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Abstract - The application te alkaloid synthesis of the addition of

stabi11zed carbon nucleophiles to N-alkylpyridinfum salts 1s reviewed.
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1. INTRODUCTION

The chemistry of N-alkyl-, N-aryl, and N-acylpyridinium salts and pyridine N.oxides offers nu-

! such as hydride, carbon centered (organometallic

aserous examples of addition of nucleophiles
compotnds, stabilizad carbamions, cyanide ton}, and heterocatom centered (amines, hydroxide,
a#lkoxide, and sulfide 1ons) at the pyridine a- and y-positions to give 1,2- and 1,4-dihydropyr-

tdines, respective]y.

R= alkyt

aryl

O acyl
0

The regioselectivity of this kind of addiifon has received a variety of theoretica]2 and
exper‘lmenta]3 studfes. According to theoretical consliderations, addition at the pyridine
a- or y-positions can be expected depending on the hardness of the nucTeophﬂe:4 hard nucleo-
pniles preferentially atiack at -2 whereas soft cones rzact at C-4. On the other hand, the addi-

tion is considered to proceed both at the a- and P-carbon centers under kinetic control
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1330 14 the latter case, 1f the nucleophile is

and at the v-carbon under thermodynamic contro
suffictently stable, rapid addition and elimination leads to an equilibrium in which ultimately
the thermodynamically more stable 1,4-dihydropyridine becomes the major product,

The stability of the resulting dihydropyridine adducts depends on several factors such as the

type of nucleophile or the substituent at the pyridine nitrogen or at other ring positions. Thus,
it 1s well known that an N- acy? group or an electron-withdrawing substituent at the pyridine p-
position causes a stabilizing effect upon the dihydropyridine system.5 On the other hand, the in-
tramolecular dihydropyridine adducts are entropically less disfavoured than the intermolecular

ones. Accordingly, the dihydropyridine adducts can be isolated in some cases but, in others, they
spontaneously change or are directly converted to more stable products. These transformations

can be classified in: 1) conversion to the corresponding dihydropyridinium salt through acid

treatment, i1) rearomatization of the adduct by oxidation or disproportionation, and i11) ring

opening, especially in the case of 1,2.dihydropyridines.

This review is centered on the application to alkaloid synthesis of the addition, in both the

inter- and intramolecular modes, of stabilized carbon nucleophiles (enolate fons) to N-alkylpyri-
dinfum salts. This reaction, investigated long ago in the form of the base-catalyzed condensa-

tion of ketones and N-alkyl- and N-acylpyridinium 5a1ts,5 possesses a particular synthetic inter-
est since 1t constitutes an useful method of forming carbon-carbon bands to give substituted df-

hydropyridines, which can be further elaborated into complex polycyclic alkaloid systems.7

2. INTERMOLECULAR ADDITIONS

We have classified these reactions in two groups, according to the treatment effected upon the

inftially formed dihydropyridine, which generally can not be isoTated.

2.1. Addition followed by acid treatment

The sodium dithionite reduction of pyridinium satts bearing am electron-withdrawing substituent
at the p-positton affords 1,4—d1hydropyrid1nes.B The reaction proceeds via an intermedliate sul-

finate adduct, which 1s stable in alkaline solution but readily decomposes under neutral or

[ H : 0°Na* W H
- a

Z CONH, CONH, . CONH,
4 MNags0, | (] A

N?

x| |
lCHzAf ‘ CHzAr CHzAr
1 18 r
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acidic conditions to give the reduced pr'oduct.g

The regioselectivity of the process can be ratfonalized by considering the softness of dithionite
anion as nucleophile and the reversible character of the first step of the reduction. The re-
sulting 1,4-dihydropyridines are able to generate iminium salts in a regioselective manner since
protonation occurs exclusively at the pB-carben of the unsubstituted enamine function rather
+han at the vinylogous amide moiety. Consequently, it 1s possible to effect regioselective cy-

clizations upon activated aromatic rings such as fndo]e.lo

This methodology has been widely used in the synthesis of indolo(2,3-alquinolizidine daﬁvathmsjl

12 13 as well as

several vallesiachotamine models © and indole alkalolds of the gambirtannine type,
in the total synthesis of the indole alkaloid deplanche‘ine.]4 In the last case, the reduction of
pyridinium satt 1 ylelded the unstable enamine 2, which was directly cyclized under acidic con-

ditions to indoloquinolizidine 3, a precursor of deplanchelne.

CI,J' ] o NasS0,
l d
H

1 N
COOMe COOMe
|
\ N ——
H
DEPLANCHEINE

COOMe

The sodium dithionite reduction can be formally envisaged as a nucleophilic hydride attack at
the y-position of the pyridinium ring, Consequently, the use of a stabilized carbon nucleophile
in the first step of the above nucleophilic addition-cyclization sequence should allow the in-
troduction of functionalized carbon substituents at the 2-position of the fndolo[2,3-alquin-
oliztdine ring system. This fransformation has been satisfactorily accomplished by Wenkert since
the base-induced condensation of pyridinium salts 4 with acetone, followed by acid treatment of
the intermediate 1,4-dihydropyridines 5, afforded the corresponding acetonyl derivatives 6a (7%),
6b (23%), and 6c ¢10%), which can be considered as simplified analogues of valIes1achotam1ne.]5
In spite of the low yields, the above two-step sequence opened a new general scheme for the
synthesis of the indeloquinolizidine skeleton, characteristic of many indole a1kaloid5.16'17

When appropriate carbon nucleophiles were used, this methodology made possible the synthesis of
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ajmalicinoid alkaloids after further elaboration of the ¥-substituent. Thus, the addition of

dimethyl sodiomalonate to pyridinium saits 4 followed by cyclization of the intermediate 1,4-

dihydropyridines 7 with benzene saturated with hydrogen bromide gave the tetracyclic systems.‘IB

19

8a (34%), 8b ¢11%), and Bc (29%). ° The use of hydrogen chloride and/or other solvent systems

{DME~benzene, CHC13-benzene) fn the cyclization step did not affect apprectably the yield of

tetracycle 8¢. In contrast, methanolic hydrogen chloride or glacial acetic acid were Tneffective.

18

In all cases the starting pyridinium salt fs recovered in considerable extension, ~ not only as a

consequence of the reverstbility of the nucleophilic attack but also due to the tendence of the
resulting dihydropyridines to undergo fragmentation into the starting pyridinium salts under acid-

ic cond1t1ons.20

W B n~|¢.1c:-|<c°0Me W -‘
A CN/\IL COOMe N N
H
. X COR H E:T:n‘\cog
4 7 CH-COOMe
i écxnue J
HBr - CGH‘ :i 3&
R= Me
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It is noteworthy that 1indole[2,3-alquinolizidines 6 and 8 (see also below) possess uniformly a
3-H/15-H trans-relationship. This stereochemical result is a consequence of the axial attack of
the fndole ring to the iminium double bond.

The tetracycle 8c appeared to be a versatile intermediate since from which, short, kighly speci-
fic syntheses of the racemates of the alkaloids akuammigine and tetrahydroalstonine, as well as
formal total syntheses of the racemates of ajmalicine and the oxindele alkalofds formosanine and

8 The synthesis of (+)-hirsutine and ()-gelssoschizine

7-1soformosanine have been reported.
from 8¢ further 11lustrates the power of the new method for the construction of members of the

corynanthoid aTkaloids family.m

J-HD  AKUAMMIGINE

3-Hax TETRAHYDROALSTONINE / AJMALICINE

HIRSUTINE GEISSOSCHIZINE
Similarly, when the same two-step reaction sequence, i.e., addition of the sodic salt of dimethyl

malonate and subsequent acid-induced ring closure of the resultant v-alkylated 1,4-dihydropyri-
dine, was effected from pyridinium salt 1, bearing a methoxycarbonylvinyl substituent at the g-
pesition, tetracycle 9 was obtained in 18% yield.22’23 Further elaboration of this intermediate

22,23 22,23

resulted in formal total syntheses of (+)-yohimbine, (-}-3-yohimbine, (t)-alToyohim—
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23 2]

and (i)—a-yoh1mb1ne,23 as well as in a new total synthesis of (t)-geissoschizine,® (&)-

22,23

bine,

pseudoyohimbine, and (#)-pseudoyohimbone.

i |
W-y | £ CO0Me w
e _NecH<coome U
.
1
COOMe MeQOC—CH Me
COOMe
L o

- GEISSOSCHIZINE
HBr 'C‘H‘

T YOHMBOID ALKALOIDS

COOMe

In order to control the regioselectivity of the Dieckmann condensation required for the construc-
tion of ring E in the abeve synthesis of pseudoyohimbine, a related sequence starting from pyri-

17

dinfum salt 10 was developed. * Tetracycle 11 is a precursor of pseudoychimbinone and of penta-

23 whereas

cyclic ketone 12.]7 The former had been transformed earlier into (£)-pseudoychimbine
the latter possesses the required relative configuration and appropriate E ring substituents for
the synthesis of deserpidine.

In contrast to the above results, no tractable products could be isolated from the reaction of

18 The presence

ayridinium salt 13 with sodio malonic ester under a large variety of conditions.
of an electron-withdrawing substitﬁent tacyl or a vinylogue thereof) at the p-position of the
pyridinium ring seems to be a neces%ary requisite for the success of the intermolecular addition-
cyclization sequence. This substituent enhances the electrophilicity of the pyridine ring in the
nuclieophilic addition step, is the responsible of the regioselectivity in the cyclization process,
and stabilizes both the dihydropyridine resulting from r-addition and the enamine unit 1in the
final cyclized product. ‘

In order to evaluate if the nucleophile could be varied without affecting the overall scheme of
alkaloid synthesis, the condensation of formylpyridinium salt 4b with methy] sodicacetoacetate
was 1nvest1gated.24 However, after the usual acid treatment, two unexpected products, 15 and 16,

were obtained. Their formation has been accounted for as fllustrated in the Scheme and implies

an oxidation-reduction interference in the desired synthetic path.
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Xew-OH:A-H  PSEUDOYOHIMBINE

DESERPIDINE Onte
The vinylogous formamide 15 is the product resulting from 1,4-reduction of pyridinium salt 4b and
subsequent acid-induced cyclization of the resulting dihydronicotinaldehyde 14, whereas keto
ester 16 would be formed by p-addition of the acetoacetic ester anlon to 4b followed by intramo-
lecular aldol cyclization, dehydration, and dehydrogenation. In accordance with the above inter-
pretation, when the acid treatment was suppressed the yield of 16 increased (29%) and dihydro-

pyridine 14 was obtained as a minor by-product.

l
cad
I!I \l l N
FYY CHO , __‘,, | I —_
Na‘ " 1
0
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A similar precess involving aldol condensation between a methyl! ketone and a formyl group being
part of a vinylogous amide motety was produced24 when 4-acetonyl-1,4-dihydropyridine 5b]5 was

treated with sodium hydride tn tetrahydrofuran.

CHyC0CHy W _Nah w
TR “THE

Et3N

5b cHO
CH,COCH,

The unexpected keto ester 16 was synthetically useful since ft could be e]aborated24 into Q-meth-

ylhexadehydroyonimbine 18, which represented a short, formal synthesis of (i)~yoh1mb1ne.25

YOHIMBINE

The replacement of the dimethyl matonate anion by the salt of Meldrum’s acid produced a dramat-
i¢ change in the global process.26 Thus, reaction of the pyridinium salt 1 with the potassium
salt of 2,2-dimethyl-4,6-dioxo-1,3-dioxane (Meldrum’'s .acid) followed by the usual treatment with

acid led to two isolable products. Dne of them was tetracycle 3 (7%}, whose formation can be ra-
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COOMe

COOMe

COOMe COOMe

HCiI-MeOH HCI-MeOH

COOMe

o 22

COOMe
tionalized as above, by!considering an hydride transfer to the y-position of the pyridinium salt

1 and further acid-induced ring closure of the resulting 1,4-dihydropyridine. interestingly, the
major product (17%) was diester 19. Its formation implies the trapping of the enolate at the a-
position of the pyridine ring. This observation i)lustrates an example of interference in the
thermodynamic process by a fast oxidation of the kinetic product.

A fact that also accounts for the low yfelds of the two-step alkaloid synthesis scheme developed
by Wenkert is the existence of competitive, frreversible side reactions such as oxidatfon (see

24,26 . pyridine ring opening pr-::ucess&s27 that partly or fully block the equilibration of

above)
the kinetic a-addition product (a 1,2-dihydropyridine) to the thermodynamic v-addition product ¢a
1,4-dihydropyridine). The opening of the pyridine ring was first observed in the reactions of
p-acylpyridinium salts 4b and 4c with the 1ithio salt of ethy] (methylthio)acetate, followed by

treatment with acid, in which vinylogous amides 20a and 20b were obtained in 43 and 35% yield,
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4c R=CH, - -
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N
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respectively. H

Exposure of salt 1 to the same nucleophile, and then to acid, led to a mixture of the desired »-
addition product 21 (21%) and 2-pyridone 22 (15%).27 Formation of 22 again involves addition of

the nucleophile at the a-carbon of the pyridine nucleus followed by ring opening. In this case

the ester group of the acrylate moiety interacts with the tryptamine nitrogen atom in the resul-
28

tant intermediate, with formation of the pyridone ring.

| Br
N NS 1.Me SCH,COOEL

I ) LDA
o 2.HBr-CgH,
1 COOMe = e
£
l: EJ ™ COOEt
[ 2

Recently, a new description of the mechanistic course of the carbanfon addition to 3-acyl-pyri-
dinfum salts, probably involving a single electron-transfer from the nucleophile to the pyridine
ring prior to carbon-carbon bond formation, has been postu]ated.27 Consequently, the success of
the above two—step sequence would be associated to the capacity of the nucleophile to stabilize
not only the carbanion but also the radical created therefrom.

The first 1nd{cat1on of the operation of an homolytic process came from the behavior of dimer 23
in dimethyl sulfoxide-chloroform solutien. Formatfon of this material as an insoluble precipitate,
which disappeared after longer reactfon time , had been already observed in the reaction of di-

methyl sodiomalonate with pyridinium salt 1. However, it could be {solated in 90% yield on expo-

— 798 —




HETERQCYCLES, Vol. 27, No. 3, 1988
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23

R=(E)-CH=CH~COOMe

COOMe

27 In both cases its formation can be explain-

sure of salt 1 to sodium hydride in tetrahydrofuran.
ed by considering the initial abstractfon of the {indole N-H proton by the malonate or the hydride
acting as bases, and subsequent dimerization of the resulting zwitterion.

The following scheme summarizes the reactions of dimer 23 with chloroform under several reaction
conditions. The 2-trichloromethyl-1,2-dihydropyridine 24 can be equilibrated to the most stable

23 whose cyclization produces tetracycle 26 in 47% y1e]d.27 Further elaboration of

1,4-1somer 25,
26 for future use in alkalold synthesis gave ester 27 and ethylidene derivative 28.

It 1s worth mentioning that the overall yleld of the above three-step conversion of salt
1 tnto tetracycle 26 1s higher than the ylelds of the two-step addition-cyclization sequence in
the malonic ester additions previously developed as a general methed for the {indole alkaloid syn-
thesis.

27

The above unusual results have been explained™’ on the basis of the homolysis of the bond between

the indole nitrogen and the dihydropyridine ¥-carbon of dimer 23 and subsequent 1Interaction of

24 28 CCly

Reagents: (1) DMSO—CHC]a, 0.5 h, reflux; (1) DMSG-CHC13, 8 days, r.t.; (i11) DMSO-CHCI
3 weeks, r.t.; (iv) CHC]3 (HC1Y, 72 h, r.t.; (v) AgND
(vi) 4N HC1, 5 h, reflux; NaBHq—CH30H.

3!

3 CH30H, Hy0, r.t., 5 h;
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the resulting indolyl pyridyl radical pair with chloroform to give trichloromethyldihydro-

pyridines 24 and 25. In turn, the transformation of 24 into 25 has been visualized as a homolysis
and restructuring of the resulting trichleromethyl pyridyl radical palr complex leading to the
most stable product.29
In accordance with a homolytic mechanism, reaction of 1ithfum d1methy'|cupr'ate30 with pyridinium
salts 1, 4a, and 4c3] and subsequent acid induced cyclization of the resultant 1,4-dihydropyri-
dines produced!tetracyc]es 29a-c in yields higher than those obtained in malonic ester

additions. 8+%2:23

' a8r-
T /w 1. Me,Culi
n e H 2 HBr-cgH,
R

| R=(E)CH=CH-COOCH, .................. 29a (40%)
L1 IO, - R=CO0CH . i creeeres 29D (53%)
loc...........,..,,RzCOCH3 ................................... .29¢c {43%)

Similarly, the reactions of pyridintum salt 4a with the 1ithio salts derived from ethyl (trimeth-

et followed by the usual acid treatment, afforded

y]si]yl)acetateal or ethyl (methylthiolacetate,
tetracycles 30 and 31, respectively, in 47% and 64% yfeld,once again much higher than the ylelds

obtained in the malonic ester additions. The former reaction constitutes the initial step 1n the

total synthesis of the indole alkaloid va]lesiachotam1ne.32 Taking into account that radicals are
o
1.Me 3 SICH, COOE
LDA
2.HBr-CgHg
‘a 1.MeSCH,COOEL (Z): VALLESIACHOTAMINE
LDA (E): ISOMALLESIACHOTAMINE

2HBr-CeHy
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stabilfzed by the combined action of an electron-withdrawing and an electron-releasing substitu-

i3

ent on the radical center (the captodative effect),”™ the above yields provide support to the

27

proposed mechanistic description of the process.”” However, a yleld of only 28% has been reported

for the formation of 32 by reaction of salt 1 with methyl (methylthic)lithioacetate and subse-
quent acid treatment.27
We have recently applied the same methodology, i.e., addition of a stabilized carbon nucleophile
to an N-alkylpyridinium salt having an electron-withdrawing substituent at the 3-position follow-
ed by regtospecific cyclization of the intermediate 1,4-dihydropyridine, to the synthesis of the
bridged indole alkaloid vinoxine.34 Thus, interaction of ester 33 with pyridinium salt 34a in the
presence of LDA, followed by treatment with hydrogen chloride in benzene, afforded C-16 epimeric
mixtures of tetracycles 35a and 35b in 30% overall yield. Further stereoselective elaboration of

the E-ethylidene substituent of vinoxine and 16-epivinoxine was effected by taking advantage of

the doubly vinylogous urethane moiety present in 35.

THZCHZCIAC _ )
B~
I 9 qw L
+ LDA HCI-CqHg
C NN T
COOMe COOMe Me0OC =
3 34a
Me00C SN ocny0ne

1988

Following the same methodology from methyl 3-indoleacetate, we have recently obtained a bridged
tetracyclic system35 that possesses four of the five rings of pentacyclic alkaloids strictamine

and akuammiline.
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$imflarly, exposure of pyridinium salts 34a and 34b to the 1ithjum enolate of ester 36a and sub-
sequent acid-induced cyclization led to the bridged methanoazocino(4,3-plindoles 37a (70%) and

37b (60%), respectively, as C-6 epimeric mixtures in which predominated (3:1) the 5-H/6-H trans-

isomer. When the above two-step sequence was effected from ester 36b and pyridinium salt 34b, a

mixture”of the anticfpated cyclized' product 37c (50%; only trace amounts of the 5-H/6-H cis-iso-

mer} and the regioisomer 38 («5%L), in which cyclization had occurred upon the indole nitrogen,

was obtained.36 1
X .
| 1 LDA-THF
'f 2.HCl- CsH‘
R COOMe
3
a R:CHB a. R,:CHECHZOAC a R=CH;; Ry= CHCH,0Ac
b. R=H b. Ry=CHy b. R=CHy: Ry=CH;

c.R=H; Ry=CHy

=
|
H  COOMe
38 39

The modification of the reaction conditions in the first step produced a dramatic change in the
product compos1tion.37 Thus, when reaction of pyridinfum salt 34b and ester 36b was carried out

in methanol soTution in the presence of sodium methoxide as the base, 3-(1,4-dihydropyridyli-in-
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dole 39 was obtained in 60% yield, Its Formation implies nucleophilic attack of the indole nucle-
us upon the p-position of the pyridinium salt. In contrast, the use of tetrahydrofuran as the
solvent led to a complex mixture, from which 2-pyrideone 40a was the only tsclable product
(<5% yleld). The use of the same set of conditions (MeONa-THF) in the reaction of ester 36a with
salt 34b also afforded a 2-pyridone system (40b), although in higher yield (60%). A related com-

35

pound, 40c, had been obtained”” as a by-product in the first step of our synthesis of vinoxine

(reaction of salt 34a with the enolate of 3.’-.1)?4 - W

f l
X " * c (*N
Ar CH, COOMe + Ej\[L —f':s—°> Me0OC~ L 4 |
-~
COOMe COOMe
L

33 Ars1-indolyl
%6a Ar=t-methyl-2-indolyl  34a R= CH,CH,0Ac

36b Ar=2-indoiyl 34b R=CHy
=22, —_—
M COOMe COOMe X0
COOMe %0

a. Arz2-indolyl, R=CH;
b. Ar=1-methyl-2-indolyl; R=CH,
¢. Arz1-indolyl; R= CHCH0H

27

Pyridones 40 are related to that (22) reported by Wenkert,”’ and thelr formation involves again

the attack of the nucleophile at the pyridine a-position, followed by ring scission and subse-
quent cycHzat10n.28

Tetracycles 37a-c were further elaborated to the corresponding 4E-ethylidene derivatives 41.36 In
the case of 37c decarboxylation of the C-6 carboxy group occurred during the acid hydrolytic step
and a mixture of the expected ester 41c and 41d (major component) was formed. Compounds 41 pos-
sass the ring skeleton of indele alkaloids uleine and dasycarpidone and incorporate four of the

five rings as well as the characteristic C-16 and C-20 appendages of pentacyclic Strychnos in-
dole alkaleids. The N-hydroxyethyl substituent of 41a can allow further elaboration of ring E of

these a‘lkaﬂo‘h‘.!s..38 i f.l EZ
1. &N HCI a.  CHjy....CHLHOM, ... COOMe
ITa—<c 2. HQl-MeOH b CH;...........CH; ......... COOMe
3. NaBH, ¢ M CHy........COOMe
d H...... CH,..........H
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A compound related to tetracycles 37 has been prepared in the context of studies directed to the

39 The synthesis 1s also based on the addition of an

synthesis of ellipticine derivatives.
ester a-anion to a pyridinium salt, as illustrated 4n the following scheme, The initfally formed
4-substituted-1,4-dihydropyridine was transformed (70%) in an esentially Trreversible manner to
2,7-naphthyridine-1,3-dione 44a by intramolecular nucleophilic attack of the amide nftrogen on

the ester carbonyl group. Further acid cyclizatfenm upon the indole 3-position gave (78%) penta-

cycle 45.
Tz
B
N ~Bz
z | NaOIE::tg i =
& NH, DM N 2
CONH
RMe COOEt z
423 ©

a R=CH;
b. R= M
The stralghtforward construction of the above bridged systems clearly illustrates that the scope

of the scheme of alkaloid synthesis developed by Wenkert can be extended to the synthesis of
bridged polycyciic systems fused to the indole nucleus.

The intermolecular addition of ester a-anions to 1-(indolylethyl)-3-carbamoylpyridinfum salts,
followed by acld-catalyzed cyclizatforn of the resultant (indolylethylinaphthyridines, has been
reported as a convenient route to synthesize pentacyclic naphthyridocarboline der1vat1ves.39 Thus,
reaction of the anion derived from ester 47a with salt 46b led to a mixture of the a-adduct 48
and the naphthyridine derivative 49a. Formation of the latter involves j-addition to the pyri-
dinfum salt and subsequent cyclization of the intermediate adduct to the imide system 49,

In contrast to the above result, addition of the antons of esters 47b and 47¢ to pyridinfum salt
46a Ted to naphthyridine-1,3-dione derivatives (49b and a mixture of 49¢c and 50, respectively) as
the onty isolable products (yleld ca 50%). Compounds 49a-c were cyclized 1n excellent yields
(90%) to naphthyr1docarbo\ﬂnes 5la-c, respectively, by treatment with acid .39
The different regioselectivity 1n the addition of ester 47a, as compared with 47b or 47c,
is consistent with the different stabllization of the corresponding enolates. In the latter cases,

the negative charge 1n the nucleophile 1s more stabilized and an equilibrium can be established
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Br-
I L]
/N
z |
S NH, o
46 aZ=H 0 e
b. Z=C 2
. LA - A
+ I | Me Et
z I 0 Me
R - 48
R>CH COOEt 49 NH
R
0
a R=Z=C
47 a. R=CHy {LDA) H e rom 49¢
b. R=CH (Mal, OMS0) el b. R=CyHy: Z=H
c. RR=S— (NaH,THF) ¢ RR= 5>;Z=H
S> S

suP
U]

HE" g l NH
5 0

between the a-adduct and the thermodynamically favoured 1,4-dihydropyridine which, furthermore,

undergoes 1rreversible cyclization to a stable imide system. The presumably greater stability of
the radical formed by electron transfer from the enolates derived of 47b and 47c could also account
for the exclusive observation of p-attack to the pyridinfum salt,

Similariy, the anion derived from the benzylidene derivative of aTanine ethyl ester added to
salts 43 and 46a to form the anticipated naphthyridinediones §2 and 53, respectively. Acid treat-
ment of 53 gave hexacycle 54, whose formation involves protonation of the benzylidene nitrogen,
nucleephilic attack of the enamine moiety and, finally, electrophilic cyclization upon the indole

39

nucleus.”™ A similar actd treatment from 52 afforded the polyheterocyclic compound 55.4ﬂ
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2.2. Addition followed by oxidation or reduction

The dihydropyridines resulting from nucleophilic addition of carbanions to pyridinium salts can
act as hydride donors efther under the reaction conditions of the addition step or in a separate
synthetic step.

Some examples of in situ oxidation of 1,2~26 or l,4-d1hydropyr1d1nes,24

in which the starting
pyridintum salt acts as hydride acceptor, have been discussed above (see 2.1, In other cases,
the dihydropyridine systems can be further oxidized by potent hydride acceptors such as N-benzyl-
or N-(ethoxycarbonylmethylquinolinlum salts to give stable pyridinium salts which can be subse-
quentTy elaborated to the desired products. This two-step operation (addition followed by oxida-

40,41

tion) has been satisfactorily used in the context of the synthesis of sesbanine and struc-

tural analogues possessing the unusual 2,7-naphthyridine-4-spirocycliopentane framework of this
alkalotd. 40,42

The strategy for the construction of the tricyclic ring system of sesbanine involves the reaction
of an appropriately substituted cyclopentyl ester anion with N-benzylnicotinamide (43), followed by
oxidation of the resultant 1,4-dihydropyridine and subsequent debenzylation. Thus, reaction of
calt 43 with the enolate derived from 56a (LDA) gave a mixture of 1,2-dihydropyridine 57a (25%)
and naphthyridine 59a (51%), in which cyclization of the intermediate 1,4-adduct 58a to an imide
system had occurr'ed.qo’42 Similarly, addition of the anion of 56d (LDA) to 43 gave the 2,7-naph-

4

thyridine derivative 594 (50%) along with the C-6 addition product S'Id.o’41 In contrast, the
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reaction of 43 with the more stable anions derived from 56b (NaH, THF) or 56c (potassium salt)
led exclusively to the p-addition products 59b (97%) and 62 (67%), respect1vely.40’42 The latter
was formed by attack of the amide nitrogen to the keto group, instead of to the ester function,

in the intermediate 1,4-dfhydropyridine 58c. HICEKJEt

N Br
E100C (IJ E100C
— ~ | OH

NH O 2.H1Pd,Ba505 > Ny NH

S8¢ ’&,N/
@2 © I

The different regioselectivity of the above additions is worthy of comment since, again, it in-
creases with the stability of the nucTecphile. When the reaction is carried out with relatively
stable anions, the equilibrium 1s established between a- and p-dihydropyridine adducts (57 and
58, respectively) to give the thermodynamic product, whereas with less stable anfons mixtures of
the kinetic a-adduct 57 and 1,4-dihydropyridines are formed. 40
Oxidation of dihydropyridines 59a-b and 62 was carried out by reaction with N-(ethoxycarbonyl-
methyllquinoTlinium bromide to give in excellent ylelds the corresponding pyridinium salts, which

were debenzylated to the pyridines 6la-b and 63, respectively, by hydrogenolysis over patladium
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40

or by reaction with triphenylphosphine in DMF. In the case of 59d, N-benzylquinolinium bromide
was used as oxidizing agent (67%), and the resulting pyridinium salt 60d could be most conve-
nlently (78%) debenzylated to 61d b)I( heating in vacuo. Deprotection of the carbony! function of
61d followed by stereoselective reduction gave .a 6:1 mixture of (#)-sesbanine and its 10-epi-
ner 0,41

The following reaction sequence illustrates ancther example in which a 1,4-dihydropyridine is
stabi11zed by oxtdation. The unstable naphthyridinedione 44b, prepared as the above derivative
44a, was converted (95%) to pyridinium salt 64 by treatment with N-benzylacridinium bromide. Al-
coholysis of 64 with potassium carbonate (DMSO-ROM) produced opening of the imide ring, followed

by decarboxylation and intramolecular acylatien of the indole nitrogen, to give tetracycle 65:7'9

v B2

42b+ 43 NAOEL, ip >
THF

The synthesis of the indole alkaloid nauclefine illustrates an alternative fashion to transform
the 1inittally formed 1,4-dihydropyridine into a pyridine system by the way of a 1,4-dihydro-4-
pyridylidene derivative. Reaction of N-benzylpyridinium salt 66 with the anion of ester 67 pro-
ceeded as expected to give dihydropyridine 68 which, upon heating, was converted to the dihydro-
pyridylidene derivative 6% via a simple thiol elimination, Dihydropyridine 49¢ showed a similar
behavior, and protonation of the resulting dihydropyridylidene 50 produced a stable naphthyridinium

fon. Desulfurization of 69 followed by removal of benzyl group gave the tautomeric pyridine deriva-

tive 70, which was cyclized to nauc]ef‘lne.39

NAUCLEFINE
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The oxidation of 1,4-dihydropyridines resulting from reaction between ester or nitrile a-anions
and N-triphenylmethylpyridinium salts constitutes a cenvenient method for preparing regiospecif-
ically a—(4-pyridyl)-esters or -nitriles, reSpect1ve]y.43 Thus, addition of salts 71 to a tetra-
hydrofuran solution of the ester or nitrile 1ithium salts gave dihydropyridines 72 or 73, respec-
tively, which were not normally isolated, although in some cases fsolation and characterization
by 1H—NMR spectroscopy was possible.Decomposition of these intermediate dihydropyridines to the

corresponding pyridines 74 or 75 occurs either under the reaction conditions or 1in a separate

step by air or dibenzoyl peroxide oxidation. The overall yfeld from the starting pyridines was

of ca. 50%.
Ph
3
] "
Pr~ cH-coOR, lJ —
Rj R
CPhy Lo B COOR, Ri COOR4
BR¢ .l!l R, Rz
N 7 %
W™

-4

R
n 1\CH-CN

CPh3

-
| R

Z

Ri CN
R
L

On the other hand, reduction of the dihydropyridine adducts formed by addition of carbon
nucleophiles to N-alkylpyridinfum salts could be a prior! envisaged as an useful synthetfc opera-
tion to stabilize those unstable systems and, simultaneously, to prepare 2-piperideines or piperi-
dines. However, this two-step sequence (intermolecular addition followed by reduction) has re-
ceived a few attention probably due to the reported discouraging results. On the contrary, it has
been successfully used in the context of intramolecular additions (see below). Thus, attempts of
hydrogenation of dihydropyridine adducts 7 over platinum or palladium led to products from which
the malonate ester residue had baen extruded.78

More recently, hydrogenation of 1,4-dihydropyridine 77 has been reported.44 3-Acetylpyridinium
salt 76 was alkylated with dimethy) sodiomalonate and, without isolation, the labile dihydropyri-
dine intermediate was hydrogenated to the piperidine 78, although in very low yield (6%). This

piperidine was further converted to the quinuclidine derivative 79.
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3. INTRAMOLECULAR ADDITIONS

There are some important differences between the intra- and intermolecular modes of addition of
stabilized carbon nucleophiles to N-alkylpyridinfum salts. Firstly, tnasmuch as the intramolecu-
Tar dihydropyridine adducts are entropically less disfavoured than the intermolecular ones, they
are generally obtained in higher yields and can be conveniently 1solated and handled. Even in
some cases the presence of an electron-withdrawing substituent at the S-position of the pyridinium
salt 1s not a necessary requisite for the success of the addition. Secondly, given that the in-
tramolecular addition {nvolves a cyclization, the regloselectivity of the process (nucleophilic
a- or ¥-attack) is often governed by structural reasons. This fact is 11lustrated by the intramo-
lecular condensation of N-(5-oxohexyllpyridinium salt 80 under extremely mild conditions. The a-
adduct 81 was obtafned in 72% yleld as a solid that could be chromatographed and crystal11zed.45
As 1t could be expected,20 the process is reversible and under acidic conditions (HC!, CF3COOH)

the dihydropyridine 81 was converted into the starting salt 80.

Z N, ) _Nakcos
X Ether-H,0
B
80 81
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The utility of this ammulation procedure has been demonstrated by extending the reaction to the
isoquinolinium salt 82. The resultant unstable dihydroisoquinoline 83 was benzoylated to form the
characterizable derivative 84.45 The absence of an electron-withdrawing substituent at the B-site

of dihydropyridine ring could account for the instability of B3 as compared with 81 and B4.

Cyclization of N-(2-cyanomethylitryptophyl)pyridinium salts 85 constitutes another interesting
example of intramolecular addition of an enolate to the a-position of a pyridintum salt, favoured
against the p-attack by structural reasons.46 Thus, salts 85 were rapidly transformed into dihy-
dropyridines 86 when treated with NaHCOS. Dihydropyridines 86a (a single isomer having the 6-H/GaH
cis-relationship) and 86b (an epimeric mixture in which predominated the cis-isomer) were obtain-
ed in 90% yield, again as stable crystalline substances, whereas dihydropyr1d1ne§ derived from

85¢ were quite unstable and were not characterized.

By
Ry i - Ry
A / R3 \ R2 21. &. .51
| | a H CN H
NaHCOy P
Pli ~QTos ——D b. H COOMe COOMe
Hooon [} it H b c COOMe H  CDOMe
a5 86

Sfmilarly, in the context of studies on the synthesis and chemistry of a stabilized dehydrosecodine
mode] system.4? pyridinium salts B87a-c¢ were cyclized with triethylamine (or OBN {in the case of
87b) to afford in excellent ylelds mixtures of the epimeric a-adducts 8Ba-c, respectively. In
each case, the 6-Me/6a-H trans-epimer was formed as the major product. The separated epimers were
stable in crystalline form but underwent epimerfzation in solution. A1l of these condensations

could be reversed in the presence of strong ac1ds.20

=
: R
2
| . Rz [ NN @ ReRy- cooMe  79%
Etﬂ"CH}lcl__z‘ e b. RicH; Rz=CO0Me  98%%
) Olos To—0 LS ¢ RyzH;R= CN  50%
a7 ]
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It 1s worth mentioning that dihydropyridines 86 and 88 incorporate the pyridof1,2:1,2]azepino-
[4,5-b]indole system present in the tetracyclic indele alkaloid ngoun1en51ne.48
The b'ls(methoxycarbony])dihydropyﬂdine 88a was found to undergo an interesting oxidative frag-

mentation“

with tert-butyl hypochlorite to give the (2-vinyltryptophylipyridinium salt B9 in 88%
yield. The mechanism of this reaction 1is believed to involve initial chlorination at the
3-position of the indole nucleus followed by fragmentation of the seven—membered ring, as shown
in the fo'ITow1‘ng Scheme. In contrast, dihydropyridine 88b, which lacks the C-3 methoxycarbonyl
substituent, undergoes chlorination at the dihydropyridine ring to give (9.13%) the corresponding

3-chloro-1,2-dihydropyridine.
“O1Bu

COOMe Ny CO0Me
ClOlBu @ O

H NC Me COOMe

OMe
“
VRN COOMe
| cl-
H CN 89 }

1,2-Dihydropyridine 90, obtafned toéether with the 1,4-isomer 91 by sodium cyanoborohydride re-
duction of pyridinium salt 89, undergoes an intramolecular hydride transfer with oxidation of the
dihydropyridine ring and reduction of the vinyl group. The resulting betaine intermediate 92 col-
lapses (11% yield) to the previously isolated cyclic dihydropyridine epimers 88::.47 This cycli-

0OMe
Z =z
I ZZ\COOMe
gg NaBH:CN l coome '
CHLL,-HP Nz H)H |
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zation involves an intramolecular nucleophilic attack of a nitrile a-anfon to the a-position of a
pyridinium salt.

As in the intermolecular mode of additfon, the intramolecular dihydropyridine adducts can be oxi-
dized to the corresponding pyridinium salts and subsequently N-dealkylated to give pyridines.
This methodology C(intramolecular nucleophilic addition to the p-position of an N-benzylpyridinium
salt followed by oxidation of the resulting 1,4-dihydropyridine and subsequent debenzylation) has
been successfully used by Pandit for the construction of the tetracyclic pyrido[4,3-blcarbazole
skeleton of the indole alkaloids ellipticine and o11vac1ne.39'49'5]
Thus, quaternization of pyridyl ketone 93a with benzyl bromide afforded pyridinium salt 94a,
which was directly used for the critical ring closure step. CycTization of 94a to dihydropyri-
dine 95a (mixture of epimers) proceeded smoothly upon reaction with triethylamine at room temper.

ature (overall yield !?'112).3";)‘49 Oxidation of 95a with N-benzylacridinfum bromide (90% yield)

followed by reductive debenzylation (80% yield) gave pyridine 97a.

Ry
Ly
| Z
Me Me COOE!
95
a. Ry=Rp=H
b. Ry=CHx RzH
€. Ry=H;Rp=CH,

|
Me Me COOE!
97

Similarly, starting from methylpyridyl ketones 53‘3!139’5D and 93(:,5] through a sequence of reactions

consisting 1n quaternizatien, intramoiecular nucleophilic addition, oxidation, and reductive

39,50 51

debenzylation, pyridines 97b and 97c,” respectively, were obtained. In the 2-methyl series

the overall yleld of the transformation 93— 97 was 49% whereas in the 6-methyl series was 21%.

Compounds 97 served as central intermediates for the synthesis of diverse ellipticine and olivacine
39,49-51

analogues 98.
MR Ry

........ H........OH ref 39,49
wirnieaH.cioi. M@ {or n=Bu Bz,C,Hc)ret 39,50
S Me.....H.......H ret. 3950
QorevrrenreHono o . MeLL L Me ref, 51
98 I, H......Me. ....H ref. 51
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The above synthetic approach to the, pyridocarbazole ring system is based on the intramolecular
attack of an ester enolate to a pyridinium salt activated by an electron-withdrawing substituent.
A closely related synthesis using an N-unsubstituted indole derivative and an unactivated N-meth-

ylpyridinium salt allowed the synthesis of e'l11|::t‘h:1ne.52

Thus, quaternization of indelyl pyridyl
ethylene 99 to N-methylpyridinium salt 100 and immediate treatment with sodium methoxide in meth-
anol produced the dihydropyridocarbazole derivative 101, by isomerization of the initially formed
1,4-dihydropyridine. Oxidation of 101 by addition of N-methyl-3-ethoxycarbonylpyridinium iodide
to the reaction mixture afforded the pyridinfum salt 102. The overall yield of the above

three-step sequence was 78%.

H
-~
Mel
| =
' P
)
COOMe
99
e { "
M o S
OO s QG
| ‘ h
H  CoOMe COOMe
101
The same salt 102 was obtalned in 57% overall yield through a similar synthetic sequence involv-
ing nucleophilic attack to a pyridinium salt bearing a 3-alkyl '.;ubstituent.52 In this case, no
{somerizatien of the first formed 1,4-dihydropyridine 104 was observed.
Me
/Me
I l = 1 Mel N 102
N 2 2. MeONa-MeOH N
| -w !
Mo Coome COOMe
103

Treatment of 102 with \.'itv"'lde':B brought about ester and pyridine reduction to give a dihydropyri-

dine which was immediately reoxidized to 105. Demethylation of salt 105 to ellipticine was satis-

factorily accomplished (91%) by using sodium thmpherrc;x*ide.s2

Me -
I ) ./ME -y
1.Vitride CgHsS™Na
02— —
2. lol @ I e DMSO
H Me
105 ELLIPTICINE
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This synthetic entry to the pyridocarbazole ring system is quite general since starting from 99,

several ellipticine analogues 108, oxidized at C-17, were obtained.‘r’3

N-Benzylpyridinium salts
106 and 107 (80% overall yleld) were prepared by a three-step reaction sequence similar to that
employed for the preparation of the N-methyl derivative 102. However, both demethylation of 102
with sodium thiophenoxide and debenzylation of 106 under a variety of experimental conditions
were unsuccessful. The required N-dealkylation to 108a could only be accomplished from the N-(p-
nitrobenzyl)pyridinium salt 107, either by reaction with p-nitrosodimethylaniline (47%) or by

hydrogenolysis in the presence of palladium on charcoal (30%).

Me x- Me

1. RX XSy R Y
A ] — (]
2. MeO:a MeQ hll N T o
3

3 Jlex H  coOMe R g

@\ 102 R=Me:; %=l 108 a. R=COOMe

COOEt 106 R=CH,CyHg; X=Br b. R=CHOH

107 R=CH,CgHgp~NOy; X=Br ¢. RsCHO

{17-oxoellipticine)
It is worth mentioning an efficient synthesis (72%) of ellipticine (111a) based on the thermoly-
sis (350°C, 5 min) of pyridinium salt 1093,54 although the cyclization probably proceeds via an
o-quinodimethane intermediate 110. A similar result was obtained by heating (80°C) 109a with
sodium ethoxide in ethanol. Under these conditions cyclization probably involves nucleophilic
attack of an indole a-anion to the pyridinium salt. However, when the related salt 109b was pyro-

55

1yzed, only a trace of the pyrido(4,3-blcarbazole 111b was {solated.”  On the other hand,

attempted photochemical or thermal cyclizations of 3-acylpyridinium salt 109c were unsuccessfu'l.55

X
B
\N'/Cl.Hv
QL — —
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H
~ a R=Me; X=CH,
P b, R=€l; XaCH,
R=Me; X=0
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m

The following synthesis of the indole alkaleid nauclefine offers an example of intramolecular

nucleophilic attack of an enamide p-carbon to the y-position of a 3-acyl-N-benzylpyridinium
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salt.56 Thus, when enamide 112 was treated with benzyl bromide the only product isolated was the
the pentacyclic quaternary salt 134. Its formation can be rattonalized by considering that the
initfally formed pyridinium salt 113 undergoes regiospecific cyclization and that the resulting
dihydropyridine (or tautomer) is rapidly oxidlized by afr. Pyridinium salt 114 was debenzylated to
nauclefine by heating in toluene éontainh&g acetic acid and sodium acetate (55% overall yleld

from ]IZ}SGa or, more efficiently, by hydrogenation followed by heating with palladium-charcoal

{65% overall yield) .56b
I N
C4HsCH,Br
! S, —
- B
N
"2 x Bz
ol
aerial

1 Hz-Ptoz
2. Pd-C 250°*C
}0.05 mm Hg
1173 NAUCLEFINE
A related cyclization was observed when enamide 115 was treated with benzyl bmrn«!de.56b The nu-
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cleophilic p-carbon of the enamide moiety promotes again the cyclization by attack to the y-posi-
tion of the initially formed pyridinium salt. After column chromatography, the pentacyclic dihy-
dropyridine 117, which arises from the anticipated acyliminium salt 116 by attack of the solvent
diethy]l ether, was obtained (25%) as a crystalline solid. In this case, the quaternary spiro

carban prevents oxidation of the dihydropyridine ring.

A further example of intramolecular addition of an enamide carbon to a pyridinium salt followed

by oxidation of the resulting dihydropyridine and subsequent debenzylation fs depicted in the
following Scheme. Treatment of N-benzylpyridinium salt 119 with DBN gave dihydropyridine 120 in
52% yield. In this case the oxidation was effected (91%) with N-Cethoxycarbonylmethyl)guinolinium

bromide and the benzyl group was removed by hydrogenolysis (71%).40

120 121 122

The intramolecular addition of ketone and ester enolates to 4-arylpyridinium salts to produce
spirolbenzofuran-3(2H),4 (1 H)-pyridines] has been employed as the key step in several synthetic
approaches to simptified analogues of the morphine a1ka101ds.57'6] Thus, pyridinium salts 123a
and 123b were cleanty converted into the corresponding 1,4-dihydropyridines 124a (92%)57'58 and
124b {80%)60 by treatment with 4N sodium hydroxide in benzene-DMSO. The ester analogue 128c was

57,58 Similarly,

was prepared in 87% yfeld by treatment of 123c with sodium ethoxide in ethanol.
in order to explore the formatfon of C-3 substituted dihydropyridines, 4-(2-hydroxyphenyl’-1,3-
dimethylpyridinium 1odfde was alkylated with chloroacetone and then treated with base (4N sodium
hydroxide in benzene-hexane) to afford dihydropyridine 12ad (87% yieldy as a '3:2 mixture of anti-
syn 1somers.58 The spiro dihydropyridines 124 contain the tricyclic AND ring system and the im-

portant quaternary carben of the morphine molecule. As expected, the ring closure could be re-

verted by acld treatment, and dihydropyridines 124a and 124c were easily reconverted to .he cor-
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responding pyridinfum salts with concentrated hydriodic acid or triethylammonium iodide in re-
fluxing ethanol,
Two interesting features of the above ring closures are worthy of comment: the absence, again, of

a stabilized electron-withdrawing group at the ﬁ-pos1t30n of the dihydropyridine and the forma-
tion of a quaternary carbon center %n the addition reaction,

The above methodology has been extended59'60 to the preparation of partially reduced benzofuro-
[3,2-e]isoquinoline derivatives, the tetracyclic skeleton of which corresponds te the ACNO ring
system of morphine. In these cases, the starting pyridinium salt incorporates an ester-containing
p-side chain that promotes a Dieckmann cyclization after the intramolecular addition step. Thus,
treatment of pyridinium salt 125a with sodium ethoxide in ethanol-DMF afforded (92%) dihydropyri-
dine 126a as 45:55 mixture of syn and anti epimers. However, the use of ethanol-free sodium eth-
oxide resulted 1n the formation of dihydrobenzofuroisoquingline 127a as the sole product (72%) by
sequential closure of 0 and C rings.

In contrast with the behavior of the Intermelecular dihydropyridine adducts, catalytic hydrogena-
tion of dihydropyridine 127a gave in nearly quantitative yield a stereoisomeric mixture of the
fused, polysubstituted piperidine 12Ba. This hydrogenation is highly selective for the trans C/N
ring Junction characteristic of the morphine series, since subsequent acid hydrolysis of 128a
afforded (76%) a mixture of 129a and 130a in a ratio of 88:12., However, this ratio 1s reversed

when catalytic hydrogenation (96%) 1s effected at the spirocyclic dihydropyridine stage (126a),
prior to closure of the € ring by Dieckmann cyclization (64%). The isomeric mixture of piperi-
dines 128a obtained through this sequence was converted, as above, into 129a and 130a, but 1in a
ratio of 29:71, respect1ve1y.59’50
Interestingly, 1,4-dihydropyridine 132a, which was prepared from 127a, undergoes elimination of
the enol moiety with regeneration of a pyridinium species upon treatment with hydriodic acid. The
resulting 3-oxacycloncnanona derivative 133 was readily reconverted to 132a with sodfum hydroxide

in agueous DMSO.EQ
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The synthesis of the benzofuroisoquinolines in the pharmacologically more interesting methoxy
series was performed 1n a similar manner, from salt 125b, through the three-step sequence 125b-—
127b (69%)——128b (100%)——129b+130b (88:12 ratio; 68%1.%0 As 1n the above demethoxy serdes, the
Deckmann cyclization of the initially formed dihydropyridine adduct is very slow in the presence
of added ethanol and, under these conditions, spiro dihydropyridine 126b 1s obtained in 63% yleld
as a mixture of epimers.

When the intramolecular ester enolate ring closure was effected from pyridinfum salts 134, having
an alcoxycarbonyl substituent at the g-position, the expected tricyclic spiro[benzofuran-dihydro-

61 Thus, although treatment of 134a with a variety of bases under

pyridine] systems were obtained.
aprotic conditions (LDA, L3TMP, KH, and t-BuOK in THF and DMF) afforded unrecognizable products,
ring closure was satisfactorily accomplished with methoxide in methanol. However, under these

conditions transesterification of the nicotinate ester was competitive and a 1:1 mixture of
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esters 135a and 136a was formed. The use of other dfester combinations (134b-d) afforded similar
mixtures (see Scheme), whereas the bulkier 3-ethyl-3-pentyl ester (134e) prevented the transester-
1ficatfon and allowed the preparation of spiro dihydropyridine 135e in 71% yield as a 10:1 mix-
ture of diastereomers. The dihydropyridine double bonds could be reduced in two separate synthet-
fc steps. Catalytic hydrogenation of 135e brought about selective reduction of the unsubstituted
enamine function to give (78%) tetrahydropyridine 137, Subsequent sodium cyancborohydride reduc-
tion of the vinylogous urethane double bond provided (96%) piperidine diester 138, which was then

62 elaborated into an

convel:'ted to the a-methylene lactam 139. This intermediate had been earlier
octahydro-1H-benzofuro[3,2-e]isoquineline derivative containing four rings (ACNO) of the penta-
cyclic morphine skeleton. When the 'above three-step sequence 134e-——138 was effected without

nurification of any intermediate, the overall yield was 75%.

OMe Me
{320 2 E1ONa-EOH O NaBHEN 0
2 Hz"' Pd/C COOEf ———> COOEt —» —> COOM
N =
Me~ COOCEL, Me~ COOCEt, Me” CH;
. 0
137 138 139

On the other hand, the applicability of the intramclecular pyridinium-ennlate addition toward the
formation of a Te1a‘ted morphine fragment, the da-phenyldecahydroisequinoline ring system 141, has
been fnvest1gatgd.58 However, when pyridinium salt 140 was treated with 4N sodfum hydroxide 1n
DMSO, a s1ng1e,; unstable d1hydropyr1d1"ne, identified as the a-adduct 142, was obtained 1n 97%

yleld. 58

This unusual regioselectivity has been explained by considering that, 1in this case, the
a-adduct 142 is favoured by both steric and resonance factors. Thus, formation of 141 would

reguire the generation of a quaternary carbon at the ring junction while the corresponding carbon
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%,
e

142

in 142 is tertiary. Furthermore, the diene system is conjugated with the benzene ring in the a-

adduct 142. In accordance with this interpretation pyridinium salt 143, which bears as the above

salt 140 a 3-oxobutyl side chain at the pyridine f-position but Tacks the y-aryl substituent, was

con\arer'ted]8 in 14% yield 1into the pentacyclic ketone 145 by sequential treatment with base and

acid, presumably by way of the Y-adduct 144. Hydrogenation of 145 yielded (+)-pseudoyohimbone.

mf\ln* Br 5% NaHCO;3-ether
z 40% KOH

NS
0
143
conc. HCI Hy=Pa/C

145 0

144 o |

(£) - PSEUDOYOHIMBONE

In conclusion, the addition of stabilized carbon nucleophiles to N-alkylpyridinfum salts, both in

the inter- and the intramolecular modes, constitutes an useful procedure to obtain substituted

1,2- or 1,4-dihydropyridines, which have proved to be versatile synthons for alkaloid synthesis.
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