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Abstract - Some indole alkaleoids have a C-20 ethylidene substi-
tuent as a common structural feature. All metheds for the elabo-
ration of this exocyclic, E-configurated double bond developed
in indeole alkaloid synthesis are reviewed.
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1. INTRODUCTION AND BIOGENETIC CONSIDERATIONS

Although the majority of indule alkaleids which are biogenetically derived from
strictosidine have a C-20 ethyl group,1 a quite reduced number of them have, as a
common structural feature, a C-20 ethylidene substituent. These alkaloids belong
to heterogeneous groups such as Ceayranthe (geissoschizine), SZaychnos (akuammici-
ne, norfluorocurarine, cendylocarpine), sarpagine (gardnerine), 2-acylindole (er-
vitsine, vobasine, ochropine, methuenine), mavacurine (C-mavacurine, C-fluorocuri-
ne, pleiocarpamine and its tetracyclic analogue vinoxine), usambarane (usambaren-
sine), and akagerine (akagerine, kribine). Further examples of indole alkaloids
bearing a C-20 ethylidene group are deplancheine, apparicine, strictamine, and
akuammine.? On the other hand, in some indele alkaleids (ellipticine, olivacine,
strychnine) the 19,20-double bord is included in a2 ring system, whereas in Yohimbe
and heteroyohimbine-type alkaloids these carbon atoms are found saturated belen-

ging to the E-ring.
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This two-carbon side chain has its biogenetic origin in secologanin,3 where it is
included as a vinyl substituent. Condensation of secologanin and tryptamine gives
strictosidine, a key intermediate in the biosynthesis of indole alkaloids. Hydro-
lysis of strictosidine follewed by cyclization and isomerization of the vinyl dou-
ble bond or, alternatively, by iscmerization to an o,B-unsaturated aldehyde and
further cyclization, gives the iminium salt ], whose reduction leads to the Coxay-
nanthe alkaloid geissoschizine. It is at this stage when the C-20 ethylidene group
is formed. On the other hand, decarbethoxylation of the hypothetical intermediate

2 to 3 followed by closure of ring D and reaction with tryptamine would yield

CH300C
STRICTOSIDINE

GEISSOSCHIZINE

AKAGERINE

USAMBARENSINE
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usambarane bases having a C-20 ethylidene group such as usambarensine, whereas ring
closure between the C-17 aldehyde group and Na would lead to alkaloids of the aka-
gerine group (akagerine, kribine).4

Geissoschizine can be transformed, via strictamine and stemmadenine, into the
Strnyehnos alkaloids by oxidative cyclization upon the indole 3-position followed

by rearrangement: Similarly, the alkaloids of the C-mavacurine group formally ari-
se from geissoschizine by oxidative ring closure between C-16 and the indole nitro-

3,5

gen In turn, the Iboga and Aspidosperma alkaloids are derived from stemma-
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denine by intermediance of dehydrosecodlne.s’6 The presence of an ethyl substi-
tuent 1in these alkaloids can be explained by considering the isomerization of the
exocyclic double bond which occurs during the transformation of stemmadenine into
dehydrosecodine. On the contrary, the Staychnes alkaloids have in their origin an
ethylidene substituent, the ethyl group being formed in further stages by reducti-
ve processes.

Stemmadenine is also the biogenetic precursor of a small group of indole alkaloids
exemplified by vallesamine,7 apparicine,7’8 uleine, ellipticine,9 and ollvacine,9
whose common structural feature is the absence of the twe carbon atoms of the
tryptamine bridge. The biogenetic route suggested by Potier for these alkaloids}n
involves the operation of a biological equivalent of the modified Polonovski reac-

11

tion. The ethylidene substituent, unchanged in the two former alkaloids, has

been reduced to an ethyl group in uleine and has been incorporated to the tetracy-
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clic ring system of ellipticine and eolivacine through cyclization of a conjugated

iminium salt.
A modified Polonovski reaction applied to the alkaloids of the vobasine group also

allows to explain the biosynthesis of the C-20 ethylidene containing alkaloids de-

12 13 12

hydroervatamine, methuenine, and er\a'itsinrs:.‘|3 The first transformation as

well as the correlation between ervitsine and methuenine13 has been verified 4n

uitno.
COOCH,
CH3
ZON"
1. eyelization
————3>DEHYDROERMATAMINE

2. reduction

vobasine N-oxide equivalent

1. ~CO2(via a)
2. reduction

1. 14~addition

METHUENINE < tvia a) _l2-addition  coyroing
2. reduction Ivia b))

As a consequence of its biogenetic origin, reduction of an iminium salt conjugated
to the exocyclic double bond, the ethylidene substituent present in indole alka-
loids has an f£-configuration. The steric interactions between C,4-H and Cig-FCH; 1In
the iminium salt with a Z configuration are greater than those between C21-H and

C19-H in the E iminium salt.

———> GEISSOSCHIZINE
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In the synthesis of indole alkaloids, the introduction of the exocyclic, E-confi-
gurated ethylidene group generally implies an additional difficulty. Likely, by

this reason only few syntheses of indole alkaloids having a C-20 ethylidene group
have been reported. Among those synthesized up tc now are geissoschizine, whose
biogenetic interest has stimulated the development of several synthetic ways; de-
plancheine, probably derived from the former by lossing the (C-15 side chain; some
pentacyclic SZaychnos alkaloids; C-mavacurine; l6-epipleioccarpamine; and some struc-
tural analogues of 2-acylindole alkaleids.

This review about the methods of forming an exocyclic ethylidene group deals only

with those developed in indole alkaloid synthesis

Z. WITTIG REACTION

s a general method to obtain olefins, which has received

The Wittig reaction
considerable attention in carbocyclic and heterocyclic chemistry. An example is the
integration of an ethylidene group from indolizidone 4 in the synthesis of the tri-

cyclic ketone §, a precursor of scme Aspidosperma alkaloids.15

0
0
PhaP=CH-CHy 4 steps ASPIDOSPERMA
N 40 N > N > ALKALOIDS
4 5

The application of this reaction to the elaboration of the ethylidene group present
in some indole alkaloids implies starting from a suitable 3-piperidone. One of the
most general methods for the preparation of these systems is the Dieckmann cycliza-
tion or related reactions. Thus, in a synthesis of 3—ethy1idenebenzo[a]quinolizidi-

ne §, the ethylidene substituent was formed by a Wittig reaction from 3-piperidone

7, which, in turn, was obtained by cyclization of cyano ester §.16
COOE1 P=CH-C
N 2 steps N P Ha N
CN
8 7 6
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The required 3-piperidone system is also easily attainable by sodium berohydride
reduction of 3-alcoxypyridinium salts followed by acid hydrolysis of the enol ether
moiety in the resulting tetrahydropyridine.17

This synthetic strategy constitutes the basis of a recent synthesis of the atkaloid

deplancheine from a 3-benzyloxypyridinium salt.18 In this case,the reduction of the

19

pyridinium salt was carried out in the presence of cyanide ions to give the

Z-cyanotetrahydropyridine §. Cvclization of this a-amino nitrile upon the 2Z-posi-
tion of the indole nucleus was effected, via the corresponding iminium sait,zo on
acid treatment. Further acid hydrolysis of the encl ether [ led to the 3-piperi-
done 31, upon which the ethylidene group was integrated. The sterecselectivity of

the Wittig reaction is low since it furnishes both isomers, E (corresponding to

the natural product) and Z, in a nearly eauimclecular ratio.

Br
m\'&"—"% NlcNM

OCH2CEHY

10
I

2'+\[k/

z

{ DEPLANCHEINE )

Both isomers can be differentiated by H]-nmr. In the Z isomer a deublet at &3.9
{J=12 Hz) due to the ecuatorial C-21 proton, at considerably lower field than any
aliphatic proton signai shown by the E isomer, is observed. Further, the unnatural
Z isomer has a higher field olefinic preteon signal (65.4 compared to §5.5) and a
lower field methyl signal (61.8 compared to &1.7) than the natural geometrical
isomer.

When sodium borohydride reduction is done from a 3-hydroxypyridinum salt, the

enol intermediate is again reduced, through its ketone tautomer, by an hydride ion

to provide a 3-hydr0xypiperidine,21 which can be later oxidized to a 3—piperidone.22
('ZHa (|IH3 ?Ha
L4
ZN NaBH;, N NaBH, N
h — -
-
\ O_ m
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Likewise, sodium borohydride reduction of 1-[2-(S-indolyl}ethyll-3-oxidopyridiniums

in the presence of sodium cvanide gave a mixture of cyano alcohols, which were fur-

ther cyclized by treatment with agueous acetic acid.Z]

!
L E I
H H

o

Ra Ry

a. R{=0H . Rz =H

b. R{=H . R2=0H
An alternative synthetic approach to the indoloquinolizidin-3-ols J4a utilizes the
alkylation of im:ne-enamine 13 with 1-bromo-2,3-epoxypropane fellowed hy reducti-
ve work-up as the key ring-forming step. Oxidation (DMSO, DCC, orthophosphoric
acid) of the resulting 1:1 diastereomeric mixture furnishes 3-piperidone A1, a pre-

cursor of deplancheine.22

7\
I 1. BrCH2 CH—CH2 R
ril =N 2.NQBH[.

CHa
13 12 a n
The reactivity of the imine 1% as ambident nucleophile allows the synthesis of the
amido phosphonate 14, from which a stereoselective svnthesis of deplancheine has

been developed by Wittig-Horner reacticn with acetaldehyde and subsequent reduction

of the enamide carbenyl gr@up.zz
CHz =|C=—C00CH3
13 + | okt —
045 \\OEt

H
0 DAL | e pLANCHEINE

E 3%
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in the context of our studies on the synthesis of vinoxine,zs we have observed some
limitations of the Wittig approach to the ethylidene group: cyanotetrahydropyridine
15 failed to give any 3-piperidone by acid treatment, whereas the Wittig reaction

on 3-piperidone ]f did not afford the expected 3-ethylidene derivative.24

1 P
N=C N N
Ar = 1 -indolyl
OCH3 o]
CH2Ar CHazaAr
15 16

3. FROM 3-ACETYL-Z-PIPERIDEINES AND RELATED COMPQUNDS

The reduction cf a tertiary amide, either directly with lithium aluminum hydride or
through its corresponding imino ether with sodium borohydride, takes place by an
initial attack of arn hydride ion followed by elimination to give an iminium salt,

25

which is subsequently reduced by an hydride ion. When these reactions are ca-

iried out on 3-acetyl-Z-piperideines, which are vinylogous amides, the procedure is

excellent to prepare 3-ethylidenepiperidines.
" s A ;
- Et30"8F,” -
(.)\'r 130"BF, [ -j NaBH,, E j NaBH, ()ﬁ
1] OEt (:6Et

Thus, treatment of 3-acetyl-2-piperideines with triethyloxonium tetrafiuorcborate

-

fellowed by sodium borohydride reduction has been applied to form the ethylidene
group in a synthesis of geissoschizine.26 The required 3-acetyl-2Z-piperideine |8
was obtained frem 3-acetylpyridinium salt ]7 by nucleophilic attack of dimethyl so-

diomalonate upon the 4-position of the pyridine ring27

followed by protonation of
the non conjugated enamine moiety in the resulting 1,4-dihydropyridine and cycliza-
tion upon the Z-position of the indole nucleus. Exposure of vinylogous amide 18 to
triethyloxenium tetrafluorcborate yielded iminium salt ]9 which, on sodium borohydri-
de reduction, gave a mixture of the desired E-olefinic diester 29, its double bond
stereoisomer (in minor amount}, and the enol ether 2] formed by a 1,2Z-reduction p}o~

Cess. Diester 2f) was converted into geissoschizine through two alternative reaction

SequEnCeS,27 one of them constitutes a formal total synthesis of the alkaloid by vir-
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tue of a connection with an earlier synthesis.28

l ]
N N HBr
—_—

17 CH302C CO2C|"|3

—> ——3> GEIS505CHIZINE

EI;O’ BF;~

CHz00C COOCH3

19

CH300C COOCH3
21

Similarly, lithium aluminum hydride reduction of 3-acetyl-2-piperideines leads, in
a single step, to 3-ethylidenepiperidines. This procedure has been applied by Lou-
nasmaa to the synthesis of deplancheine,29 and provides an easy route to create an
E-configurational ethylidene side chain at the 3-position of the indolo[2,3‘a]qui—
nolizidine skeleton (corresponding to the 20 pesition in the biogenetic numbering).
The required 3-acetyl-2Z-piperideine 22 was obtained”” by sodium dithionite reduc-

31

tien of 3-acetylpyridinium salt 17 followed by acid cyclization of the interme-

diate 1,4-dihydropyridine.
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A related synthetic strategy is based on the sodium berohydride reduction of enol

32 33

esters or boron difluoride complexes from 1,3-dicarbonyl compounds. 3-Acetyl-

d4-piperidone 4%, prepared by Dieckmann cyclization of the appropriate amino keto
ester,32 was converted into 3-ethylidene-4-piperidone 24 by twe alternative sequen-

ces as depicted in the following scheme.

NQBHL
0 ococgHs
{CgH5CO )20
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Recently, 1lithium aluminum hydride reduction of vinylegous urethanes has been stu-
died in order to prepare exocyclic methylene substituents in piperidine derivatives.34
When 25 was treated with lithium aluminum hydride four products were formed: the
methylene derivative 2§ (20%) (18-nordeplancheine), the aldehyde 27 (8%), and two

epimeric alcohols 28 (33%).

LiAlH,

CH3y

25 26 27 28

This transformation can be explained by the initial reduction of the methoxycarbo-

nyl group to the corresponding aldehyde, which can be further reduced by two alter-
native paths:

L) A L
)
U &° \(jh L’O—RW u 2
C /C\ CH2
[ H H .
l H
/|+ /'/-h'l
s N u i 27 > 28
- OAIH
"y

h

Similar treatment from %% gave a mixture of dimethylene-, monomethylene, and bis-

(hydroxymethyl)piperidines (30, 31, and 37, respectively).

R R

R R
| | :, L
N . N
02 O
CH300C COOCH3  CHy CHy  CHy CHyOH HOCHZ CHH0H
29 30 3 32

2 - (3 -indolyl)ethyl
R = CHj
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On the other hand, alkyl 85(1,4,5,6~tetrahydr013-pyridy1}acrylate 5y5tem5,35

which

are doubly vinylogous urethanes, can be transformed into 3-ethylidenepiperidines

by a synthetic sequence implying acid hydrolysis of the ester function followed by

decarboxylation of the resulting acid to give an iminium salt, which was subsequent-

ly reduced by sodium borohydride. 3-Ethylidenepiperidines prepared in this way ha-

ve the natural t double bond configuration because of their formation by reduction

of a conjugated iminium salt

-
| |
N
- H 0“'
| —— | U
COOCH3 H*
. :
N

- . [N

NaBH,, N
_—

This methodology constitutes the basis of a synthesis of deplancheine;6 The requi-

site 2-piperideine 3§ was obtained by sodium dithionite '

reduction of the pyridi-

nium salt 33 followed by acid cyclization of the intermediate 1,4-dihydropyridine

R4
l Br-
No N Naz$70,
Vo
33
HQ‘
—_—

COOCH
34 3

1. H30* A
2. NaBH,

> DEPLANCHEINE
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The ethylidene substituent of geissoschizine has been formed in a similar way26

from Z-piperideine 36. This was prepared from the above pyridinium salt 33 in a two
step sequence consisting in reaction with dimethyl sodiomalenate’’ and subsequent

acid cyclization.

- COOCH3
* ”
.NaCH
1.Na \mHB 1. 1'130‘n
33 — g 27 HCL/CH30H
) r 3. NaBHy,

GEISSOSCHIZINE

Alternatively, the required B-(1,4,5,6-tetrahydro-3-pyridyl}acrylate system can be

prepared by photochemical isomerization of appropriate S—piperideines37 which, in

turn, are easily accessible by sodium borohydride reduction of pyridinium salts.38
R R ':
. ! )
2N | NaBH,, LN | R=CHy
_ 2 >

o - (CHp ) g== Com CH3
Ve
v}

COOCH; COOCH3 COOCH3

4. ELIMINATION PROCESSES

B-Elimination reactions constitute a general method to obtain olefins and, conse-
quently, they have been widely applied to the elaboration of the ethylidene substi-
tuent found in a variety of indole alkaloids. Thus, in the first total synthesis of

geissoschizine,28

the ethylidene group was formed in an early synthetic step by ba-
sé catalyzed elimination of tosylate 37, previously to the formation of the piperi-

dine ring.
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0
COOEt CH COOEt CH COOE1
CH3 cHy” cHy”
V. NaBH, tert -BuOK Tryptamine
_— 2 5 —_ —_——
2. p-TsCl 85 %
37 E/z:2/14

——> GEISS0SCHIZINE

CHI00C

A related elimination occurred when mesylate 38, a product derived from tetraphylli-

ne, was treated with DBU: a mixture of vinyl (9%) and ethylidene (9%) compounds was
9

obtained.3

38 CH2CN
The exocyclic, E-configurated double bond of geissoschizine has been also installed
by an elimination process from the stereoisomeric mixture of alcohols %1.40 Thus,

reaction of tetrahydrocarboline 39 with diketene followed by cyclization with po-
tassium feait-butoxide gave the piperidinedione 403, bearing the required Z0-acetyl
group. Michael addition of di-fext-butyl malonate upon the chloride 48k and subse-
quent reduction of the carbon-carbon double bond (1,4-addition with calcium borohy-
dride) and the ketone carbonyl group (sodium borchydride treatment) furnished the
aleohols 1. Dehydration of &l was effected with phosphoryl chloride in pyridine to
afford a Z:1 mixture of the desired E-ethylidene lactam 42, which was further con-

verted to geissoschizine, and the unnatural 2-isomer.??
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| —
Cls!

N

}

H

COOCH3
39 40a. X=0H X
40b. X=CI

~
tBu02C COztBu ™S
GEISSOSCHIZINE

(38 *)

The trisubstituted olefinic linkage in deplancheine has been elaborated with low se-
lectivity in 58% overall yield from alcohol 43, via a three-step seguence involvaing
an elimination reaction to form a double bond and its subsequent isomerization.22
Alcohol ii was prepared from imine 13 by reaction with a-methylene-y-butyrolactone
followed by lithium aluminum hydride reducticn, according to the same imine-enamine
annelation methodology used in the preparation of J2a and ]4 (see section 2). In
this synthesis, alcohol 42 was converted to the selenide 44, whose subsequent oxi-
dation and base-induced elimination gave rise to the vinylgquinolizidine 45. Finally,
45 underwent double bond migration by heating in ethanol in the presence of cataly-

tic rhodium trichloride trihydrate. A 6:3:1 mixture of deplancheine, its I-isomer,

and unreacted material was obtained.

o - NOzCgH 4 SeCN 1. NalOg
n-BusP 2. 150-PraNH
hh(lle (i'Hz
43 Crz0H 44 ?Hz 45 CH;
EtOH
SeCeHy-oNOz A.RhCI3
DEPLANCHEINE
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In this sectien, reductive eliminations and base catalysed thermal decomposition
of tosylhydrazones deserve special attention.

When 3-hydroxymethylpyridinium salt 4f was reduced with lithium aluminum hydride

in tetrahydrofuran a reductive elimination occurred to give a diene. !
| |
N

- LiAlH -
l Br ! L 5 I s
“d — ) — — - CHn e -_
H N
CHz0H

46

k
Qz_,

2 . CH2

R=2 -{3 —~indolyi } ethyl

This observation was later useful for the formation of the ethyl substituent of ta-
bersonine’? in early steps of the synthesis.

CH2—C5H5 CH2 =CgHy C.Hz —CgHy

L'AIHA I I HEL. MeOH Ll/—> — > TABERSONINE
CH30

On the other hand, the thermal decomposition of sulfonylhydrazone salts is known

to produce olefinic compounds.43 Use of this reaction for carrying out the conver-
sion ¢f keto ester 4{ to unsaturated compounds has found application to the first
total synthesis of corynantheine and to that of a related base in the geissoschizi-
ne family.'M The epimeric mixture of keto esters 4{ was converted to a mixture of
the corresponding toluenesulfonylhydrazones 48, which could be separated. When %he
<drans-isomer 4Fh was refluxed in diglyme in the presence of sodium methoxide, two
majer products, vinyl- and Z-ethylidenepiperidines 4% and 30, Tespectively, were
obtained. In contrast, decomposition of the cis-isomer ARa produced a more complex
mixture. One of the extra products can be accounted for as the E-diatereomer of
. 2fl- The difference in behavior of the two isomeric tosylhydrazones 48 upon decompo-
siticn is probably due to steric factors. Formylation of the vinyl ester 4% follo-

wed by treatment with diazomethane gave corynantheine, whereas formylation of the

— 2488 —




HETEROCYCLES, Vol 20, No 12, 1983

ethylidene derivative 3{ gave the Z-isomer of geissoschizine.44

CH400C
CORYNANTHEINE

47.%=0 a.C'oHa
48. X=NNHCgH; =pCHy  b.C"THg

CH300C

19,20 - ISOGEISSOSCHIZINE

A general method for introducing the E-ethylidene substituent, based on an elimina-
tion process, has been developed by Harley-Mason for the synthesis of the pentacy-

45,46

clic Strychnos alkaloids norfluorocurarine and ccn-ldyloc:arpine.45 The ethyli-

dene group of these alkaloids was formed simultaneously to the piperidine ring clo-

sure by base catalyzed elimination of methanol. On treatment with excess of sodium

Q0
l Br 0CH3 tert — AmONa
|

51

|
H COOCH3

CONDYLOCARPINE
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ient-amylo#ide in tetrahydrofuran, keto amide él underwent a cyclization-elimina-
tion process to give a mixture of E and Z keto lactams R~ The unnatural Z-isomer
was not wasted, since i1t can be equilibrated with the natural one on treatment
with sodium methoxide by an additien-elimination proeess.45

This strategy has been used in establishing a new synthesis of geissosuhizine47
anﬁ the first total synthesis of alkaloids of the C-mavacurine group48 from common
intermediates. Condensation of amino diester 33 with eayfhro-2-bromo-3-methoxybu-
tyryl chloride gave the bromo amide 34 as a mixture of C-3 epimers. Cyclization of
this mixture with sedium hydride followed by hydrolysis and decarboxylation gave

a nearly equimolecular mixture of C-20 epimeric lactam esters éé,which were sepa-

rated, reduced to the C-20 epimeric alcohols 3§, and then converted to the nitri-

NH @—

)
M COOEL
53 COOE
e
Cha
N
57
CHZCN a.C%% Hy
CH30Na b. €% Hy
CHa0H, A

MAVACURINE - TYPE GEISSOSCHIZINE
ALKALOIDS
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les é{. From nitrile é{% an entirely stereospecific elimination of methanol was
then induced by heating with sodium methoxide in methanol, giving the E-ethylide-
ne-bearing nitrile 38 in 68% yield. The use of the isomer 37h was shown to give the
same product 58, which was converted te geissoschizine.47

Similarly, elimination of methanol from the mixture of alcohols éQ by heating with
sodium ethoxide in ethanol gave in 79% yield the E-ethylidene-bearing alcohol 52

(again each C-20 epimer was separately found to give only this product),47

from
which the first total synthesis of C-mavacurine, via epipleiocarpamine and norma-
vacurine (epipleiocarpaminoll, together with a total synthesis of e,-dihydromavacu-
rine has been reported.48

Finally, it is worth commenting upen a bicmimetic synthesis of ellipticine effec-
ted by Husson ef a£.49 This alkaleid lacks the 20-ethylidene substituent since
the exocyclic 19,20-double bond1 has been included into the ring C through cycli-

zation of a conjugated iminium salt. The synthesis implies preparation of a conju-

gated, ethylidene-bearing iminium salt which spontaneously cyclizes upon the indo-

? 2 NuBHg

sozcﬁbhs c.-o 502 OH CH3
CH3 60 CﬁHs

H3
CH3-CH-N’ QP
tert -BuOK N
AcOH S | -
OMSO -{CH3)2NH 'i‘

ELLIPTICINE
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le nucleus.

The ethylidene substituent was introduced by reaction between an appropriate die-
namine and the Mannich reagent prepared from acetaldehyde and dimethylamine. The
required dienamine was obtained as a mixture of isomers from carbinel g4 in a
three-step sequence as illustrated in the above Scheme.

After electrophilic attack of the Mannich reagent, an elimination of dimethylami-
ne octurs to give the intermediate iminium salt £}, whose cyclization led to N-me-
thyltetrahydroellipticine (Q%}.

The same compound §Z was obtained in 24% yield by a similar Mannich reaction from

Z-cyanotetrahydropyridine §3, followed by sodium borohydride reduction.

cmN
- CH3 CH3
. OH - N
2. ICH3 | ~ AcOH . J ~ -
- _—
N B

3. NaBH,NaCN | HCN I
; H OH CH3 H 0H CH3

CHy

*
CHy=CHe=N
\CH3

-{CHa)2NH

5. CLATSEN REARRANGEMENT

The[S,S]-sigmatropic rearrangement of allyl vinvl ethers, known as the Claisen
rearrangement,sg has been frequently employed in alkaloid synthesis.s1 Thus, the
Claisen rearrangement has been effectively utilized in the total synthesis of the
Aspidosperma alkaloid tabersonine42 as well as to introduce an exocyclic methylene
substituent at the 3-position of the piperidine ring in a synthesis of camptothe-

cin®? and in the context of synthetic approaches to ervitsine.s3
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N o] HO 0
HO C3Hy -ClOMely
L e SN —_— >
COOH
crgon  ©f CH2
COOCH3
OH
CAMPTOTHECIN
CH3 %H3
| N
' I CH3-C(OMe)3
=2 T,
N 2 H EtCOCH CHa
|
H

COOCH3
This reaction allows to obtain 3-ethylidenepiperidines bearing a functionalized
two carbeon chain at the 4-position. In this context, it has been used as a key step
in a synthesis of dihydro- and 3-epidihydrocorynantheol in which the 20-ethyl subs-
tituent was formed by catalytic hydrogenation of a Z-ethylidene group.54 The requi-
ted allylic alcohols 4 were obtained in six steps from 6-chloronicotinic acid.

Subsequently, the preparation of the same diasteresomeric mixture of alcohols 84 by

cl N I PCis,POC; I
” l 2 NaBH; Cd I Tryptophyl
Y 3 MnOz ™. bromide

COOH & cHzmal

OH

1 POCl3
2. LIAHI[DtBu);
—_— " N

3. H2504

a. Ry= H ; Rz = CH,y

b Ry=CHy;Rp= H

Pd
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32,55 and from 3-acetyl-2-

two alternative sequences, from 3-acetyl-4-piperidone A3
piperideine %%,30 has been described.

When the mixture of alcohols §4a and §4h was subjected to the Claisen rearrangement
employing the technique of Eschenmoser,56 amides pHpa and foh were obtained,”!:%4
The method involves heating an allylic alcohol with dimethylacetamide dimethyl ace-
tal to give the required vinyl ether frs which rearranges in 4{tu to the vy,d-unsa-
turated amide §f. Alkaline hydrolysis of fH followed by esterification afforded 87
which, by hydride and catalytic reduction, provides a mixture of dihydrocorynan-

theel and its C3-epimer.

fil)CHs
CtHy [ ]
cHy=C—NZ
l CH3
OCH3
64a+64b ———
-
L H  CHy-CONICHy);
650 .Ry1=H ; Ry =CH3 NIlCH | 66a . c'*-Hp
32 66b. - Hu

65b. Ry=CHy Rp= H -

€2_H,- DIHYDROCORYNANTHEOL

1. LiAlHg, €3-Hg: 3- EPIDIHYDROCORYNANTHEDL
—_ 2

2.H2/Pd H
Bt
W H EHo-CHoOH
CH2-CO2CH3 2-CHy

67

The stereoselectivity in the rearrangement of the above alcohols 4 is high. The

possible transition states favor the presence of an equatorial methyl group and a
chairlike conformation of the piperidine ring. Thus, transition states A# and D#

are favored over B# (which would have led to the correct stersochemistry in geissos-
chizine) and C#, respectively, in order to avoid the pseudo 1,3-diaxial interaction

between methyl and dimethylamino groups.

(CH3) 2N
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65p —
CH3

{CHa)2N

The above results make evident that the correct E-olefin stereochemistry for the
ethylidene group cannot be attained by Claisen rearrangement. In this context, Win-
terfeldt55 has proved that the exocyclic, Z-configurated double bond of 19,20-iso-
geissoschizine can be introduced via a highly stereoselective and stercospecific
Claisen rearrangement. Treatment of the diasterecomeric mixture of alcohols p4 with
methyl propiolate gave a mixture of enol ethers f§, which undergo a thermal sigma-
tropic rearrangement to 19,20-iscgeissoschizines §la and H3h, via transition states
similar to those above depicted. The configuration of the products was proved by
correlation to natural products through a three-step sequence involving an hydroiy-
sis-decarboxylation, followed by sodium borohydride and catalytic reductions.

The sterically pure aldehydes J{, as well as the corresponding alcohols, populate
the frans-quinolizidine conformation exclusively, thus proving that the unnatural
double bond configuration is compatible with both C-3 and C-15 configuration <om-

binations.57

Bba+b64b —>

69a : 15 —EPI — 19,20 — ISOGEISSOSCHIZINE 69b : 19,20 - (SOGEISSOSCHIZINE
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H YCHy—CHO

H CHz==CHpOH H CHy—CH3 OH
3-EPIDIHIDROCORYNANTHEOL CORYNANTHEIDOL

The orthoester version of the Claisen rearrangement58 consists in heating an ally-
lic alcohel with excess orthoester in the presence of a trace of weak acid. A mixed
orthoester is first formed and loses ethanol to give a ketene acetal (vinyl ether)
which rearrenges to an olefinic ester.

Ry R Ry R R R R1
R—CHz==C{OEt)3 4 | Teon EtO;L I “EWOR li
HO 0” R Et0” TO7 TRz | EX0T 7O Ry

Rz EtQ 2

By this procedure, 3-ethylidenepiperidine ] was obtained as a mixture of diaste-

reomers in a biomimetic synthesis of ellipticine.59

After Fischer indole synthesis,
cyclization to the reguired tetracyclic ring system was achieved by electrophilic

attack of a conjugated iminium salt upon the 3-position of the indole ring.

CHiy CH3
| |
N CHz — CHz — ClOMe)y N
—_ —_—
-~ CH3 €3H9COOH
I CH
OH HaC CO2CH3 H 3
VA
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CH3

The orthoester Claisen rearrangement has been also utilized60 to produce the ethy-

lidene group of 16-demethoxycarbonylvobasine J2. This synthesis takes advantage of

the resulting ethyl acetate chain at the 4-position of the piperidine ring for the

final cyclization teo the 2-acylindole system.

72

The orthoester Claisen rearrangement constitutes the key step of an asymmetric and

stereospecific synthesis of the bicyclic amino ester 7§, an important intermediate

in the synthesis of natural affo-heteroyohimbine alkaloids.61 The required R-ester

l%s bearing a Z-ethylidene group, was prepared from the allylic alcohel J3 by a

P,3]-sigmatropic rearrangement of the intermediate pyrc ester J4.

COOCH3

_—

COOCH3

T
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H CHp-COOCH3

CH300C
75 76




The concerted mechanism that operates in this reaction permits the transfer of chi-
rality from the side chain to C-4, through the most stable chair-like transition
state having an equatorial methyl group.

The isomerization of the Z-double bond to the natural E-configuration has been
effected61 on methyl 1-benzylv3-ethy1idenepiperidiqe-4-acetate (Zﬁ). The inversion
sequence is based on consideration of the difference in steric nonbonding interac-
tions between the C-2 hydrogen and either the allylic methyl in 8fa or the vinyl
hydrogen in 80c. The racemic Z-olefinic ester {8, prepared from the allylic alco-
hol [7, was converted to N-oxide 79 and then subjected to the modified Polonovski
reaction11 with triflucoreacetic anhydride to give the conjugated Z-iminium cation
%8a, which spontaneously rearranged to the more stabie E-isomer 80c. Quenching with

sodium borohydride gave the E-olefinic ester §].

CH2C5H5 CH205H5 0 CH2C5H5
()ﬁ/ Sk/ _{CF3C0120
CHaQ0C CH300C 79
CH2CgHsg CHaCgHg (l:H2C6H5
* +
Nyt Na”") | NagH N
~' ~ aoHy
Len A E
chooc” M CHs CH300C
80a 80b 80c 81
The exchange of N-benzyl group for N-carbomethoxy furnished the E-isomer 82, which
was compared with 1@ by 13C-nmr spectroscopy.61
?OZCH3 480 C02CH3 28
N
05 2.4 /‘—129
CH
CHR00C 3 CH300C
82 75
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Recently, a simple and selective route to the Stiaychnos-type alkaloids containing
a 19,20-double bond with the requisite sterecchemistry has been developed emplo-
ying the thio-Claisen rearrangement.62 Thio lactam 83 was allowed to react with
methyl vy-bromocretonate to give the sulfonium sait $4, which was treated with so-
dium methoxide to induce concurrent ketene thipaminoacetal formatien, [3,3]—sigma-
tropic rearrangement, and stereoselective double bond migration, affording the

o,B-unsaturated E-ester 85 in 83% yield.

gm AR

COOCH; COOCH3

g

H3 COOCH3

85 -
N
— l —
N
H

83

Iz
w
x

88

After cyclization of the thio lactam 85 with phosphoryl chloride, sodium borohydri-

de and diisobutylaluminum hydride reductions, methanesulfonation of the resulting
allylic alcohol, and spontaneous intramclecular alkylation, the pentacyclic quater-
nary base QQ was obtained. Treatment of 2§ with sodium metal in liquid ammonia fur-
nished the known nine-membered amine §7, from which the synthesis of the saturated
Strychnos alkaloids tubifeline, tubifolidine, and condyfoline has been already
described.63

Finally, when the N-oxide of this amine was subjected to the modified Polonovski

reaction conditions11 the only isolated product possessed the Staychros framework

— 2499 —




88 with the requisite E-ethylidene configuration.
6. o-METHYLENELACTAM REARRANGEMENT

Studies about the rearrangement of cyclic B-amino acids to a-methylenelactams star-
ted with a fortuitous observation: an attempt to purify dihydrolysergic acid by su-

blimation led to dihydrolysergic lactam. 64

HOOC N/
_3s0°C
N
N

Subsequently, this rearrangement has been effected in good yields by heating with

T=Z 5

acetic anhydride.65 Under these conditions it appears to be quite general and
occurs with facility to a single product in the six-membered ring systems. Recog-
nition of the synthetic potential of this reactien was achieved when the rearrange-
ment was employed as a key step in the synthesis of camptothecin and structural a-

nalegues of this alkaloid.sz

N
HO A0 J?I — > —3 CAMPTOTHECIN
84 °/-

COOH
The rearrangement has been shown to proceed via the zwitterion of the amino acid
through the protonated amine-mixed anhydride which undergoes B-elimiration. Recy-
clization takes place by nucleophilic attack of the secondary amine on the mixed

anhydride function.

AOT NO O
HE )

oo
Aczo ~o* “CHy
_—>
. ~AcOH

CH3 H CH3 H cu—,

Lt
\0 \CHE! — CH 5 (I
(N]r = e N 3 _AcoH N,

| © 0 |
CHa CH3 CHy
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The rearrangement is compatible with a variety of substituents on nitrogen and the
a-positions to the nitrogen. When 2-methylnipecotic acid derivatives were treated
under the usual reaction conditions, 3-ethylidene-2-piperidones were obtained and,
therefore, the rearrangement is potentially useful to incorporate the ethylidene

substituent present in some indole alkaloids.

?Hg ?Hg CH3
CHj3 N. 0 N 0
Aca0 o .
— H + CHa 96 %% yield
COOH A £ 667
CHj H

& 565

Assignment of E€- and Z-configurations are based on the chemical shift of the ole-
finic proton, which is farther downfield (5§6.67) in the E-isomer (proton cdis to a-
mide carbonyl) as compared te the I one (\55.65).66

This reaction has been utilized in the synthesis of some ethylidene-containing al-
kaloids and related Structures.57 Thus, in 1974 it was applied to the synthesis of

a tetracyclic compoundf’?’68

that several years later was found to be the alkaloid
deplancheine.36 When quinolizidine fZexf-butyl ester 80, prepared from enamine B89

and acrolein as outlined in the following Scheme, was treated with trifliuoroacetic
acid, and the resulting 8-amino acid was heated in the presence of acetic anhydri-
de, an isgmeric mixture of E- [62% yield) and I-(7% yield) ethvlidene lactams (%l

and 92, respectively) was obtained. Diisobutylaluminum hydride reduction of the

major lactam 21 afforded the base 93 (deplancheine}.

1. CFyCOOH
_—
2.A¢20
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From ester 20, sterenisomeric indolo [Z,S—a]quinolizidines 24, 35, and 26 were pre-
pared in a stereoselective manner, and then treated according to the methylene-
lactam Tearrangement. In all cases the same lactam @] with an exocyclic, E-confi-

a.67,068 Therefore, this rearrangement provides a

gurated double bond was obtaine
highly stereoselective route to the natural ethylidene configuration, at least in

€-15 unsubstituted’ indolo[2,3-a]quinolizidines.

N N

) |

H / H

"COOtBu
1.m - CPBA 90 ~ 94 1. m - CPBA
2.{CF3C0}20 9 2. [CF3C0}0
3. NaBH, / \ 3. NaBH
N 96 95

In order to study the stereochemical course of the methylenelactam rearrangement,
stereoisomeric 15-ﬁethy1-substituted indolo [2,3-a]quinolizidines were prepared as
in the above C-15 unsubstituted series, viqa a Pictet-Spengler cyclization followed
by sodium borohydride reduction. From the C-3/C-15 trans series, E-ethylidene lac-
1£W—%=W—WL
2. NaBH;, , AcOH !

1. m-CPBA
2. (CF3C0R0
3. NaBH
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tam §7 was isolated as the only rearranged product (23% yield), whereas from the
C-3/C-15 cis-series a mixture (20% yield) of the E and Z-ethylidene lactams was
o‘btained.68

Similarly, 15-methoxycarbonylmethyl-substituted indeloquinolizidines having £frans-
oriented hydrogens at C-3 and C-15 are shown to rearrange in high stereoselectivi-
ty into unsaturated lactams with an E-configurated ethylidene group.69 Compounds

-¢ were prepared as in the above C-15 methyl series, whereas was obtained
RE p

in three steps from 38k or 98c.

X
ag " SRy~ MO 98 a X = COOCH3
2 NaBH; , AcOH b X = OAc
C X = CH‘OME]Z
d X = C=N

On successive treatment with trifluoroacetic acid and acetic anhydride, the thans-
isomer 983 gave rise to both double bond configurations although, again, the na-
tural one turned out to be the main product. Ina similar fashion, an E-ethylidene
lactam was the major product (37% yield) from rearrangement of nitrile 384.

The lactam 29 was reduced69 through its imidate salt to the &frans-ester 100, which

constitutes an intermediate in the first total synthesis of geissoschizine.28

1. Et30" PFg”
—_—
2. NaBHy,

—> ——> GEISSOSCHIZINE

COOCH3 COOCH3
99 100

Winterfeldt et af. have Teperted a stereoselective total synthesis of geissoschi-
zine, in which the methylenelactam rearrangement may be regarded as the key reac-

40

tion. The reguired 15-methoxycarbonylmethyl-substituted indolo[z,s—a]quinolizi-
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dine 101, with ¢i4-hydrogens at C-3 and C-15, was prepared by Bischler-Napierals-
ki cyclization, as outlined in the following Scheme. Acid hydrolysis of the fext-
butyl ester and subsequent heating of the intermediate B-amino acid with acetic
anhydride afforded a diastereomeric mixture of E-{28% yield) and Z- (12% vield)
ethylidene lactams, which could be separated. On treatment with ACZO'TFA, the Z-
isomer }03% was equilibrated in 57% yield to a 2:1 mixture of Q2 and 03, respec-
tively. Reduction of the amide carbonyl group of the E-isomer I02. through the co-

rrespending imidate, led te the ester AQ%, a known synthetic precurser of geissos-

chizine.zg
cHi00C Opy ~CH3 o
rybtamine w MaBH mj
AcOH
COOtBu N HN~CH3
¥ craooc
CoOCH3 H
COOtBu
CO0CH3
CHy
1. POCI3 1 TFA +
BH . 2 Acz0
2 NeBlié “COOtBu
COOCH3 COOCH3
101 103
1 EtyfBF,” 102
2 NaBHy

— —— GEISSOSCHIZINE

COOCH3

104

In an attempt to avoid the above separation step, the possibilities of Z-E isome-

70,71 Whereas in the case of C-15 unsubstituted lactams such

rization were studied.
as 1 only the desired E-deuble bond configuration is formed under kinetically con-
trolled conditions, in the case of the C-15 substituted ones, especially in the
C-3/C-15 cis-series, competitive formation of the I-isomer takes place. This fact

can be accounted for in terms of the steric interaction between CHqg and R groups

in the most stable conformation lQ%-&.
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\ R = CH3 COOCH3

102 - A 102 - B

This interaction would be minimized in the conformation lQ%'E’ which is net popu-
lated unless forcefully so by bonding between R and the indole N-atom. This was
achievedm’71 in 82% overall yield by saponification followed by treatment of the

resulting lactam acid )]s with trifluorcacetic anhydride.

102 NaCH

105 106

The same pentacyclic dilactam ]Qf, having the natural E-configuration, was obtai-
ned in 83% yield from the Z-iscmer 103. This ring closure is in fact accompanied
by a spontaneous isomerization of the double bond. However, a closer inspection

of the cyclization of acid 107 actually did reveal the fermation of two lactams,
184 and ]AR, after short reaction times. Since the Z-dilactam J98 on further treat-
ment was cleanly converted into the E-isomer ]Qf. the latter can be safely identi-

fied as the product of thermodynamic contrel in this cyclization reaction.71

NaOH {CF3L0170

103

107 108

Regioselective ring opening of the dilactam ]{§ with sedium methoxide in methanol

led to the desired lactam ester J02 in near quantitative yield.70

In this way the
synthesis becomes stereoconvergent through the intermediate )0f. Thus, the mixture
of ethylidene lactams ]f2 and ]f3 was hydrclyzed without separation to a mixture

of lactam acids 105 and ]97,which then cyclized to the single dilactam &QQ.70
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1024103 —> 1054107 —> [106+108 | —> 106 —> 02 — > GEISSOSCHIZINE

From the pentacyclic dilactam {QQ the synthesis of akagerine, a new ethylidene bea-

1

ting indele alkaloid, has been reported.7 Ring D was opened in a selective and

stereospecific manner by reaction with the Meerwein-reagent followed by treatment
with water to give the ester ]09. After methylation of the secondary nitrogen atom
and reduction of the lactam and ester carbonyl groups a diol was obtained, whose

oxidation with nickel peroxide gave rise to akagerine.

+* -
106 ! ET30° PFg , 1. CHp0,NaBH,
2. LiBEtgH

2. Hy0
COOE? 3. DIBAL

109

AKAGERINE

7. IMINIUM ION-VINYLSILANE CYCLIZATIONS

A stereocontrolled synthesis of exocyclic trisubstituted double bonds by stereo-
specific iminium ion-vinylsilane cyclization has been recently reported.72 Since
a variety of methods are available for the stereoselective synthesis.of vinylsi-
1anes,73 this methodology potentially provides a general stereocontrelled route to
3-alkylidene azabicyclics. It has been successfully applied to the synthesis of
ethylideneindolo[2,3-a]quinolizidines 113a and 113k, the latter being the indole
alkaleid deplancheine.36
The required I-vinylsilane ]]la was prepared in 61% overall yield from the commer-
cially available 1-{trimethylsilyl}propyne 118 as shown in the following Scheme,

whereas the more stable E-isomer 11lh was obtained by bromide catalyzed isomeri-

zation of 1142
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CHy—CZEC—SiMe3 1. Buz AlH CH3> =c <S|Me3 1. sec =Buli ,0
2 Bro=Pyr H Br 2 1CH2CH,CH ]

110 o

"0
CHy SiMe3 NBS CH3 CHCHoCH ]

Se=cZ o — Ne=c” ~o

H CHpCH2CH hv e ™ 5iMe3

o
Ma b

Acid hydrolysis of silyl acetals ]]la and ]]lh followed by Pictet-Spengler conden-
sation of the resulting aldehydes with tryptamine hydrochloride afforﬁed the near-
ly isomerically pure tetrahydro-&-carbolines ]12a and 11Zbh, respectively. The
reaction of these ZI- and E-trisubstituted vinylsilanes with paraformaldehyde and
acid proceeded with >98% retention of configuration to give indoloquinolizidines
AR and ]}3h, respectively, in excellent yield. In this way, isomerically pure
deplancheine ]131 was prepared in 26% overall yield from }]0. Since the iminium
ion-vinylsilane cyclization of both ZI- and E-isomers occurs with virtually comple-
te retention of configuration, this reaction provides a convenient route to either

exocyclic trisubstituted alkene isomer.

Ro SiMe3
C=C o

Ry CH2CH2 CH/ ] i
\0

_—

m

n3 R1

L=
g
flry
"
O
I
("]
e
[¥)
]
I
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Addendum. Recently, a new synthesis of deplancheine has been de5cribed.74 The ethy-

lidene substituent was formed with nearly 100% vield and full stereoselectivity by

toluene-tricarbonyl-chrome promoted 1,4-hydrogen addition on 3-vinyl-1,4,6,7,12,12b-

hexahydroindolo[Z,S—a]quinolizine.
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