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Cyclic peptides are significant compounds for drug discovery and
molecular probes in biomedical research. Compared to linear peptides,
cyclic peptides were generally more effective than the corresponding
linear peptides, that have reduced conformational freedom, which makes
them more resistant to proteolytic degradation and potentially
tighter-binding and more-specific ligands of macromolecular receptors.
Intramolecular peptide forming reaction, is the key step in the synthesis
of constrained thioether-bridged cyclopeptides due to the high tendency
of the corresponding linear peptides to oligomerize. Solution phase
cyclization generally react in solution under high dilution conditions to
avoid corresponding linear peptides to oligomerize. However,
solution-phase methodologies, even in high dilution conditions, suffer
from several drawbacks, such as dimerization and oligomerization side
reactions. If the peptide remains anchored on a solid support, the
cyclization takes advantage of the pseudodilution phenomenon, which
favors intramolecular resin-bound reactions, minimizing interchain
interactions. Therefore, thioether-bridged cyclopeptides can be
conveniently synthesized by SPPS and on-resin cyclization methods. In
this study, thioether-bridged cyclopeptides synthesis were performed via
different mode (by solution-phase cyclization and on-resin cyclization).
The efficiency and yield of both reactions were analyzed. The yields of
solution-phase cyclization and on-resin cyclization methods are 13.76%
and 17.25%, respectively.
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SH2 % 3. 2 BCR-abl ##p& i "+ "5 (£ KPFpYVNV 2 "= i &
F)E E 18 g A B-turn NHEA[4] (Ao B 2) o 2 H R -
AL hE F eral o 08 5 B Grb2 SH2 SRk Fr ) Al
BHR A

2002 # A F B F P B HERGT 5 AF KK - 574 Grb2 SH2
PR rd Al [5, 6] FAEHF X Ragveflpt Aib AtiEekd ;%,u % E
B-turn Z 4{#’1 KB PERE Grb2 SH2 BB chHL frsc 4 o jg H ¢
fiE B R Prglrcd @itk i Fmoc-Glu-Tyr-Aib-Asn-NH, (4R
3) " HICsy & & 8.7uM[6] 2 18 { i&— % ] * SPR (surface plasma
resonance technology)” 2 QCM (quartz crystal microbalance)#t j#s % 4
%] 1 R 3+ X Fmoc-Glu-Tyr-Aib-Asn-NH, = H-Glu-Tyr-Aib-Asn-NH, >
21 Grb2 SH2 T ¥ & T ¥ #ic (KA B 5 1.58%x10% ~ 3.24x10% 1
2 gL ¥ #ie (Kp)[7]4 %l 5 6.34x107 ~ 3.09x107 o

d P % BT 7 Fmoc F it Aamcdk it 3 £ Fmoc F it 24
Redd o3 0 MBI E R IRG ATHSHERI R TR 2 i
B 7 enZk ik 732K > cyclo(CH,CO-Phe-Glu-Tyr-Aib-Asn-Cys)-amide -
cyclo(CH,CO-Trp-Glu-Tyr-Aib-Asn-Cys)-amide ~ cyclo(CH,CO-Tyr-
Glu-Tyr-Aib-Asn-Cys)-amide (4[] 4) - %%’ d Phe ~ Trp ~ Tyr = i P2k

Fa A A e 4 2 KB~ % Fmoc F Al A 0 3 1% BopoRrRehd A

10



kPR H & Grb SH2 % ¥ criilfercdk o H) ¥ 973k 35 722550 7 Grb2
SH2 % ¥ f »eenis & » 102 9|7 12 R Grb2 SH2 B gy 8 i 21
g hn TR LR dr P RRER R AR
AN W UL AIRE U TCLER: S P R

R oo F A ALY AR o TR el ) B RO R R
g D RN F PN R el B AR R E T L e 8
*FERZ fte L > IR EF LG RF AR E o F s B A 5%

FREFAET T AL S gk P EPK cyclo(CH,CO-Arg-Gly-Asp-

Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys)-NH, > * 7 o = 38 chagk e 1225 & &

/z-ijta\"l; Fbﬁ& F'&}—?)r CE B 3‘""

11



Foa FPreEp o

Ahwmc R A2 RERIANRBIATIREIFE R R G
S 2. F B 5 pEpL 1 fe & pR92"KX Fmoc-Glu-Tyr-Aib-Asn-NH, (ICs &
» 87 uUM) [5, 6, 8] & A#K = B A TP IEISSTE S0
22 Grb2 SH2 % bend dr iRl % o o > 4UM02PR % 3 e d F RPN AR
Kfrm &4 B AR A TR R BT B A
3o ST RGRER N FE B g 2 R [9] 0 T E KL G
¥ g ﬁ [10-13]F 2% & AT K PEPReh & 22 R B3 ATahiuly &
Pooo wERA L F IS BP0 de cyclosporin A (R & P
#1#[)[14] ~ caspofungin (#+E % 4 )[15] ~ daptomycin (=2 % )[16]
$oF ST B FE I E % A PR 2 ) AR
A% 3275 cyclo(CH,CO-Phe-Glu-Tyr-Aib-Asn-Cys)-NH, ~ cyclo(CH,CO-
Trp-Glu-Tyr-Aib-Asn-Cys)-NH -~ cyclo(CH,CO-Tyr-Glu-Tyr-Aib-Asn-

Cys)-NH, o 7 iff tr & & i3 = 6] A5k % 00k fra t 1 FEg > 3 %

2

A s A4 AR F iE G nT A o N AL i g ok
TP - BF G A E AR S S AT R BT AR
B AR T A @R F BRI o 1 RRE A F

v

LA A S HTEL R > H0F T3 5 MO EARRIR S & i B2
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Fo RGOS RERT BIE Y R  S RO
2 RERLE D o d AP % E Y A gt (Thioether-bridged) > 3¢ &/
AP P € 73 it & J&(solution-phase cyclization): F]4t 51 #* 4p e cngn il

= N e AP b iE 3R 1Y K R (on-resin cyclization) g8 £ [12] K frt
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% - & 4 £ 713+ (Growth factor)

M

- 3] =

+

>

;"g“é &‘» i’%rﬂﬁﬂ’“ - L}mmo

ETES
tmﬂ
B
ek

An

£
& e Fla BT e i F R 4 B aenge A
F it da At me el ¥ 4K 0 B Feo T4 ol £ 7
+ oo blde t A L i R F A L 4 & F]F  (epidermal growth factor,
EGF): 4 i % « 4 » 8 moehd EFF 2 43 5076 & 902 &
FlF 4o fprimre 3 24 5 0 BB T R FEH R TE X FH I
TR0 R m F X A8 (receptor) 0 dt frd K F]F B E A 51 e
it -

o =g i fEa A4 R TS X P A receptor

:e
i
e
=i

a

tyrosine kinase — #f > T P iE* 03 N L D X Mfed £ FF R E 2,

Rl

EARIEE 2 1 3EMA ¢ o tyrosine BT Admre BT LB
4 3 @{L (signaling cascade) S5.:mPfz 3 4 o 4 £ F|F Gd pofh > 5N
Kipdlimrz 78 > R ¥ 5 KRB F] (oncogen) I 8 I # pbig s iv#
X A 4 PR b4elsis oncogen TF & = & it 0 PDGF (platelet-derived
growth factor) » % fm*& * 7 5 PDGF receptor c773% > B fm¥e € 3% 4§ 3
4 5 erbB oncogen P ¥ & = # %77 ;% 7 EGF receptor » X £ 4 fm 2

iR 7 i ehtyrosine kinase domain 0 ]t fm ¥z 4o — B 34 ¥ EGF
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2~ e

% - & 4 @yE (Signal transduction)

e oL A B A RN cmie 4 R~ 4 TR~ FTRROAR

B F Bl R AT i g R S Al Mo Flet A B2 B ¥ )
AAEmrie p L B3Rz BF 3 BIE[18-20]0 - o Hioit ke B
Rt thB ¥ A WEF Ewe p 2 v F Grb2 ( growth factor
receptor-bound protein 2)¢77 SH2 (Src homology) % #. 5 B - [1,21-23]

RTKs (Receptor tyrosine kinases) & fm & N 930 4 B iE ¢ 37 F 24
¥E£& e d > RTK @R G0 F LN F B804 2 o F)
#] RTK g fdba § sein® k4t 7 F g o o EGFR
(Epidermal growth factor receptor) = RTK - #& > % EGF (Epidermal
growth factor)¥? EGFR >t fw % ¢t e & % Bl (ligand-binding domain)
& 1534 % EGFR 2} = 48 < 0 R 8 » 2 12 EGFR i tyrosine kinase
domain it Bekes 174 = #ifL (ATP)i {8 y-phosphate i # ] EGFR
At i C 3 enp RBALFL I T B o tyrosine 7 8 F 7 ¢ ¥ EGFR
AET o PEE N RREF I ML BEFY o e Grb o AR FE TR

fmfe g 4 R F[24] o
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% = & Grb2 #& 4% 3-v ¥ (Grb2 adaptor protein)

Grb2 . mP e N 2 ¥ N4k - BiEd v > hiwie gt 4 B iiiEAe
PoRweY B4 4 [25]0 d xray v arEd - B SH2 RHILE S
RIAP4E & — B SH3 . “F1f+[26] - SH2 & SH3 % 5B ] 31 39
4 30 [ pLIRpLcps (protein tyrosine kinases)es i kA i i
2 -9 ' (protein-protein) A3t & @R EL T P h% 3 8% o SH2 (src
homology 2) % #. 3 + 4 100 1 "= fit 7t & shgev Wl » 4236 50 48
fore poenl 4 B3R 9 (4o Grb2~ She~ Sre) ¥ #8F AL A 5 & [27] -

Grb2 SH2 % 3 € FEdh g b ih2 £ F]F X8 5 5 peph i fr g fe
(phosphotyrosine pY)e pYXNX (X &% & & V=L () 5 7[24] 0 & & 2
254 Boturn A5 [4] 0 Fp- Grb2 o SH2 b § 82 i MBRL 1
4 E T3 LA 24 2 £ 13 £ 8 (epidermal growth factor
receptor)[28] 2% H s e 4% F-v 4 She chgRfk i fimfs (pY)# 2 (8%
[29] » i& @ jF i Ras 3-v B kg% T 25 L @iEis4] - » SH3 %
Al € £7 Ras % # %]+ Sos (Son of sevenless)«7 proline-rich 8 =17 % gt
KPIRA R NR S P & o F Ras 24 F]+ Sos & Grb2 2 & 5 > {Tg
b ARUE Y ehfk VR pcfie X B8 @ o0 Sos A5 Flmre i > i€ ¥ Sos LS
b 7 2% T Ras a3 4, B 1R % 17 Ras #7514 o 2 {8 - (7 25eh 4

B E v raf ~ MAP #5405 14 - [28, 30, 31]

17



F]4p71P% & = (Solid-phase peptide synthesis, SPPS)

SR ARRELESE 2 o FE ORI ETY 4 BT P o iE
2R &S N Gldeih B % (Insulin)frficfd B & 92 "Kc%  (Peptide
hormone) « B2 12 b 2. &k > fe g ¥ A X MPanid s 4] TR
& = % 775 (Polypeptide)2. £ & 11 2 & £ (77T - P4k & 2 F
o FAKE BT FAS (Intermediate product)f i d) &, Tt F
7 % & 3 (Isolation)fr i it (Purification) s 48 + 4§ > R R
D5k S A F P BFBRAING, FL AR E 5 Rkl phak
L REARRPE F oo BR - EPF RIS LT L E
A4z RBP4 3 EHRRITDE A E

- 1 » = #R.B. Merrifield & 11 - fa#72 2 > f* L B 45 &
SR R S IR b B A SR L 0 R R
PO g kL R B HIOF b 2 BIAS A 2R &S
B ip & X E IR F RGFRFAYLE B S B dopt [ % 4

kB b FFE A S d N ERE S ERY MR L F A

4

YR RN EAR O B0 FIR L F AR & & (Solid-phase peptide

synthesis) o H & 47 #7311 2. FAp PPN L =2 et A BF L)

—¥¢

(polystyrene > #7125 RC = " =i % B A Tt F o 'EH
Fo EiPa iz F G A5 F 7 A1 (Chloromethylation)2. i 47 » #&
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{64 C 28 (C terminal)’= ik f& 2% L fo B i #7524 (Resin) i¥ * )
= fin4 (Ester bond) » 2 #&d Jt B 400k BRI 2 WA FLIE R R 8
SOIEERgE S BDIFER SRS SRR B R AT A S L st
670 JIF IR 2 502K [32] (4 5) ¢

EATH A BRI G T AR — SR EMT AL
PALEARRY MBI R R Y o bl4rs £ 7 % (DCM > MAEF 5 W
X RF R AT FEEFONHEY 2 SKFIFF LA R
Z A AR AN R R S AT MR R SRR B R Bl A S
FE o AR AL B 0§ iAo - S RIS P

- XAV =22 BB R E o = ~ IR % (Racemization) %

R ™ witisrt 2 0] 3| 30 Fanfl g b oo
FARL IS oM aFRE 2 ER IS LRS- TR
ALEEBRBEFE 5 P A LEBF BB HY 23R
Pt~ P Rl A DI Rz mEE Y
PAEAT oI ~E S o B E R AR AZ THPNE BRIXE S
B2 F RSB G RfrRiE g B R et RA S
ben g R T ehiE 20 BT R SRR PE Ak

PAEE O A A Y genFF 5 B fEF A (cleavage reagent) ik £ 14 2
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C iR R AT i B en?) = 8 k1T 5 BB HT £ 4o(R 6)
"f TAEReE R 2 b o RAR N HeniEE A 57 b aEs o R¥
* e f& 4 t-BOC (tert-butoxycarbonyl) ~ FMOC (fluorenylmethoxy-
carbonyl ° ¥ ik ikt aiEi H A L b enifE L 2 R WL k& 07
FAETI REHR Y - t-BOC HpE 2 2 > Fp 7 04| * 4o TFA
ek it 24 +BOC il fhehmefh e d Wi o F BB L(R7) 4
FMOC ¥4k # £ 2> B ¥ * 4 piperidine #* #f g X ¥+ 2 3 FMOC %
EA i d k0 A F RS (R 8) -

TR LIRS o B0 F AR Rt 48 & 3# A (coupling
reagent) K% % & B A 5 11 % ek BFER o AP B3PR8 S PFdr
F* g &3 5 HBTU (O-benzotriazole-N,N,N',N'-tetramethyl-
uronium-hexafluorophosphate) ~ HOBt (1-hydroxybenzotriazole) ~ DIEA
(N,N-Diisopropylethylamine) » #* 48 & & ",ﬁ% GRS
b Y (racemization)s A 4 > H @i Atk R {5 -COOH F it £ €
2k 55 ik A 0 P EriE A SRR A B N skt T
3T > 2 1S A4 OBt i 2 & vErkgEena) £[33] 5 4o(B] 9) -
BB B e e AR T S R R vk g
fhE R R B AL 0 Ae(R10) 0 TF BB AL e o

2 ¥ 1) z;hﬁé“ﬁfi v 4e(B) 11)[34] -
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X}

TR K 9ES (Thioether-bridged peptide)

AR VERBE AR T L A FAROEIR LA X g e T 0 fe b f e UERR
L X Rapditens A, e g H d\ﬁ/m‘*fﬁa’f R B e, Fpt
P¥e BEI 2 R E[0] o d SRR ST ) S iR
:’iiﬁagk P FPL T R B MR X F IR A AN Pl AL
fEF4E (disulfide-bridged bond)shzk bk i ¢ F1 5 R R 7% & @ %
MM XA I HE AR EE S $RA I AL PR T

AEES SR PR R SRR P ITREN § L N T TN

&\-n}

3t b R EE E fpid (head-to-tail)2. Frfd (thioether-bridged bond)=h
UK A, TR AR o

BRSSP R R S AR S SV IRROEIS Rl 4 0 T AR
FRF ORI G (A F DM A58 F R4 (oligomerize) » Flut A4 IE
P F PR hBBEAYDEL o 3 RFALERP DAL U
¥ &GS BRILIRPE (8 7 0RAP 2 FAR 2 390 § AR LIRS Spdn
(linear precursor) A — & Bk ¥ o ik 4p > 3¢ IR RILIRE SR 4 B
et BB A ARy B AFE IR TR R LSRR R P
A2 RN R RERETRE RLPRGFR- L L

e 8L > 4o dimerization ¢ §_ oligomerization iZi & F B A 4 o
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e VL S SR S R LR e RS TR E RS cE
kTR R o T AR AR OR BIRE > % T AIF SRR
4h b iR A R R R CE IR BRE (FIR Y F b o R0 3F 5 e
P FIR Pl FAR 2 SV IR G R T L G RS S TR

PX[35]
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Piperidine ..........ccooiiiiiiii (TEDIA, Ohio, USA)
DMF (N,N-dimethylformamide) ................... (Malinckrodt, MO, USA)
DCM (Dichloromethane)..................cooooeeeee.ee. (TEDIA, Ohio, USA)
DIEA (N,N-Diisopropylethylamine)................... (SIGMA, MO, USA)
HBTU (O-Benzotriazol -1-yl-N,N,N',N'-tetramethyluronium

hexafluorophosphate).......................... (ANASPEC, California, USA)
HOBt (1-hydroxybenzotriazole).............. (ANASPEC, California, USA)

Rink amide resin
(4-(2',4'-Dimethoxyphenyl-Fmoc-aminomethyl-phenoxy-acetamido-

norleucylaminomethyl resin)....... (NOVAbiochem, Darmstadt, Germany)
Fmoc-Phe-OH....................iil (ANASPEC, California, USA)
Fmoc-Trp-OH.............coooiiii, (ANASPEC, California, USA)
Fmoc-Glu(tBu)-OH............................ (ANASPEC, California, USA)
Fmoc-Tyr(tBu)-OH............................. (ANASPEC, California, USA)
Fmoc-Aib-OH...............coooiiiin, (ANASPEC, California, USA)
Fmoc-Asn(Trt)-OH............................. (ANASPEC, California, USA)
Fmoc-Cys(Trt)-OH...........ooviiiiiinini, (ANASPEC, California, USA)
Fmoc-Cys(Mmt)-OH........................ ... (ANASPEC, California, USA)
Fmoc-Arg(Pbf)-OH................................(ANASPEC, California, USA)
Fmoc-Gly-OH.............coooiiiiii, (ANASPEC, California, USA)
Fmoc-Asp(tBu)-OH........................ (ANASPEC, California, USA)
Chloroacetic anhydride.................cooceviiininn... (SIGMA, MO, USA)
TFA (Trifluoroacetic acid)................ ( Alfa Aesar, Karlsruhe, Germany)
TEA (triethylamine)....................... (Fisher Chemical, Springfield, NJ)
Acetonitrile. ..o (TEDIA, Ohio, USA)
NMM (N-methylmorpholine)...............(Acros Organics, Geel, Belgium)
kaiser test Kit...... ..ot (Fluka, NY, USA)
TIS (Triisopropylsilane)..................... (Acros Organics, Geel, Belgium)
EDT (Ethanedithiol).......................ooii. (SIGMA, MO, USA)
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HATU (N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridino-1-yl-
methylene]-Nmethylmethanaminium hexafluorophosphate N-oxide)
........................................................ (AgeneMax, Taipei, Taiwan)
HOAt (1-Hydroxy-7-Azabenzotriazole).........(AgeneMax, Taipei, Taiwan)

Wik EH

PD-10 Column (17-0435-01)..(Amersham biosciences, New Jersey, USA)

# %z B (Model. SD-50).............(Young chenn, Kuan Tung, China)
#F 52 (DOA-P704-AA)...cccoceininn.. (GAST mech, Taipei, Taiwan)
B 7 %P~ % (SPE Vacuum manifold)....... (Great tide, Taipei, Taiwan)
A EEE (FD3-12P)., (Kingmech, Taipei, Taiwan)

B 54 (23GX1.25RB).i (TaiwaTOP, Taipei, Taiwan)

A E 1I0ml.. (Taiwan TOP, Taipei, Taiwan)
BB BRI (KdScientific, PA, USA)
pPHmMeter ... (SUNTEX, Taipei, Taiwan)
A (PANTECH, Taipei, Taiwan)
HPLC (Pump: L2130 UV detector:L.2400)...................... (HITACHI)
C-18 column (10x250mm cat.238TP101510 particle size 10-15 micron)
................................................................ (VYDAC, GA,USA)
AR 5 E 500 pl (80830 750RN)...eeereiiiiieeeeeeeea (HAMILTON)
BB EE (AK95375-00000)......c.c0cneenennn. (KONTES, NJ, USA)
022 um filter.......ooviiiii (Millipore, NY, USA)
045 umfilter..........ocooiiiiii (MILLEX, NY, USA)
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-~ FApIRIRE

F4p i3 Pk & A HoiFd Bruce Merrifield »t 1963 & #1201 » B i *
BAEERILE O] A Gew Fen®l i b SURERRa S ] FApirR s S B
i & * Fmoc Chemistry (fluorenylmethoxycarbonyl # £ FMOC)#-72 %< &
SRR 2 R R 2 | IO PR RE LR S

ST SPECEIREA A - 5 A3

(- ) #,¥k 9475 (Linear peptide)z. & =
TR~

B L FP~ 176 mg (0.125 mmole):F Rink Amide Resin (0.71 mmole/g) ¥
> PD-10 & f@;é? P2 fs 4 DCMSml ¥ BRPFFRF S A 455 = 5 i 75
WE2 15 0 L 4c~ DMFSml F PR 5445 =0 » & 7R £ 4
20 % piperidine 5 ml * & PFR 15 & 48 2 =% & 475 + “9 Fmoc % L 3 %
(B 8) #&™ Kk4|* DMF Sml F B S & 4838 (7 = =0 Kb e dp ez
A > #R {84 » 48 & 3#F| (coupling reagent : & 7 2 eq. HOBt ~ 2 eq. HBTU -~
4 eq. DIEA 87 pul)[36] 4 # £ 5 N-a-protection :F7Fmoc F3E L &2 L 487 7 4
R R AEAR KL FIBAF o F RFEE 2L F B GE

DMF Sml ¥ JpF & 5 & 487 =t o B |2 viefl il 48 & cdh 3% > B Dl
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Bpk & o R ARAeT B 12) o 2 PR AR AR B 1R R 0

WA (SR F i AR B WA FAGROLIRL § L R F -

Rink amide Resin

1. DCM (swelling)
2. DMF (moisten)
»  3.20 % Piperidine (de-Fmoc)
4. DMF (wash)
5. amino acids with HBTU,
HOBt and DIEA (coupling)

Fmoc-Cys(Trt)-resin
6. repeat the de-Fmoc and coupling reaction
with the subsequent protected amino acids:

Fmoc-Asn(Trt), Fmoc-Aib, Fmoc-Tyr(tBu),

Fmoc-Glu(tBu), X (Phe, Trp, Tyr(tBu))

v

H-X-Glu(tBu)-Tyr(tBu)-Aib-Asn(Trt)-Cys(Trt)-resin

B 12, F KL nFARIES § S AR -

(= ) Ninhydrin reaction
1910-# Ruhemann# . Ninhydrin£? — /e & i € )= % ¢ I % ; =

# 5 Ruhemann's purple (RP) ; P % # &% R £ 4 “HBFE -~ 8 5

W
T
I~
3

L SEERERS PLEIEE RPN Oy W Y T 1

9
\a;
s

TG KB E70r & 2 9 PANES SFmoc R A HF 5 0 RETR AT E

PR AR E T RRedE 0 HOE R eris | yiadi “f37] :
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-amino acids and amines:

[:;HT_.{ o ﬂ qﬂ R
#, + R hll-i;H;t_'.lz
.;_..-"‘H-u.:lu oH " "0 — ,-‘]:- i"‘k e T— [ |]:ﬂ_‘:-_|-,||__|.||;r_1!
ninfrpdrin hydrale Ci-ming acid o
d&r-amumahml
*HMCH:A i"t,,
[amuns) b2 o
-‘L NHEH,;H L s A EMR
L j —_ TN R [ S
= -u.rl'I g et
a o +ED
a l’ E'
et HE F i H R
T b
Lt :[--ul.ﬁn"i'“ L-'~ I,.:{ W
LU i
hydrolysis I:' l
[a]
0 I} A
A dmnmmn -~ T H
S ST S G ST TS S
R H‘!l_l-_l O - . r""'l alde 4} H CHar
i + pinkydrin for R=ArcH,
wH [ + ninhiydnn
Ll a
S o
L q"'r*"“ T % )
I-::u:.l E-:'-. .\:'.'""-\'.""::.-'! = --l;D- H;" "-';:l
]
hydrincantn Euhemanm's purple ﬂ u]

] 13. Ninhydrin reaction 5 &8 4]

ikt e

\“‘\‘3

SoptfaAfAd PD-10 & i P diicie | LR p o 2 8
v~ kaiser test kit ¥ ez fAEM L 20 ub> £ R Ep T e B R Y F
EOSTCT SAd - 2 67 il ™ P ihy Mt agEd 21> F N
= piperidine 2 F#H 4 ¥ BLA DA T 2 FES > ¥ ¢ F N-Fmoc "=

fe = = coupling s | ¥ BLE DR g F vk S B P ey §F
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BB ROPIR TR R ST A S R R R BT R R RN X
T o o 2t B b gt disulfide-bridged bond)ehmk ik B4 € F 5 B R 1F
A RS RPEALEE G AP REE R ERIAIE L EE T
B R T B ERGR IR S X TR A PR R KA LA

(head-to-tail)2_ £ fit4 (thioether-bridged bond)= 3% %k 25 = Zg &k 93 PX o

() HRPRz F o ipitF
F %

#-4 12 48 § ¢ chloroacetic anhydride 3 ** DMF 5 ml £ & & 43 % 4| f2
AR PR B R R TR i 24 o) PRS0 e~ B iR (95% TFA, 2.5% water,
2.5% TIS)S ml & Jis 2 /] P& » 2 i B B i it & 5 43 il it - 2
o ARACT B (B 14 R FF ¢ feit 2 MR A 0 LS

HPLC & 4754 (L {82 (74 ik io % & MS &R 2 (8B (715 IV F o
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chloroacetic anhydride

1. chloroacetic anhydride 4X to resin

2. dissolved in 5 ml of DMF

3. mix with
H-X-Glu(tBu)-Tyr(tBu)-Aib-Asn(Trt)-Cys(Trt)-Resin

! for 24 h at r.t.

CICH,CO-X-Glu(tBu)-Tyr(tBu)-Aib-Asn(Trt)-Cys(Trt)-Resin
4. cleavage reaction at r.t. for 2 hours

v

CICH,CO-X-Glu-Tyr-Aib-Asn-Cys-NH,

Bl 14, SEIESZ F ¢ ARl F iR o

(= ) Solution-phase cyclization
EEE I
#-z o it 25 HPLC 4 it 2 R 9P L & 40 2. ﬁrﬁ B2 10 mL
2o sEN Y o R AR i i & (Imlh)jF » %73 50mL =
xR 248355 P o JF Ea L 4e » TEA (triethylamine) i -k 7% % e pH & < *
10 > JF 2 B 418 B T PF 02 pHmeter ¥ 35 pH & > & 5 TEA 3 B4
2555 ¢ F a2 pH B adF £ 3 8.5 (Cys pKg 4 % %% 8.24)» £ 4 845

BOFRRAE 0 RELNICEF L E DRI e A oo SR A oY

(7

RP-HPLC £ 7 A~ 47/ B B R 2 F T A (Rt) Bt 288 5d 4 ig

W R 0 R {8 Mass #T_ o
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(=) On-resin cyclization
& R IRenEFIE (F 4 A3 B B4 oligomerize) ) Fl gt AR IE PR

F N EDE i BRI 2R DR g 0 R AP enTRK S E BRI A AP § A iR R

-—\

=
A
(e

BT B MREF M- BT IR R A RE RN
LR s A A > ST BRI F L RAPE ER D

SRR AR R

RER™ 2

T A LA L SR ahE o Rl VER(RGE A
2 pfa A7) 0 d 2t Cys MRRROES S 6 A PER - R ML
¥ FacehEE A Mmt) > FrF 2 L4 * 1% TFA c7DCM 3% 5 ml #
Cys(Mmt)_+ enMmt 2 A& L 3 “,fi s 4t » 5% NMM (N-methyl-
morpholine):7 DMF /% /% Sml > fedg {2 eik 2 7 8 (Ffq F IR it F R o
FRIEF 24 P> FRCF RBEREE & B 23238 (95% TFA, 2.5%
water, 2.5% TIS)#-#7 5 el fh v 2 Mg 7 'f > T 7 = S TR (ERE NV
ez e R TR N, JT s fRE R S E I > 2 {84 » 8-10 &
RAE vk o Ok FTes BokovbrR i o Fh o mUE (S 2 D 3F D SRR
BORFTE R D IRGR LR 2 e A f o 33PN & 4 11 RP-HPLC i 7 2 542
NHGBREZFTERF RL) B2 (5L 5d 2 his s aa » R

Mass #%_-°
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M-S~

H P . H T
Fmoc/'\'g)\m h NO @ FIZN—Peptlde—N\:i)J\ H_O ®)_
MrTE-

O O
G/\H/H—Peptide—m\:)J\N_O ©_ a Ny H—Peptide—H\)J\N_O @_
= H H
° Mm-S~ © HS/
O

o
Peptide— H\)k (©) Peptide_“\)k NH
H = H_O T ' °
s I

@) (@)

.

B 15. F4p > 3 crthioether bridged Ffk "2 75x— AL eh g &4 3% © (@) (1) HATU, HOAt,
DIEA in DMF, (2) 20% piperidine in DMF, (3) ten cycles of Fmoc SPPS with
HBTU/HOBt/DIEA coupling; (b) (CICH,CO),0 in DMEF, rt, overnight; (C) 1% TFA in
DCM, 2 mins, 10 times; (d) 5% NMM in DMF, overnight; (€) 95% TFA, 2.5% TIS and

2.5% H,0, 2 h.
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= ~ AP B suav i 4P K 772 (Reversed-phase high performance liquid
chromatography, RP-HPLC)

W AR & 2l R AR K 1772 (RP-HPLC) &~ 840 #-4% 7 % 2 482 % /] 4c 12
e E o MITF AR AL B AR {:ﬁ—d # #4p (mobile phase)# + ¥ iE
¥ 5 PHRILE A A2 F E4p (stationary phase) 0 i i R & p 2R F 2 AR
2 A e ehpoki 23 FF > A E R A Harck o E AR E A G P
EAME s ME ¢ it B i F 4R R a2tiE it oA AR dod
Ci~Cs~Cg riovehiizdas 3 o Ao * 2 pH E#F < 29 m
HEAR T RIBR AR T RESBR A (F 7 %) TERIE e
= 2 £ 4 o RP-HPLC 2 & 8484 T2 14 & W T Ap2 B Ap 3 gn-R ie
4 (hydrophobic interaction)# fe i th &ch g B = 3 k47 g 4L? FIF T
FEREZ Al ko b s FE g o dom FiEs 4 &
T EE SRS S F 2 o AR TR A A G R 4

ARSE FTARBLAR G ) o

TR

HPLC shendfis &g ~ gAoenE B ~ F i v b < ] 10 2
BEApaAleERE T M S0 @R Gaa kiR %L AT %
FATR TSR B3R ® e 5 tsolution A i 4L 2 D.I Water +0.05%

trifluoroacetic acid (TFA) » solution B 5 4 L acetonitrile (ACN) + 0.05%
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TFA » 3 ens et IR Rl G204 1> 3% BEmER o &M%

% 0 B 16 o

% 1. HPLC #5 # 4p % % e fie vb &) 22 p fF eraff 12

Time(min) Solution A (%) Solution B (%)
0 90 10
30 10 90
33 10 90
38 90 10
40 90 10

Solution B (%)
10d
80/
60|
40|
20
0
0 30 33 38 40
RT (min)

) 16. HPLC 73 it 82 P& /8 e &2 B (2 ) -
ARSI PR ST RSP AL 0 LT T 045 pm 4R
F (filte)ijp - @ * REFH » FLLFREPFF Benf i@ (Purge) -
REREH 20 E RPN TH A 0 R PR G AT
Po FF AR B R K FE GRE B A GEOMF kT
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Ei o L EHREAIT o &I RELHR LRSS RFARPA 0L
R AEE R flode =% ;A3 startrun F ¥ ¥ & & J) I watting for inject
pF o - LT & T inject 0 ﬁr‘%fj‘ug > RP-Cig g 87 k47 o @ =
A UV ek 225 nm B {8 2 By - % F PR (retention time, Rt) ¢ & IR
hfE A RGBS REFFTE NG L] - gk E (peak) o

FELEFHLTRFALRNROPLE > Boch s BLE DN IREFATE 4T

d

T L A S T IR Gl B K R O STRTE O
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o~ KRB ES T SRV PRYE- A8 (7 PF R R &k (Matrix-assisted laser
desorption/ionization-time of flight Mass spectroscopy, MALDI-TOF MS)

B S F AR 2 e+ ¥ 2F3E] ( Electron Impact Ionization)
2 v 8 5472 CI (Chemical Ionization) » & Jf L -4k S-4v #0408 = F 40 1 At
EEFH FIEZ AR S S HE T Bl MEFHL B AT EE R
PR DA LT o LRI AT AL AT o I B R
PREE G AR VPR M 0 3 R PR Ay A T A T X
AR R THRERE R . TARA U E S i B0 B A S d GRAp (AP R
BRI F AP TP A PR g o
H¥ > MALDIE § 3% % H s W42 o7l g ¢ 15 (D&

TR 0 ¥ R I femtomole ¥ % attomolelk B e4 154 o ()& ® 01 B

3
=

lf“b

i

FHo T ERIAFEFEE FDarst A r g o Q) T2 H
lé/?]ﬁ"’:

¥ o o **MALDIE § i3t cg BE > 4700 0 S 51980 % % ) 4t

wE K2 {8 mEad Bi‘r”&p\)j‘ BPEMTR L 4 MR LT o

B #2550 fa-CHCA (a-Cyano-4-hydroxycinnamic Acid)(0.5 pl)£r »

WP RERRELIDIREN - FEELEF) > eRIT)T7 5 FiR

i

H
gg

o A B F TR BT AR S 8
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PR G RS R AR 0 R ER Y e R L

o BT o

B 17. MALDI-TOF ik B¢ * cifx 4-¢F g o
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A e = 4k kg =21 2/
Ty 5% YT

[ b N
R

4/\~

S

I

- 8 2 AR

2

N JEREATE

\

SN S AT I

-

K22 9 PKE 7 & (peptide 1 ¢ CICH,CO-Phe-Glu-Tyr-Aib-Asn-Cys-
NH, ; peptide 2 : CICH,CO-Trp-Glu-Tyr-Aib-Asn-Cys-NH, ; peptide 3 :
CICH,CO-Tyr-Glu-Tyr-Aib-Asn-Cys-NH,) o 4R 4 %% *x & ¢ fig v {8 &
RP-HPLC % it {8 enns 7 B 4 %40 > peptide 1 2. & 47 B (5] 18) >
B (Rt)5 17.07 » 45; peptide 2 2. » +7 BI(B] 19) % F PR 5 20.61 4 45 ;

peptide 3 2. 4 17 FI(B1 20) > F F PR 5 19.13 & 43 -

47
1 @ o
3 3 R
—
=) i
- o
< «
> 2 —
bt (2]
17 — 3 ':B
5 E < |
=] ™~ g
[=
—
o 5
o | o © :
SN S ppre R
" < 1) o~
<3 o NI
— — Mf\"‘\l 81\
s N ~
] ——— ¥ A — AN
L L L B B L By B B e
0 5 10 15 20 25 30

Retention Time (min)
Bl 18. #7275 CICH,CO-Phe-Glu-Tyr-Aib-Asn-Cys-NH, #2 & 4= 22 HPLC & 47 Bl  i#

ARHE 17.07 » 45 o
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4.0

3.5

3.0

2.5

2.0

1.5

Intensity (AU)

1.0

0.5

0.0

B 19. &k

4.0

3.5

3.0

2.5

2.0

1.5

Intensity (AU)

1.0

0.5

0.0

B 20. &k

=3
20 ¢4
2

U799

g
16.07
18.24

|

z‘ |

23. 88

= 24.32
26.35
= 727.53

Iro!
Bk ]
o o
©
kmeJ
L L L B L B B
0 5 10 15 20 25 30

Retention Time (min)

x CICH,CO-Trp-Glu-Tyr-Aib-Asn-Cys-NH, #2 # 4= 2. HPLC % 47 [§] < i#

¥RODEA & -

E > b b

| N K

= o

3 :

= 2

= (o2} .

= @ ~

3 o Pl

. i s

— o

= 8 SR (I S | -

= © o I o < © P
= 5 «—1% m N ~| N .
= O oo NI o™, & It [
E Hoen® s | amgt B8 ,gmmﬁv@“ iNERE

s 9= | T T e ,\% LT
= < oo’ N

E ﬂ f:f?fw /2 oo WA W [N R KNV
T \ L L L L L L L L L L B L B
0 10 15 20 25 30

Retention Time (min)

< CICH,CO-Tyr-Glu-Tyr-Aib-Asn-Cys-NH, #2 & 4~ 22 HPLC & 17 &l - %

THOREA 4 -

& RP-HPLC #7% it ehai 1494 7% peptide 1 peptide 2, peptide 3> H

BI21- B 2212 Fl23 ) siimit & 0 4

> %] 5 835268743 2 851.26 » ESI-MS #7# 2 sns & &

hF 2o
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F iy alx ity [ ™= [ ] o] [ 1] F-]

B 21. %k 9425 CICH,CO-Phe-Glu-Tyr-Aib-Asn-Cys-NH, # i 15 2. ESI-MS B3 o 3+

B % 83526 #FHEE 5 8354 -

Fa

W v a0 R i S o D 5. 008, MY Y, T 0 O e S PO A T Lewe fln
L] L] Sae
L]
]
i
-l
n
n
| .
1 v |
..... ] - l""' ¥ 7 i
| ot | =
Lo - | 1 1
e ™ 1 |
ik 5 Lo L] |-\.-. = 1 .!
= -
[ . A
| ] 1 L
o 14

B 22. #9325 CICH,CO-Trp-Glu-Tyr-Aib-Asn-Cys-NH, % i {4 2. ESI-MS Bl - 3+ &

B 8743 #FE E i 874.0 -
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B 23. #3275 CICH,CO-Tyr-Glu-Tyr-Aib-Asn-Cys-NH, % it {4 2_ ESI-MS Bl - 3+ &

B % 851.26 > #TiE 5 851.0¢

% 2. = f8% ¢ feit72*x2 RP-HPLC 2 ESI-MS #z % %

Peptide .RP_.HPLC : ESI-MS
(retention time: minutes) (actual mass: daltons)
1 17.07 835.4
2 20.61 874.0
3 19.13 851.0
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Iy

vORSROEIRE S
SR b iE A o RS2 = BRI AR F > 2 HPLC

R 47 B 4 S4B 24 ~ B 25 12 3 B 26 -

] 3
1.5 5

gg 1.0 ié ;-

2z - 2

= ] ©

5] 1

= 0.5 - © o
] N s)
] -, SR uﬁ@mﬁ 3
] ~ RANN\‘ EG‘@Q o
| « N
; VAL"N

VNN L

\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
0 5 10 15 20 25 30

0.0

Retention Time (min)
Bl 24. #7275 CICH,CO-Phe-Glu-Tyr-Aib-Asn-Cys-NH, & & 47 & #&:& 73k it {8 2

HPLC % 45 ) -

4.0 3
3.5 3
3.0 3
5 2.5 = e
S E S
> 2.0 5 N
E 3
w —
5 1.5 3 o S
£ E o )
- 3 : ™ 3
i | ] N <
1.0 3 N O 2. <
3 NEYET 8T B o B8 0
0.5 = 3 aﬁi/\éjkﬁ ¢ ¢ S°R
3 I} J\//\/\ I~ /1 ~ [NJ
0.0 5 = B
T T T T T T T T T T T T T T T
0 5 10 15 20 25 30

Retention Time (min)
B 25. %Lk 9475 CICH,CO-Trp-Glu-Tyr-Aib-Asn-Cys-NH, 42 & $ B Hei& (7 %k (4 {4 2
HPLC % 17 #]
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3.0 SR
E ©
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E %
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= =

L>3n6%n
4.84
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|
|
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I=§-53
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0.0

R R R R R R R RN R R R R R AR R R R AR R RE
0 5 10 15 20 25 30

Retention Time (min)
B 26. #9375 CICH,CO-Tyr-Glu-Tyr-Aib-Asn-Cys-NH, e & 4= 8 Fig (7 (- {8 2.

HPLC % +5 ) -

R o R MIRGE S R E R E S o AP GEMSeohE T T L F
DIFFH g E o 4 FIF RPN FuEART F S DL > AR %R
AR R A I PRTR Y 2 2 4R * thioether bridgeden= 7V F]pt ¢ it e
HRBERFOER > 57 BRI F e 3N F R i RS R
ez 0 P ow eniTiE H_E f& v B MR chloroacetic anhydride & P~ it
chloroacetic acid#£? dicyclohexylcarbodiimidez. * J& # FrILE ‘B 7REE
echloroacetic anhydride & 4282 & ¢ fpiv & & o 4 oh - %7 R L %% ¢ fig

vz fgendfdiicde A 5D RV G A RS MG F iR

—_
—
—\\

$ 0 L4k HPLCAE (7 % 1 & 47 (B118) » 2X £ #-rric f e i 1 MS FE 2 (]
QDFEE S & ¢ el X B endpE ik 8 BB EFRMF o RSE

-~

HPLC:t {7i&— # chi it (F127)



4.0

2
3.5 N
3.0
2.5
=
<
> 2.0
‘D
T 1.5
E
1.0
©
m. wn [eo] N
0538  %8E% g3 8 88g) e o °
S o < 10 ® o QEQJ\ = « «
0.0 =
T [T T T T T T T T T T T T
0 5 10 15 20 25 30
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B 27. AL&-F ¢ fEi i chs 32k CICH,CO-Phe-Glu-Tyr-Aib-Asn-Cys-NH, % it {5 £

% 3 1 ¢9 HPLC & 17 @) °

P

28)7 g TR w SR G & o Rt Asdn g o Y BRETRT A

IR TF SN VAR SN SN TR Sk TR |
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F 5 A dimer (As4edr Uk R AR RAXR > WAoo o 4 FIRT]
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ipen 4k & cyclo(CH,CO-Phe-Glu-Tyr-Aib-Asn-Cys)-NH, % - % & /%
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Bl 30. Z& K 22K cyclo(CH,CO-Phe-Glu-Tyr-Aib-Asn-Cys)-NH, s34 + {42 B °
M.W.= 798.76, HF= -2950.0099197 hartree, 1 hartree=4.359 x 10"'* joules
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Bl 31. I 22k cyclo(CH,CO-Trp-Glu-Tyr-Aib-Asn-Cys)-NH, s34 + ##2 B] ©
M.W.=837.8, HF=-3194.9062314 hartree

Bl 32. I 22k cyclo(CH,CO-Tyr-Glu-Tyr-Aib-Asn-Cys)-NH; e94 + %t ] ©
M.W.= 814.76, HF=-3138.5592183 hartree
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b,

Bl 33.  Z&, 725 cyclo(CH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys)-NH;
e+ ML= 1308.06, HF=-4591.4143527 hartree
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% = & I K 74 Kthioether-bridged(CH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-

Asn-Arg-Gly-Asp-Cys)-NH, e & = % #-_

— ~ Solution-phase cyclization

F C fpit 18 SAE A fREA "T #t7q 792 2% CICH,CO-Arg-Gly-Asp-Glu-
Tyr-Aib-Asn-Arg-Gly-Asp-Cys-NH, 42 2 4= 2 HPLC & it {5-254c(R] 34 - iF
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B 34. CICH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys-NH, # 2 [ it 72554

A 4 155 RP-HPLC % f* A 490 - R (RO L 10.24 4 48
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Bl 36. CICH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys-NH, "4 75 fe & 3= &
MALDI-TOF MS # =z ' % - m & MALDI-TOF MS #t#-z_shiE 5 m/z1344.339

(M+H)" -
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B 37. CICH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys-NH, # 2 [ it 72554
A % i 18 & MALDI-TOF MS #z_sh% % - MALDI-TOF MS #r# 2 shiE 7 m/z
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= ~ On-resin cyclization

#ik vt sty b oe9Ek H-Arg(Pbf)-Gly-Asp(tBu)-Glu(tBu)-Tyr(tBu)-
Aib-Asn(Trt)-Arg(Pbf)-Gly-Asp(tBu)-Cys(Mmt)-resin % & fiit & > 1% 1%
TFA/DCM  #Cys(Mmt)_+ en¥f g 2o § & A eniRiE A Mmt 2 Kﬁz Z_ SR
i FE R = fS R KRy “,f » (] 38)% % thioether-bridged cyclo-
(CH,CO-Arg-Gly-Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys)-NH, 2. RP-HPLC
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Bl 39. On resin cyclization = 3% #1 & = e ;i 74 X thioether bridged(CH,CO-Arg-Gly-
Asp-Glu-Tyr-Aib-Asn-Arg-Gly-Asp-Cys)-NH, 2. MALDI-TOF MS #z_[§] - m/z

1308.648 (M+H)" -
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3. B TIoE BreAR L Xk R A E R 2 B A S ol &

T pm s Aok

efficiency (%) R R
I1-mer | 20-mer | 30-mer | 40-mer | 50-mer
98 80.1 66.8 54.5 44.6 36.4
95 56.9 35.8 21.5 12.9 7.7
85 16.7 3.9 0.8 0.2 0
80 8.6 1.2 0.1 0 0
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Bl 11. Flow-chart for selecting cleavage cocktail for Fmoc SPPS.
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Method 2: General TFA cleavage

CAUTION: TFA is an extremely corrosive liquid; great care must be taken
when using this reagent. Proper eye protection, lab coat, and gloves are
mandatory. Follow local, state/provincial and federal safety regulations. Use in
an efficient fume hood.

1.

Place dry resin in a flask and add TFA solution containing appropriate
scavengers (10 — 25 ml/g resin). Stopper the flask and leave to stand at rt
with occasional swirling.Reaction time depends upon the sequence (see
“Monitoring the cleavage reaction”, below).

. Remove the resin by filtration under reduced pressure. Wash the resin twice

with TFA. Combine filtrates, and add (drop-wise) an 8 - 10 fold volume of
cold ether. Sometimes it is necessary to evaporate most of the TFA to
achieve a good precipitation of the crude peptide. The ether can be cooled
with ice to further assist precipitation.

. Isolate the peptide as described in Method 15.

Method 5: Cleavage with TM SBr

1.

3.

Add TMSBr (1.32 ml) to a solution of EDT (0.50 ml), m-cresol (0.1 ml) and
thioanisole (1.17 ml) in TFA (7.5 ml) cooled to 0 °C. Add the peptide resin

(200 mg) and allow the mixture to stand for 15 min under a blanket of N, at
0 °C.

. Remove the resin by filtration under reduced pressure. Wash the resin twice

with clean TFA. Combine filtrates, and add (drop-wise) an 8 - 10 fold
volume of cold ether. Sometimes it is necessary to evaporate most of the
TFA to achieve a good precipitation of the crude peptide. The ether can be
cooled with ice to further assist precipitation.

Isolate the peptide as described in Method 15.

NOTE: Occasionally an additional treatment of the peptide with ammonium
fluoride is required to reverse any silylation which may have occurred.
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Method 15: Post-cleavage wor k-up

Peptide isolation and work-up can be achieved by ether precipitation (1) or
centrifugation (2). For water soluble peptides, the method in steps 3 - 6 can be
used.

1.

Precipitation: Filter the precipitated peptide through hardened filter paper in
a Hirsch funnel under a light vacuum. Wash the precipitate further with cold
ether, dissolve the peptide in a suitable aqueous buffer and lyophilize.

. Centrifugation: Add a small volume of t-butyl methyl ether to the residue

and triturate thoroughly until a free suspension is obtained. Transfer the
suspension to a clean centrifuge tube, seal and centrifuge. It is essential that
a spark-free centrifuge is used for this process. Carefully decant the ether
from the tube. Repeat the ether wash as necessary. dissolve the residual solid
in a suitable aqueous buffer and lyophilize.

. Water-soluble peptides: After precipitation, add water to the residue and

transfer mixture to a separating funnel. A little AcOH may be necessary to
aid dissolution.

. Shake the stoppered funnel well. Release the stopper and allow the two

layers to separate by standing. Isolate the lower (aqueous) layer.

. Add more water to the funnel and repeat step 4 three times. Remove the

upper (ethereal) layer and store in a clean flask. Return the combined
aqueous extracts to the separating funnel.

. Add a small amount of fresh diethyl ether and repeat step 4 two or three

times, each time removing the ethereal layer and returning the aqueous layer
to the separating funnel. Collect the aqueous layer in a clean flask and
lyophilize.
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