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Scheme 1  Flow chart of continuous flow liquid phase synthesis of polypeptide
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1.2.1 Z-Pro-NHEt( 1) 5 g( 20 mmol) Z-Pro-OH 3.24 ¢(24
mmol) HOBt 4. 62 g( 24 mmol) EDC « HCI 700 mL EA B; 1. 67 g( 24 mmol)
65% ~70% 700 mL EA A; 4 mL/min

70 C 10 min. 2 mL/min K,CO,

( 5%) 4 mL/min;
( / 5:2) 5.035 g Z-Pro-NHE( 1)

90.9% m. p. 101.3~103.6 C « '=-41.0°(c¢=1.0 AcOH).
1.2.2 Cbz 700 mL. ZPro-NHEt EA ( 10 mL/min)

( 0.55 MPa) (16 ¢ 5% Pd/C 20 mmX
250 mm) 0.2 MPa :

HPLC H-ProNHEt EA

1.2.3 13.2 g(21. 72 mmol) Z-Arg( Boc) ,-OH « CHA 100 mL
EA 1% HCI( 50 mL) ;
5.0 g(26.06 mmol) EDC « HCI 3.5 g(26.06 mmol) HOBt 700 mL EA B
H-Pro-NHEt 700 mL EA A; 4 mL/min A B
70 °C 10 min. 2 mL/min
5% K,CO, 4 mL/min
( / 2:1) Z-Arg( Boc) ,Pro—
NHE( 3) 90.3% m. p. 56.8~60.2°C « ;' =-34.2°(¢=1.0 AcOH).
1.2.4 ( Scheme 2) .
2
700 mlL ; 9.7 g(21.72
mmol) Z-eu-OH * DCHA 5.28 g( 19.91 mmol) Z-Ddeu-OH 11.0 g( 19.91 mmol) Z-Tyr( tBu) -OH *
DCHA 5.88 g( 19.91 mmol) Z-Ser(:Bu) -OH 12.3 g( 19.91 mmol) Z-Trp( Boc) -OH * DCHA 9.62 ¢
(18.1 mmol) Z-His( Trt) -OH  4.76 g( 18. 1 mmol) Z-Pyr-OH; Cbz

( CHA) ( DCHA)
: Na,S0,
25.7 ¢ 76.1% HPLC 92.4%.
Mass fraction of
ZProNHE — 2 PVCE R pro-NHER Sl S i Z-Arg(Boc):-Pro-NHEt
1 , (2) Mass fraction of 3% K:COs s

——_  Z-Pyr-His(Trt)-Trp(Boc)-Ser(tBu)-Tyr(fBu)-I)-Leu-Leu-Arg(Boc):-Pro-NHEt

Mass fraction of i

5% Pd/C & H» . )
——— H-Pyr-His(Trt)-Trp(Boc)-Ser(tBu)-Tyr(fBu)-D-Leu-Leu-Arg(Boc):-Pro-NHEt
18

TFA:TIS:H,0=95:2.5:2.5(volume ratio)
H-Pyr-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt

19

Scheme 2 Synthetic route of leuprorelin

1.2.5 V( TFA) : V( TIS) : V( H,0) =95:2.5:2.5 lg
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10 mL 3 h;

. 13.3 g 60. 8% 90% « ;'=-31.2°(¢=1.0 AcOH)."”C NMR
(600 MHz DMSO-dy) &: 14.99 15.09 21.68 21.77 21.95 23.35 23.42 23.62 24.40 24.58
24.91 24.96 25.62 27.82 28.53 59.54 29.73 33.80 37.07 39.65 40.59 40.96 41.17
47.21 50.62 51.34 51.90 53.44 54.15 55.41 55.69 56.01 60.13 62.05 79.64 127.84
128.03 130.42 135.29 136.51 110.38 111.66 115.38 118.64 118.85 121.24 124.08
156.34 157.75 170.09 170.42 171.27 171.47 171.66 172.03 172.33 172.68 174.31
177.88; IR( KBr) #/cm™': 3411.50 3285.00 2957.68 1637.57 1545.61 1456.91 1246.15
620. 85. 1.

Table 1 'H NMR and ESI-MS data for compounds 1—3 and 17—19°

Compd. '"HNMR § ESI-MS  m/z
1 7.36—7.31(m SH ArH) 5.21—5.07(m 2H CCH,0) 4.31(d J=7.0Hz 1H CH) 3.54—  277.14 M+H *
3.23(m 4H NCH,C) 2.36—1.88(m 4H CH,CH,) 1.05(t J=8.4 Hz 3H CH,)
2 4.10(t J=7.8 Hz 1H NCHCO) 3.24—3.10(m 4H NCH,) 2.27—1.80(m 4H CH,CH,) 143.22 M+H *
1.05(t J=7.3 Hz 3H CH;)
3 7.38—7.33(m SH ArH) 5.1(m 2H CH,0) 4.55—4.33(m 2H NCH) 3.71—3.24(m 633.54 M+H *

6H NCH,) 2.37—2.02(m 4H CH,CH,) 1.53(m 2H CH,) 1.5(s I8H CH,) 1.28—
1.25(m 2H CH,) 1.09(t J=7.2 Hz 3H CH,)

17 2021.10 M+Na *
18 1865.09 M+H *
19 8.60—6.61(m 23H ArH NHCO Indole—H Imidazole—H) 4.58—3.97(m 9H NCHCO) 1209.63 M+H *

3.66—3.45(m 2H OCH,) 3.18—2.71(m 12H NCH,) 2.28—1.33(m 18H CCH,
CCH) 1.03—0.75(m 15H CHj,)

* 'H NMR conditions for compound 1 were 400 MHz and CDCl; for compound 3 were 600 MHz and CDCl; for compounds 2 and 19 were
600 MHz and DMSO-dg  respectively.

2
2.1
2.1.1 H-Pro-NHE¢( 0. 02857 mmol/ml)  Z-Arg( Boc) ,-OH
(0. 03428 mmol/mL) ; 2 4 mL/min
10 min 1:1.2 30 40 50 60 70 °C
50.4% 57.2% 87.9% 98.7% 100%. 2
,70C .
2.1.2 60 C 1:1.2
40 20 10 8 4 mL/min; 80 mL 1 2 45 10 min
46.4% 59.4% 76.3% 87.4% 98.7%.
2.1.3 60 C 4 mL/min
10 min; 0.00714 0.01428 0.02857 0.05714 0. 11428
mmol /mL 0.00857 0.01714 0.03428 0.06857 0. 13704 mmol /mL
98.2% 98.7% 98.7% 98.5% 99.2%.
Chz EA .
0. 02857 mmol /mL 0. 03428 mmol /mL .
2.14 N N-

( DMF) . .
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70 °C 4 mL/min 10 min 0. 02857 mmol /mL
1.2 100%.
2.2
N Chz
5% K,CO, Chz
EDC « HC1 HOBt EDU
2 .
5% K,CO, 1:2 2 mL/min 5% K,CO,
4 mL/min.
30 °C.
Table 2 Comparison of washing in the reaction caldron and washing in the microchannel
Efficiency of one wash in Efficiency of one wash in
Entry Amino acid
a reaction caldron( %) a microchannel reactor( %)
1 Z-Pro-OH 100 100
2 Z-Arg( Boc) ,-OH 32.5 56.4
3 H-Arg( Boc) ,-OH 100 100
4 Z-.eu-OH 100 100
5 Z-D-.eu-OH 100 100
6 ZTyr( 1Bu) -OH 35 52.2
7 H-Tyr( :Bu) -OH 100 100
8 ZSer( 1Bu) OH 100 100
9 Z-Trp( Boc) -OH 20.2 31.6
10 H-Trp( Boc) -OH 100 100
11 Z-His( Trt) -OH 8.2 15. 4
12 H-His( Trt) -OH 100 100
13 Z-Pyr-OH 100 100
2 Z-Tyr( tBu) -OH Z-His( Trt) -OH
Z-Arg( Boc) ,-OH  Z-Trp( Boc) -OH Cbz
23 Cbz
Cbz Pd/C
Pd/C
40 °C 1.0 MPa
4 h ;
5 mL/min 0.3 MPa 0 MPa Z-Pro-NHEt Cbz 39.4%
: 10 mL/min 0.55 MPa
0.2 MPa Z-Pro-NHEt Chz 100%; 20 mL/min 1.6
MPa 0.5 MPa Z-Pro-NHE Cbz 76.2%; 10 mL/min
0.55 MPa 0.2 MPa 3
3 Chz
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Table 3 Continuous flow hydrogenation efficiency
First-round Second-round Third-round
Step Peptide
efficiency( %)  efficiency( %) efficiency( %)
1 Z-ProNHEt 100 — —
2 Z-Arg( Boc) ,Pro-NHEL 97.3 100 —
3 Z-deu-Arg( Boc) ,Pro-NHEt 91.4 100 -
4  Z-D-Leudeu-Arg( Boc) , Pro-NHEL 89.7 100 —
5 Z-Tyr( tBu) D.euleu-Arg( Boc) ,Pro-NHEt 94.1 100 -
6  Z-Ser( tBu) Tyr( tBu) -D-Leu-deu-Arg( Boc) , Pro-NHEL 92.1 100 —
7 Z-Trp( Boc) Ser( tBu) -Tyr( tBu) D-dLeu-Leu-Arg( Boc) ,Pro-NHEL 82.6 100 —
8  Z-His( Trt) Irp( Boc) Ser( tBu) Tyr( tBu) -D-Leudeu-Arg( Boc) ,Pro-NHEt 33.5 76.2 100
9 Z-PyrHis( Trt) -Trp( Boc) Ser( tBu) -Tyr( tBu) D-dLeu-Leu-Arg( Boc) , Pro-NHEt 79.6 100 —
24
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Fig.1 HPLC and ESI-MS( inset) spectra for the synthesis of leuprorelin

a. Before washing with 5%( mass fraction) K,COj;; b. after washing with 5%( mass fraction) K,COj;; c. after deprotection by

hydrogenolysis; d. solidphase peptide synthesis; e. continuous flow liquid phase synthesis. Peak 1. HOBt; peak 2. ethyl
acetate; peak 3. toluene; peak 4. Z-Pyr-His( Trt) -Trp( Boc) Ser( tBu) -Tyr( tBu) D-Leu-Leu-Arg( Boc) , Pro-NHEL; peak 5.

H-Pyr-His( Trt) Trp( Boc) Ser( tBu) Tyr( tBu) D-LeuLeu-Arg( Boc) , Pro-NHE; peak 6. crude peptide of leuprorelin.
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3
N 70 C 0. 02857
mmol /mL 10 min 100%.
70 C 2 mL/min 5% K,CO, 4 mL/min.
( Chz)
0.55 MPa 10 mL/min 0.2 MPa.
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High Efficient and Green Approach to the Synthesis of
. . . . +
Leuprolide in Continuous-flow Microreactor
LI Shijie  YANG Yang CUI Yingying SU Xianbin®
( College of Chemical Engineering Nanjing Tech University Nanjing 210009 China)
Abstract A high efficient and green approach was repored for the synthesis of leuprorelin which is a

nonapeptide analogue of gonadotrophin releasing hormone( GnRH) used to treat a wide range of sex hormone—
related disorders-based on a continuous-flow system. Benzyloxycarbonyl( Cbz) —protected amino acids were used
in this approach and coupling reaction was carried out in micro-channel reactors efficiently followed by
extraction to remove impurities. A rapid and clean deprotection of Cbz then successfully achieved through
hydrogenolysis via a column packed with Pd/C catalyst. This approach enabled the stiochiometric amidation of

peptide chain elongation and catalytic deprotection hence the consumption of raw materials were dramatically

reduced. This new strategy will find more application in peptide manufacturing.

Keywords Microchannel reactor; Leuprorelin; Continuous<flow; Liquid phase synthesis
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