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ABSTRACT

An alternative synthesis of telmisartan one of the most important agents used in antihypertensive
therapy is reported. Metalation of 4-bromo toluene provides the key boronic acid ester
intermediate 14 for palladium catalysed biaryl coupling with 2-(2-bromophenyl)-4,4-dimethyl-2-
oxazoline 16 via Suzuki coupling. The hydrolysis of oxazoline in telmisartan was realized in a
convenient and economical manner, which is more suitable for industrial production. This
methodology over comes many of drawbacks associated with previously reported syntheses.

Keywords: Telmisartan, antihypertensive drug, Suzuki couplmgzoline hydrolysis.

INTRODUCTION

Telmisartanl is an angiotensin Il receptor antagonist usefuthia treatment of hypertension,
heart diseases, heart strokes, and bladder disdas}sTelmisartan is currently available in the
market as an antihypertensive drug [3] under taadbname of MICARDIS.

Essential hypertension is a major risk factor fardeovascular disease and is responsible for
one-third of global deaths. Most antihypertensivegd interact with the renin-angiotensin
system (RAS), which is the central regulator ofdolgoressure and electrolyte homeostasis.
Renin transforms angiotensinogen into the decageingiotensin I, which is converted by the
angiotensin conversion enzyme (ACE) into the ogiide angiotensin Il. The latter binds to its
angiotensin receptor (AT1) and, thereby, becomasngerful vasoconstrictor. In the early 1990s,
Merck introduced the nonpeptidic orally active agnsin Il receptor antagonist losartan
(Lozaar) as the first member of a new class ofhgpertensive drugs called sartans, which
contain a characteristiortho functionalized biaryl moiety. Telmisartanl,( Boehringer
Ingelheim, Micardis) (Figure 1) is an important nmenof this class of top-selling drugs because
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it has the strongest binding affinity to the ATTeptor, an excellent bioavailability, and a once

daily dosage.
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Figure 1. The angiotensin Il receptor antagonist tienisartan

The first total synthesis of telmisartan as introell by Ries et al.Scheme 2 starts with the
acylation of the 4-amino-3-methylbenzoic acid mé#ster2 with butyryl chloride, followed by
nitration, reduction of the nitro group, and suhssyg cyclization of the resulting amine to the
benzimidazole derivativ8. After its saponification, the free carboxyl groigpcondensed with
N-methyl-1,2-phenylenediamine to afford the bis-bemdazole 4, which is finally alkylated
with the 4-(bromomethyl)-2-biphenylcarboxylic actdrt-butyl estei8 to give telmisartaid after
hydrolysis of the ester group in 21% overall yiatdi eight steps over the longest sequencel[4].

Several improvements to this reaction segence bagr reported, e.g., the use of KOH instead
of potassiuntert-butoxide in the penultimate step and the use dhamolic HCI solution instead
of trifluoroacetic acid in the final step [5]. Hower, the main shortcomings of the synthesis
remained, namely, the unsatisfactory regioseldgtiin the alkylation of8 with 4 and the
intricate synthesis of the biaryl intermedidten the original protocol, it was synthesized &a
Ullmann coupling of the aryl iodides and 6 using 5 equiv of copper. Modern synthesed of
involve cross-couplings of sensitive aryl magnesiamc, or boron compounds with alkyl 2-
halobenzoates. Since the commercialization of sdrén,7 has become easily available at low
cost, so that most subsequently published proceduaet from this compound.

o

10 Dibromo impurity

Scheme 1 (a) N-bromosuccinamide, AIBN, CC}, reflux, 5.0 h, 50- 75%.

This process suffers from disadvantages such dséar multi step synthesis (b) poor stability
of 4’-bromomethyl-biphenyl-2-carboxylic acitert-butyl ester8 (c) low yield and purity
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obtained during the preparation of 4’-bromomethiplHenyl-2-carboxylic acidert-butyl ester8
due to the formation of 20-45% of dibromo impurdtyin bromination stepScheme 1

First literature synthesis of telmisartan

Br

Scheme 2 (a)"PrCOCI, GHsCl, 100°C (b) HNOyYH,SOs, 0°C (c) Pd/C, 5 bar, 5{MeOH (d)
ACOH, 120°C, vield : 78% (e) NaOH, MeOHA®, 100°C (f) 2- MeNH-GHa- NH,, PPA, 150
°C, yield 64% (g)BuOK, DMSO, RT (h) TFA, DCM, RT, yield: 42% (i) O eq), 216°C, (j)
HCI, H,0, 100°C (k) (COCIy, DCM, 0 °C, (I) 'BUOK, THF, RT, yield: 9% (m) NBS,
(PhCOO), CCl, 76°C

In designing an alternative synthesis of telmisartair goal was to minimize the use of
expensive and hazardous metals, circumvent the ibabion step, and increase the overall
efficiency of the synthesis. This was accomplishgdreversing the order of the major bond
disconnections.

MATERIALS AND METHODS

All solvents and reagents were purchased from traneercial suppliers and used without
further purification. All non-aqueous reactions weperformed in dry glassware under an
atmosphere of dry nitrogen. Organic solutions wamecentrated under reduced pressure. Thin
layer chromatography was performed on Merck prexb&ilica-gel 60k, plates.*H and**C
NMR spectra were recorded in DMS@ahd CDC} using 400 MHz, on a Varian Gemini 400
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MHz FT NMR spectrometer. The chemical shifts wengorted ind ppm relative to TMS (Tetra
methyl silane). The IR spectra were recorded insibled state as KBr dispersion using Perkin
Elmer FT-IR spectrophotometer. The mass spectra wemorded on Shimadzu LCMS-QP 800
LC-MS and AB-4000 Q-trap LC-MS/MS. Melting pointsere obtained by using the open
capillary method and are uncorrected.

1,7'-dimethyl-2'-propyl-3'-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-1H,3'H-
2,5'-bibenzo[d]imidazole (15) A solution of 1,4-dimethyl-2’-propyl-1H, 3'H-2/5
dibenzimidazolet, (3.0 g, 0.009 mol), THF (30 mL) was added dropwis the mixture of 60%
sodium hydride (0.47 g, 0.0108 mol) in THF (30 mljder inert atmosphere. The reaction
mixture was stirred for 30 min at room temperatu?e(4-(bromomethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane4 (3.50 g, 0.011 mol ) in THF (30 mL) was addedthe
reaction mixture. Heated the reaction mixture ftuxeand maintained for 8 h. After cooling the
reaction mixture to 25-35 °C, this was poured iatsolution of saturated agueous ammonium
chloride (50 mL). Product was extracted twice wathyl acetate (50 mL) and evaporated under
vacuum at 55 °C. The obtained residue was tritdratgh n-hexane (36 mL) to get the solid
material and filtered, dried at 50-55 °C for 3-#blobtainl5 (yield 3.0 g, 60% yield); MS (m/z):
521[M* + 1]; *H NMR (400 MHz, CDCJ) (5 ppm): 7.78 (1H, s, ArH), 7.68 (1H, s, ArH), 7-47
7.26 (6H, m, ArH), 7.07 (2H, m, J = 8.0 Hz, ArH)6S (2H, s, -CH), 3.88 (3H, s, -Ch), 2.87
(2H,t,J=7.6 Hz, -Ch), 2.64 (3H, s, -Ch), 1.89 (2H, m , J = 7.6 Hz, -GH 1.29 (12H, s, 4 X -
CHs), 0.98 (3H, t, J = 7.6 Hz, -G} *C NMR (400 MHz, CDGJ) (5 ppm): 14.2, 17.7, 21.6,
23.6, 25.5, 30.2, 31.6, 47.2, 84.2, 109.2, 11319.3, 123.5, 123.6, 125.4, 125.8, 127.1, 128.0,
131.7,134.5, 135.6, 137.8, 138.9, 142.6, 144.5,21954.5.

2-(4'-((1,7'-Dimethyl-2'-propyl-1H,3'H-2,5'-bibenzo[d]imidazol-3'-yl)-methyl)bi- phenyl-2-
y)-4,4-dimethyl-4,5-dihydrooxazole (17) To a mixture of 1,7'-dimethyl-2'-propyl-3'-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzH,3'H-2,5'-bibenzo- [d]imidazold5 (3.0

g, 0.005 mol) and 2-(2-bromo phenyl)-4,4-dimethyl-Zapgline 16 (1.7 g, 0.006 mol) in
tetrahydrafuran (50.0 mL), 2M aqueous sodium caab®solution (20.0 mL) was added at room
temperature. The resulting bi phasic solution wagadsed with nitrogen gas for 20 minutes.
Tetrakis(triphenylphosphine)palladium (0) (0.25wgs added and heated to reflux (6. The
reaction mixture was maintained under reflux for HL2After completion of the reaction, the
reaction mixture was cooled to 26 and to this was added 50 mL of saturated ammonium
chloride solution and 50 mL of ethyl acetate. Sefs organic layer was washed twice with
water (50.0 mL). Separated organic layer was dowel sodium sulfate and evaporated under
vacuum. The residue was chromatographed on siétalgting with hexane/ethyl acetate 80:20
to get the title compound? as a white colored solid (2.8 g, 70%); mp 191-2@3(lit [7]
mp191-193C) ; MS (m/z): 568 [M + 1]; *H NMR (400 MHz, CDC}) (5 ppm): 7.78 (1H, d, J =
8.0 Hz, ArH), 7.68 (1H, s, ArH), 7.64 (1H, s, ArH),.62- 7.60 (2H, d, J = 8.0 Hz, ArH), 7.59
(1H, d, 3 = 8.0 Hz, ArH), 7.47- 7.17 (6H, m, ArH)07 (2H, d, J = 8.0 Hz, ArH), 5.45 (2H, s, -
CHy), 3.82 (3H, s, -Ch), 3.58 (2H, s, -Ch), 2.97 (2H, t, J = 7.6 Hz, -Gl 2.74 (3H, s, -Ch),
1.92 (2H, m, J = 7.6 Hz, -GH 1.29 (6H, s, 2 x -Ch), 1.04 (3H, t, J = 7.6 Hz, -G} °C NMR
(400 MHz, CDC}) (d ppm): 13.9, 16.7, 21.6, 27.6, 29.6, 31.6, 46.92,679.0, 108.8, 109.2,
119.3, 122.1, 122.2, 123.5, 123.6, 125.6, 127.8,22128.8, 129.1, 129.7, 129.9, 130.2, 134.4,
134.8, 136.4, 140.6, 140.8, 142.6, 142.8, 154.8,21963.1.
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4’-[(1,7’-dimethyl-2’-propyl-1 H,3'H-2,5’-bibenzimidazol-3’-yl)methyl]biphenyl-2-

carboxylic acid (1) A mixture of17 (4.0 g, 0.007 mol), concentrated hydrochloric gdid mL)
was heated to reflux (100-106) for about 30 h. The reaction mass was coolé®35C. 20%
sodium hydroxide solution was added until the lieacinixture pH attained to 9-10 and further
stirred at room temperature for 2 h. Desired solab filtered and washed with water (50 mL).
The wet cake was dissolved in a mixture of watér if.) and acetonitrile (20 mL) and then
heated to 60-65 °C. The pH of the resulting cledut®n was adjusted to 5.0-5.5 using 5%
acetic acid, and stirring continued for 2 h. Thecpitated solid was filtered and washed with
water (50 mL). Dried at 70-75 °C for 4-5 h underazuum to obtain Telmisartahas a white
crystalline powder (yield 3.0 g, 85 %); mp: 260-28&2 (lit" mp 260-262 °C); IR (KBr, ci)
2300-3500 (broad), 1680 (C=0); MS (m/z): 515 [M1]; 'H NMR (400 MHz, CDCY) (5 ppm):
12.8 (1H, s, -COOH), 8.42 (1H, d, J = 8.0 Hz, ArB))2 (1H, d, J = 8.0 Hz, ArH), 7.52-7.28
(8H, m, ArH), 7.20 (2H, d, J = 8.0 Hz, ArH), 7.08H, s, ArH), 6.96 (1H, s, ArH), 5.42 (2H, s, -
CHy), 3.82 (3H, s, -CH), 2.97 (2H,t,J = 7.6 Hz, -Gl 2.74 (3H, s, -Ch), 1.92 (2H, m, J = 7.6
Hz, -CHp), 1.04 (3H, t, J = 7.6 Hz, -G} *C NMR (400 MHz, DMSO-¢) (5 ppm): 13.5, 16.7,
20.6, 27.6, 32.7, 47.1, 51.7, 112.0, 112.7, 1114138,6, 125.3, 125.7, 125.8, 127.0, 127.4, 128.6,
129.3, 130.4, 130.6, 131.5, 132.3, 133.1, 133.3,71.334.5, 140.2, 140.5, 150.2, 157.3, 168.1.

RESULTS AND DISCUSSION

The first segment of our synthesis was constructbr2-(4-(bromomethyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolariel (Scheme 3. First, boronic acid was prepared from 4-bromo
toluenell by reacting with n-BuLi and triisopropyl borate-#&B °C and stirred for two hours at
the same temperature to afford fieolyl boronic acidl2 (85%). Second, the mixture &2 and
pinacol in cyclohexane was refluxed for ten howsrémove water and then the 4,4,5,5-
tetramethyl-2-p-tolyl-1,3,2-dioxaborolarie was obtained in 80% vyield. Third, compouh8
NBS and AIBN in cyclohexane were refluxed for fiheurs to provide the intermediale
(82%).

Br
a b © c é
/B\ 7 N
Br B o 0 o 0
HOoH - e L
11 12 13 14

Scheme 3: (a) n-Buli, triisopropyl borate, THF, -7°C (b) pinacol, cyclohexane, 88C (c)
NBS, AIBN, Cyclohexane, 85C

The second segment is the preparation of the Keynrediatel5 for Suzuki coupling $cheme

4). First , 1,7'-dimethyl-2'-propylH,3H-2,5'-bibenzaflimidazole 4, sodium hydride and 2-(4-
(bromomethyl)- phenyl)-4,4,5,5-tetramethyl-1,3,2diborolanel4 in THF were allowed to
heated at 70C for three hours to give 1,7'-dimethyl-2'-propyia-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl)-1H,3'H-2,5'-bibenzo[d]aizole 15 (60%).
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Scheme 4: (a) NaH, THF, 25-36C (b) Na,COs, Pd(PPh)4, THF, 80 °C.
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Scheme 5: (a) Concentrated HCI, 105- 11, 30 h

Finally biaryl coupling, which was conducted withetborate ester 15 and 2-(2-bromophenyl)-
4,4-dimethyl-2-oxazoline [6] 16 in presence of smdicarbonate and Pd(PPh3)4 ai@@or 48
hours to afford the coupling product 17 in 70% ésale 4). The third segment of our synthesis
was deprotection oxazoline to carboxylic acid. Hygsis of oxazoline 17 is carried out by
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refluxing in concentrated hydrochloric acid for BOurs at 105-11%C to afford the telmisartan
lin 85%(Scheme 5).
CONCLUSION

In summary, greatly efficient and convergent appho@ the telmisartan has been developed by
employing the Suzuki coupling method. To the bédtnowledge, this protocol is economically
advantageous over the earlier reported synthesisgde high yields.
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