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a methylene spacer between the base and the ring were synthesized starting from 1,3-dibenzyloxy-2-propanol.
After oxidation, olefination, reduction and acetylation the target molecules were obtained by difluoro-

cyclopropanation, deacetylation and Mitsunobu reactions followed by two consecutive deprotection steps. © 1998

Elsevier Science Ltd. All rights reserved.
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A large number of cyclopentanoid or cyclobutanoid carbocyclic nucleoside analogues
has been synthesized as potential chemotherapeutic agents [1-4]. More recently, cyclopropane
derived nucleosides have been in the focus of interest [5-10]; thus, analogues possessing an
additional spacer or an unsaturated group [11, 12] between the cyclopropane unit and the
heterocycle as well as compounds with an (in)direct attachment of the heterocycle but with
two geminal or vicinal hydroxymethyl units at the cyclopropane skeleton [13-17] have shown
promising antiviral activity. Although the incorporation of one or two fluorine substituents is
known to be of advantage both for an improved activity, higher bioavailability as well as for
causing a retarded metabolism of several drugs, oniy very recently, the first successful
synthesis of several difluoro-cyclopropyl homo-nucleosides of type A has been reported [18].
The general principie used for the synthesis of compounds of type A couid be used for the
straightforward synthesis of compounds of type B.
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Our approach to the target compounds started from easily accessible 1,3-dibenzyloxy-
2-propanol (1) [19] that was oxidized to the corresponding ketone 2 [20] with the 2,2,6,6,-
tetramethyl-piperidin-1-oxyl radical (TEMPO). Although a broad variety of different oxidants
have been tested, the TEMPO [21, 22] mediated synthesis of 2 has been found to be superior
even to periodinane, N-bromo-succinimide-dimethylsulfoxide, perruthenate, pyridinium
chlorochromate and pyridinium dichromate. Olefination [23] of 2 furnished the alkene 3 that
upon treatment with diisobutyl aluminium hydride (DIBAH) at —40°C [23] resulted in the
formation of alcohol 4 without affection of the double bond. Alcohol 4 was acetylated and the
acetate 5 was subjected to a difluoro-cyclopropanation reaction using sodium chlorodifluoro
19F NMR spectrum by the presence of two signals at & = ~136.00 and —~147.36 ppm showing
a2Jpr = 164.5 Hz. The quaternary carbon bearing the two diastereotopic fluorine substituents
is found in the 13C NMR spectrum at d = 114.27 ppm showing 1Jc p1y = 286.7 and 1Jc p2) =
292.9 Hz. Treatment of 6 with catalytic amounts of sodium methoxide in methanol gave very
smoothly 92% of the key intermediate 7 that is characterized in its IR spectrum by the
presence of a broad line at v = 3662 cm-! resuiting from the presence of the hydroxy group;
in addition, in the 'H NMR spectrum a signal exchangeable with D,O is found at 6 = 2.92
ppm. The two dibenzyloxymethyl groups are diastereotopic showing two independent AB
systems in the 'H NMR spectrum at & = 3.63 and 3.88 ppm (Ja p= 12.65 Hz, CH,Orgns) and
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Treatment of 7 with triphenylphosphine (TPP), diethy! azodicarboxylate (DEAD) and
N3-benzoyl-thymine under Mitsunobu conditions [18, 24] afforded 8 whose debenzoylation
with ammonium hydroxide for 12 h at room temperature gave 9 that was debenzylated with
Pearlman‘s catalyst using cyclohexene as a hydrogen donor to afford the thymine analogue
10 in 63% yield. 10 shows in the 19F NMR spectrum two signals at § = —130.71 and 8 =
—-140.97 ppm with a 2Jgr = 160.8 Hz; the signal for the CH,-N moiety is found in the 13C
NMR spectrum at 8 = 41.15 ppm showing a 3Jc r = 4.0 Hz. The assignment of all signals was
performed by 2D homo- and heteronuclear COSY as well as 2D-NOESY experiments

Similarly, the Mitsunobu reaction of 7 with N3-benzoyl-uracil gave 11 in 84% yield.
Consecutive deprotection as above afforded 12 and finally the uracil analogue 13. Mitsunobu
reaction of 7 with N3-benzoyl-5-fluoro-uracil, TPP and DEAD gave 67% of 14 whose
debenzoylation yielded 92% of 15 that was debenzylated to afforded the target compound 16.
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Finally, an adenine analogue was prepared by the same strategy starting from 7 that was
subjected to a Mitsunobu reaction to afford 17 in 72% yield. Debenzylation of 17 under the
usual conditions gave the adenine analogue 18.

The synthesis of enantiomerically pure analogues, their (tri)-phosphates as well as their
incorporation in DNA and RNA fragments is presently investigated in our laboratories.

EXPERIMENTAL

General methods: [ref 18]; in addition, MS spectra were taken on a Intectra GmbH
AMD 402 (electron impact, 70 eV) or an a Finnigan MAT LCQ 7000 (electronspray, voltage
4.5 kV, under nitrogen) instrument; TLC was performed on silica gel (Merck 5554,
detection by UV absorption or by treatment with a solution of 10% sulfuric acid, ammonium
molybdate and cerium (IV) sulfate followed by gentle heating). Column chromatography was
performed on silica gel 60 (FLUKA, 0.04 - 0.06 mm). Only substance 2 was purified on
silica gel 60 (FLUKA, 0.06 - 0.2 mm).
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1,3-Dibenzyloxy-2-propanone (Z). A solution of 1 (14.2 g, 51.9 mmol), TEMPO
(0.16 g, 1.04 mmol) in dichloromethane (34 ml/) and a solution of KBr (1.21 g, 11.4 mmol)
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in water (5.2 ml) were vigorously stirred and cooled to =10 °C. The pH of NaOCl (114 ml, 1
M in water, 114 mmol) was adjusted to 9.5 by dissolving NaHCO; (1.64 g) immediately
before use. This NaOCl solution was added over 15 min, keeping the temperature of the
reaction mixture between 10 and 15 °C. The mixture was stirred for 60 min. The orange
colored organic phase was separated and the aqueous phase was extracted with
dichloromethane (150 ml). The combined organic phases were washed with 10% aqueous
HC1 (300 ml) containing KI (4.0 g), 10% aqueous Na,S,05 (140 ml) and water (140 ml). The
organic phase was dried (MgSQ,), the solvent was removed under reduced pressure and the
remaining yellowish oil was subjected to column chromatography (silica gel 60 (0.06 - 0-2
mm), hexane/ethyl acetate 4:1) to afford 2 (11.8 g, 84%) as a white solid; mp 37 °C; Rg
(hexane/ethyl acetate 4:1) 0.25; UV (methanol): A,,,= 260 nm (log € = 2.59); IR (KBr): v
3462m, 3059m, 3033m, 2926m, 2872s, 1956m, 1818m, 1743s, 1602m, 1496m, 1469m,
1453m, 1422s, 1397s, 1356m, 1294m, 1236m, 1217m, 1139s, 1073s, 1017 s ; TH NMR (400
MHz, CDCls): 6 7.37-7.24 (m, 10 H, phenyl), 4.56 (s, 4 H, CH,-phenyl), 4.23 (s, 4 H, CH,-
O-Bn); 13C (100 MHz, CDCl;): 6 205.58 (s, CO), 136.99 (s, C, phenyl), 128.39 (d, C,14

A N1

phenyl), 127.91 (4, C,,,,, phenyl), 127.78 (d, "pam phenyi), 73.36 (z, CH,-phenyl (A)), 73.25
1 1_

(¢, CH,-phenyl (B)); HPLC-MS (ESI, 4.1 kV, 8 ul/min, N,, methanol): 326.1 (12%)
[MHNaCH3OH]+ 325.1 (65%) [MNaCH;OH]+, 294.1 (18%) [MHNal+, 293.0 (100%) [MNal+;
Anal. caled. for C7H,305 (270.32): C, 75.53; H, 6.71; found: C, 75.29; H, 6.86.
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212 nm (1005 3.27); IR (film): v 3694w 3088w, 3064m, 3031m, 2980m, 2858m, 1952w,
1870w, 17135, 1654s, 1605w, 1540w, 1496m, 1454s, 13765, 1351m, 13125, 1214s, 1146s,
10995, 1028 s; 'H NMR (400 MHz, CDCL,): & 7.40-7.26 (m, 10 H, phenyl), 6.17 (1, 4Jgy 5 =

1.7, 1 H, CH vinyl), 4.72 (t, 4Juu 1.7, 2 H, CH,0,;), 4.59 (s, 2 H, CH,-phenyl), 4.52 (s 2

xxxxx

;;;;;

1.30 (¢,3Jypu= 7.0, 3 H, CH3); 13C NMR (100 MHZ CDC13) 6 167.34 (s CO) 156 05 (s C
vinyl), 139.27 (s, C, phenyl), 139.11 (s, Cq phenyl), 129.57-128.77 (m, CH phenyl), 117.12
(d, CH vinyl), 74.00 (¢, CH,-phenyl), 73.95 (¢, CH,-phenyl), 71.17 (t, CH,0,,,,,), 68.41 (t,
CH,0,;), 61.06 (t, CH, ethyl), 15.20 (¢, CH;); HPLC-MS (ESI, 4.1 kV, 8 pl/min, N,,
methanol): 364.1 (18%) [MHNa]*, 363.2 (100%) [MNa]+; Anal. caled. for C,;H,40,4
(340.41): C, 74.09; H, 7.10; found: C, 73.98; H, 6.86.

4-Benzyloxy-3-benzyloxymethyl-2-butenol (4). According to ref [23] from 3 (7.98 g,
23.4 mmol) and DIBAH (78 ml, 1.2 M in toluene, 93.6 mmol) 4 (5.71 g, 85%) was obtained
as a colorless oil; Ry (hexane/ethyl acetate 1:1) 0.31; UV (methanol): A,,= 260 nm (log € =

2.58); IR (film): v 3411m, 3087w, 3063w, 3030w, 2858m, 1954w, 1605w, 1496m, 1453m,

1362m, 1310w, 1251w, 1205w, 1175w, 1097s, 1070s, 1027 m; ll‘l NMR (400 MHz, LUL[:;)

4.21 (a', 3= 6.8, A LHZ-UH), 4.12 (s 2 H, L,nzuas), 4.05 (s, 2 r{ CHZO,m,,s), 2.05 wrs
1 H, OH); 13C NMR (100 MHz, CDC13)i 6 139.37 (s, C, pnenyl), 139.01 (s, k,q pnenyl),
N AQ 7 el M " 173" N1 71 NI Y 1N N 1O Mo - TY o -_‘I L ¥ 4

137.28 (s, C vinyl), 132.31 (d, CH vinyl), 129.60-128.76 (m, CH phen y 73.75 (t, CH,-

. v
phenyl), 73.65 (¢, CH,-phenyl). 73.30 (¢, CH,04y000), 66.98 (£, CH,0), 59.67 (¢, CH,-OH);
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138. 19 (s C pheny]) ]38 05 (s C phenyl), 138.01 (s, C vmyl) 128 40 127. 62 (m CH
phenyl), 125 04 (d, CH vinyl), 72. 41 (t, CH,-phenyl), 72.33 (¢, CH,-phenyl), 71.73 ( ¢,
CH,0,,4n5), 65.55 (¢, CH,0_;), 60.27 (¢, CH,0 ethyl), 20.72 (g, CH;); HPLC-MS (ESI, 4.1
kV, 8 ul/min, N,, methanol): 364.2 (20%) [MHNa]+, 363.2 (100%) [MNa]+; Anal. calcd. for
C,1H,404 (340.41): C, 74.09; H, 7.10; found: C, 73.95; H, 7.09.

(£)-(1 RS)-[2,2- Di(benzyloxymethyl) -3,3-difluorocyclopropyl]-methyl acetate [(£)-6].
A solution of 5 (5.49 g, 16.1 mmol) in dry diglyme (6.5 ml) was heated to 190 °C. A
solution of sodium chlorodifluoro acetate (26.83 g, 177.1 mmol) in dry diglyme (52 ml) was
added at this temperature over a period of 60 minutes. After keeping the reaction at 190 °C
for an additional 15 min, and cooling to room temperature, the reaction mixture was poured
into ice water, the aqueous solution was extracted with hexane (4 x 100 mi), and the
combined organic layers were washed with brine, dried (MgSO,) and the solvents were
evaporated under reduced pressure. The remaining oil was subjected to column chromato-
graphy (silica gel, hexane/ethyl acetate 6:1 ) to afford 6 (4.71 g, 75%) as a colorless oil
contaminated with some starting material that was easily separated in the next reaction step;
R (hexane/ethyl acetate 6:1) 0.38; UV (methanol): A,, = 260 nm (log € = 2.58); IR (film):
v 3089m, 3064m, 3031s, 2868s, 2359w, l954w 1875w, 1743s, 1604w 1586w, 1479s,
s, 1386s, 1565s, ujis,
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(£)-(1 RS)-[2,2-Di(benzyloxymethyl)-3,3-difluorocyclopropyl]-methanol [(+)-7]. A
solution of 6 (4.71 g, 13.8 mmol) in methanol (22 ml) was treated with catalytic amounts of
sodium methoxide. After 30 min the reaction was complete and the reaction mixture was
neutralized by the addition of 10 % aqueous hydrochloric acid. The solvent was evaporated,
the residue was suspended in water (10 mi) and the suspension was extracted with ethyl
acetate (4 x 40 mi ). The combined organic layers were washed with brine, dried (MgSQO,)
and the solvents were evaporated. The remaining crude oil was purified by column
chromatography (silica gel, hexane/ethyl acetate 2:1) to afford 7 (4.37 g, 91 %) as a
colorless oil; Rg (hexane/ethyl acetate 2:1) 0.42; UV (methanol): A, = 260 nm (log € =
2.60); IR (film): v 3462m, 3063w, 3031m, 2870m, 1586w, 1496m, 1475m, 1454m, 1417m,
1363m, 1265m, 1155m, 1093m, 1028 m; 'H NMR (400 MHz, CDC13) 6 7.40-7.29 (m, 10 H,

phenyl), 4.56-4.44 (m, 4 H, C "H2 phenyl), 4.04-4.00 (m, 2 H, CH,-OH), 3.88 and 3.63 (AB
system, J g = 12.65, 2 H, CH,O ,ans), 3.63 and 3.24 (AB system, J,p = 10.55, 2 H, CH,0,;,),
~ NN sl 1 IT T T 1T OA 1 "ML N 1 1T st mencimens; I 12/ ATRATY 7118 AAYT . MTYMT . ©
2.92 (brs, 1 H, OH), 1.84-1.76 (m, 1 H, cyclopropyl); 13C NMR (125 MHz, CDCl;): o
137.82 (s, C, phenyl), 136.80 (s, C, phenyl), 128.57-127.59 (m, CH phenyl), 114.18 (dd,
17 N"OO NN NOYVNY 1 MITD N I3 1Y f2 MITY Jy IS Y 7N EE /4 MY Uy I A L£O I s T VT —
Wer = 488.2, 292.1, Uy), 73.75 (t, Uny-phenyl), 72.35 (I, Cn,-phenyl), 68.32 (at, °Jc g =
({\;\ MAYT M N LD IO T T —_— ANN MIT N N\ L QL 7 ds 3T —_ A NN MIT NTIN 24 172 (2
6.UU, Uy ), 03.1Y (al, >y g = 4.UU, LU ), J32.00 at, °Jo p = 4.UU, Li-Un)j, 34.15 {7,
2Jer = 10.0, C(2)), 31.88 (dt, 2Jc r = 9.5, C(1)H); 19F NMR (188 MHz, CDCl;): & —134.00
11 27T = 1£A & 27 = 1A £ TN 1A NN 4 27 = 1A & LDO. LIDI M~ A Q /CT A1 LY Q
\ada, “Jpp = 104.5, Jyp = 14.0, '), —145.UU \G, “JpF = 1049, ' j; OFLU-MO (ESI, 4.1 KV, O
10 femnien N rmathanm~Ne AN2 1 (£ 270 1 (TEON TRNMMUONAT+ 271 9 1NNGCLY TAANIal4+: Annl
}.Llll 11k, 1V2, IHNCLIaiivl ). «4uvo.1 \v70), o/i4.1 (19U /0) |[1viiliNa]’y J/ 1.4 11UV /) [lviiNa]', flial
Aalnd Fae O T T N (AIAQ 20N O AR O5: 1T A WK fanndAr O AR 71 I A DA

Caild. 101 Lypiipar'y U3 (O40.57). L, U0.7J, 11, U.0U, 10uiil. «, U6./1, 11, U.20.

(+)-3-Benzoyl-1-[(1 RS)-2,2-di(benzyloxymethyl)-3,3-difluorocyclopropylmethyl]-5-
methyl-1,2,3,4-tetrahydro-2,4-pyrimidinedione [(+)-8]. To a mixture of 7 (0.85 g, 2.4
mmol), TPP (1.27 g, 4.8 mmol) and N3-benzoylthymine (1.10 g, 4.8 mmol) in dry 1,4-
dioxane (15 ml) a solution of DEAD (0.84 g, 4.8 mmol) in 1,4-dioxane (30 ml) was added
dropwise at room temperature over a period of 2 h. The reaction mixture was stirred
overnight, the solvent evaporated and the remaining yellowish oil purified by column
chromatography (silica gel, hexane/ethyl acetate 1:1) to afford 8 (1.10 g, 82%) as a colorless
gel contaminated with some impurities that were easily removed after the next reaction step;
an analytical sample was obtained by column chromatography (silica gel RP-18,
methanol/water 8:3); Rg (hexane/ethyl acetate 1:1) 0.28; UV (methanol): A= 255 nm (log
£ = 4.23); IR (film): v 3064w, 3030w, 2981w, 2928w, 2872w, 1799w, 1747s, 1701s, 1660s,
1598m, 1496m, 1438s, 1361m, 1243s, 1175m, 1097s, 1046m, 1028m, 1001 m; '"H NMR
(400 MHz, CD;0D): 3 7.89 (s, 1 H, H-C(6)), 7.87-7.23 (m, 15 H, phenyl), 4.51-4.41 (m, 4
H, CH,-phenyl), 4.00 (d, 3Jy g = 7.2, 2 H, CH;,;N), 3.81 and 3.68 (AB system, J 5 = —-10.5,
4Jyr =19, 2 H, CH,O_), 3.76 and 3.44 (AB system, Jop = —10.16, 4Jy g = 2.73, 2 H,
CH,0,,,,5)> 2.15-2.08 (m, 1 H, cyclopropyl); 13C NMR (100 MHz, CD;0D): $ 170.50 (s, CO
(Bz)), 165.18 (s, C(2%)), 151.48 (s, C(4%)), 142.96 (d, C(6%)), 139.54 (s, C, phenyl (Bn)),
139.38 (s, C, phenyl (Bn)), 136.43 (s, C, phenyl (Bz)), 133.11 (d, Cpura phenyl (Bz)), 131.57
(d, Corno phenyl (Bz)), 130.50 (d, C,neie phenyl (Bz)), 129.58-128.90 (m, CH phenyl (Bn)),
115.98 (dd, 'Jcr = 294.6, 286.5, CF,), 111.43 (d, C(5%)), 74.38 (¢, CH,-phenyl) 73.97 (t,
CH;-phenyl), 68.75 (dt, 3Jcr = 5.8, CH2Otrans), 64.34 (dt, 3Jc g = 5.8, CH2O,s), 43.35 (dt,
3Jcr = 4.55, CHyN), 35.61 (¢, 2Jcr = 9.71, C(2)), 28.86 (dt, 2Jc g = 9.95, C(1)), 12.07 (g,
CHs3); 19 F NMR (188 MHz, CD3;0D): 8 —133. 15 (dd, 2Jgr = 164.5, 3Jyr = 14.62, F),
—-144.05 (d, 2Jg g = 164.5); HPLC-MS (ESIL4.1 kV, 8 pul/min, N,, methanol): 584.2 (35%)



[MHNa]+, 583.2 (100%) [MNa]*; HRMS calcd for C32H30FaN,0Os: 560.21225; found
560.21226.
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%)’ f MHNal+, 479.2 (100%) [MNa]+: HRMS caled.
60.

(£)-1-[{(1 RS)-2,2-Difluoro-3,3-di(hydroxymethyl)-cyclopropylmethyl]-5-methyl-
1,2,3,4-tetrahydro-2,4-pyrimidinedione (= [%]-1-(2,2-difluoro-3,3-di(hydroxymethyl)-
cyclopropylmethyl) thymine) [(1£)-10]. To a solution of 9 (0.83 g, 1.8 mmol) in methanol
(26 ml) cyclohexene (21 ml) and Pearlman‘s catalyst (2.90 g, 20%) were added and the
reaction mixture was heated under reflux for 6 h. After filtration and evaporation of all
volatiles the remaining residue was subjected to column chromatography (silica gel,
hexane/ethyl acetate 1:4) to give 10 (0.31 g, 63%) as a white solid; mp: 215-217°C; R
(hexane/ethyl acetate 1:4) 0.30; UV (methanol): A,,= 270 nm (log £ = 4.06); IR (KBr): v
3484s, 3031m, 2959m, 2893m, 2873m, 2580m, 2248w, 1681s, 1470s, 1383m, 1352m,
1302m, 1271m, 1249m, 1220m, 1184m, 1171m, 1152m, 1117m, 1054m, 1034 s; 'TH NMR
(500 MHz, DMSO): 6 11.24 (s, 1 H, NH), 7.46 (d, 4Jy = 1.04, 1 H, H-C(6)), 4.87 (¢, 3Ju
=5.7,2H, OH), 3.96 (m, 2Jy g =-13.1, 44y r = 3.1, 1 H, CH;,N), 3.78-3.73 (m, 1 H, CH,;N),
3.78-3.73 (m, 1 H, CH,0,;,), 3.58-3.55 (m, 1 H, CH,0,,,), 3.58-3.55 (m, 1 H, CH,0,,,,,),
3.43 (m, 2JHH =-11.3,3/yy = 5.4, 1 H, CH,0,,4,,), 1.99-1.93 (m, 1 H, cyclopropyl) 1.74

(d, 4JH,H 1.04, 3 H, CH3); 13C NMR (100 MHz, DMSO): 6 164.11 (d, C(29), 150.75 (4%)),

140.72 (d, C(6%)), 115.91 (dd, \Jcr = 286.2, 294.1, CF,), 108.67 (s, C(5%)), 58.58 (dt, 3Jc ¢
= 5.9, CH,OH,,,,,), 54.02 (dt, 3Jc g = 7.0, CH,OH,;), 41.15 (dt, 3Jc r = 4.0, CH,N), 36.84 (z,
2Jcr=8.5,C(2)), 26.97 (dt, 2Jc = 9.5, C(1)), 11.91 (g, CH,); 19F NMR (188 MHz, DMSO-
de): & —130.71 (dd, 2Jg g = 160.8, 3Jy g = 14.5, F), -140.97 (d, 2Jg g = 160.8, F*); Anal. calcd.
for C11H14F2N20O4 (276.238): C, 47.83; H, 5.11; N, 10.14; found: C, 47.56; H, 4.97; N,
10.04

(9]



(£)-3-Benzoyl-1-[(1 RS)-2,2-di(benzyloxymethyl)-3,3-difluorocyclopropylmethyl]-
1,2,3,4-tetrahydro-2,4-pyrimidinedione [(£)-11]. The reaction was performed under the
conditions as described for 8 using 7 (0.85 g, 2.4 mmol), TPP (1.27 g, 4.8 mmol), N3-
benzoyluracil (1.04 g, 4.8 mmol), 1,4-dioxane (15 ml) and DEAD (0.84 g, 4.8 mmol) in
1,4-dioxane (30 ml). After evaporation of the solvents and purification by column
chromatography (silica gel, hexane/ethyi acetate 1:1) 11 (1.10 g, 84%) was obtained as a
colorless gel contaminated with some impurities that were easily separated in the next
reaction step; an analytical sample was obtained by column chromatography (silica gel RP-
18, methanol/water 8:3); Ry (hexane/ethyl acetate 1:1) 0.28; UV (methanol): A,,,,= 255 nm
(log € = 4.27); IR (KBr): v 3031w, 2918w, 2869w, 1749s, 1706s, 1666s, 1598w, 1440m,
1363m, 1240m, 1175m, 1094 m; 'H NMR (400 MHz, CD;0D): 8 7.88 (d, 3Jg g = 8.2, 1 H,
H-C(6%)), 7.89-7.24 (m, 15 H, phenyl), 5.63 (d, 3/ y = 8.0,

rrrrr -

CH,-phenyl), 4.07-3.96 (m, 2 H, CH;N), 3.86 and 3.66
1
1

k] A XY

I H, C(5%)), 4.51-4.41 (m, 4 H,
AB system, Jpg = —

( upp =
A :
.

pund
=)
Y4

" o

1.95, 2 H, CH,0_;), 3.76 and 3.42 (AB system, J,p = —

oy
n
2
2
-

, ,
2.15-2.08 (m, 1 H, cyclopropyl); 13C NMR (100 MHz, CD;0D): § 170.32 (s, CO (Bz)),
164.70 (s, C(2°)), 151.48 (s, C(4°)), 147.22 (d, C(6%)), 139.54 (s, C, phenyl (Bn)), 139.32 (s,
C, phenyl (Bn)), 136.48 (s, C, phenyl (Bz)), 133.03 (d, C,,,, phenyl (Bz)), 131.57 {d, C,.p,
phenyl (Bz)), 130.52 (d, C,,,,, phenyl (Bz)), 129.62-128.92 (m, CH phenyl (Bn)), 115.9
(dd, Ucr = 284.0, 296.1, CF,), 102.36 (d, C(5%)), 74.44 (t, CH,-phenyl), 73.97 (¢, CH,-
phenyl), 68.75 (dt, 3Jcr = 4.9, CHO  uny), 64.25 (dt, 3Jcr = 5.8, CH,0,,p), 43.87 (dt, 3 g =
4.9, CH,N), 35.50 (¢, 2o = 9.74, C(2)), 28.71 (di, 2Jcr = 9.9, C(1)); 19F NMR (188 MHz,
CD;0D): 0 -133.17 (dd, 2Jg g = 164.5, 3y = 14.62, F), —144.05 (d, 2Jx g = 164.5, F%);
HPLC-MS (ESI, 4.1 kV, 8 yul/min, N,, methanol): 570.2 (35%) [MHNa]+, 569.2 (100%)
[MNal+; Anal. calcd. for C3;H3F2N2Os (546.567): C, 68.12; H, 5.16; N, 5.13; found: C,
68.04; H, 5.02; N, 5.27.

(£)-[(1 RS)-2,2-Di(benzyloxymethyl)-3,3-difluorocyclopropylmethyl]-1,2,3,4-tetra-
hydro-2,4-pyrimidinedione [(+)-12]. A solution of 11 (1.10 g, 2 mmol) in methanol (25 ml)
was treated with ammonium hydroxide (8 ml, 25%) for 8 h. The volatiles were evaporated
and the remaining oil was subjected to column chromatography (silica gel, hexane/ethyl
acetate 1:3) to give 12 (0.92 g, 91%) as a white solid; mp: 98-100°C; Rg (hexane/ethyl
acetate 1:3) 0.32; UV (methanol): A,,,= 266 nm (log € = 4.00); IR (KBr): v 3181m, 3060m,
3033m, 2860m, 2805m, 1693s, 1586s, 1495m, 1479s, 1462s, 1410m, 1396m, 1369s, 1356s,
1311m, 1295m, 1257s, 1213m, 1181s, 1160m, 1087s, 1029m, 1009 s; 'H NMR (400MHz,
CD;0D): 6 7.50 (d, 3Jyu = 7.8, 1 H, H-C(6%)), 7.33-7.22 (m, 10 H, phenyl), 5.47 (d, 3Jgy =
7.8, 1 H, H-C(5%)), 4.51-4.40 (m, 4 H, CH,-phenyl), 4.05 and 3.89 (m, Jop = —14.6, 3/ y =
7.5, 4Jg g = 2.5, 2 H, CH;N), 3.84 and 3.66 (AB system, Jog = -10.3, 4Jy g = 2.3, 2 H,
CH,0,;), 3.77 and 3.42 (AB system, Jog = —10.3, 4Jy g = 2.7, 2 H, CH,04,,,,), 2.09-2.01 (m,
1 H, cyclopropyl); 13C NMR (100 MHz, CD;0D): 8 166.70 (s, C(2)), 152.82 (s, C(4%)),
146.79 (d, C(4%)), 139.52 (s, C, phenyl), 139.36 (s, C, phenyl), 129.58-128.87 (m, CH
phenyl), 116.06 (dd, Jcr = 285.5, 294.2, CF,, 102.47 (d, C(5)), 74.29 (¢, CH,-phenyl),
73.88 (z, CH,-phenyl), 68.75 (dt, 3Jc g = 5.8, CHyO,,4y5), 64.13 (dt, 3Jc g = 6.2, CH,0,),
NMR (188 MHz, CD;0D): 8 —133.32 (dd, 2Jgp = 164.5, 3Jy = 14.6, F), -144.14 (d, 2Jpp =

164.5, F); HPLC-MS (ESI, 4.1 kV, 8 pul/min, N,, methanol/TFA (0.1%)): 466.1 (21%)



R. Csuk, G. Thiede / Tetrahedron 55 {1999) 7

Wity J, L7ee

[MHNal*, 465.2 (100%) [MNa]+; Anal. calcd. for Cy4H,4F2N204 (442.460): C, 65.15; H,

5.47; N, 6.33; found: C, 65.11; H, 5.68; N, 6.51.
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9.95, C(l)) 19F NMR (188 MHZ CDQOD) 8 134 37 (dd g = 164 5 3Ju1: = 146 F)
-144.57 (d, 2Jg g = 164.5); HPLC-MS (ESI, 4.1 kV, 8 pl/min, N2, methanol/TFA (0.1%)):
286.0 (8%) [MHNal]+, 285.0 (100%) [MNa]*+; HRMS calcd. for CigH2FaN»2Q4: 262.0765;
found: 262.0765.

(£)-3-Benzoyl-1-[(1 RS)-2,2-di(benzyloxymethyl)-3,3-difluorocyclopropylmethyl]-5-
fluoro-1,2,3,4-tetrahydro-2,4-pyrimidinedione [(+)-14]. The reaction was performed as
described for the preparation of compound 8 using 7 (1.04 g, 3 mmol) in 1,4-dioxane (18
ml), N3-benzoyl-5-fluorouracil (1.40 g, 6 mmol), TPP (1.58 g, 6 mmol) and DEAD (1.04 g,
6mmol) in 1,4-dioxane (27 ml). After stirring overnight the solvent was evaporated, the
residue was purified by column chromatography (silica gel, hexane/ethyl acetate 3:1) and 14
(1.13 g, 67%) was obtained as a yellowish oil, contaminated with some impurities that were
easily removed after the next reaction step; an analytical sample was obtained by column
chromatography (silica gel RP-18, methanol/water 8:3); Rg (hexane/ethyl acetate 3:1) 0.11;
UV (methanol): Ap,,= 256 nm (log € = 4.29); IR (film): v 3066m, 3031m, 2871m, 1753s,
1714s, 1668s, 1599m, 1495m, 1449s, 1365s, 1245s, 1170s, 1094s, 1045m, 1028 m; 'TH NMR
(400 MHz, CD;0D): 6 7.99 (d, 3Jyf = 6.4, 1 H, H-C(6%)), 7.90-7.23 (m, 10 H, phenyl), 4.51-
4.46 (m, 4 H, CH,-phenyl), 3.99 (d, 3Jy g = 7.4, 2 H, CH,N), 3.85 and 3.65 (AB system, J,p

YY NYY A | A ~ Y'

=-104, 4Jyr = 2.1, 2 H, CH,0_;), 3.76 and 3.41 (AB system, Jog =-10.1, 4Jgp = 2.5, 2 H,
SYYY Y \ ,r\ 14 N NN s 1 IY U R, | 12, \T‘l AT 71NN RATT s nYYaYast ,C 100 NN 7
CH,0,,45), 2.16-2.09 (m, 1 H, cyclopropyl); 13C NMR (100 MHz, CD;0D): o 169.00 (s,
VoV b PRGN 10 Ng 71 971 ~ Lz £V AN 1EN NO 7. M 1A1 N 1 17 AL A Faad w3
CO(Bz)), 158.25 (4, “Jcr = 71.35, U{47)), 15005 (s, L(2)), 141.27 (@, 'Y = 255.4, Lt"),
139.48 (s, C, phenyl (Bn)), 139.21 (s, C, phenyl (Bn)), 136.74 (s, C, phenyl (Bz)), 131.72
73 M ebi vk MINYY 12N LN 7 7 sl DAY 190 £2 (4 7 eabianyey] /DAY 170 £OQ 1900 770
(@, Cparg PHCNYL (DBZ)), 15U.0U (4, L, POCNYI ADZ)), 127.05 (4, L,y PNCNYL \DZ)), 127.57-140.77
(2a £ mbhanal MDA &Y 118 7Q (44 1T - IREN DOA L ML NYN TAAQ (+ LT _amhanyl
\”l«, L pucu_yl \Dlil), i)y, 119./7 uu, chF - OV, &4777.U, 1 2], I=+.90 4, Lllz‘}.}llcll)’l
M\ TA NN (¢ O sabhangl MY AQ 71 (J+ 37T — &8 Q O N N RA DT (ds 3T -89
{Dil)), /4.UU i, Lrip-Pii€ilty1 (DIijj, UO./1 \Gi, "y = I.0, ‘~’“2Vtran.sh G447 \Gi, YO F =I5,
CH,0,;,), 43.87 (dt, 3Jcr = 5.0 , CH,N), 35.67 (1, 2Jc p = 9.5, C(2)), 28.54 (dt, 2J- g = 10.6,

747
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C(1)); 19F NMR (188 MHz, CD;0D): § ~133.06 (dd, 2Jg = 164.5, 3/ = 11.0, F), -143.71
(d, 2Jpg = 164.5, F*), ~166.18 (d, 3Jy r = 7.3, F-C(5*)); HPLC-MS (ESL, 4.1 kV, 8 ul/min,
N,, methanol): 588.3 (35%) [MHNal*, 587.3 (100%) [MNaJ*; Anal. calcd. for C3;HyF3NOs
(564.566): C, 65.95; H, 4.82; N, 4.96; found: C, 65.78; H, 4.69; N, 5.09.
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1 285. , t, CH,-phenyl), 73.92 (¢, CH,-phenyl), 68.75 (df, *Jc
= 6.2, CH,0,,..,), 64.17 (dt, 3Jc g = 5.4, CH,0,;,), 43.13 (dt, 3Jcp = 5.4, CHoN) 35.62 (t,
2er = 9.5, C(2)), 28.70 (dt, 2Jcp = 10.4, C(1)); 1F NMR (188 MHz, CD,0D): & —133.19
(dd, 2Tz = 164.5, 3y p= 14.5, F), ~143.95 (d, 2Jpp = 164.4, F*), -167.23 (d, 3y = 1.3, F-
C(5%)); HPLC-MS (ESI, 4.1 kV, 8 pl/min, N, methanol): 469.3 [MHLiH]* (3.9%), 468.2
[MHLi]* (26.5%), 467.2 [MLil*(100%), 466.3 [MLi-H]* (8.8%); Anal. calcd. for

Cr4H23F3N>04 (460.45); C, 62.60; H, 5.03; N, 6.08; found: C, 62.49; H, 4.88; N, 6.23.

(+)-[(1 RS)-2,2-Difluoro-3,3-di(hydroxymethyl-cyclopropylmethyl)-5-fluoro-1,2,3,4-
tetrahydro-2,4-pyrimidinedione (= (1)-1-(2,2-difluoro-3,3-di(hydroxymethyl)-5-fluoro-
uracil) [(£)-16]. Removal of the benzyl group was performed as described for 10 by
treating 15 (0.57 g, 1.2 mmol) with cyclohexene (14 ml) and Pearlman‘s catalyst (0.92 g,
20%) in refluxing methanol (14 mi) for 6 h. After column chromatography (silica gel, ethyl
acetate/hexane 5:1) 16 (0.17 g, 56%) was obtained as a white solid; mp: 148-150 °C, Rg
(ethyl acetate/hexane 5:1) 0.35; UV (methanol): Amax= 275 nm (log € = 3.90); IR (KBr) v
3380m, 3150w, 3077m, 3027m, 2961m, 2934w, 2817w, 2508m, 2293w, 1693s 1473s, 1373s,
1241s, 1148m, 1062m, 1028s; IH NMR (400 MHz, CD;0D): 8 7.86 (d, 3Jyr=6.2, 1 H, H
C(6')), 4.08 and 3.89 (AB, JA =-148,3Jgu=72, 4JHF 3.1, 2 H, CH,N), 3.98 and 3.75
(AB, Jap = ~-12.0, 4Jgr = 2.1, 4 =
CH,0,,,,s), 2.03-1.97 (m, 1
Zer = 6.1, C4%)), 151.16 (5, C
C(6 )), 116.10 (dd, IJC
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(£)-9-[(1 RS)-2,2-Di(benzyloxymethyl)-3,3-difluoro-cyclopropylmethyl]-9H-6-purin-
amine [(£)-17]. The reaction was performed under the conditions as described for 8 using 7
(0.76 g, 2.2 mmol), TPP (1.15 g, 4.4 mmol), adenine (0.60 g, 4.4 mmol) suspended in dry
1,4-dioxane (24 mi) and DEAD (0.77 g, 4.4 mmol) dissolved in 1,4-dioxane (12 ml). The
reaction mixture was stirred overnight. The solvent was evaporated and the residue was
purified by column chromatography (silica gel, ethyl acetate/methanol 20:1) to afford 17
(0.74 g, 72%) as a white solid; mp: 123-125 °C; Rg (ethyl acetate/methanol 20:1) 0.23; UV
(methanol): A,,,= 262 nm (log &€ = 4.20); IR (KBr): v 3332m, 3152m, 3030m, 2879m,
' 2 418m, 1360m, 1331m, 1307s, 12325
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(£) (3 RS) 3-(6-Amino-9H-purinylmethyl)-2,2-difluoro-1,1-dihydroxymethylcyclo-
propyl-methanol (= (£)-9-(2,2-difluoro-3,3-di(hydroxymethyl)-cyclopropylmethyl) adenine)
[(£)-18]. To a solution of 17 (0.62 g, 1.3 mmol) in methanol (23 ml) added cyclohexene (23
ml) and Pearlman‘s catalyst (3.06 g, 20%) were added and the reaction was heated under
reflux for 6 h. After filtration and evaporation of the volatiles the resulting crude product
was subjected to column chromatography (silica gel, ethyl acetate/methanol 3:1) to give 18
(0.18 g, 54%) as a light yellowish solid; mp: 121-123°C; Rg (ethyl acetate/methanol 3:1)
0.33; UV (methanol): A, = 263 nm (log € = 4.08); IR (KBr): v 3381s, 1649s, 1606s,
1578m, 1475m, 1421m, 1383m, 1334m, 1306m, 1246m, 1185m, 1152m, 1049m, 1018m,
1001 m; 'TH NMR (500 MHz, CD50D): & 8.20 (s, 1 H, H-C(2¢)), 8.18 (s, 1 H, H-C(8%)), 4.51-
4.48 (m, 2 H, CH;N), 4.04 and 3.83 (AB system, Jag = -11.93, 4Jy g = 1.92, 2 H, CH,-
OH,,,,.s), 3.83 and 3.60 (AB system, Jop = —11.41, 2 H, CH,-OH_;,), 2.20-2.15 (m, 1 H,
cyclopropyl); 13C NMR (125 MHz, CD;0D): & 157.37 (s, C(6%)), 153.75 (d, C(2*)), 150.59
(s, C(4%)), 142.46 (d, C(8)), 120.01 (s, C(5%)), 116.31 (dd, VU = 284.2, 294.2, CF,), 61.03
(dt, 3Jc g =, CHyOyp4ps), 56.14 (dt, 3Jc g =, CHyOy), 38.76 (dt, 3Jcr = 5.9, CH,N), 38.47 (¢,
2Jc g = 10.0, C(1)), 29.54 (dt, 2Jc r = 10.0, C(3)); 1F NMR (188 MHz, CD3;0D): -134.63
(dd,2Jpp = 166.1, 3Jy g = 14.7, F), -145.55 (d, 2Jgp = 168.2, F*); HPLC-MS (ESI, 4.1 kV, 8
pl/min, N,, methanol/TFA (0.1%)): 293.1 (13%) [MHLi}+, 292.1 (100%) [MLi]+; HRMS
calcd. for CosHysFoN5O5: 465.1976; found: 465.1977.
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