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ABSTRACT: A novel bis-quaternary ammonium salt was pre-
pared conveniently and almost quantitatively from N,N-di-
methyldodecylamine, its hydrochloride, and epichlorohydrin.
Reaction of N,N-dimethyldodecylamine with epichlorohydrin
{in the presence of the amine hydrochloride) or various dichloro
compounds was investigated by using 'H nuclear magnetic res-
onance. The reaction route was studied by examining the reac-
tivity of reagents with the amine and the effect of reaction tem-
perature. The ease of the reaction with epichlorohydrin was
found to be due to the assistance of amine hydrochloride in
opening the epoxide ring and to neighboring-group participa-
tion by the hydroxyl group of the intermediate mono-ammo-
nium salt in the quaternization step. Neighboring-group partici-
pation by the hydroxyl group in these quaternization reactions
is also discussed.
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As industrial technology makes further progress, demands for
high-performance surface-active compounds are increasing.
To respond to these demands, novel surfactants have been
successfully designed and developed. These may be classi-
fied into two types. One type is composed of two single-chain
surfactants connected with a spacer (1-3) or as multichain
amphipathic compounds with two hydrophilic groups (4), for
which the inter- or intramolecular hydrophobic interaction is
enhanced compared with conventional single-chain surfac-
tants. This kind of surfactant shows good water solubility, ex-
cellent micelle-forming property, high ability to lower aque-
ous surface tension, and good lime soap-dispersing ability.
The other type has a hydrophilic head group at both ends of a
hydrophobic alkylene chain (o,0-type surfactants) (5,6).
These o,o-type surfactants are characterized by higher criti-
cal micelle concentration (CMC), smaller-size aggregates,
and a higher degree of ionization of micelles than those of
conventional surfactants that have one hydrophilic head
group per alkyl group.
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In this paper, to synthesize a new type of surfactant, we re-
port the reaction of long-chain alkyldimethylamine with
epichlorohydrin in the presence of the amine hydrochloride
to afford the bis-ammonium salt, in which two quaternary
alkylammonium chlorides are formally connected with a
spacer. Although epichlorohydrin has been used for the reaction
with alkylamine, many kinds of products have been reported de-
pending on the reaction conditions (7-12). Furthermore, two
patents (13,14) claimed the product bis-ammonium salt from
the reaction of alkylamine with epichlorohydrin in a hydrochlo-
ric acid/isopropanol/water system, but the reaction path was
left ambiguous and may be different from that in this work.

In the present case, the reaction proceeds conveniently and
almost quantitatively under mild conditions. Neighboring-
group participation by the hydroxyl group contributing to the
ease of this quaternization reaction is discussed. The reaction
route was studied by 'H NMR.

EXPERIMENTAL PROCEDURES

The reagents used were all purchased from commercial sources,
and their purity was confirmed by gas-liquid chromatography.
Infrared spectra were recorded on an FT-IR 1600 (Perkin-Elmer
Limited, Beaconsfield Bucks, England) with samples as KBr
disks. Mass spectra were run on a JMS-DX 303 (JEOL Ltd.,
Tokyo, Japan) spectrometer. 'H Nuclear magnetic resonance
(NMR) spectra were recorded at 600 MHz with an AM 600
(Bruker, Fallanden, Switzerland) spectrometer on samples in
CDCl, and D,O. The reaction was followed by thin-layer
chromatography (silica gel plates) with a mixture of ethyl ac-
etate/acetone/ammonium solution (29%)/water (3.0:3.5:0.5:0.5,
vol/vol) as the eluent.

Reaction of N,N-dimethyldodecylamine with epichlorohy-
drin. A mixture of N,N-dimethyldodecylamine (1.71 g, 8.0
mmol), its hydrochloride (0.99 g, 4.0 mmol), epichlorohydrin
(0.37 g, 4.0 mmol), and ethanol (5 mL) was stirred for § h at
room temperature (run 3, Table 3) and then heated to reflux for
8 h (run 4). Immediately after ali remaining solvent was evapo-
rated under reduced pressure at room temperature, the yield of
product was determined by 'H NMR with naphthalene as an in-
ternal standard. Mono- (Ia) and bis-ammonium salts (Ib) were
isolated respectively from runs 3 and 4 by recrystallization
from acetone (Ia: 1.06 g, 77% yield; Ib: 2.22 g, 93% yield).
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Preparation of mono-ammonium salt from 1,3-dichloro-2-
propanol, 1,3-dichloropropane, 1,4-dichloro-2-butanol, and
bis-2-chloroethyl ether. A mixture of N,N-dimethyldodecy-
lamine (0.86 g, 4.0 mmol) and dichloro compound (12.0
mmol) in ethanol (20 mL) was heated to reflux for 24 h. After
evaporation of the solvent under reduced pressure, mono-am-
monium salts were purified by recrystallization from acetone
(ITa: 1.02 g, 74% yield; ITla: 0.89 g, 68% yield; Va: 1.03 g,
72% yield). For the mono-ammonium salt from 1,4-dichloro-
2-butanol, the amount of product was determined by 'H NMR
with naphthalene as an internal standard (91% NMR yield),
and the purification was done by silica-gel column chro-
matography with a chloroform-methanol (6:1, vol/vol) eluent
(IVa: 0.60 g, 42% yield).

Identification of the structure of mono-ammonium salt
from 1,4-dichloro-2-butanol. The excess trimethylamine gas
was condensed into the solution of mono-ammonium salt
from 1,4-dichloro-2-butanol (0.15 g) in dichloromethane
(2 mL) for 1 h, and the solution was stirred at room tempera-
ture for 24 h. The produced crystal was separated by filtra-
tion, and its NMR spectra were measured in D,0.

Preparation of bis-ammonium salt from 1,3-dichloro-2-
propanol, 1,3-dichloropropane, 1,4-dichloro-2-butanol, and bis-
2-chloroethyl ether. A mixture of N,N-dimethyldodecylamine
(4.26 g, 20.0 mmol) and dichloro compound (4.0 mmol) in 1-
propanol (10 mL) was heated to reflux for 24 h. The solvent was
evaporated under reduced pressure; bis-ammonium salts were
isolated by washing with acetone and then purified by recrys-
tallization from acetone (IIb: 1.62 g, 73% yield; IIIb: 1.38 g,
64% yield; IVb: 1.56 g, 69% yield; Vb: 1.52 g, 67% yield).

Determination of the formation rate of mono- and bis-am-
monium salt from epichlorohydrin, 1,3-dichloro-2-propanol,
1,3-dichloropropane, 1,4-dichloro-2-butanol, and bis-2-
chloroethyl ether. A mixture of chloro compound (4.0 mmol)
and N,N-dimethyldodecylamine (2.57 g, 12.0 mmol) in

ethanol (5 mL) was heated to reflux. Small portions of reac-
tion solution were taken at specific intervals of reaction time,
and the solvent was evaporated. The amount of products was
determined by "H NMR with the unreacted amine serving as
an internal standard. For epichlorohydrin, instead of 12.0
mmol of N,N-dimethyldodecylamine, 8.0 mmol amine and
4.0 mmol amine hydrochloride were used.

RESULTS AND DISCUSSION

Mono- and bis-quaternary ammonium salts from epichloro-
hydrin and various dichloro compounds were synthesized,
and the results are listed in Tables 1 and 2.

From the results of 'H NMR and elemental analysis, the
structures of mono-ammonium salts (Ia and IIa) and bis-am-
monium salts (Ib and IIb) from epichlorohydrin and 1,3-
dichloro-2-propanol are similar to each other.

To better understand the reaction of N,N-dimethyldodecy-
lamine hydrochloride with epichlorohydrin, effects of the
ratio of reagents and the reaction temperature were examined.
The results are summarized in Table 3.

By stirring the equivalent mixture of N,N-dimethyldode-
cylamine hydrochloride and epichlorohydrin in ethanol for
20 h at room temperature, mono-ammonium salt Ia was ob-
tained in a yield of 31% (run 1). By adding N,N-dimethyldo-
decylamine in the amount of one-tenth of the hydrochloride
to this system, the yield of mono-ammonium salt Ia increased
to 50% within 8 h. The addition of N,N-dimethyldodecy-
lamine at twice the amount of its hydrochloride increased the
yield to 93% within the same reaction period (runs 2 and 3),
but no bis-ammonium salt Ib was detected in the reaction
mixture by 'H NMR.

Further reaction, however, proceeded when the reaction
was carried out at an elevated temperature. Thus, when the
mixture of N,N-dimethyldodecylamine, its hydrochloride, and

TABLE 1
Characterization of mono-Ammonium Salts
Compound m.p. TH NMR Anal. found
(R=Cy,Hys) 0 (8, CDCly) {calcd.)%?
la +C|H3 46-49 0.88 (1, 3H), 1.20-1.45 (m, 18H), H, 10.89 (10.84)
RN Cl-Cl- 1.78 {m, 2H), 3.41 (d, 6H), C, 59.25 (59.05)
&Hy OH 3.49-3.68 (m, 4H), 3.78 (m, 2H), N, 4.06 (4.05)
4.60 (m, 1H) Cl, 20.20 (20.50)
lla CH; 52-55 0.88 (¢ 3H), 1.20-1.45 (m, 18H), H, 11.11 (10.98)
E{L/\/\C, - 2.32 (m, 2H), 3.43 (s, 6H), C,57.52 (57.78)
| 3.48 (m, 2H), 3.74 (t, 2H), 3.85 (¢ 2H) N, 3.98 (3.96)
CHj Cl, 19.79 (20.06)
1Va waxy
CH, .o 0.88 (¢, 3H), 1.20-1.45 (m, 18H), H, 11.22 (11.04)
Erlw 1.72 (m, 1H), 1.81 (m, TH), 1.89 (m, 1H), C, 56.81 (56.92)
| 2.23 (m, 1H), 3.25 (d, 1H), 3.41 (d, 6H), N, 3.70 (3.69)
CH3 OH 3.52 (m, 2H), 3.77 (m, 1H), 3.85 (m, 1H), Cl, 18.72 (18.67)
3.96 (g, 1H), 4.49 (m, TH)
Va CHs 59-62 0.88 (t, 3H), 1.20-1.45 (m, 18H), H, 10.68 (11.03)
+'/\/O\/\C| cr 1.78 (m, TH), 3.44 (s, 6H), 3.59 (m, 2H), C, 61.02 (60.66)
C|H 3.69 (m, 2H), 3.81 (m, 2H), 4.01 (m, 2H), N, 4.01 (3.93)
3

4.07 (m, 2H)

Cl, 19.61 (19.89)

“Because obtained products are highly hygroscopic, calculated values are based on the assumption that the compound contains bonding water.
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TABLE 2
Characterization of bis-Ammonium Salts
Compound m.p. "H NMR Anal. found
(R=CypH,5) Q) (8, CDCly) (caled.)%?
Ib g s 86-87 0.88 (t, 6H), 1.20-1.45 (m, 36H), H, 12.34 (12.29)
R"\l NR - 2CI 1.78 (m, 2H), 1.87 (m, 2H), 3.39 (s, 6H), C, 64.16 (64.28)
CH3 OH CHs 3.42 (s, 6H), 3 52 (¢, 4H), 3.67 (¢, 2H), N, 4.84 (4.84)
4.32(d, 2H), 5.19 (m, TH) Cl, 12.08 (12.24)
ilb CHj CHs 192-194 0.88 (t, 6H), 1.20~1.45 (m, 36H), H, 12.62 (12.65)
Erll/\/\rilﬁ-zcr (decomp.) 1.78 (m, 4H), 2.29 (m, 2H), C, 66.45 (66.75)
| | 3.35 (d, 12H), 3.49 (t, 4H), N, 4.89 (5.02)
CHy CHj 3.89 (t, 4H) Cl, 12.58 (12.71)
Vb CH; 233-237 0.88 (t, 6H), 1.20~1.45 (m, 36H), H, 12.39 (12.33)
CHs ,LE oc-  (decomp.) 1.66-1.92 (m, 4H), 2.18 (m, TH), C, 64.65 (64.59)
E,l, | 2.52 (m, TH), 3.28 (s, 6H), 3.33 (d, 6H), N, 4.70 (4.71)
| CH3 3.36-3.60 (m, 5H), 3.79 (m, TH), Cl, 12.00 (11.92)
CH3 OH 4.01 (m, TH), 4.30 (d, 1H), 4.56 (m, TH)
Vb CH3 CH3 205-208 0.88 (t, 6H), 1.20~1.45 (m, 36H), H, 12.22 (12.34)
*'/\/O\/\,llﬁ 2c|- (decomp.) 1.71 (m, 4H), 3.44 (s, 12H), C, 64.94 (64.98)
l | 3.58 (t, 4H), 3.03 (s, 4H), N, 4.69 (4.74)
CHs CH3 432 (s, 4H) cl, 12.12 (11.99)

“Because obtained products are highly hygroscopic, calculated values are based on the assumption that the compound contains bonding water.

epichlorohydrin in the molar ratio of 2:1:1 was stirred for 8 h
at room temperature (at this step, only Ia formed almost quan-
titatively) and then heated to reflux for another 8 h, only bis-
ammonium salt Ib was obtained, and no Ia remained (run 4).
From these results it appears that the intermediate of this re-
action is the mono-ammonium salt Ia and not glycidylammo-
nium chloride. When the reaction temperature was raised to
the refluxing temperature of 1-propanol, the reaction time was
greatly shortened, while still keeping the reaction clean (run
8). When the amount of amine was decreased, the reaction
time needed to be longer (runs 6-8).

To make the reaction route clearer, rates of the reaction of

dichloro-2-propanol, and 1,3-dichloropropane were examined
by 'H NMR (Fig. 1).

After fast generation from epichlorohydrin, mono-ammo-
nium salt Ia also disappeared rapidly to afford bis-ammonium
salt Ib. For 1,3-dichloro-2-propanol, the formation rate of
mono-ammonium salt ITa (note that Ia and IIa are believed
to be the same compound) is much smaller than that of Ia. For
this reason, the formation of bis-ammonium salt IIb (the same
compound as Ib) was slower than that of Ib. The formation
of both mono- and bis-ammonium salts from 1,3-dichloro-
propane (IIla and IIIb, respectively) was extremely slow in
comparison with that from epichlorohydrin and 1,3-dichloro-

N,N-dimethyldodecylamine with epichlorohydrin, 1,3- 2-propanol.
TABLE 3
Effects of Ratio of Reagents Used and Temperature on Reaction of N,N-Dimethyldodecylamine, Its Hydrochloride, and Epichlorohydrin
CHsy CHj CH3
N7 +1 + |+
RN(CH3); + RN(CH3); - HCl + @ —— RITJ/Y\CI o+ RITl/W/\rTJR - 2cr
CH3 OH CH; OH CHj
1 2 3 la 1]
R =Cy,H,¢
Conditions
Molar ratio Time Yield (%)°
Run 1 2 3 Temp. (h) Solvent la b
1 — 1.0 1.0 b 20 Ethanol 31 0
2 0.1 1.0 1.0 rt 8 Ethanol 50 0
3 2.0 1.0 1.0 rt 8 Ethanol 93 0
4 2.0 1.0 1.0 [ rt 8 ] Ethanol 0 >95
Then reflux 8

5 1.0 1.0 1.0 Reflux 8 Ethanol 20 78
6 1.0 1.0 1.0 Reflux 8 1-Propanol 7 92
7 1.2 1.0 1.0 Reflux 5 1-Propanol 6 94
8 2.0 1.0 1.0 Reflux 3 1-Propanol 0 >95

“Calculated from TH NMR.
bet = Room temperature.
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FIG. 1. Comparison of the formation rates of the ammonium salts from
N,N-dimethyldodecylamine with epichlorohydrin and dichlorides. Re-
action conditions: N,N-dimethyldodecylamine (8 mmol), its hydrochlo-
ride (4 mmol), and epichlorohydrin (4 mmol) were heated to reflux in
ethanol (5 mL); N,N-dimethyldodecylamine (12 mmol) and dichloro
compound {4 mmol) were heated to reflux in ethanol (5 mL). Amounts
in the reaction mixture were calculated by "H NMR. Abbreviations: 1,
ammonium salt from epichlorohydrin; 1I, ammonium salt from 1,3-
dichloro-2-propanol; Ill, ammonium salt from 1,3-dichloropropane; a,
mono-ammonium salt; b, bis-ammonium salt.

From these results, the reaction of N,N-dimethyldodecy-
lamine, its hydrochloride, and epichlorohydrin are considered
to proceed as shown in Scheme 1.

At first, by assistance of the amine hydrochloride, the
amine nitrogen attacks the epoxide carbon with ease to afford
mono-ammonium salt Ia rapidly. Then another molecule of
the amine attacks the chlorine-substituted carbon of Ia to dis-
place the chloride, affording bis-ammonium salt Ib. It is rea-
sonable to consider that neighboring-group participation by
the hydroxyl group works in this step because the formation
of IIb from Ha was much faster than that of IIIb from IIla,
which has no hydroxyl group on the B-carbon.

This neighboring-group participation is also estimated to
work in the formation reaction of la. This estimation was
confirmed by the reaction of the amine with 1,4-dichloro-2-
butanol. As shown in Figure 2, the combined amount of
mono-ammonium salt IVa and bis-ammonium salt IVb (cor-
responds to the total amount of generated IVa) after the same

M N2
,/—'NR3 Ry ™ NRyeCl
a’ :o,:, a’ g Ib
W, + 4
“HNR 3+ C1
Ia
SCHEME 1
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FIG. 2. Comparison of the formation rates of the ammonium salts from
N,N-dimethyldodecylamine with dichlorides. Reaction conditions:
N,N-dimethyldodecylamine (12 mmol) and dichloro compound (4
mmol) were heated to reflux in ethanol (5 mL). Amounts in the reaction
mixture were calculated by "TH NMR. Abbreviations: I, ammonium salt
from 1,3-dichloro-2-propanol; IV, ammonium salt from 1,4-dichloro-2-
butanol; V, ammonium salt from bis-2-chloroethyl ether; a, mono-am-
monium salt; b, bis-ammonium salt.

reaction period is almost the same as that of mono-ammonium
salt IIa and bis-ammonium salt ITb (also corresponds to the
total amount of generated Ila), but the formation rate of bis-
ammonium salt IVb is slower than that of Ilb, indicating that
the reactivities of the two kinds of chloride in 1,4-dichloro-2-
butanol are different from each other.

The difference in reactivities of these chlorides was appar-
ent from the NMR study (Fig. 3) on the intermediate mono-
ammonium salt, which was prepared in the presence of an ex-
cess amount of 1,4-dichloro-2-butanol (see Experimental Pro-
cedures section).

Because the signal of the protons (k in Fig. 3) geminal to
the chlorine atom and those (d and g) geminal to the ammo-
nio group both appear in the range of 3.8-3.2 ppm, they need
to be distinguished from each other (Fig. 3A). First, the
"H-'H homodecoupled spectrum (Fig. 3B) was measured
upon irradiating the protons of 2.0-1.8 ppm (j), which are the
B positional protons from the hydroxyl group. It indicates that
the signal of 3.73 ppm corresponds to the y positional protons
(g or k) from the hydroxyl group because the signal of 4.36
ppm (h) and that of 3.73 ppm have decoupled to a doublet and
singlet, respectively. Next, the intermediate mono-ammonium
salt was treated with trimethylamine, expecting the shift of
the signal of the protons geminal to the chlorine atom, and the
NMR spectra of the starting chloride (IVa; Fig. 3A) and the
resulting bis-ammonium salt were compared. Figure 3C indi-
cates that the signal of 3.73 ppm is due to the protons Y posi-
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FIG. 3. NMR spectra (in D,0): A) mono-ammonium salt IVa from 1,4-
dichloro-2-butanol; B} upon irradiating the protons of 2.0-1.8 ppm of
A); and C) bis-ammonium salt prepared from IVa and trimethylamine.

tional to the hydroxyl group and geminal to the chiorine atom
at the same time, because the signal of 3.73 ppm of the start-
ing chloride disappeared on changing to the trimethylammo-
nium derivative. So, the structure of the intermediate mono-
ammonium salt I'Va from 1,4-dichloro-2-butanol is as shown
under the NMR spectra in Figure 3, demonstrating the ex-
treme contribution of the hydroxyl group located at a specific
distance, that is, the neighboring-group participation of the
hydroxyl group. Small neighboring-group participation ef-
fects can also be seen in the formation reaction of IVb from
IVa by the comparison with IIIb from Illa (Fig. 1) and Vb
from Va (Fig. 2). Neighboring-group participation by the hy-
droxyl group is related to chainlength (15). For bis-2-
chloroethyl ether, both the formation rates of mono- (Va) and
bis-ammonium salts (Vb) are small. Although the distance
between oxygen and the substitution reaction center is equal
to that of 1,3-dichloro-2-propanol, the weaker nucleophilicity
and the steric hindrance around the oxygen of the ether may
bring about the difference in the results. The relative reactivi-
ties of reagents are summarized in Scheme 2.

CH,

RN(CHy, + X RN NR - 201
CH, CH,
R =C,Hys
.
X! o 4 > aTNY Ta > g
OH
Cl/\/\Cl > Cl/\/\/a
OH OH
Cl/\(;\a > a0
SCHEME 2
REFERENCES

1.

1.

12.

13.

14.

Okahara, M., A. Masuyama, Y. Sumida, and Y.-P. Zhu, Surface
Active Properties of New Types of Amphipathic Compounds
with Two Hydrophilic Ionic Groups and Two Lipophilic Alkyl
Chains, J. Jpn. Oil Chem. Soc. (YUKAGAKU) 37:746-748
(1988).

. Zhu, Y.-P., A. Masuyama, Y. Kobata, Y. Nakatsuji, M. Oka-

hara, and M.J. Rosen, Double-Chain Surfactants with Two Car-
boxylate Groups and Their Relation to Similar Double-Chain
Compounds, J. Colloid Interface Sci. 158:40-45 (1993).

. Menger, F.M., and C.A. Littau, Gemini Surfactants: Synthesis

and Properties, J. Am. Chem. Soc. 113:1451-1452 (1991).

. Zhu, Y.-P., A. Masuyama, Y. Kirito, M. Okahara, and M.J.

Rosen, Preparation and Properties of Glycerol-Based Double-
or Triple-Chain Surfactants with Two Hydrophilic Ionic
Groups, J. Am. Oil Chem. Soc. 69:626-632 (1992).

. Jayasuriya, N., S. Bosak, and S.L.. Regen, Design, Synthesis,

and Activity of Membrane-Disrupting Bolaphiles, J. Am. Chem.
Soc. 112:5844-5850 (1990).

. Nagawa, Y., and S.L. Regen, Membrane-Disrupting Surfactants

That Are Highly Selective Toward Lipid Bilayers of Varying
Cholesterol Content, Ibid. 113:7237-7240 (1991).

. Heywood, D.L., and B. Phillips, The Reaction of Epichlorohy-

drin with Secondary Amines, /bid. 80:1257-1259 (1958).

. Ross, J.H., D. Baker, and A.T. Coscia, Some Reactions of

Epichlorohydrin with Amines, J. Org. Chem. 29:824-826
(1964).

. Burness, D.M., Anomalous Reaction of Epichlorohydrin with

Trimethylamine, Ibid. 29:1862-1864 (1964).

. McKelvey, I.B., RR. Benerito, and T.L. Ward, Quaternizations

of Triethylamine and Triethanolamine with Epichlorohydrin,
Ind. Eng. Chem. (P.R.D.) 6:115-120 (1967).

McClure, 1.D., Glycidyltrimethylammonium Chloride and Re-
lated Compounds, J. Org. Chem. 35:2059-2061 (1970).

Ogata, Y., On the Reaction of Long-Chain Alkyltertiaryamines
with Epichlorohydrin, YAKUGAKU ZASSI 93:1342-1348
(1973); Chem. Abstr. 80:26707n (1974).

Login, R.B., bis-Quaternary Ammonium Compounds, U.S.
Patent 4,734,277 (1988).

Login, R.B., bis-Quaternary Ammonium Compounds, U.S.
Patent 4,812,263 (1989).

. Richardson, W.H., C.M. Golino, R.H. Wachs, and M.B. Yelv-

ington, Neighboring Oxide Ion and Fragmentation Reactions of
1,3-Chlorohydrins, J. Org. Chem. 36:943-948 (1971).

[Received August 30, 1994; accepted September 27, 1995}

JAOCS, Vol. 73, no. 1 (1996)



