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ABSTRACT

New synthetic methodology for the synthesis of dibenzo[b,€][1,4]diazepines, a key intermediates in the
manufacturing of Clozapine which is indicated for use in therapy as dopamine receptor antagonist, Antipsychotic
drug [1]. Synthesis of 2-(4-chloro-2-nitrophenylamino) benzoic acid methyl ester by simple rearrangement of2-[[ 2-
(4-chloro-2-nitrophenoxy)acetyl] amino] benzoic acid methyl ester. The present work describes a novel, cost-effective
and easily scalable process of dibenzo[b,€] [ 1,4] diazepines.
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INTRODUCTION

Clozapine 1), is an antipsychotic drug mainly used for schimgmia that does not improve by using of other
antipsychotic medications. Clozapine was discovénetthe 1960s and began being used in healthcat®7d. It
was the first atypical antipsychotic[1].It is oretiVorld Health Organization’s List of Essential Nades, the most
important medication needed in a basic health sys@&ozapine was developed by Sandoz in 1961, idald took
place in 1972 and it was released in Switzerlandl Auastria. Early testing was performed in the Uditstates
around the same time[2].In 1975, clinical studiemdnstrated that Clozapine was more effective ag&i@atment-
resistant schizophrenia thanother antipsychoties FDA and health authorities in most other coesteapproved its
use only for treatment-resistant schizophrenia, ragiired Restricted Distribution. In December 200B®zapine
was approved in the US for reducing the risk o€isig in schizophrenic or schizoaffective patienidged to be at
chronic risk for suicidal behaviour.
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During ourresearch study of reaction between Ni@rolacetyl methyl anthranila2and nitrophenol, accidently it
was observed that the expected pro8was contaminated withone major unknown impuritys timpurity was
isolated and characterized,and it was surpris@bovithat the isolated impurity was compouhd
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During the investigation for the formation of thimpurity, in the literature we came across the watbwn Smile

rearrangement [3]which states the rearrangementioeatakes places in certain condition with thechanism as
shown below.
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T.N. Gerasimova demonstrated the reactions of pagdaromatic compounds and smiles rearrangemepauafy
fluorinated o-aminodiaryl ethers [4]

Masahirao Mizuno et.al [5]also did the similar worlvhere 2-methyl-2-[(5-0x0-5,6,7,8-tetrahydro-2-

naphthalenyl)oxy]propanamide8 was rearranged to 2-hydroxy-2-methyl-N-(5-ox0-B,8-tetrahydro-2-
naphthalenyl)propanamide
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Scheme-1. Reagents and conditions:(a) Water, NaHCOhloroacetylchloride, 25-30°C; (b)Acetone, Dimethyisate,
K,CO;, Hexanes, 35-40°C; (c) 4-Chloro-2-nitrophenol, DMECO,, 60-65°C; (d) Methanol, NaOMe, EtOAc 40-45°C;
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In resemblance to the above examples,it indicdtasthe compoun8was rearranged to compouddn alkaline
medium. This kind of rearrangement is equivaler$nale rearrangement.

To prove the above rearrangement following Schernmea4 taken for the study. Anthranilic acii was treated
with chloroacetyl chloride to get N-chloroacetylngoound11,this N-chloroacetyl anthranilat&was esterified with
Dimethyl sulphte (DMS) to get methyl ester compowhd This methyl ester compound was condensed with 4-
chloro-2-nitrophenoll2 to get 2-[[2-(4-chloro-2-nitrophenoxy)acetyllamjbenzoic acid methyl estet3. This
compoundl3 was rearranged in the presence of base to giveiprad.

To find out the effective purpose and usage of itmw&ntion in the chemical or Pharmaceutical indysfurther
literature was collected and found out that thiemital reaction is of great importance in the sgsih of
dibenzo[b,e][1,4]diazepines.Clozapiri {s an Active Pharmaceutical intermediate (API}hoé dibenzo-diazepine
class.Main intermediateof Clozapine is 8-chloro@sgthydro-dibenzo[b,e][1,4]diazepine-11-one i.e.mpmund
16,This compound is synthesized from2-(4-chloro-2emhenylamino)benzoic acid i.e. compoutihnd hence this
compoundl5 is an important key intermediate of Clozapine. p&s the reported literature Leyva-Perez, Antonio et
al [6]& Binaschi, Monica et al[7],compounts5 is reduced and cyclized to get compout@ which was then
converted to chloro-imine with chlorinating ageikel POC} or PCE and then condensed with N-methylpiperazine
to get Clozapine as depicted in the Scheme-2.
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Scheme-2. Reported route of synthesis for Clozapifgfom 2-(4-chloro-2-nitrophenylamino)benzoic adkl

Tremendous amount of research work was done onafiee. According to the literature Hunzikar et 8] |
proposed following schemes for the synthesis oz&bine.
Synthetic approach-1
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In the majority work of Clozapine synthesis, 2-fdlaro-2-nitrophenylamino)benzoic acitbwas synthesized by
reaction of 2-aminobenzoic acid with 2-halo-5-cblitrobenzene in the presence of a base and aaesweere
carried out at 100-140°C temperature.

O
O,N cl
OH K,COs, Cul, DMF,
+ 100°C, 16 hr
NH, cl

10 17a 15 Yield-22%

In Thomas G. Gant and his teams work [9] Anthrarakid is reacted with 2,5-dichloronitrobenzenghim presence

of DMF solvent and KCO; base at 100°C and the obtained yield was only 22%.

Similarly in the Hermkens Pedro work [10]2-fluorecBloronitrobenzene was used along with anthraaitici and
the reaction was conducted in pentanol solvent Ks@€I0; base with Copper as a catalyst and the reactian wa
conducted at 140°C, the obtained yield was 43%.

0]
O,N Cl
OH K,CQOg, Cu, Pentanol,
N 140°C, 2 hr
NH, F
10 17b

Yield-43%

In the Monica Binaschi, et al [7]& Shen Jianhuantefd 1]they used 2-bromo-5-chloronitrobenzene andaisyl
alcohol as a solvent with copper catalystto get 7figdd, but typically this type of reaction requitégher
temperature around 140°C.
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(@)
O,N Cl K,COs, Cu, Isoamyl
OH D/ alcohol, 135°C, 4 hr p/
NH, Br

10 17c 15 Yield-74%

Team of Wu, Yong et al [12] synthesized the compbdb by reacting 2-iodobenzen2l with 2-nitro-4-
chloroanilin€0 in DMF at 120°C gave 72% yield.Though the yieldtaf condensation stage is 72% but preparation
of 2-lodobenzoic acid from anthranilic acid gave)®¥ield and 2-nitro-4-chloroanilin@0 preparation from 4-
chloroanilinel8 gives 68% yield and hence overall cost is increased

cl
cl ON cl
Ac,0, MDC HNO,, ACOH
E—— — Yild-68%
H,N N HoN
18 H 19 20
O
HCI, NaNO; ? H cl
oH Kl on
NH, |
10 21 Yield-72%

Yield-55%

Elmore Charles S. et al [13] proposes two diffenenttes for the synthesis of Labelled compound.thir first
route, 2-bromoaniline is condensed with 2-fluorokronitrobenzene in DMF at 100°C, subsequentlsorgroup is
reduced to amine and then bromo group was replaamdboxylic acid group by reacting with sulfuricich and
labelled sodium formate, however this route didmentioned yields but clearly statedabout poordgiel

Br O,N cl Cs,CO; DMF B
NH, F N
H

NH,CI, Fe, EtOH,
THF, 85°C, 16hr

H,SO,, HC*OONa,
ﬁ DMF,120°C, overnight. : : Br HZNIE/

In the second route of work from this team, synghstarted with 2-lodoaniline reacted W|th labeltaxgbper cyanide
to get labelled 2-cyano aniline which on reactiathv2,5-dichloronitrobenzene gave condensed prodbath was
converted to amide using hydrogen peroxide andllyinaitro group was reduced to amino and cyclized
subsequently, overall yield of the labelled 8-cb#6,10-dihydro-dibenzo[b,e][1,4]diazepine-11-onaswd7%.
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Drawbacks from the above reported literature sclseuﬁe-(4—chIoro—2—nitrophenylam|no)ben20|c agdiigives an
attention to the new synthetic method which is -@ffsctive and easily scalable.

In our research study (Scheme-3) the rearrangegh@ona 14 was converted to compourdé either by hydrolysis
of ester to acid5 followed by reduction using sodium dithionite tot gempound22or first reduction by Sodium
dithionite and insitu hydrolyzing amino-ester toiaoacid 22. Reported literature for synthesis of 8-chlorogs,1
dihydro-dibenzo[b,e][1,4]diazepine-11-one 1&from compound22by refluxing in Xylene [11] for 96 hrs to get
79% vyield, heating22in the solvent diphenylether at 175°C [14] for 2haad isolation through column
chromatography gave 76% yield, cyclization usingda3Cl, HOBt in MeCN solvent [7] to get 98% yieldNe
have conducted cyclization @using Ethyl chloroformate, triethylamine and thaation was conducted at room
temperature

b

gg @bg

Scheme-3. Reagents and conditions:(a) Methanol, NaOH, 40-50°C; ¢b}dne, NaCOs3,N&S,0,4 NaOH, 35-
40°C; (c)Acetone, N&5,04, NaHCG;, 60-65°C; (d) Dichloromethane, Ethyl chloroformaigethylamine, 30-35°C;

EXPERIMENTAL SECTION

The IR spectra were recorded using a Perkin-Elmpectsum one FT-IR spectrometer instrument by udifg
potassium bromide pellet technique. Theand**C NMR spectra were recorded in DMS3ig& CDCl;at 300 MHz

& 75 MHz respectively on Bruker 300 MHz Avance NMiRectrometer using Tetramethylsilane as the interna
standard. Mass spectra (MS) were recorded on Adile®0 Series LC-MSD-TRAP-SL instrument.

Reactions were monitored by thin layerchromatogyamin 0.2 mm silica gel 60,k (Merck) plates using UV light

(254 and 366 nm) for detection. Common reagenteagpiaeimicals are commercially available and were ustbut
further purification.
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In this new synthetic methodology (Scheme-1) of pound15synthesis, Anthranilic acidOwas chloroacetylated
to get N-chloroacetyl compouridin the range of 98-99% yield,which was esterifieithviDimethyl sulfate (DMS)
to get compoun@with the yield range of 95-97%. CompouRdvas condensed with 4-chloro-2-nitrophedalto
get 13with quantitative yield of 92-96%and itwas rearraddn the presence of sodium methoxide to give yobd
14with the excellent yield of 92-95% and the oveyadlid is 80-88%. This compouridl was reduced with sodium
dithionite and hydrolyzed in the presence of basget compoun@2, which was cyclized using ethyl chloroformate
and Triethyl amine to get 8-chloro-5,10-dihydrotilzo[b,e] [1,4]diazepine-11-one iX6 a key intermediate in the
synthesis of Clozapine.

2-[(2-chloroacetyl)amino]benzoic acid (11)

Sodium bicarbonate (27.5 g, 0.328 mol) was takémflask and dissolved in water (600 ml). Anthrandcid (30.0
g, 0.219 mol) was added slowly and stirred till pbate dissolution at room temperature. Chloroacehjbride
(29.6 g, 0.262 mol) was slowly added to the sofytimaterial was precipitated during the additi@acation mass
was stirred for 2 hrs and the progress of reactiaa monitored by TLC, after reaction completiorgateon slurry
was filtered and washed with water (100 ml).Filtereaterial was dried to get 46.1 g 1#,98% vyield. Melting
range 182-184°GH NMR (CDCk,300 MHz) @, ppm): 4.23 (s, 2H), 7.19 (t, 1H= 6.0 Hz), 7.62 (dt, 1H,= 6.0,
1.2 Hz), 8.15 (dd, 1H] = 6.0, 1.2 Hz), 8.73 (d, 1H,= 6.0 Hz), 11.77 (bs, 1HJC NMR (DMSO4s,75 MHz) {,
ppm): 43.4, 116.8, 119.8, 123.5, 131.2, 134.2,9,3%65.2, 169.3; Mass (m/z): 214 (M+H).

Methyl, 2-[(2-chloroacetyl)amino]benzoate (2).

Compoundll (30.0 g, 0.14 mol) was charged to the flask aloithAcetone (300 ml), Potassium carbonate (20.3 g,
0.148 mol) was added and stirred for 15 minutesnddyl sulphate DMS (26.6 g, 0.211 mol) was addedly
drop wise to the reaction mass at room temperatiloeing it to rising to 38°C and maintained foh&. Progress
of reaction was monitored by TLC, after completafrthe reaction, acetone was distilled out undeuuan, water
(150 ml) Ethyl acetate (150 ml) was charged toré@etion mass and layers were separated, aquea@ursnas back
extracted with ethyl acetate (60 ml). Both theyEtretate layers were mixed and concentrated uvalerum at
45-55°C, Hexane (150 ml) was charged to the resighgegradually cooled to 10-15°Cand filtered offsived with
chilled Hexanes (30ml). Filtered material was drnisder vacuum at 40-45°Cto get 31.4 g of compdyraB.2%
yield. Melting range 96-98.5°@ NMR (CDCk,300 MHz) 6, ppm): 3.96 (s, 3H), 4.21 (s, 2H),7.16 (dt, TH8.1,
0.6 Hz), 7.57 (dt, 1H=8.7, 1.8 Hz), 8.06 (dt, 1H]=8.1, 1.5 Hz),8.69 (d, 1H]=8.7),11.87 (bs, 1H)}*C NMR
(CDCls, 75 MHz) ©, ppm):43.2, 52.5, 115.8, 120.4, 123.4, 130.9, 3,3440.2, 165.2, 168.2; Mass (m/z): 228
(M+H), 250(M+Na).

M ethyl, 2-[[2-(4-chlor o-2-nitrophenoxy)acetyl]amino]benzoate (13).

To a stirred solution of DMF (100 ml) and 4-chi&aitrophenoll2 (16.0 g, 0.092 mol), Potassium carbonate (18.2
g, 0.132 mol) was added and heated 55-60°C. Contd(20.0 g, 0.088 mol) was dissolved in DMF (100 nmijla
slowly added to the above reaction mass at 60-@BftCthen maintained for 6 hours. Reaction was tomd by
TLC and after reaction completion temperature reduo 30°C. In another flask water (1200 ml) vadeeh and the
above reaction mass was slowly quenched to itcipitated material was filtered off and washed witdter (50ml)
and material was dried under reduced pressurel@awlib °C to get lemon colored powder30.4 dL8fyield 95%.
Melting range166.5-169.5°-INMR(DMS0-ds,300 MHz) 6, ppm): 3.82 (s, 3H), 5.02 (s, 2H), 7.25 (t, 1H,6.1
Hz), 7.43 (d, 1H,) =6.8 Hz), 7.64 (t, 1H) =6.8 Hz), 7.74 (dd, 1H] =6.8, 2.0 Hz),7.93 (dd, 1H,=6.1, 1.1 Hz),8.09
(d, 1H,J =1.9 Hz), 8.39 (dd, 1H] = 6.6, 0.45 Hz), 11.20 (bs, 1FC NMR (CDCL, 75 MHz) 6, ppm): 52.9, 69.1,
117.5, 118.2, 121.3, 124.2, 125.4, 125.7, 131.4,613134.7, 139.4, 140.5, 149.5, 166.3, 167.7; Ma¥g): 365
(M+H).

M ethyl, 2-(4-chloro-2-nitrophenylamino)benzoate (14).

Compound3 (22.0 g, 0.0603 mol), Methanol (154 ml) and Tokigdml) was charged to the flask under nitrogen
atmosphere. Sodium methoxide (3.6 g, 0.067 mol) adaled to it and heated 55-65°C and maintainedethetion
mass temperature for 6 hours. Reaction was mewitdty TLC and after reaction completion, mass was
concentrated under reduced pressure, Ethyl acgta@ml) was charged and filtered through papeed Rolored
filtrate was concentrated to get red solid mateiialas slurried in hexane and filtered off antedrto get reddish
colored powder 16.6 g df4, yield 90%.'H NMR (CDCk, 300 MHz) §, ppm): 3.96 (s, 3H), 7.06-7.10 (m, 1H),
7.38 (dd, 1HJ = 6.8, 1.9 Hz), 7.46 (d, 2H,= 2.7 Hz), 7.54 (d, 1H) =6.8 Hz), 8.05 (d, 1HJ =6.0 Hz), 8.18 (d,
1H,J =1.9 Hz), 11.13 (bs, 1H}*C NMR (CDC}, 75 MHz) @, ppm): 52.4, 118.9, 119.1, 119.8, 122.3, 124.6,0,2
132.1, 133.5, 134.8, 137.1, 137.9, 141.8, 167.3Mm/z): 307 (M+H).

2-(2-amino-4-chloro-phenylamino)benzoic acid (22).

Compound14 (15.0 g, 0.0534 mol) andAcetone (150 ml) was obartp the flask, solution ofsodium carbonate
(28.3 g, 0.267 mol) in water (60 ml) was addedttoSodium dithionite (46.5g, 0.267 mol) was addedO lots at
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35-40°C and maintained the reaction mass temperdtur2 hours. Reaction was monitored by TLC afidra
reaction completion, reaction mass was filtered waghed with acetone (50ml), the filtrate was catraged under
reduced pressure, Methanol (45ml) was added teesidue and Sodium hydroxide (4.3g, 0.1068 mol) added to
the reaction mass and heated to 55-60°C. Progreseaction was monitored by TLC, after completioh
reaction,mass was concentrated to half and pH aftien was adjusted to 3-4 using HCI to get préaipd
compound. Material was filtered off and dried &t 3.2 g of 22, yield 95%H NMR (DMSO-d;, 300 MHz) 6,
ppm): 5.23 (br s, 2H), 6.53-6.63 (m, 2H), 6.70 (iH, J = 6.8, 8.1 Hz), 6.83 (d, 2H,= 2.1 Hz), 7.04 (d, 1H] =
8.1 Hz), 7.30 (dd, 1H] =6.9, 9.0 Hz), 7.87 (dd, 1H,= 2.1, 8.1 Hz), 8.97 (s, 1H); Mass (m/z): 263 (M+H)

8-Chloro-5,10-dihydro-dibenzo[b,€][1,4]diazepine-11-one (16).

Compound22 (10.0 g, 0.038 mol) and Dichloromethane (200 mdswharged to the flask, Triethyl amine (3.1 g,
0.031 mol) was added to it. Ethyl chloroformated¢h 0.046 mol) was added slowly to the reactiorssret 25-
30°C and maintained the reaction mass temperaburk fiours. Reaction was monitored by TLC andraétaction
completion, reaction mass was concentrated undlerceel pressure, Water (80 ml) was added to thduesand
stirred for 1 hr. Ash to black colored MaterialsiMitered off and dried to get 8.3 g of 16, yi@é%.'H NMR
(CDCl, 300 MHz) 6, ppm): 6.88-7.0 (m, 5H), 7.35 (td, 1H), 7.67 (d#), 7.98 (s, 1H), 9.92 (s, 1H)*C NMR
(CDCl;, 75 MHz) @, ppm): 119.1, 120.5, 120.9, 121.1, 122.4, 12328.4, 131.2, 132.2, 133.45, 138.72, 149.8,
167.7; Mass (m/z): 263 (M+H).

RESULTSAND DISCUSSION

New synthetic method of 2-(4-chloro-2-nitrophenyiao)benzoic acid has an added advantage over tiséngx
methods though the number of steps are more imaie. It is cost-effective and environment frigndéaction
compared to the other reported literature meth&dgsting methodsshowed lower yield from 22-43%. sBe
observed vyield from the existing method was 74% resttee Anthranilic acid is reacted with 2-bromo#iezo
nitrobenzene [7], but this reaction needs 135-14@t@perature which is of a great concern intermsaddty. 135-
140°C temperature for industrial scale-up needsciapaledicated reactors with special utility toaatt this
temperature and hence contribute additional cost ithe product. 2-bromo-5-chloro nitrobenzenals costlier
compared to the 4-chloro-2-nitrophenol. The newppsed synthetic method does not require more 794G
temperature and all the chemicals used are easdgr&mercially available. The development of altegnaute is
useful in the synthesis of pharmaceutical produovigdes means to find methods which are advantag@oan
economic sense, from the technical point of viewtberwise, in particular for large scale manufeetu

CONCLUSION

In summary, we have demonstrateda new and simpithetyc methodology for manufacturing of 2-(4-clolé-
nitrophenylamino) benzoic acid methyl ester whigla ikey intermediate in the synthesis of Clozapifikough the
number of steps are more but it is cost effectivamgared to the reported methods as the 4-chlontr@phenol is
cheap compared to 2-bromo-5-chloro nitrobenzene. Mbthodology is not only efficient and practicatk lalso
useful for industrial scale up as it is cost effextand it does not require any special utilityhidher temperature.
Similarly the same Smile rearrangement can be eétghelp for the synthesis of dibenzo[b,e][1,4}tmaes or
oxapines too.
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