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ABSTRACT

This contribution highlights the improved process for the preparation of
high pure (S 9-2, 8-diazabicyclo[4,3,0] nonane, avaluableintermediate of
Moxifloxacin hydrochloride. A robust process was described for resolution
step using water as solvent and systematically studied the impact of fac-
tors such as water quantity, temperature and mole ratio of resolving agent
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that influence the resolution. The racemisation process of the undesired
isomer using acid is provided. Purification conditions were optimized for
the amide reduction step by screening the effect of solvent washings at
different pH values. The final debenzylation conditions were altered to
reduce thetime cycle and reaction temperature which minimize theimpurity

formation. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Thefluoroquinoloneshavebecomewiddy used an-
tibacteria agentsinthetreatment of ocular infections,
withtopicd, intravitreal and systemic routesof admin-
istration being used. In generd, fluorogquinoloneshave
good activity against gram-negative and gram-positive
bacterid¥. Moxifloxacin hydrochloride (Avelox, Fig-
ure 1) isarecently-devel oped fluoroquinol onethat has
abroad spectrum of antimicrobial activity, including
typicd respiratory pathogens, atypica andintracd lular
respiratory pathogens, gram-negative pathogensand
many anaerobes. This spectrum of activity makes
moxifloxacin particularly suitablefor thetherapy of com-
munity-acquired respiratory tractinfections. It a'so has

enhanced activity against specific bacteria, such as
Mycobacteriaspp. and Legionelld3. Moxifloxacinter-
minates bacterial growth by binding to DNA gyrase
(topoisomerase (2)) and topoisomerase (4), essential
bacteria enzymesinvolvedinthereplication, tranda-
tion, repair and recombi nation of deoxyribonucleicacid.
Affinity for both enzymesimprovespotency and reduces
the probability of sdecting resistant bacteria subpopu-
lationg®. Moxifloxacin, anew antibiotic designed to
treat community-acquired respiratory tract infectiongl.
Moxifloxacin showed better efficacy than ciprofloxacin
againgt S maltophilia under conditionssimulating hu-
man pharmacokineti cs of thetwo compounds®.

(S 9-2, 8-diazabicyclo[4,3,0] nonane (1) isthe
key intermediatefor the preparation of Moxifloxacin
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hydrochloride. The discovery synthesis® of 2,8-
diazabicyclo[4,3,0] nonaneintheliterature (Scheme
1) involvesthereduction of 6-benzyl-pyrrolo[3,4-b]
pyridine-5,7-dione (2) usingH,/Ru-C or Pd/Ctogive
Cis-8-benzyl-7,9-dioxo-2,8-diazabicyclo[4,3,0] nonane
(3) followed by reduction with LiAlH, or NaBH,/
BF..(C,H,),O to afford 6-benzyl-octahydro-
pyrrolo[4,3,0] pyridine(4). Thedebenzylation of com-
pound (4) using H,/Pd provided 2, 8-diazabic[4,3,0]
nonane (1) inracemicform.

There aretwo synthetic pathways reported previ-
ously’ for the preparation of compound (1) assingle
enantiomer asshownin Scheme 2 and 3. Theresolu-
tionwas performed on compound (3) in Scheme2where
astheresol ution wasdone on compound (4) in Scheme
3. Asitisadvantageousto resolve acompound into
singleenatiomer duringtheinitid stagesof the process
to obtain high throughput inthesynthesis, we have cho-
sen the Scheme 2 for the optimization studies.

Theresolution step reported in the precedent lit-
eraturewas performed using D (-)-tartaric acid asre-
solving agent in mixture of ethanol and acetonitrileto
obtainimpurediasteriomerictartratesadt. Thiswasfur-
ther resolved using D (-)-tartaric acid followed by pu-
rificationinethanol and ethyleneglycol monomethyl ether
mixtureto afford purediasteriomerictartratesalt. It was
treated with sodium bicarbonatein water and extracted
into dichloromethane followed by evaporation to af-
ford freeamine compound (5) having the enatiomeric
purity of 96.6%. Theyield for theresol ution step was
22% and theoverall yield for the preparation of com-
pound (1) from compound (3) was 19% only.

Andternateroutewasdisclosedintheliterature®
inwhich 2,3-pyridinedicarboxylate was used as start-
ingmaterid. Thisrouteinvolvesprotection deprotection
twicewhichincreasesthe number of stepsand affects
theoveral yield of the product. It dsoinvolvestheuse
of LIALH, and NaH reagentswhich arehazardousand
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economically lessviableon commercia scae.

Animproved process has been reported recently®
which comprises of the preparation of compound (1)
starting from 2,3-dimethyl pyridine. Thisprocessin-
volvesthepreparation of tosyl amidederivativesusing
akoxideasbase and theresolution using (§)-(+)-man-
ddicacidin ethanol medium. Thisroute suffersfrom
thedraw backslike more number of steps, expensive
reagentswhich makestheoveral processlessviable.

As per the another process disclosed in the
patent(*?, the resolution of compound (3) was done
using (-)-2,3:4,6-di-O-isopropyledene-2-keto-L -
gulonicacidinmethyl ethyl ketoneand another proce-
dure described in the same patent uses (1S)-camphor
sul phonic acid asresol ving agent in acetone medium.
These processessuffer from the disadvantageslikehigh
cost of resolving reagents, solventsandlow yields.

There aredternate methodsfor the enrichment of
the required enatiomer using simulated moving bed
(SMB) column chromatography™ and chiral HPLC™2
which arenot preferablein commercid aspects.

Hencethereisacontinuousneed for developingan
improved, commercially viableand eco friendly pro-
cessfor theresolution step. We explored the use of D
(-)-tartaric acid as resolving reagent using water as
medium to makethe process economic and lesshazard
totheenvironment.

Another objectiveof our processimprovement is
theracemisation of theundesired isomer whichisaob-
tained during the resol ution step. Theracemisation pro-
cessreportedintheliterature? involvesalkoxide as
basein solvent mediumsliketetrahydrofuran and tolu-
ene as solvents. We have developed an efficient
racemi sation process using sulfuric acid without using
any solvent medium. Theracemisation processhasthe
advantagethat it goesto completion and theformation
of transcompound isvirtualy not observed. It can be
carried out very effectively intechnicaly smplemanner
and theracemate can berecycled into the preparation
of compound (5). Moreover, the procedure according
totheinvention requiresonly smplechemicasand no
particular precautions.

Thereduction of thetwo amidebondsof compound
(3) in Scheme 2 and 3 was affected by using LiAIH, or
NaBH,/BF..(C,H,),Owhichisnot economica and vi-
able on commercial scale. As per recent method re-
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Scheme 1

ported in the literature*¥, sodium-bis-(2-methoxy-
ethoxy) duminum hydridein toluenewhichiscommer-
cidly known asVitridewasempl oyed asreducing agent
for theamide bond reductionin Scheme3. Inthissyn-
thetic approach, asresol ution was performed on com-
pound (4) after thereduction with Vitride, theimpuri-
tiescarried over fromtheVitride stagewill beremoved
during theresolution with D(-)-tartaricacid and it does
not requireany further purification, but yield of the prod-
uct will beeffected.

We have employed Vitride as reducing agent in
Scheme4in placeof LAH or NaBH /BF,. (C,H,),O
to make the process economic and feasible on com-
mercial scale. We have devel oped therobust work up
processfor theefficient remova of impuritiesby giving
solvent washingsat different pH valuesto the product
whichisdissolvedin basi c agueous medium.

We have modified the debenzyl ation conditions by
using Pd/C and formic acid ashydrogen sourceinstead
of previously reported conditions of H./Pd over car-
bon to reducethe cycletimeof thereaction andtoavoid
the higher temperaturefor the compl etion of thereac-
tion. Theproduct (1) obtainedin thisprocesswashav-
ing superior quality with respectiveto the GC purity as
well asthe enantiomeric purity.

EXPERIMENTAL

General methods

The *H-NMR spectral datawas recorded at 300
MHz onVarian, the chemicd shiftswerereportedin o
ppmrelativeto TMSasaninterna standard. Optical
rotationswere recorded on Perkin-Elmer 341 model
polarimeter. The mass analysis was performed on
Agilent 1100 Q-trap LC-M S/M S mass spectrometer.
Solvent remova wasaccomplished by rotary evapora
tor operating at house vacuum (40-50 Torr). Thesol-

ventsand reagentswere usad without further purification.

Resolution of cis-8-benzyl-7,9-dioxo-2,8-diaza-
bicyclo[4,3,0]nonane (3)

Toasuspension of D(-)-tartaricacid (160 g, 1.066
moles) inwater(3200 mL) was added cis-8-benzyl-7,9-
dioxo-2,8-diazabicyclo[4,3,0]nonane (3) (400, 1.64
moles) at 25-30°C and sowly heated to 45°C. After
attaining thetemperature of 45°C, thereaction mixture
wasdtirred for 30-45 minutes a sametemperature. The
contentswere cooled to 30-35°C during 30 minutesfol-
lowed by coolingto 20-25°C in 30 minutes. Thereac-
tion mixtureisfurther cooled to 12-15°Cin45 minutes
and maintained for 30 minutes at the sametemperature.
The compound wasfiltered, washed with water (160
mL) and dried a 60°C for 6 hoursto afford tartrate salt
of compound 3 asan off-whitecrystallinesolid. Yield
258.59 (40%); [o]*,=-58.5(c 0.5, IN HCI).

The diasteriomeric tartrate salt 5 (250g, 0.634
mol es) was suspended in water (250 mL) and toluene
(250 mL) mixtureand thepH of thereaction masswas
adjusted to 8.0-8.5 using 25% aqueous sodium car-
bonate solution. The organic phasewas separated and
the agueous|layer wasfurther extracted with toluene
(3x200 mL). The combined organic layer was sub-
jectedto ditillationto afford (1S 6R)-8-benzyl-7, 9-
dioxo-2, 8-diazabicydo[4,3,0] nonane(5) aslight yelow
liquid. Yield 151.7g (98%), purity by GC 99.5%,
enantiomeric purity by GC 99.1% (the product eewas
determined by GC after derivatisation with menthyl
chloroformate); MS (DIP) 245 (M+1, 100%); *HNMR
(300 MHz, DMSO) § 7.22-7.35 (m, 4H), 4.55(s, 2H),
3.91(d, 1H), 2.97 (dd, 1H), 2.53-2.66 (m, 2H), 1.78-
1.68 (m, 2H), 1.42-1.28 (m, 2H).

Recovery of theundesired isomer, (1R, 6S)-8-ben-
zyl-7, 9-dioxo-2, 8-diazabicyclo[4,3,0] nonane(5)

Thefiltrate obtained from the above resol ution step
ey, Onganic CHEMISTRY
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Scheme 3

(~3300mL.) wasconcentrated under vacuumto about 60%
a below 55°C. Thereaction masswascooled to 25-30°C,
thepH wasadjusted to 4.0-4.5 with 10% aqueousNaOH
solutionand thecontentsweredtirred for 2-3hoursat same
temperature. The separated solid wasfiltered and washed
with water (100 mL) and dried at 70°C to afford the
(1R, 69-8-benzyl-7, 9-dioxo-2, 8-diazabicyclo[4,3,0]
nonane 8 as off-white solid. Yield 186g; enantiomeric
purity (%) by GC 92.3: 7.7(1R, 6S 1S 6R).

Racemisation of (1R, 6S)-8-benzyl-7, 9-dioxo-2, 8-
diazabicyclo[4, 3,0] nonane(5)

A suspension (1R, 69-8-benzyl-7, 9-dioxo-2, 8-
diazabicyclo[4,3,0] nonane(8) (180 g, 0.737 moles)
insulfuric acid (90g, 0.918 moles) was heated to 85-
90°C for 6-7 hours. Thereaction mixturewas cooled
to 70°C and added toluene(756 mL) and it wasfurther
cooled to 25-30°C and adjusted the pH of thereaction
massto 8.0-8.5 using 25% sodium carbonate solution
slowly. The contentswere stirred for 10-15 minutes
and organic phase was separated. The aqueous|ayer
was again extracted with toluene (450 mL) and the
combined organic layer was distilled off completely
under reduced pressureto afford Cis-8-benzyl-7, 9-
dioxo-2, 8-diazabicyclo[4,3,0] nonane(3) asoff-white
solid. Yield 165.6g (92%), enatiomeric purity by GC
(isomersratio 50.01: 49.98).

@Wu'c CHEMISTRY —

Reduction of (1S, 6R)-8-benzyl-7, 9-dioxo-2, 8-
diazabicyclo[4,3,0] nonane(5)

Tothestirred solution of Vitride (575mL, 1.845
moles) intoluene (1200 mL) wasadded asolution (1S
6R)-8-benzyl-7, 9-dioxo-2, 8-diazabicyclo [4,3,0]
nonane(5) (150g, 0.615 moles) intoluene (300 ML) at
25-30°C during 2.5-3.0 hours under N, atmosphere.
The reaction mixturewas maintained for 5-6 hoursat
25-30°C. Oncethe completion of thereaction wascon-
firmed by monitoring Thin Layer Chromatography, the
contentswere cooled to 0.5°C. A sol ution of sodium
potassum tartrate (150 g) inwater (675 mL) wasadded
dowly tothereaction massat sametemperature. The
contents were allowed to reach 25-30°C and stirred
for 15 minutes. The organic layer was separated and
the agueouslayer wasfurther extracted with toluene
(3x200 mL). Water (525 mL) was added to the com-
bined organic layer and adjusted pH to 2.0-2.5 with
aqueous HCI (32%) and stirred for 15 minutes at 25-
30°C. Theorganic phasewas separated and discarded.
The pH of the aqueouslayer wasadjusted to 5.0-5.5
using agueous HCI (32%) and washed with toluene
(2x200 mL). The aqueouslayer was separated, thepH
was adjusted to 12-13 using agueous NaOH solution
(40%) and extracted with toluene (3x225mL ). Thecom-
bined organic phase was subjected to distill ation under
reduced pressureto afford compound (6) asbrownlig-
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Figure2: Influence of temperature on resolution of com-
pound (3)
uid. Yield 115.69 (87.1%); Purity by GC 98.5%.

Debenzylation of (S, S)-8-benzyl-2, 8-diazabicyclo
[4,3,0] nonane (6)

To asolution of compound 6 (110 g) in methanol
(605 mL) was added 5% palladium over carbon (33g)
and stirred for 10-15 minutes. To the reaction mass,
formic acid wasadded 9 owly during 30-45 minutesat
35°C. The contents were slowly heated to 45°C and
stirred for 3-4 hoursat sametemperature. Thecomple-
tion of the reaction can be monitored by Thin Layer
Chromatography. Thereaction masswascooled to 10-
15°C and the pH was adjusted to 7.5-8.0 using
methanolicammonia(~17%). Thesolvent wasdistilled
off completely under reduced processfollowed by the
fractiond didtillationtoafford (S, S)-2, 8-Diazabicyclo
[4,3,0] nonane (1) as color less liquid. Yield 60.6g
(94.5%); Purity by GC 99.5%; enantiomeric purity by
GC 99.6% (the product ee was checked by GC after
derivatisationwith Mosher’sreagent); [o] = -2.5(un-
diluted); MS(DIP) 127 (M+1, 100%); *H NMR (300
MHz, CDCIl,) § 3.13 (1H,t), 2.93 (4H, m), 2.74 (1H,
d), 2.57 (1H, td), 2.49 (1H, m), 2.21 (2H, br), 1.62
(2H, m), 1.51 (1H,m), 1.40 (1H, m).

RESULTSAND DISCUSSIONS

Resolution step

We explored the possibility of resolving the com-
pound (3) usingtheD (-)-tartaricacid in water medium.
We have systematicaly investigated on key parameters
that influencethe resol ution of compound (3). Wehave
examined theimpact of the parameters such aswater
quantity, temperature of theresol ution, themol eratio of
theD (-)-tartaric acid and the product filtration tempera-

—= Pyl Peper
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Figure3: Influenceof D (-)-tartaricacid moleratioon reso-
lution of compound (3)

tureon the enatiomeric purity and yield of the product.

A systemdti cinvestigation on theinfluence of water
quantity intheresol ution of compound (3) demondirated
that the best results can be obtained with respect to
yield and enatiomeric purity when 8.0 volumes of wa-
ter wereused (TABLE 1).

Thereactiontemperaturea so played apivotd role
inthechira discrimination (Figure 2). The best selec-
tivity (>99%) was obtained at 45°C. Interestingly, an
increasein thetemperature above 45°C did not affect
the enantiomeric excess of the product.

Wehavea so extended our studiestowardstheef-
fect of moleratio of theresolving agent, D (-)-tartaric
acid. Thegraphicd diagram figure 3illustrateshow the
resol ution of compound (3) wasinfluenced by atering
themoleratio of D (-)-tartaric acid. Theoptima mole
ratio of D (-)-tartaric acid wasfound to be 0.65.

For thisresol ution step, the crystallization tempera
turealso playsasignificant role. Thestudieswere con-
ducted by crystdlizing theproduct at different tempera
tures. TABLE 2 explainstheinfluenceof crystalization
temperature ontheyield and enatiomeric purity of the
product during the resolution process. It indicatesthat
theided temperaturefor thecrystdlizationis12-15°C.

Racemisation of undesired isomer (8)

Thereisasynthetic approach documentedin the
literature®® for the racemi sation of the compound (8)
whichisrecovered in theresolution step. Thereported
literature providestheracemisation processusing the
akoxidebasein solvent mediumsliketoluene and tet-
rahydrofuranwhichislesscommercidly viable Wehave
explored thepossibility of using acid for racemisation
of theundesired isomer (8).

Toisolatethe (R,S)-isomer (8) (Scheme5), typi-
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Reagents and conditions: (a) 10% aqueous NaOH, (b) H,SO,4, toluene, 25% aqueous Na,CO3
Scheme 5

caly themother liquorsobtained intheresol ution step
were concentrated to upto 60% of thevolumeand neu-
tralized with baseto pH of 5-7 to liberatethetartaric
acid. Theisolated product contained approximately 5-
10% of the (S, R)-isomer and 90-95% of (R, S)-iso-
mer. This product was heated with sulphuric acid at
110°Cfor 16 h, cool ed thereaction mass, diluted with
water and neutralized with base. The subsequent ex-
tractionwith toluenefollowed by ditillation affordsthe
racemic compound (3) in92 %vyield.

Beforewearrived at sulfuric acid aspreferred acid
for racemisation, anumber of acidswere screened as
showninTABLE 3.

Amidebondsreduction

There are some proceduresin theliterature? for
thereduction of amidebondsusing Vitride/Red-Al, these
were performed on compound (3) before resolution.
Thereisnoliterature precedence for the reduction of
resolved compound (5) using Vitride. During thistrans-
formation, impuritiesformationwas observed. We stud-
ied theimpact of solvent washingsat different pH val-
uestothe crude product dissolvedin agueous medium
and observed significant reductioninimpuritiesby the
washings at pH values 2.0-2.5 and 5.0-5.5 (TABLE
4). Theyiddlossof the product wasmore by washing
at higher pH vaues. Based on resultsobserved during
thisinvestigative study, thewashingsat pH 2.0-2.5and

@Wu'c CHEMISTRY —

5.0-5.5 wereincorporated in the process. The cumu-
|ativeeffect of thesewashingsafforded the product with
the purity of 98.5%.

Debenzylation step

Thediscovery routeinvolved the debenzylation of
compound (6) by hydrogenation using palladium over
charcoal ina cohol medium. Thereaction wastaking
severd hoursfor completion of thetransformationand
high temperaturewas required in theseconditions. We
have optimized the processfor debenzylation usng for-
mic acid as hydrogen source and methanol asmedium
inthe presence 5% Pd/C. Thereaction was completed
within4 hoursby maintaining at 40-45°C. Thecatayst
was suctioned off and thefiltratewas neutralized with
triethylamine, evaporated by didtillationfollowed by frac-
tiond distillationto afford high pure compound of (1).
Thisalteration in the debenzylation conditionshasre-
aulted inthereduction of thetimecycle, temperature of
thereaction and thus afforded product ishaving high
purity by GC aswell asenantiomeric purity.

The major advantages of our improved process
(Scheme4 and5) are, i) the use of water assolvent for
the resol ution step which makesthe process cost ef-
fectiveand environment friendly, ii) asmpleand effi-
cient racemisation process for the undesired isomer
produced in the resolution step, iii) the reduction of
amideusing Vitrideand insitu purification method to
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TABLE 1: Influence of water quantity onresolution of (3)

Volumes of thewater Yield (%) Enatiomeric purity (ee % )

3.0 50 56

5.0 46 2%
6.5 43 89%
8.0 40 99%
9.5 33 99%
11.0 27 99%

TABLE 2: Influenceof crystallization temper atureon reso-
lution of compound (3)

S, o) renes
35-38 19 99
27-30 24 99
18-22 31 99
12-15 40 99

5-7 45 91

TABLE 3: Racemisation of compound (8) using different acids

Chiral purity by GC
S, Risomer: R,Sisomer

Acid used for racemisation

Acetic acid 15.7:84.2

Trifluoroacetic acid 25.2:747

Sulphuric acid 50.01: 49.99
Para toluene sulfonic acid* 37.57:62.42
Ortho phosphoric acid 45.21:54.78
Polyphosphoric acid 4757 : 52.42
M ethane sulphonic acid 41.9:58.09

*Toluene was used as solvent where as the remaining experi-
ments were performed under neat conditions

TABLE 4: Purification of compound (6) by giving solvent
washingsat different pH values

pH Purity by GC (%)
1.0-15 85.7
2.0-25 96.5
3.0-35 88.2
4.0-45 92.3
5.0-55 97.8
6.0-6.5 93.4
7.0-75 90.1

afford the product with high purity, iv) an advantageous
debenzylation process which makes the process
ecofriendly, v) theoverall yield of the processis 32%
which makesthewhole process superior over the pre-
viously reported process (Scheme 2, theoverall yield
was19% only).

—= Pyl Peper
CONCLUSION

We have extensively examined the effects of vari-
ousfactorsthat i nfluence the resol ution of compound
(3) and devel oped acost effective process. We have
devel oped arobust and superior method of racemiza
tion of compound (8) and optimized the purification con-
ditionsfor theamidereduction step to afford high pure
compound (6). The debenzylation conditions were
modified to furnish the compound (1) with highyield
and quality. This protocol has made the process of
manufacturing compound (1) moreefficient.
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