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Abstract

5-Di acyl -4- phenyl 1,4- drhydropyrldme% have been syntheuzed via a reglo- and chemoselective addition of

Cu{CN)Li3 to B-substituted N-alkyipyridinium salits, followed by acylation of the intermediate 1.4-
.pr“dmec with trichloroacetic anhydride and subsequent haloform-type reaction. A similar sequence
an N-silylpyridinium salt and PhMgBr allows the preparauon of the corre%pondmg N-unsubstituted

dihydropyridines. © 1998 Elsevier Science Ltd. All rights reserved.
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The nucleophilic addition of indole-containing enolates to pyridinium salts has emerged
as a powerful tool for the synthesis of indole alkaloids [1]. In particular, the addition of 2-
acetylindole enolates to N-alkylpyridinium salts bearing an electron-withdrawing substituent at
the B-position, followed by acylation of the intermediate 1,4-dihydropyridines with
trichloroacetic anhydride (TCAA) gives 3,5-diacyl substituted 1,4- dihydropyridines [2], from
which the total synthesis of several ervatamine alkaioids has been successruuy accompusned in
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For our pnrp se, the chemo- and regioselective introduction of a phenyl group at rhe Y-

position of an N-alkylpyridinium salt by means of a suitable organometallic reagent w
required. In thrs context, good to excellent C-4 regioselectivity upon reaction wrth N-
acylpyridinium salts has usually been achieved with organocopper reagents [6-10], although
there is scarce information about the same process with N-alkylpyridinium salts [10,11].
Moreover, in most cases the initially formed N-acyl-1,4-dihydropyridines are rapidly oxidized
to the corresponding pyridines and there are only a few examples dealing with the acylation of
these dihydropyridines [8,12,13].

For our study we selected a variety of N-methyl and N-benzylpyridinium salts 1a-g,
which differ in the electron-withdrawing group at the B position of the rimz and the
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acylation sequence starting from pyridinium salt 1a (Table 1, entries 1-3), the higher order
heterec**prate PhoCu(CN)Liz (4) proved to be the most efficient reagent for the regioselective

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)02084-X



\D

R
'L X 2= PhyCuli

)
N 3= PhCU(CN)LI !
_ y 4= PhoCuCN)Lp Ell v o+ ™
@
AN

a. R:Me, Y—COdlv‘e e. n:hﬁn V NOE
b.R=Me, Y=COMe f R=Bn,Y=COsMe 5 6
¢c. R=Me, Y =CHO g. R=Bn, Y =COMe
d. R=Me, Y=CN
R R
| 1
/N\ N N

R
aCC0RQ AN E\\/ll '“I‘ ococci
ol e Y] cweos Y YUY
© Clicoc” Sy P

7 g R=M

8 9 mn=Me
10 R=Bn
Scheme 1
Tabie 1
Reaction of Pyridinium Salts 1 with "PhCu"
Entry "PhCu" Pyridinium Addition Products? Addition + TCAA Acylation®
Salt4 [ratio, vield (%)] Products [ratio. overall yield(%)]
! 2 1a -- Ta + 8a (3:1, 35)
2 3 1a - 7a + 8a (2:1. 35)
3 4 1a Sa+6a(10:1,75) 7a + 8a (6:1, 63)
4 4 ib 5h (70) 7b (55)4
5 4 1c Sc + 6¢ (5:3, 40) ---
6 4 1d 5d + 6d (5:1, 60) 7d (90)¢
7 4 le 5e (42) —ee
8 4 if — 7+ 8f (3:1,45)
9 4 ig — 7g + 10 (40)

@ Series a-e: X = [; series fand g: X = Cl.

bIn a typical run, pyridinium salt 1 (2 mmol) was added in portions to a cooled (-40 °C) solution of 4 (6 mmol) in
THF (30 ml), and the resulting mixture was stirred at -40 °C for 1.5 h. After extractive workup and flash
chromatography (SiQ7, hexanes-ethy! acetate) of the residue (A), dihydropyridine § was obtained.

CIn a typical run, a solution of the above crude residue (A) in THF (30 ml) at 0 °C was treated with TCAA (4 mmol)
for 2 h. Workup and flash chromatography as above gave dihydropyridine 7.

d1n some runs dihydropyridine 9 was also detected.
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The results of the addition reaction or (in most cases) the addition-acylation sequence
with this reagent are listed in Table 1, entries 3-9. Several points deserve comment:
(i) The addition of 4 to pyridinium saits 1a, 1b, and id occurs regio- and

chemoselectively to give 1,4-dihydropyridines Sa,! Sb, and 5d (entries 3, 4, and 6) as the major
or exclusive (5b) products in good yields. Subsequent acylation of the crude reaction mixtures

i Compound 5a: TH-NMR (300 MHz, CDCl3) 3.07 (s, 3H, NMe), 3.57 (s, 3H, OMe), 4.49 (d, J = 4.9 Hz. 1H. 4-H), 490 (dd. /= 7.7.
4.9 1iz, 14, 5-H), 5.84 (ddd, /= 7.7, 1.6, 0.8 Hz, 1H, 6-H), 7.23 (d, /= 1.6 Hz, I1H, 2-H), 7.15-7.40 (in ‘.H Ar) HC NMR {CDC!_:.
75 MHz) 37.8 (C-4), 40.8 (NMe), 50.5 (OMe), 108.3 (C-5), 110.8 (C-3), 125.9 (C-6), 126.0, 127.4, 128.0 (Ph), 140.8 (C-2). 1479

(Ph). 168.1 (CO).
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gave the corresponding (trichloroacetyl)-1,4-dihydropyridines 7a,2 7b, and 7d in acceptable
overall yields.

(i1) The yield of the addition step is slightly lower from pyt’idinium salts 1¢ and le
(entnes 5 ana 7 ), wmcn are substituted W1tn stronger electron—wnndrawmg groups. | rrom lc tne

............

(iii) The ytelds Of the addltlon acylatlon sequence from benzylpyridinium salts 1f and 1g
are similar to those obtained in the methyl series. However, from 1f the regioselectivity is lower
than from 13 It is worth mentioning that, again, no 1,2-dihydropyridine could be detected from

" 'As could be expected from our previous work [2-4], (trichloroacetyl)dihydropyridines 7a.
7b, 7d, 7f, and 7g underwent a haloform-type reaction with sodium methoxide? to give the
corresponding methyl esters 11a (80%),* 11b (93%), 11d (85%), 11f (90%), and 11g (86%).
The use of alkoxides different than methoxide allows the preparation of 1,4-dihydropyridines
bearing two different ester groups at the B-positions (Scheme 2). Thus, treatment of 7a with
sodium isopropoxide in isopropanol led to dihydropyridine 12a in 75% yield.
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Scheme 2

For the preparation of N-unsubstituted 3,5-diacyl-4-phenyl-1,4-dihydropyridines we took
advantage of the regioselective addition of organomagnesium compounds to N-(tert-
butyidimethyisilyl)pyridinium saits [8]. Thus, reaction of methyl nicotinate with rert-
butyld1methyls1ly1 trlflate gave the correspondmg pyridinium salt, which was treated w1th
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2 Compound 7a: IH-NMR (300 MHz, CDCl3) 3.36 (s, 3H, NMe), 3.66 (s, 3H, OMe), 5.03 (s, 1H, 4-H). 7.10-7.35 (m, 6H. Ph. 2-H).
7.83 (s, 1H, 6-H). 13C-NMR (CDC13 75 MHz) 37.0 (C-4), 42.4 (NMe) 51.6 (OMe), 96.5 (CCl3), 106.7 (C-3), 111.5 (C-5). 126.7.

i28.0, 128.2 (Ph), 136.3 (C-2), 143.7 (C-6), 145.0 (Ph), 166.5, 178.7 (CO). HRMS caicd for CygH 4NO3Ci3: 373.0039. found
373.0047,

3 Standard procedure: Dihydropyridine 7 (0.5 mmol) in MeOH-THF (1:1, 20 ml) was added to a solution of MeONa (1.5 mmol) in
MeOH (20 ml) and the resulting solution was stirred at rt for 1 min. The solvent was evaporated and the residue was partmoned
between uzu and Clhcl and extracted with ether. EV&pOf&tiGﬁ of the solvent followed b oy flash LlllUllldlU"laplly (hexanes- r:ut\l
acetate) gave dihydropyridine 11.

4 Compound 11a: mp 192 °C (acetone). IH-NMR (CDCl3, 300 MHz) 3.25 (s, 3H, NMe), 3.62 (s, 6H, OMe), 4.87 (s. IH. 4-H). 7.10
7.40 (m, 7H, Ph, 2-H, 6-H). I3C-NMR (CDCl3, 75 MHz) 36.8 (C-4), 41.4 (NMe), 51.1 (OMe), 108.1 (C-3. C-5). 126.3. 127.9 (Ph).
138.3 (C-2, C-6), 146.4 (Ph), 167.1 (CO). Anal. Calcd. for C;{gH|7NO4: C, 66.89; H, 5.96; N, 4.87. Found: C. 66.75: H. 6.08: N.
4.89.
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Scheme 3

1,4-Dihydropyri idines 7, 11, 12, and 14-16, wit

the B-positions, are crystallme solids, stable enough to be characterlz d by elemental analysis
and/or HRMS. In contrast, dihydropyridines 5 are prone to undergo oxidation and could be

identified only by NMR data.

The above results not only establish a convenient synthetic method for the preparation of
valuable 3,5-diacyl-4-aryl-1,4-dihydropyridines but also demonstrate that the addition of the
higher order heterocuprate PhoCu(CN)Li2 to N-alkylpyridinium salts takes place with higher
regioselectivity and better yield than the addition of enolates.
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