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Abstract: Potassium hydroxide is a competent and cheap catalyst
for the intermolecular addition of arylamines to styrenes. The reac-
tions are performed in nontoxic dimethyl sulfoxide and can be used
for the large-scale synthesis of b-phenylethylamines.
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During the last few years, many catalysts for the addition
of N–H across carbon–carbon multiple bonds have been
identified and used for a wide range of so-called hydroam-
ination reactions.1 However, most of these catalysts are
expensive, air and moisture sensitive and therefore hardly
feasible for industrial purpose. A more practicable and
comparably cheap alternative is the base-catalyzed hy-
droamination.2 Previous work has shown that compara-
tively strong bases such as n-BuLi, KOt-Bu, and CsOH or
alkali metals such as sodium are able to deprotonate less
basic amines to form the corresponding metal amides
which can undergo nucleophilic addition to olefins.3,4

During our studies on inexpensive and practicable hy-
droamination catalysts, we found that even potassium hy-
droxide (KOH) is an appropriate strong base for this kind
of reaction. Encouraged by this initial finding, we turned
our attention towards the development of a KOH-cata-
lyzed addition of arylamines to styrenes to obtain b-aryl-
ethylamines, which are of potential use as
pharmaceuticals.3g,5 We performed the reactions in dime-
thyl sulfoxide (DMSO) because KOH is insoluble in most
organic solvents (the solubility of KOH in DMSO at room
temperature is 0.13 g/L).6 However, the solvent must be
dried prior to use to avoid hydrolysis of the potassium
amide intermediate formed from the corresponding amine
and KOH. To remove the high-boiling DMSO at the end
of the reaction the mixture was usually diluted with aque-
ous sodium hydroxide solution, and the products were
simply extracted with dichloromethane.

Initial reactions were carried out in DMSO with equimo-
lar amounts of styrene (1) and p-toluidine (2) with 2 mol%
KOH at 60 °C for 18 hours in sealed Schlenk tubes. The
regioselective addition of 1 to 2 led to the anti-Markovni-
kov product 3a in 69% isolated yield (Table 1, entry 2).
GC-MS-analysis showed that the dialkylated byproduct
3b was also formed in trace amounts. Lower yields of 3a
were obtained when the reaction temperature was in-

creased to 80 °C or 110 °C (Table 1, entries 3 and 4),
while keeping the temperature at 60 °C and varying the re-
action time from 24 hours to 6 hours had only little effect
on conversion and yield (Table 1, entries 2, 5–7). Interest-
ingly, at room temperature, the dialkylated product 3b
was formed in an almost 1:1 ratio with 3a (Table 1, entry
1). Further experiments with a 2:1 ratio of p-toluidine and
styrene showed a maximum yield of 88% when the reac-
tion was either performed at 60 °C for 6 hours or at 70 °C
for 4 hours (Table 1, entries 8 and 11). Successive reduc-
tion of the excess of 2 at 70 °C (Table 1, entries 11–14) re-
vealed that even with a 1.6:1 ratio of p-toluidine and
styrene a comparably good yield of 82% could be ob-
tained (Table 1, entry 12). Although reactions carried out
so far have shown that a catalyst loading of 2 mol% is suf-
ficient for good conversion, even 1 mol% KOH provided
71% isolated yield of 3a (Table 1, entry 15). However, be-
cause of the low molecular mass of KOH, the catalyst
loading was increased for practical reasons to 5 mol% for
all further experiments. A corresponding reaction
(Table 1, entry 16) gave 3a with a slightly improved yield
of 85%. Thus we used the conditions shown in Table 1,
entry 16 for all further reactions.7,8

Investigating the scope (see Table 2), we found that in the
presence of 5 mol% KOH, p-toluidine also reacted with
various substituted styrenes. The para-substituted sty-
renes 4-methylstyrene (4) and 4-tert-butylstyrene (7) gave
slightly lower yields (72% and 69%) compared to nonsub-
stituted styrene (Table 2, entries 1, 2, and 5). In contrast to
these results, the ortho-substituted styrenes 5 and 6
showed only low conversion with moderate to poor yields
(Table 2, entries 3 and 4). A possible explanation for this
observation is that the electron-donating effect of the alkyl
groups destabilizes the negative charge formed at the ben-
zylic position during the reaction. The addition of p-tolu-
idine to the a-methylstyrene derivative 8 was also
successful with a low yield of 19% (Table 2, entry 6).
Even trans-stilbene showed some conversion with p-tolu-
idine, albeit with very low yield of only 6% (Table 2, en-
try 8). Unfortunately, for these reactions, the reaction time
had to be increased to 24 hours to achieve isolable yields.
The same applies for the addition of 2 to allylbenzene (9)
which probably proceeds through the isomerization of al-
lylbenzene to the thermodynamically more stable b-meth-
ylstyrene (Table 2, entry 7). Further reactions of different
primary and secondary amines with styrene have shown
that arylamines are particularly suitable reaction partners.
The addition of aniline (11) and donor-substituted p-ani-
sidine (13) to 1 gave similar yields of 76% and 73%, re-
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spectively (Table 2, entries 9 and 11); whereas the less
basic p-chloroaniline (12) showed only a moderate yield
(52%, Table 2, entry 10). In this context, it must be noted
that reaction of the comparatively acidic p-nitroaniline
gave only trace amounts of the desired b-arylethylamine
which could not be isolated. Unfortunately, no conversion
was observed with alkylamines. With respect to the for-
mation of the byproduct 3b during the optimization reac-
tions, we also used secondary arylamines in reactions with
styrene. Fortunately, it turned out that the desired products
were formed in moderate to good yields (Table 2, entries
14–17). However, the reaction of phenylhydrazine (15)
gave the highest yield that was achieved during the entire
study. NMR analysis and derivatization with acetophe-
none revealed that the alkylation proceeded at the aryl-
bound nitrogen atom (Table 2, entry 13).

During our studies we also recognized that, in some reac-
tions, a side product was formed which could be identified

as 3-phenylpropyl methyl sulfoxide (36). This byproduct
is obviously formed by proton abstraction from DMSO
and subsequent addition of the corresponding anion to sty-
rene (Scheme 1).9 This competitive reaction is favored
when no suitable amine as reaction partner is present and
occurs even at room temperature. Sulfoxide 36 was also
observed during the reactions between styrene and p-tolu-
idine at higher temperatures, which possibly explains the
low isolated yields of 3a (compare Table 1, entries 2–4).
However, it might be possible that KOH first reacts with
DMSO to form the corresponding anion which conse-
quently then is responsible for amide formation.

Scheme 1 Side reaction of DMSO with styrene (1)

Table 1 Addition of p-Toluidine (2) to Styrene (1) in the Presence of Potassium Hydroxide

Entry KOH (mol%) Ratio styrene/p-toluidine Temp (°C) Time (h) Yield 3a (%)a

1 2 1:1 25 18 25 (23)b

2 2 1:1 60 18 69

3 2 1:1 80 18 63

4 2 1:1 110 18 46

5 2 1:1 60 24 72

6 2 1:1 60 12 70

7 2 1:1 60 6 62

8 2 1:2 60 6 88

9 2 1:2 60 4 69

10 2 1:2 60 2 52

11 2 1:2 70 4 88

12 2 1:1.6 70 4 82

13 2 1:1.4 70 4 79

14 2 1:1.2 70 4 77

15 1 1:1.6 70 4 71

16 5 1:1.6 70 4 85

a Yields refer to isolated compound 3a.
b Isolated yield of compound 3b.
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Table 2 Intermolecular Addition of Arylamines to Various Styrenes Catalyzed by Potassium Hydroxide 

Entry Alkene Amine Product Yield (%)a

1

1 2 3a
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2

4 2 20a

72

3

5
2
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9

5

7 2 23a
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7
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Finally, we turned our attention towards the practical use
of the KOH-catalyzed hydroamination reaction. All reac-
tions described so far were performed in dry DMSO be-
cause water was inhibiting the potassium amide
formation. Corresponding reactions in undried DMSO re-
vealed no formation of the desired secondary amine. To
avoid the drying of large quantities of DMSO, our idea
was to conduct the reaction in a Dean–Stark apparatus.
Therefore 50 mmol of freshly distilled styrene, commer-

cially available p-toluidine and undried DMSO were
diluted with a 1:1 mixture of DMSO–hexane.10 After ad-
dition of 2 mol% KOH, the mixture was refluxed for 6
hours. To the resulting two-phase mixture a 1 M NaOH
solution was added, and the aqueous phase was extracted
with dichloromethane. The combined organic phases
were dried, and the solvent was removed. The crude prod-
uct was distilled in vacuum to produce 3a in preparative
useful quantities (9 g, 82%, Scheme 2).

11

1 13 29a

73

12

1
14 30a

16

13

1 15 31

89c

14

1 16 32

66

15

1 17 33

59

16

1
18

34

36

17

1 19
35

72

a Reaction conditions: styrene (2.0 mmol), amine (3.2 mmol), KOH (0.1 mmol, 5 mol%), DMSO (1 mL), 70 °C, 4 h. Yields refer to isolated 
compounds.
b The reaction time was 24 h.
c Reaction conditions: styrene (2.0 mmol), hydrazine (3.2 mmol), KOH (0.04 mmol, 2 mol%), DMSO (1 mL), 70 °C, 4 h. Yields refer to isolated 
compounds.

Table 2 Intermolecular Addition of Arylamines to Various Styrenes Catalyzed by Potassium Hydroxide  (continued)

Entry Alkene Amine Product Yield (%)a
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Scheme 2 Practical example for the addition of p-toluidine (2) to
styrene (1) using a Dean–Stark apparatus. Reaction conditions: sty-
rene (50 mmol), p-toluidine (80 mmol), KOH (1 mmol), DMSO–
hexane (1:1, 50 mL), 95 °C (oil bath), 6 h.

In summary, we have shown that KOH is a suitable cata-
lyst for the addition of various arylamines to styrenes to
produce pharmaceutically interesting b-arylethylamines.
Various styrenes, primary and secondary arylamines, as
well as phenylhydrazine could be converted into the cor-
responding products in moderate to good yields. Finally,
we have shown that the KOH-catalyzed hydroamination
is feasible for practical purposes without using Schlenk
technique. For this purpose, commercially available start-
ing materials and undried DMSO were used in a Dean–
Stark apparatus with hexane as entrainer.
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