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ABSTRACT

Four novel amphoteric surfactants of N— (2-alkylamidoethyl) —N, N-—dimethyl ammoniocacetates were
synthesized. The each reaction between four saturated fatty acids containing 10, 12,14 and 16 carbon atoms
and N, N—dimethylethylene diamine permitted to give the intermediate products, N—(2-alkylamidoe -
thyl) —N, N—dimethylamines.

Quaterinzation of these intermediates was permitted to form N—(2-alkylamidoethyl) —N, N—dimethy!-
ammonioac'etat_es, whose sturctures were identified by CC, TLC, elemental analysis, IR spectrophotometry
and 'HNMR spectrometry. The products yielded from 48 % to 58 %.

The isoelectric points were shown in the range of 4.30~6.64. It showed a tendency to learn to the acidic
site ahd its range was broadened as increase of the hydrophobic group length.

Surface tensions of the aqueous solution in the 10 °~10""! mol/l of amidobetaines were measured, and
the critical micelle concentration(cmc) were shown in the range of 8.37 X 10™~8.96 X 1072 mol/l, and #cmc
were reduced to 32.3~38.2 dyne/cm. A linear relationship between log cmc and the number of carbon in
the hydrophobic alkyl chain was presented by the formula of log cmc=2.38—0.5n, and the contribution-
rate of n on the standard free energy change in micellization 2(AG’n) /2n, was calulated as —0.5RT.
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tRECZ i h, kiFH S HEXRE JEEY
L ool2 g B4 B ANGAYA AW stAx
e Alkyl #E, ‘Fafogeeh 2L M) #H,
Anion #} Cationtt ¢} &%, pHE FA@stoqA Hik
& Y Wik 5 o2 o 2e Bkt e
o} 30

2 d3dae @45 10,12, 14, 161 45 9] £ 3} A
WAk} N, N-dimethylethylenediamine & ®F-8-Al#
#7238l N- (2-alkanamidoethyl) -N, N-dimethyl-
amineE& A3, °ol& FHEZQU amidoamined
sodium chloroacetate®} WH3-AlFH iz carb-
oxy betaine® Wit 44 amidobetained ¥
Al o, olE 3T i ARTAAU HEFEH
I FAHE A5, AREARS 2&3T.

.

1. ST S Al

£ AgAA AES 37 Et2A dgV]dle 2%
A, A3t F(pressure-equalizing funnel), g&-F¥z}
71(reflux condenser) 5& ¥ &AL £33 719 &
A ZR7E o] g3t |
- Alefe.® capric acid, lauric acid, myristic acid,
palmitic acid== Junsei Chemical Co., Ltd. &<l
extra pure A 2F& AME-3FE © 1 sodium chloroacet -
atex 98%, N-N-dimethylethylenediamine-& 95% ¢}
Aldrich Chemical Company, Inc. Al%}& A}8-3}9
o |

Column chromatography(CC)d A}&3F A=
silica gel(Wakogel C-200)°}%13L, column-& 25%500
mme]{t}. Thin Layer Chromatoraphy(TLC)E
Kiesel gel 60 Foss(MERCK) &, Gas Chgromatogra-

phy(GC)E= Hewlett Packard 5890A2 AM&35}¢ic).

Elemental Analyzer(EA)= CARKI ERBA 1108
(Italy) 2.2 combustion temp. ¥ 1000C, flow rate:=
100ml/ming &A% 3t 3, infrared spectrometry=
Nicolet 58xB FT-IRE A}838lod KBr disk, NaCl
plater &.2 73ttt TMSE YR EF Ba= 3=
nuclear magnetic resonance(NMR)<& BRUKER
A} 80MHz2 CDCls &9lWiolA 23389 d. pHE
Fisher ScientificA}Ql pH-meter 9308 A}&-3l 23
A

LA £ 53

2. Mt A|HEMAe] B

2 A9 &3t mtE Ad@8AE N N-
dimethylethylenediamine 3% X3} x]'34kx}o] A}ojoj
A &4 &30l 2] amidoamineg A3}, o o
4§43 3t amidoamine¥} sodium chloroacetate® g
A7) quarternary ammonium acetateE 4391,

3 A3 L (Scheme 1) 7 2t}
O CH;
ll /
R-C <4+ H:NCH:CH:N >
Y \
OH . CHa,
1
R—C CHs + H:0
-\ /
NHCH.CH:N
\
(4) CH,

R : n-CoHw(4a), n-CuHzu(4b), n-CuHz(4c), n-CisHal4d)

1
l
R-C : CHs
\ /
NHCH.CH:N + CICH:COO Na*
CHs
0O
I
R—~C CH;
\ I

NHCH.CH.N* — CH.COO~ + NaCl
|
(5) CH;

-——-ﬂ

R : n-CsHw(5a), n-CnHax(5b), n-CisHz(5¢), n-CisHa(5d)
(Scheme 1)

1) N-(2-alkanamidoethyl)- N, N-dimethylamine
(4) o) &48° | |
Toluene &% 30ml¢} X3} Aut4t 0.1moleE &<}
23216]) Yol 74833, o 7]o) N,N-dimethylethylene
diamine 0.12mole& A3l FE WA A 3] msdto
3At ¢ WSA1FH Y Y-S dean-stark separator
E F-F3lo 15412 54 AS wrSAIz e, A4
g & 8rier 4 FuSFE AANAL WS
1} rotary evaporator2 A}8-3lo] toluene®} oyt

=
S8l diamine& A AR o, 7 AX£7IE AHE
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st A JXRAIFHT o}lE amidoamine 3}E L
hexane ¥ ethanol® 2 33j0]4} 424 & stgx, A
FAZSAY. Fa4Z4F e FUEAL TIC, EA €
IR spectrophotometer & %73 3ls ).

2) N-(2-alkanamidoethyl)-N, N-dimethylammon-

ioacetate(5) 2] A

(5)¢] &A4& Downing”, Shingo®, Becketts}
Woodward” 5-¢] wd-& @zl

L= A, 7FEAA 2ty], B2 & F-&g 100ml &
239 20mmole?] amidoamine® isopropyl al-
cohol : ZFF(5: 4) ¢ EFE& 9ImlE P31, ozt 71
g3l 23421 3 25mmole 2] sodium chloroaceta-
te¢} £vl<Ql sodium hydrogen carbonateE 4mmole
ol w2 A Z T}, w82 83~86TC oA reflux A7)
A 6AIE Bt wrSAlF om, wkgo] T ful=
rotary evaporator& AH&3t A AUt F-4HE 7
o] ¥-2-8-91 NaCl, NaHCO3;3% sodium chloroacetate
£ absolute ethanol® A AN, 22l1 ¢ F 5F
8led 70 89l ¢l methanol : ethanol : isopropyl al-
cohol : 25% ammonia (3:3:3:1)& CCE A}&3to
53 Bsn?, o] WYEe] &5 RYLS
TLCE &Rl 3lg o, 3+Z+= EA, IRZY NMR spec-
trophotometer & A 34t}

3. Aloigtdel =3

1) 3z 23

FAAHL Du Noily 9] ring method o] u}2} Fisher
Surface Tensiometer model 20(U. S. A)¢e] .
o8] & ring§ AH&3td &3

A)Eo] 12cm o] FHE €719 107°~10" mol/l
el 84 AgS 25+0.2C dAXENA &4 55
o] FHRZYE F3l e, ol ARNGAHAY &4 ¥
=9 EAAH I BAE Fig. 19] =A8H9.

2) AH &%

E£44-e Michaelis®] Wy'Ve A3l 244 &
A EE 713t 9 pHE pHs, 89 TS 713k %2 pH;
2x2g ApH=|pHs:-pHi|& #Aitstd 1 A3 0.01
=ApH >0 9F3t= pHigle z2e ¥YsE 543
olg} &} ¥ oslo] ApHE ME X0, pHiE 7l2 &0
2 § ARE Fig. 3] A&

3) 71x¥ A

71x8 234 ASTM D1173-539] 7 A ujel,

Amide #4€ 718 N—carboxybetainefie] &R 1 REiEE 3

Ross-Miles®y o]} oj3to] 42§20l A S 3A 0}
M. &z ¢ oF

1. N-(2-alkanamidoethyl ) -N, N - dimethylamine(4)
2} N-(2-atkanamidoethyl) -N, N -dimethylamm -
onioacetate(5)2] M@ U DFE
X A A2 (Scheme 1) 3} gol st FHEZ(4)
7 HZ PP E(5)¢ FsAh N-(2-alkanamidoe-
thyl)-N, N-dimethylamine(4) & fatty acid chloride
1} methyl fatty esterg& diamine®} £vll Foll A} A4
g o= Fukg-o 93] #£58&0] ojA o] WL F
A @ Roeg [P, 3} A4t w3
A 86~93%9] F& F5&S vepiEE, £ 43
M= of WS ATt AFEY A ES
FHlFHol o8 A% dEAPHeEN ERISERLR
WS JPAE F UG, 7 9§ FHS wEZF
U2 A7le Bo] ¢ o] YAEA & Wz Y.
o] o} A1-&3} Zull= tolueneo] 9 2.3, benzene$ A}
£3tH Hkg-o] dojkx] gk, xylened AME3IH
HukSo] doju) P3te YA ES 48 5 g

ol FUEAMUW N HZAHNEGB)Y TLCE 7%
Table 157} 29 Jeh At £ AHANA §43% da~
4d°] Ry & 0.83~0.85, 5a~5d9} Ry = 0.34~0.38 ¥ 9]
oA ©d spotz YEIROEE BE £58 23S
d F AU

7128 23 7129 Uy dolle 3719 A
o] vl dle Ro=Z A eI 71Xy 279 &
A3 A+ 45.0~50.3cmolU 1, S8 Fd| 22.5~28.
3cmZz Yy, .

FE5 &, state, 942N A= Table 33} 49 F A
st on, FNEAT HSYAPGEY] 9428 A=
ol x| ¢t AER 7} F HAS AT

zt A9 el HAol & AN waxF g B

oliL Ut} 5 &o] 48~58%% A=& Woin, NaCl

Table 1. Results of thin layer chromatography and
melting point of N-{(2-alkanamidoethyl) -N,N-

dimethylamine(4)
Compounds 4a 4b 4c 4d
Ryvalues © 0.85 0.83 0.84 0.85
Melting
points{C) 20~31 38~40 45~46 51~53
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Table 2. Results of thin layer chromatography and foam height of N— (2-alkanamidoethyl) —N, N -dimethylammon

ioacetate(5) '
“Compounds - N 5a 5b 5¢ 5d
Ry values 0.38 0.38 0.34 0.36 -
Foam heights Initially 50.30 47.70 45.80 45.00
(cm) After 5min 28.30 26. 90 24.30 22.50
Plate : Pro-coated TLC plate(200 X200 x 0.25mm)
Absorbent : Silica gel(Kiesel gel 60 Fzs4, MERCK)
Developer : Methanol/ethanol/isopropyl alcohol/25% ammonia(3/3/3/1)
Condition : Relative humidity 40~45%, Temp. 25
Table 3. Yields, States and Elemental Analysis of N—(2-aikanamidoethyl) ~N, N -dimethylamine(4)
o YVield Elemental Analysis : Caled. (Found)
Compounds - States 0
| (%) C H N
da Rosette powder 86 69.39(69.72) 12.47(12.86) 11.15(11.70)
4b Soft tan powder 90 71.06(71.36) 12.67(12.91) 9.99(10.50)
4c Soft tan powder 91 72.43(72.62) 12.83(12.85) 9.39( 9.11)
4d Soft tan powder 93 73.56(73.77) 12.96(13.03) 8.58( 8.30)

Table 4. Yields, States and Elemental Analysis of N—(2-alkanamidoethyl) —N, N - dimethylammonioacetate(5)

——

——ret

Flemental Analysis : Ca lcd. (Found)

— pb

. Yield®
Compounds States (%) c q N
5a Soft yellow wax 58 63.96(63.92) 10.74(10.86) 9.33(9.10)
5b Soft yellow wax 48 65.41(64.08) 10.98(10.95) 8.48(7.99)
5¢ Soft yellow wax 53 67.37(66.95) 11.31(11.55) 7.86(7.31)
5d Soft yellow wax 49 68.70(67.52) 11.53(11.95) 7.29(7.22)

a) Calculated on the base of the intermediate products(4)

o] SARAT 229 YU 2 Bol A e
ury o] 7o) W e st

2. IR spectra % 'Hnmr spectra0f 2|5t S&

Table 5914 2= wle} o] amider]F2¢ >C=0
BE 1639cm ')Al —NH—#%E 3296cm ‘o] A 2z}
283 AE2AFTEFSFE e glen, A3F am-
ide$} 8713 o] 51 9] lactamoll A &= Hol XA &= 42
ol 218 amide I #HTAF9 F5t7) 1553cm ol
A vehdeh T Az 42 9] IR spectrad] A
Table 6ol JEPY 3L, o]Ex AL & XA 75t
A2AES Jehda Aok we2bx] APE -4
(5)°ll amide 2&°] A& &+ Urh

(5)9] N dxtoll A7+ carboxylate ione] H|thA.
A% JAFEFS A A 35557 42 1635~
1637cm” 9} 1401~1407cm ‘ol A Vel glo, (5)
51829l carboxylate iono] Y2 &A¥ 4 A
K3 1635~1637cm ™ 9] 471 433 WA 2EHE
AL Z Yol amide I F5th9} carboxylate iong] ]
N3 AFH A5EF7 A= Aoz Yy

'‘Hnmr spectra® #9138 A%} chemical shift7} A

2 & 77HA| protonE 9 YR F 7157 JEMAQL

™, 77} protong # t}& (5) 3}¢E& Table 79 &
AlEtd . O 8 HFAA E 9] signal# interationS
v} 31H proton poisition b& A9t t}E signal
integrationE-& A9 gl =3 o]5 2z} proton
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1% & Konig o) Ay A 5e} v)mate] A 4 A

Amide #4& 7} N—carboxybetaineffiol &% 1 REiE: 5

= I'g F#34d L3 g

o B % £ o) 3 E 9] protongE o] E X9 A Y7}

A x5l o.v, o] & X9} oFzte] @ 22 ¥ < protonF
=

( )<l YEehyAT.

3. EHAY S¥ 40 o o

Gibbs Fat5 4P oz xel ¥de] 4%

'=— 2.30]£3RT (3}’/910g02)'r

ERAY-SERNoeNE ARGYA] EUE
FFe ARY & gon Edel FHY ADEAA

3 EAt Fhshe 9d A: gew 2ol ANY £

Table 5. Principal infrared characteristic absorption band of N —(2-alkanamidoethyl) —N, N -dimethylamine(4)

. Absorption maxima, cm

-1

R .
V(NH) V(>C=0) (5(NH) 53(CH2_‘N) 55(CONH —C) 5as(C“0) 5mck(CH2)
4a 3296(s) 1639(s) 1553(s) 1466(m) 1441(m) 1160(m) 730(w)
4b 3296(s) 1639(s) 1553(s) 1472(m) 1441(m) 1168(m) 729(w)
4c 3296(s) 1639(s) 1553(s) 1472(m) 1441 (m) 1176(m) 729(w)
4d 3296(s) 1639(s) 1553(s) 1471(m) 1441(m) 1170(m) 729(w)
Abbreviation ; s :strong, m : medium, w ; weak
Table 6. Principal infrared characteristic absorption band of N —(2-alkanamidoethyi) —N, N -dimethyl-
ammor_lioacetate(s) '
Absorption maxima, cm™’
R -
v(NH) v=(COO™) S(NH) 6:(CHz2—-N) &8 (CONH—-C) v(COO") Srecx(CH?)
Ha 3304(s) 1636(s) 1541 (m) 1458(m) 1425(w) 1406(m) 720(w)
5b 3305(s) 1635(s) 1541 (m) 1466(m) 1423(w) - 1407{(m) 721(w)
5¢ 3301(s) 1636(s) 1540(m) 1466(m) 1425(w) 1405(m) 722(m)
5d 3308(s) 1637(s) 1542 {m) 1462(m) 1422(w) 1401(m) 721(w)
Table 7. 'Hnmr spectra of N-(2-alkanamidoethyl) —N, N -dimethylammonioacetate(5) in CDCls
O
Molecular formula : I
CHs(CH2).-.CH,—C CH.
\ |
NHCH.CH.N* — CH2COO"~
|
CH:
Proton position : a b C d e f g h
Peak Protons protons per molecule from 'Hnmr spectra
position{s) position n=9({5a] n=11{5b) n=13(5¢) n=15(5d]
0.90(t) a 3(3.5) 3(3.2) 3(3.1) 3(3.4)
1.26(s) b 14(13.3) 18(17.2) 22(20.9) 26(25.6)
2.22(t) C 2 2 2 2
6.76(s) d 1 1 1 1
4.23(t) e 2 2 2 2
3.93(t) f 2 2 2 2
3.32(s) g 6(5.8) 6(5.8) 6(5.9) 6(5.5)
3.74(s) h 2 2 2 2
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- A=t x10%(A%)

o714 No & Avogadrod=o]t}. Gibbs &322 (dy
[dlogce)t 71€717F A FHQA EFAFeRANM &
FsY cme o e] FRANE BH A9 Al o
)4 51X et , |

wetA, §4 ¢ N-(2-alkanamidoethyl)-N, N-dim-
ethylammonioacetété(S)ﬂ Fro W& ZEAFE
‘Z& plots A= Fig. 13 2ok % Fig, 12 2§
cmc®t UG8 Yo & FIIH L 349 7127 25
FAAY s e ¥E AZS 331 o] 5L Table 89
AT BAIEIY oL

Table 8o|lA] B vl go] &gAdrie] Aot #H
ol o2} 3 EA7 FHde 93 AT 43.21~-78
34 A/molecule® AHH 29, EAWE] S-S Y
2 B9 4YFE7} 384004 2,122 A P

Fig. 194 ¥ ute} o} 5a~5d SFEELS WA
2 ¢4 ¥a3YY A5 dehhn o &%
Al 7191 alkyl chain®] € 4gkol]l wiel <kzte] 9 3HE
Boly, olE FFEL 107°~10 "mol/l FxolA 32.
3~38.2dyne/cm7tx] ¥ A& A 3IA| o}

Shinoda®' s} Molyneux™ §¢] @7l o]t HL

70}
G
L
o 60}
g
i
8
= 504
a
3
@
Q .
£ OF My -
-
%)
o . . 2
107°¢ 107 107* 1073 1072
Concentration{(mol/1)

Fig. 1. Surface tension of N-(2-alkanamidoethyl)-N, N-
dimethylammonioacetate(5) at 25T.

: N-(2-capramidoethyl)-N, N-dimethylammonioacetate
: N-(2-lauramidoethyl) -N, N-dimethylammonioacetate
: N-(2-myristamidoethyl) -N, N-dimethylammonioacetate
: N-(2-palmitamidoethyl) -N, N-dimethylammonioacetate

> O @ O

RRhLRe®

Table 8. Critical micelte concentration, surface tension
and calculated adsorption of N-(2-alkanamid-
oethyl) - N, N - dimethylammonioacetate (5) at

25T
Cormp cme VYae  I'X10° A
) (dyne/  (mole/ (A%/mol-
ounds (molefi) cm) cmr?) ecule)
5a 8.37x107? 38.2 3.84 43.21
5b 8.56x107* 36.4 3.03 54.87
5S¢ 8.76X107° 33.8 2.54 65.50
5d 8.96x10-¢ 32.3 2.12 78.34

stoll Al AHGAA 24719 Qol(n)F log cme A}o]
o the i} e BA Ygo) FA AUk

log cmc=A—Bn

7)1 R4 A B AFoln & AFAME 254
71¢1 alkyl chaing] &4 42} log cmc @] &A1 E plot3d}
o Fig. 29| A3

Fig. 2014 8@ o] @A Jae Yehhz AR
o, HAXFaAEE AHEsld A% BE +& 23
A=2.38, B=0.5o]lt}. o] Hlol&d AR EA4A
ol A Vebd gt # AL A TS Byt

A= vld AgurgolA AHEAA monomer 2]
moleq standard free energy W3} AG°»=RT In

—20} \O

—3.0 o -
% \
O
_g_? —4.0F O 7

el \O .

9 11 13 15

Fig. 2. Piot of log cmc the number n of carbon atoms in
the N-(2-alkanamidoethyl) - N, N - dimethylamm-
onioacetates(5).
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cmcE UEPE 4 leB2 974 log cmeE Y Y3}
I

AG°w=2.303RT (2.38—0.5n)

olnZ L& YA FAUSW S Sk 1
g AGne] ¥8 =

3(AG°m)/on=115RT

7t B} A& o] &3t &A% 17) $71% micellizat-.
ion standard free energy ¥3}I& AL 5= A,

4. STHe| 53 A A &

AZAAAE(B)Y 5HHL Fig. 39A R b9 2
°] pH 4.30~6.642] d 91°]v] pH<4.3091 4] Fgo] &4
2.2, pH>6.6400 4= Kol & o2 i3 LR
Uellt. § $3AFRY ¥ pH| Jdojxe= 9714
AL YA 28l cation EH A=A ZL_31aL,
R34 & pHYA & carboxylatedto] 23l
anion £ 8 EJA = 2§50

Nag £

4% 9] N 2§ carboxybetaine Wit AAEYAE
FAdsRew I AWEESy 4Ad e 49E dae o
<3 2t}

(1) N, N-dimethylethylenediamine®} €44 10,
12, 14, 16709 238 A4S ¥ES-AA amideZE &
83t N-(2-alkanamidoethyl) -N, N-dimethyl amine
()& FA3HQ 1 o] 3§HE 9 sodium chloroacetate
£ wr3A]#A N-(2-alkanamidoethyl)-N,N-dimethyl-
ammonioacetate(5)E A Zd3, 1 F5&&
48~58%°]02.9, o} W3S TLCE FA 3}, A4
B2 CC2 %y AAsIL, EA, IR 2 'Hnmr spectra
2 BAES FXE TAT 27, @A) HIUSE
R1g-ig=

(2) N-(2-alkanamidoethyl) -N, N-dimethylamm-
onicacetate(5) 82 XH AH L = 3lo Q)
A FEE 73 27, 5d(0-00896 mM)<5¢(0.0876
mM) <5b(0.856mM) <5a(8.3TmM) T2o. 2 YEelde
o], amide 2%E T/ 254 719 SdaxF7 E4

£ cmcgle] AHolA v)d Ao} HLdH o, A0 A

ApH
o
b
o~ 2
z
\
.

Amide #£4-& 7} N-—carboxybetaineffie] 4% 71 REEE 7

0.10¢

0.05} \ \

F//
>
17
g
-

Fig. 3. Isoelectric points of N-(2-alkanamidoethyl)-N, N
- dimethylammonioacetates(5) solution at 25C.

: N-(2-capramidoethyl) -N, N-dimethylammonioacetate
: N-(2-lauramidoethyl) -N, N-dimethylammonioacetate
: N-(2-myristamidoethyl) -N, N-dimethylammonioacetate
: N-(2-palmitamidoethyl) -N, N-dimethylammonioacetate

b OO @ O

FrolMe] EEAE Ymee 32.3~38.2dyne/cmo)l )
t}. |

(3) o] MEAREGA +8H9 FTHHL 4.30~6.
649 WS UENIAT. E FHAHL &2FAANN F
5 AAEZo 2 Ve AU HE ¥y 4P E
ey it

(4) cmce} 24471 9] @dAYL A (n) Alold& log
cme=2.38—0.5ng] A BAE YEpY o], ot
2o 2} 9] standard free energyH3}o} s ne 7)o
£ —1.15RT=E AxtEUch
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3
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