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hA New Approach of Ethoxylation Catalyzed by Bridge-Head
Nitrogen Containing Compounds

/ / /
Jen5 Morgos, P~)ter Sallay, Laszlo Farkas and Istv~n Rusznak*
Department of Organic Chemical Technology, Technical University of Budapest, H-1502 Budapest, Budapesti MiJszaki Egyetem, Hungary

Bridge-head nitrogen-containing compounds, (1,4-diaza-
bicyclo-[2.2.2]~ctane, 1-azabicyclo-[2.2.2]-octane, 1,5-diaza-
bicyclo-[5.4.0]-undec-5-ene and 1-azabicyclo-[2.2.2]-
octane-3-one), successfully catalyze the ethoxylation of
dodecyl alcohol. T h e catalytic activity of any of the first
two compounds was four to five times higher than that
of a n open-chain, symmetrical trialkylamine of similar
basicity. T h e molar mass distribution of the ethoxylated
dodecyl alcohol derivatives was of the Weibull-Nycander-
Gold type. No Weibull-TSrnqulst effect could be detected,
however, unl ike the caserealized in ethoxylated systems
ga ined in the presence of trialkylamines. No change in
the distribution constant (calculated according to N a t t a
and Mantica) could b e observed in the course of these
ethoxylation reactions.

The amine cata lyzed ethoxylation of dodecyl alcohol has
been repor ted recent ly (1). In accordance with earl ier
published observations, amines catalyze the reac t ion a t
80 C well. Particularly good catalyt ic effect could be
achieved with asymmetric amines containing two methyl
groups (e.g. N,N-dimethyl o c t y l amine}. In this case the
free pair of electrons needed for the catalytic action is not
sterically screened. Very good catalyt ic activity could be
expected from amines of favorable steric structure. Con-
sequently, bridge-head nitrogen containing quinuclidines
and o t h e r molecules o f similar structure has been selected
as a c a t a l y s t in the ethoxylation o f dodecyl alcohol.

EXPERIMENTAL
Ethoxylation on a semi-micro scale, gas chromatographic
analysis of the reaction products, and calculation of molar
mass distribution and of the distribution constants were
carried out as described earlier (2). Cyclic amines used were
the following: 1,4-diazabicyclo-[2.2.2]-octane (DABCO},
1-azabicyclo-[2.2.2]-octane {ABCO), 1-azabicyclo-[2.2.2]-
octane-3-one {ABCON} and 1,5-diazabicyclo-[5.4.0]-
undec-5-ene (DABCU), each of them Fluka pss. products.
ABCO and ABCON were set free from their hydrochlor-
ides by means of sod ium hydroxide {Fig. 1).

RESULTS AND DISCUSSION

Ethylene oxide consumption was p lo t t ed a g a i n s t the
dura t ion of the reac t ion time. As in the case o f tert iary
amines investigated earl ier {1), ethylene oxide consump-
t ion (v) was a l inear function o f time (t). Correlation coef-
ficients (r} are b e t t e r t h a n 0.99. The slope of the s t ra igh t
line is equal to the rate of reaction {w = v/t). Rates of reac-
tion in the presence of different catalysts are summarized
in Table 1.

Each c a t a l y s t investigated accelerated the reac t ion as
expected. Rate of reaction cata lyzed by DABCU was
nearly e q u a l to t h a t ca ta lyzed by tr ibutylamine or tri-
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FIG. 1. The structure of the cyclic amines.
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FIG. 2. Molar mass distribution of ethoxylated dodecyl alcohol
derivatives gained in a reaction catalyzed by DABCO at 80 C.

octylamine (w -- 0.0258 and 0.0201, respectively}. The ef-
fect o f ABCON was similar t o t h a t of dimethyloctylamine
o r dimethylbutylamine (w -- 0.058 a n d 0.0573, respec-
tively}. DABCO and ABCO were particularly efficient.
Rates o f reaction, due to their catalyt ic activity, were
nearly fivefold grea te r than t h a t obtained with tr ibutyl-
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TABLE 1

The Rate of E t h o x y l a t i o n R e a c t i o n with Different C a t a l y s t s a t 80 C
and with a C a t a l y s t Concentrat ion of 20%

1 0 2 ° W

Catalyst mol/mol min r

DABCO 12.42 0.996
ABCO 11.88 0.999
DABCU 2.33 0.991
ABCON 4.98 0.990

w, rate of reaction; r, correlation coefficient.

TABLE 2

Dependence of the Rate of R e a c t i o n o n the C a t a l y s t
Concentrat ion at 80 C

10~• w (mol/mol min)
Catalyst concentration

(mol %) DABCO ABCO

5 2.22 3.59
10 5.47 7.88
15 8.O3 10.08
20 12.12 11.08
25 16.26 --

T A B L E 3

Dis t r ibut ion Coeff ic ients Calculated
According to Nat ta and Mant ica

Catalyst v c~ c2 ca c4

DABCO 0.99 2.40 2.19 0.75 >15
1.57 2.65 2.85 3.67 3.09
2.37 2.26 2.07 2.14 2.18
3.06 1.96 2.25 1.97 1.15

ABCO 0.93 1.93 1.69 >15 >15
1.59 2.86 2.23 2.84 0.79
2.46 2.13 2.14 2.59 2.19
3.41 2.31 2.28 1.67 1.78

ABCON 2.99 2.28 2.46 2.08 2.43
ABCU 2.10 2.40 1.74 2.75 1.51

v, average degree of ethoxylation mol/mol.
ci = ki/ko, distribution constant of the ith homologue, i.e., the rate
constant related to that of the dodecyl alcohol.

amine catalyst t hough the basicity of the t h r e e catalysts
is almost the same (3).

The effect achieved strongly depends on the concentra-
tion of the catalyst {Table 2). Unlike linear tertiary amines
the rate of reaction in the presence of D A B C O or ABCO
is proportional t o the concentration of the catalyst in the
whole range investigated (0-25%}.

Consequently, if the bridge-head nitrogen is of a rigid,

symmetric structure (e.g., D A B C O and ABCO), very good
catalytic effect is likely. An electron attracting g r o u p
{e.g., carbonyl group} diminishes the nucleophilicity of the
a m i n o group (ABCON). Asymmetric ring systems or
longer alkyl chains unfavorably influence the rate of reac-
tion (DABCU), so that the u s u a l catalytic effect of ter-
tiary amines cannot be exceeded.

The m o l a r mass distributions of ethoxylated dodecyl
alcohol derivatives u n d e r the catalytic action of D A B C O
are shown on F i g u r e 2. Distribution constants calculated
according t o N a t t a and Mantica (4) are contained in
Table 3.

For all the bridge-head nitrogen containing catalysts
the distribution is of the Weibull-Nycander-Gold type.
The distribution constants do not change according t o
a definite tendency with the average degree of ethoxyla-
tion. Thus, in ethoxylations catalyzed by this t y p e of com-
pounds, no Weibull-T6rnquist effect (1,5t is manifested.
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