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Abstract: Racemic difluorinated carbocyclic homo-nucleoside analogues are easily accessible from
(Z2)-4-(benzyloxy)-2-buteny! acetate by difluorocyclopropanation using sodium chlorodifluoro acetate
in diglyme at 190°C followed by Mitsunobu reactions. © 1998 Elsevier Science Ltd. All rights reserved.

A large number of nucleoside analogues has been synthesized as potential chemotherapeutic agents.
Among them, several carbocyclic nucleosides are particularly interesting since they exhibit potent anti-HIV
activities and are considered as alternatives to drugs as ddl, ddC and AZT. The side effects and toxicity of the
latter compounds limit their usefulness as antiretroviral agents.l> 2 As a part of our drug discovery program
for AIDS and other viral diseases we became interested in the synthesis and biological evaluation of
cyclopropyl carbocyclic nucleosides.3; 4 Previously the incorporation of one or two fluorine substituents has
been shown to be of advantage both for an improved activity, higher bioavailability and retarded metabolism
of several drugs.> Thus, herein we report the first synthesis of difluorocyclopropyl homo-nucleoside
analogues 9 in a very efficient way.

Thus, the easily available (Z)-4-(benzylo U
cyclopropanation using sodium difl

NMR spectrum by the presence o
Hz; the quaternary carbon bearing the two fluorine substituent

ro-purine under Mitsunobu conditions 9 afforded 4 10 that was subjected to an
d 5 in 77% yield.!1 5 i
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By a similar strategy a thymine analogue was prepared using again 3 as a starting material. Thus,
reaction of 3 with N3-benzoyl-thymine 12, DEAD and TPP in dry 1,4-dioxane 13 for 16 h at ambient
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temperature gave 68% of oily 7 that was debenzoylated with 1 N NaOH to afford 8 whose debenzylation
yiclded 71% of the thymine analogue 9 as a white solid.
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Mitsunobu reaction of 3 with N3-benzoyl-uracil 14 gave 10 that was debenzoylated to afford 11
whose debenzylation gave the uracil analogue 12. To access a cytosine analogue the uracil derivative 11 was
allowed to react with 1,2,3-triazole and POCl3/triethylamine !5 to afford 13 whose deprotection finally gave
the desired cytosine analogue 14 albeit in a somewhat low yield.

Treatment of 4 with trifluoroacetic acid gave 15 that upon debenzylation resulted in the smooth
formation of the hypoxanthine derivative 16.16 Finally, a 5-fluoro-uracil analogue was prepared by the
reaction of 3 with N3-benzoyl-5-fluoro-uracii 7, DEAD, TPP to give 73% of the fully protected derivative
l/ WnOSG OCDCHZO}'laUOU thn ammonlum nyaroxme }’ICIGCG i3 Iﬂa[ was GCDCHZYI&[CG to anora i9.151s

characterized in its '9F NMR spectrum by the presence of three signals at & = -126.38, -152.60 and -169.67
ppm the latter of which can be assigned to the fluoro substituent at the 5°-position of the heterocycle.

Since preliminary screening of the compounds revealed some cytotoxic activity the synthesis of
chemoenzymatic process is
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resently investigated in our laboratorl ‘18
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Melting points are uncorrected (Leica hot stage microscope), optical rotations were obtained using a
Perkin-Elmer 341 polarimeter (1 cm micro cell), NMR spectra (internal Me,Si) were recorded using the
Varian spectrometers Gemini 200, Gemini 2000 or Unity 500 (8 given in ppm, J in Hz, internal Me,Si for 'H
and 13C NMR spectra, internal CCI3F was used for 19F NMR spectra, C* correspond to the atoms of the
heterocycle), IR spectra (ﬁlm or KBr pellet) on a Perkin-Elmer FT-IR spectrometer Spectrum 1000, MS

specira were taken on a Intectra GmbH AMD 402 (electron impact, 70 €V) or on a Finnigan MAT LCQ
7000 (electrospray, voltage 4.5 kV, under nitrogen) instrument; for elemental analysis a Foss-Heraeus Vario
EL instrument was used; TLC was performed on silica gel (Merck 5554, detection by UV absorption or by

% sulfuric acid, ammonium molybdate and cerium®"’
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treatment with a solution of 1
gentle heating).

sulfate followed by

(1)-(1 SR, 3 RS)-[3-Benzyloxymethyl-2,2-difluorocyclopropyl]-methyl acetate [(+)-2] A solution
of (Z)-4-(benzyloxy)-2-butenyl acetate (1) (3.3 g, 15 mmol) in dry diglyme (5 m/) was heated to 190 °C. A
solution of sodium chloro-difluoro acetate (25 g, 164 mmol) in dry diglyme (43 m/) was added at this
temperature over a period of 60 minutes. After keeping the reaction at 190 °C for an additional 15 minutes it
was allowed to cool to room temperature poured into ice water and the aqueous solution was extracted with

hexane (4 x 100 m/). The combined organic layers were washed with brine, dried (MgSO,) and the solvents

were evaporated under reduced pressure. The remaining brown oil was subjected to column chromatography
( ilica gel ethvyl acetate/hexane 1:5) to afford 2

S1iIC HViy VHIY L Qv e Livadil

1.2
startin ng material which was (—*aq_ly separ:

deacetylation (vide infra), chromatography (ethyl acetate
R (ethyl acetate/hexane 1:4) 0.41; UV (methanol): kmax = 266 nm ( og
2965w, 2870m, 1955w, 1740s, 1600w, 1090s, 1035s; 'H NMR (400 MHZ, CDCls): 5 7.36 7.28 (m, 5 H,
phenyl), 4.54 and 4.48 (AB system, Jx5 = 11.7, 2 H, CH,-phenyl), 4.31-4.11 (m, 2 H, CH,-O-Ac), 3.69-3.59
(m, 2 H, CH,-0-Bn), 2.13-2.03 (m, 2 H, cyclopropyl), 2.04 (s, 3 H, CH;); >C NMR (100 MHz, CDCl5): §
171.82 (s, CO), 138.83 (s, C, phenyl), 129.56 (d, o phenyl), 128.93 (d; Cpery phenyl), 128.81 (d, Coary
phenyl), 114.13 (dd, Jer = 2837, 290.68, CF,), 73.91 (¢, CHy-phenyl), 63.73 (d, 3Jer=32.2, CH,-O-Bn),
58.77 (dt, ’JCF 5.0, (,Hz-() Ac) 26.07 (dt, *Jer = 10.0, C(1)), 24.71 (db, “JCF~21 1, C(3)), 21.60 (g, CHy);
2 (ddd, 7J'F’p = 162.65, JHF_ 10.8, JHF— 11.0, F), -152.61 (d 2JF1:
), 227 (1%), 210 (1%), 190 (1%), 180 (1%), 163 (1%), 144 (6%), 119
(17%), 43 (56%); HRMS caled. for Ci4H¢0;F;: 270.1067; found:
70.28): - H, 5.97; found: C, 62.51; H, 6.04
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(£)-(1 SR, 3 RS)-3-Benzyloxymethyl-2,2-difluorocyclopropyl-methanol [(+)-3] A solution of 2
(3.33 g, 12.3 mmol) in methanol (7 m/) was treated with catalytic amounts of sodium methoxide. After 30
minutes the reaction was complete and the reaction mixture was neutralized by the addition of 10 % aqueous
hydrochloric acid. The solvent was evaporated and the residue was suspended in water (10 m/). The
suspension was extracted with ethyl acetate (4 x 50 m/), the combined organic layers were washed with

brine, dried (MgbU4) and the solvents were evaporated The remaining (.rude oil was purified by column

E7
-~
UC
.....("
\.
S
,.
,-
-
iy
£
=
o
st
R

59 2 H CH -p enyl) 3 87 (m J}{ u= 0 85 JH H(C3) 4 54 1 H, CH2 OH), 3.83 (m 2JHH:

=4, l 1 H CH? OBH) 3.60 (m JHH = -10. 85 JHH(C1\—637 1 H CH2 OH) 3.58 (m
JHH=-11 38 JHH 6.47, 1 H, CH,-OBn), 2.85 (d, 1 H, OH), 2.08 (m, “Jycsen = 11.59, 1 H, H-C(1)),
2.06 (m, *Jcmen = 11.59, 1 H, H-C(3)); °C NMR (100 MHz, CDCLy): 8 136.78 (s, C, phenyl), 128.60
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(d, Cormo phenyl), 128.17 (d, C,,... phenyl), 127.95 (d Cpara phenyl), 113.78 (dd, Jp F= 289 40, 284. O CF,),
73.35 (4, IICH = 141.82, CHz-phenyi) 62.58 (dt, JCF“‘ 3.73, CH,- OBn), 55.58 (dt JCF—— 3.73, JCH =
145.50, CH,0H), 28.35 (4, Jcp“ 9.95, JCH 356 76, C(1)), 24.83 (dr, Jcp =995, JCH =364.21, C(3));
19F NMR (470 MHz CDClL3): 8 -124.35 (ddd, Jpp = 162.58, JFH— 13.80, JFH— 14.05, F), -149.79 (dd,
‘Jpp— 162.58, JpH = 1.47, F*); MS (e.i., 70 eV): 228 (2.9%), 107 (100%), 102 (22.9%), 91 (50%), 77
(14.3%), 65 (16.4%); Anal. caled. for C\;H4F,0, (228.24): C, 63.15, H, 6.18; found: C, 63.15; H, 6.27.

(®)-[(1 SR, 3 RS)-(3-Benzyloxymethyl-2,2-difluorocyclopropyl)-methyl]-6-chloro-9H-purine
[(£)-4] To a mixture of 3 (0.41 g, 1.8 mmol), triphenylphosphine (0.95 g, 3.6 mmol) and 6-chloropurine (0.56
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g, 3.6 mmol) in dry 1,4-dioxane (8 ml) a solution of DEAD (0.57 mi, 3.6 mmol) in 1,4-dioxane (30 m/) was
added dropwise at room temperature over a period of 2.5 hours. The reaction mixture was stirred overnight,
the solvent was evaporated and the remaining yellowish oil was purified by column chromatography (silica
gel, ethyl acetate/hexane 1:1) to afford 4 (0.44 g, 67 %) as an 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 7:3); Ry (ethyl acetate/hexane 1:1) 0.24; UV (methanol): Ay = 267 nm (log
€ =3.99); IR (film): v 3450w, 3031w, 2865w, 1735w, 1595m, 1560m 1500w, 1475m, 1440w, 1405m, 1370w,
35m, 1275w, 1255w, 1210m, 1185w, 1145w, 1075m, 1030w; "H NMR (400 MHz, CDCl;): 3 8.74 (s, 1 H,

H-C(4)), 8.18 (s, 1 H, H-C(8)), 7.35-7.25 (m, 5 H, phenyl), 4.57-4.30 (m, 4 H, CH,-phenyl and CH,-N),
VOL VLY f DLT LT A Do) D 2A D19 £ A LT avrnlamenmote 1300V RNIMD 7100 MTIT. AT 3. € 187 17 7o
3.06-3.61 i, 2 0, Uip-U-Biij, £.34-2.12 (i, 2 11, CyC1opiopylj; U NMR (10U Mz, CDTi3): 0 152.17 (5,
YR 181 QQ 7 OOV 181 24 fe CUA*NY 1AS NN (o CLRN 127 11 (o O whanuly 121 &7 (4 (Y . slaasme]l)
WA JJy 11,00 (0, M & JJy BT LIT S NAT )y ITIUVOAS J), 1070115, g Prikiiyi), AI}L.UI U, ortho PriCilY1),
128.26 (d, Cers phenyl), 127.93 (d, Cpam phenyl), 113.99 (s, C(5%)), 1123 9 (dd, Jcr = 293.20, 282.43,
CFy), 73.22 (1, CHy-phenyl), 62,03 (dr, *Jc = 4.12, CHy-OBn), 37.92 (al, “Jc = 6.22, CHy-N), 25.26 (d,

3 2 -
ZJ." 10. 06 C(3)), 24.28 (dt, /'pp— 11. 06 C(l)) F NMR (188 MHz, CDCls): & -126.69 (ddd, Jpp—
168 1, JFH— 10.8 , JpH~— 11.0, F), -151.75 (d, Jpp= 168.1, F*); MS (e.i., 80 eV): 367 (0.6%), 365 (1.8%),
258 (10.3%), 238 (31.6%), 181 (7.1%), 155 (9.6%), 104 (17.7%), 91 (100%), 71 (43.3%); HRMS calcd. for
C7H50N4F,Cl: 364.0902; found: 364.0904; Anal. calcd. for C17H|50N4F2Cl1 (364.79): C, 55.98; H, 4.14;
N, 15.36; found: C, 55.79; H, 4.29; N, 15.42.

a) From 4: Treatment of compound 4 (0.11 g, 0.3 mmol) with liquid ammonia (10 m/) in an autoclave
at 75 °C and 40 bar for 18 hours resulted after evaporation of the volatiles and column chromatography (silica
gel, ethyl acetate/prop-2-OH 3:1) in the formation of § (80 mg, 77%).

b) From 3: A more direct preparation of § was achieved by a Mitsunobu reaction as described for 4
. S /r\ n~n .A N oIy u b Lt L /Y1t . ONL T no O nec ._‘__-,.I\ PR PR |
usll'lg J U2 RV%; l'l'lInOl), mpncnylpm)bpmn (<.11 g, 0.V0 IIINO1L ), ucmm: \l U7 g, 6.U0 Imot) Su naca
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(54 ( F 1 4-uiu1\auc &V Tl S W
nd the residue was purified by column chromatograph (silica gel, ethyl acetate/prop-2-OH 3:
61 g, 43%).

in 1,4-dioxan 1) anag UDAL (1.2/ Wi, o.

ar
evaporated an
to afford S (0.

Data for 5: white solid, mp: 149-150 °C; R¢ (ethyl acetate/methanol 4:1) 0.48; UV (methanol): Apay =
263 nm (log € = 4.16); IR (KBr): v 3355s, 3155m, 2925m, 2865w, 1650s, 1605s, 1575m, 1475s, 1420m,
1370m, 1330m, 1310m, 1245s, 1195m, 1165m, 1115m, 1075m, 1030m, 1005m; 'H NMR (400 MHz,

CD;0D): & 8.35 (s, 1 H, H-C(2)), 7.84 (s, 1 H, H- (,(8 ), 7.36-7.25 (m, 5 H, phenyl), 4.49 (AB system, Jap
= 11.99, 2 H, CH,-phenyl), 4.46 (m, “Jyn
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e A 3
-0.7/3, JHH"‘D‘I'O LA, LHZ‘N),‘ll?(m JHH'—-D /J JHH_
3r

14 N7 1 XY MAIT AT ﬂﬂ 2, Nnre — L £L 1 IT MAIT MND_N\ 2 £A 7 2 = 1 3 —
14.¥0, 1 1, U1p-IN), 5.7 (m JHH =-11. Vo, Jyy = 0.00, I I, Lrip~UDII), 5.04 {7, JHH -11. U1(3), JHH
8.76, 1 H, CH,-OBn), 2.28 (m, iy = 7.32, 1 H, H-C(1)), 2.13 (m, *Jun = 7.32, 1 H, H-C(3)); 1°C NMR
(125 MHz, CDCL): 8 155.74 (s, C(6°)), 153.04 (d, 'Jc i3 = 201.66, C(2°)), 149.94 (s, C(4%)), 140.00 (d, 'Jc 4
RI1&d IVEELL, VAP NLF )0 U 10007 T W0y WV JJy 250.V7 Uy v (CH LV L0, LKL 4y 259 B, AR LAV CH
=210.92, C(8*)), 137.22 (s, C, phenyl), 128.50 (d, C oo phenyl), 127.97 (d, Crrera P phenyl), 127.77 (d, Cyur



phenyl), 119.52 (s, C(5%)), 112.67 (dd, 'Jor=282. 2, CF,), 73.05 (1, JCH =139.81, CHz-phenyl) 62.21 (dr,
JCF“ 4,99, JC = 146.42, CHZ—OBn), 37.25 (dt Jcp 5.99, Jc” = 140.56, CH,-N), 25.18 (4, JCF~— 9.98,
JCH =164.27, C(3)) 24.65 (dr, JCF— 10.9, Jc;, =163.31, C(l)), 'F NMR (188 MHz, CDCl;): 6 -126.91
(ddd, ‘Jpp— 168.1 ”JFH— 10.82, Jr"— 11.0, F), -152.14 (dt, J}:‘F— 168.1, F); MS (e.i., 70 eV): 345 (1.4%),
325 (1.4%), 296 (12.7%), 239 (14.2%), 219 (100%), 224 (12.7%), 204 (9.2%), 148 (12.7%), 135 (32.6%),
108 (7.1%), 99 (11.3%), 91 (67.4%); HRMS calcd. for C;7H7F,NsO: 345.1401; found: 345.1401.

@)-(1 RS, 3 SR)-3-[(6-Amino-9H-9-purinylmethyl)]-2,2- d!ﬂ..omcyclgpmry- -methanaol | = 9-(3-
hydroxymethyl-2,2-difluoro-cyclopropylmethyl) adenine] [(+)-6] To a solution of 5 (0.7 g, 2 mmol) in

methanol (35 m/) were added cyclohexene (30 m/) and Pearliman ‘s catalyst (0.31 g, 20 %) and the reaction
mixture was heated under reflux for 12 hours. After filtration and evaporation of the volatiles the resulting
crude product was subjected to column chromatography (silica gel RP-18, methanol/water 6:4 — 7:3) to
afford 6 (0.38 g, 74 %) as a white solid; mp: 218-220 °C; Ry (ethyl acetate/methanol 1:1) 0.43; UV
(methanol): Ay = 262.67 nm (log € = 4.15); IR (KBr): v 3400m, 3115m, 2930m, 2465m, 2305m, 1715m,
1675m, 1615s, 1570s, 1545m, 1475s, 1420s, 1370m, 1340m, 1305s, 1265m, 12355, 1195m, 1105m, 1055m,
1010m; 'H NMR (500 MHz, CDCl;) 0 8.34 (s, 1 H, H-C(2)), 7.85 (s, | H, H-C(8%)), 5.59 (br 5, 2 H, NH2,

exchangeable with D20), 5.12 (s, 1 H, OH, exchangeable with D

Fa Sy n
H, 2U), 4 . H™ /.14,
I MY N A A2 (. T 1Aﬂ£37 =7T&4 1 LY AT NIV 2 Q1 (... ) 4 —_ 17 14 3T — 710 117
1, Urip-INj, 4.45 (M, Jyu = =14.90, Jyu = /.59, 1 11, Urip-IN), 5.71 (M, YyH = -la. 1%, Jypy = /.16, 1 1,
CH._ORNY 277 (mm L =_1712 T H CH..OBRm 2720 (m =11 60 1TH WMWY D15 (0 31 =
\Jlll \Julll’ T d d III, UH’H Lbwel oy 2 X1, \/Ll.z Uull}, vt S \Ill, UH’H Fa s UI, 1 11’ i1 \J\l’}, Lo d \”l, \IHH

H o =201.66, C(2%)),
5, C(4%)), 140.46 (d, 'Jou = 210.92, C(8*)), 118.63 (s C(5 s 114.16 (dd, 'Jor=290.23, 282.24,
CF;), 53.63 (dt, 3Jm:—498 CH,-OH), 36.53 (dt, *Je = 4.98, CH,-N), 27.17 (1 2Je + = 8.98, C(3)), 23.96
(dt, *Jer =9.97, C(); 'F NMR (188 MHz, CD;0D): § -124.38 (ddd, *Jep = 168.1, *Jpyy = 10.7, *Jpyy =
11.1, F), -151.45 (d, *Jpr = 164.5, F*); MS (e.i., 70 eV): 255 (8.3%), 235 (13.3%), 206 (71.6%), 149 (35%),
135 (100%), 108 (45%); HRMS calcd. for Cyol1;NsOF,: 255.0931; found 255.0931.

o

(£)-3-Benzoyi-i-{{i SK, 3 K3)-3-benzyloxymethyi-Z,2-difluorocyciopropyimeihylj-5-meihyi-
1,2,34- tetrahydro-2 4-pynmldmed10ne [(+)-7] The reaction was performed under the conditions as
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ue.
4-dioxane (15 ml). After

Pg gt

nts lumn chromatography (silica gel, thyl etagg/hexau_ 14 >
1:2) gave 7 (0 8%) as an 011 RF (ethyl acetate/hexane 1:2): 0.12; UV (methanol): Apay = 280 nm (log € =
3.88), Apax2 = 255 nm (log € = 4.19); IR (film): v 3305w, 3065w, 3030w, 2980w, 2930w, 2870w, 2140w,
1970w, 1800w, 1750s, 1700s, 1660s, 1600m, 1580w, 1475m, 1440s, 1385m, 1360m, 1330m, 1315m, 1250s,
1195m, 1180m, 1090m, 1075m, 1030m, 1000m; 'H NMR (200 MHz, CDCly): 8 7.94-7.27 (m, 10 H,
phenyl), 7.16 (s, 1 H, H-C(6%)), 4.53 (AB system, Jag = 11.61, 2 H, CH,-phenyl), 4.19-4.11 (m, 1 H, CH,-
OBn), 3.80-3.61 (m, 3 H, CH,-OBn and CH,-N), 2.20-2.11 (m, 2 H, cyclopropyl), 1.27 (s, 3 H, CHj); °C
NMR (50 MHz, CDCl3): 8 168.83 (s, CO benzoyl), 162.94 (s, C(2°)), 149 75 (s, C(4)), 139.59 (d, C(6)),
137.15 (s, C, phenyl (Bn)), 134.93 (s, Cq phenyl (Bz)), 131.53 (d, Cpura phenyl (Bz)), 130.35 (d, Corno
phenyl (Bz)), 129.04 (d, Cyen phenyl (Bz)), 128.52 (d, Comno phenyl (Bn)), 128.02 (d, Cpers phenyl (Bn)),
127.77 (d, Cparq phenyl (Bn)), 113.83 (dd, 'Jcp = 292.21, 281.25, CF;), 111.08 (s, C(5%)), 73.03 (1, CHy-

shenvly 6232 (dr 3T~ = 6.16. CH,-OBn). 42.25 (dt. >J-~ = 5.39 CH,-N), 25.08 (dt, ZIM =10.01, C(3)),
pin l)’l}, Vs.0s \ué, JCF V.1V, WIITVU DLy TL.40 \Usy, VY F Tl Ty NRRFTIN Jy LSO \EE

23.70 (dt, *Jep = 10.02, C(1)), 12.19 (q, CHy); '9F NMR (188 MHz, CDCl; Y. 5 -126.48 (ddd, J; = 164.62,
3w =1091,%7 4 =10.94, F), -150.81 (d, ]!:c— 164.62, F*); MS (ESI): 441 (M+1, 2 %), 463 (M+Na 38

%), 479 (M+K, 14 %), 271 (100 %); RMS calcd for Cy4HypQ4NoFy: 440.1548, found: 440.1548.

(#)-1-[(1 SR, 3 RS)-3-Benzyloxymethyl-2,2-difluorocyclopropylmethyl]-5-methyl-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(+)-8] A solution of 7 (0.34 g, 0.78 mmol) in 1,4-dioxane (10 ml) was
treated with sodium hydroxide (N, 10 m/) for 1Zh. The volatiies were evaporated and the remaining oil was
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subjected to column chromatography (silica gel, ethyl acetate/hexane 4:1) to give 8 (0.22 g, 84 %) as a white
solid mp: 162-163 °C; Ry (ethyl acetate/hexane 5:1) 0.39; UV (methanol): Ay = 271 nm (log € = 3.98); IR
(KBr): v 3445m, 3165w, 3035m, 2930w, 2875w, 1700s, 1665s, 1475m, 1380m, 1365m, 1275m, 1250m,
1230w, 1200m, 1175w, 1090m, 1030w; 'H NMR (500 MHz, CDCl): 8.11 (br 5, 1 H, NH), 7.37-7.23 (m, §
H, phenyl) 7.01 (s, 1 H, H-C(6%)), 4.50 (AB system, Jop = 11.67, 2 H, CH,-phenyl), 4.12 (m, IHH =
-12. 5/ JH]{ =6. 97 1 H CHz-UBIl) 3.77 (m hJHH =-12. 37 JJHH =17. 62 1 H CHz-OBn) 3. 60 (m JHH =
-8.77, JH u=10.53, 1 H, CstN), 3.57 (m, % hn =-8.77, JHH =9.76, 1 H, CH,-N), 21312 (m, JH(C3) HEH =

13.28, 1 H, H-C(3)), 2.07 (m, "Jucsynen = 13.28, 1 H, H-C(1)), 1.24 (s, 3 H, CH3); "C NMR (100 MHz,
A _NMCMN- 8 164 24Q (o 4D 181 N2D (o IAN 1ANQ17T 71 OFENY 12091 (¢ M L1y 170 £
Ugm/iviows ). U 1UT.JF0 W, WAL J)y 1I1.U02 (B, WAT ), 1FVU.T17 (U, LAV )), 150,41 (5, L, POENIYI), 1£6.04,
17282 0N 1’)77 (earh 4 nhenvll 114 50 (¢ 1,-1.:752(5‘ OB 10R QA& fe /S 7101 ¢+ L 1. — 120 K1
LLUeIVy L eini \wawvii 3}/11\“1_}1/, i 111.// \r vUF LOJUUy L 7 )y 1ULLTU \o:; AL JJs T 1.711 s JC‘H 137.01,
CH,-phenyl), 62.41 (dt, "J¢ CF, =428, Jcu=140.92, CHz-OBn , 42.14 (41, JcF =3.73, Jenu = 145.50, CH,-
N), 25.82 (dt, *Jer = 1035, 'Joyy = 161.94, C(3)), 24.59 (dt, ]nn—]()02 lﬁﬂz 161.78, C(1)), 11.82 (q

164.23, 3en= 147, F); MS (e.i., 70 eV) 336 (6. 4%) 230 (73 7%) 210(69 5%), 172 (9 6%) 151 (27 7%),
139 (15.9%), 126 (22.3%), 96 (17.7), 91 (100%); HRMS calcd. for C;7HgN,0;F,: 336.1285, found
336.1287.

{(¥)-1-{(1 SR, 3 RS)-2,2-Diftuoro-3-hydroxymethyi-cyciopropyimethyij-5-methyi-i,2,3,4-
tetrahydro-2,4-pyrimidinedione (= 1-(2,2-difluoro-3-hydroxymethyl-cyclopropylmethyl) thymine)
{4\ 01 Tn a anhition af 8 (N QK o D 84 mmal) in mathannl 15 N\ wara added ~cvelahavanma /792 /) and
l\ J J] 11U @ dSuUiuLlivlil U1 O \U.UU 5, FoPRvaAS | uuu\u} 11 11iviiialivl \JJ llll, wulv auuuu UleUllDADuC \Lo T ll} aliud
Pearlman’s catalyst (1.97 g, 20 %) and the reaction mixture was heated under reflux for 6 hours. After
filtration and evaporation of all volatiles the remaining residue was su _jf_zgtgd to column chromatography

(silica gel, ethyl acetate/hexane 1:1 — ethyl acetate/methanol 3:1) to give 9 (0.45 g, 71 %) as a white solid;
mp: 183-185 °C; Ry (ethyl acetate/methanol 4:1) 0.54; UV (methanol). Amax = 271 nm, (log € = 3.87); IR
(KBr): v 3460s, 3185s, 3040s, 2925m, 2815m, 2550m, 1690s, 1645s, 1455s, 1417m, 1385m, 13555, 1265s,
1250s, 12255, 11955, 1155m, 1125m, 1105m, 1050s, 1005m; 'H NMR (500 MHz, d¢-DMSO): & 11.24 (br
s, 1 H, NH), 748 (s, 1 H, H-C(6)), 4.88 (s, 1 H, C-OH), 3.93 (m, “Tun= -14.11, *Jun = 7.09, 1 H, CH,-N),
3. 74 (m, JHH—-14 70, *Jyn = 7.73, 1 H, CH,-OH), 3.64 (m JHH =-14.11, Jyy =7.78, 1 H, CHZ-N) 3.55
(m, 2Ty =-14.70, >Jyy = 7.61, 1 H, CH,-OH), 2.18 (m, *Jyn = 11.84, 1 H, H-C(1)), 2.03 (m, *Jun = 11.84,

1 H, H-C(3)), 1./:( 3 H, CHj); 2C NMR (125 MHz, CD;0D): 8 165.59 (s, C(2¢)), 151.70 (s, C(4%)),

141.33 (d, C(6* )), 113.8 (dd, 1.J'CJ: = 291.07, 280.39, CF,), 110.383 (s, C(5%)), 54.47 (a1, "Jcr = 6.03, CH,-
OH), 41.63 (df, *Jc 5 = 5.91, CHy-N), 27.39 (dt, “Jcy = 9.93, C(3)), 23.90 (d1, *Jep = 9.93, C(1)), 11.03 (g,
CH-): "F NMR (188 MHz. CD-:OD): § -124.14 (ddd. *J. v = 164.5, > J. . = 10.82. > J. . = 11.06, F), -150.63
3]s 4 INLVIEN \ L1 OO0 V1L 1Ly NVI3JL7 ). U TL1LLT. 17T \UldU, JE | 1U=T./y “FH Lv.04, <FH 11.UUy 1 Jy T1/VUT
(dt, 2J-c = 164.5, F); MS (e.i., 70 eV): 246 (49%), 229 (85%), 215 (75%), 196 (17%), 172 (32%), 149
\#¢s VK AN Tesly A Jy ATVEAN (W b 7 \ 73 \ Vel \ rad \ A \ J3
(38%), 139 (46%), 126 (86%), 91 (25%), 83 (31%), 96 (100%); HRMS calcd. for CyoHy,05N;F;: 246.0799

found: 246.0799.

(+)-3-Benzoyl-1-[(1 SR, 3 RS)-3-benzyloxymethyl-2,2-difluorocyclopropylmethyl}-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(+)-10] The reaction was performed under the conditions as described for
4 using 3 (0,41 g, 1.80 mmol), triphenylphosphine (0.95 g, 3.60 mmol), N -benzoyluracil (0.78 g, 3.60
mmoi), 1,4-dioxane (/ ml) and DEAD (0.57 mi, 3.60 mmol) in 1,4-dioxane (20 m{). After evaporation of the

oh bv column chromatosranhy (silica sel. ethyl acetate/hexane 1.1\ 10 /N S5 & T10/)
SOlVCnIS an(l purlIILdl on Dy coiumin Cnromatograpiny (Silicd gel, Culyl attlale/neadle 1,1) 1v (V.JY g, /7170)
sxrna nbhtninad no an Al An +nm'nnfn/| with some 1mp ritiag that wers eacilv gonarated in the navt reartion cten:
wWad OULALIICU ad dll ULl CULILALIIIIAtivU Wil SULIIC HTTPULILIUD UidL WLV LASILY DVl Gl il Ul HIVAL IWAVIEVIL Stvp,

an analytical sample was obtained by column chromatography (silica gel RP-18, methanol/water 8:3); Rg
(ethyl acetate/hexane 1:1) 0.28; UV (methanol): A = 255.2 nm (log £ = 3.28); IR (film): v 3245w, 3090w,
3035w, 2870w, 1750s, 1705s, 1665v 1600m, 1390m, 1560w, 1530w, 1475m 1440s, 1365m, 12455, 1210m,
1180m, 1075m, 1030m, 1000m; II NMR (200 MHz, CDCl3): 8 7.91 (d, JHH 1.17, 1 H, H-C(6%)), 7.66-
7.27 (m, 10 H, phenyl), 5.63 (d, J“,H = 8.01, 1 H, H-C(5%)), 4.48 (AB system, Jxg = 11.6, 2 H, CH,-
phenyl), 4.08 (m, 1 H, CH,-N), 3.81-3.51 (m, 3 H, CH,-OBn and CH,-N), 2.14-2.02 (m, 2 H, cyclopropyl);



'>C NMR (100 MHz, CDCL): § 168.79 (s, CO benzoyl), 162.33 (s, C(2°)), 149.84 (s, C(4*)), 143.96 (d,
C(6%)), 137.25 (s, C; phenyl (Bn)), 135.14 (s, C, phenyl (Bz)), 131.49 (d, C,4, phenyl (Bz)), 130.44 (d,
Corho phenyl (Bz)), 129 25 (d, Cpesa phenyl (Bz)) 128.53 (d, Corno phenyl (Bn)), 128.20 (d, C,.r, phenyl
(Bw), 127.90 (d, Cpara phenyl (Bn), 112.79 (dd, Uer= 293.60, 281.43, CF), 102.27 (s. C(5°)), 73.03 (s,
CHj-phenyi), 62.08 (dr, ’JCF 4.14, CH,-OBn), 42.53 (d, /cr = 5.80, CH,-N), 25.02 (dt, ‘JC = 10.36,

FaVa RS ™ ATRATY 1T OO0 R AYY

LSy 24 , . .
C(3)), 23.68 (dt, “Jo = 10.36, C(1)); °F NMR (188 MHz, CDCly): 8 -126.4 (ddd, *Jyy = 166.31, 3JFH—

10.96, *Jp yy = 11.04, F), -150.83 (d, %Jp = 166.31, F*); MS (e.i., 70 eV): 426 (3.5%), 321 (64%), 215
(R7 200 10K (1104 1928 (7 A%\ 108 (K%Y O1 710004\ 77 (£704) LIRNMGQ ~nlad £n

AV i.L/yy, 87U \LL/70), 1Ld \F.7/0), LVUJ (OUAD), 71 \1VV/0), 77 \U4L70), NINLVIO Lailu, iof \/231_120\)41‘21‘2
426.1390; found: 426.1389

(1)-[(1 SR, 3 RS)-3-Benzyloxymethyl-2,2-difluorocyclopropylmethyl]-1,2,3,4-tetrahydro-2,4-
pyrimidinedione [(*)-11] A solution of 10 (0.56 g, 1.3 mmol) in methanol (20 m!) was treated with
ammonium hydroxide (6 m/) for 2 hours. The volatiles were evaporated and the remaining oil was subjected
to column chromatography (silica gel, ethyl acetate/hexane 1:1) to give 11 (0.4 g, 95%) as a white solid; mp:
93-94 °C; Ry (ethyl acetate/hexane 4:1) 0.33; UV (methanol): Apa = 266 nm (log € = 3.92); IR (KBr): v
3370s, 3175m, 3095m 3045m, 2880w, 2815w, 1960w, 1695s, 1665s, 1625m, 1580m, 1470m 1430m,

; NMR (400
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3./“H =3.25, 1 H, CH2-N), 3.77 (m, 2JH n=-10.8, 3JHH =4.62, 1 H, CH,-OBn), 3 63 (m, /H n = -14.68,
3 = 5.87, 1 H, CH,-N), 3.58 (m, “Jyyu = -10.8, °Jyyy = 6.96, 1 H, CH,-OBn), 2.11509/2.1136 (m,
Jucca, KD = =2.39, 2 H, cyclopropyl); BC'NMR (100 MHz, CDCLy):  164.19 (s, C(2* ), 151.10 (s, C(4*)),
144.14 (d, JCH =179.8, C(6%)), 137.20 (s, C, phenyl), 128.65, 128.63, 127.43 (each d, phenyl), 112.87 (dd,
JCF=282 33, CFy), 102.55 (d, 'Jou = 1744, C(5%), 73 03 (t, 'Jou = 174.4, CH,-phenyl), 62.15 (dt, Jcp—
422, 'Je = 142.06, CH,-OBn), 42.23 (dt, *Jor = 5.39, 'Jou = 144.32, CHp-N), 24.96 (dt, Jor = 10.36, 'Jou
= 165.2, C(3)), 23.82 (dt, “Jep = 10.36, 'Jcu = 165.2, C(1)); F NMR (470 MHz, CDCly): § -126.52 (ddd,
2 Jor = 164.66, ey = 12.87, e = 13.02, F), -151.02 (dd, “Jeg = 164.66, *Jyp = 1.43, F); MS (e.i., 70 €V):
321 (3.3%), 216 (51.6%), 196 (35%), 91 (100%); HRMS calcd. for CisH6N203F,: 322.1129; found:
322.1130.

(2)-[(1 SR, 3 RS)-2,2-Difluoro-3-hydroxymethyl-cyclopropylmethyl]-1,2,3,4-tetrahydro-2,4-

pyrimidinedione ( = (+)-1-(2,2-difluoro-3-hydroxymethyl-cyclopropylmethyl) uracil) [(+)-12] To a
solution of 11 (0.52 g, 1.61 mmol) in methanol (20 m/) were added cyclohexene (18.5 ml) and Peariman's
catalyst (1.24 g, 20 %) and the reaction mixture was heated at reflux for 4.5 hours. After filtration and
evaporation of all volatiles the remaining residue was subjected to column chromatography (silica gel, ethyl
acetate/methanol 3:1) to give 12 (0.11 g, 29 %) as a white solid; mp: 168-169 °C; R (ethyl acetate/prop-2-
OH 10:1) 0.33; UV (methanol): Apa, = 266 nm (log € = 4.07); IR (KBr): 3480s, 3163s, 3040s, 2940m,
2895m, 2800m, 1715s, 1660s 1470s, 1420m, 1395s, 1360s, I325m 12.85m, 1255s, 1235s, 1170s, 1130m

o sons = NN NI, © v O

1110m, 1080m, 1050s; 'H NMR (500 MHz, CD,0D): 8 7.58 (d, JHH~ 7.87,1 H, H- b(b )), 5.66 (d, JHH—
e
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m, JTHH:'}‘T.J'?, JHH = 0.00, 1 11, . 3
=11.79, 1 H, H-C(1)), 2.06 (m, 3JHH 11.79, 1 H, H-C(3)); ‘3CNMR (100 MHz,
2)\ 152.94 (s, C(4%)), 146.95 (d, "Jcp =1x 52, C(6*)), 115.10 (dd, 'Jo 5 = 291.4,
CF5), 102.71 (d, 'Jeq = 178.51, C(5°)), 5563 (dt, Jm: 5.63, Jey = 140.65, CH,OH), 43.14 (dr, *Jor =
5.83, J(*n 14355, CH;-N) 28.53 (d, 2Jer =10.36, Jcp = 159.64, C(3)), 24.92 (dt, ZICF—IO 76, Jon =
159.64, C(1)); F NMR (470 MHz, CD;0D): 8 -126.9 (ddd, “Jep = 164.93, *Jp y = 13.22, *Jpy = 13.28, F),
-153.12 (dd, Jrr = 164.93, *Jpp = 1.45, F€); MS (e i, 70 eV): 232 (21.3%), 215(100%), 201 (31.9%), 182
(39.7%), 158 (33.3%), 138 (53.2%), 125 (51.8%), 112 (35.8%), 95 (22.3%), 90 (25.5%), 82 (97.8%), 77
(20.5%), 69 (29.8%), 53 (23.8%); HRMS caled. for CoH;N,O3F,: 232.0659; found: 232.0659.



(¥)-4-Amino-1-[(1 SR, 3 RS)-3-benzyloxymethyl-2,2-diflucrocyclopropylmethyl]-1,2,3,4-
tetrahydro-2-pyrimidinone [(+)-13] To a suspension of 1,2,4-triazole (1.63 g, 23.6 mmol) in acetonitrile
(13 ml) POCl; (0.45 ml, 5 mmol) was added at 0 °C. After stirring for 5 min triethylamine (3.75 m/) was
added and stirring at 0°C was continued for an additional 1.5 hours. A solution of 11 (0.4 g, 1.24 mmol) in
acetonitrile (6 m/) was added at 0 °C. The temperature was kept at 0 °C for 30 minutes, then the reaction
mixture was allowed to warm to room temperature and was stirred for 5 hours. The filtrate was diluted with
ethyl acetate (50 m/) and the organic layer was washed successively with a saturated aqueous solution of

NaHCO; (10 ml). The volatiles were evaporated and the remaining oil was dissolved in 1,4-dioxane (6 m/) and
an aqueous solution of NH;OH (5 ml, 25%) was added. After stirring overnight the ammonia was evaporated
under reduced pressure and the residue was subjected to column chromatography (silica gel, ethy!
acetate/methanol 3:1) to afford 13(0.12 g 30%) as a white l'd; mp: 241-243 °C; Rg (ethyl acetate/prop-2-

2360w, 16605 1625s, 1525w, l480m 1385m 1280m 1220w 1205w 1180w. 1115w 1070m 1025w
1010w; H NMR (400 MHz, CD3;0D): & 7.42 (d, JHH =7.59, 1 H, H-C(6%)), 7.30-7.26 (m, 5 H, phenyl)
5.74 (d, *Jun =7.19, 1 H, H-C(5%)), 4.51 (AB system, Jap = 11.60, 2 H, CH,-phenyl), 4.07 (m, JHH =
-14.21, JHH =13.73, 1 H, CH;-N), 3.77 (m, JHH =-14.21, *Jyy = 8.07, 1 H, CH,-N), 3.74 (m, JHH—
-11 .79, JHH =7.10, 1 H, CH,-OBn), 3.67-3.61 (m, JHH— -11. 79 JHH— 8.50, 1 H, CH,-OBn), 2.24 (m,
J””— 11.90, 1 H, H-C(1)), 2.12 (m, ’JHH =11.90, 1 H, H-C(3)); >C NMR (100 MHz, CD;0D): 6 168.19
(s, C(4%)), 159.10 (s, C(Z%)), 147 25 (d, JCH = 181.15, C(6%)), 139.45 (s C, phenyi), 129.60, 129.15, 128 99
(each d, phenyl), 115.18 (dd, 'Jer = 291.14, 281.58, CF,), 96.02 (d, o =174.51 C(5%), 73.91 (1, JLH =

3 _ 1 _ ~ o . 3
143.39, CH,-phenyl), 63.74 (dt, "Jcr =4.93, Jcu = 145.06, CH,-OBn), 44.37 (dt,"Jcr =492, Joy =
2 2 _ -1, i
143,36, CH,-N), 26.27 (4!, Jop = 1076, Jou = 164.13, C(3)), 25.18 (d!, “J-r = 10.76, Jen =164.13, C(1));
19 . 2 _ 3 — 3 -
F NMR (188 MHz, CD;0D): & -124.07 (ddd, Jep = 16082, “Jpy = 14.62, Je = 1465, F), -149.75 (4,

2Jer = 160.82, F); MS (e.i., 70 eV): 322 (5.3%), 272 (3.2%), 230 (3.7%), 215 (61%), 200 (28.7%), 195
(100%), 164 (5.7%), 136 (24.1%), 125 (17%), 111 (40,8%), 91 (51.1%); HRMS calcd. for C;gH;70,N3Fy:
231.0189; found: 321.1289.

(3)-4-Amino-1-[(1 SR, 3 RS)-2,2-difluoro-3-hydroxymethyl-cyclopropylmethyl]-1,2,3,4-
tetrahydro-Z pyrimidinone (=1-(2,2-difluoro-3-hydroxymethyl-cyclopropylmethyl) cytosine) [(£)-14]

A

deprotection a solution of the benzyl ether 13 (0.31 g, 0,96 mmol) in methanol (15 m{) was ireated with

0.74 o. 20%) under reflux for 10 hours. The catalvst was
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chromatograp (silica gel RP-18, methanol/water 7:3) to afford 14 (0.02 g, 10%) as a white solid; mp: 199-
202 °C; Ry (ethyl acetate/prop-2-OH 3:1) 0.13; UV (methanol); A;..x = 275 nm (log £ = 3.86); IR (KBr): v
3380s, 2825m 16555, 1610s, 1525m, 1480s, l435m 1385s, 1285m, 1250m, 1205m, 1180m 1125m, 1045m,
1005m; 'H NMR (500 MHz, CDgOD) 8758, JHH =6.99,1H, H C(6%)), 5.87 (d JHH =6.99, 1 H, H-
C(5)), 4.17 (m JHH =-14.47, JHH— 6.92, 1 H, CH,-N), 3.83 (m JHH— -12.19, JHH =7.48, 1 H, CH,-
OH), 3.79 (m, JHH =-14.47, 3IHH =17.85, 1 H, CHy-N), 3.72 (m, JHH =-12.19, 3JHH =8.16, 1 H, CH,-OH,
2,21 (m, JHH—— 11.78, 1 H, H-C(1)), 2.04 (m, JHH= 11.78, 1 H, H-C(3)); *C NMR (100 MHz, CD;0D): )
168.17 (s, C(4* )) 159.19 (s, C(2%)), 147.32 (d, JC” = 179.35, C(6 ), 115.239 (dd, JC[: =291.49, 280 82,

CF,), 96.20 (d, JCH 174.62, C(5%)), 55 65 (dt, ’Jc £ =6.03, JCH = 143.71, CH,- OH) 44.46 (d1, 'JCF =
5.93 lJCH = 143 01, CH,-N), 28.54 (dt, /Cp =10.15, JCH =163.62, C(3)), 25.18 (dt, JCF = 10.66, JCH =
. 21 -

k]
- .8 11 4 A0 3 \ nar g 27
163.74, C(1 ), °F NMR (188 Mliz, CD30D): 6 -124.10 (dr, “Jrp = 164.48, "Jpu = 14.62, F), -150.87 (d, “Jer
= 164.48, F*); MS (ESI): 232.1 (M+1, 100 %), 254.1 (M+Na, 95 %); HRMS calcd. for CoH;,0,:N;3F;
231.0189; found: 231.0189

(*)-9-[(1 SR, 3 RS)-3-Benzyloxymethyl-2,2-difluoro-cyclopropylmethyl]-6,9-dihydro-1H-6-
purinone [(£)-15] Compound 4 (0.4 g, 1.09 mmol) was stirred with trifluoroacetic acid (80%,17 m/) at room
temperature for 19 hours, then the volatiles were evaporated under reduced pressure and co-evaporated with
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toluene (15 ml). The residue was dissolved in methanol (23 m/) and treated with NH,OH (2.8 ml, 25 %) for 2
hours at room temperature. Evaporation of the volatiles afforded the crude product, which was purified by
column chromatography (silica gel, ethyl acetate — ethyl acetate/methanol 4:1) to afford 15 (0.38 g, 99%) as
a greasy oil; Rg (ethyl acetate/methanol 3:1) 0.61; UV (methanol): Amay = 252 nm (log € = 3.99); IR (KBr): v
3245s, 3055m, 2865m, 1700s 1590m, 1555m, 1520m, 1475m, 1415m, 1385s, 1340m, 1285m, 1215s,

1190m, 1090m, 1030m; '"H NMR (500 MHz, CD;0D): 4 8.08 (s, 1 H, H-C(2%)), 8. 02 (s, 1 H, C(8 )) 7.34-
7.18 (m, S H, phenyl), 4. 502(AB system, ]AB = 11.99, 2 H, CH,-phenyl), 4.45 (m, JHH =-14.74, JHH =
~ 3

TN 1 I MIY TN A 1 £ T 1A ™A T — 077 1YY /IY T\ A N4 2 - o
7.05, 1 H, CH,-N )y 4Ll (M, Jyy = -14.74, JH’H =06.33, 1 1, UHy-IN), 3.51 (m JHH =-11.10,°J H ™= 0.03,
1TH CLI_._ONa) ‘IA'AImzl,,,,g_'l1 10 37 = Q00 1 LI MY ND.\ N AT ¢ 35 — 1A 1€ 1 IT XY 71\
1 0L, Laipsuwnily, 5.9% \Uit, JHH L1V, JHH = 0.07, 1 I, LIp-VUDIl), 2.4/ (M, Jyy =~ 1£.10, 1 11, H-U(1)),
2.1 (m 3] =12. I‘Z 1 H H-C(3)): PC NMR (100 MHz. CD-.OD): 8 158 68 (¢ (6N 140 Q7 (¢ (AN
T R U ) 1 Lky ARTNAW ) )y N ANAVAIN XV AVILLLy NAIGIES J. U LJ0WUO0 Oy WAV J ), 1TT,T7L4 0, U\T J),
146.37 (d JCH = 2072, C(2%Y), 141.44 (d, Uy = 21424, C(8Y)), 138.82 (s, cq phenyl), 129.11, 128.50,
!

128.47 (each d, phenyl), 124.79 (s, C(5 ), 113.69 (dd Jm: =291.28, 281.73, CF,), 73.46 (t, Jou = 142.12,
CHz-phenyl) 63 05 (dt J(‘p =4, 12 J(*H = 143, 73 CHTOBI’I) 38.20 (dt 3J(‘p = 5. 93 Jru = 144 64 CH7-
N), 25.95 (dt, 2Jcx = 10.56, JCH— 164.55, C(3)), 25.16 (dt, YJep = 10.16, 'Je gy = 165.35, C(); 9F NMR
(188 MHz, CD;0D): -124.31 (ddd, JFJ: =164.47, Jp,H = 14.62, 3JF,H =14.65, F), -150.21 (d, JF,F =164.47,
F*); MS (e.i., 70 eV): 345 (1.1%), 299 (1.1%), 277 (4.3%), 252 (5.7%), 240 (3.2%), 220 (2.1%), 207 (4.3%),
162 (15.6%); 122 (24.5%), 105 (92.5%), 91 (54.6%), 77 (100%); HRMS calcd. for C|7H140.N,4F5: 346.1241;
found: 346.1241.

@)-[(1 SR, 3 RS)-2,2-Difluore-3-hydroxymethyl-cyclopropylmethyl]-6,9-dihydro-1H-6-
nrinone [(£)-16] A mixture of 18 (0. 38 g, 1.1 mmol), cvvlnhmmnp (12.5 ml\ and Peariman ‘s catalvst (085

one mixture of 15 (0.38 g, 1.1 mmol), cyclohexene and Pearlman s catalyst (0,85
g, 20%) in methanol (13 ml) was heated under reflux for 4 hours. The ﬁltrate was concentrated jn vacuo and
the remaining residue was subjected to column chromatography (silica gel, ethyl acetate/methanol 4:1) to
afford 16 (0.13g, 46%) as a white solid; mp: 270-271 °C; Rg (ethyl acetate/methanol 3:1) 0.31; UV
{methanol): Apa = 252 nm (log € = 4.04); IR (KBr): 3390s, 31255, 3050s, 2855s, 1675s, 1595s, 1550s,
1475s, 14155, 1350s, 12905, 1220s, 11755, 1120s, 1050s; 'H NMR (500 MHz, CD;0D): & 8.10 (s, 1 H, H-
C(2), 8.05 (s, 1 H, H-C(8%)), 4.52 (m, *Jou= -14.88, Jun = 7.60, 1 H, CHy-N), 4.45 (m, Jun = -14.88,
JHﬁ =8.04, 1 H, CH,-N), 3.90 (m JHH =-12.27, JHH— 7.28, 1 H, CHz-OH) 3.75 (m, JHH——12 27, JHH
=7.67, 1 H, CH,-OH), 2.42 (m, *Jup = 12.04, 1 H, H-C(1)), 2.11 (m, JHH 12.04, 1 H, H-C(3)); 13CNMR

(100 MHz, CD;0D): & 159.18 (s, C(6°)), 150.40 (s, C(4*)), 146.90 (d, 'Jo i = 207.2, C(2°)), 142.03 cs Ve
=213.84, C(8°)), 125.35 (s, C(5%)), 114.365 (dd, "Jcr = 291.33, 281.38, CF,), 55.54 (dr, *Jer = 5.43, Uey =
137.89, CH,-OH), 38.70 (dr, *Jcr = 6.64, 'Joy = 142.93, CH,-N), 28.59 (dt, “Jor= 10.36, 'Jcy = 165.76,
C(3)), 25.68 (dt, *Jeg = 10.76, 'Joy = 177.73, C(1)); ‘9F NMR (470 MHz, CD;0D): 8 -127.00 (ddd, *Jg r =
165.08, *Jpp = 12.48, *Jp g = 12.56, F), -154.01 (dd, *Jpp = 165.08, *Jp s = 1.48, F*); MS (e.i., 70 eV): 257
(21.2%), 240 (11%), 226 (6.4%), 207 (13.1%), 163 (7.1%), 150 (262%) 137 (100%), 110 (27.7%), 91
(24.1%), 77 (28.7%); HRMS calcd. for CoH,g0,N4F: 256.0772; found: 256.0771.

(£)-3-Benzoyl-1-[(1 SR, 3 RS)-3-benzyloxymethyl-2,2-difluorocyclopropylmethyl}-5-fluoro-
1,2,3,4-tetrahydro-2,4-pyrimidinedione [(x)-17] The reaction was performed according to the Mitsunobu
reaction as described for the preparation of compound 4 using 3 (0,54 g, 2.35 mmol) in 1,4-dioxane (3 ml),

13 4 P
N’-benzoyl-5-fluorouracil (1.1 g, 4.7 mmol), triphenylphosphine (1.23 g, 4.7 mmol) and DEAD (0.74 ml, 4.7

mmol) in 1,4-dioxane (20 m/). After stirring overnight the solvent was evaporated, the residue was purified

hy caliimn o romato oranhv (ethv] acetate/hevane 1N and 17 (0 76 o 7'20A\ was ohtained ac a colorlece nil- R
UJ WASELAIIAN] wRRIUURRLY l\lslu}ll‘] \\I‘ll’ 1 UWWw WAL/ LAWARALLY L . -/I BAANG BT \V A4 5, THALD VUMALLIVM WJ W WWVAVL LAWY Vil ‘\r

(ethyl acetate/hexane 1:1) 0.40; UV (methanol): Amax = 256 nm (loge= 4 30); IR (film): v 3370w, 3070w,

2870w, 1755s, 17155, 1670s, 1600m, 1475m, 1450m, 1365m, 1250s, 1180m, 1075m, 1030w; 'H NMR (400
MHz, CDCl3) 6 7.82 (4, 3JHH =8. 43 1 H, H-C(6°)), 7.58-7.19 (m, 10 H, phenyl), 441 (AB system Jag =

11.78, 2 H, CH,-phenyl), 3.93 (m, *Jun = -15.29, *Jyu = 5.89, 1 H, CH,-N), 3.69 (m, JHH——IS 29, JHH—
7.08, 1 H, CH,-N), 3.68 (m, JHH—- -11.49, 3JHH—597 1 H, CH,-OBn), 3.49 (m, JHH =-11.49, JHH—

8.27, 1 H, CH,-OBn), 2.06 (m, “Juy = 11.07, 1 H, H-C(1)), 2.01 (m, *Jyy = 11.07, 1 H, H-C(3)); °C NMR

52
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(100 MHz, CDCls): 6 167.36 (s, O=C-phenyl), 156.22 (d, JCF =27.36, C(4%)), 148.32 (s, C(2)), 139.86 (d,
lJc F = 239.99, C(5%)), 137.15 (s, C; phenyl (Bn)), 135.43 (s, C, phenyl (Bz)), 130.93 (d, C,arq phenyl (Bz))
130.41 (d, Cypupo phenyl (Bz)), 129.22 (d, C,pery phenyl (Bz)), 128.50 (d, C,,m, phenyl (Bn)), 128.45 (dd, JC F
= 33.56, C(6%)), 128.00 (d, C,neiz phenyl (Bn)), 127 78 (d, Cparq phenyl (Bn)), 112.61 (dd, Jc F=29239,
280.72, CFZ) 72.91 (t, CH,-phenyl), 61 91 (dt, JCp =412, CH2 -OBn), 42.48 (dt, JJCF = 5.43, CH;-N),

z4 99 (at, 'Jcp = 10.36, C(3)), 23.36 (dt, “Jor = 10.36, L(l)}, "F NMR (188 MHz, CDCl;): & -126.23 (ddd,

JF,F = 164.44, -JF,I{ = 10.84, FH™ = 10. 96 F) -150.54 (d FF = =164 4, ) -166.15 (s ( , F- C(S )) MS (C 1.,
TN AU\ AAA A 20/ 220 71L£ A/ 210 /D DO/ NADY 77T 19/\ NTA 7L 7T0/N 1 AN 1 An/\ TND f1NANN/N N1
VLV 299 (.070), 207 (1V.470), 2010 \4&.770), 4233 \2/.170), 214 {O./70), 14D 470), 10D (1UU‘70), Yi
(AR K94 77 (A Q0L HRNS palad far O 1T N NLE. - A4A4 1296: found: 444.1295
(Vo Il.lj, 77 \JU;U /U}, LAAINAYLLD valvul,. 1UL \./Zj.l..l.lg\_’q,l‘zl 3. T L LT U, lumlu TR 1 LT,

(£)-1-[(1 SR, 3 RS)-3-Benzyloxymethyl-2,2-difluorocyclopropylmethyl}-5-fluoro-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(+)-18] According to the procedure given for 11 compound 17 (0.52 g,
1.17 mmol) was dissolved in methanol (10 m/) and treated with NH4OH (20 ml, 25 %) for an hour.
Purification by column chromatography (ethyl acetate/hexane 1:3) afforded 18 (0.36 g, 90%) as a colorless
oil; Rg (ethyl acetate/hexane 1:1) 0.28; UV (methanol): Apa = 273 nm (log € = 3.70); IR (film): v 3185w,
3065m, 2870w, 17155, 1475m, 1370m 1285m, 1245s, 1205m, 1180m, 1090m, 1075m, 1030m; 'H NMR

AN moxTY Pt 2 UG A e ~ an c L e} ~ T

(400 MHz, CD3;0D): 6 7.80 (s, 1 H, H-C(6°)), 7.33-7.22 (m, phenyl), 4.51 (AB system, Jag = 11.72, 2 H,

1

\an-pncnyl), 4.03 (m 1 H, bl’lz-l‘d}, J 60 J DU \m, 2 l‘l bl‘lz-l‘i dIlU LHZ‘UDD), 3. /':i 3.67 (m i 1‘1 Lﬂz-

OBn), 2.35-2.19 (m, 2 H, cyclopropyl) ¥C NMR (50 MHz, CDCL): § 157.21 (d, JCF = 26.20, C(4%)),
1 Q0

149 66 (5. C(2°N). 140.5 fl ly =138 17 (‘(ﬁ‘\\ 136.98 (s. C_ phenv]). 128 86 (4 2 .. =136 C(6'N
LTZUVU (U (&L JJy LTV \ u(_,r LTk Ty Ny JJs AIVIU Wy g PLINILYL), LAU.OVU (U, J(CF TXT. s NV JJ,
128.57, 128.11, 127.85 -h d, phenyl), ”2.65 (dd," Jor = 292.88, 282.07, CF,), 73.12 (r, CH;,-phenyl),

62.02 (dt, 3er =3.77, CH7-OBn) 4239 (dt, *Jo = 543, CHp-N), 25.17 (dt, JJer = 10.05, C(3)), 23.78 (d,
2Jc¢ = 10.76, C(1)); '°F NMR (188 MHz, CDCL): § -126.37 (ddd, sz = 164.44, *Jp 11 = 14.58, Jp y =
14.66, F), -150.58 (d, >Jip = 164.44, F*), -166.44 (s, F-C(5)); MS (e.i., 70 €V): 340 (6.4%), 234 (8.5%), 214
(9.5%), 176 (1.8%), 155 (3.5%), 143 (8.9%), 130 (8.2%), 107 (9.2%), 91 (100%), 85 (28.7%); HRMS calcd.

for Cy¢H;503N,F3: 340.1035; found: 340.1034.

(»)-[1 SR, 3 RS) -2,2-Difluoro-3- hydroxymethyl cyclopropylmethy )-5-fluoro-1,2,3,4-
PRy sown s [ B JIE TR au s g LI f— 1L l £V _Aiflennwen 2 b A werzaen el nernlasmensierloee ndhe. Y &
weiranyu U'A,‘l' pyr luuuuwuwuc | Gl L) 1= &y&«=QILIUVI U'J uyun VAYHICLIIYISVYLIOPDIUpPYILICIIAY ) -~
ﬂ- nl‘nlll‘ﬂl‘“\ [l \=‘ 0] Dﬂm[\‘l‘]] (\““f}!lﬂ knnml‘ TrNIIM 117/9Q nNo l'\mlnl" agQ f‘[‘ﬂl"r“k[‘ nr ‘F’ 1'\‘7 “"‘ﬂﬂ"’;ﬂﬂ 1Q {n ,’0
IludvIvul “\rll’ l\ ’ l!] ANWIEEIVU Y AL UL Ww UUIILAJI IUU}I YYD y\dl AWV A0 MW OWwl 1UWAL IV B de UJ ll\/utllls A \U.‘-I
g, 0.85 mmol) with cyclohexene (10 m/) and Pearlman''s catalyst (0.66 g, 20%) in refluxing A.ethnnnl (7 .m/)

! riman's ca 1g 10!
for 4.5 hours. After column chromatography (silica gel, ethyl acetate/hexane 5:4) 19 (0.11 g, %)
obtained as a greasy oil; Ry (ethyl acetate/hexane 1:1) 0.18; UV (methanol): Ay.x =273 nm (log € = 3.91); IR
(KBr): v 3455m, 3180m, 3120m, 3050m, 2820w, 2560w, 2305w, 1690s, 1660s, 1480m 1465m, 1375m,
1350m, 1265m, 1240s, 1195m, 1170m, 1125m, 1110m, 1085w, 1035m, 1010m; '"H NMR (500 MHz,
CD;0D): 8 7.82 (d, 3JHH = 6.39, H-C(6%)), 4.08 (m JHH~ -14.87, JHH =7.23, 1 H, CH,-N), 3.85 (m “Jan
=.12.17, JHH 7.10, 1 H, CH,-OH); 3.83 (m I'HH =.14.87, 3IHH =17.56,1H, CHZ-N) 3.70 (m, JHH—
-12.17, ’JHH = 8.41, 1 H, CH,-OH), 2.19 (m, JHH— 11.61, 1 H, H-C(1)), 2.07 (m, JHH— 11.61, 1 H H-
CQ3)); e NMR (100 MHz, CD;0D): c 159,86 (d, ‘JCF 26.15, C(4%)), 151 51 (s, C(29)), 141.84 (d, JCF =
233.75, C(5%)), 130 75 (d, JC =334, JLH— 163.85, C(6 )), 114.98 (dd, JCF =291.74, 281.38, CF,), 55.48

F=
T -— T AN 144 N1 MTY MNTTY A% 10 7 14 — £ 01 Y O MNIT AN "sOAn/th —_

(at, Jcg =245, Jc,H 144.21, CnpUny, 430106 (at, ICF =3.03, JCH = 144.9, CH,-N), 28.40 (d, JCF
006 17 —1£87 (1N A ET(A4r 21 =1080& 7. =165 10 N 9% NNMR 7470 MIT> CDL.ODY- &
7,70, JCH 100.537, C\1)), £,/ \&i, JCF 1V.0U, vCH 1UJ 11Uy UAJTJ)y, 1 INIVIN T/ U VML, s sir j. U
12638 (dt, v = 164,61, > = 12.5, 2 Fo = 127, F), -152.60 (dd, “Jp 5 = 164.61, *Jpyy = 1.52, F*), -169.67
. 12.5, Jeu=12.7,F),-152.60 (dd, "Jr = 164,61 , Jru=1.52, F°), -169.67

TO Uiy v r,r

‘ i
(d, JFH =6.11, F-C(5%)); MS (e.i., 70 eV): 250 (23%) 23
(67%), 143 (61%), 130 (77%), 113 (19%), 100 (100%), 9
caled. for CoHoN,O5F3: 250.0565; found: 250.0565.

F"UJ

(74%), 219 (60%), 200 (31%), 176 (23%), 153
(42%), 87 (52%), 77 (69%), 71 (21%); HRMS
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Dedicated to Professor Dr. Werner Schroth on the ocassion of his 70° birthday. Ad multos annos!
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under these conditions.
N-Benzoyl-thymine (3-benzoyl-5-methyl-1H-pyrimidine-2,4-dione) was obtained by benzoylation of
thymine with benzoyl chloride/pyridine for 2 h at 80°C in 40-50% yicld after recrystallization from
ethanol; mp 215-217 °C (lit.: 215 °C, Novacek, A.; Hesoun, D.; Gut, J. Coll. Czech. Chem. Commun.
1965, 30, 1890-1899; interestingly enough, a strongly deviating mp of 150-152°C has been reported
for this material by Cruickshank, K.A.; Jiricny, J.; Reese, C. B. Tetrahedron Lett. 1984, 25, 681-684);
selected analytical data: 1H NMR (200 MHz, CDCl3): & 8.88 (br s, 1 H, NH), 7.65 (m, 1 H, Hpara),
7.05 (m, 1 H, H-C(6)), 7.93 (m, 2 H, Hortho), 7.49 (m, 2 H, Hmera), 1.92 (d, 4Jy,q = 1.2 Hz, 3 H,

CH3); 13C NMR (50 MHz, DMSO-dg): & 170.22 (s, CO of Bz), 163.66 (s, C(2)), 150.07 (s, C(4)),
nro CO/\ MND FE51 A0LN 1cn 7 QO/\
U{0.J70), 4V \J1.7/0), 1OV /.070),
1

1 7 / 1
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Letr. 1991, 32, 7029-7032; Hossain, N.; Rozenskl I.; De Clercq, E; Herdewx_]n P. J Org Chem.
1997, 62, 2442-2447; Alexander, P_; Knshnamurty, V. V.; Prisbe, E. 1. J. Med. Chem. 1996, 39, 1321-
1330; Drake, A. F.; Garofalo, A.; Hillman, J. M. L.; Merlo, V.; McCague, R.; Roberts, S. M. J. Chem.
Soc. Perkin Trans 1 1996, 2739-2746.
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N-Benzoyl-uracil (3-benzoyl-1H-pyrimidine-2,4-dione) was obtained by benzoylation of uracil with
benzoyl chloride/pyridine followed by the debenzoylation of the 2,5-di-N-benzoyl derivative with
0.25 M K2CO3 in dioxane/water and showed a mp 202-215°C (lit.: mp 148-149°C by Cruickshank,
K.A,; Jiricny, J.; Reese, C. B. Tetrahedron Letr. 1984, 25, 681-684, 200-202°C by Novacek, A.;
Hesoun, D.; Gut, J. Coll. Czech. Chem. Commun. 1965, 30, 1890-1899; 216°C by Pitha, P. J. Org.

1TY AT™ #9% r-n/ =&Y S W iaTa

Chem. ivos, 33, 1341); selected analytical data: *H NMR (DUU MHz, DMSO-dg): 6 11.62 (brs, 1 H,
I-":TT "7 50 [z MO :FlﬂfJQr _'1'1"'71'_
NI}, /.70 (M, £ 11, ortho} 7.84-7.58 (m, 4 r1 nmeta, npara, n-p(o)}, JiE\4,JHH T /.10 HZ, i n,

H-C(5)); 13C NMR (50 MHz, DMSO-dg): 8 169.98 (s, CO of Bz), 162.90 (s, C(2)), 150.03 (s, C(4)),
143.25 (d, C(6)), 135.36 (s, Cg of Bz), 131.31 (d, Cpara), 130.16 (d, Corino), 129.46 (d, Crera), 100.07

b 122.20 88, g 12V 10 G, ‘-’UI'"IU}’ LLFZSONG, meia) LVVeVT

6
(d, C(5); MS (e.l., 70 eV): 216 (7 8%\ 188 (56 7%) 146 (5&), 105 (100%); HRMS calcd. for
C11HgO3N»: 216 0534 found: 216.0535. It has previously been used in Mitsunobu reactions, cf.
Altman, K.-H.; Schmit-Chiese, C.; Garcia-Echeverria, C. Bioorg. Med. Chem. Lett. 1977, 7,1119-1122,;
Capaldi, D. C.; Eleuteri, A.; Chen, Q.; Schinanzi, R. F. Nucleosides Nucleotides 1997, 16, 403-416;
Perez-Perez, M.-].; Rozenski, J.; Busson, R.; Herdewijn J. Org. Chem. 1995, 60, 1531-1537.
Kalinichenko, E.N.; Rubinova, E. B.; Borisov, E. V.; Balzarini, J.; De Clercq, E.; Mikhailogulo, 1. A.
Nucleosides Nucleotides 1995, 14, 533-536; Perez-Perez, M.-J.; San-Felix, A.; Balzarini, J.; De Clercq,
E.; Camarasa, M. J. J Med. Chem. 1992, 35, 2988-2995; Sells, T. B. Nair, V. Tetrahedron 1994, 50,
117-138.
Gourdel-Martin, M.-E.; Huet, F. J. Org. Chem. 1557
N-Benzoyl-5-fluoro-uracil (3-benzoyl-5-fluoro-1H-pyrimidi i was o by
benzoylation of 5-fluoro-uracil with benzoyl chloride/pyridine for 1h (Lucey, N. M.; McCorrmck J.
E.: M(\Flhm.ney’ R. 8. J. Chem. Soc. Perkin Trans. 1 1990, 795-802) and showed a mp 163-165°C
(ht 148-152°C by Yamashita, J.-1.; Yamawaki, [.; Ueda, S.; Yasumoto, M.; Unemi, N.; Hashimoto, S.
Chem. Pharm. Bull 1982, 30, 4258 -4267), mp 165 167 (by Lucey, N. M., et al., vzde sSupra) or mp
170°C (Ishida, T.; Nishimura, D.; Sugawara, T.; Ooka, T. Ger. Offen. 2602175 (Chem. Abs. 1977, 86,
16695s)); selected analytical data: 'H NMR (500 MHz, CD30D): d 8.05-7.98 (m, 2 H, Hypiho), 7.79-
7.43 (m, 4 H); 13C NMR (125 MHz, CD30D): § 169.17 (s, CO of Bz), 158.74 (d, 2Jc F = 27.9,
C(4)), 150.40 (s, C(2)), 14135 (d, lJc r = 232.4 Hz, C(5)), 136.54 (s, C4 of Bz), 132.68 (d, Cpara),
131.51 (d, Cmeta), 130.43 (d, Cortho), 127.64 (dd, 2Jc F = 32.9 Hz, C(6)); 19F NMR (188 MHz,
CD3OD) 6 168 73 MS (ei 70 eV)' 234 (11 3%), 206 (11 3%), 130 (14.9%), 105 (100%); HRMS
4 ; previously used in Mitsunobu reactions:

A T . ialea T o Qemanl Aan At
ki, J.; Wiebe, L.; Snoeck, R.; Andrei, G.;

)‘

Py . PN +al T o
verneggcn I.; Van Aerschat, A.; Van 1v1ccrvc1t, L.; Rozen:
S PR BRI J.: De Clerca. E. J Med Chem. 1995. 38. 826-835
Dau.cuuu, vy LIC CICIVY, L MG, L. A7 7J, JOU,y VLUTOIJ.

To obtain several compounds in an enantiomerically pure form a suitable HPLC system (Merck-

Hitachi L7450/L.7250/L.7100/D7000 instrument; UV detection at 265 nm or 255 nm) had to be
established and the Daicel Chiralcel OD-column (4.6 x 250 mm, 10pum, Daicel Chemical Industries,
flow 0.8 ml/min, 19-20 kg/cm ) using hexane/prop-2-OH mixtures as eluents were shown to give
excellent results. We are indebted to Dr. K. Mohr and Mrs. R. Ziehn for their valuable assistance with

these HPLC investigations.



