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ABSTRACT

An improved synthesis of the angiotensin Il receptor antagonist telmisartan is described. It
involves Suzuki coupling of 4-formyl phenylboronic acid with 2-(2-bromophenyl)-4,4-dimethyl-2-
oxazoline followed by construction of benzimidazole moiety regioselectively though a reductive
amination-condensation sequence, replacing the earlier alkylation of the preformed
benzimidazole route. This methodol ogy over comes many drawbacks of the 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 disggs@®Imisartan is currently available in the
market as an antihypertensive dfipunder the brand name of MICARDIS.
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Figure 1. the Angiotensin Il receptor antagonist tenisartan
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The first total synthesis of telmisartan as introelll by Ries et al. (Scheme 1) 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 suhssayg 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-bendazole4. It is finally alkylated with
the 4-(bromomethyl)-2-biphenylcarboxylic acitért-butyl ester8 to give telmisartarl after
hydrolysis of the ester group (21% overall yigtd)olving lengthy eight step sequence (3).

First literature synthesis of telmisartan
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Scheme 1:(a) "PrCOCI, GHsCl, 100°C (b) HNQyYH,SQy, 0 °C (c) Pd/C, 5 bar, HiMeOH (d)

1
AcOH, 120°C, yield : 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) C@ eq), 210°C, (j)
HCI, H,0, 100°C (k) (COCIly, DCM, 0 °C, (I) '‘BuOK, THF, RT, yield: 9% (m) NBS,
(PhCOO}, CCL, 76°C

Several improvements to this reaction sequence bese reported, e.g., the use of KOH instead
of potassiuntert-butoxide in the penultimate step and the use dhamlic HCI solution instead
of trifluoroacetic acid in the final step [4]. Hower, the main shortcomings of the synthesis
remained viz., the unsatisfactory regioselectivityhe alkylation of8 with 4, the poor stability
and shorter shelf life of 4’-bromomethyl-biphenytarboxylic acid tert-butyl ested, the non
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selective and moderately yielding free radical bration of expensive intermedia8and the
intricate synthesis of the biaryl intermedi&ten the original protocol, the biaryl intermediate
was synthesized via an Ullmann coupling of the mrgides5 and6 using Five equiv of copper
[5]. Modern syntheses af involve cross-couplings of sensitive aryl magne$&lmzinc[7] or
boron[8, 9] compounds with alkyl 2-halobenzoates.

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. We realized biaryl synthesis addctve amination are the key steps, and have
the potential to overcome both of these weaknesses.

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 warmecentrated under reduced pressure. Thin
layer chromatography was performed on Merck premb&ilica-gel platesH and**C NMR
spectra were recorded in DMSQ@ahd CDC} using 400 MHz & 100 MHz, on a Varian Gemini
400 MHz FT NMR spectrometer. The chemical shiftsemeported irb ppm relative to TMS
(Tetra methyl silane). The mass spectra were recboth Shimadzu LCMS-QP 800 LC-MS and
AB-4000 Q-trap LC-MS/MS. Melting points were obtathby using the open capillary method
and are uncorrected.

2’-(4,4-Dimethyl-4,5-dihydro-1,3-oxazol-2-yl)biphewyl-4-carbaldehyde (12) To a mixture of
4-formyl phenylboronic acid1Q, 5.0 g,0.032 mol) and 2-(2-bromophenyl)-4, 4-dimethyl-2-
oxazoline 11, 10.1 g, 0.039 mol) in tetrahydrafuran (50 mL), 2lgueous sodium carbonate
solution (20 mL) was added at room temperature. résalting biphasic solution was degassed
with nitrogen gas for 20 minutes. Then Tetrakigftenyl- phosphine)palladium (0) (0.25 g) was
added to the reaction mixture and heated to reffisk °C). By maintained concentrated
temperature for 12 h. After completion of the reattthe reaction mixture was cooled to 25
and to this was added saturated ammonium chlodllgien (50 mL) and ethyl acetate (50 mL).
Separated organic layer was washed twice with w@etr 50 mL). The dried over sodium
sulfate and evaporated under vacuum. The residaewamatographed on silica gel and elution
with hexane /ethyl acetate (80:20) the title coomub(12) as an oil (7.5 g, 80%); MS (m/z): 280
[M* + 1]; '"H NMR (400 MHz, CDC}) (5 ppm): 10.0 (1H, s, -CHO), 7.91 (2H, d, J = 8.4 Hz,
ArH), 7.73 (1H, d, J = 8.4 Hz, ArH), 7.48 (2H, &= J.8 Hz, ArH), 7.44-7.34 (2H, m, ArH), 7.30
(1H, m, J = 7.4 Hz, ArH), 3.80 (2H, s, -@H1.12 (6H, s, 2 x -Ck); *C NMR (100 MHz,
CDCl) (8 ppm): 26.9, 66.6, 78.5, 126.7, 127.0, 128.1, 1288.8, 128.9, 129.3, 129.6, 134.1,
139.3, 146.5, 162.2, 191.0.

1-((2'-(4,4-dimethyl-4,5-dihydro oxazol-2-yl) biphayl-4-yl)methyl)-4-methyl-2-propyl -1H-
benzo[d]-imidazole-6-carboxylic acid (16):A mixture of amine 13, 6.0 g, 0.024 mol),
aldehyde 12,6.7 g, 0.024 mol), ang-TsOH (0.5 g) were suspended in toluene (60 mLeund
nitrogen, and the mixture was refluxed for 16 h #meh concentrated. The residue was diluted
with methanol (60 mL) and then transferred in teta@inless steel autoclave. To the reaction
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mixture added activated palladium on charcoal (10%,g), and stirred under,Hpressure (7
bar) for 24 h at 60 °C. It was cooled to room tenagure, filtered and the filter cake was rinsed
with ethyl acetate (3 x 50 mL). The filtrate wassivad with water, and the aqueous layer was
basified to pH 10 with aqg ammonia and extractedh wihyl acetate (2 x 50 mL). The combined
organic layers were dried over Mggi@nd concentrated. In vacuum to get the cruddymto
(14). It was diluted with glacial acetic acid (60 mL), ahé tresulting solution was refluxed for
2 h and then concentrated. To the obtained reqiilie methanol (30 mL), water (30 mL)
mixture was added followed by sodium hydroxide (§,60.24 mol) and heated to reflux for
about 5 h. After completion, the reaction mass ewsed to 25-35 °C and the pH of the reaction
was adjusted to 4.5-5.0 using concentrated hydooichbcid (16). Then the reaction mass
continued stirring for 45- 60 min and the crystadlisolid obtained was filtered, washed with
water (20 mL) and dried at 55-60 °C for 2-3 h (§,070%). Mp: 112-116 °C; MS (m/z): 482 [M
+ 1]; 'H NMR (400 MHz, CDGJ) (5 ppm): 7.86 (1H, s, ArH), 7.62- 7.51 (3H, m, ArHJ,43 -
7.37 (2H, m, ArH), 7.28- 7.26 (2H, d, J = 8.0 HzHA, 7.08- 7.06 (2H, d, J = 8.0 Hz, ArH), 5.60
(2H, s, -CH), 3.72 (2H, s, -ChH), 2.87 (2H, t, J = 7.6 Hz, -Ci 2.56 (3H, s, -Ch), 1.88 (2H, m,
J=7.6 Hz, -Ch), 1.12 (6H, s, 2 x -Ch, 0.97 (3H, t, J = 7.6 Hz, -G} *C NMR (100 MHz,
CDCl) (6 ppm): 14.2, 16.9, 21.6, 28.6, 29.6, 31.5, 47.06,679.0, 112.3, 126.1, 126.3, 127.0,
127.2,127.5,127.7, 128.8, 129.1, 130.2, 136.9,11339.4, 140.6, 143.8, 154.2, 164.1, 171.3.

3'-{[2'-(4,4-dimethyl- 4,5-dihydro-1,3-oxazol-2-yl) biphenyl-4-yllmethyl}-1,7'-dimethyl-2'-
propyl-1H,-3'H-2,5'-bibenzimidazole (17) A solution of 1-((2'-(4,4-dimethyl-4,5-dihydro
oxazol-2-yl) biphenyl-4-yl)methyl)-4-methyl-2-prob¥H-benzo[d]imidazole-6-carboxylic acid
(16, 4.0 g, 0.0083 mol) and 1;&arbonyldiimidazole (2.0 g, 0.012 mol) in 1,4-dame (40 mL)
was stirred under nitrogen at room temperatbdlethyl-1,2-phenylenediamine (1.5 g, 0.012
mol) was added to the reaction mixture and refluiced4d h. It was cooled room temperature
poured into ice cold water (200 mL) and basifiethveiq ammonia to pH 9. The separted product
was extracted twice with ethyl acetate (2 x 25 mhgl evaporated under vacuum at 55 °C. The
obtained residue was triturated with n-hexane (30 to get the solid which was filtered,
washed with the same solvent and dried at 50-550fC3-4 h to obtain X7) as a colourless
crystalline powder (4.0 g, 85%). Mp: 191-193 °Q [1i2, 13] Mp: 260-262 °C); MS (m/z): 568
[M* + 1]; '"H NMR (400 MHz, CDGJ) (5 ppm): 7.78 (1H, d, J = 8.0 Hz, ArH), 7.68 (1H, s,
ArH), 7.64 (1H, s, ArH), 7.62- 7.60 (2H, d, J D&z, ArH), 7.59 (1H, d, J = 8.0 Hz, ArH),
7.47- 7.17 (6H, m, ArH), 7.09- 7.07 (2H, d, J = 819, ArH), 5.45 (2H, s, -C}h), 3.82 (3H, s, -
CHg), 3.58 (2H, s, -CH), 2.97 (2H, t, J = 7.6 Hz, -G 2.74 (3H, s, -Ch), 1.92 (2H, m, J = 7.6
Hz, -CHp), 1.29 (6H, s, 2 x -Ch), 1.04 (3H, t, J = 7.6 Hz, -G} *C NMR (100 MHz, CDG))

(6 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, 127.0, 127.2, 128.8, 129.9,712129.9, 130.2, 134.4, 134.8, 136.4, 140.6,
140.8, 142.6, 142.8, 154.2, 156.2, 163.1.

4’-[(1,7’-Dimethyl-2’-propyl-1H,3'H-2,5-bibenz  imi dazol-3’-yl) methyl] biphenyl-2-
carboxylic acid (1) A mixture of L7, 4.0 g, 0.007 mol), concentrated hydrochloric g4 mL)
was heated to reflux (100-106) for about 30 h. The reaction mass was coold#35C. Then
20% sodium hydroxide solution was added until #s&ction mixture attained to pH 9-10 and
further stirred at room temperature for 2 h. Tnecipitated solid was filtered, washed with
water (50 mL) and the wet cake was dissolved inbdumre of water (60 mL) and acetonitrile
(20.0 mL) then heated to 60-65 °C. The pH of tisailteng clear solution was adjusted to 5.0-5.5
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using 5% acetic acid, and stirring was continuedZd. The precipitated solid was filtered
washed with water (50 mL) and dried at 70-75 °C4f&r h under a vacuum to obtain telmisartan
as a colourless crystalline powder (3.0 g, 85 %): B60-262 °C (lit [4] Mp: 260-262 °C); MS
(m/z): 515 [M + 1]; *H NMR (400 MHz, CDC}) (5 ppm): 12.8 (1H, s, -COOH), 8.42 (1H, d, J
= 8.0 Hz, ArH), 8.02 (1H, d, J = 8.0 Hz, ArH), Z:3.28 (8H, m, ArH), 7.20 (2H, d, J = 8.0 Hz,
ArH), 7.05 (1H, s, ArH), 6.96 (1H, s, ArH), 5.42H2s, -CH), 3.82 (3H, s, -CH), 2.97 (2H, t, J

= 7.6 Hz, -CH), 2.74 (3H, s, -Ch), 1.92 (2H, m, J = 7.6 Hz, -GH 1.04 (3H, t, J = 7.6 Hz, -
CHs); *C NMR (100 MHz, DMSO-g) (5 ppm): 13.5, 16.7, 20.6, 27.6, 32.7, 47.1, 51.2.0,1
112.7, 114.7, 118.6, 125.3, 125.7, 125.8, 127.8,4228.6, 129.3, 130.4, 130.6, 131.5, 132.3,
133.1, 133.2, 133.7, 134.5, 140.2, 140.5, 150.2,31368.1.

RESULTS AND DISCUSSION

We identified 4-formylphenylboronic acid1@ and 2-(2-bromophenyl)-4,4-dimethyl-2-
oxazoline (1) as the ideal starting materials for the prepanatf the key biaryl intermediate.
Thus, Suzuki coupling of 2-(2-bromophenyl)-4,4-dimg-2-oxazoline [10] with 4-

formylphenylboronic acid in presence of aqueous iwod carbonate and
tetrakis(triphenylphosphine)palladium(0) in THF vga2-(4,4-dimethyl-4,5-dihydro-1,3-oxazol-
2-yl)biphenyl-4-carbaldehydd ®) in over 80% vyield (Scheme 2).

CHO
CHO O
Br N N
+ / a5 |
o] O o}
/B\
HO OH
12

10 11
Scheme 2(a) Pd(PP}),, aq NaCOs;, THF, 12 h (80%).

The reaction of biaryl aldehyde with aminel3 (prepared by the literature procedure [4]) was
carried out in the presence mtoluenesulfonic acid in toluene to form the cop@sding imine,
which on hydrogenation in methanol yielded the anfid. The amine was not isolated but
cyclized in situ to the-propyl benzimidazold5 in refluxing glacial acetic acid followed by in
situ hydrolysis to the acidh 80% vyield. (Scheme 3).

The substrate16, on attempted dehydrative cyclic condensation wihmethyl-1,2-
phenylenediamine using polyphosphoric acid at 1G0ed to substantial side reactions such as
cleavage of the butyryl group, butyrylation of iamine and cleavage of oxazoline group and
required the intermediaté7 with 30% vyield after repeated purifications. Aneahative
condensation methodology has been adofold by thieation of the carboxylic acid6 with
1,1’-carbonyldiimidazole (CDI) followed by couplingith N-methyl-1,2-phenylenediamine and
in situ cyclization in 1,4-dioxane at 18G, afforded the bis benzimidazole derivativein 85%
yield. Finally oxazoline intermediate was cleaveaddoncentrated hydrochloric acid to afford
telmisartanl (Scheme 4).
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Scheme 3(a) p-TsOH, toluene, 116C, 2h (b) Pd/C, 7 barAMeOH, 60°C, 24 h (c) AcOH, 126C, 2 h (d)

NaOH, MeOH/HO, 70°C, 5h (70%).
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Scheme 4:(a) CDI, 2- MeNH-GH,- NH,, 1,4- Dioxane, 136C, 4h (85%) (b) Conc. HCI, 100-12G, 30h (85%).
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CONCLUSION

In conclusion, an improved synthesis of the antd#mgnsive drug telmisartan has been
developed, featuring a Suzuki cross-coupling fa& tlonstruction of the biaryl moiety and a
regiospecific reduction of the azomethine followlegl cyclic condensation sequence for the
synthesis of the central benzimidazole.
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