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Abstract— Six novel 5-substituted-1-[2-(3-methoxy-2-hydroxyphenyl)-1-methoxyethylJuracils 2a-f
were prepared by condensation of 24-bis(trimethylsilyloxy)-5-substituted uracils with 2,7-dime-
thoxy-2,3-dihydrobenzofuran (9) in the presence of Lewis acid. The 2,3-dihydrobenzofuran deriva-
tive 9 was obtained by intramolecular acetalization of 2-acetoxy-3-methoxyphenyl acetaldehyde (8)
which was synthesized by oxidative cleavage of 1-allyl-2-acetoxy-3-methoxybenzene (7) using os-
mium tetroxide followed by NalO,. Compounds 2a-f were evaluated for in vitro antiviral activity
against HSV-1, HSV-2 and HRV. None of these compounds showed activity with IDs values up
to 100 pg/m/ except for 5-chlorouracil derivative 2d which exhibited antiviral activity against HSV-
1 with EDs 30 pg/ml. In the antitumor activity against L1210 and P388 leukemia cell lines, 2d
showed activity with IDs values of 14 ug/m/ and 11.6 pg/m/, and 2¢ with IDs, values of 22.9 pg/mi

and 8.8 pg/ml, respectively.

Keywords [] 5-Substituted-1-[ 2-(3-methoxy-2-hydroxyphenyl)-1-methoxyethyl Juracils, antiviral acti-

vity, antitumor activity.
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Scheme I—(a) allyl bromide (1 eq.), K;COj3; (b) Me;SO,, NaOH; (c) N,N-dimethylaniline, 220T; (d) Ac,0, Pyridine,
rt; (e) 0sO, NalOg; (f) HCl(g), MeOH; (g) HMDS, (NH,)SOs(Cat.); (h) SnCl,, 1,2-dichloroethane
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2171, M2 Y Alef—-§3H-e Thomas Hooverits)
ZAB ¥ AldrichA+2] micro-
distillation B35 Al&-3le] ZAslgon, LvA=
B3] okgke}. 'H-NMR ~#e3e TMSE %
EFEHE sle] JEOLAFY] PMX-60SI model(60
MHz) #} BrukerAt2] Spectra-3000 model(300 MHz)
< AH83lgen, MS A E#.L  Shimadzurle)
GC/MS-Qpl1000 model& A3} Agic). TLCSH
AP A2vlE a2ty MerckAt] Kieselgel 60F =
© silica gel(70~230 mesh)& Apg-3lo]on] )4
"] 2= n-hexane/Et;,0 =+ CHCl/MeOHe] &34
v & AHEEtd ) Aj2k& F 2 AldrichAFe} Sigmas}e]
AFE AMgslelon, Sullfe Yubdql uhyez
A8t Alg-stATh

2-Allyloxyphenol (4)2| #MMd» — T4 acetone 60
m!/ ¢} pyrocatechol (3) 33g(0.3 mol), %5 K,CO; 49.8

FAESAAAE,

g2(0.36 mol) o] HetHE $F3IHA allyl bromide
36.3g(0.3 moD) & =4 713 o2, ojel DMF 20
£ 7Fsla 7217 A% &5Eksith B4A4YE o
FAASI L AdE ES F AFES ELO300
m/) 2} 5%-NaOH +8-4(150 m/X2) 2.2 F&314)
o} %8 Rl CHCLE AH (100 m/X2)3F &
e HCl #8408 AH3] F3ta Et,0(100
m/X2)2 &Y o2 FFF105mIX3)E A -3}
g} Et,0 & ‘?‘“’T‘ MgSO4i ZAzsta 4l g A
skl 71 ZA AL SR 749
Ake] EAE 38, 7g(86% dqic} wiAg 107~109
/15 mmHg(lit.,” 107.5~109C/15 mmHg) ;
NMR(CDCl;+D,0) : 8 69(m, 4H, aromatic), 59
(m, 1H, -CH=), 5.1(t, J=8 Hz, 2H, O-CH,-), 4.4(t,
2H, J=6Hz, C=CH,), 2.8(DOH).
2-Allyloxymethoxybenzene (5)2 £
H| 1848 — 2-Allyloxyphenol (4) 45g(0.3 mol)
2 2N NaOH 48 150 m/ol} &-8)3}3, wabsbal
dimethy! sulfate 454g(1.2 mol)& A4 =7}l
Z7heks F fele] 2T & 50CE FAlFHA 3087
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H waksla, Ao g Wz 3 Et,0(200mIX2)E
FE39d F718905S 10% NaOH 4893 =
FrE AA150miX2) 83 T4 Na,SO= AZX
F SE AAst Fe A JarEalg gk
ol& ZjheFiste] TN} BAE 33g(67.0%) &
Agich
M 28HH — = acetone 179} guaiacol 150g
(0.76 mol), -~ KoCO5 ¥ 116.9g(0.53 mol) & 7}3}
o} get) o2 3 F allyl bromide 160.8¢(0.84 mol)
< 2 R F 1847 Btk BEA4Y9e
AN AL el 5 AAT ) P& AN AFES F
W ZF(column size : 1X5 cm, glass ball) 8] -4
Aate]l EAE 163.17¢(822%)& Asit) ¥R 70
~73C/1 mmHg(lit,'” 1435~146T/15 mmHg); 'H
NMR(CDCl3) : 8 6.9~7.1(m, 3H, aromatic), 6.0~
6.1(m, 1H, -CH=), 51(d, J=8Hz, 2H, C=CHy),
45(d, J=4Hz, 2H, -CH;-), 3.8(s, 3H, methoxy).
2-Allyl-6-methoxyphenol (6)2| 40 —2-Allylox-
ymethoxybenzene (5) 100g(0.61 mol)-2- N,N-dime-
thylaniline 200 m/o] 7}st, AX7bx Foa] ALLS
ARS-Ele] 200C 2 5417 AT Ao g Wizt
3o dimethylaniline-S 743} Al At Z & 34 RAL
AL BEEFEt] TG e BAE 79g(79%) &
dglek w1 [ 78~79C/0.5 mmHg ; 'H NMR(CDCly)
: 8 6.9~7.1(m, 3H, aromatic), 6.0~6.1(m, 1H, -CH
=), 5.2(d, J=8Hz, 2H, C=CH,), 3.9(s, 3H, me-
thoxy), 35(d, J=6Hz, 2H, -CH.-).
2-Acetoxy-3-allylmethoxybenzene (7)2| #H4d—2-
Allyl-6-methoxyphenol (6) 41g(0.25 mol), ¥~ py-
ridine 39.5g% ¥ CH,Cl, 250 miol] ~}3} % uwt
4] AcO 33.1g(0.33 mol) & 7}8tar, Aol 20
A1ZE srsldeh $/-42(200 m) S 7Fskar Et,0(150
m/X2)2 FE3, K745 FF5(100 mIX
3E AH, ¥+ MgSOE Zxsla $9E 7tAl
Azle] AL AFEAL AdEHIte] Tyt
EHE 46.6g(89.6%) 2k BIA 1 99~100T/0.2
mmHg ; '"H NMR(CDCl;) : § 6.9~7.1(m, 3H, aro-
matic), 59(m, 1H, -CH=), 5.1(d, J=8Hz, 2H, C
=CHy), 3.9(s, 3H, methoxy), 34(d, J=6 Hz, 2H,
-CH,-), 2.3(s, 3H, acetoxy).
2-Acetoxy-3-methoxyhenylacetaldehyde (8)2] &4
—2-Acetoxy-3-methoxyallylbenzene (7) 25g(0.12
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mol) S JiiEE ethyl acetate 150 m/¢} SF5 100
m/e] &N £33t osmium tetroxide 0.2gS
Zyska 3087t AAavks F o ARelA wdbsisich
uk-g-dof sodium periodate 77.8g(0.36 mol)-S 24]7}+
o Ax HA3| 75k 4417k 2ukEF ¥ brine(50 mf)
& 7}3td ethyl acetate2 FE(100miXx2)3lz, &
5 At A g AL U] ARES LUk
o] AFEAE silica gel AYIAZRvEIZZ A
sto] w]3py AAke] EAE 95¢(38%)& 2ok H
NMR(CDCly) : & 9.8(m, 1H, CHO), 7.0~7.2(m, 3H,
aromatic), 3.9(s, 3H, methoxy), 3.7(d, J=3 Hz, 2H,
-CH,-), 2.3(s, 3H, acetoxy).

2,7-Dimethoxy-2,3-dihydrobenzofuran (9)2| &M
— 2-Acetoxy-3-methoxyphenylacetaldehyde (8) 8.5g
(40.8 mmol)-& 3N methanol’d HCl 25 m/ol| £-3]3}
o AATkA F AL A 447 murelgict. vhgol&
5% NaHCO; &4 o2 F33 F brine(30 m) &
7b8tn ELOZ #2(G0miX2)d F f71492e
sk T4 MgSO,2 2zxs 3 & A A
slo] R Mo} AdEAS Ak o] F silica gel
AP AsvtE aet 2 FeAA st FHNRe) F
HE (9) 1.98g(27%) <} A4 uln3 2} dimethylace-
tal#d (10) 12g& Lok

332 (9)—'H NMR(CDCly) : & 6.9~7.0(m, 3H,
aromatic), 5.7(q, J=2.24 Hz, 1H, 2-H), 3.9(s, 3H,
7-methoxy), 3.6(s, 3H, 2-methoxy), 3.4(q, J;=851,
J,=6.64, 2H, -CH,-).

38M2 (10) — 84 © 47.5~487C ; 'H NMR(CDCl;)
8 6.7~69(m, 3H, aromatic), 6.5(s, 1H, OH), 4.8(t,
J=5Hz 1H, -CH<), 39(s, 3H, ¢-methoxy) 34(s,
6H, (OCHs),), 3.5(d, J=5Hz, 2H, -CHz-).

2,4-Bis(trimethylsilyloxy)uracil (11a)2] 40—
Uracil 10g(89.2 mmol) ¢ ammonium sulfate 0.3g%
hexamethyldisilazane(HMDS) 30 mlel] 3ekx|# =
&7k oA 4217 BFAFHY FHER v
Algo g JYyzhslted HMDSE 7dtAlA g &, heks
Fote] T2 BAE 20g(87.8%)& LAk ¥
73 1 115C/12 mmHg.

2,4-Bis(trimethylsilyloxy)thymine (11b)2] A —
Thymine 10.0g(79.3 mmol)-2 11a8] A3} & v
Wo g nhgAlA A EAE 20.5¢(95.6%) &
dqck vlA [ 77~775¢C/0.25 mmHg.
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2,4-Bis(trimethylsilyloxy)-5-fluorouracil  (11¢)2}
Bt — 5-Fluorouracil 2.02g(15.6 mmol) 2 11a¢] A
Yot 2L up o s uhgAlA FYAAte] BHE 34g
(794%)-& 24k ¥1A : 84~85C/0.5 mmHg.
2,4-Bis( trimethylsilyloxy)-5-chlorouracil (11d)2]
M — 5-Chlorouracil 1.3g(8.87 mmol)& 11a9] #}Y
I 2 e R ubgAlA vty Qae) B8 2]
g(814%)¢ Uitk w4 : 88~89C/0.5 mmHg.
2,4-Bis(trimethylsilyloxy)-5-bromouracil (11e)2|
MM — 5-Bromouracil 10g(52.36 mmol) & 11a2] A=
I 22 o8 uhEAlA T A} B8 17.26
g(98.3%)& ¥dith vlA [ 80T/0.5 mmHg.
2,4-Bis(trimethylsilyloxy)-5-iodouracil (11f)2| #t
d —5-lodouracil 8.0g(33.62 mmol)S 11a2] Ay}
A2 PO WhAIA wigte] A4 BAE 11.8g
(91.8%) 5 ¥t ¥4 ! 105~106C/0.4 mmHg.
1-[2-(3-Methoxy-2-hydroxyphenyl) -1-methoxye-
thylJuracil (2a)2| #Hd—27-Dimethoxy-2,3-dihyd-
robenzofuran (9) 0.5g(2.8 mmol)& 54> 1,2-dichlo-
roethane 30m/ol| £-3l5k 24-bis(trimethylsily-
loxy)uracil (11a) 0.8g(3.08 mmol)& 7}3 ¥ SnCl,
0.82(3.08 mmol) & syringeS ¥3}lo] 3030 7=
2 HAHS ok dhedS Aavks F AL
A 4217F FWHE 10% KF 54410 m) & 10%
NaHCO; =494 (10 m)) & 7}8le] 1027} smuksisict
CHCho g F&(50m/X2)sti ZF52 A2 (100
m/X2)& F 7 MgSO,2 Az, §71418 3¢t
AAzl ntnye} BAg AUk o) F silica gel
A 32w E 22}9)(CHCL/CH;OH, 20/1)E A5}
o] WA 33l EAHE 0.34g(42%)-S <4k 'H
NMR(CDCl) : & 7.2(d, 1H, 6-H), 6.7~6.6(m, 3H,
aromatic), 5.9(dd, 1H, 1'-H), 5.8(d, 1H, 5-H), 3.9(s,
3H, Ar-OCH3), 3.3(s, 3H, 1-OCHs), 3.1(dd, 2H, -
CH,-).
1-[2-(3-Methoxy-2-hydroxyphenyl)-1-methoxye-
thyl] thymine (2b)2| £ —2,7-Dimethoxy-2,3-dihy-
drobenzofuran (9) 0.5g(2.8 mmol)®} 24-bis(trime-
thylsilyloxy)thymine (11b) 0.8g(3.08 mmol)& 2a¢]
A e wgo uhgAA WYuye] 248
0.2g(25%)& <ok ¢4 . 163~164C(dec.) ; 'H
NMR(CDCly) : & 7.3(s, 1H, 6-H), 6.7~6.6(m, 3H,
aromatic), 5.9(dd, 1H, 1-H), 3.9(s, 3H, Ar-OCH,),

L REE

colRS - %34

3.3(s, 3H, 1-OCHs), 3.1(dd, 2H, -CHy-).
1-[2-(3-Methoxy-2-hydroxyphenyl )-1-methoxye-
thyl]-5-fluorouracil (2¢)2| g+ —2,7-Dimethoxy-2,3-
dihydrobenzofuran (9) 0.5g(2.8 mmol)3} 24-bis
(trimethylsilyloxy)-5-fluorouracil (11¢) 0.84g(3.08
mmol) & 2a2] AP & Wpgo B wbgA|A WA
a3yl EAE 026g(302%)% <t 'H NMR
(CDCly) : & 7.3(s, 1H, 6-H), 6.7~6.6(m, 3H, aro-
matic), 5.8(d, 1H, 1'-H), 3.9(s, 3H, Ar-OCHs), 3.3(s,
3H, 1'-OCH3), 3.1(dd, 2H, -CH,-).
1-[2-(3-Methoxy-2-hydroxyphenyl )-1-methoxye-
thyl]-5-chlorouracil (2d)2] #d—2,7-Dimethoxy-2,
3-dihydrobenzofuran (9) 0.5g(2.75 mmol) 3} 2,4-bis
(trimethylsilyloxy)-5-chlorouracil (11d) 0.89g(3.03
mmol)-& 2a8] AP 22 vy o T yhAA W04y
23 2) B8 091g(45%)& 23t} 'H NMR(CDCly)
& 7.6(s, 1H, 6-H), 6.7~6.6(m, 3H, aromatic), 5.9
(dd, 1H, 1-H), 3.9(s, 3H, Ar-OCH>), 3.3(s, 3H, 1'-
OCH,), 3.1(dd, 2H, -CHz-).
1-[2-(3-Methoxy-2-hydroxyphenyl)-1-methoxye-
thyl]-5-bromouracil (2¢)2| &4 —2,7-Dimethoxy-2,
3-dihydrobenzofuran (9) 0.5g(2.78 mmol) #} 2,4-bis
(trimethylsilyloxy)-5-bromouracil (11e) 1.02g(3.06
mmol) % 2a¢] MY} 2L w2 yhEA]A W4y
238 EAHE 064g(689%)% gtk 'H NMR
(CDCL) : & 76(s, 1H, 6-H), 6.7~6.6(m, 3H, aro-
matic), 5.9(dd, 1H, 1'-H), 3.9(s, 3H, Ar-OCH;), 3.3
(s, 3H, 1-OCH3), 3.1(dd, 2H, -CH,-).
1-[2-(3-Methoxy-2-hydroxyphenyl)-1-methoxy]-5-
iodouracil (2f)2] #H4d —2,7-Dimethoxy-2,3-dihydro-
benzofuran (9) 0.8g(4.44 mmol) 3} 2,4-bis(trimethy-
Isilyloxy)-5-iodouracil (11f) 2.2g(5.77 mmol)-& 2a2]
Ay 22w o ukg-AlA] WA 313 EAE
1.1g(64.7%)-& 2%t} 'H NMR(CDCL) : § 7.6(s,
1H, 6-H), 6.7~6.5(m, 3H, aromatic), 5.9(dd, 1H,
1'-H), 39(s, 3H, Ar-OCH;), 3.3(s, 3H, 1-OCH,),
3.1(dd, 2H, -CH;-).

In vitro EUI0[HA EE - gujo]eir A 7= 23
W okg o]t plague reduction assay'?ol] 2}s}e]
HSV-1, HSV-22} HRV i 9§t plague reduction(EDs)
£ ZAAskgdt). 554 X+ Hela cell(Human cervix
epitheloid carcinoma cell)3 Vero cell(African
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green monkey kidney cell) & AH8-3}gi o, nvlo]¥]
2%E-2 Herpes simplex virus type 1(HSV-1) strain
F, Herpes simplex virus type 2(HSV-2) strain G}
Human rhinovirus(HRV) type 1B strain B632%
ARl o) 7|2 x| =& EMEM(Eagle’s minimum
medium, Gibco)3 DMEM (Dulbecco’s
modification of eagle’s medium, Gibco) & AH&3}%]
o}

24-well plateol] %54 (HeLa, Vero celD) S 2~3
A7t vleFsled monolayers wHE, 7+ well®d 100~
200 PFU(plaque forming unit) ] MOI{multiplicities
of infection)& ZH= vleo]g| 2494 0.1 m/4L 7}s}o]
50~60%-7F 37Cel A FAAH ) 0.8%2] gum traga-
canth7} Z3¥ o8 F%(10, 50, 100 ug/m) o) &
AA35HE MR ETES 1miR 7leked 37T, 39Uzt
wiekglh & A EE fix, straindlo] plaque] 2 A,
)27 vlwste plaque reduction(%) S F3slsich

essential

% reduction=

No. of plaque(control) —No. of plaque(tested)
No. of plaque(control)

X100

In vitro EUZE — 8ol & 9= Dye exclusion me-
thod®& o©]&3}o] tumor cell®] growth inhibition
(IDsp) & A8ttt Tumor celld mouse tumor
cell lineql L1210(Lymphocytic leukemia)¥} P388
(Lymphoid neoplasm)%, 7|ZW=A]= 10%2] FBS
(Fetal bovine serum, Gibco)7} Z£3Hd RPMI 1640
medium(Roswell Park Memorial Institute medium
1640, Gibco)-& AH&-3.e™, 7452 Ara-C, 5-FU,
5-Fluoro-2'-deoxyuridine, Futorafur, cis platin &
AHg-8kelch. L1210, P388 tumor cellS ¢ wj =]l A
wieksle] celle] =57} 1X10° cells/mle] HEE %
Asloiet. olel log dose® FA=E 7t prol A
31382 7tz shsbar 37C, 5% CO, incubatorel] 4]
njoFste] 24, 48 % 7247}l viable cell numbers
23)3}9ich viable cell numberi= trypan blueS ©]
3] dye exclusion test® AX|sto] ZAslodr)
AL Ax LEHE 2T ¥laste] 50% cell
growth inhibition$ Vel = 7 $H§HE-2] 5= (ICs)
& A&

Ay oo

gy ¥ 1@
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5-x|# uracil A2 B ZUEA catechol
(3)& 71&9 ¥whgP o2 allyl bromides} ¥Hg-AlA
monoallyl ether 4% %12(85%), hydroxy”]& di-
methyl sulfate® methylationd}¢] methyl ether 55
A H(67%). 2-Allyloxymethoxybenzene (5)-2 t}2
w19 2 guaiacolel allyl bromideZ WH-A|A tS-
2 T882%)F & F Uit HFE 55 NN-
dimethylaniline 3}ell 4] Claisen 1 $|WA]#A 2-allyl-6-
methoxyphenol (6)& AtH80%). §+1& AMH$-H
Wi A APAA AF FAEER 3allyl F
g9 3gHEa tard EAe] FE A= e
B9 48] vf$ A :3}4ic}. Hydroxy”]S depro-
tectinge] 213t ester®}gt TES sk ST
A3} o] A uH-3 3ol A A 3= Aot Acetic
anhydride® A}8-8}ed acetylationdle] 78 95%<]
$82 Jd93, osmium tetroxide 2w Ex)s}e so-
dium periodate 2 o| 54 -2 AFs}E-8]3}e] phenyla-
cetaldehyde 8& 2%1cH40%)."”” Ozonolysisell 2%k
0123 9) aldehyde 2.2] AFHPY19-5 Al x3}g] o}
AH Y= oE 3gEo] A2, 2-hydroxy-3-
methoxybenzaldehyde 2%-E] Darzen’s reaction'”-&
o] &3}y B¥47) 17] %75 phenylacetaldehyde &
FAzA s 94 AsEA 23k

Az} 5L HTE 504 FA acetalo] AW
G gleke A7te R, 4k 233}l A acetyl”] 9] A<t
Ex)e) acetalel AE A|=3%ch. Methanolol)
HCIE =5ql 88 A2 A 4~5X17F k3417 A5}
7-methoxy-2,3-dihydrobenzofuran (9)=} dimethyl
acetal 100] B]&¥ F8(20~30%) 2 RiFh

523} uracil H=AE ammonium sulfate Zvi
3lol] hexamethyldisilazane(HMDS) 2 2 silylation3}
o] Axke] disilylated uracil 11a-f& 343 8F2.(80~95
%),V o]5%& SnCLE FwZ AH&3ted 27-dime-
thoxy-2,3-dihydrobenzofuran (9)3} &AAH Y2 -
acyclic nucleoside %A 6% 2a-f& 3¢t} Acetal
92] methoxy”]|7} A 7o benzofuranyl 3Je}$] nu-
cleoside 101 #AE 7oz dAstgier], pheny-
loxy717} t]2 $-Al &t leaving”] 2 2tH-8-8le] acyclic
Hefe) 33HE 2a-f7) FAFACE

In vitro EHI0|22 Y FARE A zo] AT
uracil XA 2a-fo] hE Fmpolz A A A=
Table I3} 7t} oA A9 2 uracil 22]2) 5-9 =] B4
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Table I— Antiviral activies of new nucleoside derivati-

ves
EDso(ug/ml)

Compds. eV 1/Vero  HSV-2/Vero HRV LB/HeLa

2a 80 >100 NT*

2b >100 >100 NT*

2 95 >100 >100

2d 303 >100 >100

2e 75 >100 >100

2* >100 >100 NT*
acyclorir 0.01 NT* NT*

*NT : Not Tested

Table II—Antitumor activities of new nucloside deri-

vatives
IDso(ug/mi)
Compds. L1210 P388
2a >80 >80
2b >80 >80
2c 22.9 88
2d 14.0 116
2e 159.0 192.5
2f 75.7 85.5
5-Fluoro-2'-deoxyuridine 0.04 0.036
Futorafur 121.0 92.0

e g8e= Axpl XY 3HE 2be) 2f= EDs
100 yg/mi 2. &77F glolen, 44271 2jsd 2
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