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Syntheses of 5-Fluorouracil-Fat Conjugates and Evaluation of Their
in vitro Cytotoxic Activity

Heejoo Lee, Pan Sup Chang, Jae Wan Kim, Ki Hwa Jung, Soon Hee Shin,
Hae Soon Shin, and Soon Bog Jung

Duksung Women’s University Rescarch Institute for Pharmaceutical Science

Abstract — The FU-fat conjugates(4a-e) as a prodrug have been synthesized by condensing various fat-
ty acids(la-e) via isocyanates(2a-e) as carbamoyl group at N1-position of 5-fluorouracil and their structures
characterized. Preliminary testing for their antitumor effect was carried out on leukemia L1210 cells in
culture. Most of them(4a-d) like the parent FU exhibited less than 50% inhibition on grouth of the cultrued
cells at the concentration of 1x 10-7M. Only a dicarboxylic acid derivative, 4e, showed over 50%
inhibition at the same level.

Keywords[] 5-fluorouracil-fat conjugates.

Pyrimidine ¢17] 4548l 5-fluorouracil (FU) shAl 2 sfakslo] «hgsl3 Qi) Tegafur ¥ 7HE
[e]

2 o] H/el oF 53] oauiel n) gulel K& 4ol 1 o#) 23 Mifurol & Al Esie) o3l

of el 2o]3 9k V) FUE Qb Zlold 5l % 45 SelEled 8% o zAu FU S Ex
uoro-2'-deoxyuridylic acid (FUdRP) &  fx}5]o] = ODH FRAA T Aol ek, 22l o] 52
E4  thymidylate synthetase ¢} 229 oJ A g} o 73TA el 7| Skt wlaa clgke] Fojglofof sha

= DNA 3ol # 23l thymidylic acid 34< (Tegafur, 19 800~1200mg ; Mifurol, 1<% 600
Asfste] gotaats vehdo] B usle] 9t 2 3 ~900mg), FU =l3b7ix)2 Axbasl-t Alska,
H FUE shlzold wobe ol Aabdlzdlel = g $34744 A8l QoA 45 9l

4 p-(a-fluoro)alanine 2 & 7 Haehrbslo] E Aol o)At} Fol AlfollA] FallAlst
AW 7L et (t,=10min), P e sle] o whe o g oheks A4 Fofsfol sl @Al FU &
AAe getAz slod deke Ao me AFs dodef W] Al JAUE 4A] F45E 1A
FolehaL gla, Al Tl Afol: FEEA o FE0 A¢A FU 5842 59 4 A
A8 epd), 23z siodck, & FUS A 2l fol 734

el %2 FU 9 prodrug A-+773-9 x| FU Z o xAo] gutAE AL A FHET 7
Rrobe ofErh A&l f5a] (2-tetrahydro- AL Foled FU S AW 54 H9jol we} wro] o
furyl)-5-fluorouracil (Tegafur®) ¥} 1-hexylcar- 5417 & 4 9lcoisd Adelzol ghlasnte vpeld
bamoyl-5-fluorouracil (HCFU, Mifurol® 77} & 4 lrha AbREL 7] witelth, B3| o] ZAAE
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SOCl, NaN,

RCOjH ——— > RCOCl —— = RCON; —T——a R-N=C=0

1a) lauric acid (C12)
b) stearic acid (C18)
c) linoleic acid (C18; 49, 12)
d) linolenic acid (C18; & 9, 12, 15)
) 1,10-decanedicarboxylic acid (C12)
monomethyl ester

2a) CHg (CH,),i-N=C=0
b) CH; (CHy),¢N=C=0
¢) CH; (CHy)s (CH,CH=CH), (CHy);-N=C=0
d) CH; (CH,CH =CH), (CHp);N=C=0
€) CH30,C (CH,);i:N=C=0

Scheme 1
(|)CH3 0 0
F .. F
DCC +CH;0H __CEL <:>_ NHC-N _<:> HéN\)K/‘( + RNC=0 pyridine Hi)j
95°C
/ O-methylisourea Y E 2a-e 0 I\II
. C
HO,C (CH,),,CO,H —%———> CH.0,C (CH,),,CO,H 5-fluorouracil AN
2C (CHy)10CO, DMF/60°C 302C (CHy),0CO, 0 NHR

+ (le)
CH30,C (CHy),,CO,CHgy
3

1,10-decanedicarboxylic
acid

Scheme 2

ol qbgslel ATFFolsidg Wl
A7 @3 A4 §4 A2z §
Aol A AR Fsk AL 9l
RS 3 AZAA o5 Fol A48 FU
7 felge] 2 42 gna e ool Folz A4
Aol i g AU $5 Yk AEH] ol
=,

Agshast s AAFEL ekal Aol
(la-e). 53 AAeld Pdsix ok
e A AgHE 4 Awas
A 2oz sdntle,d). @1 A¢E AW}

1

boxylic acid 7€ 7Fd 4 5% dicarboxylic
acid (le) ¥ A#slich,

FUe =34t A3 ol 71x] de)2 7hs3)
v® FU 9 N'o| carbamoyl 7] ez A&7 n
2} slodeh, ol xutale) carboxylic acid 715 &
o]&}A isocyanate & & A7 (Scheme 1) o9}
ol AYAZ 4 9x(Scheme 3), T u|mA
HEE 712 AW ol A Falskx] ekm Al Fuo)

o F A3 FalEle] = FUE ®24A & +
UFtEL ALRE 7] mEol ),

49 AHEE 7Ra dbzbgo] 9 FU ¢

b o

(o]

42) R = ~(CHy),,CH;
b) R= ~(CHy),sCHs
¢) R= ~(CHy), (CH =CHCHy), (CHy),CH,
d) R= ~(CH,); (CH=CHCH,), CH,
e) R=~(CHy);(CO,CH;

Scheme 3

Aubale] A ES AR (4a-e), UAH O
2 olES AR invitro TR AEE leuke-
mia Ly cell 5% ]85l M3l o A
Hudlnz} gkt

Al

Al 13- ]

oHd

e

Alet 4l x§ & —5-Fluorouracil & =2l A|oks]AL2
Mg} 71&299km, 1-hexylcarbamoyl-5-fluoroura-
cil(HCFU, mp. 108~110C )2 A3 Mifurol®2.%-
Bl Ha]slo] Al&3lelc}t, Thionyl chloride & 4
A 3tst (Japan) AEFelf A AR, sodium
azide, N,N’-dicyclohexylcarbodiimide (DCC)-
Sigma Chemical Co.of 4, =2 2 silica gel(0.
063~0.200mm) = TLC ¥ Merk CoolA +%5t
gtk 7l Ak g Bl AlgE dF me 54
oFE AREsiodet,

ARI171—mp. 32 Biichl 535 (Switzerland)
£ AF8-3519 2, IR(Perkin-Elmer 1310) & NMR
(Varian FT-80A =+ 60MHz)& 4 2 33
=9 spectra® <%tk UV lamp(Spectroline,
365, 245nm)E A4 TLC Al 44 2qlslel
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Table I —Inhibitory activity of prepared compounds
against in vitro cultured leukemia L1210 cells.

Inhibition (%)
Compounds 1x10-%M 1x10-"M
4a 88 33
4b 100 18
4c 93 11
4d 58 15
4e 90 58
FU 95 18
HCFU 97 9%
48 (1x10-8 M)
ot
Yubxfol alkyl isocyanate B —1-319] Ut
W 28 alel 7 A laet 298l SOCL (2

o

o

N
V1 Hx)E CHCl; o0& slo] 2 A7} 7Fadukg4]
7] & ol %2l SOCLE ZFHAAsEE acyl chloride
S s (IR 1790 cm™ F4-2 39l), olo] Yz
o4 acetone- 4&olo] NaN,(L5ul)2} 43
H7bebe] 2417F A= 9bgAZch, o] w 7)Aol u}
et 4&ste 45%7) glod E31 acetone & A3
7heted zolo] Aol HEE ARG wWokeh, ¥4
% acyl azide & 43 &% 715190S W oil Ahe
2 Aol FEEo], B & Fo W o AFsl
2 AZFYH(IR 2100cm™! F4-2 al), g
acyl azide & benzene £oll& 7}lodsle] isocy-
anates(2a-e) S <!°] (IR 2260cm™' F4-2 <l)
FU ¢} & 3kgol AH-8-slodet,

) =k} SOCL, AAE He
acyl chloride & d3lar 2 3 w3272 o A
AR fAbsl et

1, 10-Decanedicarboxylic acid monomethyl
ester(le) &4-DCCE AH&sh= O-alkylisour-
ea 193 AL3fed  monoester & AiTh, F
CHCLel DCC(0.1mole)E =°|z CH,OH(0.1
mole)& 7}l CuCl(250 mg)S Ewj2 3ol A
woll4 2%17F w4 ZA ek, ubg-dol hexane & 7}

S A4S AFAANL §o4E BHF F O
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. DMFell =<4l decan-
edicarboxylic acid(0.1 mole)ol} 91-& O-methyl-
isourea (0.1 mole)& 7Fstz 60ColA 2417 v-8
Atk B2 % AA  DCU (dicyclohexylurea,
mp. 223C)% o #A7|8lx, DMF 215 2%
FA 7 sk}, Zdol hexane-EtOAc & 7}shat vk
z| & w74 A 1 10-decanedicarboxylic acid mo-
nomethyl ester (1e) & %2t} mp. 32~34C ; Rf
0.34 (CHCl,) ; IR (nujol) 1730, 17060cm='; NMR
(DMSO-d¢) 1.1~1.9(m, 16H,CH,), 2.25(t, J=6
Hz, 4H, CH,CO), 3.68(s, 3H, CH,0).

2R silica gel column 3+ A7)-&=) CHClE
4] Be)sto] £ ka4 A9l 1,10-decanedicar-
boxylic acid dimethyl ester(3)%S <3¢it}: mp.
25C . Rf 0.57(CHCl,) ; IR(neat) 1730cm™;
NMR (DMSO-ds) ¢1.1~1.8(m, 16H, CH,), 2.25
(t, J=6Hz, 4H, CH,CO), 3.68(s, 6H, CH,0).

duixol 1-alkylcarbamoyl-5-fluorouracil &t
M —FU(0.0l mole)¢ pyridineo| oz 34
a4 ole 7F jsocyanate(0.015mole)S 7}k
95°Coll 4 24|17k 7pdsted S A, ubE F AsE
Z53kel pyridine2 A7Astm el EtOAc %
7bsta A7) AL AAsA (isocyanate & o]
W F3hA e vkl £4), EtOAc A& 5FA|
718k Et00 %4l ¥ €2 AHd %, Et,03
S o7} skeh, #klS alcohol o <l ¥
% 3le] HAAA l-alkylcarbamoyl-5-fluorouracil
+ Aot

1-Undecanylcarbamoyl-5-fluorouracil(4a)—

-methylisourea & %22}

5-Fluorouracil ¢} undecanylisocynate(2a)& %
of o wiwog Al F o1 AHS CH,
OH ol 2|74 stod A2} 1-undecanylcar-
bamoyl-5-fluorouracil (4a)& < 91 ©} . mp. 105
~106°C ; Rf 0.35(3%MeOH-CHCl,) ; IR (KBr)
2900, 1730, 1670, 1530 cm™! ; NMR(DMSO-ds) ¢
0.75~1.75(m, 21H, (CH,),CHs), 3.1~3.3(m, 2H,
CH.N), 8.3(d, J=8Hgz, 1H, CH).
1-Heptadecanylcarbamoyl-5-fluorouracil (4b)
—zko ulloz FU 9 heptadecanylisocyanate
(2b)5 AYAIA W] 3HEE (db)E A
t} i mp. 109~110C ; Rf 0.37(3% MeOH-
CHCL,) ; IR(KBr) 2900, 2840, 1730, 1660cm™* ;
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NMR (DMSO-d;) 60.8~1.6(m, 33H, (CH,)s
CH,),3.1~3.3(m, 2H, CH,N), 8.3(d, J=8 Hz,1H,
CH).

1-(8’, 11"-Heptadecdienyl) carbamoyl-5-fluor-
ouracil(4¢)— FU 2} 8,11-heptadecdienylisocyan-
ate(2¢) & w417 Hjg AAS EtOH oM A)
A5t vl B3RS (4e)E LT mp. 45T ;
R£0.30(3% MeOH-CHCl,) ; IR(KBr) 3000, 2900,
1700 cm~! ; NMR(DMSO-d;) 60.75~2.0(m,
CH., CH,), 3.0~3.5(m, 2H, CH,N), 5.2~5.5(m
4H, CH=CH), 8.3(d, 8Hz, 1H, C;H).

1-(8', 11, 14'-Heptadectrienyl)carbamoyl-5-
fluorouracil(4d)—FU 2} 8,11,14-heptadectrien-
vlisocyanate (2d) & 4M3-A]7] o1& ulS-ollo] £
E FFAAG L, AAE Fol Folil ether 2
£33tk EtherZ% $9lA7 % silica gel
column 3 1% MeOH-CHCl, &o1& 4] Eele}
of | 28 mo} Lufa| A Aol v|3A
% 32 4dE d9ith: mp. 42°C : Rf 0.32(3%
MeOH-CHCl;) ; IR (nujol) 3050, 1700 cm~' .
NMR (DMSO-d,;) ¢0.7~3.0(m), 3.3~3.6(m, 2H,
CH,N), 5.2~5.6(m, 64, CH=CH), 85(d, 8Hz,
1H, CH),

1-(10'-Methoxycarbonyldecanyl) carbamoyl-
5 - fluorouracil (4e)—1,10 -Decanedicarboxylic
acid monomethyl ester(le)Z%¥ <& jsocy-
anate(2e)9} FU§ wRA1# ol & dRgEof4] o
o] AAAS AH EtOAc FoflZ e wiy o
29| 1-(10-methoxycarbonyldecanyl) -carbamo-
yl-b-fluorouracil(4e)& o o o> mp. 125
~126C ; Rf 0.31(3% MeOH-CHCl,) ; IR(KBr)
3390, 2900, 1720, 1690, 1500cm™!'; NMR
(DMSO-d;) 61.0~1.75(m, 16H, CH,), 2.75~3.4
(m, 4H, CH,CO, CH,NH), 3.45(s, 3H, CH,0), 8.
30(d, 1H, C:H).

Leukemia L,,,, cells & 0|28 in vitro &M
=2 HM-—F3d ¥ am gl Fal| Adshed
o} 1 o] & gokst Fisher's wiz|oll wjokst Ly,
cell (5% 10* cells/m{x5ml)oll 7+ FASFEE-S
DMSO- sl ze}ofl o Table 19 Fx& H7}s}
i CO,-incubator Well4] 37°C.E 48 Az} wjjekalad
ok, wiek & AARE FHslod trypan blue Ho 2

dlsla o duf o] ofsle] odalE|x] ok Az
hemacytometer & 44 F-slolch, A 7
FRollA AEFA AAE Y (%) e f)r*o—T%
Aoz Asketa, 7t AP 3319 Hwdt
At

-1 g:)x1oo Y (%)

Co @ wlofr) Al o] A Z4-2) 3
Y (%) g

LA A

FU-XI& Zgha gd—7 zlaakss FUS 2
gsl7] $13le] carboxylic acid 7 A4%  iso-
L
i

rulm
hL

cyanate 2 A 3ksl9ith (Scheme 1), & A¥H4E la-
uric acid(la) % stearic acid(1b)& Aol &
39 o E-2] thionyl chloride $} 7}2ukg-417] acyl
chloride & 9221 (IR 1790cm~oll 4 §4), ol
Wxol4] acetone- &lloll 2l NaN,(1.5H)2}
82217 acyl azide & oil Aoz EHsHATH(IR
2100cm™ &3 2Rl),
Lollo| 4] 7}d Baflslod  alkyl isocyanate (2a-b) %

odofeh(IR 2260 cm™ S 29l),

223} z8kabeel  linoleic acid(le) % lino-
lenic acid(1d)+ thionyl chloride 8}  7}d"F2-4]
74 ZAglel, Wzoa AA3] HEgA)7)aL Sl
W Aol SOCL, A71% AH-2zkgtolxd AHshy &
TAlgle] acyl chloride 7} odofx|a, ©hg w2
el z|ufale] 7399} 7ro] 3lo] alkenyl isocyanate
(2c-d) & 22

Dicarboxylic acid el 1,10-decanedicarboxylic

Acyl azide & benzene

acid &= monoester Z 3% carboxylic acid 7]&
2353 & 5k&r|elkS jsocyanate 2 A 3Fslaz} 6
givl, Diazomethane 2 AH&-3bd  monomethyl
ester & PAlol v} Loldleietn Roiz|A|gl =
7o) ol2]z] ¢ko} Scheme 29ll4 2} Zo] CH,0H
£ CuCl Zwhslell DCC 2 u-8-4]7 N,N’-dicy-
clohexyl-O-methylisourea’®s & % DMF
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& 4ol 4 1,10-decanedicarboxylic acid(1: 1 ¥)
2)9t 60CE 7hdul-gA7l o2 52 monomethyl
ester (le) & ola, xolofal AR dimethyl ester
(3)% +Elslkoich, ©52 NMR spectrum A9
CH;0 717t 63.680 A singlet & 2 +jE}b v} =
peak ¢ =7]¥]2} IR o4 monoester = carbonyl
71 &5 peak 7} 1730 % 1690 cm™'& He)sa

diester + 1730cm='o}] tkel peak & jep}E 7
o2 3olaksdel, 98 monomethyl ester (le) &
B} 2]ubabE-a} 7k wiwl o 2 slod jgocyanate (2e)

A2 % isocyanate & pyridineol %<l FU
of w2k 15:19] 682 3ol 95C -:XMW 24]
7k 7bdstes FU-AA #3015 g4dstae, =
alcohol & AR&3le] ulE Y7 dsled 7 A3
(4a-e)F <%t} (Scheme 3), = F H-2 3} 2|4t
= FEAE e, d)& AAS7 ooy, mp.s
Seket (47t 45T, 42°C), uRe o) 1~2 3l
gk, Wl AR Aoz 482 wlwA okt
50% w=l=h). odelAl P55 Foli= A9 53
%3, 7} alcohol ol = = Zgkrl,

FU- 24 Agale] Fz3kel2 NMR spectrum
< TE ol&sgirh & alkyl-FU 7Z3tag]l da el
4b ¥ NMR spectrumel4 §1.0 3 oll4] alkyl
7]l of gk A g peak 9 ¢8.3 ZHoll4 pyrim-
idine YW C,Hell 2§t doublet (J=8 Hz, C,F &}
Foll o] ¥odxl)oa slolslgict, Alkenyl-FU
ATAE de 9} 4d o) F2E 919 peak E3}F 34
654 ZHel A ojF 743 -CH=CH- 2| 4 peak
2 3}9l3lgdct, Methoxycarbonylalkyl-FU 7igt
A9l 4e el +x2E 61 % 6839 peak £ 3.
4541 CH;0 2] singlet © 2 #holaleic), 7|e} 7+
BP9 4 datat= AP ol 7259},

B4 BHEEQ in vitro HURE—w izl
Hiol] F&l Fisher sixloff4] wloks]= leukemia
Lizio cell &5 o[- &sle] sl shbi-tr} iz of
FU ¢} 7] HCFU (#]z}eF Mifurol®
2R 2] mp. 108~110C) 2] okdlz Z4lodz)
deF Aldslo] ¥glth, Table o] Mol ulo}
2ol HCFU = 1x1077M FXof4 90% ol4ke]
AN2F54E A6kl IC, = 108 M B} ok7} =

o2je el dslofe), G4 SRIHERS Agdon ¥

<
>

,.1
fu{o

o

TR
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FU s} ul@ gne] dal 488 uglon, 4]
whatel fEAlal de Y 4d 59 Asiago] gk

o}, 2 % dicarboxylic acid el ®EAcl e
(monoester )7} 1X107"M FxollA 509% oA
| Aalgg el Ao 7 FU-AA
A7 in vitro AdolA FU Xt 24 $-4-3)
28-S Molz) Ralgin),

z2{v} 0|23t ArE  1-g-D-arabinofuranosyl-
cytosine & Nto| RAF24 N*-behenoyl-1-8-
arabinofuranosylcytosine o] in vitro oA Lisig
cell off o}k 1Cs 7} & araC 2} 100M%2 =& &
gl Aol xlsh  (N¢-behenoyl-araC IC, 3.1X
107¢M ; araC IC,, 3.2X10®*M), in vivo leuke-
Aol # o] F9-¢ araCrct Py &
718 (N<-behenoyl-araC 4= (T/
C) 360% at 100 mg/kg/day ; araC<200%)<
At #4435 FU-AA AdAEE in vivo A&

2 v
Aok Abs sl

mia Ly,
EH o:] XL;

2

= Eoled 28-S AR & 4 ¢
o},
4 B
o 2] 7}#] 2HI4HE-(la-e)2] carboxylic acid 7|

& lisocyanate 7|2 #dFslol FU L Nt el
carbamoyl 7| #elZ ZTA7 FU-AA $54
da-e = 040«] T-zE §_‘Lo 0}934 oqo ﬂ@'—%{—i‘o
in vitro 1A leukemia Lisye cell 52 FAledA|z
45 A 10°M = 107 Mol oA &
FU oF f2Hg d5e] 28408 29

|

i

=
2
s wily

e

L= =
1) Reynolds, J.E.F., Martindale, The Extra Phar-

macopia, 28 Ed., The Pharmaceutical Press, London,
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