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ABSTRACT

An improved and commercial viable process for tsva pharmaceutical ingredient of new Long-actif@r

adrenergic agonist (LABA) Salmeterol has been dgesl. This improved process includes the isolatién
Salmeteroll and identification, controlling and synthesis tsf potential Diether impurit.
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INTRODUCTION

Salmeterol and its pharmaceutically acceptables safe long-acting-beta-agonists. Salmeterol xirtafda a
selectivep2-adrenoreceptor agonist. It is clinically usedaa®ng-acting inhaled bronchodilator for maintereanc

treatment of asthma and to control nocturnal asthumdike other bronchodilator drugs, Salmeteroinsch more
lipophilic and displays many unusual pharmacoldgicaperties.
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Back ground and literature search:
There are several process disclosed in the literdtur synthesis of Salmeterol xinafoate, but dlklem suffer
severe disadvantages with respect to quality, éspeon higher scale or on commercial manufactyisoale.

The innovator's (GB2140800 and US4992474) disclasmeeral processes [1] for the synthesis of Sahwolete
xinafoate, one process comprising the reaction-lofa2no-I-[4-hydroxy-3-(hydroxymethyl) phenyl] ethame with
N-[6-phenylbutoxy) hexyl] benzenemethanamine in pinesence of diisopropylethylarnine in THF, follavby
usual work-up and purification. The viscous oiladiiained was subjected to hydrogenation in absetitanol over
10% palladium on carbon and 10% platinum on carsgalysts followed by purification to afford Salmeil free
base as white solid.

Disadvantage of above process is requiring of cusdme column purifications and usage of expensi¥# 1
platinum on carbon catalysts for preparatiod.of

In order to avoid the column purifications and tegare Salmeterol and its pharmaceutically accéptsalts,
second generation process [2] (2560/CHE/2008 A)udmmted in literature by coupling of N-benzyl-6-(4-
phenylbutoxy)hexan-1-aming(Free baseand Methyl 2-(benzyloxy)-5-(2-bromoacetyl) benzozie the presence
of diisopropyl ethyl amine in DCM solvent to giveethyl 5-(2-(benzyl(6-(4-phenylbutoxy) hexyl) aminajetyl)-
2-(benzyloxy)benzoat®& and further it was reduced with Vitride in tolueselvent to give 2-(benzyl (6-(4-
phenylbutoxy)hexyl) amino)-1-(4-(benzyloxy)-3-(hgaly methyl) phenyl) ethand and then it was debenzylated
in the presence of 10% Pd/C with 2 — 4kgfdmdrogen pressure at 20 — 30°C followed by worlprgeess to give
4-(1-hydroxy-2-(6-(4-phenylbutoxy) hexylamino) ethg-(hydroxy methyl) phenol (Salmeterol base) astalline
solid in 45.8% vyield.

Disadvantage of above process is low yield aue to work up process in last step with excessmes of solvent
and water.

To prepare Salmeterol and its intermediates, tg&deration process [3] (W02012/032546 A2) docuntkive
using3 and4 intermediates which are used in 2560/CHE/2008 Iis patent process describes the coupling of N-
benzyl-6-(4-phenylbutoxy)hexan-1-amine hydrochleddand Methyl 2-(benzyloxy)-5-(2-bromoacetyl) benzoate
in the presence of O; in DMF solvent to give Methyl 5-(2-(benzyl(6-(4-gfylbutoxy) hexyl) amino) acetyl)-2-
(benzyloxy)benzoat& and further it was reduced with LiAlHo give 2-(benzyl(6-(4-phenylbutoxy)hexyl)amino)-
1-(4-(benzyloxy)-3-(hydroxy methyl)phenyl)ethartdland then it was debenzylated in the presence @ B@/C
with 5 — 6kg/cmi hydrogen pressure at 40°C to give 4-(1-hydroxp-Z4-phenylbutoxy) hexylamino) ethyl)-2-
(hydroxy methyl) phenol (Salmeterol base) as alsidue.

The disadvantage of this process is usage of pyemdpreagent (LiAIH4) and isolation of Salmetebalsel as oily
residue.

In all the reported synthetic schemes, N-benzy-@tfenylbutoxy) hexan-1-amine (Free basetogerves as the
key intermediate in the synthesis of Salmeterol (@zBent 2140800; US patent US4992474; Tetrahedetteils,
Vol. 35 (50), pages 9375 — 9378, 1994; and Syrth@timmunication, Vol. 29 (12a), Pages, 2155 — 21689)
and we are also used this key intermediate.

MATERIALS AND METHODS

Salmeteroll is prepared according to procedure as describ®dd2012032546A2 and 2560CHE2008 patents. FT-
IR spectrums were determined on Thermo model Ni€288 as KBr pellet. Melting points were determinzd
polmon instrument. The mass spectrum was recordegbsitive Q1 MS by mass spectrometer and the 1HRNM
data was acquired in CDCand DMSO as solvents on an Avance 300 MHz/ Brdk¥MHz spectrometer using
TMS as internal standard.
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4-(1-hydroxy-2-(6-(4-phenylbutoxy) hexylamino) eth})-2-(hydroxy methyl) phenol [Salmeterol 1]:

Taken4 (200gm, 0.530 mol), DCM (1000ml) and water (600mljo round bottom flask and pH adjusted to 8 — 9
with 10% sodium carbonate solution (400ml) and s#ed the layers after 10 min stirring. Charge@85gm,
0.510mol) in to organic layer and then slowly addeiisopropyl ethyl amine (137.5gm, 1.063mol). After
maintained for 4hrs at ambient conditions chargetew(600ml) and separated the layers. The ordaper was
distilled under vacuum at below 50°C to result sidee. Toluene (1400ml) was charged to residuebat 35°C
followed by stirring and cooling to 0 — 5°C. Slowdylded a dilute solution of Vitride (70% solutid@l,4ml) in
Toluene (400ml) under nitrogen atmosphere and miaied for 1 hr at same temperature. The reactioss mas
guenched by adding reaction mass slowly to an agusolution of Sodium potassium tartarate (614grh6@0ml

of water) followed by stirring 1 hr at 25 — 35°Chd reaction mass was filtered and separated theniorgind
aqueous layer from filtrate. The aqueous layer @esacted with Toluene (400ml) and washed the totghnic
layer with water (800ml). The organic layer wagitlésl to result a residue. Charged methanol (10D®onresidue
and followed by added 5% Pd/C (40gm) and stirrindar 3 — 4kg/crfor 2hrs at ambient conditions. The reaction
mass was filtered and washed with methanol (20@md) distilled filtrate and isolated product in Mgtlertiary
butyl ether (1000ml). The wet compound was dried5hrs at 45 — 55°C to afford title compouhd(155gm,
73.32%);m.p: 72 — 75°C.

1H-NMR (400MHz, CDCl3): & 1.282 — 1.293 (4H, m), 1.410 — 1.545 (3H, m), 5.581.700 (4H, m), 2.490 —
2.505 (2H, d), 2.529 — 2.639 (4H, m), 3.346 — 3.489, q), 4.474 — 4.516 (1H, t), 4.591 (3H, brsph59 (2H, s),
6.713 — 6.740 (1H, d), 6.887 (1H, s), 7.011 — 7.(138, d), 7.159 — 7.181 (3H, d), 7.238 — 7.287 (BHMS: m/z
416.4 (M+H);

(4-(6-(6-bromohexyloxy) hexyloxy) butyl) benzene [811)]:

Sodium acetate (78.52gm, 0.1596mol) and Tetral battymonium bromide (82.22gm, 0.2553mol) to (4-(6-
bromohexyloxy) butyl) benzer2(100gm, 0.3192mol) and then heated to 110 — 126fQHrs. Cooled the reaction
mass to 25 — 35°C and charged Cyclohexane (100&mdl)then stirred for 20min. Filtered the reactioasmfor
removing of unwanted salts and washed with Cyclahex2x200ml) and washed the filtrate with wates5@0ml).
The organic layer was distilled under vacuum abweb0°C to result a residut) and methanol (300ml) was
charged to residue and stirred for 10min and theoled to 0 — 5°C. Charged potassium carbonate (22gm
0.1596mol) to the reaction mass and stirred for r& &t same conditions. Charged water (500ml) and
dichloromethane (500ml) to the reaction mass aingkdtfor 10min at 25 — 35°C and then separatedayers. The
aqueous layer was extracted with dichloromethane88@2ml) and washed the total organic layer with ervat
(300ml). The organic layer was distilled under vanuat below 50°C to result a residli# Charged potassium
hydroxide (50.30gm, 0.8964mol) and tetra butyl amimm bromide (1.92gm, 0.0059mol) to solution 1df and
toluene (750ml). Slowly charged 1, 6-Dibromo hex8ne the reaction mass for 1hr at 25 — 35°C and raaiatl

for 10hrs. Charged water (500ml) and stirred fomizband then separated the layers. The aqueous leg®
extracted with toluene (2x150ml) and washed thal totganic layer with water (300ml). The organigdawas
distilled under vacuum at below 70°C to resultgidee and followed by high vacuum fractional diatibn at vapor
temperature at below 115°C to remove ex&issafford title compoun@®(I1) (150gm, 73.86%) as a residue.

1H-NMR (400MHz, CDCl3): & 1.334 — 1.386 (6H, m), 1.405 — 1.493 (2H, m), 3.551.602 (8H, m), 1.644 —
1.704 (2H, m), 1.829 — 1.899 (2H, q), 2.612 — 2.649, m), 3.369 — 3.435 (10H, m), 7.154 — 7.189,(®), 7.253
—7.292 (2H, m)MS: m/z 412.3;

N-benzyl-6-(6-(4-phenylbutoxy) hexyloxy) hexan-1-ame hydrochloride [4 (11)]:

Benzyl amine (130gm, 1.2132mol), potassium carke(@@gm, 0.3628mol), potassium iodide (1.6gm, 060GE)
and N, N-Dimethyl formamide (200ml) taken in to ndubottom of flask and stirred for 10min and codled.O —
15°C. A solution of (4-(6-(6-bromohexyloxy) hexylx butyl) benzened (I11) in N, N-Dimethyl formamide
(2200ml) was added slowly for 30min and at 10 —Clshd then allowed the reaction mass to 25 — 35f€C a
maintained for 2hrs. Charged water (500ml) in t&ct®n mass and stirred for 10min and then sephtatelayers
and washed the product oil layer and washed witlerm(@00ml). Taken product oil layer, dichloromethg700ml)
and water (200ml) in to round bottom flask and atfd pH below 1 with hydrochloric acid (40ml) inter(160ml)
solution at 25 — 35°C. Separated the layers agdnic layer washed with water (200ml) and distiltbd organic
layer completely under vacuum at below 50°C andlistiled with methyl tertiary butyl ether (100ntf) remove
dichloromethane solvent traces. Charged ethyl sedtB00ml) and methyl tertiary butyl ether (1500rm) to
reaction mass and heated to 40 — 45°C and maidtd#me20min. cooled the reaction mass and stircedLhr and
then filtered the reaction mass and washed witthyhértiary butyl ether (50ml). The wet compoundsadried for
4hrs at 45 — 50°C to afford title compoushdll) (57gm, 49.49%).
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1H-NMR (400MHz, CDCls): § 1.303 — 1.341 (8H, m), 1.493 — 1.708 (10H, m)43.@H, brs), 2.602 — 2.650 (2H,
t), 2.709 — 2.762 (2H, t), 3.303 — 3.427 (8H, mPO¥ (2H, s), 7.142 — 7.165 (3H, m), 7.188 — 7.¢82, 1), 7.350 —
7.427 (3H, m), 7.581 — 7.607 (2H, d), 9.872 (1H)IMS: m/z 440.4 (M+H);

4-(1-hydroxy-2-(6-(6-(4-phenylbutoxy) hexyloxy) heydamino) ethyl)-2-hydroxymethyl) phenol [2]:

Taken4 (I11) (45gm, 0.0948mol), DCM (225ml) and water (135mlYarround bottom flask and cooled to 5 — 10°C
and pH adjusted to 8 — 9 with 10% sodium carbosatation (100ml) and reaction mass changed to amhbie
conditions. Separated the layers and extracte@deous layer with DCM (45ml) and washed total nigéayer
with water (45ml). Charge@ (33.3gm, 0.0916mol) in to organic layer and theawly added Diisopropyl ethyl
amine (33.75gm, 0.176mol). After maintained forsbht ambient conditions charged water (150ml) ainckd for
10 — 15min. Separated the layers and organic lagshed with water (2x100ml). The organic layer dessilled
under vacuum at below 50°C to result a residueudrm (315ml) was charged to residue at 25 — 35l@xfed by
stirring and cooling to 0 — 5°C. Slowly added aut#il solution of Vitride (70% solution, 110ml) in [Gene (90ml)
under nitrogen atmosphere and maintained for 1 ame temperature. The reaction mass was quebghediding
reaction mass slowly to an aqueous solution of Bodotassium tartarate (110gm in 360ml of wateltpieed by
stirring 1 hr at 25 — 35°C. The reaction mass ilteeyéd and separated the organic and aqueous fiyarfiltrate.
The aqueous layer was extracted with Toluene (9&nd)washed the total organic layer with 20% aqsewmaium
chloride solution (180ml), 1% aqueous acetic acillitoon (180ml) and 1% aqueous sodium bicarbonatetisn
(180ml) respectively. The organic layer was distillunder vacuum at below 70°C to result a resi@imrged
methanol (225ml) to residue and followed by add&dPd/C (9gm) and stirring under 3 — 4kgfdior 4hrs at 25 —
35°C. The reaction mass was filtered and washel mvéthanol (45ml) and distilled filtrate under vaouat below
50°C and then added ethyl acetate (150ml) at arhb@ditions. Charged oxalic acid (5.2gm, 0.057jrmoto the
reaction mass and cooled to 0 — 5°C and stirred.ffior Filtered the reaction mass and washed wtill etcetate
(25ml). The wet compound was dried for 4hrs at 8D2C to afford title compoun2 (25gm, 43.67%);

1H-NMR (400MHz, CDCly): & 1.20 — 1.35 (8H, brs), 1.40 — 1.50 (8H, brs), 4.551.626 (4H, m), 2.553 — 2.589
(2H, m), 2.895 — 2.931 (3H, m), 3.018 — 3.046 (tiH,3.25 — 3.40 (8H, m), 4.487 (2H, s), 4.803 -24.81H, d),
6.759 — 6.780 (1H, d), 7.041 — 7.061 (1H, d), 7.266330 (6H, MMS: m/z 516.4 (M+H).

RESULTS AND DISCUSSION

As part of our research program, we are interegtedevelop a commercial, cost effective and indaisgco-
friendly process for preparation of Salmeterol. @esearch work focuses on the design of a comnierihle
process and optimizing all parameters of the reastthat are involved in the synthesis of SalmédteBased on a
literature search designed the synthesis as #itestrin below Scheme — 1.
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Reagents and conditions: (a). Na2CO3, DIEA, Dichloromethane at 25 — 35°); {itride, Toluene at 0 — 5°C; (c). Pd/C, Methgrvethyl
tertiary butyl ether at 25 — 35°C.
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In order to develop commercial process for Salneéter optimized the above route of synthesis each stap.
condensation of bromo est8rwith free base of N-benzyl ethdrin the presence of diisopropyl ethyl amine in
dichloromethane solvent at ambient condition todjeénzyl keto derivativ® in good yield and quality. Dibenzyl
keto derivatives reducedo Dibenzyl alcohol derivativé with Vitride in Toluene solvent. Further debenzigatof

6 to get Salmeterdl as an off white color solid in 70% yield and 99%BIEC purity. Although a potential impuri
formation observed in significant level and it wast eliminated by purification techniques due toustural
similarities of1 and2.

We extensively worked on identification of potehtiapurity 2 and developed a commercial process for Salmeterol
1 by controlling the formation of this impurity. Dog the optimization study we faced problem witlke gotential
impurity to get ICH quality of the product and it®lecular weight identified by LC-MS analysis (546n +ve
mode) which is 100 units higher thAnmolecular weight (415.57), Based on this it waspseted that adding of
hexyloxy moiety tol and the origin could be from N-benzyl ethestarting material. Synthetic route 4fis
illustrated in below Scheme — 2.

Scheme — 2: Synthetic scheme of 4.
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Reagents and conditions: (a). KOH, TBAB, Toluene at 25 — 35°C; (b). Bermzyine, kCO;, Kl, DMF at 25 — 35°C.

Identification of new potential impurity 2:

Condensation of 4-Phenyl butan-17cand 1, 6-Dibromo hexar&in the presence of potassium hydroxide and tetra
butyl ammonium bromide in toluene solvent mediungiee (4-(6-bromohexyloxy) butyl) benzerand it was
purified with high vacuum fractional distillatio remove the unreacte® at vapor temperature below 140°C.
Further9 react with benzyl amine in the presence of pot@ssgarbonate and potassium iodide in N, N-Dimethyl
formamide solvent medium and followed by hydrocidersalt formation to givel. In preparation o® below
impurities formation are identified and synthesiseane of identified impurities i@ are illustrated in below Scheme
-3
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Scheme — 3: Synthetic scheme of identified impurés in 9.
R AVAVAVE
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9 (12) 9 (I3)
Reagents and conditions: (a). KOH, Toluene at 25 — 35°C.

We identified the9(11), 9(12) and9(13) impurities in preparation & and first impurity9(I1) is possible to convert
further reactions a8 and last two impurities are not convertible imgas.9(11) impurity was converted agl11) in

preparation o#t and new potential impurit in preparation ofl Synthetic path way 0®(I1) and its convertible
impurity in4 is given in Scheme — 4 and 5 respectively.

Scheme — 4: Synthetic scheme of 9(11)
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Reagents and conditions: (a). AcoNa, TBAB at 110 — 120°C; (bxGOs, Methanol at 0 — 5°C; (c). KOH, TBAB, Toluene at-235°C.
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Scheme — 5: Synthetic scheme of 9 (I11) convertililapurities in preparation of 4
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Reagents and conditions: (a). Benzyl amine, &O;, KI, DMF at 25 — 35°C.

We here in report a new potential impurtysynthetic route in Salmeterol (Scheme — 6) fbifil) as per same
synthetic path way of Salmeterbl Synthetic scheme &fis illustrated below in Scheme — 6.

Scheme — 6: Synthetic scheme of potential impurit® from 4 (11).
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Reagents and conditions: (a). Na2CO3, DIEA, Dichloromethane at 25 — 35°Q); {itride, Toluene at 0 — 5°C; (c). Pd/C, Methhrvethyl

tertiary butyl ether at 25 — 35°C.

We identified the potential impurit was carryover impurity from® which was containin@®(l1) during the
optimization study an@(l1) impurity was controlled in 9 by passing the sauatbf9 in Cyclohexane on silica gel
bed. The attempts were summarized in Table — 1.

Table — 1: Experimental study of potential impurity 2 carry over

9(11)in9] 4(I1)in4 2inl
0.98% 0.93% 0.86%
0.88% 0.87% 0.77%

0.06% 0.08% Not detecteld
0.10% 0.09% Not detected
0.06% 0.06% Not detected
* 9(I1) content in 9 monitored by GC and remainarg monitored by HPLC.

»
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CONCLUSION

In conclusion, we have developed an improved tistep, inexpensive, and industrially scalable protdor the
synthesis of the long-acting-beta-agonist drug $&#nol xinafoate, which can provide high yields &igh quality
product in each stage.

We also identified and prepared and characterizeevapotential impurity 2 and established its arighd control
in the process.
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