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INTRODUCTION

Quinine is one of the oldest and most widely known
medicinal substances and its structure and synthesis have
been investigated by workers in many countries.

A nitrogen-containing bicyclic system, quinuclidine[1-
-azabicyclo-(2,2,2)-octane] is a component part of the
quinine molecule and of other quinine alkaloids. Up to the
last decade little was published on quinuclidines for lack of
methods of preparation of these compounds. Recent de-
velopments have made it possible to prepare various mono-
and disubstituted quinuclidines, some of them with marked
pharmacological or chemotherapeutic activity adding further
importance to investigations of quinuclidine synthesis.

QUINUCLIDINE

The starting materials for the synthesis of quinuclidine
and its derivatives are pyridines, dihalogenoalkylamines,
or aliphatic trihalides of suitable structure.

Quinuclidine (I) was first synthesised in 1909 by Loffler
and Stiezel! according to the scheme

3 H,CH,OH ‘HyCH,0H HyCH, I
4 7
l — | — — —_
N .
i [} M
H H

(1)

4-Methylpyridine reacts with formaldehyde to form, among
other substances, 4-(8-hydroxyethyl)pyridine which, on re-
duction by the Vyshnegradskii— Ladenburg method and sub-
sequent replacement of the hydroxy group by iodine using
hydriodic acid, gives 4-(8-iodoethyl)piperidine; the latter
is converted to quinuclidine by dilute alkali. The authors
failed to isolate quinuclidine in a pure state. The picrate
had m.p.209°-211°, thebase itself being a non-crystallising
oily substance.

Later, Meisenheimer? followed the same route and ob-
tained quinuclidine in the form of colourless crystals, m.p.
154°, yielding a picrate, m.p. 275°. His physical con-
stants were confirmed by others 37 who synthesised qui-
nuclidine by various methods. The method mentioned above
had the disadvantage of a low yield of 4-(B-hydroxyethyl)-
pyridine (1.5-2%) and consequently a very low yield of
quinuclidine (0.4%). However, if 4-methylpyridine is
heated with paraformaldehyde at 160°,® the yield of the
intermediate rises to 48% and considerably higher overall
yields of quinuclidine are therefore attainable.

Another method of quinuclidine synthesis was described

in 19473
H.CH,COOAg CH,CH.Br CH4CH,Br
O =0 -0 -
| |

|
COCeH; COCeHs H

The silver salt of 1-benzoyl-4-(B-carboxyethyl)piperidine
is converted to a bromo-compound (by treatment with
bromine in carbon tetrachloride), which gives quinuclidine
on hydrolysis of the benzoyl group and subsequent cyclisa-
tion with dilute sodium hydroxide.

Clemo and Metcalfe® prepared quinuclidine by reducing
3 -quinuclidone (II) (for synthesis see p.42) according to
Kishner or Clemmensen. Quinuclidine was isolated as the
picrate without mention of the yield.

38

Grob et al.” prepared quinuclidine via 1-azabicyclo-
-(2,2,2)-2-octene (dehydroquinuclidine) (III) starting with
3 -quinuclidcne:

UO @—ou ( )—OSO,CDH.CHAP) @
— — — (| || — .
N N

(n ain

3-Hydroxyquinuclidine, obtained by reduction of (II), was
converted to the tosyl ester from which (III) was obtained
on heating with sodium ethoxide. Compound (III) is a
colourless liquid which solidifies to volatile hygroscopic
crystals on cooling; it absorbs hydrogen readily to give
quinuclidine. Addition of hydrogen bromide to (IIl) gives
3-bromoquinuclidine. This substance and the correspond-
ing chloro derivative [isolated with (III) on heating 3 -hydroxy-
quinuclidine with thionyl chloride] are reducedto quinuclidine
in the presence of Raney nickel catalyst.

In 1951 Waw#onek® reported the preparation of quin-
uclidine by irradiation of 1-halogeno-4-ethylpiperidines in
85% sulphuric acid with ultra-violet light. This was re-
futed by Luke& and Furles!® who showed that the compound
formed was 2-methyl-1-azabicyclo-(2,2,1)-heptane.

Prelog!! approached the synthesis of quinuclidine from
another direction. The methods he developed are based on
the action of ammonia under pressure at 100°-120° on ali-
phatic tribromides of the general formula

s
HC by, cH—R"
T éf r
or on “double intramolecular alkylation” brought about by
alkali treatment of dibromoalkylamines of the type
CH

Br . NH,
The appropriate dibromoalkylamines and tribromoalkanes
were obtained from tetrahydropyrans!2-14, the most widely
used compound being tetrahydropyran-4-acetic acid pre-
pared from 4-hydroxymethyltetrahydropyran or from
Y-pyrone.

The conversion of the ethyl ester of tetrahydropyran-4-
-acetic acid (IV) to quinuclidine is represented by the fol-
lowing scheme:

H,CH:0H CH

He Jy, s
) - - H,f: dy, CHs =~ @ .,

Br r
Br W)

The ester (IV) is reduced by sodium and alcohol to 4-(8-
-hydroxyethyl)tetrahydropyran which is converted by fuming
HBr to the tribromoalkane (V) which yields quinuclidine on
heating with a methanolic ammonia. Compound (V) has
also been synthesised from acetone dicarboxylic ester via
the trimethyl ester of methanetriacetic acid?.

The dibromoalkylamine (VI) is prepared by converting
tetrahydropyran-4-acetic acid to f-(4-tetrahydropyranyl)-
propionic acid which undergoes the Schmidt reaction to
give 4-(8-aminoethyl)tetrahydropyran. This, treated with
hydrobromic acid, yields compound (VI). The latter forms
quinuclidine when treated with sodium hydroxide.
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CHLCH.COOH CHyCH:NH CH
RN
H€ CH, CH,
—_— _— | | — () .,
L H,C .I:Hz CH;
0 0 Ec Br NH,

The methods of preparation of quinuclidine from tri-
bromoalkanes and dibromoalkylamines are inferior to syn-
thesis from 4-(B-hydroxyethyl)pyridine and 3 -quinuclidone
in respect to the number of steps and the yield.

Quinuclidine is a volatile crystalline substance which
forms salts with mineral acids and alkyl halides. It is
chemically inert to a number of reagents: it remains un-
changed after prolonged heating with concentrated acids
(H,80,, HNO,, HC1) and is not oxidised by potassium per -
manganate2. It is dehydrogenated to 4-ethylpyridine by
heating in a sealed vessel at 300°—350° in the presence of
catalysts (palladised charcoal or selenium)!®. The
chemical stability and high melting point of quinuclidine
(158°)-are due to the high symmetry of the molecule which
makes the strain in the bicyclic system very slight 2,16,

When 1-methyl quinuclidine quaternary bases undergo the
Hofmann reaction*, 1-methyl-4-vinylpiperidine, 1-methyl-
-4-(B-hydroxyethyl)piperidine and quinuclidine are formed.

Of the condensed systems containing quinuclidine,
benzo- and dibenzoquinuclidine have been described, the
former by Meisenheimer ? who prepared it from 4-methyl-
quinoline by the same method as that used for quinuclidine.

CH,CH,0H H,CH,OH H,CH, 1
@ " -0

Benzoquinuclidine is a crystalline substance, m.p. 68°—69°,
which is stable to acid potassium permanganate and does
not undergo diazo-coupling with diazotised p -nitroaniline!”.
Dibenzoquinuclidine was prepared by Krogt and Wepster !®
from 9-methylacridine in a similar way.

The pharmacological activity of quinuclidine has not
been adequately investigated; its hydrochloride is known
to have strong hypotensive properties and to relax smooth
muscle*®,

2 -Substituted Quinuclidines

The simplest member of this group is 2-methylquin-
uclidine (VII) which was synthesised by Winterfeld in 1930
from 2,4-dimethylpyridine according to a scheme similar to
the one described above for the preparation of quinuclidine:

H,CH,OH H,CH,0H H,CH, 1
©—< -CH; @-C

{(vit)
2-Methylquinuclidine was also prepared by Prelog!¢ from
tetrahydropyran-4-acetic acid. The acid chloride reacts
with the methyl Grignard reagent to give 4-acetonyltetra-
hydropyran. The oxime of the latter is reduced to the
amine (VIII) and the pyran ring is then opened by heating
with hydrobromic acid. The compound (IX) thus formed is
converted to 2-methylquinuclidine by a double intramole-
cular alkylation:

CH«—CH*CH,
,COC ,COCH,4 CHz—C CH, CH»—CH—CH_,
CH NH,
— —_ —-) —_ CH~ CH:  — (vID),
o CH, CHy
(V11D Br Br

(Ix)

2-Ethylquinuclidine was prepared similarly from
1-(4-tetrahydropyranyl)-2-butanone 4.

Quinuclidine-2-carboxylic acid (X) is of considerably
greater interest. It is a key substance in the preparation
of most 2-substituted quinuclidines; a considerable amount
of published work deals with its synthesis.

The acid was first synthesised by Prelog and Gerkovni-

kov2 in 1937 as follows:
COOH 5oc,n, 620“

OO0C,Hs
COOC;Hs

Hz
H?

CH,Br H,CH(COOC,H5)7 H,CH,COOH H,CH,COOH

o - - 6

H.CHBrCOOH Br Br
(N ]-coon
x)

Bis-B-chloroethyl ether reacts with malonic ester to give
4,4 -diethoxycarbonyltetrahydropyran which is subject to suc -
cessive hydrolysis, partial decarboxylation and esterifica-
tion. The ethyl tetrahydropyran-4-carboxylate obtained is
reduced by the Bouveault method; the hydroxyl group is
replaced by abromine atom and the side-chain is lengthened
by two carbon atoms using the malonic ester synthesis.
Subsequent opening of the pyran ring by heating under pres-
sure with hydrobromic acid, introduction of bromine adjacent
to the carboxyl group, and cyclisation of the product, gives
(X) as colourless crystals, m.p. 280°. This synthesis con-
sists of ten steps and the overall yield of (X) is only 4%.

A simpler method for the preparation of (X) was developed
in 1953 22;

Br Br

CH=C(CQOC,Hy), H,CH(COOC,Hs)a

S
1 . —
A j
CBICOOC,Hy), B (XD
— —_— COOC;H; —— (X)
COOC, H,

When the B-picoline fraction, free from 2,6-dimethylpyrid-
ine, is heated with mesoxalic ester and acetic anhydride for
9h at 90°, 4-(B,8-diethoxycarbonylvinyl)pyridine is formed.
This is hydrogenated in anhydrous alcohol over platinum and
then treated with bromine in chloroform solution to give
4-(B,B-diethoxycarbonyl-S-bromoethyl)piperidine which,
when heated with pyridine, cyclisesto 2,2-diethoxycarbonyl-
quinuclidine. The latter is hydrolysed and partially de-
carboxylated by boiling for 8 h with concentrated hydro-
chloric acid yielding (X) as the hydrochloride which melts
with decomposition at 292°-294°. The synthesis is
accomplished in 5 steps and the total yield is 30%.

Various routes to the intermediate product (XI) in the
above synthesis of quinuclidine-2-carboxylic acid have

39
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been studied?®. It was shown that (XI) could be prepared
from 4-formylpyridine and malonic ester or malonic acid:

HO ?H=C(COOH)2 H.CH (COOH),
z
558
h

Condensation of 4-formylpyridine with malonic acid in
glacial acetic acid gives 4-(8,8-dicarboxylvinyl)pyridine
which is very unstable to heat and must first be hydro-
genated to the piperidine derivative which is then esteri-
fied.

Compound (XI) can also be obtained by the Knoevenagel
reaction between 4-formylpyridine and malonic ester and
subsequent catalytic reduction of 4-(8,8-diethoxycarbonyl-
vinyl)pyridine. Both variants have the disadvantage that
low yields are obtained in the preparation of 4-formyl-
pyridine (12.7% from y-picoline).

A new synthesis for (X) was proposed by Renk and Grob
in 1954 24;

H,—CH—CCl, H=CH—COOH  CH, CH,COOH H.CH;COOH
|
@ o O J T
N NN
(XID) i 'ccc,HE
(X111)
Hz—jH—COOH Hz-'jﬂ- COOH
1 1
N . — X
|
COCeHs H

The starting material is ¥ -picoline which condenses with
chloral in the presence of piperidine to form a chloral deri-
vative (XII). Saponification of (XII) with alcoholic alkali
gives 4-(B-carboxyvinyl)pyridine, the potassium salt of which
is catalytically (Ni) reduced in aqueous solution to form
4-(B-carboxyethyl)piperidine (XIII). The N-benzoyl deri-
vative of (XIII) is chlorinated with sulphuryl chloride, the
N-benzoyl group is saponified by boiling with concentrated
HC1, and the product is cyclised by heating with aqueous
sodium hydroxide. This synthesis contains 7 steps and the
overall yield is 26%.

Investigation of other syntheses of (X) from ¥-picoline 2®
disclosed certain peculiarities in the behaviour of the inter-
mediate compounds. Thus when the following scheme is

employed:
CHy CH,—CH~CCl, H,—CH—CCly
4 éH ér
()" =0~
SN N N ?
H (x1v) rli

the reduction of (XII) with platinum catalyst to (XIV) goes
smoothly but substitution of halogen for the hydroxy group
in (XIV) runs into difficulties. The reaction doesnot occur
with thionyl chloride or phosphorus halides; however,
heating with 68% hydrobromic acid at 120° gives a 40%
yield of 4-(y,y,7—trichloro-ﬁ-bromopropyl)piperidine. This
yields a small amount of 2-trichloromethylquinuclidine on
being treated with aqueous sodium carbonate.

During saponification of (XIV), 8-(4-piperidyl)lactic acid
is formed, esterification of which gives a polymeric ester.

40

The use of the N-benzoyl derivative (XV) gives monomeric
ethyl B-(4-piperidyl)lactate which can be converted to (X) by
substituting halogen for the hydroxy group.

,—ch—OCl, r—(‘:H—COOH Hy~CH—COOC,;H;
OH OH (%H
(XIV)— _— _— —_
i (]: !
COCgH5 OCsH; COCeHs

(XV)
He—CH—COOCoHs ~ CHy—CH—COOC:Hs
du &
- - — (X)
i

i

It was found in the course of this synthesis that substitu-
tion of chlorine for the hydroxy group in the ethyl 8-(4-
-piperidyl)lactate (using thionyl chloride) only occurred to
the extent of 25%; the reaction mixture consisted mainly
of the starting material. The overallyieldof (X) isthere-~
fore considerably lower than in the reaction mentioned
above, which so far is the most convenient method of pre-
paring (X).

Quinuclidine-2-carboxylic acid serves as starting
material for the preparation of almost all the 2-substituted
quinuclidines described.

Bouveault reduction, or treatment with lithium alumin-
ium hydride, of the ethyl ester of (X), gives quinuclidine-2-
-carbinol. This carbinol is converted by thionyl chloride
to 2-chloromethylquinuclidine!* and by hydrobromic acid
(under pressure) to 2-bromomethylquinuclidine®. The
ethyl ester of (X) with phenyl magnesium bromide gives a
good yield of diphenylquinuclidyl-2-carbinol!4; the amide
of (X), treated with thionyl chloride under pressure, yields
2-cyanoquinuclidine??, The Borodin reaction on (X) pro-
duces 2-bromogquinuclidine in 16% yield .

The hydrazide and some of its derivatives can be ob-
tained from the ethyl ester of (X) 2. The Curtius reaction
was.applied to the hydrazide and rearrangement of the
azide of (X) occurred normally with formation of ethyl
N-(2-quinuclidyl)urethane which is an acylated 2-amino-

quinuclidine:
—_
@-(ommn, @—NHCOOR

(where R = C,H; or iso-Cg;H,,). However, when attempts
are made to isolate 2-aminoquinuclidine (an asymmetri-
cally substituted diaminomethane) a molecule of ammonia
is eliminated and the dehydroquinuclidine formed poly-
merises 28,

Large numbers of substituted 2-aminomethylquinuclid-
ines have been synthesised, in a search for synthetic
analogues of quinine alkaloids, and as ganglion blocking
agents.

The first members of this series, 2-aminomethylquin-
uclidine (XVIa), 8-(2-quinuclidylmethylaming )-6-methoxy-
quinoline (XVIb), and 6-chloro-2-methoxy-9-(2-quin-
uclidylmethylamino)acridine (XVIc), were prepared by re-
action of 2-bromomethylquinuclidine with ammonia,
6-methoxy -8 -aminoquinoline, and 6-chloro-2-methoxy-
-9-aminoacridine .

(a) R =H;
+ RNH,—>
@.d,,g, RNH, @—(H,NHR

(XVia-c)

CHi

¢(b) R :m' CHy
()R = ).
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Studies of the chemotherapy of (XVI b and ¢) showed e oy HaNHa
that these compounds were considerably more active than =C—COOGHs = CH—COOCHs ,—iﬂ—cooﬂ.

quinine in trials on canaries infected with Plasmodium
relictum 2°,

9-(2-Quinuclidylmethylamino)acridine and 4-(2-quin-
uclidylmethylamino)-6-methyoxyquinoline were synthesised
later by reaction of 2-aminomethylquinuclidine with
9-phenoxyacridine and 6 -methoxyquinoline -4 -sulphonic
acid 3 respectively.

Substituted 2-aminomethylquinuclidines can be easily ob-
tained by reduction of the corresponding quinuclidine-2-
-carboxamides with lithium aluminium hydride. A number
of compounds were thus obtained with yields of 70-80% 3.

@—con(‘i — @—cmu’\;:

where R=R'=H ; CHz; CaHs ; R=H; CH;

|
R'= — CH,CH,N(C,Hg)y ; ~CH—(CHpsN(CoHs)a i
H,—CH
- H, ; . 4
NRR ’(;,—CH 2 —CH CeHs ; Q ; Fﬁ_ .
S

Some members of this series have high ganglion blocking
activity, the most marked being that of 2-(B-diethylamino~
ethyl)aminomethylquinuclidine32. Such activity is also
present in the dimethiodide of diethylaminoethyl quinuclid-
ine-2-carboxylate which is used under the name of
“Dioxin” for the treatment of hypertensive disease 3.

+,Calls -
co0CH,CHN . |21
&'_:3 JIH,

2-Formylquinuclidine is of considerable interest for the
synthesis of 2-substituted quinuclidines; it was obtained
by reduction of the N-methylanilide of quinuclidine-2-
-carboxylic acid by lithium aluminium hydride (31% yield)
When 2-formylquinuclidine is condensed with malonic ester
by the Knoevenagel method, quinuclidyl-2-methylenemalonic
ester is formed. This is converted by boiling concentrated
hydrochloric acid into B-(2-quinuclidyl)acrylic acid, which
is easily reduced in the presence of Raney nickel to f-(2-
-quinuclidyl)propionic acid (XVI):

—_— —_—
=C(CO0C,Hs)2 CH=CH-—CO0R

Compound (XVII) has also been prepared by condensing
2-bromomethylquinuclidine with sodium malonic ester and
boiling the product with hydrochloric acid %:

— —> (XVI)
HyBr ,CH(COOC; Ha)e ’

and by cyanethylation of 3-ketoquinuclidine (II), saponifi-
cation of the nitrile group, and Kishner reduction of the
resulting B-(3-keto-2-quinuclidyl)propionic acid®:

. — — (XVI)
o) @m}i,m @H,CH;COOH .

Condensation of 2-formylquinuclidine with cyanacetic
ester gives a-cyano-$-(2-quinuclidyl)acrylic ester (XVIII);
this is catalytically reduced to the aminoester (XIX) which
is hydrolysed in the usual way to @ -aminomethyl-g-(2-
-quinuclidyl)propionic acid37:

CH,.COOH
(Xvi)

(XVIil) (XIX)

Claisen condensation of the ethyl ester of quinuclidine-2-
-carboxylic acid with ethyl acetate gives the ethyl ester of
B-(2-quinuclidyl)-B-ketopropionic acid, isolated as the
sodium derivative of the enolic form, which is but slightly
soluble in water (XX). This compound reacts with water
(24h at room temperature) to form the sodium salt of
B-(2-quinuclidyl)-B-ketopropionic acid, the oxime of which
is readily reduced catalytically to f-(2-quinuclidyl)-B-
-aminopropionic acid®:

@-4:0063!1; @ﬁﬁzﬂ—cooc,ﬂ, @—ﬁ—cuz—coom

ONs (xx)

(¢}
—_— —_—
{ —CH,COOH H—CH,—COOH
DIOH NH,

Hydrolysis and decarboxylation of the ethyl 8-(2-quin-
uclidyl) -B-ketopropionate is effected by concentrated
hydrochloric acid and gives 2-acetylquinuclidine. Treat-
ment of this with isoamyl nitrite in the presence of sodium
ethoxide yields 2-quinuclidone oxime:

@‘ﬁ—CH:—COOCzHa @—f—cn, @NOH .
o N N
o}

The ketone was also prepared from isonicotinic acid accord-
ing to the following scheme %8:

QOH H,COOC,H;s H2COOC,Hs H,COOH H,COCI
/ ( ]
' — —— — — —
| |
" H H

3-Substituted Quinuclidines

Derivatives of pyridine are generally used for the pre-
paration of these compounds. Thus in 1904 Koenigs 3940
prepared 3 -ethylquinuclidine from 3 -ethyl-4-methylpyridine
as follows:

H, HsCH,OH H,CH;0H HaCHal
2Hs CH,0, ' 2Hs  Hy oHs  HI 2Hs @—Czﬂs .
W llq N N
H H

As already mentioned, Meisenheimer ? used the same
scheme for the preparation of quinuclidine and Winterfeld 2°
for that of 2-methylquinuclidine.

Prelog!* prepared 3-methyl- and 3-ethylquinuclidine
from tetrahydropyrans with branched-chain substituents in
the 4-position:

R R
COR  HO—&—CH,—CO0CsH =CHCOOCHs —CHy—COOCaHs
—_— —_— —. —
R CH
H—CH,NH
3 2 H’
—_— —

H, HR R
H, H, ’
r Ll’ H,

where R = CH;; CiH,.
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A number of 3-substituted quinuclidines were prepared by
Lukes and Ernest from pyridine derivatives. These authors
set out to synthesise 3-vinylquinuclidine from 3 -methyl-3-
-hydroxymethylquinuclidine (XXI). Compound (XXI) had
been prepared by two methods: from 4-methyl- and
4-ethy1pyridine 41-8 gccording to the following routes:

(CH,OH)3 (CH,OH)3 (CH,OH),
—

Hy¢” Br

CHj ) H;
©<(H10H - ;0 <—
4 ;
(XX1) HJC)‘ Br™

\ (XXiv)

BrCH,— —CH,OH HOCH,— —CH,OH HOCH,— —CH»OH
€ .
I

H l!l (XXV)

(XXll)
H,Br
HOCOCH; <—

In the first scheme 4-[tri(hydroxymethyl)methyl]pyridine,
obtained from 4-methylpyridine and formaldehyde, is con-
verted to the methobromide and then reduced to 1-methyl-4-
-[tri(hydroxymethyl)methyl]piperidine (XXII). Prolonged
heating of (XXII) with hydrobromic acid in acetic acid gives the
dibromide (XXIII) which is converted by boiling alcohol into
3-bromomethyl-3-acetoxymethylquinuclidine methobromide.
This is reduced to 3-methyl-3-hydroxymethylquinuclidine
methobromide (XXIV). Heating (XXIV) under vacuum gives
the compound (XXI).

The second and shorter route uses 4-ethylpyridine asthe
starting material which reacts with formaldehyde to give
the glycol (XXV). The hydrobromide of this glycol is
-hydrogenated to the piperidine stage, one hydroxy group is
replaced by bromine, and the product is cyclised to give
(XXI) in overall yield of 57%. The conversion of 4-ethyl-
pyridine to (XXI) through 4-(2-methyl-1,3 -dihydroxy-2-
-propyl)pyridine described later *, has no advantage over
the above method.

Compound (XXI) was subjected to dehydration which can-
not occur without a retropinacoline rearrangement. It was
intended to make use of this in the preparation of 3-vinyl-
quinuclidine, but 3-ethylidenequinuclidine (oxidised to
3-quinuclidone and reduced to 3 -ethylquinuclidine), was

isolated instead:
CHpH . O@«—Cﬂo “ ro
)
o

3-Vinylquinuclidine was subsequently prepared from
3-(B-hydroxyethyl)quinuclidine (XXVI)*® obtained from
3-quinuclidone via 3-hydroxy -3 -ethynylquinuclidine as fol-
lows:

OH
H CHCH,;O0H CH,CH,OH
) — =CH —» H=CH; — - : .
N

(XXVI)
Reduction of 3-hydroxy-3-ethynylquinuclidine with the cal-

culated amount of hydrogen gives 3 -hydroxy-3-vinylquin-
uclidine which rearranges when heated with hydrogen
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bromide in glacial acetic acid to 3-(8-hydroxyethylidene)-
quinuclidine, isolated as two stereoisomers. When this
compound is reduced over a platinum catalyst 3-(8-
-hydroxyethyl)quinuclidine is formed.

When (XXVI) is dehydrated with phosphorus pentoxide
to obtain 3-vinylquinuclidine, the double bond shifts to the
semicyclic position and 3 -ethylidenequinuclidine (XXVII) is
formed. Compound (XXVI) reacts with concentrated
hydrochloric acid at 180° to give 3-(8-chloroethyl)quin-
uclidine (XXVIN) and (XXVII); at lower temperatures
(100°-150°) the only product is (XXVIII).

(xxvn - (jzca—cu; .
oo
@—cn—cuz @cmmm: /D—cuzcn,cn @.cmc"’ocﬂs .
(XXIX)

(Xxvamn

Replacement of the S-hydroxy group in (XXVI) by a
bromine atom (HBr) gives 3-(8-bromoethyl)quinuclidine
which easily forms the quaternary polymer. When (XXVIII),
which has less tendency topolymerise, istreated with potas-~
sium hydroxide in methanol the product is 3 -(8-methoxy-
ethyl)quinuclidine. Heating (XXVII) with aqueous potas-
sium hydroxide leads to intramolecular alkylation.

Ernest4’ obtained 3-vinylquinuclidine (XXIX) mixed with
3-ethylidenequinuclidine by dehydrating (XXVI) with phthalic
anhydride and benzenesulphonic acid. Racemic (XXIX) was
isolated from this mixture by repeated recrystallisation of
the styphnates.

Optically active 3 -vinylquinuclidine was prepared by Lukes
and Galik *® from the ethyl ester of meroquinene (XXX) ob-
tained from naturally-occurring cinchonine %°:

,CH{OH
~CH=CH:
(XXX)

The ester (XXX) is reduced with lithium aluminium hydride
to 3-vinyl-4-(B-hydroxyethyl)piperidine, the hydroxy group
is replaced by bromine (HBr), and the bromide is cyclised
to 3-vinylquinuclidine.

H.COOC:H, H:CH,Br

H= CH; CH=CH,

—s (XKIX) -

The synthesis of 3-quinuclidone (II) was a milestone in
the preparation of quinuclidine derivatives. This compound
served as starting material for the preparation of many 2-
and 3-monosubstituted and some 2,3 -disubstituted quinucli-
dines.

Clemo® first synthesised 3-quinuclidone as follows:

‘O0C,H; 00C;Hs

cn,cooc,x—x5
(XXXI)

Ethyl isonipecotinate reacts with ethyl chloracetate in
the presence of potassium carbonate to give ethyl 1-ethoxy-
carbonylmethylisonipecotinate (XXXI). Cyclisation of the
diester (XXXI) with potassium in toluene, followed by
saponification and decarboxylation, leads to 3-quinuclidone.
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Sternbach and Kaiser *°, who synthesised (II) in 1952,
modified Clemo's scheme only as regards the preparation
of thediester. Insteadof alkylating ethylisonipecotinate they
reducedthe ethoxycarbonylmethobromide of methylisonicoti-
nic acidto methyl 1-ethoxycarbonylmethylisonipecotinate.
The latter, as in Clemo's scheme, was converted to (II) in
37-43% yield. The yield was increased to 82% by using a
potassium alkoxide instead of metallic potassium .

The presence of a reactive keto group in compound (II)
made it possible to synthesise various 3-substituted qui-
nuclidines, e.g. the oxime reduced over platinum gives
3-aminoquinuclidine, and reduction of (II) itself gives
3-hydroxyquinuclidine which can be converted by hydro-
bromic acid to 3-bromogquinuclidine3°. Esterification of
3-hydroxyquinuclidine with tropic, diphenylacetic, ben-
zilic, fluorenecarboxylic and o-acetylmandelic acids gives
esters with atropine-like and antispasmodic properties.
The most active of these, 3-diphenylacetoxyquinuclidine, is
20 times as active as atropine5'75¢, The esters formed by
the above acids with 3-methyl-3 -hydroxyquinuclidine have
no antispasmodic activity 52.

Urethanes (3-carbamoxyquinuclidines) were also syn-
thesised from 3-hydroxyquinuclidine and isocyanates in
order to investigate their biological properties %5:

—RA'
+ A’LQH.CH— NCO———> CONHEH R,,
sH4A

where A' and A" = H, halogen, NO,, alkoxyl, or alkyl, and
R = CgH; or C.H,,.

3-Quinuclidone has been used for the synthesis of 3-aryl-
and 3 -alkylquinuclidines (XXXII). Organo magnesium or
lithium compounds form the 3-hydroxy-3-aryl- and -alkyl-
quinuclidines which are converted to 3-aryl- and 3-alkyl-1-
-azabicyclo-(2,2,2)-2-octenes by thionyl chloride, sulphuric
acid, or acid chlorides. The compounds (XXXII) are then
obtained by reduction7,%,

OH R
() + tMghal or RLI —= U O @

(XXXII )

where R = C,H,, p-CoH,N(CH,),, »-C4H,OCH,, p-C¢H,OH,

or CH,.

Grob and Renk?” used the reactive 3-quinuclidone for the
synthesis of quinuclidine-3-carboxylic acid and a number of
its derivatives; the following route was adopted:

H  hydrolysis,

ny HeN ©<2 estmﬁ:omn@ CH;Mgl (j/i—(cm)a

So,,

.

JH,A'
0 00— @coon (onn, ooq»qa
N+

O ((*m" :

The next homologue, quinuclidine-3-acetic acid® was
prepared from 4-(B-hydroxyethyl)pyridine, itself obtained
by reaction of 4-methylpyridine with formaldehyde:

CHACHOH H,CH,C1 H,CH,OCH;3 CH—CH:0CH,
CH—
/| soci, cuzons (7 N2 Y s
il S —_—3 s N/l —_— s IOH —_—

heatin

with S%Clz

"“CHwh
00CH,

N

JANUARY 1960
—CH,;—OCH; C{-;CH;OCH; H—CH,Br
con 'CH—COOC,Hs u H,COOC,Hs CH,COOC,Hg
> ) HB¢
CyHyOH CHyOH, HCL *

H,COOH

pyridi
yridine @—CH,COOC;H, HCl ©.¢

The synthesis of 3-hydroxymethyl-3 -carboxymethylquinucli-
dine lactone, a derivative of quinuclidine-3-acetic acid, has
been described5®:

CH,CO0RH —CH,0H —CH\C!
N & ol
7/
|| exa (o} 0
(XXXHI)
(xxxm
H:—go , ©<m,oouunun .
{XXXV)

When $-(4-pyridyl)propionic acid or its esters are heated
with formalin, the lactone of 8,8-di(hydroxymethyl)-g-4-
-pyridylpropionic acid (XXXII) is formed. This compound
is reduced in alcohol or hydrochloric acid over platinum to
the corresponding piperidine which is converted by thionyl
chloride to B-chloromethyl-g-(4-piperidyl)-y -butyrolactone
hydrochloride (XXXIV). The base isolated on treating
(XXXIV) with one equivalent of alcoholic potassium hydrox-
ide is converted by pyridine to the lactone of 3-hydroxy-
methyl-3 -carboxymethylquinuclidine (XXXV). This lactone
forms a hydrazide and a phenylhydrazide with hydrazine
hydrate and phenylhydrazine respectively. Benzylamine,
piperidine, and decylamine do not open the lactone ring.

4-Substituted Quinuclidines

These compounds are the least well investigated of the
monosubstituted derivatives of quinuclidine. The synthesis
of 4-methyl-, 4-hydroxy-, and 4-bromoquinuclidines and of
quinuclidine-4-carboxylic acid and some of its derivatives
has been described.

Luke$ and Ferles® prepared 4-methylquinuclidine by
two methods:

Hy (':u._ CHy Hy
H,C—C—CH, LiAIH, H,C—C—CH, MB: H,C—?—CH, NH,
1) [ i s, 0 —2 | | Plisis NEY
ROOC CH; COOR HOH,C ?H. CH0H BrH,C H, CH,Br

OOR HLBr

{XXxv1) Hy CH,COOCHy p Hs CH,CH,OH Hs GH,CH,Br Hs.
LAA!H.
) .

H

2) (XXNVD) + NH, —

4-Hydroxy- and 4-bromoquinuclidine® have been pre-
pared from 1-benzyl-4-piperidone. This was converted
by the Reformatsky reaction to 1-benzyl-4-hydroxy-4-
-ethoxycarbonylmethylpiperidine which was reduced by
lithium aluminium hydride to the diol (XXXVII) whose
monotosyl (Ts) derivative was cyclised by heating in ben-
zene to a quaternary salt of 4-hydroxyquinuclidine. The
latter is reduced over palladised charcoal to 4-hydroxy-
quinuclidine.

When the diol (XXXVII) is heated with hydrobromic acid
it is converted to the dibromide (XXXVII) which is cyclised
to 1-benzyl-4-bromoquinuclidinium bromide. On reduc-
tion, this yields 4-bromoquinuclidine 2.
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H H,COOC,H, H,CH,OH
— —_—

(EH CaH, \

xxvu)

.

HyCgHs

Eil'luCHng' Hi

(l:H,CSHs
=
H_-,C, H, Br—~ EH;Csﬂa
(XXX Vill}
Quinuclidine-4-carboxylic acid was synthesised by Grob
and Renk® as follows:

-0 ~-Q ~0-0

Ha H’g -

(XXXIX)
1-Methyl-4-cyanopiperidine reacts with 1,2-dichloroethane
in the presence of sodium phenate to give 1-methyl-4-
-cyano-4-(B-chloroethyl)piperidine which cyclises to

4-cyanoquinuclidine methochloride (XXXIX).  When the
latter is heated under vacuum to 260°—270° methyl chloride
is eliminated and 4-cyanoquinuclidine is formed. This is
hydrolysed to quinuclidine-4-carboxylic acid which does not
melt at 370° and presumably exists as a zwitterion.

4-Cyanoquinuclidine methochloride can be hydrolysed to
a crystalline betaine (XL):

+

H,Cobly HsCaél’h 01s™

O—Z

00~ 0
L, )
4
&, by
(x1) (xL1)

Heating above 250° transforms (XL) into an isomeric base
which is considered to be the lactone (XLI) of 1-methyl-4-
-(B-hydroxyethyl)piperidine-4-carboxylic acid. The fol-
lowing have been prepared from quinuclidine-4-carboxylic
acid: various esters by treating the acid chloride with
alcohols, 4-hydroxymethylquinuclidine by reducing these
esters with lithium aluminium hydride, 4-formylquinucli-
dine by oxidation of this alcohol with potassium dichromate,
and 4-methylquinuclidine by reduction of 4-formylquinucli-
dine semicarbazone by the Wolf —Kishner method.

2,3 -Disubstituted Quinuclidines

Published data on the preparation of various members of
this group are based on 3-carboxymethylquinuclidine-2-
-carboxylic acid®* obtained according to the following
scheme:

CH=CH--CO0C,H; CH—CHy—COOC,Hs H—CH,—COOC,H;s
7 7 H(COOC,Hs)2 ‘CH(CUOC,Hs)2
| —(] e e
\,
G—CHs ~~—~C0O0C:H;
CBr(COOC:Hs) CHCOOCH CH,COOH
"/ COOC:H; COOH - HCI .
B COOC.Hs
f (\Ul) (xru)

Ethyl of 8-(4-pyridyl)acrylate undergoes a Michael con-
densation with malonic ester toyield ethyl 8-diethoxycarbonyl-
methyl-8-(4-pyridyl)propionate. Reduction of the triester
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H,CH,0Ts H H
—— — .
N N

over platinum to the piperidine stage, followed by bromina-
tion and cyclisation of the bromoester in boiling pyridine,
gave 55% of 3-(ethoxycarbonylmethyl)-2,2~(diethoxycar-
bonyl)quinuclidine (XLII). When the latter is boiled with
hydrochloric acid, 3-carboxymethylquinuclidine-2-car-
boxylic acid hydrochloride (XLIHN) is formed. The ethyl
ester of this acid is reduced by lithium aluminium hydride
to 3-(B-hydroxyethyl)-2-hydroxymethylquinuclidine which
gives 3-(B-chloroethyl)-2-chloromethylquinuclidine with
thionyl chloride. The dichloride of 3-carboxymethylqui-
nuclidine-2-carboxylic acid has been converted to several
amides which are reduced by lithium aluminium hydride to
the amines 3!:

(j:in,com ,cou\,,, H,CH,N\Rr
N\Rl H,N\R
where R = R'= CH,, CgH;; R = H; = C¢H,CH,.

The diethyl ester of 3-carboxymethquuinuclidine-2 -car-
boxylic acid has an interesting property®. When its
aqueous solutions are kept at room temperature over along
period one of the carbethoxy groups is hydrolysed and an
acid ester is formed. Because of the ease of hydrolysis of
ethyl quinuclidine-2-carboxylate, this acid ester was con-
sidered to be 3-ethoxycarbonylmethylquinuclidine-2-car-
boxylic acid (XLIV); this structure was confirmed by the
conversions mentioned below:

HyCOOCoHy HyCOOC, Hy
00C,H; OOH .

(XLiV)

With thionyl chloride the acid ester readily forms an
acid chloride which gives amides of 3 -ethoxycarbonyl-
methylquinuclidine-2-carboxylic acid with primary and
secondary amines. Reduction of these amides by lithium
aluminium hydride yields 3-(8-hydroxyethyl)-2-(alkyl-

aminomethyl)quinuclidines (XLV)*5:
H,CH.OH
ey

H;COOC,Hs 00C H;
— R
OC}*HCl (o] N\Rr
(XLV)

Where R=R'=CH,, CH;, H; R =H;

NRR' = 1-piperidyl.

A number of 2,3-disubstituted quinuclidines have gang-
lion-blocking properties, the highest activity being shown
by 2-benzylaminomethyl-3-(8-benzylaminoethyl)quinucli-
dine triphosphate (XLVI) and 2-(2'-pyridylaminomethyl)-3-
-(B-hydroxyethyl)quinuclidine 32,

@:(cHﬁHzNHCHgC,H_-, (j:cﬂ,cﬁzou
HyNHCH,CeHp —_—
- 3HPO, NTNCHNH 2

(XLVD)

The latter compound also enhances uterine contractions. It
is noteworthy that 1,5-dibenzylaminopentane, which contains
an arrangement of atoms incorporated in (XLVI), has no
ganglion-blocking properties. This indicates that only a
combination of a definite grouping of atoms and the qui-
nuclidine ring gives compounds with a high degree of phar-
macological activity.

R' = a-pyridyl;

CHy—CHyCH;NHCH,CoHs
CHy—CH;—NHCHCgHs

Compounds (XLV) containing the quinoline or acridine
ring system as a substituent on the nitrogen atom were pre-
pared by condensing 2-aminomethyl-3-(8-hydroxyethyl)-
quinuclidine with 4-chloroquinoline (in the presence of
phenol) and 2-methoxy -6 -chloro-9-phenoxyacridine res-
pectively8s.
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Q‘:‘t,%o“/ HooH,Cith\
CH,NH, —
\ & l-(N9 CH, N
7 N oct,
73 '
i
8% 1o 3

An extensive study has been made of the formation of
2-(N-substituted-aminomethyl)-3 -vinylquinuclidines by dis-
tilling esters of 2-(N-alkyl- or N,N-dialkyl-aminomethyl)-
-3-(B-hydroxyethyl)quinuclidines under atmospheric pres-
sure®. Two substances are formed from 2-(diethyl-
aminomethyl)-3 -(B-stearylhydroxyethyl)quinuclidine (XLVII):
2-diethylaminomethyl-3 -vinylquinuclidine and 1'-ethyl-
piperidino-3',4': 2,3-quinuclidine (XLVIII), the yield of the
former being approximately 10% of the total:

CH,CH,0COC gz
——
N CHaN(CaHa),

(xXLvn)

CH=CH,
HyN(CyHs)2 CaHy

(xXrviu)

.

Ethyl stearate was also isolated from the distillation pro-
ducts of (XLVII), thus confirming the formation of the tri-
cyclic compound (XLVIII).

Distillation of 2-diethylaminomethyl- and 2-ethylamino-
methyl-3 -(8-hydroxyethyl)quinuclidine benzoate, or heating
the alcohols with phthalic anhydride in the presence of
benzenesulphonic acid, gives only (XLVII):

(\cmcﬂaOCoc,us ,CHOH
HaN{C,Hs)2 \ / H-zN(Csz)a
{(Xrvim)
HiCHIOCOCatls / . \ @:(c:mcmou
OHaNHC Hs . HINFCoHs
(XLIX)

The structure of (XLVIII) was confirmed by synthesis as

follows:
2CO0C,Hs CH,COOC;H;
—_——
[§] NH2CzHy ONHC;zH,
~CHyCH2Cl

H,NHC,Hy

(XLIX)

TIATH, SGCT,

— (XLVIlI} .

Distillation of 2-(N-piperidinomethyl)-3-(B8-stearyl-
hydroxyethyl)quinuclidine at atmospheric pressure yields a
single product, namely 2-(N-piperidinomethyl)-3-vinyl-
quinuclidine. The position of the double bond was proved
by the oxidation of this compound to 2-(N-piperidinomethyl)-
quinuclidine-3 -carboxylic acid®®.

(j—cmcmococ.,n33 ( N—CH=CH, OOH
\CH,N/ > N*CH,N > KN CH,N\’ > .

It was shown that distillation of esters of 2-(diethyl- and
ethylaminomethyl)-3 -(3-hydroxyethyl)quinuclidine gives
predominantly the tricyclic compound (XLVII) formed by
simultaneous elimination of a molecule of ester or acid de-
rived from the acyl group esterifying the original alcohol
and an alkyl group or hydrogen of the aminomethyl group in
the 2-position of the quinuclidine nucleus. Only the vinyl

derivative is obtained upon distillation of compounds in
which the nitrogen atom in the aminomethyl group forms
part of a cyclic system which is stable to fission at high
temperature.

3-Methylquinuclidine-2-carboxylic acid (L) and 3-amino-
quinuclidine-2-carboxylic acid (LI) are also members of the
2,3 -disubstituted series of quinuclidine derivatives. The
ethyl ester of the acid (L) was synthesised®” by successive
treatment of B-(4-piperidyl)butyric acid (LII) with phos-
phorus trichloride, bromine, absolute ethyl alcohol, and

pyridine. The procedure may be represented as follows:
2Hs CHALH—CH—CCl, CH;~C=CH—COOH
OH
4 | cClgCHO 4 KOH H
—_ . | __Hy
alecohol
CH; —CH,—COOH
H; 3
N N COOC,Hs DOH * HC
15 (L (L)

Compound (LI) was prepared as follows 88:

o NOH NH, NH,
—_— — — —_
\/COOC.Hs 00C:Hs COOC;H; NJ:COOH .
(Ln

E “2HCI
H,CO0C Hy Li

COOC,Hy

Dieckmann cyclisation of 1-ethoxycarbonylmethyl-4-
-ethoxycarbonylpiperidine gives ethyl 3 -quinuclidone-2-
-carboxylate. This forms an oxime which is reduced over
platinum to an amino-ester which can be hydrolysed to (LI).

A number of 2,3-disubstituted quinuclidine derivatives
have been obtained from 3-quinuclidone. - When the ketone
is condensed with 4-formylquinoline and benzaldehyde, a
substituted ruban®® and 2-benzal-3-quinuclidone®® are
formed respectively. Reduction of these compounds
saturates the double bond and converts the keto-group to

hydroxyl.
un+acno——>( | EHR———> [ | R,
N N

where R = phenyl and 4-quinolyl.

The tropic and diphenylacetic acid esters of 2-benzyl-~3-
-hydroxyquinuclidine were synthesised and found to be
pharmacologically inactive 0.

Since 3-quinuclidone contains an active methylene group,
it can be condensed with acrylonitrile®, giving a mixture of
2-(B-cyanoethyl)-3 -quinuclidone and 2,2-di(8-cyanoethyl)-

-3 -quinuclidone:

(1) = +
@HgCH,CN N

HCH,CN

l H,CH,CN
@QH;CH:COOH -— H,CH,COOH
N” \CH,CH,COOH N H,CH,COOH

« HCI (Ln)
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The structure of the former was proved by converting it to
B-(2-quinuclidyl)propionic acid (see above), that of the
latter by hydrolysis to the keto-diacid (LII). When (LII)
was treated with acetic anhydride compound (LII),

H,CH,COOH

(]

N, M

¢
(L)

was not formed, demonstrating that the cyanoethyl groups
were not in positions 2 and 4. Therefore, the keto-di-
nitrile was ascribed the structure of 2,2-di-(8-cyanoethyl)-
-3-quinuclidone. Compound (LII) was converted to a diacid
by the Wolf ~Kishner reaction.

L)

2,5-Disubstituted Quinuclidines

Little has been published concerning the synthesis of
2,5-disubstituted quinuclidines owing to relative unavaila-
bility of 3,4-disubstituted pyridines and of suitable dihalo-
geno-alkylamines and trihalogeno-alkanes with a branching
carbon skeleton.

Up to now, apart from quinine alkaloids, their analogues
and isomers (to which a special section of the present re-
view is devoted), only 5-(8 -hydroxyethyl)quinuclidine-2-
-carboxylic acid, 5-(8-methoxyethyl)quinuclidine-2-carb-
oxylic acid, 5-quinuclidone-2-carboxylic acid, and some of
their derivatives have been synthesised, using a trichloro-
methylethylpyridine 7%,

‘X’J Hs H,

H,CH;C1
NJ:C 2CHy H2CH,0COCH, H,CH,0H
A [« '

CHy

(L1v)

H=C(COOC;Hs)a 2:CH(COOC,Hs),
. 4 ] H,CH,0COCH, CH,CH;OCOCH, ,CH,0COCH,
N — — B

N v

H,CBr (COCCoHs)2

CHCH0COCH, m,coocn.ag% HOCH,CH,
)

H (Lvey

This trichloromethylethylpyridine, treated with potas-
sium acetate in glacial acetic acid at 175°, gives compound
(LIV) which, after dehalogenation with hydrogen in the pre-
sence of a palladium catalyst and reacetylation, condenses
with mesoxalic ester to give 3-(8-acetoxyethyl)-4-(8,8-di-
ethoxycarbonylvinyl)pyridine (LV). Catalytic hydrogena-
tion of (LV) followed by bromination and cyclisation of the
product gives 5-(8-acetoxyethyl)-2,2-diethoxycarbonyl-
quinuclidine which, on boiling with concentrated HCI, forms
5-(B-hydroxyethyl)quinuclidine-2-carboxylic acid (LVI).

A bicyclic compound, 2-diethoxycarbonylmethylpyridino-
-3',4' :3,4-dihydropyran (LVI), is formed when 3-(8-acet-
oxyethyl)-4-methylpyridine is condensed with mesoxalic
ester. This compound was isolated as the hydrochloride
in 11% yield; the yield of 3-(8-acetoxyethyl)-4-(8,8-di-
ethoxycarbonylvinyl)pyridine was 36%.

CH (COOC:Hs)s

A
L

N/
N

(LvII)
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The authors explain the formation of compound (LVII) by the
mobility of the acetoxyl group.

In order to improve the yield of the substituted diethoxy-
carbonylvinylpyridine, mesoxalic ester was condensed with
3-(B-methoxyethyl)-4-methylpyridine ™ to prepare 5-(8-
-methoxyethyl)quinuclidine-2-carboxylic acid by a route
similar to that used for the preparation of compound (LVI) %,

H,CH(COOC,Hs)2

HyCH,OCH;

Hy,— CBr(COOC,Hs)a L}

H,CH,0CHs €HyOCH,CH,
— —_— Cats,

[}
H

" —

Hs
ooH CHaOCH,cm—QC
N/ \COOH 00H

5-Quinuclidone-2-carboxylic acid and some of its deriva-
tives have been prepared using the lutidine fraction of
pyridine bases as starting material 8.

00CH, Hs 00CH;
— — —
0OCH; 00CH; o0H
)
H

COOCH3
Dimethyl pyridine-2,4-dicarboxylate, obtained from 2,4-
-lutidine, is hydrogenated over platinum to the correspond-
ing piperidine. This is then alkylated on the nitrogen with
bromacetic ester and the product is cyclised by the
Dieckmann method to 5-quinuclidone-2-carboxylic acid.
The methyl and diethylaminoethyl esters of this acid, as
well as the methyl esters of 5-hydroxy- and 5-acetoxy-
quinuclidine-2-carboxylic acid, have been described.

CH;OCH;
—

SYNTHESIS OF QUININE ALKALOIDS, THEIR
ANALOGUES, AND ISOMERS

Until the last decade all research into the synthesis of
quinuclidine derivatives had been directed towards methods
of preparation of quinine alkaloids and their analogues and
isomers. Detailed reviews of the quinine alkaloids have been
published74~7 concerning the history of their discovery and
application, natural occurrence, analytical methods, isola-
tion from cinchona bark, and investigation of structure,
conversions, and stereochemistry. The present review is
therefore limited to the synthesis of those quinine alkaloids
and their analogues and isomers which are derived from
quinuclidine.

The synthesis of quinine was attempted long before, but
systematic studies only became possible after the elucida-
tion of the structural formula of quinine alkaloids in 190877, -
Rabe laid the foundationfor these studies when he showed that
quinotoxine (a fission product of natural quinine with the
quinuclidine ring opened ™) could be converted to quinine 7°
as follows:

H;—CH, H,— CH,
CH,O N CH=CH; naiop: CHsO H=CH; ¢,H;0Ns
—_— —_—
) Y
H r
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_ optically active components. These studies led to the com-
_@'C”‘c”’ oH @ CH=CH, plete synthesis of the dihydro bases of some quinine alkal-
10w — H oids including hydroquinine and hydroquinidine.

cn,»—@ CH N\
\ N/

The similar conversion of hydroquinotoxine to hydroquinine
gives better yields®. The former is brominated to give a
C-bromo derivative which is cyclised to hydroquininone.
The ketone is reduced catalytically, giving a mixture of
stereoisomeric carbinols from which hydroquinine and

hydroquinidine are isolated:
CH;—CH, HBr—
o
CH;0—| N 2Hs CHy C,Hs
2"
)
H

H
_— _(j_t‘”’ Hs
¢© N HOH

This progress in the partial syntheses of quinine and
hydroquinine reduced the problem of synthesis of quinine
alkaloids to the preparation of the appropriate toxines.

Rabe® showed that hydrocinchotoxine (LVII) could be
obtained by Claisen condensation of ethyl cinchoninate and
ethyl ester of N-benzoylhomocincholoipon followed by
hydrolysis and decarboxylation of the product.

CHz—COOC;H, COOC,H;
CH COOC oH; CH CH CHz——— CHI
(\ —Csz l(\‘ —CgHs | W-—Czﬂs
Sy U7
| !
COCgH; COCeHs NN i NN
(LvIm

The most difficult part of this synthesis is the preparation
of the substituted ethyl B-(N-benzoyl-4-piperidyl)propion-
ates: homocincholoipon (LIX) and homomeroquinene (LX)

H,CH,COOH H;CH.—COOH
—C:H, —CH=CH,
(LIX) (LX)

3-Ethyl-4-methylpyridine was used as the starting material
for the synthesis of d,/-homocincholoipon (LIX) by Koenigs
and Ottmann® by the route

CHs CHg—CIHfCClx
CCI,CHO KOH
—CH, —— . 7/ \(OH .
i ZnCl, l Catls C,H,OH
\N/'
CH=H—COOH H.CH,—COOH
-—Csz —C2Hs
I (LIX)

Rabe et al.®® developed this synthesis and described the
separation of ethyl ester of d,l -homocincholoipon into its

In the synthesis of B-(3~-vinyl-4-piperidyl)propionic acid
(LX) the greatest difficulties were associated with the for-
mation of the vinyl group. Matejka, Robinson, and Watt &
were the first in this field; they condensed ethyl a-cyano-
-B-methylglutaconate with S-phenoxyethyl iodide and ob-
tained 2,6-dihydroxy-3-(B-phenoxyethyl)-4 -methylpyridine
and 4-methyl-6 -hydroxydihydrofurano-2',3' : 2,3 -pyridine.
They also prepared 2,6-dihydroxy-3-(8-phenoxyethyl)-4-
-(carboxymethyl)pyridine by condensing ethyl o -cyano-y-
-phenoxybutyrate and ethyl S-chloroglutaconate:

1:oocm6 H6 Hs j:’

CHz -

| —CH2CHyOCgHs
CHe—C CHs + | N)
AN\ N
NC-C-cooc, i HOTW o HO™N
COOC.Hs H.COOH
ClHﬂ ICN ¥ " \\—CH,CH,OC,H,
ac + CH—CHyCH:OC,H; — L
I e
HC—COOC,H; COOC:Hs HO” SN/ “OH

Attempts to reduce these 2,6-dihydroxy pyridines and
6-hydroxydihydrofurano-2',3' : 2,3-pyridine to the corres~
ponding piperidines were unsuccessful. Homomeroquinene
could not be obtained from 4-methylfurano-2',3':2,3-pyri-
dine since the latter's y-methyl group does not condense
with chloral®,

Koelsch et al. made an extensive study of methods of
preparation of homomeroquinene and showed that hydrogen-
ation of certain substituted ¥ -cyanobutyric esters is accom-
panied by cyclisation to esters of substituted 2-piperidone-
-3- or -5-carboxylic acids. The latter may be reduced by
sodium in butanol to the corresponding piperidines.
Koelsch®,87 ysed these reactions for the synthesis of ethyl
B-(4-piperidyl)propionate and a number of esters of 3-sub-
stituted B-{4-piperidyl)propionic acids:

CH,OCH, " H,OCH; R CH,0CH,
“H Rz € ——c—cooczm_) A\R
CH COOCH;  CHz  COOCeH; COOC;H;—
éN | \N/ \0

CH,OCH;

Ha—Br HMCHaCOOCgﬂs
Q/R
|
H

where R = H, C,Hg, cnzcnzocn,, CHZCH.‘,OCQHB.

Analogues of quinine alkaloids can be prepared from
these compounds in the usual way. However, further work
in this field was interrupted by the Second World War.

Livshits, Preobrazhenskii, and Baryshnikova® pro-
posed a method of preparation of homomeroquinene starting
from meroquinene:

L,COOH
\coocm,

H2COOC,Hjs
CH=CH. =CHy —

—

—CH=CH,__,

v
K
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CH,CHO. CH3CH:0H
—CH=CH, Q-—CH:CH,
|
i b
CH:CH.CI CH2CH.CN CH3CH; COOC:H;
—CH=CH, —CH=CH, —CH=CH} .

-

Several stages of the proposed synthesis were carried out.
In 1951 Preobrazhenskii, Evstigneeva, et al.?® suggested
routes for the preparation of cincholoipon, meroquinene,
and homomeroquinene which were considerably different to
those of Koelsch. The suggested scheme for cincholoipon
was as follows:

COOCsH;
|
H,— COOC:H NC—C—CzHs
Gt ®  CH,—COOCGHs  C.H1 )
CH + | -—Tg;—’ CH -
I CN G:H,ONa VAN
CH—COOC,Hs (':H, cH\,
COOC;H, COOC:Hs
CiHs CH4COOC:Hs CH:COOC:Hs
|
. (‘;HCN _,  GHe— - —CaHs
cH -
7\ =0 N
CH, c&iz , |
! H
COOC,Hs COOCsH; H

By using a $-dimethylaminoethyl halide instead of ethyl
iodide these workers obtained 5-(8-dimethylaminoethyl)-4-
-(B-ethoxycarbonylethyl)-2-piperidone,
CH,CH:CO0C.H;
T
NcH, ,
o?

|
H

and suggested that this compound could be converted into
meroquinene. A similar scheme, starting with diethyl
dihydromuconate, was proposed for the synthesis of homo-
meroquinene. In 1958 the same workers® successfully
synthesised cis-trans-homocincholoipon from cincholoipon
via the alcohol, chloride, and cyanide.

Racemic homomeroquinene was synthesised using a tri-
chlorocollidine (trichloro-3-ethyl-4-methylpyridine) as
starting material ®%:

-

CHy ﬁ_m (OH) CCls
/)m_cn,cmocoa-x. l/ ||-—CH2CH,0C0CH3
L/

v
H=CH-—-COOH HaCH,COOC:H, 2CH,COOC.H;
4 I-cngcmon —CH3CH;0COCH, —CH1CH,OH
kN/
| ]
3 COCH;3
(LXI) (LXII)
H,CH:—COOC;H; CH:CH,COOC;H;
N —CH,—CHzO'CSCH, —CH=CH .
i -
S
OCHj COCHs
(LX1D) (LXIV)
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3-(B-Acetoxyethyl)-4-methylpyridine, obtained from the
trichlorocollidine (see above), condenses with chloral.
Hydrolysis of the product gives 8-(3 -hydroxyethyl-4-pyridyl)
acrylicacid which is converted by successive esterification,
hydrogenation, and acetylation into 1-acetyl-3-(B-acetoxy-
ethyl)-4-(8-ethoxycarbonylethyl)piperidine (LXI). Studies
showed that under certain conditions the O -acetyl group could
be split off selectively, with preservation of the N-acetyl
residue, by alcoholysis of (LXI) with alcoholic hydrogen
chloride. Various methods for converting the 3-(8-hydroxy-
ethyl) group in compound (LXII) into a vinyl group were in-
vestigated: dehydration with concentrated sulphuric acid
or phosphorus pentoxide, its conversion into a f-halogo-
ethyl group with subsequent treatment with alcoholic potash,
and preparation of 1-acetyl-4-(B-ethoxycarbonylethyl)-3-
-(B-dimethylaminoethyl)piperidine methiodide followed by
Hoffman fission. These studies demonstrated that racemic
N-acetylhomomeroquinene (LXIV) could only be obtained in
small yield when methyl B-[4-(8-ethoxycarbonylethyl)-1-
-acetyl-3 -piperidyl Jethylxanthate (LXIII) was decomposed
thermally.

dl -cis-Homomeroquinene was prepared by Woodward
and Doering ® who were the first to achieve a complete
synthesis of quinine:

NH, H H of
o

— — —_—
CH(OC,Hs)z OHC H

—CH,CH(OCaHs)2
H H OH (o}
2 NCsHia CHs CHs CH;3
—_— I — —_— —_— —
OCHj iOCHa
CHCH,COOC,Hs 'H,CH,COOC4Hs CHCOOC, Hs
—CH CH—CH; CH—CH, _
— — — IT—=(LX).
uoﬂ NH, N *N(CH;); (LX)
J:OCHa (LXV) OCHs éocnz

T-Hydroxyisoquinoline, obtained by the Fritsch method
from m -hydroxybenzaldehyde and aminoacetaldehyde acetal
via the Schiff's base, served as starting material. This
condenses with formaldehyde and piperidine in methanol
solution to 7-hydroxy-8-piperidinomethylisoquinoline which
on heating to 220° with sodium methoxide yields 7-hydroxy-
-8-methylisoquinoline. The latter is reduced stepwise,
first to the tetrahydroisoquinoline, and then (after acetyla-
tion) to a mixture of stereoisomeric 2-acetyl-7-keto-8-
-methyldecahydroisoquinolines from which the cis-isomer
is isolated. When the latter is treated with ethyl nitrite in
the presence of sodium ethoxide, the ester (LXV) is ob-
tained, which on subsequent reduction, exhaustive methyla-
tion, and Hoffman fission, gives homomeroquinene (LX).
This is converted to quinine by Rabe's method. Separation
of the optically active isomers was achieved using the di-
benzoyltartrates at the quinotoxine stage. This complete
synthesis of quinine, achieved in 1944, was an important
milestone in the chemistry of quinuclidine derivatives.

Chen' Chan-bai, Evstigneeva, and Preobrazhenskii *2
carried out a partial synthesis of cinchonamine — a quinine
alkaloid containing a quinuclidine and an indole nucleus —
starting from ethyl 5-vinylquinuclidine-2-carboxylate:
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CH,= . ?H;— He CH,=
Qo " sl

(wxviy

CHy=C CH,=Cl
— — ——
© —CH,CHzCH,0H ~—CH,CH,CH,OH
(LXVil} —NHCHs
CHyCHOH
— ] H=CH, R
|
H (Lxvin

The acid had been prepared earlier by oxidation of naturally
occurring quinamine ®3; the ethyl ester condenses with
y-butyrolactone to give the compound (LXVI). When the
latter is heated with sulphuric acid, the lactone ring opens
and the product undergoes decarboxylation to form (LxvI),
the phenylhydrazone of which was converted by a modified

Fischer reaction into cinchonamine (LXVIHO), identical with
the natural alkaloid.

Some syntheses of quinine alkaloid analogues and iso-
mers, based chiefly on Rabe's scheme, consisted of con-
densation of esters of B-(1-benzoyl-4-piperidyl)propionic
acid, or its derivatives, with an acid, followed by closure
of the quinuclidine ring and reduction of the ketone thus
formed to a corresponding substituted quinuclidine-Z-car-
binol:

,CH,COOC; Hy ,CH,COR
R R Rl R
+ RCOOCyH, —> — m _— m
: " B—R CH—R
‘OCqH; COCgHs OH

where R' = H, C,H;.

This method was used for the synthesis of 6-methoxy-9-
-rubanol (LXIX)®%, which differs from quinine in the ab-
sence of a vinyl group on the quinuclidine nucleus. Two
stereoisomers of this compound (which correspond in con-
figuration to quinine and quinidine) and their racemate
proved very close to quinine in their anti-malarial activity:

0

4(OH,
H{OH) .
CHy N

W (LXiX)

A similar route was used in the preparation of the fol-
lowing compounds. (5-Ethyl-2-quinuclidyl)(6'-methoxy-8'-
-quinolyl)carbinol ® and (5-ethyl-2-quinuclidyl)(6'-methoxy-
-2 quinolyl)carbinol® are isomers of hydroquinine with a
quinuclidylhydroxymethyl group in the 2- and 8-positions of
the quinoline nucleus. (5-Ethyl-2-quinuclidyl)(4'-pyridyl)-
carbinol ®® and (5-ethyl-2-quinuclidyl)(2' -pyridyl)carbinol ®°
are analogues of hydrocinchonine, containing a 2- or 4-sub-
stituted pyridine ring instead of the quinoline nucleus.
(2-Quinuclidyl)(4' -pyridyl)carbinol *®, (2-quinuclidyl)(2'-
-pyridyl)carbinol!® and (2-quinuclidyl)(1'-naphthyl)car-
binol!® and isoquinoline analogues of quinine alkaloids (as
the ketones)1°® were also prepared.

CyHs
—R
N7 |

OH

00

>
’

Chemotherapeutic investigations revealed that substitu-
tion of a 4-pyridyl ring for the quinoline nucleus in hydro-
quinine gives a compound which retains the antimalarial
properties of hydroquinine.

Prelog attempted to obtain quinine alkaloid analogues
from compounds of the tetrahydropyran seriesi®¢ by a
method similar in principle to that of Rabe:

CHCHCOOGH;  COOGH
s ells 2 /CIH\C
VAYAY tn, e e, GHe
+l\ /\/l—» W H &, CH—CO
N: )w N\ Br Ilir Br ‘ j
NN\ Y ¥
(LXX) LXX1)

Ethyl cinchoninate was condensed with 4 -(8-ethoxycarbonyl-
ethyl)tetrahydropyran and the condensation product (LXX)
was converted to the tribromide (LXXI) by fuming hydro-
bromic acid, but attempted cyclisation of (LXXI) failed.
(4'-Quinolyl)(2-quinuclidyl)carbinol was not obtained by
“double intramolecular alkylation” of the amino alcohol
synthesised as follows:

OH NH,
CO—CH;~—CH. (‘:O—C“:-——— H, H—C‘H—CHz
l/\“/\ I/}/j NOH AN
\/\N/ N\ - l\/“\N/

Kenner and Nandi!® made use of Rabe's scheme for the
preparation of 2-benzylidene-5-vinylquinuclidine, an ana-
logue of dehydrated quinine alkaloids, from ethyl esters of
N-benzoylmeroquinene and ethyl phenylacetate:

00C,Hs
HyCOOCaHs H,CO0C,Hs H,CO——CH
CHp=CH.
CH=CHy — H=CH, . @ )
N
N \ )
docas CoCsHs |

AN

Recently a new method has been described for the syn-
thesis of substituted quinuclidine-2-carbinols %, based on
the reaction between 2-formylquinuclidine with Grignard
reagents:

7
@{HO +  RMgBHI) — OCH—R R = CH,, CyH, . @ i
N N 6
H

This method has been used for the preparation of the fol-
lowing compounds: (2-quinuclidyl)methylcarbinol, (2-qui-
nuclidyl)ethylcarbinol, (2-quinuclidyl)(1'-naphthyl)carbinol
and (2-quinuclidyl)(2'-pyridyl)carbinol. (2-Quinuclidyl)-
methylcarbinol has also been prepared by catalytic reduction
of 2-acetylquinuclidine (synthesis described above) in the
presence of platinum. Both this reduction in an alcoholic
medium and the method employing Grignard reagents give a
mixture of diastereoisomeric (2-quinuclidyl)methylcarbinols.
By reduction in an aqueous medium, only one diastereo-
isomer of this compound was obtained.

3,4-Disubstituted Quinuclidines

Only one report has been published!® on the synthesis
of 3,4-disubstituted quinuclidines. It described the syn-
thesis of 4-phenyl-3-hydroxyquinuclidine:

49
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HsCs ON  HG COCHy  H,Gs COCH,Br sHs Hs oHs
6 H )
— — —_— — —
N - N
N \ N, Br

éH,cﬁHa (EH7C5H5 CH,CeHs CHCeHs (LXX )
(LXXII)

1-Benzyl -4 -phenyl-4 -cyanopiperidine reacts with lithium
methyl to form 1-benzyl-4-phenyl-4-acetylpiperidine which
‘is converted to the bromide (LXXII) by bromine in glacial
acetic acid. The bromide cyclises to 1-benzyl-4-phenyl-
-3 -ketoquinuclidinium bromide. By eliminating benzyl
bromide and reducing the product with lithium aluminium
hydride, 4-phenyl-3-hydroxyquinuclidine (LXXIII) is ob-
tained. The alcohol (LXXIII) was esterified with acetic
and propionic anhydrides but the esters obtained showed no
analgesic properties.
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