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by the Reaction of 1-(2-Hydroxyethyl)-2-alkyl-2-imidazoline

with Sodium Monochloroacetate

SATOSHI TAKANO and KAZURO TSUJI, Tochigi Research Laboratories,
Kao Corporation, 2606, Akabane, Ichikai-machi, Tochigi 321-34, Japan

ABSTRACT

Structural analysis of the amphoteric surfactants obtained by the
reaction of 1-(2-hydroxyethyl)-2-alkyl-2-imidazoline (HEAI) with
sodium monochloroacetate has been carried out. These amphoteric
surfactants were hydrolyzed under aqueous alkaline media, fol-
lowed by acid hydrolysis to afford fatrty acid and diamine deriva-
tives. The resulting diamine derivatives were identified by the isola-
tion and their syntheses, and were quantitatively analyzed by gas
chromatography. Based upon the results of these analyses, it has
been found that the reaction products can be divided into two
typical types. The rcaction products have simpler compositions than
those of ethyl acrylate. However, these amphoteric surfactants are
characterized by the presence of appreciable amounts of hydrolysis
products of amides, soap and free diamine derivative XI.

INTRODUCTION

Imidazolinium amphoteric surfactants have been widely
used as important ingredients in the cosmetic field, such as
in shampoo, because of their low primary irritation.
Syntheses of these amphoterics were first reported by
Mannheimer in 1950 (1), in which 1-(2-hydroxyethyl)-2-
alkyl-2-imidazoline (HEAI) was allowed to react with
sodium monochloroacetate. The presented structure of the
reaction products by Mannheimer was revised by subse-
quent studies on these derivatives (2, 3); however, there
were a number of unanswered questions.

In the previous papers, the authors identified the struc-
tures of imidazolinium cationics (4) and the amphoterics
obtained by the reaction of HEAI with ethyl acrylate (5),
and demonstrated that quaternization selectively occurred
at 3-nitrogen atom of an imidazoline ring. In the case of the
reaction of HEAI with ethyl acrylate in the absence of sol-
vent, it has been found that ethyl acrylate adds appreciably
to the carbon atoms alpha to an imidazoline ring. Further-
more, these amphoterics synthesized in the presence of
water were a complex mixture of amides, since imidazoline
derivatives were labile under aqueous alkaline condition
6,7).

The reaction of HEAI with monochloroacetate derivatives
seems to be interesting in terms of the reactivity to HEAI
compared with that of ethyl acrylate. In addition, these
amphoteric surfactants are most widely used among various
imidazoline derivatives in the cosmetic field. Therefore, the
authors investigated the structural analysis of the ampho-
teric surfactants obtained by the reaction of HEAI with
sodium monochloroacetate.

MATERIALS AND METHODS

Apparatus and Reagents

Apparatus and reagents are similar to thosc previously
described (5).

Hydrolysis Procedures

and Analysis of Carboxylic Acids

These procedures are similar to those previously described

(5).

Analysis of Diamine Derivatives

Aqucous layer extracted with ether was concentrated to
dryness under reduced pressure, and 100 mL of #-propanol
was added to the residue. The resulting solution was satu-
rated with gaseous hydrogen chloride and refluxed for 2 hr.
After cooling, n-propanol was distilled off under reduced
pressure, and acetic anhydride and pyridine (3mL each)
were added to the residue, which was magnetically stirred
at room tcmperature overnight. The solution was concen-
trated to dryness under reduced pressure, and the residue
was dissolved in n-propanol and ncutralized with ammo-
nium carbonate. After filtration, the filtrate was concen-
trated under reduced pressure and analyzed by gas chro-
matography (GC) under the conditions described previously
(5).

Synthesis of Diamine IV and VI
{Scheme 1 in Figure 1)

Acetic anhydride (5.10 g, 50 mmol) was slowly dropped
into the magnetically stirred solution of N-hydroxyethyl-
ethylenediamine (2.08 g, 20 mmol) in 20 mL of methanol,
and the reaction was continued for an additional 3 hr.
Concentration of the solution gave 3.66 g of N,N'-diacetyl-
N-hydroxyethylethylenediamine (97.3% yield).

The above diacetate (3.34 g, 17.7 mmol) was dissolved
in 10 mL of dioxane, and 0.51 g of sodium hydride (21.3
mmol) was added slowly. Ethyl monochloroacetate (2.6 g,
21.2 mmol) was added and stirred for 5 hr at 70 C. A small
amount of ethanol was added to the cooled solution to
decompose excess sodium hydride, and chloroform was
added to the solution. After filtration, the filtrate was con-
centrated. Preparative thin layer chromatography (TLC) of
the residue on silica gel afforded diacetyl monoethyl ester
of IV (1.5 g, 30.9% yield) and diacetyl diethyl ester of V1
(130 mg, 2.0% yield).

Diacetyl monoethyl ester of IV. IR (neat, em™') 3300,
1740, 1630, 1540, 1280, 1210, 1040; '[I-NMR (ppm;
solvent, CD3;0D) 1.24 (3H, t, J=6Hz; CH,CH3), 1.90 (3H,
d, J=2Hz; Ac), 2.10 (3H, d, J=2Hz; Ac), 3.25-3.75 (8lI;
NCH,), 4.08 (2H, s; CH,COO), 4.20 (2H, g, J=6Hz;
COOCH,); MS m/e 274 (M*; found 274.1499, calcd. for
C12H2oN,05 274.1527).

Diacetyl diethyl ester of VL. IR (neat, cm™') 3400, 1730,
1630, 1200, 1120, 1040; 'tI-NMR (ppm; solvent, CD;0D)
1.25 (6H, t, J=7Hz; CH,CH3), 2.11 (3H, s; Ac), 2.15 (3H,
s; Ac), 3.40—3.70 (8H; NCl,), 4.05 (4H, s; CH,COO0), 4.12
(4H, q, J=6Hz; COOCH,); MS m/c 360 (M*; found
3601889, caled. for C16H23N207 3601894)

Synthesis of Diamine VII
(Scheme 2 in Figure 1)

Sodium monochloroacetate (3495 mg, 3 mmol) and
sodium carbonate (250 mg, 2.4 mmol) were added to the
solution of N-acetyl-N'-hydroxyethylethylenediamine (292
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FIG. 1, Estimated products from the reaction of HEAI with monochloroacetate derivatives.

mg, 2 mmol) in 5 mL of cthanol, and water was added until
clear solution was obtained. The solution was stirred at
80 C for 5 hr, and then concentrated to dryness under re-
duced pressure. »-Propanol (50 mL) was added to the resi-
due and saturated with gaseous hydrogen chloride. The
solution was refluxed for 2 hr, and then filtered, concen-
trated and dried under reduced pressure. Acetic anhydride
and pyridine (1 mL each) was added to the residue, and the
solution was stirred at room temperature overnight. The
solution was concentrated to dryness under reduced pres-
sure, and then dissolved in n-propanol. After filtration, the
filcrate was concentrated, and preparative TLC of the resi-
due on silica gel gave 192 mg of diacetyl monopropyl ester
of VII (35.2% yield).

IR (neat, cm~!) 3320, 1740, 1650, 1560, 1240, 1180,
1040; 'H-NMR (ppm; solvent, CDCl3) 0.90 (3H, t, J=7Hz;
CH,Cll13), 1.64 (2H, sextet, J=7Hz; CH,CH3), 1.97 (3H, s;
Ac), 2.03 (3H, s; Ac), 2.60—2.95 (4H; NCH;), 3.23 (2H, m;
ACNIICH,), 3.34 (2H, s; NCH,COO), 3.85—4.22 (4H;
CH,0Ac¢ and COOCH;); MS m/e 288 (M*; found
2881663, CalCd. for C13H24N205 2881683)

Syntheses of Diamine V and X
(Scheme 3 in Figure 1)

Benzyl chloride (1.21 g, 9.6 mmol) and sodium carbonate
(0.2 g) were added to a solution of N-acetyl-N"-hydroxy-
ethylethylenediamine (584 mg, 4.0 mmol) in 5 mL of
methanol, and the solution was stirred at room temperature
overnight. After concentration of the solution under re-
duced pressure, preparative TLC of the residue on silica gel
gave 380 mg of N-acetyl-N"-benzyl-N-hydroxyethyl-
ethylenediamine (40.3% yield), which was hydrolyzed with
4N hydrochloric acid under refluxing conditions. The solu-
tion was concentrated under reduced pressure, and then
neutralized with ethanolic potassium hydroxide. Sodium
monochloroacetate (243 mg, 2.09 mmol) and sodium car-
bonate (0.2 g) were added to a solution of the residue in a
mixture of ethanol and water (2 mL each), and refluxed for
5 hr. After cooling, the solution was concentrated to dry-
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ness under reduced pressure, and the residue was dissolved
in 50 mL of methanol saturated with gaseous hydrogen
chloride, followed by refluxing for 2 hr. After filtration,
the filtrate was concentrated and dried under reduced pres-
sure. The residue was dissolved in 5§ mL of methanol, and
50 mg of 10% Pd/C was added. The reaction mixture was
hydrogenated at room temperature and atmospheric pres-
sure overnight to remove the benzyl group. After n-propyl
esterification followed by acetylation, the mixture was
separated by preparative TLC on silica gel to afford 80 mg
of triacetyl monopropy! ester of V (15.7% yield), 30 mg of
Xa and 160 mg of Xb, lactamization products of X (6.8
and 36.5% yiclds).

Triacetyl monopropyl ester of V. IR (neat, cm™!) 3470,
1740, 1640, 1230, 1040; 'H-NMR (ppm; solvent, CDCl3)
0.90 (31, t, J=7Hz; CH,CH,), 1.63 (211, sextet, J=7Hz;
ClI,CH3), 1.98 (3H, d, J=2Hz; Ac), 2.03 (3H, s; Ac), 2.12
(3H, d, J=2Hz; Ac), 3.40--3.70 (6H; NCH;,), 3.85—4.30
(6H; CH,COOCH, and CH,0Ac); MS m/e 330 (M*; found
3301788, caled. for CISl{26N206 3301790)

Lactam Xa. IR (neat, cm™!) 3400, 1740, 1640, 1580,
1290, 1170, 1060; 'H-NMR (ppm; solvent, CDCl3) 0.90
(3H, t, J=7Hz; CH,CHj), 1.65 (2H, sextet, J=7llz;
CH,CH3, 2.85 (2H, m), 3.20-3.85 (12H), 4.00 (2H, t, J=7Hz;
COOCH ,);'*C-NMR (ppm; solvent, >CD;0D) (ethyl ester)
10.7 (q), 23.0 (1), 49.0 (1), 50.3 (1), 57.1 (1), 58.0 (1), 60.3
(1), 67.4 (1), 169.2 (s), 171.6 (s); MS m/e 244 (M*; found
2441427, caled. for CnHzoNzOq 244.1422)

Lactam Xb. IR (neat, cm™') 3450, 1740, 1650, 1240,
1190, 1040; 'H-NMR (ppm; solvent, CDCl;) 0.90 (3H, ¢,
J=7Hz; CH,CHs), 1.64 (2H, sextet, J=7Hz; CH,CH3), 2.03
(3H, s; Ac), 2.55—2.90 (4H, m), 3.20—4.65 (4H), 3.85—
4.25 (6H); 3C-NMR (ppm; solvent, '2CD30D) (ethyl ester)
10.7 (q), 20.8 (q), 22.9 (1), 48.8 (1), 50.5 (1), 56.3 (1),
57.7 (1), 62.5 (1), 67.9 (1), 169.8 (s), 170.2 (s), 172.6 (s);
MS m/e 286 (M*; found 286.1522, calcd. for C;3H,;N2O5
286.1527).
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FIG. 2. Scheme for syntheses of diamine derivatives,

RESULTS AND DISCUSSION

Estimated Products from the Reaction of HEAI
with Monochloroacetate Derivatives

Based upon the results of previous studies (4,5), products by
reaction of HEAI with monochloroacetate derivatives could
be estimated as shown in Figure 2.

Attack of monochloroacetate derivatives to HEAI may
occur at four positions, A—D, as indicated by the arrows in
Figure 2. Since ethyl acrylate reacts at the carbon atom
alpha to an imidazoline ring (5), monochloroacetate ester
may attack at site A. Also, etherification at site D may be

observed. It has been found (4, 5) that quarternization of
an imidazoline ring selectively occurred at site B, and so
reaction of monochloroacetate derivatives at site C will not
occur. Thus, reaction of HEAI with monochloroacetate
derivatives in the absence of water may produce the pro-
ducts as shown in Figure 2. Hydrolysis of these reaction
products gives diamines, III-VI, in parentheses.

In the case of the reaction of HEAI with monochloro-
acetate derivatives in the presence of water, a ring-opening
reaction occurs to give amides, I and II. Reaction of mono-
chloroacetate derivatives with these amides may occur at
four sites, E—H, indicated by the arrows in Figure 2. Since

JAOCS, vol. 60, no. 10 (October 1983)
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the reaction of ethyl acrylate at F and H is not observed
under ordinary conditions (5), monochloroacetate deriva-
tives also will not react. Therefore, the reaction products
shown in Figure 2 can be estimated, and hydrolysis of these
products gives diamines, VII-X, in parentheses.

These diamines, III—X, could be isolated and identified
from the various reaction products by preparative TLC on
silica gel after the treatment as described in the experimen-
tal section. Furthermore, diamine derivative XI indicated
below was identified in most of the reaction products.

CH N (CH2COOH) 2
CH,COOH

2 X1

CH2N\

CH,CH

2 2OH

Syntheses of Standard Diamine Derivatives

Various diamine derivatives were synthesized by the scheme
as shown in Figure 1, however III and XI were obtained
commercially. In addition, VIII was not synthesized in this
study, since quaternization by sodium monochloroacetate
did not occur under ordinary conditions.

On acetylation of X in order to apply GC analysis, cycli-
zation of X to lactams Xa and Xb occurred as shown below.
The structure of these lactams was confirmed as described
below.

Under these conditions, lactam Xb was chiefly formed,
and this compound was isolated by preparative TLC on
silica gel. Reduction of Xb with lithium aluminum hydride
in ether afforded piperazine derivative XII, which was iden-
tified by comparing various spectral data with those of
authentic sample (Scheme 1).

On the other hand, IX and X cannot be separated by GC
under the conditions described in the experimental section.
Diamine IX is derived from amide XVIII as shown in Figure
2; however, this product is estimated to be scarcely formed,
as will be discussed later. Therefore, the presence of XI
could be neglected in the following study.

Reduction of Lactam Xb

Lactam Xb (200 mg, 0.74 mmol) was dissolved in 20 mL of
anhydrous ether, and a little excess of lithium aluminum
hydride was added and refluxed for 3 hr. After cooling, a
small amount of ethyl acetate was carefully added to de-

compose excess lithium aluminum hydride, and then a
small amount of 6N NaOH was added to form precipitate.
Concentration of the supernatant solution gave 86 mg of
unreacted lactam Xb. Extraction from precipitate with
chloroform gave 73 mg of N,N"bis-(2-hydroxyethyl)-
piperazine (56.7% yield), which was identified by com-
paring various spectral data with commercially available
sample (Aldrich).

Transformation of X| to Xlia

n-Propyl ester of XI (0.2 g) dissolved in 50 mL of pyri-
dine was refluxed for 4 hr to afford XIa quantitatively.

IR (neat, cm~') 1740, 1240, 1190, 1140, 1060; 'H-
NMR (ppm; solvent, CDCl3) 0.92 (6H, t, J=6Hz; CH,CH3),
1.62 (4H, sextet, J=6Hz; CH,CH3), 2.40—3.00 (6H; NCH>),
3.40—3.65 (6H; CH,COO0), 3.99 (4H, t, J=6Hz; COOCH;),
4.30 (2H, t, J=5Hz; NCH,CH,0); MS m/e 344 (M*;found
344.1948, calcd. for CygHogN,Og 344.1948).

Analysis of Diamine Derivatives by GC

After similar treatment as described in the previous study
(4), various diamine derivatives were analyzed under the
same GC conditions. However, III and VII could not be
separated under these conditions. Therefore, esterification
with n-propanol instead of ethanol was carried out, and
these diamine derivatives (propy!l esters) were separated
completely as shown in Figure 3.

Figure 3 shows the typical gas chromatogram of diamine
derivatives. Assignment of each peak was carried out by
comparing retention time with that of standard samples and
by GC-MS analyses. As shown in Figure 3, each diamine
derivative was completely separated, and satisfactory
repeatability, 3—7% of standard deviation, was obtained.
In addition, the ratio of Xa to Xb varied with the reaction
products.

Since gas chromatographic peak eluted at 12.7 min re-
vealed parent ion peak at m/e 344 by GC-MS analysis, three
structures Xla—XIc indicated below were conceivable.
This compound was found to be formed from XI by
acetylation after esterification, and could be isolated by
preparative TLC on silica gel. The structure of this com-
pound was deduced as XIa by the absence of amide absorp-
tion band on its IR spectrum. Furthermore, reflux of »-
propyl ester of XI in pyridine afforded XIa quantitatively.
From these results, the structure of this compound was
established as XlIa, which was considered to be formed by

CH.,COOR CHchOR
[ 2 |
CH, N (CH,COOR) , Ac,0, pyridine N N
> +
R. T.
CHZNHCHZCHZOH N o T o
R=Et or n-Pr CHchZOH CH2CH20Ac
Xa Xb
CHZCH20H
LiAlH,, Ether N
Xb - XII
22 > A
3 hr reflux
N
|
CHZCI-leH
SCHEME 1
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FIG. 3. Typical gas chromatogram of diamine derivatives.

lactonization of XI during acetylation.

Reaction of HEAI with Monochloroacetate
Derivatives in the Absence of Solvent

Dibasic acid was not detected from any reaction products.
This result indicated that attack of monochloroacetate
derivatives at the carbon atom alpha to an imidazoline ring
did not occur.

HEAI (R=C,,Hy;3) was allowed to react with 1-3 equi-
valent mol of ethyl or sodium monochloroacetate at 60—65
C for 4 hr in the absence of solvent, and the reaction pro-
ducts were treated and analyzed as described in the experi-
mental section. As shown in Table I, all reaction products
gave chiefly diamine V.

TABLE1

CH,N (CH,COOPr) 5 Ac
o CH,NCH ,COOPr
//f——Jk\ CH,COOPT
CH,N 0 CH N
CHzCHzOAC
Xla Xib

CH,N (CH,COOPT) ,

CH zb'ICH 2CH,0AC
Ac

Xlc

On the assumption described below, reaction products
and each content were estimated as shown in Table II.
(a) Each content is calculated on the basis of GC peak area
percent in Table I. (b) Diamine III is all derived from un-
reacted HEAL (c) Diamines VII and X are derived from the
products by the reaction of the amide, I or II, with mono-
chloroacetate derivatives. (d) Diamines IV and V are
assigned to imidazoline remaining compounds XIII and
XIV, respectively; however, it is considered that ring-
opening products are also present in the case of sodium
monochloroacetate.

In the case of the reaction of HEAI with ethyl mono-
chloroacetate, it attacked preferentially at the 3-nitrogen
of an imidazoline ring to give XIVa as estimated from the

Results of GC Analysis of the Products Obtained by the Reaction of HEAI
with Ethyl or Sodium Monochloroacetate in the Absence of Solvent

GC peak area %

Compound ClCHZCOOEt ClCHZCOONa
1. 2.0 3.0 1.0 2.0
(mol) (mol)
?HZNH2
CHZNHCHZCHzoﬂ (III) 36. 21.8 8.9 22.0 25.1
CHZNH2
CH,CH,OH (VII) 4. 5.1 1.5 18.0 20.6
CH.N/ 2772 —_
2N\
CH2C00H
CHZNHCHZCHZNH2 (1) 3. 11.1 9.5 8.1 8.8
CHZOCHZCOOH
(I:HZNHCHZCOOH (V) 55. 62.0 80.1 49.1 40.2
CHZNHCHZCHZOH
(I:HZN (CH,COOH) , (X) - - - 2.8 5.3
CH2NHCH2C320H
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TABLE 11

Estimated Products from the Reaction of HEAI with Ethyl
or Sodium Monochloroacetate in the Absence of Solvent

Compound ClCHZCOOF,t ClCHZCOONa
1.0 2.0 3.0 1.0 2.0
{mol) (mol)
HEAL (R=C| H,.) 36.7  21.8 8.9 22.0  25.1
N—CH, R=Et (XIIlla)
€ qHyyC 3.8 11.1 9.5 8.1 8.8
N—CH, R=Na (XILIb)
|
CH ,CH OCH ,COOR
CH,X
N—CH, X=COOFt (X1va)
e - . . . . 40.2
Cl My, c\¢ c1 55.2 62.0 80.1 49.1 0
‘N—cnz X=C00~  (X1vb)
]
CH ,CH 0
o} CH,CH ,0H R=Et (XVa)
I
20.6
€ M, 3CNHCH,CH N 4.4 5.1 1.5 18.0 0
CH,COOR R=Na (XVb)
O CH,CH,OH R=Et (XVIa)
1]
- - - 2. 5.3
€y HpaCN 8
R=Na (XVIDb)

CHzCHzN(CHZCOOR) 2

results of previous studies (4,5). As shown in Table II, the
yield of XIVa increased with the increase of ethyl mono-
chloroacetate, and reaction of 3 mol equivalent of ethyl
monochloroacetate with HEAL gave XIVa in 80% yield.
Also, etherification of hydroxyethyl group was observed
in 10% yield; however, the extent of etherification was
rather lower than that of ethyl acrylate (5). On the other
hand, reaction of ethyl monochloroacetate at 3-nitrogen
and at hydroxyethyl group (sites B and D in Fig. 2) did not
occur simultaneously, since diamine VI was not detected.
This result suggested that the reactivity of an imidazoline
ring is changed by the reaction of ethyl monochloroace-
tate at 3-nitrogen or at hydroxyethyl group. It may be
considered that the reaction at 3-nitrogen lowers acidity
of the hydroxy proton of hydroxyethy! group.

The reaction of HEAI with sodium monochloroacetate
in the absence of solvent was heterogeneous system, and
gave diamines VII and X in high yields, which indicated
that ring-opening reaction proceeded appreciably during
the reaction. As shown in Table Il, a main product was also
XIVb which showed that quaternization occurred selec-
tively at 3-nitrogen atom.

Consequently, it was found that the main reaction pro-
ducts in the absence of solvent were XIVa and XIVb.

Reaction of HEAI with Sodium Monochloroacetate
in the Presence of Water

In the case of the reaction of HEAI with sodium mono-
chloroacetate, water is required in the reaction system be-
cause of its poor solubility to organic solvent. This reaction
can be divided into two typical types as described below.

JAOCS, vol. 60, no. 10 (October 1983)

(a) HEALI is hydrolyzed under alkaline condition, and then
is reacted with sodium monochloroacetatc (type I).
(b) HEALI is allowed to react with sodium monochloroace-
tate in the presence of water (type I1).

The products synthesized under various conditions were
treated and analyzed as described in the experimental sec-
tion, and the results were shown in Table III. It was found
that appreciable amount of diamine Il was observed, and
that any etherified diamine IV was not detected. In addi-
tion, it is also characteristic that the considerable amount
of XI was detected from all reaction products. This com-
pound was estimated to be formed by the reaction of
sodium monochloroacetate with free diamines, which were
formed by hydrolysis of amides during the reaction. It also
can be estimated that diamine XI is derived from ester
derivative XX, however it seems reasonable that most of
diamine X1 is derived from XIX.

RCOONa f
+ CH,CH,OCR
CH,, (CH,COONa) , CHoN
CH,COONa CH,COONa
CH2N\ CH2N (CHZCOONa) 2
CH,CH ,OH
X1X XX
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TABLE 111

Results of GC Analysis of the Products Obtained by the Reaction of HEAI
with Sodium Monochloroacetate (SMA) in the Presence of Water

GC peak area 3%

Type-1 Type-11
Compound Sample No. 1 2" 3" 4 5 6
1.0 2.0 1.0 2.0 3.0 2.0
{SMA mol) (SMA mol)
CHZNHZ
i (I1I) 25.6 22.8 31.6 2.1 15.6 5.9 7.0 10.4 5.8
CHZNHCHZCHZOH
CHNH,
e FHCH 08 (VII) 62.0 68.1 53.3 86.1 63.4 49.4 50.2 33.0 43.9
HZN\
CH,C00H
CH,NHCH,CH ,NH
NHCH,CHoNH av) - _ B _ _ B ~ B B
CH ,0CH ,COOH
CH ,NHCH ,COOH
i W) 4.0 0.1 2.2 0.7 8.6 0.6 0.7 4.3 1.2
CH ,NHCH ,CH ,0H
CH,N (CH,COOH) ,
] (x) 2.8 0.6 0.6 1.1 11.0 33.5 27.1 38.0 36.5
CH NHCH ,CH ,OH
2NHCH ,CH
CH N (CH ,COO0H) ,
CH.CH.,0H (x1) 5.7 8.4 10.0 10.0 1.4 10.6 15.0 8.3 12.8
o272 22
CH N
CH ,COOH

* Commercial imidazolinium amphoteric surfactants.

On the assumption described below, the reaction pro-
ducts and each content were estimated as shown in Table
IV. (a) Each content is calculated on the basis of peak area
percent in Table IILI. (b) Under these conditions, an imida-
zoline ring is completely hydrolyzed to give amides. (c)
Diamine III is all derived from amide I, since amide II iso-
merizes to I under alkaline conditions (2, 3). However, the
diamide indicated below may be present in the reaction
mixture.

7
0 Cc=0
RCNIICH,CH,;NCH,CH,0H

(d) All reaction products except XIX are indicated as
amides, however a small part of these amides are considered
to be derived from soap and free diamines as described
in the previous paper (5).

In the case of type I, monosubstituted amide XVb was
predominantly formed in 60—70% yields, since hydrolysis
of HEAI was carried out under alkaline condition. As
shown in Table IV, increase of sodium monochloroacetate
resulted in increase of XIX, which suggested that it only
promoted hydrolysis of amides. In addition, it is note-
worthy that sample 3 shows the highest yield of XVb in
86% among these products.

On the other hand, type II contained appreciable
amounts of disubstituted amides, XVIb, XVII and XVIII,
as shown in Table IV. It was also observed that increase of

sodium monochloroacetate brought the increase of disub-
stituted amide XVIb with remarkable decrease of XVII.

Since diamine IX and X can not be separated by GC
under the proposed conditions as described previously,
amides, XVIb and XVIH, are indistinguishable. It may be
estimated from the results of the previous section that
XIVb is formed in rather high yields in the case of type 11,
since HEALI is allowed to react directly with sodium mono-
chloroacetate. However, any etherified products are not
detected from the reaction products synthesized under
various conditions. This fact suggests that hydrolysis reac-
tion of HEALI preferentially occurs. Thus, it may be esti-
mated that amide XVIII is formed from XVII by amide
exchange reaction (Fig. 4). However, this amide exchange
reaction was not observed in the reaction of HEAI with
ethyl acrylate (5). Therefore, it can be estimated that
XVIII is scarcely formed.

Since the ratio of mono- to disubstituted amides varies
with the reaction conditions as shown in Table IV (sample
4 and 5), it seems possible to obtain disubstituted amides in
higher yield as type 111 described in the previous paper (5).

The scheme for the reaction of HEAI with monochloro-
acetate derivatives was summarized in Figure 4. The reac-
tion in the absence of solvent proceeds through path A to
give XIVb as a main product, and also gives etherified pro-
duct XIIIb in 10% yield.

The reaction products in the presence of water divided
into two typical types as follows.

Type 1. The reaction proceeds through path A. Hydrolysis

JAOCS, vol. 60, no. 10 (October 1983)
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TABLE IV

Estimated Products from the Reaction of HEAI with
Sodium Monochloroacetate (SMA) in the Presence of Water

Composition %

Type-1 Type-11
* * *
Compound Sample No. 1 2 3 4 S 6
1.0 2.0 1.0 2.0 3.0 2.0
(SMA mol) (SMA mol)
9]
1l 25.6 22.8 31.6 2.1 15.6 5.9 7.0 14.0 5.8
RCNHCH _CH_NHCH_CH_OH
2772 272
(1)
it CHZCHZOH
RCNHCH,CH,N 62.0 68.1 53.3 86.1 63.4 49.4 50.2 39.0 43.9
CHZCOONa
(XVb)
(o) CH,CH,OH
”/ 2772
RCN 4.0 0.1 2.2 0.7 8.6 0.6 0.7 4.3 1.2
CHZCHZNHCHZCOONa
{XVII)
o} CH,CH,OH
n 2772
RCN
CHZCHZN(CHZCOONa)2 2.8 0.6 0.6 1.1 11.0 33.5 27.1 38.0 36.5
(Xv1b) or XVIII
RCOONa
+
CHZN (CHZCOOH) 2
CHZCHon 5.7 8.4 10.0 10.0 1.4 10.6 15.0 8.3 12.8
CHZN
CH2COOH
(XIX)

* Commercial imidazolinium amphoteric surfactants.

JAOCS, vol. 60, no. 10 (October 1983)
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N—CH h
y 2 . ol CH,CH N,
R-C ° nlcn/ (11) I
o I + RCNHCH ,CH ,NHCH ,CH ,0H ()
N—CH, CH,CH 08
cH.C
2CR0H _Path B ClCH,CooNa
CH,COONa
Path A
-Path A C1CH,COONa RCNHCH ,CH N (Xvb)
CH,CH 0K
C1cH coona
\ RCOONa
0  CH_CH,NHCH,COONa
i )| /ot c1ch coons g CH ,CH N (CH,COONa)
CR,C00 RCN RCN/ _ +
_— oH
—CH \ >
V4 A= / CH,CH 01 CH,CH 0K
R-Cf +
Y 0 (Xvil) (XvIb) R
N—Ch, it
) CH,NR,
CHZCHZOH H20 Isomer ization
CH ,NCH ,CH .08
(XIVD) |
Ry
0  CH,COONa
i/ 2 C1CH,co0Na ﬁ CH,COONa
RCN [ — RCN/ cH
Q Q ,C00Na Ry_3=H of CH,COONa
CH,CH.,NHCH ,CH ,OH
+ 2CHoNHCHCH CH,CH N
CH,CH,0H
(XVIID)
N—cH,
V4 1,0
R=C > RCNHCH2CHZNHCHZCHZOCHZCOONE
N—Ch,
CH,CH ,0CH ,COONa P
(X111b)
FIG. 4. Reaction pathways and products.
of an imidazoline ring is carried out under alkaline condi- ACKNOWLEDGMENT

tion, and the main reaction product was monosubstituted
amide XVb.

Type II. The reaction proceeds through both paths A and
B. The reaction products contain appreciable amounts of
disubstituted amides. However, the reaction proceeds
mainly through path B, since any etherified products can
not be detected.

The reaction products had simpler composition com-
pared with those of ethyl acrylate (5); however, it is charac-
teristic that appreciable amounts of hydrolysis products of
amides, soap and free diamine XI are detected.
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