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Synthesis of Acylthiocholines
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Abstract

Choline esters that are used with substrate of BChE-catalyzed hydrolyses were synthesized by two methods. First,

2-chloroethyl thiohexanoate, 2-chloroethyl thioheptanoate, and 2-chloroethyl thiooctanoate were synthesized by the

treatment of hexanoy! chloride with ethylene sulfide. Hexanoyl thiocholine and octanoyl thiocholine were synthesized

by using 2-chloroethyl thiohexanoate and 2-chloroethyl thiooctanoate with trimethyl amine. Second, after reaction of

ethylene sulfide and dimethyl amine, followed by acylation with acid anhydride and then heptanonyl thiocholine,

decanoyl thiocholine were synthesized by treatment of methyl iodide.

Key words — Acyl thiocholine, Acetylcholine sterase (AchE), Alzheimers disease, Aceylcholine

MoE

Alzheimer’s disease(AD)[19]& vie] & FF= A
o 714 #AE M d3He AW shvelth AD=
FAH oz AP e AAEHAY AHor FFA7A (cen-
tral nervous system; CNS)| ]0—% z#3td 7|9z
g 5o 48 7hA2t. AD &4 F oF 10%7F &
o 90%< WA ot FelA 1ot ofFe
I olj7F e AR geron wxA o] W AP ALY
HollA #EHE 5L $FA4A Y s)vkhippocampus)
9} A%y d(association cortex)o] Yv FHF AhPzo

EA43} 14 249 holnf]. E B 54 oY
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Zole HA ¢l (Amyloid precusor protein, APP)2]
o]’ tiAtel 93 APEHE B-HF(3-pleated sheet) 7=
o oldZol= wlAgoe] thk A= e Ao wEHE
A0 tH7,8,10,15]. o|gjd ojdZol=rt HHE £ HY
2Y4 0737 2HINE acetyl choline(ACh)9] 7+a-2}
© 4 233 5] Jepdti4] # ADY 24 U
B a2 gyl # dF7E &3 AdHa ey opF
73wy fdojy A& B3 Hiue ¢EA 3
A gt AgHe AL Wurtmang o] A5 Aol oiet
Ho A A7H 29 wmrt 271 e2A AChY A4
S EAAN A e BE =Tt o] fTHe]

T2 wpio 2 X AChe Ha] 849 acetylcholine sterase
(AChE)Z jA|5ta] A2 E(synaptic cleft) o 2HEH ACh
o AAE ol AChe] FEE F71 A 71 o] 3L o]
#g el AChX AlAle A7 g ArH14].



Acylthiocholine &9} §HAl

Aoj g Al AChe] v ARl Hs) 50%Fx
o] &A% BAY. ¥ AChe U offd ZALA
A A= onf choline acetyltransferase (ChAT)2}al
e B4Vt BAED 289 471 oA ACh 34

A ABAE 4 £ F9 3142 phosphatidyl choline
(PO)E Zoz AMEEHA HoH1213]. o] A% S84 7

do] g Xujg e HPF AWE dosAH
w2}y AChE Ea|A7)E £491 AChEE AAA|A ACh
FEE F7MIIE ASY LS AR HIU A4
2 physostigmine(1)3} edrophonium(2)%2] AChE] A A
g0 94 A4gd AHEEHAL
(THA, tarcrine)(3)7} FDAO| A v} X 8AZ 3|7} 0} A
#5329tk THAE 783 AChE Ao} 7 549
FAEE 7M1 itk 2 Yoz oA 7HA] A A S0 o
g 94 SAE AA AT Foln 1 F AFdA 29
huperzine A@)2tx 3= AChEYAA7 A FEH2
AT} o] Zo] I o]27 AChE Zuja+-89 AA %,
o3ta a8al F7HA kel tigh e BHE EHs
i AUtk

AChE &A47tele Sol2
49, 28] 2499 (hydrophobic region)e] FH A

dd7 FH Fojxyddoz o|FoH B3} we g
243 A9 gy s &3] A8 M2 JqEdH A
B4R 713 A7} peripheral site(F# #2))2 S z_}?g
Hog dojue Aoz g8A ey H223de
AEAANAM AHH0Z Yol t5AHE WA & F ﬁ‘ﬂ
714 A AolE &4 FA FHY BAF FHAA AT
317} 3ttt Daniel M. Quinng £ o282 U3
Zujsld AChE 7}&3]o] 3t kinetic parameterZ Hl
W3l Busl =4 butanoyl thiocholine (BuTCh)e] &
Kngke AChE &-94te]¢} BuTChele] whg Zgto] ofs)

1, tetrahydroamino-acridine

-

4 9(anionic locus), | XEHZ

Al

o= A AAsty 2 7)do] Wyl w2t A 7HA T
2% 99 F olzg2 G99 A JFe] lckn Bx
ksl

g, Cho T2 71224 4 JA2H2(G-Co)7t B4
9l AS-AChE(aqueous soluble AChE)9} DS-AChE(de-
tergent soluble AChE)o)) tis) ojw3l o] &4 3l=A]

£ d38te] AChES] =2 A4 ofd 9 (hydropho-
bic acyl region)o] EAE Ao 2 HuIHPh B AFA

R— €S CH,CHN—(CH)
gf"r 2 y‘;N 3)3

A
ether Hb|l—
4days
R—C—Br
I CCl
o 4
|
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R*ﬁ*S-CHZCHz-Br 9 (”)
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|
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g |

r!]— acetone
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Fig. 1. Synthetic Methods of acylthiocholine.

£ ola7]9) eAagr} 6-107820 acetyl thiocholineS 34
3led g4d=loJA  thiocholine(Cr-Cro) e 71HEXN &2
AChES}e] whgAS B3 a4-7)2 Ag¢Ae] 9 EA84
< AE3 sstast @t okdy]) Bad F7} 61074
acylthiocholineg #438t7] 43 F 714 W (Method I,
Method )& ol &3] 34 a12A} B,

& Aok BT EFA1%E AH-EkS
=4 E‘l Al 23wkt AAste] A
CaCl,, ¥4 (molecular sieves
3A) 281 silica gel blueE FH3le AL Ax A4 3
X s Ak 554 £47] Buchi 510 =3 54
712 AHe3g o, H NMR# °C NMR spectras (CHa)s
STMS)S W ¥F E28 Agsn CDC £+ ace-
tone deZ S E ALE3E %00 200 MHz FT-NMR spec-
trometerZ AHE-3lY ppm T2 FAHAT AFEA
spectrat HP(Hewlett Packard) 589011 GC-Mass [Column;
HP ultra 2(SE-54, 5% phenylmethylsilicon, 50mXx0.2mm
x03xm) 70eV, EIl& AME3le Atk TLCE MerckA}
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(60F-254)2 A28t AME ¥4 e uv lamp$} visual-
izing agentZ LAAA FHQI3IY W, column chromatog-
raphy+= silica gel 9385(230-410mesh, Merck)E A3t

ot
(1) 2-Chloroethyl thiohexanoate9] 34

2 Az 50mL two necked round bottom flaskd]] car-
bon tetrachloride 3mL9} ethylene sulfide 0.61g(0.01mol)
S ¥ Ao wWAIZ T dropping funnelS A}-8-3}
o] hexanoyl chlodide 1.45g(0.011mol)2 10 #3tel A
A7} A7 & 749 7/ (0torr, 80C)ste] A& FALE flash
column chromatography(elunt; n-hexane)2 HAAA =
E3 A7 vis F4) A9 2-chloroethyl thiohexanoate
0.82g< AUk

Yield; 67%

Re 0.75 (TLC eluent; n-Hexane; EtOAc= 10:1, v/v)

'H NMR (CDCl;, 200MHz): §0.86-0.93(m, 3H), 1.27-1.35
(m, 4H), 160-171(m, 2H), 253260 2H),
3.19-3.26(t, 2H), 3.56-3.64(t, 2H).

Mass, m/z{ref. int, %): 195, 165, 151, 138, 131(6), 115,
99(100), 71(30), 55(16), 51.

(2) Hexanoyl thiocholine2] ¥
A Az9 50mL two necked round bottom flaskol] o}A]
E 10mL¢} 2-chloroethyl thiohexanoate 1.95g(0.01mol)-&
@3 dry ice bath(-20C)ollA] trimethyl amine 0.59(0.01
mol)& 7} & F thA] A2 X 7Yz wRtAlAY w39
AAREE TICE #4310 IS WL BY ¥
7 AZAA vl $ hygroscopicdt #14 1A Q) hexanoyl

thiocholine(HexTCh) 2.54g2 A1t}

Yield; 98%

'H NMR(Acetone-ds, 200MHz): 6 0.84-0.95(m, 3H), 1.30-
1.36(m, 4H), 1.60-1.76(m, 2H), 2.62-2.69(t, 2H), 345-
3.52(t, 2H), 3.56(s, 9H), 3.79-3.90(t, 2H).

C NMR (CDCl;, 200MHz): §13.8(C-6), 22.1, 22.2(S-
CH,CH,),250(C-5), 31.0(C4), 439(C3), 534,
535, 53.6 (-N(CHz)s, 652(C-2), 199.0(C=0).

Mass, m/z{ref. int, %): 203, 159, 143, 114, 9991), 87,

28 / eI A

olgd

71(7), 58(100), 51.

(3) 2-Chloroethyl thioheptanoate2] ¥4

Z Az3 50mL two necked round bottom flasko] car-
bon tetrachloride 3mL$} ethylene sulfide 0.61g(0.01mol)
S Ya LA wwAZ . dropping funnelg ARE-3}
o] heptanoyl chlodide 1.60g(0.011mol)& 10 &7+ ZAH
A7} A7) F 7243 Z5(50torr, 80T)3t] AL HALE flash
column chromatography(eluent; n-hexane)2 AHAAA =
E3 WAst e FA 939 2-chloroethyl thioheptan-
oate 0.82g& VAT

Yield; 12%

Re 0.76 (TLC eluent; n-Hexane; EtOAc= 10:1, v/v)

'H NMR(Acetone-ds, 200MHz): 6 0.85-0.92(m, 3H), 1.24-
141(m, 6H), 1.61-1.68(m,2H), 2.58-2.66(t, 2H), 3.21-
3.29(t, 2H), 363-3.70(t, 2H).

Mass, m/z(ref. int, %): 209, 172, 165, 145(5), 138(1), 123,
113(100), 95(6), 85(18), 69(4), 57(12), 53(3).

(4) Heptanoyl thiocholine&] g4l
F Az¥ 50mL two necked round bottom flaskd]
diethyl ether 2mL9} ethylene sulfide 2.60gS ¥ 1L dry ice
bath(-20°C)o| 4] dimethyl amine 0.45(J.01mol)< 7} ¢ %
TA] AeoA 497 A Zith w9 APFEE TLC
2 ZZ3to 913 b methyl iodide 142g& 3|
A7t A B 7Y F5F F 3 BALE chloroformo]
o|q #}eke] hexaned 7}5td A BAE A AA
. o] 314Z chloroformd] o 5 F&3l%, 7% o

o
ZA1A A 313491 heptanoyl thiocholine(HepTCh) 1.33g
o
=2

Yield; 76%

mp: 134C

'H NMR (CDCl; 200MHz): $0.85-092(m, 3H), 1.27-
1.31(m, 6H), 1.60-1.71(m, 2H), 2.57-2.64(t, 2H), 3.27-
335 (m, 2H), 3.54(s, 9H), 3.72-3.94(m, 2H).’

®C NMR (CDCl, 200MHz): §10.0(C-7), 189, 19.0
(-S-CH,CH,),22.0(C-6'), 25.5(C-5), 284(C-4), 420
(C-3'), 525, 526, 52.7(-N(CHi)s, 64.7(C-2), 206.1
(C=0).
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Mass, m/z(ref. int, %): 217, 173, 157, 143, 129, 104,85,
71, 58(100), 51.

(5) 2-Chloroethyl thiooctanoate 2] %4

A Az% 50mL two necked round bottom flaske]
carbon tetrachloride 3mL9} ethylene sulfide 0.61g(0.01
mol)& ¥ A& wHtAZit)h dropping funnels A}
£3}a octanoyl chlodide 1.75g(0.011mol)E 10 #7tel 2
A 77k A2 F 2% FRE0m, 0T)3 AL I
flash column chromatography(elunt; n-hexane)2 | A]

EE3 WA7 v T4 YA 2-chloroethyl thiooct-
anoate 0.85g8 ¥3ith

Yield; 38%

Re 0.75 (TLC eluent; n-Hexane; EtOAc= 10:1, v/v)

Mass, m/z(ref. int, %): 223, 186, 159(5), 151, 138, 127
(100), 100(8), 97, 83, 67(6), 57(100).

(6) Octanoyl thiocholine2] ¥4
Z A2z3 50mL two necked round bottom flaskdl] o}
A E 10mL9} 2-chloroethyl thiooctanoate 2.23g(0.01mol)&
@il dry ice bath(-20T)olA trimethyl amine 0.59(0.01
mol)& 7} & F thA] ALoA 747 mEA A wH-E-9
AYPRF=e TLCE FH3t] FAstAh S 84 F
7244 AZAA vl hygroscopicdt 4} 1A octanoyl

thiocholine(HexTCh) 0.42g& it}

Yield; 19%

'H NMR (CDCl;, 200MHz): §0.81-0.88(m, 3H), 1.14-
1.3%(m, 8H), 1.50-1.72(m, 2H), 2.51-2.59(t, 2H), 3.27-
3.32 (m, 2H), 3.44(s, 9H), 3.53-3.61(m, 2H).

Mass, m/z(ref. int, %): 231, 187, 171, 142, 99, 71, 58
(100), 51

(7) Decanoyl thiocholine9] 43

2 425 50mL two necked round bottom flaskol

diethyl ether 2mL$} ethylene sulfide 0.60g-& 231 dry ice
bath(-20TC)ll A1 dimethyl amine 0.45g(0.0lmol)S 7} &+
F ol AeolA 497 RRAAT B89 APFEE
TLCZ F33}o] 9% t}g decanoic anhydride 3.26g
(0.01mol)-& diethyl ether 3mLe| &3 27} Al7|2 ©hA

methyl iodide 142g¢ HH3] A7t A2 W$EE 7
¥z5n 4o A9EL 22 HHAZ F chloroform}
hexane2 AZAAst] FA

(DecTCh) 0.95g2 ASith.

3179l decanoyl thiocholine

Yield; 48%

'HNMR (CDCls 200MHz): 60.76-0.82(m, 3H), 108-
118(m, 12H), 152-156(m, 2H), 248-2.56(t, 2H),
3.21-3.29 (m, 2H), 3.48(s, 9H), 3.58-3.66(m, 2H).

Mass, m/z(ref. int, %): 258, 230, 215, 199, 185,
170, 155, 142, 128, 104, 87, 72(7), 58(100),
55(4).

S+ R-c—cli R-G—S—CH,CH,—Cl
VAN o)

+
R—C—S—CH,CH;—N—(CHy)s

R= a, C5H11
b. C;Hqs
¢, CgHqs

a8 A

gt & 0

Acylthiocholine$ #3171 8] A #A WYL=
ethylene sulfideo] acylation A}zl ¥ trimethyl amine®}
A7hre-E A=A

R ©AZ ethylene sulfides] hexanoyl chloride, he-
ptanoyl chloride 22}3 octanoyl chlorideE A3 A7}
3}le] 2-chloroethyl thioalkanoate® 3§33t 1 flash col-
umn chromatography 2 #&]3l9th. 2-chloroethyl thio-
hexanoate9} 2-chloroethyl thiohexanoate®] 4~&o| 24z} 67,
38%¢<1d] B]5}ed 2-chloroethyl thiohexanoate®] 7% &
ol12% &l -§ gttt T WA BA= 2-chloroethyl thioal-
kanoate % A o] triethyl amineS H7}A171E A Y tri-
methyl amine& A2 A 7|4 (34TC)o]E=2 ¥HE-7]& W
ZAAA A7FHAL ¥hg AJZbo] wi Zo] dFdof HF
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Ao

T REEo] 747t At TG er EA
Eo] ojg7) Y& oz Ayzhsojzc). 2
o 4] HexTCh(hexanoyl thiocholine)2 98%9] ¥& +5§&
2 gAY FAZE a3, OcTCh(octanoyl thiocholine)
& 12%2 $580°] Hl13d weko s HepTCh(heptanoyl
thiocholine)2 o] WHo g 4 & 4 gUH.

o

Mo ot

R -]

i
=

s | |

Q + HN— " HS—CH,CH, N— —I

|
R—C—S—CHCH—N—
o)

R-C—S—CH,CH,—N—(CHy)s
o]

R= d, C6H13
e. CgH19

1Y B

Acylthiocholine& 437 9% T ¥ oz o
A ethylene sulfideo] dimethyl amine 7}uhg-A1Zth
Dimethyl amine-& /&4 7]A|(bp 7T)o| 22 wFE7]|E
WAAA A7t e A7 4Y AE B3 o
ghg Z3E ol heptanoic anhydride$} decanoic anhydride
£ o] acylation A]7] ¥ methyl iodideE A7} ¥hg A
7t HepTChheptanoyl thiocholine)& 78%] 4582
TAHA=E B4 T2Y U g AEg 7HAEA 41
FEF TZE 7ML do] FA4 € HFA Lo nE
L9594 g EFES chloroformdl] xo] ZH{4:
%%38'd HepTCh& chloroform®} Z&4o tjs) 6:49]
g2 ZuEed #3494 9% £4% HepTChe ¢
< & UL o]E uwHEsle] HepTChg ¥23) Wgich
DecTCh(decanoyl thiocholine)& 48%¢] +5¢2 A H
e B4 T2 43 QEF TRE JAAT g4 A}
o] ZojFlol wet Bole gaHA Fket webA] wA
EE AHste B4EL A AT F alcohol, ether, meth-
ylene chlorides-o &A1 7 &35 A &4 B¢ES A
8t £4% DecTCh(decanoyl thiocholine)& gt} A
HA o2 §49% acylthiocholine chloride(hexanoyl
thiocholine, octanoyl thiocholine)t &4:4j¢] of-¢ 78t

faste AN 71ER AHEE7] SE) e 2A2/A

30 / AR

o) g

Aok v = WA wHoE FAE acylthi-
ocholine iodide(heptanoyl-thiocholine, decanoyl-thiocho-
line)= F40] AL oFA7] ©447t 107]Q)DecTCh
Bo &35 A ¢gith. A WA Wy o 2 DecTCh chloride
£ P B £28F A7 AT £84 Dec
TChe 34 T & e Aoz 7Iddoh

[=0]

Ok
o4,

%13} acetylcholine esterase 7} 52819} 7)22 A&
H choline ester® T 71x whgoz ASIYch HA,
ethylene sulfide® &XEZ & 38} 2-chloroethyl thiohex-
anoate, 2-chloroethyl thicheptanoate, 2-chloroethyl thiooc-
tancate® Z}Z} FA38IH L 79 trimethyl amineg
748} hexanonyl thiocholine, octanonyl thiocholineg %
Aslant. F ¥A o g ethylene sulfided] dimethyl
amineS F7}A|A acid anhydrideZ acylation A]Z1 %
methyl iodideZ #7}8}a] heptanoyl thiocholine, decanoyl
thiocholineg 43tttk 4% hexanonyl thiocholineg
7132 3o butyrylcholine esterase}o] ¥H&-S A+ 3t
b gtk 23 2 dFedAe = #8 Jjed ERHE
£ e dAste] acetylcholine esterase$} 7] <1 acyl-
thiocholine#} o] YA Hoz EMQ] acyl-binding siteZ

A 28s5tux =8 Fo gl

UMl 2

B ATE 1999 FYUSFNE 712 AT 9} 20018 %
go} tatm 7% A7 2 wulol o8 59 Atoln)
=g

=t
=

ret

=]
=

H

1. Alzheimer A. 1907. Uber eine eigenartge Erkrankung
der Hirnrinde., Zentralbl. Nervenheilk 30, 177-179.
Kinesella K. G, 1992. Changes in life expectancy. Am.
J. Clin. Nutr. 55, 1196s.

2. Berman H. A., D. E. Olshefski, M. Gilbert and M. M.
Decker. 1985. Fluoresent Phosphonate Labels for
Serine Hydrolases. |. Bio. Chem. 260, 3462.



AcylthiocholineZ ¢} &4

. Berman H. A. and M. M. Decker. 1986. Kinetic,
Equilibrium, and Spectroscopic Studies on Dealkylation
(“Aging”) of Alkyl Orgamophosphonyl Acetylcholin-
estesase. ]. Biol. Chem. 261, 10646.

. Carson K. A,, C. Geula and M. M. Mesulam. 1991. Elec-
tron microscopic localization of cholinesterase activity
in Alzheimer brain tissue. Brain Res, 540, 204-208.

. Dekosky S. T. and S. D. Styren. 1994. Cholinergic
changes and synaptic alterations in Alzheimer's dis-
ease In: Alzheimer Disease Theraperapeutic Straegies, pp.93-
96. Ezio Giacobini, Robert Becker eds, Birkhaclser,
Boston.

. Farber S. A., B. E. Slack and B. M. Cohen. 199%4.
Choline metabolism, membrane phospholipids, and
Alzheimer disease. In: Alzheimer Disease : Therapeutic
strategies. pp.247-252. E. Giacobini, R. Birkhauser.
Boston.

. Glenmer G. 1983. Alzheimer disease: The commonest
from amyloidosis. Arch. Pathol. Lab. Med. 107, 281-
282.

. Goate A. M. and ]. Hardy. 1991. Segregation of
missense mutayion in the amyloid precursor protein
gene with familial Alzheimer disease, Nature 349,

704-706.

9. Kinesella K. G, 1992. Changes in life expectancy. Am.

10.

11.

12,

13.

14.

15.

J. Clin. Nutr. 55, 1196s.

Nonaka G, M. Harada and 1. Nixhioka. 1980. Eugeniin,
a new allagitannin from cloves, Chem. Pharm. Bull.
28, 685-687.

Perrin D. D. and W. L. F. Armarego. 1966. Purification
of Laboratory Chemicals; Pergamon Press, London.
Perry E. K, R. H. Perry, G. Blessed and B. E. Yomlinson.
1977. Necropsy evidence of central cholinergic deficits
in senile dementia. Lanceti, 189.21~25. Yu. J., and H.
Fang. 1981. Studies on the essential oils of clove buds
and clove leaves. Zhongcaoyao 12, 340-342.

Perry E. K, B. E. Tomlinsdn, G. Blessed and P. H.
Gibson. 1978. Correlation of cholinergic abnotmalities
with senile plaques and mental test scorersin senile
dementia. Br. Med. ]. 1457-1459.

Vander A. ], J. H. Sherman and D. S. Luciano. 19%4.
In: Human physiolgy: the mechanisms of body func-
tion. pp.207-208. 6th eds. Academic Press Inc,, NY.
Yu. J. and H. Fang. 1981. Studies on the essential oils
of clove buds and clove leaves. Zhongcaoyao 12, 340-
342, 339.

(Received December 7, 2001; Accepted January 24, 2002)

Vol. 12. No.1(2002. 2) / 31



