11.32 (¢ 0.1750, CH;OH). MS (FAB): m /
z 415 (M + H)", IR(KBr), Vo, 3341, 2983, 1730, 1247, 1177, 1028, and 757 cm L.
'"H NMR (200 MHz, CDCly): 6 7.42 (s, 1H, furyl H); 6.88—6.82 (m, 2H, furyl H);
6.40 (d, J = 4.5 Hz, 1H, H-1, o-anomer); 6.09 (s, 1H, H-1, B-anomer); 5.21 (s, 1H,
H-2, B-anomer); 5.17-5.12 (m, 1H, H-2, o-anomer); 4.68—4.51 (m, 2H, H-4 and H-
5); 4.11 (q, J = 7.1 Hz, 2H, —OCH,CHy); 3.78 (d, J = 2.1 Hz, 1H, H-3); 3.62 (s,
2H, NCHy); 3.51, 3.49 (s, 3H, —OCHy); 2.72—2.65 (m, 2H, H-6); 2.11, 2.10 [s, 6H,
2 x OCOCHg|; 1.25 (t, J=7.1 Hz, 3H, —OCHyCHj;). Anal. Calcd for
Ci9HyNOg: C, 55.20; H, 6.58; N, 3.39. Found: C, 54.92; H, 6.83; N, 3.15.

Ethyl[1,2-di-O-acetyl-5-benzylamino-5,6-dideoxy-3-O-meth-
yl)]-o-D-gluco and B-1-ido-hepto-1,4-furanuronate (17). Colorless
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foam; yield 1.20 g (90%), Rf 0.50 (3:2 hexane /ethyl acetate), [o]p>’ — 24.31 (¢
0.1875, CH30H). MS (FAB): m/z 424 (M + H)", IR (Neat) Vi 3378, 2364,
1730, 1527, 1555, 1381, 1216, 1077, 759, and 670 cm '. '"H NMR (200 MHz,
CDCly): 6 7.27-7.24 (m, 5H, ArH); 6.38 (d, J = 4.5 Hz, 1H, H-1, o-anomer); 6.05
(s, 1H, H-1, B-anomer); 5.18 (s, 1H, H-2, B-anomer); 5.13-5.07 (m, 1H, H-2, o-
anomer); 4.68—4.51 (m, 3H, H4, H-5 and NCH,); 4.38 (d, J = 15.6 Hz, 1H, and
NCHg); 4.02 (q, / = 7.1 Hz, 2H, —OCH,CHj3); 3.82 (d, / = 2.1 Hz, 1H, H-3); 3.46,
3.44 (s, 3H, —OCHyg); 2.71-2.65 (m, 2H, H-6); 2.11, 2.10 [s, 6H, 2 x OCOCHyj];
1.25 (t, / = 7.1 Hz, 3H, —OCHyCHs). Anal. Calcd for Cy;HygNOg: C, 59.56; H,
6.90; N, 3.31; Found: C, 59.84; H, 7.22; N, 3.03.

Ethyl[1,2-di-O-acetyl-5,6-dideoxy-3-O-methyl-5-N-(4-nitroben-
zoyl)amino]-o-D-gluco and-f-L-ido-hepto-1,4-furanuronate
(18). Colorless oil; yield 1.8 g (96%), Rf 0.62 (3:2 hexane/ethyl acetate), [o]p”
—12.16 (c 0.3125, CH;OH). MS (FAB): m/z 483 (M + H)", IR(KBr) vy 3344,
2935, 1741, 1660, 1601, 1529, 1348, and 1223 cm™'; "H NMR (200 MHz, CDCls): &
8.27 and 791 (d, J =8.6 Hz, 2H, ArH); 6.86, 6.82 (d, /= 0.8 Hz, NHCO of
anomers); 6.44 (d, J = 4.5 Hz, 1H, H-1, a-anomer); 6.13 (s, 1H, H-1, B-anomer); 5.26
(s, 1H, H-2, B-anomer); 5.20—5.15 (m, 1H, H-2, o-anomer); 4.90—4.71 (m, 1H, H-5);
4.68-4.50 (m, 1H, H4); 4.11 (q, / = 7.1 Hz, 2H, —OCH,CHj); 3.87 (d, J = 2.1 Hz,
1H, H-3); 3.46, 3.43 (s, 6H, —OCHj of two anomers); 2.81-2.75 (m, 2H, H-6); 2.11,
2.09 (s, 3H, 2 x OCOCHy); 1.26 (t, / = 7.1 Hz, 3H, —OCH,CHs). Anal. Calcd for
Co1HyeNoOy 1 C, 52.28; H, 5.43; N, 5.81; Found: C, 52.54; H, 5.62; N, 5.70.

Ethyl[3-O-benzyl-1,2-di-O-acetyl-5,6-dideoxy-5-N-(4-nitroben-
zoyl) ]-B-L-ido-hepto-1,4-furanuronate (19). Colorless solid, mp 144°C;
yield 1.6 g (98%), Rf 0.68 (3:2 hexane / ethyl acetate), [o]p>> — 24.6 (¢ 0.17, CH;OH).
MS (FAB): m /2 559 (M + H)", IR(KBr) vinay: 3421, 3022, 2931, 2859, 1740, 1663,
1602, 1528, 1488, and 1347 cm™ '; "H NMR (200 MHz, CDCl3): 6 8.14 and 7.72 (d,
J =8.7 Hz, 2H, ArH); 7.29-7.21 (m, 5H, ArH); 6.88, 6.84 (d, /= 7.8 Hz, 1H,
NHCO of anomers); 6.41 (d, /= 4.5 Hz, 1H, H-1, o-anomer); 6.18 (s, 1H, H-1,
B-anomer); 5.32 (m, 1H, H-2, P-anomer); 528-526 (m, 1H, H-2, o-anomer);
4.86—4.78 (m, 1H, H-5); 4.74 (d, J = 11.4 Hz, 1H, OCH4Ph); 4.66—4.51 (m, 2H,
OCHgPh and H+4); 4.13 (m, 3H, —OCH,CHj3 and H-3); 2.78-2.74 (m, 2H, H-6);
2.13, 2.04, 2.10, and 2.09 (s, 6H, 2 x OCOCHj; of anomers); 1.25 (t, / = 7.1 Hz, 3H,
—OCHCHs). Anal. Calcd for Cy7H30N2O4;: C, 58.06; H, 5.41; N, 5.02; Found: C,
58.34; H, 5.73; N, 4.92.

Ethyl[1,2-di-O-acetyl-5-N-(3-chlorobenzoyl)-5,6-dideoxy-3-O-
methyl]-o-D-gluco and-B-1-ido-hepto-1,4-furanuronate (20). Col-
orless oil; yield 1.75 g (94%), Rf 0.56 (3:2 hexane /ethyl acetate), [o]p> —27.29
(¢ 0.2125, CH;OH). MS (FAB): m/z 473 (M + H)", IR (Neat) v 3328.9, 2988,
2935, 2855, 1743, 1655, 1538, 1471, 1426, and 1372 cm™'; 'H NMR (200MHz,
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CDCly): 6 7.75 (s, 1H, ArH); 7.74—7.28 (m, 4H, ArH); 6.84, 6.81 (d, / = 7.8 Hz, 1H,
—NHCO of anomers); 6.41, 6.36 (d, / = 4.5 Hz, 1H, H-1 diastereomeric o-anomers);
6.15, 6.12 (s, 1H, H-1 of B-anomers); 5.24, 5.21(s, 1H, H2 of B-anomers); 4.95-4.55
(m, 2H, H-5 and H-4 of diastereomers); 4.14 (q, /= 7.1 Hz, 2H, —OCH,CHy);
3.92-3.86 (m, 1H, H-3 of diastereomers); 3.53 and 3.44 (s, 6H, —OCHj of two
anomers); 2.84-2.72 (m, 2H, H-6); 2.11, 2.09 (s, 6H, 2 x OCOCHj); 1.26 (t,
J =7.1 Hz, 3H, —OCHyCHj3). Anal. Calcd for CoHysNOyCl: C, 53.45; H, 5.55;
N, 2.97. Found: C, 53.71; H, 5.82; N, 2.73.

Ethyl[1,2-di-O-acetyl-3-O-benzyl-5-N-(3-chlorobenzoyl)-5,6-
dideoxy]-o-D-gluco and-f-L-ido-hepto-1,4-furanuronate (21). Col-
orless foam; yield 1.42 g (95%), Rf 0.00 (3:2 hexane /ethyl acetate), [o]p” — 9.84
(c 0.4875, CH;0H). MS (FAB): m /2 549 (M + H)", IR(KBr) vypay: 3431, 3019, 2930,
2858, 1741, 1661, 1568, 1523, 1469, and 1373 cm™'; '"H NMR (200 MHz, CDCl): &
7.59 and 7.53 (s, 1H, ArH of anomers); 7.49-7.30 (m, 4H, ArH); 7.29-7.24 (m, 5H,
ArH); 6.86, 6.82 (d, / = 8.1 Hz, 1H, NHCO of anomers); 6.43 (d, / = 4.5 Hz, 1H,
H-1, o-anomer); 6.18 (s, 1H, H-1, f-anomer); 5.28 (m, 1H, H-2, B-anomer); 5.27-5.23
(m, 1H, H-2, o-anomer); 4.76—4.51 (m, 4H, —OCH,Ph, H-4 and H-5); 4.17—4.06 (m,
3H, —OCH,CHj and H-3); 2.78—-2.71 (m, 2H, H-6); 2.11, 2.03, 2.07 and 2.06 (s, 6H,
2 x OCOCHj3 of anomers), 1.25 (t, / = 7.1 Hz, 3H, —OCH,CHs). Anal. Calcd for
CyH3oNOGCl: C, 59.18; H, 5.52; N, 2.56; Found: C, 59.42; H, 5.81; N, 2.32.

Ethyl[1,2-di-O-acetyl-3-O-benzyl-5-N-tetradecanoyl-5,6-
dideoxy]-a-D-gluco and-f-1-ido-hepto-1,4-furanuronate (22). Col-
orless oil; yield 2.8 g (96%), Rf 0.70 (3:2 hexane /ethyl acetate), [o]p> — 12.57 (¢
0.45, CH;OH). MS (FAB): m/z 620 (M + H)", IR(KBr), Vo 3444, 2926, 2855,
2363, 1743, 1653, 1552, 1460, and 1379 cm™'; "H NMR (200 MHz, CDCly): & 7.36—
7.34 (m, 5H, ArH); 6.41 (d, J = 4.5 Hz, 1H, H-1, a-anomer); 6.14 (s, 1H, H-1, B-
anomer); 5.98 and 5.90 (d, / = 7.53 Hz, 1H, NHCO of anomers); 5.26 (m, 1H, H-2,
B-anomer); 5.20-5.18 (m, 1H, H-2, o-anomer); 4.77 (d, /= 11.8 Hz, 1H,
—OCHgPh); 4.70-4.51 (m, 3H, —OCHgPh, H4 and H-5); 4.22-4.03 (m, 2H,
—OCH,CHy); 3.97 (d, J = 4.77 Hz, 1H, H-3); 2.64 (d, J = 5.4 Hz, 2H, H-6); 2.11,
2.00 (s, 6H, 2 x OCOCHj3; of anomers); 1.50 (m, 2H, COCHy); 1.25—1.19 (m, 25H,
11 x CHy and OCH,CHj); (t, /=69 Hz, 3H, CHyCHj;). Anal. Calcd for
C3,H;53sNOg: C, 65.89; H, 8.62; N, 2.26; Found: C, 66.18; H, 8.96; N, 2.02.

General Procedure for the Synthesis of Compounds 23 —39

6-Aza-1-[ethyl-(5'-N-acetylamino-2"-O-acetyl-5',6'-dideoxy-3-O-
methyl-a-D-gluco and B-L-ido-hepto-1',4'-furanuronat-1-yl)] ura-
cil. (23). A mixture of ethyl[5>-N-(acetyl)amino-1,2-di-O-acetyl-5,6-dideoxy-3-0-
methyl)|-0-D-gluco and B-L-ido-hepto-1,4-furanuronate, 12 (1.20 g, 4.29 mmol) and
the silylated 6-aza uracil (0.6 g, 5.0 mmol) were stirred at 0°C for 10 min. followed
by the addition of SnCl, (1.0 mL, 5.0 mmol). The stirring was continued from 0°C
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to rt for 4 h. After disappearance of the starting material (tlc) the reaction mixture
was poured on crushed ice over sodium bicarbonate, extracted in chloroform
(2 x 25 mL), dried (NaySO,), and concentrated at reduced pressure to get crude
residue, which on column chlromatography using chloroform:methanol (49:1) as
eluent afforded 23 as colorless solid, mp 181°C; yield 0.55 g (61%), Rf 0.40 (19:1
chloroform /methanol), [o]p® — 94.28 (¢ 0.175, CH;OH). MS (FAB): m/z 429
(M + H)"; IR (KBr) Vinax: 3426, 3020, 1702, 1654, 1522, and 1372 cm™'; '"H NMR
(CDCly): 8 7.50 and 7.48 (s, 1H, H-5 of o and P anomers); 6.82 and 6.56 (d, J = 9.0
Hz, 1H, NHCO); 6.05 (d, / = 3.3 Hz, 1H, H-1', B anomer); 6.02 (d, / = 5.0 Hz, 1H,
H-1', oo anomer); 5.48 (m, 1H, H-2'); 473 (m, 1H, H-5,  anomer); 4.53—4.51 (m,
2H, H-4'and H-5' of o anomer); 4.34 (dd, J = 5.4 and 3.0 Hz, H-4', B anomer); 4.12
(q, J = 7.1 Hz, 2H, —OCHy); 4.03 (dd, J = 6.0 and 4.2 Hz , 1H, H-3', o0 anomer);
3.89 (d, J = 4.5 Hz, 1H, H-3, B anomer); 3.46, 3.44 (s, 3H, —OCHj); 2.66—2.58 (m,
2H, H-6"); 2.11, 2.10, 1.98, 1.96 (s, 6H, OCOCH; and NHCOCHj); 1.25, 1.24 (t,
J =7.1 Hz, 3H, —OCH,CH3); "°C NMR (CDCly): § 172.3, 171.82, 170.67, 170.3,
and 170.1 (COOEt and OCOCH;3; NHCOCHj of anomers); 156.1 (C-4); 148.2 (C-2);
136.7, 136.6 (C-5); 89.6, 88.9 (C-1); 84.5, 83.07 (C-2); 81.1, 80.03 (C4); 77.9, 77.4
(C-3Y; 61.2 (—OCHy); 58.7, 58.0 (OCHj); 46.1, 45.8 (C-5); 36.6 (C-6'); 23.8, 23.7,
21.1, 21.0, and 14.50 (OCOCH3, NHCOCHj;, and OCH,CHs). Anal. Caled. for
Ci7HouN,Oy: C, 47.66; H, 5.65; N, 13.08; Found: C, 47.92; H, 5.84; N, 12.89.

6-Aza-1-[ethyl-(5-N-acetylamino-2'-O-acetyl-5',6"-dideoxy-3-O-
methyl-o-D-gluco and B-1-ido-hepto-1',4-furanuronat-1-yl)] thy-
mine (24): Yellow foam; yield 0.34 g (59%), Rf 0.45 (19:1 chloroform/
methanol), [oc]D25 — 60.30 (¢ 0.325, CH;OH). MS (FAB): m/z 443 (M + H)",
IR(KBr) Viay: 3425, 2987, 2363, 1725, 1656, 1551, and 1442 cm ' '"H NMR (200
MHz, CDCl3): 6 9.70 and 9.28 (bs, 1H, NH); 6.01 (d, / = 2.5 Hz 1H, H-1); 5.99 (d,
J =49 Hz 1H, H-1" o anomer); 5.63—5.58 (m, 1H, H-2"); 4.56—4.48 (m, 1H, H-4');
4.11 (q, / = 7.1 Hz, 2H, —OCH,CHj3); 3.82 (m, 1H, H-5'); 3.48 (d, J = 5.4 Hz, 1H,
H-3'); 3.44 (s, 3H, OCHs); 2.66 (d, J = 5.8 Hz, each 2H, H-6); 2.30, 2.11, and 1.99
(s, 9H, OCOCH;, NHCOCH; and = CCHj); 1.27 (t, J=7.1 Hz, 3H,
—OCH,CH). 3C NMR (CDCly): 6 172.3, 171.8, 170.6, 170.2, and 170.1 (COOEt,
OCOCHj; and NHCOCH3; of anomers); 156.5 (C-4); 149.2 (C-2); 145.4, 145.0 (C-
5); 89.5, 887 (C-1'); 844, 83.1 (C2); 81.1, 79.8 (C4); 77.5, 76.9 (C3); 61.1
(—OCHy); 58.4, 57.8 (OCHy); 46.3, 45.9 (C-5'); 36.5 (C6'); 21.1, 16.8, and 14.50
(OCOCHg, NHCOCHg, and OCHQCHg) Anal Calcd. for C18H26N4OQZ C, 4887,
H, 5.92; N, 12.66; Found: C, 49.17; H, 6.14; N, 12.52.

5-Bromo-1-[ethyl-(5-N-acetylamino-2'-O-acetyl-5',6'-dideoxy-3"-
O-methyl)-o-D-gluco and B-L-ido-hepto-1',4-furanuronat-1"-yl)]
uracil (25). Yellow solid, 163°C; yield 0.25 g (54%), Rf 0.55 (19:1
chloroform /methanol), [o]p* + 13.33 (¢ 0.075, CH;0H). MS (FAB): m/z 506
(M + H)", IR(KBr), Vpmay: 3341, 2936, 1725, 1680, 1660, 1444, 1374, 1231, and 1059
cm”'; '"H NMR (200 MHz, CDCly): § 9.15 (bs, 1H, NH); 8.18, 7.72 (s, 1H, H-6
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of diastereomers); 6.49, 6.43 (d, / = 9.0 Hz, 1H, NHCO); 5.92 (s, 1H, H-1'); 5.25
(s, 1H, H-2'); 4.85-4.70 (m, 1H, H-5'); 4.50-4.32 (m, 1H, H4' of diastereomers);
4.13 (q, / = 7.1 Hz, 2H, —OCH,); 3.68 (d, / = 2.8 Hz , 1H, H-3'); 3.49, 3.45 (s, 3H,
—OCHs3); 2.72-2.58 (m, 2H, H-6"); 2.14, 2.08, 2.01, and 1.99 (s, 6H, OCOCHj; and
NHCOCH; of diastereomers); 1.26 (t, / = 7.1 Hz, 3H, —OCHyCH3); 3C NMR
(50 MHz, CDCly): 6 172.1, 172.0, and 169.9 (COOEt, OCOCHj3 and NHCOCHy3);
158.0 (C4); 148.2 (C-2); 140.3 (C-6); 110.0 (C-5); 89.0 (C-1'); 82.4 (C-2); 79.6 (C4");
72.2 (C-3); 61.3 (—OCHy); 58.3 (OCHy); 44.4 (C-5'); 35.6 (C-6); 23.8, 21.1, and
14.5 (OCOCHB, NHCOCHB, and OCHQCHg) Anal Calcd.for CIBH24BI'N3093 C,
42.70; H, 4.78; N, 8.30; Found: C, 42.94; H, 4.91; N, 8.11.

6-Aza-1-[ethyl-(5-N-acetylamino-2'-O-acetyl-3'-O-benzyl-5',6'-
dideoxy)-p-L-ido-hepto-1',4"-furanuronat-1-yl)] uracil (26). Color-
less solid, mp 148°C; yield 0.15 g (62%), Rf 0.45 (19:1 chloroform /methanol),
[0]p> — 9.6 (¢ 0.3125, CH;O0H). MS (FAB): m /2 505 (M + H)"; IR (KBr) Vinax:
3275, 2927, 1739, 1657, 1562, and 1379 cm™"; "H NMR (CDCls): § 7.38-7.32 (m,
6H, ArH and H-5); 6.38 (d, J = 82 Hz, 1H, NHCO); 5.27 (s, 1H, H-1'); 5.18 (s,
1H, H2); 481, 4.57 (d, J = 11.6 Hz, 1H, OCHAPh and OCHgPh); 4.64 (m, 1H,
H-5); 4.30 (m, 1H, H4); 412 (q, J = 7.1 Hz, 2H, —OCH,); 3.99 (d, J = 5.3 Hz,
1H, H-3); 2.58 (d, J=5.73 Hz, 2H, H6'); 2.09, 1.89 (s, 6H, OCOCHj3 and
NHCOCHs); 1.25 (t, J = 7.1 Hz, 3H, —OCH,CHs); "°C NMR (50 MHz, CDCly):
0 171.9, 170.7, and 170.3 (COOEt, and OCOCH; NHCOCH3); 148.6, 145.0 (C4
and C-2); 140.0 (C-5); 136.9 (ArC); 129.0, 128.8, and 128.6 (Ar-CH); 100.9 (C-5);
95.4 (C1'); 81.6 (C-2); 80.8 (C4); 80.1 (C-3"); 72.8 (—OCHyPh); 61.1 (—OCH,),
46.7 (CH); 36.6 (C6'); 23.7, 21.2, and 142 (OCOCH3;, NHCOCH;, and
OCH,CHg). Anal. Caled. for CygHogN,Og: C, 54.76; H, 5.59; N, 11.11; O, 28.54;
Found: C, 55.64; H, 5.98; N, 10.43.

6-Aza-1-[ethyl-(5-N-acetylamino-2'-O-acetyl-3'-O-benzyl-5',6'-
dideoxy)-p-L-ido-hepto-1',4-furanuronat-1-yl) |thymine (27). Col-
orless oil; yield 0.14 g (60%), Rf 0.50 (19:1 chloroform /methanol), [o]p* — 64.00
(¢ 0.075, CH;OH). MS (FAB): m/z 519 M + H)"; IR (KBr) vy 3073, 2361,
1721, 1680, and 1543 cm~'. 'H NMR (200 MHz, CDCls): & 88 (bs, 1H,
exchanges with D,O, NH); 7.34 (m, 5H, ArH); 6.48 (d, / = 8.1 Hz, 1H, NHCO);
6.02 (d, /= 4.5 Hz, 1H, H-1'); 5.62 (m, 1H, H2); 4.71, 4.60 (d, / = 12.0 Hz, 1H,
OCHAPh and OCHgPh); 4.63 (m, 1H, H-5); 4.46 (m, 1H, H-4'); 4.15 (m, 3H,
—OCH; and H-3); 2.64 (d, J = 6.3 Hz, 2H, H'); 2.23, 2.07, and 1.89 (s, 9H,
OCOCH; NHCOCH; and = CCHy); 1.24 (t, J = 7.1 Hz, 3H, —OCH,CH,); °C
NMR (CDCly): & 171.4, 170.2, and 169.7 (COOEt, and OCOCH; NHCOCHj3),
156.8, 148.6 (C-2 and C4); 145.0 (C-5); 137.0 (ArC); 129.1, 128.4, and 128.0 (Ar-CH);
88.5 (C-1'); 80.6 (C-2); 79.6 (C4); 77.3 (C-3'); 72.0 (—OCHyPh); 60.8 (—OCH,);
46.1 (C-5'); 36.2 (C6'); 23.4, 20.8, 16.5, and 14.2 (OCOCH3, NHCOCH;, = CCHj
and OCHyCHj3). Anal. Calcd. for Cy H50N,Oy : C, 55.59; H, 5.83; N, 10.81; Found:
C, 55.64; H, 5.98; N, 10.43.
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6-Aza-1-[ethyl-(2-O-acetyl-5',6'-dideoxy-5-N-hexadecylamino-
3-O-methyl)-p-L-ido-hepto-1',4-furanuronat-1'-yl)] thymine
(283. Yellow oil; Yield 0.26 g (55%), Rf 0.65 (19:1 chloroform/methanol),
[¢]p™ — 9.90 (¢ 0.7875, CH;OH). MS (FAB): m/z 625 (M + H)", IR(Neat) Vypay:
3414, 3021, 1703, 1636, 1542, 1423 cm ™' . "H NMR (200 MHz, CDCls): § 6.02 (d,
J=32Hz 1H, H-1'); 5.68 (d, J = 3.2 Hz, 1H, H-2'); 4.84 (dd, / = 7.9 and 3.0 Hz,
1H, H-4); 412 (q, J = 7.1 Hz, 2H, —OCHy); 3.88 (d, J = 3.0 Hz, 1H, H-3'); 3.41
(s, 3H, OCHj); 3.28 (m, 1H, H-5); 2.61 (m, 2H, H-6"); 2.20, 2.07 (s, 6H, OCOCHj;
and = CCH3); 1.88-1.84 (m, 2H, NHCH,); 1.28-1.23 (m, 31H, 14 x CHy's and
—OCH,CH), 0.88 (t, J = 6.9 Hz, 3H, —CH,CHs); '>°C NMR (50 MHz, CDCls): §
172.0, 170.5, (COOEt, and OCOCHg); 156.8 (C4); 148.5 (C-2); 139.0 (C-5); 89.8
(C-17; 83.5 (C2); 79.8 (C4'); 74.8 (C-3); 60.9 (—OCHy); 57.3 (OCHg); 35.6 (C-5');
322 (C6); 30.1, 29.7, 27.2, and 25.9 (CHas); 21.2, 17.0, and 14.50 (OCOCHS3,
OCH,CHg). Anal. Calced. for C3oH56N,Og : C, 61.51; H, 9.03; N, 8.97; Found: C,
61.73; H, 9.24; N, 8.69.

6-Aza-1-[ethyl-(2-O-acetyl-5-N-cyclopropylamino-5',6'-
dideoxy-3-O-methyl)-f-L-ido-hepto-1',4-furanuronat-1-yl)] uracil
(29). Yellow foam; yield 0.31 g (51%), Rf 0.40 (19:1 chloroform /methanol),
[o]p>> — 18.08 (c 0.2875, CH;OH). MS (FAB): m /z 427 (M + H)"; IR (Neat) Vinax:
3296, 2931, 1735, 1684, and 1373 cm™'; "H NMR (200 MHz, CDCly): § 7.31 (s, 1H,
H-5); 5.94-5.92 (m, 2H, H-1" and H-2'); 4.14 (m, 3H, OCH, and H-4'); 3.93 (d,
J =47 Hz, 1H, H-3); 3.63 (m, 1H, H-5); 3.45 (s, 3H, OCHj); 2.75-2.72 (m, 2H,
H-6'); 2.08 (s, 3H, OCOCHg); 2.11 (m, 1H, cyclopropyl CH), 1.27 (t, J = 7.1 Hz,
3H, —OCH,CH), 0.45-0.36 (m, 4H, cyclopropyl 2 x CHy); '*C NMR (50 MHz,
CDCl): 6 172.5, 170.6, (COOEt, and OCOCHS3); 156.2 (C4); 148.6 (C-2); 135.6
(C-5); 85.7 (C-1'); 81.1 (C2); 71.8 (C4); 71.4 (C-3); 60.8 (—OCHy); 57.4 (OCHy);
54.7 (C-5'); 36.2 (C6'); 28.67 (NHCH); 21.2, 14.50 (OCOCH; and OCH,CHy);
7.5, 5.5 (cyclopropyl CHy). Anal. Calcd. for CigHysN,Og : C, 50.70; H, 6.15; N,
13.14; Found: C, 51.06; H, 6.51; N, 13.01.

6-Aza-1-[ethyl-(2-O-acetyl-5',6"-dideoxy-5-N-furylamino-3-O-
methyl)-o-D-gluco and B-r-ido-hepto-1',4'-furanuronat-1-yl)] thy-
mine (30). Yellow solid, mp 135°C; yield 0.250 g (45%), Rf 0.55 (19:1
chloroform /methanol), [oc]D25 — 45.33 (¢ 0.075, CH30OH). MS (FAB): m/z 481
(M + H)", IR (KBr) Vi 2990, 2826, 1727, 1680, 1641, 1450, and 1376 cm™'; 'H
NMR (200 MHz, CDCl3): 6 9.2 (bs, 1H, NH); 7.26 (s, 1H, furyl H); 6.29-6.26 (m,
1H, furyl H); 6.18, 6.13 (d, / = 3.2 and 2.6 Hz, 1 H, furyl H); 5.97, 5.93 (d, / = 3.2
and 2.6 Hz, H-1" of diastereomers); 5.55, 5.53 (d, /= 3.2 and 2.6 Hz, 1H, H-2');
4.85-4.81 (m, 1H, H-5); 472, 424 (d, J = 15.0 Hz, 1H NHCH, and NHCHp);
4.13-4.05 (m, 3H, OCH, and H-¢); 3.67 (d, J = 4.7 Hz, 1H, H-3'); 3.46, 3.39 (s,
3H, OCHj; of diastereomers); 2.32—2.21 (m, 2H, H-6"); 2.16, 2.09 (s, 6H, OCOCHj3,
= CCHa); 1.71 (bs, 1H, NH); 1.25, 1.23 (t, / = 7.1 Hz, 3H, —OCH,CHj); '°C NMR
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(50 MHz, CDCl): 6 172.5, 171.8, and 170.2 (COOEt, and OCOCHy); 156.4 (C-4);
151.9 (Furyl C); 148.7 (C-2); 145.1 (C-5); 142.5, 141.4 (Furyl C); 111.1, 110.1, 108.8,
and 108.3 (Furyl CH, diastereomeric); 89.2 (C-1'); 83.5 (C-2); 78.2 (C4'); 77.3 (C-3);
61.3, 60.9 (—OCHy); 57.2, 56.8 (OCHj); 35.1, 34.6 (C6'); 22.5, 21.1, 16.8, and 14.5
(OCOCHg, C= CCHg and OCHQCHg) Anal. Calcd. for C21H28N409 : C, 5250, H,
5.87; N, 11.66; Found: C, 52.82; H, 6.14; N, 11.42.

6-Aza-1-[ethyl-(2-O-acetyl-5-N-benzylamino-5',6'-dideoxy-3"-O-
methyl)-o-D-gluco and B-1-ido-hepto-1',4-furanuronat-1-yl)] thy-
mine (31). Yellow solid, mp 163°C; yield 0.22 g (55%), Rf 0.45 (19:1
chloroform /methanol), [o]p>* — 46.00 (¢ 0.1, CH;OH). MS (FAB): m/z 533
(M + H)", IR(KBr) v 3447, 2832, 2366, 1706, 1636, 1449, 1375, and 1307
cm . "H NMR (200 MHz, CDCly): & 7.30-7.32 (m, 5H, ArH); 5.98, 5.92 (d,
J =255 and 3.18 Hz, 1H, H-1' of diastereomers); 5.53 (m, 1H, H-2'); 4.90 (m, 1H,
H-5); 3.98 (m, 5H, NHCH,, —OCH, and H-4); 3.69, 3.63 (d, J = 3.9 and 4.0 Hz,
1H, H-3'); 3.42, 3.36 (s, 6H, OCHj of two diastereomers); 2.90 (dd, / = 16.8 and
10.5 Hz, 1H, H-64); 240 (m, 1H, H-6"); 2.20, 2.07 (s, 6H, OCOCH; and
= CCHy); 1.71 (bs, 1H, NH); 1.20, 1.12 (t, J = 7.1 Hz, 3H, —OCH,CHs); "°C
NMR (50 MHz, CDCl): 6 173.6, 1729, 171.9, and 170.2 (COOEt, and
OCOCH;); 158.0 (C4); 148.7 (C-2); 145.1 (C-5); 139.0 (ArC); 128.6, 127.4, and
127.2 (ArCH); 89.6, 89.1 (C-1'); 83.7 (C-2); 80.0 (C4'); 76.2 (C-3); 61.3, 60.9
(—OCHy); 57.3, 56.8 (OCHj); 46.2 (NHCH,); 34.6 (C6'); 23.7, 21.1, 14.5
(OCOCHg, C= CCH3 and OCHQCH3) Anal. Calcd. for C23H30N408 H C,
56.32; H, 6.16; N, 11.42; Found: C, 56.64; H, 6.42; N, 11.19.

6-Aza-1-[ethyl-(2-O-acetyl-5'-N-4-nitrobenzoylamino-5',6'"-
dideoxy-3'-O-methyl)-a-D-gluco and B-L-ido-hepto-1',4-furanuro-
nat-1-yl)] uracil (32). Colorless solid, mp 148°C; yield 0.43 g (56%), Rf
0.38 (19:1 chloroform /methanol), [0 — 48.66 (¢ 0.15, CH;OH). MS (FAB): m / »
536 (M + H)"; IR (KBr) viay: 3416, 3022, 1729, 1703, 1662, 1603, 1528, 1486, 1346,
and 1222 cm™'; "H NMR (CDCly): § 9.06 (bs, 1H, NH); 8.28, 7.94 (d, J = 8.6 Hz,
2H, ArH); 7.58 (d, J = 8.2 Hz, 1H, NHCO); 7.41, 7.38 (s, 1H, H-5 of anomers);
6.08 (d, / = 3.2 Hz, 1H, H-1', p anomer); 6.02 (d, / = 5.0 Hz, 1H, H-1', o anomer);
5.58-5.55 (m, 1H, H-2', o anomer); 5.53 (d, J = 3.2 Hz, 1H, H-1',  anomer); 5.10—
5.00 (m, 1H, H-5', B anomer); 4.95—4.85 (m, 1H, H-5', o anomer); 4.70—4.60 (m, 1H,
H-4', o anomer); 4.46—4.41 (m, 1H, H4', § anomer); 4.15 (q, /= 7.1 Hz, 2H,
—OCHy); 3.99 (d, J = 4.7 Hz, 1H, H-3); 3.51, 3.44 (s, 3H, —OCHy); 2.92—2.66 (m,
2H, H-6'); 2.12, 2.11 (s, 3H, OCOCHj3); 1.25, 1.26 (t, / = 7.1 Hz, 3H,—OCH,CHy);
C NMR (50 MHz, CDCly): § 171.6, 170.7, and 165.6 (COOEt, OCOCHj and
NHCO); 155.9, 149.9 (C4 and C-2); 148.1, 140.8 (ArC); 136.8 (C-5); 128.7, 124.1
(Ar-CH); 89.3 (C-1'); 83.4 (C-2); 80.0 (C4); 77.6 (C-3); 61.3 (—OCHy); 58.7
(—OCH;); 47.0 (C-5); 36.6 (C-6'); 21.0, 14.5 (OCOCH;3 and OCHyCH3). Anal. Calced.
for CyoHy5N5041: C, 49.35; H, 4.71; N, 13.08; Found: C, 49.74; H, 4.92; N, 12.89.
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6-Aza-1-[ethyl-(2'-O-acetyl-5-N-4-nitrobenzoylamino-5',6'-
dideoxy-3-O-methyl)-o-D-gluco and pB-L-ido-hepto-1',4"-furanuro-
nat-1-yl] thymine (33). Colorless solid, mp 178°C; yield 0.47 g (60%), Rf
0.46 (19:1 chloroform /methanol), [o]p* — 52.26 (¢ 0.1875, CH;OH). MS (FAB):
m/z 550 (M + H)", IRKBr), Vi 3407, 2935, 2372, 1722, 1659, 1602, and 1527
cm™ . "H NMR (200 MHz, CDCls): § 8.72 (bs, 1H, NH); 8.27, 7.59 (d, / = 8.7 Hz,
2H, ArH); 7.59 (d, J = 8.2 Hz, 1H, NHCO); 6.08 (d, / = 3.1 Hz, 1H, H-1'); 5.61 (d,
J = 3.1 Hz, 1H, H2); 500-4.96 (m, 1H, H-5); 4.42-4.38 (m, 1H, H4); 4.17 (q,
J =7.1 Hz, 2H, —OCH,); 3.98 (d, J = 4.4 Hz, 1H, H-3); 3.53 (s, 3H, —OCHyg);
2.76 (dd, J = 16.8 and 5.8 Hz, 1H, H6,"); 2.65 (dd, / = 16.8 and 6.2 Hz, 1H, H-65");
221, 212 (s, 3H, OCOCHj3 and = CCHy); 1.24 (t, / = 7.1 Hz, 3H, —OCHyCHy);
C NMR (CDCly): § 171.9, 170.4, and 165.2 (COOEt, OCOCH; and NHCO);
156.3, 150.0 (C4 and C-2); 148.8 (C-5); 145.0, 140.0 (ArC); 128.5 and 124.1 (Ar-
CH); 89.9 (C-1); 849 (C2); 80.7 (C4); 77.3 (C3); 614 (—OCHy); 57.8
(—OCHg); 46.9 (C-5); 35.9 (C6'); 21.1, 16.8, and 14.5 (OCOCH;3 , = CCHj and
OCH,CHg). Anal. Caled. for Cy3HyyN5O4;: C, 50.27; H, 4.95; N, 12.75; Found:
C, 50.54; H, 5.16; N, 12.44.

5-Bromo-1-[ethyl-(2-O-acetyl-5',6'-dideoxy-3'-O-methyl-5"-N-4-
nitrobenzoylamino)-a-pD-gluco and B-L-ido-hepto-1',4'-furanuro-
nat-1-yl)] uracil (34). Yellow solid, mp 123°C; yield 0.23 g (48%), Rf 0.52
(19:1 chloroform /methanol), [o]p> + 13.71 (¢ 0.0875, CH;OH). MS (FAB): m /2
601 (M + H)"; IR (KBr) vipay: 3419, 3072, 2990, 1706, 1602, 1680, 1527, 1441, and
1346 cm™'; "H NMR (CDCly): 5 8.73 (bs, 1H, NH); 8.29, 7.7 (d, J = 8.7 Hz, 2H,
ArH); 8.20 (s, 1H, H-6); 7.42 (d, J = 8.2 Hz, 1H, NHCO); 5.93 (s, 1H, H-1'); 5.23
(s, 1H, H-2'); 5.06-4.97 (m, 1H, H-5); 4.51 (dd, /= 8.9 and 3.3 Hz, 1H, H4');
4.22 (q, /=72 Hz, 2H, —OCHy); 3.74 (d, J = 4.4 Hz, 1H, H-3'); 349 (s, 3H,
—OCH;); 2.84 (dd, /= 16.8 and 5.0 Hz, 1H, H-64"); 2.68 (dd, / = 16.8 and 4.4
Hz, 1H, H-65); 2.15 (s, 3H, OCOCHz); 1.29 (t, J = 7.2 Hz, 3H, —OCHyCHj);
C NMR (50 MHz, CDCly): § 172.0, 169.9, and 165.6 (COOEt, OCOCHj and
NHCO ); 1594, 150.1 (C4 and C-2); 140.6 (C6); 149.8, 140.6 (ArC); 128.7, 124.2
(Ar-CH); 97.5 (C5); 89.7 (C-1'); 832 (C2); 822 (C4); 79.0 (C3); 618
(—OCH,); 58.4 (—OCHg); 46.4 (C-5'); 35.5 (C6); 21.1, 14.5 (OCOCH;3 and
OCH,CHs). Anal. Caled. for Cy3HysBrN,Oyy: C, 45.04; H, 4.11; N, 9.13; Found:
C, 45.35; H, 4.39; N, 9.02.

6-Aza-1-[ethyl-(2-O-acetyl-3-O-benzyl-5',6"-dideoxy-5"-N-4-
nitrobenzoylamino)-p-L-ido-hepto-1',4-furanuronat-1-yl)] thy-
mine (35). Colourless solid, mp 184°C; yield 0.53 g (62%), Rf 0.55 (19:1
chloroform /methanol), [¢]p* — 16.69 (¢ 0.2875, CH;OH). m/z 625 (M + H)",
TR(KBr), Vinax: 3408, 3022, 1733, 1636, 1527, 1478, and 1340 cm ™' . "H NMR (200
MHz, CDCly): 6 8.2 (bs, 1H, NH); 8.09, 7.82 (d, J = 8.6 Hz, 2H, ArH); 7.52 (d,
J =82 Hz, 1H, NHCO); 7.27-7.22 (m, 5H, ArH); 6.08 (d, J = 4.32 Hz, 1H, H-1);
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5.89-5.86 (m, 1H, H2'); 4.89-4.86 (m, 1H, H-5'); 4.74, 4.58 (d, / = 11.7 Hz, 1H,
OCH, and OCHg); 4.56—4.52 (m, 1H, H4'); 4.11 (q, / = 7.1 Hz, 2H, —OCH,);
4.22-4.19 (m, 1H, H-3"); 2.72 (d, J = 6.5 Hz, 2H, H-6); 2.08, 2.07 (s, 6H, OCOCHj;
and = CCH3); 1.24 (t, / = 7.1 Hz, 3H, —OCH,CHj); 3C NMR (50 MHz, CDCly):
6 171.8, 170.3, and 165.8 (COOEt, OCOCHj; and NHCO); 159.3, 154.8 (C4 and C-
2); 149.6 (C-5); 140.9, 137.6, and 135.6 (ArC); 128.9, 128.7, 128.3, and 123.7 (Ar-
CH); 91.1 (C1"); 81.6 (C2); 80.3 (C4); 77.5 (C3); 72.7 (—OCH.Ph); 61.3
(—OCHy); 47.5 (C-5); 36.9 (C6); 21.2, 17.2, and 14.5 (OCOCH;, = CCHj and
OCH,CHg). Anal. Caled. for Co9Hg1N5O4;: C, 55.68; H, 4.99; N, 11.19; Found: C,
55.94; H, 5.27; N, 10.94.

5-Bromo-1-[ethyl-(2"-O-acetyl-3'-O-benzyl-5',6"-dideoxy-5-N-4-
nitrobenzoylamino)-p-1-ido-hepto-1',4-furanuronat-1-yl)] uracil
(36). Colorless solid, mp 167°C; yield 0.21 g (48%), Rf 0.58 (19:1 chloroform/
methanol), [¢]p* — 215 (¢ 0.025, CH;OH). MS (FAB): m/z 690 (M + H)',
IR(KBr), Vinax: 3330, 2931, 1734, 1653, 1600, 1528, 1490, 1451, and 1345 cm™ '; 'H
NMR (200 MHz, CDCls): 6 8.19 and 7.84 (d, / = 8.8 Hz, 2H, ArH); 7.64 (d, J = 8.2
Hz, 1H, NHCO); 7.37-7.27 (m, 6H, ArH and H-6); 5.32 (s, 1H, H-1'); 5.20 (s,
H-2'); 4.95-4.84 (m, 1H, H-5); 4.77 (d, J = 11.7 Hz, 1H, OCH,); 4.60—4.47 (
9H, H4'and OCHy); 4.12 (m, 3H, —OCH, and H.3); 2.74-2.70 (m, 2H, H-6)
2.10 (s, 3H, OCOCHy); 1.24 (t, J =7.1 Hz, 3H, —OCH,CHs); "°C NMR (50
MHz, CDCly): & 171.9, 170.0, and 165.6 (COOEt, OCOCH3 and NHCO); 159.4,
150.5 (C4 and C-2); 149.8, 140.56, and 136.0 (ArC); 140.5 (C-6); 129.2, 128.9,
1287, and 124.1 (Ar-CH); 97.5 (C-5); 89.8 (C-1'); 834 (C2); 79.7 (C4); 79.6
(C3); 722 (—OCHyPh); 61.7 (—OCH,); 462 (C5); 354 (C6'); 21.1, 145
(OCOCH;3 and OCHyCHj3). Anal. Calcd. for CooHggBrN,Oy;: C, 50.52; H, 4.24; N,
8.13; Found: C, 50.82; H, 4.41; N, 8.04.

6-Aza-1-[ethyl-(2-O-acetyl-5'-N-3-chlorobenzoylamino-5',6'-
dideoxy-3-O-methyl)-a-D-gluco and B-L-ido-hepto-1',4"-furanuro-
nat-1-yl)] thymine (372 Colorless oil; yield 0.21 g (52%), Rf 0.44 (19:1
chloroform /methanol), [o]p* — 34.90 (¢ 0.1375, CH;OH). MS (FAB): m /2 539
(M + H)"; IR (KBr): 3413, 2931, 1725, 1680 1660, 1569, 1530, 1455, 1375, 1303, and
1231 vmaxcmfl; 'H NMR (200 MHz, CDCls): § 9.1 (bs, 1H, NH); 7.70 (s, 1H, ArH);
7.48-7.34 (m, 3H, ArH); 6.09 (d, / = 2.9 Hz, 1H, H-1'); 5.60 (d, / = 2.9 Hz, 1H, H-2');
5.06—4.82 (m, 1H, H-5); 4.48—4.41 (m, 1H, H4'); 4.14 (q, / = 7.1 Hz, 2H, —OCH,);
3.96 (d, J = 4.5 Hz, 1H, H-3'); 3.52 (s, 3H, —OCHj); 2.82-2.64 (m, 2H, H-6'); 2.18,
2.11 (s, 6H, OCOCH; and = CCHy); 1.24 (t, J = 7.1 Hz, 3H, —OCH,CH,); "°C
NMR (CDCly): 6 171.9, 170.3, and 165.8 (COOEt, OCOCHj3 and NHCO); 156.4,
148.8 (C-2 and CH4); 145.1 (C-5); 136.7, 135.0 (ArC); 131.9, 130.2, 127.6, and 125.4
(Ar-CH); 89.6 (C-1'); 84.8 (C2); 80.8 (C4); 782 (C3); 61.3 (—OCHy); 57.7
(—OCHsg); 45.6 (C-5); 36.1 (C6'); 21.1, 16.8, and 14.5 (OCOCH3, = CCHj and
OCH,CHj3). Anal. Calcd. for Cy3Hy;CIN,Og: C, 51.26; H, 5.05; N, 10.40; Found: C,
51.43; H, 5.24; N, 10.32.
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6-Aza-1-[ethyl-(2-O-acetyl-3-O-benzyl-5-N-3-chlorobenzoyl-
amino-5',6'-dideoxy)-a-D-gluco and B-L-ido-hepto-1',4-furanuro-
nat-1-yl)] uracil (38). Yellow solid, mp 142°C; yield 0.19 g (49%), Rf 0.56
(19:1 chloroform /methanol), [¢]p> — 10.66 (¢ 0.1125, CH;OH). MS (FAB): m %
601 (M + H)", IR (KBr): 3355, 3048, 2978, 2923, 2845, and 1721 vy, cm ™ '; 'H
NMR (200 MHz, CDCls): 6 821 (m, 2H, ArH and H-5); 7.64 (d, / = 8.2 Hz, 1H,
NHCO); 7.46-7.20 (m, 8H, ArH); 6.12 (d, / = 3.0 Hz, 1H, H-1); 5.62 (d, J = 3.0
Hz, 1H, H2); 499-4.88 (m, 1H, H-5); 4.75-4.51 (m, 3H, OCH,Ph and H-4);
4.21-4.06 (m, 3H, —OCHy and H-3); 2.73-2.70 (m, 2H, H-6); 2.04 (s, 3H,
OCOCHj3); 1.21 (t, / = 7.1 Hz, 3H, —OCH3CH3). Anal. Calcd. for CogHggCIN,Oy:
C, 55.96; H, 4.86; N, 9.32; Found: C, 56.14; H, 4.97; N, 9.23.

6-Aza-1-[ethyl-(2'-O-acetyl-3-O-benzyl-5',6-dideoxy-5"-N-tetra-
decanoylamino)-p-L-ido-hepto-1',4-furanuronat-1'-yl)] thymine
(39). Colourless solid, mp 124°C; yield 0.37 g (54%), Rf 0.65 (19:1
chloroform /methanol), [o]p>* — 40.00 (¢ 0.150, CH;OH). MS (FAB): m/z 687
(M + H)"; IR(KB) Vinax: 3019, 2928, 2402, 1733, 1634, and 1529 cm™'; 'H NMR
(200 MHz, CDCly): 6 7.34—7.29 (m, 5H, ArH); 6.78 (d, / = 7.8 Hz, 1H, NHCO);
6.12 (d, J = 4.6 Hz, 1H, H-'); 5.72 (m, 1H, H2); 4.72, 4.58 (d, J = 11.8 Hz, 1H,
OCHAPh and OCHgPh); 4.61 (m, 1H, H-5); 442 (m, 1H, H4'); 411 (m, 3H,
—OCH,CH; and H-3); 2.61 (d, J = 6.5 Hz, 2H, H-6"); 2.20 (s, 3H, OCOCHy);
211 (t, J =65 Hz, 2H, —COCH,); 2.05 (s, 3 H, = CCHy); 1.54 (m, 2H,
COCHyCH,); 1.23 (m, 23H, 10 x CHys and OCHyCHs); 0.87 (t, J = 6.9 Hz, 3H,
CH,CH;); ’C NMR (50 MHz, CDCly): § 173.1, 171.8, and 170.4 (COOEt,
OCOCHj; and NHCO); 159.1, 154.8 (C4 and C-2); 137.6 (ArC); 1352 (C-5);
128.8, 128.3, and 128.2 (Ar-CH); 89.8 (C-1); 81.1 (C2); 79.9 (C4); 77.4 (C3));
72.1 (—OCHyPh); 61.0 (—OCHy); 46.3 (C-5'); 37.1 (C6); 36.7 (COCHy); 32.2,
30.1, 29.9, 29.8, 29.7, 29.6, 25.9, and 23.0 (CHas); 21.2, 17.3, and 14.5 (OCOCHS3,
= CCHs and OCHyCHjg). Anal. Caled. for C3HsN,Og: C, 62.95; H, 7.92; N,
8.16; Found: C, 63.13; H, 8.09; N, 8.02.

General Procedure for the Synthesis of Compounds 4043

6-Aza-1-[ethyl-(5-N-acetylamino-5',6-dideoxy-2-hydroxy-3-O-
methyl)-o-D-gluco and B-1-ido-hepto-1',4'-furanuronate-1-yl)] thy-
mine (40). 6-aza-l-ethyl[5-N-acetyl-2'-O-acetyl-5',6"-dideoxy-3'- O-methyl]-o-D-
gluco and B-L-ido-hepto-1,4-furanuronat-1'yl) thymine, 24 (0.1 g, 0.23 mmol) was
taken in dry methanolic ammonia solution (3.0 mL) in a sealed rb flask and stirred
at rt for 1.5 h, solvents evaporated and the residue was chromatographed over an
SiOy column using chloroform /methanol 9:1 as eluent to give 40 as Colourless
solid, mp 168°C; yield 0.08 g (90%), Rf 0.50 (9:1 chloroform /methanol), [o]p™
— 96.94 (c 0.2125, CH;OH). MS (FAB): m/z 401 (M + H)"; IR (KBr) Vpna,: 3422,
2369, 1705, 1655, 1545, 1463, and 1378 cm™'; "H NMR (CDCly): & 6.88 (d, / = 8.7
Hz, 1H, NHCO); 5.88 (d, J = 6.7 Hz, 1H, H-1'); 4.72—-4.67 (m, 1H, H-2'); 4.52—4.46
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(m, 2H, H-5' and H-4'); 4.04 (m, 3H, —OCH, and H-3); 3.48 (s, 3H, OCHs); 2.62—
2.58 (m, 2H, H-6'); 2.28, 2.02 (s, 3H, NHCOCH; and = CCHy); 1.25 (t, / = 7.1 Hz,
3H, —OCH,CH3); "*C NMR (50 MHz, CDCly): § 171.8, 169.0 (COOEt and
NHCOCHs3); 157.3, 150.2, and 145.0 (C4, C-2, and C-5); 90.0 (C-1'); 84.7 (C-2));
78.8 (C-4); 76.1 (C-3)); 61.1 (—OCHy,); 58.8 (—OCHs3); 51.1 (C-5); 36.6 (C6); 23.7,
16.7 (NHCOCHj; and OCHyCH3). Anal. Calcd. for C,5Hy4N,Og: C, 48.00; H, 6.04;
N, 13.99; Found: C, 48.24; H, 6.36; N, 13.81.

6-Aza-1-[ethyl-(5-N-acetylamino-3-O-benzyl-5',6'-dideoxy-2"-
hydroxy)-a-D-gluco and B-L-ido-hepto-1',4'-furanuronat-1-yl)] ura-
cil (41). Yellow solid, mp 162°C; yield 0.18 g (95%), Rf 0.55 (9:1 chloroform/
methanol), [o]p” — 75.33 (¢ 0.3, CH;OH). MS (FAB): m /2 463 (M + H)", IR(KBr)
Vimax: 3346, 2086, 1703, 1657, 1544, and 1402 cm™'; '"H NMR (200 MHz, CDCls): &
7.45 (s, 1H, H-5); 7.37-7.31 (m, 5H, ArH); 6.93, 6.68 (d, / = 8.2 Hz, 1H, NHCO of
diastereomers); 5.96—5.91 (m, 1H, H-1" of diastereomers); 5.82 (bs 1H, OH); 4.71—
4.57 (m, 3H, —OCHyPh and H-2'); 4.43-4.39 (m, 1H, H-5'); 4.20-4.16 (m, 1H, H-
4'); 4.06 (q, J = 7.1 Hz, 2H, —OCH,CH,); 3.61 (d, J = 1.1 Hz, H-3'); 2.64, 2.55 (m,
2H, H-6"); 1.87, 1.79 (s, 3H, NHCOCHj of diastereomers); 1.29, 1.18 (t, / = 7.1 Hz,
3H,—OCH,CH,); 3C NMR (50 MHz, CDCly): & 174.3, 172.0, 171.1, and 170.4
(COOEt and NHCO of diastereomers); 156.7, 156.5, 149.0, and 148.8 (C4 and C-2);
137.8 (ArC); 136.8 (C-5); 128.9, 128.2, and 128.1 (Ar-CH); 90.5, 90.0 (C-1'); 84.2 (C-
2); 82,6 (C-4'); 80.2, 79.5 (C-3'); 72.7, 72.0 (—OCH,Ph); 61.2 (—OCHy); 47.0, 46.5
(C5); 37.1, 362 (CH); 23.5, 228, and 14.5 (NHCOCH;3; and OCHyCHj; of
diastereomers). Anal. Calcd. for Cy;HysN,Og: C, 54.54; H, 5.67; N, 12.12; Found:
C, 54.65; H, 5.81; N, 12.01.

6-Aza-1-[ethyl-(5-N-cyclopropylamino-5',6-dideoxy-2-hy-
droxy-3-O-methyl)-a-D-gluco and B1-ido-hepto-1',4-furanuronat-
1'-yl)] uracil (42). Yellow foam; yield 0.11 g (93%), Rf 0.42 (9:1 chloroform /
methanol), [¢]p™ — 10.90 (¢ 0.4125, CH;O0H). MS (FAB): m/z 385 (M + H)",
TR(KBr), Vinay: 3421, 3022, 2931, 2859, 1740, 1663, 1602, 1528, 1488, and 1347 cm ™ ;
"H NMR (200 MHz, CDCly): § 7.48 (s, 1H, H-5); 596 (d, J = 5.4 Hz, 1H, H-1);
4.84-481 (m, 1H, H-2'); 4.30-4.27 (m, 1H, H4'); 416 (g, /=7.1 Hz, 2H,
—OCH,CH3); 3.91-3.85 (m, 1H, H-5); 3.61 (m, 1H, H-3'); 3.49 (s, 3H, —OCHy);
2.69-2.63 (m, 2H, H®'); 2.33-2.27 (m, 1H, NHCH); 1.25 (t, /=7.1 Hz, 3H,
—OCHCHs); 0.87, 0.39 (m, 2H, cyclopropyl H). Anal. Calcd. for C;sHoyN,O7: C,
49.99; H, 6.29; N, 14.58; Found: C, 50.24; H, 6.44; N, 14.49.

6-Aza-1-[ethyl-(3-O-benzyl-5',6'-dideoxy-5-N-4-nitro-benzoyl)-
B-L-ido-hepto-1',4-furanuronate-1-yl)] thymine (43). Colorless sol-
id, mp 181°C; yield 0.21 g (95%), Rf 0.58 (9:1 chloroform /methanol), []p>* — 38.85
(c 0.0875, CH;0H). MS (FAB): m/z 583 (M + H)"; IR (KBr) vina: 3413, 1726,
1600, 1528, and 1347 cm™'; '"H NMR (200 MHz, CDCly): & 8.09, 7.80 (d, J = 8.5
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Hz, 2H, ArH); 7.71 (d, J = 5.8 Hz, 1H, NHCO); 7.25 (m, 5H, ArH); 6.40 (bs, 1H,
NH, exchanges with D4O); 6.00 (d, / = 4.7 Hz, 1H, H-1'); 4.884.83 (m, 1H, H-2');
471 (d, J = 11.5 Hz, 1H, OCHAPh); 4.59—4.49 (m, 2H, H-5' and OCHgPh); 4.27—
4.24 (m, 1H, H-4); 4.07 (q, J = 7.1 Hz, 2H, —OCH,); 3.61 (s, IH, H-3'); 2.71 (s, 2H,
H-6); 1.92 (s, 3H, = CCHa); 1.18 (t, J = 7.1 Hz, 3H, —OCH,CHs); ">C NMR (50
MHz, CDCly): § 172.2, 165.6 (COOEt and NHCO); 158.8, 149.6, and 145.0 (C-4,
C2 and C-5), 155.5, 137.7 and 137.0 (ArC), 140.6 (C-5), 128.8, 128.3, and 123.9
(Ar-CH); 91.2 (C-1'); 83.4 (C2); 79.2 (C4); 72.0 (C3); 71.8 (—OCH,Ph); 61.3
(—OCHy,); 52.3 (C-5'); 36.8 (C-6'); 17.1, 14.5 (= CCH3, and OCH,CHs). Anal. Calcd.
for Co;HygN;504o: C, 55.57; H, 5.01; N, 12.00. Found: C, 55.74; H, 5.23; N, 11.87.
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