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Abstract: The title compound 2-Deoxy-3.5-di-O-benzoyl-2.2-difluoro-D-ribose (17), was synthesised
from D-glucose and from D-mannose. The key steps of the synthesis from D-glucose are obtaining the
3.3-difluoropyranose 9 by reacting the ulose 7 with DAST. and their conversion into the
difluorofuranoside 17 by a degradative reaction of diol 16. Starting from D-mannose the synthesis
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obiains the 3,3- umuorogly&u 42 by reaction of the uiose 18 with DAST and oxidation-elimination of
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Fluoronucleosides! such as FLT2 (1) and 2'-F-dd-ara-A3 (2) are among the more active drugs against

it =}
different viruses. Interest in gem-difluoro nucleosides has increased after the discovery of the antiviral4 and
antitumoral activity4-5 of gemcitabine (4).4:6 The 3'-deoxy-3',3"-difluoro nucleosides have been much less
studied. Concretely, 3'-deoxy-3',3'-difluorothymidine (3)7 has been synthesized in low yield, by treating 3'-
ketothymidine with DAST.
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One of the drawbacks of this method of synthesizing 2-deoxy-2,2-difluororibose (5) is the control of the
stereoselectivity in the Reformatsky reaction.!3 To counter this, we decided to synthesize it from carbohydrates
and perform the gem-difiuorination by reacting a ulose with DAST.

In preiiminary experiments we treated differently protected methyi riboside-2-uiose with DAST to give
only degradation products. Only small amounts of fluorinated products were recovered. In a previous report we
showed that 2- and 3-uloses derived from D-glucose ied to difiuorinated carbohydrates when treated with
aithough competitive reactions such as 1,2-rearrangement and fragmentation respectively were
i ind 5 can be obtained by degrading a 3,3-difluoropyranose. This
via 1, Scheme 1) or a double bond (wa 2, Scheme 1)
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ozonolyzing, a difluoroglycal, respectively.

starting material progressively ade us, we dc:id- dr e the me ﬂlvcosxd_- first Cﬁmnound
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10 was heated at 45 °C in a 20% solution of trifluoroacetic acid in water, but unexpectedly only compound 12

was recovered tfrom the reaction mixture in a 45% yield. However, the reaction of 10 in a 4% solution of

H2S0y4 in acetic anhydride led principally to compound 13 but the yield was only 40%. The hydmgenolysm of

the benzy! group plowdcd a mixture of compounds 14 and 15 where an acetyl group had partially migrated
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Scheme 2

from the anomeric position to the hydroxyl at position 2. The subsequent removal of the acetyl groups in the
mixture of 14 and 15, by treatment with a 0.1N methanolic aqueous solution of potassium carbonate led to a
complex mixture from which compound 16 could not be isolated.

So, we turned our attention to the difluoro derivative 9 which should allow an easier deprotection of
hydroxyl groups at positions 1 and 2. Ulose 7 was obtained in 90% yield by oxidising the corresponding
alcohol with PCC, according to a reported procedure. 16 Treatment of 7 with an excess of DAST in CH,Cly at
room temperature gave a mixture of compounds, from which the difluoro derivative 9 was isolated in 60%
yield.

The presence of a difluoromethylene group is confirmed by 19F NMR spectroscopy which shows two
signals at -116.1 (doublet) and -130.0 (double triplet) with a value of Jg =238 Hz characteristic of a geminal
coupling.!7 The 13C NMR spectrum also shows a triplet at 117.2 ppm, with a J=256 Hz typical of a LJc .18
Likewise, the neighbouring carbons C-2 and C-4 appears at 74.8 and 77.9 ppm as triplets with coupling
constants of 18.3 Hz and 18.9 Hz, respectively. All other spectroscopic data confirm the existence of the
different groups present in the starting material.

Hydrolysis of the benzylidene group in 9 and the successive protection of the free hydroxyl groups by
reaction with benzoyl chloride in pyridine, in the same way as for compound 8, gave the difluoro pyranoside
11 in an overall yield of 90%. Benzoyl was selected as protecting group for hydroxyl groups because that
facilitates the purification of the nucleoside by crystallisation.6b

The benzyl groups in 11 were hydrogenolized under hydrogen pressure using palladium on charcoal as a
catalyst. The difluoropyranose 16 was obtained as an anomeric mixture in 59% yield. Finally, compound 16
was oxidised by reaction with sodium periodate in dioxane-water to obtain the 4-formyl derivative. The 1H



NMR spectrum of the crude product also showed the presence of some (25%) difluorofuranose 17.6b

This suggests that formate hydrolysis takes place partially in the reaction medium. Further treatment of the
crude product with diluted methanolic ammonia enabled us to complete the reaction obtaining 17 in 43% of
overall yield.

Synthesis from D-Mannose
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between fluorine atoms; 17 the second signal shows three additional coupling constants of 32.7, 19.5 and 13.2
Hz with H-2ax, H-4 and H-2eq respectively, which shows that the signz! corresponds to an axial fluorine. b)
In the 13C NMR spectrum, C-3 appears at 117.0 ppm as a triplet (Jo p = 250 Hz) indicating the presence of 2
fluorine atoms bound to C-3.18

The 4,6-0-benzylidene group was hydrolysed by treating 19 with a 0.1N HCI solution in ethanol. The
product obtained was subsequently treated with benzoyl chloride in pyridine to give the protected product 20 in

good yield.
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We have recently developed a method for the synthesis of furanoid glycals which is based on the
oxidative elimination of I-selenoglycosides.Z0 Following this method, compound 20 was converted into the
phenyl 1-selenoglycoside 21 by reaction with PhSeH in BF3-OEt;. Compound 21 was oxidised with tert-
butylhydroperoxide and titanium tetraisopropoxide in the presence of ethyl-diisopropylamine leading to glycal
22 in 72% yield. !H, 13C and !9F NMR spectra of compound 22 fully confirm the presence of the double
bond and the diflucromethylene group.

Finally, compound 22 was treated with ozone and Me;S and the resulting formate was hydrolysed with a

solution of ammonia in methanol to give, after purification, the difluoro derivative 17, which was
spectroscopically identical to the one reported.oP

In conclusion, 3,5-di-O-benzoyl-2-deoxy-2,2-difluororibose, which is a precursor in the synthesis of
gemcitabine, can be obtained from D-giucose and from D-mannose. The key steps when starting from D-
glucose were obtaining the difluoromethylene group by reaction of the ulose 7 with DAST, and degrading the
pyranose ring to the furanose by breaking a diol with sodium periodate. On the other hand, starting from D-
mannose, the key steps were obtaining the difluoromethylene group by reaction of the ulose 18 with DAST,
preparing a 3,3-difluoro-pyranosyl glycal by oxidation-elimination of a phenyl 1-selenoglycoside and degrading
the glycal by ozonolysis.

Comp. C-2 C-3 C-4 Joor Iosr Jcar
iy 38.8 117.0 78.7 223 25000 19.4(0)
2la 41.3 118.8 68.4 20.8(0) 250() 19.3(t)
2 98.3 115.0 66.9 26.8(1) 237(1) 18.8(1)

Experimental Section

seneral Procedures: Melting points are uncorrected. Optical rotations were measured at the indicated
temperature in 10 cm cells. 'H, 13C and !F NMR spectra were recorded on a 300 MHz (300, 75.4 and 282.3
MHz respectively) apparatus, using CDCl5y as solvent. Elemental analyses were carried out at the Servei de
Recursos Cientifics (Universitat Rovira i Virgili). Flash column chromatography was performed using silica gel
60 A CC (230-400 mesh). TLC plates were prepared by using Kieselgel 60 PFjs4. Solvents for
chromatography were distilled at atmospheric pressure prior to use. Dichloromethane was distilled from P05

and stored over molecular sieve.

Benzyl 4,6-O-benzylidene-2-0-benzyl-3-deoxy-3,3-difluoro-o-D-gluco-pyranoside (9). 0.53
ml (4.0 mmol) of DAST was added to a solution of 300 mg (0.67 mmol) of compound 7 in anhydrous
dichloromethane (4 ml). The solution was then stirred at room temperature for 2 hours, and the excess of
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DAST was neutralized by careful addition of saturated aqueous NaHCO3. The resulting mixture was extracted
with CH,Cly, and organic phase was dried and evaporated. The residue was purified by CC (Hexane/ Ethyl
acetate 7:1) to afford 9 (189 mg, 60 %). mp 118-119°C, [alp%? +46.3° (¢ =0.30, CHCl3), '"H NMR (300
MHz): 8§ 7.54-7.22 (m, 15H, Ph), 5.51 (s, 1H, H7), 4.86 (d, 1H, Jgem=12.6 Hz, CH2Ph), 4.82 (1, 1H,
Ty pa=44 Hz, H1), 476 (d, 1H, Jyo,=12.6 Hz, CH2Ph), 4.65 (d, TH, J,.,,=12.6 Hz, CHoPh), 4.63 (d,
H, Jyo,=12.6 Hz, CH2Ph), 4.22-4.08 (m, 2H, H5, H6), 3.73-3.58 (m, 3H, H6, H4, H2); 13C NMR (75.4
MHz): 5 129.3-126.3 (Ph), 117.2 (t, Jo3 py=J3 Fe=256.0 Hz, C3), 101.9 (C7), 96.4 (d, Iy o= Jep pe= 9.0
Hz, C1), 77.9 (, Jogq pa=J 4 pe=18.9 Hz, C4), 74.8 (1, oy pa=Jcn e=18.3 Hz, C2), 73.9 (C6), 69.9
(CH2Ph), 68.7 (CH2Ph), 60.6 (C5); '9F NMR (282.3 MHz): & -116.1 (d, Jpare=237.7 Hz, Fe), -130.0 (dt,
Jra.H2=TRa 14=20.0 Hz, Fa). Anal. Calcd. for C27H2605F2: C, 69.23; H, 5.55; Found: C, 69.44; H, 5.64.

Methyl 4,6-di-O-benzoyl-2-O-benzyl-3-deoxy-3,3-difluoro-o-D-gluco-hexopyranoside (10).
314 mg (0.80 mmol) of compound 8 was dissolved in a solution of hydrochloric acid in ethanol (100 ml, 0.1
N). After 40 hours, the acid was neutralized by stirring with solid sodium bicarbonate. The solution was
filtered and evaporated, and the residue was dissolved in CH»Cly (10 ml), pyridine (2.5 ml) and benzoyl
chloride (2 ml) were added after cooling to 0°C, and stirred for 1.5 hours. The solution was then poured into
ice and water (600 ml) containing NaHCQ3, extracted with CH2Cla (3x100 ml), dried MgS0O4) and evaporated
to give 348 mg (85%) of 10 as a syrup. [a]p25 +43.6° (¢ 0.93, CHCl3); 'H NMR (300 MHz): § 8.15-7.30
(m,15H, Ph), 5.51 (ddd, 1H, Jy4 o= 20.0 Hz, Jy4 5= 10.1 Hz, Jyyy ge= 4.4 Hz, H4), 4.96 (d. 1H, Jgop,=
12.6 Hz, CHyPh), 4.71 (d, 1H, Jjj; o= 4.4 Hz, H1), 4.70 (d, 1H, CHyPh), 4.57 (dd, 1H, Jj6 ye= 10.8
Hz, Jye.gs5= 1.4 Hz, H6), 4.44 (m, 1H, H5), 4.40 (dd, 1H, Jyg 5= 5.0 Hz, H6), 3.79 (dt, 1H, Iy pa=
20.0 Hz, Jyy2 11= 12 Fe= 4.4 Hz, H2), 3.46 (s, 3H, Me): 13C NMR (75.4 MHz): 8 166.0 (CO), 164.8 (CO),
136.7-128.3 (Ph), 118.3 (t, Jeo3 pa=Jc3 pe= 255.3 Hz, C3), 98.1 (d, Joy g= 9.4 Hz, Cl), 74.4 (t,
JC4.Fa=JC4.Fe:18‘2 Hz, C4), 74.2 (CH,Ph), 67.6 (t, Jea.ra=l o2 Fe= 18.4 Hz, C2), 65.9 (d, Jcs F= 6.0
Hz,C5), 62.4 (C6); 19F NMR (282.3 MHz): 8 -111.4 (d, Jg, po=242.5 Hz, Fe), -126.5 (dt, Jga Ho= JFa H4=
20.0 Hz, Fa). Anal. Calcd. for CogHosO7F7: C, 65.61; H, 5.12; Found: C, 65.54; H, 5.19.

Benzyl 4,6-di-O-benzoyl-2-O-benzyl-3-deoxy-3,3-difluoro-a-D-gluco-pyranoside (11).
Compound 9 (77 mg, 0.16 mmol) was dissolved in a 0.1 N selution of HCI in ethanol and stirred at room
temperature for 40 hours. The solution was then neutralized with solid NaHCO3, filtered and evaporated to
give an oily product that was dissolved in 2 ml of CH2Clp and 0.5 mi of pyridine. After cooling to 0°C, 0.40

ml (1.6 mmol) of benzoyl chloride was added and the solution was stirred for 1 hour and poured into ice and
water (200 ml) containing NaHCOj, extracted several times with CH2Cl, dried and evaporated to give 86 mg

(0.14 mmol, 90 %) of 11. [a]25 +76.6° (¢ 0.45, CHCI3); 'H NMR (300 MHz): § 8.20-7.23 (m, 20 H, Ph),
5,51 (ddd, tH, Jy4 g;=21.2 Hz, Jy4 ys=10.2 Hz, Jy4 p.= 3.4 Hz, H4), 4.88-4.78 (m, 3H, CH,Ph, H1),
4.64 (d, 2H, Jgem¥ 12.3 Hz, CHzPh), 4.51-4.44 (m, 2H, H6, HS), 4.33 (dd. 1H, Jyg pg=13.1 Hz,
Jue us=4.9 Hz, H6'), 2.05 (dt, 1H, Jyp y=21.2 Hz, Jyyo y1=Jpy pe=3.9 Hz, H2); 13C NMR (75.4 MHz): §
166.0 (CO), 164.9 (CO), 136.8-128.5 (Ph), 118.4 (1, Jc3 Fa=Jc3 pe= 258.0 Hz, C3), 95.4 (C1), 74.6 (1,
Jeapa=Jca pe=18.3 Hz, C4), 73.9 (CH,Ph), 69.8 (CHyPh), 67.7 (t, Jo2 pa=Jco pe= 19.8 Hz. C2), 66.4
(C6), 62.4 (C5); 19F NMR (282.3 MHz): & -112.1 (d, Jg, pe=241.6 Hz, Fe), -126.6 (dt, Jg, yo=Jp, g4=21.2
Hz, Fa). Anal. Calcd. for C34H3007F7: C, 69.39; H, 5.10; Found: C, 65.67; H, 5.10.

4,6-di-O-benzoyl-3-deoxy-3,3-difluoro-a/B-D-gluco-pyranose (16). Compound 11 (220 mg,
0.44 mmol) was dissolved in methanol in the presence of 200 mg of palladium on activated charcoal (10% Pd
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content). The suspension was stirred at room temperature under hydrogen pressure (10 bar) for 16 hours. The
suspension was then filtered through a thin silica gel pad, and evaporated. The residue was purified by CC to
give 105 mg (59%) of 16 as an inseparable anomeric mixture (ratio o/f3 = 5:1).

160: IH NMR (300 MHz): 3 8.15-7.33 (m, 10H, Bz), 5.58 (ddt, 1H, JHa Fa=20.3 He, Jyyy 5= 10.3 He,
Jua pe=3.0 Hz, H4), 5.47 (v, 1H, Ju1 H2=JH1 Fa= 3.6 Hz, H1), 4.69-4.61 (m, 2H, HS, H6), 4.42-4.34 (m,
LH, H6), 4.20 (s, 1H, OH), 4.00 (d, 1H, Jy, g,= 20.3 Hz, H2), 2.80 (broad s, 1H, OH); 13C NMR (75.4
MHz): § 166.3 (CO), 164.8 (CO), 135.0-128.3 (Ph), 117.8 (1, Jo3 pa=Jc3.pe= 250.0 Hz, C3), 91.9 (C1),
69.4 (t, Joa pa=Jca.pe= 19.8 Hz, C2), 67.3 (1, Jog pa=Jc4 pe= 20.4 Hz, C4), 66.4 (C6), 62.3 (C5); 19F
NMR (282.3 MHz): & -114.1 (d, JFa,Fe= 247.6 Hz, Fe), -128.5 (dt, Ji., jyp=J, y4= 20.3 Hz, Fa).

16B :'H NMR (300 MHz); 8.15-7.33 (m, 10 H, Bz), 5.58 (ddt, 1H, Jjjs pa= 20.0 Hz, Jyj4 j35= 10.3 Hz,
JHa ge= 3.0 Hz, H4), 4.95 (dd, 1H, Jy| go= 7.8 Hz, Jyy| pa= 1.6 Hz, HI), 4.69-4.61 (m, 2H, HS5, H6),
4.42-4.34 (m, 1H, H6), 3.82 (ddd, 1H, Jp py= 20.0 Hz, Jij, g.= 3.9 Hz, H2), 3.60 (broad, 1H, OH-1),
2.80 (broad s, 1 H, OH-2); 13C NMR (75.4 MHz): 8 166.3 (CO), 164.8 (CO), 135.0-128.3 (Ph), 117.8 (1,
JC3.Fa=JC3.Fe= 250.0 Hz, C3), 95.8 (C1), 73.2 (1, Je2. Fa=l oo Re= 19.0 Hz, C2), 67.5 (1, Jc4.pa:.lc4_pem
20.1 Hz, C4), 66.3 (C6), 62.6 (C5): '9F NMR (282.3 MHz): § -117.4 (d, Jg, po= 240.0 Hz, Fe), -133.1 (dt,
Jga 2=V Eu na= 20.0 Hz, Fa). o

Synthesis of 3,5-di-O-benzoyl-2-deoxy-2,2-difluoro-D-ribose (17) from 16. To a solution of 46
mg (0.11 mmol) of 16 in water-dioxane 1:2 (2 ml) was added 120 mg (0.56 mmol) of sodium periodate. Ths
resulting solution was stirred at room temperature for 20 hours. Then, more sodium periodate (55 mg, 0.26
mmol) was added and stirring was continued for 6 hours. After that, the solvents were evaporated and the solid
was repeatedly extracted with ethyl acetate (total volume 70 ml). The solvent was then evaporated to give a solid
that was treated for 15 minutes with a diluted (0.1%) methanolic solution of ammonia. The solution was
evaporated and the crude purified by preparative TLC (hexane/ethyl acetate 2:1) to yield 18 mg (0.04 mmol,
43%) of 17. a-isomer: 'H NMR (300 MHz): 8 5.47 (m,1H, H1), 5.49 (m, 1H, H3), 4.76 (m, 1H, H4),
4.69-4.58 (m, 2H, H5). B-isomer: 'H NMR (300 MHz); 5.73 (1H, H1), 5.35 (dd, 1H, H3), 4.62 (m, 2H,
H5), 4.45 (m, 1H, H4).

Methyl 4,6-O-benzylidene-2,3-dideoxy-3,3-difluoro-a-D-erythro-hexopyranoside (19). DAST
(0.60 ml, 4.6 mmol) was added to a solution of compound 1819 (0.315 g, 1.19 mmol) in dry dichloromethane
(10 ml) under argon. The solution was stirred at room temperature for 2.5 hours. The excess of DAST was
then neutralized by adding saturated aqueous sodium bicarbonate. The combined layers were extracted
(CH,Cly), and the extracts were dried (MgS0y) and evaporated to give a syrup which was purified by column
chromatography (hexane/ethyl acetate 2:1), to afford 0.24 g (0.84 mmol, 70%) of compound 19. Mp 92-94°C;
[a]p?? +109.33° (¢ =0.3, CHCl,); 'H NMR (300 MHz): 8 7.60-7.30 (m, 5H, Ph), 5.60 (s, 1H, H7), 4.88 (1,
IH, Jy; go=Ju1.n2°= 3.8 Hz, H1), 4.34 (dd, 1H, Jyg ye= 10.2, Jye us = 4.9 Hz, H6), 4.13 (td. 1H, Jys ya
= Jgs.ue= 9.8 Hz, Jys5 yo= 5 Hz, H5), 3.90-3.72 (m, 2H, H-6, H4), 3.40 (s, 3H, CH3y), 2.47 (ud, 1H,
JH2.H2"= JHZ.Faz 14, JHZ,F(‘,= 3.7 Hz, H2), 2.21 (ddt, 1H, Jyp o= 14 Hz, Jypo pp= 32 Hz, JHZ‘.H1= 5.7 Hz,
H2'"); 13C NMR (75.4 MHz): 8 136.5-126.3 (Ph), 117.0 (t, Jo3 o= Jo3 pe= 250 Hz, C3), 102.1 (C7), 97.6
(d, Joy pa= JC1Fe = 127 Hz, C1), 78.7 (t, Jeg po= Jea o= 19.4 Hz, C4), 68.9 (C6), 60.9 (d. Jcs pa= 6.0
Hz, C5), 55.4 (CH3), 38.8 (t, J02 Fa= Joo.Fe= 22.3 Hz, C2). 19F RMN (282.3 MHz): 8 -104.70 (d, Jg, pe =
237 Hz, Fe), -114.72 (dddd, Jg, yo'= 32.7 Hz, Jg, ga= 19.5 Hz, Jg, yo= 13.2 Hz, Fa). Anal. Calcd for
C14H1604F2: C, 58.74; H, 5.59. Found: C, 58.53; H, 5.66.
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Compound 19 (0.70 g, 2.5 mmol) was dissolved in a 0.1 N ethanolic solution of hydrochloric acid and stirred
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mmoi) of 21 in 4 mi of anhydrous dichloromethane at room temperature, The reaction was complete within 6

hours, and the solvent was then evaporated to dryness and the residue was quickly purified by preparative TLC
to give 20 mg (72%) of 22 as a syrup. l()L]D°S +183.7°(¢=0.49, CHCly); IH NMR (300 MHz): § 8.15- 7 35
(in, 10H, Ph), 6.67 (d, 1H, Jy; yo= 6 Hz, H1), 5.86 (td, IH, Jyp py= 9.8 Hz, Jyy| jpp= 6.5 1iz, H-2), 5
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