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containing nucleosides via [3,3]-sigmatropic rearrangements

Koichi Araki, Wei Qin Yun, John O’Toole, Paul J. Toscano and John T. Welch *
Department of Chemistry, University at Albany SUNY, 1400 Washington Avenue, Albany, NY 12222 (USA)
(Received January 4th, 1993; accepted in revised form June 18th, 1993)

ABSTRACT

[3,3]-Sigmatropic rearrangement of in situ-formed [O,O]-silyl ketene acetals of butenyl fluoroac-
etates was used as the key step in the synthesis of racemic 2,3-dideoxy-2-fluoro-3-C-methylpentofurano-
ses. The product pentofuranoses were transformed further into pyrimidine and purine nucleosides. The
conformations of the synthetic carbohydrates were confirmed by single-crystal X-ray diffraction studies
and indicated that previous structural assignments made by NMR were in error.

INTRODUCTION

Nucleoside analogues, bearing a substituent at C-2’ other than hydrogen or
hydroxyl have been proposed to selectively eliminate a virus or a neoplast without
affecting a normal cell’s metabolism. The 3’-alkyl branched nucleosides 2-5,
analogues of cordycepin (3’-deoxyadenosine, 1), a nucleoside antibiotic produced
by Cordyceps militars and Aspergillus nodulans fungi'~>, have been reported to
exhibit antiviral activity. While the 3’-alkyl nucleoside inhibits RNA synthesis as
well as DNA and protein biosynthesis, the activity of these compounds may be
attributed to improved transport of the nucleosides -across cell membranes because
of lipophilicity of the alkyl substituent. Other factors which also might be impor-
tant are decreased rates of inactivation by adenosine deaminase and enhanced
kinase phosphorylation of nucleoside to the nucleotide. It is proposed® that
enzymatic degradation may be further suppressed by substitution of the hydroxyl
group by fluorine at C-2’. To test this hypothesis, a new approach to the
preparation of 3-alkyl-2,3-dideoxy-2-fluoro-sugar-containing nucleosides was devel-
oped to facilitate preparation of fluorinated analogues of cordycepin.

The effects of fluorine on the activity of carbohydrates and nucleosides are well
known’. Illustrative of the advantageous effects of fluorination reported in the
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literature®®, (§)-2'-fluorodaunorubicin has significant therapeutic advantages over
daunorubicin'®!l. 2-Fluoro sugars in particular are typically prepared by direct
fluorination'?, displacement of suitable leaving groups with fluoride ion!?, or by
using diethylaminosulfur trifluoride (DAST)!4. Ring-opening reactions of aziri-
dines!'®!® and epoxides'® may also be employed. Fluorinated sugars have also been
prepared from fluorinated building blocks, principally by the Reformatsky reaction
of bromofluoroacetates!” or by the directed aldol reaction of fluoroacetates'®.

RESULTS AND DISCUSSION

Herein we report the preparation of 2-deoxy-2-fluoro carbohydrates from fluori-
nated building blocks by the Ireland ester-enolate Claisen rearrangement. The
Claisen rearrangement, previously employed in a variety of natural-product synthe-
ses!?, is sensitive to a-substituents??, such as fluorine?!. The Ireland ester-enolate
Claisen rearrangement was previously employed with butenyl a-fluoroacetates?? to
form 2-fluoro-3-methyl-4-pentenoic acids, 8 and 9 (Scheme 1) but the previous
structural assignments of these materials made by NMR have been found to be in
error.

In earlier work, it was shown that (E)-2-butenyl fluoroacetate 6, prepared in
87% yield by addition of fluoroacetyl chloride to a dichloromethane solution of
(E)-2-butenol, can be deprotonated using 1 equiv of LDA at —100°C. The
ester-enolate Claisen rearrangement of (E)-2-butenyl fluoroacetate, 6, resulted in
16% vyield of the 3-methyl-2-fluoro-4-pentenoic acids, 8 and 9, with a modest
diastereoselectivity of 4:1. The yield improved to 62% when 3 equiv of LDA was
employed; however the reaction was no longer diastereoselective. Apparently
epimerization of fluorinated carbon of the product 2-fluoro-3-methyl-4-pentenoic
acid (8) occurs in the presence of excess LDA. Also, undesired side-reactions
resulting from single-electron transfer reactions occur?®. The result of these
limitations is that a practical yield of rearranged product 8 is difficult to realize
when the scale of the reaction is increased. For [3,3]-sigmatropic rearrangements
to be useful for preparing the crucial fluorinated building block, the reaction
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conditions had to be significantly improved. Treatment of the (E)-2-butenyl
fluoroacetate with triethylamine and trimethylsilyl trifluoromethanesulfonate in
dichloromethane formed the rearranged acid in reproducibly acceptable yields,
and with very good diastereoselectivity?®. The rearrangement of (E)-2-butenyl
fluoroacetate (6) while heating under reflux overnight in dichloromethane, pro-
ceeded in quantitative yield to form 8 and 9 in a ratio of 3:1. The selectivity
improved to 5.8:1 when the reaction was performed® at room temperature but
the yield was 85%. When 1.6 equiv of triisopropylsilyl trifluoromethanesulfonate
was used in the presence of 5 equiv of triethylamine, the rearrangement of the
ester proceeded at room temperature in quantitative yield with a 8:9 ratio of 15: 1.
The rearrangement of the (Z)-2-butenyl fluoroacetate (7) under the same condi-
tions proceeded also in quantitative yield but with an 8:9 ratio of 1:8.

We have also shown earlier that iodolactonization of a 4:1 mixture of 8 and 9,
under thermodynamic conditions with 3 equiv of iodine in 1:1 dimethoxyethane
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(DME)-water 2, vielded a white solid in 56% yield with a 11 and 13 to 10 and 12
ratio of 11:1. The product iodolactones were surprisingly volatile, increasing the
difficulty of isolation. Lactonization with iodine in acetonitrile proceeded in higher
yield (85%) but the stereoselectivity of the process was degraded somewhat.

Diisobutylaluminum hydride reduction of the iodolactones, 10-13, effected in
dry toluene at —78°C for 2.5 h, gave an amber oil in 59% yield. The desired
lactols, 14, were purified by chromatography.

Prior to attempting displacement of the iodide, we protected the anomeric
hydroxyl group. Acetylation of 14 with 1.1 equiv of acetyl chloride in
dichloromethane in the presence of 2.2 equiv triethylamine resulted in a quantita-
tive yield of the acetates 15 which were characterized by GLC-MS (m /z 301.95).
Methylation of 14 with methanol in the presence of Amberlite IR-120 HCP in
methanol as solvent resulted? in a low yield of 16. However, quantitative methyl
glycoside formation was possible by stirring the lactols 14 in methanolic HCI for 30
min at 0°C, followed by stirring overnight at room temperature.

Nucleophilic displacement of the iodide of 5-iodofuranoses®>?% was problem-
atic. Displacement with silver acetate in refluxing acetic acid did not occur?.
Displacement reactions with silver trifluoroacetate in DMF failed with both 16 and
152, Only products of elimination were isolated, there was no evidence for
incorporation of the trifluoroacetoxy group. Treatment of 11 with silver nitrate in
acetone and deionized water?’ also yielded none of the desired alcohol.

The iodolactonization of the anti-enriched 2-fluoro-3-methyl-4-pentenoic acid
(8) with iodine in the presence of silver acetate yielded very cleanly, after heating
under reflux for 16 h, the iodo-arabinono-1,4-lactone 12 in 78% yield (Scheme 2).
Conversion of the iodolactone 12 into the desired hydroxy-xylono-1,4-lactone 18
was possible using the method of Still and co-workers?®. The potassium alkoxide of
benzyl alcohol was prepared at 5°C and the iodolactone 12 was immediately added.
The epoxide 17, which when hydrogenolytically deprotected in the presence of
palladium on carbon in 1,4-dioxane spontaneously lactonized to the 5-hydroxy-
xylono-1,4-lactone, 18. Quantitative epoxidation of benzyl ester, 19, with m-chloro-
peroxybenzoic acid in chloroform formed the epoxides 20 and 17 in a 1:1.2 ratio.
Hydrogenolysis of the mixture of 20 and 17 over palladium on carbon in 1,4-di-
oxane yielded the arabinono- and xylono-1,4-lactones, 21 and 18 in 41 and 17%
yields, respectively, after separation by chromatography. The preparation of the
arabinono-1,4-lactone may be improved by syn hydroxylation of the alkene 19, with
osmium tetraoxide?®. Cleavage of the osmylate ester was effected with trieth-
ylamine-N-oxide—water. Saponification of the benzyl ester with methanolic sodium
hydroxide followed by lactonization afforded the arabino- and the xylono-1,4-lac-
tones, 21 and 18, in 63 and 14% vields, respectively.

In the same manner, the benzyl ester of syn-2-fluoro-3-methyl-4-pentenoic acid,
22, was prepared in quantitative yield. syn-Hydroxylation of 22 followed by
saponification and lactonization formed the ribono- and lyxono-1,4-lactones, 24
and 23, in 33 and 8% vyields, respectively.
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Silylation of lactone 21 with fert-butyldimethylchlorosilane in the presence of
imidazole in DMF afforded the protected lactone 25 in 92% yield (Scheme 3).

Diisobutylaluminum hydride reduction of the lactone in ether for 1 h at —78°C
followed by acetylation produced the anomeric acetate 27 in 89% overall yield.
Desilylation with tetra-n-butylammonium fluoride followed by acetylation with
acetyl chloride in the presence of triethylamine, afforded the 1,5-di-O-
acetylarabinose analogue 2® in 76% yield. Silylation of the C-5 hydroxyl of
ribonolactone 24 with tert-butylchlorodimethylsilane in the presence of imidazole
in DMF afforded the protected lactone 29 in 85% vyield. Diisobutylaluminum
hydride reduction of the lactone in ether for 1 h at —78°C, followed by acetylation
gave the anomeric acetate 31 in 84% overall yield. On desilylation and acetylation,
the 1,5-di-O-acetylribose analogue 32 was obtained in 76% yield.
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Fig. 1. ORTEP plot from a single-crystal X-ray diffraction study of compound 35.

Glycosylation of the 1-O-acetyl-5-O-silylarabinose 27 with 2,4-bis(trimethylsiltyl)-
thymine in the presence of potassium iodide in acetonitrile and dibenzo-18-crown-6
afforded the thymidine nucleosides, 33 and 34, in 89% yield with an «: 8 ratio of
5:1 (Scheme 4).

On separation of the anomers by column chromatography, the B anomer was
desilylated to yield crystalline 5’-hydroxythymidine analogue 35. The relative
sterecochemistry of the 8 anomer of 35 was confirmed by single-crystal X-ray
diffraction studies (Fig. 1). The vield of glycosylation was low when trimethylsilyl
triflate was employed; desilylation of the starting material was a competing
side-reaction. Under the same conditions, glycosylation of the 5-O-acetylribo-
furanose 31 afforded the e anomer 36 and B anomer 37 in 28 and 55% yields,
respectively. Both compounds were deprotected and structurally characterized by
single-crystal X-ray diffraction as well. (Figs. 2 and 3)

Glycosylation of 1-O-acetyl-5-O-tert-butyldimethylsilylarabinofuranose (27) with
6,9-bis(trimethylsilyl)Jadenine in the presence of potassium iodide in acetonitrile
and dibenzo-18-crown-6 proceeded in very low yield. However, glycosylation of the
1,5-di-O-acetylarabinofuranose (28) with 6-chloro-9-trimethylsilylpurine with
trimethylsilyl triflate afforded the 9-(a-furanosyl)purine 40, 9-(8-furanosyl)purine
43, 7-(a-furanosylpurine 41, and 7-(8-furanosyl)purine 42, in 17, 31, 17, and 11%
yields, respectively, Ratios were determined by 'H and *C NMR spectroscopy
(Scheme 5).

Following improvement of methods used for formation of the reactive O-silyl
ketene acetal intermediate, Claisen rearrangement vields 2-fluoro-3-methyl-4-
pentenoic acids, useful in the preparation of 2’-fluoro-3’-methylpurine and pyrimi-
dine nucleosides. Confirmation of the structural assignments by single-crystal
X-ray structure determination of the structural assignments previously made by
NMR? clearly indicated that those previous assignments were in error. Applica-
tion of our methods for the remote induction of asymmetry via fluoroacetamide via
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fluoroacetamide acetal Claisen rearrangement®’, would enable the asymmetric
synthesis of the desired nucleosides via the optically active fluoropentenoic acids.

EXPERIMENTAL

General methods.—'H, 1*C, and '*F NMR spectra were recorded with a Varian
XIL.-300 NMR spectrometer at 299.9, 75.4, and 282.2 MHz, respective.y Chemical
shifts (5) of all spectra are reported in ppm. Chemical shifts of 'H and *C NMR
spectra in CDCl; are reported relative to Me,Si (0.00 ppm) as the internal
standard. The chemical shifts of F NMR spectra of samples in CDCl; are
reported relative to CFCIl; (0.00 ppm) as the internal standard. Coupling constants
are reported as J values in Hz. The abbreviations used are s (singlet), d (doublet),
t (triplet), q {(quartet), and m (multiplet).

Gas chromatography—mass spectra (GC-MS) were recorded with a Hewlett—
Packard electron-impact mass spectrometer EIMS 5970 with an ionization energy
of 70 eV. The instruments were operated in series with a Hewlett—Packard 5890
Series II gas chromatograph equipped with a 12 m X 0.53 mm HP-1 capillary
column, and flame-ionization detector manifold.

Thin-layer chromatography on plates precoated with silica gel 60 F,,, of 0.2-mm
thickness (Merck) was used to monitor reactions. Column chromatography was
performed using Merck Silica gel 60 (230-400 mesh), Davisil Silica Gel 62 (60-200
mesh), or Florisil (60-100 mesh). Melting points were determined on a Mel-Temp
apparatus. Solutions were evaporated under diminished pressure.

Caution: Fluoroacetyl chloride is a fatal poison affecting the central nervous
system and may cause epileptic convulsions and ventricular fibrillation. It was
handled with extreme care in an efficient fume hood while wearing gloves, a
respirator, and a standard laboratory safety garment. All a-fluoroacetates were
likewise assumed to be extremely poisonous.

Solvents were freshly distilled prior to use. Tetrahydrofuran (THF) and diethyl
ether (Et,O) were distilled from sodium benzophenone ketyl. N,N-dimethylfor-
mamide (DMF) was dried by heating under reflux over BaO and was distilled at 25
torr. Toluene was dried by distillation from sodium. Diisopropylamine, CH,Cl,,
MeCN, Me;SiCl, MeOH, and hexane were distilled from CaH,. Acetone was
dried by first heating under reflux over, and then distilling from, anhyd K,CO,.
Acetyl chloride was distilled carefully at 52°C. Lithium diisopropylamide (LDA)
was prepared by dropwise addition of a 1.5 M solution of MeLi in Et,O (Aldrich)
to a THF solution of dry diisopropylamine under Ar below 0°C. The mixture was
stirred for 10 min at 0°C.

Elemental combustion microanalyses were performed by either Desert Analyt-
ics, Tucson, AZ or by M-H-W Laboratories, Phoenix, AZ.

A Nicolet R3m/V diffractometer was used for single-crystal X-ray diffraction.
Lorenz and polarization corrections were applied to the data. All the nonhydrogen
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atoms were located by direct methods. The hydrogen atoms were included at their
idealized positions.

2-Fluoro-3-methyl-4-pentenoic acid® (8).—(E)-2-Butenyl fluoroacetate (6.45 g,
48.8 mmol) was added to a solution of 45 mL of CH,Cl, and 33.6 mL of Et;N (240
mmol) under Ar. The mixture was cooled below —60°C and triisopropylsilyl
trifluoromethanesulfonate (21 mL, 78.1 mmol) was added to the mixture dropwise.
The mixture was allowed to warm to room temperature gradually, stirred for 3
days, and then the mixture was concentrated. Ether (~ 100 mL) and a 1.3 M aq
NaOH (150 mL) were added to the residue. The aqueous phase was separated and
was then acidified with concd HCI. Ethyl acetate was added to the solution and the
organic phase separated, washed twice with water, dried over MgSO, and concen-
trated in vacuo to yield 8 and 9 (6.4 g, 99%) (15:1, 8 to 9); 'H NMR (CDCl,): §
5.83 (ddd, 1H, Jysys 7, Jranscis 10. Jaauserans 17 Hz. CH=CH)), 5.17 (d, 1 H,
Jyans rans 17 Hz, CH=CH-H, trans), 5.13 (d, 1 H, Jyyy s ;s 10 Hz, CH=CH-H,cis),
4.87(dd, 1 H, Jy 5 49, Jyy 3 4 Hz. CHF), 279 [dddq, 1 H, Jyp513 4, T, i 7>
Juasr 28, Juz e 7 Hz, CH(CH})), 1.11 [d, 3 H, Jyy3 o3 7 Hz, CH(CH,)]; 3C NMR
(CDCl,): 8 174.48 (d, Jo r 25 Hz, C=0), 137.29 (d, Jou ¢ 3 Hz, CH=CH,). 116.68
(CH=CH,), 91.15 (d, J ¢ 189 Hz, CHF), 40.14 (d, J; 19 Hz, CHCH,), 13.44
(d, Jor 4 Hz, CHCH,); 1F NMR (CDCl,): § —200.51 (dd, Jror 49, Jisr 28 H2).

2-Fluoro-5-iodo-3-C-methyl-2,3, 5-trideoxy-pentofuranoses (14),—To a flame-
dried, three-necked, round-bottom flask under Ar, containing 0.17 g (0.66 mmol)
of 10-13 in 7.1 mL of toluene and cooled to —78°C, was added 0.54 mL (0.82
mmol) of a solution of 0.15 mL of neat diisobutylaluminum hydride (DIBAI-H,
Aldrich) in 0.39 mL of dry toluene. After stirring at —78°C for 2.5 h the reaction
was quenched with 0.03 mL (0.7 mmol) of MeOH, warmed to room temperature
and treated with satd NH ,Cl until a precipitate formed. The mixture was cen-
trifuged and the supernatant was decanted. The solid precipitate was washed with
anhyd Et,O. After centrifugation, the supernatants were combined and concen-
trated. Column chromatography of the residue over silica gel using CH,Cl, as
eluent yielded 14 (0.10 g, 59%) as an amber oil; 'H NMR (CDCl,): 6 5.65 (d, 1 H,
Jug 11 Hz, CHOH, B-grabino), 5.61 (d, 1 H, Jy, ¢ 10 Hz, CHOH, a-arabino),
5.53 (d, 1 H, Jy;, ¢ 11 Hz, CHOH, a-ribo), 4.88 (dd, 1 H, Juzs3 3, Jipr 52 Hz,
CHF, a-ribo), 4.85 (dd, 1 H, Jy, y3 3, Jyor 53 Hz, CHF, a-arabino), 4.77 (dd, 1
H, Jypon3 2, Hz, Jy, 5 53 Hz, CHF, B-arabino), 4.61 (dd, 1 H, Jy, ¢ 4, Jysps 8,
Juans: 10 Hz, CHO,a-ribo), 4.01 (dd, 1 H, Jy, s 6, Jy, usr 12 Hz, CHO), 3.89 (d,
1 H, Jysps 4 Juans 9 Hz, CHO), 3.50 (dd, 1 H, Jyups 4, Jyspsgem 11 Hz,
CHI-H), 3.27-3.40 (m, 2H, CH,D, 3.19 (dd, 1 H, Jy, s =Jyspuseem 10 Hz,
CHI-H, a-ribo), 2.76 (ddq, 1 H, Jyp, 3 3, Hz, Jysr 31, Hz, Jy3 o3 8 Hz, CHCH,;,
a-ribo), 2.10-2.45 (m, 1 H, CHCH,;, a + B-arabino), 1.31 (d, 3 H, Juscn, 7 Hz,
3H, CHCH,, a-arabino), 1.21 (d, 3 H, Juscu, 7 Hz, CHCH,;, B-arabino), 1.18 (d,
3 H, Jy3cu, 8 Hz, CHCHj;, a-ribo); BC NMR (CDCl,): 6 101.89 (d, Jeaor 180 Hz,
CHF, a-arabino), 101.20 (d, Jo p 36 Hz, CHOH, a-arabino), 99.72 (d, Jerrs 33
Hz, CHOH, a-ribo), 99.03 (d, J¢, ¢ 34 Hz, CHOH, B-arabino), 98.20 (d, Jo, ¢ 181
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Hz, CHF, a-ribo), 97.76 (d, Jo,r 181 Hz, CHF, B-arabino), 85.07 (CHO, a-
arabino), 83.75 (CHO, a-ribo), 81.71 (CHO, B-arabino), 45.02 (d, J;r 20 Hz,
CHCH,, a-arabino), 41.21 (d, J3 ¢ 19 Hz, CHCH ,, a-ribo), 37.68 (d, Jo; r 20 Hz,
CHCH,, B-arabino), 1599 (d, Jor 8 Hz, CH;, a-arabino), 9.51 (d, Jcy 12 Hz,
CH,;, B-arabino), 9.44 (CH,1, a-ribo), 8.7 (CH,I, B-arabino), 7159 (CH,], a-
arabino), 7.36 (d, Jo¢ 8 Hz, CH;, a-ribo); 1F NMR (CDCl,): § —179.19 (dddd,
T 11, T 54, Jusge 31, Jyer 4 Hz, a-ribo), —198.73 (ddd, Jygy ¢ 11, Jyppp 52,
Jusr 38 Hz, a-arabino), —202.81 (ddd, Jyy, ¢ 11, Jy, 5 54, Jys ¢ 34 Hz, B-arabino),
—207.29 (dd, Jy, ¢ 52, Jys ¢ 21 Hz, B-ribo).

1-O-Acetyl-2-fluoro-5-iodo-3-C-methyl-2, 3, 5-trideoxy-pentofuranoses (15).—To a
solution of 0.07 g (0.3 mmol) of 14 and 0.08 mL (0.6 mmol) of Et;N in 11.7 mL of
CH,Cl, was added 0.02 mL (0.3 mmol) of AcCl. After stirring for 30 min at room
temperature, the mixture was concentrated by evaporation. Chromatography of the
residue over silica gel using CH,Cl, as eluent yielded the anomeric acetate 15
(0.08 g, 100%); GC-MS: m /z 301.95 (parent peak); IR (neat): 2976 (m), 2939 (m),
2885 (w), 1748 (s C=0), 1460 (m), 1418 (m), 1375 (s), 1228 (s), 1172 (m), 1124 (s),
1010 9s), 787 (m), 710 (w) cm™%; 'H NMR (CDCl,): & 6.34 (d, 1 H, Jy;, » 10 Hz,
CHOAC, a-arabino), 6.30 (d, 1 H, Jy, ¢ 9 Hz, CHOALC, a-ribo), 6.26 (d, 1 H, Jy, ¢
5 Hz, CHOAC, B-ribo), 6.21 (d, 1 H, Jyy, 10 Hz, CHOACc, B-arabino), 4.86 (dd, 1
H, Jypi1s 4 Juor 52 Hz, CHF, a-ribo), 4.82 (dd, 1 H, Jypp 3 3, Jypy 52 Hz, CHF,
B-arabino), 4.75 (dd, 1 H, Jypps 2, Jypy 51 Hz. CHF, a-arabino), 4.57 (ddd,
Tespa 6 Tuaarss =Juans = 8 Hz, -CHO-, a-ribo), 4.00 (ddd, 1 H, Jys e 1, Jyiass
5, Juuns 8Hz, CHO, a-arabino), 3.72-3.80 (m, 1 H, CHO, B-arabino, B-ribo),
3.17-3.48 (m, 2 H, CH,I), 2.56-2.73 (m, 1 H, CHCH,), 2.25-242 (m, 1 H,
CHCH,), 2.11 [s, 3 H, C(O)CH,, B-arabino, B-ribo], 2.06 (s, 3 H, C(O)CH,;,
a-ribo), 2.04 (s, 3 H, C(O)C H;, a-arabino), 1.27 [s, 3 H, C(O) C H;, B-ribo], 1.26 (d,
3 H, Jyscu, Hz, CHCH,, a-ribo), 1.17(d, 3 H, Jy3 oy, 7 Hz, CHCHj;, a-arabino),
1.13 (d, 3 H, Jyscns, 7 Jer 1 Hz, CHCH,, a-ribo). C NMR (CDCl,): 5§ 169.17
(C=0), 101.04 (d, J, ¢ 181 Hz, CHF, a-arabino), 100.35 (d, J, » 38 Hz, CHOALC,
a-ribo), 98.13 (d, J¢, r 34 Hz, CHOAC, a-arabino), 96.96 (d, Jo, 185 Hz, CHF,
a-ribo), 86.92 (CHO, a-arabino), 83.51 (CHO, B-arabino), 83.39 (CHO, B-ribo),
82.87 (CHO, a-ribo), 44.55 (d, Jos r 22 Hz, CHCH,, a-arabino), 41.49 (d, Jgs - 19
Hz, CHCH,, B-arabino), 41.42 (d, Js 5 21 Hz, CHCH,, B-ribo), 37.83 (d, Jcyr 18
Hz, CHCH,;, a-ribo), 21.14 [C(O)CH;, B-arabino, B-ribo]l, 21.03 [C(O)CH,,
a-ribo], 20.99 [C(O)CH ;, a-arabino], 16.34 (d, J. 8 Hz, CHCH,;, a-arabino), 9.50
(d, Jop 9 Hz, CHCHy,), 8.47 (CH,D), 7.45 (d, Jo; 10 Hz, CHCH,;, a-ribo), 6.80
(CH,1, a-ribo), 4.71 (CH,]1, a-arabino); YF NMR (CDCl,): 8 —178.13 (ddd,
Tarr 11, Joe 51, Jusp 31 Hz, a-ribo), —198.94 (ddd, Jyy; ¢ 8, Jrpe 52, Jyap 33
Hz, a-arabino), —202.74 (dd, Jy, ¢ 52, Jyay 20 Hz, B-ribo), —203.24 (ddd, Jy, ¢
11, Jy 52, Jusr 35 Hz, B-arabino).

Methyl 2-fluoro-5-iodo-3-C-methyl-2,3,5-trideoxy-pentofuranosides (16).—Dry
HCI was bubbled through a solution of 14, (0.08 g, 0.3 mol) in 10 mL of anhyd
MeOH (cooled in an ice bath) until saturated. After stirring overnight, the mixture



150 K Araki et al. / Carbohydr. Res. 249 (1993) 139-161

was concentrated by evaporation. Chromatography of residue over silica gel using
CH,Cl, as eluent yielded 16 as a pink oil (0.08 g, 100%); GC-MS: m/z 274.10
(parent peak); IR (neat): 2968 (m), 2933 (m), 2834 (m) 1460 (m), 1416 (w), 1389
(m), 1366 (w), 1312 (w), 1248 (w), 1195 (m), 1106 (s), 1079 (m), 1052 (s), 1012 (m),
965 (m), 937 (m), 786 (m), 734 (m), 708 (m) cm~!; 'H NMR (CDCl,): & 5.14 (d, 1
H, Jy; ¢ 11 Hz, CHOMe, a-ribo), 5.09 (d, 1 H, Jy,; ¢ 11 Hz, CHOMe, a-arabino),
503 (d, 1 H, Jy, ¢ 11 Hz, CHOMe, B-arabino), 4.84 (dd, 1 H, Jy 13 4, I 53
Hz, CHF, a-arabino), 4.82 (dd, 1 H, Jy, y3 4, Jyuor 52 Hz, CHF, B-arabino), 4.71
(dd, 1 H, Jypus 2, Jinr 52 Hz, CHF, a-ribo), 448 (ddd, 1 H, Jy,r S, Juans
Juans 9 Hz, CHO, a-ribo), 392 (dd, 1 H, Hyyps 9, Jusnss 12 Hz, CHO,
B-arabino), 3.85 (dd, 1 H, Jy, s 6, J H4,H5' 11 Hz, CHO, a-arabino), 3.44 (s, 3
H, OCHj;, B-arabino), 3.43 (d, Jy,us 9 Hz, CHI-H, B-arabino), 3.43 (s, 3 H,
OCHj, a-ribo), 342 (d, 1 H, Jy,us 12 Hz, CHI-H, B-arabino), 341 (s, 3 H,
OCHj, a-arabino), 3.37 (d, 1 H, Jy, ys 9 Hz, CHI-H, a-ribo), 3.35 (d, 1 H, Jyy, s
9 Hz, CHI-H, a-ribo), 3.27 (d, 1 H, Jy, s 6 Hz, CHI-H, a-arabino), 3.24 (d, 1 H,
Juans 11 Hz, CHI-H, a-arabino), 2.66 (ddq, 1 H, Jyp; 153 4, Jusr 34, Juscn, 7 Hz,
CHCH,;, a-ribo), 2.13-2.35 (m, 1 H, CHCH ,;, B-arabino, a-arabino), 1.26 (4, 3 H,
Jus.cu, 7 Hz, CH;, a-ribo), 1.22(dd, 3 H, Jys o, 7> Jen, ¢ 1 Hz, CHj, B-arabino),
1.17 (dd, 3 H, Jyycn, 7> Jeu,r 1 Hz, CHs, a-arabino); *C NMR (CDCl,): 8
107.34 (d, Jo,r 36 Hz, CHOMe, a-ribo), 106.12 (d, Jo,r 33 Hz, CHOMe,
B-arabino), 105.34 (d, J., 32 Hz, CHOMe, a-arabino), 101.79 (d, J, 178 Hz,
CHF, a-arabino), 97.77 (d, J ¢ 180 Hz, CHF, B-arabino), 97.40 (d, J,y 182 Hz,
CHF, a-ribo), 84.64 (CHO, a-arabino), 83.97 (CHO, a-ribo), 81.22 (CHO, B-
arabino), 55.02 (OCH,, a-ribo), 54.85 (OCH,, B-arabino), 54.75 (OCH,;, a-
arabino), 4517 (d, Jo;p 20 Hz, CHCH,, a-arabino), 41.70 (d, Jeo;r 21 Hz,
CHCH,, a-ribo), 38.01 (d, Jo3x 17 Hz, CHCH,;, B-arabino), 16.04 (CHCH,,
a-arabino), 10.14 (d, Jop 11 Hz, CH,, B-arabino), 9.15 (CH,l, a-ribo), 7.44
(CH,1, B-arabino), 7.40 (d, Jox 7 Hz, CHj;, a-ribo), 6.11 (CH,1, a-arabino); VR
NMR (CDCl,): 8 —179.57 (ddd, Jyy; ¢ 11, Jyop 52, Jys ¢ 31 Hz, a-ribo), —200.01
(dddd, Jy r 11, Jipr 53, Jaap 34, Jen,r 1 Hz, a-arabino), —203.57 (dddd, Jy, ¢
11, Jiop 52, Jusr 34, Jou, ¢ 1 Hz, B-arabino).
2,3-Dideoxy-2-fluoro-3-C-methyl-xylono-1,4-lactone (18) via epoxide 17.—A 1 M
solution of potassium tert-butoxide in THF (2.5 mL) was added to a solution of
benzyl alcohol (0.36 mL, 3.19 mmol) in THF under Ar with stirring. To the
solution was added a solution of 2-fluoro-5-iodo-3-C-methyl-2,3,5-trideoxy-
arabinono-1,4-lactone (0.58 g, 2.25 mmol) in THF (4 mL) at 0°C. The solution was
stirred for 30 min. Ether (20 mL) and water (20 mL) were added to the solution,
and the organic layer was separated, washed with brine, dried with anhyd MgSO,,
and evaporated. To the residue were added 1,4-dioxane (7 mL) and 10% Pd-C
(0.05 g ). The flask which contained the mixture was evacuated and then H, was
introduced into the flask. The mixture was vigorously stirred for 3 h and was then
filtered to remove the catalyst. The filtrate was evaporated and the residue was
purified by chromatography (25:1 CH,Cl,-acetone) to give 18 (0.20 g, 60%); 'H
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NMR (CDCl,): 8 5.13(dd, 1 H, J,¢ 53.4, ], 10.0 Hz, H-2), 448 (dm, 1 H, J34 82
Hz, H-4),3.90 (dt, 1 H, J,5=J;5=24, J5s 12.7 Hz, H-5),3.72(dd, 1 H, J,5 1.4,
Js512.7Hz, H-5'),2.7-2.9(m, 1 H, H-3), 2.35-2.65 (br, 1 H, -OH), 1.28 (d, 3 H, J
7.7 Hz, CH,); *C NMR (CDCl,): 8 90.3 (d, J 190.3 Hz, C-2), 80.2 (d, J 8.0 Hz,
C-4), 60.4 (s, C-5), 39.6 (d, J 192 Hz, C-3), 11.6 (s, Ch,). *F NMR (CDCl,): §
-194.5 (dd, J 26.0, J, 53.0 Hz). Anal. Calcd for C4HgFO;: C, 48.65; H, 6.08.
Found: C, 48.61; H, 6.02.

Benzyl syn-2-fluoro-3-methyl-4-pentenoate (22).—To a mixture of syn-2-fluoro-
3-methyl-4-pentenoic acid 9 (0.80 g, 6.06 mmol) and K,CO; (1.10 g, 8.09 mmol) in
DMF was added ~ benzyl bromide (1.1 mL, 9.25 mmol) at room temperature, and
the mixture was stirred vigorously for 16 h. Ether (30 mL) and water (30 mL) were
added to the mixture. The organic layer was separated, washed with water twice,
dried with MgSO,, and evaporated. The residue was purified by column chro-
matography on silica gel using 1:35 EtOAc-hexane as eluent to give pure 22 (1.31
g, 98%); "H NMR (CDCl,): § 7.3-7.5(s, 5 H, Ar), 5.75 (ddd, 1 H, J;, 7.1, J,5 9.8,
J,s 18.0 Hz, H-4), 5.20 (s, 2 H, CH,), 5.04 (d, 1 H, J, 5 9.8 Hz, H-5), 5.30 (d, 1 H,
;s 18.0 Hz, H-5'), 2.65-2.9 (m, 1 H, H-3), 1.14 (d, 3 H, J3cn, 78 Hz, CH,); *C
NMR (CDCl,): & 168.7 (d, J 24.1 Hz, C-1), 160.7 (s, ph), 136.2 (d, J 3.7 Hz, C-4),
128.6-128.5 (ph), 117.1 (s, C-5), 91.9 (d, J 189.5 Hz, C-2), 66.9 (s, CH,Ph), 40.8 (d,
J 20.2 Hz, C-3), 15.8 (d, J 2.3 Hz, C(3)-CH,); ’F NMR (CDCl,): & —200.5 (dd,
Jyr 49.0, J3¢ 27.7 Hz); Anal. Caled. for C;3H5FO,: C, 70.27; H, 6.76. Found: C,
70.24; H, 6.86.

Benzyl anti-2-fluoro-3-methyl-4-pentenoate (19).—The experimental procedure
was as for the formation of compound 22, and gave 19 in quantitative yield; 'H
NMR (CDCl,): 6 7.45-7.24 (m, S H, Ph), 579 (ddd, 1 H, J,, 7.3, J,5 10.2, J, 5
16.8 Hz, H-4), 5.20 (s, 2 H, OCH,), 517 (d, 1 H, J 163 Hz, H-5"), 5.10 (d, 1 H, J
10.2 Hz, H-5), 4.84 (dd, 1 H, J 4.0 J 48.9 Hz, H-2), 2.63-2.90 (m, 1 H, H-3'), 1.05
(d, 3H, J 7.2 Hz, CH,); *C NMR (CDCl,): 6 168.8 (d, J 24.0 Hz, C=0), 160.8 (s,
Ph), 137.5 (d, J 2.3 Hz, C-4), 128.3-128.8 (m, Ph), 116.5 (s, C-5), 91.6 (d, J 189.4
Hz, C-2), 67.0 (s, OCH,), 40.5 (d, J 21.6 Hz, C-3), 13.7 (d, J 5.0 Hz, CH,); F
NMR (CDCl,): 8 —199.5(dd, J,; 48.9, J, 29.5 Hz). Anal. Calcd for C\;H,sFO,:
C, 70.27; H, 6.76. Found: C, 70.34; H, 6.79.

2,3-Dideoxy-2-fluoro-3-C-methyl-arabinono- and -xylono-1,4-lactones (18 and 21).
—Osmium tetraoxide (4 wt.% solution in toluene, 2.0 mL) was added to the
solution of benzyl anti-2-fluoro-3-methyl-4-pentenoate (1.43 g, 6.44 mmol) in
acetone (25 mL) at room temperature, and the solution was stirred in the dark for
5 min. Trimethylamine N-oxide dihydrate (2.0 g, 18.0 mmol) was added and then
water (6 mL), and the solution was stirred in the dark for 16 h at room
temperature. Sodium sulfite (1.1 g) was added and then the solution was evapo-
rated. Potassium hydroxide (0.50 g, 8.93 mmol) in 10:1 MeOH-H,O (11 mL) was
added to the mixture and the solution was stirred for 30 min. Concentrated HCI
(1.0 mL) was added to the solution, which was then evaporated to dryness.
Acetonitrile (25 mL) was added to the residue and the solution was refluxed for 3
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h. After cooling, CH,Cl, (50 mL) and water (50 mL) were added. The organic
layer was separated, dried with anhyd MgSO, and evaporated. The residue was
purified with column chromatography on silica gel using 30:1 CH,Cl,—acetone as
eluent to give 18 and 21 (0.13 g, 13.6%).

Spectral data for 21. '"H NMR (CDCl,): 8 4.84 (dd, 2 H, J,¢ 52.0, J,; 10.2 Hz,
H-2), 405(ddd, 1 H, J,5 2.4, ;5. 4.6, J;, 9.8 Hz, H-4),3.92 (dt, 1 H, J,5 2.4, J55
24, Js5 132 Hz, H-5), 3.64 (dd, 1 H, J,5 4.6, J55 13.2 Hz, H-5') ~3.0 (br, 1 H,
OH), 2.6-2.8 (m, 1 H, H-3), 1.23(d, 3 H, J3cn, 70 Hz, CH,); ®C NMR (CDCl,):
81712 (d, J 22.5 Hz, C-1), 91.7 (d, J 197.8 Hz, C-2), 82.2(d, J 7.6 Hz, C-4), 60.8
(s, C-5), 37.4 (d, 7 19.4 Hz, C-3), 13.5 (s, CH,); ’F NMR (CDCl;): § —200.23 (dd,
Jor 52.0, J3x 21.9 Hz). Anal. Calcd for C;CHgFO5: C, 48.65; H, 6.08. Found: C,
48.49; H, 5.95.

Spectral data for 18. Compound 18 prepared in this way gave spectral data and
elemental analysis identical to those already described.

2,3-Dideoxy-2-fluoro-3-methyl-arabinono- and -xylono-1,4-lactones (18 and 21)
via the epoxides 17 and 20.—3-Chloroperoxybenzoic acid (50-60%, 2.5 g) was
added to a solution of benzyl anti-2-fluoro-3-methyl-4-pentenoate (1.50 g, 6.76
mmol) in CHCl; (20 mL) and the mixture was refluxed for 2 h. After cooling, the
mixture was filtered to remove 3-chlorobenzoic acid, the filtrate was washed with
satd Na,SO; and water, dried with anhyd MgSO, and evaporated to give the
crude epoxides. A small amount was purified by column chromatography on silica
gel (10:1 n-hexane-EtOAc) for analysis. To the crude epoxides were added
1,4-dioxane (15 mL) and 10% Pd-C (0.10 g). The flask which contained the
mixture was evacuated and H, was introduced. The mixture was vigorously stirred
for 3 h at room temperature and was then filtered to remove the catalyst. The
filtrate was evaporated and the residue was purified by chromatography (25:1
CH ,Cl,~acetone) to give 18 (0.41 g, 41%) and 21 (0.17 g, 17.0%).

Spectral data. Compounds 18 and 21 prepared in this way gave spectral data
and elemental analyses identical to those already described.

2,3-Dideoxy-2-fluoro-3-methyl-ribono- and -lyxono-1,4-lactones (24 and 23).—
Trimethylamine oxide dihydrate (7.0 g, 63.1 mmol) was added to a solution of 22
(5.3 g, 23.9 mmol) in acetone (60 mL) and water (10 mL). Osmium tetraoxide (4
wt% solution in toluene, 5 mL) was added to the solution in the dark at room
temperature with stirring. The solution was stirred overnight. Sodium sulfite (4.0 g)
was added and the solution was then evaporated to dryness. Acetonitrile (50 mL)
was added and the solution was refluxed for 4 h. After cooling, CH,Cl, (200 mL)
and water (100 mL) were added, and the organic layer was separated, washed with
water, dried with anhyd MgSQO,, and evaporated. The residue was purified by
chromatography (30:1 CH,Cl,—acetone) to give 24 (1.15 g, 32.5%) and 23 (0.40 g,
11.3%).

Spectral data for 23. '"H NMR (CDCl,): § 5.24 (dd, 1 H, Jy3 7.0, J,5 51.0 Hz,
H-2), 458 (m, 1 H, H-4), 3.89(dd, 1 H, J,5 7.2, Js5 12.1 Hz, H-5), 3.80 (dd, 1 H,
J4,5° 3.7, Jss 12.1 Hz, H-5'), 1.06 (dd, 3 H, Jscn, 7.0, Jgcu, 2.3 Hz, C(3)-CH,):
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3C NMR (CDCl,): 6 171.8(d, J 22.2 Hz, C-1), 87.8(d, J 198.5 Hz, C-2), 79.8 (d, J
5.6 Hz, C-4), 61.3 (s, C-5), 35.8 (d, J 18.3 Hz, C-3) Hz, 6.2 (d, J 9.2 Hz, C(3)-CH ,);
YF NMR (CDCl;): & —208.5 (dd, J,i 51.0, J3 11.0 Hz). Anal. Calced for
CcHFO,: C, 48.65; H, 6.08. Found: C, 48.49; H, 5.95.

Spectral data for 24. "TH NMR (CDCl,): 8 5.25 (dd, 1 H, J,; 6.6, Jor 52.5 Hz,
H-2), 432 (m, 1 H, H-4), 398 (dd, 1 H, J,5 2.4, J55 12.7 Hz, H-5), 3.70 (dd, H-1,
Jis 3.0, J 5,5' 12.7 Hz, H-5"), 2.6-2.85 (m, 1 H, H-3), 1.20 (dd, 3 H, J3.cu, 6.6,
J¥.cu, 24 Hz, C(3)-CH,); *C NMR (CDCl,): & 172.5 (d, J 20.8 Hz, C-1), 87.6 (d,
J 191.2 Hz, C-2), 85.8 (s, C-4), 61.8 (s, C-5), 35.5(d, J 19.3 Hz, C-3), 10.7 (d, J 10.9
Hz, C(3)-CH,); YF NMR (CDCl,): § —207.7 (dd, Jir 204, J, ¢ 51.6 Hz). Anal.
Calcd. for CcHGFO,: C, 48.65; H, 6.08. Found: C, 48.61; H, 6.02.

5-O-(tert-Butyldimethylsilyl-2, 3-dideoxy-2-fluoro-3-methyl)-arabinono- 1,4-lactone
(25).—To a solution of 21 (0.11 g, 0.74 mmol) in DMF (3 mL) was added imidazole
(0.08 g, 1.17 mmol) and t-butylchlorodimethylsilane (0.15 g, 1.00 mmol) at room
temperature. The solution was stirred overnight at room temperature. Ethyl
acetate (10 mL) and water (10 mL) were added, and the organic layer was
separated, washed with water, dried with anhyd MgSO,, and evaporated. The
residue was purified by column chromatography (6:1 n-hexane—EtOAc) to give 25
(0.18 £ 92.4%); 'H NMR (CDCl,): & 4.86 (dd, 1 H, J53 9.9, J, g 52.0 Hz, H-2), 4.05
(dt, 1 H, J,5=J,5 3.7, J3, 9.2 Hz, H-4),3.94 (ddd, 1 H, J;5 1.4, J,5 3.7, J55 12.3
Hz, H-5), 3.78 (dd, 1 H, J,5 3.7, J55» 12.3 Hz, H-5"), 1.29 [d, 3 H, J3cn, 7-0 Hz,
C-(3)-CH], 0.90 (s, 9 H, #-Bu), 0.09 [s, 6 H, Si(CH ;),]; }*C NMR (CDCl,): § 213.3
(d, J 4.6 Hz, C-1), 91.8 (d, J 196.6 Hz, C-2), 81.8 (d, J 9.5 Hz, C-4), 61.5 (s, C-5),
37.6 (d, J 19.4 Hz, C-3), 25.7 [s, (CH;),;C], 18.4 [s, (CH;);C], 13.8 [s, C-(3)-CH,].
YF NMR (CDCl,): 8 —199.7 (dd, Jig 210, J,r 522 Hz). Anal. Calcd for
C,,H,Fo,Si: C, 54.96; H, 8.78 Found: C, 54.80; H, 8.73.

5-tert-Butyldimethylsilyl-2, 3-dideoxy-2-fluoro-3-C-methyl-arabinofu ranose (26).—
Diisobutylaluminum hydride (0.70 mL, 3.93 mmol) was added to a solution of 25
(0.98 g, 3.74 mmol) in Et,O (20 mL) under an inert atmosphere at ~78°C. The
reaction was stirred for 1.5 h at —78°C and then quenched with MeOH (0.5 mL).
The mixture was allowed to warm to room temperature and satd NH,ClI (3 mL)
and CH,Cl, were added. The mixture was filtered and the filtrate was washed
with water, dried with anhyd MgSO,, and evaporated to give 26 (0.95 g, 96.2%).
This product was used for the next reaction without further purification.

Spectral data for 26a. 'H NMR (CDCl,): 8 6.26 (d, 1 H, Ji2 45, J1 5 0, H-1),
4.65 (dd, 1 H, J,, 45, J,5 9.1, J, 53.4 Hz, H-2), 3.65-3.8 (m, 3 H, H-4, H-5,
H-5'), 2.35-2.5 (m, 1 H, H-3), 2.09 (s, 3 H, Ac), 1.21 [d, 3 H, Jycu, 70 Hz,
C(3)-CH;], 0.91 (s, 9 H, #-Bu), 0.07 [s, 6 H, Si(CH,),]; *C NMR (CDCl,); § 169.8
(s, O-C-CH;), 95.1 (d, J 199.7 Hz, C-2),93.0(d, J 18.5 Hz, C-1), 84.3 (d, J 8.7 Hz,
C-4), 64.9 (s, C-5), 37.0 (d, J 17.6 Hz, C-3), 25.8 [s, C(CH;),}, 21.2 [s, OCCH,],
18.3 [s, C(CH,;);], 14.4 [s, C-(s)-CH;}. ’F NMR (CDCl,): § —204.9 dd, J5 185,
J,r 53.4 Hz).

Spectral data for 268. '"H NMR (CDCl,): § 6.27 (d, 1 H, Ji2 0, Jg 10.7 Hz,
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H-1),4.72(dd, 1 H, J,5 2.0, J, 52.7 Hz, H-2),391 (1 H, H-4),3.78(dd, 1 H, J,
4.2, Js5 10.8 Hz, H-5), 3.68 (dd, 1 H, J, 5. 6.0, J5 5 10.8 Hz, H-5'), 2.2-2.5 (m, 1 H,
H-3), 2.08 (s, 3 H, Ac), 1.23[d, 3 H, J3cn, 7.3 Hz, C(3)-CH,], 0.90 (s, 9H, ¢-Bu),
0.07 [s, 6 H, Si(CH,),]. 3C NMR (CDCl,): é 169.3 (s, OCCH ,), 101.6 (d, J 182.9
Hz, C-2), 100.3 (d, J 35.1 Hz, C-1), 87.4 (s, C-4), 64.1 (s, C-5), 409 (d, J 21.6 Hz,
C-3), 25.8 [s, C(CH,);], 21.0 (s, OCCH,), 18.2 [s, C(CH,);], 15.7 [d, J 7.0 Hz,
C(3)-CH,]. *F NMR (CDCl,): 8§ —179.7 (ddd, Jig~10, J,¢ 51.6, J; 31.7 Hz).

1-0-Acetyl-5-O-tert-butyldimethylsilyl-2, 3-dideoxy- 2-fluoro-3-C-methylarabino-
furanose (27).— Acetyl chloride (0.30 mL, 4.20 mmol) was added to a solution of
26 (0.95 g, 3.60 mmol) and Et;N (0.70 mL, 5.03 mmol) in CH,Cl, (7 mL) at 0°C
with stirring. The mixture was stirred for 2 h at room temperature, and was then
washed with water twice, dried with anhyd MgSO,, and evaporated. The residue
was purified by column chromatography on silica gel using 5:1 n-hexane—-EtOAc
as eluant to give pure 27 (1.02 g, 92.6%); "H NMR (CDCl,): 6 6.16 (d, 1 H, J,, 0,
J,r 10.0 Hz, H-1),4.75(d, 1 H, J,, 0, J,; 4.1, J, 52.3 Hz, H-2), 3.89 (dt, 1 H,
Jys=Jy5:=45, J;, 92 Hz, H-4), 3.72 (dd, 1 H, J,5 4.6, J55 11.3 Hz, H-5), 3.65
(dd, 1 H, J, 5 4.5, J55- 11.3 Hz, H-5'), 1.98 (s, 3 H, Ac), 1.10[d, 3 H, J3cn, 6-8 Hz,
C(3)-CH,), 0.85 [s, 9 H, S: C(CH,);], 0.01 [s, 6H, Si(CH,)}; *C NMR (CDCl,): &
169.2 (s, O=C=0CH;), 98.7 (d, J 31.0 Hz, C-1), 97.2 (d, J 182.4 Hz, C-2), 86.1 (s,
C-4), 63.7 (s, C-6), 365 (d, J 19.0 Hz, C-3), 25.8 [s, S:C(CH;),], 21.0 (s,
O-C-CH,), 183 [s, SiC(CH 3),], 9.0 [d, J 7.7 Hz, C(3)-CH,)]; **F NMR (CDCl,):
(main: minor 4.6:1) § —203.9 (ddd, J, ¢ 8.5, J, 51.6, J; 37.3 Hz, main), —211.0
(ddd, J, ¢ 11.0, J, ¢ 52.0, J; 22.0 Hz, minor). Anal. Caled for C,,H,,FO,Si: C,
54.90; H, 8.82. Found: C, 55.06; H, 8.64.

1-(5-tert-Butyldimethylsilyl-2, 3-dideoxy-2-fluoro-3-C-methyl-B- and a-arabino-
furanosyl)thymine (33 and 34).—Compound 27 (0.40 g, 1.31 mmol) in toluene (7
mL) was added at room temperature to a 3-necked flask containing dibenzo-18-
crown-6 (0.09 g, 0.25 mmol) and KI (0.26 g, 1.57 mmol) under Ar. To the solution
was added 2,4-bis(trimethylsily)thymine in MeCN (7 mL), which was prepared
from thymine (0.24 g, 1.90 mmol), hexamethyldisilazane, and a catalytic amount of
(NH,),S0O,. The mixture was refluxed for 4 h with vigorous stirring. After cooling,
CH,Cl, (30 mL) and water (30 mL) were added. The organic layer was separated,
washed with water, dried with anhyd MgSO,, and evaporated. The residue was
purified by chromatography (12:1 CH,Cl,~acetone) to recover the starting mate-
rial (0.23 g) and to give 33, & anomer (0.14 g, 28.8%) mp 132-134°C and 34, B8
anomer (0.04 g, 8.2%) mp 131-33°C.

Spectral data for 33. '"H NMR (CDCl,): § 9.9-9.6 (br, 1 H, NH), 7.42 (s, 1 H,
H-6), 6.12 (dd, 1 H, Jy. 5. 4.0, J,  16.4 Hz, H-1'), 4.86 (dt, 1 H, J; 5 = J,. 5 = 4.0,
J, g 543 Hz, H-2), 3.87(dd, 1 H, J, 51, 4.2, J5 5, 11.2 Hz, H-5'a), 3.78 (dd, 1 H,
Josn 42, Jsiasm 11.2 Hz, H-5'b), 3.67 (dt, 1 H, J, 5, = Jyr 5, = 4.2, T35, 6.7 Haz,
H-4'), 24-2.6 (m, 1 H, H-3'), 1.92 (s, 3 H, Ac), 1.19 [d, 3 H, J3,’CH3 7.4 Hz,
C-3(3)-CH,], 0.93 (s, 9 H, #-Bu), 0.11 [s, 6-H, Si(CH,),]; *C NMR (CDCl,): &
1639 (s, C-4), 150.5 (s, C-2), 136.6 (d, J 4.1 Hz, C-6), 109.9 (s, C-5), 96.6 (d, J 192.0
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Hz, C-2"), 84.0 (d, J 4.3 Hz, C'-4), 83.6 (d, J 16.3 Hz, C-1'), 62.9 (s, C-6"), 39.8 (d,
J 21.2 Hz, C-3"), 25.8 [s, C(CH,),], 183 [s, C(CH3),], 15.3[d, J 4.7 Hz, C(3')-CH,],
12.4 [s, C4)-CH,], —5.4 (s, Si-CH,), —55 (s, Si-CH;); F NMR (CDCl,):
—188.8 (ddd, J; g 16.4, J, ¢ 54.3, J; 5 26.0 Hz). Anal. Caled for Cy;H,FN,0,Si:
C, 54.84; H, 7.80; N, 7.53. Found: C, 54.74; H, 8.00; N, 7.46.

1-(2,3-Dideoxy-2-fluoro-3-C-methyl-a-arabinofuranosyl )thymine (35).—A 1M so-
lution of tetrabutylammonium fluoride in THF (0.30 mL) was added to a solution
of compound 33 (0.07 g, 0.12 mmol) at room temperature with stirring. The
solution was stirred for 2 h and then CH,Cl, (25 mL) and water (5 mL) were
added. The organic layer was separated, washed with brine, dried with anhyd
MgSO,, and evaporated. The residue was purified by chromatography (10:1
CH,CH,-EtOH) to give 35 (0.05 g, quantitative yield), mp 156-157°C; 'H NMR
(acetone): 6 7.82 (t, 1 H, J 1.7 Hz, H-6), 6.15 (dd, 1 H, J;,,, 5.0, J; ¢ 113 Hz,
H-1'), 5.02 (dt, 1 H, Jyr 5 =Jy 3 =50, J, 548 Hz, H-2'), 3.7-39 (m, 1 H, H-4/,
H-5'a, H-5'b), 1.82 [d, 3 H, J 1.7 Hz, C-(5)-CH,], 1.21 [d, 3 H, Jy.cn, 6.7 Hz,
C(3")-CH,]; *C NMR (acetone): 175.6 (s, C-4), 151.2 (s, C-2), 137.6 (d, J 4.1 Hz,
C-6), 109.6 (s, C-5), 97.9 (d, J 191.4 Hz, C-2'), 845 (d, J 6.6 Hz, C-4'), 835 (d, J
17.3 Hz, C-1'), 61.6 (s, C-5'), 39.3 (d, 1J 20.2 Hz, C-3'), 143 [d, J 2.9 Hz,
C(3')-CH;), 125 [s, C(5)-CH;}; "°F NMR (acetone): § —191.8 (ddd, J,.z 113,
Jy g 54.8, I3 27.0 Hz). Anal. Caled for C;;H,sFN,0,: C, 51.16; H, 5.81; N, 10.85;
Found: C, 51.34; H, 6.00; N, 10.66.

Crystal data for 35. C11H15FN204, monoclinic, space group P2,/c, a=5.682(2)
A, b=13.134(6) A, c—16127(7) A v=12035 23 D D.=1425gem™3 p=11,
Z =4, A (MoKa)=0.71073 A (graphite monochromator), T=298 K. A Nicolet
R3m/V diffractometer was used to collect 3042 reflections (3° <26 < 55°) on a
colorless crystal, 0.20 X 0.25 X 0.60 mm®. Of these, 2782 were unique and 1484
observed (F,> 6aF,). Lorentz and polarization corrections were applied to the
data. All of the nonhydrogen atoms were located by direct methods. R = 0.0565,
R, =0.0569, GOF = 2.0220.

1,5-Di-O-acetyl-2,3-dideoxy-2-fluoro-3-C-methyl-arabinofuranose (28).—To a so-
lution of 27 (0.50 g, 1.63 mmol) in THF (5 mL) was added a 1 M solution of
tetrabutylammonium fluoride in THF (2.0 mL) at room temperature with stirring.
The stirring was continued for 30 min, and then CH,Cl, (25 mL) was added. The
organic layer was separated, washed with brine, dried with anhyd MgSO,, and
evaporated. To the residue were added CH,Cl, (5 mL) and Et;N (0.45 mlL, 3.23
mmol). Acetyl chloride (0.25 mL, 2.10 mmol) was added at 0°C with stirring. The
stirring was continued for 2 h at room temperature. Dichloromethane (25 mL) and
water (10 mL) were added. The organic layer was separated, washed with brine,
dried with anhyd MgSO,, and evaporated. The residue was purified by column
chromatography (4:1 n-hexane-acetone) to give 28 (0.30 g, 78.5%); 'H NMR
(CDCl,): 6 627 (d, 1 H, J;, 0, J;; 108 Hz, H-1), 470 (dd, 1 H, J;, 0, J,5 24,
J, ¢ 52.0 Hz, H-2), 4.0-4.25 (m, 3 H, H-4, H-5, H-5"), 2.1-2.3 (m, H-3), 2.04, 2.03 (6
H, Ac), 120 [d, 3 H, J5¢y, 7.2 Hz, C(3)-CH,}; BC NMR (CDCl,): 6 170.6 (s,
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-OCO-CH,), 169.0 (s, -OCO-CH,), 100.9 (d, J 181.8 Hz, C-2), 100.0 (d, J 37.4 Hz,
C-1), 84.5 (s, C-4), 64.4 (s, C-5), 40.9 (d, J 21.5 Hz, C-3), 20.8 (s, OCO-CH,), 20.6
(s, -OCO-CH,), 15.2 [d, J 7.0 Hz, C(3)-CH,]; *’F NMR (CDCl,): § —179.8 (ddd,
Jip 10.7, I, 51.7, Jo g 32.6 Hz), —205.0 (dd, J, ¢ 0, J, ¢ 57.0, J5 18.6 Hz). Anal.
Calcd for C,,H,5FOs: C, 51.28; H, 6.41. Found: C, 51.45; H, 6.62.

5-O-tert-Butyldimethylsilyl-2, 3-dideoxy-2-fluore-3-C-methyl-ribofuranose  (30).—
Diisobutylaluminum hydride (0.75 mL, 4.21 mmol) was added to a solution of
5-O-tert-butyldimethylsilyl-2,3-dideoxy-2-fluoro-3-methyl-ribono-1,4-lactone  (29;
1.03 g, 3.93 mmol) in Et,O (20 mL) at —78°C with stirring. The solution was
stirred for 1 h at —78°C. Workup was as for the formation of 5-O-tert-butyl-
dimethylsilyl-2,3-dideoxy-2-fluoro-3-C-methyl-arabinose to yield 30 (1.01 g, 97.3%).

1-O-Acetyl-5-O-tert-butyldimethylsilyl-2,3-dideoxy-2-fluoro-3-C-methyl-ribo-
furanose (31).—The experimental procedure was as for the formation of com-
pound 27 with a yield of 83.7%; 'H NMR (CDCl,): § 6.16 (d, 1 H, Ji2 0, ;5 10.0
Hz, H-1), 475 (dd, 1 H, J,, 0, J,; 4.1, J,p 523 Hz, H-2), 3.89 (dt, 1 H,
Jys=Jy5=45, 15, 92 Hz, H-4), 3.72 (dd, 1 H, J,5 4.6, J55 11.3 Hz, H-5), 3.65
(dd, 1 H, J,s 4.5, J55 11.3 Hz, H-5"), 1.98 (s, 3 H, Ac), 1.10[d, 3 H, J3cu, 6.8 Hz,
C(3)-CH,], 0.85 [s, 9 H, S: C(CHj;),], 0.01 {s, 6 H, Si(CH ,)}; *C NMR (CDCl,): 8
169.2 (s, O=C=0CH,), 98.7 (d, J 31.0 Hz, C-1), 97.2 (d, J 182.4 Hz, C-2), 86.1 (s,
C-4), 63.7 (s, C-6), 36.5 (d, J 19.0 Hz, C-3), 25.8 [s, SiC(CH,),], 21.0 (s, O-C-CH ),
18.3 [s, SiC(CH3)5], 9.0 [d, J 7.7 Hz, C(3)-CH )]; *F NMR (CDCl,): (main : minor
4.6:1) 6 —203.9 (dd, J,¢ 85, J, 51.6, J; 37.3 Hz, main), —211.0 (ddd, J, ¢
11.0, J,g 52.0, J35 22.0 Hz, minor) Anal. Caled for C,,H,,FO,Si: C, 54.90; H,
8.82. Found: C, 55.20; H, 8.65.

1,5-Di-O-acetyl-2, 3-dideoxy-2-fluoro-3-C-methyl-ribofuranose (32).—The experi-
mental procedure was as for the formation of compound 28; 'H NMR (CDCl,): 6
620(d,1H, J,, 0, Hz, J, . 9.8 Hz, H-1),4.76 (dd, 1H, J,, 0, Hz, J,; 3.3, Hz, J,¢
51.7 Hz, H-2).

1-(5-O-Acetyl-2,3-dideoxy-2-fluoro-3-C-methyl-8- and -a-ribofuranosyl)thymines
(36 and 37).—To a solution of compound 32 (0.50 g, 2.14 mmol) in MeCN (5 mL)
was added 2,4-bis(trimethylsilyl)thymine in MeCN (10 mL), which was prepared
from thymine (0.80 g, 6.35 mmol), hexamethyldisilazane, and a catalytic amount of
(NH,),SO, at room temperature with stirring. To the solution was added trimeth-
visilyl trifluoromethanesulfonate (2.0 mL, 10.4 mmol) at room temperature with
stirring. The solution was stirred overnight, and then CH,Cl, (40 mL) and satd
NaHCO; (40 mL) were added. The organic layer was separated, washed with
water, dried with anhyd MgSO,, and evaporated. The residue was purified by
column chromatography (3:2 n-hexane—EtOAc) to give 37 (0.35 g, 55.1%) mp
166—168°C and 36 (0.18 g, 27.6%) mp 158—-160°C.

'"H NMR (CDCl,): 8 9.63 [s, 1 H, N(3)-H], 7.23 (s, 1 H, H-6), 6.20 (d, Jyar 0,
Jyp 220 Hz, H-1'), 5.06 (d, 1 H, Jy/ 5 =75, 3 =0, J, 53.7 Hz, H-2"), 442 (d, 1 H,
Jyr 5 < 1.0, J51, 51 12.2 Hz, H-5'a), 4.27 (dm, 1 H, J5, ,, ~ 10.5, H-4'), 414 (dd, 1 H,
Jysp 4.9, Jsip 5, 12.2 Hz, H-5'D), 2.3-2.5 (dm, 1 + H, H-3), 2.13 (s, 3 H, Ac), 1.95
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[s, 3 H, C(5)-CH,}, 1.20 [d, 3 H, J3. ¢y, 6.8 Hz, C(3")-CH,]; *C NMR (CDCI,): &
1.70.6 (s, OCO-CH,), 164.1 (s, C-4), 150.6 (s, C-2), 136.1 (d, J 5.0 Hz, C-6), 109.9
(s, C-5), 93.5 (4, J 190.1 Hz, C-2’), 86.0 (d, J 15.0 Hz, C-1'), 82.2 (s, C-4'), 63.5 (s,
C-5'), 39.0 (d, J 18.9 Hz, C-3), 20.6 (s, OCO-CH,), 12.3 [s, C(5)-CH,], 9.0 [d, J
7.1 Hz, C(3')-CH,]; F NMR (CDCl,): § —210.6 (ddd, J,. 21.0, J,. ¢ 52.6, J5
33.9 Hz). Anal. Caled for C,;H,;FN,O,: C, 52.00; H, 5.67; N, 9.33. Found: C,
52.24; H, 5.89; N, 9.38.

1-(2,3-Dideoxy-2-fluoro-3-methyli-B-ribofuranosyl) thymine (38).—The experimen-
tal procedure was as for the formation of 39 (vide infra) and gave a quantitative
yield of 38, mp 205-208°C; 'H NMR (CD,;0D): é 8.07 [br, s, 1 H, N(3)-H], 5.93 (d,
1H, Jy, 0, Jug 17.6 Hz, H-1), 599 (dd, 1 H, Jy, 0, J, 5 40, Jpp 52.7 Hz,
H-2'), 4.03 (dd, 1 H, J 5., ~ 2.0, J5, 51, 12.6 Hz, H-5a), 3.92 (dm, 1 H, J5/ 4, ~ 9.5
Hz, H-4'),3.72 (dd, 1 H, J4: 5, 2.7, J5i, 5, 12.6 Hz, H-5'D), 2.3-2.5 (m, 1 H, H-3'),
1.85 [s, 3 H, C(5)-CH,], 1.10 [d, 3 H, Jy oy, 68 Hz, C(3'-CH;] ®C NMR
(CD,0D): § 166.5 (s, C-4), 152.0 (s, C-2), 1379 (s, C-6), 110.7 (s, C-5), 999 (d, J
182.9 Hz, C-2'), 90.6 (d, J 37.4 Hz, C-1'), 87.6 (s, C-4'), 60.5 (s, C-5"), 36.2 (d, J
20.3 Hz, C-3"), 125 [s, C(5)-CH,], 83 [d, J 7.7 Hz, C(3')-CH,]; F NMR
(CD;0OD): 8 —195.7 (ddd, J; ¢ 14.8, J, g 50.5, Jy g 34.7 Hz). Anal. Calcd for
C,,H,sFN,O,: C, 51.16; H, 5.81; N, 10.85. Found: C, 51.34; H, 6.04; N, 10.85.

Crystal data for 38. CHHISFN204, monoclinic, space group P2, /c, a = 4.822(2)
A, b=13225(D A, ¢ =18. 655(8) A, V=1186(1) A3, D_=1.446 g cm 3, =11,
Z=4, A\(MoKa)=0.71073 A (graphite monochromator) T=1298 K. A Nicolet
R3m /V diffractometer was used to collect 1724 reflections (3° <26 < 45°) on a
colorless crystal, 0.15 X 0.15 X 0.40 mm>. Of these, 1558 were unique and 894
observed (F, > 60 F,). Lorentz and polarization corrections were applied to the
data. All the nonhydrogen atoms were located by direct methods. R = 0.0543,
R, =0.0549, GOF = 1.737.

1-(2,3-Dideoxy-2-fluoro-3-methyl-a-ribofuranosyl ) thymine (39).—An aqueous so-
lution (0.5 mL) of NaOH (0.02 g, 0.50 mmol) was added to a solution of 37 in
MeOH (5 mL) at room temperature with stirring. The solution was stirred for 30
min and then acetic acid (0.15 mL) was added. The solution was evaporated and
the residue was purified by column chromatography (30:1 CH,Cl,—EtOH) to give
39 (0.16 g, 99.2%), mp 187-188°C; 'H NMR (CDCl;): 8 9.7 (broad, 1 H, N(3)-H],
7.24 [s, C(6)-H], 6.19 (dd, 1 H, J,,. 2.0, J,.x 22.7 Hz, H-1), 504 (dt, 1 H,
Jy g =Jp3 =20, Jyg 54.1 Hz, H-2"), 414 (dm, 1 H, J; , ~ 9.6 Hz, H-4"), 3.97
(dd, 1H, J' 5, 1.6, Jsr, 5, 12.5 Hz, H-5'2), 3.63 (dd, 1 H, J 5, 3.6, J5:y 5, 12.5 Hz,
H-5'b), 2.45-2.70 (dm, 1 H, H-3"), 1.9 [s, 3 H, C(5)-CH,], 1.16 [d, 3 H, J,. ,CH, 6.1
Hz, C(3')-CH,]; ®*C NMR (CDCl,): 6 164.3 (s, C-4), 150.6 (s, C-2), 136.6 (d, J 2.8
Hz, C-6), 110.0 (s, C-5), 94.2 (d, J 190.4 Hz, C-2'), 86.1 (d, J 15.0 Hz, C-1’) Hz,
85.5 (s, C-4"), 61.4 (s, C-5"), 37.6 (d, J 18.8 Hz, C-3'), 12.4 [s, C(5)-CH,), 9014, J
6.7 Hz, C(3')-CH;]; YF NMR (CDCl,): 8 —209.8 (ddd, Jyg 213, Jy g 550, J3 g
32.8 Hz). Anal. Calcd for C,,H,sFN,O,: C, 51.16; H, 5.81; N, 10.85. Found: C,
51.17; H, 5.81; N, 10.68.



158 K. Araki et al. / Carbohydr. Res. 249 (1993) 139-161

Crystal data for 39. C;,H,;FN,O,, monoclinic, space group £2,/c, a =9. 249(3)
A, b =13.863(5) A, c—9735(3)A V=1181. 1(7)A3 D,=1452 gcem™3, u=1.1,
Z=4, A MoKa)=0.71073 A (graphite monochromator), T =298 K. Nicolet
R3m/V diffractometer was used to collect 1763 reflections (3° <26 <45°). Of
these, 1554 were unique and 673 observed (F, > 6o F,). Lorentz and polarization
corrections were applied to the data. All the nonhydrogen atoms were located by
direct methods. R = 0.0697, R, = 0.0668, GOF = 1.89.

9-(5-O-Acetyl-2, 3-dideoxy-2- ﬂuoro-3—methyl B- or -a-arabinofuranosyl)- 6—chloro-
purine (40 and 43) and 7-(5-O-acetyl-2,3-dideoxy-2-fluoro-3-methyl-B- or -a-
arabinofuranosyl)-6-chloropurine (41 and 42).—To a solution of compound 28 (0.25
g, 1.07 mmol) in MeCN (5 mL) was added trimethylsilylated 6-chloropurine in
MeCN (7 mL), which was prepared from 6-chloropurine (0.30 g, 1.94 mmol),
hexamethyldisilazane, and a catalytic amount of (NH,),SO, under Ar at room
temperature. Trimethylsilyl trifluoromethanesulfonate (0.80 mL, 4.14 mmol) was
added with stirring at 0°C. The stirring was continued for 2 days and CH,Cl, (25
mL) was added. The solution was washed with brine, dried with anhyd MgSQO,,
and evaporated. The residue was purified by column chromatography (3:1 n-
hexane-EtOAc) to give 43 (0.06 g, 17%), 40 (0.11 g, 31.3%), 42 (0.06 g, 17%), and
41 (0.04 g, 11.3%).

Spectral data for 40. 'H NMR (CDCl,): 6 8.70 (s, 1 H, H-2), 8.39 (d, 1 H, Jor
2.6 Hz, H-8), 6.46 (dd, 1 H, J,/,, 3.9, J; ¢ 15.4 Hz, H-1'), 496 (dt, 1 H, J,,,, 3.9,
Jy g 533 Hz, H-2'), 437 (dd, 1 H, J, 5, 6.0, J5, 5y, 12.2 Hz, H-5'a), 432 (d, 1 H,
Josn 3.2, Jsusp 122 Hz, H-5'b), 399 (dt, 1 H, J,. 5, J3 4 6.0, Jy 5, 3.2 Hz,
H-5'b), 2.53-2.75 (m, 1 H, H-3"), 2.09 (s, 3 H, Ac), 1.28 [d, 3 H, J5, oy, 6.5 Hz,
C(3')-CH,]; ®C NMR (CDCl,): 6 170.5 (s, OCO-CH3), 152.0 (s, C-2), 151.3 (s),
149.9 (s), 144.5 (s), 144.3 9d, J 5.3 Hz, C-8), 959 (d, J 194.5 Hz, C-2'),83.4 (d, J
16.3 Hz, C-1'), 82.2(d, J 5.0 Hz, C-4"), 63.9 (s, C-5'), 40.2 (d, J 20.3 Hz, C-3'), 20.7
(s, OCO-CH3), 152 [d, J 7.6 Hz, C93')-CH;]; ’F NMR (CDCl,): § —188.0 (ddd,
Jyg 156, J, g 57.0, 75 ¢ 23.8 Hz). Anal. Calcd for C3H,,CIFN,O;: C, 47.49; H,
4.26; N, 17.05. Found: C, 48.33; H, 4.91; N, 14.89.

Spectral data for 41. '"H NMR (CDCl,): § 8.85 (s, 1 H, H-2), 8.71 (d, 1 H,
J=1.7 Hz, H-8), 674 (dd, 1 H, J,, 4.8, J. 102 Hz, H-1), 5.02 (dt, 1 H,
Jyp=Jy3 =48, Jy g 53.4 Hz, H-2), 442 (dd, 1 H, Jy 5, 5.0, Js, 5 12.9 Hz,
H-5"a), 4.35 (ddd, 1 H, J, 5, ~ 2.0, J5:, 5, 12.9, J5, . ~ 1.6 Hz, H-5'D), 4.03 (ddd,
1H, Jy5, 5.0, Jy s, ~ 2.0, T34 10.3 Hz, H-4'), 2.4-2.6 (m, 1 H, H-3"), 2.14 (s, 3
H, Ac), 1.25 [d, Jycu, 6.7 Hz, C(3')-CH;]. ®C NMR (CDCl,): & 170.4 (s,
OCOCH,), 163.1 (s), 152.5 (s), C-2), 149.8 (s), 147.2 (d, J 4.0 Hz, C-8), 142.4 (s),
96.3 (d, 7 197.6 Hz, C-2'),85.3(d, J 17.1 Hz, C-1’), 82.1 (d, J 5.1 Hz, C-4’), 63.0 (s,
C-5'), 38.7 (d, J 20.3 Hz, C-3'), 20.7 (s, OCO-CH3), 14.2 [d, J 3.9 Hz, C(3")-CH,];
°F NMR (CDCl;): 8 —192.0 (ddd, J, ¢ 8.8, Jo ¢ 53.8, J5 5 22.5 Hz). Anal. Calcd
for C;3H,CIFN,O,: C, 47.49; H, 4.26; N, 17.05. Found: C, 48.24; H, 4.92; N,
15.84.

Spectral data for 42. '"H NMR (CDCl,): & 8.89 (s, 1 H, H-2), 8.46 (s, 1 H, H-8);
6.65(dd, 1 H, J; 5, 2.9, J; x 12.5 Hz, H-1'), 5.10 (ddd, 1 H, J 5, 2.9, 5.3, 4.5, J,
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51.7 Hz, H-2'),4.43(dt, 1 H, J;, , ~ 10.8, J,»5» 4.9 Hz, H-4'), 430 (d, 2 H, J, 5 4.9
Hz, H-5"), 2.5-2.7 (m, 1 H, H-3"), 2.12 (5, 3 H, Ac), 1.14 [d, 3 H, J3 ¢y, 7.3 Hz,
C(3)-CH,]; *C NMR (CDCl,): 8 170.6 (s, OCOCHj), 162.7 (s), 152.9 (s, C-2),
149.9 (s), 147.2, 145.7 (s, C-8), 101.5 (d, J 191.4 Hz, C-2"), 91.2 (d, J 35.9 Hz, C-1'),
85.4 (d, J 4.4 Hz, C-4"), 64.4 (s, C-5"), 40.8 (d, J 20.1 Hz, C-3"), 20.7 (s, OCOCH,),
15.5 [d, J 3.4 Hz, O(3')-CH,]; ’F NMR (CDCl;): 6 —181.6 (ddd, Jy g 12.2, J, &
51.9, J3  30.2 Hz). Anal. Calcd for C;;H,,CIFN,O;: C, 47.49; H, 4.26; N, 17.05.
Found: C, 48.09; H, 4.77; N, 15.95.

Spectral data for 43. 'H NMR (CDCl,): 6 8.67 (s, 1 H, H-2), 8.20 (s, 1 H, H-8),
6.12(dd, 1 H Jy, 3.5, Jy g 15.5 Hz, H-1), 5.69(ddd, 1 H, Jy.»: 3.5, J5:3: 6.8, J5 g
54.1 Hz, H-2'), 448 (ddd, 1 H, J3. 4 9.5, Jy 572 3.0, J4 5, 5.6 Hz, H-4'), 4.27 (dd, 1
H, Jy 5, 3.0, Js,5, 125 Hz, H-5'a), 413 (dd, 1 H, Jy 5y 5.6, J5,5,, 12.5 Hz,
H-5'b), 2.4-2.6 (m, 1 H, H-3"), 2.02 (s, 3 H, Ac), 1.26 [d, 3 H, J; ¢y, 6.8 Hz,
C(3’)-CH,]; 3C NMR (CDCl,): § 170.5 (s, OCOCH,), 151.9 (s, C-2), 151.4 (s),
150.9 (s), 144.6 (s, C-8), 132.5 (s), 99.9 (d, J 189.5 Hz, C-2'), 89.4 (d, J 35.4 Hz,
C-1), 84.2 (d, J 7.5 Hz, C-4"), 63.5 (s, C-5"), 41.6 (d, J 19.9 Hz, C-3'), 20.6 (s,
-OCO-CH,), 13.0 [s, C(3")-CH;]; 'F NMR (CDCl,): & —188.1 (ddd, J, z 14.6,
Jy g 55.6, J3 ¢ 23.0 Hz). Anal. Caled for C;3H, CIFN,O;: C, 47.49; H, 4.26; N,
17.05. Found: C, 48.12, H, 4.57; N, 16.00.
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SUPPLEMENTARY MATERIAL AVAILABLE

ORTEP drawings for 35, 38, and 39 as well as listings of isotropic and
anisotropic thermal parameters, bond distances and bond angles, 40 pages are
deposited *.
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