% *ﬂs {& % DOI: 10.6023/cjoc1105252

CENCE
Chinese Journal of Organic Chemistry NOTE
1-RERIEW K Z2E Fasudil BIE& K
MEK X M ER&KC B #C BKas IR

(CRHERAU TR TR R 300072)
C REERF LRI G EOAR B KEE 300072)

WE e Uil R, S8l AN E S5O B UKAE T, 28] 1R B sk, WER 73.3%. L
Fasudil A ik}, SRR Ak, TEMFEREATIKATET, T PEER/K A &R P 528 P ERKIER, &
R Fasudil, HPLC 2B KT 99%, Sk 46.8%, MM T —4% 4R A BRI 1553 Fasudil AL Z
P2k,

KR 1-RKEERERL; A LA; Fasudil; F2%E Fasudil

Synthesis of 1-Isoquinolinol and Hydroxyfasudil
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Abstract 1-Isoquinolinol was synthesized from isoquinoline via oxidation, reaction with benzoyl chloride and water in yield
of 73.3%. According to this process, a method for the synthesis of hydroxyfasudil [1-(1-hydroxy-5-isoquinolinesulfonyl)- ho-
mopiperazine] from fasudil [hexahydro-1-(5-isoquinoline-sulfonyl)-1H-1,4-diazepine] was estabilshed in this paper. The proc-
ess undergoes effectively through protection for amino, oxidation, reaction with water in a water/dichloromethane biphase
system in the presence of phase transfer catalyst and benzoyl chloride and then deprotection. The objective product was finally
obtained in yield of 46.8% with a purity more than 99% (HPLC). It is virtually a practical process with mild reaction condi-

tions and simple operation.

Keywords 1-isoquinolinol; nitrogen oxide; fasudil; hydroxyfasudil

Fasudil (HA-1077)"1 3 44 /N & -1-(5- fiff B 3k 55 v
WK)-1(H)-1,4- 5% s sh e &k, & HurmE— BT Rho
WA EIF)R. I Fasudil (HA-1100)2.4% 1-(1-F5-
S5-I IL M) R URIEE, & Fasudil 1932 B4 AR ™
Y, ‘E S E L BFZ Fasudil 538, C288 04 4MITST Rho
BRI TR Rk Ak Fasudil
FIEI e S & . BT AR & R Fasudil (1)
BRI, KX 3L Fasudil ()& AT B A &

SR S AT A R R, B
MZEFRGEME, RN TEZ . RGPS H
Fasudil K33 Fasudil /& —JSEE A FEEMATAEY).
PATIAR) FH 5 RE A o8 15 0 ELBRAN (0 S s bk B2 - i 1-
Fe sk Sk, DU A R 2E Fasudil $24EKHE. 1983
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4, Harjit 20754 $ HUR S 5 PCls (31 PCls Be — 1K)
1E 240~260 C F eV 25 h AR 1-50 Mk, 5426 h
IKIRAE B8, RN AAT R R Z, ROV TR, I
HRECH 55%). 1992 4F, Alan ZEEI7ERF 5 A 2440 &)
(1) it ZKAF S5 B A B, S ERRAE 350 C R 3 d
AR DB (AT 2.5%) 1-FR Sk, 1% 5 N A
S0 SN, AH RO IR HBCR AR AR, 1990 4, Haya-
shida 25 H T A e S FE IR ) 52 W HLEE (Scheme 1)
IR RN B T 14 S s bk,

Scheme 1 FiRHLEESS TEHRA MRS &, BATKRILIE
FH 3] SRk 45 14 7 . 2006 4F: Daniel 2 e 508 R T
PR — IR 6 1) v TR) 20 B v R R A s 5.
Uk, BATEE T 1-FRIE bk 1) 45 B 2%, W1 Scheme 2
B, RICLSE ol 50k}, A R e bk i et
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AX = CICOOEt, TsCl, PhCOCI

Scheme 1

P H MR A 5 B 1R ek, IR %05 1
B HE Fasudil. %77 AR BT I B (0 75 2 1A 5%

SCERERAS, FUARE BOTVE U Scheme 3 TR,

N N
Con H  OH OH
2 3 4

AX = CICOOEt, TsCl, PhCOCI

Scheme 2

1 KRIES
1.1 MNE5RF

Jiit: 5 LCQ Advantage MAX; #%#%: BRUKER
AV400 i, VARIAN INOVA 500MHz %, TMS W5,
CDCl; 8, DMSO-ds; A fil%: B1%5 Agilent 1100
Series; & mAX: B5 YRT-3. SFEEB(E B MEFEIKENL
FEEBARAFR) . mURME(E B G A6 4040 T A B
AT SO SR R B o 5 RPN A PR
A RRIR ARUT BROW B R R B 2 RURHA R
Al AR HTER SO AR R A F]), HAbA A i3
H ST AR, RLAFE ERAE . A SRR Ik
ESabyEd1 S
12 1-BESEHKAG)BE K

B SEMERK(2.00 g, 15.5 mmol)#% - CH,Cl, (20 mL)
o TUKIE R T G 1) 2L bR I A TR S AR TR
(4.00 g, 23.3 mmol)f¥) CH,Cl, (30 mL)¥& W, )5 1=
NN 4 h OB 5% AR ER AN K R 2
JER WAL AR AU AR W A LA, ORI 2Rk BE(20
mL X 3), LK TH, EWRS, HIET(CR L
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Scheme 3

B E5AS 2.21 g ORI, O 98.35%.

BB R B EREFH(1.00 g, 6.9 mmol)iFT- CH,Cl,
(20 mL)H1, [ ILH NG DY T RS R AL (0.40 g, 1.2
mmol) 1 Z#(1.70 g, 20.7 mmol)FJ7K (20 mL)# K, %
Wor)ZE. HiFE R L, =0 N R AR
(1.87 g, 13.8 mmol), ST /RN 1 h. 73 EEAAHUAHE, K
AHH CH,CL, (40 mL X 3)AIN, A IEAHUAH, To/KoIRE:
Tl LUK, WedE, MR CIROER) @ V(A =
11517 85458] 075 ¢ AAFEEBRER 4, IE 74.49%.
m.p. 201~206 ‘C; '"H NMR (500 MHz, CDCl3) 6: 6.54 (d,
J=15 Hz, 1H, ArH), 7.09 (d, /=30 Hz, 1H, ArH), 7.50~
7.52 (m, 1H, ArH), 7.53~7.58 (m, 1H, ArH), 7.69 (d, J=
15 Hz, 1H, ArH), 8.43 (d, J=5 Hz, 1H, ArH), 9.92 (s, 1H,
OH).

1.3 5-FEMWEELETEL 2L (5)I S M

H SEHEIR(6.50 g, 50.4 mmol)i% T ZHE(100 mL), 7£
BUBERE R, T 0~5 CZAG LN 98% kiR
(5.50 g, 55.0 mmol), FHAHTH A E LA TUE, BT
CTEVRG, ST, 15 11.50 g (kAR feg
H 96.6%.

HUBRBERE T, 2 3 UK 50%I1) KRR (36.40 g)2%
PN R A, BT 100 C RV 6 h. AH
WMV ) © MR =4 1= N 5e 5. K WVl
RN 0 C LEE(150 mL)H, HTH g4 A, T-UK
AR, 1k, BEUHTIVK ZEEPES(100 mLX2),
T, 15 9.80 g KK 5, K 63.8%, HPLC 4lifE
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>99.0%. m.p.>250 C; 'H NMR (500 MHz, D,0) &
7.78~7.82 (m, 1H, ArH), 8.32 (d, J=10 Hz, 1H, ArH),
8.42~8.46 (m, 2H, ArH), 8.76 (d, J=10 Hz, 1H, ArH),
9.50 (s, 1H, ArH).

1.4 Fasudil (6)89& B

LA 5 (10.00 g, 32.6 mmol)¥A TS AL IEHN(75.0
g, 630 mmol)H, [FIE N N,N-—FIEH EEHZ(10 mL),
HUBEEE, T 60 "CRN 5 h. 781K 22 A 504 TEAR
JE M CH,CL, (200 mL), A7 K& Sk, hig, JE0HH
CH,CL, ¥iik, BLASHART B, 3 9.60 g FIRER, ok
43 90.50%.

¥ EiR AR K 4.50 g, 14.0 mmol) A VKK (25
mL)H, HidE T AR S A ™Y pH {Eh 5~6,
CH,CL Z (50 mL X2), &IHAHUAH, JoKo R T,
IhyE, JEIKRYE 2 S0 mL % .

W FRIEE(4.00 g, 40.0 mmol)¥ T- CH,Cl, (50 mL),
T0~5 Crap g m FaR P as, Inte i NV 2 h.
) SN I 10% S A B, 17T pH {HZ 10,
S AN, W4E, 13 4.50 g EEOMIRY 6, KA
77.20%, HPLC 4% >99%. '"H NMR (500 MHz, CDCl;)
d: 1.81~1.86 (m, 2H, CH,), 2.05 (s, 1H, NH), 2.93~2.99
(m, 4H, 2CH,), 3.43~3.50 (m, 4H, 2CH,), 7.67~7.70 (m,
1H, ArH), 8.18 (d, /=10 Hz, 1H, ArH), 8.34 (d, J=5 Hz,
1H, ArH), 8.44 (d, J=10 Hz, 1H, ArH), 8.68 (d, J=10 Hz,
1H, ArH), 9.34 (s, 1H, ArH); >C NMR (500 MHz, CDCl5)
5. 31.361, 47.635, 47.906, 50.477, 51.336, 117.820,
126.098, 129.413, 131.809, 133.041, 133.553, 134.827,
145.260, 153.458.

1.5 Boc-Fasudil @& LY(8)AIE MK

BALEY 6 1R EE(5.00 g, 13.7 mmol)iET-7K(50
mL)H, A A ORI IR #1(2.62 g, 24.7 mmol)
[F)7K (25 mL)¥#, T AIEEH] CHLCL ZEH (50 mL X 3), &
TEA LA, JoKBRBREE T-1, W kai 5, M=%
(1.39 g, 13.7 mmol)¥% T- CH,Cl, (50 mL)*H'. - FUKii T,
Ira) B R I kIR — AU T 1iH(4.49 g, 20.6 mmol)[1)
CH,Cl, (15 mL)#W, =il 1.5 h, Wk 4E, A2
Nr[VCAT ) © V(GFR CBR)=3 1153515 525 g Hith
R, Wl 97.51%.

¥ EREOREHN(5.25 g, 13.4 mmol) T CH,Cl,
(35 mL)H, TUKABEHE T g ) 2L b ) U 40K
HR(2.50 g, 14.5 mmol), H*EFTEE XM 1 h %
IR 5% A — VA R BN 7K VARG 25 i F e A
AR ACAAZ W . CHLCl, (50 mL X 3)AKHL, & A HUAH,
JCKBRBREE T, WR4E, HENT (LR IR/ 213 4.49 g
PEFE ORI 8, MK 82.17%. 'H NMR (500 MHz,
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CDCly) d: 1.43 (s, 9H, 3CH3), 1.94~1.98 (m, 2H, CH,),
3.35~3.43 (m, 4H, 2CH,), 3.49~3.58 (m, 4H, 2CH,),
7.68 (d, J=15 Hz, 1H, ArH), 7.91 (d, /=10 Hz, 1H, ArH),
8.05~8.10 (m, 1H, ArH), 8.26 (d, J=5 Hz, 1H, ArH),
8.53 (d, J=10 Hz, 1H, ArH), 8.84 (s, 1H, ArH).
1.6 £ Fasudil (10)89& B

A4 8 (4.49 g, 11.0 mmol)¥% T CH,CL, (50 mL)
W I N DU R AR EZ(1.00 g, 3.1 mmol)Fil
LIRAN(2.71 g, 33.0 mmol)[FI7K (25 mL)#W, #iks))Z.
PEPE R WV, TN SR I (3,10
g, 22.0 mmol). FHEEF M 1 h. 3 EE A, TCKMR
BETE, WUREBR 22 CHoCl, MM LR ZBE(35 mL), 4
Friti 3.13 g (A fE 4R 9, % 70%. "H NMR (500 MHz,
CDCLy) 6: 1.44 (s, 9H, 3CH3), 1.94~1.96 (m, 2H, CH,),
3.35~3.43 (m, 4H, 2CH,), 3.44~3.58 (m, 4H, 2CH,),
7.28 (d, J=20 Hz, 1H, ArH), 7.36 (d, /=10 Hz, 1H, ArH),
7.58 (d, J=15 Hz, 1H, ArH), 8.22~8.27 (m, 1H, ArH),
8.68 (d, J=5 Hz, 1H, ArH), 11.24 (s, 1H, OH).

B4 9 (1.00 g, 2.45 mmol)¥% T CH,CL, (35 mL)
i, TR N HB RN =8 LR 2.79 g 245
mmol), WG T Z=il MHFER N 3 h. KVHET 80 C
N R ZE BRI R R SR, TR R,
N EIK, IR NaHCOS A 15 pHAE 2 TP ik, 72k
ZORYTGE, HyiE v, AR TS, 19 0.63 ¢ FLA
AR R 10, BEE 83.5%. m.p. 214~220 °C; 'H NMR
(500 MHz, DMSO-dg) 6: 1.62~1.67 (m, 2H, CH,), 2.70~
2.77 (m, 4H, 2CH,), 3.30~3.44 (m, 4H, 2CH,), 7.09 (d,
J=10 Hz, 1H, ArH), 7.37 (d, J=5Hz, 1H, ArH), 7.58~
7.61 (m, 1H, ArH), 8.16 (d, J=10Hz, 1H, ArH), 8.46 (d,
J=5 Hz, 1H, ArH), 11.62 (s, 1H, OH); “C NMR (500
MHz, CDCls) 6: 31.133, 47.415, 47.777, 50.272, 51.424,
101.749, 126.301, 128.532, 131.992, 132.538, 133.679,
134.892, 135.338, 161.771.

2 HRSIHE

Al Scheme 2 T [ N ALEE 2% Mitsuo Ha-
yashida 1 Daniel Brookings #1113 4544, 12 H 4]
BT R B 221 TR 1-FR S IRk 1) 5 i, R DA S m bk
IRk, 28 JA) S EUR F R AT 1) S M b UL,
A4 e R S SR 1 1) 2 PP I Sl S S A B R,
DI i T 1-FR A e ndeuk, (H % AN EAR.

N ZITEA RO N TR Fasudil, 7 56 MV 6
re 1-FR AR MM IR 5 e, PR G FRAT TR e vt ) s e
1T T BANAAFER R AR S R AL, 5 e S N 3
B AT RN s, IEAG R B e e, AR R
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IR B . XX L DR 25, FRAT MR T 2 R4k 5K
5, HARGE R

WA AT T K, FEACH B s N ] A 4%
U ROR (K% 52.97%). 1T Boc $rd7 1) Fasudil Z AL
(AW AT T K, 147K NAZ AT, g
TIMAAR LR ATV T 3R e, &5 5 Wos R VIR
R, B R 1 k.

R AT 1-F2I R ) 5

Table 1 Effect of phase transfer catalyst on the yield of
1-isoquinolinol
MR AL SR ] /B W /%
AP 1 74.49
I 1 52.97

B R IRAE y LR, WRSCRAT N AR EAG P K S AR R
PR, AHEERS AL N DU T B A B < 2K S B ().

HI T % S N P A AR KA, BAE S R REAT, A
TR, MR AAE KRR BN, A TR, Al
HR )P40 2 SO T 1l i BELRSE S N2 PR EAT . R 23 A S
LIRS T HE IR IR S0 % R IR S8 Ay 1 Sk
BATESE, RNERINZE 2 PR, MUK PR &
INAERIlEVES 746D

R 2 WEHGRRT 1-FRHE R A i 5 @
Table 2 Effect of carbonyl chlorides reagents on the yield of
1-isoquinolinol

P St SV I T /R B/%
PhCOCI 1 74.49
CICOOEt 1 0
TsCl 1 dtb

* BTl RN A K ST BRI PIAR R, AR AL DY T R R 8,
BRIERAh Z0h; P de: FOoRTTRY BN =1, (A RE 5.

WA Scheme 2 FTEEHLH, BIESAT FAF) T HeHE
BT BT, TR T BN A BEAT, (HA Bl i o,
)03 I S PR 7 AP i BELAS S B EAT . BT 23 a0 PR
Bl BRIREN . SRR Do IR S NREAT RIS, 4h
R 3 Prow, UL LBRAAE A Bl PRI R .

WRAE ERWTIETIR, I ARAT T AR 1-FEHE bk
(R A& e 2 Scheme 4 TR, BUE 73.3%.

H3 WPERAIA 1 SR 1 B ¢

Table 3  Effect of alkaline reagents on the yield of
1-isoquinolinol
R A R )/ ek %
x 1 41.71
CH;COONa 1 74.49
Na,CO; 1 49.66
NaOH 1 15.89

@A SN A R SR BRI PIAT S, AR RS AR DY T R B,

T St 7] Ay 4 PR I
X X
~N /N\
1 (0]
X

X
N® “NLOCOPh
OCOPh
C H “oH

OH

X
N

OH
4

PhCOCI, (CH3)4NCI
CH3COONa, H20

MCPBA

Y

Scheme 4

BB 15 L S R A g Zeas TR A
Fasudil 15 0 Scheme 5 A7, EILL Fasudil & JRk,
LR AN, BRI T, T2/
FRBE R (1 P A A4 3 v 5 /KRR R UVE D, e i)
A BT 3L Fasudil, SR N 46.8%.

4 i

AT 185 MWk & il 26 - Scheme 4
FT, 1R E AR HAth S I 28 K S AR . 5 A R 5
BRI, N 73.3%. Y HORE 1R 2 Y TR
Fasudil &k, M. T 3296 Fasudil 116 T E %
2 WILL Fasudil A J5URl, ZE L. Ak, AR
HEALFIAAAE R, T SR GE R R 9 AR A 2R R e vk
SA T SR BEEAUKAER, B 46.8% 1S B
G T B3 Fasudil, HPLC 43 Hr4lifE KT 99%.

Boc Boc Boc
/ / /
(NH C N (N (N (NH
N) N) N) N
| (Boc),0 | MCPBA | PhCOCI, (CH3)4NCI | TFA |
0=S=0 0=S=0 0=S=0 0=S=0 0=S=0
CH3COONa, H,0
_N _N _N _N _N
8 N 0
6 7 OH OH
9 10

Scheme 5
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