[UCI]1804: 24011- 200000232986

20065 )% 8AH
4 2 vl 3C

WIBE KRB B KZ2B
YRR Y

L I VR -



Synthesis and Anti—-Cancer Efficacy of

Water-Soluble Paclitaxel Prodrugs

2006 # 8 A H

WIBE KRB B KZ2B
YRR Y

o R



HEHE EH F M

o] = TRMLZNWE wmlE $EhE.

2006 - 4 A H

W KB R KEBPBL
%5 LB

o R



o e MR Rl

ZRk ZWMKRER # & & #® — H
RH EWMRER # & W # X H
B VHEERZE®R # & W & T K
Z 3= VIR # & gt W KFE B
B VIRERBEE #H & ¥ Ok B

2006 i 6 A H

WIEE KRB B KB



LIST OF TABLES
LIST OF FIGURES
ABSTRACT

A1AA E

1. 1. 28 g (Paclitaxel, Taxol®) e )
1. 1. 1. +Z2e DAl o] 372} R F]A e, 2
1. 1. 1. SFZ A0 Ta A e 7
1. 2. TREF L E3FF FFoFoFE o] A D
1. 2. 1. TG FTAOT T FA] v 0
1. 2. 2. A F ok FTATFOIA] v 1
1. 2. 3. FEA FoF FTATFOIA] oo ?
1. 3. Poly(ethylene glycoOl)(PEG) et 51
1. 3. 1. Poly(ethylene glycol)(PEG)Q] 7] EBEA o 51
1. 3. 2. SFBA DR ZA] Q] PEG  rervererererersseesesssemssisssssis sttt a
1. 3. 3. A e] B 7L A PEGYlation e ]
1. 3. 4. AL PEGYIAtION  cwreeeeeseeesseeesseeomseemseemiseiisseis e 81
1.4, B AT £ W BEA s %

A2ARAA 3

2. 1. ALGE HD Z] 7] s )
0. 2. 1 AJGE e 9
D, . D, T]T] e 9

2. 2. FZEY G ZZE GO FA AT e 1

2.3, FIZE G FEA DO FFA oo )



Al

2‘ 3‘ 1‘ 2'—TBDMS—paC1itaxel_0,] {{}-}g ................................................................... 23
2. 3. 2. 2'-TBDMS-7-chloromethyloxycarbonyl-paclitaxel®] A oo 4 3
2. 3. 3. 2’-TBDMS-7-(2-bromoethyloxycarbonyl)-paclitaxel®] &4 -~ 63
2. 3. 4. 2'-TBDMS-7-(2-chloroethyloxycarbonyl)-paclitaxel®] &4 - 83
2. 3. 5. 7-chloromethyloxycarbonyl-paclitaxel®] FFA e 04
. 4‘ mPEG5000_SuCCinate-°’] '@'Kg ................................................................................... 2 4

. 5‘ PS_O,] PEGylathnoﬂ _0,]‘?{} :E_i_iE_a_o,] {{}}g ........................................................ m

2. 5. 1. mPEGs-succinate® °]-§ 3 P3¢ PEGylation e, 54
2. 5. 1. mPEGaoo-succinateE ©] &3 P32l PEGylation e 84
2. 6. 1. PEGylated-P2a®] FHAL oo 95
2‘ 6‘ 2‘ PEGyIated—P2ai_‘i‘_E~] :E_i_iE_a_o,] {{}-}g ................................................... 2 5

. 7‘ P2b_0,] PEGylathn ‘;.l :E_?:_E_E_a_o,] '@'Kg ............................................................. (5

2. 6. 1. PEGylated-P2b8] A e 75
2‘ 6‘ 2‘ PEGyIated—P2bi_‘i‘_E-] EEEEJIP,] {{}-}g ................................................... 7 5
2. 8. 1. PEGylated-P2c8] A e 26
2‘ 8‘ 2‘ PEGyIated—P2Ci_‘i‘_E~] :E_?:_E_E_a_o,] 'i}}g ................................................... 26
L9 ZREAE] SHE D B AF s ®
D10, FAIZ O] HIEE EEAE s 6
e U

L2, HZ2YgA SEA D ZZ T 0] FA s ®
3.2. 1. FAAZ 14 wE PP7-5000a%} PP7-200002] A oo 9-6
3‘ 2‘ 2‘ —%}6‘731 20“ m}% PP7_5000a_Q] ‘T{}-As] ..................................................... 38



3.2.3. AR 29 @2 PP7-5000b%} PP7-5000ce] A

.......................... 68
3.3, ZTREPL L5 L FFE I e %
3. 4. PP7-5000a8] B16/F10 M ZE A Lo g FAHO0]HE o, f

;1] 4 ;%1 A P 107

REFERENCES ........................................................................................................................ 19

— i -



Table
Table
Table
Table
Table
Table

Table
Table

Table

Table

LIST OF TABLES

C Common Side chain of CAXOIAS. e 3
. In-vitro and in-vivo results of PEG-camptothecin derivatives. - Y/ T
. In-vitro and in-vivo results PEG-paclitaxel derivatives. e 52
. Gradient condition of Prep—HPLGC. s, 47
. Water-solubility of paclitaxel and prodrugs. - 6-9
. Enzymatic hydrolysis rate of paclitaxel prodrugs

N TAE DIASIIA,  rversesrosssesssosssti sttt bbb bbb bbb bbb xR
. Non-enzymatic hydrolysis rate of prodrugs. -, @l
. Study design of the anti—metastatic potential test of

PP7=50002a.  weereeeeeeesesrsssimimsemmsststssssssssesesssssssssssse st 102
. The effect of PP7-5000a and paclitaxel on the development

of B16/F10 melanoma lung colonies in C57BL/6 mice. e 401
10. The effect of PP7-5000a and paclitaxel on the lung weight of

C57BL/6 mice following i.v. administration of B16/F10

MELANOMA CELLS.  wrerrrererrrrrrsreimererests ettt 16

_iV_



LIST OF FIGURES

Figure 1. Skeletal types of Natural tOXOIds, -« 9
Figure 2. C-4/C-5/C-20 functionalization types of taxoids. ..
Figure 3. Chemical structure of paclitaxel. e 4
Figure 4. The MELC(murine erythroleukemic cells) cycle. e, 5
Figure 5. Assembly of tubulin monomers into a microtubule structure. --eeeeeeee
Figure 6. The dynamic behavior of microtubules at equilibrium. oo 7
Figure 7. Structure-activity relationships of paclitaxel. - 8
Figure 8. C-2'carbonate derivatives(a) and phosphate paclitaxel prodrugs
(b)synthesized by Bristol-Myers Squibb company. o, 9
Figure 9. Illustration of the chemical structure of SMANCS. oo, 4-1
Figure 10. Chemical structure of PEG. e 51

Figure 11. Computer simulation of a "conformational” cloud formation

by a surface-attached PEG. i d
Figure 12. Effect of PEG molecular weight on PEG accumulation at the

tumor tissue and the normal muscle after intravenous injection

into mice with tumor mass at their footpad(3 h after injection):

(O) tumor tissue, (@) normal MUSCle, e, q
Figure 13. Schematic representation of models for PEG accumulation of

low, middle, and higher molecular weights at tumor and normal

tissues after intravenous injection. ............................................................. 02
Figure 14 Chemical structure Of 20(5)—Campt0thecin. 22
Figure 15. Hydrolysis mechanism of mPEG-paclitaxel conjugate.  --eooeemeeereeees 62
Figure 16 Chemical structure Of mOdlfled prodrugs‘ ............................................... 7 2
Figure 1’7 Synthetlc route Of paClitaXel prOdrugS. ]:3



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.

"H-NMR spectrum of PL1(CDClg). e 33
"H-NMR spectrum of P2a(CDClg). e, 53
"H-NMR spectrum of P2b(CDCl3). e, 73
"H-NMR spectrum of P2c(CDClg). e, 93
"H-NMR spectrum of P3(CDClg). e} 4
FT-IR spectrum of mPEGsoo-succinate(KBr). s 34
"H-NMR spectrum of mPEGsoo-succinate(CDClz). e, 44
"H-NMR spectrum of PP7-5000a(CDClz). e o 4
"H-NMR spectrum of PP7-20000(CDCl3). e, 05
"H-NMR spectrum of PEGylated-P2a(CDCl3). e, 45
"H-NMR spectrum of PP7-5000a(CDCls). e, 55
"H-NMR spectrum of PEGylated-P2b(CDClg). e 9.5
'"H-NMR spectrum of PP7-5000b(CDCls). oo 06
"H-NMR spectrum of PEGylated-P2c(CDClg). e, 46
"H-NMR spectrum of PP7-5000c(CDClg). e 56
FT-IR spectra of (a)mPEGsp0 and (b)mPEGsoo-succinate. =86
"H-NMR spectra of mPEGsoo and mPEGsoo-succinate, e 86
1I_I_Nl\/[I{ Spectra Of paClitaXel and Pl .................................................... 0.7
'"H-NMR spectra of P1, chloromethyl chloroformate, and P2a. 27
lH_NMR SpeCtra Of P2a and P3 ................................................................ 37
Prep—-HPLC chromatogram of crude PP7-5000a.  -ooeeoemeeemeeseenenen o7
Prep—HPLC chromatogram of crude PP7-20000. oo 67
"H-NMR spectra of PP7-5000a and PP7-20000 after

Prep—HPLC. et 7
UV-spectra of paclitaxel at different concentrations. — «eeeeeeeeeeee 97
Calibration curve for absorbance as a function of

concentration of the Paclitaxel, e ®

_Vi_



Figure 43. UV-spectra of prodrugs at a specific concentration. e 08
Figure 44. MALDI-TOF spectra of mPEGso00—succinate and PP7-5000a. - 18
Figure 45. Analytical HPLC chromatogram of PP7-5000a after

Prep-HPLC, ottt ittt et sos s ettt 1)
Figure 46. '"H-NMR spectra of P2a and PEGylated-P2a. e 4- 8
Figure 47. Prep—~-HPLC chromatogram of crude PP7-5000a. oooeereemeemmi. o8
Figure 48. "H-NMR spectra of PEGylated-P2a and PP7-5000a. e 68

Figure 49. '"H-NMR spectra of P1, 2-bromoethyl chloroformate,

ANA P2D. oo 87
Figure 50. lH—NMR spectra of P1 and P2c. e 88
Figure 51. '"H-NMR spectra of PEGylated-P2b and PEGylated-P2c.  ---oooeeeeeeee 09
Figure 52. Prep—~HPLC chromatogram of crude PP7-5000b.  oooereeemmeemeenn 19
Figure 53. Prep—~HPLC chromatogram of crude PP7-5000c. .. 19
Figure 54. "H-NMR spectra of PEGylated-P2b and PP7-5000b.  eeeeeeeeeeeeennnes 29
Figure 55. '"H-NMR spectra of PEGylated-P2c and PP7-5000c.  -oeeereeeemmeneeeenns 39
Figure 56. UV-gspectra of prodrugs at a specific concentration. oo 49
Figure 57. Analytical HPLC chromatogram of PP7-5000b after

Prep-HPLC, ottt sttt st sttt st st %
Figure 58. Analytical HPLC chromatogram of PP7-5000c after

Prep—HPLC. et %
Figure 59. Hydrolysis of prodrugs in rat plasma(%Conc. vs. Time). ooeeeeeeeee 79
Figure 60. Hydrolysis of prodrugs in rat plasma(ln[%Conc.] vs. Time). - 89
Figure 61. Hydrolysis mechanism of PP7-5000a. - 9.9
Figure 62. Stability of PP7-5000a(pH Drofile). e n
Figure 63. The effect of PP7-5000a and paclitaxel on the development

of B16/F10 melanoma lung colonies in C57BL/6 mice. eeeeeeeeeee 01

Figure 64. The effect of PP7-5000a and paclitaxel on the lung weight of

- vil —



C57BL/6 mice following i.v. administration of B16/F10

melanoma cells.

— Vil —



ABSTRACT

Synthesis and Anti-Cancer Efficacy of Water—Soluble Paclitaxel Prodrugs

Ryu, Beom-Young
Advisor : Prof. Jo, Byung-Wook, Ph. D.
Department of Polymer Science & Engineering,

Graduate school of Chosun University

Paclitaxel(TaX01®), a natural diterpene isolated from the bark of Zaxws
brevifolia(Pacific yew), is one of the most effective antitumor agents for the
treatment of various human solid tumors such as ovarian carcinoma, breast
carcinoma, and melanoma. Unlike other clinical antimitotic agents such as the vinca
alkaloids which inhibit the microtubule assembly process, paclitaxel promotes
tubulin polymerization and stabilizes the microtubules, therefore cell division is
blocked in the late G2 mitotic phase of the cell cycle.

Due to limitations of water—-solubility, paclitaxel is currently administered in
vehicles containing Cremophor EL® and 49.7 % ethanol(1:1 v/v). The
hypersensitivity reaction occurred by Cremophor EL® contained in the formulation
when the vehicles are administered intravenously. The symptoms of the
hypersensitivity reaction include rapid onset of hypertension, respiratory distress(e.
g. bronchospasms), urticaria and rash. In spite of the introduction of the
prophylactic use of antihistamines prior to paclitaxel i.v. administration and the
extension of the infusion duration time to minimize these allergic reactions, the
histamine release effects due to Cremophor EL® are not completely eliminated. In

order to overcome these problems, preclinical strategy for i.v. administration of
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paclitaxel has focused on the use of prodrugs in a non-Cremophor EL®—containing,
as 100 % aqueous as possible, formulation.

In this study, a new series of PEGylated paclitaxel prodrugs increased
water solubility of paclitaxel was synthesized. Because the efficacy of
prodrug is dependent upon the release rate of the active parent drug, various
self-immolating spacer groups were introduced between the PEG solubilizing
portion and 7-OH of paclitaxel so as to change the rate of enzymatic hydrolysis.
Two ways of synthetic route were instituted by the turns of PEGylation to
paclitaxel derivatives. PEGylation of 2'-OH protected paclitaxel derivatives with
silyl group(method 2) was much more susceptible than that of 2'-OH paclitaxel
derivative(method 1) by reason that nucleophilic reaction of mPEG-succinate could
be affected by free 2-OH group. This PEGylation susceptibility on method 2
resulted in 78 % yield of prodrug, higher than 60 % on method 1. Physical
properties of prodrugs and mPEG-succinate were not different enough to be
separated each other by simple purifying method such as recrystallization and
extraction, so Prep—~-HPLC was used to purify the prodrugs. After Prep—~-HPLC
operated in gradient-eluent condition, the prodrugs were successfully purified,
especially purity of PP7-5000a was over 99 %.

The solubility was defined by the amount of the prodrug compound at which
the fluidity occurred and the haze was 0.5 or less than. All prodrugs had
water-solubility of 400 mg/mL or more and exhibited improved water—solubility
significantly, compared to 0.01 mg/mL or less of paclitaxel.

While the PEG-paclitaxel conjugated with simple ester bond was hydrolyzed in
rat plasma with a ti2 of about 7 hr, the rates of hydrolysis for the prodrugs
containing various self-immolating spacer group showed considerable variation with
ti2 being from 0.94 min to 42.7 min in rat plasma. It appeared that by introducing

the self-immolating spacer groups within conjugates, decreased steric hindrance of



paclitaxel in enzymatic breakdown process could lead to rapid rate of enzymatic
hydrolysis. In case of non-enzymatic hydrolysis, PP7-5000a showed relatively slow
hydrolysis rate in PBS and distilled water with ti2 of about 26 hr and 200 hr.
These slow rates of non—-enzymatic hydrolysis can guarantee the stability of the
prodrug against the problem of paclitaxel precipitation caused by hydrolysis.
To evaluate the antimetastaic potential of paclitaxel and PP7-5000a, the
effect of the drugs on the development of melanoma lung colonies in C57B/6
mice following i.v. administration of metastatic murine B16/F10 melanoma
cells was estimated. Paclitaxel and the prodrug were administered intravenously,
once daily for 10 days. Compared to vehicle, % reductions of melanoma lung
colonies were 46.9 in the dose of 5 mg/kg paclitaxel, 24.5 in the dose of 5 mg/kg
prodrug(0.71 mg paclitaxel equivalent/kg), and 40.0 in the dose of 10 mg/mL
prodrug(1.42 mg paclitaxel equivalent/kg). It might be considered that the efficacy
of the prodrug, in equivalent dose of paclitaxel, is higher than that of paclitaxel.
The enhanced efficacy of paclitaxel by the prodrug might have resulted from the
longer circulating lifetime of paclitaxel and the specific affinity of the prodrug for

tumor cells.

Keywords : paclitaxel, PEGylation, self-immolating spacer, enzymetic hydrolysis,

steric hindrance, antimetastatic potential, circulating lifetime.
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Figure 1. Skeletal types of natural toxoids.



Table 1. Common side chain of taxoids.

Structure Name Abbfeviation
-OCOCH3 Acetate Ac
-OCO(CH2)4-CH3 Hexanoate -
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O OH
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O
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Figure 2. C-4/C-5/C-20 Functionalization types of taxoids.

HS d&

2

LS I o ABEI} ul S Gdste] FAR Hte

m’?c.

2 9= FZFYgdA 94 diterpened FANFER "HHF FEIHE
2RE =25 L taxoid FFEES F o)t} 1971 ¥ HE FEUREZRE o

A
i)

2 FZHdo9 33w 58, 20-epoxy-1, 2a, 4, 7a, 108, 13a-hexahydrotax
-11-en-9-one-4, 10-diacetate-2-benzoate—13-ester with (2R, 3S)-N-benzoyl-
3-phenylisoserine®2 13 33 Zo] v EFF F2F zt= I B2 33

% O] q_ . 13716)

Figure 3. Chemical structure of paclitaxel.
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Figure 7. Structure-activity relationships of paclitaxel.
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Figure 8. C-2'carbonate derivatives(a) and phosphate paclitaxel prodrugs(b)
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R o] AEA FgAY FaE MNAANZ §F Jdo= AF2EHE dextran, inulin,
polysaccharide B&} t}d 5 2 So] Mg 38228 o) 83 AF
A JEE F Maedadt 2 £35E59 9 A polystyrene-co-maleic acid half-n-
butylate(SMA)2} Al L5A 3}3E 9l neocarzinostatin(NCS)2] A 5F7] o] E(SMANCS)
9 A (AR 9 WA == FFFA] AY gowA TFY AW 9T =27
7o) A 22 A7 o]l B2 A Al A 2A S Ak, Maedas SMANCS®] 2 E A
ol FAFAFA WFEFE FAANA, )T LAY F4D FHAYG v FF 2=
ZFIAD T2 Fe) JFE =gy Bysge. =3 2o FEAS A
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Figure 9. Illustration of the chemical structure of SMANCS.



1.3 Poly(ethylene glycol)(PEG)

1.3.1 Poly(ethylene glycol)(PEG)% 7] ¥E%A

PEGE 4WH 22 ethylene oxide F&N9 Fo]&F el 93] Ax=H+=
polyether diol®2 Z¥ 103 2L FZ& ZE etherdl ZEA3}3E o]}, anhydrous
methanol £+ methoxyethoxy ethanol 5& °]$3% 53¢ 7JA+ methoxy-PEG
(mPEG)® 2L 3% 2do] $437]7F mono-alkyl2 218 PEGE ¥4 7H57
ste, T3NS =2 E F3to @ EAFEEZMw/Mn < 1.05)F Ze T £
A FFAE 25 5 Ik PEGE 4AHA IAFEEHN SAF vFA4Y FUHA

g 71 &l $AEw I 7=

o
ar
g 7HA Sl EAS Z7) W FH2 BT w2 SEEH

)
g
S

HO—~CH;~CH,~O )~ H

Figure 10. Chemical structure of PEG.
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Figure 11. Computer simulation of a "conformational” cloud formation by a
surface-attached PEG.
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Figure 12. Effect of PEG molecular weight on PEG accumulation at the tumor
tissue and the normal muscle after intravenous injction into mice
with tumor mass at their footpad(3 hr after injection): (O) tumor

tissue, (@) normal muscle.
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Figure 13. Schematic representation of models for PEG accumulation of low,
middle, and higher molecular weights at tumor and normal tissues

after intravenous injection.
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s & 5 gggt?

F ARl FHlFe Z2EYHY 9T A7 EnzonAtd AFA e o)A
ZEA A (camptothecin), 3 GAF X EF 2 52X (podophyllotoxin, Podo)¥ 22
gotAe] ALE A8 FEASNA DY A}. FEAAL camptotheca acuminataz}
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Figure 14. Chemical structure of 20(s)-camptothecin.
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Table 2. In-vitro and in-vivo results of PEG-camptothecin derivatives.

X— PEG
ti/2(h) P388 in-vivo”
IC50(nM) 2 ; 5
X-PEG PBS Rat Mean time to o |Survivors
P388/0 o | %ILS
pH 7.4 |Plasma |death(days) on day 40
Control - - - 13.0 - 0/10
Camptothecin 7 38.0= 192 7/10
o N PEC 15 27 2 38.0x 192 9/10
T
O SN 16 5.5 0.8 17.4% 34 4/10
(e}
i
%\WN\APEG 21 27 3 31.6=F 143 6/10
(e}
JL
S ST 28 5 23.4 80 | 0/10
CH,
(]
%\T/U\/ PEG 12 40 6 35.0% 169 8/10
H
(e}
%\T/U\/ Pee 15 97 10 19.3+t 48 | 0/10
CH,
~~_~ PEG
%\?‘ 24 12 3 30.6% 135 0/10
H
N\~ PEG
(IN:H 42 102 >24 21.4x+ 65 0/10

a)Camptothecin or prodrug derivatives were given in equivalent dose of camptothecin(total
dose of 16 mg/kg) dailylintraperitoneal x5], 24h following an injection of P388/0 cells into
the abdominal cavity with survival monitored for 40 days. b)Kaplan—Meier estimates with
survivors censored. “Increased life span(%ILS) is (T/C-1)x100. #Significant(P<0.001)

compared to control(untreated). ¥ Significant(P<0.001) compared to camptothecin.



2 vl¥ A43F PEG-alanine-3 2 g9 A$ Eo 3 L= JFUGgA 5
mg/mLel 33+ 125 mg/mLE B2 FAS B FA o 23 ester 29 =

zedo wzys o e 543 in-vivoel A FrhE FgBA L P

Table 3. In-vitro and in-vivo results PEG-paclitaxel derivatives.

ti/2(h) P388 in-vivo”
ICs50(nM) Rat Total Mean time to
Compound PBS b) RILS
P388/0 H 7.4 Plasm|dose death(days) o
P P (mg/kg) |[cures/group]
Control - - - - 13.2+1.2[0/10] -
Paclitaxel 6 - - 75 17.5+1.7[0/10] 33
100 13.7+1.3[0/10] 4
iy
e~ O e 10 5.5 0.4 75 19.0+1.1[0/10] | 44
o] +1]1.
/\/o\/“\ o zpct 14 7.0 0.4 75 21.8+1.0[0/10] 65
PEe HOO 28 5 100 24.0+8.9[1/10] | 82

Ypaclitaxel or prodrug derivatives were given, in equivalent dose of paclitaxel, daily
[intraperitoneal(i.p.)x5], 24h following an injection of P388/0 cells into the abdominal cavity
with survival monitored for 40 days. b)Kaplan—Meier estimates with survivors censored.

“Increased life span(%ILS) is (T/C-1)x100.
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A 2A A 4

2.1 A% 2 717

2.1.1 A ¢

Imidazole, succinic anhydride, 1-chloroethyl chloroformate, 2-Bromo
ethyl chloroformate(Aldrich Co.), chloromethyl chloroformate(TCI Co.), tert-
butyldimethylsilyl chloride, 18-crown-6, sodium iodide(Fluka Co.), & g2
(Brystol-Mayers Squibb Co.)& 543 AAAAE AxA ¢33 Id =2 A-L3514 ).
AgFe] 20,0008 mPEG-succinate®] 7% Sunbio A} A F& AH&35 932 EAF=o]
5,000%) mPEG-succinate?] 7 ¥ succinic anhydride®} mPEG(Fluka Co.)& °©]£3}¢
ZAA FA s AL =3 FA A4 Sl AET AAAAE AR F A
439 e QA azetEad I AEH o] FA &vl= Merck AH¢] HPLC grade

acetonitrile®} 32t FF & AFARAE ol &3t FgAF F A&

2.1.2 71 7|

3FEY FAAFS SAZA E AAE A4 48D VIV G 2o

FT-NMR spectrometer : JEOL JNM-LA 300

FT-IR spectrometer : Shimadzu 8601 PC

HPLC : Waters 2487 Dual A Absorbance Detector
Altech ELSD(Evaporative Light Scattering Detector)
Waters 1525 Binary HPLC Pump
Xterra® RP 5 um 4.6x250 mm Cis Column

Phenomenex” Luna 5 um 4.6x250 mm Cis Column



Prep-LC : Xterra® RP 7 um 19x300 mm Cg Column
Waters Delta-Prep 4000

UV -visible spectrophotometer-1601

MALDI-TOF spectrophotometer

Hazemeter : NHD-300A, Nippon denshoku IND



223529 =29 AR =

2 ARAAE 2H 428 $9 H2I9A zzege A

ARE 319 1738 2}

2'- Protection

|

7 - Substitution

/ N

2' - Deprotection PEGylation
PEGylation 2' - Deprotection

N

mPEG : Mw = 5,000 or 20,000

I L Co—i—
L= Self-immolating linker ; —CH,—~0—C—, —CHZ—CHZ—O—C— s —(I.‘H oO—cC
CH,

Figure 17. Synthetic route of paclitaxel prodrugs.



2.3 329 FEAS HA

2.3.1 2’-TBDMS -paclitaxel(P1)% ¥4

2'-TBDMS-paclitaxel(P1)2 scheme 13 22 whge g A 3519},

Scheme 1.

TBDMSCI, imidazole, DMF ;
Silylating agent

-
>

CH.CI, /room temp.

P1

s} 22 g4 (500 mg, 0.5855 mmol)< dichloromethane(DCM) 10 mLel| o] L,

o] 7] ¢ TBDMSCI1(617.8 mg, 4.0985 mmol)3 imidazole(558.1 mg, 8.1970 mmol)<

DMF 1 mLel] 349 silylating agent £ & 7} 3 12 A7k Fob A Lo mubAH

t}. TLC(ethyl acetate:n-hexane = 1:1)2 ®F-§o] 1 & =93 F vl
%

< dichloromethane 20 mL% 3 X33 5 % HCl &893}

AAstget. 4" f7] %5 S magnesium sulfate® @583 F 9] E 72 A=x3)
of g2 FHMo] 74 3}3E S diethyl ether, ethyl acetate$} petroleum ether® A2 A

3o HAE 540 mg(F5E 95 %)= 4

'"H-NMR, 300 MHz(CDCls, ppm) ; 0.80(s, 9H, Zerz-butyl), -0.02(s, 3H, -CHs),
-0.26(s, 3H, —CHj3)



Figure 18. '"H-NMR spectrum of P1(CDCls).



2.3.2 2’-TBDMS-7-chloromethyloxycarbonyl-paclitaxel® ¥4

2'-TBDMS-7-chloromethyloxycarbonyl-paclitaxel(P2a)2 scheme 2%} 722
By eow A3,

Scheme 2.

(e}

CICOOCH,CI

>
>

CH,CICH.CI, pyridine

P2a

P1(540 mg, 0.5577 mmol)S WA 1,2-dichloroethane$} pyridine(502.9 uL,

6.3578 mmol)9] &3 L] o], chloromethyl chloroformate(719.1 pL, 4.462
mmol)= HAH3] A7l o] W Wgr]e W LEV AFde A #H7] H& 4
58S A8slg. 14 A7 B A2ox mukAZl F TLC(ethyl acetatein-
hexane = I:1)E ¥R E 891353 ub3o] 1 &N & 1,2-dichloroethane 20
mLZE 3 43te] 5 9% HCl #4943 3} NaHCO; F&923 53 AHsA. 35
¥ f7]1% & magnesium sulfate® 24T F £ 7Y AF3ste 92 I A9
2A) 33} E L diethyl ether, ethyl acetate®} petroleum ether® | Z A dle] YA E 572

mg(‘?‘%‘g 97 %)a \:M

"H-NMR, 300 MHz(CDCls, ppm) ; 6.01(d, 1H, J=6.60Hz, ~-OCOOCH-Cl), 5.61~ 5.55
(m, 1H, 7-CH-), 5.53(d, 1H, J=6.60Hz, ~-OCOOCH:-Cl), 0.80(s, 9H, Zer7- butyl),
-0.02(s, 3H, -CHz3), -0.26(s, 3H, -CHz3)



Figure 19. 'H-NMR spectrum of P2a(CDCls).



2.3.3 2’-TBDMS-7-(2-bromoethyloxycarbonyl)-paclitaxel® ¥4

2'-TBDMS-7-(2-bromoethyloxycarbonyl)-paclitaxel(P2b)2 scheme 33} Z2

Pyow §4 e

Scheme 3.

CICOOCH,CH,Br

>
>

CH,CICH.CI, pyridine

P2b

P1(540 mg, 0.5577 mmol)S WA 1,2-dichloroethane$} pyridine(502.9 uL,
6.3578 mmol)¥] &3 Lwo] =o]3, 2-bromoethyl chloroformate(478.1 uL, 4.462
mmol)& HAH3I H7lstGch. o] W wrgr|e R EES AFdes AS BV & @
S5FEE AL, 14 A7 T A2 wubAZl ¥ TLC(ethyl acetatein-
hexane = 1:1)& WF-§-oJ R & #F9lsly Hk-g-o] EF EF-EY S 1,2-dichloroethane 20
mLE 3]Xsle] 5 % HCl 4943 £3} NaHCO; #4422 43 A4, 34
¥ #71% < magnesium sulfate2 LFAHAT F S A Ax3e 22 349
2A) 333 E S diethyl ether, ethyl acetate®} petroleum ether® | Z A 3t P AE 599

mg(F5E 96 %)= sl
'H-NMR, 300 MHz(CDCls, ppm) ; 5.70°5.50(m, 1H, 7-CH-), 4.5474.44(m, 2H,

-CH.-CH:- Br), 3.55(t, 2H, —-CH>.-CH>-Br), 0.80(s, 9H, Zerz-butyl), -0.02(s, 3H,
-CHs), -0.26(s, 3H, -CH3)



Figure 20. 'H-NMR spectrum of P2b(CDCls).



2.3.4 2’-TBDMS-7-(1-chloroethyloxycarbonyl)-paclitaxel®] §A

2'-TBDMS-7-(1-chloroethyloxycarbonyl)-paclitaxel(P2c)& scheme 4%} 22

yoz 4 sec

Scheme 4.

CICOOCHCICH,

>
>

CH,CICH,CI, pyridine

P2c

P1(540 mg, 0.5577 mmol)+ WA 1,2-dichloroethane$} pyridine(502.9 uL,
6.3578 mmol)®] &3 &wje] o], 1-chloroethyl chloroformate(481.4 uL, 4.462
mmol)S HAH3I] H7lstAch. o] W wgr|e R EEV AF3es AS 2] & &
5% A, 14 A FG AZAA mukA
hexane = 1:1)& Wrg-oJ R & FF9lsl Hk-g-o] F EF-EY S 1,2-dichloroethane 20
mLE 3]4sle] 5 % HCl #4987 £3} NaHCO; #4823 §3] M. 34

¥ #7]1%5 & magnesium sulfateZ @A 2T F S0l E 724 AFd]e] & 39

TLC(ethyl acetate:n-

+

3#4 3} E-& diethyl ether, ethyl acetate$} petroleum ether® A Z2 A 3l WA E 581

mg(F5E : 97 %)& A}
"H-NMR, 300 MHz(CDCls, ppm) ; 6.5276.46(q, 1H, OCOO-CHCH;3-Cl), 5.50~ 5.44(m,

1H, 7-CH-), 2.15(d, 3H, OCOO-CHCH3-Cl), 0.80(s, 9H, Zer7-butyl), -0.02(s, 3H,
-CHs), -0.26(s, 3H, -CHa)



Figure 21. '"H-NMR spectrum of P2c(CDCls).



2.3.5 7-chloromethyloxycarbonyl-paclitaxel® A

7-chloromethyloxycarbonyl-paclitaxel(P3)& scheme 5% & "W o2 IA
s} % o}

Scheme 5.

OCOCH,CI

OCOCH,CI

2% HF in Acetonitrile ())J'L

o) 1-2hr/room temp. Ph

P2a(500 mg, 0.4714 mmol)S acetonitrile 9.6 mLel] &9 £ 50 % HF £
9 (in actonitrile)= 0.4 mL A7}3e] AA LN HFFEE 2 %= ZHT F A2
A 172 A 7F FoF wukA Ak, 10 ¥ 7138 22 TLC(ethyl acetate:n-hexane = 1:1)&

o) g3t Mgl RE HART hgo] B EFEANE HF) NaHCO; E55 490

2 F3A7 ¥ dichloromethanes A}$3to] F&319 ). 343 #7]%5 S magnesium
sulfate®2 @433 F SdE #Y AEdd Q2 AW IA3}FEST diethyl
ether, ethyl acetate®} petroleum ether® A ZA s WAE 384 mg(F5E : 86 %)

= 24+

'H-NMR, 300 MHz(CDCls, ppm) ; 5.99(d, 1H, J=6.24Hz, ~-OCOOCH--Cl), 5.53 (d,
1H, J=6.24Hz, ~-OCOOCH:-Cl), 3.57(d, 1H, 2'-OH)



Figure 22. '"H-NMR spectrum of P3(CDCls).



2.4 mPEG5p00-succinate?] ¥4

g ZFg gl fFEAE9 PEGylations $3 mPEGseo-succinate scheme

scheme 6

o
U
[l Il
CH3—o+CH2—CH2—o—)rTH > CH;—0—{~CH,~CH,~0—)~C—CH;—CH;—C—OH
Toluene / reflux n

25,0009 mPEG(5 g, 1 mmol)¥} succinic anhydride(2 g, 20 mmol)<
toluene 300 mL% E3F F 14 A7t T FFAA. wgo] 2 EFEAE AL
742 WZAAA AL vk A o 23 F ojde] WS A F LY
o AAsH . ojul A Mo TA3}FES acetonelE AZA 3] YAE 4.6

o

d
g(F5E 92 %)= 4.

2
i

AL 3]

-

oo
==

Nel

FT-IR(KBr, cm™') ; 1736(C=0 stretching)

'"H-NMR, 300 MHz(CDCls, ppm) ; 4.30~3.38(m, mPEG), 2.682.61(m, 4H, OCO-
CH.-CH»CO)



5508 S888 2584 2000 1500 1808
WAVENUMBERS CN-1

Figure 23. FT-IR spectrum of mPEGso-succinate(KBr).



Figure 24. '"H-NMR spectrum of mPEGso-succinate(CDCls).



2.5 P39] PEGylation®] &3 ==2x=39] 34

2.5.1 mPEGsp00-succinate o] 43 P39 PEGylation

i)

mPEGso0-succinate® 3 Z2 €A {XA]e P3¢ PEGylationdly Z=2=
(PP7-5000a)< #A}d o, 2 FAWY L scheme 73 Zr},

scheme 7

MPEGg,,succinate

K,CO,, Nal, 18-Crown-6

\J

Benzene /85 °C

PP7-5000a

P3(500 mg, 0.5283 mmol)¥} mPEGse0-succinate(3.23 g, 0.6340 mmol) &
benzene 50 mLed] =9 £ KyCO3(131 mg, 0.9509 mmol), Nal(238 mg, 1.5849
mmol)#} 18-Crown-6(98 mg, 0.3698 mmol)Z Y3 85 T4 24 A7+ Z9F I F A A
t}. "kgo] Ed S9N E ALEL7A YA F HAFEINE AL S E AAG
gk, ojw A A EFE S dichloromethane2 & 3| A1 7| 2L §35#] ¢ AL
A E Fl AALT F AL 5 % HCl #8922 53 AFsHd. F75% 5

1

o:]
sl S0l & JAFTUIE FLAIN L, AAF IAEFES acetone2LE AZATY F

é.



Prep-LCE F3 HF AAE 191 g¢(&5F : 60 %)= 4},
Prep-LCE A3 o] 9lo] o]FA &
932 A7t wat SulzAd TS F¢on 20 mL/min® ¥4 Xterra® RP

W] & acetonitrile® 32} FHFE A&

7 um 19x300 mm Cg Columns A}-§3le] £33 ).

"H-NMR, 300 MHz(CDCls, ppm) ; 5.89(d, 1H, J=5.87Hz, ~-OCOOCH>-0-), 5.72 (d,
1H, J=5.87Hz, ~-OCOOCH:>-0-), 4.3973.38(m, mPEG)



Figure 25. 'H-NMR spectrum of PP7-5000a(CDCls).



2.5.2 mPEG20000-succinates °]$3 P3¢ PEGylation

mPEGao000—-succinates s Z2 €4 F 5490 P3¢l PEGylationdle Z 2=
H(PP7-20000)= FA A on, 2 FAIHL scheme 83 Zr}.

scheme 8

mPEG/ [l (@]

MPEG,,,,Succinate

K,CO,, Nal, 18-Crown-6

Benzene /85 °C

PP7-20000

P3(500 mg, 0.5283 mmol)®} mPEGa2op00—succinate(12.74 g, 0.6340 mmol) &
benzene 200 mL9] 59 €94 KyCO3(131 mg, 0.9509 mmol), Nal(238 mg, 1.5849
mmol)3} 18-Crown-6(98 mg, 0.3698 mmol)Z Y3 85 T4 48 A7+ Z9F I F A A
o} wkgo] B $9E ALE7A IAANY F JAFEINE AL S E AAG
A}, ol AE IAEFES dichloromethanel 2 §a A7 F L&=# ¢
< qgFAE F AAFL Y& 5 % HCl 4922 53 MFHs}YT. 775 3
Fite] vl E JAFEV 2 FEANINZ, XD ZAEFES acetonelE A Z AR

48 %)& 4.

Prep-LCE A3t 9lo] o]F A Lwl 2 & acetonitrile® 3} FHFTE A&
AL Aol wet FujEAd FHE FAow 2

F Prep-LCE %Fd #F AAE 5.10 g(5

o{

0 mL/min® §%A Xterra® RP



7 um 19x300 mm Cig Columne A}-&3te] £3 39},

'H-NMR, 300 MHz(CDCls, ppm) ; 5.88(d, 1H, J=5.85Hz, ~-OCOOCH»-0-), 5.71 (d,
1H, J=5.85Hz, ~-OCOOCH:-0-), 4.3973.38(m, mPEG)



=

J

A

Figure 26. 'H-NMR spectrum of PP7-20000(CDCls).



2.6 P2a®) PEGylation @ Z==2x39] ¥4

P2aE PEGylation¥ & TBDMSE A7 sl A== T=E=%4 PP7-5000aS

FAstd e, 2 FAYE L scheme 97 e}

scheme 9

(0]
mPEG/ || (@]

mPEG-succinate
M.W.=5,000

choa, Nal, 18-Crown-6

\J

Benzene /85 °C

PEGylated P2a

OMO
° J

mPEG/

HF, Acetonitrile
or HCI, Ethanol /
6hr, room temp.

PP7-5000a



2.6.1 PEGylated-P2a% A

P2a(500 mg, 0.4714 mmol)® mPEGso0—succinate(2.89 g, 0.5657 mmol) &
benzene 50 mLe] =4 £ KoCO3(117 mg, 0.8485 mmol), Nal(212 mg, 1.4142
mmol)?} 18-Crown-6(87 mg, 0.3300 mmol)Z Y3 85 T4 24 A7+ Z9F I F A A
o} wkgo] B $9S AR IAANY F JAFEINE AL S E AAG
At ol WA IAEFES dichloromethanel = §-3] A 7] L=z 2
< gFAE Fdll AAGNL A4S 5 % HCl #4422 F3] AH3}Ad. 771FS 3
Fite] vl E JAFLV 2 FEAINL, AXND IAEFES acetone2E A Z A3

o FF AAE 3.29 g(F£5F : 95 ¥ 2.

"H-NMR, 300 MHz(CDCls, ppm) ; 5.90(d, 1H, J=5.50Hz, ~-OCOOCH.-0-), 5.71 (d,
1H, J=5.50Hz, ~-OCOOCH2-0-), 4.3973.38(m, mPEG), 0.80(s, 9H, Zer7- butyl), -0.02(s,
3H, -CH3), -0.26(s, 3H, -CHj3)

2.6.2 PEGylated-P2a=2%¥ =Z=2xd29 34

PEGylated-P2a(1.00 g, 0.1632 mmol)& acetonitrile 27 mLe] =41 £
% HF-&9(in actonitrile)e 3 mL H7}3te] HAAFHe] HFsEE 5 %= AT F
AEeA 6 A T kA FH T HF§9e] obd HCIFEAE AE3ste At
ethanol §ullstellA AA LN HCIFEES 2 %2 Ao AL 48 A F
¢ ZRAZ 1 A% 2AeR vh-gia g 55t 'H-NMRE wh-gei R s}
gtk dkge]l Ed EFEYES F%F NaHCO; =E3FEH2 Z
dichloromethane2 & F &3t L& {7]5& 5 % HCl &%
3]4% #7]1% < magnesium sulfate® @433t $nlE JAFLIVZ FUHAHA
QAL IA)EFES acetonelE AZAZ F Prep-LCE 53 FF AAE 765 mg

(F5F : 78 %)= 29+t



Prep-LCE A A3l glo] o] F4 &2+ acetonitrile?} 32 THFTE A%

B 20 mL/min® §%lA Xterra® RP

2 =oo

SR 3L A Zbel wet Sl EA e FalE F9
7 tm 19x300 mm Cg Column< A}£3leo] £33 3%},

'H-NMR, 300 MHz(CDCls, ppm) ; 5.89(d, 1H, J=5.87Hz, ~-OCOOCH»-0-), 5.72 (d,

1H, J=5.87Hz, ~-OCOOCH:-0-), 4.3973.38(m, mPEG)



Figure 27. '"H-NMR spectrum of PEGylated P2a(CDCls).



Figure 28. 'H-NMR spectrum of PP7-5000a(CDCls).



2.7 P2b® PEGylation @ Z=2x99] 34

P2bE PEGylationdt®] mPEGsoo-succinate$} s}Z 2] €A xlo]o] 74+ A%
o] ethylenes Z+ Z 2= (PP7-5000b)= #Astgow, 1 FAMH LS scheme 103}
kdg=

scheme 10

mPEG-succinate
M.W.=5,000

K,CO,,18-Crown-6

\J

Benzene /85 °C

PEGylated P2b

HCI, Ethanol /
48hr, room temp.

PP7-5000b



2.7.1 PEGylated-P2b9 %A

P2b(500 mg, 0.4468 mmol)3®} mPEGsom-succinate(2.73 g, 0.5362 mmol) &
benzene 50 mLe| ¢ £ KyCO3(111 mg, 0.8042 mmol), 3 18-Crown-6(83 mg,
0.3128 mmol)& YL 85 CTolA 24 A7 F& FFAZ} 5o B §4& 4271
2 YZAAD F JAFLIE AEst] G0 E AAsGL. oW AL A EZ
dichloromethane2 2 &3 A7 F S =A ¢ €& AH(E T3 AAS L oY
% HCl #&q2= 3 AMAs}HL. {7155 3Fsq v JAFTLI= F

713, AAFH ZAEFES acetonelE AZAAF}] HFE AAHE 3.16 g(F£5F : 96

o o
==

5

oo

0
mlo

A

(-2

-~

%)’é’ EM

"H-NMR, 300 MHz(CDCls, ppm) ; 5.515.45(q, 1H, 7-CH-), 4.26(t, 2H, -CH>
-CH2-0CO0), 4.3973.38(m, mPEG), 0.80(s, 9H, Zerz- butyl), -0.02(s, 3H, -CH3s),
-0.26(s, 3H, -CH3)

2.7.2 PEGylated-P2bE¥-¢¥ Zg2 =39 A

PEGylated-P2b(1.00 g, 0.1629 mmol)E acetonitrile 27 mLe] =41 £
% HF-&9(in actonitrile)e 3 mL 3 7}3t] HAAFHe] HFsEE 5 %= AT F
AEeA 6 A T kA F T HF§9e] obd HCIFEAE AE3ste At
ethanol §ullstellA AA LN HCIFEE 2 %2 A3 on AL 48 A F
¢ ZRAZ 1 A% 2Aeg h-gia g 55t 'H-NMRZ wh-gei R s}
gtk dkge] B EFEYES FFY NaHCO; =E3FEH2 Z
dichloromethane2 & F &3t dL& {7]5& 5 % HCl &%
3]4¥ #7]1% < magnesium sulfate® @433t $nE IJAFLIVZE FUHAHA
QAL TA)EFES acetonelE AZAZ F Prep-LCE 53 FF AAE 785 mg

(F5F 80 %)= 2



Prep-LCE A A3l glo] o] F4 &2+ acetonitrile?} 32 THFTE A%

B 20 mL/min® §%lA Xterra® RP

2 =oo

SR 3L A Zbel wet Sl EA e FalE F9
7 tm 19x300 mm Cg Column< A}£3leo] £33 3%},

'H-NMR, 300 MHz(CDCls, ppm) ; 5.5175.45(q, 1H, 7-CH-), 4.26(t, 2H, -CH> -CHs-

0CO00), 4.3973.38(m, mPEG)



Figure 29. '"H-NMR spectrum of PEGylated P2b(CDCls).



Figure 30. '"H-NMR spectrum of PP7-5000b(CDCls).



2.8 P2c® PEGylation 2@ =Z=2x3d29 34

328 g2 3 mPEGso0-succinateAl©] ] methylene 744 A FZ 9| methyl 2]

NE e ZR2EY(PP7-50000)2) FABHW-L scheme 113 2}

e U

scheme 11

mPEG-succinate
M.W.=5,000

chog, Nal, 18-Crown-6

Y

Benzene /85 °C

PEGylated P2c

HCI, Ethanol /
48hr, room temp.

PP7-5000c



2.8.1 PEGylated-P2c% ¥4

P2¢(500 mg, 0.4653 mmol)3 mPEGsoo—succinate(2.85 g, 0.5583 mmol) &
benzene 50 mLed] =9 £ KyCO3(116 mg, 0.8375 mmol), Nal(209 mg, 1.3959
mmol)¥} 18-Crown-6(86 mg, 0.3257 mmol)Z Y3 85 T4 24 A7+ Z9F I F A A
o} wkgo] B $9S ALE7A IAAY F JAFEVE AL S E AAG
drh. ojdf AP 2AEFESL dichloromethane>2 £ A7) F S35 ¢
< qgFAE F AAFL Y& 5 % HCl FEY22 53 ANFHs}YT. 775 3
Fete] Sl E AFLVNIE FTAIZ, Y IAEFEE acetone2E AN A A3}

o FF AAE 3.19 g(£5F : 93 %)= 2.

1H—NIVIR, 300 MHz(CDCl3, ppm) ; 6.8576.80(q, 1H, -OCOO-CHCH3-00C-),
4.3973.38(m, mPEG), 1.5671.50(m, 3H, ~-OCOO-CHCH3-00C-) 0.80(s, 9H, zerz-
butyl), -0.02(s, 3H, ~-CHz), —-0.26(s, 3H, -CHs)

2.8.2 PEGylated-P2cZ ¥ =2 =39 34

PEGylated-P2c(1.00 g, 0.1629 mmol)& acetonitrile 27 mLel] 391 £ 50
% HF €9 (in actonitrile)s 3 mL #7}3le] HAA $He] HFFEE 5%E ZHT F 4
ZeA 6 A T muAZT. HF§9e] ofd HCIFEAE Adste Afde
ethanol £vjslellA AA LNl HCIFES 2 %2 A on A2 48 A F
ot kARt 1 A7 PALE S EAE 355 'H-NMRE A§4 BgoR
€ U35 dgo] ¢ EFEAS AFY NaHCO; E£3Fdqox F3A7

dichloromethane2 & F &3t 4 F71F< 5 % HCI

= 4>
.l:
|o
u
+
o
=
42
_?1_14
4
ﬁ’ -lolt

[e]

R
3]4% #7]1% < magnesium sulfate® 432 s £n
AR IAEFES acetonelE A ZAT F Prep-LCE T3l F WA E 707 mg

(FE5F 72 %2 991}



Prep-LCE A A3l glo] o] F4 &2+ acetonitrile?} 32 THFTE A%

B 2 OmL/min® &%l Xterra® RP

2 =oo

SR 3L A Zbel wet Sl EA e FalE F9
7 tm 19x300 mm Cg Column< A}£3leo] £33 3%},

'H-NMR, 300 MHz(CDCl;, ppm) ; 6.8476.79(q, 1H, -OCOO-CHCH;3-00C-),

4.3973.38(m, mPEG), 1.5671.50(m, 3H, ~-OCOO-CHCH3-00C-)



Figure 31. '"H-NMR spectrum of PEGylated P2¢c(CDCls).



Figure 32. '"H-NMR spectrum of PP7-5000c(CDCls).



29 ZR2EYIY $IE R 5 EE A3

zzede st SEF FASNY A8 (F)NIAITEAHANA F4T
Sprague-Dawley rat(F£3H F, 2707300 g)¢ rat plasmas A& 5}, 10 mLY rat
plasma®s 37 T FZoA v HFE ¢F o o7)d 2= (233" I
Aol 0.5 mgel #F3te e Yol sk AE(O, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5,
10, 15, 20 ¥)& 7] &4<& 100 uL¥ # 3o acetonitrile 200 pL7} F3 FHe ¥
o] T3 F 11,000 rpmelA 5 £ F¢ FAEd ] ZFY 200 uLE FH3ck 2

Sald TPY Z2eds A4EAE P48 F2LAs) FEE HPLCE 2439

t}. PBS(phosphate buffer solution) ¥ F/FFelA9] 71553 AP $19 L3
Mo AAsHer] AFAA = 24 A7 FF 2 AFHstd A5,
2.10 YA X QT FEAE

Z 2o Aol F(anti-metastatic potential)= H7}3s}7] 9 TEAFL
GLP(Good Laboratory Practice)E % W2 Quintiles AFol] 9] g3t AA %o

|
i

2 AFYLLe 3 2ol C57B/6 miced] 3x10° /MY B16/F10 ZMF NTE
(melanoma cells)S AMFASZ 2 4 F 10 97 4ES A9 (1 € 1 3)stg ). A
IFY F 14 44 HE F A= Holsq FAHE SAF FH(melanoma lung

colony)?] 49} w9 FAWM3E 4314,



A3A A% 2 22

3.1 mPEG5000-succinate?] ¥4

l

gl 4SS FUA77] 9 A45 = mPEGsoo-succinate=
Z}+gko] 50009 mPEG3} succinic anhydride® toluene £vl3lel4 I FA 7= HH o

Mo

2 FAs9 . A E mPEGsoo-succinate?] 71 €2 EA L 33 ENA 2A] 8=
Fio] AdH oz 2 mPEGH 9 E37] W £ v @5 mPEGe] EA3A =HH A
AEFHY 7t vl § o2y A A7 £°]7 succinic anhydrided® IFox 24319
. Pl HkE succinic anhydride= ¥b-§o] €y F wbg8 Qo] ALog Yyzgd AL A
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Figure 33. FT-IR spectra of (a)mPEGsoo and (b)mPEGso00—succinate.
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Figure 34. '"H-NMR spectra of mPEGsp0 and mPEGso-succinate.
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Figure 36. '"H-NMR spectra of P1, chloromethyl chloroformate, and P2a.
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Figure 37. '"H-NMR spectra of P2a and P3.

<

mPEGs000-succinate®} mPEGago-succinate?] P3¢ ©]3 PEGylatione 3}
Z3 g 2943 chloromethyl carbonate®] 929 mPEG-succinated] 3 & %
2ol Y x]8F carboxylic acid #-47]9] AA AFFoE LKW} gexd A
acid #8719 AHYA FZo] Fol3}r] wEel TEA ZPJPSE HH2E Nalg 4
4319 3, phase transfer agent® 18-crown-6% H7}std ). wkg-o] 2 P= = Fob

7] WHe 5= I 72 Wyl 2ANA HES 90 TE 9A 4

, ¥A1gko] 2 mPEGaoo—succinated] 7§ ¥-z}eko] w2 4] Aol 3

fel

=
sl AAF FS5Ee] FE WEe BEATE 2A vk AHE FHARE



'H-NMRZ #a3tgich. AASHA gL wH-$ mPEG-succinate?] 4% & 8.13
ppmel A bt shFE gl o] F 3] o] 2(2H, o-Ph2)$} 3.9073.38 ppmel A el
= mPEGY urEt}k9] ethylene protonel] 23 t}F mlo]=3e] A EHE HuIToZH
gqlstgdcl. 7 ¥kg mPEG-succinateZ} £A512] 9=t 713 E o, & g
¥ mPEG-succinate7} 1:1%2 wbg3tchd kol A A5 F protond] A EH|7} o] 242
2 mPEGY ##%e] 500081 PP7-5000a9] 7% 1:2257} = oo} 3w 200003
PP7-200002] 74§ 1:906°] = oo 32wk k3t FE23 AAAYNLE A2 A=
A EeE v =23 23 PP7-5000a< 1:370, PP7-200002 1:18202 2 w|Hk-g- mPEG©]
AdF EAFTE € 5 9. ol F u¥hE mPEG-succinated] EAls %Ee] AF
A %7 FAH ¥ F7] W E u-E mPEG-succinates #| A 3l of g}, 3%

I mPEGe] Z2EA 2|3t FEo| sIggAle vlste A3 27 WEel
Z 2 =Y mPEG-succinated] EA°] fAsle FEFoly AMAAFY 22 7d3 vy
22 HAE EYsl7I7t Wl $ o1 $) Prep-HPLCE °] £3 £ 2 £3 & AE39

u‘.
]I

t}. S WA Eo W3 Prep-HPLCE Xterra® RP 7 um 19x300 mm Cs Column$
o] 831y, &2 EIE 9l X 49 Zo] 20 mL/ming FEA A7t ul &
29l (acetonitrile®} 32} FHF)Y FAd FWME F9gov AE7E2E A S 228nm

Table 4. Gradient condition of Prep—-HPLC.

Time(min) Flow r?te % Acetonitrile % H20
(mL/min)
Initial 20 20 80
59 20 20 80
10 20 30 70
35 20 70 30
40 20 100 0
45 20 100 0
30 20 20 80




E IR AYA HE7E AEsHd. old AEE 3F FHF 10 wh FE
= F 3 ml¥ FY359d. 23 387 39% P39 mPEGso-succinate®} mPEGa20000
-succinate® HH-gAlA 44L& WA Ee) U Prep-HPLC A 2vfEIYPCZR

# 155489 FHoaE BAd. AYA HE7E AE597] Wil TGS 72z o
= "¥F3 mPEG-succinate®] 323 3sl= 3olas Ho|z| ¢lol ZI =3 wjukg
mPEG-succinate®] ¥ oqdF= A FAdT 5 G T4 2704 AYA AE
717F okl F7133Ad AEVI(ELSD)E AH43t9& 9 15716 £ mPEGsoo-
succinate?] HE I o]aE BRI mPEGH £ A F7ld w2 A5 F71=
a1 3t mPEG2oo00—succinate= W F5 A ZFe] Zolx 13714 & Fo]aE HYo=H
29 387 39914 Kol FIolas A e Z2EH AFH 9T Folad:
ddstAct. Zzte] azulEae] Fie]ad A EFHIFer EHE FIH @
& A&+ 'H-NMR, UV, MALDI-TOF$} ¥4 4 HPLCE °] &3t w#-¢ mPEG-

succinate’} AAR HEF FFEYL 59},

A

O A Ly o s s By e B e e B e e e e e e R S
0.00 5.00 10.00 15.00 20.00 25!00 waO 35!00 40.|00

Mnutes

Figure 38. Prep—~-HPLC chromatogram of crude PP7-5000a.
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Figure 39. Prep—-HPLC chromatogram of crude PP7-20000.
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Figure 40. "H-NMR spectra of PP7-5000a and PP7-20000 after Prep-HPLC.
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Figure 41. UV-spectra of paclitaxel at different concentrations.
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Figure 42. Calibration curve for absorptivity as a function of

concentration of the Paclitaxel.

0.5
Conc. ABS
0.4 —
PP7-5000a 9.32x10°M 0.273
0.3
9]
2 0.2
PP7-20000 1.70x 10°M 0.044
0.1
0o 7M
I I
200 250 300 350

Wavelength(nm)

Figure 43. UV-spectra of prodrugs at a specific concentration.
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Figure 44. MALDI-TOF spectra of mPEGs000-succinate and PP7-5000a.
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Figure 45. Analytical HPLC chromatogram of PP7-5000a after Prep—-HPLC.
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Figure 46. "H-NMR spectra of P2a and PEGylated-P2a.
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Figure 47. Prep—~-HPLC chromatogram of crude PP7-5000a.
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Figure 48. "H-NMR spectra of PEGylated-P2a and PP7-5000a.
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Figure 49. '"H-NMR spectra of P1, 2-bromoethyl chloroformate, and P2b.
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Figure 50. "H-NMR spectra of P1 and P2c.
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Figure 51. '"H-NMR spectra of PEGylated-P2b and PEGylated-P2c.
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Figure 53. Prep—~-HPLC chromatogram of crude PP7-5000c.
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Figure 54. '"H-NMR spectra of PEGylated-P2b and PP7-5000b.
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Figure 58. Analytical HPLC chromatogram of PP7-5000c after Prep-HPLC.
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Table 5. Water-solubility of paclitaxel and prodrugs.

Compound Amount of dissolving(mg/mL)
Paclitaxel < 0.01
PP7-5000a > 400
PP7-20000 > 400
PP7-5000b > 400
PP7-5000c > 400
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Figure 59. Hydrolysis of prodrugs in rat plasma(%Conc. vs. Time).
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Figure 60. Hydrolysis of prodrugs in rat plasma(ln[%Conc.] vs. Time).

Table 6. Enzymatic hydrolysis rate of paclitaxel prodrugs in rat plasma.

T12 Hydrolysis in rat plsma

Prodrug (oH 7.3)
Taxol 2'-PEG diester” 1.6 hr
Taxol 2'-PEG monoester” > 7 hr
PP7-5000a 0.94 min
PP7-5000b 42.7 min
PP7-5000c¢ 1.12 min

YUS patent 5,648,506.
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Figure 61. Hydrolysis mechanism of PP7-5000a.
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Table 7. Non-enzymatic hydrolysis rate of prodrugs.

T12 Hydrolysis(hr)

Prodrug
PBS(pH 7.3) Distilled Water(pH 6.8)
Taxol 2'-PEG monoester® > 96 > 96
PP7-5000a 26.7 201.5

JUS patent 5,648,506.
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Figure 62. Stability of PP7-5000a(pH profile).
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Table 8. Study design of the anti—-metastatic potential test of PP7-5000a.

Group Treatment® Dose
1 Vehicle control(0.9 % w/v saline) 10 mL/kg
2 PP7-5000a 5 mg/kg"
3 PP7-5000a 10 mg/kg”
4 Paclitaxel 5 mg/kg

Untreated control(no melanoma cell injection;

no test treatment)

Y administered intravenously, once daily for 10 days starting on Day-2.(Mice received 3x10

B16/F10 cells intravenously on Day-0.)

Ptormulated in 0.9% w/v saline on each day of dosing.

2% 63 C57B/6 micedl 3x10°71¢] B16/F10 &% A £E (melanoma cells)
I3 141332 AxFY

= g2 THNEE] HAE FHolslq FAHE= FHNF FH(melanoma lung
colony)d #& =333 A2 1 A= £ 99 R FAE FYsA] gL
vehicle®] 7% 2 Aojste] FAD FLFo] 47} 141.4£14.16 7Ho) At 5 mg/kgel
dAFste Z2=ds AW =Hd 32D FAF L9 S 106.7:12.38M =
¥ w 245 %9 FEEE HYLZH Aol

FE A T 5 U =¥ ===

i
g FoZs 202 TR AF SAF 9 F71 84.83410.28 NE 40.0 %9
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Figure 63. The effect of PP7-5000a and paclitaxel on the development of

B16/F10 melanoma lung colonies in C57BL/6 mice.
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Table 9. The effect of PP7-5000a and paclitaxel on the development of

B16/F10 melanoma lung colonies in C57BL/6 mice.

Intravenous

Group Treatment Colony Count % Reduction
Dose
Vehicle
. 10 mL/kg 141.4 + 14.16 -
(0.9% w/v saline)
2 PP7-5000a 5 mg/kg 106.7 + 12.38 24.5
3 PP7-5000a 10 mg/kg 84.83 + 10.28" 40.0
4 Paclitaxel 5 mg/kg 75.12 + 12.05" 46.9
Data are expressed as mean * s.e. mean.
VP < 0.01, compared to vehicle(ANOVA and Dunnett’s test).
4004 T _
— ** p01
o)} | —_—
g 300- ** p001
= —_—
=
o
2 — ?3 —
o 1
3
100
0

Vehicle  PP7-5000a PP7-5000a Paclitaxel Untreated
5mg/kg 10mg/kg 5mg/kg

Figure 64. The effect of PP7-5000a and paclitaxel on the lung weight of
C57BL/6 mice following i.v. administration of B16/F10

melanoma cells.

— 104 —



Table 10. The effect of PP7-5000a and paclitaxel on the lung weight of C57BL/6

mice following i.v. administration of B16/F10 melanoma cells.

Intravenous Lung Weight .
Group Treatment % Reduction
Dose (mg)

Vehicle

1 . 10 mL/kg 282.5 + 16.53 -

(0.9% w/v saline)

2 PP7-5000a 5 mg/kg 277.9 = 11.42 1.6

3 PP7-5000a 10 mg/kg 263.8 + 11.06 6.6

4 Paclitaxel 5 mg/kg 228.0 + 10.19" 19.3
Untreated )

5 n/a 191.2 £ 9.95 32.3
Control

Data are expressed as mean * s.e. mean.

Y < 0.01, compared to vehicle(ANOVA and Dunnett’s test).
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