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(1) Novel Biodegradable Quaternary Ammonium Salts Quaternized by Epichlorhydrin

A AEAY ol AWIAHAE MLl Hstd Alkyl amine,
Epichlorohydrin, 2 IEAWA4HE ¥H-EA|A, AWEAA 258 AEHE &
€712 Ester 1§ A3 =43t W (Scheme 1)S HESIGTH

e 1PA e 2
1 2 1 2
RINMe, + o/ (07 + RPCOH —_— R rlq/@\/\OCR
reflux, Me OH
1.0 eq. 1.2 eq. 1.2 eq. 1,2,3a-3d

Scheme 1. Preparation of biodegradable quaternary ammonium salts.
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Table 1. Surface-Active Properties of Prepared Quaternary Ammonium Salts
at 20°C

Compound R! R? n Krafft point (°C) CMC(mM)  Ycyc (mN/m)
1 HO(CH,), CuHy - <0 160 34
2 C,HuCON(CH), C,H; - <0 0.12 32
3a  C,H,uCOCH), CyHy, - cloudy - -
3b  CizHLCO,(CH), CuH, - cloudy - -
3c G HuCOCH), G H, - cloudy - -
id C;HyCO,(CH,),  Cy;H,, - cloudy - -
4a - CyHa <0 0.09 2
4b - CHy <0 0.20 35
DTAC CooHpNMeClI <o 120 39
DDAC (C12) (CrHaze):NMe,CI »n 0.18 -
DDAC (C14) (C.aHag) NMe,Cl cloudy - -
BQADC (C12) C,;HjsN(Me,)CH,CH(OH)CH, (Me,)NC\;H,:2C1 <0 0.78 37




(2) Synthesis and Surface-Active Properties of Multiple Quaternary Ammonium Salts
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o T CiaHosNMe, @ i ® e
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rt 5a. b ’ reflux 6a, b
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thanol H Me OH
& (]
rt 7a,b
3CyzHps CyaHasNMe, () @T ® o
— ————————  Me;NTYTNTY " NMe, < 3C
a_ b oH Me o

ethanol

C C.
_R—Hl_lzés_ reflux 8a, b

Scheme 2. Preparation of multiple quaternary ammonium salts.
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Table 2. Surface-Active Properties of Prepared Quaternary Ammonium Salts

at 20 °C
Krafft Yeme
Compound R Point ( °C) cme (M) (mN/m)
g 6a CH, <0 9.9x 104 42
R .
® | e o P
MeN~ Ny “Nie; » 2CI 6b CHys <0 6.2x10 35
OH
8a CH, <0 4.6x104 39
] @l o
N’YMYNMe, 3ci 8b C,Hy <0 9.6x 10 n
Rvos~ywme-200  BQADC(C12)  CoHy <0 7.8x 104 37
OH
@
RNMe, + C1° DTAC CyzHy <0 12x10? 39
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Novel Biodegradable Quaternary Ammonium Salts
Quaternizéd by Epichlorhydrin
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Destructible Surfactants v
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This Work

R e i Tk O

One-Pot Reaction

0 Me o}
il { il ©
R'NMe; + c o + RECOH —_— R‘»la/é\/\ocna2 cl

R'NMe; Products

HO(CHz):NMe; M 1lkyl Monoquaternary Ammonium Salt

[o]
i i
RCN(CH;)3NMe; RCO(CH;)2NMe; Dialkyl Monoquaternary Ammonium Salt

MezN(CH;y)NMe3 Dialkyl Diquaternary Ammonium Salt
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Comparison of Scheme of Reactions

One-Pot Reaction

[o] Me (0] )
1
R'NMe; + o O " R?COH _— R‘r:(@Y\oé':R? a®

Me OH

Two Step Reaction

(o]
1 NMe
C11H23CO/\/ 2 Me

O. [o] o -
1 1 i
o O + CyHpCOH —» c”Hzgco/ﬁ/\u R‘I . otr? ¢ ®
OH Me OH )

1. Alkylation(Esterification) 2. Quaternarization
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mparison of Reactivities of Fatty Acid with Epchlorohydrin

10 m E W m B g R A A A
A
80 | A
A |
< 60 f
s A ?
3 C11H2300/\/\C|
o
> 40} OH
. A
20
0 e & o & o © . ® | ° .
0 1 2 3 4 5 6 7 8 9 10 11 12
Time (h)
9 N . . 0 IPA
Run C11H23CO C|/ ['s] quHggCOH reflux
1(®) 0.0 eq. 1.0 eq. 1.0 eq.
2 (A) 0.05 eq. 1.0 eq. 1.0 eq.
3 (M) 10eq. 1.0 eq. 1.0 eq.
@ LG Household & Health Care
Comparison of R s of Alkylamine with Alkyl Chloride
SRS ST T MRS S s e
100
° [ [ L
80 | e ®
[ ]
®
g 60 | b a A A A A
> 40t
‘A h(le (l? o
R’ OCR? ¢
Me OH
0 L ) s s . L .
0 5 10 15 20 25 30 35 40
Time (h)
(o] IPA
il NMe:. + + |
Run CiHgaCO™ " 2 cr o CiHuCOH refux
3(®) 1.0 eq. 1.0 eq. 1.0eq.
4 (A) 1.0 eq. Alkyl Chioride : 1.0 eq.
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Preparation of Monoquater

o] Me o}
PA | 1l
R'NMe; +  of (07 + RCOH —0— o R‘N{Q\K\OCR2
reflux, 24 h Me  OH
1.0 oq. 1.2eq. 1.2eq. 1,2,3a-3d
Compound R? R2? Recovery (%)  Appearance mp (°C)
1 HO(CH,), C,H,, 65 Waxy Hygroscapic
2 C,H,;CON(CH,), C,H,, . 75 white solid 161-163
3a C,H;;CO,(CH,), C,Hy - 718 white solid 43-46
3b C,;H,;,CO,(CH,), C..Hyy 75 “white solid 62-65
3¢ C,sH;,CO,(CH,), C,sHy 75 white solid 73-76
3d C,;H,;CO,(CH,), C,Hys 77 - white solid 81-84
@ LG Household & Health Care
Preparation of Bisquaternary Ammonium Salts
B i e T EEEEE———— ;

0 0 M o

1] IPA 1 i 1 1
Me:NCHoNMe, + of Y + RCOH —— > cho/\(@\hll(crlz)nr;lg\(\omz
- reflux, 24 h

1.0 eq. 1.2 eq. 1.2 eq. 4a-4b

Compound R? n Recovery (%) Appearance mp (°C)
4a C,Hy; 3 80 Waxy Hygroscopic
4b CHy, 6 75 white solid 185-187

@ LG Household & Health Care



Surface-Active Properties of Prep

Ay

ared Quaternary Ammonium Salts

at 20°C

Compound R! R? n Krafft point (°C) CMC (mM)  Ycpc (mN/m)
1 HO(CH,), C,H,, - <0 16.0 34
2 C,H;CON(CH,);  CyHy - <0 0.12 32
32  CyH;CO,CHy), CyHy - cloudy - -
3b C,3H;CO4(CH,), CysHi, - cloudy - -
3¢ CyHyuCO,(CH,),  CyHy - cloudy » - -
3d CyH3sCO,(CH,),  CyHys - cloudy - -
4a - C,Hy 3 <0 0.09 32
ab - C,Hy, <0 0.20 35
DTAC C,,H,sNMe,Cl <9 12.0 39
DDAC (C12) (C,,H,5),NMe,Cl 32 0.18 -
DDAC (C14) (C,4Hz0),NMe,Cl cloudy - -
BQADC (C12) Ci2HasN(Me,)CH,CH{OH)CH, (Me )NC,,He2C1 <0 0.78 37

Evaluation of Ecological Properties

B TR RS

1. Readily Biodegradability (OECD 301D, Closed Bottle Test)

BOD (mg O,/mg test substance)
Biodegradation (%) = X 100
COD (mg O,/mg test substance)

Conditions

- Inoculum : 1 mL/L - Test Concentration : 2 ~ 5 mg/L
- Temperature : 20 °C - Period : 28 days

2. Ecotoxicity
(1) Acute Toxicity (OECD 203, Fish, Acute Toxicity Test)
No. of dead fish at each concentration

Mortality (%) = X 100
No. of exposed fish at each concentration

Conditions
I_- Organism : Oryzias Latipes - Period : 96 hrs

@ LG Household & Health Care
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Evaluation of Ecological Properties

SRR T

(2) Acute Toxicity (OECD 202, Daphnia, Acute Immobilization Test)

No. of immobile animals at each concentration
Immobility (%) = X 100
No. of exposed animals at each concentration

— Conditions

- Organism : Daphnia magna - Period : 48 hrs

3. Cell Toxicity (MYT Assay)

No. of viable cells at each concentration
Viability (%) = X 100
No. of exposed cells at each concentration

Conditions
l_- Cell : Mouse fibroblast 3T3 Cell Line - Period : 15 hrs

@ LG Household & Health Care

Test with Functional Group

Results of Biodegradation

R NPT, TR T

100
80 |

:\; Compound R! R? n
<

2

g ° 1 HOCH),  C,H; -
E C 2 C,H;,CON(CH,); CyHy, -
g o 3a C;4H;;C0,(CH,), CHy -
% w] 4a - CyHyy 3
'g A 4b - CyHyy 6
& 8 DDAC(C12) (CoHys),NMe,CH

Time(day)
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Results of Biodegradation Test with Length of Alkyl Chains

Compound R'= R?
o) 3a €1HzCO,(CH,),
;\? L] 3b C13HxCOL(CH,),
E‘ a 3¢ CysH3CO,(CH,),
3 a d C7HyCO,(CH,);
3
g
o
@
g
2
o Compound Rt= R? Amount (%)
€,4H;4COH 3
] Mixture CiaHyrCOM 8
€,H3,COH 30
€, HyCOH 62
Time(day)
@ LG Household & Health Care
Results of Evaluation of Ecotoxicity

Acute Toxicity (mg/L) Cell Toxicity (mg/L)
Compound LC50 (Fish) EC50 (Daphnia) ) IC50
Mixture 15.0 103.0 183.0
DDAC(C18) 75 03 194

@ LG Household & Health Care




Conclusion

b ST R

o Me (e}
H 1
R'NMe; + ¢ o0 + R?COH -— R *WOCRZ a®

O Novel quaternary ammonium salts were prepared from the reaction of alkyl amine
with epichlorohydrin and fatty acid, simply and effectively.

O Ammonium salts with two ester groups have found to be readily biodegradable.

© And they are also milder than conventional ammonium salts in ecological properties.

@ LG Household & Health Care

Synthesis and Surface-Active Properties of
Multiple Quaternary Ammonium Salts
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1. Destructible Surfactants with pH
=]
YL AP
R Oone &ny
° -
D. Ono, et al. J. Jpn. Oil Chem. (YUKAGAKU) 1993, 42, 10. D. A. Jaeger, et al. J. Org. Chem. 1982, 47, 2223.

2. Copolymerizable Surfactants

CHCHy
OH;(CH;Ir—d (OCHCHINOH

3. Neutral Ion Carrier ' 4. Gemini Surfactants
6
W\/V\/\/%Z:O/_(Eag)n R‘“;E"/j}w
]
0 Y
° \—(‘,Eézl R—NEO OH
Co o)
)

I Ikeda, et al. Tetrahedron Lett. 1981, 22, 3615. T. J. Miclch, et al. J. Am. Oil Chem. 1998, 65, 820.
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Gemini Surfactants

SRR ALY TR

— |
Binding i
Conventional Surfactants Gemini Surfactants
Anionic Surfactants Nonionic Surfactants Cationic Surfactants
RCO;Na 1 3
2N8, R AN 7 R
ASO;Na N* X"
RO(CH,CH,0),H SN
ROSO,Na A2 -
ROP{O)(ONa),
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C1;Hp50S0,Na

0
A u/\[ R 0/\(0(0H2),so,ua R (\[ocuzco,Na . O/\Eog(cma),
Y Y Y Y Cy2H2:80,Na
R—o\/( R—O\I R—D\): R—o\/[ 2 ’
OSO;Na O{CHzhSOsNa OCH,CONa OP(ONa); C11Hz5CO,Na (pH11)
1 3 4 2 ’ Ci2HzsOP(O)(ONa),
; )’ B /; - ’
; s e " /
/ - -
;’ g - " . ;
/ " -~ e g ’ {
- I
L NN L1 bt L 11 il L1ttt
10-5 10-4 1078 1072 107!
cmc (M)

*R: CyHyy Y: OCH,CH,0

@ LG Household & Health Care

Surface-Active Properties of Typical Gemini Surfactants

at 20°C
Lime-soap Stability for Foam Volume (mL)
Wetting Time Dispersing Ca*and Mg»* "

Compound (sec) Ability (ppm) 0 min 5 min
Gemini Sulfate 1 80 5.8 > 6000 250 (1]
Gemini Phosphate 2 - - - 240 230
Gemini Sulfonate 3 41 6.3 > 5000 255 225
Gemini Carboxylate 4 16 - 650 250 250
€,,H,;050,Na 86 300 1080 240 240
C,;H,;OP(O}{ONa), - - - - -
CyoH,sSO;Na 15 94.0 - 215 130
€,4H,:CO,Na (pH11) 226 - 250 200 170

*R: CyHyi Y: OCH,CH,0

@ LG Household & Heaith Care
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Multiplication of Surface-Active Agents

Monomer Dimer Oligomer Polymer
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Structural Design for New Multiple Ammoniu Sals

SRR B A BRSNS

1-1 Type 2-2 Type 2-3 Type

2-2 Type K 3-2 Type 3-3 Type J

: Amino Group . : Ammonio Group

@ LG Household & Health Care




Synthesns of Multiple Amme—Ammomum and Ammonlum Salts

o o T CrsHhsNMe, o
RNH; ——m——> CN\N/\K\CI —_—————p MezN/\]/\N’Y\NMeZ .20
ethanol OH OH- ethanol
rt 5a, b reflux 6a,b
/N7 R
cl o] ®
CiotpsNMeyeHCl ——— 5 ©
nanol OH Me on
ethano 7a,b
rt
s s CyoHpg CrathshMe, ® @T e
a b I — N/\(‘Wwez +3C
R Ch, Cyatps ethanol OH OH
reflux 8a, b
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Surface—Actlve Propertles of Multlple Ammomum Salts

at 20 °C
Krafft Yeme
Compound R Point (°C) cme (M) (mN/m) ~
6a CH, <0 9.9x 104 )
e § o
N, - 2010 6b CyHys <0 6.2x 10 35
OH
8a CH, <0 4.6x 10+ 39
<] @ | . <
L N’\g“MAei -ac® 8b CioHas <0 9.6x 10 32
w\pmeza 20° © BQADC(C12)  C,,H, <0 7.8 x 10 37
aﬁ’ms .a® DTAC C1oHas <0 1.2x 102 39

2 CipHys
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log emc (M)

at20°C

- MQAC ‘ . Compound R - Structure
% . :
A X c1ﬂHl1
- : * CyH ® @
8a g fa . BQADC e RMe,N"\(‘WeZR-zc;e
- CiaHyo OH
- 4 CysHas
BQADC CiaHys ® o
A
L g 8b MQAC CoHz RNMe; + Ci
sb CieHss
5 10 15 20
Carbon number (n)

log cme (M)
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Plots of cme vs. Total Carbon Number of Multiple Ammonium Salts 7

at 20 °C
_XMQ'AC Compound R Structure
L N ’ 6a
X A c10H11
L BQA @ ]
' g be BQADC Crables RMeaN "~y ~NMeR - 2CI
CidHas OH
| 8a A ‘CieHas
N b C12Hys ® o
L = MQAC CiHz RiMe; - CI
. CigHas
&b
10 15 20 25 30 35 40

Total carbon number (n)

L log cmc=0.85-0.17n N=8 r=0.991j

n = total carbon number
N = number of data point
r =correlation coefficient

@ LG Household & Heaith Care




Foaming Properties of Multiple Ammonium Salts

R QAT T

at 20 °C
300 BQADC(12)

3 8b Compound R Structure
g
T 200 e o °
E 8a BQADC(12) C,,H,, RMezN’\A/H\NMeZR- 20
: °

' -
§ 100}, ® . o o
£ o © o 6a MQAC(12) CHys RNMe - CI

—— ba
SK MQAC(12) " 6b
0 ; . ;
0 10 20 30
Time (min)
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Surface Pressure-Molecular Area (m-A) Isotherm

=

-l—l—l-l—-l~ Solid Membrane
‘Z_Q_Z_L ‘ Liquid Membrane

N e

/ Gas Membrane

Surface Pressure (mN/m)

Surface Area (A%molecule)
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Measuring Instruments for Surface Pressure-Molecular Area (n-A) Isotherm

A SRR SRR 7

/ Wilhelmy Plate \

Surface Tension; Wilhelmy method
Temperature; 25°C

Developing Solvent; Benzene
Developing Concentration; 0.1 mg/mL
Developing Amount; 130u

Barrier

Trough
k Inner Size WllOXL240XD3(my
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Preparation of Multiple Amines

ST TR ERRE S

R R
: cl [o] | |
RNHMe ————> MeN"Y"NMe
Ca0 OH
rt, 48 h 9
o % ‘T RNHMe T R 'T
RNH, —————> Gl N Cl ————> MeN"Y N NMe
rt, 12h OH OH Ca0 OH OH
rt,60 h 10
R R 7 R
o | l ol RNHMe ‘ | l
RNH, ———> HNTYNH > > MeN"Y™ N"Y"NMe
Ca0 OH rt, 24 h Ca0 OH OH OH
rt,72h rt,72h
11
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R R
o © | |
RNHMe —————> MeN"Y "NMe
Ca0 OH
rt, 48 h 9
R . R R
o % | RNrie ORISR
RNH, ————> CI/Y\N’E/\CI ——> Me NMe
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herms of Multiple Amines
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Conclusion

The connection of two conventional amphiphilic molecules with a spacer isa
usefual way to improve dramatically their surface-active properties.

The properties of a spacer, like as length, hydrophilicity (or hydrophobicity) and
steric hindrance, has important effects on the surface-active properties of gemini
surfactants.

In the case of multiquaternary ammonium compounds, it appears to be possible
to control the surface-active properties of them with changing their structure.
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