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Abstract. Total stercosclective synthesis of 2,3-dideoxy-3-fluoro- and 2,3-dideoxy-3-azido-D-glycero-
pentose and their condensation with 5-fluorouracil is described. The key step in this synthesis is
nucleophilic cleavage of a chiral epoxyalcohol, prepared from commercially available 2-methyl-2-butenal.
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We synthesized 2,3-dideoxy-3-fluoro- and 2, 3-dideoxy-3-azido-D-glycero-pentose and used them in the
synthesis of the 5-fluorouracil nucleoside analogue (see Scheme 1).

The starting compound in this synthesis was commercially available 2-methyl-2-butenal 1. Silylation of 1
was carried out by reaction with chlorotrimethylsilane and triethylamine in the presence of sodium iodide in the
binary system acetonitrile-pentane, according to the method described earlier,® which led to 1-trimethylsilyloxy-
2-methyl-1,3-butadiene 2 in 72% yield. Condensation of 2 with ethyl orthoformate in the presence of ZnCl, *
gave 5,5- dlethoxy-z methy] 2 pentenal 3 wnth 62% yleld Reductlon of 3 by Red A1® (sodium bis-(2-
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Mos h r ester derivative, S was 94%

One of the key steps in our study was the cleavage of the epoxyalcohol § oxirane ring by a nucleophile,
which led to the formation of acyclic acetals of 2°-deoxysugars with the functional group at C-3. As
demonstrated by our previous investigations, use of titanium (IV) isopropoxides Ti(O-iPr);X (where X =
different nucleophilic groups) as nucleophilic agents provided the regioselective character of the reaction, as well
as high yield of the desired product.” Cleavage of the oxirane ring of (2R,3R)-5,5-diethoxy-2-methyl-2,3-
epoxypentane-1-ol 5 was achieved by reaction with tri(isopropoxy)titanium azide [Ti(O-iPr);N3] in benzene at
20°C; molar ratio was epoxide : [Ti(O-iPr);Ns;] (1:1.5). The epoxide conversion was completed in 6 hours. After
separation by column chromatography on silica gel, diethyl acetal of 2,3-dideoxy-3-azido-4-methyl-D-
glyceropentose 6 was obtained in 90% yield.

* To whom correspondence should be addressed.

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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However, the cleavage of the epoxide oxirane ring by nucleophilic agent bis(isopropoxy)titanium difluoride
Ti(O-iPr),F, at ambient temperature and at reagent equimoiar ratio ied to a predominant formation of 2 3-
dideoxy-3 O-lmpropylacetal 7a with 77% yield, but not to 2,3- dldeoxy -3- ﬂuoroacetal 7, which would have been
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and reagent molar ratio (epoxide 5-Ti(O-iPr),F;) upon the ratio of the products. As follows from the data

presented in Table 1 the optimum was achieved at 80°C and molar ratio epoxide 5 : Ti(O-iPr),F, (1:2.2), which
afforded 45% yield of 3-fluoroacetal 7.

Regioselective cyclization of the diethyl acetals, 2,3-dideoxy-3-azido-4-methyl-D-glycero-pentose 6 and
2,3-dideoxy-3-fluoro-4-methyl-D-glycero-pentose 7, was conducted in 1 mM HC, acyclic acetal concentration
was 2-4%. The reaction led to high yields of o, 3-anomeric mixtures of ethyl-2,3-dideoxy-3-azido-4-methyl-D-
glycero-pentose 8, or ethyl-2,3-dideoxy-3-fluoro-4-methyl-D-glycero-pentose 9.

Anomeric mixtures of ethylfuranosides 8,9 were treated with p-toluoyl chloride in the presence of

pyridine. The resulting 5-O-(p-toluoyl)-protected ethylfuranosides 10 and 11 were isolated by column
chromatography with 70% yield and 73% yield, respectively.

Table 1. Cleavage of the oxirane ring of epoxide 5 by Ti(Oi-Pr),F, in benzene

Reaction conditions Conversion of 5, Composition of mixture,
A %
Reagent ratio
Acetal 5 : t°C Time, 7 7a
Ti(Oi-Pr)ze h

1 10 1.5 94 12 88

1.5 20 1.0 98 23 77

2 20 1.0 >98 25 75

2 50 0.5 >08 37 63

2 80 0.5 >G8 45 55

Table 2. C-NMR Data (8. p.p.m.) for compounds 3-11 in (CD;),CO
Compound C C, Cs Ca Cs CsMe
3* 102.4 451 156.7 130.5 190.3 122
4% 1032 1033 1327 128.2 65.2 15.4
5* 101.1 408 67.9 65.5 61.5 17.0
6 101.7 403 65.0 76.9 633 193
7 100.0 41.5 97.1 76.6 62.7 20.8
8a 102.7 46.7 67.4 84.1 61.4 25.0
8B 104.1 459 70.2 87.0 62.9 19.8
9o 103.6 46.6 101.5 86.5 61.9 23.0
9B 104.5 46.3 103.4 87.8 62.8 21.0
10a 102.5 46.4 67.5 85.0 61.7 21.0
108 103.9 458 70.5 86.8 62.5 19.7
11a 103.8 46.4 101.7 86.2 614 20.0
iip i04.7 459 103.0 87.4 62.9 19.8
* Atom numbering corresponds to numbering of the sugar atoms in compounds 6-11

BC-NMR spectra of compounds 3-11 are presented in Table 2.

Condensation of 5-O-(p-toluoylethylfuranosides 10,11 with bis(trimethylsilyl)-5-fluorouracil was
conducted in acetonitrile at 20°C in the presence of trimethylsilyl triflate as catalyst. 5-O-Protected nucleosides
12 and 13 were obtained as a mixture of a- and B-anomers.
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The mixtures 12 and 13 were deprotected with methanolic sodium methoxide, which led to separabie

corresponding anomers, by column chromatography on silica gel, which afforded the targeted B-nucleosides 14,
15 and a-nucleosides 16, 17.
BC-NMR spectra of compounds 12-17 are presented in Table 3

EXPERIMENTAL

General. — NMR-spectra were recorded on either Bruker AM-360 (90.56 MHz,) or Varian Gemini-300 (75
MHz) spectrometers. Optical rotations were determined with a Jasko polarimeter in methanol. The progress of
the reactions was monitored by TLC on Silufol,ss (Cavalier, Czechoslovakia) silica gel plates in CHCl;/CH;0H

Table 3. *C-NMR (3, p.p.m.) for compounds 12-17 in (CD;),CO

Compound | C'1 | C2 | €3 | C4 | C'5 [CCH;| C2 C4 Cs Cé
12a 1023 | 452 | 681 | 854 | 615 | 200 | 1502 ] 157.1 | 1410 | 1229
128 1032 | 458 | 695 | 862 | 619 | 23.0 | 1503 | 156.9 | 140.7 | 1232
13a 103.0 | 44.8 | 1020 | 865 | 622 | 194 | 1508 | 157.0 | 141.2 | 123.2
138 103.4 | 450 | 102.7 | 868 | 625 | 192 | 149.7 | 1572 | 141.1 | 123.0
14a 103.1 | 449 | 701 | 864 | 620 | 198 | 150.1 | 1573 | 1404 | 1228
15a 1034 | 439 [ 1034 | 877 | 615 | 19.7 | 150.2 | 157.6 | 1403 | 122.7
16p 1035 | 451 | 713 | 869 | 624 | 20.1 | 149.9 | 1573 | 1412 | 1229
i7p 1040 | 447 | 103.9 | 881 | 619 | 199 | 1504 | 157.2 | 1409 | 123.4

(10:1, v/v) with spot detection by UV or by heating. Column chromatography was carried out on silica gel (60
(63-100 u) Merck), systems are indicated in the text. Melting points were determined in open capillary tubes and

g I | = oo
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Y AMethvl_1 irrmafhn]ﬂ/wln\ml_’ 3-butadiene (’)\ — To a susnension of anhvdrous sodium iodide (90.0 g £ mol
2=-Methyl-I-trimethy 10 a suspension ©f anayarous sedium 1edide (V.0 g, 0, 2 mot)

ry acetonitrile (150 mL) were added trlethylamme (50.5 g, 0.5 mol), 2-methyl-2-butenal (1) (42.0 g, 0.5 mol)
ancl pentane (200 mL) at room temperature, followed by the dropwise addition of chlorotrimethylsilane (54.5 g,
0.5 mol) at 35-38°C. The mixture was stirred for 4h at 40-45°C, the resulting solid was filtered and washed with
pentane (200 mL), and the solvent Was evaporated at room temperature. Distillation of the residue gave 2 (56.0
g, 72%): bp 58-60°C/20 mm Hg; n2’ 1.4485. Anal. Caled. for CsH,608Si : C, 61.48; H, 10.32; Si, 17.97. Found:
C, 61.59; H, 10.24; Si, 17.68.

5,5-Diethoxy-2-methyl-2-pentenal (3). — To a mixture of triethyl orthoformate (52.0, 0.7 mol) and 15% solution
of ZnCl, in ethyl acetate (600 mL) was added 2 (52.0 g, 0.7 mol) dropwise with stirring at room temperature.
After 1 h at room temperature, saturated aq. NaHCO; (300 mL) was added. The resulting precipitate was
filtered and washed with ether (300 mL). The aqueous phase was separated, the organic layer was washed with
saturated aq. NaHCO; (100 mL), dried (K,COs), and concentrated /n vacuo. Distillation of the residue gave 3
(41.0 g, 62%): bp 95-97°C/0.1 mm Hg, »n 1.4610. Anal. Calcd. for C,0H;50:: C, 64.49; H, 9.74. Found:
C,64.72; H, 9.89.

5,5-Diethoxy-2-methyl-2-penten-1-ol (4). — Red-Al® (180 mL of a 30% solution in toluene, Aldrich) was added
dropwise with stirring at 0°C to a solution of 3 (18.6 g, 0.1 mol) in ether (50 mL), and the mixture was stirred
for 1 h at 0-5°C. Saturated aq. NH,4Cl (100 ml) was then added dropwise at 0-5°C, and the mixture was stirred
for 30 min at 10-15°C. The precipitated solid was filtered and washed with ether (150 mL). The organic phase
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was separated, dried (K,COs), and concentrated in vacuo. Distillation of the residue gave 4 (16.0 g, 85%); bp

— e 20 —~—~ -rv

100-102°C/0.1 mm Hg; n;’ 1.4544. Anal. Caicd. for C10Hz00;:: C, 63.79; H, 10.71. Found: C, 63.71; H, 10.75.

(2R,3R)-5,5-Diethoxy-2, 3-epoxy-Z»melhy@:entanol (5). — A mixture of powdered activated 4 A molecular sieve
(5 g) and CHClL; (300 mL) was cooled to -20°C. D-(-)-Diisopropy! tart mu (3.51 g, 10.0 mmol), titanium (IV)
iconranovide f’) 84 o 100 mmol). and fert-butvl hvdroneroxide (45 T 4 4M in CH,CL) were added
IL)UPI \.IP\IAI\.‘U A au g b, AV.WV llllll\.ll}, i LA R VA 1 B ll]\.‘l V'l\rl\l!\luv \ Vo, l V. ¥4 \.rll‘vl‘l Y wi w UMW
Sequemially at -20°C, and the r _c,sulting mixture was stirred for 30 min. q 1_1 tion of 4 (]R 8 g, 100 mmgl) in

CH,Cl, (20 mL) was then added dropwise, and stirring was maintained for 8 h at -20°C. At the end of this time,
a 10% aq. A solution of NaOH saturated with sodium chloride (8 mL) was added at -20°C, and anhydrous
MgSO, (8 g) with Celite (1 g) were added at +10°C. The mixture was stirred for 15 min and the mixture was
then allowed to stand for an additional 1 h. The resulting suspension was filtered through a Celite pad, and the
solid was washed with ether (3 x 50 mL) and filtered, and the washings were combined, dried (MgSQ,), and
evaporated. Column chromatography (hexane-ether, gradient elution) of the residue on silica gel gave 5 (14.7 g,

72%): Rf 0.35; n 1.4448; [a]n +15.4° (¢ 2.8, CH3;0H). Anal. Calcd. for C,o0Hz004: C, 58.80; H, 9.87. Found:
C, 58.76; H, 9.88.

3-Azido-4-methyl-2, 3-dideoxy-D-glycero-pentose diethyl acetal (6). - To a solution of § (2.04 g, 10 mmol) in
dry benzene (100 mL) tri(isopropoxy)titanium azide (4.0 g) was added. The mixture was stirred at 20°C for 6 h,
then saturated aq. NaHCO; (30 mL) was added, and stirring was continued for 1 h. A precipitate was separated
and washed with CHCl; (50 mL). The organic layer was dried (K,CO;) and the solvent was evaporated. The
residue was subjected to column chromatography with CHCI;/CH;OH (20:1, v/v), to give 6 (2.2 g, 90%): Rf
0.35; [a]p +10.0° (¢ 3.5, CH30H). Anal. Calcd. for C;o0H21N3O4: C, 48.56; H, 8.56, N 16.99. Found: C, 48.61;

Y Q@ €7 AT 17 N1
I, 0.24, IN 1/7.U)3.

3-Fluoro-4-methyl-2, 3-dideoxy-D-glycero-pentose diethyl acetal (7). — A suspension of titanium (IV) fluoride

(7.44 g, 60 mmol) and powdered potassium carbonate (24 g) in dry benzene (200 mL) was treated with titanium
(IV) isopropoxide (17.04 g, 60 mmol) and stirred at amblent temperature for 0.5 h. The resultant mixture was

heated to reflux and a solution of 5 (6.12 g, 30 i 7 benzene (20 mL) was added dropwise to the
reaction mixture. After stirring for 0.5 h, the reaction mixture was cooled to 5-10°C and quenched with
saturated aq. NaHCO; (100 mL). The precipitate was filtered and the precipitate washed thoroughly with ether
(5 x 100 mL). The organic phase was dried (K,CO3) and concentrated in vacuo. The column chromatography of
the residue with CHCly/CH;OH (30 1, viv), gave 7 (2.3 g, 35%): R¢ 0.18; [a]p +14.8° (c 1.3, CH;OH). Anal.

Caled. for CoHFO4: C, 53.56; H, 9.44, F 8.47. Found: C, 53.38; H, 9.40, F 8.55.

APy N 2 athar] 9 2 Aidoany Aarn_nontnfurans

Lu’lyl .)jt oro-4-methyl-2, J‘ulucu.k_y-u,p-u-gl_);bbl'U'[Jt:;uu_/u'l‘urrusiuc.) (
mmol) in dry ethanol (180 mL) was added a 10% solution of HCI in ethanol (0.22 mL) at room temperature. The
mixture was stirred for 30 min, then K,CO; (0.1 g) was added, and the mixture was stirred for an additional 1 h.
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The precipitate was filtered, and the filtrate was concentrated in vacwo. The residue was purified by column
chromatography with CHCls, which afforded 9 (1.46 g, 90%) as an anomeric mixture. Rs 0.62 (f-anomer) and
0.71 (a -anomer). Anal. Calcd. for CsH;sFOs: C, 53.92; H, 8.49, F 10.66. Found: C, 54.03; H, 8.44, F 10.58.

Eilnn 2_aridon.d-mothvl-?2 3_dideoyv-o R-D-olv, 2F0-Ne tofuronosides (8) - Prenared ag 9 but starting from 7_ Rt’
LIdyE JALHROST IO Y 1S4, TTMIRCUA YT Wy /T K5yt d WS TR iai S3raUOiat s (&) - ALV PRIVL QO S, U Skl iig i & AN{
0.68 (fanomer) and 0.76 (a -anomer). Yield 85%. Anal. Calcd. for CgHisN;Os: C, 47.75; H, 7.51, N 20.88
Found: C, 47.80; H, 7.46, N 20.80.

of § (1.23 g, 6»9 mim 1) in dry pyridine (10 mL) was treated with p-toluoyl chl ..de ( 17 g, 7.6 mmol). A
mixture was stirred at constant temperature for 16 h, then it was concentrated in vacuo. The solution of the
residue in CHCl; (60 mL) was washed in succession by water (5 x 25 mL), saturated aq. NaHCO; (25 mL) and

water (25 mL). The organic phase was dried (Na;SO4) and concentrated in vacuo. The residue was purified by
column chromatography with CHCls, which afforded 11 (1.43 g, 70%) as an anomeric mixture. Anal. Calcd. for
CisHaiFO4: C, 64.85; H, 7.14, F 6.41. Found: C, 64.92; H, 7.11, F 6.45.
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Ethyl 3-azido-4-methyl-5-O-toluoyi-2, 3-dideoxy- a, -D-glycero-pentofuranosides (10). — Prepared as 9, but

1 ™ Alnn v

starting from 8, Yield 73%. Anal. Caled. for C16H N304 C, 60.17; H, 6.63, N 13.16. Found: C, 60.22; H, 6.60,
AT 172 N

IN 1D2.4VU.

1-[3"-Fluoro-4"-methyl-5"-O-toluoyl-2’, 3" -dideoxy-a, 3-D-glycero-pentofuranosyl]-5-fluorouracil (13).
solution of 11 (l 856 o 525 mmnn and h1e{fnmpfhvlmlvlnvv\- -fluorouracil {’) 81 o 106 mmnl\ in d

Sl V2 2 5 Qi UVio\(siaalin i Yaoll yIUA Y =5 H

acetonitrile (30 mL\ was treated w1th trimethylsilyl triflate (2.0 mL, 10.4 mﬂmoh The mixture was stirred
ambient temperature 2.5 h, then cooled to 0°C; reaction was quenched with saturated aq. NaHCQ; (20 mL). The
reaction mixture was extracted with CHCl; (3 x 30 mL), and washed with water (2 x 10 mL), then dried
(NazS0,). The organic phase was concentrated in vacuo. The residue was purified by column chromatography
with CHCI3/CH;O0H (100:1, v/v), which afforded oily 13 (1.27 g, 63%) as an anomeric mixture. Anal. Calcd. for

CisH13F2N,Os: C, 56.84; H, 4.77, N 737, F 9.99. Found: C, 5689, I"I, 4.72, N 7.39, F 10.03.

!El < >

1-{3-Azido-4"-methyl-5" -O-toluoyl-2", 3" -dideoxy- a, f-D-glycero-pentofuranosyl]-5-fluorouracil ~ (12). -
Prepared as 13, but starting from 11. Yield 69% (oil). Anal. Calcd. for CisH;sFNsOs: C, 53.59; H, 4.50, N
17.36, F 4.71. Found: C, 53.51; H, 4.52, N 17.30, F 4.77.

1-[3"-Fluoro-4"-methyl-2", 3" -dideoxy-a-D-glycero-pentofuranosyl]-5-fluorouracil (15) and 1-f3"-fluoro-4-
methyl-2", 3 -dideoxy-[3-D-glycero-pentofuranosyl|-5-fluorouracil (17). — A solution of 13 (1.90 g, 5.0 mmol) in
dry CH3OH (50 mL) was treated with 0.2 M methanolic sodium methoxide (20 mL). The mixture was
maintained at ambient temperature for 4 h and neutralized with DOWEX® 50W x 1 (H'-form, 10 mL). The
mixture was filiered, the filtrate was concentrated in vacuo. The residue was puriﬁed by column chromatography
with CHCI;/CH;OH (50:1, v/v), which afforded oily 15 (0.39 g, 30%): R¢0.31 and 17 (0,71 g, 54%): mp 196-

197°C; Ry 0.38. [a]p +8.82° (¢ 0.83, CH;OH). Anal. Calcd. for CioH2FsN;O4: C, 45.81; H, 4.61, N 10.69, F
14,49, Found: C, 45.73; H, 4.66, N 10.71, F 14.42

X i15.54,

'-[3'-Azido-4' -methyi-2", 3 -dideoxy-a-D-glycero-pentofuranosyij-5-fiuorouracii (14) and i-f3 -azido-4-

methyl-2",3"-dideoxy- p—u—gzycero-pemo;uranosyq-g -fluorouracil (i6). — Prepared as 15 and 17, but starting
from 12. a-Anomer 14: yield 28%, oil; R¢ 0.36. B-Anomer 16: yield 53%; mp 139-140°C; Rf 0.41; [a]p +6.54°

I,- 052 CH.OH) Ana 1 Caled far C.HH EN.O -0 A2 11-H 4924 N ’)A (A r A RA Found- O 4212 - A4
, AI3\UKL). 1a1. CaiCh. 10 Uiorizl'INsUgl U, 42,11, 11, 9.29, IN I VY. rOUla. U, 924,19, 11, .29,
4 1 Fé6
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