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This paper reports a new continuous-flow synthesis of chiral and achiral pyridino-18-crown-6 ethers. Macrocycliza-
tions have been performed in a packed-bed flow reactor where deprotonation of a bifunctional primary or a second-
ary alcohol takes place with potassium hydroxide as a heterogeneous base avoiding the use of stronger and more
dangerous one, sodium hydride. Ditosylate derivatives of pyridine as precursors for the macrocyclization used in
batch condition were replaced by the appropriate diiodides and optimization of the parameters provided higher yields
in shorter reaction times. The setup presented here is suitable for the preparation of different ethers by Williamson-
type syntheses in continuous-flow reactions.
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1. Introduction

Separation of enantiomers is a ubiquitous procedure in or-
ganic and analytical chemistry, in drug research and industry.
The best method for this process in analytical and semipre-
parative scales is the chiral liquid chromatography (CLC),
using chiral stationary phases (CSPs) [1]. Among chiral selec-
tors, enantiopure pyridino-18-crown-6 ether derivatives have
been used successfully for enantioseparation of racemic pro-
tonated amines, amino acids, and their derivatives [2–8].

The factors influencing enantioselectivity of these ligands
toward the enantiomers of the abovementioned organic ammo-
nium salts have been extensively studied [9–17]. These studies
have established a tripod-like hydrogen bonding involving the
pyridine nitrogen and two alternate oxygen atoms of the pyri-
dino-crown ether and the three ammonium protons of the or-
ganic ammonium salt (attractive interaction) [15], π–π
stacking between the aromatic rings of the host and the guest
(attractive interaction) [17, 18] as well as the steric repulsion
caused by the substituent at the stereogenic center of the li-
gand and certain hydrogens of the organic ammonium salt (re-
pulsive interaction), respectively.

Previously in our group chiral stationary phase (S,S)-CSP-1
was synthesized (Figure 1) and successfully applied for enantio-
separation of bioactive protonated primary amines using a high-
performance liquid chromatography (HPLC) system [8, 19]. To
extend this kind of research our aim is preparing similar pyri-
dino-crown ether-based chiral stationary phases.

However, conventional synthesis of enantiopure pyridino-18-
crown-6 ethers is typically a long linear procedure with a crucial
macrocyclization step. This macrocyclization is a Williamson-
type ether formation reaction, where alkylation of primary or
secondary alcohols is carried out with alkyl tosylates after a de-
protonation step applying NaH [16, 17, 20–25]. Using batch
conditions this reaction takes place up to 120 hours and usually
provides poor yields. Our aim was to improve the outcome of
this reaction step with the help of continuous-flow chemistry.

In the past decade continuous-flow chemistry emerged into a
powerful complementary material production technique, which
can provide higher reaction selectivities, improved yields, and
increased purities of the desired products as contact time and
temperature can be precisely controlled [26–30]. Despite these
promising potentials flow chemistry has some drawbacks as

well. On transferring in-flask processes to continuous-flow sys-
tems, some particular points have to be considered. Heteroge-
neous reactions and reagent and/or (by)product precipitation
have to be avoided whenever possible, as they tend to block the
flow. There are many examples in flow chemistry when solid
reagents or catalysts are placed into cartridges and then the so-
lution of reagents pumped through them [31, 32]. Advantages
of this setup are the increased solution–solid phase interaction
[33] and also that a heterogeneous inorganic base in a packed-
bed flow reactor is a cheaper and more accessible alternative
compared to solid supported bases that have been used in flow
mode [34]. K2CO3 filled columns were successfully used in
flow alkylation of thiols, phenols, amines [35] and 6,6′-dibro-
moisoindigo derivatives [36].

As the functionalized crown ethers are key intermediates of
the crown ether-based CSPs, there is an obvious need for im-
proved material availability with lower production cost and in
more reproducible way. Preparation of crown ethers 2–12
(Scheme 1) in batch mode is already published [16, 17, 20–25].
Here, we describe a new continuous-flow method applying a
column which contained a solid base for their synthesis, which
provides better yields in shorter reaction times.

2. Results and Discussion

Pyridino-18-crown-6 ether derivatives are synthesized typi-
cally via a two-step one-pot macrocyclization reaction using
batch conditions. In the first step, deprotonation of a* Author for correspondence: huszthy@mail.bme.hu

Figure 1. Schematic of the reported chiral stationary phase (S,S)-CSP-1
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bifunctional primary 13 or secondary alcohol (S,S)-14 or (S,
S)-15 with a strong base NaH is performed, and then, the O-
alkylation of these alkoxides by the appropriate bifunctional
tosylates 16–19 is carried out (Scheme 1).

In this macrocyclization step, a barely soluble base (NaH in
THF) is used, resulting a heterogeneous reaction mixture;
thus, the deprotonation step is difficult to perform in a contin-
uous-flow reactor and some changes in the synthetic strategy
are needed.

In initial investigations, the reaction of ditosylate 16 and
dimethyl-substituted tetraethylene glycol (diMeTEG) (S,S)-14
was used (see Figure S1 in Supporting Information). Our first
approach was to carry out homogenous crown ether synthesis
in a coil reactor. For this purpose, THF solutions of four ho-
mogeneous bases were used (see Table S1 in Supporting In-
formation). Moreover, we found that formation of (S,S)-3 did
not take place using KOtBu as a base. Despite of anhydrous
conditions, solid precipitation and, as a consequence, plug-
ging had occurred in the coil reactor.

These preliminary studies revealed that, to accomplish these
reactions in a flow system, first of all, it was necessary to
change the leaving group, because of the clogging, which was
caused by the precipitation of the side product alkali tosylate.
Due to the relatively good solubility of alkali iodides in or-
ganic solvents [37], we decided to prepare the appropriate
diiodide derivatives 20–23 (Scheme 2).

The diiodide derivatives were prepared from ditosylates 16–
19 by heating them with sodium iodide in acetone. The prod-
ucts were isolated with excellent to good yields. The diiodide
derivative 20 is a known compound. The bromo-substituted
22 and chloro-substituted 23 derivatives are new compounds.

The benzyloxy derivative 21 has already been reported in the
literature, but it was not well characterized [38].

During the optimization of the parameters, model reactions
were carried out in batch conditions with diiodide 20 and
diMeTEG (S,S)-14. Although we kept the reaction mixture ho-
mogeneous, unfortunately, it turned out that none of the
screened reaction conditions afforded a good alternative for
the classical heterogeneous O-alkylation reaction. Therefore,
we decided to use the solid-base-loaded packed-bed reactors.

At first, a stainless steel column was loaded with the mix-
ture of 60% NaH dispersion in mineral oil and diatomite (for
details of the reaction, see Supporting Information). After the
removal of the mineral oil from the surface of the NaH, the
solution of the starting materials was pumped through the col-
umn containing solid base. It has been observed that increased
residence time improved the outcome of the reaction. Pro-
longed exposure to the solid base explains the increase in
yield when the flow rate was reduced. Therefore, flow rate
was properly adjusted to have a 30-min reaction time as diio-
dide compound 17 was not detectable in the outflow after this
residence time. The schematic of the applied experimental
setup is shown in Figure 2.

In this case, crown ether (S,S)-3 was obtained with a moder-
ate yield (Table 1), and formation of hydrogen gas and work-
ing with a hazarduous base were undesired; therefore, we
turned to the use of weaker bases.

Surprisingly, the highest rate of the reaction was achieved
when we used KOH as a base and THF as a solvent (Table 1).
The used experimental setup was similar to that of applied for
the first time with one exception: in these cases, a glass Omnifit®
column was loaded with the mixture of bases (1.25 g) and
diatomite (3.25 g). This unexpected result can be explained
by the excellent phase transfer in flow conditions [33]. We
presume that it allows the reaction to take place with rela-
tively short reaction time despite the pKa differences of the
base and the secondary alcohol [39]. Utilizing NaOH as a
base, the outcome was significantly lower presumably due to
the complexation ability of the formed 18-crown-6 ether and
the difference in solubility of the abovementioned two bases.
In the case of using a weak base K2CO3, formation of prod-
uct (S,S)-3 was not detectable.

When anhydrous MeCN was used as a solvent, crown ether
(S,S)-3 was also obtained in a good yield (Table 2). Although
we found that THF is an ideal solvent for this reaction, which

Scheme 1. Macrocyclization reactions resulting pyridino-18-crown-6 ethers in batch mode

Scheme 2. Preparation of diiodide derivatives
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is in accordance with our earlier results from our group
[16, 17, 21–23, 25] and also those of others [20, 24]. We pre-
sume that the solubility of the appropriate alkali iodide in tet-
rahydrofuran plays an important role in this type of
macrocyclization reaction. The highest yield of the product
(S,S)-3 was obtained when we used 1.5 equiv. of diiodide 17.

We also applied the above-described optimized method for
macrocyclizations leading to other pyridino-18-crown-6 ether
derivatives 2–11. The yields using the flow system were deter-
mined by HPLC, and the reported isolated yields applying
batch conditions are shown in Table 3. The residence time in

the case of the flow method was only 30 min instead of the
reported longer reaction times applying batch conditions.

Starting from the diiodide derivative 20, the yields are sig-
nificantly higher in flow conditions than those of the literature
in batch mode (Table 3). The benzyloxy-crown ethers 5, (S,S)-6,
and (S,S)-7 (entries 4–6) were also obtained in higher yields
applying continuous-flow conditions (space time yield was
5.47 g/L/h in case of (S,S)-6). We assume that the stability of
the diiodide derivatives has the greatest influence on the yields
due to the small range of the yields starting from the same
diiodide derivatives. This statement could also give an expla-
nation for the small range of the yields of the bromo-
substituted crown ethers 8, (S,S)-9, and (S,S)-10 (entries 7–9).
In these cases, the yields applying flow conditions were low
but still better than those reported using batch method.

Starting from the chloro-substituted diiodide 23, we
obtained crown ether (S,S)-11 (entry 10) in significantly higher
yield than that published in the literature.

Regarding the batch reaction with the optimized conditions
in case of (S,S)-6, where we have obtained approximately
same yields, we can state only that, in this small scale, the
flow method is better only in improved mass transfer and,
therefore, shorter contact time (in this case the space-time
yield was 0.14 g/L/h).

In order to gain more information about the performance of
the KOH containing column and also to scale up the reaction
to get isolated yield in case of (S,S)-6, a column depletion in-
vestigation was carried out. During this, the outflow was mon-
itored by HPLC–MS (Figure 3 and Table 4). We assume that,
at the beginning, most of the diiodide 21 used in excess hy-
drolyzed due to the water content of the commercially avail-
able KOH (15%) (the higher ratio of the product is resulting
from the loss of the diiodide 21); however, the hydrolyzed
product was not detectable in the outflow. One of the possible
explanations for this phenomenon can be that the hydrolyzed

Table 1. Bases used in the model reaction. Diiodide 20 and diMeTEG
(S,S)-14 were dissolved in anhydrous THF, and this solution was pumped
through a packed-bed reactor containing a solid base at 150 μL/min

Entry Base Yielda (%)

1 NaHb 54
3 KOH 88
4 NaOH 25
5 K2CO3 0

aYields of (S,S)-3 were determined by HPLC.
bPacked-bed reactor contained: 0.5 g of 60% NaH in mineral oil and
1.25 g diatomat; flow rate was 75 μL/min.

Figure 2. Schematic of the used experimental setup in flow conditions

Table 2. Solvents used in the model reaction. Diiodide 20 and diMeTEG
(S,S)-14 were dissolved in anhydrous solvents, and these solutions were
pumped through a packed-bed reactor containing KOH at 150 μL/min

Entry Solvent Diiodide (equiv.) Yielda (%)

1 MeCN 1.50 61
2 Dioxane 1.50 10
3 DMF 1.50 24
4 THF 1.05 40
5 THF 1.35 62
6 THF 1.50 88

aYields of (S,S)-3 were determined by HPLC.

Table 3. Macrocyclization reactions of crown ethers 2−(S,S)-11. The solution of the appropriate iodo derivative (1.5 equiv.) and TEG derivative was
pumped through a packed-bed reactor containing KOH at 150 μL/min

Entry Compound X R Flow yielda (%) Batch yieldb (%) Reaction time (h)

1 2 H H 81 55 [20] 3c [20]
2 (S,S)-3 H Me 88 56 [17] 48c [17]
3 (S,S)-4 H iBu 82 45 [16] 96c [16]
4 5 OBn H 63 47 [21] 120c [21]
5 (S,S)-6 OBn Me 74 34 [22] 17c [22]
6 (S,S)-7 OBn iBu 69 21 [23] 96c [23]
7 8 Br H 39 32 [24] overnightc [24]
8 (S,S)-9 Br Me 34 8 [25] 48c [25]
9 (S,S)-10 Br iBu 33 12 [25] 48c [25]
10 (S,S)-11 Cl iBu 76 13 [25] 48c [25]
11d (S,S)-6 OBn Me – 76a 24

aYields of crown ethers were determined by HPLC.
bIsolated batch yields.
cReaction times reported in the literature.
dComparative batch reaction: 0.079 mmol 1.0 equiv. of (S,S)-14, 0.119 mmol 1.5 equiv. of 21 and 1.26 mmol of KOH 16.0 equiv. in 6 mL THF.
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product was sticking to the surface of the base. After 2.5 h,
the content of the outflow reached a steady state for more than
2 h long; later, a slight decrease of the product rate and also
increasing starting material ratios could be observed, which
could indicate the depletion of the KOH containing column.

In order to demonstrate that this method is also suitable for
the preparation of other open-chained ethers by Williamson-
type ether synthesis, the reaction of 2-methoxyethan-1-ol 24
and diiodide derivative 20 was carried out to obtain ether 25
(Scheme 3).

3. Conclusions

We conclude that macrocyclizations of the direct precursors
to obtain pyridino-18-crown-6 ethers can be accomplished by
a new continuous-flow method using KOH as a base in a
packed-bed reactor. This method is cheaper, less dangerous,
and provides higher yields in shorter residence time than the
reported one using NaH as a base in batch conditions. How-
ever, regarding the utilization of the optimized conditions in
batch mode, we can state that the main advantage of flow
method to the batch one is the much less time to reach the
same yield using the same scales of starting materials.

The setup presented here can also be applied for the synthe-
sis of other ethers.

4. Experimental

4.1. General Methods
4.1.1. Chemicals. All solvents and reagents were purchased

from commercial vendors and were used without further purifi-
cation. Anhydrous solvents were obtained by the use of 4 Å or
3 Å molecular sieves. Ditosylates 16-20 and enantiopure tetra-
ethylene glycol derivatives (S,S)-14, (S,S)-15 were synthesized
as described in the literature [16, 25, 38, 41] (Schemes S1–S6).

4.1.2. General Experimental Methods. The reactions of the
flow protocol were carried out using Chemyx Nexus 6000

syringe pump and Omnifit® glass column with adjustable col-
umn endpiece (column I.D. 10 mm). Polytetrafluoroethylene
(PTFE) tubing (with 1/16″ outer diameter), flangeless poly-
etheretherketone (PEEK) fittings with PEEK ferrules, and
PEEK union (0.02″ inner diameter) were used in conjunctions.
HPLC experiments were performed on an Agilent 1100 HPLC
system coupled with a 6120 quadrupole mass spectrometer
equipped with an electrospray ionization (ESI) ion source.
Measurements were carried out on a Kinetex-XB C18 column
(50 × 2.1 mm, 2.6 μm) at 40 °C using mobile phases A (water
+ 0.1% trifluoroacetic acid [TFA]) and B (acetonitrile–water,
95:5 + 0.1% TFA) at 0.75 mL/min flow rate. The applied gra-
dient was the following: a linear increase of eluent B from 0%
to 100% for 4 min and hold at 100% B for 7 min. Detection
wavelength was 270 ± 25 nm. ESI was operated in positive
ion mode.

Diiodo compounds 21–23 have not been reported; all other
substances are already known. The reported compounds were
characterized by comparison with authentic samples or litera-
ture data.

The remainder volume of the packed-bed was evaluated by
visual estimation during the flushing of the column with 4.5 mL
of solvent. Adjusting the flow rate to 150 μL/min, the residence
time was approximately 30 min.

4.2. General Method for the Synthesis of Diiodide
Derivatives (20–23). In a dry two-necked round-bottomed flask
equipped with a reflux condenser and argon inlet, a solution of
the starting tosylate 16 or 17 or 18 or 19 (1.8 mmol, 0.018 M)
was stirred in anhydrous acetone (100 mL). To this solution
was added NaI (1.5 equiv., 5.4 mmol, 0.054 M) at room
temperature. After stirring the reaction mixture at reflux
temperature for 15 min, the resulting suspension was filtered
and the filtrate was evaporated. The residue was dissolved in a
mixture of CH2Cl2 (50 mL) and 10% aqueous Na2S2O3

solution (50 mL). The phases were shaken well and separated.
The aqueous phase was extracted with CH2Cl2 (3 × 50 mL).
The combined organic phase was dried over MgSO4 and
filtered, and the solvent was removed. The crude product was
purified by trituration using a small amount of cold methanol to
give pure product 20, 21, 22, and 23.
4.3. General Method for the Flow Synthesis of Crown

Ethers 2−(S,S)-11. A column was loaded with a finely powdered
mixture of KOH pastilles (1.25 g) and diatomite (3.25 g).
Before using the filled column, it was washed with anhydrous
THF (35 mL) with a flow rate of 1.5 mL/min to remove air.
This step is crucial to achieve good yields, and it has to be
done by using a pulsation-free syringe pump. Then, the syringe
pump was loaded with THF stock solution (5.5 mL) containing
TEG compound 12, (S,S)-13, or (S,S)-14 (0.066 mmol,
0.012 M) and diiodide 20, 21, 22, or 23 (1.5 equiv., 0.1 mmol,
0.018 M). This solution (5.00 mL) was pumped through with
150 μL/min flow rate to have a 30-min residence time at room
temperature. After injection, the column was washed with pure
and anhydrous THF (5 mL) with 150 μL/min flow rate and then
another portion of THF (10 mL) with 1.5 mL/min flow rate. The
leaving reaction mixture was collected and evaporated. The
crude product was purified on aluminum oxide column using
EtOH–toluene (1:20) mixture as an eluent to give crown ethers
2−(S,S)-11.

4.4 Column Depletion Investigation. The above process
was performed except the volume of the injected stock
solution was 50 mL, which contained tetraethylene glycol
(S,S)-14 (0.30 mmol, 0.012 M) and diiodide 21 (1.5 equiv.,
0.45 mmol, 0.018 M). The performance of the column was
monitored by HPLC–MS (Figure 3 and Table 4). We can
state that the column performance did not change significantly
during a 5.5 h long injection time. The leaving reaction mixture

Figure 3. HPLC–MS determined ratios of the starting materials and
the product from the outflow during the column depletion investigation

Table 4. HPLC–MS determined ratios of the starting materials and the
product from the outflow during the column depletion investigation

Time (min) 90 150 210 270 330

Diiodide 21 (%) 12 24 25 24 28
Product (S,S)-6 (%) 80 67 66 67 63
diMeTEG (S,S)-14 (%) 10 3 4 4 6

Scheme 3. Preparation of ether 25 in flow conditions
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was evaporated and purified by column chromatography using
aluminum oxide and EtOH–toluene (1:60) mixture as an eluent
to give 255 mg (55%) pure (S,S)-6 as pale brown oil.

4.5. Comparative batch synthesis of (S,S)-6. In a dry two-
necked round-bottomed flask equipped with a N2 inlet, a
solution of tetraethylene glycol derivative (S,S)-14 (0.079
mmol 0.013 M) and diiodide 21 (1.5 equiv., 0.119 mmol,
0.020 M) in anhydrous THF (6 mL) was stirred. To this
solution, KOH (16 equiv., 1.26 mmol) was added, and the
resulting suspension was stirred at room temperature. After
24 h, thin-layer chromatography (TLC) showed the total
consumption of diiodide 21. The reaction mixture was evaporated,
and the crude product was decomplexated on aluminum oxide
column using EtOH–toluene (1:20) mixture as an eluent to give
34 mg (99.5%) crown ether (S,S)-6 with 76.84% purity (analyzed
by HPLC–MS), which corresponds to 76% yield.

4.6. Preparation of the New Diiodo Derivatives
4.6.1. 4-Benzyloxy-2,6-bis-iodomethyl-pyridine (21). Using

the general method as described above, starting from ditosy-
late 17 (3 g, 5.41 mmol), diiodide 21 was isolated in 97%
yield as a white powder. Mp. 115–116 °C; IR (neat)max: 3058;
3038; 2943; 1567; 1443; 1327; 1148; 1020; 868; 838; 753;
699 cm−1. 1H NMR (399.8 MHz; DMSO-d6): δ = 4.49 (s, 4H,
CH2, CH2′); 5.16 (s, 2H, OCH2); 7.07 (s, 2H, pyridine CH,
CH′); 7.33–7.45 (m, 3H, Ph CH-3, CH-3′, CH-4); 7.45–7.50
(m, 2H, Ph CH-2, CH-2′) ppm. 13C NMR (100.5 MHz;
DMSO-d6): δ = 6.9 (CH2, CH2′); 69.5 (OCH2); 108.3 (pyri-
dine C-3, C-3′); 128.0 (Ph CH-2, CH-2′); 128.2 (Ph CH-4);
128.4 (Ph CH-3, CH-3′); 135.7 (Ph CH-1), 155.4 (pyridine
C-4); 159.6 (pyridine C-2, C-2′) ppm; HRMS (ESI) calcd.
for C14H14ONI2 [M+H]+ m/z 465.91693; found 465.91675.
4.6.2. 4-Bromo-2,6-bis-iodomethyl-pyridine (22). Using the

general method as described above, starting from ditosylate
18 (1 g, 1.90 mmol), diiodide 22 was isolated in 95% yield
as a white powder. Mp. 159–160 °C; IR (neat)max: 3054;
3029; 2965; 1554; 1422; 1394; 1156; 1113; 980; 864; 839;
803; 747 cm−1. 1H NMR (399.8 MHz; DMSO-d6): δ = 4.53
(s, 4H, CH2, CH2′); 7.68 (s, 2H, pyridine CH, CH′) ppm.
13C NMR (100.5 MHz; DMSO-d6): δ = 5.9 (CH2, CH2′);
124.3 (pyridine C-3, C-3′); 132.6 (pyridine C-4); 160.0 (pyridine
C-2, C-2′) ppm. HRMS (ESI) calcd. for C7H7NBrI2 [M+H]+ m/z
437.78608; found 437.78580.

4.6.3. 4-Chloro-2,6-bis-iodomethyl-pyridine (23). Using the
general method as described above, starting from ditosylate
19 (84.2 mg, 0.17 mmol), diiodide 23 was isolated in 75%
yield as a white powder. Mp. 123-124 °C; IR (neat)max:
3057; 3030; 2967; 1560; 1424; 1403; 1159; 1113; 868; 838;
747 cm−1. 1H NMR: (499.9 MHz; DMSO-d6): δ = 4.54 (s,
4H, CH2, CH2′); 7.55 (s, 2H, pyridine CH, CH′) ppm. 13C NMR:
δ (125.7 MHz; DMSO-d6): δ = 5.9 (CH2, CH2′); 121.4 (pyridine
C-3, C-3′); 143.4 (pyridine C-4); 160.3 (pyridine C-2, C-2′) ppm;
HRMS (ESI) calcd. for C7H7NClI2 [M+H]+ m/z 393.83596;
found 393.83578.

4.6.4. 2,6-Bis((2-methoxyethoxy)methyl)pyridine (25). Using
the general method for the flow synthesis of crown ethers, start-
ing from 2-methoxyethan-1-ol 24 (40 mg, 0.111 mmol) and
diiodide 20 (11.3 mg, 0.149 mmol, 1.5 equiv.), ether 25 was
isolated in 57% yield as a colorless oil. The spectral data were
in accordance with ether 25 reported in the literature [42].
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