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1. A quaternary ammonium salt represented by the
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following formula (I):

R?Y
«| ,
R2—N—(CHz},—X—(CH2) m—Y—'-(CHz)n—l\ll—Z—T—-R“ Q-
| 4
A H H

(1)

[wherein Rl and r? represent lower alkyl groups which may be
the same or different from each other: RS represents
hydrogen, lower alkyl, phenyl, benzyl, or -coor4 (wherein r%
represents lower alkyl); A represents lower alkyl, lower
alkenyl, lower alkynyl, -(CHp),-COORS (wherein RS .

represents hydrogen or lower alkyl, and P represents an integer

of from 1 to 5), /\G&F{s or \/\O {wherein

r6 represents hydrogen, hydroxyl, nitro, lméer‘ alkyl,

-COORs, or ~503R5); Q" represents a ¢ounter anion of
oo 2
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quaternary ammonium salt; X représents
f\ fo ’ ' S
(JQSB\\ . //[;¥\\ , //[:::L\ or -—?QJZ\ :

Y represents methylene, oxygen or sulfur; Z represents

N N , \ »
C=CHNO, | JC=NCOOR*,  “C=NsO.R",
N\ N N\

C=NCN , /C=S : /C=O \

/\~ Ve R7 N -
/}3:=PJSC32 &uégi-ga or )3==FWﬁSC)2RQ

(wherein R” and R® are the same or different from each other and independently
represent hydrogen, halogen, nitro, lower alkyl or lower alkoxyl, and R®
represents lower alkyl or phenyl); 1 and m represent each an integer of 1 or 2;
and n represents an integer of from 1 to 3].

3. A compound represented by the following formula (1X):

D—(CHz:=X—(CHzn=Y—(CH.) n-—fIl-Z—~N'-—R3
|
H H
(IX)

[wherein R? represents hydrogen, lower alkyl, phenyl, benzyl, or -COOR6
(wherein R® represents lower alkyl); D represents halogen or an active ester

residue; X represents

PANPANND O R

T~

Y represents thethylene, oxygen or sulfur; Z represents

-+/3
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AN \ 4 N A
C=CHNO, C=NCOOR™ | C=NSO,R
e 1 v P 2 .
N :
Ve / Y !
\. — R7 N
c NQOZ‘@,\_RB or c=ci SO,R

(wherein R’ and R are the same different from each other and independently
represent hydrogen, halogen, nitro, lower alkyl or lower alkoxyl, and R®
represents lower alkyl or phenyl); 1 and m represent each an integer of 1 or 2; {

and n represents an integer of 1 to 3].
7. A composition for the treatment of gastrointestinal disorders ircluding a

compound according to claim 1 and a biologically acceptable carrier.
8. A compasition for the treatment of gastrointestinal disorders including a

compound aceording to claim 3 and a biologically acceptable carrier.

LT ~—




R —

R

AUS361732

GPI DATE 13/12/93 APPLN. ID 51732793 H"m”“‘!Illma!m'
AOJP DATE 24/02/94 PCT NUMBER PCT/JP93/00607 ! {

PR — v e m e m 4t s m pmmerwr v

SEARCH QUALITY ASSURANCE

(5l) EREHFTHES 11 IR R WO 93/23360
CO7C 211763, 217/48, 229/06 D B EMES .
C07C 275/10, 275/24, 279/24 Al
C07C 279/28, 311/05, 311/18 '
C07C 317/28, 323/29, 335/12
C07C 335/16, 335/28, 211/29
C07C 217/08, 219/22, CO7D 277/28
CO7D 307/52, 333/20, A61K 31/14
igllé 31;;8,«_31/ }85, 31; 19 -
1K 31/215, 31/27, 31/275 I
A61K 31/34, 31/38, 31/425 _ (43) WL\!}F]B 1993% 11H258 (25.11.1993)
(21) BRHEES PCT/3P03,/00607 | (74) REA
(22) BEBEHER 1993458108 (10. 05 93) w8+ HK=%, 2 (ARUGA, Mitsuyuki et al, b}
T103 FFUMPRE BRGARAT L TE 3% 65 #Er A
(30) BT — 2 Tokyo, (JP)
HBF4,/145062 1992/F5A128(12. 05 92) JP (81) fEEE

AT (B ), AU, BE (BUN%%), CA, CH (BuN4¥%),

(71) HEA (XBER¢FNTOHERLDONT) DE (R ), DK (B ), ES (BRN4 ), FR (BRMEGE),

+ § THRETEHN&H GB (N4 ), QR (BN, TE (BNMSE), 1T (BN,
{(ZERIA PHARMACEUTICAL CO., LTD, Y{JP/IP] J P, KR, LU (BRAEY), MC (BHNHE), NL (BN ),
F103 RERSPREBREHARTLI0%EL 18 Tokyo, (JP) P T (Bui1s¥ ), SE (BRN4¥ ), US,

(72) RAEF i+ LU

(75) RPE/HEA CKECWTOS) MRS

e &% (KITAGAWA, Osamu)(JP/JP] ‘

AHEFE(ISHIY, Katsuyuki)(JP/IP] g

ATt~ (NIWA, Seiichi)(JR/JP) : . 2 ]
&k M (UEKI, Sigeru)(JP/JP) ‘
WiASH (SEIKI, Masao )(JP/JP]

T360-01 MERKBMIAETXFHINFHEL2512-1

€Y THREIHEGERESH PRUARAA Saitama, (JP)

EREEREE

(54) Title : NOVEL QUATERNARY AMMONIUM SALTS AND USE THEREOF AS MEDICINE

(54) BREHDLZHE FREIRT =9 2SS IV TN LORKE L LTOHA

RY
+l , &
RZ—T*(CHz)J—X—(CHz) n—Y—{CH2) n—T--Z—?il-—‘R"’ Q-
A H H

(1)
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(57) Abstract

Quaternary ammoniurn salts represented by genéral formala (1) and use thereof as medicines, wherein R! and R2 repres-
ent lower alkyl groups which may be the same or différent from each other; R3 represents hydtogen, lower alkyl, etc.; A re-
presents lower alkyl, etc.; Q- represents an anion; X represents (a), {b), etc.; Y represetits methylene, oxygen or sulfur; Z re-

. presents (c); étc.; | and m represent each an integeér of 1 or 2; and n represents an integer of 1 to 3.

_— — ———— e e . - PR — S e s e el
. Rt e i

it




(57 B4

~BR(I)TRINAFBIBTVE=20 AHEBIVENHO
BEX:LTO®ER,

Rl

| -
R*—N— (CHy), —X— (CHy)y—Y— (CHy),—N—Z—N—R' Q

| | |

A H H

(1)

(. R'WELOR RA—0EhBARBERT L+ A LR
L. R I2AREF. ER7T A+ ERLERL, ARERT L% 1
X LERL, Q REBa1FVERL, XK /[o_\k | //Z-s—\>\
REEKRL. YiiAs VY&, BREF A +y RFERL,
Zix  C=CHNO, ZY¥RL. LRIUmIZ1¥RIX208
BERL. niX 106 30KBERT. )

s e — e it

BB CHrRBN »
PCTi: & RB2 0 2EREE, > 7L o  BIECPETMYMR A RET 5 2 2 EHs NS 1~ F

AT #— % | )% FR 7 7. 2 MW 2 5 ¢
™ AU £ ~Z ¢ 5175 GA ¥4 NL 7. ¥
BB rin et | 2 GB {xuy2 NO 7 a4 —
BE -1 & —~ GN % =7 NZ = —0=7 . |
BF b7 9 GR ¥4 ¢« PL %—~7. |
BG 7o #u7? HU »~. #1] — PT &0 b
BJ -1 IE 74875 RO A—w27
BR 7341 IT £929— RU u i 7 &
R — Kp BBEEERARLHE SE 2m s
4K ; ] SE 27 ¢~
CG 1. x— KR xu&? SK z2uw y &7 AR
CH 2 ¢ 2 KZ #4729 SN v 2o
Cl 23— v KT =% [ 9 IRV S & ) SU 7% ¢ | A
CM A ¢k — LK 29 3. # TD + v—¥F
CS +F e+ aRUriy I e TG -7
CZ 4 « » x AR MC & +1 UA 2% ¢ F
DE ¢ {7 MG~y HXhn Us k@
DK 7o e—1% ML -2 1) VN @ ¢ |+ &
M {30k MN&. 71
 ES Z-.1 > MR e~y ¥ =7

S aen




DESCRIPTION
NOVEL QUATERNARY AMMONIUM SALTS AND USE THEREOF AS MEDICINE:

Technical Field

The present invention relates to novel quaternary
ammonium salts and use of the salts as medicines.
Background Art

Conventionally, trimebutine maleate has been primarily
used as a gastroprokinetic agent.

Trimebutine maleate has wide utility due to its -
dual activities of promoting and suppressing the gastric
contractions. However, it is not necessarily satisfactory in
that relatively high dose, i.e., 300 mg per day is required,
and that adverse side effects are involved.

Therefore, studies have been conducted in search for
gastroprokinetic agents which can replace trimebutine
maleate (Japanese Patent Application Laid-open (kokai) No.
163074/1991).

However, the results have not necessarily been
successful in providing gastroprokinetics.

Accordingly, development of drugs which possess much
stronger activity in enhancement of gastrointestinal
motility has still been desired.

Disc¢losure of the Invention

Accordingly, the present invention provides novel

quaternary ammonium salts represented by the following
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formula (I):

R1

|
R2—+N—(CHz)l—X—(CHz)m—Y—-(CHz),,—-lT—Z—T—R" Q-

|

A H H

(1)
[wherein Rl and r? represent lower alkyl groups which may be
the same or different from each other; R3 represents
hydrogen, lower alkyl, phenyl, benzyl, or -coor# (wherein R4
represents lower alkyl); A represents lower alkyl, lower
alkenyl, lower alkynyl, -(CHz)p-COOR5 (wherein RO

represents hydrogen or lower alkyl, and p represents an’

integer of from 1 to'S)f/\TfE}_RG or \\&?\I::] (wherein
\‘V

RO represents hydrogen, hydroxyl, nitro, lower alkyl,
—COORS, or -SOgRs); Q~ represents a counter anion of

quaternary ammonium salt; X represents

AN, AN ,. or’_@\;

s

Y represents methylene, oxygen or sulfur; Z represents

\ N\ ;
“C=CHNO, | ,C=NCOOR*,  “c=NsOR*,
N\ N \

, , /C o,
N R?

ol E N
/C NSO, g or /C:CHSOZRQ




(wherein R7 and R® are the same or different from each other
and independently represent hydrogen, halogen, nitro, lower
alkyl or lower alkoxyl, and RI represents lower alkyl or
phenyl); 1 and m represent each an integer of 1 or 2; and n
represents un integer of from 1 to 3], and use of the salts
as medicines.

Since the compounds according te the present invention
have an activity of accelerating the gastrointestinal
contractions, i.e., they improve the gastrointestinal motility
remarkably, as well as high safety, they have utility in the
medical field of treating the gastrointestinal disorders
and the like. -

Best Mode for Carrying Out the Invention

In the present invention, the term "lower alkyl"
encompasses alkyl groups having 1 to 5 carbon atoms,
examples of which include methyl, ethyl, propyl, isopropyl,
butyl,; isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl and the like.

The term "lower alkenyl" encompasses alkenyl groups
having 2 to 5 carbon atoms, which include vinyl, allyl,
butenyl, 3-methyl-2-butenyl and the like.

Thé term "lower alkynyl" encompasses alkynyl groups
having 2 to 5 carbon atoms, which include ethynyl,

propargyl and the like.

Examples of the counter anion of quaternary ammonium
salt include fluorine ion, chlorine ion, bromine ion,

iodine ion, HSO4™, 0103‘, NO3~, cyanide




ion, HSO3~ ion, I03” ion, HCO,™, CH3CO,7, OH~, phenolate

ion, methanesulfonate ion, toluenesulfonate ion and the‘like.
The compound (I) of the present invention is prepared,

for example, by the following reaction scheme:

Method A

Rl
RZ-N-(CHZ)1-X-(CHz)m*Y~(CHz)n-lil-Z-lil—R” + A-Q ——> (I}
() H H (m)

(wherein Rl, RZ , R3, A, Q, X, Y, Z, 1, m and n have the
same meaning as defined hereinbefore). i
That is, compound (I) is obtained by reacting compound
(I1) which is obtainable by applying a known method (Japanese
Patent Application Laid-open (kokai) No. 40956/1983; Japanese
Patent Application Laid-open (kokai) No. 91980/1982; R. Soc.
Chem., 42, Regul. Biol. Mech., 45-47, 1982) with compound
(I11).
The above reaction is preferably carried out in an
inert solvent such as methanol, ethanol, dichloromethane,
chloroform, ethyl acetate, dimethylformamide,
dimethyISulfoxide and water, in a temperature range of 0°C
to a reflux temperature. It is preferred that the compounds
(I1) and (1II) be used in an equimolar amount, or one be
used in a slightly larger amount than the other. The
reaction time 1s desirably varied according to the progress

and condition of the reaction.

Alternatively, the compound (I) of the present




invention may be prepared according to the following
reaction scheme:

Method B

R:-NH-Z-S-CHs + NH:(CH.).YH ~——> HY-(CHz)n-lil-Z-'il-R:’

w) (v) wm H
EO-(CH2},-X-(CH.).-B
1L > HO-(CHa) ;-X- [CH2)a-Y-(CHa) .-N-Z-N-R®
Alkali I

) . H H
Agent for Halogenation or

Acid Halid
cic et o-(CHZ)‘-X-(CHZ)M-Y-(CHZ)n—lil~2-h|l'-R°

, () H H
R\
RZ-N
N

(X)

—>  (I)

(wherein Rl, R2 , R3, A, X, Y, Z, 1, m and n have the same
meaning as defined hereinbefore, E répresents a protective
group for an alcohol such as benzoyl and acetyl, B
represents a halogen atom, and D represents a halogen atom
or an acid residue).,

That is, compound (1) of the present invention is
obtained by reacting a halogen compound or an ester compound
(IX) with an amine compound (X).

The reaction for synthesizing the compound (VI) is
preferably carried out in an anhydrous organic solvent,
especially under stream of an inert gas such as argon. The

reaction temperature is preferably within the range of 0°C




to a boiling point, and more preferably, at room
temperature. The reaction for synthesizing the compound
(VIII) is carried out in the presence of an alkali such as
KOH, NaOH and the like, during which the protective group is
removed. In the reaction for synthesizing the compound
(IX), an organic base may be added if desired. Preferable
examples of the agent for halogenation include phosphorus
oxychloride. Preferable examples of the acid halide include
methanesulfonic acid chloride and toluenesulfonic acid
chloride.

The compound (I) of the present invention has excellent
activity in stimulation of gastrointestinal motility as will
be described later in this specification.

The compound (I) of the present invention can be
formulated into a drug preparation for oral or parenteral
administration after blended with pharmaceutically
acceptable adjuvants. In the manufacture of oral-route
preparations, the compound of the invention is blended with
suitable additives, for example, vehicles such as lactose,
mannitol, corn starch and crystalline cellulose; binders
such as cellulose derivatives, gum arabic and gelatin;
disinteérators such as carboxymethylcellulose cale¢ium; and
lubricants such as talc and magnesium stearate, and formed
into tablets, powders, granules, capsules and the like. The
obtained solid preparations may further be coated using
coating bases such as hydroxypropylmethylcellulose

phthalate, hydroxypropylmethylcellulose acetate succinate,




cellulose acetate phthalate and methacrylate copolymers and
formed into enteric preparations. In the manufacture of
parenteral preparations, the compounds of the invention may
be combined, for example, with water, ethanol, glycerol or
surfactants which are commonly used in this technical field
and prepared into injection preparations; or combined with
suppository bases to prepare suppositories.

The amounts of administration of the compound (1) of
the present invention vary depending on age, body weight,
symptom of the disease, goal of the treatment, manner of
administration, period of administration, etc. Generally,
in the case of oral administration, the compound is -
administered in amounts of 1-2000 mg/day, preferably 10-300
mg/day, as divided in 1 to 3 times a day.

Action

Acceleration of Gastrointestinal Motility:

The test was performed according to the method of Itoh
et al. (Am. J. Dig. Dis. 22, 117-124, 1977).

In detail, laparotomy was made to male dogs (body
weight: 9-10 kg) under anesthesia with Nembutal (30 mg/kg,
i.v.). Force transducers (F-1218, manufactured by Star
MedicaluCo.) were implanted so that the contraction of
circular muscle could be monitored on serosa of the gastric
body, gastric antrum (about 3 cm proximal to the
pylorus), duodenum and jejunum. In addition, a silicone
tube was inserted from the right external carotid artery,

and the tube was indwelled in the superior vena cava. The




transducers and the silicone tube were subcutaneously
exteriorized out of the body.

The dog was submitted to the test with consciousness
and without restraint after about 3 weeks from the
operation.

The contractile signals from each transducer were
amplified with an amplifier (RTA~1200; manufactured by
Nihon Kohden Co.), and recorded with a recording apparatus
and a computer. The test compounds were dissolved in saline
and intravenously édministered (0.5 ml/kg) to the dogs
through a silicone tube about 10 minﬁtes after the
termination of phase III centractions of interdiga&stive
migrating contractions (IMC) in the antrum.

Evaluation Method:

Contractile signals from the antrum amplified in
analog voltage were gonverted to digital signals, which
were integrated to calculate the motor activity.

The quantity of work which allows to sustain the
maximum contraction in phase III contractions of IMC
for 6 seconds was considered as 1 unit, and thé& motor
index (units/30 min) in the period of 3% minutes after
the administratiom of the test comipound was obtained.
The thus calculated motor index was compared with the

motor index obtained after saline was administered.

The results are shown in Table 1.
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Table 1
Test Compounds Dose (mg/Kg) Motof Index
(units/30min)
Example 1 5 7.5
Example 6 5 6.1
Example 9 5 ‘ 7.1
Example 11 5 10.9
Example 12 5 9.4
Example 14 . 5 6.6
Example 16 5 4.3
Saline - : 0.1

Toxicity Test:

Groups of 4 - 5 week old ICR mice, each group
consisting of 6 mice, were provided for the test. The
compounds obtained in the Examples were respectively
suspended in 5% gum arabic and each suspension was orally
administered to the mice at a dose of 1000 mgjkg. The mice
were observed for 1 week. None of ‘the mice died in any
dosageﬁgroups.

Examples

The present invention will hereinafter be described in
more detail by way of examples, which however should not be
construed as limiting the invention thereto.

Example 1:

Trimethyl=[4-{[[2-[ (1~methylamino~2-nitroethenyl)-

- = S L ke S v A N o e ol e o s e s

s T veians




amino]ethyl]thio]lmethyl]~2-thiazolyl]methylammonium=iodide

NO,

MeS _ )
hﬂe~. ——j&\\// I
\V/A\N ~NHMe

N-[2-[[[2-[dimethylamino)methyl-4-
thiazolyl]lmethyl]thio]Jethyl]-N'-methyl-2-nitro-1,61-
ethenediamine (5 g) was dissolved in chloroform (50 ml). To
this mixture, methyl iodide (2.19 g) was added dropwise
while cooling on ice. After stirring for 24 hours at 0°C,

the solvent was distilled off, The residue was purified by

alumina column chromatography (chloroform - water) to obtain

6.8 g of the title compound.

IR (KBr)em™* : 1380

MS (w/z) : 346 M-1)

NMR (DMSO-de) & : 2.55-2.90 (5H, m), 3.15{9H,s), 3.33-3.47(2H, ),
3.97(2H,s), 4.94 (2K, s), 6.50(LH, brd), 7. 25(1H, brs),
7.80(1H,s), 9.99(LH, brd)

Examples 2 to 18:
The procedure of Example 1 was repeated, using starting
materials which were suitédbly selected to obtain the

compounds of Examples 2 to 18.
Example 2:

Trimethyl=[4-[[[2-[(1-methylamino-2-nitroethenyl)=

aminoJethyl]thio]lmethyl]-2-thiazolyl]methylammonium=bromide

At ke

v
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IR (nujol)em™* : 1380
MS (n/z) : 346 (M-Br)*
NMR (DMS0-de) & : 2. 60-2. 95 (5H, m), 3. 19(3H,s), 3.30-3.50 (2H, uj,
3.98(2H,s), 5.01(2H,s), 6.50(1H, brd), 7.36 (1H, brs),
7.83 (14, 8), 9.99 (1K, brd)
Example 3:
Ethyl=dimethyl=[4*[[[2-[(1—methylamino—z—nitroethenyl)—

amino]ethyl]thio]methgl}—2—thiaz@lyl]methylammonium=bromide

=
[¢5}
o
z\
74
=
N
<;.D
Z,
==
@
1§

IR (KBr)em* : 1385

MS (w/z) : 360 (M-Br)*

NMR (DMS0-de) & : 1. 34 (38, 1), 2.60-3.00 (5H,u), 3.08(6H,s),
3.30-3.50 (2H,m), 3.44(2H,¢), 3.07T(2H,s), 4.94(24,s),
6. 50 (16, brd), 7.31(1H, brs), 7.81(1H,s), 8. 95 (1H, brd)

Example 4:
Benzyl=dimethyl=[4-[[[2~-[(1-methylamino-2~
M nitroethenyl )amine]ethyl]thiolmethyl]~2~thiazolyl]~

methylammonium=chicride

11 =
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IR (KBrjem™* : 1385

MS (n/z) : 422 M-C0) *

NMR (DM30-de) & : 2. 60-2. 95 (5H, m), 3.04(6H,s), 3.30-3.60 (2K, m),
4,01(2H,s), 4.75(2H,s), 4.99(2H,s), .50 (1H, brd),
7.40-7.70 (6H,m), 7.86(1H,s), 9. 95 (1K, brd)

Example 5:
Dimethyl=4-nitrobenzyl={4-[[[2-[(1-methylamino-2-
nitroethenyl )amino]ethyl]thiolmethyl]~-2-thiazolyl]-

methylammonium=bromide

NO,

s
_}\/S\/\N NHMe

IR (KBrjcm ! : 1385
MS (n/z) : 467 (M-BF) *

NMR (MeOH-d4) & = 2.75-2.95 (81, m), 3. 18 (6H,s), 3.48(2H,t), 4.02(2H,8),

4,89 (2H,s), 4.98(2H, s), 6. 70 (1, brs), 7.73(tH,s),
8,01 (28, d), 8.38 (2K, d)
Exeple 6:
pimethyl=propargyl=[4-[[[2-[(1l-ethylamino-2-

nitroethenyl )aminolethyl]thid]methyl]=-2-thiazolyl]~

;W




methylammonium=bromide

| NO,
Me S ’J[: Br..
Me~N _>\/s
\/L \/\N NHEt

IR (KBr)cm~ : 2120, 1390

MS (w/z) : 384 M-Br)*

NMR (DMSO-de) & : 1. 09 (3H, brs), 2.69 (2H, brs), 3.19(6H,s),
3.05-3. 55 (41, m), 3 94 (2K, 8), 4 08 (1, s), 4 510K, ),
5.03 (21, s), 6.48 (14, s), 7.31(1H, brs), 7.81 (1K, s},
10. 00 (1, brd)

Example 7:
Dimethyl=propargyl=[4-[[[2—[(3-methylureido)ethyl]-

thio]lmethyl]-2-thiazolyl]lmethylammonium=bromide

+ Me S -
Me~N _B\/ Br
\/\N NHMe

IR (KBr)em™* : 2125, 1680

MS (n/z) : 327 M-Br) *

NMR {DMS0-de) G : 2. 50 2.56 (5H,m), 3.12-3.40(2H,m), 3. 21(6H, s),
3.92(2H,s), 4. 12(1H, brs), 4.50(2H,d), 5.02(2H, s),
5. 86 (1H.brs), 6.06 (1H, brs), 7.81(1H,s)

3 Exampie 8:
Trimethylﬁ[z—[[[2-[(1—methylamino—Zinitroethenyl)-

et e S

aminojethyl]lthiolmethyl]-5«furanyl]methylammonium=iodide

- 13 =
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NO,

Me )
oty [N s J
" 07 TN S NHMe

H
IR (KBrjcm™*: 1385
MS (o/z) : 329 M-I)*
NMR (DMS0-de) & : 2.60-2. 90 (58, m), 3.04(9H,s), 3.30-3.48(2H, m),
3.89(2H,s), 4.61(2H,s), 6.46(1H,d), 6.48(1H, brs),
6. 76 (1H,d), 7.22(1H, brs), 9.98(1H, brd)

Example 9:

Dimethyl=propargyl=[2-[[[2-[(1-methylamino)-2-
nitroethenyl)amino]ethyljthio]methyl]-5—furanyl]e
methylammonium=bromide

_NO,

Me
ety LN s J e
—_/ 07 v \/\g ~NHMe

IR (KBr)cm™* : 2125, 1385

MS (m/z) ;353 (M-Br)*

NMR (DMS0-de) & : 2. 62-2. 93 (5H, m), 3.07;'('6'1{_, s), 3.30-3.50 (2H, m),
3.89 (2H,s), 4.09(1H,t), 4.35(2H,d), 4. 68(2H,s),
6. 47 (1H,d), 6.50 (14, brs), 6.79 (14, d), 7. 32 (1K, brd),
9, 99 (11, brd)

Example 10:
Benzyl=dimethyl=[2-[[[2-[(1~-methylamino-2-
nitroethenyl )amino]ethyl]thiolmethyl]~5-furanyl]-

methylammonium=bromide

w 14 =
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IR (KBr)em™*: 1385

MS (m/z) : 405 M-Br)*

NMR (DMSO-de) & : 2. 61-2. 95 (5H, m}, 2.97 (6K, s), 3.31-3.61(2H, m},
3. 94 (2H, s), 4.73(2H,s), 4. 78(2H,s), 6.46(1H, brs),
6. 48 (1H,d), 6.86(1H,d), 7.42 (1K, brs),
7.50-7. 58 (3H,m), 7.64-7.71(2H, m), 10,01 (1H, brd)

Example 11:
Allyl=dimethyl=[{4-{[[2-[(1-methylamino~2-~
nitroethenyl )amino]ethyl]lthio]lmethyl]-2-thiazolyl]-

methylammonium=bromide

IR (KBr)em™*: 1380
MS (n/z} : 372 (M-Br)*
NMR (DMSO-de) 6 : 2. 55-3. 00 (54, m), 3.0 (6H,s), 3.33-3.55 (2H, n,
9,98 (20, s), 4.10(2H, d), 4.95(2H, s}, §.862-5.73(2H,u),

6.02-6. 23 (14, m), 6.46(lH, brd), 7.30(lH, brs),
7,81 (14, 8), 9. 99 (1K, brd)

Example 12:
Dimethyl=propargyl=[{4-[[[2-[(1~methylamino-2~

aiSu

e e
R NN

o G s s bt - MRk o ¢ et o e v n m L N —



nitroethenyl )amino]ethyl]thio]methyl]-2-thiazolyl]-
methylammonium=bromide

+ Me S NO. _
Me\Nl\/Q\—k\/s o
/NN " N7 “NHMe
= H

IR (KBr)em™* : 2120, 1380
MS (n/z) : 370 (M-Br) *
NMR (DMSO-de) & : 2.53-2.92 (5H,m), 3.19 (6K, s), 3.39-3.60 (2H,n),

3,07 (28, s), 4 12(1H,t), 4.47(2Hd), 5.00(2Hs),

6. 49 (11, brd), 7.30(1H, brs), 7.82(1H,s), 9.99 (1H, brd)

Example 13:
Dimethyl=3-methyl-2-butenyl=[4-[[[2-[(1-methylamino-2-
nitroethenyl )amino]ethyl]lthio]methyl]-2-thiazolyl]-

methylammonium=bromide

NO,

+ Me S /l[ _
Me-_N -l\/ Br
_(J \/\N NHMe

IR (KBr)em™*: 1380

MS (m/z) : 400 (M-Br) *

NMR (DMS0-de) & : 1. 78 (3H,s), 1.85(3H,s), 2.60-2.90 (5K, m), 3.03(6H,s),
3.30-3.50 (2H,m), 3.98(2H,s), 4.06(2H;d), 4. 92(2H,s),
5. 50 (1H,t), 6.44(iH, brs), 7.28(1H,s), 7.37(1H brs),

| 9. 98 (1K, brd)

Example 14:

= 16 =
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Benzyl=dimethyl=[4-[[[2-[(1l-methylamino-2-
nitroethenyl)amino]ethyl]thio]methyl]—Z-thiazolyl]-
methylammonium=bromide

2 e
Me—N j\/
\/L\N .S\/\N
H

NO,

Br
NHMe

IR (KBrycm™* : 1380

MS (n/z) : 422 M-Br) *

NMR (DMS0-de) & : 2. 60-2. 90 (54, m), 3.06(6H,s), 3.37-3.55(2H, m),
4,01 (2H,s), 4.78(2H,s), 5.01(2H,s), 6. 48(1H, brd),
7.97 (14, brs), 7.49-7.57 (34, m), 7.67-7.70 (2K, m),
7.86 (1H,s), 9.95(lH, brd)

Example 15:
Dimethyl=propargyl=[3-[[[2-[(1l-methylamino-2-

nitroethenyl)amino]ethyllthiolmethyl]benzylammonium=bromide

Me [ f
. e
/™ ~ N

H

NO,

Br
NHMe

IR (KBrjem™* : 2120, 1385

MS (n/z) : 363 M-Br) *

NMR (DMS0-de) & & 2. 50-2, 90 (5H,m), 3.05(6H,s), 3.25-3.45 (2K, m),
3.86(20,s), 4 15(1H,t), 4.30(2H,d), 4.59(2H,s),
6. 46 (14, brs), 7.27 (1, brs), 7.44-7.54 (4}, m),
9. 97 (1H, brd)

- 17 -
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Example 16:
Dimethyl=propargyl=[2-[[[2~{(1-methylamino-2-~
nitroethenyl )aminolethyl]thio]lmethyl]-5-thienyl]-

methylammonium=bromide

NO,

Me -
D
ST VTN N7 “NHMe

]

— H
IR (KBr)cu? : 2110, 1380

MS (w/z) : 369 (M-Br)*
NMR (DMS0-de) & : 2.60-2. 95 (5K, m), 3.11 (6H,s), 3.30-3.50 (24, ),

£12 (28, 5), 4. 15(1H,s), 4 36(2H,s), 4.85(2H,8), -
6. 46 (1H,s), 7.12(1H,d), 7.28 (1K d), 7. 35 (1K, brs),

10. 00 (1H, brd)

Example 17:

Cinnamyl=dimethyl=[{4-[[[2~[(l-methylamino-2=
nitroethenyl )amino]ethyl]thio]methyl]-2-thiazolyl]-
methylammonium=bromide

NO,

hne-hJ ——jx\\,/ ,J[:

< > //_/ \/L \/\N NHMe
IR (KBr)em~* : 1380
MS (n/z) : 448 (H-Br)*

NMR (DMSO-de) & ¢ 2. 57-2.85 (5H,m), 3.13(6H,s), 3. 20-3. 30 (2H, m),
4,00(2H,8), 4. 24(2H 4}, 4.98(2H,s), 6.44 (1K, brs),

6. 56 (18, dt), 6.95(1H,d), 7.25 (1K, brs),
7.36-7.63 (5H,m}, 7.82(1H,s), O.97(1H, brd)

P,



Example 18:
Trimethyl=[4-[[[2-[(1l-methylamino-2-nitroethenyl)-
amino]ethyl]thio]methyl]-2-thiazolyl]lmethylammonium=p-

toluenesulfonato

Me S /[[
st N s
\/( \/\N NHMe

IR (KBr)em™* : 1390

MS (u/z) : 346 M-C7H750s) *

NMR (DMS0-de) & : 2. 29 (3H, s), 2. 60-2.90 (5K, m), 3.16(%H,s), 3. 42 (21, m)
3,96 (70, s), 4.95(2H,s), 6.50(1H, bed), 7. 13€2H, d},
7. 32 (14, brs), 7.51(2H,d), 7.80(1H,s), 10, 00 (1H, brd)

SOz~

Me

Example 19:
Trimethyl=[4-[[[2-[(1-methylamino-2-nitroethenyl )-

aminolethyl]thiolmethyl]-2~thiazolyl]lmethylammoniums=

chloride
' NO
4+ Me S 2 -
Me\N,\/4__§\/S ‘ “
e N ~"SN” “NHMe
H
Method A:

The compound (20g) obtained in Exampleé 1 was allowed to
pass through an anion exchange resin column (IRA-900, Cl-
type), and eluted with purified water. The solvent in the

eéluted fraction was distilled off under reduced pressure to

« 19 =

[N,
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obtain 14.6 g of the target compound.
IR (nujoljem™ : 1380
MS (w/z) : 346 (M-C2) *
NMR (DMSO-de) & : 2.51-2.91 (5K, m), 3.21(3H,s), 3.30-3.50 (2K, m},
3.99 (2H,s), 5.07(2H,s), 6.50 (14, brd), 7.80(lH, brs),
7.86 (14, 8), 9.99 (1K, brd)

Method B:

(1) N-[2-[[(2-hydroxymethyl-4-thiazolyl)methyl]-
thio]ethyl]—N'-methylfz-nitro~1,l—ethenediamine

Under stream of argon, l-methylamino-l-methylthio-2-
nitroethene (16.6 g) was dissolved in abselute methanol (?00 ml),
to which 2-aminoethanethiol (8.64 g) was added. The obtained
mixture was stirred for 30 minutes at room temperature, and
the solvent was distilled off under reduced pressure. The
residue was dissolved in an aqueous KOH solution (1.1 N, 200
ml). This aqueous solution was added dropwise to a mixture
of 2-benzoyloxymethyl-4-chloremethylthiazol (25.0 g) and
methanol (250 g) while cooling on ice. The resulting
mixture was stirred for 1 hour in an ice bath, and further
for 4 hours at room temperature. Subsequently, the solvent
was distilled off under reduced pressure. The residue was
purified by alumina column chromatography (chloroform -
methanol), recrystallized from methanol-ethyl acetate to

obtain 12.4 g of the title compound.

s 20 =




mp 131.3-132.3°C
IR (KBr)cm~! : 3165, 1625, 1560, 1379
MS (m/z) : 305 MH")
NMR (DMSO-de) & : 2. 70 (3H, brd), 2.83 (2H, brd), 3.36 (2H, brd),
3,84 (2H,s), 4.69(2H,d), 6.01(1H t), 6. 44(1H, brd),
7.22 (1K, brd), 7.39(1H, s}, 10.04 (1K, brd)
(2) N-[2-[(2-chloromethyl-4-thiazolyl)methyl]-
thio]ethyl]~-N'-methyl-2-nitro-1, l1-ethenediamine
N-[2-[[(2-hydroxymethyl-4-thiazolyl )methyl]thio]ethyl]-
N'-methyl-2-nitro-1,l-ethenediamine (1 g) obtained in (1)
above was added to phosphorus oxychloride (15 ml), and the
mixture was stirred for 21 hours at room temperature. The
reaction mixture was concentrated under reduced pressure.
The residue was combined with ice-water, and then extracted
with ethyl acetate. The extract was washed with saturated
NaCl solution, followed by drying over magnesium sulfate.
The solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatography
(chloroform - methanol) to obtain 420 mg of the title
compound. .
IR (CACZsjcm™? : 1610, 1570, 1385
MS (w/z) : 323 (ME*)
NMR (DMSO-de) & : 2. 75 (2H,t), 2.78(3H,d), 3.38(2H,q), 3.88(2H,s),
500 (2H,s), 6.43(1H,s), 7.24(1H brd), 7.51(1H,s),
10. 05 (18, brd)

(3) Trimethyl=[4-[[[2-[(1-methylamino-2-nitroethenyl)-

aminolethyl]thio]lmethyl]-2-thiazolyl]methylammonium=

“’21“
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chloride

N-[2-[[(2-chloromethyl-4~thiazolyl )methyl]-~
thiolethyl]~N'-methyl-2-nitro~1, l-ethenediamine (394 mg)
obtained in (2) above was dissolved in methanol (10 ml),
into which trimethylamine was blown while cooling the
mixture on ice. The resulting mixture was stirred overnight

at room temperature, and the solvent was distilled off under

reduced pressure. The residue was purified by alumina
column chromatography (chloroform - methanol) to obtain 250
mg of the title compound.
IR (nujol)em~* : 1380
MS {2} : 346 (M-C2) *
NMR (DMSO-de) 6 : 2. 51-2.91 (5K, m), 3.21 (8K, ), 3.30-3.50 (2K, w),
3,99 (K, ), 5 07(24s), 6.50(1H,brd), 7.80 (1K, brs),
7.86{1H,s), 9 99(IH brd)

Formiulation Example 1:

Compound of Example 1 20 g

Lactose 315 g
Corn starch 125 g
Crystalline cellulose 25 g

The above ingredients were blended into a uniform
mixture, to which 200 ml of 7.5% aqueous hydroxypropyl-

cellulose solution was added, and then passed an extruder

equipped with a screen of 0.5 mm in diameter to prepare
granules. Immediately thereafter, the granules were rounded
with a marumerizer and dried to obtain a granule

preparation..

o
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Formulation Example 2:

Compound of Example 11 20 g
Lactose 100 g
Corn starch 36 g
Crystalline cellulose 30 ¢
Carboxymethylcellulose calcium 10 g
Magnesium stearate 4 g

The above ingredients were blended into a uniform
mixture, and prepared into tablets each weighing 200 mg with
a single-shot tableting machine equipped with a pestle
having a diameter of 7.5 mm.

Formulation Egample 3:
Compound of Example 12 100 mg
Sodium acetate 2 mg
Acetic acid (for adjusting pH to 5.8)

suitable amount

Purified water suitable amount

Total: 10 ml/vial

The above formulatior was prepared into &n injection
preparation by a method knqwn‘per se.

Industrial Applicability

Since the compounds according to the present invention
have activity of accelerating the gastrointestinal
contractioen or of improving the gastrointestinal motility
remarkably as well as high safety, they have utility in the

medical field of treating gastrointestinal disorders, etc.
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CLAIMS
1. A quaternary ammonium salt represented by the
following formula (I):
R1
| ; _N—R3 Q-
Rz_:N—(Cth"“x—(CHz)m"‘Y"‘(CHz)n"‘h‘I"‘Z_N_R Q

| l
H H

A (1)
[wherein Rl and Rr? represent lower alkyl groups which may be
the same or different from each other; R3 represents
hydrogen, lower alkyl, phenyl, benzyl, or ~COOR4 {wherein R4

represents lower alkyl); A represents ioWer alkyl, lower

alkenyl, lower alkynyl, —(CHz)p~COOR5 (wherein.R5 e

represents hydrogen or lower alkyl, and p represents an integer

of from 1 to 5), -—f—-RB- or (wherein
NS N

R6 represents hydrogen, hydroxyl, nitro, lower alkyl,
-COORS, or —SO3R5); Q~ represents a counter anion of

guaternary ammonium salt; X represents

N AN D -

Y represents methylene, oxygen or sulfur; Z represents

Ve

\ S N NAAARA 4
C=CHNO, |, JC=NCOOR*,  “c=NsO,R*

\

| “e=NCN c=S, A
/ . 4 /

- - - et S e e OB, sl B o Ak aABal L s oac e e e s
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N R? \
- />
_C=NSO,< __/\\S‘Rg or [C=CHSOR’

5 (wherein R’ and R® are the same or different from each other and independently
represent hydrogen, halogen, nitro, lower alkyl or lower alkoxyl, and R®
represents lower alkyl or phenyl); 1 and m represent each an integer of 1 or 2;

and n represents an in‘tegwew_m_,_jj_rg;m_ 110.3].-

oAt

et

e

0 2 Use of the quaternary ammonium salt of claim 1 as medicines.
3. A compound represented by the following formula (1X):

i |
. H H
15 (IX)

[wherein R® represents hydragen, lower alkyl, phenyl, benzyl, or -COOR6
(wherein R° represents lower alkyl); D represents halogen or an active ester
residue; X represents

20

25 Y represents methylene, oxygen or sulfur; Z represents

s Y
l’ D—{CH.};—X—(CH.)m—Y—(CH.) »—N—Z—-N—R?
]
3,
i
|

\ , N A N,
‘C=CHNO, C=NCOOR* C=NSO,R*
Ve > 1 7 7 [
. N \
C=NCN , C=S§, C=0
/ 7 7/ '
30
N N .
C=NSOg or C=CHSO,R
7/ Ve
ecee @ e coe © * (2] . L] .
SCEWINWORDISIMONEUERSI IDIDSE G § & ¢ i :5’ s A
.‘(‘@ g:o goo ED 0::‘ i:§ :Kz c:: :si ;:o
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(wherein R’ and R® are the same different from each other and independently
represent hydrogen, halogen, nitro, lower alkyl or lower alkoxyl, and R®
represents lower alkyl or phenyl); 1 and m represent each an integer of 1 or 2;

and n represents an integer of 1 to 3].

4. A process for preparing a compound according to claim 1 including
reacting a compound of formula (II)
R
Rz-rl‘\i-(CHz)rX-(CH‘Z)m-Y—(CHZ)‘n-N—Z-N-R3 (In)
b
with a compound of formula (1)

A-Q (1
wherein R1, Rz, Rs, A Q X Y, Z 1, mand n have the same meaning as
hereinbefore described.

5. A process according to claim 4 including reacting the compound of formula

(1) with a compound of formula (Ill) in the presence of an inért solvent including

methanol, ethanol, dichloromethane, chloreform, ethyl acetate, dimethyl-
formamide, dimethylsulfoxide or water.
6. A process for preparing a compound according to claim 1 including

reacting @ halogen compound or an ester compound with an amine compound

according to the reaction scheme

Ry-NH-Z-S-CHj + NHy(CH,), YH =rereemaeme — HY-(CH,),-N-Z-N-R®
|
(V) (V) (V1) H H
EO-(CHyj-X-(CH,)-B
VI
S— 5 HO-(CH.)-X~( CHy)m-Y~(CH,)-N-Z-N-R?
Alkali .

(VI H H

Agent for Halogenation or

Acid Halide
- > D-(CHyp)rX-(CHy)-Y-(CHy),- N-Z-N-R®
(X} H H
Lo 3 e oo¢ e ® 'Y ] 3 & L
scewinworoisivonepisfioefooc § 5 S ¢ F N $ s [
[y v o ae ch 3 B *¥ * ¥ L]
! r * 8. ] ¥ 9
Le LEE TN | e + A=
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(wherein R R% R3 A, X, Y, Z |, mand n have the same meaning as defined
hereinbefore, E represents a protective group for an aicohol such as benzoyl and
acetyl, B represents a halogen atom, and D represents a halogen atom or an acid

residue.
7. A composition for the treatment of gastrointestinal disorders including a

compound accordirig to claim- 1 and a biologically acceptable carrier.

8. A composition for the treatment of gastrointestinal disorders including a
compound according to claim 3 and a biologically acceptable carrier.

9. A method of treating a gastrointestinal disorder including administering an
effective amount of a compound according to claim 1.

10. A compound according to claim 1 or claim 3 substantially as hereinbefore

described with reference tc the examples.

DATED : 29 June, 1995

Attorneys For:
ZERIA PHARMACEUTICAL CO LTD
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ABSTRACT §

Quaternary ammonium salts represented by the following

formula (1):

RT

|
R":N——(CHz)r—X-(CHz)...-Y—(CHz)n—lil—Z—I;J—Ra Q-

A b

(1)
[wherein R ana r? represent lower alkyl groups which may be
the same or different from each other; R3 represents
hydrogen, lower alkyl, phenyl, benzyl, or -C00R4 (wherein R4
represents lower alkyl); A represents lower alkyl, lower
alkenyl, lower alkynyl, —(CHz)p-COOR5 (wherein RO represents

hydrogen or lower alkyl, and p represents an integer

AN 5 \/
of from 1 to 5), ,\—r-R or (wherein

R6 represents hydrogen, hydroxyl, nitro, lower alkyl,
—COOR5, or ~SO3R5); Q™ represents a counter anion of

guaternary ammonium salt; X reépresents
7\ /- ( . S,
f/[g;x\ ' /’[;SK\ ' ‘,/[:::L\ - or ~J?§42\ ’

Y represents methylene, oxygen or sulfur; Z répresents

R .

“C=CHNO “c=NcooRt, 4
~C=CHNO, ,C=NCOOR*,  “c=NsSOR*,
N , N N
C=NCN , =8 c=
"o=NON Jc=s, c=0,
i
’
| ]
- 27 - g



N\ R7 \
=R / ‘\ r = 9
/c NSOZ—<__/\5R8 ° /c CHSO,R

(wherein R’ and R® are the same or different from each other
and independently represent hydrogen, halogen, nitro, lower
alkyl or lower alkoxyl, and R represents lower alkyl or

phenyl); 1 and m represent each an integer of 1 or 2; and n

represents an integer of 1 to 3].
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