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Synthesis of Hexapeptide by Liquid-Phase Fragments
Coupling Strategy
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Abstract The hexapeptide (Ac-cEEMQRR-NH,) is a non-toxic cosmeceutical which can mimic the function of botulinum

neurotoxins. This paper reports a solid-phase synthesis of hexapeptide by employing “A-+B” fragments coupling strategy
while fragment A [Ac-Glu(OtBu)-Glu(OtBu)-Met-OH] and B [H-GIn(Trt)-Arg-Arg-OH] were prepared by classical solution
methods. The final product (coupling yield>65%, purity>98%) was obtained by cleavage cocktail treatment and HPLC puri-

fication. The influencing factors of coupling condition were discussed. In conclusion, this strategy is a relatively quickly, effi-

cient and high yield method for the synthesis of hexapeptide by combining the advantages of solid phase and liquid phase

synthesis.

Keywords hexapeptide; peptide fragments; synthesis
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J I T, SN R i, Lk 4 B R
Uk, 2 F A s AR A Bt et

O~ "OH

H
O OH s~ N\n/NHz
| NH
RGP HE BN P!
O O: O J\JI\H
O~ "NH, N™ "NH,
H
Fragment A
B NHEARES

Figure 1 Structures of Hexapeptide
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Figure 2 Base catalysis of the aminolysis of activated ester
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Table 1 Different reaction conditions between liquid-phase and solid-phase synthesis
Phase Coupling agent Catalyst Solvent Cat./equiv. Temperature/'C
Liquid-phase HOSuw/HONB DCC THF, EtOAc, DMF/H,0 1.0~1.5 <0
Solid-phase HOBt, TBTU DIEA DMF/DMSO/NMP 3~4 r.t.

IRSRAC AT SLE KR R, 8 vl X 2% A B Je JEVER s, T LR S 45 ik 2tk A-6 T B-4 )2
(AT 7 IR 24k, 0 A-2 AR EKTE R, v H =R B W ZmEEE A B AL, XA R T 4
PRACTTTEIENT I 10 A-4 FRAEAEPTASBUT BR ORI, 2R WET> 7 R AR AL B-2 TR TR RIR, SRIETER
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() AR B SR AR, W AR FEBRAIR, WfR A 72, S5
G R R RAK. RIE, SO AR R Be 4 A (0 5 kA T3
B3R 1), —J7mm, SN 6 (HOBT. TBTU)FIf#
L5 (DIEAYH S (3~4 equiv.); 53— 71, %4k
FULL 1) TR 2 %5 W (DME/DMSO/NMP)/E 713X FEARAY
NG TR, I8 TRA WA C=0 Lk
A ON—H A (U A, SRS T A ) SR 1 £ 1)
S9N B AR AR T (R, AT s N
T PTESRAL R G 1 AR AR TR IS TR) 9 e 78 40 1 Eh 4 fll,
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AN T AR, — RS VAR RN, A6 2RI,
R, BRI MR WA RS, BIRA
DABEFEKC e W IR E]. SR 0.05 g/mL (2 =i/ 2 i
INFR A T, AR VI R (53508 0.5, 1, 1.5,
2,25,3,4,5,6, 7T )RIIREARI ARG, BIIER B
PR b W I SBORE B IR R 40 B, SR VPAR S B 3R R,

I 3 nTLUEH, B OV ISR 38, B B
(B-4) S5 IR IIERRAE 3 h ZHNEW T, OV EE T3
Sh W, i8R Em, Q0 93%, kS, $&mrIrEE
BWHE TP, B4, B A (A-6)5 By B WiER:
RAE 2.5 h AR T E, 29 3.5 h AR AERCE. R
DRI AT e A B A B0 B B s iR e RE S 4, LA 1Al BH
/N, TSR N Sy AT, NI A e ()3 4 2
1.4 FRBERKBIEFN&EAE S E

LS WTCUE i, SR HBE R BE R T 0o AT S RS
i, BN 5%~65%, 25 min [A (0.1% TFA/ACN), B
(0.1% TFA/H,0)], tHIERTH ) 7.85 min, 21 98.38%.
SRk 8889, Uik HHIL m/z 889.5 (M, 100),
890.45 [(M~+1)", 50], 445 [(M+1)7/2, 40], 454 IR Fl'H
NMR %5 H B5 B 0] LU 4544,

2 #ig
LB T8 1 7 V22 F S A o 5 2% 1 B, 3R
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Figure 3 Influence of reaction time on coupling yield between
B-4 and resin
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Figure 4 Influence of reaction time on coupling yield between
fragments A and B

JE e AR UA FIEATERE, Baav)E]l i, 19218
K= i 5.83 g, AEE KT 98%, FBrdlde e N
65.53%. S EARIEARLL, A BORAT H AR 2 Ik 4l i
FP= A9 30 0 B, UERHZ Ve — R AR . ik
AACHERIRCR IR B A B OT V5, A SHERK e Z Ik
AR A O T R it 5 2%

3 LEES
3.1 AFIENEE
X-5 WO S e AR HE, bRt ZR A A R

http://sioc-journal.cn/ 2159



BHLLE

R E R

700 -
600 -
500 A
400
300 A
200
100 -

0 -4
-100

Abundunce/mAU

0 5 10 15 20
t/min

Bl S SRS A 1 A
Figure 5 HPLC-MS analysis of hexapeptide

AF]); LTQ-XL HLME %5 HBS i (35 [H Thermo Finnigan
/3 #)); Bruker Avance-400MHz #% 53R AU(TMS 1E N F%,
D,0 M, Hi-k Bruker 2Aw]); ZHT mRBEA (44X
(H 3745 A5 £L2000); C18 43 H1 A il 4 4.6 mm X 250 mm
(KIEY AT, 8 i BOBAH E i A (BT e
LC3000); C18 7Hil# (634 40.1 mm X 450 mm (R ABRHE
AR A F]); FT-IR (Spectrum Two)ZL M3 6 1
(£ [# Perkin Elmer A 7]); Autopol IT FE G (3
Rudolph 7 #]); Rink Amide-MBHA Resin (0.8~ 1.0
mmol/g) 1 T R EE F T AR A B A A, L BES(CR
), T g E 25T B A A N-FREE T R
(HOSu, CR Z0) V4 HFA THR AR, ZH
B — WE W ik (DCC, CR ZR) T~ 75 N R B A7 B w5
Fmoc-GlIn(Trt)-OH . H-Glu(OtBu)-OH . H-Met-OH .
H-Arg-OH. 1-325E5)F = %(M(HOBt, CR )T Liff
FORM TAH R A A, AR = AR 80 CR 24k
A, A R A AT AT TR B R AR B 4
HONB, 4-fHE:2EHE; TBTU, 2-(1H-ZE 3 = 0% L-1-
5£)-1,1,3,3- P4 FHEE IR DU S 2 1E; DIEA, N,N- 530k
LN ; BtOAc, IR LT, MOH, HEE; PE, A7 ilifif;
THF, PYZWEiE; DMF, NN- L HIIZ, TFA, =9
Z%; Phenol, K 1y; Tis, — 5 NF&AERE; DMSO, —HIJL
TEAR; NMP, N-FEEEIE M el ; i-PrOH, 7 NI EtN, —
L% NMM, BRI, 3 L B8 4.
32 REBRAMEHK
3.2.1 4Ap& AcOSu (A-1)

¥ 11.5 g (100 mmol) HOSu & - 250 mL = i+,
WU 100 mL T THF A1 19.9 mL (120 mmol)
DIEA, ffi BB VR8s, vKER 4T AW i #E,
FELEMEM N 7.9 mL (110 mmol) AcCl, %5 Ja 2= vk,
FUR SN 3 h, RN LAEFE TR 5 RN
3.2.2 A% Ac-Glu(OtBu)-OH (A-2)

# 22.4 g (110 mmol) H-Glu(OtBu)-OH #il 16.8 g
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(200 mmol) NaHCO; ¥ 1 75 mL Z&18/K 1, FriSsiing
INE| LA AcOSu ) THF ¥, FREEBEFE, &N
WOZR W, TLC W, 29 4~6 h, i J&EAAH
W, W IRAE DM, T HCh 20% T4 1 /K
W pH (HZ 2~3, JEARWTHERE, B HTHT H O [ 44,
UKARTR R, I UE, RIKWREEDE, 40 CEATE, 14
FIA O AR Ac-Glu(OtBu)-OH 21.5g, KK 87.7%.
m.p. 173.5~174.6 ‘C, TLC: R;= 0.3, V(EtOAc) :
V(Hexane) : V(AcOH)=10 : 10 : 1. HPLC: A (0.1%
TFA/ACN), B (0.1% TFA/H,0), 30 min 10% ~ 90%,
12.88 min. 4% 92.8%; ESI-MS m/z: 246 (M, 10), 268
(M+Na", 60), 189 (M"—56, 100), 171 (30).
3.2.3 A& Ac-Glu(tBu)-COOSu (A-3)

5 21.25 g (86.7 mmol) Ac-Glu(OtBu)-OH & T 500
mL = FUfH, AR 200 mL T4 () THE 1112 g (104
mmol) HOSu, i Ll BEvHFITe8%, vk &1 T A
Wit bE, 2Ny 23.25 g (112.8 mmol) DCC [f)
THF (50 mL)¥ K, %58 5425 vk, TLC il ) 3 22 5¢
B, T UERR 2 E AR A, JERCEA Ac-Glu(OtBu)-
COOSu ] THF %K.
3.2.4 A& Ac-Glu(OtBu)-Glu(OtBu)-OH (A-4)

¥ 19.4 g (95.5 mmol) H-Glu(OtBu)-OH #110.93 g
(130 mmol) NaHCO; % 200 mL Z&1#/KH, Fritiail
WNE] EEEA Ac-Glu(OtBu)-COOSu () THF %,
FREEBEFE, SOV BORETERE. TLC W, & semk, i
JEFAANTEY), WRIRATIER, FIERD R 20%1F7
BRI T pH (% 2~3, EtOAc A (100 mL X 1,
50 mLX2), JEMRTZK(50 mLX3). HH£r K (50
mL X 2)PERA N, JoKBRRN T4, HIA 3 g idtk
kT 40~45 CHEPE 10~20 min, EHGTUE, FERIIE K
47, 192035 W PR RORAEHIP)(Z0 35 g). H EtOAc 5 PE
PRBILE 1.3 01 IR AW S &, Mk, oy, +
B, 15 AR RIR Ac-Glu(OtBu)-Glu(OtBu)-OH 25 g,
W& 67.0%. mp. 113.7~117.1 ‘C, TLC: R;=0.2,
V(EtOAc) : V(Hex) : V(AcOH)=15: 5 : 1. HPLC: A
(0.1% TFA/ACN), B (0.1% TFA/H,0), 30 min 10%~
90%, 17.63 min. 4iiJ¥ 86.7%; ESI-MS m/z: 431 (M, 60),
454 (M+Na', 100).
3.2.5 4 Ac-Glu(OtBu)-Glu(OtBu)-COOSu (A-5)

# 24 g (55.9 mmol) Ac-Glu(OtBu)-Glu(OtBu)-OH ‘&
1500 mL = HJHH, KM 170 mL 4% THF 1
7.72 g (67.3 mmol) HOSu, i Ry THRITas, vkih
WA AW R, JFEE R MEA 15 g (724 mol)
DCC ] THF (40 mL)¥#5#, TLC WM. 25 6h J5, i
W LB AEAEY, BB NEH Ac-Glu(OtBu)-

Chin. J. Org. Chem. 2014, 34, 2156~2162
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Glu(OtBu)-COOSu 1] Y S ¥ 4.
32.6 4 A Ac-Glu(OtBu)-Glu(OtBu)-Met-OH (A-6)

# 9.98 g (66.9 mmol) H-Met-OH Al 7.1 g (83.7
mmol) NaHCO; %5 T~ 120 mL Z&14/K h, BTy in 2
A Ac-Glu(OtBu)-Glu(OtBu)-COOSu ] THF ¥
o RRERBECRE, TLC MR M. £910~12 h ), i g 44
AT, WEARATIER, TR ECRH 20%KF IR K
FOR Y pH 5 2~3, A EtOAc ZH((70 mLX3), Jf
MK ZK(70 mL X 2). MR ER7K(70 mL X 2)PEi A Hl
FH, ToKGRERA T4, L8, IR, SlEH S
AL HE (70 mLX2), 1§ 3] Ac-Glu(OtBu)-Glu(OtBu)-Met-
OH 25.5 g, W& 81.2%. m.p. 127.2~130.0 C, TLC:
Ry=0.3, V(EtOAc) : V(Hex) : V(MeOH) : V(AcOH)=
10:10:1:1. HPLC: A (0.1% TFA/ACN), B (0.1%
TFA/ H,0), 30 min 10%~90%, 19.83 min. 4i[¥ 96.2%;
ESI-MS m/z: 562 (M, 100); 561 (M —1, 80).

33 HEBHIEMK
3.3.1 4 A& Fmoc-Gln(Trt)-COOSu (B-1)

# 61 g (100 mmol) Fmoc-GlIn(Trt)-OH ‘& J 1000 mL
SO, ARV 300 mL T4 EtOAc il 13.8 g
(120 mmol) HOSu, ffi F¥d/E v FIT-as, vkEhs 411
AR, JES2IE R I AT 26.8 g (100 mmol) DCC ¥
EtOAc (120 mL)¥%, TLC Y5 . 4~5 h )&, i ugkk
LAY, ISR T, NEMEEZ T PR
N
3.3.2 &% Fmoc-GIn(Trt)-Arg-OH (B-2)

# 19.15 g (110 mmol) H-Arg-OH 5 12.6 g (150
mmol) NaHCO; ¥ T 200 mL 2818 /K b, SR JE i n 2 125
%17 Fmoc-Gln(Trt)-COOSu [#] THF %9, Fraitt,
TLC WM. 25 12 h, b, JkHk4iiEys, H e
IIECA 20% R BR IR KBS WO Y pH {2 2~3,
EtOAc (100 mLX4), JEARIKHIZK(100 mLX2). 3
I ER7K(100 mL X 2)PERATHUAH, JoKBRIREN T4, i
JE, JEWORE A, R AE AL 69 g H 100 mL &
IR L HEF AL HE, 15 %) Fmoc-Gln(Trt)-Arg-OH 62.5g, IX
Ol 81.5%. mp. 161.1~164.3 °C. TLC: R;=0.3,
V(EtOAc) : V(Hex) : ¥(MeOH) : V(AcOH)=10 : 10 :
1 : 1. HPLC: A (0.1% TFA/ACN), B (0.1% TFA/H,0), 30
min 10%~90%, 23.31 min. ZliJ¥ 95%; ESI-MS m/z: 767
(M", 100).

3.3.3 4 A& Fmoc-Gln(Trt)-Arg-COONB (B-3)

# 60 g (78.3 mmol) Fmoc-Gln(Trt)-Arg-OH - 500
mL = U, KN 140 mL T-4() DMF Al 14.4 g
(94 mmol) HONB, i Bl fE v ATJgeds, VKb &1t
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AW, TR AT 21 g (101.8 mmol) DCC (1)
DMF (30 mL)¥# ¥, TLC WM. 29 8 h Jim, itjEkr2:
AN, JEW N VA Fmoc-Gln(Trt)-Arg-COONB ]
DMF ¥

3.3.4 4% Fmoc-GIn(Trt)-Arg-Arg-OH (B-4)

# 15 g (86.15 mmol) H-Arg-OH F19.87 g (117.45
mmol) NaHCO; % T 80 mL ZE1E/KH, BT v n 31
A Fmoc-Gln(Trt)-Arg-COONB (1) DMF %,
FRELBEFE, TLC MM M. 25 15~20 h JE, FZmE
W% 100 mL, MR ECA 20% K78 IR K S W
W pH {E® 2~3, BM/K A 300 mL, ] EtOAc 5
MeOH AL 4 0 1 FREWAEEL(100 mL X 3), HFl
FrEhK(70 mL X 2)PEEA N, ToKBREN T4, I8,
VW A4, 13 2IRLAN(Z) 45 g), H ZH#(100 mLX2)
B AL, AR A Fmoc-Gln(Trt)-Arg-Arg-OH
29.1 g, WCHE N 40.26%. m.p. 108~111.5 ‘C, HPLC: A
(0.1% TFA/ACN), B (0.1% TFA/H,0), 30 min 30%~
90%, 17.93 min. Z{iJ¥ 93.7%; ESI-MS m/z: 924 (M, 40),
923 (80).

34 REMAR
3.4.1 4% Fmoc-GIn(OTrt)-Arg-Arg-MBHA Resin

WA 10.0 g Rink Amide MBHA Resin 1
100 mL DMF, 23R g 30 min, {78500k, fisgkr 2
DMF, M 80 mL 20%[#/kAE/DMF %5, & 10 min,
fh9E, T 80 mL 20%[WWRIE/DMF ¥, KA 20
min, €, 4% H i-PrOH (80 mLX2)f! DMF (80
mL X 3)WWEGM IR, AR5 ) SO 2 oI 140 mL V-5
V(DMF) : ¥(DMSO) : ¥(NMP)=1:1: 1, 27.7 g Fmoc-
GlIn(Trt)-Arg-Arg, 4.06 g HOBT, 9.64 ¢ TBTU #14.97 mL
DIEA, A SRS F =iV, 0.05 g/mL e =i/ L7
W IR S 2 AR, 295 h, g, 439 i-PrOH (100
mL X 2)FVE A V(DMF) ©: (DMSO) : V(NMP)=1 :
111 (100 mLX2)pEsm i, g, 153 Fmoc-Gln(Trt)-
Arg-Arg-MBHA Resin.

342 4 & Ac-Glu(OtBu)-Glu(OtBu)-Met-Gln(Trt)-
Arg-Arg-MBHA Resin

{254 Fmoc-Gln(Trt)-Arg-Arg-MBHA Resin )%
Nagt, A 100 mL & V(WRKE) @ V(DMF) ©
V(DMSO) : VINMP)=1:1:1:1 /% 10 min, filiJE,
FHIMA 100 mL A V(IKEE) © V(DMF) : (DMSO) -
VONMP)=1:1:1:1, RN 20 min, Hhi3€, 5%
i-PrOH (100 mLX2)MIEG ¥ V(DMF) © V(DMSO) .
VINMP)=1 :1:1 (100 mLX2)ZEERNE. SR ) J v
oA 140 mL & & ¥ V(DMF) : V(DMSO) :
VINMP)=1 1.1, 22.5 g Ac-Glu(OtBu)-Glu(OtBu)-
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Met-OH, 5.43 ¢ HOBT, 12.85 g TBTU, 6.6 mL DIEA, %l
SARPTR B, 0.05 g/mL B =R/ Z R A g
WAL, £13.5h0, HilE, 737 H i-PrOH (100 mL X 2),
V(DMF) : ¥(DMSO) : PINMP)=1:1:1 (100 mLX2)
F MeOH (100 mLX3) ¥k ¥k W iR, #ldE 14, 753
Ac-Glu(OtBu)-Glu(OtBu)-Met-GIn(Trt)-Arg-Arg-MBHA
Resin.
3.4.3 &% Ac-Glu-Glu-Met-Gln-Arg-Arg-NH,
7R Ac-Glu(OtBu)-Glu(OtBu)-Met-GIn(Trt)-Arg-
Arg-MBHA Resin [F5E5 A 60 mL V) F1 V(TFA) :
V(Phenol) : V(ZEF k) @ V(7K) @ W(Tis)=83 :5:4:
305, EildEHE2.5 h, g, KIEHOINA 300 mL ¥ LTk
W, M e, g, YA ZBEHVERE AR50 mL X 2), 75
FNNIEMHL 7.6g, 284 i BOR AR % 440 [A (pH
8.5 MeOH), B (pH 8.5 H,0), 5~45 min, 17%~27%f /&
VEMR), WOkt 5.83 g, IR 65.58%. m.p. 202.7~205.7
‘C, HPLC: A (0.1% TFA/ACN), B (0.1% TFA/H,0), 25
min 5%~65%, 7.85 min. 4l 98.38%, [a]p’ —43.74 (¢
0.88, CH;OH); 'H NMR (400 MHz, D,0) d: 4.38~4.30
(m, 1H), 429~4.18 (m, 3H), 4.14 (dd, J=14.2, 8.1 Hz,
2H), 3.16 (s, 4H), 2.58 (dd, J=13.1, 6.7 Hz, 1H), 2.54~
2.45 (m, 1H), 2.38~2.29 (m, 2H), 2.21 (dd, J=14.9, 7.5
Hz, 4H), 2.07 (s, 1H), 2.05 (s, 4H), 2.03 (s, 1H), 2.00 (s,
4H), 1.98~1.92 (m, 3H), 1.92-1.86 (m, 1H), 1.82 (s, 2H),
1.75 (s, 2H), 1.61 (d, J=6.0 Hz, 4H); IR (KBr) v: 1710,
1270, 3270, 1650, 1410, 3170, 1540 cm™'; ESI-MS m/z:
889.5 (M", 100), 890.45 [(M"+1), 50], 445 [(M"+1)/2,
401, 701.9 (30).
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