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Project No. 3.7
Academic year 2015

Abstract

Senior project title : Synthesis and Characterization of Poloxamer-Mycophenolic Acid Conjugates
Students’ name ¢ Miss Sirilak Jindapol 5436586233

: Miss Jutharat Sasiwachirangkul 5436516333
Advisor/Co-advisor : Assoc. Prof. Dr. Pornchai Rojsitthisak and Dr. Jittima Luckanakul

Field/Department : Drug Discovery and Development/Pharmaceutical Chemistry

Mycophenolic acid (MPA) is an immunosuppressant, an inhibitor of inosine monophosphate
dehydrogenase (IMPDH). It is widely used to prevent the renal transplant rejection. However, poor
bioavailability due to its low solubility (0.0355 mg/mL) and side effects are still the major
drawbacks. To improve the oral bioavailability of MPA, a commercially available mycophenolate
mofetil (MMF) was developed as a morpholinoethyl ester prodrug of MPA with 1-2 ¢ daily dose.
According to the high dose administration, MMF can also cause side effects such as gastrointestinal
toxicity, thrombocytopenia, weakness, myalgia and anxiety. The objective of this study is to
synthesize and characterize a poloxamerd07 (P407)-MPA conjugate to improve water solubility of
MPA. The P407-MPA conjugate can be synthesized via 4 steps. Firstly, the terminal hydroxyl group
of P407 was converted to tosylate ester using tosyl chloride (TsCl) and triethylamine (Et;N).
Secondly, tosyl groups of P407 tosylate ester intermediates (P407-OTs) were displaced by primary
amine group using ammonium hydroxide (25%V/V NH,OH) to obtain P407-NH,. Thirdly, MPA
reacted with N-hydroxysuccinimide (NHS) to form MPA-NHS intermediate using 1-Ethyl-3-(3-
dimethylaminopropylcarbodiimide (EDC) as a catalyst. Lastly, the reaction of P407-NH, and MPA-
NHS resulted in the P407-MPA conjugate as a final product. All synthesized compounds were
structurally elucidated by nuclear magnetic resonance (NMR) spectroscopy. The percentage of MPA
after acidic hydrolysis of the synthesized P407-MPA conjugate was found to be 4.3%w/w. The
critical micelle concentration (CMC) of the P407-MPA conjugate measured by fluorescence
spectroscopy was 1.778x10 mM. In conclusion, the P407-MPA conjugate was successfully
synthesized and could be further evaluated on its physicochemical and biological properties as a

novel immunosuppressant.

Faculty of Pharmaceutical Sciences Student’s signature

Chulalongkorn University Advisor’s signature
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a. Eﬂﬂfju complement component 5 (C5) inhibitors
gnlungy C5 inhibitors Lﬂuaﬂﬁaaﬂqméﬁuga complement component 5 A39¢14
gilunguil 1#un Eculizumab
5. §IN&au protease inhibitors
gilungu protease inhibitors ugniteenguidudueulul protease fogsenly

ﬂz-juﬁ lawn Bortezumib

2.2 Mycophenolic Acid

mycophenolic acid (MPA) WWusnagidufuildlunisiesfunisufasvessrsnielunis
UgnaneeTeglv Tnglugudfaeuled inosine monophosphate dehydrogenase (IMPDH) &4
Aedestunmsdauasen purine tne IMPDH luieulesiiidey inosine monophosphate
(IMP) 11 guanosine monophosphate (GMP) 1uﬂaqﬁu§ﬁm§mﬁm%mm MPA eanunlusy
ester prodrug LﬁaLﬁum%aﬂ%mmmiaaﬂqwé (bioavailability) Fo mycophenolate mofetil
(MMP) melgdenisénie CellCept” warlusuindeleidey %o mycophenolate sodiurn nnelé
Fonsede Myfortic® Fudlu delay-release tablets dmsulassadiawes MPA, MMF waz
mycophenolate sodium 1§LLamﬂﬁdgﬂﬁ "

221 lpswaHhemaaiivazuaudfiniuninignmyes MPA
MPA ifunsnduviddoeu flassadremaiadl Usenausiens benzene Afin1sunud
W 6 wazagRniule lactone ﬁmgﬁqﬁ%’uﬁiwq &3i hydroxyl, methoxyl, methyl uay
alkyl side chain U124 benzene fuszaifinsiFesfuuumsud uaziingauendandaszey
Tulmana " AaausAniaednignImees MPA wuin MPA fiaaviaouvan fe 141 °C f1 log P
Uszanay 2.8°” wagAnnsavanetdish Uszanas 0.0355 mg/ml
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o OH CH;
2 O™Na®
o]
(o]
OCHy
CH,

()

31_1‘17{ 1 lassasramaaiives (a) mycophenolic acid (MPA), (b) mycophenolate mofetil
(2-morpholinoethyl ester prodrug of MPA, MMF) k&g (c) mycophenolate sodium

222 nalnmseengridvesen

MPA %’mLﬂuaﬂuﬂejuﬂmqﬁﬁmﬁuﬁé’ué’juaulsnﬂ inosine  monophosphate
dehydrogenase (IMP) wuuldudsd (noncompetitive inhibitor) IﬂaLaulﬁﬁﬁﬁﬂaﬂuﬁﬁﬁwiu
N3d0A199% purine 1 purine Fmduansddalunisdaunsizd RNA uwaz DNA nalnnis
duAs1eviiaiy wiseenlimdu 2 pathways Ae de novo wag salvage pathways

De novo pathway n15&3ATI% purine Tu pathway disuan ribose-5-
phosphate Fadunandediléan pentose phosphate pathway Qmaﬂmyj pyrophosphate 191
fimsuoudunisiinds ann phosphoribosylpyrophosphate  (PRPP)  wag  adenosine
triphosphate (ATP) arntuiinisiinezaeululnsiauain slutamine  un PRPP léiu
phosphoribosylamine Tngandan1siineuassioulasl amidophosphoribosyl transferase way
Iainsiveznenanashagusnsgaunseiisldamu 5 wiey dunsuseundonisliunds
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a15358Us Inosine-5-monophosphate  (IMP) Tagn1st@ululansiauqann aspartate waziiy
Asueudnuilseznauain N formyl-tetrahydrofolate u&uinnisvasihudu 6 wdsy &9 IMP
aniduansfedulun1sdainsiesi adenosine  monophosphate (AMP) @ guanosine
monophosphate (GMP) sglu™" ﬁmmﬂugﬂﬁ 2 uay 3%

JUN 2 n1sdaAsneyt purine {1 de novo pathway

Savage pathway Lun1sinendnnaiiléainnisgesaans nucleotide #o
nucleoside uwar wa nduanadradu purine nucleotide 1nal Fainduiiasnit de novo
pathway " mﬂgﬂﬁ 3 i1 MPA Tdudenisidae inosine-5-phosphate 1y guanosine-5-
phosphate uazawalinisifiusiuiuaes T cell uaz B cell Qﬂé‘fuéga AeliAanansensiuds
n1sUfLesn1sugnaneeTeIsessnenie
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a 1

gﬂﬁ 3 WNUAILEAINTEUATIZRAITUNIUL de novo pathway Wag salvage pathway

2.3 Poloxamers

poloxamers LUu non-ionic copolymer %agni%asiwLLWi'wmsﬂumqmé’ﬁnﬂisu Tagvin
wihfiduansanuseiaiy ansnedifadu anstheiunisavats a1s9aenseatedn wagansiiunig
@@%u poloxamers Hlaseasradu triblock copolymers fiusznouse poly(ethylene oxide)
(PEO) uag poly(propylene oxide) (PP0O)™" (gﬂﬁ 4) nglulsazyiinues poloxamers wilans
Tassaisfindnendaiu uduandnafuiitnaluanauaz$1uanuves PEO block (a) wag PPO block
b) Taeailafiteuldodrsunsnasfie poloxamer 188 (a=80, b=27) waz poloxamer 407

(a=101, b=56)"
CH,
(@] O
HO (o] H
h

P (% [24]
U7 4 1As9aing poloxamers
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2.4  mMsiauAuaNURlag polymer drug conjugation

polymer-drug conjugates Wunisluussinnveasyuutiiasen (drug delivery system) @
griduluianavuiadnyevuinlvg wu wWulne Tusiu growth factors sslau weulesl 1
#u avdensorulnawe fieiusylaniaudiuinaunundnuedlaseains madeudeluanasn
w3 bioactive compound Aulwdiweslafuduusslemiosrannlusunsiluld el
Frunsshvideen Suanluddimnssuilode (tissue engineering) Tuloiwuimes (biosensor)
nswneidsaiiode warduq”

nann1slunsldusylesdanindwesiainis@neiuiuiunaneneissy Tl a.a. 1975
IuLmaé’mwumamé’ﬁwafmaﬂwaLmaﬂé’gﬂé’]’jﬁuha Helmut Ringsdorf laaiinannisfe 13
ahariusglaniaudidonseseninsluanasuazaslndiues uansdsluguil 5 aelnawesid
anauRn iUl UT e A Tine eusofussdUsznou 3 dau fe (1) solubilizer litoa¥ns
dnflvouiiliudanelndwes ielviulaldiannsaazaretild (2) o1 Sadeusiorn linker
uae (3) targeting moiety LiigliAnn1sidsenfistmnzdeusnadidenis

A ¢ . [7]
JUN 5 o3nUTznauuey polymer-drug conjugates

szasivdnvesluinaiife nisthdsaseengvsludiuinaiifesnisegisdume o
UszAnsnmuazanainuufiv 1ae polymer-drug  conjugates aniimunauatinazly
Uselomilunanesu liun msfamndmmsazansvessriduluanavuadnideianaougin
fulnawesfiavaeils Sidmademsiiuturesdusinmeengrsluaniifidinisazared was
faanunsaimuInsUanUdosewuu controlled release b FuAIuANNITRUNIUYBITEAUEN LY
Fenfiogluszduilimangay dafnnnislfendn vilvanmnsasmuaauilunislieuas
svaznatlunsiienlangnamnzan annsiianadiafes wazanlamniseavenlifisswenanis
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aaﬂqmé wonandl polymer-drug conjugates E“J’w‘hLﬁmmiLﬂﬁauwaq@mauﬂamqmﬁ%
JaurAnS LazNSNsEINefveseEndan Fuiiusylevdednannseenfidaasadinlusnsniodu
ilesangnumueddy viegnaudaeenanisneetsing wieniinelhiAnfiuses oz dui
Tailduivanelunssne wu endnulsauzige Wugu'”

2.5 Polymeric micelle

luwaddadueuniareaneeaniivuineglugg 5-150 nm lngfinannsdnisessiivesans

Y
4 14

anussRsRanarlanafiivedufiveuthuayluveun Tnenaifinlueadasindulfidoiin
ﬂﬁzmumsmamaﬁﬂmmﬁﬂmé’ﬂﬁuiﬁéauﬁiﬂﬁuauﬁwL%ENﬁaagjmeiuué’aé’amaué’wﬁauﬁ%au
i %ﬂ%Lﬁﬂ%uﬁﬁmﬁﬁmmﬁm%uqm’i’] critical micelle concentration (CMC) polymeric
micelle MAntutusiniingIn block-copolymers Tilvauiiveutuazdndiliveuth Tnedl
msdneshiidduilivouihedifugaaudnasuardousoudediiveut (3Uf 6)

{ a . . [7]
U7 6 Msiiia Polymeric micelle

Tnaustazsmhevedluwadiintuesiufusiovodnawes  wWu  diblock  polymer,
triblock polymer udiu Tnauselesindnues polymeric micelle Wawisutuasneluwadiia
TuienavuadnAediarmesiauiiutu polymeric micelle dulngjfian CMC aglutag 1010
M Tumanguiidu polymeric micelle avanunsussqeldluiinags Wnmstandesiuy
controlled release finnudnfuldfusisnedsitin wazsinnuasih lusunmaudfmaed
menmifuarduiusiuriauararuemuesiaduiivouthuaslivoutwedndmes
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uni 3
A5N15ALUNISIAY

3.1 @sadild
1-Ethyl-3-(3-dimethylaminopropylcarbodiimide (EDC) (Merck Millipore, Germany)
4-Dimethylaminopyridine (DMAP) (Sigma-Aldrich, USA)
4-Toluenesulfonyl chloride (TsCl) (Sigma-Aldrich, USA) MW 190.65
Acetone (Merck Millipore, Germany)
Acetonitrile (Merck Millipore, Germany)
Acetonitrile (HPLC grade, Thomas Baker, India)
Ammonium solution 25%V/V (Merck Millipore, Germany)
Anhydrous Na,SO, (Merck Millipore, Germany)
Dichloromethane (RCI Labscan, Thailand)

. Diethyl ether (RCI Labscan, Thailand)

. Ethyl acetate (Sigma-Aldrich, USA)

. Glacial acetic acid (Sigma-Aldrich, USA)

. Hydrochloric acid 37%V/V (Merck Millipore, Germany)

. Mycophenolic acid (MPA) (AK Scientific, Inc., USA) MW 320.34

. N-Hydroxysuccinimide (NHS) MW 115.09

. Nitrogen gas 99.99%

. Poloxamer 407 (BASF, Germany) MW 12154

. Pyrene (Acros, USA)

v O N o A WD

N e N S S Y
O O ~N o0 0 A W N — O

. Sodium chloride saturated solution

N
@)

. Toluene (Merck Millipore, Germany)
. Triethylamine (Et3N) (Thomas Scientific, USA) MW 101.19

N
—

22. Ultra-purified water

32 \ATesile
1. 1A304 High-performance liquid chromatography (Ultimate3000 Dionex)
2. 1309 Spectrofluorometer (JASCO FP-8200)

3, 1383 Nuclear magnetic resonance spectrometer (Bruker Fourier 300)
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3.3 ANSHEUATIZH poloxamer-mycophenolic acid conjugates
33.1 nN1589ATIZY poloxamer-tosylate ester (P407-OTs)

%3 PA07 1215.40 mg (0.050 mmol) Tu round bottomn flask 4uA 100 mL sl dried
toluene wa i lUsemeauuisienias rotary evaporator Td magnetic bar wasinufalulasiau
adluumuiionnelu flask ududasegnens segnlvendufdlulpsioudniu flask Taeldwauduin
siugnens 4viaendagn dried dichloromethane Z1usn 5 mL udares ivadlu flask i Dusew
YU magnetic stirrer %3 TsCl 571.95 mg (0.150 mmol) Tu flask wuim 25 mL 8nlulagiis dried
dichloromethane 5 mL gaansazane TsCl iiuadly flask Aifiansazans P407 off Liemansazans
EtN TuBnanmuznila Tnellus EGN 510 pl (0.250 mmol) adldlu flask auim 25 mL waziiiy dried
dichloromethane 5 mL gaansazans BN usnudaiuadlu flask fislanswansyming P07 uag
TsCl ﬂumammiﬁgﬂmmuu magnetic  stirrer Junan 20 %L’ﬂm NIDINENBUDDNAILATLATENTDI
ey 1 1 filtrate llUdadeansazaredui Nacl 2 ads afsay 100 mL frdntneenantu
dichloromethane 28 anhydrous Na,SO, a5zt dichloromethane senanlagldiedes rotary
evaporator Isfwdeusyanas 34 mL iy diethyl ether Usvanas 100 mL aslu flask 990t ghewes
waniasdlu conical tube w&ily centrifuge #1 5000 rpm gamil 4°C U 15 Wit Fumenoudle
Tusiliuiialuy vacuum oven Famznaulduszuna 293 me Andu 47% yield wlanzneuiilsly
Jipswsinae NVR egld CDCL, Wuswinavans

332  N1584LATI¥Y poloxamer-NH,

%3 P4OT-OTs 623.12 mg (0.025 mmol) aslu erlenmeyer flask AR 125 mL azane
#vacetonitrile 30 mL antuRsasazaw 25% NHOH 30 mL (025 mmol) duwaudae
magnetic stirrer Wy 24 %ﬂm JEWAYINazaNY acetonitrile Wag ammonia ﬁmﬁaagjﬁw rotary
evaporator 1 60°C  thansazaneiiléluaingae dichloromethane 3 afe adsay 100 mL 1ty
dichloromethane 1nidntineangae anhydrous Na,SO, wazszwie dichloromethane 8anaaY
rotary evaporator lndiouszuna 3-4 mL 1fu diethyl ether Uszana 100 mL aslu flask Mty
fnevasnanashu conical tube wdiily centrifuge 71 5000 rpm gl 4°C w15 w1y

snoufils TUviliuely vacuum oven danzneulduszina 107 me Andiu 35% yield ulsmzneu
FlalUAeszsisng NVR Tngld coCl, Wusvihazans
333 N158AATIEY mycophenolic acid- N-hydroxysuccinimide

¥1 MPA 1281.36 meg (1.0 mmol) uag NHS 690.54 mg (1.5 mmol) adlu round
bottom flask VM 500 mL aganesie acetonitrile 150 mL Td magnetic bar Junause magnetic
stimer UL ice bath W 15 w7t 49 EDC 1150.20 me (1.5 mmol) aslu erlenmeyer flask Au1A 250
mL 8nlu avanedig acetonitrile 100 mL aunsz9is EDC azane [vassvenrosmenasasais
EDC Miwidntu aslu flask 7ifleansazans MPA uas NHS agneing melu 60 wift aindwinisause
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Hunandszanm 12 $lus Inefemuansseduiasnansasififatu a naisneg saemeaia thin
layer chromatography (TLC) Uu silica plate 198l mobile phase WJu dichloromethane : ethyl
acetate Tudndu 1:1 Wensaslainu MPA thansazanedlalussmedie rotary evaporator Tunseis
waeUszana 3-4 mL i ethyl acetate Uszanm 50 mL aslu flask 91niu anevoskavadiy
conical tube W&y centrifuge 71 5000 rpm ﬁqmwgﬁﬁaq W 15 Wil lewensznewu EDC,
EDU way NHS fiwdoainnisvinufiteneen iuasasmewilonzneu wdnitlussimedae otary
evaporator Auus Wluvinlruialy vacuum oven lamgnauusyanu 364 mg Anlu 87% yield
wwznoudlaludisgisne NMR Tngld cDCL, Wushvinavane
334  MSEUATIEA poloxamer-MPA conjugate (P407-MPA conjugate)

%1 PA07-NH, 182.28 mg (0.025 mmol) aslu flask wia 25 mL avanedie dried
dichloromethane 10 mL 91n17u 43 MPA-NHS 125.23 mg (1.0 mmol) asly flask 3nlu avanede
dried dichloromethane 10 mL I%Maam@mmsazmaﬁ”’aaawﬁmm wanfuly erlenmeyer flask
gum 125 mL fiwseul’ wends DMAP 54.98 me adlu flask 25 mL 8nlu avanedne dried
dichloromethane 10 mL gaansazany DMAP Teflu flask fAflenswaniszying PAO7-NH, way MPA-
NHS Tuun magnetic stirer aetios 24 3lus nsesmnEUBENdIENIYANENTOMNEEY 1 A7
filtrate ﬁaamsazma?juﬁa NaCl 2 ﬂ%’jﬂ ﬂ%y’aas 100 mL ﬁﬁmﬁwaaﬂﬁaa anhydrous Na,SOg4 S81e
dichloromnethane Tneldides rotary evaporator WiwdeUszanu 3-4 mL Ry diethyl ether
Uszanas 100 mlL adly flask iy sheveswanasiy conical tube udhly centrifuge # 5000
o 9amndl 4°C 1wy 15 unit iumzneudtls luvilsiusaly vacuum oven damzneulsuszan 128
e Ay 40% vield utmznaufildluinseise NVR tneld cOCl Wusviavany

34  MsIATIERMUSINa MPA i conjugate Ul poloxamer
3.4.1 n19w3eY standard curve YBIENTUINTFIU MPA
3 MPA aghagndaausiuguszanas 10 mg Tdlu volumetric flask awa 10 mL
avanesiy acetonitrile wazUSUUSIIRS Feansansazaneiilame acetonitrile Tildmududu
0.010, 0.025, 0.050, 0.075, 0.100 a 0.125 me/mL MntuthlUTAs1vidaY HPLC
3.4.2  nsessuaEnsazaly 1IN HCl
#19 37% hydrochloric acid 8.3 mL Tu volumetric flask au1@ 100 mL 7id
ultra-purified water 50 mL wagUsuUsuImsaie ultra-purified water a1gasluvin 100 mL
awusuihluldnaaeulute 3.4.3
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343 A1IHEUUAI0ENN
%1 poloxamer-MPA conjugate pgegnanawiiug 10 mg ldlu conical tube
A 15 mL avaiedie IN HCL 1.0 mlL thansavanelyu incubate Tu heating block # 100°C
Funan 6 dlus duansazaedmau 100 gl fnan 1, 3 wag 6 dlus aiFoansing
acetonitrile 400 pL Nt lUTAsEsighe HPLC
3.4.4 @rvazany 2% acetic acid
m24 glacial acetic acid 10 mL Tu volumetric flask wum 500 mL 7 ultra-
purified water 250 mL wazUsuUsningniy ultra-purified water NTOENTAZAUNIULLNLUTY
I 0.22 pm wazihly sonicate 15 wifl Wierdaufasen Wiluldidu mobile phase
3.4.5 HPLC condition
anmzed HPLC Alddmsulnszimuiunas MPA uanslumsnad 1

®1319% 1 chromatographic conditions 983n153LAT1ZHMIUTUNAET mycophenolic
acid Tu acid hydrolysis

Components Conditions

Mobile Phase A:Acetonitrile; B: 2% Acetic acid (gradient)
0—>4 min: A60:B40; 4 —8 min: A100:B0;
8—>12 min: A60:B40; 12—>15 min: A60:B40

Column Inertsil ODS-3 4.6x150mm 5 um

Column Temperature 25 °C

Flow Rate 1 mL/min

Injection Volume 50 pL

Wavelength UV 250 nm

Retention Time of MPA 3.4 minute

Runtime 15 minutes

3.5 359mA" critical micelle concentration (CMC)
3.5.1 m38y stock solution U84 P407-MPA conjugate
%1 PA07-MPA conjugate agsgnaasiug Uz 63.8 mg Tu volumetric
flask ¥R 10 mL agarsuazlsulsninsme purified water auAsU 10 mL
3.5.2  PI8UANTaZaY pyrene
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%4 pyrene Uszunal 12 mg aslu volumetric flask WA 100 mL azaivuay
UsuUTunsny acetone Yinansazans pyrene 10 pL aslu volumetric flask au1m 100 mL
7 purified water 50 mL 1i1lUszine acetone oon warUiuu3unsie purified water

3.5.3  n1911A1 CMC 499 P407-MPA conjugate

ihansazanglude 3.5.1 uay 3.5.2 uwnssuduaisazanesieegnswes P4O7-MPA
conjugate waz pyrene  fauanslumIIed 2 ﬁwaﬁazmaﬁLm%aulé’mi’mmmi@mﬂﬁmmwaa
Fepses spectrofluorometer lagdl excitation wavelength 7 336 nm wazduiin emission
spectra 1u73 300-500 nm MUIASAIIEILYES intensity TiANENIARY 372 fia 384 nm 1
adildnn aensmlanuduiiudsening log concentration U intensity ratio tietian
AR CMC mald

a9 2 eududuresshegnafiwienldan stock solution 184 poloxamer 407-

mycophenolic acid conjugate Way pyrene

concentration volume Pyrene

of sample Pipette flask | Volume Pyrene Conc.

(mM) W0 (mL) (uL) (bg/mt)
0.00005 5 10 500 0.12
0.0001 10 10 500 0.12
0.0002 20 10 500 0.12
0.0003 30 10 500 0.12
0.0007 70 10 500 0.12
0.001 100 10 500 0.12
0.0015 150 10 500 0.12
0.0025 250 10 500 0.12
0.003 300 10 500 0.12
0.005 500 10 500 0.12
0.01 1000 10 500 0.12
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uni 4
NaLazanUs1eNan1sIve

4.1 nsdUATIZA Poloxamer-mycophenolic acid conjugates

N1989LATIER poloxamer-MPA  conjugate 13uannnsidentd U381 esterification
1f9997n MPA Hvyilandu carboxyl way poloxamer fvyfilandu hydroxyl lag poloxamer 7
Fonldie PA07 Fetuneunisduasisiilusidl MPA iUATe1U coupling reagent Ag NN-
dusopropytcarbodnmde (DIC) I§ansfiintuie mycophenolate O-acyl isourea ntui
msummﬂgﬂimﬂu 4-Dimethylaminopyridine  (DMAP) ezmﬂummmimmﬂgﬂim
esterification  azldansTsSudfiintuie mycophenolate-DMAP Waz11 mycophenolate-
DMAP Hvhufi3eiu Pa07 aglénansusianviefidesnisie PAOT-MPA conjugate usnyi1
devmdnfuaifldlunnaaeudnuaylassaiamanifmemaia NMR wuinlidusingdnuy
989 P407-MPA ester conjugate Fudululainlassasne MPA fuy hydroxyl Ui benzene ring
?fawyﬁfﬁﬁh pKa Uszune 10 e‘z’jwil”]mfmyj hydroxyl 484 P407 fififn pKa Uszanas 16 ilvivy
hydroxyl ¥8¢ MPA $im31uliuinndn 3saadamy hydroxyl w89 MPA Tuiinufisenduansiis
gud Mlransdsdudladaiunsaluinu)izendu P407 vinli PAOT-MPA ester conjugate L4l
AnTa

Tueiseiswhnsdunszsd PA07-MPA conjugate frensiexsiodas amide bond
Tnetuneuvosnsdunsizsk PA07-MPA conjugate utaludunaudoss ¢ TneBuanmsiasy
ny  hydroxyl fivane P407 iﬂLﬁumg' tosylate ester lagld tosyl chloride (TsCl) uag
trimethylamine (EtN) sawandluuaunini 1 %umawiamﬂumumuﬁmﬂ' tosyl ¥94 P407
tosylate ester (P407-OTs) Gghamg primary amine lagld ammonium hydroxide
(25%V/A/ NHOH) 1& Pa07-NH, sauansluwsunnd 2 91ndu w1 MPA wwhuiseniiu
N-hydroxysuccinimide (NHS) ) 3ald 1- -Ethyl-3-(3- d|methylamlnopropyl)carbod||m|de (EDC)
Hudiseufizen azldansfodud MPANHS fuandluumuning 3 LLavmumauammamumsm
P407-NH, 11%UARATEN U MPA-NHS \ianAnsT et PA0T-MPA conjugate fauandlubuunIng
4w wevansduarzinaiafiduase Snseseaeulasiadhemeda nuclear
magnetic resonance (NMR) spectroscopy ﬁﬂLLﬁmﬂugﬂﬁ 7-14 ¢uaau
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A NMR wasanssasiu ldun P407 MPA TsCl uaz NHS uandlusuil 7-9 uaz 12
puATU wazka NMR vesansiisdudildanluusasduneunisdunssifie PA07-OTs P40T-
NH, MPA-NHS WaLESNARAUN PAO7-MPA conjugate LLamﬂm‘UM 10-11 wag 13-14 aud1nau
TnadlothunUSsuiisuiussninassdunazansiisus fnvazdondeteluil

® Poloxamer 407-tosylate ester (P407-OTs)

Tura NMR 483 P407-OTs 434 3.0-4.0 ppm U314 peak FIaT 2 3 4 way 6 B

uama H fieguu backbone carbon 9 PA07 Luiieafuna NMR was P407 Miduans

fagi wawUsIng peak suvtiedl 8 9 10 11 12 13 14 uaz 15 dauans H floguu
aromatic ring was TsCl fiddesaesduiulmeaeinawes ludie 7.3-7.9 ppm

WARIINANEIT P407-OTs

® Poloxamer 407-NH, (P407-NH,)

dewSeuifiauna NMR 89 PA0T-NH, uag P407-OTs 9znuin peak fusisii 8 9 10

1112 13 14 wag 15 Guans H fiogfuu aromatic ring 104 TsCl dullsivmnglunaves

PA0T-NH, w5107 peak siusmisd 1 uaz 9 Fauans H Uy carbon atom fiRnegi

NH, UanaInnans PA07-NH,

® Mycophenolic acid-N-hydroxysuccinimide (MPA-NHS)

Tura NMR 283 MPA-NHS 933 2.7-2.9 ppm U peak fumia 10 uag 11 Fad

fumaiedfuiu peak sumia 1 waz 2 Tura NMR w89 NHS Jauansds H T lactone

ring 283 NHS wagnu peak duqfinanssuviatuioatuluna NMR vas MPA (R

1234567 uag 8) kanaitinars MPA-NHS

® Poloxamer 407-mycophenolic acid conjugate (P407-MPA conjugate)

Tuwa NMR 284 P407-MPA conjugate FaAnan P407-NH, ey MPA-NHS WU peak

uansfie H lu lactone ring 484 NHS laiUsng wulamnz peak fuviisil 2 3 4 7 wag

8 Bauans H flagiun backbone carbon 189 PA0T Way peak Auwtisil 17 17 37 3”7 47

4”5 57 6 way 6” Muansuwmiaduieadiulusa NMR 183 MPA wansindia P40T-

MPA conjugate

Aatiusanunsaagulaintunaunisdaasied PAOT-MPA conjugate Hanunsndaaszn
P407-MPA conjugate 1]
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WHUNNT 3 URASE1N5dAT1898 mycophenolic acid- N-hydroxysuccinimide

WHUNMT 4 URAZ81NM583AT1991 poloxamer 407-mycophenolic acid conjugates
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4.2 n15IATIEIMUSINA MPA i conjugate Ul poloxamer

standard curve a3 MPA fianaidudu 0.010, 0.025, 0.050, 0.075, 0.100 uaz 0.125
me/mL LLﬁmﬂIugﬂ‘ﬁ 15 Taedlen 1 Wiy 0.9951 9nMIs AT IzimUSina: MPA i conjugate
agfuu P407 mewaila HPLC lagenden1siin acid hydrolysis waginu3aunas MPA fivanuaey
99N119IN PA0T-MPA conjugate WUI7i 1, 3 waw 6 Falus JUSuas MPA 1.83, 3.03 wag 4.30
%W/W AUAPU

Mycophenolic acid External uv VIS 1
220,000,000 HArea [nAU*min]

E /
175,000,000-] /

150,000,000-]

125,000,000-]
100,000,000
75,000,000-]

] t
50,000,000+ / E

25,000,000-]

ma/mb

i L S A S B A S A SO {
0.000 0.(.:20 0.040 0.060 0.080 0.100 B 0.120 . 0.140 |

No. Ret.Time Peak Name Cal.Type Points Coeff.Det. Offset Slope Curve
min %
1 3.37  Mycophenolic acid LOff 6 99.5108 -3335325.3300 1508806456.3378 0.0000

JUN 15 n9muanaanudiusseninem U duinn sguves MPA
wagNuNlansINAINNITIATIEIEEY HPLC
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4.3 n15%1A1 critical micelle concentration (CMC)

NN1TNAARIMIAT CMC U89 PA07-MPA conjugates @uNsamIauNIsAMUENRWSINLA 2
dun1s Ao y = -0.0098x + 1.0157 Uag y = -0.1494x + 0.6318 LLazWU’jﬁ@mﬁmﬁuaqaammiﬁ
oeffl -2.75 Geanunsndwaandud CMC 18 1.8x10° mM Fuandluzud 16 sisdl A1 CMC w4
P407 Aiseeunountihi wuindiduszana 2.8x10° mM Fdifunnndt CMC an PA07-MPA
conjugates 39a3UlA91 PA07-MPA conjugates anunsawinluigadlannil P407

FLAMERIrELEY

21e8n(U0D YdW-/0bd bER

Intensity ratio 372/384 nm

U 16 nemuanaanuduiusseninemnuidudures PA07-MPA conjugate
UAZONTIEIUVDY intensity N1ANLIIABY 372/384 UITULLAT
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uni 5
#5UNan13338

NNM53Tell aguldimseeauginasening P407 uag MPA awsaiiiadulansteyaila
Y a 1 i A

NNNIATIREeUlaTIasememala  H-NMR spectroscopy uagnudl dU3unas MPA Tu
AOUPNAUTENIN 4.3% w/w e PA07-MPA conjugate @nansatinbuigadiaiiainuidudusm
s A 3 = ' @ Y X & o
fgafe 1.8x10° mM sl TumsuselUlunsiauasiduasieivull awnsavitldlagnis
Uszdliupaanifanudug wu mandyine) wethlugnisiaunduelmilunisdisnagisuiu
soly
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