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Continuous Flow Liquid Phase Synthesis of Thymopentin Using
Fluoride-labile Hydrophobic Tag

LIU Dongmei, XU Yuanqgiang, XIA Chao, ZHENG Jingjing, SU Xianbin"
(College of Chemical Engineering , Nanjing Tech University , Nanjing 210009, China)

Abstract A novel fluoride-sensitive carboxyl protecting group, 2-phenyl-2-triethylsilylethanol (PTESE) , as a
hydrophobic tag was designed and synthesized. By integrating it with continuous flow chemistry, an efficient and
green synthesis of peptide drugs was achieved in a microreactor system. The proposed approach employed ethyl
acetate, a green solvent, to replace the environmentally unfriendly solvent N, N-dimethylformamide, thereby
avoiding its potential reproductive toxicity. Chz-protected amino acids were used for coupling reactions, and rapid
and clean deprotection wvia hydrogenation was accomplished through a continuous flow palladium-carbon
packed column, effectively circumventing the dependence on piperidine, a controlled substance required in Fmoc
deprotection. Using this approach, high-purity thymopentin (crude purity>98%) was synthesized rapidly and
efficiently. Compared to traditional solid-phase synthesis methods, this strategy reduced the Process Mass
Intensity (PMI). Additionally, the orthogonal protecting group PTESE can be removed with fluoride reagents,
offering a new approach to synthesizing fully protected peptides, with significant potential in green, sustainable
peptide synthesis.
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B ELRREEZ5 Al . TR SIS . ARl 6 R A TRV RL ST , WA 2
Tt H A L AR T b 2 6 T B R HOWE ™. LG A I R IR A5 i
AT IR TR B PR . A A Iy B 500 L 2 R A B HIBE T A0
BRAE S 5 | SO BOUEIE IS L, (L Ak AT R, 5 BLBEACHOC I 8 R SR Tl
MR P TR LA A A AR 22 42 1L (SPPS) A A £ WL (LPPS) .

Merrifield % JF % () SPPS J& FI AT Tll 732 B A 2 1k 2 s . FA AR TG0, 1 Sl i
B 70 55 T A B S8 FL LA — 6 50 Wi 5 R R . 001 T AR 25 0 8 5 (Wang 4
B Rink 8 1571 CTC RO 45 ) MO BeRG  FL  oROURE I 96 TG0k T ) 5 SPPS AR AT 3R o
. 0T BRNEIEAT 58 4 . 0 7 2 A RO UM | (IR B BR3P B 502 B P
SPPS {15 . T I I i it T o B DM R T WLV L %R A, 42 BLAT M, R AF
L5, AT SR ML 2R 7. B RBESE TR BRYE , BFE A B TF % T B0 R 45 i Bt
IS R IE | Wk B LSRR S 22 A BT T 2 R T 3 O R e O
FAUHNE | KA TR, WA TR . AT , SR B (R T - AT
i AFAERETRCRAR | K BB R 5 A S5 2 WA k. PRLIRG FUR 31 A st .0
RIS 3R FFL 5% 0/ T 52 8 D (RIBE R R M RO BTG A T RSB AR (3 0 2
MR T2 M2 T WS A AR TR AT (LT SRR G, B i
ST 5 4% FLACR L 3B T3 RO A IR B, IR T2 VP, S M IR 6, PR B ) T
I

 BE M2 B A L B A A R L 5 B R TR L AR 4, 303 J2 9t S 2
K B2 AT 22 K 2 — B ROAT S5 2 AR , 231 A KPERRAS I R 70 T i
o T VA2 S AT AR BT AL TR T RS 3. BK R A RO A 2 1 2y
SRR, BFFEA B ELIF 2 T 5 C OB ACRRA5 [ Scheme 1(A) RS T BL P B0 IS T 22 B
WAL AL 0, Chiba %5 B T —FVR PR BRI MR YRR K PERRAS  TEWAIA TR b 2R
Ak SRR )7 RSB T B AR IS . Qin % T FF R T —Fh A AR AR Ay LRRHY C R
SEH . Yamamoto 45 FF 5 ROREREG K BRAEE— -85 1 ZIAEAT LI AL P IOV ARYE . JATE . Tk pRas
OB A A AE = 2 R CTFA) R T AT, % F IR IR 59 A, W T HeAe
WA R 2 B 3

HELEE R PR LA RO P S A RN | 3o AP L B 5 TR ST 7E 22 B A
SRR P UK. Pentelute %5 i 170 1 S0 F et i 30 A 2 A Jy ik (AFPS) , 45184
BT R A T 7 5. 5 PSS A AT L R R0 s , I o , IR
WL VA 40 RE Bt EL 555 SPPS it B o 22 (20~1005%) , o PB4 € 19 T 4545 FR R e 95
Fuse 45 Ji3H 1 7EBGHLIE 7 157 31 S0 ST BRI RAG Jr ik . JFIE— 5 MBI S Aol R
LA BRI L PP R T YRS R, T AT AR S B RP  BR FE SE1E

AR SRS K P B0 0 YR 22 A 5 3 0 B 2 B RS A L SE L T ORI o 2
BRI . TR 4P T A3 B A 2 B A . BV T — BT RO T R A ——2- 2= 2
SR 2, (PTESE) £y U R 9 C 33 45 3 1 [Scheme 1(B) ). 107 2 H A U 50 15 42 (4 54
RERRPE | B B A P ELAT B T2 0 2t S B 0 K 5 T P B . 44 i
SEVHOA TP T — RIS Tk PR 45 W HE 20 22 B A B T 2 [ Scheme 1(C) ). % T 2RI
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A) Structures of selective reported tags (B) This work: fluoride-labile hydrophobic tag
OH OH \_ Si/ _/
OH
®)n CsHyr CsHy ©/\/
CeHyy- S &
R=—0CsHy, n=3 ) I, Cofly PTESE
R=—OC22H47 n=2 #Hy CeHy . . .
7 ) : /" Acid/Base/Hydrogenation resistant
: Chiba Yamamoto Qin : /" Fmoc/Cbz/Boc compatible
& Hydrogenation instable & Acid-sensitive & Fmoc-chem. only ! +/ Enhanced hydrophobicity

(C) Schematic of the development of continuous flow liquid phase peptide synthesis(CF-LPPS) system comprising coupling,
extraction and deprotection units

e Coupling unit------==-===--===msmomemeoooooo : jremmmnas EXIraction umit -~~~ -ommoo 5
i Coupling i :
Glass microchannel ! Extraction
10 mL/min reactor ;

Glass microchannel
reactor

Activated amino
acid solution

Cbz-AA-OH(1.05 equiv)
HOBt, EDC-HCI(1.2 equiv)

Liquid-liquid
phase separation

Aqueous waste:

10 mL/min Organic phase

10 mL/min products

C
5% K,COs

NH:-AA-PTESE(1.0 equiv)

protection unit

Organic phase
products

Extraction o3 Deprotection

Packed-bed
reactor

Glass microchannel
Liquid-liquid reactor

phase separation

Aqueous waste 10 mL/min

D
5% K,CO: |

Scheme 1 Representative hydrophobic tags and instrumental flowchart of CF-LPPS

1 SEIGERS

1.1 KFIENEE

KORHFEEA 1,8- " H A —IR[5,4,0]+—4-7(DBU) , 43#rét, b sa MRAAb RS A BR A ]
4-Z AR S R . — CHEREE . S TBEIR 1Y 2 5 8 ([ (CHLCN) ,Cu ] PFy) A1 PY IE T 3 G5 1k 4%
(TBAF), 43#r4li, EWE A MR A R T 5% (5RO AR . =R (TFA) . =N
FERELE(TIS) AN 2,27 -(1,2-2, ZFBEAAR) WL BEE(DODT) , 43#ral, Fifgphn T 5045 RA /5 ok
M5 (MeCN) | Jo/K Z S e (DCM) | JEoK U S kR (THF, H,0 % f#<5x107) AR (2. 5 mol/L
solution in THF) , i3 B /K A= AL BHEAT R A Al 5 JCKBRIR B (K,CO;) . LR TR (EA) . LB Ak
(PE) . N-N'-—F S B itz (DMF) FH B (MeOH) , 204k, [6 2442 B AL 255 FRA 5 Chz (3774
PR . Fmoc (R & FERR A 4- — H 2 FE0k e (DMAP) , 43#r4t, Figas /R RA |l 1-(3- —H 2N
) -3-Z Femk W ER R £ (EDC-HCL) . N, N'- 3 & 3 flk — W % (DCC) . N, N'- RN I 2
(DIEA) . N, N- 59 3 % (DIC) Fl 1-32 360K FF = (HOBU) , 43 A 4li, R R AE PRk A B
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NGB

DRX500 400 MHz BIAZ i 24 I 154 (NMR) , 7 [E Bruker A 7] ; Agilent 6540 Q-TOF %Yy 5 135 5% ]
{L(LC-MS) Fl Agilent 1260 Tl & 0B A (A3 (HPLC) , 35 241823 7] ; Wooking K2025 R = SR AH (4
TEAL(HPLC) , 35 Hg M RE ARSI H RS F AR A FRAA W 5 RE-201D BUjiek 28 &4, B AR A HIA U E A IR
NHE]; YZFLAB ROV BN G AL, il A ARSI AL 38 AT BR AN 7] 5 Zaiput SEP-10 BUR -1 43 25 4%, £ E
Zaiput 23 A .
1.2 KIidiE
121 BAAFZPTESE W & A% — M@ R B N AR B EAILE B — KR LR
LA, BRI Si—O F1 Si—C A8 DU d BGE I REERA TR 3> T RERT A LB gk v . kAR
2-(ZHUIERESL) 2P (TMSE ) /2 — Fieas UL Ay R S5 R 4 36200 2 56 A Ay 06 o 36 ol P D OE T 6 Rk
(TBAF) 7E DU Wk i b B4 SR1T, TMSE F 40Tt/ SEOTHK 82 . AR SCGE 5] AZREIf:
MO RS, AT 2- R0 -2- (= OB ) ZRE(PTESE). 5 TMSE AH L, PTESE J@ it
AR P R K TLM’E%JE&EE@%%%{%TF%%ni%ﬁ‘&ﬁ@cﬁﬁiﬁﬁ7kﬁ’§. PAZR 2, 1% H i 0 46 D
BE, AT P52 PTESE, IR 1751 AL, BRI AN Scheme 2 F .

\_31/ \—Sl

o™ @N m ey

3 + CbzTyr(Bu)-OH —I - 0

Qo

Scheme 2 Synthesis of PTESE and attachment of the first amino acid
a. 4-Acetamidobenzenesulfonyl azide, DBU, MeCN, r. t., 4 h; b. [(CH,CN),CulPF,, Et;SiH, DCM, —10 ‘C,3h;ec LiAIH,, THF,
0°C;d. DCC, DMAP,EA,r. t.,1.5h.

EEW G R 2R LR H R (3.0 g, 20 mmol) ¥ A AE 100 mLIG/K ZHEHT, A1, 8- A4 =
[5.4.0]+—Hk-7-% (DBU, 4.56 g, 30 mmol ) fll 4- Z, it 2 FE PR I & & (7.21 g, 30 mmol) , =i Tt
N4 b, N SERUG , R AERR R NI TR R 06, A 75 mL R L BEFR R, A& b s
WA R, GHAPUH, FITOKBRRREE T . ISR R 28R AT )2 alifh , 158 3.25 o 41 IR A
ED, WH92.2%.

E&YI 200G W R RS TR DY 205 57 ([ (CH,CN),Cu JPF, 0.32 g, 0.85 mmol )% ff#1E 50 mL
JoK & B, A= 2 B ERE (3.96 g, 34.06 mmol ) 5 $55 1 K2 iR K20 °C, KR AR AE 30 mL JC/K
AR B RAEA P 1(3 g, 17.03 mmol ) 38 1 7 A B A SOS IBRH A5 SN TR A —10 “CI
dh. W TERE , OV IR A A 2 M a5 5 3. 98 ¢ LA iRk &4 2, K 88. 4%.

G 30 E L Kb G H12(3.82 g, 14.45 mmol ) ¥ f#7E SO mL JC/K DU WG, 1l S L
0 CLAF, 1) i ik th 22 S Ak 5880 (11.56 mL, 28.9 mmol) , 58527 1. 5 h. R 5E UG , A
15 mLAG AL B IR 2 kS . G0 e 4 b 2 DU K IR J . FH 50 mL R R AR I3 IR, A I HL
A0, FATCKBRIREE T8 . DB LRI 28 R FIAT 2 M 4l Ab A5 21 2.98 ¢ LIRS 3, K3 87.2%.

149 4 194 B s B+ Chz-Tyr (¢Bu) -OH - DCHA (10. 18 g, 18.42 mmol) I& fi# 1£ 40 mL 2R Z.Tig
A 4- — B & Lk g (DMAP, 0.09 g, 0.74 mmol) I N, N'- 3 & Jep — W% (DCC, 3.53 g, 18.42
mmol) , Z IR FIFE 15 min J5 , IIAVEFRLE 10 mL ZFR 2R P L5497 3(2.9 g, 12.28 mmol) , 4KEE 5

4
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2 h. RWSERUE , MRS KIERZEI 3 Ik, AP, FIJOKBRRREE T . B AR %1%
AR EMralifb i3 3] 6. 58 ¢ LOWIRIL G4, KCE9I1%.

1.2.2 B K4 % PTESE % By 3% 22 % A & R IR Ak F B T RK X & B iR 28, LG JL /R ) 41 o0
NH,-Arg-Lys-Asp-Val-Tyr-OH, HA 3858 A\ A40 M ez hse, 15 e i /E . HEre s n A
FARIT I8 M ST RN F S e PR , [ B AET e AL O A vh i HAT RAFAIRCR . R B K
B4 PTESE 4 B % 22 0 2hB0RE 5 UM i AR B§ 42 Al Scheme 3 IR .

Pd/H,, 1. t., 5% K,CO; aq.(mass Cbz-Val-OH, 5% K,CO; aq.(mass
. fraction), r. t., 12.0 s ( EDC-HCI/HOBt, r. t., 9 fraction), r. t., 12.0' s
Cbz-Tyr(/Bu)-O @ 2835 fon), . £, 1 NH.-Tyr(Bu)-O @ AR Loty
Deprotection Extraction Coupling Extraction
4 5
S <&
Q
S
) C % ;
/ % / Pd/H,,r.t,283s
Cbz-Val-Tyr(tBu)-O | Tag Cbz-Arg(pbf)-Lys(Boc)-Asp(OrBu)-Val-Tyr(/Bu)-O | Tag .
< & Deprotection
6 KN & 7
%, &
4 Q@Q
TBAF(4 equiv)

DCM, r. t., 30 min

NH.-Arg(pbf)-Lys(Boc)-Asp(OsBu)-Val-Tyr(/Bu)-O @ a - NH:-Arg(pbf)-Lys(Boc)-Asp(OsBu)-Val-Tyr(/Bu)-OH
cavage Tag
8 9(99.5%, 13 steps)

TFA/TIS/DODT/H,0(92.5:2.5:2.5:2.5, volume ratio)
Cleavage

NH:-Arg-Lys-Asp-Val-Tyr-OH
10(98.8%, 14 steps)

Scheme 3 Continuous flow liquid-phase synthesis of Thymopentin

GIER TG AL B RR IR0 e 4 A SRR 73 VA A2 20 mL ZFR Z B TR, A 1-(3-H 3
PIHE)-3-2. Jhk — W e h Wk (EDC - HCI, 4. 8 mmol) Fl 1-¥2FE5EJF =k (HOBt, 4. 8 mmol ), %1 FHiHk
15 4L 30 min, 5.

iy e K1) 3 252 9 VAR A < R T AU 7 O 1.0 MPa, K% Cbz-Tyr (1Bu) -PTESE (4, 1.18 ¢,
2 mmol)JA T 20 mL ZFR 2B, VA 10 mL/min i E AR G a P S5 &8 ARG, FEASEG LML
FI R EE 70 A S0 MR B Chz 22 HT, 53] NH,-Tyr(1Bu)-PTESE(5). 43545 SO 3% 4 5 mL/min, 5%
(50850 K,CO K VA TR A 10 mL/min 5 HEE A B ZEBAIT , 20 I-T 57 2540 40 158 MM RIKR
WA WU R RN B, RIS LAY Cbz-Val-OH (0. 53 g, 2. 1 mmo)) ¥VRAE R M A, 435Ik 10 mL/min
) SHCHE S IO VR A LS VR B 3R A TG T8 S o 2 H E A AR I, 45 3] Chz-Val-Tyr (¢Bu)-PTESE(6). Fifi
J&i W NIRRT TOK AR B R ARG, A DL FAARGERE . Zad Z BB AR, Ak
T4 Cbz 1 PTESE #5425 (19 9 i T K Chz-Arg(pbf)-Lys(Boc )-Asp(OrBu)-Val-Tyr(:Bu)-PTESE(7). ##1k
YT AT ROT R AR BE A 8. M U IE T AR AL (TBAF) 78 — S bl il i 1b 5 8 It
BRI ARARZE PTESE 526549, INAZL# I TFA/TIS/DODT/H,0 AFREL 92, 5:2. 5:2. 5:2. 5) XM BE{F:
POET R, PR SE UG, FERRIR TP MK T, SR BT BOHL R 3600 v/min) A TITRE
B, B e AT, 153 1,02 g 0 [a] 4 B B O RRRR K16 & 49 10, W8 78%, HPLC 46 JE H
98. 8%. LA 1~10 A A4 AR I8 13 K i 50 DL AR SC 3 M B 1B S7~S28.

2 GRS

21 EERAMBTEGHMRL

SN e 3O AT R AR EATT | WA BT A S AR O T . (I T A 2 A
SRR AL O 38 S N e PR SO i . ORI 0T 316 LANGRANAE B% . o FRAE I 2
HRBSE FEAT AR . TSN 2% | HSRRSEL AT R -1 53 e i HAAR S B 28 1 i
211 1BBF#T AR LLNH,-Tyr(1Bu)-PTESE(5) MY, &8 Cbz-Val-Tyr(:Bu)-PTESE(6) K
BRS04 T AR IR S N 3k R P s ) SO i B RN R X B R AR s . R 2 45 LR,

Chem. J. Chinese Universities, 2025, 46(4), 20240544 20240544(5/9)
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Table 1 Detailed parameters of microchannels, packed bed reactors and liquid-liquid separators

Entry Glass microchannel reactor Packed-bed reactor Liquid-liquid Separator
Materials Silicon glass Stainless steel 0B-900 Hydrophobic PTFE membrane
External dimension/mm 152.4%152.4x11.0 D10x100 TTXT7X29

Volume/mL 3 7.85 0.45

Maximum pressure/MPa 2 — 2

Suitable temperature/°C -25—200 — <90

Filling material — 5% Pd/C catalyst; 6g —

Table 2 Optimization of continuous flow coupling conditions

Entry Cbz-AA-OH Solvent Temp./C Flow rate, X/(mL-min™)  Residence time*/s  Conversion’(%)

1 Chz-Val-OH DCM RT 5 18 >99
2 Chz-Val-OH THF RT 5 18 >99
3 Chz-Val-OH 2-MeTHF RT 5 18 78

4 Cbz-Val-OH EA RT 5 18 >99
5 Chz-Val-OH EA 40 5 18 >99
6 Chz-Val-OH EA 60 5 18 >99
7 Chz-Val-OH EA RT 8 11.3 >99
8 Chz-Val-OH EA RT 10 9 >99

a. Residence time in microchannel reactor; b. determined by HPLC analysis.

$i (DCM) | DS (THE) F1 2R 2 Fg (EA) H (B S i 55 AL 2635 K 99% , T £ 2- B 3 DU &k g
(2-MeTHF) 1l T2 BRI AT, T lb 2 BR (3R 2 1 Entries 1~4). R DCM HA BT 13 A1
IR R, (HABUSFER A S M IFAL IS, I H DCM A E—FpAR St (s 7], 938 h 2A 5808
P> THEF 57K BA —@ TR, SB35 . SOn i B % i 51 40 F1 60 °C,
IR RN AL R I KT 99% (3 2 H Entries 4~6). 7EJLE AT, 5, 8 Al 10 mL/min £5F T [ N fb %45
iKF]99% (3 2 H Entries 6~8). ¢ FRTIR, PuAb 5 (8BS N (75 . SO TR | 343 2 £ R s
Z AN 10 mL/min(F 21 Entry 8) , {HEKSOWVANTT 9. 0 s BPAT 581, HEALEEKR T 99%.

212 BEFETEERNL Ll Chz-Tyr(:Bu)-PTESE(4) NJEY), 4 NH,-Tyr(:Bu)-PTESE (5) {F Jyfé
M S 2548 T AR SO R B e . SR IR BE RN R . R 3G ERRM, ST, Wy
2,5, 10F115 mL/min i, KR #5453 51 99%, 99%, 99% F195% (3 3 1 Entries 1~4). A L, # K
FA) = B8 5 [R17E F1 I Chz, 45 BA ISP I i, S0 R ARG . el o B8 = TR B 40 F1 60 °C
EEALR IR T 99% (3% 3 11 Entries 5F16). A HEJIM 1.0 MPa3i in#l] 1. 5 MPa, X020 i 2 52
(F 3 Entries 7H18). TEFRF T TH , 24375 A F AN DU S0k Mg s, 52 g % AL 2R 43 31 99% F11 829% (3 3

Table 3 Optimization of continuous flow Cbz-deprotection conditions

Entry Flow rate, X/(mL-min™")  H, pressure/MPa Temp./C Solvent Residence time“/s Conversion’(%)

1 2 1.0 RT EA 141.3 >99
2 5 1.0 RT EA 56.5 >99
3 10 1.0 RT EA 28.3 >99
4 15 1.0 RT EA 18.8 95

5 10 1.0 40 EA 28.3 >99
6 10 1.0 60 EA 28.3 >99
7 10 0.5 RT EA 28.3 91

8 10 1.0 RT MeOH 28.3 >99
9 10 1.0 RT THF 28.3 82

a. According to the weighing method, the porosity of the filled packed-bed reactor is 40%, and the reaction space volume is 4.71 mL2");

_4.71 mL(reaction space volume in the packed — bed reactor)

X 60.

Residence time was calculated from the following equation: T/s —
flow rate(mL + min™")

b. Determined by HPLC analysis.

Chem. J. Chinese Universities, 2025, 46(4), 20240544 20240544(6/9)
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1 Entries 9 F110). £ EFrA, N ORIEMEIRAE ORI FOTHE S, D010 S ORI S 0 i i | U
I3 REFIEE R 43528 10 mL/min, 1. 0 MPa, EIRAI LR OB (3 H Entry 3), BRI NANTE 28.3 s
BIRT 58 p, HFEALAK T 99%.
213 HSERBETAEHMA  FEBRERIZEEN G ME RS ER, X —HfITFERERE
Tob R R SO Y 2 B R AN IBE R . e, (IR 1-(3- T B A ) -3- £ Bk — O e Eh R ER (EDC -
HCD) A1 1- 325283 =1k (HOBU) B /K IR, BEdd R e B 2, Rt S v 32 22 SERR e
N AR IRGRIRACR . 43 BRI [R S DR3P 0% Chz CRAP A 2R IR , 3 2k % 58 53 W s < 25 BURD 3%
SRR AR BT R A WUAHBES T3 Arxt b, A6 T A AR i 2 SRR Y 5% B

FALERFW], (o 8 SN % % SR eSO W AR TR e 0 W e <L, XTI EE TC o S i 24
B2, AW 2R 3 IRA R e bR 25, TR S i 22 B K AR/ HUAE (ARFREE 1:1) TR AT 58 424k
W (R 4% Entry 1), X MV BE ORFP 3 1 2 BE IR MR I BR 2 A DRIE , 8 3l VR Ts <1 R 08 3 UOdE
PLSE4BR 2%, TR FH 3% 2 26 IGH o 39 FOK ARG , 815 A ALAH S5 7K AH AR EL 1:2) BRI AT 58 Bk LA HL
FAH A BERR (32 4 T Entries 2~4) 5 b, "R ELORIP ARG 20 MR AN 2H 202 oh T BE CR 47 B 10 03 545
MR, BA—E MGk, Toit e 200 S i e % S A2 U A MERR 25 (3R 4 T Entries 5716). 3215
R, ORI 1 2 LR PRI SCR B 2 92 5 (32 4 1 Entries 7 F18). Kk, ORI 5 M ZEBGEFE AT LIAT
RICHE B A 58 4% 22 B 0 3 i SRR R AT R 2R X5 B BE R 52 . 25 BITIA i S AR U AV
B, T HERASCRIZ = T oW 1, SR AU AR LG 1:2, FEGGE I8 SO e AT 12 s BIVAT 58 iR

Table 4 Comparison of washing effect

Residues of amino acids in the organic phase®(%)

Microchannel washing flow rate ratio

Entry Amino acid Washing times of separating funnel®
(reaction liquid vs. washing liquid)

1 2 3 2:1 1:1 1:2
1 Cbz-Val-OH 34 1.3 0 1.1 0 0
2 Cbz-Tyr(tBu)-OH 8.9 3.1 0.7 7.1 0.2 0
3 Cbz-Asp(OtBu)-OH 10.2 3.9 1.3 8.0 0.3 0
4 Cbz-Lys(Boc)-OH 10.1 4.2 1.4 6.5 0.2 0
5 Chz-Arg(Pbf)-OH 17.4 10.5 4.2 225 11.3 3.7
6 Cbz-His(Trt)-OH 18.5 11.4 5.4 19.4 10.1 2.4
7 NH,-Arg(Phf)-OH 6.7 1.7 0 25 0 0
8 NH,-His(Trt)-OH 8.5 2.1 0 2.1 0 0

a. Determined by HPLC analysis; b. entries 1—4: EA: 5%K,CO, = 1: 1 (molar ratio) ; entries 5—8: EA: 3%HCI = 1:1(molar ratio).

2.2 [EME. ELEREEE KRR RRRIEE T b

43 13 3 [ AH 22 KB i (SPPS ) FH%E 223 sh A 2 IR L (CF-LPPS ) 5755 % T 2 mmol M AR LK
PR RS T3R5, @ E, SPPS SE A — MK L PRI . BRI R PR I PR 1~1. 5 by
M2 e e SRS, CP-LPPS AT 2 1~2 min, B FHILE T 2 MARCE . 1A, HET
SPPS %8 S 1% A H R F 3 8 3~5 f5 4k, CF-LPPS (458 4 B BOBRNU /D T A7 A, 38 7R+
SRV, RREAR T RIRON, B T A . ISCERE , SPPS I CF-LPPS —FAH>Y . AL A= ™
HIFEHT , CF-LPPS 55 K MEFREE A 45 &0 o A BRalifb 3 FR s (15, TR P B 5, MRl Ak
FERRAE T {E A

Table 5 Results of thymopentin synthesis via SPPS and CF-LPPS

Method SPPS CF-LPPS
Purity(HPLC) 92.5% 98.8%
Yield 80% 78%

Chem. J. Chinese Universities, 2025, 46(4), 20240544 20240544(7/9)



Jd E% 5Ky g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:gﬂii/t\,t

23 Bt . EERREAES KRR

PLA 1 mol B TR R 45, 43 B 4T T SPPS I CF-LPPS RYMIENEAE (£ 6). CF-LPPS R /N1
Bi K F54E PTESE 248 T SPPS Hr il F ARG A . SO AR - BIARIR R i A7, b 1 0 o 2 2
i MBI (TR, EINAF A SR b 2A T Reak kL& . ILAh, CF-LPPS i F R hinégk (A 3R R 1 &
R CHEAE Ry, AR T ARG b A AR A MG DMF. PTESE ZEBRME: | Bllt: A & 214 F 831
WA ENE, il it Che RS AL A, 4 F T A6 20 A0 A0 R 3 FE A AT U AR B S, A T
SPPS ' Fmoc 75 28 T B4 AL 22 SR BE AR ] . 258 B, ZE 2 G b, R Bl IN: T8 K bR
25114 CF-LPPS Fb SPPS JEBLH B 3 A 45 BRI R F2a50 v, ANOUb 1 50RO (3 o, 3 T 5 Jim
RGN RS0, (R T e b nTREa kR IF I, Ry Z KA R T — Rl e Sy IR R &
NS AR

Table 6 Materials consumption for thymopentin synthesis(unit: kg)

SPPS CF-LPPS
CTC Resin (1 mmol-g™") 1.00 PTESE 0.24
Fmoc-AA-OH 8.09 Cbz-AA-OH 2.76
Coupling reagent 4.23 Coupling reagent 1.82
DMF 269.18 EA 1.80
Piperidine 491 Pd/C 0.006

24 TREREEEHEXTLE

1 258 E (Process mass intensity, PMI) &Mt 2E 7 T A4 B LR R I B 2480k, & OMBEANE
FERE AR R TS A AR R CELFE AR BRI B R B R S B AR RS A E Y. PMI{E
fiX, RINZA Bk AR, TGSk ik .

PLA 81 mol g i TR A9, 23 BIA%5E T SPPS Fil CF-LPPS 764 U Be i) PMIEL (8 1), [R5/

TALA Y4 WU PMI G A7 T X He . 255300, 00—
CF-LPPS (1] PMI{E A% T SPPS /Ny T AL & W) & _ 700
L R R T PV B0 C R %2, 72 3 & o
A T DME R SRR A S E
AR S . HOW BRSO, AT AR 22
ARSI T E S0V, FES TR 23 200
(IR, 24 b7 A~ U BE PMIAE Y 70%, FL DMF " 100

EL MR P A2 5 A LR (ECHA) 81 Sy 1 B 6 1 4 ikt 0
(Substances of very high concern, SVHC) , HA WAL
FORED, XS . A, SPPSAERIAH L
g Hfe P ok Y R R R B 3R 2 L PRIz
17§ CF-LPPS ) ER N Z —.

HHZ T, CF-LPPS 45 & B /K VbR 2 & S sh ik HOR , &R 1 R AR i TH A€, Jre B
HE B R A PR B A R TR, $RTE T 2 RGBS KT

SPPS CF-LPPS  Small molecule

Fig.1 PMI comparison of SPPS vs. CF-LPPS vs. small

molecule synthesis

3 & it
Bt TR R BUK HERR 2 PTESE, JH45G ESam s b =8OR, JFR TR ESan sh £
KRG ARG, AL RO E T | SERAE B ORI AT | ol A ORI AR > B A . Rk

SEER T R IR AR S AR A AR, MK 4l A >98. 8%. SAESE AN Z KA i (SPPS) #H L., PTESE #5:2%
B e FH A GRS T XA IR AR, S D AEIARIR 2R i A T, D T AR SRR 1Y DMF B2 #53
FWRNE B, TR T EREET5 5 . SR DU T 3G fb 8 (TBAF) St bR isi /K AR 25 PTESE, [R]ASA
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SR IR EE R M BE PR P 5L, T ASRAT R IP IREE , #0817 IIE S ORI K PERRZE R I 25 10] . e, d
IO SRR ARG W PRAP R A T S W 25, I S I (R 4R R 22 9. 0 s, MEORAP S I I (1]
28.3 s, HELZEHUPRIRIIE] 12. 0 s, FIIEREADNEEERR AU AR AT 1~2 min, BORHFETH T 2 KE AL
AIRCR . A SOTIEAON KRR @ Z RGP0 & AR B T —Mop %, R 4R dr I B & g
BT — Rl , X2 IREG ) Tl A Al f522 K i BT E 5
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