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Abstract A continuous Bucherer–Bergs hydantoin synthesis utilizing
intensified conditions is reported. The methodology is characterized by
a two-feed flow approach to independently feed the organic substrate
and the aqueous reagent solution. The increased interfacial area of the
biphasic reaction mixture and the lack of headspace enabled almost
quantitative conversions within ca. 30 minutes at 120 °C and 20 bar
even for unpolar starting materials. In addition, a selective N(3)-
monoalkylation of the resulting heterocycles under batch microwave
conditions is reported yielding potential acetylcholinesterase inhibitors.

Key words continuous flow, process intensification, hydantoins,
Bucherer–Bergs reaction, microwave-assisted organic synthesis

The hydantoin scaffold is an important structural motif
with a broad range of biological activities.1 Potential appli-
cations for medicinal purposes include the utilization as an-
drogen receptor modulators,2 anticonvulsant,3 antidiabet-
ic,4 or anticancer agents.5 From an industrial point of view,
one of the simplest representatives of this compound class,
5,5-dimethylhydantoin (DMH), is a key intermediate in the
synthesis of several commodity chemicals such as 1,3-di-
chloro-5,5-dimethylhydantoin, 1-bromo-3-chloro-5,5-di-
methylhydantoin, and 1,3-dibromo-5,5-dimethylhydanto-
in. These N,N′-dihalogenated analogues of DMH are widely
used as biocides for, for example, water treatment6 and
have also shown high potential as halogenation agents or
oxidants in organic synthesis.7

A plethora of synthetic strategies are known to con-
struct the heterocyclic core structure from a broad range of
precursor molecules.1,8,9 Among those, the Bucherer–Bergs
reaction is presumably the most commonly used methodol-
ogy to generate hydantoins from aldehydes or ketones
(Scheme 1).1,9 Mechanistically, the carbonyl compound ini-
tially reacts with ammonia and the cyanide anion forming

an α-aminonitrile.1,10 Nucleophilic addition of this interme-
diate to CO2 generates a cyano-carbamic acid which under-
goes a cyclization–rearrangement sequence to finally result
in the hydantoin scaffold. From a practical point of view, the
reaction is generally carried out by heating a mixture of the
starting material, potassium cyanide, and ammonium car-
bonate – which thermally decomposes into ammonia and
carbon dioxide – in a mixture of water and ethanol at reflux
for several hours or even days.1 It has to be stressed that sig-
nificant amounts of ammonia and carbon dioxide are lost
due to their volatility using traditional batch techniques.
The highly polar reaction mixture can cause severe solubili-
ty problems for certain substrates resulting in a rather inef-
ficient process.8c Moreover, heating an aqueous solution of
potassium cyanide poses severe safety hazards especially
on larger scales.

Scheme 1  Synthesis of hydantoins via the Bucherer–Bergs reaction

We hypothesized that a continuous process using mi-
croreactor technology can potentially overcome process
limitations associated with this multicomponent reac-
tion.11–13 In continuous-flow mode, reactions can be easily
conducted without any headspace at high temperatures,
while working at high-pressure conditions to keep the gas-
eous reagents in solution (novel process windows).11,14 Scal-
ing is considerably easier for a continuous process than for
a batch process by simply increasing the reactor volume
(scale-up) keeping certain characteristics of the system
constant (‘smart dimensioning’). Moreover, numbering-up
of flow devices or simply running a reactor for extended pe-
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riods of time (scaling-out) are often acceptable strategies.11

Biphasic liquid–liquid reactions can be efficiently carried
out by generating a segmented flow pattern with signifi-
cantly larger interfacial areas compared to traditional batch
techniques.15 Consequently, a modified Bucherer–Bergs re-
action in continuous flow utilizing an aqueous solution of
KCN and (NH4)2CO3 in combination with an organic solu-
tion of the carbonyl compound would result in an efficient
protocol even for highly unpolar starting materials which
often suffer from low conversions in the traditional batch
protocol.

To confirm these assumptions, a two-feed setup was as-
sembled utilizing high-pressure syringe pumps for both the
organic (feed A) and the aqueous stream (feed B) in order to
precisely control reagent stoichiometry.16 The solutions
were merged in a T-shaped mixing unit, and the combined
stream then entered a heated Hastelloy coil (16 mL) to per-
form the multicomponent hydantoin synthesis. The reac-
tion mixture left the continuous-flow system through an
adjustable stainless steel back-pressure regulator. For an
initial process intensification study under continuous-flow
conditions, acetophenone (1a) was chosen as starting ma-
terial (Table 1).

Since the liquid starting material can be easily pumped
without the need of any organic solvent, the neat ketone
was utilized for feed A (Table 1, entry 1). Unfortunately, the
resulting heterocycle 2a precipitated inside the flow system
resulting in reactor clogging. Thus, various alcohols were
tested for their applicability as suitable (co-)solvents (Table
1, entries 2–4). By additionally heating the back-pressure
regulating unit to 100–120 °C on a standard hot plate block-
ing of the system could be avoided for all tested alcohols
and promising conversions were obtained. However, we re-
alized that mixing of the two phases led to a poorly defined
(annular) flow pattern since the alcohol dissolves in the
aqueous phase whereas the relatively unpolar starting ma-
terial travels slowly on the channel wall.17 Hence, different
residence times (tRes) for the aqueous and the organic phase
were observed making a precise control of reagent stoichi-
ometry impossible. Gratifyingly, by using ethyl acetate as
organic solvent a well-defined segmented flow pattern was
obtained allowing for accurate processing of the reaction
mixture (Table 1, entry 5).17 Systematic optimization of the
reaction parameters resulted in an almost quantitative con-
sumption of 1a within 32 minutes, and excellent isolated
yields were obtained for the corresponding hydantoin (2a,
Table 1, entries 5–11). Notably, under the final conditions a
saturated aqueous solution of KCN and (NH4)2CO3 was uti-
lized resulting in a productivity of ca. 19 mmol h–1.

A batch control experiment employing a dedicated 10
mL microwave autoclave resulted in significantly lower
conversions (ca. 40%) using a 3.5 mL reaction volume under
identical conditions.18–20 This is presumably resulting from
the lower interfacial area of the biphasic mixture and the
fact that a significant amount of (NH4)2CO3 sublimed at the
top of the 10 mL reaction vessel.19 Reduction of the head-
space by using a larger reaction volume (7 mL) gave even
lower conversion (15%), likely due to inefficient stirring of
the biphasic reaction mixture.19 Utilization of an improved
stir-bar design which was recently developed in our labora-
tories improved the hydantoin formation to 77% which is
still significantly below the performance of the continuous-
flow reactor (96%).19,21

Encouraged by these promising results, the applicability
of the optimized protocol was further tested to demon-
strate the versatility of the continuous strategy (Table 2).22

Gratifyingly, various aromatic and aliphatic carbonyl com-
pounds could be processed without the need for any re-op-
timization, and the desired hydantoins were obtained in
good to excellent isolated yields (Table 2, entries 1–6). In
the case of 3-methoxybenzaldehyde (1h), the low solubility
of the resulting heterocycle required a less concentrated or-
ganic feed to avoid clogging of the reactor (Table 2, entry 7).
The same issue necessitated even lower concentrations or a
different solvent system for the synthesis of spirohydan-
toins 2i and 2j in almost quantitative yields (Table 2, entries
8 and 9). In contrast, for the industrially relevant DMH (2k)
no organic solvent was required resulting in an efficient,

Table 1  Optimization of the Bucherer–Bergs Reaction in Continuous 
Flow

Entry Solvent 
(M)

Feed A/B 
(μL min–1)

tRes 
(min)

KCN/(NH4)2CO3 
(equiv)

Conv. 
(%)a

 1 – 166/834 16 1.2/3.0 clogging

 2 EtOH (4) 166/834 16 1.2/3.0b 90

 3 MeOH (4) 166/834 16 1.2/3.0b 93

 4 i-PrOH (4) 166/834 16 1.2/3.0b 92

 5 EtOAc (4) 166/834 16 1.2/3.0 72

 6 EtOAc (4)  83/417 32 1.2/3.0 80

 7c EtOAc (4)  83/417 32 1.2/3.0 55

 8d EtOAc (4)  83/417 32 1.2/3.0 60

 8 EtOAc (5)  83/417 32 1.2/3.0 88

 9 EtOAc (5)  70/430 32 1.2/3.0 87

10 EtOAc (5)  70/430 32 1.5/3.5 96 (91)e

11 EtOAc (5)  70/490 29 1.5/4.0 95
a Determined as HPLC peak area percent at 215 nm.
b Accurate control of the stoichiometry was impossible. Due to the poorly 
defined (annular) flow pattern, a much higher excess is created during the 
process.
c Reaction was performed at 100 °C.
d Reaction was performed at 140 °C.
e Isolated yield in parentheses.
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gram-scale continuous-flow process (Table 2, entry 10). It
has to be pointed out that no segmented flow pattern was
observed in this case since the starting material, acetone
(1k), was completely soluble in the aqueous reagent mix-
ture.17 However, a quantitative multicomponent reaction
was observed and DMH (2k) could be isolated in 60% by
crystallization from the reaction mixture which is in good
agreement with data reported in the literature.23 By care-
fully extracting the mother liquor multiple times with
EtOAc the yield could be further increased to 82% resulting
in a productivity of 20 mmol h–1.

Notably, it was recently reported that hydantoins can
possibly be applied to treat neurodegenerative disorders
such as Alzheimer’s or Parkinsons’s disease, by inhibition of
acetylcholinesterase enzyme (AChE), which is mainly re-
sponsible for the regulation of the neurotransmitter acetyl-
choline (ACh).24 In this context, preliminary unpublished
results from our laboratories, employing an immobilized
acetylcholinesterase capillary reactor,25 indicated that the
heterocyclic compounds 2a and 2k show moderate inhibi-
tion activity of AChE. We hypothesized that installing an al-
iphatic tertiary amine group mimicking the ACh scaffold in-
creases the affinity to AChE, simultaneously improving
their biological activity (Figure 1). Similar structural motifs
were already demonstrated to exhibit significant antimi-
crobiological activity.26

Figure 1  Structural modification of hydantoins to mimic acetylcholine 
(ACh)

Initial experiments using (2-bromoethyl)trimethylam-
monium bromide (n = 2) suffered from extremely low con-
versions presumably due to steric hindrance of the bromi-
nated carbon atom.27 However, by using (5-bromopen-
tyl)trimethylammonium bromide (3, n = 5) satisfying
conversions were determined by HPLC analysis.27 A subse-
quent optimization study with the aid of microwave dielec-
tric heating technology utilizing a dedicated batch reactor,
resulted in an efficient, selective N(3)-monoalkylation of
hydantoins 2a–k (Scheme 2).18,28 Depending on the starting
material 10–45 minutes at 120 °C in acetonitrile were suffi-
cient to synthesize several hitherto undisclosed hydantoins
4a,c–f,i–k using 1.2 equivalents of 3 and 1.1 equivalents of
K2CO3 as base. In case of 2g, a complex reaction mixture
was observed, and the corresponding ammonium salt 4g
could not be isolated. For the structurally similar hydan-
toins 4b and  4h an insoluble white solid was obtained
which could not be characterized by NMR analysis.

O
+N

O

HN

NR2

R1

O

O

+N
n

acetylcholin (ACh) N(3)-substituted hydantoins

Table 2  Scope of the Continuous Bucherer–Bergs Reactiona

Entry Substrate Solvent c (M)b Yield of 2 (%)c

 1

1b

EtOAc 5 2b 91

 2

1c

EtOAc 5 2c 72

 3

1d

EtOAc 5 2d 90

 4

1e

EtOAc 5 2e 78

 5

1f

EtOAc 5 2f 95

 6

1g

EtOAc 5 2g 88

 7

1h

EtOAc 3 2h 92

 8

1i

EtOAc 2 2i 99

 9

1j

DMF–EtOAc (2:1) 0.5 2j 96

10

1k

neat neat 2k 82

a Flow reactions were performed using two independent pumps for the 
aqueous and organic feed. All reactions were performed in a 16 mL Hastel-
loy coil. To avoid clogging the back pressure regulator was heated to ca. 
120 °C.
b Substrate concentration in feed A.
c Isolated yields.
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Scheme 2  Synthesis of N(3)-substituted hydantoins in batch. a An in-
soluble material was obtained. b Reaction resulted in a complex mixture.

In conclusion, a highly intensified continuous variant of
the Bucherer–Bergs hydantoin synthesis was developed.
Key to the success was the utilization of a well-defined seg-
mented flow pattern to overcome solubility issues for un-
polar starting materials and to significantly increase the in-
terfacial areas compared to traditional batch techniques.
The lack of gaseous headspace under high-pressure condi-
tions avoids sublimation/volatilization of the in situ gener-
ated gaseous reagents (NH3, CO2). In addition, a microwave
batch protocol for the selective N(3)-monoalkylation of the
resulting hydantoin scaffolds is presented resulting in a se-
ries of potential acetylcholinesterase inhibitors. The biolog-
ical activity of the final N-substituted hydantoins is cur-
rently under investigation in our laboratories.
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