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Abstract

The annual report issued by National Health Administration reveals that
the chronic liver diseases and cirrhosis ranks sixth in the cancer
casualties since 1986. A syndrome of liver fibrosis appeared in the
beginning, resulted in decreasing of asialoglycoprotein receptor,
becoming worse and worse, and finally the liver cirrhosis is developed.
Early detection of liver fibrosis will certainly benefit the prevention of
the liver diseases. In this study, the dimer galactose derivative 9 was
successfully prepared via a multi-step synthesis (total synthesis yield of
precursor was 40 %, the radiochemical yield was ~1% and the
radiochemical purity was =98%). Dynamic microPET imaging of
8F_galactose dimer derivative 9-injected normal mouse indicated
significant radioactivity retention in the liver and then rapidly excreted
via renal clearance. The liver fibrosis rat model was established by
treating the rats with DMN and was validated using histological
examination. This model will provide a platform of molecular imaging

probes discovery for the quantification of ASGP-Rs in vivo.
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(=) & = 6-cbz-amino-1-hexyl-2,3,4,6-tetra-O-acetyl-[3-galacto-
pyranoside (4)

#-4.0g (20.51 mmol) z_ 6-(N-benzyloxycarbonylamino)-
hexanol~2 g /&t 2 3A »~ 3 & % 7779 2 § it A(mercury(ll)
cyanide) *t & F T3> 30mL ¢ Hi3 R o 15 41
de 223520 mL ¢ %3 % 2. 2,3,4,6-tetra-O-acetyl-a-D-galacto-
pyranosyl bromide 12.64 g (30.76 mmol ) > ** & § T * J& 24
JPE e F RS RISHRF BRI SN R BRI P RAF
72100 ML = & 7 Y253 f80 A 2 10 % NaHCO; 7k i3 i ~ 10%
@ i 4o (potassium iodide, KI) -ki3 ;% ~ 10 %r: & Frphsp ki3
REP- gk ¥ MgSO, ok Wik ficis A
o RGP d koot ondApig 2 i ¢ ph e fig(ethyl acetate)/
e tz(hexane)=2/3 » » ¥ FF & k2 AP

6-cbz-amino-1-hexyl-2,3,4,6-tetra-O-acetyl-B-galacto-



pyranoside » 2 £ 7 & & &~ w5 6.78g % 63% °

B R A I8 EEEE SR A o SR

" L-glutamic acid 3 RALG = HIE S L L 6 18 Bt LD
A5 fpist i 0 L 45 = 4 o pa(trifluoroacetic acid)2 AT 3 5%
HABOC)TF FE-18 EIEEL BT ASF SRS o d (L EF 5
182AFNET4% -

(=) & = N-(tert-butoxycarbonyl)-L-glutamic acid (Boc-glu)

#-3 g (20.39 mmole) L-glutamic acid ;% ** dioxane (150 mL) ~ 1 N
NaOH (90 mL) 2 H,0 (60 mL)# ##4:% = &% i+ (% 30 min) ¢

» di-tert-butyl dicarbonate (5.2 mL, 22.43 mmol) ** 28 F ~ & 16
h " &FFr gz >28F BRizT W INHCI g 3 pH=2 12 ethyl
acetate % B~ > 5 & & Na,SO, % ks BRI EcT #4009 24
A 4 » 3> CH,Cly-n-hexane ,x st F % 5% ¥ ¥ 3.6 g 2
N-(tert-butoxycarbonyl)-L-glutamic acid > & % % % 71% - '"H NMR
(200 MHz, CDCly) & : 5.32 (d, 1H, NH), 4.33 (m, 1H), 2.47 (t, 2H,),
2.24-1.97 (m, 2H), 1.40(s, 9H, Boc).

(=) & = Boc-glu-NHS; (6)

#- 3.6 g (14.56 mmole) N-(tert-butoxycarbonyl)-L-glutamic acid %



5.04 g 2. N-zz 3k 7% 30 % 7 "=(N-hydroxysuccinimide, NHS, 43.8
mmole);z >t = 7 £ 7 Fgv(dimethylformamide, DMF, 36 mL) i ¢
» 1224 mL N,N-= 2 3 2 2 "=(N,N-Diisopropylethylamine,
DIPEA) > *t 0°C T 4¢ » j3 >t 36 mL DMF 2 1-Ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide (EDC, 8.39 g, 43.8 mmole)>* 3 :§  J& 24
histdszf 11 e phe fq(200 mL)i3 2% ik B 14 5 %R e K3 iR
(400 mL) ~ s 4r fopt ix & 3 k% % (400 mL) 2 i 4¢ - & 3 -k (400
ML) %% > ez -k o @ijp it iy ¥ 519 2 %4 ¢ HH
A % % 80 %-'H NMR (400 MHz, CDCl;) & : 5.23 (br, 1H, NH), 4.78
(br, 1H), 2.82 (s, 10H,), 2.31 (br, 2H), 1.44(s, 9H, Boc).

(=) & = Boc-glu-dimer (7)

#-1.69 (358 mmole)it &4 5% 0.72g i+ &5 6.4 18mL = #
it 3 4e » 0.63 ML N,N-= £ 5 5 z "(N,N-Diisopropylethylamine,
DIPEA) >t 38 F Jis 24 h 18 #-F Ji i = & =4 1 200 mL -
% B 55 %R AR 3% (400 mL) ~ B4 fork Bk & A -k% 0% (400
mL) % i 4 f- & B -k (400 mL) % B~ > prpikds % Ko BigThicT F
1792 %% ¢ W 3kP > 259 94% - 'HNMR (400 MHz, CDCls)
5 :5.28 (s, 2H), 5.23-4.90 (m, 4H), 4.36 (d, 2H, J = 8 Hz), 4.20 (br,

1H), 4.09-3.97 (m, 4H), 3.83-3.76 (m, 4H), 3.36 (br, 2H), 3.08 (br,



4H), 2.74 (br, 1H), 2.19 (br, 1H), 2.04-1.81 (m, 26H), 1.55-1.15 (m,
25H). ESI mass; calcd for [M+Na+] (C50H79N3Na024) : 1128.49:

found : 1129.48.

() &4 -18 EmEL BT 55 5% (8)

#-19g(0.9mmole)it &4 74 52mL = & itz T 4 » 89mL =
4 o p(trifluoroaceticacid) » ** 3B F B 2h s #-F i = 7 1t
AL 150 mL o ik A 55 %t Aok s ik (300 mL) ~ i 4r ok
fed 3 -ki27% (900 mL)% iE4efo- & -k (300 mL) 5 B~ > prfiids i
ko BRI FCT 8 720mg 2k F ¢ ok 0 A K 79% - 'H
NMR (400 MHz, CDCls) & : 5.32 (s, 2H), 5.24-4.93 (m, 4H), 4.39 (d,
2H, J = 8 Hz), 4.12-4.03 (m, 5H), 3.86-3.80 (m, 4H), 3.40 (br, 2H),
3.15 (br, 4H), 2.10 (br, 2H), 2.08-1.90 (m, 26H), 1.60-1.15 (m, 16H).
ESI mass; calcd for [M+H']  (CsH72N30") : 1006.46: found :
1006.16. ESI mass; calcd for [M+Na']  (CssH72N3O5,") 1 1028.44:
found : 1028.29.
=~ ERER-LYBFESREFLPIRELSPTEE &I REEE S
Ve iTE P
v 4-3 3L ¥ ¥ pa(4-fluorobenzoic acid) ¥ N-2¢ 2L 77 74 fis 47 ¥aej5 >0 =

vOAY ARRT m - Tk AR Leit* v PF-SFBO R &L L 4



8 %) & fiptegt s T & 19 X AT SRS 45 590 4 18
TR L T P RIS - B2 2 PF-SFB £ 3 4 kA
L& Qo

(-) & = F-N-succinimidyl-4-fluorobenzoate (**F-SFB)

#-29 2. 4-% & F 7 pi(4-fluorobenzoic acid, FBA, 14.27 mmole) 2
1.97 g 2. N-2#% £ gf 30 fi% 37 973 * 8 mL 2. DMF> 1 4 » ;3 *t DMF (8
mL)z_ = 3k e A= 37 *=(dicyclohexylcarbodiimide, DCC, 2.87 mg,
14.27 mmole) >t 28T F i 12 h> #7118 2 e A& 4~ 5 P-id K 4702 (3
#w 5 EA-CH,CI, % 5u) 4 3t » £ 11 CH,Cly-hexane & 3t % 5% A
v 7% & ¥ N-succinimidyl-4-fluorobenzoate 289 2 F % 83 % -
'H NMR (200 MHz, CDCl3) &: 2.90 (s, 4H, NHS), 7.07-7.35 (m, 2H,

aromatic), 8.07-8.35 (m, 2H, aromatic).

() &+ &-19 FL 5 pBirms 318 2 47 5(9)

#-500 mg 2 it -4~ 8 (0.50 mmole) = 589 mg 2. °F-SFB ;3 ** 1 mL
z_ ¢ % ¢ » 4 » N,N-Diisopropylethylamine (DIPEA, 104 uL) >+ %
BTFRE60hERHICE M= & 7 =(100 mL)i% f# T ik B i 47 fopd
Fi & Hhoki3 iR (500 mL) 2 iE 4 { & 3 -k (200 mL) %2~ > ARk k%
Ko BRI dis o TEEREFEB e 5T /2 5 7 ==1/9)

A4 slde & 4 150 107mL ® g ¢ 4~ 286 mg 7 4 (sodium

10



methoxide) ¥ & 1h v @ % 24 (1t &4 9)244mg > A5 5 62% o
'"H NMR (600 MHz, CD30D) & : 7.94 (m, 2H), 7.20 (t, 2H), 4.58-4.46
(m, 1H), 4.19 (m, 2H), 3.89-3.82 (m, 4H), 3.78-3.60 (m, 4H),
3.54-3.41 (m, 8H), 3.27-3.10 (m, 4H), 2.60-2.47 (m, 1H), 2.35-2.30

(m, 1H), 2.19-2.02 (m, 2H), 1.62-1.28 (m, 16H)

(Z) & -18 Bt H L f g imd 2 ast & &

P -18 R X SRR AT A B R e (8)3 2 200 pb 2 AF P 0 Ae x
N,N-Diisopropylethylamine (DIPEA, 30 pL)4r °F-SFB (3+ % — & 3+
37 222)370°CT F 304 4515 4~ sodium methoxide (1 M
solution in methanol, 30 uL) > ¥ & 15 # 45{s T+ {7 1| 4 -18 {&1% &
F 9 (scheme 3)> 2 INHCI #5377 pH#A 2 ¢ -2 X4 # & HPLC
(high-performance liquid chromatography) s it » I & 47 & 3 2_ 3 &t
it B 4 R (C18 column > # # 4p % acetonitrile/0.1% acetic acid buffer
= 1/3 (vol/vol) » ik 5 3 mL/min) o

z -~ MicroPET ¢ #

#-40 uCi 2 & -18 L f g imA P Q S E W16t~ & F )
& (C57BL6 » = » 8% » & * 1% isoflurane/O, fifs) » S & 77

W4 2 e+ Tk 4w B i @& B2 (microPET R4 scanner,

Concorde Microsystems, Knoxville, TN) -

11



(%)

v ogE A R R 2 d g RN

gd jrst - @ A 3ol s(dimethylnitrosamine, DMN) % 2 « &4

it o d BP X EHF P o pEiF Sprague-Dawley + (= > 6~8 i
) - TPz X s R E S 10mglkg 2 = 7 A LA R

(14235

BKHFR) L HE X FFIFRACYE > P %S

AT A d BE G R k2 K £ o253 DMN 33 g an

)
—

2o % Bgd BERIEy B RE 0 LIS - H DMN £ 4 12
FRoRter 2 PP REFURHBEL PR 5d 2~ F kA CO,
BB 180 B AU T E 2 MR E 4R A (left lateral lobe) ik iz
*+ 4% phosphate-buffered paraformaldehyde (pH 7.4)® > § 24 /] p*
T F R e B2 3% (paraffin-embedded) - ¢ B pE G g T

76 BHAe o PR Aum G PTRF RS P4 o

(1) 2Btk feA% 224 ¢ ;2 (Hematoxylin and Eosin
stains)
(2) Masson = = ¢ (trichrome)# ¢ ;=
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% 1R FRE B}

A -18 Rtk H L 474 4 9 2 st (b & % & (radiochemical
purity) =97 % HPLC A {7 # PR 5 8 A 4 %t B 4 F 0 %

FREG2 1% B EpFFY35 /-

T i 18 AL S T4 b (9, 40 uCi)ts - microPET #+
RS BFEXIBFAP I AHEEFe st 2L
048 GTFE7 L9955 EFARRE Bl eprp
R ROR IR E A e 0 B E 2 N SRR B Gk
PopE iRt o 30 L RL A W] BRE TRRE G ORR(F A L TR
& )ROIs » {8 3] "+5&/ 5 % +* & (liver-to-blood ratio, L/B) p 73 %F{s 60
AP Y 5 X150 ARIZE o APROTA -18 HRGRE S LT oo
LT QSR T A B J1 i i 2. asialoglycoprotein
receptor & & »t% » B2 2 /]§J%§J;f WL g mAed (10° M) E L 5
B(LOPM) 5 53 dn b o fe v fro mfed R85 R F Bk
Vo B EHLNA AL ENE a% Rk p- 2 SRR I é)?&z*{ﬁ'%—]‘l
H g5 i PET #7451 v #e H #4>% asialoglycoprotein receptor
2R P AFHRAY & I8 HEAEL RS S 9
asialoglycoprotein receptor 2. % & e # 7 4oig dp > N FEIFE2 R

H R M o S SR 4 Qe A R i TR
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(galactosylated chitosan » # i & 7 B4 +
& PTTC R RS 0w FT N D F B RS A BN 10 A 4T

i 11 %ID/g > £ 60 4 4571545 T 2> 11 2 14 %IDIg ; 4p it 252 5

&
ﬁ?

B2 418 B3 8 & gk o S0 E (S 5 A BITHA BT

10 %ID/g > a3+ 30 ~ g T ffF > R h g2 AR T T AR -

DMN 3% 2. % &3t § 28 % ghhts » BOHITHE 11« 2 1 2
Aod tE B o P AR AR B E LI ALY A R
B % i Masson % = & (trichrome)Z ¢ ;= ¥ * >R a4 et T

s wEM BT EES 0 AR KRR B ETR

it aur: o HERATE F S B s DMN 248 g it « B2 3%

Rt

Fap st Masson < = ¢ #.4 ;2T fibroussepta ¢ & 4 - <2 ¥

Romz A RBaRAENE

A AHE § 18 ERE  FE SR S KR
ST ERPN AT B R R R 4 18 R E L g T
SRR VRS F AR SR IR R R

EVb R H s RSB TA PHR R T e g4 gt s L
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