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Abstract : Animproved process has been devel-
oped for the production of rosiglitazone based on re-
ductive transformation of substituted 5-benzyli-
denethiazolidin-2,4-dione. Sodium borohydride was
used asreducing agent and divaent cobat complex with
dimethyglyoxim as catalyst. Reaction temperaturesas
well asdosage modes of the reducing agent and cata-
lyst have been identified as significantly important pa-

INTRODUCTION

Rosiglitazone 1 bel ong to thegroup of thiazolidine-
2,4-diones (TZD’s), so called glitazones, which are
characterized by apositiveeffect oninsulin resistance,
andincreasebodies’ sensitivity to insulinf*?l,

Reductive transformations of 5-benzylidene-
thiazolidin-2,4-dione 2 play the crucial rolein the
chemica synthesisof 1 (Scheme1). Thefirst way how
to carry out thisreduction is procedure with magne-
siumin methanol™, furthermorereductionsby means
of catdytic hydrogenation®, by meansof lithium boro-
hydridein pyriding®, aswell asby meansof biochemi-
cal processes”. Another interesting approach based
on the sodium borohydride and divalent cobalt com-
plex with dimethylglyoxim (DM G) ascatdyst wasused
for preparation other TZD’s®. This approach fre-
quently suffersfrom reduction stalling after 80% con-

rameters of the process. The discussed procedure en-
suresvery high conversionsand yieldsof thereductive
transformation. © Global Scientificlnc.

K eywor ds: Rosiglitazone; Thiazolidine-2,4-diones
(TZD’s); Sodium borohydride; Cobalt(1l) chloride;
Dimethylglyoxim.

/)
o

different reductions
of carbond double bond:

(a) Mg / MeOH,

(b) H,, Pd/C, dioxane,

(c) LiBHy, pyridine, THF,

(d) Rhodotorula rubra, dioxane

N 0
N N S
| NH
1 0

Schemel: Reductivetr ansfor mationsof car bon doublebond
on theintermediate2leadingtorosiglitazone1
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versions. Attemptsto restart thisreduction by adding
more reducing agent or catalyst were supposedly un-
successful®. Our need for large quantitiesof 1 led us
to devel op ascalable synthesisfor thiscompoundin
pharmaceutica quality.

DISCUSSION

At beginning, wetried theearlier described reduc-
tive procedures (Scheme 1) and werecognized some
serioustroubles. Our preliminary experimentsby means
of widely cited method based on magnesiumin metha-
nolt failed unexpectedly dueto production of complex
mixturesincluding decomposition of rosglitazone. On
the other hand, the catal ytic hydrogenation® i s sel ec-
tivebut it ischaracterized by economically unaccept-
able consumption of expensvecatayst. Unfortunately,
themost commonly used catal ytic hydrogenation suf-
fersfrom consumption of bigamount of paladium catayst
inthiscase probably dueto catalyst poison whichis
originated from sulphur contained in the structure of
reduced compound aswell asintheproduct. After cata
Iytic hydrogenation we have focused onthe procedure
based on sodium borohydride and cobalt chloride-
dimethylglyoximecatadyst aspotentialy suitablemethod
for synthesisof 1 (Scheme 2).

It wasfound that high or better absolute conver-
sionof 2to 1isthelimiting factor of this processbe-
causewewerenot ableto removeresidua content of 2
effectively under limit 0.1 % during isolation and crys-
tallization. For that reason the conversion of starting
material at level 99.9 % and more was taken as the
main criterion for set-up of optimal reaction conditions.

The reductions of the compound 2 to the
rosiglitazonewerecarried outinthefollowingway. Firg,
thestarting materia 2 wasdissolved in an agqueous so-
[ution of sodium hydroxide. Whilethereaction mixture
was kept at selected temperature+2 °C, solution of
catalyst (solution of CoCl,,.6H,0 and DMGinthemix-
ture of water and DM F) and then agueous sol ution of
sodium borohydridewere added intoit. Molar ratios
wereasfollows: 1.0(2) : 0.015(CoCl,) : 0.2(DMG) :
2.1 (NaBH,). It wasfound that reaction temperature
and dosage mode of reducing agent and catalyst has
ggnificantinfluenceonthefind result of reduction. Both
weretested indetail.

Reaction temperature

Theinfluenceof reactiontemperature wastested at
followingvalues: 30, 45, 55 and 65 °C. The character-
istic S-shaped curves asrelationship of degree of con-
version onreaction timeunder different temperatures
have been obtained by means of HPLC analyses of
reaction mixtures(Figure 1). Suitablereactionratesand
conversion of 2 wereobserved at 55 and 65°C.

Dosage mode

Dosage mode of both reduction agent and catal yst
wastested asthe second parameter. The obtained re-
sultsaresummarised by meansof thecharacteristic S-
shaped curvesdescribing rel ationships of thedegree of
conversion on reaction time under different dosage
modes (Figure 2). The procedureis characterized by
adding the dose of the catalyst and the dose of there-
ducing agent to the solution of 2 whichwasheated to
the selected temperature. These dosesarerepeated in
cyclescharacterized by thesametimeinterva sbetween
additions. Thecongtant temperatureisheld throughout
thewholecourse of thereaction. Theresultsindicate
the high sengitivity of catalyst aswell as sodium boro-
hydride to temperature (Figure 2) and therefore the
reaction temperature around 55 °C was selected for
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criterion for optimization:

degree of conversion
more than 99.9 %

reducing agent: NaBH,

catalyst: CoCl,*6H,0, DMG, DMF
reaction medium: water and NaOH
other: temperature 30-65 °C,
dosing based on gradual addition
of catalyst and reduction agent
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Scheme?2: M ethod selected for reduction of 2to 1.
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Figurel: Relationshipsof degreeof conversion on reaction timeunder different reaction temper atur es, catalyst and reduc-
ing agent wereadded in fivedosesat 50 minutesintervals, catalyst alwaysasthefirst.
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Figure?2: Relationshipsof degreeof conver sion on reaction timeat temper atur es65 °C and 55 °C, (a) reducing agent added
at onceat the beginning of reaction, catalyst added in fivedosesat 50 minutesintervals, (b) catalyst and reducing agent were
added in fivedosesat 50 minutesintervals, catalyst alwaysasthefir <, (c) catalyst added at onceat thebeginning of reaction,
reducing agent added in fivedosesat 50 minutesinter vals.
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scale up experimentsdueto better stability booth, cata
lyst and reducing agent. Theinfluence of temperature
and dosage modeissignificantly higher in the case of
catayst; seeFigure2, curves(c) when catalyst isadded
onceat the beginning of reaction.

Scalable process

Thereaction conditions used in case scale-up ex-
perimentsarevery smilar to theconditionsused during
|ab-scale experiments, e.g. thereaction temperature 55
°C, five of the dosage cycles and the same quantity of
reagent and catalyst in each cycle. Onthe other hand,
theinterval between cycleswasprolonged from 50to
60 minutes. Themolar ratiosbetween starting material
2 and sodium borohydridewere changed fromtheorigi-
nal ratio 1:2.1to 1:2.8. Thereason for that is better
reproducibility between sca es. These conditionsshow
very good reproducibility if we compare both labora-
tory and larger scale (Figure 3).

EXPERIMENTAL SECTION

H NMR spectrawere measured with the Bruker
Avance 500 spectrometer with the measuring frequency
of 500.131 MHz. The spectra were measured in
DMSO-d, solutions, chemical shiftswererelated to
TMS (6 = 0.00 ppm). HPLC chromatograms were
measured with the ElitelLachrom device made by the
Hitachi Company. A column filled with sationary phase
RP-18ewas used for the analyses, column tempera-

Reaction temperature 55°C
100

ture 25 °C. As the mobile phase a mixture of acetoni-
trile(80 %) and 0.1M aqueous sol ution of ammonium
formate (20 %) adjusted to pH 5.0 with formic acid
was used. The measurementswere carried out in the
isocratic modewith theflow rate of mobilephase 1 ml/
min, overdl analysistimewas 20 min. Spectrophoto-
metric detection at thewavel ength of 266 nmwasused.
DMFwasused asthe solvent for the preparation of the
samplesto beanalysed (20 ul of reaction mixture to 5
ml DMF), 10 ul of the prepared solution were used for
theinjection.

Synthesisof rosiglitazone 1 (general procedure)
Procedure consists of five partsasfollows:
(1) Preparation of thecatalyst

120 g of cobalt(I1) chloride hexahydrateand 800 g
of dimethylglyoximeweredissolvedin 12.01 DMF
yielding aclear blue-green solution (ca151).

(2) Preparation of thesolution of thereducing agent

3.63 kg of sodium borohydridewasdissolvedin
301 of a0.1 M solution of sodium hydroxide under
coolinginice.

(3) Carryingout thereduction reaction

1.68 kg of sodium hydroxide and, subsequently,
12.0 kg of 2 were dissolved in 120 | of water. The
obtai ned solution was stirred and heated to atempera
tureof 5542 °C until a solution was formed. The cata-
lyst was added (1/5 of the volume according to point
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Figure3: Relationshipsof degreeof conver sion on reaction timeat temper atur e 55 °C, catalyst and reducing agent were
added in fivedosesat 60 minutesintervals, catalyst alwaysasthefirst, (a) scaleup experiment characterised by useof 4kg

of 2(b) lab scale experiment char acterised by useof 10g of 2.
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(2), during ca 1 minute) into the solution, thenthere-
ducing agent was added (1/5 of thevolumeaccording
to point (2), during ca2 minutes) and the mixturewas
subsequently stirred at 55+2 °C for 60 minutes. The
addition of the catdyst (1/5 of thevolumeaccordingto
point (1)) and of thereducing agent (1/5 of thevolume
accordingto point (2)), including thestirring and heat-
ing of thereaction mixtureat 5542 °C, were repeated
inthesameway four timesmore, including 60 minutes
pauses betweentheindividua additions. Thetotal re-
actiontimewas gpproximately 300 minutes.

(4) I solation of thecrudeproduct

601 of ethyl acetate, 26 of hydrochloricacid (1:1)
and 60 | of a10 % solution of sodium hydrogen car-
bonate were added i nto the reaction mixture according
to point (3). The precipitated lumpy suspension was
filtered, washed withwater (6x20 ) and ethanol (3x20
I) and driedinavacuumdrier at 70 °C until a constant
weight. The crude product wasobtained (11.2 kg, yield
93 %).

(5) Crydtallization

Crude product (11.0 kg) was mixed with 20| of
acetic acid; theresulting suspension was stirred and
slowly heated to a temperature of 70-80 °C for 15
minutes. Then, heating was stopped and 1001 of etha:
nol wasadded in four dosesto the stirred sol ution over
70 minutes, and the temperature of the suspension
reached 30 °C. The resulting suspension was filtered;
the cake washed with ethanol (2x151), the solid was
dried under vacuum to constant weight. The product
withameting point of 155-156 °C and HPLC 99.90%
wasobtained. Theyield of crystallization was 86.4%
(9.5kg), overdl yied of thereductive step was 80.3%;
'H NMR (DMSO-D,), 6 (ppm): 3.03-3.37 (m, 2H);
3.09 (s, 3H, CH,); 3.92 (t, 2H); 4.13 (t, 2H); 4.88
(dd, 2H); 6.60 (dd, 1H); 6.67 (d, 1H); 6.91 (d, 2H);
7.17 (d, 2H); 7.53 (dd, 1H); 8.11 (dd, 1H); 12.02 (br
s, 1H, NH).

CONCLUSION

Themethod of thereduction of carbon doublebond
has been chosen for the production of rosiglitazone 1
from subgtituted 5-benzylidenethiazolidin-2,4-dione 2
based on sodium borohydride as reducing agent and

divaent cobat complex ascatdyst. Conversonsof sart-
ing substrate more than 99.9 % are achieved after op-
timization of the procedure. Overall yields of there-
ductivestepincluding crystd lization of the crude prod-
uct were around 80 %. Obtained rosiglitazone 1 is
characterised by very high purity around 99.9 % deter-
mined by HPL C. It wasfound that reaction tempera-
ture and dosage mode of both, the reducing agent and
catalyst hassignificant influence on thefinal result of
reduction. Thedeficient stability of thecataytic system
and reducing agent implicate necessity of incrementa
addition of catalyst aswell assodium borohydridein
repeated doses at appropri ate reaction temperature.
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