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ABSTRACT

Isothiazoline derivatives is widely used to food, medical drug and industrial goods, cosmetics etcs,
and it makes to restrain and to sterilize a breeding of microbe as a preServative and a sterilizing
agent,

It differs with the raw material of paraoxybenzoic acid derivatives or imidazolydinyl urea to be in
use at present, on the efficacy and effect, and has various characteristics.

This synthesis makes 3,3’-dithiodipropionic chloride to add a thionyl chloride in 3,3’-dithiodiprop-
ionic acid, and 3,3’~dithiodipropionic methyl amide makes to synthesize in a reflux reaction the
mono methyl amine to 3, 3"-dithiodipropionic chloride.

And last synthesis becomes to make chlorination-cyclization molecule doing a reflux reaction in
the temperature of 90~1007C to mix excessively thionyl chloride and ethylene dichloride to 3,3"-dit-
hiodipropionic methyl amide. The last synthesis material has got in the mixture of 5-chloro-2-met-
hyl-4-isothiazoline-3-one and 2-methyl-4-isothiazoline-3-one, and it is so-called isothiazoline
derivatives.

The purification of isothiazoline derivatives makes to fuse in ethyl acetate, and makes to decolor-
ize and to deodorize in recrystallization. This experiment has been in synthesis and purification of
isothizoline derivatives, and has tried to measure on the antisepsis and sterilization function of mic-
robe according to pH or content change. |
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Isothiazoline #E4 (J( -~ )& Ri(CH:), Re
(H), Rs(Cl, H)¢9 tjz& zk= 5-chloro-2-
methyl-4-isothiazoline-3-one3} 2-methyl-4-is-
othiazoline-3-one?} YA EIAE RiFf R YAl
o2} methyls} chloro #to]Zg HegFo s X3,
¥t-3-A)718  Chlorination-Cyclization(g 4 — 1]
3})o] o]FojR 3, o= WY © Ag3gof gyt
JHEHA 7} Y AoT BRI Yo, nyE
o th3t A9 A4 &3+ Table 29 2t}

Isothiazoline F XA E 2)3lste A, w33}
e o3 7k F499E°e Ao Adams}
slack”= mononuclear Isothiazole(@3] o} xjo}
&)< 223} wt-3AlA 3-hydroxy Isothiazoline¥}
2-Substituted-4-isothiazoline-3-one& Hzx=Z
1A 3t ). Goerdelerst Mitter” = thioacyl acet-
amideE B3} w-ZA|AH 2-methyl-5~phenyl-

Table 1. H2I2A| OHAEHA R stF g

GEMCREE

4~isothiazoline-3-one3} 5-methyl ¥ 5-phenyl-
3~hydroroxyisothiazoles2 32| A3t o).
Hatchard” = di(sodiomercapto) methyl enem-
alonitrile$ Ar3HE-GA|A A3} id oste 3-
hydroxy-4-cyano-5-mercapto isothiazole2} dis-
odium salt2 @3} TASHIT Goerdelers}t
Keuser” = thiomalonamide 45318 BE3] ukg
AlA 5-anilino-3-hydroxy isothiazole= 228
é}/‘g%}ﬁ_?_t# Crowe} Leonald”e] ol#] cis-3-
thiocyano9} thio-sulfatoacrylamide& z]3s} wut
23t 2-methyls#} 2-ethyl-4-isothiazolineg 2}
Z+ A3t} Isothiazoline Al B 58
3 5L &R 8% 2 898 Ho EAqFHEN
nFoRE HeHol} FHoldd ddFe] o]
FZolu 9AY A8A T AdYgFd AHLE &
Ao FA ) s eV a3, gty o
2 vtz ol Gram(23) YA T staphy-
lococcus( EEAF), streptococcus(BH )
5ol 92, 233 Gram(a2F) A F = pseud-
omonas(Ztd), E. coli(dlZd) ol o %
ol#ol= Aspergillus(FE3%°]) 5ol A vy
Eo] Bgo g4g nxE QA 57 (Humidit-
), %" (Temperature) 18] A% (Acidity)

)
Ve = 299,

g &+ ¥ =(%)

) &

H) 3
Methyl Ethyl Propyl Butyl

Staphylococcus 0.1 ~0.4 0.05~0.1 0.05~0.1 0.1

Pseudomonas 0.2 0.1 0.05~0.1 0.05~0.4

Aspergillus 0.1 0.05 0.05 - 0.05
Table 2. DIA4S0]| LSt 40| At Fap™

o A pH 2 =(T) A A7t FagSeE AFaH (%) v X
(ppm)

Staphylococcus 7.5 20~25 24 0.5 100
Streptococcus 6.0 21 0.25% 5.0 100
Pseudomonas 7.2 25 0.5% 0.8 100

E. coli 7.0 20~25 1% 0.055 100
Aspergillus 5.0 25 30~60% 100.0 100
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Table 3 OISO CHEH 22 L B pH™

pH

IE Ty g8 OF
Staphylococcus 50~9.6 6.5
Streptococcus 2.7~9.2 7.6~8.0
E. coli 4.8~9.6 7.0~8.0

cooling
condenser — \}.

- Three neck
round flask

Fig. 1. EHEAEEX
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did oz {718HES AA%e de F4Y
I S54H, oA AFZY Fol Yo isothiaz
oline XA o] FAjdl= ol oM H|o|EE &84
A AARY ez AR, _

B d3es A, AAF Isothiazoline <A 7}
pH 2 3F Wsle wle} nAE viXe Uy 2
7159 B3l £F 2 EHE S8 2z
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1. Alef gt 71|

B Aol AFEE Al 3,3 -Dithiodipropionic
acid2 Aldrich Chemical Co. 9] EFA|%¢S AHE
81902 Thionyl chloride®} Mono methyl amine
(CH:NH2)2 D.S.P 4 I AlgE A3
o}
T3 Lo+ Ethylene dichloride9t Ethyl
acetateE AMESIUAL pH £33 v A E Algd+=
Phosphoric acid(<¢14F)3 Nutrient agar med-
ium (g8 G A ) & 712 AE-E o

A8 7)1 712 = Rotary revaporator R-114(Swis-
s), Circulating aspirator A-3S(Japan), Three
neck round flask(Germany)$} Reflux Cooling
Condenser(=4t) %2 A3 HAEFA=
Fig. 13} 7}

nj A EAFel= Microscope(Japan), Shaking
Incubator (24}), Colony Counter (ZAF) ¢} Auto-
clave(F4h) & 4z AH8-89 2, UV-23 & UV~
Spectrophotometer (UVikon-920)$} IR-Z32
I.R—Spectrophotometer( JASCO IR-100) ¢} HP-
LC 232 HPLC(Young In M-910)& 7Z}7} A}%-
sttt

2. Isothiazoline 2| &M 2 MK AlE
1) 1& 848
Three neck round flask(500mL)¢] 3,3 -Dit-
hio-dipropionic acid(0.4mol)$} Thionyl Chlori-
de(0.9mol) & ¥ QOil bathiolA %7} 90~
100C, ¥# o} 15~20mmHg, A}l7}o] 2k 4A] 7} Ref-
lux (357 ) WHE-A1A F9A17]9 3,3’ Dithiodiprop-
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ionic Chloride7t gojAt},

2) 22 N3

Mono methyl amine(40% Sol), 200mL&
Three neck round flask(500mL)e] ¥3 3,3-
Dithiodipionic chloride(1mol)& Dropping Fun-
nelof Yol A3 wwtsldAA FYsd, o] of
Mono methyl amine2 Wdut-g-& 28 Water
Bath 2ol Ice9} NaClg Yo 25 & 15~20C&E
FAANFAA oF 15/ 7t Reflux($5) WHS-A714
3, 3’-Dithiodipropionic methyl amide7} Qo Zt},

3) 33 FAAAE

A=ZAZ) 3,3’-Dithiodipropionic methyl ami-
de(0.4mol) ] €<l Ethylene dichloride ¢F 100
mlE Three neck round flaskel] g0o] 4294 &
A A1712 Surfuryl chloride(0.9mol) & excess(3}
Z) £33 Oil bathAde]A &x7} 90~100T, A
7vol ¢F 12417, Reflux(&5F) wHS-Al7|H 3,3'-
Dithiodipropionic methyl amide’} Chlorina-
tion-Cyclization{ g2 — 3238 )=6] 5-Chloro-
2-methyl-4-isathiazoline-3-one 2-methyl-4
-isothiazoline-3-one2] FAHEHo] Pojxn] H
Isothiazoline f =4 548 Fig. 29 2t}.

4) AAAE

343 8t Isothiazoline-§- 4| & Three neck roun-
d flask(500mL) ¢} 23 &9 Ethyl acetate 100
mLE 3o} 9 101.5C7HA §6A% F oA ¥

HE MLk

3to] AF2olA EEA1Y. B8] A7 Isothiazoline
FEAE vl gE 20.0mLo L3A) 712 ool H)|
o|E 100mLE A &3] of 101.5C7HA &84
1 F 7343t Wed23 o dolMH ol EE FTA]
712 Ao YA (A FE = —10Torr) 5}
AAARAT g JAFA%71(50~80C)E HZEAZ
o}

3. pHAIE & 717|184

1) §4 3k Isothiazoline FEHE 1% Solo. g £
3| A1 71322 Phosphoric acid-& 10% Solo.8 &0
Y2 o2 pHE 2.4~7.07tX (2.4, 3.0, 3.5, 4.0,
5.0, 6.0, 7.0) Ztz} Al @3t

2) &3 & Isothiazoline %A1 (1% Sol)) o€
U43L(10%) & Su= AMSstoA A F5933
(Amax) & UV-Spectrophotometer2 2% 25%¢C,
150~400nm Yol A A3 .

3) 43! Isothiazoline A& KBr ZAAH o
2 ujid, £t FqHd AHEY S IR-Spec-
trophotometer?] *8$1(4,000~400cm™’, 2.6~16.
64) A S 3T

4) A3} Isothiazoline $EAE 1% Solo. 2 vt
3 eI L(10%) S 8z 3o JAHERS]
A T34 S HPLCE RTH YN Hdls
= BXE S

C ¢ Structural formula of o T Chemical | Molecule | Solubility } M.P Yield
omponent | foothiazoline Derivatives PRI formula weight (H20) (t) (%)
R2 2 0
' | 59.36g
1 CH3| H | Cl {CAH4NOSCI| 149513 Soluble |54~55
R? =0
2 CHs| H | H | cHsNOS | 115060 | Soluble |48~50| 2748
R3 _N—-Ri (4%)
S

Fig. 2. Properties of isothiazoline derivatives.
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4. OMEAE

1) PJAEXA Y] AL8E B2 F/HTE AHEEA
o] Petri dish & ¢|u] Auto clave(121¢, 15
&M " el ste AMS-3A Y.

2) U EAYY AILE AR pHE 24, 3.0,
3.5 4.0, 4.5, 5.0, 6.0, 7.00|9o FRQF L= 5
ppm, 10ppm, 15ppm, 20ppmog ZA|sto} A}-g-
A=A

3) AP A(Nutrient agar medium)&
Beef extract 3g, Pepton 5g, NaNQO: 1g, Agar
15g/D-Water 1L2 3t A|5.(1% Sol) 0.5mLE
Spread platet 0.2 HZs %},

4) WAEL oju] WY e Eold (ERFT
)3 SRl (FSF3eld) & 4 A
pHEZ FHFGA A vAE 0.5mL(MAE
1,000CFUS/mL) A =& &3t HE3Uoh

5) dubxo g g 2A YA vt gjoldo AL
22 (37C) oA 48A7H(2Y) WS 580l
42 5 F&(37C) A 1681 HT7Y) widd F
Alg9 %o Fx 9 pHoel ua} v E9 WH3H(AY
94|, T4 Ee A2E93H)E SN ey &3
il 0 2= Colony Counter(H44) 2 7] A9
A#45e 1CFUS/mLE 193 nAE A7
1,000CFUS/mLE tide=w 39t (1CFUS/mL
=1Colony Forming Units/mL).

M. #op o 0zt

1. Isothiazoline F=XI2] &4

Isothiazoline %A (Ri~CHs, R2-H, Rs=Cl, H)
g A3t FF WAHEZ 5-chloro-2-methyl-
4-1sothiazoline-3-one®} 2-methyl-4-isothiaz-
oline~-3~one& <4 ev, MP, UV, IR, HPLC ¥
271718 T3] oha3t 7ol Els .

Fig. 3~6& Isothiazoline #X<A& IR-Spec-
trophometer2 IR-GYA S BAAZEZR
Ri-CHs radical e 1,400cm ™ '(7.25u) o)A 3}o] =7}
Vel Re-H radical® 900~690cm '(11.1~
14.5.) o4 elgten] Rs-Cl radical2 -800~600
cm (12.5~16.5x) 914 Hebgtty. 2832 C=0%
1,725~1,705cm” ' (5.8~5.87¢), C=C¥ 1,600~

Isothiazoline =48] §4 R A 28 A7 5

1,475cm” ' (6.25~6.78) ol A} 1 o] =7} YHElT)

1) '5~chloro—2—methyl—4—isothiazolirie -3-one
=0

—

CI\S,N —CH;

(CH.NOSCI : 149.513)
- mp =54~55C
+ UV(Et-OH, Amsx) =270nm
- 1R(KBr, cm™') = 1,725, 1,705(C =0)
1,600, 1,475(C=C)
- HPLC(Conc) =10.0%
2) 2-methyl-4-isothiazoline~3-one
=0

H: .N—CH3

S

(CHsNOS : 149.513)
- mp=48~50TC
- UV(Et-OH, Amax) =390nm
- IR(KBr, cm™') =1,725, 1,705(C =0)
1,600, 1,475(C=C)
- HPLC(Conc) = 4.0%

Fig. 3. Analysis data of isothiazoline derivatives [1].-
& [2]. |
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Fig. 4. Isothiazoline TTX| 1%Sol(pH : 3.6) = UV Spec-
trophotometer2 3
(Solvent : Et~OH 10%).
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NO.NAME RT AORH MK CONC

1 2.835 5538 M 10.0386
2 3111 40017 M 74.1599
3 3.515 2158 3.9119
4 4.208 6560 11.8894

TOTAL 55174

- 100.0000

o
10.00~
15.00
20.00
25.00"

Fig. 6. Isothiazoline =X 194 Soi( pH: 3.5)2 HPLC
2 =X (Solvent : Et-OH 10%).

2. Isothiazoline W A|2] 812
1) 1x} ¥HS-
S2(CH2CH.COOH ):+ SOCl; —
S2(CH2CH:COCl): +HCI t + 250: 1
1X}9H-2-8. Thionyl chloride?] X&uwtLoz wui
S 2718 &x7t 90~100C, < 447, el
15~20mmHg2 3Fut-ZA|ZT} o] o AAE 3,
3’-Dithiodipropionic chloride?] #=&(Yield)&
oF 75mlL(50% ) 11t}
2) 2xHkS-
S:(CH:CH.COCl)2 4+ 2NHCH3 —
S2(CH2CH:CONHCH3):+ 2HCI ¢
2xt-2-2. Mono methyl amine?] x|&uls-o 7
Z71& 15~20CY A oA HASIHL ¥
& 1547 FFWLAAT.

H

—

o
o
% Eds

GRS aR

Mono methyl amine-& 60~65C¢} 7}g Wdwt
o2 YAH oA gEg-o] o]Fojx o o] o] &
A9 3,3’-Dithiodipropionic methyl amide®] %
&(Yield)& oF 95mL(40%) o1}

3) 3akS-

S2(CH.CH:CONHCH3): + C2H(Cl: + SOCl. —

I |~ | SO.
a N-cu® ¢ n—cuh SO
- S

(1) (2)
+CHst +2Ch t

3x}uk2-&  Ethylene dichlorides} Surfuryl
chlorided] Ao wrgZ2ALE &&7 90~
100C, ¥¥gol 15~20mmHg, o 12417}, &FHS-
X719 Chlorination-Cyclization(g A& — 318} 3}) o]
Hol (1D (2)7F QoA o] v £5&(Yield)
o 83.1g(32%) 2 HPLC 2343 (1) (2)9 &

Ful &2 YT 10%9} 42 JYERT

3. Isothiazoline T+ X2 HEA|E

71828 AAst=de AU 7Y, o
P A E ] At

gHMEL GHES o] &3 FAY LS
Aol Faste vHFA3U {7189 7% @42
F2A7E A2 SN Fr1E9 AE A €F
o uA S3A 9 gAAAZ el Ev} Q.

Isothioazoline FEA]9] BA v AAe AA =
WA E 2N 92 233l Ao] s FAYelY
Y 2 ooz ¢ Ea 9 g3 £A
7 ot

2 AfdAe AA4ZHe Assdes AAA
Hol] A} L5 = 4v] 2= Benzene, Heptan, Hex-
ane, Toluene, Chloroform, Ligroin, Ethyl acet-
ate 5°] Q13 o} Fo gJFEY SHELS RS 2%
A SEHEZ qiFolt YME FEAA AAS}
717} ol 28y dEotAH ol Ex 8257}
A 101.5CE vwd ¥ J7Hed FAA &
ej7t ojFojgct. #2 A3 313549 Isothiazoline
Ao AeEe&E 8£3iA713 AHotAHolEE
AEFTAA &6, Z2gA}E vgZa o dolA
HolEx Sutdn. thA] AN 7L, o 3sto

o
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AR B ABAZ(50~80C)AFE MAbo)
Moz 5y WAz eHYe & 4 2.

4. Isothiazoline T2} 0|MEAIE
1) & st o2 vl EAE A3

(1) TAT#

Fig. 7& Isothiazoline =4} 7} §akH 3} ujal
nAE] Fo] A AP Aot AA v gott
9] AL ETgTdE Ao ujzld nmjAE

1,000CFUS/mL(®|A & 1) A4 :1CFUS/mL) &
Z1EeR AR 1,0007) AHF 0.5mL Fx=9] v
AEL iAo HF - wigstdet. A5 pHe 3.5
& 7|E€L2 ey Alge X7} 20ppmiA =

10005
E ] o—o 24 hrs incubation
;% \\ n—a 48hrs incubation
.C—U. ]
3 |
g
< 10 -
"R
L
g
pa

0 5 10 15 20

Concentration(ppm)

Fig. 7. Number of bacteria on the changes of con-

centration.
1000
%‘ ] o—0 24 hrs incubation
& o—o 168hrs incubation
é 00
S 1%
= .
o
9
o ]
L0
E
CEE . .
0 5 10 15 20

Concentration{ppm)

Fig. 8. Number of fungi on the changes of concen-

tation.

Isothiazoline =49 ¥4 R AA} AF A+ 7

o FE o] £7F A JehtA] ggton ol ngE
o] Aol B7hsde ¢+ Atk

15~5ppmo A& wlABEL] 471 100CFUS/mL
o3& ‘—}E}ﬁ""ﬂ ol= A Eo] AZYA B 4
#7156} =& & 5 Ut

a2y S5ppm of3tollA & njABES 7 HAE F
7tetd OppmoAle Fig. H(EEAFF-FE:10
ppm, pH :3.5% FAH)ojA ¢} o] A87 Ry
A e FAYY AL AR £ A
7184 &€ 9o

£33 v YA (24— 168hrs) o] ZDojA 4] wlet &
A FxoA v EY 7t 40 FUkeH ol ¢
QA A Zbo] AUt vl Eo] AAYFTS & F .

1) T=33F: - 9 298 (24hrs)
- o] 29 (168hrs)

L FAR(S)
-pH :7.0

- %% 10ppm (&)
-pH :3.5

Isothiazoline X2 0|AE AlE H|al.

Fig. 9.

(2) F&F%o]

02 F3oldy Ay FEFFoldE A9t
o 37 A Edol wiel Ag$ Astolrh A2 pH
= 358 7102 39 Fig. 8ollA R uiel 7
o] Alg 9] ¥%7} 20ppmol & vl E L] 7} A2l
UeEh}R] o= Ao g nol njAEe ASo] e
&g & UL 15~5ppmofA = Pl EQ] 7} of

_..,99..__



8 A7A - AE

250~50CFUS/mLZ Jepgtoen ol F3o|do]
dlelglel Bt Aol e ¢ & Utk 28y
S5ppm ol3tolA e wlAES F7t HAF HolA
Oppmol A+ Fig. 10(FEF%old —¥F% : 10ppm,
pH : 3.5} FAIR) )29} ol AN 87t Tt &
& FANY9 7S ulBES] Ut EASA F7HeHA
o} A|871 10ppm F41 3 vjA] ol = n| Y E2] WA
o] A Y-S & F Utk BT A Tre] Ao
Aol u}z} vtelejolsl v A2 v A E S 7t %
7+ F7WHE ¢ 5 At

2) I=Fgold: - ¢ 2Y (24hrs)
. otg] =¥ (168hrs)

- FAE(S)
-pH :7.0

+ F% 10ppm(F)
-pH :3.5

Fig. 10. Isothiazoline X DJAIS A|E H|ID

2) pH¥is}o| ME nAEAFH 23

(1) T=4+¢

Fig. 11-& Isothiazoline < A|7} pH ®3}le] u}
o} U] E2] ol A/F AIY Astoltt. AA Al&E
10ppm¥] FH3t] wijA o] EIF3INEL pH7t 2.4,
3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0%! A& & Z}Z} r&
o] A4 WUy ANFgEoew IEATFS A
e atef wjzjo] u]AE 1,000CFUS/mL(w]A& 17§
A4 1 1CFUS/mL) 71222 Q3 1,000749] 3

HEM{CEER

g 0.5mL Axe] vjAES vjA o) HF - wjgs}
A}, v Gz 37THA 48X 7H(2Y ) AA
St

Al2¢ pHe F42A 78 7|22 AHA3E S oA
AXNEAZ pH7 7.0~5.00X wBEL] %7}
500CFUS/mL o)t 1 471 A4 kA pH7}
3.5 o|3lo M= Pl E 427} 100CFUS/mL F ==
9243 HolA ujAE] & AKYA e A7)
50 94&L U 4+ 9len pHIL 3.5~2.49 A= v
AE9 47} 100CFUS/mL o}3t2 AFAA} Ao
E27H53E ¢ Ao " HgoE Holds
& O AEL A5G4 750 FUHI A5 FE
7} 715l wet AiA-gde FFEIA S
4 Ak T3 WjFA ko] AH Y pHAA 1]
BEQ F7} 7 TS ¢ o Y.

3
“CD

O—0 21hrs incubation
O— 48hrs incubation

100 1

10 7

Number of bacteria(CFUs/mL)

pH
Fig. 11. Number of fungi on the changes of pH.

1000 | _ |
] ~©—~ 24hrs incubation :
+3—168hrs incubation =
fi

100

Number of bacteria(CFUs/mL)

=

y—

o

W
-
n
(=p]
-

Fig. 12. Number of fungi on the changes of pH.

—100—
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2) FEFHIE

O3S %ol AT FEFBRolFE AYs}
o 371 Ay w2t AFE Aol 9A A=
€ 10ppm# F st wiRlo) EIFSASL pHIT 2.4,
3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.07t A NEE zt7 @
o] Mg WAUlA AA R wjA o] nYE
1,000CFUS/mL(v] & 17} 4 :1CFUS/mL)
712 100709 J4F 0.5mL Fxe] v BES
WA o] HE - WA I L 168X (7Y
74 AAs .

Fig. 129141¢} 7re] pH7} 7.0~5.0014 FEF%
olg9| & vHlgold Btk F7lstlew pHY}
3.56~2.4%x = mlAlEo] 100CFUS/mL o]s= A}
3 4d715°] E7FsEE € Ao 28y g
Hzlotd Bt WAdol Asta wjA|ze] F7td
T%F ¥4 pHolA vl EFE 371ES € + A

N.&8 8

B A3l Isothiazoline $E A= 11, 23}, 33}
of A4 A u} HF AHEE 5-chloro-2-met-
hyl-4-isothiazoline-3-one® 2-methyl-4-isot-
hiazoline-3-oned] YAEHo] gi4—-23l2
ojFon B AAE 3oz pHE AE 5 <€
oAl ER A A3 njAES AP AF o
3 2 4EE 49tk

1. Isothiazoline 53+ EYEZRE HPLC
A3 29 T vt A 10%9) 4%2 el
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A
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