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Synthesis of Spacered Cyclopropyl Nucleoside Analogues
as Potential Antiviral Agents
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Abstract

Novel spacered cyclopropane nucleoside analogues possessing both a hydroxyethyl group and an additional
methylene spacer between the base and the ring were synthesized starting from 3-buten-i-ol. After
tetrahydropyranylation, cyclopropanation, and reduction the target molecules were obtained by Mitsunobu
reactions followed by two consecutive deprotection steps. © 1999 Elsevier Science Ltd. All rights reserved.
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Acyclonucleosides, e.g. penciclovir 1 [1-3], have been studied extensively as antiviral
agents and several of them have emerged as potent and selective anti-herpes virus agents.
Their cyclobutyl [4] 2 and cyclopropyl [5] analogues 3 have been prepared and screening of
their antiviral activity revealed potent activity for the former and no activity against herpes
simplex 1 and 2, varicella zoster virus and cytomegalo virus for the latter [1-5].
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Results and Discussion

In order to explain these somewhat unexpected results it was assumed that the lackin
antiviral activity of 3 might be due to a decreased conformational ﬂex1b111ty as a consequenc
of the rather r1g1d cyclopropyl ring [1]. Rigidity seems to be unfavourable either f the
interaction with phosphorylating enzymes or for the interaction of the corresponding tri-

phosphate with viral DNA polymerases.

To obtain higher flexibilty in the cyclopropanoid nucleoside analogues series [6] the
synthesis of compounds of type A and type B was planned [7-10]. To avoid lengthy routes a
strategy was to be developed that should allow in a forthcoming project the chosen strategy to
be easily transferred into a combinatorial approach using parallel synthesis on beads.
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Thus, commercially available 3-buten-1-o0l (4) was tetrahydropyranylated [11-13] to
afford 5§ that was subjected to a cyclopropanation reaction with ethyl diazoacetate in the
presence of catalytic amounts of dimeric rhodium acetate. [14, 15] A mixture of the cis and
trans configurated cyclopropanes 6 was obtained that could not be separated by
chromatography under a variety of different conditions nor by fractional distillation.
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Compounds 7 and 8 are optimal starting materials for straightforward syntheses of the
target compounds by convenient two step strategies consisting of an attachment of suitable
protected heterocycles under Mitsunobu conditions [16] followed by a one or two step
deprotection sequence.

Thus, treatment of 7 with adenine in the presence of triphenylphosphine (TPP) and
diethyl azodicarboxylate (DEAD) gave 41% of 9. Deprotection of 9 with 10% aqueous
hydrochloric acid at room temperature [17] finally gave the adenosine analogue 10 that is
characterized by the presence of D;0 exchangeable signals in the |H NMR spectrum at § =
7.12 and 4.44 ppm, the former of which being indicative for the presence of an amino group
whereas the latter was assigned to the hydroxyl moiety. The cyclopropane ring shows in the
13C NMR spectrum its characteristic signals at § = 15.02 [C(2)], 13.10 [C(1)] and 9.61

Finally, the reaction of 7 with N3-benzoyl-uracil [18, 20] gave 14. Treatment of 14 with
methanolic hydrochloric acid fortunatelygave 71% of final 16 together with 23% of partially
protected 15.
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As far as the series of the corresponding trans-configurated compounds is concerned,
the strategy employed for the synthesis of 16 could be easily adopted. Thus, 8 gave upon
Mitsunobu reaction 17 whose deprotection under acidic conditions afforded 85% of 18.
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Comparison of the spectral data of 19 to those obtained for 10 revealed a shift both in the 1H
and 13C NMR spectra to lower fields for the CH,-N moiety for the cis-configurated derivative.
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As compared to the cis-series a significant raise in yields could be obtained for the
synthesis of 19 from 8. Again, dehydropyranylation was performed by methanolic hydro-
chloric acid and the resulting benzoylated 20 was debenzoylated under basic conditions to
yield the thymine analogue 21. Mitsunobu reaction of 8 with N3-benzoyl-uracil gave 22 albeit
at somewhat low yields. It‘s deprotection under acidic conditions afforded the final uracil
analogue 24 together with 57% of partially deprotected 23.

In order to establish the relative configuration of the proaucts exhaustive NOE
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experlments were performed. Thus, for both 15 and 16 H-C(2) showed a strong NOE to H-
C(1) and, in addition, for 15 a strong NOE was found for Ha-C(3) and the cis-oriented H-
C(1). For the trans-configurated compounds 23 and 24 NOE‘s were found between H-C(2)
and Ha-C(3) whilst Hg-C(3) gave an analogous effect with H-C(1) therefore establishing a
trans orientation of H-C(1) and H-C(2); similar observations were made for 10 and 18.
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2-(3-Butenyloxy)tetrahydro-2H-pyran (5). A mixture of 3-buten-1-ol (27.29 g, 0.38
mol) and 3,4-dihydro-2H-pyran (34.34 g, 0.41 mol) was cooled to 5 °C and conc.
hydrochloric acid (37%, 3 drops) was added. The mixture was allowed to warm to room
temperature and stirred overnight, then neutralized with NaHCOj3 and filtered. The crude
product was purified by column chromatography (silica gel, ethyl acetate/hexane 1:8) to
afford 5 (54.2 g, 91%) as a colorless oil; Rg (ethyl acetate/hexane 1:10) 0.58; IR (film): v
3078w, 2942s, 2871m, 1642w, 1466w, 1454w, 1442w, 1384w, 1352m, 1324w, 1261w

1202m, 1184w, 1162m, 1136m, 1122s, 10795, 1(‘}35s; IH NMR (400 Ivﬁ-IZ CDC13) 5 5.85-
5.74 (m, 1 H, H-C(3)), 5.08-4.96 (m, 2 H, H;-C(4)), 4.56-4.54 (m, 1 H, H-C(2“)), 3.86-3.79
(m, 1 H, HA-C(6“*)), 3.76-3.71 (m, 1 H, Ha-C(1)), 3.48-3.36 (m, 2 H, Hp-C(6“*), Hp-C(1)),
2.34-2.28 (m, 2 H, H,-C(2)), 1.82-1.74 (m, 1 H, H5-C(4“*)), 1.69-1.62 (m, 1 H, Hp-C(3“*)),
1.57-1.44 (m, 4 H, Hg-C(3*“‘), Hg-C(4“*), Hp-C(5“‘)); 13C NMR (100 MHz, CDCl;): § 135.35
(d, C(3)), 116.23 (¢, C(4)), 98.70 (d, C(2*)), 66. 68 (t, C(1)), 62.13 (¢, C(6“*)), 34.04 (¢,

C(Z)) 30.53 (t, C(3“‘)) 25.32 (t, C(S“‘)) 19.38 (¢, C(4“‘)) GC-MS: 156 (0.05%), 155
(0.3%), 128 (0.8%), 115 (3.5%), 101 (8.4%), 100 (3.8%), 85 (100.0%); HRMS caled. for
CoH;605: 156.1150; found: 156.1150; Anal. calcd. for CoH 605 (156.22): C, 69.20; H, 10.32;
found: C, 69.01; H, 10.39.

2-(tetr ﬁy‘ar(‘) zh-z—pyr‘anytuxy/emyt [~ J-Lyctupr‘upanf:
s-2-[2-(tetrahydro-2H-2-pyranyloxy)ethyl]-1-
7 o. 66.78 mmol) was added at a
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y a ixture of § (5.20 g, '3'% .29 mmol) and
dirhodium(II) tetraacetate (0. 19 o 0,43 mmol) at room temperature. Work up was Derformed
by fractional bulb to-bulb distillation (0.1 mbar 100-125 °C) to afford 6 (S 20 g, 64%) asa
yellowish oil; Ry (ethyl acetate/hexane 1:2) cis: 0.74, trans: 0.69; IR (film): v 2941m, 2871m,
1726s, 1453w, 1409m, 1382m, 1368w, 1352m, 1323w, 1264m, 1202m, 1179s, 1136m,
1121m, 1078m, 1063m, 1034s; 'H NMR (400 MHz, CDCl;): § 4.55-4.54 (m, 1 H, H-C(2*)),
4.11-4.02 (m, 2 H, CHz-Ethyl), 3.85-3.60 (m, 2 H, H5-C(6"‘), HA-C(2%), 3.47-3.33 (m, 2 H,
Hp-C(6“), Hg-C(2%)), 1.87-1.71 (m 1 H, HA C(1%Y), 1. 69 1.63 (m, 1 H, HA-C(3“‘)) 1. 61-
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1.42 (m, S H, HB-L(I“), Hp-C(3“ ), H,- L(5 ), HA-L(4 )), 1.41-1.31 (m, 1 H, Hg-C(4“%)),
1.23-1.19 (m, 3 H, Lﬂ3), 1.16-1.10 (m, 1 H, H-C(1)), 1.01-0.96 (m, 1 H, H- C(2)) 0.93-0.88
(m, 1 H, HA-C(3)), 0.72 (m, 1 H, Hp-C(3)); 13C NMR (160 MHz, buug) data for cis (+)-3: &

s 10r
173.04 (s CO), 98.59 (d, C(2“*)), 66.55 (¢, C(6“*)), 61.90 (z, C(2*)), 60.14 (1, CHz-ethyl),

3306 (. CL1%), 30,47 {(t. C(3%N. 2530 ¢(
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(A C{’)\\ 14 (7 [f P(’l\\ 12 85 /n CH-): data fnr trans (+)-3: 174 40 (s. CO), 98.66 (d
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C(29)), 66.99 (1, C(6 ), 61.90 (1, C(2%)), 60.14 (t, CHa—ethVD 33.06 (¢, C(1%)), 30.49 (¢,
C(3“)), 27.12 (¢, C(5%“)), 19.79 (1, C(4**)), 19.18 (d, C(1)), 17.74 (d, C(2)), 14.79 (z, C(3)),
12.85 (g, CHs); MS (e.i., 70 eV): 242 (3.6%), 241 (5.7%), 224 (7.1%), 213 (25.7%), 197
(43%), 157 (7.1%), 141 (30.0%), 128 (5.0%), 113 (30.7%), 101 (17.9%), 85 (100.0%);

Anal. calcd. for Cj3H04 (242.32): C, 64.44; H, 9.15; found: C, 64.53; H, 9.01.

{(i)-/ 1 and (%)- {(1 R.), 2 SR/ trans-2-/2- (tet"a"y""o 2H-2-pyranyloxy)ethyl]cyclopropy!}
methanol [(£)-8]. To a -60°C cooled solution of DIBAH (100 m/, 1.2 M in toluene, 120
mmol, Fluka, used as received) a solution of (+)-6 (6.80 g, 28.07 mmol) in dry toluene (20
ml) was slowly added at this temperature over a period of 60 min. Stlmng at —60 °C was

s
continued for additional 3 h and then the reaction was quenched by the successive addition of

methanol (20 ml of a 10% solution in toluene), methanol (2 ml) and finally water (20 m/). The
mixture was allowed to warm to 25 °C, the white precipitate was filtered off and washed with



ethyl acetate (500 ml). The washings and the filtrate were combined, dried (MgSOy), the
solvent was removed under reduced pressure and the residue subjected to column
chromatography (ethyl acetate/hexane 1:2— 2:1) to afford (+)-7 (2.25 g, 40%) and (¥)-8
(2.43 g, 43%), respectively.

Data for (x)-7: Colorless oil; Rr (ethyl acetate/hexane 2:1) 0.56; 1
3064w, 2993w, 2942m, 2871m, 1441w, 1385w, 1353w, 1323w, 126
1121m, 1077m, 1033s; H NMR (400 MHz, CDCl3): § 4.59-4.56 (m, 1
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(brs, 1 H OH), '3 .84-3.72 (m, 1 H, CH,-OH), 3.48-3.32 (m, 4 H, HQ-C\é“‘\ -
3 14 (m, 1 H, CH’)-OH) 1. 87 1.64 (m, 3 H, Ha-C(4%“"), HA -C(3“¢), Ha-C(1%)), 1 56-
S H, HB—C(4“‘) HB-C(3“‘), B-C(l“), H;- C(S“‘)), 1.20-1.11 (m, 1 H, H- C(l)), 0.80- (m
1 H, H-C(2)), 0.63-0.57 (m, 1 H, HA-C(3)), -0.13-(-)0.18 (m, 1 H, Hg-C(3)); 13C Nl\/fR (100
MHz, CDCls): § 99.06 (d, C(2“‘)), 68.14 (¢, CH-OH), 62.14 (¢, C(6“¢)), 62.04 (¢, C(2)),
30.02 (¢, C(1%)), 27.82 (¢, C(3%)), 25.05 (¢, C(5“*)), 19.11 (z, C(4“*)), 18.32 (d, C(1)), 13.74
(d, C(2)), 7.14 (¢, C(3)); GC-MS: 199 (0.04%), 183 (0.1%), 169 (0.7%), 155 (1.0%), 141
(0. 8%), 127 (1 1%) 115 (5. 0%) 101 (9 5%), 85 (100%); Anal. calcd. for C;H,03

P 2aYaTa) n N~

(ZUUZ&) L, 65.97, 1'1 10.07; found: C, 65. 99, H, 10.14.
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Data for (+)-8: Colorless oil; Rr (ethyl acetate/hexane 2:1) 0.48; IR (film): v 3413m,
3065w, 2996w, 29415, 2869m, 1728w, 1454w, 1441w, 1384w, 1353m, 1323w, 1261w,
1201m, 1184w, 1166m, 1136m, 1120m, 1075m, 1033s; 'H NMR (400 MHz, CDCl5): § 4.59-
4.56 (m, 1 H, H-C-(2**)), 3.88-3.43 (m, 6 H, CH,-OH, H,-C(6%“‘), H,-C(2%)), 2.25 (s, 1 H,
OH), 1.82-1.61 (m, 4 H, Hy-C(1%), HA-C(4“¢), HA-C(3*%)), 1.53-1.47 (m, 4 H, Hp-C(4“"),
Hp-C(3“¢), Hy-C(5%“%)), 0.92-0.81 (m, 1 H, H-C(1)), 0.76-0.55 (m, 1 H, H-C(2)), 0.43-0.32
(m, 2 H, H,-C(3)); 13C NMR (100 MHz, CDCl3): § 100.48 (d, C(2“*)), 72.72 (¢, CH,-OH),
68.30 (7, C(6“‘)), 63.83 (1, C(2%)), 34.51 (1, C(1%)), 31.67 (¢, C(3%)), 26.55 (¢, C(5“)),
21.52 (¢, C(4“%)), 20.39 (d, C(1)), 15.48 (d, C(2)), 10.10 (¢, C(3)); GC-MS 199 (0.1%), 183
(0.1%), 169 (0. 7%), 155 (0 8%) 141 (0.7%), 127 (1. 0%), 115 (2 0%), 101 (9.6%), 85

1NN/, A NN YO0\, M CK 0n~7. 11 LE TN TT 1N YN
(100%); Anal. caled. for C;1H200; (200.28): C, 65.97; H, 10.07; found: C, 65.72; H, 10.22.

(£)-9-{(1 RS, 2 RS)-cis-2-[2-(Tetrahydro-2H-2-pyranyloxy)ethylJcyclopropyl }methyl)-
9H-6-purinamine [(£)-9]. To a mixture of 7 (0.7 g, 3.5 mmol), triphenylphosphine (2.0 g, 7.62
mmol) and adenine (1.04 g, 7.70 mmol) in dry 1,4-dioxane (20 m/) a solution of DEAD (1.25
g, 7.18 mmol) in dry 1,4-dioxane (20 m/) was added dropwise at room temperature over a
period of 2.5 h. The solutlon was stirred overnight, the solvent was removed in vacuo and the
remaining yellowish oil was purified by column chromatography (silica gel, ethyl
acetate/methanol 10:1) to afford 9 (0.451 g 41%) as a white solid; mp: 127.9-128.5 °C; Rf
(ethyl acetate/methanol 3:1) 0.22; UV (metnanm ): A,mx 263 nm uog e =4.26); IR (KBr): v

~AnIAT s 121N 1Y AA
3L1L0FmM, 31430"”1 Lyaym Lb/UW, 10/35, IOU.)S, 1.‘)/3m, 1‘1‘/7”’1, 1‘{-10”’1, 1oi1um, 1444”1,

1203m, 1120m, 1075m, 1021m; 'TH NMR (500 MHz, CDCl5): & 8.29 (s, 1 H, H-C(2)), 7.88

{(s. 1 H H-C(). 629 (5. 2 H NH5) 4 8% (dA T_A’Z’l 7.5 1 H H-C(2%N 423 (dd =
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8.40, 14,44 1 H, Ha-C-N), 4.06 (dd, J = 8.16, 14.36, 1 I—I Hp-C-N), 3.83-3.74 (m, 2 H, Hy-

C(6*), OCHy), 3.47-3.37 (m, 2 H, Hg-C(6“), OCHg), 1.98-1.43 (m, 8 H, Hp-C (1%), Hy-
-1.

C(3“‘) Hz-C(4“‘) Ha-C(5%)), 1.41-1.34 (m, 1 H, H-C(1)), 1.08-1.01 (m, 1 H, H-C(2)), 0.83-
0.79 (m, 1 H, Hx-C(3)), 0.20 (ddd, J = 5.51, 5.51, 6.57, 1 H, Hg-C(3)); 13C NMR (100 MHz,
CDCl3): 8 155.83 (s, C(6%)), 152.93 (d, C(2°)), 150.15 (s, C(4°)), 139.96 (d, C(8%)), 119.62
(s, C(5%)), 98.90 (d, C(2*)), 67.24 (¢, C(6“*)), 62.22 (¢, OCH,), 43.88 (¢, CH>-N), 30.51 (z,
C(1%)), 28.77 (¢, C(3“*)), 25.24 (t, C(5%%)), 19.43 (¢, C(4**)), 14.96 (d, C(1)), 13.59 (d,
C(2)), 10.27 (¢, C(3)); MS (e.i., 70 eV): 317 (4.3%), 288 (2.9%), 232 (100.0%); HRMS
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calcd. for Ci6Ha3NsO4: 317.18516; found: 317.18516; Anal. caled. for CigH23NsO, (317.39):
C, 60.55; H, 7.30; N, 22.07; found: C, 60.43; H, 7.12; N, 22.13.

(1)-2-{(1 RS, 2 RS)-cis-2-[(6-Amino-9H-9-purinyl)methyl[cyclopropyl }- 1-ethanol [(1)-
10]. A solution of 9 (0.805 g, 2.54 mmol) in aqueous hydrochloric acid (20 m/, 10%) was
stirred at room temperature for 12 h. The reaction mixture was cooled to 5 °C, adjusted to pH
7 with 8 NNaOH and the mixture was extracted with diethyl ether (3 x 50 ml) to remove
1mpur1t1es The resulting aqueous solution was adjusted to pH=10 by an addmon of 8 NNaOH

no s AI\ n—\n/\ 17 A 1N el

to afford 10 (0.49 g, 83%) as a white solid; mp: 164.1-165.3 °C; Rr (ethyl acetate/methanol

3:1) 0.27; UV (methanol) Apax= 264 nm (log e = 4.13); IR (KBT): v 3304brm, 3128brs,

2929m, 2871w, 1669s, 16015, 1573m, 1481m, 1416m, 1380w, 1332m, 1308,‘11, 1248m,
17

1210m, 1140w, 1074m. 10097; 'H NMR (500 MHz, ds-DMSO): 5 8.17 (s, 1 H, H-C(8°)),
.12 (s. 1 H H-C(2°N. 7.12 (s, 2 H. NH»). 4.44 (t J=15.20, 1H, ()H‘l 4.23 (__d,_]—'7()’3
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14.26, 1 H, Hy-C-N), 4.00 (dd, J = 8.40, 14.26, 1 H, Hp-C-N), 3.44-3.38 (m, 2 H, OCH,),
1.61-1.41 (m, 2 H, Hy-C(2%)), 1.40-1.36 (m, 1 H, H-C(2)), 0.99-0.89 (m, 1 H, H-C(1)), 0.65
(ddd, J = 4.20, 4.20, 12.40, 1 H, Ha-C(3)), 0.22-0.18 (m, 1 H, Hz-C(3)), 13C NMR (100
MHz, de-DMSO): 5 156.12 (s, C(69)), 152.52 (d, C(2*)), 149.71 (s, C(4*)), 140.66 (d, C(8")),
118.86 (s, C(5%)), 61.11 (¢, OCHy), 43.11 (t, CHp-N), 31.41 (d, C(2%)), 15.03 (d, C(2)),
13.10 (d, C(1)), 9.61 (£, C(3)); MS (e.i., 70 eV): 233 (23.6%), 232 (8.6%), 216 (4.3%), 202
(100.0%), 188 (17.5%), 177 (11.4%), 163 (11.4%), 149 (21.4%), 148 (20.4%), 135
(58.6%), 108 (23.6%); HRMS calcd. for Cy HysNsO: 233.12765; found: 233.12766; Anal.
caled. for C;1H,sNsO (233.27): C, 56.64; H, 6.48; N, 30.02; found: C, 56.49; H, 6.29; N,

VA VN

»

E

(+)-3-Benzoyl-5-methyl-1-({(1 RS, 2 RS)-cis-2-[2-(tetrahydro-2H-2-pyranyloxy)ethyl]
cyclopropyl}methyl)-1,2,3,4-tetrahydro-2, 4-pyrimidinedione [(+)-11]. The reaction was
performed as described for the preparation of compound 9 using 7 (2.0 g, 10 mmol) in dry
1,4-dioxane (20 ml), N3-benzoy1thymme (4.6 g, 20 mmol), triphenylphosphine (5.2 g, 19.82
mmol) and DEAD (3.49 g, 20 mmol) in 1,4-dioxane (20 m/). After stirring overnight, the
solvent was evaporated, the residue was puriﬁed by column chromatography (silica gel ethyl
acetate/hexane 1:1) to obtain 11 (0.89 g, 22%) as a colorless oil contaminated with some
1mpur1t1es that were easuy separatea in the next reaction srep, an analyucan sampxe was

e o en e am]l DD PR | ren b { atla

obtained Dy column Cnromdtogrdpny \bulbd gcl nI- 10, methanol/water 8: .)), RFf (einy
acetate/hexane 10:1) 0.75; UV (methanol): Apax= 256 nm, (log ¢ = 4.28); IR (film): v

—_—

3067brw, 2944s, 1748s, 1652s, 1599m, 1436s, 1353s, 12515, 1201m, 1164m, 1120s, 1076m,
1032s; 'H NMR (400 MHz, CDCl;): & 7.86-7.84 (m, 2 H, Hy-C i phenyl), 7.58-7.54 (m, 1
H, H-C,urq phenyl), 7.43-7.39 Hz-(;.,.,,.a phenyl), 4.52-4.50 (m, 1 H, H-C(2)), 3.86-

' 3 (m, .
3.66 (m, 2 H, CH,-N), 3.61-3.52 (m, 2 H, HA-C(6*°), OCHA) 3.45-3. 33 (m 2 H, Hp- C(6“‘),
OCHg), 1.88 (s, 3 H, CHz) 1.77-1.60 (m, 2 H, HA-C(3“‘), Ha-C(4“*)), 1.54-1.42 (m, 6 H,
H,-C(1%), HB-C(B“‘) Hgp-C(4“%), H-C(5“)), 1.19-1.09 (m, 1 H, H-C(1)), 1.02-0.93 (m, 1 H,
H-C(2)), 0.78-0.74 (m, 1 H, HA-C(3)), 0.14-0.10 (m, 1 H, Hg-C(3)); 13C NMR (100 MHz,
CDCl;): & 169.24 (s, CO benzoyl), 163.13 (s, C(4%)), 149.94 (s, C(2%)), 139.87 (d, C(6)),
134.81 (s, C, phenyl), 131.62 (4, Cpam phenyl), 130.25 (d Cortho phenyl) 128.99 (d, Cheta

\\\\\ PN ITTA RN o~ e . MNMITTY N '

phenyl), 110.28 (s, C(5%)), 98.90 (d, C(2“*)), 67.18 (¢, C(6**)), 62.18 (¢, OCH,), 48.07 (1,

CH,-N), 30.42 (1, C(1)), 28.82 (1, C(3*)), 25.12 (1, C(5*), 19.37 (1, C(4)), 17.29 (d,
C(1)), 14.27 (d, C(2)), 12.05 (g, CH3), 9.82 (t, C(3)); MS (e' ., 70 eV): 412 (0.4%), 383
(1.4%), 328 (5.7%), 311 (5.0%), 297 (7.9%), 224 (11.4%), 223 (12.9%), 207 (24.3%), 193
(11.4%), 179 (6.4%), 165 (5.0%), 140 (5.0%), 127 (8.6%), 105 (100.0%); HRMS calcd. for

(¥}
o0
B
—
¥



o0
£
i
(@)

R. Csuk, A. Kern / Teirahedron 55 (1999) 8409-8422

Cs3H5aN-O<: 4121 R1: found: 412 19980 Anal ecaled for CasHAoNAO (4172 A0Y- C /6 Q7
4 “ABL‘LVD- "Lh.l//ul, ANJUALINE ‘rAh.L//uu, 4 Zidldle WEiivwilida. iV \/4311451‘[\13-\“71&-7/!. \/’ INJe s ] s
H, 6.84; N, 6.79; found: C, 66.87; H, 6.92; N, 6.81.

(¥)-3-Benzoyl-1-{[(1 RS, 2 RS)-cis-2-(2-hydroxyethyl)cyclopropyl]methyl }-5-methyl-
1,2,3,4-tetrahydro-2,4-pyrimidinedione [(+)-12]. A solution of 11 (0.81 g, 1.97 mmol) in
methanol (60 m/) and conc. aqueous hydrochloric acid (80 ml, 10%) was stirred at room
temperature for 12 h. The reaction mixture was cooled to 5 °C, adjusted to pH 7-8 by the
addition of 8 NNaOH and the mixture was extracted with ethyl acetate (10 x 50 ml). The

combined organic phases were dried over MgSO, and evaporated under reduced preSSurc
Tha sacidiia wae mtirifiad o anlitma Ahramantagranhye fqilica gal athol aaatatallbhavanma 1Nn.

1€ resiauc was l_u.u Hicou U_y VCUILULLILL vilTUiLIdluELaplly (olllva g€, TlllYl avildlv/ 1ICAdaiIv 1V, .l} l.U
afford 12 (0.62 g, 95%) as a colorless oil; Rp (ethy!l acetate/hexane 10:1) 0.36; UV
(methanol): Amax= 256 nm (log ¢ = 4.18); IR (film): v 3469brm, 3068m, 2931s, 2543m 1745s
1652s, 1558s, 14355, 13545, 12475, 1180s, 1120s, 1032s; 1HNMR(4OO MHz, CDCIO 3 7.90-
7.88 (m, 2 H, Hp-C o phenyl), 7.63-7.59 (m, 1 H, H- Cnnrn Dhenvl) 7.49-7.44 (m, 2 H, H,-

m,
Cpera Phenyl), 7.21 (s, 1 H, H-C(6%)), 3.85 (dd, J = 6.84, 14.45, 1 H, H5-C-N), 3.69-3.58 (m,
3 H, Hg-C-N, OCH,), 1.93 (s, 3 H, CHj), 1.90 (s, 1 H, OH), 1.71-1.64 (m, 1 H, H-C(1%)),
1.48 (dddd, J = 5.71, 6.84, 7.23, 14.21, 1 H, H-C(1%)), 1.16 (ddddd, 1 H, J = 5.06, 5.77,
6.99, 8.05, 11.74, H-C(1)), 0.99 (ddddd, J = 4.55, 4.75, 5.86, 6.85, 11.74, 1 H, H-C(2)),
0.82 (ddd, J = 4.55, 6.74, 8.05, 1 H, Ha-C(3)), 0.15 (ddd, J = 4.75, 5.77, 6.74, 1 H, Hp-

C(3)); 13C NMR (100 MHz; CDCl3): 8 169.36 (s, CO benzoyl), 163.27 (s, C(4°)), 150.15 (s,
C(2 )) 139.84 (d, C(6%)), 135 02 (s Cq phenyl) 131.74 (d, Cpara phenyl), 130.44 (d, Corino
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: 328.14229; Anal. calcd. for
4 H, 6.00; N, 8.73.
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(3)-1-¢{[(1 RS, 2 RS)-cis-2-(2-Hydroxyethyl)cyclopropylJmethyl}-5-methyl-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(+)-13]. A solution of 12 (0.55 g, 1.67 mmol) in 1,4-dioxane
(20 ml) was treated with sodium hydroxide (8 N, 10 m/) for 12 h. The reaction mixture was
cooled to 5 °C, neutraiized with 10% aqueous hydrochioric acid and extracted with et‘nyi

P P

acetate UU x 50 mi). The comolnea Organlc phases were dried over MgSO, and t:vaporawu

under reduced pressure. The remaining oil was purified by column chromatography (silica
gel, ethyl acetate) to afford 13 (0.35 g, 95%) as a white solid; mp: 113.5-113.8 °C; R (ethyl
acetate/methanc! 10: 1) 0. Ad v {mPﬂ’\nnnl\ A= 274 nm ”00 e = 3.94) IR (film): v

LA %W W b N 1 \ARAV VAL L S o svinnax LIS

TJy AA% [ ARRRi1j.

3401brm, 3176brm, 2998m, 29315, 2537brm, 235Tm, 2068w, 1771m, 1682brs 1 170s, 1370s,
13325, 12525, 12255, 1170m, 1120m, 1056s; 'H NMR (500 MHz, CDCL3): § 9.42 (brs, 1 H,

NH), 7.12 (s, 1 H, H-C(6*)), 3.88 (dd, J = 7.05, 1434, 1 H, Ho-C-N), 3.71 (ddd, J = 6.59,
6.59. 10.48, 2 H, OCH,), 3.61 (dd, J = 7.69, 14.42, | H, Hp-C-N), 2.20 (brs, 1 H, OH), 1.92
(s, 3 H, CH3), 1.79-1.72 (m, 1 H, Hx-C(1*)), 1.60-1.53 (m, 1 H, Hp-C(1%)), 1.26-1.13 (m, 1
H, H-C(1)), 1.03-0.95 (m, 1 H, H-C(2)), 0.83 (ddd, J = 4.81, 8.45, 8.45, 1 H, Hs-C(3)),
0.18-0.15 (m, 1 H, Ha-C(3)); 13C NMR (100 MHz, CDCls): § 164.38 (s, C(4)), 151.35 (s,
C(2)), 139.98 (d, C(6%)), 110.84 (s, C(59)), 62.72 (+, OCHy), 47.67 (1, CHr-N), 31.65 (s,

C(1%)), 14.37 (d, C(1)), 13.16 (d, C(2)), 12.21 (g, CHa), 9.85 (1, C(3)); MS (e.i., 70 eV): 224
(32.9%), 207 (4.3%), 194 (16.4%), 193 (100.0%); HRMS caled. for Ci1HsN203:
224.11608; found: 224.11609; Anal. calcd. for C11H16N203 (224.26): C, 58.91; H, 7.19; N,
12.49; found: C, 58.69; H, 6.86; N, 12.63
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(1)-3-Benzoyl-1-({(1 RS, 2 RS)-cis-2-[2-(tetrahydro-2H-2-pyranyloxy)ethyl]cyclo-
propyl}methyl)-1, 2, 3,4-tetrahydro- 2, 4-pyrimidinedione [(x)-14]. Following the procedure
given for the preparation of compound 9 using 7 (2.01 g, 10.05 mmol), triphenylphosphine
(5.73 g, 21.85 mmol), dry 1,4-dioxane (50 ml), N3-benzoyluracil (4.73 g, 21.88 mmol) and
DEAD (3.50 g, 20.10 mmol) in 1,4-dioxane (20 ml) 14 (1.90 g, 48%) was obtained after
purification by column chromatography (silica gel, ethyl acetate/hexane 1:1 and ethyl
acetate/acetonitrile 5:1) as a yellowish oil; Rg (ethyl acetate/hexane 2:1) 0.40; UV (methanol):

Amax= 255 nm (log € = 4.28); IR (ﬁi‘r‘n). v 3494w, 3351w, 3088m, 29435, 2870m, 1748s,
1704s, 1668s, 1598s, 1519w, 14415, 13755, 1351s, 1246s, 12015, 1179s, 11625, 11205, 10755,
1032m; 'TH NMR (200 MHz, CDCl3): 8 7.92-7.87 (m, 2 H, H3-C,4o phenyl), 7.65-7.57 (m, 1
H, H-Cparq phenyl), 7.49-7.38 (m, 3 H, Hy-Cyers phenyl, 1 H-C(6°)), 5.76 (d, J= 8.0, 1 H, H-
C(5)), 4.56-4.54 (m, 1 H, H-C(2“‘)), 393-3 57 (m, 4 H, CHy-N, H-C(6“‘) and OCHy,),
3.49-3.35 (m, 2 H, Hp-C(6“‘), OCHp), 1.86-1.61 (m 2 H, Ha- C(3“‘) Ha-C(4%%)), 1.57-1.50

(m, 6 H, H,- C(l“) Hg- C(3“‘) Hg-C(4“), HQ-C(S“‘)) 1.18-1.02 (m, 2 H, H- C(l) H-C(2)),
0.81 (ddd, J = 4.93, 8.35, 8.35, 1 H, Ha- C(3)), 0.19-0.11 (m, 1 H, Hg-C(3)); 13C NMR (100
MHz, CDCl;): § 168.89 (s, CO benzoyl), 162.39 (s, C(4°)), 149.90 (s, C(2)), 143.68 (d,
C(6)), 134.96 (s, C, phenyl), 131.42 (d, Cpara phenyl), 130.33 (d, Cperq phenyl), 129.04 (d,
Cortho phenyl), 101.83 (d, C(5°)), 99.02 (d, C(2%)), 67.24 (¢, C(6™)), 62.36 (¢, OCH;), 48.62
(t, CHz-N), 30.61 (¢, C(1%)), 29.00 (¢, C(3%%)), 25.31 (z, C(5“*)), 19.61 (¢, C(4“*)), 14.32 (d,
C(1)), 13.66 (d C(2)), 10.04 (¢, C(3)); MS (e.i., 70 eV) 398 (1.4%), 369 (10.0%), 359
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(%)-3-Benzoyl-1-{[(1 RS, 2 RS)-cis-2-(2-hydroxyethyl)cyclopropylJmethyl}-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(£)-15] and (#)-1-{[(I RS, 2 RS)-cis-2-(2-
hydroxyethyl)cyclopropyl]methyl}-1,2,3,4-tetrahydro-2,4-pyrimidinedione [(+)-16]. The same
experimental procedure as given for 12 starting from 14 (1.06 g, 4.018 mmol), methanol (20
mi) and hydrochioric acid (50 mi, 10%) led to the crude products Column chromatography

(etnyl acetate/hexane 10: 1) of the residue gave is (U 30 g, £370) ana 10 (V.0 g, /170),

respectively.

Data for 15: colorless oil; Rf (ethyl acetate/methanol 10:1) 0.63; UV (methanol): Amax™=
269 nm (log € = 3.81); IR (ﬁlm) v 3400brs, 3055s, 2939m, 2876m, 1682s, 1575m, 1464s,
1386s, 1353s, 1251s, 1158m, 1054m; '"H NMR (400 MHz; CDCl3): § 7.83-7.81 (m, 2 H, Hy-
Corino phenyl), 7.51-7.49 (m, 1 H, H-Cparq phenyl), 7.45-7.41 (m, 2 H, Hz-Cperq phenyl), 7.33

(d,J=17.81, 1 H, H-C(6")), 5.71 (d, J = 8.0, 1H, H-C(5)), 3.88 (dd, J = 7.03, 7.23, 1 H, Ha-

C-N), 3.79-3.61 (m, 3 H, Hp-C-N, OCHy), 1.77-1.70 (m, 1 H, Hs-C(1*)), 1.59-1.50 (m, 1 H,
Hpg- L(l“)), 1.18 (ddddd J=54 9, 6.97, 7.62, 8.40, 8.79, 1 H, H-C(1)), 1.00 (ddddd, J =
H, H-C(2)), 0.83 (ddd, J = 4.89, 8.10, 8.79, 1 H, Ha-C(3)),

5.97, 6.62, 7.63, 8.10, 8.40, 1 H, H-C(
1

0.17 (ddd J=4.89, 549, 5.97, , Hg-C(3)); 13C NMR (100 MHz, CDCl3): 8 169.76 (s, CO
benzoyl), 163.95 (s, C(4%)), 151.34 (s, C(2)), 144.00 (s, C(6)), 132.07 (d, Cpara phenyl)
128.66 (d, Cpera phenyl), 127.46 (d Corho phenyl), 102.26 d, C(5%)), 62.77 (t, OCHy), 48.10
(t, CHy-N), 31.65 (¢, C(1%)), 14.20 (d, C(1)), 13.17 (d, C(2)), 9.92 (¢, C(3)); MS (e.i 70

eV): 283 (1.4%), 210 (18.6%), 180 (22.9%), 179 (100.0%); HRMS calcd. for C;7H;sN20Ox:
314.12664; found: 314.12665; Anal. calcd. for C17H sN2O4 (314.34 ): C, 64.96; H, 5.77; N,
8.91; found: C, 64.75; H, 5.71; N, 8.99.
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Data for 16: yellowish solid; mp: 199-200 °C; Rf (ethyl acetate/methanol 10:1) 0.40; UV
(methanol): Apax= 270 nm (log € = 3.54); IR (film): v 3401brs, 1674s, 1608m, 1538s, 1416s,
1252m, 1025m; 'H NMR (400 MHz, ds-DMSO): 8 11.19 (s, 1 H, NH), 7.70 (d,J=7.82, 1 H,
H-C(6%)), 5.54 (d,J = 7.81, 1 H, H-C(5%)), 3.85 (dd, J = 6.45, 14.06, 1 H, H5-C-N), 3.50-
3.40 (m, 3 H, Hg-C-N, OCH,), 1.73 (s, 1 H, OH), I49(dddd J=6.86, 6.89, 17.21, 46.56, 2

H, H,-C(1%)), 1.18-1.09 (m, 1 H, H-C(1)), 0.93-0.84 (m, 1 H, H-C(2)), 0.62 (dddd, J = 4.25,
15-0

6.20, 10.40, 1 H, HA-C(3)), 0 11 (m, 1 H, HB C(3)); 13C NMR (100 MHz, ds-DMSO): §
1£72 O (.. MNIANNY 1£1 AN (.. YN\ 1AL £°2 (. MY 1NN ON 7T MFAENNY £1 NN 72 MOTT N
103.0/7 \§, LA J), 101.L2 (8, L <)), 140.00 (U , AL )), 1UU.0L (A, UL )), OL.UL {1, ULITI1y),
AT WA (+ CH-_NY 21 K1 (+ CL1N 1417 (A COIYN 1D T8 (4 C(OVY Q227+ CL2\V\ NC (a

T/ IT Ny ALTTING, T1.JL \by N\ L JJy LT T Uy N1 )]y LTI \Uy NN L) )y, TLd Uy AT JJ, LYID \L.d.,
70 eV): 212 (13.6%), 211 (7.9%), 210 (2.1%), 182 (10.7%), 181 (16.5%), 180 (100.0%)

? LV s
179 (17.9%), 167 (14 3%), 155 (5.7%), 139 (22.1%), 126 (17.9%), 115 (24.3%), 114
(47.9%), 113 (23.6%), 95 (22.1%), 82 (72.9%), 81 (22.9%), 69 (25.0%), 67 (47.1%);
HRMS calcd. for C13H14N203: 210.10043; founcl: 210.10043; Anal. calcd. for C10H14N203.
(210.23): C, 57.13; H, 6.71; N, 13.32; found: C, 57.00; H, 6.43; N, 13.68.

(£)-9-{(1 RS, 2 SR)-trans-2-[2-(Tetrahydro-2H-2-pyranyloxy)ethyl]cyclopropyl}
methyl)- 9H- 6-purinamine [(+)-i7] The reaction was performed under the conditions as

described for 9 using 8 (1.36 g, 6.78 mmol), triphenylphosphine (3.64 g, 13.88 mmol),

adenme (1.9 g, 14.06 mmol), 1,4- d1oxane (20 ml) and DEAD (2.43 g, 13.95 mmol) in 1,4-

ne (70 N Evannratinn n‘F nte and nuri hnn n'F ﬂ‘\p recidn 1—“ coliimn
ulUAall\l \.‘4 ”"‘}. lJvalJUl. Qalivil Ui 1 U "J‘.l‘ro (2388 % 8 l.lul AVIWIEE Ul Lilw 1lwol\awu UJ leulllll
chromatooranhv (gilica oel ethvl anp‘mfP/mPt anol 10'1\ cave 17 (1.2 o. § OA\\ ag a white
A d uv“‘w‘iv&l“yl‘] \ lllll Ao bvl, VEALJ x MWW R VW LAAW VALAWSAANS i N e A, b“ ~ -~ \l» e b, - T 7 vl LS ALA VW
solid; mp: 87.6-87.9 °C; Rr (ethyl acetate/methanol 3:1) 0.22; UV (methanol): Anax= 264 nm

. ets

(log 209) IR (KBr): v 32955, 31425, 29395, 2870m, 1668s, 1602s, 15725, 1512w, 1477s,
1415s, 1352m, 1324s, 1309s, 1240s, 1201m, 1184m, 1119s, 1074s, 1022s; 1TH NMR (400
MHz, CDCl3): & 8.03 (s, 1 H, HC(2*)), 7.87 (s, 1 H, H-C(89)), 6.18 (s 2 H, NHZ) 4.44 (dd,J
=742, 21.09, 1 H, H-C(2“)), 4.07-3.95 (m, 2 H, CHz-N) 3.79 (ddd, J = 3.47, 3.47, 14.80,
1 H, OCH,), 3.75-3.65 (m, 1 H, HA-C(6“%)), 3.45-3.40 (m, 1 H, OCHp), 3.36-3.24 (m, 1 H,
Hg-C(6“%)), 1.77-1. 71 (m, 1 H, Ha-C(4“%)), 1. 66 1.60 (m, 1 H, HA-C(S“‘)) 1.59-1.42 (m 6
H, H;- L(l,), HB L(j ), Hg-C(4“¢), Hy-C(5%‘)), 1.24-1.05 (m, 1 H, H (1)), 0.98-0.84 (m, 1

g
;:
oy

P
[\
e’
e’
o
[«
—

AT N\, @ 188 T 7. MNI7LNWN 1800 1 M N\ 1&N 14 7 ;‘IA\ 1AN 1 74 7O\ 110 £N
CDUI3). 0 102,77 (S, LID )), 13£.75 4, © ), 1OU. 14 {8, Ui4 JJ, 14U.11 {d, L{0 j), 117.0U
(s, C(5Y)), 98.94 (d, C(2*)), 66.82 (¢, C(6“*)), 62.32 (r, OCHy), 47.73 (t, CHp-N), 33.34 (1,
Cl’l“\\ AN KA (+ (24N 28527 (+ CL5“*Y 1051 (¢ F{A“‘\\ 18.07 {(d C(1Y©Y 1567 f/]
\LE J)s dVIT by A\J JJs &wsdoa b \ky N\~ JJs L1771 (kg No (T LUV T \My N\LJJy A
C(2)), 10.95 (1, C(3)); MS (e.i., 70 eV): 317 (1.4%), 288 (3.6%), 233 (23.6%), 232
(100.0%), 217 (20.7%), 216 (12 1%), 203 (16.4%), 202 (92. 8%) 189 (8 6%), 188 (13 6%),

175 (12 1%) 174 (22 9%), 162 (5.7%), 161 (6 4%), 149 (13 6%) 148 (15. 0%) 136
(51.4%), 135 (54.3%); HRMS calcd. for C;6H23N50,: 317.18516; found: 317.18515; Anal.
caled. for C14H23NsO, (317.39): C, 60.55; H, 7.30; N, 22.07; found: C, 60.25; H, 7.18; N,
22.25.

FiY ™ /T YO YQODYY ) T A -~ NYY 7\ papy iy i PRy Sy b B BRSOy R |
(T)-<-{(1 RD, £ dDR/-TaNS-4-[ (0-AMINO-YT1-Y-PUFINYL)MELNYL [CYCLOPrOopyL /- 1 =€tnano:

F7ay 107 A o olikloes ~F 13T (1 N~ 2 1K saranl) 194 amiianiia hudeanhlanisa arnid (D0 1] 1NOLN wwag
[{Z)-10]. A S01UL1011 O1 1/ (1.U g, J2.10 11111U1) 11 aquLuus NyaroCioric acid (Lv e, 1V /0) Was
ctivrad at rAnm tammna f wa far 10 h The reactinn mIV‘l“llf‘D was r\nnlnﬂ ta § o QI’\A Qdillepd to
LIIICA Al 1 ULl welll }J UEU 1UL IV 1L, 11V Ivawviivil wUvL WY QU Gujuotue v

pH 7-8 with 8 aOH to afford 18 (0.623 g, 85%) as a white precipitate; mp: 189 6-191.1
°C; Rf (ethyl aoefate/methannl 3:1) 0.27; UV (methanol): Aqax= 263 nm, (log € = 3.99); IR

(KBr): v 3272brm, 3101brm, 2934w, 2878w, 1679m, 1604m, 1575m, 1486w, 1419m, 1391w,
1341m, 1306m, 1244w, 1205w, 1078w, 1013m; 'H NMR (500 MHz, de-DMSO): & 8.16 (s, 1
H, H-C(8")), 8.12 (s, 1 H, H-C(2*)), 7.14 (s, 2 H, NH,), 4.45 (d, J = 4.59, 1 H, OH), 4.02-
3.94 (m, 2 H, CH-N), 3.29-3.23 (m, 2 H, OCHy), 1.38-1.34 (m, 1 H, Hx-C(2%)), 1.24-1.19



(m, 1 H, Hg-C(2)), 1.05-1.01 (m, 1 H, H-C(2)), 0.85-0.84 (m, 1 H, H-C(1)), 0.54 (ddd, J =
4.43, 4.43, 8.70, 1 H, Ho-C(3)), 0.30 (ddd, J = 4.79, 4.79, 8.27, 1 H, Hp-C(3)); 13C NMR
(125 MHz, dg-DMSO): & 155.91 (s, C(6%)), 152.45 (d, C(2°), 149.49 (s, C(4*)), 140.82 (d,
C(8“)), 118.69 (s, C(5), 60.67 (1, OCHy), 46.93 (¢, CH,-N), 36.28 (¢, C(2“)), 18.34 (d,
C(2)), 14.91 (d, C(1)), 10.41 (¢, C(3)); MS (e.i., 70 eV): 233 (17.9%), 202 (100.0%); HRMS

o~ -

calcd. for L11H15N50 233.12764; found: 233.12765; Anal. calcd. for C;;H;sNsO (233.27): C,

56.64; H, 6.48; N, 30.02; found: C, 56.43; H, 6.38; N, 30.12.

(+)-3- an7n\)l- S-mpthvl-l /[/I RS, 2 SR_) trans-2-/2- /fpfrahvdrn-zl—{ Z-nvranv]n_rv)
ethyl] lcvclonronvl tmethyl)- 1 2,3, 4- tetrahvdro-Z 4-nvrzmzdznedzone [(£)-19]. "The reaction was
performed “under the conditions as described for 9 using 8 (1.5 g, 7.49 mmol) in dry 1,4-
dioxane (40 ml), triphenylphosphine (3.9 g, 14.87 mmol), N3-benzoylthymine (3.45 g, 14.99
mmol) and DEAD (2.61 g, 14.99 mmol) in dry 1,4-dioxane (20 m/). After evaporation of the
solvents and purification by column chromatography (silica gel, ethyl acetate/hexane 1:1) 19
(1.99 g, 4%) was obtained as a colorless oil contaminated with some 1mpur1tles that were
separated in the next reaction step; an analytical sample was obtained by column

chromatography (silica gel RP-18, methanol/water 8: 3), Rr (ethyl acetate/hexane 10:1) 0.75;

10\, T L3l A s YDA NOLO

UV (me[ﬂaﬂ()l) A.max 430 nm klog £ = 4 10), 1IN (Illm). v J‘I’OOD"W JUOOW L?‘L)S Aooom
2249w, 1748s, 1694s, 16525, 1599m, 1436s, 13545, 12545, 1201m, 1166m, 1120s, 10765,
1032s; 'H NMR (400 MHz, CDCl;): 8 7.91-7.89 (m, 2 H, Hy-C,,, phenyl), 7.63-7.60 (m, 1
H, H-Cpars phenyl), 7.49-7.45 (m, 2 H, Hy-Cypery phenyl), 4.55- (m, 1 H, H-C(2*“*)), 3.84
(dd, J=1.33, 11.04, 1 H, H5-C-N), 3.77 (dd, J = 6.55, 9.67, 1 H, Hp-C-N), 3.61-3.58 (m, 2

, Ha-C(6“°), OCHy), 3.49-3.41 (m,2 H, H -C( “9, OCHR)) 1.94 (s, 3 H, CHj), 1.81- 1.78

(m, 1 H, Ho-C(4%)), 1.71-1.67 (m, 1 H, Hy-C(3**)), 1.58-1.47 (m, 6 H, Hp-C(1%), Hg-C(3“*),
Hp-C(4“), Hp-C(5%%)), 0.98-0.95 (m, 1 H, H-C(1)), 0.88-0.85 (m, 1 H, H-C(2)), 0.54-0.51
(m, 1 H, Hy-C(3)), 0.48-0.43 (m, 1 H, Hp-C(3)); 13C NMR (100 MHz; CDCl3):  170.37 (s,
CO benzoyl), 164.35 (s, C(4*)), 151.13 (s, C(2Y), 141.10 (d, C(6*)), 135.99 (s, Cq phenyl),
132.87 (d, Cparaphenyl), 131.48 (d, Conno phenyl), 130.19 (d, Crera phenyl), 111.46 (s,

C(5)), 100.14 (d, C(2*%)), 68.03 (¢, C(6“)), 63.56 (¢, OCHy), 53.26 (1, CH,-N), 34.45 (1,
C(1), 31.72 (r, C(3“)), 26.32 (1, C(5*), 20.68 (1, C(4“")), 18.30 (d, C(1)), 1628 (d,

C(2)), 13.26 (g, CHj3), 11.50 (z, C(3)); MS (e.i.; 70 eV): 412 (0.4%), 397 (0.4%), 328
(2.9%), 307 (3.6%), 277 (2.9%), 223 (1.4%), 207 (5.9%), 127 (2.9%), 105 (100.0%);
HRMS caled. for C;3HosN2Os5: 412.19981; found: 412.19981; Anal. caled. for C3H23N>05
(412.49); C, 66.97; H, 6.84; N, 6.79; found: C, 66.81; H, 6.59; N, 6.95

(+)-3-Benzoyl-1-{[(1 RS, 2 SR)-trans-2-(2-hydroxyethyl)cyclopropylJmethyl }-5-methyl-
1,2,3,4-tetrahydro-2,4-pyrimidinedione [(+)-20]. The reaction was performed under the
conditions as described for 12 using 19 (1.85 g, 4.48 mmol), methanol (40 m/) and
hydrochloric acid (80 mi, 10%) After evaporation of the solvents under reduced pressure. the
residue was purmed by column cnromatograpny (smca gel, emyl acetate/hexane 10:1 ) to
afford compouna 20 (1.03 g, 70%) as a white solid; mp: 133.4-134.2 °C; Rg (ethyl

acetate/hexane 10:1) 0.36; UV (methanol): Amax= 256 nm (log € = 4.02); IR (KBr): v 3480brs,

1746s, 1694s, 1652s, 1599m, 1443m, 1357m, 1255m, 1180w, 1044w; 'TH NMR (400 MHz,
CDCl3): 87 01 7.89 (m, 2 H, Hp-Cuino nhe-nvl\ 7.63-7.59 (m, 1 H, H-C,,;;; phenyl), 7.48-7.44

AT LY L iy 2 ALTNAOFIAO pPREAVES J 21 7 Fed T RF%s 2 235 2 —para oYt

(m, 2 H, Hy-Cresg phenyl), 7.19 (s, 1 H, H-C(6°)), 3.69-3.59 (m, 3 H, Hs-C-N, OCH,), 3.52
(dd, J = 17.61, 14.26, 1 H, Hg-C-N), 1.92 (s, 3 H, CHz), 1.83 (s, 1 H, OH), 1.62-1.54 (m, 1 H,
Ha-C(1%)), 1.35-1.28 (m, 1 H, Hg-C(1%)), 0.94-0.83 (m, 2 H, H-C(1), H-C(2)), 0.51 (ddd, J =
4.69, 4.69, 8.98, 1 H, Ha-C(3)), 0.43 (ddd, J = 5.27, 5.27, 8.21, 1 H, Hg-C(3)); 13C NMR

(100 MHz, CDCl3): 8 169.41 (s, CO benzoyl), 163.35 (s, C(4)), 150.21 (s, C(29)), 140.23 (d,

1000\ rale) oo} A1D
127} OYUT—O0%L L o417



C(6%)), 135.03 (s, C, phenyl), 131.75 (d, Cpara phenyl), 130.47 (d, Cypemo phenyl), 129.16 (d,
Cpmera Phenyl), 110. 53 (s, C(5)), 62.33 (z, OCH,), 52.45 (t, CH2-N), 36.04 (r, C(1%)), 17.19
(d, C(1)), 15.28 (d, C(2)), 12.17 (g, CH3), 10.06 (#, C(3)); MS (e.i., 70 eV): 328 (0.7%), 297
(3.6%), 284 (1.4%), 223 (5.0%), 193 (4.3%), 126 (3.6%), 105 (100.0%); HRMS calcd. for
C13H20N204 328. 14229 found: 328. 14229 Anal. calcd. for C13H20N204 (328.36): C, 65.84;

YT L 1TA.ANT Q £, £ f" L0, IY £ 11 AT N 1AM

, 0,14, IN, 6.0, found: b,OD /17,11, 0.11] IN, J.14.

(£)-1-{{(1 RS, 2 SR)-trans-2-(2-Hydroxyethyl)cyclopropyl]methyl }-5-methyl-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(£)-21]. According to the preparation of 13 from 20 (0.81 g,
2.47 mmol), 1,4-dioxane (20 ml), sodium hydroxide (8 N, 10 m/) 21 (0.42 g, 76%) was
obtained as a white solid; mp: 144.9-146.0 °C; R (ethyl acetate/methanol 10:1) 0.44; UV
(methanol): Amax= 274 nm (log € = 3.98); IR (KBr): v 3445s, 3175m, 3049m, 2917m, 2817w,
1662s, 1471m, 1358m, 1322w, 1257w, 1212w, 1074w, 1027w; TH NMR (500 MHz, CD;0D):
8 7.46 (s, 1 H, H-C(6%)), 3.66 (dd, J = 6.89, 14.14, 1 H, Hx-C-N), 3.62-3.51 (m, 3 H, Hp-C-
N, OCHz), 1.87 (s 3H, CH3), 1.56-1.49 (m, 1 H, Hx-C(1%)), 1.41-1.34 (m 1 H, Hg- C(i“)),

1.00-0.94 (m, 1 H, H-C(1)), 0.90-0.83 (m, 1 H, H-C(2)), 0.56 (ddd, J = 4.71, 4.71, 8.63, 1
H, Ha-C(3)), 0.40 (ddd, J = 5.0, 5.0, 8.36, 1 H, Hp-C(3)); 13C NMR (100 MHz, CD;0D): &
167 1A o (AN 182 2N (o (CUINYNYN 14220 7 d CCEY 111 10 (o YK £ 7T7Q (¢ NCLI N
1O/7.10 A8, AT jj, 1333V (S, vA& }J), 193.34 (G, AU J), 111.1V 8, LI J), V2. /7 (i, ULI1Y),
5906 (r. CH,-NY. 37.42 (t. C(1*N. 18.61 (d C(1N. 15.76 (d. COON. 12.08 (g CHY 1071 (1
ot s ST \Ir, Ulll ‘l, o f eV hw \i, \/\l l}’ AV 1 \u’ \.J\l/,, Lol J \w, \/\‘-ﬂ"’, L bt s VO \q, A3 &5 § }, AV.7 1 \L’
C(3)); MS (e.i., 70 eV): 224 (7.1%), 207 (2.1%), 194 (15.0%), 193 (70.0%), 180 (8.6%),

179 (8.6%), 165 (4.3%), 152 (14.3%), 150 (10.7%), 139 (15.0%), 127 (22.1%), 126
(55.7%), 109 (10.0%), 98 (14.3%), 96 (50.0%), 83 (27.1%), 81 (85.0%), 79 (27.1%), 68
(35.0%), 67 (95.0%), 55 (100.0%); HRMS calcd. for C;;H¢N,O3 224.11608; found:
224.11607; Anal. calcd. for Ci1HgN,O3 (224.26): C, 58.91; H, 7.19; N, 12.49; found: C,
58.79; H, 6.88; N, 12.63.

VAR N 2 » Y d 1 7671 DQ YO s Y T e L T o ) I SlNe I Y [ SV S & S S

(1)-3-Benzoyl-1-({(1 RS, £ dSK)-trans-2-/ Z-(tetranyaro-2n-z-pyranyloxy)etnyl jcycio-
nzamenaisl s atles IV T ) 2 Attt laasduns D A snrizedaaal T n A s FAAN D97 Qiinilanley oo Anonrilhad Fre
PrOPYLy=IMELIYL)=1,4,0,4~ICLTGUNYUAT U=L,T=PYTiITHAlnediunc |\ )~«&j. Jlliiiially ad Uosiilivcu 101
bUlllPUmlu S 11V o \L-UU 5, AN T l.lll.llUl}, Llli.lll\.d.l IPIIUDPIILLAV \J.JJ 9 &~ dl.d 7 llllllul}, \.u_y l,""
dioxane (40 ml), N3-benzoyluracil (4.6 g, 21.28 mmol) and DEAD (3.66 g, 21.02 mmol) in
dry 1,4-dioxane (20 m/) 22 (1.55 g, 38%) was obtained as a colorless oil after -olen

chromatography (silica gel, ethyl acetate/hexane 1:1 and ethyl acetate/acetonitrile 5:1). Rg
(ethyl acetate/hexane 2: I) 0. 37 UV (methanol) Apax= 256 nm (log € = 4.49); IR (ﬁlm) v
3451brs, 2942m, 2868w, 1748s, 1703s, 1663s, 1598m, 1439m, 1384m, 1350m, 1254m,
1200m, 1179m, 1119m, 1075m, 1031m; '"H NMR (400 MHz, CDCl5): 7.92-7.90 (m, 2 H,
H,-Corino phenyl), 7.63-7.60 (m, 1 H, H-Cparq phenyl), 7.48-7.45 (m, 2 H, Hp-C,,¢rq phenyl),
7.38 (d, J= 8.00; 1 H, H-C(6°)), 5.76 (d, J = 7.81, 1H, H C(5%)), 4.53 (brs, 1 H, H-C(2*)),
3.85-3.73 (m, 2 H, CH,-N), 3.67-3.55 (m, 2 H, HA-C(6“‘), OCH,), 3.48-3.38 (m, 2 H, Hg-
C(6‘“) OCHB), 1.79-1.78 (m, 1 H, HA-C(4*)), 1.72-1.68 (m,

1 H, Ha-C(3%)), 1.61-1.44 (m,

(AEN LT YAGEY LT, VLR N QS N QA F2s ALY IT 01N IT /AN N EA
6 H, H,-C(1%), Hg-C(3“), Hp-C(4“*), H2-C(5%%)), 0.96-0.84 (m, 2 H, H-C(1), H-C(2)), 0.54-
N AA (24 ) U IO 120 NMB 7100 MET> CTYLY- 8 17000 (e OO hanzauyly 182 A4 (o
V.44 (m, 2 K, n-C(3)); *°C NMR (100 Mz, CDCI3)0 0 1/0.U7 (5, LO DenzZoyl), 105.04 (s,
C(4Y). 151.11 (5. C(2°Y. 144.97 (d. C(6°)). 136.11 (s F nhenv. 132.70 (d. C nhenvl)
\./\_' }} 1 7 «1 1 \L’ \/\& }I LLLLLL \u, \J\U }I Es \IJ l lJ 1 R ot hmtn T T \W’ \lpara rll‘.‘ll] I,I,

131.53 (d, Corsho phenyl), 130.24 (d, Crers phenyl), 102,98 (d, C(5%)), 100.30 (d, C(2")).
68.02 (1, C(6“)), 67.97 (t, OCHy), 53.55 (¢, CH,-N), 34.41 (r, C(1%)), 31.76 (t, C(3“)),
26.32 (¢, C(5“)), 20.74 (t, C(4*)), 18.09 (d, C(1)), 16.51 (d, C(2)), 11.50 (t, C(3)); MS
(e.i., 70 eV): 398 (5.0%), 369 (1.4%), 313 (8.6%), 293 (26.4%), 283 (10.0%), 209 (3.9%),
193 (22.1%), 179 (4.3%), 105 (100.0%); HRMS calcd. for C2Hy6N,Os: 398.18415; found:
398.18416; Anal. calcd. for C2HgN>Os (398.46): C, 66.32; H, 6.58; N, 7.03; found: C,
66.09; H, 6.39; N, 6.91.



D ...l A L 1{\ 04 n{\ D4~ - o
R. Csuk, A. Kern / Tetrahedron 55 (1999) 8 8422 &

(2)-3-Benzoyl-1-{{(] RS, 2 SR)-trans-2-(2-hydroxyethyl)cyclopropylimethyl}-1,2,3,4-
tetrahydro-2,4-pyrimidinedione [(¥)-23] and (%)-I1-{{(] RS, 2 SR)-trans-2-(2-
hydroxyethyl)cyclopropyl]methyl}-1,2, 3, 4-tetrahydro- 2, 4-pyrimidinedione [(£)-24].

According to the preparation of 10 compound 22 (1.44 g, 3.62 mmol) was dissolved in
hydrochloric acid (50 mi, 10%) and stirred at room temperature for 12 h. The reaction
mixture was cooled to 5 °C, adjusted to pH 7-8 with 8 NNaOH and extracted with ethyi

acetate (10 x 50 m/). The combined organic phases were dried (MgSO,) and evaporated to
afford 23 (0.65 g, 57%) and 24 (0.22 g, 28%) after column chromatography (silica gel, ethyl

anatata/mathannal 10-1
AV LAWY 1IVULIGS lUl 1. 1}

Data for 23: white solid; mp: 195-196 °C; Rf (ethyl acetate/methanol 10:1) 0.63; UV
(methanol): Apax= 256 nm (log £ = 4.25); IR (film): v 3436brm, 3088w, 2999w, 2930m
1747s, 1699s, 1652s, 1598m, 14465, 1385m, 1350m, 1254s, 1179m 1042m TH NMR (400
MHz, CDClj3): 6 7.93- 7 90 (m, 2 H, Hy- Cor,ho phenyl) 7.64-7,60 (m 1 H, H -Cpara phenyl),
7.49-7.45 (m, 2 H, Hy-C era phenyl), 7.37 (d,J=8.01,1H, H~L(6 ), 5.75 (d,J=8.00, 1 H,

H-C(5%)), 3.69 (dd, J =6.35, 13.97, 1 H, CH;-N), 3. 62 59 (m, 2 H, OCHy), 3.52 (dd,J=
7.71, 14.16, 1 H, CH,-N), 2.02-2.01 (m, 1 H, OH), 1.62-1.54 (m, 1 H, HA-C(1%)), 1.27
1117 ¥ __ 711 7T AL 12 NL NA4L£ 00 1 1T 1T M1 N OL NON Fowe D LT LI M/1Y LI MO
waada,J — /.11, /.99, 13.V0, £0.006,1 11, rnp-LA1l )}, V.70-U.0U /¢, <« Il, I'1=\1), 1~ \<)),
050 (ddd J=498 498 869 1 H H.i-C(3W. 043 (ddd. J=5.27.5.27. 830. 1 =
V.JVU (Ui, J .70, .70, O.UTF, 1 11y LIATUAIT )}y, V.TTI \Uhsy J Sedaly Jekidyg U.JU, i, 11§

C(3)); 13C NMR (100 MHz, CDCl3): 3 169.18 (s, CO benzoyl), 162.72 (s, C(4)), 150.17 (s

C(2%)), 144.30 (d, C(6%)), 135.17 (d, Cpara phenyl), 131.55 (s, C, phenyl), 130.49 (d, Cortie

phenyl), 129.21 (d, Cper, phenyl), 101.82 (d, C(5%)), 62.25 (¢, OCHo) 52.75 (¢, CHy-N),
35.92 (t, C(1%)), 17.08 (d, C(l)), 15.25 (d, C(2)) 10.13 (, C(3)), MS (e.i., 70 eV): 314
(0.7%), 283 (9.3%), 270 (3.6%), 209 (15.7%), 179 (12.9%), 113 (8.6%), 106 (7.9%), 105
(100.0%); HRMS calcd. for C;7H3N204: 314.12664; found: 314.12665; Anal. calcd. for
C17H18N204 (314.34): C, 64.96; H, 5.77; N, 8.91; found: C, 64.76; H, 5.43; N, 8.99.
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; dd, J = 1,,97,1HH—CN)35d , J =152, 13.97, 1 H, Hp-C-N),
3.34-3.32 (m, 2 H, OCHy), 1.97 (s, 1 H, OH), 1.40-1.34 (m, 1 H, Ho-C(1)), 1.26-1.19 (m, 1
H, Hg-C(1%)), 0.88-0.84 (m, 1 H, H-C(1)), 0.79-0.75 (m, 1 H, H-C(2)), 0.45 (ddd, J = 4.43,
4.43, 8.64, 1 H, Ho-C(3)), 0.28 (ddd, J = 4.15, 4.15, 8.93, 1 H, Hp-C(3)); 13C NMR (100
MHz, dg-DMSQ): 5 163.94 (s, C(4%)), 151.22 (s, C(2*)), 145.75 (d, C(6*)), 100.71 (d, C(5°)),
60.69 (f, OCH,), 50.99 (£, CH,-N), 36.24 (¢, C(1%)), 17.25 (d, C(1)), 14.17 (d, C(2)), 9.66 (1,
C(3)): MS (e.i., 70 eV): 210 (8.6%), 193 (2.9%), 179 (56.4%), 167 (10.7%), 149 (15.7%),
138 (12.1%), 126 (10.0%), 113 (44.3%), 112 (21.4%), 98 (12.9%), 95 (17.9%), 82

A0 £0/\ FAN NO/N O AN NN L7710 L /80 /Y €2 FAQ 20/ . LTDRAQC A lad £
(46 ()"/o), 81 (4U.U70), OF {(4U.VU/0), O/ UUU 0%) y DI (D70 3% o), 23 {4¥.570), riRivid CaiCa. 101
210 100NA2. Eriinde 2710 100472 Anal salad for O . NL.OWL Q10922 C 57 13-
b10H141V2U3 Z1IU.1IUU44S, T0OUILU. £1V.1VUSD, Ndldl. LalLlu., 1UL UJJLI[4INIVIZ \&LLVLT Jo Ny T T o1,
T £§71- N 1212 found: C. 57.00: 651 N. 13.52
LLy U/ 1y LNy, 17,0y LUULIM. Ny J7T.UUy Ly Vel gy 18y LJedilae
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