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Abstract A double protection strategy for the synthesis of the biologically important
dihydropyridines is described. Deprotection followed by independent chemical manipulation of the
C,- and C-substituents allows one to access a variety of derivatives not readily available using
traditional routes. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction Dihydropyridines (DHP’s) comprise a large family of medicinally active compounds with precedence
as Ca*™ and K * channel blockers, platelet activating factor antagonists, and thromboxane A, synthase inhibitors.
Our interest in this area stems from the finding that DHP’s such as 2 are also potent o, (formerly ;)" antagonists
with potential as agents for the treatment of BPH (Benign Prostatic Hyperplasia).” The development of methodology
to synthesize 3,5-dicarboxylic acid derivatives was very important to our understanding of the SAR of such
compounds.’ Herein, we describe a double protection strategy that uses 1 as a useful common intermediate. The
protecting groups of 1 (P, and P,) can be selectively cleaved followed by attachment of the appropriate substituents
at C, and C,. The flexibility of this approach is exemplified by the preparation of 2 from the protected intermediate
1 (Figure 1).

The synthesis of dihydropyridine rings was first reported by Hantzsch? more than one hundred years ago.
Although used extensively in the past, the original Hantzsch synthesis is not suitable for unsymmetrical DHP’s.
There are different modifications reported for the Hantzsch reaction,’ but they generally involve the placement of
the C,- and/or C,-substituents prior to cyclization to form the dihydropyridine ring. One such method, developed
by Fax,® uses preformed benzylidines (4, Scheme 1) for the synthesis of the unsymmetrical DHP’s.
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Figure 1: Double Protection in the Synthesis of Dihydropyridines

Double Protection Strategy The C,- and C;-esters of DHP’s are resistant to basic hydrolysis as compared with
other esters. We examined the feasibility of using several protecting groups that did not require “nucleophilic” attack
at the C,- and C;-carbonyl groups for deprotection. Recently, single protection strategies were described in which
the Hantzsch reaction gave a dihydropyridine with one protected cyanoethyl,® t-butyl,” or trimethylsilylethyl ® ester.
In each case, a subsequent deprotection yielded mono-carboxylic acids which were further manipulated. For our
purposes, it was apparent that a double protection strategy would be a useful method to efficiently synthesize a
variety of suitably functionalized compounds for our SAR studies. We also anticipated that the use of double
protection offers more synthetic opportunities to explore SAR by allowing one to independently elaborate the
C, and C; positions.
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Scheme 1: Synthesis of the Doubly Protected Dihydropyridines

Results Our ability to synthesize various DHP’s was dependent on the ease of the synthesis of the ketoesters 3
(Scheme 1). Transesterification at high temperatures was used to synthesize the protected commercially available
B-ketoesters. Meldrum’s acid route’ was used to synthesize the protected noncommercial B-ketoesters. The
formation of benzylidines 4 from ketoesters and aldehydes proceeded well using catalytic (5-10%) piperidinium
acetate in alcoholic solvents at room temperature or benzene under Dean-Stark conditions. The enamides were
produced in situ using ammonia (THF, 30-50 °C, molecular sieves 4A) or ammonium acetate (ethanol, reflux, 30
minutes). The Hantzsch reaction was performed with benzylidines and enamides in an alcoholic solvent to produce
the required doubly protected C, s-diesters (5, Scheme 1). Various combinations of the protecting groups were
examined and found to be compatible with subsequent chemical reactions: cyanoethyl with t-butyl esters and TMS-
ethyl esters, t-butyl esters with benzy! esters. The corresponding deprotection conditions to give the carboxylic acids
6 from esters 5 are summarized in Scheme 1. It is interesting to note that benzyl ester deprotection can occur in the
presence of an aromatic nitro group using 4% HCO,H in MeOH and catalytic 10% Pd/C for 15-30 minutes at room
temperature. In the case of t-butyl esters, we found that the t-butyl ester has to be cleaved first because the placement
of an amide at C,/C, deactivates the t-butyl ester toward acidic cleavage. In the case of trimethylsilylethyl esters,
the use of TBAF (tetrabutylammonium fluoride) in DMSO -(vs. THF) as the solvent increases the rate of the
deprotection. The use of DMSO as the solvent or with added acid (HCl) as a buffer in the reaction mixture
minimizes the formation of side products. We found that TBAF in THF deprotects cyanoethyl esters, probably due
to the pH of the reaction medium (a wet pH paper gives a 9-10 value).

A variety of groups were coupled with the carboxylic acids resulting from the double protection
methodology, using standard DCC type coupling conditions. A typical amide formation route is depicted in Scheme
2. Manipulation of the doubly protected intermediates such as 9 allowed us to selectively modify C,- and C;-
substituents of the dihydropyridine ring. The versatility of synthetic intermediates such as 6, 9 and 10 enabled the
expeditious development of the analog program by a parallel synthesis paradigm.

We have described a useful method for the synthesis of C, ;-substituted DHP’s. The double protection offers
alternative synthetic approaches to functionalize both C, and C; positions of a dihydropyridine selectively. This
methodology allowed us to rapidly synthesize a variety of DHP’s resulting in a better understanding of the SAR of
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this class of compounds. The SAR of the synthesized compounds will be described in due course.
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Scheme 2: Double Protection Using t-Butyl and Cyanoethyl esters

Experimental Section:

2-Cyanoethyl 3-Oxopentanoate: A mixture of 143 g of ethyl 3-oxopentanoate ((0.989 mol) and 70.3 g of 3-
hydroxypropionitrile (0.989 mol) were placed in a round bottom flask equipped with a short distillation head. The
mixture was heated at 180 °C (z 10 °C, bath temperature) for 8 hrs or until no more ethanol could be collected. The
reaction mixture was cooled and the product was distilled under reduced pressure to give 110 g (66%) of product
as a light yellow oil: bp 120-124 °C (0.4 mmHg).

3-(tert-Butyl)  5-(2-Cyanoethyl)  2-[(2-Azidoethoxy)methyl]-6-ethyl-4-(4-nitrophenyl)-1,4-dihydroe-3,5-
pyridinedicarboxylate, 9: A mixture of 1.00 g of t-butyl 4-(2-azidoethoxy)-3-oxopentanoate'® 8 (4.10 mmol) and
concentrated ammonia (0.800 g, 24.6 mmol) in 1.5 mL of t-BuOH was stirred at room temperature for 17 hrs. The
solvent was removed in vacuo to give a yellow viscous oil. A mixture of the resulting enamide and 850 mg of 7 in
15 mL of t-BuOH was heated at reflux temperature for 5 hrs, concentrated, chromatographed on silica (EtOAc-
hexane, 1:3) to give 836 mg the desired product (56%) as a yellow viscous oil.
2-[(2-Azidoethoxy)methyl]-5-[(2-Cyanoethoxy)carbonyl]-6-ethyl-4-(4-nitrophenyl)-1,4-dihydro-3-
pyridinecarboxylic Acid: A mixture of 1.03 g of 9 (1.96 mmol) in 15 mL of formic acid was stirred for 1.25 hrs,
and the solvent was removed in vacuo. The crude product was triturated with EtOAc and a small amount of hexane
and the resulting precipitated yellow product was collected (520 mg, 58%): mp 150 °C (decomp.). More product
could be obtained by concentration and trituration of the filtrate. The product was used in the following steps after
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spectral characterization.

2-Cyanoethyl 6-[(2-Azidoethoxy)methyl]-5-([3-(4,4-diphenylpiperidino)propyl]aminocarbonyl)-2-ethyl-4-(4-
nitrophenyl)-1,4-dihydro-3-pyridinecarboxylate: A solution of 2.10 g of 2-[(2-azidoethoxy)methyl]-5-[(2-
cyanoethoxy)carbonyl]-6-ethyl-4-(4-nitrophenyl)- 1,4-dihydro-3-pyridinecarboxylic acid (4.46 mmol), 1.47 g of DCC
(7.14 mmol), and 440 mg of DMAP (3.57 mmol) in 30 mL of dry dichloromethane were stirred at room temperature
for 40 min. The reaction mixture was charged with 1.71 g of N-(3-aminopropyl)-4,4-diphenylpiperidine® (5.80
mmol), and the reaction mixture was stirred for 2 days and concentrated. Flash chromatography (silica, MeOH-
EtOAc 5% to 10%) gave 2.65 g of the desired product (80%) as a yellow foamy solid: mp 63-67 °C.
6-[(2-Azidoethoxy)methyl]-5-([3-(4,4-diphenylpiperidino)propyllaminocarbonyl)-2-ethyl-4-(4-nitrophenyl)-
1,4-dihydro-3-pyridinecarboxylic Acid, 10: A solution of sodium hydroxide (200 mg) in 4 mL of water was added
to a solution of 2.50 g of 2-cyanoethyl 6-[(2-azidoethoxy)methyl]-5-([3-(4,4-
diphenylpiperidino)propyl]Jaminocarbonyl)-2-ethyl-4-(4-nitrophenyl)- 1,4-dihydro-3-pyridinecarboxylate  (3.35
mmol) in 10 mL of dioxane. The resulting mixture was stirred at room temperature for 1.5 hrs, and the solvent was
removed in vacuo. The residue was dissolved in 250 mL of water, acidified to pH 4 (concentrated HC}), the
precipitated yellow solid was collected to give 222 g of 10 (96%): mp 118 °C (decomp.).
11a-c: A mixture of 10 (1 equivalent), DCC (1.5-2 equivalents), DMAP (1 equivalent) in dry dichloromethane were
stirred at room temperature for 1-2 hours (monitor by TLC). An aqueous solution of the amine (excess) was added
to the reaction mixture and stirred at room temperature (11a and 11b) or heated at reflux (11c) for a specified time.
The reaction mixture was concentrated, charged with ethyl acetate (drops of dichloromethane were added to make
the solution homogeneous), washed with saturated ammonium chloride solution, dried with sodium sulfate, solvent
removed and chromatographed on silica (MeOH-EtOAc) to give 11a-c: 11a: (88%) as a yellow solid, mp 88-93 °C;
Anal. Caled. for C,,H,,N,O.+0.5H,0: C, 65.03; H, 6.46; N, 15.97. Found: C, 64.80; H, 5.96; N, 15.88; 11b: (90%)
as a yellow solid: mp 95 °C (decomp.); Anal. Caled. for C,;H,8,0,+1.7H,0: C, 63.52; H, 6.75; N, 15.19. Found:
C, 63.46; H, 6.32; N, 14.82; 11c: (53%) as a yellow solid, mp 82-87 °C; Anal. Calcd. for C,;H,;N;O.+2.0H,0: C,
63.47, H, 6.92; N, 14.80. Found: C, 63.49; H, 6.24; N, 14.78.
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