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1. Introduction

With an aging population and budget restrictionsnational
health insurers, those aging-related diseasesasiogly impose
a large economic burden on the individual and $pcend the
price of drugs has become a major challenge inytedaorld.
There is still interest to develop innovative, sienpand overall
more cost-effective industrial processes for threpparation of the
drugs, especially those related to the chronic and gatiseases.
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Figure 1. The selected drugs containing imidazo[&]@yridine.
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hydrodechlorination of2 in the presence of M under H
atmospheré®®®However, this procedure appears to be tricky and
difficult to reproduce \ide infra).’**® Herein, we describe our
results on reductive dechlorination and couplingcten of 2-
chloroimidazole[1,23]pyridines, as well as their application to
practical and scalable synthesis of both Minodroadid and
Zolpidem in a simple and cost-efficient manner.
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Figure 2. The diverse approach to reach both Zolpidem and

Imidazo[1,2&]pyridine, as one important nitrogen-containing Minohydronic acid

heterocycle, is very prevalent in pharmaceuticgiguyre 1). Such
heterocycle derivatives show a wide range of biokgic

activitied, and several marketed drugs contain this prividlege

scaffold. Among them, Minodronic adicand Zolpiderh are
clinically used in treatment of osteoporosis andoinnia,
respectively, and have demonstrated great bewdfiiet patients.

Therefore, there is continuous interest in the bgraent of
new synthetic methods for this scaffold, and so diferent
synthetic strategies and various approaches ha &ehieved.
Despite great achievements, the current processesbdth
Minodronic acid and Zolpidem still require multi-step
preparation, with the condensation ofhaloketone or its
equivalents with 2-amino-pyridines as the key step the
preparation of the imidazo[1&pyridine scaffold. Meantime, in
order to install the side chain on the parent ceoene uneasily
available staring materials or toxic reagents agquired in
subsequent multi-step transformatiéhsAlthough one atom-
economic approach was developed to reach both Zwoipidnd
Minodronic acid by V. Gevorgyan and®ushe procedures still
included the use of expensive reagents (such gmopyoates),
chromatography purification and difficult scale-iepsome extent.
Thus, developing a cost-efficient, scalable andcerdie process
for the two drugs is highly in demand.

Inspired by the common parent core of the two drags,
novel, diverse and cost-efficient approach is pseglp as shown
in Figure 2. Obviously, the key step will be reduetiv
hydrodechlorination or coupling reaction of 2-cloionidazo[1,2-
alpyridines @), which can be easily obtained from 2-
aminopyridines and cheap maleic anhydride,

2. Results and discussion

2.1. Hydrodechlorination of 2-chloroimidazole[ 1,2-
a] pyridines

Starting from 2-aminopyridines (2.0 equiv.) and el
anhydride, acylation was carried out in toluei@.5-0.3 M at
rt for 2-4 h, and the resulting white precipitatederwent
intramolecular Michael addition in refluxing MeOH for5-1 h,
giving the white precipitated acidl) without any further
purification (Figure 2§. Next, 1 was suspended in one kind of
suitable alcohols exceptBuOH (reaction concentration: 0.5-0.3
M), and upon treating with SOL(2.0 equiv.) at rt for 4-5 h, the
crude ester was obtained as a hydrochloride sait fhe reaction
solution after removing the solvent. After that, tiede salt was
refluxed in POG (8.0 equiv.) for 2-4 h, and upon removal of
POCE under reduced pressure, the resulting black residas
carefully poured into crushed ice, neutralized arttacted with
AcOEt, conveniently giving the crude 2-chloroimidaiz@F
alpyridines Q). The purified product for analysis could be
obtained through simple recrystallization or column
chromatography.

With a series of 2-chloroimidazo[1dpyridines in hand, we
initially investigated reductive hydrodechlorinati@according to
Chai's proceduré*® and the results were shown in Table 1. To
our surprise, Pd/C-catalyzed hydrodechlorinationhwit, gas
gave the desired produ@a in poor yield, with reduction of
pyridine ring as the predominant side reaction.meedous

inclgdin efforts to optimize this transformation failed tapgress this

amidation/cyclizatioh routine esterification and subsequentoverreduction, including solvent screening, pressadditives,

chlorinative aromatization of the resulting lactapon treatment
with POCL'%*%142

Although less reactive heteroaryl chlorides haventfeand to
be workable in some metal-mediated hydrodechloonati
reactions or cross-coupling reactions, they aié mtblematic
substrates in some caSesand the reaction of heteroaryl
chlorides is strongly dependent on the specifialgats or the
substrate$®** Our initial literature survey showed very few
reports for the two transformations with imidazo[&]Ryridine
chlorides except the iodides and triflatéfRecently, Chai and
co-workers provided the almost same synthetic giyateor
Minodronic acid, wherein the key step was Pd/C-gatad

temperature, and Pd or Pd(QH) (5%, 10%, or 99.5%)
available from different commercial resources. @beve results
and some literatur€$®implied this trick transformation was not
easy to reproduce.

Considering both diversity and cost-efficiency, \wert tested
air- and moisture-stable (NHC)Pd(allyl)Cl complexesading
to Nolan’s method, which was reported to work well bath
hydrodechlorination and cross-coupling reaction widnyl
chlorided’. However, in the case @g, all these catalysts did not
give a promising performance in either hydrodedhbtion or
coupling reaction. Although organozinc species fzamight be
used for both hydrodechlorination and Negishi couplieaction,



the attempt to prepare this organozinc species waguitful.'®

Furthermore, screening free redi@aype and Rtf-, Ni*-, or
Pd"“catalyzed hydrodechlorination methods did not raffo
acceptable results. As a consequence, we had to fogus
attention on the tricky Pd-catalyzed hydrodechkation with
different hydride sources, and the results were shiaWable 2.

Table 1.Pd/C-catalyzed hydrodechlorination undergds

_N o ~ N
G/ cl S%E;’c:\;c1gogeq O/ H Q Ve LN
o Hz(balloon) o 0.
OMe EtOH (0.05 M) OMe OMe OMe
2a 3a 5a 6a
Entry Time 23 3a 5a 6a
1 6 h 65% 17% 5% 13%
2 12 h 37% 29% 6% 28%
3 24 h 17% 29% 5% 49%
4 32h 8% 15% 3% 74%
5 48 h 0% 0% 0% 100%

#The reaction was carried out with 1.0 mmol of gad®a, and monitored by

'H NMR. The vyields were obtained % NMR analysis of the crude reaction
mixture. "The standard samples d?a-6a were obtained by column
chromatography and determined’syNMR and ESI-MS.

3
When 10% Pd/C was used as the catalyst in the

hydrodechlorination o2a, HCO,Na, as the hydride source, gave
the similar result of KH(Entry 1,2). However, for the substrates
with different ester groups, the conversion coulditbproved,
along with a slightly increasing selectivity (Entrg,4).
Comparing with Pd/C (10%) and Pd(QH)L0%), less active
Pd/CaCQ (10%) afforded a promising selectivity albeit with
very low conversion (Entry 53c:13%; 6¢. 0%). Optimization of
the reaction temperature demonstrated the hydrémféadtion
should be carried out at 5& with an improved result (Entry 8,
3c: 23%;6¢: 4%).

Subsequently, a series of additives were screen@dpmve
the conversion (Entry 9-15, 19), anddO; was found to offer a
significantly improved result (Entry 148c. 84%, 6¢. 0%). In
addition to HCONa, other hydride sources, such as HEB),
HCO,H and HCOK, were also tested in the transformation
(Entry 16-18), and HCE&K performed better than HGNa,
giving 3c in 89% yield without generatingc (Entry 18). The
above results indicated that the catalyst, theabldt basic
medium, less hydrolyzable substrates and contiellalydride
source were very important to reach a good and tsadec
conversion.

Table 2. Optimization on the hydrodechlorination with Zaufdlmldazole[l 2a]pyr|d|nes

c| Pd-Catalyst (0.05 eq

Additive (1.2 eq.)
[H] (1.5eq.)
Solvent
Temperature
24h

N
Y
O
OR

2a(R: Me)
2b (R: Et)
2c (R:i-Pr)

Oj f 3

entry R Catalyst [H] Additive  Solveni Temp. Yield (%)
eC) 2 3 5 6

1 Me 10% Pd/C l(balloon) MeOH rt 26 25 7 34
2 Me 10% Pd/C HC@Na MeOH rt 24 35 8 30
3 Et 10% Pd/C HC@a EtOH rt 15 50 7 24
4 i-Pr 10% Pd/C HC@Na i-PrOH rt 13 55 5 22
5 i-Pr 10% Pd(OH) HCO,Na i-PrOH rt 65 0 0 33
6 i-Pr 10% Pd/BaS©O HCONa i-PrOH rt 85 9 0 0
7 i-Pr 10% Pd/CaC® HCO,Na i-PrOH rt 81 13 0 0
8 i-Pr 10% Pd/CaC® HCONa i-PrOH 55 70 23 0 4
9 i-Pr 10% Pd/CaC® HCO,Na KF i-PrOH rt 53 37 0 8
10 i-Pr 10% Pd/CaCO HCONa KF i-PrOH 55 0 82 3 11
11 i-Pr 10% Pd/CaCpO HCO,Na KF i-PrOH 65 0 59 11 15
12 i-Pr 10% Pd/CaCO HCONa CsCOs. i-PrOH 55 0 38 10 46
13 i-Pr 10% Pd/CaCpO HCO,Na NaCOs. i-PrOH 55 27 66 0 0
14 i-Pr 10% Pd/CaCO HCONa KoCOs. i-PrOH 55 8 84 0 0
15 i-Pr 10% Pd/CaCpO HCO,Na E&N. i-PrOH 55 36 35 0 18
16 i-Pr 10% Pd/CaCpO HCONH,4 K2COs. i-PrOH 55 15 33 16 35
17 i-Pr 10% Pd/CaCpO HCOOH KCQOs. i-PrOH 55 18 64 0 15
18 i-Pr 10% Pd/CaCO HCOXK K2CQs. i-PrOH 55 3 89 0 0
19 i-Pr 10% Pd/CaCpO HCOXK AcOK i-PrOH 55 40 29 0 24

2The reaction was carried out with 1.0 mmol of theified sample o. The yields were obtained By NMR analysis of the crude reaction mixture wit8,%-

trimethoxybenzene as internal reference standard.

In order to better evaluate the substrate scopthisfnovel
method, a series of 2-chloroimidazole[B]pyridines were

subjected to the optimal conditions, and the reswkre shown
in Table 3. We found many functional groups, sushFa Me,
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OMe, CONH, CONMe and COR, were tolerated and purity of 97%. In summary, starting from 2-aminagime and
maleic anhydride, Minhydronic acid was preparedona short
reaction sequence with the overall yield of abo20 a simple

afforded the desired products in rational yieldeegt CQGH.
Notably, in contrast to thiepropyl ester Zc), the methyl or ethyl

ester Ra-2b, 2g-2j) had to be carried out in a suitable reagent-and cost-efficient manner.
grade alcohol to avoid interference of ester exgkamffording

the desirable products in mediate yields. In themses, we also
found the formation of non-reactive 2-chloro adidsough ester

Table 3. The Pd-catalyzed hydrodechlorination with 2-
chloroimidazole[1,2a]pyridines

hydrolysis when the reagent grade methanol or ethaa® used. N 10% PaiCaco, )
Interestingly, in the case d¥k, the defluorinated producBd) N VA V“Q)
could be isolated in 30% vyield together with the ldednated o rooniey O
product3k in 58% vyield. To our best knowledge, this is onera , Sabvent 0,05 M) 3
example demonstrating the cleavage of C-F bond ludrd 24h
imidazole[1,2a]pyridines through Pd-catalyzed hydrogenation. 5 R c Solven: Yield of 32

22 Process optimization of Minodronic acid 23 OMe A MeOH 2%

Having identified the optimal conditions for the key  2b OEt H EtOH 63%
hyd_rodechlorination, we pursut_ad its practical aggien in our 2¢ opi H i-PrOH 85%
designed process for Minodronic acid, as shown heBe 1.

2d OH H i-PrOH N[o}

In the first step,la was conveniently prepared according to . 0
the above mentioned procedufenore than 0.20 mmol-scale, 5 2 NHe H I-ProH 63%
runs) with no need of further purification, and #heerage yield 2f NMe; H MeOH 71%
was 62% with a purity of 97%. In the second step, the g OMe 5-Me MeOH 49%
esterification ofla was also easy to conduct by treating the o o M MeOH £39
suspension ofain i-PrOH (0.3 M) with SOGI (5.0 equiv.), and € e € 0
upon the removal of the solvent under reduced presghe 2i OMe 5-F MeOH 31%
crude ester from .the reaction so[qtloq could beduse the %j OMe 5-OMe MeOH 42%
subsequent step without further purification. Attee crude ester v i .
was refluxed in POG] the resulting black solution was carefully 2k OPF >F -PrOH 58%
poured into crushed ice, neutralized, extractedgddrfiltrated 2| opPf 5-OMe i-PrOH 83%

and evaporated under reduced pressure, affordiegcthde
semisolid2cin 72% yield with a purity of 92%.

o, ﬁf .

*The reaction was carried out with 1.0 mmol of theiffjed sample o®.
*The products were isolated through column chromaiy. In case oRa
or 2b, acid 2d was formed besides the desirable prodidat determined.
°The further defluorinated side produdt) was isolated in 30% vyield as well.

2.3. Coupling reaction of 2-chloroimidazol e[ 1,2-a] pyridines

Cr C( Z // From the aspect of simple, environment-friendly avubt-
CF/ “ > Nj efficient process, Negishi or Suzuki coupling reattmight be
Q an attractive approach to Zolpidem from 2-choroemin[1,2-
Opr. (HO),0P" 'PO(OH), . . .
250 uinodromdecid alpyridines 2. However, the organozinc species of 2-

choroimidazo[l,2a)pyridines as one of Negishi coupling
partners could not be obtained as above mentidneaddition,
the initial effort failed to couple€2c with PhZnCIl under the
routine Negishi coupling conditions. As a result, weused on
Suzuki coupling reaction d¥c and 4-methylphenylboronic acid
(8a). After screening different Pd- or Ni-based comptexe
reported to work well for aryl chloride substrdfe§ only
NiCl,(dppe}* showed promising performance. Therefore, we
sought to optimize the Ni-catalyzed coupling comaitiwith 2¢
and8a, and the results were depicted in Table 4.

Scheme 1.Synthesis of Minodronic acidReagents and conditions: a) i.
maleic anhydride (2.0 eq.), toluene, rt, 2 h; iie®H, reflux, 0.5 h; yield:
62%, purity: 97% (5 runs); b)ii-PrOH, SOG] (5.0 eq.), reflux, 5 h; ii. POEI
(8.0 eq.), reflux, 5 h; yield: 72%, purity: 92%; ic)Pd/CaCQ (10 mol%),
HCOOK (1.5 eq.), KCO; (1.2 eq.)j-PrOH, 55°C, 20 h; ii. 36% HCI (conc.);
yield: 69%, purity: 97%; d) i. HPO; (2.2 eq), PGI(3.3 eq.), chlorobenzene,
90°C, overnight; 36% HCI (conc.), reflux, 4 h; yie®B%, purity: 97%.

In the key third step,2c was subjected to the optimal
conditions for hydrodechlorination in the reagerddgi-PrOH
with no trouble of ester hydrolysis. As expected,dbale-up was
smooth albeit with a little sacrifice of conversi88-85%) due
to poor stirring efficiency. In order to avoid theerference from
the residual2c, the amount of Pd supported on CaCfas
increased to 15 mol% for full conversion of thiswgon. After
filtration and removal of solvent, the cru@e was obtained as
syrup solid. Due to the solidity of the correspoigdacid @d),
further ester hydrolysis was carried out in a rafigx
concentrated HCI aqueous solution (36%), and aftenpete
hydrolysis, filtration and simple recrystallizatiomacetone could
provide a white solid7c,), as hydrogen chloride salt 8fl, in 69%
yield with a purity of 97%.

We found NiC}(dppf) could efficiently catalyze the coupling
reaction, and its usage could be reduced to 5 finafl 2¢
without a loss of yield4ca 93%, Table 4, Entry 4). An excellent
yield required using 2.5 equivalents & due to production of
homo-coupling compounda, otherwise, 2c could not be
completely consumed and thus led to lower vyield for
hydrodechlorinated producBg. The optimal usage of RO,
was 2.0 equivalents, and meanwhile, toluene was thtesbévent.
However, decreasing the temperature resulted in a lgiele.

In order to evaluate the substrate scope of thielnoethod, a
variety of 2-chloroimidazole[1,2}pyridines @) and arylboronic
acids B) were subjected to the optimal conditions, andréiselts
were shown in Table 5. Many functional groups, suhraMe,
OMe, SMe and CONMe were tolerated and the reaction

In the final step, according to the standard procgd 7c
could be transformed into Minhydronic acid in 66%lg with a



afforded the desired products in satisfying yiektspecially with

5
eq.), reflux, 5 h; yield: 87%, purity: 96%; c) ii®lx(dppf) (5 mol%), 4-Me-

2g and8a (Table 5, Entry 5, 84% isolated yield). However, for CgH.B(OH), (2.5 eq.), KPQ, (2.0 eq.), toluene, reflux, 4 h; ii. 36% HCI

those arylboronic acids bearing the strong eleetvithdrawing

(conc.); yield: 71%, purity: 99%; d) PCICH.Cl,, Me:NH (gas), rt; yield:

group such as GFand NQ, the catalytic system did not work 92%, purity: 98%.

well (see Entry 17-18).

Table 4. Optimization on Ni-catalyzed Suzuki coupling concentrated HCI

reaction with 2-chloroimidazole[1,&}pyridines

a N
= OH
CNr s é NI} (5 mol%) Cr CV/
HO Base (2.0 eq.)
O Solvent (0.05 M)

oPri 206 reflux, 4 h OPri OPr'

2¢ 8a 4ca
Entry [Ni] Base Solveni  Yield?®"
1 NiCl(dppe) K3POy toluene 43%
2 NiCly(dppp) K3sPOy toluene 33%
3 NiCly(dppf) KaPO, toluene 93%
4 NiCl(PCy), K3sPOy toluene 38%
5 NiCl(PPh), KsPOy toluene 22%
6 NiCly(DavePhos) KsPO, toluene 15%
7 NiCly(XantPhos) K3PO, toluene 11%
8 NiCly(dppf) toluene 0%

9 NiClx(dppf) t-BUOK  toluene 0%
10 NiCkL(dppf) K.COs toluene 40%
11 NiCk(dppf) CsCO;  toluene 10%
12 NiCkL(dppf) CsF toluene 60%
13 NiCk(dppf) KaPO, dioxane 16%
5 NiClx(dppf) KsPO, i-PrOH 21%

®The reaction was carried out with 1.0 mmol of gadf2c. "The yields were
obtained by'H NMR analysis of the crude reaction mixture wit}8,%-
trimethoxybenzene as internal reference standdite yield was obtained
with 2.5 equivalents oBa, compared with the yield of 83% with 2.0
equivalents oBa.

2.4. Process optimization of Zolpidem

Having obtained the optimal conditions for the keyzki
coupling reaction of 2-chloroimidazole[laé®pyridines, we
pursued its practical application in our designedcess for
Zolpidem, as shown in Scheme 2.

In the novel proces2g was conveniently prepared via 2 steps

using the above mentioned procedure, and the averiaid (5
runs) was 48% with a purity of 96%. In the key thétdp,2g was
subjected to the optimal conditions for the couplieaction. As
expected, the scale-up was smooth, and after rowtori-up
(including quenched with a saturated aqueous Nat&o@ition,
extracted with AcOEt, washed with water, dried by,3@,

filtration and evaporation under reduced pressue) crudedga
was obtained as a sticky solid.

N N
oL e O O
= NH, a SN o 4 N N
G AR
N o o
OMe 2

OMe
]
HCI AN
d s N/
—
(e}
N—
/
10 OH Zolpidem

Scheme 2.Synthesis of ZolpidermReagents and conditions. a) i. maleic
anhydride (2.0 eq.), toluene, rt, 2 h; ii. MeOHflue, 0.5 h; yield: 48%,
purity: 97% (5 runs); b) i. MeOH, SOQ(5.0 eq.), reflux, 4 h; ii. POg(8.0

Next, further ester hydrolysis ofga was carried out in a
agueous solution. After filtratiomda
concentration, simple recrystallization in aceta@oald provide
10 as a white solid in an average yield of 71% withuatp of
99%.

Table 5. The Ni-catalyzed coupling reaction with 2-
chloroimidazole[1,2a]pyridines and arylboronic acids

\/N / . HoOH ) Q// _’RZ
NG L T

[N|] (5 mol%)

e
esen reflux, 4 h A

Entry G R! R? Yield of 43t
1 H OMe 4-Me 87%
2 H OEt 4-Me 86%
3 H oPf 4-Me 90%
4 H NMe; 4-Me 81%
5 5-Me OMe 4-Me 84%
6 6-Me OMe 4-Me 81%
7 5-OMe OMe 4-Me 78%
8 5-F OMe 4-Me 88%
9 H OMe H 81%
10 H OMe 4-OMe 81%
11 H OMe 3-OMe 84%
12 H OMe 4-Et 85%
13 H OMe 4-Ph 71%
14 H OMe 4-F 80%
15 H OMe 2-Me 66%
16 H OMe 4-SMe 77%
17 H OMe 3-NQ Tracé
18 H OMe 4-CR Tracé

®The reaction was carried out with 1.0 mmol of tefied sample of. "The
products were isolated through column chromatografithe desired product
was not isolated.

Finally, according to the standard procedu#olpidem was
prepared froml0 by treating the corresponding acid chloride
with Me,NH in an average yield of 92% with a purity of 98%b. |
summary, Zolpidem could be prepared via one shesttion
sequence with the overall yield of about 28% in rapée and
cost-efficient manner.

3. Conclusion

Inspired by the common parent core of Minodronii eand
Zolpidem, one novel, diverse and cost-efficient rapph has
been developed, and the key aspects of this dawelopinvolve
careful control of reductive hydrodechlorination @&uzuki
coupling reaction of 2-chloroimidazole[1lalpyridines.

As for the reductive hydrodechlorination, the catal{10%
Pd/CaCQ), suitable basic medium ¢KO; in toluene) and
controllable hydride source (HGK) proved to be very
important factors to achieve good and selectivesemsion of 2-
chloroimidazole[1,2a]pyridines. Additionally, in the Suzuki
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coupling reaction, the catalyst (Ni@ppf)), suitable basic °C.'H NMR (400 MHz, CDCJ) § 8.04 (d,J = 6.9 Hz, 1H), 7.63
medium (KPG, in toluene) and aryl boric acids without electron- (d, J = 9.1 Hz, 1H), 7.55 (s, 1H), 7.20 (m, 1H), 6.85 (m,),1H
withdrawing substituents (ArB(Ok)) were key factors for this 3.95 (s, 2H), 3.71 (s, 3H}°C NMR (150 MHz, CDGJ) 6 169.5,
good transformation. 145.9, 133.2, 123.9, 123.5, 117.9, 116.5, 112.34,530.2.

.- HRMS-ESI (W2): [M + H]* Caled. For GH1N,O,: 191.0815,
Based on the above results, efficient and scalpideedures found: 191.0816.

for Minodronic acid and Zolpidem have been devetbfiem the

corresponding 2-aminopyridines and maleic anhydride In the case of Pd/C-catalyzed dechlorinative hyenagion,
respectively. Our new methods involve using cheagees, two side products5@ and6a) could be isolated. For compound
simple operations and short synthetic routes, thag are cost-  5a, faint yellow liquid,R = 0.45 (EtOAc/MeOH = 6/1}H NMR
efficient and easy to reproduce in large scaleschvimay be (400 MHz, CDC}) ¢ 3.80 (t,J = 5.3 Hz, 2H), 3.71 (s, 3H), 3.59

attractive to the industry. (s, 2H), 2.81 (tJ = 6.0 Hz, 2H), 1.97 (m, 2H), 1.89 (m, 2HiC
_ NMR (150 MHz, CDC}) 5169.8, 143.7, 127.5, 117.2, 52.4, 43.3,
4. Experimental 28.7, 24.5, 22.5, 20.3. HRMS-ESHV): [M + H]* Calcd. For

C,0H14CIN,O,: 229.0738, found: 229.0740. For compoudal
faint yellow liquid, R = 0.21 (EtOAc/MeOH = 6/1)'H NMR
General. All chemicals were purchased from Adamas, SCRG400 MHz, CDC)) ¢ 6.85 (s, 1H), 3.82 () = 5.6 Hz, 2H), 3.71
Alfa, Aesar, and used without further purification. Berated (S, 3H), 3.58 (s, 2H), 2.86 @,= 5.8 Hz, 2H), 1.99-1.97 (m, 2H),
solvents were purchased from Cambridge Isotope laatwes.  1.90-1.88 (m, 2H):°C NMR (150 MHz, CDG)) §170.3, 145.4,
All non-aqueous reactions were carried out using @réad (110  126.5, 122.4, 52.1, 42.6, 29.7, 24.7, 22.7, 20.3MBFESI (/2):
°C) or heat gun dried glassware under a positivssspre of [M + H]" Calcd. For GoH;sN,0,: 195.1128, found: 195.1130.
anhydrous argon unless otherwise noted. THF
dichloromethane were purified by distillation andiedr by
passage over activated 4 A molecular sieves undeargon An anhydrous toluene (10 mL) solution of compoun(L.00
atmosphere!H, **C and F NMR data were recorded on a mmol, 1.0 equiv), KPO, (2.00 mmol, 2.0 equiv), NiGidppf)
Varian Model Mercury 400 MHz or Bruker 600 MHz (0.05 mmol, 0.05 equiv) and arylboronic acid (2rathol, 2.5
spectrometers using solvent signals (CPQ| 7.266c 77.0;  equiv) was transferred into a reaction bottle. Téeetion mixture
CFCk: J 0) as referencedH NMR chemical shiftsd) are given ~ was then refluxed for 4-6 h under Ar. After the migtwas
in ppm (s = singlet, d = doublet, t = triplet, gguartet, m = cooled to 20 °C, the reaction was quenched with ara=d
multiplet) downfield from MgSi. LC-MS data were recorded on sodium bicarbonate solution (20 mL). The organid agqueous
an Agilent 1260/6120 quadrupole LC/MS spectrometed high  layers were separated, and the latter was extractdd etlyl
resolution mass spectra obtained on an AB SCIEX &jF " acetate (20 x 3 mL). The combined organic layerseweashed
5600+ mass spectrometer, IR spectra data were extand an  with brine (10 mL) and dried (N&Q,), and then the filtrate was
Nicolet AVATAR 360 FT-IR spectrophotometer, Optical concentratedn vacuo. The residue was purified by flash column
rotations were recorded on a Rudolf Autopol IV autamat chromatography with PE and EtOAc as eluent to givapmund
polarimeter. HPLC Method for Minodronic acid: Agileh260 4.
infinity series Chemostation; Agilent jgm C18, 250 x 4.6 mm
column; mobile phase A (70%), sodium pyrophosphgteeaus
(0.03 mol/L) including tetrabutylammonium bromidadjusted
pH to 7.5 with HPQ,); mobile phase B (30%), MeOH; flow rate
= 1 mL/min; column temperature: 30 °C; detector gerature:
25 °C; detection wavelength =280 nm; injection vodum 10.0
puL. HPLC Method for Zolpidem: Agilent 1260 infinity ses
Chemostation; Agllent 5m_Q18, 250 x 4.6 mm column; mobile 117.3, 113.0, 112.4, 69.3, 31.0, 21.7, 21.2. HRMS(BE): [M
phase (18/23/59): acetonitrile, MeOH and 0.05 moljuepus + H]" Caled. For GoHN,Oy: 309.1598, found: 309.1609
H;PQ, (adjusted pH to 7.5 with E); flow rate = 1 mL/min; ' 222 ' ' : ' '
column temperature: 30 °C; detector temperature: °€5 Besides, we also isolated side product. For compdmd
detection wavelength =254 nm; injection volume =03Q.. yellow solid, R = 0.34 (PE/EtOAc = 5/1), Mp 118~12C. 'H
NMR (400 MHz, CDC}) 6 7.47 (d,J = 7.2 Hz, 4H), 7.23 (d] =
7.3 Hz, 4H), 2.38 (s, 6H). ESI-MSn(2): [M+H]" 183.1. The
To a solution of compoun? (2.00 mmol, 1.0 equiv) and 10% Spectrum was consisted with literattre
Pd/CaCQ catalyst (0.10 mmol, 0.05 equiv.) in anhydrous ROH
such as methanol, ethanol aisd-propanol (5 mL), was added
K,CO; (2.40 mmol, 1.2 equiv) and HGR (3.00 mmol, 1.5 To a solution of 2-aminopyridine (94.1 g, 1.00 mD equiv)
equiv) under Ar, both of which should be pre-driadiacuo for  in toluene (1000 mL) was slowly added a solution dileit
0.5 h. The reaction vessel was then heated at 56 8¢ for 24  anhydride (49.3 g, 0.50 mol, 1.0 equiv) in tolu¢t@0 mL) at O
h. After the reaction was completed, the solvent rgasoved the °C over 0.5 h. The mixture continued to stir foh2at rt. The
under reduced pressure, then added with water (2Q amMd  white precipitated salt was filtered and washed witree(300
extracted with ethyl acetate (20 mL x 3). The comabimrganic mL). The salt was dissolved in methanol (1500 mlg eefluxed
phase was washed with brine (10 mL), dried,@@), filtrated  for 30 min. After cooled to rt, the resulting whiselid was
and concentrated. Purification by flash chromatplgyawith a filtered, dried to givela (59.5 g, yield: 62%, purity by HPLC:
micture of Petroleum Ether (PE) and EtOAc as elgentd give  97%). For the spectra data of the analytic sampleapa white
the compound. solid, Mp 221~223C. 'H NMR (400 MHz, BO) ¢ 8.53 (d,J =
6.5 Hz, 1H), 8.30 (dJ = 8.8 Hz, 1H), 7.60 — 7.41 (m, 2H), 3.31
(s, 2H).**C NMR (150 MHz, DO) ¢ 176.9, 176.2, 155.5, 149.0,

4.1. Chemistry

angl.l.z. General procedure for the synthesis of compounds (4)

For a representative example, the spectra datdcafwas
followed: white solid,R = 0.26 (PE/EtOAc = 3/2), Mp 158~159
°C.'H NMR (400 MHz, CDCJ) ¢ 8.13 (d,J = 6.9 Hz, 1H), 7.67-
7.74 (m, 3H), 7.28 (d] = 7.8 Hz, 2H), 7.25 — 7.19 (m, 1H), 6.89
— 6.84 (m, 1H), 5.07 (h] = 6.2 Hz, 1H), 3.98 (s, 2H), 2.41 (s,
3H), 1.24 (d,J = 6.4 Hz, 6H)**C NMR (150 MHz, CDCJ)
0168.9, 144.7, 137.8, 130.8, 129.3, 128.5, 128.4,.6,2123.7,

4.1.1. General procedure for the synthesis of compounds (3)

'4.1.3. A scalable process for the synthesis of Minodronic acid

For a representative example, the spectra dat8aofvas
followed: white solid,R = 0.21 (PE/EtOAc = 1/3), Mp 110~113



138.9, 121.5, 113.4, 64.9 &= 22.5 Hz), 38.6. HRMS-ESh{2):
[M + H]* Calcd. For GHgN,O5: 193.0608, found: 193.0606.

To a stirring suspension &g (59.5 g, 0.30 mol, 1.0 equiv) in
iso-propanol (1200 mL) was slowly added S@QI50 mL, 1.50
mol, 5.0 equiv) at 0 °C over 0.5 h. The mixture towred to stir
until the solid disappeared and the solution bectaresparent.
Removal of the solvent under vacuum gave a whital,sahd

7
The precipitated salt was filtered and washed wittere(800
mL). The salt was dissolved in methanol (1000 mlgd esfluxed
for 30 min to produce a white solid. After filtiat and drying,
the solid was recrystallized from 70 % ethanol (50 to give
19 (49.5 g, yield: 48%, purity by HPLC: 97%). For thpectra
data of the analytic sample df: a white solid, Mp 228~23C.
'H NMR (400 MHz, BO) ¢ 8.37 (s, 1H), 8.16 (d] = 13.4 Hz,
1H), 7.42 (d,J = 7.8 Hz, 1H), 3.28 (s, 2H), 2.36 (s, 3HjC

then the crude product was refluxed in PO@R8 mL, 2.40 mol,
: ) o NMR (150 MHz, BO) ¢ 176.4, 153.0, 150.4, 137.4, 133.0, 112.6,
8.0 equiv) for 4 h. The black sticky liquid was affed after 64.9 (t,J = 22.4 Hz), 38.6, 18.7. HRMS-ESME): [M + H]*

removal of POG| under reduced pressure, and the residue w ) .
carefully poured into the crashed ice, neutralizétth a saturated “Caled. For GiHyN;05 207.0764, found: 207.0765.

N&aCO; solution, and extracted with GEI, (600 mL x 3). The
organic phase was washed withkGH(600 mL), brine (300 mL),
dried (NaSQ,), filtrated and concentrated to obtdn (57.9 g,
yield: 72%, purity by HPLC: 92%). For the spectraadaf the
analytic sample ofc; a white solid, Mp 112~112C. 'H NMR
(400 MHz, CDC}) 6 7.99 (d,J = 6.9 Hz, 1H), 7.55 (d] = 9.0 Hz,
1H), 7.26 — 7.21 (m, 1H), 6.89 (m, 1H), 5.02 {t% 6.4 Hz, 1H),
3.92 (s, 2H), 1.22 (dJ = 6.4 Hz, 6H).”*C NMR (150 MHz,
CDCly) 6 168.0, 143.5, 135.1, 124.9, 123.6, 117.2, 112.2,31
69.4, 29.7, 21.7. HRMS-ESIm(z): [M + H]" Calcd. For
C,H14CIN,O,: 253.0738, found: 253.0750.

To a solution of compoundc (57.9 g, 0.20 mol, 1.0 equiv)

and 10% Pd/CaCgcatalyst (31.8 g, 30.0 mmol, 0.15 equiv) in

iso-propanol (500 mL) was added pre-driegdC; (33.2 g, 0.24
mol, 1.2 equiv) and HC (25.2 g, 0.30 mol, 1.5 equiv). The
reaction was purged with argon and heated at 55°Q@oh.
After the reaction was completed, the solvent was vexhainder
vacuum, added with water (500 mL), and extracted wttiyl
acetate (500 mL x 3). The organic phase was washédbwite

19 (49.5 g, 240 mmol, 1.0 equiv) was suspended in ameth
(480 mL), and then SOLK50 mL, 0.50 mol, 2.0 equiv) was
slowly added into the stirring solution at 0 °C o0es hours. The
mixture continued to stir until the solid disappehrand the
solution became transparent. Removal of the solvwerder
vacuum gave a white solid, and then the crude ptodias
refluxed in POQ (190 mL, 2.00 mol, 8.0 equiv) for 4 h. The
black sticky liquid was afforded after removal of A@Gnder
reduced pressure, and the residue was carefullyedonto the
crashed ice, neutralized with a saturatedQ@ solution, and
extracted with CHCI, (500 mL x 3). The organic phase was
washed with HO (500 mL), brine (250 mL), dried (M&Oy),
filtrated and concentrated to obtdlg (53.2 g, yield: 87%, purity
by HPLC: 96%). For the spectra data of the anabagitiple oRg:;

a white solid, Mp 112~118C. '"H NMR (400 MHz, CDCJ) §
7.86 (d,J = 7.2 Hz, 1H), 7.29 (s, 1H), 6.73 @@= 6.9 Hz, 1H),
3.94 (s, 2H), 3.72 (s, 3H), 2.40 (s, 3H)C NMR (150 MHz,
CDCly) 6 169.0, 143.8, 136.0, 134.6, 122.8, 115.5, 111214,5
29.0, 21.2. HRMS-ESInf2): [M + H]" Calcd. For GH;.CIN,O.:

(500 mL), dried (Ng5Qy), filtrated and concentrated. The residue 239.0582, found: 239.0591.

was diluted with 36% HCI (500 ml) and heated at 456CK h.
After removal of the solvent under vacuum, the nesidvas
mixed with acetone (300 mL) for 5 h at rt to givevlaite solid7c
(29.3 g, yield: 69%, purity by HPLC: 97%). For thgestra data
of the analytic sample dfc. a white solid, Mp 253~258C. 'H

NMR (400 MHz, DO) J 8.38 (d,J = 6.8 Hz, 1H), 7.91 — 7.77 (m,

2H), 7.69 (s, 1H), 7.40 (d] = 3.9 Hz, 1H), 3.93 (s, 2H). The
spectrum was consisted with literafiréiRMS-ESI (W2): [M +
H]* Calcd. For GHgN,O,: 177.0659, found: 177.0662.

After addition of 7c (29.3 g, 138 mmol, 1.0 equiv),sPIO;
(24.6 g, 304 mmol, 2.2 equiv) and chlorobenzen® (30) into
reaction bottle, the mixture was heated to 100 4Q0f6 h, then
cooled to 80 °C, added dropwise with P(39.7 mL, 0.50 mol,
3.3 equiv) in a slow speed and continued to sti®@t°’C for
overnight. After removal of chlorobenzene under vau6 M
HCI (600 mL) was added into the residue and refluieedd4 h.
The mixture was cooled to 80 °C and mixed with 3.Actjve
carbon for 0.5 h. After filtration to remove activerbon,
concentration, the residue was recrystallized inhamal (300
mL) to obtain a white solid of Minodronic acid (29 yield:
66%, purity by HPLC: 97%). For the spectra datahef analytic
sample of Minodronic acid: a white solid, Mp 223~2%5 'H
NMR (400 MHz, DO) § 8.59 (d,J = 6.6 Hz, 1H), 7.45 (s, 1H),
7.38 (d,J=9.0 Hz, 1H), 7.18 (1) = 7.9 Hz, 1H), 6.82 (1 = 6.7

An anhydrous toluene (800 mL) solution ofRQO, (84.8 g,
0.40 mol, 2.0 equiv), NiGg{dppf) (5.70 g, 8.40 mmol, 0.05
equiv),2g (53.2 g, 209 mmol, 1.0 equiv) and an arylbororid a
(68.0 g, 0.50 mol, 2.5 equiv) was transferred inteaction bottle.
The reaction mixture was then refluxed for 4—6 harnir. After
the mixture was cooled to 20 °C, the reaction wasicjued with
a saturated sodium bicarbonate solution (500 mL) added.
The organic and aqueous layers were separated,hantatter
was extracted with ethyl acetate (500 x 3 mL). Thmtoed
organic layers were washed with brine (300 mL) ancdlri
(Na,SQ,), and then the filtrate was concentratadvacuo. The
residue was mixed with 36% HCI (500 ml) and heated5aC
for 5 h. Removal of the solvent under reduced pressthe
residue was stirred in acetone (300 mL) for 5 h fodpce a
white precipitate. After filtration, the precipitateas mixed with
300 mL water until most solid disappeared. Thenattpgeous pH
was adjusted to 5.0 to 6.0 with acetic acid. Theipitate was
filtered, washed, dried and recrystallized from raethl to obtain
10 (41.5 g, yield: 71%, purity by HPLC: 99%). For thpectra
data of the analytic sample d®: a white solid, Mp 253~25%C.
'H NMR (400 MHz, BO) ¢ 8.38 (d,J = 6.8 Hz, 1H), 7.91 — 7.77
(m, 2H), 7.69 (s, 1H), 7.40 (d,= 3.9 Hz, 1H), 3.93 (s, 2H). The
spectrum was consisted with literatiréAiRMS-ESI (W2): [M +
H]* Calcd. For GHgN,O,: 177.0659, found: 177.0662.

Hz, 1H), 3.53 (tJ = 11.7 Hz, 2H). The spectrum was consisted

with literaturé®. HRMS-ESI (2): [M + H]* Calcd. For
CoHyaN,O,P,: 323.0193, found: 323.0188.

4.1.4. A scalable process for the synthesis of Zolpidem

To a solution of 5-methyl-2-aminopyridine (108 gd@ mol,
2.0 equiv) in toluene (1000 mL) was slowly added latsm of
maleic anhydride (49.3 g, 0.50 mol, 1.0 equiv) dtuéne (500
mL) at O °C over 0.5 h. The mixture was stirred 205 h at rt.

A mixture of 10 (41.5 g, 148 mmol), C}€l, (500 mL) and
PCE (33.9 g, 163 mmol, 1.1 equiv) was refluxed for temec
completion. The reaction mass was cooled to 0 °@, te
dimethyl amine gas was purged into it till the reaccompletion.
Most of the solvent was removed under vacuum, anérWaoo
mL) was added to the residue. The mixture was heat&@ °C
to remove traces of dichloromethane. The reacti@ssmwas
cooled to room temperature, pH was adjusted to 9.0-a8ing
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caustic lye and stirred for solid isolation. Thdidevas filtered,
washed with water (300 mL) and dried. Finally, real&ation
in acetone yielded a white solid of Zolpidem (41,9igld: 92%,
purity by HPLC: 98%). For the spectra data of thalwic
sample of Zolpidem: a white solid, Mp 194~1%8. 'H NMR
(400 MHz, CDC}) 6 8.16 (d,J = 7.0 Hz, 1H), 7.55 (d] = 7.5 Hz,
2H), 7.40 (s, 1H), 7.27 (d, = 4.0 Hz, 2H), 6.73 — 6.59 (m, 1H),
411 (s, 2H), 2.92 (s, 3H), 2.84 (s, 3H), 2.40 (s, 6Fe
spectrum was consisted with literatiréiRMS-ESI (v/2): [M +
H]" Calcd. For GH».N;O: 308.1757, found: 308.1759.
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