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Synthesis and Properties of 5-Aminosalicyl-L-Aspartic Acid
and 5-Aminosalicyl-L-glutamic Acid as Colon-specific
Prodrugs of 5-Aminosalicylic Acid

Yun Jin Jung, Jeoung Soo Lee, Hak Hyun Kim, Young Mi Kim'
Dae Duk Kim and Suk Kyu Han
College of Pharmacy, Pusan National University, Kumjeong-gu 609-735, Korea

Abstract— 5-Aminosalicyl-L-aspartic acid (5-ASA-Asp) and 5-aminosalicyH.- glutamic acid (5-ASA-Glu)
were synthesized as new colorspecific prodrugs of 5-aminosalicylic acid (5-ASA), their apparent par-
tition coefficients, and the extent of conversion in the homogenates of tissue and contents of various G.
[. tract segments of rats were evaluated. These prodrugs were stable in the homogenate of tissue and
contents of stomach, proximal small intestine (PSI) or distal small intestine (DSI). Release of 5-ASA
from 5-ASA-Asp after incubation with the cecal and colonic contents for 8 hrs at 37°C was 18%. and 8%,
respectively. No significant conversion of prodrug was observed in the cecal and colonic contents of
rats pretreated with kanamycin sulfate, which indicated that microbial enzymes were responsible for
the cleavage of these prodrugs.

Keywords [ ]5-AminosalicylH.-aspartic acid, 5-Aminosalicyl-L-glutamic acid, Colon-specific prodrug,

5-aminosalicylic acid, Ulcerative colitis Crohn’s disease, Inflammatory bowel disease.
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2eksle] 5-ASALl M 2& #ENE-prodrugd] 7
e 2o 5S-aminosalicyl-L-aspartic acid(5-
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5-Nitrosalicylic acid(5-NSA), 5-aminosalicylic
acid(5-ASA), N, N’-dicyclohexylcarbodiimide
(DCC), 10% Pd/C. benzyl chloroformate, L-glu-
tamic acid dimethyl ester, L-aspartic acid di-
methyl ester ¥ kanamycin sulfatet™ Sigma #¥#
2, thionyl chloride, NMR &7 % HPLC& A2k
Merck MES, F524 £ 2 71el Aok
AHE-3H )

NMR spectra¥® BruckerAl®] AC-200 FT-NMR
spectrometerZ, IR spectra™ BomemA}2) MB100
FT-IR spectrophotometers AHE3l ZA3Hch
ool A% 2 4L GilsonAtel HPLCZE 3d1itt.
pH¥ Orion 320 pH meter® 3381, §3&
Mel Tem II §HEHZXE AHEsle] ZA43k o,
olo] digt BAL 31A) ¥sivt HESYHe-2 Parr
4562 pressure reactor® AMHS-EITE FHel A - P
%29 homogenation Eyela Mazela-Z tissue
homogenizers AH&89111, A&l ¢4E8= Han-
ilel Supra K-22 centrifugeZ AH23l9tl. TLCE

190
SH=

Kieselgel 60 Fyy RP-8 Fu 2 AHESIHh Silica
gel open column< silica gel 70~230 mesh$} 230~
400 mesh AHESIH 3, 34 Cy column® Lichr-
oprep RP-8 size BZ AH2-3l]t}.

ghaelo| x|

B A - 53 22 HL 0.15M sod. ace-
tate &3 0.3 M acetic acid £94€ pH 4.57} S|
% 3t A8

SN B - SAA] Qb= e 0.1 M sod. phos-
phate dibasic®97} 0.15M sod. phosphate mono-
basic &8 pH 6.80] Hx2 E3tate] zAst.

SHEY C - 50mM <4t Ede 5mM sod.
phosphate dibasic 494# phosphoric acid® pH
6.00] H =8 Zgste A

HPLCS| 74 3 =

HPLC+ 2 pump system(model 305, 306), vari-
able UV detector(model 117),
(model 234), manometric module(model 805),
dynamic mixer(model 811C)E2 TA4% GilsonA}t]
AEL A3 Columne GilsonAke) Synchr-
opac ODS(250x4.6, 5um)E AHEsla, 422
254 nm., AUFS 001914 d&sg.om, A9 A2
+ GilsonAte] 712 software2 shith. o542 05
mM tetrabutylammonium chloride’} ¥£38H¢ ¢
ACe] 10% MeOH €944 0.45 um membrane filt-
er? o@sle] ARy, $42 1.5 ml/mine g
2000 psi =] 4ol M ALE-3I )

autoinjector
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5-ASA ¥ N-acetyl-5-ASA9] ¥ T2 5-ASA =
= N-acetyl-5-ASAE 250 pg/mi7} H =2 MeOHol
o] ¢ gH402 ST o|AE H0ug/ml HEEF
MeOHZ 8|43} workinggH.o 2 AHEalt}. =44
- A% W4E, 9 - PSI-DSI =23 W4ES 10%
(w/v) HIEE 259 B2 348l 1 100 piell work-
ing €< 10w, 50w, 100w, 200w Z+2t
MeOH%E 713l 1 mi7} S A slsich

5-ASA-Asp9 5-ASA-Glug] EZHL& 45 B
7+7} 9] prodruge 250 pg/mi7t 2 moln S/4

2 3|48l 50 pg/miE 3k, o] £ 10 ul, 50 i,
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100 ui, 200 W€ 2z} microtubecl B3 ol A& cen-
trifugal evaporationdr ¥ =3 - 23 WE&E o -
PSI - DSI 233 W&ES 10%(w/v) HEF &5
BZ #43le 100 p8E 919 microtubeEl 7181
MeOH#E 713l 1 mI7} S A 24390

Ao Ty 9 ofe) Nak

Yollr A3 EFY(0.5 ug/mi~ 10 pg/mh 3 &
ANEE 287 wukslar 10.000% g 587 AAEE %
T AE9E 045um filters AL 20 WS
columnoll FY&AY. BFY] peak WA F2
e} ZgA S A 35 e Bt e
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5-[N-(Benzyloxycarbonyl)amino]salicylic acid(2)2)
B

5-ASA(1, 15¢g. 100 mmole}& A NaHCO; 5g
& X35 3} NaHCO; §9 250 Imoll dEA17)11
benzyl chloroformate(18.5 g, 110 mmole)& AH&3}
of 208 AHA Hrlata 0°CollA] 5412 F<t 714
RRRAE wukEg A" AAE oAH3in
Et;0 25 miE 33 A 43 Zo] 3N HCIZ 4+
Ao2 g F oaale] F 26 g(-58 90%)¢) 35t
28 Aok mp 224~225°C : 'H NMR(DMSO-d,)
8; 5.17(s, 2H, CH,Ph), 7.00~8.05(m, 8H, ArH),
9.80(s, 1H, COOH).

5-[N-(Benzyloxycarbonyl)amine]-2-acetoxysalicylic
acid(3)2l B

3322, 10 g. 35 mmole) S ZAF 52 mlol] #HEHA]
F|a F%AH6.7 g, 60 mmole) pyridine 0.3 ml
£ 71 F A2 A 2447t 9hE AT A EE A A
9.5g(F5E 83%)& H2dA AFaxdA HPAE
38 AAT mp 202~204°C, 'H NMR(MeOH-d,).
8. 2.15(s, 3H, COCHy, 5.10(s, 2H, CH,Ph),
6.90~8.00(m, 8H, ArH).

5-[N-(Benzyloxycarbonyl)amino]-2-acetoxysali-
cylchloride(4)2) &4

313HE(3, 10 g, 30 mmole)¥ benzene 40 mio &
A7 SOCL(7.5g, 60 mmole)& 713l pyrid-
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5-Aminosalicyl-L-glutamic acid(10, 5-ASA-Glw]
-

L-Glutamic acid dimethyl ester J2+gd(10 g, 474
mmole)& MeOHoll =1 & triethylamine(11
g, 108.6 mmole)& X413} 7}&kar 0°CollA 2A)17F vk
ANzl F A73ia gAE A FE3 /18N -
glutamic acid dimethyl esterg 2%t} o710 33t
B4, 14.3¢g, 474 mmole)E Aldatetre LajAjzl
N 7FEbar A4 shell A 12417 8 wke-A17 & Wz}
o] A7 AAE Qs 2 E 2% EL02
TLCAA & 3ol & wjzpx] AlA3le] 5-benzyloxy-
carbonylamino—2-acetoxysalicyl-L-glutamic acid
dimethy! ester(6, mp 102~105°C)& ¥ 10% Pd/
CZ 50 psi 4 3ol A @UAA 5-amino-2-acetoxy-
salicyl-L~glutamic acid dimethyl esterg Qitt. o]
AL 1IN NaOH(HH-E-2] 1093 E 71l A &l
Al 5AIZHES A-2of) A #g-A17) ¥ 3N HCIZ pH 4~
52 ZA% ¥ prepacked Cy column®.g &£ gujE
2 3l 3FE 108 AU}

S-Aminosalicyl-L-aspartic acid(11, 5-ASA-Asp)2|
B

e 109] el 3k S-amino-2-aceto-
xysalicyl-L-aspartic acid dimethyl ester(5, mp 97~
100°C)E @2 7Hraaisls shehe 118 A3

5-Nitrosalicyl-L-glutamic acid dimethyl ester(8)2}
B

5-Nitrosalicylic acid(7, 5g. 27.3 mmoale)E =+
EtOAc 170miell =91 &oo] DCC(6.2g. 30.0
mmole) & 2R 7}3H1 0°CoAlA 14 7F mubksle] &4
3A171 & L-glutamic acid dimethyl ester(4.75g.
27.3 mmole)E 7181y 0°ColA] 3417 auka}ar Ad2of
A T2ARE RS & Aot of g 2t w58t
o] P 71E4de) AFES NaHCO; ¥£3 8oz
A&, 2 AHYE 3N HCIE 718l 4dez g
5 EtOAcE $&31 74 Na,S0,2 gFAvla &
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& FuAAste] A& HFELS chloroform/MeOH
(100/1.5)8 &&89= 3l silica gel open column
oA AAsted S 88 49 g(5& 53%) LUt

S-Nitmsalicyl-L-aspafﬁc acid di]hétinyl eéter(9)gl
gty

3l3HE 8] AW F3le] FAdlA 51g(FE
58%)% AUt

5-Aminosalicyl-L-glutamic acid(10, 5-ASA-Glu)

MeOH 20 mioll ¢! 3H8E(9, 1¢. 2.95 mmole)
ol 10% Pd/C 200 mg& 7}8}at 50 psi =49 1
gzol 1A Wg ¥ MeOHE AABHE, IN
NaOH 30 ml& 7hsted A2, A4 gfellA] 5AIZF ukg-
AlZl ¥ 3N HCIZ pH 4~5 24382 &8 AAS F
#2)8& prepacked Cq column®.2 £2 &g Eg3}
o 335 108 0.52 g(58& 63%)S LAt

5-Aminosalicyl-L-aspartic acid(11, 5-ASA-Asp)@|
&

BEE 109] ARl F3te] FAdsted 0.58 g(52
& 70%)< 2Art.

N-Acety-5-aminosalicylic acid2] &M

3E(1 3ol 74 24k 5g, 24 10 mIE 718
I 10% B9 #F7 BHSA7IT A YERS 30
mlel Aol WAgtd W2 JHE 75t o] HA 1
gl IN NaOH 20 mI§ Wi 2204 1A7F 7H23)
AlZl ¥ 3N HCIZ 2 3kela EtOAcE F&319 N-
acetyl-5-ASAE Ittt mp 222~225°C, IR(nujol)
cm’: 1630(C=0).

wWEY| 2ol £X

5-ASA(155 ng/ml), 5-ASA-Asp 2 5-ASA-Glu
(5-ASAZA] 155 ug/miE 59 FEA B 10 midl &
o etofo g nig] 3147 chloroform 10 miE 7}
Bhed 37°Coll A AwkshEA 2441 7F WHA|A1Z] T 230l
FolglE conjugates] %S HPLCE A3kt 2
H7] BoAIF=(C,-C/C A& HB3t AlLlst
AHC,, C,& 747 T5olM e 2719} YoM o
E9 F%). n-Octanol® 717422 g Hx7) &4

ASE T WEos Z4sarh

Fe| 9, AFARPSD) X AFSHEMDSD A LW
2§ homogenatel| 2J8} 5-ASA-amino acid conju-
gate2HE| FEIZE 5-ASAS| X

#4#% Sprague-Dawley rat® Et,0 vlisle /)
23 5 B 223 WEEL g5 AZ T 343l
homogenation 417|112, PSI ¥ DSI 223 W&2
25 B2 Fu) 3|43l homogenationriZ] F 0.2
g8 %3l microtubedl ¥1 o37)d) 5-ASAZA
140 pg/0.8 mi7t H=5 45 Bl 5 5-ASA-
Asp # 5-ASA-Glu¢] € 0.8 m& 7Fele] 6A1%E
¢ 37°CellA] wjeksltt. 1§ HA g Azt 7HA
A N 2EE 5.000 rpmol A 3B QARSI & A
%94 0.1 mI%) methanol 0.9 mi& 7}3}e] 28-7+ Wyt
313 10,000x goll A 5E3F A&l ste] 45 20 w
£ #slo frelg oFE9] & HPLCE #A3Hdth

Fo| W U AT =W sl 5-ASA-amino
acid conjugate 2 RE| F2|EE= 5-ASAQ| £F

H#tE Sprague-Dawley ratE Et,0Z vH3sle] 7
B3 ¥ g @AY He GBS FHAE B
uhg 22 A & A4 2§80} g X Yol
A8, 7 WEES 0.1 g% B3l microtubedl
Q1 7]0) 5-ASAZA 140 pg/0.9 mI7t HES 2
H Bell =21 5-ASA-Aspé} 5-ASA-Glu®] €94 0.9
mi¥E 7138t 617 59 37°CollM wigsigh 2
T J-83 Nz 7t B A A RE 5,000 rpmeil A 387
AAEsI dL& 45N 0.1 miol MeOH 0.9 mI&
7¥sted 287 ksl 10,000 x gollA] 583 4 Ee)
3t 45 20 WE Hdld fElE 5-ASAS] &
HPLCZ #4314}

Kanamycin sulfate2 ®x{2|8t Fo| W2l U ZE LY
280] 23 5-ASA-amino acid conjugate2 §E| {2
5= 5-ASAC| 3

Kanamycin sulfate(5x200 mg/rat)& Fl 29
< BT 28] aEjn ABE &) 4N Ao AR

ofdta’ Yo} 48t go] 2A3sct.
AL L 2@

Amino acid prodrug®] £M
Amino acid prodrug®] #4342 Scheme I
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H H Ac H OH
. COOH COOH COOH ~#~, COOH A~ CONHCHCOOCH,
i Bz0Ct A0 3 t DCC ) R
x — S5 “ NH,CHCOOCH,
\/ 2 3 X
2 NHCOOCH,C¢Hs ICOOCH;C¢Hs Yo, R Yo,
1 2
socy, 7 8 R=-CH,;CH,COOCH,
% R=-CH,;COOCH;
Ac Ac
CmHCi:iCOOCH, cocCl -
CONHCHCOOH l PA/C, Hy
- —
NHCOOCH,CcHsg NH,CHCOOCH;  NHCOOCH;CH R
R . s
s R=-CH,CH;COOCH; NaOH on

¢ R=-CH;COOCH
z ? 10 Ry = -CH,CH;COOH (5-ASA-Glu)

@CONHFHCOOCH,
R

l ruc.tt CONHCHCOOH 11 Ry =-CH;COOH (5-ASA-Asp) NH,
y 187
( ] Scheme 11
NaOH
Ac /
CONHCHCOOCH PR - _ N . . = 3}A)E]
@ k 10 Ry = -CHLCH,COOH(S-ASA-Glu) FE233l9d 5-ASA-amino acid conjugate® @4t
NH, 11 Ry =-CH;COOH(S-ASA-Asp) ATt o] WAL A o vlste] uhg-ago] o
Scheme 1— 33 $E5go] AT AAE physical dataZ

b wiel o] FHE 12 FUEAZ 3o e
12} o}u|:=7]2 benzyloxycarbonyl”]Z. phenolic
OHE acetyl”|2 B335l 338 38 du o]A9
acid chloride(4)Z amino acid methyl ester 9} 2t
XA o =g 33, 10% Pd/CH F4E AHE3
benzyloxycarbonyl71& AA3ls 7I23jsld 5-
ASA-amino acid conjugateE HAskgitt. o) Wy e
315HE 49 AT Yol & benzyloxycar-
bonyl7i9) B8R & IAANM FAtEo] gn $5§0|
2okt Scheme [A® SEE 78 SLEFER 3l
amino acid methyl esters} 2H-A1A o= dl3,
10% Pd/C% 4& AHE-3te] nitro|E 93t 7}

Table Il Yebdgit. NMR 49l 5-NSA-amino
acid methyl ester amide= CDCLE AF&EH L 5
ASA-amino acid amide® DMSO-d¢& A3ttt

Amino acid prodrug9] gi&7| EHlAs

5-ASA, 5-ASA-Asp ¥ ASA-Glud EujAxE
37°CollA chloroform/@% 9 B9t n-octanol/&3
BE £WAZ sl &% F2e} 0|52 HPLC re-
tention time(°]%%: tetrabutylammonium chlo-
ride 0.5 mME E§3 MeOH/SEY C(1/9)89,
4. 1.5ml/min. column: Synchropak ODS
(4.5%250, 5 um))& Table ITel YERRAEE 5-ASA
ol "3l 5-ASA-amino acid prodrug?] Br7] &

Table I— Physical data of amino acid methyl ester of 5-nitrosalicylic acid (5-NSA) and amino acid of 5-Am-
inosalicylic acid (5~ASA)

Sample

Data Compd. 8 Compd. 10 Compd. 9 Compd. 11

Carbonyl: Carbonyl: Carbonyl: Carbonyl:

IR (nujol): cm™ Amide: 1650 Amide: 1640 Amide: 1640 Amide: 1640
Ester: 1745, 1717 Acid: 1731 Ester: 1749, 1725 Acid: 1690
2.2 (m, 2H): 2.1 (m, 2H): 2.9~3.2 (2H): 2.8 (d, 2H):
2.5 (t. 2H): 2.3 (t, 2H): 3.7 (s. 3H): 4.7 (q. 1H):
3.7 (s, 3H): 4.4 (m, 1H): 3.8 (s, 3H): 6.0~7.2

NMR (8) 3.8 (s, 3H): 6.6~75 5.0 (m, 1H): {m. 3H)
4.7 (q. 1H): (m. 3H) 7.0~8.8
7.0~8.5 (m, 3H)
(m, 3H)

mp (°C) 75~71 230~232 149~150 260 (decomp.)
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Table II— Partition coefficients (PC) and retention time
(HPLC) of 5-ASA-amino acid conjugates

Sample
Data 5-ASA-Glu 5-ASA-Asp 5-ASA
PC-Y* 0.045 023 185
pPC-2° {0.001 0.51 1.30
Retention 470 360 285
time (sec.)*

*Values were determined at 37°C. Solvent system:
CHCly/isotonic phosphate buffer (pH 6.8).

® Values were determined at 37°C. Solvent system: n-
octanol/isotonic phosphate buffer (pH 6.8).

“Mobile phase: Methanol/5 mM. pH 6 phosphate
buffer (1/9) solution with 0.5 mM tetrabutylam-
monium chloride, Flow rate: 1.5 ml/min, Column:
Synchropak ODS (4.5x250. 5 um).

WAGTE e A AR olul Aty S0 27) W)
29 oz 47ASIAT 724 methylene”] & 749)
z}o]7} 9l aspartic acid9} glutamic acide} 21.7]
el AlSr} A The AL B fad AY T 7
zd Wart Y4 AR Yok 5-ASA-amino
acid prodrugZe] 5-ASAdl vste} A1) BujA4
7brong olge] Fuolae] F4E 5-ASA urh g
£ Aoz oydrt

Amino acid prodrug?| §AI%

5-ASA-AspE F9] 9 - F F9d WEE 37C
oA MiFHE o, A7kl webA 5-ASATE fElElE A3
=& Fig. 19 JeRIAcE 933 423 84]7F i3]
< o 5-ASAV} °F 20% A= RelHAL, 16413t 3
e o o 37% F=r}t FEl AT A= 8z
BA[E o <o 8%7t weElHo WABEY 7t w31, A
ol AT FARE 8748 71 Fe] gAolA o=
437} =4 Jebgc) PSI, DSIe) 4 Hatoll= pep-
tidase?} Bo] X3t e ALE ¥A onz
A7 Y422 homogenateE 37 AHS-31 .01} 5-
ASAZH A¥ feEj=R) ggta, 99 =X YEE
homogenate® AME-3 A& 722 FAAE el
448 A A= prodruge) MR Ao 2 et

Fig. 2o1€ 5-ASA-Asp ¥ 5-ASA-GluE %% &
B35} 37°Coll A wiFE W Akl Wk 5-ASA7}
#FeHE A5 vlastd Jehlow, Wg yLE
o4 5-ASA-Asp>5-ASA-Glus] #0.2 vehgth
ol2f3t A= Kaliie] 71FAEo|A wWEolgtn F

AE AT A8 ool M E FF o B2 A#}

50

—@—5-ASA 0.14 mg eqv./100 mg cecal contents
—(O—8-ASA 0.14 mg aqv./100 mg colonic contents
40 ——8-ASA 0.14 mg eqv./100 mg stomach, PSI

B or DS! tissue & contents

20 +

% Release of 5-ASA

10 |

0 T N SR
0 2 4 6 8 10 12 14 16 18

Time(hr)

Fig. 1 — Release of 5-ASA in contents of 1.0 ml of ten-fold
dilution in isotonic phosphate buffer (pH6.8) of
cecum (w/v), colon (w/v), tissue homogenate
and contents of stomach (w/v), PSI (w/v) and
DSI (w/v) during incubation of 5-ASA-Asp (140
kg equiv. of 5-ASA). Data are mean+S.E.(n=5).

g gstael et Kanamycin sulfate® A A3
3 AEEEY 9% E A4 WEENAE prodruge)
A48t A9 #AFR YR (5-ASAFE} 0.1
ug/ml ©|8}) )= prodruge] 47t Ay vjAE
o] 40 7|R1EE BF

50

—@—5-ASA-Asp
40| O sAsAG

% Release of 5-ASA

VR SN W S |
0 2 4 6 8 10 12 14 16 18

Time(hr)

Fig. 2— Release of 5-ASA in contents of 1.0 m] of ten-fold
dilution in isotonic phosphate buffer (pH 6.8) of
cecum (w/v) during incubation of 5-ASA-Asp
and 5-ASA-Glu (140 ug equiv. of 5-ASA). Data
are meantSE.(n=5).

J. Pharm. Soc. Koreg



sobvl= el uste) B4EAY T=od 4w 11

898 5-ASA-Asp$t 5-ASA-Glu¥ in vitro A
A7 ARAsAANAE HHLL, gl ol AE
of o3 Haislo] 5-ASAZ} frel = At opuleAte] F
Fol WA 1 Axr A FHE Aog vEvE
2, B Ao E opnste] HR/E Eelgt pro-
drugsel 43 AZFHA #AE in vitro B in
vivo P& 3§ Ff ok

#At W&

o] A7E BEVEFAT NAAT FeiF Aol o
@ Azjolm olol] ZAF= R,
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