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Abstract

In the course of the elaboration of a new manufaauprocess of anxiolytic drug tofisopam, a
stereospecific lithium-catalyzed Oppenauer-typedation was observed. Bromine-lithium
exchange on the ethylene ketal of 3-(2-bromo-4metihoxyphenyl)pentan-2-one followed by
guenching with 1 equivalent of 3,4-dimethoxybenablgie gave the corresponding alcohols as a
mixture of two diastereomeric racemates. On theerotiand, when 2.5 equivalents of the
aldehyde were applied, only one of the two alcahastereomers could be isolated. The lithium
alkoxide precursor of the other diastereomeric latodue to the presence of the excess of
benzaldehyde as the oxidant, underwent an Oppeiypeioxidation to give the corresponding
ketone.
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Introduction

Tofisopam {, marketed under brand names Grand3xiand Emandaxi®) is a 2,3-
benzodiazepine type anxiolytic drug. Its psychoptaological and clinical profile differ from
the widely used 1,4-benzodiazepines, since in ashto those, tofisopam does not bind to the
distinct benzodiazepine binding site of the GAB#-aminobutyric acid) receptor. It is an
anxiolytic agent without addiction potentfal,and without the sedative-hypnotic, muscle
relaxant and anticonvulsive side effects genemmslociated with the use of 1,4-benzodiazepines.
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Tofisopam {) was obtained by cyclisation of diketorz or the corresponding 2-
benzopyrylium sal8 with hydrazine hydrochloride or hydrazine hydré8eheme 1, route A)°
The manufacturing synthesis of key intermediateas been based on the natural precursor



isoeugenol 4), which affords diisohomoeugenob)( by acid-catalyzed dimerisatibnand
subsequentO-methylation® Diketone 2 was obtained by oxidation of compourid with
chromium(VI) oxide in medium yielg*?

Recently, we have described a new industrial gsishScheme 1route B) of tofisopamiy,
which eliminates the use of the environmentally andaus chromium reagenfs. The
commercially available 3,4-dimethoxyphenylacetofewas transformed to bromo-ketélby
conventional methods. Lithiation with hexyllithiufallowed by quenching of the lithio species
with N,N-dimethyl-3,4-dimethoxybenzamide gave keto-k&aRemoval of the ketal protecting
group and cyclization with hydrazine hydrate wasied out in one pot to afford tofisopar)(

Lebrun et al. described the synthesis of ketoashc®t a compound closely related to
tofisopam keto-ketal intermedia® starting from bromoacetdl0. Bromine-lithium exchange
with t-BuLi followed by reaction with 0.8 equivalent ofb&nzyloxybenzaldehyde afforded
benzhydryl alcoholll in quantitative yield (calculated for the benzélg#e), which was
oxidized with pyridinium dichromate (PDC) to ketoetal9 (Scheme 2. *°
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Results and Discussion

In the course of our efforts aiming at the elaborabf new manufacturing processes for the
synthesis of tofisopani), we decided to study a similar route startingrfioromo-ketalr using
lithiation chemistry.Quenching of the lithio species, obtained from boeketal 7 by treatment
with butyllithium at —78 °C with 1 equivalent of 8dimethoxybenzaldehyde gaveia
diastereomeric lithium alkoxide$3A and 13B, a crude product containing diastereomeric
racemated 2A and12Bin a ratio of1:1.1 Scheme 3route A). After chromatographic work-up,
12A and 12B were obtained in 38% and 42% vyields, respectiv8ince the absolute
configuration of the diastereomers is not knoweytare characterized by th¢ NMR chemical
shift of the methyl group marked &cheme 3
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In the course of the optimization of the exces8,dtdimethoxybenzaldehyde to be used in
the reaction, we observed the formation of ket8nie addition to the alcohol$2 (Scheme 3
route B). Obviously, the excess of benzaldehyddin&s the primarily formed lithium alkoxide
to ketone8 in an Oppenauer oxidation procé8s’ In the classical Oppenauer oxidation,
aluminum isopropoxide is used as the catalyst aetibae as the oxidant. Later on, metal ions
other than aluminum and various aldehydes and kst@as oxidants have also been reported.
Nevertheless, the only lithium-catalyzed process wWisclosed by Capilla et al: lithiation of
bromo derivativel4 followed by reaction with ca. 4 equivalent of S5 4iimethoxybenzaldehyde
gave benzophenoris in 71% yield Scheme 4. The authors remarked that attempts to isolate



alcohol 16 failed due to the fast oxidation of the lithiumtsal 16 to ketonel5, however, they
did not comment on the mechanism of this uniqureuih-catalyzed Oppenauer oxidation.
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The magnesium variant of the Oppenauer oxidatias wtudied in detailScheme 5.
Interestingly, the presence of LiCl in the reactioixture considerably accelerated the oxidation
reaction. It was suggested that the role of LiCkvimth to solubilise the primarily formed
magnesium chloride alkoxide and to activate théaayl function of benzaldehyde as a Lewis
acid.
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Scheme 5

Our attempts to achieve full conversion of alcelid to ketoneB, by using a large excess of
3,4-dimethoxybenzaldehyde for quenching the lithadenivative, failed. Finally we realized that
under these conditions only one of the diasteremnadrohols12 could be oxidized to ketore
by the excess of the benzaldehyde. When addingdlubvalents of 3,4-dimethoxybenzaldehyde
to the lithiated derivative of bromo-ketd| in addition to ketone8 (43%), pure unchanged
alcohol 12B was also isolated in 35% vyield. Thus, we are fa@nstereospecific Oppenauer
oxidation in this case.

The stereochemistry of the MeerwdionndorfVerley reductions of ketones and
complementary Oppenauer oxidations (MPVO reactioss)g optically active alcohols as chiral
sources has been extensively studfeHigh stereoselectivities have been mostly obseiwed
intramolecular MPVO reactiorfs,as illustrated by an example §theme 62
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A stereospecific Oppenauer oxidation, similar tw case, was observed when a practically
equimolar mixture ofcis- and trans-4-tert-butylcyclohexanol was treated with acetone as the
oxidant in the presence of zeolite beta polymorpfBEA) catalyst. Only theis isomer was
converted to the corresponding ketone, titams isomer remained unchangeSicheme 7.2 It
appears that the required six-membered transitate,snvolving a Lewis acid aluminum site in
the walls of the micropores of the catalyst, cafdomed substantially easier with this-alcohol
than with therans one (transition state selectivity).

zeolite BEA
(0]
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trans trans

Scheme 7

The explanation of our observation may also laythe strict steric requirements of the
Oppenauer oxidation. From the diastereomeric lithisalt 13A, which leads tol2A in the
absence of excess aldehyde, an oxidation occulsthét excess aldehyde to give ket@waa
the six-membered transition state coordinated byithium ion L7, Scheme &
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We suppose that in the lithium sdl8B, leading to diastereomér2B, the required six-
membered ring transition state can not be formeshably because the Lprimarily attached to
the alkoxide is intramolecularly “captured” by theygen atoms of the ketal moietytherefore
it can not coordinate the aldehyde oxidant, théspehsable participant of the transition state of
the Oppenauer oxidatio®¢heme 9.

Scheme 9

Although lithium alkoxide 13B can not be oxidized to keton® with excess 3,4-
dimethoxybenzaldehyde under the Oppenauer condjtitthre oxidation of the corresponding
alcohol 12B with PDC proceeds in high yield (89%) in dichloretimane. The analogous PDC
oxidations starting from the other diastereomeemnaate {2A) or from the mixture ofl2A and
12B (ratio: 1:1.1)have also been carried out affording tofisopamrinésliate8 in high yields
(85 and 88%, respectively). Keto-ke@tan be transformed to tofisopaft) &s described in our
earlier publicatiort?



Computational studies for the explanation of ttexreospecific character of the Oppenauer
oxidation discussed above, together with efforts aksign the absolute configuration of
diastereomer$2A and12B are in progress.

Conclusions

A new manufacturing process of anxiolytic drug gopam was elaborated. Bromine-lithium
exchange on ethylene ketal of 3-(2-bromo-4,5-dimegphenyl)pentan-2-oner) followed by
reaction with 1 equivalent of 3,4-dimethoxybenzhlgtle gave a mixture of diastereomeric
alcohols {2A and 12B racemates), which can be oxidized with pyridiniurmbhdomate to the
known keto-ketal key intermediat® of tofisopam {). This approach also uses an
environmentally hazardous chromium reagent, althoug much smaller quantity than the
widely applied process based on the €o&idation of diisohomoeugenol.

On the other hand, when 2.5 equivalents of thetalde were applied in the reaction with the
lithium derivative of compound, only one of the two alcohol diastereomers cowdddolated.
The lithium alkoxide precursor of the other diasteneric alcohol, due to the presence of the
excess of benzaldehyde as the oxidant, underwefillya stereospecific Oppenauer-type
oxidation to give the corresponding keto-ke&aSimilar lithium-catalyzed Oppenauer oxidations
are very scarcely investigated in the literature.

Experimental Section

General. All melting points were determined on a Buchi 52fpillary melting point apparatus.
IR spectra were obtained on a Bruker ALPHA-T FTcsfmemeter as neatH NMR and**C
NMR spectra were recorded on a Bruker Avance 10 dpectrometer (400 and 100 MHz fet
and**C NMR nuclei, respectively). DMS@s was used as solvent and tetramethylsilane (TMS)
as internal standard. Chemical shifé$ &nd coupling constantg)(are given in ppm and in Hz,
respectively. Elemental analyses were performedao®erkin-Elmer 2400 analyzer. The
reactions were followed by analytical thin layeraihatography on silica gel 60,4 All
unspecified reagents were purchased from commesaiates.

Lithiation of 2-[1-(2-bromo-4,5-dimethoxyphenyl)propyl]-2-methyl-1,3-dioxolane (7) and
subsequent reaction with 3,4-dimethoxybenzaldehyd®rocedure A (utilizing 1 equivalent of
3,4-dimethoxybenzaldehyde): The solution of 2-[I(@mo-4,5-dimethoxyphenyl)propyl]-2-
methyl-1,3-dioxolane @, 17.26 g, 50.00 mmol) in anhydrous tetrahydrofu(a#O0 mL) was
cooled to—78 °C, then butyllithium (2.5 M solution in hexan&d mL, 60 mmol) was added
under stirring over a period of 45 min. The mixtuwas stirred at78 °C for further 1 h, then
3,4-dimethoxybenzaldehyde (8.31 g, 50.0 mmol) wadded. The stirring was continued for 20



min at—78 °C, then the temperature of the reaction mixiues allowed to rise to 0 °C. A
saturated NECI solution (150 mL) was added. After stirring fod min at O °C the mixture was
extracted with ethyl acetate (2x200 mL). The orgdayer was washed with brine, dried over
MgSQ,, filtered and evaporated.

The residue was purified by column chromatograpbiyngi hexaneethyl acetate (7:3) as the
eluent. 5-Dimethoxy-2-[1-(2-methyl-1,3-dioxolan-Bpropyl]phenyl}(3,4-dimethoxyphe-
nyl)methanol (17.3 g, 80%) was obtained as a mextirthe two diastereomeric racemat@s
and12B in a molar ratio of 1:1.1 (b$H NMR). After a further run of column chromatograph
using hexaneethyl acetate (9:1) as the elueh?A (8.20 g, 38%) and2B (9.00 g, 42%) were
obtained in pure form as colorless oils.

Compound 12A.TLC: Ri= 0.60 (SiQ, ethyl acetate—hexane 2:1). IR (neat): 3506, 29836,
1606, 1262 cnt. *H NMR (DMSO-ds, 400 MHz): 6.99 (s, 1H), 6.96 (s, 1H), 6.90 ¢ 1.6 Hz,
1H), 6.87 (dJ = 8.3 Hz, 1H), 6.82 (dd] = 8.3, 1.6 Hz, 1H), 5.84 (d,= 4.9 Hz, 1H), 5.48 (dJ

= 4.9 Hz, 1H), 3.87 (m, 1H), 3.78 (m, 1H), 3.75 (bi), 3.71 (s, 3H), 3.70 (m, 1H), 3.69 (s,
3H), 3.68 (s, 3H), 3.67 (s, 3H), 3.16 (dds 10.9, 3.1 Hz, 1H), 1.85 (m, 1H), 1.54 (m, 1H)®
(s, 3H), 0.67 (tJ = 7.4 Hz, 3H) ppm™C NMR (DMSOds, 100 MHz): 148.46, 147.73, 147.49,
146.81, 138.09, 137.07, 131.04, 119.48, 111.53,4911111.40, 111.25, 110.75, 70.74, 65.16,
63.98, 55.70, 55.68, 55.60, 55.46, 48.49, 23.73)&3.2.01 ppm. HSQC (optimized fé¢.y =
145 Hz): 6.99-111.25, 6.96-110.75, 6.90-111.40/4.81.49, 6.82-119.48, 5.84-70.74, 3.87-
65.16, 3.78-63.98, 3.75-63.98, 3.71-55.70, 3.70653.69-55.68, 3.68-55.60, 3.67-55.46, 3.16-
48.49, 1.85-23.73, 1.54-23.73, 0.70-23.06, 0.6D1M2HMBC (optimized forJc.y = 7 Hz,
characteristic cross-peaks): 6.99-137.07, 6.96a4316.87-138.09, 3.71-147.73, 3.69-147.49,
3.68-146.81, 3.67-148.46, 3.16-137.07, 3.16-1311084-131.04. Selective 1D NOESY: 6.99-
3.69, 1.54, 0.70; 6.96-3.68; 6.90-3.67. Anal. Cafod C,4H3,07 (432.52): C 66.65, H 7.46%.
Found: C 66.88, H 7.46%.

Compound 12B.TLC: R = 0.50 (SiQ, ethyl acetate—hexane 2:1). IR (neat): 3507, 29836,
1606, 1261 cnt. *H NMR (DMSO-ds, 400 MHz): 7.17 (s, 1H), 6.86 (d,= 8.1 Hz, 1H), 6.96 (s,
1H), 6.85 (dJ = 1.6 Hz, 1H), 6.80 (d] = 1.7 Hz, 1H), 6.74 (dd]l = 8.1, 1.7 Hz, 1H), 5.87 (d,

= 4.5 Hz, 1H), 5.46 (d]) = 4.5 Hz, 1H), 3.86 (m, 1H), 3.81 (m, 1H), 3.733Hl), 3.701 (s, 3H),
3.699 (s, 3H), 3.65 (s, 3H), 3.63 (m, 1H), 3.02,@d 11.0, 3.6 Hz, 1H), 1.69 (m, 1H), 1.55 (m,
1H), 1.14 (s, 3H), 0.15 (i = 7.4 Hz, 3H) ppm**C NMR (DMSOds, 100 MHz): 148.54,
147.97, 147.19, 146.91, 138.08, 137.37, 129.84,112011.80, 111.48, 111.43, 111.34, 110.09,
70.98, 64.92, 64.41, 55.78, 55.72, 55.62, 55.5034823.10, 22.79, 11.72 ppm. HSQC
(optimized fordc.w= 145 Hz): 7.17-110.09, 6.86-111.48, 6.85-111.4804.11.80, 6.74-120.11,
5.87-70.98, 3.86-64.92, 3.81-64.41, 3.73-55.500B55.72, 3.699-55.78, 3.65-55.62, 3.63-
64.92, 3.02-48.31, 1.69-22.79, 1.55-22.79, 1.144230.15-11.72. HMBC (optimized fden =

7 Hz, characteristic cross-peaks): 7.17-147.19,3/371.29.84, 70.98; 6.80-147.97; 6.74-148.54;
5.46-70.98; 3.73-146.91; 3.701-147.97; 3.699-1473165-148.54; 3.02-137.37, 129.84; 1.55-
129.84; 1.14-111.34, 48.31. Selective 1D NOESY7-RT3, 5.46; 6.80-5.87, 5.46, 3.65. Anal.
Calcd. for G4H30; (432.52): C 66.65, H 7.46%. Found: C 66.65, H %34



Procedure B (utilizing 2.5 equivalent of 3,4-dimethoxybenzaldehyde): Toleton of 2-[1-(2-
bromo-4,5-dimethoxyphenyl)propyl]-2-methyl-1,3-dadane ¢, 17.26 g, 50.00 mmol) in
anhydrous tetrahydrofuran (170 mL) was cooled#8 °C, then butyllithium (2.5 M solution in
hexanes, 24 mL, 60 mmol) was added under stirnreg e period of 45 min. The mixture was
stirred at-78 °C for further 1 h, then 3,4-dimethoxybenzald#ny20.77 g, 125.0 mmol) was
added. The stirring was continued for 20 min-a8 °C, then the temperature of the reaction
mixture was allowed to rise to room temperature heated to reflux. Reflux temperature was
maintained for 2 h, the reaction mixture was codtedmbient temperature. A saturated /8H
solution (150 mL) was added. After stirring for frin, the mixture was extracted with ethyl
acetate (2x200 mL). The organic layer was washed kine, dried over MgSQ filtered and
the filtrate was evaporated. A crude product (3§.0vas obtained containing compourkizB
and {4,5-dimethoxy-2-[1-(2-methyl-1,3-dioxolan-2igtopyl]phenyl}(3,4-
dimethoxyphenyl)methanon&)( CompoundL2A could not be detected B NMR. Separation
by column chromatography using hexagthyl acetate (7:3) as the eluent gave, afterrtiton
with EtOH at 0 °C8 (9.20 g, 43%) as off-white crystals and alcoh®B (7.50 g, 35%) as an oil.
Melting point (165166 °C) and spectral data of compo@mate in accord with the literatute.
Preparation of 8 by oxidation of 12A with PDC.To a solution of alcohal2A (2.16 g, 5.00
mmol) in dichloromethane (40 mL) was added PDC 3298 7.44 mmol), and the reaction
mixture was stirred for 6 h. The mixture was fiééldrand the filtrate was washed with an agueous
NaCQO; solution (40 mL) and the layers were separated. diiganic layer was washed with
brine, dried over MgS§) filtered and evaporated. The crude product thataioed (2.20 g) was
purified by column chromatography using hexaethyl acetate (7:3) as the eluent to afford
compound (1.83 g, 85%).

Preparation of 8 by oxidation of 12B with PDC.One proceeds as described abovelh,
starting from12B (2.16 g, 5.00 mmol) to obtain compoudl.91 g, 89%).

Preparation of 8 by oxidation of a mixture of 12A ad 12B with PDC. One proceeds as
described above fot2A, starting from a mixture of2A and 12B (ratio: 1:1.1, 2.16 g, 5.00
mmol) to obtain compoun@l (1.89 g (88%)).
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