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Synthesis of Nesiritide via Ligation of Peptide Hydrazide
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Abstract Nesiritide is an important class of peptide vasodilator. It plays a significant role in the maintenance homeostasis of
cardiovascular and kidney. Nowadays, nesiritide is mainly obtained by biological methods including gene recombinant ex-
pression, which is relative time-consuming. In present work, the chemical synthesis of nesiritide was reported by using
(solid-phase peptide synthesis) (SPPS) strategy combining with the ligation of peptide hydrazides with high yield and purity.
Therefore, it was considered that the method presented here provided a convinced alternative for acquiring pharmaceutical

peptide in a large scale.
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Figure 1 The synthesis strategies of peptide thioester
(a) The synthesis of peptide thioester by O-to-S acyl shift; (b) the synthesis of peptide thioester by N-to-S acyl shift; (c) the synthesis of peptide thioester
by an external chemoselective reaction: (3a) the sulfonamide linker system; (3b) the 3,4-diaminobenzoyl linker system; (3c) peptide hydrazides linker

system.
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TE 22 K BT AH A 1 S 22 ORI I 2 S s vy 20K ) 5 ol
T Nesiritide, 5158 /= fhii AT T X LG, 2% & LT
Nesiritide HA7 AT, S Tk Kt E A iz
A T MR T,

HR5iHE
1.1 Nesiritide B9& X
1.1.1  #/f SPPS (solid-phase peptide synthesis)7 %
/& p%, Nesiritide H B
WA Nesiritide [WZIERRTHITRA TR IL N 3
Bro L, POk g RAESE T % B2 G U IE: BB
S1-G9-NHNH, (1a); 2 B C10-G25-NHNH, (1b); £
— Bt C26-H32-COOH (1¢) (K 2).
1.1.2  F)A % PRBLPH % 1% 45 Nesiritide /¥ 1a 5 1b
Nesiritide 1a £ PBS (6.0 mol/L Gn*HCI, 0.2 mol/L
Na,HPO,)ZZ M fif J5, f£—10 °C, pH 3.0 [I4:AF N &
AR AL, 193] 1a MBS Z07 W, BIMIX 3%
ZKHER(MPAA), i pH % 7.0, £33 1a IERE=Y). 1t
IR 1b AN BSOS, 23 #7788 HPLC Wl O, 2 h
Jo B n] 49 2)31E 8 77 1) 2a, iﬁii’éi%ﬂ)itlﬁzﬁﬁiﬁ HPLC **
FN 92%. 4% HPLC 70 BSR4, %1, H
534l 2a(/d 3) (ESI found 2586.4, caled for [M+H]:
2586.9).
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a) Nesiritide (32 amino acids) )CJ)\
Reduced _81-G25~ 'NHNH;
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b) 2b w3 o
4 41560
H-81-88-Gly-NHNH, Cys-F11-L24-Gly-NHNH, Cys-K27-H32—OH 867.3
1a 1b 1c
‘ NaNO,, -10 °C, pH 3.0 ‘ e N
lMPAA, rt,pH7.0,2h 6942
+6
H-§1-88- Gly - Cys-F11-L24- Gly—NHNH, 578.8 L/__
2a b
[NaNO,, -10°C, pH 3.0 Te00 . 1000
| MPAA, .t pH7.0,2h MW=3465.7

H-81-88 - Gly - Cys-F11-L24- Gly-Cys-K27-H32- OH
2b
20% DMSO in CH3CN/H,0 (1:1) l

H-81-S8 - Gly - Cys-F11-L24- Gly - Cys-K27-H32- OH
L |
3a

B 2 Nesiritide & F% 0%

Figure 2 The synthesis of nesiritide
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Figure 3 The ligation trace of nesiritide 1a and nesiritide 1b

1.1.3 Nesiritide 2a 5 1c¢ #9:% 4

Nesiritide 2a ¢ PBS 2% hii¥%ifit 5, f6—10 C, pH
3.0 &AM N A TARIR I AL, 35 2a MIHEES 2071,
FAMIn MPAA, 1 pH 2 7.0, 153 2a IBREE~4. SLi
4 1e IAEI SN L, A8 23 B 284 HPLC Wl e i, 2 h
Je BRI 45 2 B4 2b, W iR E A5 5T HPLC 7~
HHy 94%. (FFHEHI% HPLC 4» &G4, %+, R
FENAEE 2b, kS R ER 5 EEVIA (B 4) (BSI
found 3465.7, caled for [M+H]": 3466.0).

1.2 Nesiritide —FR#2 ALK
AT I BB HA IEMETHIN Nesiritide, w2
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Figure 4 The ligation trace of nesiritide 2a and nesiritide 1¢
MR A TTVEAEIOER B B BB, FATHE Nesiritide
2b H TS 20% DMSO WK/ LGV @ V=1 )R
i, P pH £ 6.0, F AT FIEAT RN, ROV 2 h 4oy
Hr 24 HPLC Il Jsokb o8 284k, 155 HPLC %28 95%,
I a0 &, YR, RIS 2205 Nesiritide 74
3a(/d 5) (ESI found 3463.3, calcd for [M+H]": 3464.0).
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Bl 5 Nesiritide S0 (xS E
Figure 5 Chromatographic comparison before and after oxida-
tion of nesiritide
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Figure 6 The comparison of synthetic nesiritide with commer-
cial nesiritide
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FH 1 3 PR B 21 3R 0K A BT VR R B B AT — o (1 PR
AT ST G5 2 IO ] AF A BB T ik — 2 e 2 I 32 2 S s
28 C uifi 22 NI JWF v 2500 4% 2 KRR, P55 N 3 Cys 2 Ik
VAR EI 4K Nesiritide. #E—20FIH DMSO Ffbiksk
B HATIEM B4 K Nesiritide. 3 i 5 @ kAL~
i R O AT R B A 2765 175 20 Nesiritide BT IEAf
(PG5, AR B i 22 KR IEE B 5 k] DL e
&% Nesiritide, Jy Kb THAALAEF=Z2R L KA T
FER.

3 XWEH
3.1 BB L5RA

3 HT A HPLC i &7 (Prominence LC-20AT), 4
B 6 3 448 |l Grace Vydac “Peptide C18” , 150
mmX4.6 mm, JWEKA 1.0 mL/min. 454N 8%K
214 A1 254 nm. Fifl4% HPLC 1] 53 (Prominence
LC-20AT), -l #8434 4 ] Grace Vydac  “Peptide
C187,250 mm X 10 mm, i # K FH 4.0 mL/min. &Ml
R 214 F1 254 nm. FBAH A R EAT 0.08% TFA
NG, Wsht B RHEH 0.1% 5 SER(TFA) K.
ST HPLC R CIEHREE D 2%~ 62%IF1HH B DI,
FEEEI TR 20 min. P48 HPLC SKH IFHREEA
2%~32%IMIBRFEVE R, BAEEINAIN 25 min. BR4FEE U
B, PR R4 A T 45 2 A 4l ).
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32 IWAHE
3.2.1 Nesiritide ik i B 698~
3.2.1.1  BEBEHAS 696 A%

FREX 1 g 2-CI-Trt(CIYB IS (B 2 1 mmol/g) T
G RN, ] 10 mL N,N-—F L ki (DMF)/ &
FEEMDCM) (V2 V=1 D)% K 10 min J5, $+, I 10
equiv. NH,NH,+H,0, 3 equiv. N,N- 55 A3k ZL[l%(DIEA),
M DMF 230G, SR 2 he RNE W, N
A 2 mL FEE4ES: SN 10 min. o, 40t DMFE, HIfE,
K, FRE, CWESy Ve, & F (250 Bl e e IR
FIEAREE M 0.67 mmol/g).
3.2.1.2 Nesiritide 1a 494,

FREX 150 mg BEIER G T-[EAH & B A8 4 mL
DMFE/DCM (V' : V=1 : 1) %K 10 min 5 i1, R)54%
HEARIENY Fmoc [EIAHA B2 K TT 154G ) Nesiritide 1a (4
equiv.Z FEMR, 3.6 equiv. AKIF = M-N,N,N'N"-PU FFEE IR
NTER 2R (HBTU), 8 equiv. DIEA. J NI [A] 2 45~60
min. & MN52J5, ] DMF, DCM, DMF %3t 5 7%, A
20%EIE DMFE ¥R W 12 min (2, 10 min %% 1 %), Bik
Fmoc {413, %58 K85, A 8 mL PIFEHAFI[88%
TFA, 5%, 5%7K, 2% =5t AHEREL(TIPS)] T2 ik
HREN, KN 2 h, EZIKMHIE EVIE, JEER e
PRI, B OIBICEREE TR0, T Ny 8, kY6
W, B a UK CBRTTE, B0, T2, A 6
#% 7 HPLC 4> 13 2120k (32 mg 43 77 % 35.5%).
3.2.1.3 Nesiritide 1b 494 %

FREL 150 mg BRI AR T [ AH & e P06 4 mL
DME/DCM (V : V=1 : D%k 10 min 5, fili T, SRJ54%
HEFRAER) Fmoc [EAH G 1822 K J772:5 B Nesiritide 1b (4
equiv.Z AR, 3.6 equiv. HBTU, 8 equiv. DIEA). [ [V Hf
I8k 45~60 min. V585, H DMF, DCM, DMF %t
5K, N 20%IREE DMF % V. 12 min (2 min, 10
min % 1 {R), WikE Fmoc fRiFEE. HIE5EIREES, A 8
mL ) ERRFI(88% TFA, 5%4M, 5%/K, 2% TIPS) T
ZIKAERAE W, KM 2 h, FZIKMHIE EDIE, R
MEEOR G HE A, FO)EBERE T B0, 1 N, 80f,
AR, B Ja UK CREDTE, 250, fHEDEIK. m&
4% 78 HPLC 43 3573 5040k (24 mg 7 857 %
14%).
3.2.1.4 Nesiritide 1¢ #94- 5%,

FREL 150 mg 2-CI-Trt(COF g T [ AH A& B A, il
14 mL V(DMF) : Y(DCM)=1 : 1 %K 10 min 5, 1T,
B 4 equiv. His, 8 equiv. DIEA, %Ml DMF % ¥ i B Jig,
BV 2h, ONSEJE, AN 2 mL FEEARSE N 10 min, 1

http://sioc-journal.cn/ 1455
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T, 1 DMF, DCM, DMF % 5 X, A 20%0KkEE DMF
N 12 min (2 min, 10 min £% 1 %), k% Fmoc 1%
PRI ARG H AR UER) Fmoc [ A& 5022 Ik 7 VE A %
Nesiritide 1¢ (4 equiv.Z L%, 3.6 equiv. HBTU, 8 equiv.
DIEA). J VI [A] 2l 45~60 min. 435245, A 8
mL ) ERRF)(88% TFA, 5%, 5%/K, 2% TIPS) T
ZIREHGE W, &N 2 h 2 KRR DR, Jf
IR B AN BE CR A HE AL, R D EIOREE T B0, N, Bt
W, IRGREW, o VK CREDTsE, B0, 2L, &
Ja A £ HPLC 7 2543 B 4IK(52 mg 7 2772
38%).

3.2.2 Nesiritide 4 Bif 4%

3.2.2.1 Nesiritide 1a 5 1b #yi& 4%

FREXL 1 mmol/L [ 1a (0.9 mg)¥% T PBS 22k,
pH % 3.0, T7—10 CF, MMA 5 mmol/L [¥)IV.AH M 5h¥%s
TR LAAR A 1 mL. 20 min Ji7 i1 A 30 mmol/L f£] MPAA,
M pH % 7.0, FFINA 1.5 mmol/L (¥ 1b (2.5 mg), 17>
12 HPLC Mol | Y, feoeaietbly 2a J5, il
HPLC 738, %1, 435 2a (1.1 mg 73877 % 44%).
3.2.2.2 Nesiritide 2a 5 1c 49:£4%

FREX 1 mmol/L ] 2a (2.5 mg)¥% T PBS ZZk,
pH % 3.0, T7—10 CF, MMA 5 mmol/L [¥) V.MM 5H¥%s
B LAAF A 1 mL. 20 min Ji7 i1 A 30 mmol/L ff) MPAA,
# pH % 7.0, FHIIA 1.5 mmol/L 1] 1¢ (1.3 mg), 43 #1%Y
HPLC MWl [, froe el 2b Ja, A3 il & 8
HPLC 708, %1, 155 2b (1.6 mg 73 B 775 47%).
3.2.3 Nesiritide — #4697 A&,

FREL 1 mg 1) 2b, %1% 17 20% DMSO (1) V(K) :
V(=1 D, 1 pH & 6.0, EWAM R Y,
R 318 HPLC MRl S . fe ikl se 4 qh, 1R
il 7 HPLC 28, gifbr=MitAvn T4, BA 240,
Nesiritide =4 3a (0.4 mg 2 2575 40%).

4B B (Supporting Information) Nesiritide 1a, 1b,
Ic, 2a, 2b, 3a BiuiliEedhs. IX Lk Rba] DL G 2 AT 1
i (http://sioc-journal.cn/) I~ #%.
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