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Abstract: An improved and scalable method for the synthe-
sis of zolpidem (1), a hypnotic drug, was developed. A two-
step sequence involving imine formation and subsequent
tandem reaction between an imine and propiolamide in
the presence of Cul/BINOL, an efficient promoter for the
tandem reaction, is described. Zolpidem was efficiently
prepared in a 54% isolated yield and the hemitartrate salt
of zolpidem was produced in 37% yield by simple crystalli-
zation, without tedious column chromatography. The pro-
cedure can be scaled up to >10 g. The yield of 1increased to
83% following isolation of the intermediate imine 5.

Keywords: copper; heterocycles; hypnotic; tandem reac-
tion; zolpidem.

Introduction

Zolpidem (1 in Scheme 1) is a short-acting hypnotic
drug. It potentiates the inhibitory neurotransmitter,
v-aminobutyric acid (GABA), by binding to benzodiaz-
epine receptors located on the y-aminobutyric acid recep-
tors. Compound 1 is clinically used for the treatment of
insomnia [1]. In addition, it can also be used for the treat-
ment of anxiety and other brain disorders because of its
anxiolytic and anticonvulsant properties [2]. Despite its
similar hypnotic effects to those of benzodiazepines, 1 is
structurally different and is classified as a non-benzodi-
azepine hypnotic drug. Drug 1 is usually marketed as a
tartrate salt.

The current methods for the synthesis of 1 require
multi-step preparations with low yields and sometimes
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use toxic reagents or special technological devices [3-7].
The typical step for the preparation of the imidazo[1,2-a]
pyridine scaffold of 1is condensation of an o-bromoketone
or its equivalent with 2-amino-5-methylpyridine. Recently,
Gevorgyan has explored an elegant strategy for 1, in which
the key step is the CuCl/Cu(OTf),~catalyzed tandem reac-
tion of terminal alkyne and imine, in situ prepared from a
2-aminopyridine and aldehyde, affording the scaffold of 1
with a good yield on a milligram scale in a microreactor [8].

More recently, many catalysts have been developed for
the tandem reaction, namely, nanocopper oxide/sodium
ascorbate [9], Cu-Mn spinel oxide [10], CuSO,-glucose [11],
Cul/NaHSO,/Si0, [12], Cu(BDC) [13], InBr, [14], CuSO,/
TsOH - H,0 [15], Cul/ZnCl, [16] and Cu(OAc),-H,0/air [17].
Unfortunately, these catalysts are ineffective in the syn-
thesis of 1 on a large scale and in one routine flask. In this
report we describe a new catalytic system, Cul/BINOL, for
the scalable synthesis of 1 using the tandem reaction of
the corresponding imine and alkyne.

Results and discussion

According to Gevorgyan’s strategy, compound 1 can be pre-
pared from 4-methylbenzaldehyde (2), 2-amino-5-meth-
ylpyridine (3), and the propiolamide 4. The reaction
sequence is depicted in Scheme 1. Based on our previ-
ous experience [15, 16], during the formation of 5 from 2
and 3, the presence of propiolamide 4, as a good Michael
acceptor, would not be tolerated in this step. Thus, we per-
formed the synthesis of 1in a stepwise manner (Scheme 1).
Substrates 4 [18] and 5 [19] were independently prepared
and subsequently used in tandem reaction for 1.

The addition reaction of 4 with 5 requires generation
of an alkynyl anion of 4. Although many bases can convert
4 into its alkynyl anion [20-22], the resultant hard anion is
too unstable to trap the non-activated imine 5 and under-
goes rapid decomposition. Therefore, a softer alkynyl
anion is required to complete the alkynylation of the imine.
Based on our success with copper salts [9-17], a variety of
copper catalysts were screened. In a typical experiment, a
mixture of 5 (0.5 mmol), 4 (1.0 mmol), catalyst (Cu* or Cu*
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Scheme1 Synthesis of zolpidem.
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Scheme 2 Tandem reaction for zolpidem.

salt, 0.05 mmol) and an additive (0—0.05 mmol) in toluene
(10 mL) was heated under reflux in a routine flask instead
of a microreactor under argon for 16-36 h (Scheme 2). The
progress of the reaction was monitored by thin lipid chro-
matography (TLC).

In the presence of CuCl/Cu(OTf), compound 1 was fur-
nished in 32% yield but an increased amount of the cata-
lyst (0.5 equiv.) and prolonged time (36 h) were required
[8]. The use of CuSO,/TsOH offered a 13% yield [15], and
only traces of 1 were produced in the presence of InBr, [14].
On the other hand, the use of Cul/DIPEA [23] provided a
promising yield of 46%. Subsequently, it was found that
the yield increased to 70% in the presence of 0.5 equiv.

NN
S N
6 0O
= =N
NG
1 up to 83%
N=

of Cul. The replacement of Cul with CuBr, CuCl or other
Cu' salts did not improve the yield of 1. It was also found
that DIPEA was not necessary and either a Brgnsted or
Lewis acid as an additive [15] was unable to ameliorate the
reaction. However, a large amount of propiolamide was
required in these experiments, possibly due to the compe-
tition from the Glaser reaction [24].

Subsequently, Cul complexes with ligands containing
oxygen, nitrogen, sulfur or phosphorus atom were screened.
The ligands were MeNCH,CHNMe,, 2,2-bipyridine,
1,10-phenanthroline, BINAP, and BINOL. The best result of
83% was obtained with 0.5 equivalents of Cul and BINOL.
The yield decreased from 83% to 62% when the amounts of
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2. (L)-Tartaric acid OH O eq. 1
2-propanol HO -
twice recrystalization z OH
37% O OH 12
>10 g scale, tartrate salt
N ==—COOEt
o 8(2.0eq) Cul/BINOL (0.5/0.5 eq.) P N
NN Toluene, A, 36 h, 58% = eq.2
5 N /
9 COOEt
==—COOMe
10 (2.0 eq.)

Scheme 3 Synthesis of zolpidem tartrate and analogues 9, 11.
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the two additives were reduced from 0.5 to 0.1 equivalents.
To simplify the operation for one-pot procedure, the imine 5
formed from 2 and 3 was not isolated but directly allowed to
react with 4 in the presence of Cul/BINOL. This procedure
provided product 1in a yield of 54%.

Next, the tartrate salt of 1, the commonly marketed
form of the drug, was scaled up to 10 g. After optimiza-
tion, zolpidem tartrate was obtained in 37% yield directly
by crystallization from 2-propanol without using column
chromatography (Scheme 3 - equation 1).

Finally, the use of the catalytic system was extended
to the reaction of 5 with ethyl propiolate (8, Scheme 3 —
equation 2) and methyl propiolate (10, Scheme 3 - equa-
tion 3), because the corresponding products 9 and 11 can
also serve as the precursor to 1. Compounds 9 or 11 were
obtained in moderate yields of 53-58%. These results,
together with the previous research [8, 17], suggest that
the discussed tandem reaction is highly dependent on
the electronic properties of imine and propiolic acid sub-
strates, and efficient copper catalyst must be fine-tuned
on a case-by-case basis.

Conclusion

An efficient catalytic system, Cul/BINOL, for the tandem
reaction of N-(4-methylbenzylidene)pyridin-2-amine and
N,N-dimethylpropiolamide towards the synthesis of the
anxiolytic drug zolpidem was developed. Unlike the previ-
ously reported processes, the present protocol avoids the
use of a microreactor and uses easily available reagents
such as Cul and BINOL to prepare zolpidem in a simple,
efficient, and scalable manner.

Experimental

The progress of the reactions was monitored by TLC on silica-coated
glass plates and compounds were visualized under ultra violet (UV)
light in the presence of iodine or phosphomolybdic acid. Flash col-
umn chromatography was performed on silica gel (300-400 mesh).
Melting points were measured on a SGWX-4 microscopy melt-
ing point apparatus without correction. Unless stated otherwise,
nuclear magnetic resonance (NMR) spectra were recorded in CDCl
at 400 MHz (*H) and 100 MHz (®C). Mass spectra were recorded on a
Finnigan-Mat-95 mass spectrometer equipped with an electrospray
ionization (ESI) source.

A one-pot two-step synthetic procedure for zolpidem (1)

A round-bottom flask was equipped with a rubber septum,
a condenser and a stirring bar. The vessel was charged with
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5-methylpyridin-2-amine (0.11 g, 1.0 mmol), 4-methylbenzaldehyde
(012 mL, 0.12 g, 1.0 mmol), 4A molecular sieves (0.20 g) and dry tolu-
ene (10 mL) under argon, and the mixture was heated to reflux on an
oil bath overnight. After cooling, the flask was charged with propi-
olamide 4 (0.20 g, 2.0 mmol), Cul (0.10 g, 0.5 mol) and BINOL (0.14 g,
0.5 mmol), and the mixture was heated to reflux on an oil bath for
36 h. After cooling, the mixture was quenched with 5% ammonium
hydroxide (20 mL), diluted with CH,CL, (20 mL) and filtered through
a plug of Celite with the aid of CH,Cl,. The filtrate was concentrated
under reduced pressure and the residue of 1 was purified by column
chromatography on silica gel eluting with EtOAc/petroleum ether/
Et,N (1:1:0.1); yield 0.17 g, (54%); a white solid; mp 195-197°C (Lit. [8]
mp 194-196°C); 'H NMR: 8 8.00 (s, 1H), 7.54 (m, 3H), 7.26 (d, J=6.2 Hz,
2H), 704 (d, J=9.2 Hz, 1H), 4.09 (s, 2H), 2.95 (s, 3H), 2.88 (s, 3H), 2.40
(s, 3H), 2.35 (s, 3H); ESI-MS: m/z 308.2, [M+H]*. Zolpidem (1) was
obtained in 83% yield following isolation of the intermediate imine 5.

A 10-g scale synthetic procedure for the hemitartrate salt
of N,N-dimethyl-2-(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)
acetamide (zolpidem hemitartrate)

A round-bottom flask was equipped with a rubber septum, a con-
denser, and a stirring bar. The vessel was charged with the imine
5 (10.5 g, 0.05 mol), propiolamide 4 (9.7 g, 0.10 mol), Cul (4.8 g,
0.025 mol), BINOL (7.2 g, 0.025 mol) and anhydrous toluene (100 mL)
under argon and the mixture was heated to reflux on an oil bath
for 36 h. The mixture was charged with ammonium hydroxide (5%,
100 mL), water and CH,Cl, (100 mL) and then filtered through a plug
of Celite with the aid of CH,CL,. Then the aqueous phase was extracted
with CH,CL, (2x100 mL). The combined organic phases were washed
with water (200 mL) and brine (200 mL), dried with MgSO, and con-
centrated under reduced pressure. The dark residue was dissolved
in 2-propanol (200 mL), tartaric acid (75 g, 0.05 mol) was added,
and then the mixture was heated under reflux. After cooling, the
resultant brown solid was filtered and rinsed with ethyl acetate. The
crude product (about 11.7 g) was crystallized from 2-propanol ( about
160 mL) to afford zolpidem hemitartrate (8.5 g, 37%) as a white pow-
der; mp 196-197°C (the authentic sample: mp 196-197°C [8, 17]); 'H
NMR (DMSO-ds): 8 8.04 (s, 1H), 7.5-74 (m, 3H), 7.26 (d, J=7.2 Hz, 2H),
7.12(d, J=8.8 Hz, 1H), 4.29 (s, 2H), 4.14 (s, 2H), 3.13 (s, 3H), 2.89 (s, 3H),
2.34 (s, 3H), 2.30 (s, 3H); 2CNMR (DMSO—dé): 0172.9,167.9, 142.6, 142.2,
136.4, 131.6, 129.0, 1274, 127.0, 122.2, 120.6, 115.6, 115.1, 71.9, 36.8, 35.1,
28.7,20.6, 17.6. ESI-MS: m/z 308.2, [M+ HJ*.

Ethyl 2-(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)acetate (9)

A round-bottom flask was equipped with a rubber septum, a con-
denser, and a stirring bar. The vessel was charged with imine 5
(0.11 g, 0.5 mmol), ethyl propiolate 8 (102 uL, 1.0 mmol), Cul (0.05 g,
0.25 mmol), BINOL (0.07 g, 0.25 mmol) and anhydrous toluene
(10 mL) under argon, and heated to reflux on an oil bath for 36 h.
After cooling, the mixture was filtered through a plug of Celite with
the aid of CH,CL,. The filtrate was concentrated under reduced pres-
sure to give crude product, which was purified by column chroma-
tography eluting with petroleum ether/acetone/Et,N 4:1:0.25) to give
9 (0.09 g, 58%) as a white solid; mp 127-128°C (Lit. [8, 17] mp 128°C);
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"H NMR: 8 7.88 (s, 1 H), 7.72 (d, J=79 Hz, 2 H), 7.56 (d, J]=9.0 Hz, 1 H),
7.28 (d, J=79 Hz, 2H), 7.07 (d, J=9.0 Hz, 1 H), 4.23 (q, J=7.0 Hz, 2 H),
4,01 (s, 2H), 2.41 (s, 3 H), 2.37 (s, 3 H), 1.29 (t, J=7.0 Hz, 3 H), MS (ESI)
m/z309.2 [M+H]*.

Methyl 2-(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)acetate (11)

By using the procedure described above, compound 11 was prepared
in 53% yield as a white solid; mp 134-136°C; 'H NMR: 4 7.88 (s, 1 H),
7.70 (d, J=8.0 Hz, 2 H), 7.54 (d, J=9.2 Hz, 1 H), 7.27 (d, J=8.0 Hz, 2H),
7.07 (d,J=9.2 Hz, 1 H), 4.01 (s, 2 H), 3.75 (s, 3H), 2.39 (s, 3H), 2.35 (s, 3
H); BC NMR: & 169.4, 143.8, 143.4, 136.9, 130.7, 128.7, 1277, 126.8, 121.3,
120.5, 116.2, 111.5, 51.8, 29.9, 20.6, 17.8. ESI-MS: m/z 295.1, [M + H]*.
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