-J . of Korean Qil Chemists’ Soc.,
Vol. 12. No. 2, Nov., 1995. 41 ~50

Studies on the Surfactants of the N-Acyl Carboxylic Acid
-Synthesis of N~Acyl Amidoethyl N-Amido Carboxylic Acid Derivatives-

Park, Seon-Young - Kim, Sang-Chun - Jeong, No-Hee - Nam, Ki-Dae

Dept. of Ind. and Eng. Chem., College of Eng.,
Chungbuk Nat'l Univ., Cheongju 360-763, Korea

N-o}l 7}2 5|4 Al A A o F3 A7

—N-Ofd OID|==0f|E N-OD| = FI2ZA|Lt

T ge -

SRS - ZIAS - HicE| - I
FEWgn FH s FslEat
(1995 114 14 )
AT ok
299714 Atel wieol Yol AH| =R o} o PAt]oul S wEAA A ofulwotyl FEAFE RIALA AHE
2 ol glslel N-opdl olmEo e N-olmje 722 A4t 4] 958 AT 7t25A17]9 tojr|=7] 1
g3 24Ae] 7 BUAEE e RE HSAHES S ge % AxnEadds AYazreadnz #
. AR stE e, A F&L 74~-87%F e 159 22 FT-IR, 'H-NMR, 81 94 #4082 Ui
o}

tergent liquids, fabric softeners, corrosion inhibi-
I. INTRODUCTION tors, textile auxiliaries and food stuffs. Fatty

Since the rise of oil prices and awareness of
the effects of surfactants on ground water and
waste treatment operations in environment, sur-
factants based on natural fats, oil and fatty acids
obtained therefrom are of importance.! A large
number of fatty acid and amide derivatives
which cannot be obtained at all from petrochemi-
cal present substanced are used as surfactants in
conversion industries.

The essential fields of application of fatty acid

derivatives are cosmetics, detergent powders, de-

amines and amides likewise have a wide spec-
trum of uses.

Fatty amides are compounds that exhibit low
reactivity and high thermal stability. Their che-
mical properties vary depending on the length of
the hydrocarbon alkyl chain and the nature of
the substituent on the nitrogen atom.? Fatty
amides have many different applications.® These
include anti-slip and anti-block additives for
polyethylene films, water repellents for textiles,
lubri-

coatings for paper, mold-release agents,

cant additives, printing ink additives, defoaming
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agents and flow improvers.

In the previous studies, amidoamine deriva-
tives obtained by the reaction of fatty acids or
their methyl esters with hydroxyethyl ethylene
diamine have textile softening properties as well
as detergency.¥ It was observed that the intro-
duction of an amudo group into sulfopropylated
amphoteric molecule improved water solubility.
® Introdution of a second amido group into the
sulfobetaine molecule will be given to enhanced
water solubility. It was therefore of interest to
synthesize new type surfactants based on car-
boxyl group and diamide group. Accordingly, a
series of N-acyl amidoethyl monoamide of oxalic
acid, malonic acid and succinic acid of the geh—
eral structure RCONH-CH:CH:NHCO(CH:)xCO
OH(where R=CuHz, CisHz, CivrHx» and X=0,
1, 2) were synthesized.

II. EXPERIMENTAL METHODS

I —1. Materials and Experimental Apparatus

Oxalic acid, malonic acid and succinic acid
were obtained from Tokyo Kaseir Organic Ch-
emicals and fatty acid chlorides were purchased
from Aldrich chemical Co.. These materials were
used without further purification. Tetrahydro-
furane, sodium methoxide and pyridine were also
purchased from Aldrich Co., and all the other
solvents were reagent & analytical grade.

For the reaction apparatus of esterfication, a
300mL round-bottomed flask was equiped with
thermometer, dry calcium chloride column, drop-
ping funnel and reflux condenser. The apparatus
of N-acylation was equiped with a mechanical
stirrer, dry calcium chloride column, thermo-
meter and dropping funnel in a 300mL round-bo-
ttomed flask.

i —2. Synthesis of N-Acyl Amidoethyl Amine

Derivatives

LA R e

[ —2—1. Preparation of Monomethyl Esters of
Dicarboxylic Acid” |

To a solution of the dicarboxylic acid(0.1mol)
in tetrahydrofurane 80mL, pyridine 18.2g(0.23
mol) and methanol 11.8mL(0.204mol) were added
and stirred, followed by cooling to 0°C. To the
mixture, methanesulfonyl. chloride 12.2g(0.12
mol) was added over 20 minutes and stirred for 1
hour. Then, methylene chloride 30mL and water
20ml. were added. pH of the mxture was
adjusted to 10~11 with 30% aqueous solution of
sodium hydroxide. The mixture was separated
and an aqueous layer was washed with methylene
chloride 20mL three times. After adjusting pH of
aqueous phase to 2.5 with 6N hydrochloric acid,
the aqueous phase was extracted with methylene
chloride 60mL four times. The organic phase was '
dried over sodium sulfate and concentrated to ob-
tain the monomethyl esters of dicarboxylic acid.

0 —2—2. Synthesis of Carboxy Amido Ethyl-

amine®

To a 300mL flask equipped with a mechanical
stirrer, dropping funnel and a Dean and Stark ap-
paratus fitted with a reflux condenser, was added
12.09g(0.2mol) of ethylene diamine in 150mL of
chloroform. The monomethyl esters of the dic-
arboxylic acid(0.2mol) in 100mL chloroform was
added to the flask for 30 minutes with stirring.
The methanol from the reaction was continuously
removed. The mixture was refluxed for about 3
hours and evaporated. And then, the products
were crystallized twice by methanol.

I —2—3. Synthesis of N-Acyl Amidoethyl N~

Amido Carboxylic Acid?

To a 300mlL flask equipped with a mechanical
stirrer, reflux condenser and dropping funnel was
added 0.5mol of carboxy amido ethylamine in 100
mL of acetone. The fatty acid chloride(0.22mol)
in 50mL. of acetone was added dropwise at a rate

to maintain gentle reflux about 30minutes while

stirring mixture. The reflux was continued until
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evolution of HCI ceased about 1.5hours. The sol-
vent was distilled and the product was purified
by repeated crystallization from methanol.

I —3. Separation and Analysis of the Products

I ~3—1. Chromatography

The products synthesized by method of Il
—~2—1, I—2—2 and @I —2—3 identified in TLC
and purified on column chromatography. Analysis
by TLC method of Bilyk® was employed with
silicagel G plates that had been prewashed in a
tank of methanol for 5 min. The plates were spot-
ted with 10L of a 2%/ (v/v) concentration of
sample in chloroform. The plates were developed
with a mixture of chloroform-methanol-water
(65:25:4, v/v) and hexane-diethylether-formic
aicd(80:20:2, v/v) as developing solvent respect-
ively. Upon drying, the spot were revealed by ex-
posure to 1odine vapors,

In the method column chromatography, sili-
cagel 60 G as the stationary phase was added to
300mm 1n 30X400mm column, and the products
were separated by using hexane-diethylether-
formic acid(80:20:2, v/v) as the mobile phase.
The flow rate was 5mL/min and the eluent were
obtained by partition elute of 10mL. And then,
TLC was analyzed on the plates for the sample
prepared by column chromatography.

I —3—2. Amine Value

The total amine value is the number of mil-
ligram of potassium hydroxide equivalent to the
basicity in 1.0g of sample. In this study, total
amine value for the products were determined by
A.O.C.S. official method Tf 1b-64.

Experimental procedure as follows:

1. Melt the sample if 1t is not already liqud,
mix throughly, and weigh 0.5g.

2. Add 50mL of isopropyl alcohol, and boil for 1
minute to drive off any free ammonia that may
be present. Cool to room temperature,

3. Add 5—~10 drop of indicator, and titrate,

N-obd 72 8A|HA AR EAA A FF A7 3

while swirling the flask, with 0.2N HCIl to the
yellow endpoint.

Total amine value==(mL XN x56.1)/sample

I —-3—3. Infrared Spectra and Proton Nuclear
Magnetic Resonance Spectra

Infrared(IR) spectra of the products synthesiz-
ed by the method of I =3—1, 1 —3—2, and 1
—3—3 were recorded on a Bomem Michelson
series FT-IR using KBr plate, Proton. nuclear
magnetic resonance(!H NMR) spectra of the
products synthesized by the method of I —3—3
were obtained in CDCLs3 on a Gemini 200 MHz
'H-NMR by using TMS as internal standard ma-
terial.

I —3—4. Elementary analysis

The elementary analysis for the final products
was  carried out on Carlo Erba Instrument EA
1108-Element analyzer(condition=He : 100mL /
min, O : 20mL/min, Temp : 1000°C.

Hl. RESULTS and DISCUSSION

[l —1. Synthesis of the Products

[l -1—1. Preparation of Monomethyl Esters of
Dicarboxylic Acid

The monomethyl esters of dicarboxylic acid
produced by the method of Il —3—1 were inter-
mediates for the synthesis of carboxy amido
ethylamine, These materials were obstained as
white crystalline solid, and their purity was
checked by chromatography on silicagel G thin-
layer plates(R¢==0.72) using a mixture of chloro-
form-methanol-water(65:25:4, v/v) as develo-
ping solvent. The reaction products were syn-
thesized with the yields of 35~40% and their
melting points were 54 ~60°C.

ll -1—2. Synthesis of Carboxy Amido Ethyl-

- amine
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The products obtained by the method I —3—2
were crystallized twice from methanol, and
mixed with petroleum ether(3x25ml.) for ext-
ractibg unreacted methyl ester to give yield of
order of 75~80%. Their appearance was white
solid and melting points were 72~77°C.

[ —1—3. Synthesis of N-Acyl Amidoethyl

N-Amido Carboxylic Acid

The products obtained by the method I —3-3

were purified by repeated crystallization from

methanol. N-acyl amidoethyl N-amido carbo-

xylic acid derivatives were obtained in 74~87%

yields, and their melting points were 92~115°C.
The results of the final products of melting
points, appearance and yields are listed in Table
1.

 —2. Analysis Results of The Products
M —2—1. Chromatography and Amine Value

EERMILBEE

Thr Re value of the nine kinds of N-acyl
amidoethyl N-amido carboxylic acid derivatives
by using hexane-diethylether-formic acid(80:20
2, v/v) as a developing solvent ranged 0.29~
0.48, and it was decreased with the increase of
acyl group carbon number. The results are listed
in Table 1.

The amine value by the method of I —3—2 for
the final products are listed in Table 1. The
results of amine value were within 2.2% those of
theoretical values,

Il —2—2. Infrared Spectra

The Infrared spectra of all the products
obtained by method of I —2—1, I —2—2 and 1I
—9—3 were determined by method of I —3—=3.
The results of these compounds are given in Fig.
1~3. The infrared spectra show much com-
plexity, because the products consist of diamide

group and long alkyl chain group.

Table 1. Synthetic result of N—-acyl amidoethyl N-amido carboxylic acid derivatives
, Amine value
Comp'd Appearance Mp. Yield(%) R %100
Calc’d. Found
LAF white solid 92~93 82 48 209.0 208.8
PAF white solid 94~95 80 40 147.5 147.1
SAF white solid 95~96 82 34 128.2 128.1
LAA pale yellow solid 97~98 76 47 195.9 196.2
PAA pale yellow solid 97 ~98 76 40 143.6 142.9
SAA pale yellow solid 100~—101 74 31 120.2 119.7
LAP white solid 110~—111 84 44 154.8 153.3
PAP white solid 113~114 86 38 128.2 128.1
SAP white solid 114~115 87 29 118.2 118.0

Thin layer plate : E. Merck Co.(20Xx20cm), Silicagel 60G
Developer : hexane-diethylether—formic acid(80:20:2, v/v)

LAF :
PAF:

SAF:

LAA:
PAA:
SAA:

[LAP
PAP
SAP

N-lauroyl amidoethyl N-amido formic acid
N-palmitoyl amidoethyl N~-amido formic acid
N-stearoyl amidoethyl N-amido formic acid

N-lauroyl amidoethy]l N-amido acetic acid
N-palmitoyl amidoethyl N-amido acetic acid
N-stearoyl amidoethyl N-amido acetic acid

: N-lauroyl amidoethyl N-amido propionic acid
: N-palmitoyl amidoethyl N-amido propionic acid
: N-stearoyl amidoethyl N-amido propionic acid

_.44_
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Fig. 1 showed the FT-IR spectra of mono-
methylester of succinic acid. The absorption due
to stretching vibration of carbonyl group was

1

shown at 1,703cm™, and stretching vibration of

CH™ group was shown at 2,949¢m™’,

In Fig. 2 for propionic amido ethylamine, pri-
mary amine gave two sharp absorption peaks.in
the region of 3,380~3,260cm™'. And stretching
vibration of carbonyl group was shown at 1,694
cm” .,

In spectrum of Fig. 3 for the final products,
N-stearoyl amidoethyl N-amido propionic acid,

stretching vibration of alkyl chain was shown at

N-old 7h2 214 AR B o] Be A7 5

were identified by the IR spectrum and these

results were listed in Table 2.

f —2—3. Proton Nuclear Magnetic Resonance
Spectra

'H NMR spectra of the products by method of
I —3—3 are shown in Fig. 4~5 and Table 3 re-
spectively. |

In Fig. 4, the spectrum of the N-lauroyl
amidoethyl N-amido formic acid showed charac-
teristic absorption band, a strong band at 1.28
ppm due to the methylene groups of the acyl
chain, a triplet at 0.9ppm due to the adjacent
methyl group, a chemical shift at 2.7~3.1ppm

i

1,694cm™ !, carbonyl group at 1,695cm™

mary amine at 3,380~3,250cm™",

, and pri- (4H) of the two methylene groups between the
two amide groups. Chemical shift by acid amide

The functional groups of each step products (H) appeared at a broad low hump at 8.1ppm.

Table 2. Infrared adsorption bands of N-acyl amidoethyl N—-amido carboxylic acid derivatives

Comp’d. >NH> C=0 C—-N C—-0 —CHa2— —CH3
SA - 1,705 - 1,200 1,470 —
SAM — 1,703 —~ 1,200 1,470 1,308
PAA 3,380~ 3,260 1,694 1,222 1,205 1,470 -
LAF 3,370~3,250 1,700 1,223 1,200 1,465 1,310
PAF 3,370~3,250 1,700 1,223 1,200 1,465 1,310
SAF 3,375~3,250 1,700 1,223 1,200 1,465 1,310
LAA 3,380~3,260 1,695 1,224 1,205 1,465 1,310
PAA 3,380~3, 260 1,695 1,224 1,205 1,465 1,310
SAA 3,380~3,260 1,695 1,224 1,205 1,465 1,310
LAP 3,375~3,250 1,695 1,223 1,200 1,465 1,308
PAP 3,380~3,260 1,695 1,223 1,200 1,465 1,308
SAP 3,380~3,260 1,695 1,223 1,200 1,465 1,308

SA : succinic acid
SAM :succinic acid methylester
PAA : propionic amidoethyl amine

LAF : N-lauroyl amidoethyl N~amido formic acid
PAF : N-palmitoyl amidoethyl N-amido formic acid
SAF : N-stearoyl amidoethyl N-amido formic acid

[LAA : N~lauroyl amidoethyl N-amido acetic acid
PAA : N-palmitoy! amidoethyl N-amido acetic acid
SAA : N-stearoyl amidoethyl N-amido acetic acid

LAP : N-lauroyl amidoethyl N-amido propionic acid
PAP : N-palmitoyl amidoethyl N-amido propionic acid
SAP : N-stearoyl amidoethyl N-amido propionic acid
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Table 3. Chemical shifts of 'H-NMR spectral characteristics for N-acyl amidoethyl N-amido carboxylic acid

derivatives
Comp’'d Group ¢ (Chemical shift) Comp’d Group & (Chemical shift)
a:CHs— ~ 0.9(3H) a:CHa— 0.9(3H)
b: —CHz—(CHz2):— 1.3(16H) b:—CH:—(CH2)u~— 1.3(24H)
'¢: —CHz2— 1.5(2H) c: —CHz— 1.6(2H)
d: —CHz— 2.4(2H) d: —CHz— 2.4(2H)
[I]LAF. e: =NH- 7.9(1H) [I]JPAA e:—-NH- 7.9(1H)
f: —CHz— 2.7(2H) f: —CHz— 2.9(2H)
g: —CHz~ 3.1(2H) g: —CHz2— 3.2(2H)
h: —NH- 8.1(1H) h:—NH- 8.2(1H)
i: ~COOH 10.3(1H) i:—CHz~ 3.5(1H)
j: —COOH 10.3(1H)
L 1] (1]
: h e 0 O I}i ﬁ O
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Fig. 5. 'H NMR spectra of N-palmitoy! amidoethyl N-amido acetic acid.
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Table 4. Elementary analysis of N-acyl amidoethyl N-ami

N-old Ft2EA A AP &/ gAo] @g A 9

do carboxylic acid derivatives

| Elémentary analysis
Comp'd. Formular MW Found | Calcd.
C H N C H N
LLAF Ci6H3oN203 298.5 64.3 10.0 9.9 64.5 10.2 9.4
PAF C20H3sN20s3 354.6 67.9 10.6 8.0 67.7 10.8 7.9
SAF C2HeN203 382.6 68.9 11.3 7.4 69.1 11.1 7.3
LAA C17H%N203 312.4 65.6 10.1 8.9 65.4 10.3 8.9
PAA C21HN20s3 368.6 68.5 11.0 7.5 68.4 10.9 7.6
SAA CzsHuN203 396.7 69.4 11.2 7.2 69.6 11.2 7.1
LAP Ci1sH3N203 326.5 66.3 10.6 8.4 66.2 10.5 8.6
PAP CxnHaeN203 382.6 68.9 11.2 7.4 69.1 11.1 7.3
SAP C2aH4N203 410.7 70.1 11.4 6.8 70.2 11.3 6.8

LAF : N-lauroyl amidoetyl N~amido formic acid
PAF : N-palmitoyl amidoethyl N-amido formic acid
SAF : N-stearoyl amidoethyl N-amido formic acid

LAA : N-lauroyl amidoethy! N-amido acetic acid
PAA : N-palmitoyl amidoethyl N-amido acetic acid
SAA : N-stearoyl amidoethyl N~amido acetic acid

LAP : N-lauroyl amidoethyl N-amido propionic acid
P AP : N-palmitoyl amidoethyl N-amido propionic acid
SAP : N-stearoyl amidoethyl N-amido propionic acid

In Fig. 5, the 'H NMR spectrum of the N-
palmitoyl amidoethyl N~amido acetic acid show-
ed one different signal group around 3.5ppm. The
chemical shift at 3.5ppm was due to the methyl-
ene group(X) between the carboxylic acid and
the nearest amide group.

[l —2—4. Elementary Analysis

The results of elementary analysis by the
method of @I —3—4 for the reaction products
were listed in Table 4. The elementary analysis
for C, H and N was within 1.2% of theoretical
values. As the analytical result, it 1s found that

the products were synthesized.-

IV. CONCLUSION

The long chain N-acyl amidoethyl N-amido
carboxylic acids were synthesized in with high

yields in the present study. All the products were

separated and analyzed for their structures. The
important results from this study were;

1. The nine kinds of N-acyl amidoethyl
N-amido formic acid, N-acyl amidoethyl N-
amido acetic acid, and N-acyl amidoethyl N-
amido propionic acid derivatives were synthe-
sized with yields of in the range of 74~87%.

2. All the products were separated by means of
thin layer chromatography and column chro-
matography, The results of amine value were
within 2.2% those of theoretical values. and the
structure of them was identified by FT-IR,
'H-NMR spectra. The elementary analysis for C,
H and N was within 1.2% of theoretical values.
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