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Abstract: Novel cyclopropane nucleosides, cis-2',cis-3'-bis(hydroxymethyl)cyclopropyl thymine 4a
and adenine 4b were synthesized. The stereoselective ring contraction of cyclobutyl bromohydrin 8

afforded t‘\)r‘lnr\rnnul aldehvde @ with a ric ric confiouratinon After oxidation. conversion to amide and
ahioraed CyCiopropy! aidenyae 2 wilh a cis,cis contiguration. Alter oxigation, conversion (o amude and

Hofmann's rearrangement, methyl carbamate 12 was obtained. Its basic hydrolysis yielded amine 13,

then the target molecules were obtained by construction of bases. © 1999 Elsevier Science Ltd. All rights
reserved.

Over the nact decade carhnevelic niiclancidec ave facrncad mane attantinn in arder ta find new antitnimaor
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activities.

More recently, cyclopropane nucleosides have also been found to be potential candidates, as this strained
three-membered ring was known to be involved in many enzymatic processes.’ In this field, reported
compounds could be divided in two families. The first ones have the base moiety directly linked to the ring.*'¢
The other ones possess a spacer between the base and the ring, which could be either a methylene'”” or an
unsaturated*"** group.

We have been particularly interested in the 1,2,3-trisubstituted compounds. Katagiri et al. have reported”
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the synthesis of analogues 1 and 2 using a cyclopropanation reaction, but this methodology could only lead to

trans derivatives (Figure 1).
To the best of our knowledge, the cyclopropyimethyl analogue 3 is the only one possessing a cis,cis

configuratlon” but this compound was found to be inactive. We found interesting to try to bring the base closer

to the ring in order to test if these hindered molecules 4 were accessible and (o evaluate their biological activities.
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selectively converted into bromohydrin 8
stereoselective C,-C, ring contraction gave aldehyde 9 exclusively, as aiready demonstrated elsewhere.'”
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Scheme 1
Aldehvde 9 was then oxidized to acid 10 with Jones' reacent (Scheme 2) eaction of 10 with ethvl
LEENyae 7 was then oxidized to acid 10 wilh Jones reagent (scheme Z). keacuon of 10 wilh eyl

7
chloroformate in the presence of triethylamine, followed by treatment with ammonia afforded amide 11.
Hofmann's rearrangement was achieved with bis(acetoxy)iodobenzene™ leading to methyl carbamate 12
whereas attempts with other reagents such as lead tetraacetate or bis(trifluoroacetoxy)iodobenzene gave bad
results. Finally, basic hydrolysis provided cyclopropylamine 13, the key intermediate for the synthesis of
pyrimidine and purine nucleosides.
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A pyrimidine nucleoside was prepared using the methodology initially developed by Shaw and Warrener.”
The reaction of amine 13 with B-methoxy-o-methylacryloyl isocyanate gave intermediate 14 (Scheme 3). The
cyclization to thymine derivative 15 was carried out with aqueous ammonia in methanol under pressure.
Subsequent debenzylation with boron trichloride afforded thyminyl analogue 4a.
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A purine nucleoside was synthesized by the modified procedu, e reported by
1

coupling with 5-amino-4,6-dichloropyrimidine gave poor yields, and cyclization with
triethylorthoformate in the presence of HCI resulted only in degradation products. Treatment of 17 with
ammonia in methanol under pressure gave adenine derivative 18, which provided adenyl nucleoside 4b after
debenzylation with boron trichloride.

The relative configuration of all compounds was proved by '"H NMR NOE experiments giving for 15,
8.6% enhancement for H-2' and H-3' upon saturation of H-1', and for 18, 9.0% enhancement for H-2' and

H-3" upon saturation of H-1'". Another convincing confirmation of these configurations was through comparison

between the vicinal coupling constants of the cyclopropane moiety for 4a and 4b with those" for the other
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Although the compounds described during all the synthetic route were rather strained, they were found to
be thermally stable except in strong acidic medium. In this paper, we describe the novel preparation of cis,cis-
trisubstituted cyclopropane nucleosides 4a and 4b obtained in fair overall yields (8% and 4%, respectively)
considering the relative steric hindrance. Biological tests showed that these compounds did not have antitumor
properties.

EXPERIMENTAL

General. All non-aqueous reactions were carried out under nitrogen atmosphere. All melting points are
uncorrected. IR spectra were scanned on a FT infrared spectrophotometer. 'H and “C NMR were recorded on a
Bruker AC 400 instrument at 400 and 100.6 MHz, respectively. Chemical shifts are reported in ppm downfield
from TMS which was used as an internal standard. Elemental analyses were obtained from the service de

microanalyse, CNRS ICSN, Git-sur-Yvette. High resolution mass measurements were performed at the
CRMPO, Rennes.

cis-2,cis-3-Bis(benzyloxymethyl)cyclopropanecarboxylic acid (18). Aldehyde 9 (2.50 g, 8.05
mmol) in acetone (25 mL) was cooled to -10°C. Jones' reagent™ (10 mL) was added dropwise and the mixture

o

was stirred at -5°C for 0 h. The suspension was fiitered through celite and acetone was removed under reduced
pressure. The resulting aqueous solution was extracted with ether (3 x 40 mL). The combined organic layers
were extracted with IM NaOH (2 x 40 mL). The basic phase was reaciditied with concentrated H,SO, to pH=2
and extracted with ether (3 x 50 mL). The etheral phases were dried over MgSQ,, evaporated to dryness, and
purification by column chromatography (silica gel, CH,CL/EtOAc 3:1; R, = 0.50 (CH,CL/EtOAc 1:1)) afforded
acid 10 (1.87 g, 71%) as a white solid: mp 57-58°C (petroleum ether); IR (KBr) 3446, 1687, 1452, 1230, 1076

m’; 'H NMR (CDCl,) § 7.34-7.25 (m, 10H, 2xCH,), 4.49 (m, 4H, 2xbenzylic (AB system), J = 11.8 Hz),

386 ¢ dd 2H FH =103 62 HzY 370 (dd 2 C =103 74Hz), 194(dd I1H H-1. /=03 7.9
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cis-2,cis-3-Bis(benzyloxymethyl)cyclopropanecarboxamide (11). A solution of acid 10 (1.80 g,
5.51 mmol) and Et;N (0.92 mL, 6.62 mmol) in dry THF (45 mL) was stirred at -5°C. To this cooling mixture,
ethyl chloroformate (0.63 mL, 6.62 mmol) was added dropwise and stirring was continued for 1 h at -5°C. A
saturated solution of NH; in THF (60 mL) was then carefully added at -5°C and stirring was pursued for 1 h at
0°C. The reaction mixture was allowed to warm to room temperature, stirred for 2 h and filtered. The filtrate was
concentrated and the residue was purified by column chromatography (silica gel, CH,Cl/EtOAc 2:1; R, = 0.20)

tn oive 11 (1 A7 o QOGN $aw vhita el mn RO_01°0" (havana/FtYA~Y TR (KR 2401 1A 1110
(AW EIVU A8 \1.7vJ 5, DL /U ) L LRILGC DV, L1 07771 o UICAUIGILANI ML ], 1IN \INLIL ] JTTU L, L, ind s 111V,
TNLL el TP ATRAD /nn | 7 G 7T NQ s TATT A 1T N £ 70 fla. o 1L RIITYN & 277 /i 11T NIIW A &1
oo cm ', i Nvir (LD 1) 6 7.38-7.2 (m, 1un, Z2XUrg), 0.56 (br s, in, Nm), 5.0/ (0r 8, 1, INf), 4.01
(m, 4H, 2xbenzylic (AB system), J = 11.9 Hz), 3.86-3.76 (m, 4H, 2xCH,), 1.80 (t, iH, H-I, /= 8.7 Hz),
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Methyl N-[cis-2,cis-3-bis(benzyloxymethyl)]cyclopropylcarbamate (12). Carboxamide 11
(1.30 g, 3.99 mmol) was added to a stirred solution of KOH (0.56 g, 9.98 mmol) in MeOH (30 mL). The
mixture was cooled to 5°C and bis(acetoxy)iodobenzene (1.31 g, 4.00 mmol) was added in one portion. The
solution was stirred at ice-bath temperature for 15 min followed by warming to room temperature for an
additional 2 h. MeOH was then removed in vacuo and the yellow residue was partitioned between H,O (70 mL)
and CH. Ci (30 mL). The aqueous layer was extracted with CH,CL (2 x 30 mL). The combined organic extracts

JY 11 el 1S 1Ay 295815 2 LRRIIUINLA L Al ALl

were washed with H,0 (30 mL) and brine (30 mL), dried over MgSO,, and evaporated under reduced pressure.

Tha eacizléimea o Ay i I TS PSS RN ARy G LI | -~ _L--_m.-n* YA 2 M), D NN i~
1 HC 1C3UULIE 1 DLUUL was puuucu l)y COTUInmn Ciror ldl()gl'dl Ily {S1HCA gcl L CHOTICXATIC/ DIUAL A.l, ﬂ/ = U.LU)} W)
yield 12 (1.11 g, 78%) as a colorless oil: IR (neat) 3413, 2863, 1733, 1498, 1454, 1232, 1091 cm” ; 'H NMR

(CDCl,) & 7.38-7.27 (m, 10H, 2xC.H;), 5.29 (br s, 1H, NH), 4.47 (m, 4H, 2xbenzylic (AB system), J = 12.8

Hz), 3.70-3.60 (m, 7H, 2xCH, and CH,), 2.83 (t, 1H, H-1, J = 7.0 Hz), 1.55-1.42 (m, 2H, H-2 and H-3);
“"C NMR (CDCl,) 8 158.1, 138.0, 128.4, 127.7, 72.9, 65.7, 52.2, 30.5, 19.7; Anal. Calcd for C, H,,NO,,
0.2 H,0: C, 70.25; H, 7.13; N, 3.90. Found: C, 70.28; H, 6.97; N, 3.65.

cis-2,cis-3-Bis(benzyloxymethyl)cyclopra
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he aqueous layer was extracted with CH,CI, (5
he combined organic phases were washed with brine (30 mL), dried over MgSO, and evaporated
under reduced pressure. The residue was purified by column chromatography (silica gel, cyclohexane/EtOAc
1:1; R, = 0.40) to afford 13 (1.06 g, 83%) as a pale yellow oil: IR (neat) 3500-3400, 1454, 1089, 1074 cm™; 'H
NMR (CDCl,) & 7.34-7.25 (m, 10H, 2xCH,), 4.50 (m, 4H, 2xbenzylic (AB system), J = 11.8 Hz), 3.74-
3.66 (m, 4H, 2xCH,), 2.66 (t, 1H, H-1, J = 6.9 Hz), 1.44 (br s, 2H, NH,), 1.25-1.19 (m, 2H, H-2 and H-3);
“C NMR (CDCl,) § 138.5, 128.3, 127.8, 127.6, 72.9, 65.4, 30.4, 20.1; HRMS Calcd for C,,H,,NO, [M -
CH,C H,]": 206.1181. Found: 206.1183.

Toie?!' vic. 3" Riorhonrvilnvvmothuvl\rurnloneranvll . 202" _mothavv.?'"'.mothvlorrviovwuron
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(

3.50 mmol) in dry benzene (3.5 mL) was heated under reflux for 30 min. The mixture was then cooled to 0°C
and the supernatant liquor was added to amine 13 (0.30 g, 1.00 mmol). The solution was stirred for 20 h at
room temperature and concentrated. The residue was purified by column chromatography (silica gel,
cyclohexane/EtOAc 1:1; R, = 0.25) to yield 14 (0.40 g, 90%) as a white solid: mp 101°C (Et,0); IR (KBr)
3262, 1685, 1673, 1610, 1455, 1253, 1128, 1097 cm’' ; '"H NMR (CDCl,) 8 9.11 (br s, 1H, NH), 8.33 (br s,
IH, NH), 7.38-7.25 (m, 11H, 2xC,H, and CH=C), 4.58 (d, 2H, benzylic (AB system), J = 11.3 Hz), 4.46
(d, 2H, benzylic (AB system), J = 1.8 Hz), 3.85 (s, 3H, OCH,), 3.71-3.61 (m, 4H, 2xCH,), 3.02 (1d, 1H,

H-1' J =74, '70”7\ 1.78 (5. 3 CH.). 1.56-1.51 (m. 2H. H-2' and H-3"): n(1 NMR (‘n .Y 8 196.0,
n-i, 2RZ), 184S, 20, L), 100000 I, 2n, -2 n-2) VI (LD L) 0 150
18Q £ 185 Q 12Q "D 17Q 2 177 Q 177 & 1mnN7 1 I N L8 7 A1 A 10 A 10 4 QRY~: Anal (Cal~ad fAr
138.3, 133.7, 1J30.4, 1£06.3, 14i/.7, 1£1.0, 1U/.1, [1J2.U, UJ3./, Ul.%4, «7.0, 17.%, 0.0, Alldi. LalQG 101
ral bl § AT M el £ A™ TTr £ 0N AT FsX*) - 1, Fa s Xe) A 5 ¢ LMo AT Farag)

G, H( (N,Og: €, 68.47; H, 6.89; N, 6.38. Found: C, 68.18; H, 6.78; N, 0.01.
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1-[cis-2’,cis-3’-Bis{benzyloxymeihyl)cycliopropyljthymine (15). A mixiure of urea 14 (0.37 g,
0.84 mmol), 25% NH,OH (7 mL) and MeOH (7 mL) was heated at 85°C for 24 h in a sealed tube. After
removal of the solvents, the residue was purified by column chromatography (silica gel, CH,Cl,/EtOAc 3:1; R, =
0.20 (cyclohexane/EtOAc 1:1)) to afford 15 (0.20 g, 57 %) as a white solid: mp 139-141°C (petroleum
ether/ELOAC); IR (KBr) 3438, 1708, 1662, 1450, 1305, 1099, 1072 cm™ ; 'H NMR (CDCl,) 3 8.99 (br s, 1H,
NH), 7.67 (q, 1H, CH=C, J = 1.0 Hz), 7.37-7.26 (m, 10H, 2xC H;), 4.42 (m, 4H, 2xbenzylic (AB system),
J =113 Hz), 3.60 (m, 4H, 2xCH,), 3.13 (t, |H, H-1', J= 7.4 Hz), 1.81 (d, 3H, CH,, J = 1.0 Hz), 1.80-
1.74 (m, 2H, H-2" and H-3'); "C NMR (CDCl,) 8 164.1, 152.3, 142.8, 137.6, 128.5, 127.9, 127.7,
73.2,659,377,205, 12.2; An N

6.41; N, 6.62.

I-fcis-2’,cis-3’-Bis(hydroxymethyl)cyclopropyl]Jthymine (4a). A solution of compound 15
(0.15 g, 0.37 mmol) in dry CH,Cl, (10 mL) was cooled to -78°C. A IM solution of BCI, in CH,Cl, (8.0 mL)
was added dropwise and the mixture was stirred for 6 h at -78°C. MeOH (10 mL) was carefully added, and the
mixture was then allowed to warm to room temperature and concentrated. The residue was coevaporated three
times with MeOH (10 mL). MeOH (10 mL) was added, and the resulting solution was neutralized by a saturated
solution of NH, in MeOH. The suspension thus obtained was evaporated to dryness. The residue was purified

a Illg,
292, 1045, 1029, 1014 cm’'; '"H NMR (DMSO d,) 8 11.28 (b

1 - (
2H, ZxOH, J = 5.0 Hz), 3.46 (m, 4H, 2xCH,), 3.06 (t, iH, H-1', /= 7.4 Hz), 1.73 (s, 3H, CH,), i.46 (m,
. .

, H-2' and H-3); C NMR (DMSO-d,) & 164.1, 152.7, 143.1, 108.8, 56.1, 37.2, 22.2, 12.1; HRMS
Caled for C,H,,N,0,: 226.0953. Found: 226.0952.
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6-[[cis-2’,cis-3’-Bis(benzyloxymethyl)cyclopropyl]Jamino]-4-chloro-5-
formamidopyrimidine (16). A mixture of amine 13 (0.30 g, 1.00 mmol), 5-formamido-4,6-
dlchloropyrlmldme (0.38 g, 2.00 mmol) and Et;N (0.8 mL) in dioxane (6 mL) was heated under reflux for 8 h.

9
(s, 1H, CHO), 7.36-7.26 (m, 10H, 2xC.H,), 6.25 (br s, 1H, NHCHO), 4.47 (m, 4H, 2xbenzylic (AB
system), J = 11.8 Hz), 3.78-3.68 (m, 4H, 2xCH,), 3.09 (td, IH, H-1', J = 7.4, 2.9 Hz), 1.70-1.63 (m, 3H,
NH, H-2' and H-3"); C NMR (CDCl,) § 159.6, 159.1, 156.1, 138.0, 128.4, 127.7, 127.6, 111.6, 72.8,
65.9, 31.6, 19.9; HRMS Caled for C,H,,N,0,CI [M - CH,0Bn]": 331.0962. Found: 331.0962.

[

9-[cis-2’,cis-3’-Bis(benzvloxvmethvl}cvclonronvlI-6-chlaronurine (17'_). A solution of
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NMR (CDCl,) & 8.74 (s, 1H, H-2 or H-8), 8.64 (s, IH, H-8 or H-2), 7.36-7.26 (m, 10H, 2xC.H,), 4.47 (d,
2H, benzylic (AB system), J = 11.3 Hz) 4.39 (d, 2H, benzylic (AB system), J = 11.3 Hz), 3.61-3.46 (m, 5H,
2xCH, and H-1"), 2.08-1.99 (m, 2H, H-2' and H-3"); "C NMR (CDCl,) & 153.4, 152.0, 150.9, 147.8,
137.3, 131.6, 128.5, 127.9, 127.8, 73.3, 65.4, 32.4, 20.3; HRMS Calcd for C;H (N,0,Cl [M - CH,CH,J":
343.0961. Found: 343.0958.

9-[cis-2’,cis-3’-Bis(benzyloxymethyl)cyclo
(0.14 g, 0.32 mmol) and a solution of NH, in MeQH

g a solufion ANZRq Al LVICRS

for 24 h in a stainless steel bomb. After removal of the

1
1
e sol ced
. 7 — 1 LATY ML N ra% ra Y- n A Y. Yal7als Fall LW 4
35 ) C

Oy Column cnromatograpny {silica gei, CH u,/Meur{ D= 5
73%) as a white solid: mp 152-133°C; IR (KBr) 3426, 3313, 1648, 1602, 1307, 1093
8 8.36 (s, 1H, H-2 or H-8), 8.30 (s, 1H, H-8 or H-2), 7.37-7.26 (m, 10H, 2xC H,), 5.67 (br s, 2H, NHZ),
4.49 (d, 2H, benzylic (AB system), J = 11.3 Hz), 4.40 (d, 2H, benzylic (AB system), J = 11.3 Hz), 3.69-3.64
(m, 2H, CH,), 3.51-3.46 (m, 3H, CH, and H-1"), 2.04-1.94 (m, 2H, H-2' and H-3'); "C NMR (CDCl,) &
155.5, 153.1, 151.5, 142.8, 137.6, 1284, 127.8, 127.7, 119.5, 73.2, 65.7, 32.0, 20.2; Anal. Calcd for

C,,H.N.O,, 0.5 H,0: C, 67.91; H, 6.17; N, 16.49. Found: C, 67.97; H, 6.03; N, 16.33.
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,CI,/MeOH 9:1)) afforded, after recrystallization from MeOH,
compound 4b (34 mg, 75%) as a white solid: mp 207°C dec.; IR (KBr) 3361, 3270, 3118, 1679, 1614, 1573,
1299, 1016 cm’'; '"H NMR (DMSO-d,) & 8.16 (s, 1H, H-2 or H-8), 8.15 (s, 1H, H-8 or H-2), 7.37 (br s, 2H,
NH,), 5.08 (t, 2H, 2x0OH, J = 5.4 Hz), 3.53-3.46 (m, 2H, CH,), 3.39 (t, 1H, H-1', J= 7.4 Hz), 3.37-3.27
(m, 2H, CH,), 1.68 (m, 2H, H-2' and H-3'); "C NMR (DMSO-d,) § 156.1, 152.4, 150.6, 142.8, 118.7,
55.8, 31.1, 22.3; HRMS Calcd for C,,H ;N O,: 235.1069. Found: 235.1072.
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discussions and the local section of Sarthe of the Ligue Nationale contre le Cancer for a fellowship to N. G..
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