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whereas that of 34 proceeds with formation of acetoin
and methyl methylphosphonate; they have explained
these results by the pseudo-rotation hypothesis and the
“preference rules’” here reviewed.

Although the pseudo-rotation theory will probably
have little application in carbon chemistry (where
metastable trigonal-bipyramidal intermediates prob-

ii—H ; ,Si
2Hs H

35 36

Vol. 1

ably cannot be found), it should prove useful in de-
scribing the mechanism, and in predicting the rates,
of reactions of second-row and other elements. In
particular, the theory probably provides the correct
explanation for the rapid hydrolysis of highly strained
silicon derivatives®—% such as 35 and 36 and may prove
relevant to sulfur chemistry.
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A general scheme of synthesis of fused piperidines and its application to the synthesis of alkaloids of a wide
variety of structure types are deseribed. The general method is based on the partial hydrogenation of
substituted g-acylpyridines and the intramolecular acid-catalyzed interaction of the nucleophilic side chains
and the electrophilic a-carbon site of the resultant piperideines.

Alkaloids constitute a group of monomeric, nitrog-
enous plant products whose extraordinary structural
complexity as well as frequent, significant impact on
biology and medicine have represented a challenge of
long standing in organochemical synthesis. Despite
the inordinate multiformity of structure types abound-
ing in the alkaloid realm one structure unit—the
piperidine ring, usually fused to one or more other rings
—appears common to a great majority of the naturally
occurring bases. This fact, more than any other cause,
has made alkaloid synthesis largely an exercise in
synthesis of fused piperidines and has led recently to
the development of a simple method of alkaloid syn-
thesis of general applicability. The new procedure
relies on the preparation of piperidine systems of reg-
uisite substitution pattern and oxidation state and
interaction of their electrophilic « carbons with nu-
cleophile-containing side chains of proper chain length
emanating from any one of their six ring positions
1-—2).

Various reaction schemes have been employed for the
production of the scarce, but highly desirable, 1-piper-
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ideines (1) or their chemical equivalents. The striking
simplicity of some of these schemes, e.g., the oxidation
of piperidines! or the hydride reduction of pyridinium
salts,? makes them deserving of further attention.
The most attractive scheme is founded on an unusual,
partial hydrogenation reaction of certain pyridines.
While catalytic hydrogenation of aromatic compounds
customarily produces fully saturated cyclic substances,
palladium-induced hydrogenation of pyridines and
their N-alkyl salts (3) containing a wide variety of
B-acyl or related substituents has been found to yield
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tetrahydropyridines (4).2 Apparently the unveiling
of the highly stable 8-aminoacryl moiety blocks com-
plete hydrogenation. Since interaction of acid with
2-piperideines (4) produces 1l-piperideine salts (1) and
hence fused piperidines (2), the two-step reaction se-
quence, hydrogenation—cyclization of B-acylpyridines,
constitutes the basis of the general method of alkaloid

synthests.
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The first application of the method involved the
synthesis of the indole alkaloid eburnamonine (5).4
Hydrogenation of the salt of 3-acetylpyridine and tryp-
tophyl bromide yielded the piperideine 6, whose ex-
posure to acid led to the piperidine 7, an intermediate
containing four rings of the pentacyclic alkaloid as well
as its two-carbon side chain. Five additional, conven-
tional reactions produced the alkaloid and revealed its

stereochemistry.
2 [ )
N N
H
0

5 6
| OH
N N.
H
O N
. 8

Further applications of the method are illustrated
by the syntheses of lupinine (8) and of a crucial inter-
mediate on the route to the Lycopodium alkaloids.
Hydrogenation of the salt of methyl nicotinate and
3-ketobutyl p-toluenesulfonate ethylene ketal gave the
tetrahydropyridine 9, whose treatment with acid in
aprotic media yielded the bicyclic ester 10. (In acid
solution the otherwise inert ketal funection unravels
reversibly into a hydroxyethyl enol ether moiety which
exhibits powerful nucleophilic properties.) Lithium
aluminum hydride reduction, acid hydrolysis of the
ketal, and Wolff-Kishner reduction led to lupinine (8)
and epilupinine.’
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Hydrogenation of the salt of methyl nicotinate and
5-ketohexyl bromide ethylene ketal produced the vinyl-
ogous amide 11, whose acid treatment and hydrolysis
afforded the keto ester 12. Base-induced cyclization
and etherification with methanolic acid yielded the
tricyclic substance 13, whose lithium aluminum hydride
reduction and acid hydrolysis gave the ketone 14.
Condensation of the latter with methyl acetoacetate,
followed by acid-catalyzed hydrolysis and decarboxy-
lation, introduced an acetonyl side chain. Mercuric
acetate oxidation of the resultant diketone yielded a
tricyclic compound (15) ideally suited for further elabo-
ration to the Lycopodium alkaloid ring system, e.g.,

lycopodine (16).°
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Wh1le in all aforementioned syntheses the tetra-
hydropyridines (4) proved to be excellent substrates
in the cyclization reaction (1 — 2), exceptions were
encountered. In a study of the synthesis of Aspido-
sperma and Strychnos alkaloid models® acid-induced
transformations of 17a~¢, prepared in the usual manner,
into the indolenines 18a~c¢ succeeded only in the case of
the ester 17¢. Its unstable product 18c¢ could be re-
duced and isolated as the dilydro product 19a or the
N-acetyl derivative 19b thereof. Even forcing con-
ditions, equal to or more drastic than those employed for
the conversion of 6 into 7, failed to faze the aldehyde
17a and the ketone 17b. This dichotomy of behavior
of the aldehyde-ketone group and the ester suggested a
dissimilarity of their mode of protonation. An analysis
of their conjugate acids® showed aldehydes and ketones
to exist mostly in the highly stabilized, O-protonated
form 20, while esters prefer the reactive, destabilized,
C-protonated form 21. The first instance of an intra-
molecular cyeclization of an indolylimmonium salt
unencumbered by post-reaction stabilizing substituents
into the indole 8 carbon (17¢ — 18¢), a long sought-
after reaction,” was followed by transformations of
even greater interest, the conversions of 22 into the
esters 23, potentially useful intermediates for the syn-
thesis of Aspidosperma alkaloids, e.g., vincadifformine
(24).

Even though difficulties associated with the cycliza-
tion step of piperideines derived from aldehydes and

ketones seemed to limit the general method of alkaloid
synthesis solely to the use of nicotinic acid derivatives,
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the barrier was overcome in a study of the synthesis of
a hydrolulolidone.®* Hydrogenation of the salt of nico-
tinaldehyde and 4-ketopentyl bromide ethylene ketal
yielded piperideine 25, which proved to be inert to acid
treatment. When, however, 25 was exposed to acid in
the presence of ethylene glycol and under continuous
water removal, it was converted to the acetal ketal 26,
whose acid-catalyzed hydrolysis, aldol condensation,
and dehydration led to the amino enone 27.
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28a, R=Me
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All syntheses described so far were designed to in-
corporate the complement of nitrogen and carbon
atoms of the starting acylpyridine in the final alkaloid
skeleton. However, for the syntheses of yohimboid
and corynanthoid alkaloids the @-acyl moiety rep-
resented a superfluous appendage. Hence deacylation
methods were devised. A study of the hydrolysis of the
nicotinic acid derivatives 28, prepared in the by now
customary manner, revealed that base treatment of
28a or acid treatment of 28b yielded cyclized, decar-
boxylated product (29).2 Apparently hydrolysis and
decarboxylation are much faster than cyclization.

The deacylation procedure was utilized in the syn-
thesis of several alkaloid models and alkaloids. Hydro-
genation of the salt of tryptophyl bromide and dihydro-
gentianine yielded lactone 30, whose alkaline hydrolysis
produced 3-isocorynantheidol (31a).® Similarly, hy-
drogenation of the salt of tryptophyl bromide and

(8) E. Wenkert, K. G. Dave, and F, Haglid, J, Am. Chem. Soc.,
87, 5461 (1965).
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methyl 4-carbomethoxymethyl-5-ethylnicotinate gave
the diester 32, whose base hydrolysis followed by re-
esterification afforded the ester 31b. Chemical modi-
fication of the latter by conventional reactions led
to the alkaloid corynantheidine (33). Hydrogenation
of the salt of tryptophyl bromide and ¢-butyl 5,6,7,8-
tetrahydroisoquinoline-4-carboxylate gave 84, whose
acid hydrolysis produced epialloyohimbane (35).8
This transformation bodes well for the synthesis of the
a-yohimbine alkaloids. Hydrogenation of the salt of
tryptophyl bromide and dimethyl isoquinoline-4,5-
dicarboxylate afforded the dihydro derivative 36,
an interesting example of the substitution of a 4-acyl-
isoquinoline for the usual B-acylpyridine in the re-
duction step. Alkaline hydrolysis of 36 and reesterifi-
cation led to the alkaloid dihydrogambirtannine (37).10

3la, R=CH,0H 32
b, R= COQMe
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The deacylation scheme left an impact also in two
areas other than alkaloid synthesis. Firstly, it makes
the readily accessible t-butyl 1,4,5,6-tetrahydronico-
tinate (88) an excellent chemical for the ¢n situ prepa-
ration of 1-piperideine. Secondly, it yields a clue for
interpretation of an unsolved phase of the biosynthesis
of nicotine (40) and related alkaloids. While the two
rings are known to originate from the pyrrole deriva-
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tive 39 and nicotinic acid,!! little is known about the
mechanism of their attachment other than its occur-
rence with decarboxylation at the carboxylated pyridine
site. Furthermore, electrophilic substitution of simple
pyridines is known to occur only under extreme, foreing
conditions. If it be assumed that the transformations
in the plant proceed wia N-glycosylpyridine inter-
mediates, a simple biosynthetic pathway can be en-
visaged (vide infra).t?
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Although the starting materials of all above syntheses
have been 1-alkyl-3-acylpyridinium salts whose nucleo-
philic centers resided uniformly on the N-alkyl sub-
stituents, there is no theoretical reason for such limita-
tion in the general scheme of alkaloid synthesis. The
following new method of synthesis of isoquinueclidines
illustrates the utilization of an acylpyridine whose
nucleophilic side chain does not radiate from the nitro-
gen position. Pyridine-3,5-dicarboxylic acid was con-
verted by conventional means to the aldehydo ester 41,

(11) T. J. Gilbertson and E. Leete, J. Am. Chem. Soc., 89, 7085
(1967), and previous work.

(12) This hypothesis was first propounded by the author at the
Lecture of the Month, The Ullman Institute of Life Sciences, The
Weizmann Institute of Science, Rehovoth, Israel, Jan 4, 1965.

STUDIES OF THE ELECTRONIC STATES OF SiMPLE LI1QUIDS 81

whose condensation with acetone, ketalation, and hy-
drogenation led to the piperideine 42. Acid-induced
cyclization and hydrolysis yielded the isoquinuclidine
43, a well-suited model of the Iboga alkaloids, e.g., 44.5

0/_—\0
Me 020 CHO M0020 \(j/\x
4 H

42
NH
0 [ N
M902C N
H I Et
43 MeOZC
44

The accumulated body of evidence suggests strongly
that the two-step scheme of construction of fused piper-
idines will be of general applicability in alkaloid syn-
thesis. Much work remains in the utilization of the
method for the preparation of the wide variety of virgin
alkaloid structure types.!?
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A survey is presented of recent studies of conducting and nonconducting excited electronic states in simple

liquids, e.g., He, Ar.

Attention is focused on: (a) interpretation of the mobility of excess electrons in

terms of the fundamental electron-atom potential and the structure of the liquid, (b) the difference be-
tween delocalized and localized excess electron states, (c) the nature of exciton states in the liquid and the
form of the dispersion relation in terms of the strueture of the liquid, (d) the role of intermolecular inter-
actions in broadening and shifting the exciton spectrum of the liquid, and (e) possible modes of energy

trapping and energy transfer.
where more work is needed are pointed out.

I. Introduction

Considerable effort has been devoted to studies of
the electronic states of free molecules and of dielectric
crystals, Spectroscopic studies of dilute gases, from

Wherever possible experiment and theory are compared, and directions

which information about the free molecule is deduced,
are simplified by the absence of intermolecular inter-
actions and hence of correlations between the positions
of the molecules. Thus, any one molecule may be



