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Synthesis of Pyrimidine Nucleoside Analogues and
Screening of Their Biological Effects

Hea Soon SHIN* and Heejoo LEE
Division of General Education, Duksung Women's University, Seoul 132-714, Korea

(Received August 17, 1995; accepted August 29, 1995)

Abstract— Several acyclonucleoside analogues of pyrimidine base and N'-derivatives of 5-fluorouracil have been
synthesized and evaluated for their biological effects. When tested with iz vitro Lekemia L1210 cells, the
5-fluorouracil derivatives exhibited slightly higher antitumor activity than the parent 5-fluorouracil. When tested
against Herpes Simplex Virus type 1 and type 2 cultured in the Vero cell, the 5-fluorouracil derivatives

showed weak antiviral activity.
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g} virus v #9MA GE AT V] Be @
FE-& sz Ao® WHYgA7]E nucleoside F=A
9 ARt F88 FE-S 2T sl 1970039
%4t Schaeffer ol 2] 3 virus4 2 7|23 acyclovir
[9-(2-hydroxyethoxymethyl)guanine v} 1980 ¢j)
AIDSe)| %A% Ao w el AZT(3-azido-2',3'-dideo-
xythimidine)& 7 &<l €& & 4 A cHMartin-
dale, 1982; The Merck Index, 1989; Schaeffer 5, 1978;
Peterson & Vince 1991). Nucleoside =4 2 Eo]& 4l
NE2e) 2] chaing 7}A)3 9)+ acyclovire Herpes Si-
mplex Virus] thymidine kinaseel] 9Jsl <¢14t3l=x
olo] A zlEe] virus¥] DNA polymerases] =48
A gt BaEe] glcKFyfe 5, 1985). b8 AZTE
HEA N BAdFEe] Ao HIV(human im-
munodeficiency virus)9] reverse transcriptase H4-9]
228 A#ge] B aEe] ¢JthMansuri & Martin
1987).

£ =idAe 27t dFHlaAA(e]sF, Ped,
1988; olEF F, 1990; AL 5, 19933 FHzAb

*To whom correspondence should be addressed.

217

Aol w2} @A el 2] chaing 717 A7 9) pyrimidine
nucleoside 52 Adsle] o529 &4 #A4AE A
A ®Baz slgck E3 HPEEL FH-Eo] N
chaing 7}A acyclovir$} §-Abshcla 2 4 glaled,
Fig. 1ol Bejxle nie} zhe] F#e] ofF-i&
chainate 2 7}al Ao] #-AF8kaLl 437)9} chainZlelli= gl-
yosidic Agle] ol ribosemdi¥-o] Clo|A C7}A| &
A=) 7} FAKRF acycloalkyl #Hell2 Ajsty 20 2 3 4
Aol Mg 7P enA g Aol of2 SAelch §A
HFEE Foll F4]0] W virus EL A Eel] i3
ZA A 440) & g Uk 7| E o] E°] pyri-
midine nucleoside T =A% A9 pyrimidine nu-
cleotide ¥ @] &= A4S, 53] ribonucleotide
reductase XX thymidylate synthase Sl 7]AS3}
AAH o2 A4S & 4 glvkw Bgtr] d@Felv
(Baker S, 1991; Wolff, 1980). §¥ o]% HEAE&
eyl nucleosideE#= 92 glycosidicd3-S 7} 2
A 7] wfjFo] AHEAQ phosphorylases] 93] %
g 282 ] okw AR FrEHe] AUR o)FE &
itz ®glch(Peterson & Vince, 1991).
FAAFEEY AL ALMFLFE in vitro YA
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Fig. 1. Acyclonucleoside derivatives

EE o]f3le] ol FA IAEFo| AEFA 4
o3 3ke ulx=A] ZAME, EEF virusel] e LA
Herpes Simplex VirusZ o]-&3le] Z-4s] Egich

ARy

Ak H A=

Sigma Chemical Co.2 ¥-€ 3% 5-fluorouracil, L-
glycine, N,N'-dicyclohecyl carbodiimine (DCC), N-hyd-
roxysuccinimide(NHS) & 733tk Merck Co.E
BE] TLCo| Hg%t silica gel 60 F-2545 )3l A}
23199k L1210 A E wij kS 918l GIBCO Co.2 H-E
Fisher'’s medium powder, sodium carbonate(Z=]nj ¥
4, penicillin-streptomycin® % horse serum 55 7
gste] WA E ey, HALEE Merck Co.9
DMSOE A-g-3fgich 71el Aok A &uie A% B
=E dFAoRE AREstelch
AREZ17]

3% 242 95te] mp £47] 2 Buchl 535(Swit-
zerland)Z Al-2-s}9ich IR spectrat= Perkin-Elmer 1310
spectrometer.® F-E], NMR spectrai= Varian EM spec-
trophotometer2 AR&3l4lch HPLC £42 Waters Ch-
romatography(Bondapk-Cys column)& AF&-shgich AL
W ek7]F2 = Vision Scientific Co.2] COj-incubator&
2, A Z24 counts Olimpus Co.2] 1008 B]-&2]
Ho|ALe »7, Waters®] Milli-QTM Water SystemS
o] 43ke] AATE AZ3Ich
el #a

x5z open chaing 713 pyrimidine f=HE

o 0
lj\’uj]/m CICH,CO,H HN)K/Irm
o n 0)\1?\ 2 (a-c)
HO_(“;/CHZ
1 (a-c) Q
Ry
a=F EEDQ
b=H NH,CH,CH,OH
c=CHa NHS/DCC
(0]
o] i
R HN’R‘J/R‘
HN amines
A S A
Re 07 "N H,
(;;-12.%'\1_0,(;|-|2 N—O—(]_:,
H [ Q
9]
4-8 3(ac)
R, R, Rx amines
4 F CO-H NH,CH,CO,H
5 F CO:CH; NH;CH.CO,CH,
6 F CH;OH NH,CH;CH.OH
7 H CH,OH NH.CH,CH,OH
8 CH; CH,OH NH.CH,CH,OH

Fig. 2. Synthesis of pyrimidine acyclonucleoside derivatives.

7] ¢3led pyrimidine %37) £ thymine, uracil ¥ 5-
florouracil®l| alkyl chaing o}efs} o] FeiAZ A
st tiFig. 2). 7 pyrimidine ] Nlo] $4% KOH
&17]2]2]) 817 chloroacetic acid®} a2l 4 vk-§-A]# py-
rimidine-1-acetic acidE(2a-¢0)& <<ltHTada, 1975; ©|
55 2, 1989). °]&5 #HES] F2FHAS NMR spec-
tras o]23l¢l=d pyrimidine W C; =& Ceo] F
A7) § 7.0~8.0404 Jeh= A acetylel]l — CH-7]7}
5 40~450] 4 singlete.2 Ushlz 7o2 gazigt
(Table 1).

A22] chaind#A-& o] = pyrimidine-1-acetic acid
=AE9] carboxylic acid”] & DCC &wlislel] A NHS
ester® a3k Fo(3a,c) Na,CO; 7] Zufistel] a2
amineE¥ ZPAA FA-sh HEEEE AHHLR
o19)th(4-6,8). €H uracilf=4 ]l I}FHE 72 DMF&
wf)&}oll A uracil-1-acetic acid®} ethanolamine-2- EEDQ
Zafslel| A} AR AgHESAlA Ledvk o] uracl =
A 23] Bo g La=r) Yo} Aed 4 W
Sory J% 7t gdich FAHE FFEU~-8)9] =
E= TLCZ #elglelern, &&= NMR spectraZ ©]
L3)e] #Haldteich ZF 7.0~8.04 pyrimidine
24059 § 4.0~459 CH,CO singlet=} & 3.0 F94¢
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Table 1. Physical properties of pyrimidine-N'-acetic acid de-
rivatives (2a-c).
0]

Table IL. Physical properties of synthesized pyrimidine nuc-
leosides (4-8).

o]

7y "
ooy o o
Ho-¢-“"2 Py
1] H 1]
0
Compounds R, mp (©) H-NMR (DMSO-ds) Compounds Ri  R.  mp (€©)  H-NMR (DMSO-dy)
(2a) F 272~274 (Tada, 1975) @ F COH 229~231 & 3.35 (s, 2H, NCH)),
(2h) H 278~280 (dec) & 4.20 (s, 2H, NCHy), 4.15 (s, 2H, NCHy),
736 (d, 2H, J=8 Hz, 7.75 (d, J=6 Hz, 1H, C6H)
C:H-C:H) (5 F CO.CH; 191~193 & 3.35 (s, 2H, NCH,),

(20 CH; 270273 (dec) & 115 (s, 3H, CHa),
4.15 (d, 2H, CH,CO),
7.25 (s, 1H, CH)

CH:NH multiplet > 2 #<1% %itk(Table II).
Pyrimidine-1-acetic acid (2a-¢)2] ub={ol FHdH

Tada %9 5-florouacil-1-acetic acid A4S &-&3)
AtHTada, 1975; ©]33F %, 1989). & 7 pyrimidine
20 mmol3} KOH 40 mmol-& & 30 m/d)) o) Hbs)
w 4] chloroacetic acid 20 mmol2 A A& 7}el 532, gFH
whe ol e pH 10% 4A 522 KOHE9E 75t
Egpeae 2~4417F 95C A=A 7HEA]7IAL
TLCZ ur-e-2 &g F Y75yt dk-sd& =3
HCle 44 pH7E ZA3h1w w3 & g -Fo] v)uks-
pyrimidine?] AA-S oz} A Astgc) o4& o} pH2
2 248 % sEubES Wakae] Bisle] AAE e
pyrimidine-l-acetic acid&(2a-c)& ojz}s}e] #e|3lio),
8L 40~50% AEch
Pyrimidine-1-acetic acid®] NHS ester(3a, ¢) &MY

7} pyrimidine-l-acetic acid 20 mmol¥} NHS 22
mmol& DMF 30 mmolel] =o|3 Wzoj4] adkspy
DCC 22 mmol-& 7}sta sh-4bg<t vhgAZiet Wh-g5
DCU 3§E49 AAEE dAfAAslz, L& AA
% 21e]R]= NHS ester(3a,0)E o2 gl Z|Z ¢]
43tk
Pyrimidine-1-acetic acid® NHS esterS2} Z! amine
FEo SEHS

z} amine 15 mmol®} Na,CO; 20 mmol-2 THF-H;0
Eggufol Folx wWRoA wHMSPHA ZF pyrimi-
dine-1-acetic acid NHS ester® ez 4k 7}
ok wh-e-& 24)7hEok AEEty, WH-S-d-g ether2
AFets, 2o wel pHE 24T T898 JA
Baste] Agake] HgES JAvh

5-Fluorouracil-1-acetylglycine 4)
5-Fluorouracil-1-acetylglycine methyl ester (5)

348 (s, 3H, CHy),
4.25 (s, 2H, NCH,),
7.75 (d, J=6Hz, 1H, C;H)

® F CH,OH 237--239 & 3.0 (m, 4H, CH;CH,),
(dec) 4.05 (s, 2H, CHp),
767 (d, J=6Hz, 1H, C:H)

(7 H CH,OH 243~246 &§ 3.0 (m, 4H, CH,CHy),
4.10 (s, 2H, NCH,),
7.25(d,J=8 Hz,2H,CsH-C:H)

(€)] CH; CH,OH 273~275 &§ 147 (s, 3H, CHy),
30 (m, 4H, CHgCHz),
397 (s, 2H, NCHy),
7.10 (s, 1H, C;H)

5-Fluorouracil-1-[N-(2-hydroxyethyl)] acetamide (6)
Thymine-1-[N-(2"-hydroxyethyl)] acetamide ®

Uracil-1-(N-2’-hydroxylethyl) acetamide(7) &4

Uracil-1-acetic acid(2b) 20 mmol ¥ monoethanola-
mine 20 mmol2 DMF 30 mmold] =o]xz EEDQ 21
mmol-& 23 60CE 7Fsle 247k whgAZch 2k
el ethyl acetate®} petroleum etherZ 7§t 3 A2
Wz stel JAR FA FE 72 Ao, TEL 0%
Ax gt
ofEalx =g ZM

FABPESe] okE-3a EAE 7487 ¢ste] o
A2 i vitro FAE FA g dFE Eax
slgich o) g IAFESo] AEFA A E}E Hlopd
A E 2] e] ofriolxjglz} EaE e = 5-FUSE FejAA
Fooa B $£5 93, =g I AAR QA o4
2o e v|Fdax & 4 917] wLelch Fisher's
W= el wieksl L1210 cell(5X 10 cell/m! X5 ml)o) 2+
§438E5ES DMSO =& ethanol 4rjjol e 1076
2 107'M =52 A7}slT COrincubatoryiel 4 37C,
4827 ot wioFgt & JAFS FFlo] trypan blue
02 JAsty GRS 9t JAHA] k= A
F4E hemocytometers A Fahsicth. Al®T 2422
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Feold AEFA JAES Faldrt =& virusel o
g 2hgAe golir] $3ke] Herpes Simplex Virus
type 1 2 type 20 oid ¥bg= A& wglch
o 9 DE
BelE iy
Pyrimidine acyclonucleoside(Fig. 1)52 43171 4

Table I, Inhibitory effects of obtained pyrimidine acyclonu-
cleosides on the in vitro growth of L1210 cells.

Inhibition(%)
Compounds
1X10°°M 1xX107"M EDs (M)

2a — 36 2.52x1077
2b 14 4

2 23 2

4 87 65 1.03X 1077
5 74 59 1.30x 107
6 95 36 1.34%10°7
7 9 1

8 23 14

5-FU 89 16 206X1077
araC — 100 127X1078

Table IV. Results of antiviral activity test for compounds (2a-c).
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sled dalder of7|AeE W4l pyrimidine A} Q2]
thymidine, 2 #AF42] 5-fluorouracil ¥ uracil-8- A€
33, o) 97159 N'oj alkyl chain 23-e FHAZ
AgPslgc), & By v (Tada, 1975)¢) &3] CICH,
CO.HS A§AA Nlacetic acid +=A45 2tz A3
ookFig. 2). §A4E HFE 220 mpe 272~274TC, 3
3F 2b9] mp: 278~280C(dec), 28| FFE 2c9
mpe 270~273C(dec)E &A= 9N Table D. #H3E
(4~8)A= carboxylic acid ¥2& DCC Zvs}o)
NHS2} 98217 A NHS ester el & Fof,
ethanolamine®} ¥h-3-A 1A B3+ 3gEA-6, 8)2 7
7zt A3tk €9 uracil 242 HPE 7L L=
AR Hxo] uh-g A4ste] FAstglEd, DMF &
afj ol Z%HE 2b2} ethanolamineg 237, EEDQ Zvjj 3]¢))
whS-AlA AgtE 35HE 72 Eelslkgo) olF 53 3
-E2] 73+ NMR spetraZ 2415}t Pyrimideine
7139 Ce-HE doublete® § 7.0~8.0¢ veh}z,
acetyl”]9] CHzt= singlet© 2 § 4.0 TX o velygod,
&3 alkyl chain®] CHCHx= 6 3.0 239 multip-
lete.2 gl=giriTable ).

fE SR XHE

in virro B4 EE 7N

Virus information

Host cell information

Assay information

Virus Inoc.size Cell Vero (CCL 81) Assay CPE/MTT
# 10 day 3
HSV-1 (F) 100 Condition good Exp.No 92H-32A
HSV-1 (MI) 100 Medium DMEM Date 92/9/28
HSV-2 (MS) 100
Compound Conc.(ug/ml) MOCK F MI MS Remark
2a 250 55.3% 29.1% 34.7% 17.7% stock : 40 mg/m!
(DMSQ)
100 60.9% 23.2% 32.8% 94%
40 65.7% 7.5% 16.8% 24%
10 91.8% —0.2% 2.7% 0.1%
4 94.7% —0.6% 2.7% 0.3%
2h 250 89.7% 0,1% —0.9% 0.0%
100 94.6% —-0.3% —1.1% 0.2% stock : 40 mg/ml
) (DMS0)
40 92.6% 0.9% —1.0% 0.2%
10 93.9% —0.5% —-0.8% 0.4%
4 94.5% 0.5% 0.1% 0.0%
2c 250 89.6 0.0% —0.6% 0.2%
100 90.8% ~0.1% 0.5% 0.5% stock : 40 mg/ml
(DMSO)
40 94.1% 0.1% 1.2% 0.1%
10 96.4% ~04% 0.9% 0.4%
4 98.1% —0.7% 05% —0.1%
CC50 & ECh0 >250 >250 >250 >250
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Table V. Anti-herpetic activty of various derivatives of the obtained compounds.

c g Cytotoxicity Antiviral activity EC50 (ug/m/) Selectivity Index (SI, CCso/ECs0)
ompoun
P CC50 (ug/mi) HSV-1 HSV-2 HSV-1 HSV-2
F MI MS F MI MS
4 >250 >250 >250 >250 NC NC NC
5 »>250 >250 >250 >250 NC NC NC
6 >250 >250 >250 >250 NC NC NC
7 >250 >250 >250 >250 NC NC NC
8 »>250 >250 >250 >250 NC NC NC
acyclovir >10 0.6 15 2 >16.7 >6.67 >5
araC 6.6 0.66 39 >6.6 10 1.67 <1

FHHA 2o HLEEL 7[E9 L1210 cell sys-
temg ©]&3te] in vitro ¥ A4S FHsta ARE
Table III¢] foFstadt) dA=2 e 3gecs o] s
etal Zae] B 5FUMCL) F4 A= okotu). zEt
EolstAE 5-FUS fr=EAgse 2 ER} ey
ol 7t wgod, AL FRESE Nalkyl
A E 5-FUE #8AA 244E Jehiglchz
Bl Bole I #E AAEM G F4S Ll-F—]-LH
P& ALE AlrET, old @2 2E7)-e B A
EAql A77F a7k
g virnsd EE Y
FAsA Qe FHPEE(Qac, 4-8)2 FHATL 9
k&Aoo A Herpes Simplex Virus type 1(strain
Y MDD} type 2(strain MS)E <]4351s] & virusAd
"%‘% HYstgict. Table IV,VellA 2 4 Sl vl
Zro], A1 2] pyrimidine g7] G <l E]—?}g(Zb -c, 7-
ek Bl AxF:4 oA zlLe] 3l 5-fluoroura-
cil®] f-x=44] 2a7} 100~250 ug/ml FE oA chi =
AESAY B 3 virusd B9E Euch

lo

! J

00
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et e & virusA] ES NEEHOE dde
pyrimidine nucleoside 7% #AFZ pyrimidine acyc-
lonuclesideE$ A5tz sk¢dct 24 zFHeEsSe
H-5-o] 7N %=l chain Fejolx 7]} Niof glyCOSIdIC
Agto] ol alkyl AR =osit) o] E FHUE
o] AelA nucleotide® FHAFHA}H H32] nuc-
leotide WAlel| FAEE E4Sol Z|AFAAE Fos
o] Asfzte-g che] LA FE T virus SAle| oA =
45 el = qldm ®3kr] wFeldh

Pyrimidine acyclonucleoside 8%(2a-c, 4-8)2 # 3
FA7ERNEH FA3le] T2 F NMR, IR datag 44
galstodct. ol A AP EES L1210 HAZE o]
&8ke] in vitro B4 242 AAsgich gA4d I
254 5-fluorouracil acyclonucleosideE(2a-c @ 4-6)

& thael =

5FURCcE &2 g4 zh8-& Hyd.
olE HEAEL 5-FU2 Nlo glycosidic A o] opd
alkyl A3 stz gle], = 5-FUS 28 {4 fel4
7F)glg}l Holx]|x] ¢doemg o]E2] 242 acyclonucleo-
side el A 2o} o] 52| 2474 vt Hasvia
wojzlcl, il FAE FEASQac 4-8)% HSV-1 2
HSV-2& o]-&5te] & virusA) #H&x= A3t & A,
9] pyrimidine base =3 #I}TEE ¥t} 5-fluo-
rouracil acyclonucleosideql 2a 3}gHE¢] 100~250 ug/
m/ FEAA ik B2 AETZA 2L 3 virus EFYE
vepdiglct

A 2=

B oy a7Adrt dEsre A ztasiil
ol5F dd Al At WEE UH, Ak é
%% A3k
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