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Synthesis and condition optimization of key intermediate for ripasudil

CHEN Cheng', QIU Kang', DING Hao', WU Weifeng’?, WANG Fangdao®, LU Qun'”*

[1. School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China; 2. Chemvon
Biotechnology (Shanghai) Co., Ltd., Shanghai 201202, China]

Abstract: Key intermediate (S)-3-methyl-1-tert-butylcarbonyl-1, 4-diaza cyclic heptane (1) for ripasudil
was synthesized from intramolecular Mitsunobu cyclization reaction of intermediates, which was treated with
tert-butoxyformyl (Boc) for secondary amine group protection and obtained from substitution reaction of
3-amino-1-propanol with L-2-amino-1-propanol, which was treated with o-nitrobenzenesulfonyl chloride for
amino group protection and o-nitrobenzenesulfonyl group protection was later removed by dodecanthiol in
the last step. The improved process, with reducing manufacturing time and easier operation, led to total
yield increased up to 46.4% and chiral isomer impurity HPLC content less than 0.1%. This improved process
had been upscaled for pilot production.

Key words:. ripasudil; chiral homopiperazine; L-2-aminopropanol; process improvement; fine chemical
intermediates
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—KLL N-RUT 8 I 2 e M IERHY ) g 238
WEE, M FERS . W RBCRIL, Fral
FEARE , AR TR A ; 53 —JERHBR)-3-{[(1R)-
1- 4 LK PR LA TR IR, (R)-3-& & TR
L-2-28 3 1- P 0 OV PR IR T Ak b Okt 18
oF Fig FE WM AL 2 KR , IR A AR Y, Hod,
L-2-2 3E-1-IN B B 15, B R 28 &) H A 2%
IV 25 T i 3 6 4 BRI JRORE o 1K R RE T

HN NsCl, NaHCO; NsHN

PPh,, DIAD HN Boc,0, K,CO, BocN
e HCl ——— 225

" OH — > ;!
THF/H,O
I (76%) (91%)
: E OH ——»
:
NsHN "~ THF K/WS
I\ (40%) )

AR SCAE H AR 2L HH 245 1) 6 B i 26 il b 6 7 24
HE, RH NsCl ¥ L-2-23&-1-NEE, A T2
I R, BB, EIR T, S
HIABUT S (Boce ) XTLGWIV I g1 7444,
P47 Mitsunobu MG, Wl A i, SR ER R

NMM, MsCl NsHN
CH,CL,

BT AR A 3 35 506 W B B 4 . — Pl R R AU
(Cbz) MRy & Y, @i SIZ TN S\ X
DESIR, EAEEALIEBR O 3, s ) —Fh LSRN IR
it Bk 58 NsC1 M OWE 3 4 58, % IR A1 Y Mitsunobu
RIS IR, PP TR . HaX 4%

FLRN LRI, B 6 BN, L-2-2 k- 1- AT
BTG, SECRIR T AR R 19%, 1K
ARG, JEA BN F FT/R (NMM A N-F JER B
MsCl A H i i 5 ; DIAD M A —H iR — S W ):

PhSH, K2c03B°°N’A‘}
\\.ﬂNNS CH,CN K/ H
Ty (86%) N I
)+ A A A LA R B AR A i AR A R R
By, DEATAREY SRR EEIL B AT A
X T2 L-2-28 5 - 1- N B AT R OR3P, 460 T
GRS, AL T TEEAE . DU e [
F b fbA= . BABSZRUTT (Py SILRE ):

EtOH/H,0
(87%)

HZIEIS) ol Npi)(jl» NsHI(\TS) KOH_, (S)FONS —-> ﬁNNs ] Tl NSHN"@\H/\/\OH
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v 13’?0 !

1 LIGES

11 RKFI 5N

L-2-24R-1-9 . NsCI (im0 4 95.45% ).
3-HE-1-NE . —RKEEE (PPhy ), A HIR 5
G ( DIAD ). kR —#U T HE [ (Boc),O J. Jr;
filE, Tolkg, iﬂﬁﬁiﬂﬁ%ﬁt JAF] /\%‘ﬁt

FI [ 25 4 ML Jﬁ[‘ﬁ/\l vl Bk
BRSOk %wﬁfﬁﬁb, FRU AT AR ZE AL B

RY-1G fé%,ﬁw %?i%i‘tﬁ‘ﬁ%a&%%ﬁﬁﬁ’&ﬂ ,
RAZIE ); ZNHW- T BB 5 e R A ( L7 IE
I BRA T ); SWG-1 THEYEAL ( FHRS & R2=AL
MABRAF]); BH HL20 SRR G ( HAR
HY#E/AF] ); CHIRALPAK® AD-H 4 ( H 7 Daicel
Chemical Industries 23] ); Varian INOVA-400 MHz
A% g A PR P 35 (fE2E Bruker A Fl ); TSQ
Quantiva I Jfi 354 ( 3 [ Thermo Scientific 23 F] ),
12 BEHAE
1.2.1 (S)-N-[1-(3-F A A& ) A be-2-K]-2-7 L K

mEmele (V) 8946 m%
B L-2-FF-1-9EE( 1T )(30.0 g, 399.4 mmol ),

MEiE (66.4 g, 838.7 mmol ) HKYKHIA 2000 mL =
R, EOIA S 5 500 mL, 7K T NsCl [
& (194.8 g, 878.7 mmol ) 43 3 WhNA, FRHEE
ANt 5 °C, ROVAREE S SeAe vk FHidE S0 10 min,
35 CTR4kZE I 8 h, £ LCMS TG J5 k)58 4%
KR SERE, vKIB PR ZE-10 °C, A 3-&3E-1-14
i (61.1¢g, 814.0 mmol ), #h7E "4 H % 500 mL,
Ny P41, FHINA K,CO3 B3 A (190.1 g, 652.2 mmol ),
PREFE-10~ -5 C NN 4 h, RMWEERE, g,
VEWH 200 mL L1 NaCl f’mw*% 2 &, oK
Na,SO, T4, EW IR, 155] 101.4 g kgt
HPARPIIV, W% 80.0%. IHNMR i K] 5 SOk E —
1, '"HNMR (400 MHz, CDCl5), §: 8.30~8.03 (m, 1H),
7.94~7.61 (m, 3H), 3.76 (m, 3H), 2.97~2.71 (m, 4H),
1.71~1.59 (m, 2H), 1.10 (d, J = 6.7 Hz, 3H).
122 (8)-(3-# ¥ 4 )-[2-(2- 78 3 K s e e 3k ) 7 L]
AAFTHRRTE (V) 896 m%

BN (76.2 g, 240.1 mmol ), K,CO; ¥}
#(39.8 g, 288.1 mmol ), 150 mL PUSWENH | 150 mL
KIAZE] 1000 mL = FUfiH, O 0~5 °C, %



510 ] %3

B, S B HLUROCHE B MR B T A A

© 2157 ¢

B 100 mL (Boc),0 (55.0 g, 252.1 mmol ) KUk
WP, TN SE e R, EIRAkER N 6 h, [ 4
HE T, KIZHCROHEE (50 mLx3) #HL 3 1K,
EIFA LA, JoK NaSO, TH, I8 ki, 145
] 93.8 g TRE IR V , % 93.6% . 'HNMR (400
MHz, CDCl3), 6: 8.11 (s, 1H), 7.85 (s, 1H), 7.73 (s,
1H), 3.83 (s, 1H), 3.52~3.48 (m, 1H), 3.27~2.13(m,
4H), 1.69 (d, J = 19.2 Hz, 2H), 1.45 (s, 9H), 1.20~0.94
(m, 3H),
123 (8)-3-F H-4-[(2-# A ) st L -1- T A
HE-1LA-ZREHER (V) 896K

BEEYIV (90.0 g, 215.6 mmol ), DIAD (523 g,
258.7 mmol ). 1400 mL J&/K PUE KR ITA 3000 mL
ZEUH, N ORI, RONVIREE 0~5 °C, 4 3 IRINA
PPh; (67.6 g, 258.7 mmol ), #RI5EEESE, TEUKI
TN 4 h, WA, RS 2T, A 150 mL
LR CBRAN 250 mL A b Bk UEAT 45 5, B S AR AR R
PR EOR A, s, IRk ZE TS B AR,
IRPEATEZE N, hlE, 50 CHURTHE 4 h, 155 673 ¢
HAA AP VI, R 78.2%, m.p. 112~114 °C (3
MRIE: 113~114 °C); HBEEIE[ald = +105.0° (it
HeJF 1.0 g/L, CHCly); 'HNMR (400 MHz, CDCl3),
5: 8.06~7.93 (m, 1H), 7.69~7.60 (m, 2H), 7.58 (d, J =
6.0, 3.1 Hz, 1H), 4.29 (d, J = 3.9 Hz, 1H), 3.90~3.75
(m, 1H), 3.70~3.53 (m, 2H), 3.25~3.14 (m, 2H), 3.10
(m,1H), 1.94~1.70 (m, 2H), 1.43 (s, 9H), 0.93 (d, J =
6.7 Hz, 3H). 'HNMR ¥ 5 SCik 4238 — 5”1 . MS (ESI),
m/Z: C7HysN;0,SNa [M + Na]*, FEE{H 422.1362, 5
AE 422.1386,
1.2.4 (S)-3-FA-1-RTAFTBA-14-ZRERXE

(1) 898

7E 1000 mL = FJRHIMALSV (78.6 g,
196.8 mmol ), 400 mL ZJiF. T K,CO; ¥ K
(104.1 g, 787.1 mmol ) Fl+ il (152.4 g,
787.1 mmol ), THEF] 80 °CZI 16 h, [ 45 )5,
g, FEER, BEEAEET, A 400 mL K,
Fl 2 mol/L HCI ¥ pH & 3, Z W ZMEH
(200 mLx3), FEAHZ, KZMAKH K,COs
WA pH £ 9, H 4R LFE#HL (200 mLx3), &Jf
AHUAH, JoK Na,SO, T4, WUEHk4i, 145 36.09 g o
AR AR EN A = 1, e.e>99.9% [ HPLC:
CHIRALPAK® AD-H #(4.6 mmx150 mmx5 pm), ¥l
P 280 nm, IR VAECKE) @ VETIRE 8L
2% HERY O BE)=T + 3, A 25 °C, PREE A
x=27.9 min J, Y& 85.6%. HHECE [a]y =+8.7 (&
HYREE 1.0 g/L, CHCl3); '"HNMR (400 MHz, CDCl;),
5: 3.70~3.59 (m, 2H), 3.26~2.91 (m, 2H), 2.74~2.50
(m, 2H), 2.46~2.38(m, 1H), 1.80~1.68 (m, 1H),

1.58~1.51 (m, 1H), 1.42 (s, 9H), 1.01 (d, J = 6.8 Hz,
3H). 'HNMR %5 3CHkR 18 — 2%, MS (EST), m/Z:
CHxN,0, [M+H]", Hig {4 215.1681, SZ{E
215.1680.

13 IZWMAREE

B L-2-2(FE-1-98 (11 ) (1.00 kg, 13.3 mol),
MErE (2.20 kg, 27.8 mol ) JKYKMNA 50 L 3% 55 2 Ji
Z, B S L e, VKB TR NsCl Ik (6.48
kg, 29.2mol) 43 3 KINA, NREAEL S °C,
8 h, FEIRZE-10~0 °C, A 3-Z3-1-PEE( 2.51
kg, 33.3mol), #5815 L M EE, FAIA K,CO;
¥R (2.97 kg, 21.7 mmol ), {#FF7E-10~5 °CF X
N6 h, fhuE, JEWEEWRE, 153 3.37 kg fEE A
RV, IR 79.8%.

BALEIV (3.37 kg, 10.6 mol ). K,CO3 #AR

(1.75 kg, 12.7 mol), 5 L PUERKIE. 5 L /KINIA
20 L gERg e mi 28, SOWIREETE 0~5 °C, N5 L
& (Boc),0 (2.41kg, 11.1 mol) ¥ PUS WEIHIAR,
FRN 6 h, HESTE, KIZHLMRE (50L)
W, BIAYUE, WORRS, 58] 4.12 kg 1R
FEAMERYV, IR 93.1%,

P&V (2.06 kg, 5.0 mol ), DIAD( 1.20 kg,
6.0 mol ). 30 L Jo/K DU Wk fin A2 50 L 3% 5 5 ij
i, N R, VIR 0~5 °C, 43 3 KA PPh;

(1.80 kg, 6.0 mmol ), [ 4h /5, RN5ELE,
MBI E R ZE =T, A 8 L LR ZBEFA LR
BEF (MR CTER) - VOAED)=1 : 2], 455bk%
Al=o, ek =T, HKEITES S, 155
1.53 kg B EAMIAVL, I3 78.1%,

1620 L 3 e 2 om A& VI (1.53 kg,
3.83mol ). 15L ZJiF . TH&H K,CO; B (1.58 kg,
11.4 mol ) A+ i M (2.32 kg, 11.4 mol ), JHEF
80 °CI i 12 h, KWIRIUE, USRI ERY: 21,
i pH=3 # HCI #if¢, LIROBRFEI, SFEAPZ,
TKJZFH 088 10%A9 NaHCO; i BE 15 pH £ 9,
MM OB, GIFAPUE, Wk, 145 696 g
TCETHRIBAARRI A =4 T, 1505 80.0% . SIS HE 46.4%

2 GRS

21 SERZEMNUEHNVEEAZN

JH NsC1 47 L-2-% - 1-INEERT,  H AR D41
245 AR AE 1Y T 2 A6 55 58 NaHCO;5 254 F BEAT BB
TRAp, ARSCRBL, AR T ROV AT 15 218,
ORI, 5 HARIEWORA 2500 . AR SCRIL, il
JH b WE A Sy S TR 5] B s 1 T T [ B A e B, Y
n(NsCl) : n(MERE) © n(L-2-24FE-1-EE)=2.1 : 2.1 : 1
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W, PREURA (Ma) 2iH5%, Bk oA A e 4 I
AT — A P AR A NSRRI A E (e )
(i LC-MS il 2 bl & B, m/Z . 243.05
[M+HT"), 5 3CkiaE —2 " i E e s
AN B, B b T4k S 3 k- 1- NIk AR R
BB A2 GV . RINRER L 2-(S)-H
ST BHL A A7 78 0] LAFE ] 3-28 2 - 1- P B 2 B R B

H,N NsHN Ns.
28 o NCl YO o Nscl { NSy ons
VA Py > Py yan
I Ma b

RNWERR LA A SN2 RGP TR
B, PRGN, SO AL 1R

L, AT EAFX T L-2-85-1- N
MR HEAT R AP, o L-2-2 - 1 - s ) S L DR I
JOE T 3% Fk- 1- TN B IR SR S B AT — ik S
A ARSIV, (B2 A i B A R R
YN a. fEP IV BRSNS R By antel 2 FioR

=) K,CO;, NsHN
_,{ DI:I;NS SN T@I}\II/\/\OH
Mc HZN/\/\OH

B1 AR R E R TR Y 1L 5 0 IV ) S BB

Fig. 1 Reaction mechanism of synthesis of IV from N-nosylaziridine

NsHN, NsHN
%%@kIﬁN\/OH mr?$\¢\0H+ b% N~~"0H
© K,CO H )

e R v Va

B2 GHEWNERTYNVa
Fig. 2 Synthesis of compounds IV and by-product Va

ASCUA R L-2-2 3 -1- TN B 58 49 R A=y IV
RO, BEE T OB . BFTE] BB AT
TR 28 T 5 o7 WA 3 B s
211 RO iR B AR B R AF IV & 69 % e

SN FE X IVIBCR 2 ma UL 1. R 1 AT LA
B, RO IRLEE X ] A IV USSR A 2 A 7 A A

R, RS, RIFEYIVa ST, SRR
it 0 CH, Bl Va W E3 2 K, E%E-15~-5 °C
Ry 38 BN i B o

1 RN BE XA S W IV IR B R

Table 1 Effect of reaction temperature on yield of compound [V

HPLCV & &/%

MREE/°C W /%
|\ Ar=YVa
-15 96.5 2.4 89.7
-10 95.4 2.5 89.0
-5 94.7 3.1 87.1
0 90.1 3.1 83.2
5 85.3 9.6 79.4

WORIE B A . 2R A5, 4 h MR
A ]

2 ROV DA IV ISR 5

Table 2  Effect of reaction time on yield of compound IV

5[] /h W%

24.0 89.7
8.5 89.0
6.0 87.1
4.0 86.8
2.5 79.4

e ROV EERH-10~—5 °C, HAl i &R 1,

212 3-RA-1-ABERAETREN A F ey 25t
IV ilk %84 % v

3-G4 - 1-PBE FH A XL G W IV IR 1 52 i UL 2%

3. NE3IATLIEW, s 3-2 - 1-AE A s,

AV IR AW T, Y n(3-2HE-1-NEE) -

n(L-2-54 - 1-A DM 2.5 « 1, fbE IV IR

TGRS . F, B8 n(3-23E-1-NEE) : n(L-2-
HIH-1-NEE)=2.5: 1,

3 3-EH- 1IN AL G IV R 1 5
Table 3 Effect of dosage of 3-amino-1-propanol on yield
of compound IV

e KRR L-2-FH-1-79EE (1.0 g, 13.3 mmol ), It
ME (2.3 g, 27.9 mmol), NsCI (6.4 g, 27.2 mmol ), S H &
(20 mL ), 3-ZJE-1-NBE (2.0 g, 27.1 mmol ), K,CO; (3.0g,
21.5 mmol ), LW} 8 h; MHPLC 4h#T 5% M @iH: Ci
(4.6 mmx 250 mmx5 pm ), FBNHHA V([ 0.05 mol/L BEFR = 4H 2% i
W(BERIH pH=7.5)] : V(L NH) =10 : 90, Fi# 1.0 mL/min, K
WK K 220 nm; @4rBUCR, TR,

SR TS A5 0 IV R G e DL 20 3 2
PRIV, SO E X A IV SRR AR, &
N 4 h JE SRR ETE 86% LA I, ARSI i 52 g s [R]

n(3-RIE-1-NBE) @ n(L-2-%00%-1- N %) W%
15:1 77.2
2.0:1 81.6
2511 84.9
3.0: 1 85.5

e B O3-EIE-1-NEEA L-2-20 - 1- N EEROR R RS,
HoAl S F A RIR 1

THEF B XL S VORI LR 4,
MWFE 4 T LIEL, BEERF AN, k&N
WRA BN, fEME-4 8 20:1 (mL : g,
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Wb, BHE 3-Zk-1-N8E ) pyEal b,
iEFR B, (S IVIBCRIETHEUN . £ 75 8
JEASFICR, AUREIRRE L 20 = 1 BEAT BN o

4 TEW RGP IV IR R R
Table 4 Effect dosage of dichloromethane on yield of

JRCHE N o SN R AR, BN RE S48, iR 0 °C
L L, SRTRAL R SR 0 °Co

F5 UV R R U S I e VIACAR B 52 )
Table 5 Effect of reaction temperature and solvent dosage
on yield of compound VI

compound [V YL /°C WOkHH-B/(mL : g) W% /%
R -4/(mL : g) W% -5 10.0 : 1 64.2
15:1 75.4 0 10.0 : 1 65.8
20: 1 81.1 5 10.0 : 1 60.4
25:1 81.9 10 10.0 : 1 50.6
30: 1 82.1 15 10.0 : 1 41.9
e BRI R AT S, HAb RN SRR 1, 0 50:1 55.5
0 150 : 1 70.3
22 MERERPERNFRREZG LGNV 0 200 : 1 72.1
I = {22 M 0 25.0: 1 72.8

JE T A58 VJEFT Mitsunobu & [, X
fpRE3EFT Boc A2, H. Mitsunobu & J i fr i
Y1 (S)-2- FH - 1-(2- il FE AR B B0 65 )- 1,4- AU 3F ot
MR IR BT 40%", WRHBAK . MR Mitsunobu
JEAC R BALEE , BR AR VILASE, 77 A i AR o
FE R ARG IR G R Y (Vb),
ALY DIAD BYISED =9 (Ve), Wik 3 frs.
JIF LAAS SO B A e GRAP Y , e X ke i 47 (Boc),0
49, HHET Mitsunobu G RN, WD RIE 9 AR
B, 4@ T Tk, B VR ER, 5 T
S S T AL, R AR

~ NsHN, r\l\\lj
BiF=¥ Nb o
NsHN NsHN,, N/\/\NJ\
v PPh, ?)/
- WV
vy
g .
()
H
= VI

Kl 3 Mitsunobu =4 J% o] 68 I &l 7= )
Fig. 3 Mitsunobu product and its by-products

Mitsunobu W 55 A8 AN, (BN 5 2%,
RN 2, BRA R N I B G BE AR R Rk S,
AT WA=, Kk, %7 Mitsunobu JZij
RERAER = CBOBHE-B, mL = g, Hp, W8
DU IR, BHEAEIV ) X VIBCREsZm, 255
W5,

MF s TLVE W, ME RV EENT S, Y
VI3 A 2 B AR 34, 02 ol TR EE 3G n 5 3%
Mitsunobu ¥ S H 43 (B 46 A 1 Rl R 38 2, 4%

T 4R V(1.0 g,2.4 mmol ), DIAD 0.58 g,2.9 mmol ),
PPh; (0.75 g, 2.9 mmol ), 2h,

M5 b T AR Y, R 59 D Sk g P g
i, A VICRASAC B ., (BAEWORLE-B
15 1 W, ZREEHEIRTRI R, i VIR
AR LR RASE RS, EEBOR -B
15 = VA REAL AT
2.3 BRRIFFIHYH I

JEL T 250 OV FH R 1 X 08 o S ik 1 B 3R 1 7
JBR , EAS AR A o SR U, R AR A
K, HIGHIREE, Wik, 7EARZRECRAEL T,
XEARG I AT T WEORIP SR RRIERT T R R
W 6.

M 6 MTLIE H, BRI TR A
PIA K B g R OIMRANAS, 2+ A B fE
BRI, ELR SN 56 4 i)+ R B A 5 el
A

# 6 AT RIS T BRI
Table 6 Effect of deprotecting agent on yield of compound 1

iR Ak B [ /h Ak R/ %
FH i e 6.0 H 69.1
R 2.0 H 80.7
R 1.0 A 79.6
+ Hi 4.0 ¥ 82.3

e AWV g, 2.5 mmol ), BiftH51 (1.3 g, 4.0 mmol ),
K,CO; (1.9 g, 4.0mmol), ZME (10.0mL), 70 °C,

24 TEZWiE

FKH UL EARACR N 451, n(L-2-2425-1-0 )
n(SBAYFE AR BE ) © n(MERE) @ n(3-EHE-1-TA )=
2.1 221012, igi# T (Boc),O /Y, HilT
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Mitsunobu ¥ N, 4 FH - B B4R R B 4R i JE 8
WAL AR50, AT T T gk, 3 sk
B 2= 1) (S)-3- H JE- 180U T 48 Bk 3 - 1,4- A 430
Bele (1) BEISeR 50 R 49.3% . 47.4% . 47.8%,
HPLC 4505120 99.95% . 99.93%. 99.91%, fixk
HPLC B8 &850 0.03%. 0.04%. 0.06%., 7=
AT A R B R CRRE R R 2y i M B B 2
i B PG (TR 25 5 s L T R FE R
W), € T P AR A 405 B bR, HPLC 46
£ 99.9%, HAARHT 0.1% ).

3 #it

AR SC R HE AL AL T B AT b IR &5 ] 44 (S)-3-
- 10T 480 R IR 3 - 1,4- R 2 BR B e 1 A B T
20, R L2- 2 - 1 - A E SR SO A 3-2 2- 1
BRSO N AT “—8TR” BRI RISV, 45
JE T RO B2kl i AR PR AP I T2, S5 Boce
XTIV B AT 47, B T Mitsunobu ¥4, i@
b PG 5 7 ek R 59 ) o B S N A A, D T AR
FEAE R, SRR+ R RS A G RS
JELBEAR AP AR  , H5(S)-3- T k- 1B T 4 FY 1 k-
1,4- R R BEGE i B ORI T2 0 19% 42
THE] 46.4%, FHLiER . Sik)E M TR
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