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Synthesis and Antiviral Activity of Novel 2'-Methyl and 4'-Phenyl Branched
Carbocyclic Nucleosides

Sun Wha Yang and Joon Hee Hong#
College of Pharmacy, Chosun University, Kwangju 501-759, Republic of Korea

Abstract — In this study, a series of 2',4'-doubly branched carbocyclic nucleosides ( 8, 9, 10) were synthesized from simple
acyclic ketone derivative as starting material. The installation of the 4'-quaternary carbon needed was carried out using a
[3,3]-sigmatropic rearrangement. In addition, the introductior. of a methyl group in the 2'-position was accomplished by Grig-
nard reaction. Bis-vinyl was successfully cyclized using a Grubbs' catalyst II. The natural bases (adenine, cytosine, uracil)
were efficiently coupled with the use of a Pd(0) catalyst. Although all the synthesized compounds were assayed against sev-
eral viruses, only cytosine analogue 9 showed weak antiviral viral activity (ECz;=45.4 pM) against CoxB3 virus.

Keywords [ branched nucleoside, antiviral agents, grignard reaction, ring-closing metathesis (RCM)
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7kZ w9 Ao} gre BAFRE o|Fo] Frh 53], ()-
aristeromycin®# neplanocin A% o)X AL 5= Q= 33t
EEA FIEALIEE R RAR|EE diEsks siEkEeltt 1
9]ol| abacavir?$} entecavir®(Fig. 1)8} 22 34 FlHAlo|Z e
FAHLA]EE human cytomegalovirus(HCMV),® herpes
virus,” hepatitis B virus(HBV),® human immunodeficiency
virus(HIV)g} 22 nlojgizo| thslo] g3t gujolsx &3
£ vepdct.
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3t FhHALo|EE AP QAR EE AAE &4<] S-adenosyl-
L-homocysteine(AdoHcy) hydrolase® #|3f|5lo] 3] 7}2] <k&
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B =Bl B Boli= ARjelAR
(A3} 062-230-6378 (H2~) 062-222-5414
(E-mail) hongjh@chosun.ac.kr

88

e

NH,
...
7|l

<N N/)

HO
HO—‘ N N/)\NHz
HO OH :
Neplanocin A Abacavir
0
HO B
O by e—
HO N" >N NH, O CH,
HO 9:B=C
10:B=U

Entecavir

Fig. 1 - Structures of olefinic carbocyclic nucleosides and target
nucleosides.

methionine(SAM) }&4 methylations 43P AdoHcyE 7}
o} 4 © 2 adenosine™ homocysteineC & 7}EafjgthY -
adenosyl-L-homocysteine(AdoHcy) hydrolass #sigre 24 4
7202 AdoHcy®] 557} $71; ZHSE AdoHey’} 549
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#-2-8 A3HA =v AdoMet-dependent methylation reaction
o] 2P} !? Methyltransferases= mRNAS AJ<A]7]=0) vE
A Fash gholth. ARFCR AdoHey AR Ao R
] methyltransferase?} A&|F o] vlo]2i~2] mRNA 4do] &
vhErh, AdoHeyw thAl 389l hnjolelA ki g 7ixict. 53
ol AL714 7 oE 718 & 7K wmad eatel =g
combination therapy$ 53+ FE7Io] &kskAl A= 9
vh 7hEALO1EY A @A = o)8) 2o] Rl AL
Q3 Tkt o)A kR E 7L Q7] wiel] 2 Al
= 2% $A] ol methyl?]1€h 4% 94R]°) phenyl71E FAlol 7}
4 AZ2E FhEAN]EE] A QA EE sk ol &
vlolg A S ANt A vk FaElich.

Mawy

Ak & 7171

B Ay AEE AleFE2 Aldrich 7k, Sigma iif, Tokyo
Kasei iit, @ Fluka iitellX 743t 533 G412k /\}%‘6‘}"3
o silica gel(230~400 mesh)>- MerckAl AF-& ARE-SI T
g Foof wj2} gAlslo] ARgsIIet. Thin layer chromato-
graphy(tloy= Kieselgel Fys,(0.25 mm)E Wl 23S 2e} o]
#3}% 29 tlc spot> A} E UVGL-587} Anisaldehyde,
KMnQ, BAAIekE AFES AT 8 F 742 Gallen-Kamp
melting point apparatus® ARE-3}3 0.1, olol] it R YL 3}
x| 9k9)t}h, NMR spectras= tetramethylsilane(TMS)E W3 &
FEAZ 31§ FT-300 MHzE A3

(rel)-(3R and 38,58)-5-(t-Butyldimethylsilyloxymethyl)-
2-methyl-6-phenyl-hepta-1,6-dien-3-01(2) — ¢ H|3|= 1(5.0g,
16.42 mmol)Z ¥ THF(120 m))ll &aist3ct. ©7]¢) isopro-
penylmagnesium bromide(19.7 m/, 1.0 M in THF)E -20°ColA
HH3) Frsloirt. 222k ol 3} NH,Cl §94& Frlsjed wh
& TH3IGT. HH3] MRS ALTA) E2]al EtOAcst &
2 FE3I0vh 71835 brineE A& &, o MgSO,2
Az, A3 A wFEte] 2 Ak
(EtOAc/hexane=1:7)2 7 A3} zoa*u 3HHE 2483 g,
85%)S HIth. Diastereomeric mixture®A1: '"H NMR (CDCls,
300 MHz) 6 7.48-7.32 (m, 5H), 6.09-6.03 (m, 1H), 5.44-4.23
(m, 4H), 4.25-3.53 (m, 3H), 2.13-2.19 (m, 2H), 1.86 (s, 3H),
0.96 (m, 9H), 0.10 (s, 3H), 0.05 (s, 3H); *C NMR (CDCl,
75MHz) 6 148.19, 144.65, 143.17, 142.42, 128.10, 127.59,
127.42, 126.48, 115.23, 114.07, 109.99, 72.18, 72.02, 69.03,
67.90, 49.39, 43.04, 42.25, 25.79, 18.19, 17.83, -5.52, -5.78.

(rel)-(1R,4S)-4-(t-Butyldimethylsilyloxymethyl)-2-
methyl-4-phenyl-cyclopent-2-enol(38); and (rel)-(1S,4S)-

£ column chromatography
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4-(t-Butyldimethylsilyloxymethyl)-2-methyl-4-phenyl-
cyclopent-2-enol(3a) - EFE 2(4.0g, 1154 mmoD)=S F
CH,Cl,(20 m)ol| €-313t1 ©37]9 Grubbs' catalyst [I(195 mg,
0.23 mmolyE 0°CollA F71815ict, yhg-4g Hopgl hFwrt
g T 7t 531 vk 1 FAFE column chromatography
(EtOAc/hexane=1: 5)F A5} 742 cyclopentenol S+ =)
3B(1.7 g, 46%)7} 300(1.7 g, 46%)2 24zt AUt 33HE 3B: 'H
NMR (CDCl;, 300 MHz) § 7.26-7.11 (m, 5H), 5.55 (s, 1H),
426 (dd, /=11.4Hz, 1H), 3.62 (d, /=9.3Hz, 1H), 3.44 (4,
J=93Hz, 1H), 235 (dd, /=13.8, 6.9Hz, 1H), 2.10 (d, J=
13.8 Hz, 1H), 1.81 (s, 3H), 0.81 (s, 9H), 0.05 (s, 6H); °C
NMR (CDCl;, 75MHz) 6 145.61, 144.98, 129.79, 128.38,
126.47, 78.24, 70.25, 58.05, 46.45, 25.97, 18.59, 14.07, -5.42;
3432 3oz 'H NMR (CDCl;, 300 MHz) § 7.36-7.23 (m, 5H),
5.83 (s, 1H), 4.75 (d, /=6.6 Hz, 1H), 3.69 (d, /=9.6 Hz, 1H),
362 (d, /=9.6 Hz, 1H), 2.86 (dd, /=13.2, 7.5Hz, 1H), 1.95
(dd, /=132, 5.7 Hz, 1H), 1.91 (s, 3H), 0.89 (s, 9H), 0.07 (s,
6H); *C NMR (CDCl;, 75 MHz) & 146.60, 143.49, 131.13,
128.12, 126.55, 126.07, 79.38, 71.19, 56.62, 46.12, 25.79,
18.16, 13.71, -5.62.
(rel)-(1R,4S5)-1-Ethoxycarbonyloxy-4-(t-butyldimethyl-
silyloxymethyl)-2-methyl-4-pheny1—cyclopent-Z-ene(4) -3}
35 3p(2.0 g, 6.27 mmoly T+ pyridine(7 mpl 33k, o
7191 0°CollA] ethyl chloroformate(0.89 m/, 9.40 mmol)3} di-
methyl aminopyridine(85 mg, 0.7 mmol)}& F-7}5}3ith. w5
& 2d2elM Hokst wRke & X3} NaHCO,; 942 m)E 7
7Fsto] Whe-5 FAsISitt. Rg-EYE toluene} 2 %"6 s
& EF¢ F, EtOAce}t B2 FE3I5ith 7] £943-2 brine
o® M1, ¥4 MgS0,2 A%, o3}, 7t %f}"“ﬂ} TAHE
column chromatography(EtOAc/hexane=1:10)%Z 7 Aslo] #
Ao 3138 4(2.20g, 90%)S ATt 'H NMR (CDCl,, 300
MHz) d 7.37-7.25 (m, bH), 6.09 (s, 1H), 5.57 (t, J=3.6 Hz,
1H), 4.32 (q, /=6.9 Hz, 2H), 3.80 (dd, /=12.9, 9.3 Hz, 2H),
269 (dd, /=144, 7.8 Hz, 1H), 2.37 (dd, /=144, 3.6 Hz, 1H),
1.93 (s, 3H), 142 (t, /=6.9 Hz, 3H), 0.90 (s, 9H), 0.04 (s,
6H); °C NMR (CDCl,, 75MHz) d 15530, 145.79, 13861,
135.55, 127.93, 126.94, 126.05, 84.70, 71.39, 63.80, 57.25,
41.82, 25.77, 18.19, 14.31, 13.98, -5.60.
(rel)-(1'R,4'S)-9-[4-(t-Butyldimethylsilyloxymethyl)-
2-methyl-4-phenyl-cyclopent-2-en-1-yl] adenine(5) — NaH
(53.25 mg, 2.22 mmol)}S F= DMSO(6.0 mi)ol] -23]35}1L, o37]
o] adenine(300 mg, 2.22 mmol)= 718+ ¥ 50~55°CollA] 30%
FQF @RSk AR o g 2 EE gl ¢, ¥ THFG m)
o Pdy(dba); - CHCl3(28 mg, 15 pmol)-& £-3)3t3. P(O-i-Pr),




90 i) -

(0.56 m/, 1.4 mmol)& 7131 30% F<F Ad2oA) mRkt f-o
= 919 adenineo] EIUE gl 2%18] et o] b
& Ege] # THFG mhell 8319 454 4(819mg, 2.1
mmol)g 3] 7}et F, R AL 60°CollM Hokael wrkst
Ak BESAE AAR7EA] s Fol B ml)E 7hste] vEE-S
ZAs ) U8R methylene chloride?} B2 F&3F Fo
7149 55 T MgSO,2 Az, o3}, 7t Fasisich. 7
AFE column chromatography(MeOH/CH,Cl,=1: 10)2 =3}
of WAl iAAte) 83E 6(320 mg, 35%)S A3ith mp 198~
200°C; UV (MeOH) A, 261.5nm; 'H NMR (CDCl,, 300
MHz) d 8.29 (s, 1H), 7.96 (s, 1H), 7.31-7.19 (m, 5H), 5.84
(s, 1H), 5.59 (dd, /=84, 7.2 Hz, 1H), 3.75 (s, 2H), 2.85 (dd,
J=13.5, 8.7 Hz, 1H), 2.50 (dd, /=13.5, 6.6 Hz, 1H), 1.59 (s,
3H), 0.84 (s, 9H), 0.02 (s, 6H); *C NMR (CDCl,, 75 MHz)
6 156.27, 153.33, 151.03, 147.12, 142.50, 140.12, 131.77,
129.46, 126.47, 125.50, 119.05, 79.31, 72.24, 57.89, 46.47,
25.86, 18.24, 13.32, -5.41.
(rel)-(1'R,4'S)-1-[4-(t-Butyldimethylsilyloxymethyl)-2-
methyl-4-phenyl-cyclopent-2-en-1-yl] cytosine(6) — 3} &
59} fAkgt whio s 6 3kES T4 BTk Yield 32%; mp
180~182°C; UV (MeOH) A, 271.5nm; 'H NMR (CDCl,,
300 MHz) d 7.50 (d, /=6.9 Hz, 1H), 7.30-7.22 (m, 5H), 5.94
(m, 2H), 5.57 (m, 1H), 3.79 (s, 2H), 291 (dd, /=14.0, 86
Hz, 1H), 2.55 (dd, Jj=14.0, 6.8 Hz, 1H), 1.62 (s, 3H), 0.86 (s,
9H), 0.05 (s, 6H); *C NMR (CDCl,, 75MHz) & 167.21,
157.45, 147.63, 143.01, 142.82, 131.73, 127.71, 126.59, 126.12,
93.50, 78.62, 71.78, 57.12, 46.12, 25.52, 18.20, 13.89, -5.54.
(rel)-(1'R,4'S)-1-[4-(t-Butyldimethylsilyloxymethyl)-2-
methyl-4-phenyl-cyclopent-2-en-1-ylluracil(7) — 33-E& 59
AR o R 73 sEHE-S ¥4 3kl Yield 30%; mp
188~190°C; UV (MeOH) A, 268.5nm; '"H NMR (CDCl,,
300 MHz) d 7.78 (d, /=8.0 Hz, 1H), 7.31-7.19 (m, 5H), 5.81
(s, 1H), 5.62 (d, /=8.0Hz, 1H), 5.62 (m, 1H), 3.78 (dd, /=
13.4, 45 Hz, 2H), 2.30 (dd, /=13.6, 8.5 Hz, 1H), 2.05 (dd,
J=13.6, 6.4 Hz, 1H), 1.61 (s, 3H), 0.86 (s, 9H), 0.06 (s, 6H);
3C NMR (CDCl,, 75 MHz) & 166.47, 151.92, 145.12, 142.34,
130.32, 128.17, 126.45, 126.12, 102.67, 78.21, 69.67, 57.61,
46.01, 26.21, 18.34, 13.23, -547.
(rel)-(1R,4'S)-9-[4-(Hydroxymethyl)-2-methyl-4-phenyl-
cyclopent-2-en-1-ylladenine(8) — 3} 35  5(100mg, 0.23
mmol)S 5 THF reagent(TBAF)(5 m))oll £3l5}12 Ah2of|A]
AARE Bt IBISICE. BhENE %) F5F Foll 2FE column
chromatography(MeOH/CH,Cl,=1: 5)& “JA5lo] w2111 4]
538 8(63.5mg, 86%)s VT mp 202~204°C; UV (H,0)

Ay 261.0nm; ‘H NMR (DMSO-d;, 300MHz) § 8.16 (s,
1H), 810 (s, 1H), 7.35-722 (m, 5H), 720 (br s, D,0
exchangeable, -NH,), 597 (s, 1H), 547 (br s, 1H), 4.69 (br
s, D,O exchangeable, OH), 3.65 (d, /=3.9, Hz, 2H), 2.49
(dd, /=14.0, 9.4 Hz, 1H), 2.01 (dd, /=14.0, 6.0 Hz, 1H), 1.57
(s, 3H); BC NMR (DMSO-d,, 75MHz) 3 156.90, 154.23,
151.92, 14577, 142.63, 139.56, 132.51, 128.67, 126.61,
126.12, 118.71, 78.63, 70.78, 57.21, 46.78, 14.02.

(rel)-(1'R 4'S)-1-[4-(Hydroxymethyl)-2-methyl-4-phenyl-
cyclopent-2-en-1-yllcytosine(9) — 3132 87} FAJSH wbio =g
9 e P4 sk yield 78%: mp 179~181°C; UV
(H,0) Ay, 271.0 nm; 'H NMR (DMSO-d;, 300 MHz) d 7.48
(d, /=72 Hz, 1H), 7.32-7.18 (m, 5H), 7.02 (br d, D,0 ex-
changeable, -NH,), 5.94 (s, 1H), 5.76 (d, /=7.2 Hz, 1H), 5.46
(t, /=75Hz, 1H), 4.72 (t, J=6.6Hz, D,0 exchangeable,
OH), 354 (d, /=9.0Hz, 2H), 3.15 (d, /=9.0 Hz, 1H), 243
(dd, /=135, 9.3 Hz, 1H), 2.01 (dd, j=13.5, 6.6 Hz, 1H), 1.55
(s, 3H) BC NMR (DMSO-d,, 75MHz) & 166.87, 156.70,
145.81, 143.45, 142.45, 130.78, 128.21, 127.12, 126.45, 92.12,
80.82, 71.48, 56.73, 47.54, 13.88.

(rel)-(1'R,4'S)-1-[4-(Hydroxymethyl)-2-methyl-4-phenyl-
cyclopent-2-en-1-ylluracil(10) - 3}5-& 83 fAFS oz
104 33HE-S 34 3ok yield: 84%; mp 198~200°C; UV
(H,0) A, 267 nm; 'H NMR (DMSO-d, 300 MHz) & 7.69
(d, /=7.8 Hz, 1H), 7.35-7.21 (m, 5H), 5.63 (s, 1H), 5.54 (d,
J=78Hz, 1H), 533 (d, J=4.3Hz, 1H), 4.70 (t, /=6.7 Hz,
D,0O exchangeable, OH), 3.39 (dd, /=12.5, 8.6 Hz, 2H), 2.23
(dd, /=13.0, 8.5 Hz, 1H), 2.00 (dd, /=13.0, 6.8 Hz, 1H), 1.52
(s, 3H); C NMR (DMSO-ds, 75MHz) & 165.76, 15151,
145.81, 143.21, 142.78, 129.34, 128.46, 12699, 126.12,
103.22, 78.24, 71.21, 57.21, 47.12, 13.56.

dEgan i 0

Scheme 1¢] YR vl9} Zo] Ha3k= A QARIEE &
Aal7] Qe Aol 4 o B-unsaturated estersE
A 15 SREAZ Agsieint. 13 3)8kEo] CH,=C(CH;)MgBr
£ ©]&3l Grignard W5 Fa43to] H-gJAlo) A ZA bis-
olefin =4 28 85%2] %2 & AT = AN oA
AE F2lskA] ¢l Grubbs' catalyst M2 Xzlélo] 3agt 3B
£ 1:18[&E 43130 o] &2 silica gel column chro-
matography= 2|53t} 7] it ZE NOES ©)-8351
AA F9E o U}, 39t g 3a9] H-13% H-5¢14= NOE
7} BEE I o)F sEFOlA 3] BAlhe A AL
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Reagents: i) CHp=C(CHz)MgBr, THF, -20 °C; i) Grubbs' catalyst {I, CH,Cly, reflux,
overnight; iii) CICO»Et, DMAP, pyridine, rt; iv) Bases (A = adenine, C = cytosine, U =
uragcil), Pdy(dba)s.CHCI3, P(O-Pr)3, NaH, THF/DMSO, reflux, overnight; v) TBAF,

THF, rt.

Scheme 1 - Synthesis of 2-methyl and 4'-phenyl branched carbocyclic nucleosides.
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