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Abstract
A key step in the synthesis of camostat mesylate, which is most widely used as a treatment for chronic pancreatitis, was
conducted. Camostat mesylate was synthesized through the esterification reaction of two intermediates, GBA (4-guanidino-
benzoic acid hydrochloride) and DOHA [2-(dimethylamino)-2-oxoethyl-2-(4-hydroxyphenyl)acetate]. In order to overcome the
problem raised due to the low yield and expensive reagents, a new economical synthesis method was developed that can
produce camostat mesylate with a high yield of 80% by activating the acid functional group of GBA using the

Vilsmeier-Haack reaction and coupling it with DOHA.
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Figure 1. Trypsin inhibitors for pancreatitis.
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o7} 7hsetal, EfAl gl ofe] &%) a4E AAlsks 2ol E oAl
ofl il 100~10009) ¥ Zlo 2 defA] vk Hdh oFA] FH o)
A2 WA APl A Tk, 9] Al & AEE R A%
Ho AmAEE g ARE I ITh7].

2 AT A= camostat mesylate 792 key stepQ] GBA (2)} ¥
& 319HE DOHA (3)9h9] o~HZ 34 W& B73ilch 7152
ezl B ol M=[8] GBA (2)2} thionyl chloride X oxalic chloride®
AFE-8Fo] chloride 3}3HER activating 31 DOHA (3)%} coupling=
AZ=3HR o 50%9] W &R TS Tkt AaE dX] Eeigich
o] FARE dAdstaAl & Ao A= DMF} thionyl chlorideS A}
48t Vilsmeier-Haack WH-5{9] ©]-8319 80%2] %2 &= camostat
mesylates AT 5= USITH
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2.1. 7171 & A2t

HhS Agdel] o8 AleF gl &wll= $k= MERCK A}, Tokyo
Chemical Industry Ak AH318H] AlEE A glo] ARE-aF3iTh

SAIet 33FEe TxEAS 93] 'H-NMR (400 MHz, Bruker),
BC.NMR (100 MHz, Bruker), ¥2]-§vl= Cambridge Isotope
Laboratories AF2] DMSO-ds, CDCL-d; < AR8-3te] #413191th FT-IR
spectrometer (FTS165, Bio-Rad)E AHE-3I1, 5 #4915 ¢l8f A
4%l HPLC (High Performance Liquid Chromatography)i= Agilent
Technologies AF2] 1260 Infinity [ LC system= &3l 43130tk 94
FXL Fl=n BAA AT Aol 2]F]E}] C, H, N2 elemental ana-
lyzer (EA2000, Thermofinnigan)E O+ elemental analyzer (EA1112,
Thermofinnigan) g AHE-ste] 2413F30T)

22, &Y

2.2.1. Guanidinobenzoyl chloride hydrochloride (4)2| &

Mechanical stirrer?} condenser’} A2Mel 378 T2 ZEkAHo
4-guanidinobenzoic acid hydrochloride (25.9 g, 0.120 mol), EA (130
g), DMF (4.38 g, 0.06 mol)& F4J3}il 45 °CE S-23I} 52 &
thionyl chloride (28.6 g, 0.240 mol)S 3] T3t 12A17FE<t
W ShEA Wk AR WS R T, LAZ ofzstel AAY
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2.2.2. Camostat mesylate (1)2| &

HES-7] )| 2-(dimethylamino)-2-oxoethyl-2-(4-hydroxy phenyl) acetate
(24.2 g, 0.102 mol)¥} CH;CN (48 )= T3t wHkslo] Aol A
FAE A7ty 88l ¥ 4-guanidino benzoyl chloride hydro-
chloride (27.2 g), pyridine (16.1 g, 0.204 mol)& T3t} ©]%, 40 °C
2 5ot 2413 FRF S & 9 SulE At w52 Bl Al
3 AlASE (25 mL)y& 93l -10 °CE W7tshiaA A sE 19
Sto] WAl A1 Camostat hydrochloride s AATH37.7g).

Hydrochloride®S mesylated 02  wgHsl7]  9late] WR37]9)
NaOH (3.64 g, 0.091 mol)Z} E(150 mL)S Pl “F21A meth-
anesulfonic acid (8.74 g, 0.091 mol)E A]1A|3] T35kl pHE 72 49
ZFt}. ©]F, Camostat hydrochloride (37.7 g, 0.0867 mol)E ¥ &3
AR aAZE Gl -, 1ARE ER_E Aol wkstaL, 0~5 °CE
WZlshd A wA3E 7t MA A0 camostat mesylates D)
o] HFAA HA= DMF (100 gy AHE-sto] 80 °CollA] 23] &
FAIZ] % acetone (150 g)S A718kaL 0~5 °C2 Wzl Ad4 3t
£ Zssto] WA 31491 camostat mesylateS HATH40.8 g, 81%, =
5 99.9%).

212 54 Caled. for CoiHagN,OsS; C, 51.00; H, 5.30; N, 11.33; O,
25.88; S, 6.48. Found: C, 50. 78; H, 5.32; N, 11.55; O, 25,79. 'H NMR
(400 MHz, DMSO-dg): ¢ 10.15 (s, 1H), 8.16 (d, 2H, J = 8.72), 7.80
(s, 4H), 7.44-739 (m, 4H), 7.23 (d, 2H, J = 8.56), 4.81 (s, 2H), 3.81
(s, 2H), 2.90 (s, 3H), 2.81 (s, 3H), 238 (s, 3H), *C NMR (100 MHz,
DMSO-dg): & 170.7, 165.8, 164.0, 155.3, 149.4, 141.3, 132.1, 1314,
130.6, 125.3, 122.7, 121.7, 61.7, 39.8, 38.1, 35.2, 34.9.
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Figure 2. Synthetic scheme of camostat mesylate.

9] thionyl chloride® AMHE3FT %o whE 27 A& Y1l
A|ut 24A17F 7120 2 acid chloride 2] AEE0] 70%S FA Y=
Rtk 252 thionyl chloride s AHE-EHolE B el HEH&
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th. Figure 20 YERA viel o] 2 9kl 4 9] A-8-2 aromatic ring
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Table 1. GBC Synthesis Conditions Depending on Solvent and
Reaction Temperature

Entry® Solvent Rx. Temp. (h) Yield (%)°
1 EA 25 45
2 Acetone 25 40
3 MC 45 88
4 DMF 45 27
5 Acetone 45 81
6 MC 45 79
7 EA 45 94
8 EA 60 80
9 Acetone 60 75

a. GBA 7]5= SOCI; 2.0 eq. DMF 0.5 eqAH, b. 12A4]7F 8H-%- 5 GBAS} GBC
o] HPLC HZ n].

#3147 thionyl chlorideZ activating reagent® 15} ofjn] A3
< %£3}o] GBA (2) tiH] thionyl chloride, 2.0 @3 DMF, 0.5 @]
71 gl o, 11 o]ake] ko= GBA (2)7F JEd o,
1 oPde] JEFeMe A Algte] AuA BB TR A
1313t

Table 1] & AF-oA] AR Suf 2 Hh-g-2 %o w2 GBC (4)
P TEE 2ARGeH O d3E UERiSIt GBA ) &Y
MeOH 2 3Ad &vljel &7} ™ DMF, DMSO 52 =4
njeFdAd gl = g3l7t Frt. YRFA S E chlorination H|%F
g vl stoll] Mgtz LujEA] DMFS ARgste] ¥Hg-& %
3l o} thge] Bgo] wAlste] B galido] A guliql
MC, EA, Acetone®. %2 WS X&ASI 1, 1 T o57F 7P 2
EAE WHS Sull2 Aelsiithentry 7, 8). WFHS =57} =855 27|
HEE HgHgo] FAEE BeEo] S7FHE ke Rla, Aol
T 50% o]3ke] AgE-& YEho] 40~50 °C Alo]9] &7} A &
= sk

Vilsmeier-Haack W52 ©]4-3F GBC (4) 3132 ¥4 12 40

O_>|'., 0_I.4



Vilsmeier-Haack ¥ ©]-8-3F Camostat mesylate®] /3% <17+ 443

Table 2. Camostat Hydrochloride Synthesis Conditions Depending on
Reaction Time and Temperature

Entry® Rx. Time (h)  Rx. Temp ( °C)  Yield (%)°

1 5 25 62

2 4 25 69

3 3 25 76

4 5 40 81

5 4 40 85

6 3 40 86

7 5 50 55

8 4 50 65

9 3 50 75
a. DOHA 7] GBC 1.15 eq. Pyridine 2.0 eq. A&~ b. Work-up ¥ isolated
S
2 BAE W2 40~50 °ColA & 94%°2] #HZA o R Yy
S Hentry 7).

GBC (4)9} DOHA (3)2}2] coupling HF-8-2 53+ Camostat hydro-
chloride 34 &5 =o17] 218iA €A 7l 2 o+ e S30A
GBCE 27 yh-E= 445191, DOHAS 3 WheE= A4ss]
t} old], GBCY FY#H B2 & 1fste] 1.15 G%& AL
siels W 7P Age AdE vl W 71A] 9 acid capture

base® pyridineS AME8I o™, A FQ] oke 2.0 FES AHEalo]
of w2 W MEEE wolH, ko] T Q’Ja‘}’it}
o =

Table 2°] & Aol|lA] ¥H-GA1ZF 2 REG-2 o) W Camostat hy-
drochloride 4 F&& ZAKISIOM 1 AAE YERASIT: ¥H8-2
H A W2 SEZ 1 EL Aol A= REE Algte] oA HA &
TEO| Tk EAE RIS, 40 °C THollA BBl HA
3= 718 #HolaldtHentry 4, 5, 6). 50 °C ool = HR-3-A|7to]
oA WA FEo] "ol ZAHS Ikl

Camostat hydrochloride 3d2] #4 71 H]'%/\] 7 3AIZE HEE2
40 °CY wf Whgo] whEA] MEEn] Hio] iS5 5 ATk

Camostat mesylate 313 2] wFA|2} A1 ¢ W 3h(salt exchange)>-
Camostat hydrochloride 3] 1.05812] NaOHE AH&-3le] pHE <
Ao F ZH ¥ methanesulfonic acidE Z7}slo] 983kt AAIE
Camostat mesylater #52] © 2 DMF/acetone &2 A5t A3
©m NMR, HPLC, ¥ €94 #4] & F3to] &Rlsigick

L

4 2 B

E =M #Hd XIEA|Q! camostat mesylate 31732 key step
Q1 GBA (2)2} DOHA (3)2] couplings 913t 249 2718 &A515]
. A% coupling W % Vilsmeier-Haack W52 ©]-831%) GBA
(2)E GBC (4)= activating 3}°] ©]& DOHA (3)$} coupling 5to] 7]
£9] 50%2] FEOIA 80%E FH dHE IS 4 AUk GBC (¢)
] A F7S GBA (2) UH] thionyl chloride, 2.0 3%, DMF,
0.5 Fo] 7P Agtelon, ke 40~50 °C, Whe-8vi= EA
= AHESIE W 8 94%E GBC ()5 T F Atk

Tl o] AiE AR dto] AR el & A=
camostat mesylateS THAISH7] $18te] U] #A|ekAR 7]& o] H e F
g otk

o oo A}
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