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ABSTRACT

Syntheses and Characterization of Fluorescent

Water soluble- Paclitaxel(PP7)

By Choi, Jin Seok

Advisor : Prof. Jo, Byukigeok, Ph. D
Department of Chemical Enghireg
Graduate School of Chosuivensity

Paclitaxel(Taxol) is a antineoplastic agent tligmtderived from the bark of the Pacific
yew tree (Taxus brevifolia) (Wani et al., 1971). Has been used to ovarian carcinoma,
breast carcinoma, leukemia, melanoma, prostateincama and so on, and has become
especially important for the management of ovaram breast carcinoma (Sarosy et al.,
1992, Holmes et al.,, 1991). But, the applicationsofne pharmaceutically active substances
such as an anti-cancer drug, paclitaxel, suffemfriheir low solubility in body fluids and
serious side effects. There were several ways &rcome this problem. One possible way
is substitution at the reactive sites on the cart®nand/or 7 position of the chemical
structure of paclitaxel. The conventional such \ggives of paclitaxel with

poly(ethylene-glycol) PEG, however, were too stalsle that a high percentage of the
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polymer drug could be excreted before the drug méadeavailable parent drug by
esterases with their intended interaction. Jo. k"% solved this problem by the
development of a prodrug, so called PP7 which ¢htees a hydrophilic PEG, succinic acid
mono-ester of poly(ethylene-glycol) monomethyletheith a self-immolating linker(L) at the
carbon 7 position. A patented self-immolating 1K’ between PEG and the drug which
provides a hydrolytic stability of the drug-polyménk in the body liquid of only a few
minutes, just sufficient to transport the major amio of the drug to the site where its
activity is required. Fluorescent analogues of drugith a high quantum yield, are widely
used as important tools in studies of the eludidatof structures and the mechanisms of
drug binding to proteins and nucleic acids. The enalar mechanism(s) by which paclitaxel
binds to and stabilizes microtubules is currenthclear. To get a better understanding the
mechanism of action of paclitaxel and the environimef the paclitaxel-binding site,
incorporation of fluorescent 1-pyrenbutyrate onbe@ ttarbon 2’ of paclitaxel and a paclitaxel
prodrug(PP7/™ has been successfully carried out. These compowytshesized were
characterized by FT-NMR, high performance liquidcathatography (HPLC), UV and photo
luminescence spectrometry.

The paclitaxel analogues synthesized showed higforescent susceptibility with
concentration dependency in both excitation andssiom spectra. It could be used for
in-vivo studying the mechanism of the bioactivitiaed efficacy of paclitaxel.

Keywords : Paclitaxel, water-soluble paclitaxel(lbPffuorescent probe, 1-pyrenbutyric acid,

characterization, microtuble binding mechanism.
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A1 A A=
1. Paclitaxel (Taxol)

Paclitaxel (Taxol)< (Fig. 1. diterpened] 3}FEZ 19719 AHF
EURVERE As FEHAL dad, 9, dAgse ANzavst d$
43t HEd= H o gokA|olt}. Paclitaxel?] #stAWH L 58, 20—epoxy—
1, 2a, 4,78, 108,13 @ —hexahydroxytax—11—en—9—one—4,10—diacetate—
2—benzoate 13 ester with (2R,3S)—=N-benzoyl—3—phenyl isoserine@®AX]

B 248 CHs NOy ol B 853.920] )2

Fig. 1. Chemical structure of paclitaxel.



olAH TFx7F Hitstel el folA  ¢febd FE OH®WY FEUF
AARFY F2dd. 284, FEUSY AZEE7E =29, paclitaxel (Taxol)
FHFE 0.018%% S TAHE zhe=vh E#, paclitaxel(TaxoD) 2 &4 E=
sjAdle] =i AMe A EEEAM, oZl e A4 (ipophilic) oI
AAZ Fol g =t wg whe DS AT Qle] BEd avel=
Eetal AAgte] @ oflgol Qlvh Eel g &slmt g shol 53F

Cremophor EL (Polyethoxy— lated castor oil)°]4} Tween 80 (Polyoxy—

Olr

ethylene sorbitan monooleate) ¥ #& &3] HEAZS FJoz b &)
Ady FARG R A= AAY A 5 mL 8% fl¥el paclitaxel 30
mg, Cremophor EL® 2.64 g ¥ 49.7% &&(1:1 v/v) & T =] ot o]z st
IS %3 WS Cremophor EL®| 23 mlEst f7]8wjel

dFEol WE FAEAY SEAY, <5 25ET T4 oY A FHE 50

o

_I

N
>~

FaE = EAAe 7FA 2 o] paclitaxel 2] paclitaxel 2] Eof 3t 1=
Fol7l Y&l ZE A Fxwsle] didk 279 S paclitaxel AR EE 2
A oy 7FR Aol AlEHAA I Tk o]gdt paclitaxel FAFSHEHE S

MukS 98] structure—activity relationships  (Fig. 2.9 ¢ FaAo]



HN-acyl

Lt

Ph NHO

2!

- py PO N

QAc
Phemrléﬁ O

m’@‘

Free-2° Group
hydrosxy Group Benzcr_i.rlm(y { R= CHE’ )

Group

Fé) possible modification without activity reduction
' strong reduction in bioactivity

Fig. 2. Structure—Activity Relationships of paclitaxel
(from Kingston, 1994).



19799 Horwitz 157Vl ¢a] E<o] microtubule assembly & ¥t}
Zol AFox W Rtk Paclitaxel ©E A= oE Sdc A48
HAYUES et Paclitaxel BE FEW(tubulin) 02 FA X
A2 P25 2" A Z ] A # (microtubles) S @A 87 93 FE7o]dHA|
(tubulin dimmer) 2] F¥TES w=th AAY microtuble assemblyE 93l
2 Q3 Fold 3¢1AkY (guanine triphosphate, GTP) ¥ & Q<¢l50] gleAgte
Z3HESS Hi=t} (Fig. 3.) 28l1 18R E&uSS wha)ste] A Zun A
(microtubles) & ¢Hg3} A|ZICH'OY & Raukgo] dojifof FHE Edx
e MEFde]l Aoy H=dH paclitaxel o] gt EalidteS WSt
3 A7 ZFE vWAYUSTS 2t Paclitaxel> 2 FE WOl EA (tubulin
dimmer) ®tt= AU E] A& (microtubles) ol A3ty Paclitaxele]  tf st
A= MU Al# (microtubles) ol 9l FE® (tublin) &) B —subunit?]
N—teminal 31 amino acido]th.'?'® Paclitaxel®] ZFgol] & A=A =
A S e Al (microtubles) & wi-% k& Rt ofye} G750 AZ 3 (cell
death) & do7|7|% FHep!' okEzbg o] Fgst MAYSLS 43| olafd =
AAIRE paclitaxel> A ZW 0] A3 (microtubles) 7l ¢tollA FAHFH S A7) L
AEF719 G2718F M7] oM AEES Walsta (Fig. 4.) 1 wido] AlEEA] (cell

replication) & SAgthar &g A ok

-~

O
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Fig. 3. Mechanism of action of paclitaxel.
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Fig. 4. Action of paclitaxel in the cell cycle.



2. Water—soluble paclitaxel (PP7)

o} o] B FxE e AAEQ paclitaxel(Taxol) &
gdst 1 T A AA st E2 ojgfFol
Noew FAAS] Ae oy FFe FAEe zZka vk wEkA, ol EAE
MAstAt 584 paclitaxel prodrug 7HES 935 A7 238 = o] ghr},

= 9]2] Z-$o+= Bristol-Myers SquibbA}e} EnzonAlell &&l] =% 31 Ut}
1993y Bristol—Myers SquibbAlellA = Aol &heol & 7Fial s o]
de ez AdE F 9= +8A4 prodrugE WEsH] S8l paclitaxel
(Taxol) &] C—2' 1= C—=7 fA ol oJe] 71x] X &A7} A5¥ carbonate 3}3HE
= FAR o (Fig. 5(a).), B3 o]=& & A (phosphatase) ol 2§k 3l ¢} A}
Bl Eal7h AEHHo® dojd 4 = o2l 7HA| phosphate prodrugEs ¥4
sttt (Fig. 5().). 28y oyt F=52 FAME TFTolr e &84 o

@ 784 (10 mg/ml 03h) 0= Qo] A A ste] e o) QAT P
1997 EnzonAt oA+ Taxol?] C—2' YA o polyethylene glycol (PEG)
o] =¥ prodrugs P tH(Fig. 6.). 1ev o] sta&E2 A Eol gk &
= >200 mg/mlE R AAE A F Ao A oA mael ¢
Sk 7kl 7F =0 o] g A Aste] ool UM

Ol
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k=
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=2
=)
o
E
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R = CH,, CH,CH,, CH(CH,),,
CH,CI, CH,Ph, CH=CH,

Fig. 5(a). C—2' carbonate derivatives synthesized
by the Bristol—Myers Squibb company.

PN
Q—O0-P—(OH),

whereinR®is -OC(=0)R,-OP=0(OH) or CH,OP=0(OH}; Q is -(CH,)q-; gis 2to 6

Fig. 5(b). Phosphate prodrug of taxol.



olg]st EAIZ WAstuA Jo. 52" £8€A paclitaxel prodrugZdE

93t Ao ARz AFA oFEQl paclitaxelo]l %44 polyethyleneglycol

3t (USPAT  6,703,417)  PEGx F54, F84, AAHEA
VEAZHHID okmw AgA S PAste] FEAGAR ol £ glow,
FEAo] W2 ofEel dEide &S FuiAE 5 Ak E3E modified
druge 1 AIREe] HgAdo] e E oty 28y oFE (drug)el W 2 2Est
Aol A FAH™E & (drug) o] W& Fo] kAl #Eehr] Ao Fo =z
WEEth WebA modified drug®l A Asgh life timeo] Q75T =, =l
g3t gl PEGE drugel &d°o=4 dfdEAda o]yl k& (drug) o life

O

time< polymer £ active drugAtelel self—immolating linker (L)%} 22
AdIE= EYste] ool o8 a4 TheReAite =dAFdorA afAs it
Fig. 8.& €A paclitaxel prodrug(PP7)2] 7}ia] WA UZolth. Neil P.
Desaisol 93t #HAYZFS 7 9ol paclitaxel(Taxol) 8] Fx2Z <l A A7}
AX A FAol oHY A TFFEEAHAI(Te;=>7 hr)= FL=E SpARt
Jo. 51720 o]y AE sldstaA 18X A7 (Fig. 8.) polymer <}
paclitaxel (Taxol)AFolo]  self—immolating linker(L)9} #2 AAIFS
E%]3}9] linear decompositione FE3FI a4 FHZA] paclitaxel?d +x24
JAGNE =] WEA 7hrEai7E dojd # JA=E: v aaAl self-
immolating linker ()= ZA3gE AJbo] sl a Hgh, AAEe] 2Hg317] Ao
AAZHFE  HiE(excretion) ¥ Zlg Waldo wekA, FAA 0 HHQ

B A = S e =
b SR g AT ¢ lEE SFith

=
e



_On-..

CH3O(CH2CH20) CH,CH,0 |C|CH2CH2|C

Fig. 6. Taxol 2'-PEG monoester synthesized by Enzon company.

(R =CHjy)

( L = self immolating linker )
(n=113)

Fig. 7. Chemical structure of modified anti—Cancer Drug (PP7).



i i
PEG—-0—C—CH;CH;-C—O—Taxol

i O

[l [l
~O0—C—CH;CH ;- C—0O—Taxol

0O 20
-i‘f T,;=>7hr

Taxol-OH

U.S. Patent 5,648,506 1997
Neil P. Desai; P.Soon-Shiong; Paul A. Stanford

i i i
PEG—0—C~-CH;CH;C—0—CH;O—C—0—Taxol

l

0 T 0
"O—C—CH;CH;C—-0-CH;:-0—-C—0O— Taxol
2 2 u 2 U
- CO,
- CH,0
@]
Ovo
Taxol-OH Tos5 < Smin

U.S. Patent 6,703,417 2004
B-W Jo. ; Kolon Inc.
Fig. 8. Hydrolysis Mechanism.
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3. Fluorescent probes

Fluorescent probes +© AFA==Z 3tog WAy A4S =

g AMEES xFe Bs AAEA 279 77 P AS QA E
st} 33 “Fluorophores” X+ “Fluorescent dyes”&F1 =)

=)
=
(polyaromatic hydrocarbons or heterocycles) QrolA dojr}p=

A g o] Aol (Fig. 9.)

Fig. 9. Jablonski diagram illustrating the processes.
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3 2¢1 fluorescent probe?] AAE Table 1.¢] veRchH(Fig. 10.).

A8 A sensitivity (€ m @p) = 79 @Ay} SXAHEES] 31(0.08~11.0) &

v

Hos 3R = 38 zte=vh 193, fluorescence quantum yield?l @p=
g o8] decay® = 917]% singlet 9] fraction® @ ©AFZo|2}o] = (dansyl
chloride) = 0.19] 3k, 3ol (pyrene) # 3ol @l (pyrene) o Thet FEx &2
0.259] #k& #e=th

B Ado = tfE A<l fluorescent probe (Fig. 10.)E % dansyl chloride
(5—dimethylamino—1—naphthalene—sulfonyl chloride) & 1—pyrenbutyric acid
AHE-8FA T Dansyl chloridet= #4318 T FxiAdA 85 sl

=depds gyl 2ola glew 1,2z ofvl, so|=EAl 15 (-0H), =,
Aol (-SH) & =8P A+E fsll AHEE3U e, £7]°l dansyl chlorides

A5 A =" gpdo| . AFEFHQIYE. E3H 1-pyrenbutyric acid +
4ol gla vFFAFoH, FHERAHAA OFo] a&HAstE ZWHe nkIdEE
£ g7t=o] pyren lumophore®] W34 o] W33t L2 H (probe) 2}
7F 2 A (photosensitizer) 24 dg] o] €% 9t Io]d (pyren) 2
3% FHu+= (absorption) 342 342nm, Hu¥ = (emission) ¥ 383nm

oz, UWHiAo®w AgEE txEZA<Q  fluorescent probes F M =

o

]

N
Y
miv)
_?L'
ot

fluorescence quantum yield(@ ) %2} fluorescence decay time (7)) #HS 2=

Aoz dHA Q).

o

<t

5E& (quantum yield) & Zt+ fluorescent probeE E¢]

Sdo] wRRIgE = gEggAde wAYSYE FEAQ

FHe  dAyet=d W FEEA AFRHRG IO =
A

ikl Aget ko] WAYZ
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C%.

Drans=yl chloride

Pt

80,7

1.5-1-ABDA NS

_ACH}:—NH—GO—GHal

Ethenosdenosine

Ribosa

ig N e -

FProflavine mongscmicarbazide

Ethidium bromide

Fig. 10. Structures of fluorescent probes.

Table 1. Typical fluorescent probes.

Absorption Emission® Sensitivity
"‘II‘}IK ‘(:II'I{IZ l/"-I'I'I-'l\ :l' ":[ﬂil x q"l ]'
Probe* (nm) x 1077 (nm) Pr (nsec) x 1072
Dansyl chloride 330 34 510 0.1 13 3.4
1,5-I-AEDANS 360 6.8 480 0.5 [5 34
Fluorescein 495 42 516 0.3 4 116
isothiocyanate (FITC)
8-Anilino-1-naphthalene 374 6.8 454 0.98 16 67
sulfonate (ANS)
Pyrene, and various 342 40 383 025 100 100

derivatives

Values shown forg ¢ and 7 ¢ are near the maximum typically observed in biolagg&anples at ambient temperature.
Other(considerably smaller) values often are found
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gy, gEegAlo] Al EUv] Al (microtubules) o]l Agala ¢HY 3tE = o
AUZTE AAQ7A Fgetx gy ghE el - A U v Al @ (microtubles)
45482 ligand—receptor associatione ©]&lst7] $J&] WA o7 AlE-St=
Mo RE gtEety] oy, oleldt deAee Bitsta ¢ vHA EAHE e
o B, sE sl g g o g RE FREHA Y E o

T 7HAA etk AlEW U A # (microtubles) ol BRI 0 24 e
S gAe] AxA A EY] Wk dwE o) dxpa] A ER ] o= 2
stAl AT 4 glok. 24, FEYEHAS FEY (tublin) Btk AlEU] Al
(microtubles)ell © = Wi} 910 galgge] NMR AFE#H7 e
receptor=7]el &g A et= WS Hla&Aolvt. 18, AAE, 24 7=
Al B el MER FEAL FAol BolskA vk AEUm A
(microtubles) ol vIRJIY == I etAe] wAUSTS ZAFSH] f18ke] 19954
Dubois%s'”*"W3} SoutoT'”& HAd FHATOE FFZ2ZB  (fluorescent

probe) & £9 FZYEAGTAE WV T Senguptas’ & 3'—N-benzoyl

N

i3

=l

A
;

o

TI55° m-—(dimethylamino)benzoyl 1H& w4t 34 et 5245
AR ST kA A5 uiel o] o]yt IEFE|gA fFEAleS WAHAYUS
A8 oyl A EZUw) AP (microtubles) ol A vlQIY Ao E Q] A A

of #& JRE AlFste] Fuh
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400 A g U B

2 AFelAM = =l dist =S
== AA o] mPEG (methoxy polyethylene glycol)E 2t pegylated
paclitaxel (PP7) ol 1—-pyrenbutyric acids2] 23t FHEHS probed E{35H
T84 dEdgds ved ol (Fig. 11) dAsta 159

= Ak AA olgs dAge FEAD SEgEAn 84
)49 in—vivo transportation®} BIRIY wWAYESS ©f # o]&dsH7]

N% 9 g8AT 2 Egol @ Bole ARl

FdA 7] AL

Y
i)
rok

P =
ZtrEA S EE

o
il

1o
ot

Fig. 11. Chemical structure of 2' —pyrenbutyric carbonyl—PP7.
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A2A A
1. Alek 2 7]7]
11, A o

Dansyl chloride (DNS—CI, 5-dimethylamino—1-naphthalene—sulfonyl
chloride), 1-pyrenbutyric acid , 1,3—diisopropyl carbodiimide, triethyl
amine “18] 31l dimethylaminopyridine (DMAP)< A A ¢lo] Aldrich A}e] A&+ &
O 2 AFESEITE Paclitaxel 2  Brystol—Mayers Squibb  AFS] A& &
Abgsld o Ao AFEE o)A chloroform, pyridine, 183 methylene
chloride & 27t A A|gto] AFg-sldtt.

w3l HPLC o] %42 & acetonitrile & HPLC grade 2] Aldrich AF #|%£,
SHTE 3 A TRTE ARSI, oldd olsAt &= Ak = (Division
of Millipore, Waters) 2} & (FH-0.5 um, Waters)& ©o]&3}o] 7I¢dodz} st

A
1.2. 7] 7]
AT Aa BYALE A4 AR 717 e g,

FT—NMR Spectrometer : JEOL JNM—-LA300

HPLC : Waters 717 Auto sampler
Waters 2487 Dual A Absorbance Detector
Waters 1525 Binary HPLC Pump
Xterra RP 85 um 4.6X250 mm C;5 Column

16



Prep—HPLC : Waters Delta Prep4000
Xterra RP 7 ym 19X300 mm Cg Column
Waters 2487 Dual A Absorbance Detector
UV spectrophotometer : OPTIZEN 2120

Luminescence spectrometer : SLM AmincoBowmam series— 2
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2. 2'—Dansylated paclitaxel®] &4

2'—Dansylated paclitaxel= scheme 1. ¥} &2 Wi &) A5t

Scheme 1.

Dansyl chloride
Triethyl amine

CHCl,
Room temp.
OH —_—>
O
':R = CHS}
N\
HaC” “CHs3
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2'—Dansylated paclitaxel AW v 2}l Paclitaxel(100mg,
0.117mmole) & chloroform 2mlef] =<l R triethylamine (5.90mg,
0.059mmole)2 7}&t1, o7]¢] dansyl chloride (15.78mg, 0.059mmole) =
chloroform 1mlell =<1 £d& AA3] 7}skF, 18~20A1F FF A4
WREAIZIEE, JEgo] iy &3NS chloroform 10mlZ 34 3te] 5% HCIG&E
NaHCOs; X384 181 S/HFE 3] AHIY. F7]5S EoF magnesium
sulfate® st fwlE X & preparative—HPLCE  ©] £35}¢]
A ETEss &
AAY oz AAZE el prep—HPLCE A3tk Prep—HPLCS

oA fujx= HPLC grade? acetonitrile?} 32} SFFE AFg38to] gradient

_l

i

AAES Attt HEF 2’ —dansylated paclitaxelol] 323t

zAor o¥dE FHFAL, 1S Xterra RP 85um 4.6x250mn  Cy
columne AFESEF oM, flows 20md/minZz 34t 18y, prep—HPLCo| 2J 3t

T £F43% 2 —dansylated paclitaxels 7] oJ#Hom 23% W&
FEES ATt NMR A~FEHS By ta HiEuls J8s] dAsA =
okokxnt  §=3.0ppm¥} & =7.3ppm, 8~8.3ppmellA dansyl chloride’} Zt&=
CHz¢l widlage] SAvolass #A44 &g 5 3U%len, paclitaxel®]
5 =4.8ppm2 2'—H ¥o]aE §=53ppmlE shiftE HF3, 6§=3.6 ppm2

2’—0H o]z A7I7} Fov5s A F AAJY. ®WHEE<Ql  paclitaxel¥}

gletE o] NMRAFEHS 747t Fig. 12.9F Fig. 13.o] YeERQIth o)A 48, £X
E3 HFSAlS HolE ZE paclitaxeld}t dansyl chloride? 3sH1+x2 EA,

zolel  AlgE o)A webr, E tE fluorescent probess  dFU<l

pyreneS-E4 S AElsle] A4S A3k
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Fig. 12. 'TH-NMR spectrum of paclitaxel (CDCl3).
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Fig. 13. 'TH-NMR spectrum of 2’ —dansylated paclitaxel (CDCls).
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3. Fluorescent paclitaxel ¢ &4

2'—pyrenbutyric carbonyl—paclitaxel scheme 2.2} &2 HHo| 2]g)

[e]

=3

AT,

Scheme 2.

1-Pyrenbutyric Acid

DMAP

1,3-Diisopropyl carbodiimide
CHC,

Roomtemp.
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2'—pyrenbutyric carbonyl—paclitaxel® A WHS oS3 Pk 1-
Pyrenbutyric acid (81.04mg, 0.468mmole)®} dimethylaminopyridine
(DMAP) (143.10mg, 1.170mmole) S dichloromethane 2.5 mlef] =<lt}. o 7)<
paclitaxel (200mg, 0.234mmole) S dichloromethane 2mlel] ¢ 48 7}t

1,3—diisopropylcarbodiimide (29.50mg, 0.234mmole) & F7}st & 20~22A|%+

FoF ARo|A wHEAIZIY HESo] Y E£3ANS dichloromethane 25ml=
3¢t & 5% HCITE&HY SHTE 73 MHe 7715 EoF magnesium

S Ak F4 F
o (Fig. 14.) 1529
59 %= JEOL JNM-LA300¢] FT-NMR spectrometerE Ahg3}o]

Attt NMRAFIEH S HH tha AEHE J8s] dAskA= kA

sulfate® €3t SwE A xsy JAF3AxXs T AAAE
S

TLC (ethyl acetate : hexane = 6:4) 2 A FE &2lst3

o
ool

-] {

R o =
=3.4ppm¥} 6 =7.8~8.3ppmo°lA] 1-pyrenbutyric acid’} zZt=  CH.9
Aarele] 54 dola(Fig. 15055 44 &2 & 3U%em, Paclitaxel?]

E >

5 =4.8ppm2 2'—Hylo]aEx §=557ppmOlZE shiftE HI1 6=3.6ppm2
—OH ¥o]a7} AL Atebd & glsisitt. ol 313E°S NMR A~AFEHS Fig,
16.° YeEF Sl
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UV lamp

m:ﬁ.
| ] | ] | |
1 2 3

Fig. 14. Thin—layer chromatography of paclitaxel(1), 1—pyrenbutyric
acid(2) and fluorescent paclitaxel(3) ( Developing Solvent ;
EA'HX= 6:4).
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Fig. 15. 'TH-NMR spectrum of 1—pyrenbutyric acid (CDCls).
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Fig. 16. IH-NMR spectrum of 2’ —pyrenbutyric carbonyl—paclitaxel
(CDCly).
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4. Fluorescent water—soluble paclitaxel (PP7) 2] &4

584 Paclitaxel (namely, PP7)¢ AL Jo.'P7209e] wpo] 9la}o]

gHdskalom el scheme 3.9 WERASIT

Scheme 3.

TEDMSCI, imidazole, DMF Ph
Sikdating agent
Fh
INCHzCk
o}
IR =CHz )
CICO0CH: Cl
Pyridirne, CHzClz,
a]

|
QA Dy OéOCHgC

2% HF in Acetonitile,

246hr, ramtermp.

mPEGS000-succinate
Koy, Mal, 18 Crown-B

mPEG
Benze ne
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rlo

Wl o]

2’ —pyrenbutyric carbonyl-PP7< scheme 4.9} #%

LTS

Scheme 4.

rﬁaﬁf{g i

o
OAc o c; 1-Pyrenbutyric Acid
DMAP
1,3-Diisopropyl carbodiimide
CHCl,

Room temp.

_
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2'—pyrenbutyric carbonyl-PP7¢ &4 H#HHES g3y 2o 1-
pyrenbutyric acid(11.70mg, 0.041mmole) 2} dimethylaminopyridine
(DMAP) (20.68mg, 0.169mmole)S dichloromethane 1.5mlel =<QIt}. o 7]
Jo.517 20l wiHe] 93]  dAAHR F2AIpaclitaxel?]l  PP7(200mg,
0.034mmole) S dichloromethane 1mle] =<1 €4S 7}3tx1 1,3—diisopropyl
carbodiimide (4.27mg, 0.034mmole) & F7tst & 20~24A1%F &t A2A
WRkAIIT gEgo] 2 £391S dichloromethane © & 15ml® 34 gt & 5%
HCl8- <} 7}

2 1 glE A Fsty AFAFRs & AAES At 259 FeE9)
J
3

THFE 3 AFdY. §7152 5o} magnesium  sulfate®

olN

SRl
= EOL JNM-LA300¢ FT—-NMR spectrometer A}&3slo] =Helstglct.

NMRAHEHS HH th Hid|= J&3s] dAsA = EkA 9 6 =3.4ppm I

-
s

5 =7.8~8.3ppm°l|A 1—pyrenbutyric acid’} 2zt CH.9F #HlAlzgle] EA
yola(Fig. 150&8= 44 &2 + Sd3len, F&APaclitaxel(PP7) 9] 6 =
4.8ppm?% 2—-H 3Io]aEx= §=5.58ppmlZE shiftE HIS (=
Rbe-=% 84 Paclitaxel(PP7) 3 318&2 NMRAHEHS 247 Fig. 17.3%

Fig. 18.9] YEeERA ST

O

J&&‘
Oll
o
;O
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PRI

Fig. 17. 'TH-NMR spectrum of water soluble—paclitaxel (PP7) (CDCls).
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Fig. 18. 'TH-NMR spectrum of 2’ —pyrenbutyric carbonyl—-PP7 (CDCls).
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A3 Ay g u

1. Fluorescent paclitaxel®] @] 4 EA4

1‘
i,
e
A
e
iy
flo
ofo
=)
o
2
rE

% 2'—pyrenbutyric carbonyl—paclitaxel o 33

wogE= AAZE AHE preparative—HPLC £ AFE3}3 T Prep—HPLC ¢
=

o]xA &wlE= HPLC grade 9] acetonitrile ¥ 3 2 S/HFE AL
DS Xterra RP 85 4.6 x 250mm Cg column & AFEEIROH, E8&2 <l
222 ¢3to] Table 2.8+ o] 20ml & f&olx Alzte] WE o] x40

TS Flow, HEVIEE IS 228nm 2 AN A HEVE
AHg-8F ATt

Fig. 19.&= 2—-pyrenbutyric carbonyl—paclitaxel &l st prep—HPLC
ARvtETIHOR  Z}Z} retention time 15~25min(A) ¥ 41~43min(B) ol A]
FyolaE WA Z7he amvtEIHe] Fyjojde] el st e EFHE
Tl ¥ AEE 44 HPLCSE NMRAFEHS o)t HF PES
selstitt. 1 Ay dola(A) e ‘A s w=Fst APAEEA
189mgo 2  72%° F5EES A Fig. 202 EHTE dol=2A) 9
NMR&FHEolt}, oke] 3o NMRAHEH (Fig. 16.) ¥ 22 $49] F9}

FH7h @ ANFL AAT 5 990w 53, §=3.6ppme| 2-OH o]z}

T3k, Fig. 21.% Fig. 22.

grade®] acetonitrile®} 3z SFHFFE AFESIY  gradientzHd oz o] FA

218 HPLCo|t}. ol fwlZ2+ HPLC

rlr
M
J

o

SdFd 189482 Xterra RP 85um 4.6 x 250mm Ci;g  columng
AHgstglon, AE7IEE S 228nmE AR Akekd HENE AT
Fig. 21.& HF&E<Ql paclitaxel®] #4148 HPLCE retention time<

8.5min°] 3tk 181 Fig. 22.2 FHFAHAHES EFHA - Fo A8 HPLCE



EHAYNE DY retention time 42.4minellA shUel HolaE R prep—

HPLCE Bdto] 99%9) w58 A% PYES 92 & YL A5k

Table. 2. Gradient condition of Prep—HPLC

Time (min) Flow rate (ml/min) % Acetonitrile® % H,OP

Initial 20 40 60
5.00 20 40 60
10.00 20 65 35
40.00 20 90 10
45.00 20 100 0
60.00 20 100 0
65.00 20 40 60

a: 95% Acetonitrile, b: 95% H20
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p= u — — - L= .

00 50 100 150 200 250 300 350 400 450 50.0 55.0 60.0 650 70.0 750

Time {min)

Fig. 19. Preparative HPLC chromatography of crude 2’ —pyrenbutyric

carbonyl— paclitaxel.
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Fig. 20. IH-NMR spectrum of 2’ —pyrenbutyric carbonyl— paclitaxel
(CDCl3) (after prep—HPLC).
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Time {min)

Fig. 21. Analytical HPLC of paclitaxel.

| |
| L I

00 50 100 150 200 250 00 /0 400 450 500 550 600 00 50 100 150 210 250 300 350 400 450 S00 B0 GO0 €50 700 750
Time {min) Time {min)
A B

Fig. 22. Analytical HPLC of 2’ —pyrenbutyric carbonyl— paclitaxel

(A; before prep—HPLC, B; after prep—HPLC).
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473t paclitaxel ¥ 1—pyrenbutyric acid 223 A EH o] fluorescent
paclitaxel® 20x«M XA UV A2HEHES Fig. 23.9] YeRit. =3t
paclitaxel> A3t 228nmeoll A, 1—pyrenbutyric acid®= A3t 239.8nmeolA &%
=7F 7K 2 e xR 93, 459 R fluorescent paclitaxel (27—
pyrenbutyric carbonyl—paclitaxel) 2] 7%, 1—pyrenbutyric acid?] UVAHEH

I FARE ES B o, Agk 239.8nmellA] 1-pyrenbutyric acid®t} FHF

o 2 HYSHEE H¥h TS =3t paclitaxel?} 1—pyrenbutyric acid 1

-

g3 A E o)A fluorescent paclitaxel? &5 Eg3tdA UVESHEES =43
At} Fig. 24.°f fluorescent paclitaxel?] %o W& SPAAEHS e
o, Fig. 25.9] HUSFEE Hol= oA Z2F 3712 samplee] thste] &

o WE UVELEES B, 5571 =718 wel 3702 sample E 5ol

o

et S7tE = SHEE K, SHY 474 EE %A fluorescent

paclitaxel®] 1—pyrenbutyric acid X.
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Absorbance

2.0 q

— Paclitaxel

1.5 —— Fluorescent Paclitaxel
—— Pyrenbutyric acid

1.0

0.5 A

0.0 -

200 250 300 350 400

Wavelength (hm)

Fig. 23. UV spectra of paclitaxel, 1 —pyrenbutyric acid and
2'—pyrenbutyric carbonyl—paclitaxel at 20 ¢ M.
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3.0 1

2.5 A

Absorbance

1.0 1

0.5 1

00 -

2.0 A

1.5 4

— 4010 M
— 20% 10 M

200 250

300

Wavelength (nm)

350

400

Fig. 24. UV spectra of 2'—pyrenbutyric carbonyl—paclitaxel

at 20 M and 40 £ M.
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Absorbance

Fig. 25.

—a— Paclitaxel
—&— Fluorescent Paclitaxel
—w— Pyrenbutyric acid

20 30 40 50 60 70
Concentration (2 M)

The absorbance of paclitaxel, 1—pyrenbutyric acid
and 2’ —pyrenbutyric carbonyl—paclitaxel was measured

as a function of concentration at A max.
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o HIFAEES] FEEALSE AT 4% paclitaxel 1-
pyrenbutyric acid 28|12 FHFEAAEQ fluorescent paclitaxel® 2 M-&EolA]
o] P AHEHES Fig. 26.9) ¥ 23} Y). Fluorescent paclitaxel®] 73-%, A %k
376nmelA  Hdl emission¥olAE HST FFEAHES A HolH A=
paclitaxel¥}+= &2 1—-pyrenbutyric acid®} FAFsE gigle] AHAEZH S 18t o
ZH 59 FIEAS el ®3F, =53 paclitaxel?} 1—pyrenbutyric
acid, 12]a1 HFTAYAJE<A fluorescent paclitaxeld] tislo] %5 Ee|stHA
0E5°] JHEALS Al 1 A 7+7e] F %Al fluorescent paclitaxel €]
FFAHNEH S Fig. 27.9 Yekdgler. 18]a1, #Hdl fluorescent intensity &
Hols= A%k 376nmet + HAZ Z intensityE Hol= A%k 396nmeolA 2+7; 3
2] sampleo] tfsle] o] W& fluorescent intensitys H|luwdt A3 49
TE F5E9A paclitaxel> FFEALAS ALY HolA ko fluorescent
paclitaxel> 1—pyrenbutyric acid®} A A3 zke ¥ o) (Fig. 28.).

Paclitaxel?} 1-pyrenbutyric acid Ale]e] Az &S dolrr] 235+
20 M¥} 40 M %A 1—-pyrenbutyric acid/paclitaxel®] &=z %<l &3t
tfste] (10/0, 8/2, 5/5, 2/8 181l 0/10(w/w)) UVEHEE SHsqtt 1 42
Fig. 29.9} Table 4.9} Zo] zt7}e] &4 1-pyrenbutyric acid® /o] &
ofdyE 59 Ho FHE=S A
#F e shiftHo]de SIgozn =l ERdE o= AR 4%
o] ZAste]et Abm X

n:°1'
m{n
=

"

ma/F =573 1—pyrenbutyric acid’7} Hol+&=

oho
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—— Paclitaxel

8 5 —— Fluorescent Paclitaxel
§ —— Pyrenbutyric acid
o
@
S 4
2
™
2

T T T T T T T T T 1
200 220 240 260 280 300 320 340 360 380

Wavelength {nm)

(a)

3.5 4
3.0 1

2.5 4
— Paclitaxel

204 —— Fluorescent Paclitaxel
—— Pyrenbutyric acid

1.5 4

Fluorescence

1.0

0.5 1

0.0 -

360 380 400 420 440 460 480
Wavelength (nm)

(b)

Fig. 26. Fluorescence spectra of paclitaxel, 1 —pyrenbutyric acid
and fluorescent paclitaxel derivative at 2 £ M (a;excitation,

b ; emission).
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Fig. 27. Fluorescence spectra of 2’'—pyrenbutyric carbonyl—paclitaxel

at different concentrations (a ; excitation , b ;emission).
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—&— Paclitaxel
—&— Fluorescent Paclitaxel
5 4 —w— Pyrenbutyric acid

Fluerescence Intensity

] i 2 3 4 5 ] 7

Concentration (p M)

—&— Paclitaxel
—@— Fluorescent Paclitaxel
5 —w— Pyrenbutyric acid

Flugrescence Intensity
17

Q 1 2 3 4 o G 7

Concentration (p M)

Fig. 28. The fluorescence emission intensity of paclitaxel, 1—pyrenbutyric
acid and fluorescent paclitaxel derivative were measured at

different concentrations(Top ; A=376nm, Bottom ; A=396nm).
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Fluorescent-paclitaxel

14 4 | —— Pyrenbutyric acid
Paclitaxel
121 Mixture (8:2)
o — Mixture (5:5)
2 —— Mixture (2:8)
E 08 4
.
o
3 X
2 o0s
04 4
02 -
oo 4 e —
200 250 300 350 400

Wavelength {nm)

Fig. 29. UV spectra of paclitaxel, 1—pyrenbutyric acid, fluorescent
paclitaxel derivative and 1—pyrenbutyric acid/paclitaxel
mixture (2/8, 5/5 and 8/2)at 20 ¢ M.

Table 3. The A, values and absorbance of fluorescent paclitaxel

derivative and 1—pyrenbutyric acid/paclitaxel mixture (10/0,
8/2, 5/5, 2/8 and 0/10) at 20 #«M and 40 M.

Conc. 2x10°M 4x105 M
Sample P ABS P ABS
LT 238.5 1.282 238.5 2731
paclitaxel
/pacli
Pyren/pacli 239.7 1.040 239.5 2.144
(10/ 0)
Pyren/pacli
2) 239.5 0.914 239.3 1.767
Pyren/pacli
'5) 238.6 0.647 238.5 1.300
Pyren/pacli 237.0 0.509 237.0 1.070
2/ 8) 231.1 0.541 231.0 1.134
ren/pacli
Fyrenp 230.0 0.620 230.0 1.190
0/ 10)
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2. Fluorescent water—soluble paclitaxel (PP7) 2] AA| 2 E4

%+ 2'—pyrenbutyric carbonyl—-PP7¢] X&%H EEE A £ FAH
o= A A7 o]E]9 preparative—HPLCES AFgstHTh <A A3k 2—
pyrenbutyric carbonyl—paclitaxelol| tjgt A2} T3t o] 543 LS Al
getlom HE7] 9] S 228nmE IAGAIZ AL HEVIE ARSI
o, AIZEe] mE gujxAd o] FalEA-S Table 4.9F %ol FSith Fig. 30.2 2'—
pyrenbutyric carbonyl—PP7 A& tfdt prep—HPLCAZvIEIH O 7 Z}7}
retention time 28~36min(A)¥} 53~55min(B) oA F3o|a5 Wt} z}72
ArvtEIHE] Fyolae] el EFsIer EFHE S ¥ AEE BAE
HPLCS NMR AHAEFHE o] gsto] HF3d=& AQls3ity. 1 A3 718 &
o]z (A) 7} BHstna e =5 AAERA 138mgl® 66%9 FEES
AT Fig. 31.2 258 9]o]A(A) 8] NMRAFAEFo|rh, ko] #3742 NMR
2 EY (Fig. 18) ¥ 22 29 w8 771 & dATES S92 + A0k
w3k, Fig. 32.% Fig. 33.& w48 HPLCZ %A A3t 2 —pyrenbutyric
carbonyl—paclitaxele] ot #AFxA9} L3k 202 3t} Fig. 32.2 W&
EQ FE8A9ZYgA(PP7) S 44 HPLCE retention time 29.5min ©] %l
th 123 Fig. 33.+ HFAAAH =] #3HAF 48 HPLCE EHAIA= 2y
shite]l dolaE gRlsksl o o] retention time 39minel Al To]= 2] HH
= B3t webA, prep-HPLCE S3to] 99%9 w5 2= o8 TN =

[e] [l e) S =
e T Aee GdsH

o
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Table 4. Gradient condition of Prep—HPLC

Time (min)  Flow rate (ml/min) % Acetonitrile* % H,0"

Initial 20 20 80
5.00 20 20 80
10.00 20 40 60
30.00 20 60 40
50.00 20 90 10
55.00 20 100 0
65.00 20 100 0
70.00 20 20 80

a: 95% Acetonitrile, b: 95% H20
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Time (min)

Fig. 30. Preparative HPLC chromatography of
crude 2’ —pyrenbutyric carbonyl—PP7.
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Fig. 31. 'H-NMR spectrum of 2’ —pyrenbutyric carbonyl—PP7 (CDCls)
(after prep—HPLC).
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Fig. 32. Analytical HPLC of PP7.
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Fig. 33. Analytical HPLC of 2’ —pyrenbutyric carbonyl— PP7
(A; before prep—HPLC, B; after prep—HPLC).
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-3t water—soluble paclitaxel (PP7)¥ 1-pyrenbutyric acid 18|31 &+
A E o] % fluorescent water—soluble paclitaxel (PP7)% 20 xMEsEolA2e] UV
Edss Fig. 34.°o Yehligit =53 PP72 A% 228nmelA, 1-
pyrenbutyric acidE A%t 239.8nm HUYSHEE BT a8 A EHOA
fluorescent PP7(2'—pyrenbutyric carbonyl—PP7)2] A% SA ¥ s 9 oA
1—-pyrenbutyric acid®] UVAHEHI} FASH djdS B3O 1
acidith == © & s e FFEE B =3, =% PPr 1-

hu

pyrenbutyric acid Z18]3 A F oA fluorescent PP72] &

of WE UVEZEE mustdrh oA wEst F7kdel w349
sample 2ol thste] ks YRS BYA, YW 242 RE FRol
fluorescent PP7¢] 1—pyrenbutyric acidE.t} %

Sttt
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2.0 q

1.5 1 — PP7
—— Fluorescent PP7
cu —— Pyrenbutyric acid
5}
5
a 1.0 A
o
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O
=<C
0.5 1
0.0 1

r T T T 1
200 250 300 350 400

Wavelength (nm)

Fig. 34. UV spectra of water—soluble paclitaxel (PP7), 1—pyrenbutyric

acid and fluorescent water—soluble paclitaxel(PP7) derivative

at 20 M.
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Fig. 35. UV spectra of 2—pyrenbutyric carbonyl—PP7 at different

concentrations.
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Fig. 36.

—a— PP7
—#— Fluorescent PPT
—w— Pyrenbutyric acid

n] 5 10 15 20

Concentration (4 M)

The absorbance of water—soluble paclitaxel (PP7),
1— pyrenbutyric acid and fluorescent water—soluble
paclitaxel (PP7) derivative was measured as a function

of concentration at A pax.
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oz HFAANES] JFEAHAS FAEIYY. 3% paclitaxeld 1-
pyrenbutyric acid 181 FHZE=MAEQ fluorescent PP72 2uMEENA2 ¥
JAANEHES Fig. 37.9) v w3t} Fluorescent PP72 A%, A%k 376nmell
A A emissionFo|AE HAJI FFELE A HolA = PPTH=
1—pyrenbutyric acid®} F-AFsE o] ~ =
S FlEke}, sk <=3 PP7% 1—pyrenbutyric acid, 2831 HERAEQ
fluorescent PP7¢] tislo] s=& EElstir] 159 FFEALES A AL
A3} 747} e] FEo)A fluorescent PP79 P AHAEYES Fig. 38.0] e
ot 783, FHdl fluorescent intensity® Hol& A3k 376nme} FHAIRZ
intensityE ROl A3k 396nmolAl Z+ZF 3719 sampleo] tiste] o wE
fluorescent intensityE Wl st A3 SHE B sEolA PP7S 35S A
o] ®olx ¢kekow fluorescent PP7S 1—pyrenbutyric acid®} FAFsE 23k
1.3tk (Fig. 39.).

PP73 1—-pyrenbutyric acid AFo]e] A5 28-S doln 7] 95ty 10 M

2

O
>
m
L‘i
o
.
O
gg
HU
x
LI
L
J
J{m m
X,

i
e 2

o

20 M %A 1-pyrenbutyric acid/PP72] E@&el Z3tE&Eo] osle] (10/0,
8/2, 5/5, 2/8 1811 0/10(w/w)) UVEHZEE 43t 1 47 Fig. 40.%
Table 5.8} #o] Z}7}e] “sXolA 1—pyrenbutyric acid®] F/Jo] Wold4= 1

=9 HAd FFEL AnTt =7 1-
shift¥o]F & Aoz A delME o= Jro] Fz 480l A48

glet AbR o xIT
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Fig. 37. Fluorescence spectra of paclitaxel, 1 —pyrenbutyric acid and

fluorescent paclitaxel derivative at 2 #M (Left ; excitation,

Right ; emission).
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Fig. 40. UV spectra of water—soluble paclitaxel (PP7), 1—pyrenbutyric
acid, fluorescent water soluble paclitaxel (PP7) derivative and
1—pyrenbutyric acid/PP7 mixture (2/8, 5/5 and 8/2) at 10 M.

Table 5. The A_,, values and absorbance of fluorescent PP7

derivative and 1—pyrenbutyric acid/PP7 mixture (10/0,
8/2, 5/5, 2/8 and 0/10) at 10 #M and 20 M.

Conc. 1x105M 2x 105 M
Sample A ABS A ABS
ren- b b b .
PP7 238.8 0.820 238.8 1.614
Pyren/PP7
10/ 0) 240.0 0.493 239.8 1.031
Py{:/"g BT 239.5 0.428 239.5 0.843
Py{g;‘g’ P7 238.9 0.336 238.7 0.613
Pyren/PP7 237.0 0.248 237.1 0.539
Q'8 231.8 0.261 231.6 0.562
Pyren/PP7
o 10) 238.8 0.287 228.5 0.553
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