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Synthesis and Antitumor Activity of N'-derivatives of 5-Fluorouracil
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Abstract—In order to find out a proper connecting bridge between 5-fluorouracil(5-FU) and
a macromolecule such as a polypeptide, potentially hydrolytic N'-derivartives of 5-FU have been
systhesized and evaluated for their biological activity. When tested with in vitro leukemic Liy,
cells all the obtained derivartives exhibited slightly higher antitumor activity than the parent 5-
FU. Among them the N'-carbamoyl analogue 2 and N'-acetamido analogue 6b showed 50% inhibi-
tion of the Lina cell growth at the concentrations of 501X10"*M and 1.03X10 7 M, respectively.
When tested against sarcoma 180 tumor cells inoculated into mice, the compounds 2 and 6b exhibi-
ted, respectively, 62% and 54% inhibition of the solid tumor growth at the 5-time doses of 100
mg/kg/day. Both compounds, N'-carbamoyl analogue 2 and N'-acetamido analogue 6b, realeased
the parent 5-FU when incubated in the Lo cell cultural media for 5 hrs.

Keywords ] 5-Fluorouracil-N'-drivartives, antitumor activity, leukemia L;zm cells, and sarcoma 180

tumor cells.

HAEA 7|5 shlel pyrimidine §-AH4 5-fluo-
rouracil(l, 5-FU)o] $} - A3kl « fuet 2 7jeb A
ot} p3etel ABEAR de] o3 ot AW
HAAQ Fdo] 2 ub7k7)7) #oHtye 10 min A §)
At o2 P2 eal A 7bell HA Fofg i gy
B od7ge ol 5-FUS AW Fxeo A4 o
A AH5AAE T 95k, AW olFel Al
e A-g Hol kAl E(el polypeptides =& A
ZEH2 Ve 2okg AHHI] FYAA T T UE
Hel 2 5-FUS AAlA Hof 3t ffo] 2
of22 odojrmal AFE Ayste] §helth oW
Aftolale ¥z} E4ol 5-FUE A7) &
dF el 472 Bl §o)3hA =5-FU7 e fref<d
v Ay uPe) £ 9 5-FU7F ¥

SE el Y T o] HAelAE.
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Ao g2 HE] FHE| ApF-Eo] FolrF oy B
Aol ks ol feldk AYHNE s
odaie] 5-FU =42 843t viScheme 1). 216
o] $EA AAEo] Fo oAl #8-2 jehyo]
H 313k npoth

AUy

Al2t % xHE —Sigma Chemical Co.25E 335
5-fluorouracil, glycine, glycylglycine, B-alanine, suc-
cinic anhydride, sodium azide, N,N'-dicyclohexylca-
rbodiimine(DCC), N-hydroxysuccinimide(NHS) &
Tl atedc). Merck Co.E2%E] TLCE 930 silica gel
60 F-254-% %13ty 288kt Lige HE wiofe-
238t GIBCO Co.2*%-E Fisher's medium powder,

sodium carbonate(Z 2]u} k4, penicillin-streptomy-



90 o] 3] - Ale 4= - %

R e I

GWW" : 0
:dﬁ A ey

ik
‘”“d”‘ o KGR0 0= OB () g O
1 (HIJ
, ;
v
¢ 0
7 .
¢ g
Ol Brou-s
4 (5FHM) 0
|
N/ DO/ IHE + 6.2) B ~(Ok)sOts
o TV & -0u00 (glycine)

¢} B Q00,0 {gly-te)
4) B= 00000 (gly-£1)

L | LA ¢) R= -ChCONH0H (glycylglycine)
OJz\,( 1) B ~ClOONITAD
Ot ) ©) & -CCte0aH (B-alanise)
0 h) B -Ok0k00-0h
0 i) R eCHeC0- 00
§ (SH-ARRE)
Scheme 1

cin®d 9 horse serum 53 F¢]ste] wixjE ulkE
g1, ZAl 8v]&+= Merck Co.2l DMSOE &
Ak 7]} AleF W Sule A A wE EFAe
AH-&-8koich.
ARBZ|17| -8 #AE H3te mp AR
Buchi 535(Switzerland)S AF8-3}sic}. IR spectrai=
Perkin-Elmer 1310  spectrophotometer . 2 %€,
NMR spectra+= Varian EM 360L spectrometer .2
HE| dglcd. UV datas= Hewlett Packard 8452A
3, HPLC #42 Wa-
ters Chromatography(u Bondapak-Cis column)Z& A}
£-3ledc}y, M Eafjek7]|4-2E Vision Scientific Co.2)
COs-incubatord 223, A £ £4] count+ Olimpus
Co.2l 100 wi&e] Hu]H-g 23, AHAFE Wa-
ters®] Milli-Q™ Water System S 2%-El do] )},
AMZ L U AHEE PYU-In vitro AL
218t leukemia Ly cell& A Stistn otol 74z
B Hoksle] gtom, w3t ¥ el sarcoma 180
e st ofstrsto 2 e Fokste] ol&slgir).
ICR vh§-2e MEoistn H5E Aol &

HHkekeh

spectrophotometer & 4] 4]

1-(Ethoxycarbonylethylcarbamoyl)-5-fluorourcil(2)
o| gt — ¥ 35 vy -& #-8-3h9® w1 A succinic acid
monoethyl ester®] acid”]Z acid chloride ¥ acyl-
azideE A isocyanate”|(IR-E 2260 cm ™' 2 #4))
2 Agslgdc). o=l isocyanate?} 5-FUE 2: 19
v]2 3}le] pyridine £vfolj4 90~100C & 247+ 7}
dste] %3slodch Pyridine £ A7 %o EtOHS
ol AgolA dejxl AA(TLCAANA UVE FHal
HA ww AR SYEHo] ohd FAERE H)E
A AL, RAE FF, PAld] doiA= AAHE
2otck EtOH &violl A AZAA 3] 78 60%2] 4
A3 A 1-(ethoxycarbonyl-ethylcarboamyl)-5-fluorou-
racil(2)2 993, 33E9 NMR spectrum E4-&
F&lst 2gkemp 149~151T, lit. mp 151~153C ).1®

5-FU-1-acetyl-amino acid ester ZEHS(6a, ¢, d,
g h2| UekxQl M — ¥ w5 ubys} zlo]® 5
FU<2] N! 9]}l chloroacetic acidS ZAgA]HA 5-FU-
l-acetic acid(5-FU-AA, 4, mp 272~274C )& 242,
o]o] acid”7]& N-hydroxysuccinimide(NHS)Z &4
ester?| 2 v} 5.-FU-AA-NHS ester(5)5 do] 7}
uh-goll #8-3tdch & acetone-B(2F 1:1) &34
odo 3|} amine ¥+ amino acid esterE o)1
Wxol A Na,COsE HA 4% pHEE A3
4] 92 5-FU-AA-NHS esterZ 43} 7}slo] F
ik 5-FU-AA-NHSE aminefiol| 1: 1.2 #Hx2]
2 7ValFa, JxolA 2417 ubEAIZl F absl s
ether® A3 44 EtOAcE 44 23] FZ3lsich
EtOAc%: & ol &vlAl” % EtOH-EtOAc 4vi&
WA AR stste] ol HFEES T8 50% 53l
2k 2 #3hEe 542 Table 13 #2t} 5-Fluo-
rouracil-1-(N-hexyl)acetamide(6a), 6-Fluorouracil-1-
acetylglycine methyl ester(6c¢), 6-Fluorouracil-1-
acetylglycine ethyl ester(6d), 5-Fluorouracil-1-ace-
tyl-glycylglycine methyl ester(6f), 5-Fluorouracil-1-
acetyl-B-alanine methyl ester(6h), 5-Fluorouracil-1-
acethyl-B-alanine ethyl ester(6i).

5-FU-1-acetyl-amino acid ZgH|E(6b, e, g)2] &
SOl Y — AukH <l AL et fAFsk 5-
FU-AA-NHS ester$} amino acidg& ZAA|7] 3 ut
S48 etherZ A ¢t 7, =848 HCIL WA pH
28 2AF ¥ YA 1 o)A} Hbx|sle] ZHAIA]
Aoz AFANES ddck AFAES 5440)
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Table 1—Physical properties of synthesized 5-FU derivatives

Compounds  mp(C) IR(KBr) cm™* NMR(DMSO-de)d

2 149~151 3300,3100, 3050, 0.9(t, J=5Hz, 3H, CH,), 2.3(t, J=6 Hz, 2H, CH,CO), 3.2(m, 2H,
2840, 1750, 1700 NHCH,), 3.8(m, 2H, OCH,), 8.2(d, ]=6 Hz, 1H, cH)

6a 214~215 3350, 3040, 2930 1.3~2.0(m, 11H, (CH,,CHy), 4.1(s, 2H, NCHy), 8.2(d, J=8 Hz, 1H,
1650 CsH)

6b 229~231 3100, 3040, 2930 3.35(s, 2H, NHCH,), 4.15(s, 2H, NCHy), 7.75(d, J=6 Hz, 1H, C:H)
1650, 1230

6¢ 192~193 3100, 2900, 1730, 3.35(s, 2H, NHCH,), 3.48(s, 3H, CHj), 4.25(s, 2H, NCH,), 7.75(d, J=6
1680, 1490 Hz, 1H, CH)

6d 168~169 3100, 2900, 1730, 1.35(t, J=5Hz, 3H, CHy), 3.1(s, 2H, NHCH,), 4.2(q, ]=5Hz, 2H,
1680, 1490, 1240 CH.), 4.45(s, 2H, NCH,), 7.7(d, J=6 Hz, 1H, C:H)

240~242 3340, 3000, 1700, 3.3~3.7(4H, 2NHCH,CO, H,0 peak2} 7% #), 4.12(s, 2H, NCH,), 7.7,

1650 J=6Hz, 1H, C;H)

6f 213~214 3340, 3000, 1700, 3.0~3.6(7H, 2NHCH,CO, CH,, H.O peak®} %)), 4.15(s, 2H, NCH)),
1650 7.75(d, J=6 Hz, 1H, CH)

6g 205~207 3500, 3340, 3040, 2.3 (t, J=6 Hz, 2H, CH.CO), 3.15 (m, 2H, NHCH,), 4.1 (s, 2H, NCHy),
1700, 1650 7.8 (d, ]=6Hz, 1H, C:H)

6h 190~192 3340, 3020, 1730, 2.4(t, J=5Hz, 2H, CH,CO), 3.25(m, 2H, NHCH,), 3.6(s, 3H, CH,),
1680 4.2(s, 2H, NCH,), 7.8(d, J=6 Hz, 1H, C:H)

61 178~180 3350, 3040, 1730, 1.2(t, J=5Hz, 3H, CHj;), 2.4(t, J=6 Hz, 2H, CH,CO), 3.2(m, 2H,

1650, 1250
CeH)

NHCH,), 4.2(m, 4H, NCH,, OCH,, (H,O peak)), 7.8(d, J=6 Hz, 1H,

=575 7o) wken 30~40% AH=%ch 7
acetylglycine(6b), 5-Fluorouracil-1-acetyl-glycyigly-
cine(6e), 5-Fluorouracil-1-acetyl-B-alanine(6g).

Leukemia Ly cells& O3t in viro AN JE
-2 AN ALs ot we] F0 3
A]A]7] leukemia Lizno MEES M4 dxtHeg 7}
FAEBFEE 1X10°M B 1X10'M F=oll4] Al

ZAelAl 84 AL T F 4
sgEel a4t A AHAste] ED, FEE Fol
o] Table IIell R°Fs}sict.

Sarcoma 180 2ME in vivo SA0ll it Ax|=}
24— R0F 9ol we} oflsl 7ol s}
Atk ICR whgA B7lel 4 Z4]% sarcoma 180
PAEE AR A F hA] el Al
2X10° cell/mi) A) #ekateich. o] Hetel 0.1 m/H(2
X10° cell/mouse) 2 ICR ©v}$2(20~25g)2] 9%
A8 F-efl s3lo]AlEte] 2aqhs o AlZiTh P E
oA 24A17F FH-E| Aol s AEE
59l NG 0.1miY F7bWel Abeigdch tlxdt

Vol. 37, No. 1, 1993

Table II—Inhibitory effect of 5-fluorouracil derivatives
on the growth of in wvitro cultured leukemia

Lz cells
Compound Inhibition

1X100¢M 1X10°M EDsy (M)

(%) (%)
FU 95 18 206X10 7
2 (carbamoyl} 100 83 501Xx10°®

6 a 81 50
b (gly) 87 65 1.03X10°7
¢ (gly-Me) 74 59 1.30X10 7

d (gly-Et) 57 27
e (gly-gly) 82 49 1.72X10 *

f (gly-gly-Me) 69 43
g (B-ala) 85 58 1.32x10 7

h (B-ala-Me) 69 49

1 (B-ala-Et) 59 25

e AelHATE 01mH Fojsla 4 APFE
10vhe) 4 0.2 sioieh. ek Folale ofE o] HuUE
0d= &3, 1, 3, 5 7, 9¥el 134 Fod3teda, 28

Ad At AYFERE AL FN8 1Y
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F& AFhe] 1 3L L Aol )7 shed
FFEA AAEE ARLAANC, - 2T AFE
I, T=ARFAPS FFELED).

T A& %) =(C,

AHIZE b0l A BHHE BAE Ly AE
et (5X 10* cell/m/ X 5)el] dtetido] = §HAd gt
E5-& DMSOol| 5o 1X107°M %8 Y3 547
Fot ok ¥ wiok) 0.3 mie ¥3351, acetonit-
rile 0.7 m/& 7}3ted M-S FRHAF) F dAlEE
83 A48 3 slel HPLC(0.01 M-KH,PO,, pH 7.2
AL ARE, A 200 F)E T AEEHD ¥
FEAUV 272 nmoll A &% vla)ste] Table IVol
vepfiglch

—T.)/Cy X100

Aot 9 a@

3EE Y --EA EA 5-FUE 434717
#)sle] 5-FUS] N!' $1x)el| carbamoyl”|2 dZ= 1
atchel] carboxylic acid?] & 7} 5-FU §=a& 3
A3t} sl tHScheme 1). 5-FU2] N'-carbamoylal-
kane FEAEZ Aol vl fo]sp=? =
vl A ofglt HAEgsom A HoH HaEo] A3
B5FUE gelA# Felel ®olx)7] gFo|c}td 7
o]7} t}& o2 dicarboxylic acid 2%-¢] Ozaki 5”2
-2 #183}o] 5.FU-1-carbamoylalkanate ester-

Ao el | FHE 2) A = dle]E o] &3 es-
ter 7Fri-8l #HAel 4 carbamoyl7}7} R-a =] 5-

FU-1-carbamoylalkanoic acid(3)& #2& 47} 314l
o}

t}-8-© 2 Nl-carbamoyl”) Hc}= gbA g 23}
vt AW el 7| hssteieta Al e 2(53]

AAHs)) 5-FU2 N'oll acetamido Aoz Zeo|7}
& 12 xelE ETA st =771 ©FE amino
acid5(% ester)™} Z§}ste] 333-E5(6a~i)& A
sldnt. & Hud wie] we} 5-FUZ%E 5-FU-
l-acetic acid(4, mp 272~274TC )& o131, o]¢] carbo-
xylic acid”]& ®3# dicyclohexylcarbodiimide &
2 3}ell N-hydroxysuccinimide2} uF$-A]1# ZAls] o
23 5-FU-AA2] NHS ester(5)E 2ch® o] 843
5-FU-AA-NHS ester& E-acetone £-°§ofl 4] Na,COs
7] Zvjstel] 7zt amino acid i esterE# =vH-S

AlA AFAES FAAFIL Ao upfe] oe} 3
Azt zd AAHES Ik 7 SEFEEY 5
2 3HE Y S8 o ule} Apo)rt 9l ot i H 2
30~40%%dtt. oAl HgEEe] 725 F2 NMR
spectra’tell 5-FU #9] Ce-H 44:9] doublet peak(d
7.7~83, d, J=8Hz, CsF2} coupling)®} amino
acid59) CH peakE(6 2.5~4.5% #Hlstgict ol &
&5 E2)3 A4 datax Table Io] 22Fs4
o}

et A —olF FAIFEES a8 B
AR 771 okx 2E AAEY] PP 8-S B
212} 3ke] leukemia Lygo SHAIE in vitro S2240)] ti &
AA2--E AYstdct A 2 sgkE 1X10°M
2 1X10 "M FEeA gA) 28-S Bk, 1X1077
M godelA Fo43le 28-S Role IFYEE
sl = A3 sle] EDsyS T3led Table 1ol &
oFstsict. Table IIef| 4 Bo3x]= wle} zre)] 5-FUL
Nl-carbamoyl fr=4) 2+ ¥5-FUHT} 1/4 A% P
501X107 %M FEolA td3 4L 50% A4
et 5-FU2] Nl-acetamido -f- %4 S(6a~i)x B
E5-FURC k7t & X 54 gAzH4-8 1
At o]E FEAE-2 amino acid i}l = A A4
Aol Z zo]F Holz| ¢stnt, wrde= ester?|
Hrbe #el acid71E 7k 3HgEEol(6a, ¢ g <2t
2 AANES Bk ol5 F glycine AgAQ)
6b ¥ 6c7} 7t 1.03X10°M % 1.30X10 "M
e oA st E ZAE 50% JAATE T
AzE Hrk

A EEol in vitro FHAPANM F2 A
FE BodFog o)F F 28] & 5-FUS Nl-car-
bamoyl %4 22} N'-acetamido #X%4 5 glycine
P 18] ester A3HAl(6b, o)F AE3le in vive
oA 28-S FHAFLE. & ICR miced] Ao
sarcoma 180 $+4|EE o] A7l ¥ Table I3 722
FTEE 7} oS B 57 R o AL #
Aty 2894 =He F Ax2FHE HEsl] 272
vlstedch, Table IIlo] Q9ofsl ule}l 7o) 5-FU=
50 mg/kg/day Fo1A] EAJo] A4 28U Aol micer}
RE F9A, 18X ¢RA A HrE wng 4
gl 5-FU9 Nl-carbamoyl =4 ] 2 3352
200~300 mg/kg/day FoAlol= miceE Folv %
4& Bolont, 100 mg/kg/day F-o14= 28UR 717
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Table 11I—In vivo inhibitory effect of 5-fluorouracil derivatives on the growth of sarcoma 180 tumor cells inocula-

ted subcutaneously into ICR mice

Average tumor e Number of
Compound Dose weight(g) Inhibition survivors

(mg/kg/day) (meant S.D.) (T/C %) on 28th day
Control saline 444026 - 10/10
5-FU 50 i Toxic 0/10
2 100 1.66* 0.98* 62.65 10/10
200 1.62+0.76* Toxic 3/10
300 Toxic 0/10
6b 70 2.96+ 0.67 33.33 10/10
100 2.03+ 0.82* 54.33 10/10
6¢ 100 2.50+ 0.51* 43.75 10/10
200 1.06% 0.50** 76.21 10/10

*p<0.05, *p<0.01

Table IV—The percentages (%) of analyzed products
after incubation of the active 5-FU derivati-
ves in the cultural media of leukemia Lo
cells for 5hrs

Incubated compound 5-FU 5-FU-AA
2 (carbamoyl) 58 35 -
6b (glycine) 84 10 1
6¢ (gly-Me) 73 8 12
BE mice7t AEIA T ¢t AvlE el ¥l

) 62% AE s Bglck 9 5-FUS N'-aceta-
mido §-X Q1 6b+ 100 mg/kg/dayol| A 54% 1|l
6cE 200 mg/kg/dayoll A 76%2] shxA FAE A
A7k B3] o] miceEol thal o] FrolA =
Ae- vehix) gro} 28U7A BE AEECH
9 o) % HAsgEEel B5FUE Feir7|2R
o A 2h4-5 vpebl A K] #Eke L1210 A £
AWl A 547 Fob wiFAlAl F AEEAES
HAjste] Table IV} 22 A& °"iit} el F-
8|7} 20]g Nl-carbamoyl S-%#< 3}3E 2+ #
shxle] 5-FUE 35% HEvk #4132 Nlaceta-
mido FEAHql 6b Y o= W e sy
28 &A% 8~10% HZute] 5-FUR Fsi= o
glglch o] A3FARE o|F fFEAZNEH E5-FU
felElmg 5. FURA gk 2H4-8 vehligle]zt
ol abgivt aubel 7)He) k3] aHE A Yw A
ot} EolstAIE acid 54 6bsl= @] ester

H¥o| ¢
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338 6ce AEEe] 5-FU-AAME f-2]A17]a sl
AcH12% HE).

o)4te] AH¥A#NER 5FUE N'-acetamido #A¥
Hel 2 u8z} E49 3444 o N'-acetamido Z
gto] Rall=le] B5-FUE f8jrA & 5 AUd 4
At AA ekERe] Slol e oFEe) FEEE 53
FAEHN Y FEFE FA7F FAA = AgAE
H4% Fol oFEEelel g AEAE A Estelo}
kel 2ok g9 o]E F-EAE zFAle] dkebAd 3t

5 Fo FAHCZ o Aol de AT
ofo} sleje} ek

4 £

TR SubAlel &std 5-FUE HEAI717] H%
QAAze] odFe olsle g 5.FUL Nl-carbamoyl +
A 29} Nlacetamido %3 6a~is FHAsdct
4% SEEES leukemia Ly SHHIEE 0] 831
in vitro FAHE7AE 3 A ol 5L AR E5-
FURCD ¥& AE A AA=8E5 2ok 5§
Nl-carbamoyl #=A 2+ EDs7} 5.01X10 ¥ Me]sd
i, Nl-acetamido %4 6bi= EDs 1.03X10 7 Mo]
9} 3 miceE ©] &3} sarcoma 180 L& ool A EH
in vivo F2 A &3} A& A9} N'-carbamoyl %A

= 100 mg/kg/day 2 5917+ Soiatel e wj 62% W
"41*]14—5 2] 2 Nlacetamido %4 6bo} e
7+7} 54%(at 100 mg/kg/day X5) % 76%(at 200 mg
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