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This article aims to review the published and own
results in quinuclidine chemistry over recent ten years.
The main attention of the paper is concentrated on some
peculiarities in reactivity of quinuclidine derivatives
and on relationships between the chemical structure and

biological activity.

I. INTRODUCTICN

Advances in quinuclidine chemistry before 1967,

including the brilliant total synthesis of guinine by
/y/

R.B.Woodward and W.E.Doering » were described in the

previous reviewsla'sj.

The main ipvestigations in this field for the last
ten years (1967-1976) were concerned with peculiarities in
the structure and reactivity of quinuclidine derivatives
and new structure-activity relationshipa of such type com-

pounds. New effective drugs have been found and introduced
/6-15/

for practical purposes. As to syrnthetical works vari-
ous types of common methods, which had been discovered

before and discussed in the previous reviewfz/, were used
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for the building of quinuclidine rings.
Progress in guinuclidine chemistry of this period is
due to the extensive application for research of the cur-

rent physico-chemical methodss NMR-, mass-spectroscopy etc.

II. Investigationg of Some Features of Quinuclidine

Derivatives

As has been stated earlier /2,5/ the quinuclidine
[1-azabicyclo (2,2,2) octane] (I), in contrast to tertia—
ry aliphatic ;mines and N-gubstituted piperidines, has a
rigid structure.

The atoms forming the guinuclidine system

: f : are limited ir changing their relative
N positions by rotation arcund bond axes
! at the bieycle, in which each ring has
I a "boatr-form.

At the same time the fixed "boat"~configuratlon leadas to
the eclipsed conformations by the bridged atoms. The energy
of atomic interactions increases and this results in some

twisting of molecules with deviations of symmetry from

Cyy/ 16/
The NMR method demonstrated’ 1624/ that the experi-
mental spin constants gig of the unsubstituted and
2

4-monosubstituted quinuclidines are in good agreement with
the constants calculated by Karplus equation, which express-

es the relationship between these constants and the relative
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proton orientation determined by the dihedral angle 79
between fhe plates containing these protons. The experi-
mental values of tjtrans = 5.3 - 5.6 Hz are in contrast
more than 1 HZ dlfferent from the calculated for ‘f 120°.
This is an evidence for increase of the H-C-H valent angles
of guinuclidine against the common tetrshedral one.

The introduction of substituents at position 3 of
the guinuclidine ring changes values Iy g According to

. 27 20 273 cis
the relation > P ¢= D the decrease of :7 by

H,H

the introduction at the position 3 carbon-, nitroggn2 and
oxygen-containing substituents is represented by only the
electron-attractive effect of substituents. The increase of
value 7J 3"3% by substituents, in which the first atom is
carbon one? 2annot be explained only by electronegative
effects, but this is an evidence of increase of the dihe~
dral angle between the plates H-CE-C3 and H~03~02, which by
7t “‘ms = 1 Hz is about 4° in comparison with the angle
for unsubstituted guinuclidine. For 3-substituted quinucli-

dines with oxygen or nitrogen as the first atom at the sub-
trans

stituent the value B H3 is reduced against for unsub-
2
stituted guinuclidine. More strong reduction _J Ergns in
273

comparison with fj cms evidently demonstrates a twisting
of molecule at the cgsg of decrease of the dihedral angle
between the plates H—02-03 and B—C3-02. So, the conforma-~-
tions of the bridge with increase (Fig. 1a) or decrease

(Fig. 1b) of dihedral angle ¥ predominante for 3-substi-
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tuted quinuclidines depending on the character of the first

atom of the substituent.

R M
- 2t _
2% C 3 2C
N Hy CH,CO0C,Hx: 5 2

A 43 COOCH, t ?l'\
b
Fig. 4
NMR data do not permit to estimste the character and the
value of twisting the molecule while introduction of the
second substituent into position 2 cis-orientated to the
first one because 50 = 0 ang §;§3 are practically not
different for 2,3-di-cis- and 3-mono-substituted quinuclii-
dines. On the contrary, by trans-orientation of the second
substituent the values [y trans are rather effected. From

the difference of the trans constants of 2,3-trans~dicarbo-

transg_
H H, ~

23
= 8.2 ~ 5.3 = 2.9 Hz, and :aqu/ﬁp = 120° ~> 0.24 #z/grad.,

the value of twist of the dihedral angle can be calculated

xyquinuclidine and unsubstituted quinuclidine A

in this case as 10-12%. The angle between the plates

H=-C —03 and H- 03-02 for this compound increases, between
the plates RB-CB—C and R2 02-—03 reduces, in other words,
the substituents R, and RB approach one another (Fig. 2).
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He It is clear, that the above described

4 . Rg conformation twists of quinuclidine mo-
N 8 :f\ lecules, especially for compounds with-
~ 4 Hs Rq out substituents at the bridge carbon
atoms, are not significant and the qui-
Fig. 2 nuclidine system is usually characteriz-

ed by a rather rigid structure.
Rigidity of conformation determines specific proper-
ties of some 2,3-trans-disubstituted quinuclidines/ 25/ .
Thus, for example, tricyclic P—diketone I11, which is
formed instead of anhydride of dicarboxylic acid II by
interaction of trans-dlacid II with acetic anhydride has
rather specific properties in comparison with cyclohexane~

diocne~1,3 and other cyclic ﬁ—-diketones’ze/.
CHy,COR

R=0
-,.coCHa HimgH

CH,CODH .0 N
@ — el Hostg
. )
N CO0H N \ CH2C(OH) R, '
) N
v

5!

n m- “COCH;3

Transcondensation of cyclohexane dione and quinuclidine
systems inhibits enolization of diketone III and conse~
quently decreases the reactivity of Cﬁa-group between two
carbonyls. Compound IIT gives neither Knoevenagel reaction
with aromatic aldehydes, nor interaction with acrylonitrile.

At the same time substances with mobile hydrogen atoms
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(water, alcohols, amines) split easily diketone III up to
2~acetylquinuclidyl-3~-acetic acid or its derivatives (IV).
With Grignard reagents comﬁound IIT transforms into 2-acetyl-
-3-[}% ~dimethyl(or diphenyl)-—j& -»hydroxyethyl] quinucli-
dine (V).

Limits in the change of conformation of guinuclidine
systems are responsible for the anomalous basicity of 3~oxo-
~2=-azaquinuclidine (VI). Unlike other 3-oxo-1,2-diazabicyc-
loalkanes: 3-oxo~1,2~-diazabicyclo /3,0,4/ nonane (VII),
3-oxo~l,2-diazabicyclo /3,1,3/ nonane (VIII), 3-oxo-1,2-
diazabicyclo /4,0,4/ decane (IX} and 3-oxo-l,2-diazabicyclo
/241,3/ octane (X), bhaving pKa between 2.3 and 2.8, 3-oxo-
-2-azaquinuclidine (VI) is much less basic compound with

pEa 0.81727/,

Y m"m 07 Qe
ﬁf

— HocH H —
Vl il Vi L8 X .13 L4]]
The introduction of carbonyl group into 1l,2-diaszabycyeclic
systems, transferring sp3 hybridization at 03 atom o sp2
one, seemg Gto distort the valence angles of the bridgehead
nitrogen. The capability of bicycles VII-X to conformational
changes permit to avoid this distortion of angles. Only in
tﬁe case of compound VI, where the conformation of molecule
is fasten enough, the distortion of valence angles conserves

and exhibits in the decrease of basicity. The sgame effect
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can be observed for C-methylated VI (XI), but disappears
while removing of the ca:bonyl group from 03 or in passing
to N~acylated bicycles XII, which have carbonyl function not
at the cycle, but at the side chain (for 2-acetyl;2-trime-
thoxybenzoyl~, and 2Z-nitroso-2-~azaquinuclidines pKa are
2.20-2.29)/27/,

The conformation of guinuclidines determines as well
ag direction of nucleophilic attacks on the quaternary
derivatives of this series. In contrast to N,N-dimethyl-
piperidinium salts with a "chair® form of the c¢ycle, which,
affected by the bases RWa undergo E,-elimination to form
ungaturated amines, the corresponding gquinuclidinium salts,
where each six member ring has a "boat* form run at the same
conditions into SN2 reaction by oK ~carbon atom with 1-
~methyle4~( @ -alkoxyethyl)-piperidines formation’28-2%,

As it is showﬁgo/, the quaternary derivative of
1,2,3,4-tetrahydroisoquinolinone-4 (XITI) transforms by
reaction with sodium methoxide into allylic ammonium ylid
(X1V), which easily undergoes Stevens rearrangement to

yield the 3-gubstituted tetrahydroisoquinolinone Xv.
0

1

-

+
N-CH,CH=CHEHs N-CH,CH=CH-CoHg| —>
A Y - A Y
_ CHy  Bn CH3
Xt X7V
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- @ CHaCH =CH-[4Hs @
\/N CHy B~ C Br

CH,,_cH-CH (gHs CHZEH CHCHs
XVi Xvil

The analogical ylid obtained from the quinuclidinium sald
XVI is rather stable to such rearrangement because of the
sterical hindrances by interactions of p-orbitals at the
transition sbtate. An intermediate position holds the iso-
meric quaternary salt of {1-azabicyclo(3,3,1)nonanone (XVII),
the Stevens rearrangement of whose ylid goes slowly only at
the temperature 1200/30/.

The sterical effects seem to be re3p0nsible for ge-
neration of different products by reactions of tertiary
amines with p-nitocumyl chloride and o ,p-dinitrocumol.
Whereas both of these compounds give with quinuclidine in
good yield the normal quaternary salts, the analogical
reactions with the less basic noncyclic amines lead to
derivatives of ok -methylstyrene or cumylic alcohol/BI/-

The important peculiarity of quinuclidines structure
consists in the specific charvacter of free lone pair ele-
c¢trons on the nitrogen, beihg in SP4 and feeling no screen
effects from.the hydrogen atoms.

The first & ~band is shifted in the photoelectron-
ic gpectrum of quinuclidine 0.65 eV highei as compared to

bicyelo(2,2,2)octane at the expense of ionization of the

(1040)
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free lone pair electrons at the bridgehead nitrogen/ 32/ . OV
spectrum of quinuclidine measuring in gas phase iz charac-
terized by two intensive absorption bands at 1650-2300 3 ’
related to Ridberg n—sp transition, and several less
stronger bands at the region 2300-2500 K /33 . Some inter-
esting results were obtained by comparison of the IR spectra
of gquinuclidine with those of N-substituted pipeéridines and
piperazines. For monocyclic compounds there were found cha-

racteristic absorption bands at 2700-2800 cm

resulting
from interaction between the free lone pair electrons of the
nitrogen and the neighbouring axial C-H bonds. Quinuclidine
does not absorb in this region, in all probability because
of the absence of such interactions in the quinuclidine ring.
There are absgorption bapds characteristic of quinuclidine
at 2430, 2915 and 3405 om™! 734,35/,

The absence of steric hindrance at the nitrogen lone
pair electrons of quinuclidine gives rise to much higher

reactivity of this compound in comparison with noncyclic
and monocyclic tertiary amines/36"42/, more stronger cata-
lytical activity of quinuclidine at various processes/43'44(
Ags it has been shown by kinetic studies/45/, qui-
nuclidine reacts with methyl chloride at room temperature
250 times more readily as triethylamine. The quantitative
estimation of the steric himdrance at nitrogen atom and fa-
¢ility of transition state formation by interactions of

methyl chloride with quinuclidine and triethylamine have
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been done by the measuring of chlorine isotope effects at
the corresponding Menshutkin reactions: 22 /x37 4o
1.00709 + 0.0001L1 for quinuclidine and 1.0064C ¢ 0.00009
for triethylamine/45/.

Research of protonation and quaternization processes
indicated the poiar effecta of substituents at position 4
of quinuclidine to be transferable through bicyclic system
on the bridgehead nitrogen/46'54/. The analogical transmis-
sion of substituents effect has been demonstrated by inves-
tigations of 3¢ m spectra as well as nitration kinetic
of 1-methyl-4-phenyl-quinuclidinium perchlorate in compari-

/55/

son with noncyclic and monocyclic compounds + Isomerism

of quinuclidine molecules like

A = o

was postulated/56‘57/ according to the molecular orbital
theory. A high nuclepphilicity of the quinuclidine nitrogen
due to transition of proton from oxygen to nitrogen by eno-
1ization of ethyl 3-oxoguinuclidine-2-carboxylate (XVIII) to
form the dipoiar ion XIX/58/, whose production is unususl
for the common kebto-enol systems containing amino groupe.
Predominance of dipolar form XIX in the hydroxyl containing
gsolvents has been found by NMR, IR, UV, potentiometric

methods /58,59/
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)

u

C.:
N NoeHs N+ “Npe,Hs
xviii {'T_)T

Features of structure and reactivity of ethyl 3-oxo-
quinuclidine-2-carboxylate promoted during the last years
wide applicgtion of this available compound 760/ for syn-
theses of many condenced gquinuclidine systems /61647

Rigid structure of quinuclidine leads not only to
unhindrance of the free lone pair electrons of the bridge-
head nitrogen, but also to orientation of these electrons
along the symmetry axis of molecule. This peculiarity of
structpre manifests in some features of chemical properties
of quinuclidine derivatives having multiple bonds at o, o=
positions to the bridgehead nitrogen. In this type of compo-
und the axis of the nitrogen p-electrons ig practically
orthogonal to the 9T -electrons of the multiple bond. As a
result the necessary condition for conjugation, i.e. parallel
axes of §i and p electrons with maximum overlap, is not
observed and nitrogen atom influences on the neighbouring
unsaturated groups not by mesomeric but practically only by
inductive effect. '

Interesting chemical propertics were discovered in
such bicyclic amides as quinuclidin-g-ones (XX)/65-69/, mpe
conjugation of type ﬁic£3, characteristic of common amides,

is absent in compounds XX, which are more close to amino-
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ketones, than cyclic amides. The niftrogen of quinuclidine-
-o=gnes (XX) is easily protonated (common amides and lactams

are O-protonated) and can be alkylated. They are very basic
| (pEa 5.3-5.6) compared with other amides (e.g., N-acetyl-
piperidine, pKa 0.4).

Carbonyl group freguencies for guinuclidin-2-ones

in IR gpectrum are on the average 80 c:m."'1 higher than for
common lactams, and integral intensities of the same absorp-
tions are pearly half those of guinuclidin-2-ones. UV ab-
gorption maxima for XX are midway between those for amides
and ketones. On account of the lack of amide mesomerism
quinuclidin~-2-ones gain in reactivity. With the various
protonic nucleophilic agents (water, alcohol, amines, etc.)
quinuclidin-2-ones interact as effective acylating compo-
unds. The primary forming intermediate adducts are stabiliz-
ed by breaking gquinuclidine N~02 bond and proauction pipe-
ridyl-4-acetic acid (XXI) or its derivatives: esters,
amides, hydrazides etc. Processes of hydrolysis, alcoholys-
is, aminolysis of quinuclidin-2-ones have rather high rates
and the kinetics of these reactions can be measured polaro-
graphically (common amides and lactams are polarographically
inactive). In the case of 6,6,7,7-tetramethylquinuclidin-2~
-one (XX, R:CH3)/68"69/ reactions with nucleophilic agents
in aprotic solvents (pbenyllithium in ether, PCly in benzene,
lithium alwminium hydride in ebher, acetone c¢yanbydrine in

the exess of this reagent) are also attended by breaking
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C-N bond of quinuclidine_ring. In contrast to reactionsg
with protic nucleophilic agents, N—C(CH3)2 rather than N-CO
bond is broken in this case and the primary obtained un-

- gtable cation XXII is stabilized either by addition of
mucleophilic agent to yield XXIII or XXIV, or by elimina-
tion of proton to form unsaturated compound XXV; the reac-—
tion of XX with P015 results in the opening of piperidine
ring and formation of | nitrile XAVI.

CH2CORi

R!:OH,DHEK,
R4 © R & Lo R™R

1
"X R"P‘i,(ll’f;gf>

(H3c)2c= CH- CH-CH =C{CHa),,
CHaCN
(XXT)
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The absence of amide megomerism at quinuclidin-~2z-
~-ones (XX) makes their carbonyl groups be able to undergo
such reactions as formation of oximes XXVII with hydroxyla-

e /65/, reduction with LiAlH4 N~CO for NCHOH, but not for
N-CH2 group (the product of reduction is acylated by the
excess of quinuclidin-2-one to XXviII)’®%/. Finally, CH,
group next o0 C=0 in compounds XX is rather acidic and the
hydrogéns can be exchanged by deuterium 767/,
Introduction of phenyl group at position 4 of XX
/70/

increases stability of quinuclidin~2-cnes s easily
breaking in the case of unaubstituted compound/TI/. Hydroxy
group at 2-hydroxy~4-phenylguinuclidine (XXIX) have been
substituted by chlorine with thionyl chloride. The chloro
compound XXX was transformed into methoxy'derivative XTI
without breaking of azabicyclic system /70/. Preatment of

compound XXIX with NaBH4 leads t0 opening quinuclidine

structure. ﬁs CeHs
e @ow
HsC LHLOL,Hs N HCe N
LtAEH4 XXX
HiCay £ Hy CHo OH

%

'"‘-=h~_“hh~q\h1-‘ [::;i

XXl

>
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On the contrary, in 2-chlorogquinuclidine (XXXIII) unsub-
stituted at position 4, which was prepared photochemically
from quinuclidine (I) in CCl4/72/, the chlorine atom was
not replaced by methoxy- or phenoxy-group and the corres-
ponding 2-methoxyguinuclidine tXXXIV) wasg obtained only by
electrolysis of quinuclidin-2~carboxylic acid (¥XXV) in
methanol asolufion /73/. The process seems to take place
through intermediate carbonium cation XXXVI.

@ — (e Qg | QO — Qoo

'HCE
XXX xxtv XXXV/ ) XXXV

The sterically fixed orientation of the nitrogen free lone

pair electrons specifies as well some peculiarities of such
unsaturated quinuclidines as A “-dehydroquinuclidine
(XXXVII)/74/, its 2~ (XXXVIII) and 3-(XXXIX) carbalkoxy-
-derivatlives/ 11/ and quinuclidines XL with double bond at
position 2 /75/

O Qoo O @ CC
COOR "'CHR W =CHj,
XXXV

XXxXvin XXX 1X XL

Formally these compounds are bicyclic enamines. But absence
of pfl -conjugation gives rise to their difference from the
common tertiary X ~vinylamines. For example, Elz-dehydro~
quinuclidines do not have the characteristic absorption for

enamines at 230 m &4 and are not hydrolyzed under mild
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conditions by dilute acida.

At the same time compounds XXXIX are different from
aliphatic vinyloges of amides by reactions with nucleophilic
agents, because they have much less deactivated (only at the
cost of nitrogen inductive effect) double bonds. Compounds
XXXIX are able to add nucleophilic agents suck as alcoholg,
ethylenimine, isopropylmagnesium jodide, etc./74’76’77/,
compounds XXXVIYI take on as well substances with active
methylene group: nitromethsne, malonic and c¢cyanoacetic
esters, etc. /17’77/. A‘E-Dehydroquinuclidine (XXXVII),
having neither mesomeric effect of the bridgehead nitrogen
noer activation of double bond by ester group, can inbteract

/74,76/

+ The absence of enamine properties
/78-80/
appears distinetly at 2-methylene-3-oxogquinuclidine (XLI)

and its derivativeéjso_aG/’ According to the Bredt rule,
2-morpholinome thylenequinuclidine (XLII)/BT/ transforms by

hydrolysis into 2-formylquinuclidine (XLITI)’S8/.

=CH- N —
L\ . C \ CHO

N
XLil XL

Peatures of benzo(b) - (LIV) and dibenzo(b,e) - (IV) qui-

with phenyl azide

nuclidines are also deteimined by the orientation of free
lone pair electrons of the bridgehead nitrogenlag'gll. In
contrast to N,N -dialkylanilines, N-alkylated 1,2,3,4-tetra~
hydroquinolines and indolines compounds LIV and IV have no

PYl -conjugation.

(1048)




HETEROCYCLES, Vol. 7. No. 2, 1977

LiV Lvi

Phis is reflected in the pka values (pka of N,N~

~dimethylaniline is 6.56, diphenylamine 0.79, LIV 7.79,
OV 4.46) and in decrease of reactivity of the aromstic part

of molecules/89'92’93/.

For example, benzo(b)gquinuclidine
(LIV) fails to couple with p-nitrobenzencdiazonium chloride
/89/, bromination of LIV under a variety of conditions
yields only a molecular complex or the perbromide, no bromi-
nation at the benzere ring occurs/92’93/. However, benzo(b)
gquinuclidine undergoes electrophilic substitution in the
benzene ring with more active agents-mixture of nitric and
gulfuric acids or chlorosulphonic acid. But in these cages
electrophilic substifuents enter, in contrast to analogical
reactions with common aromatic amines, not at orto- or para-,
but at meta-position to the nitrogen atom. As was establishe-
ed by NMR and.dipole moment methods, the products of nitra-
tion and chlorosulphonation of LIV are the corresponding'
7-substituted benzo(b)quinuclidines’ 22~93/,

The NMR method demonstrated as well that quinuclidine
ring in compound LIV is more strain tban in the unsubstituted
quinuclidine. The reason of that is difference in the bond

lengths at the benzo(b)quinuclidine bridgeéiT'ZO/.
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The strain effect gives an explanation of the keto-
enol equilibrium shift of ethyl 3-oxobenzo(b)quinuclidine~
~2=carboxylate (LVI) to the keto-form in comparison with
ethyl 3-oxoquinuclidine-2-carboxylate (XVIII). Enol forma-
tion in the case of LVI is connected with the energetically
unfavourable increase of the strain for all system/lT/.

Research of the thermodynamic equilibrium and kinetic
of deuterium exchange of epimeric ethyl 3-oxnbenéo(b)—qui;
nuclidine-2-carboxylates demonstrated/l7/, that sterical
- interactions of substituents with hydrogens at the neighbour~
ing (unsubstituted) bridge of quinuclidine aré, as could be
expected, remarkably greater than with benzene ring. This
is in a good agreement with different rgactivity of substi-
tuents at syn- and anti-positions to benzene ring of various

/17'20/. 8o, reactions of

benzo(b)quinuclidine derivatives
+thionyl chloride with 3~-hydroxy-3-cyanobenzo(b)quinuclidine
and ethyl 3-hydroxyguinuclidin-3-carboxylate having both
anti~posgition of hydroxyls gces by SN2 mechanism including
attack of 03 atom from the benzene side and yields 3~syn~
-chloroderivatives. With syn~hydroxy isomers bthe same reac-
tions proceed ambiguously and 3~anti-chloro derivatives do
ﬁat form. '

' Stericaly f£ixed orientation of the nitrogen free lone

pair electrons determines also the chemical inertress of 2-

~halogenomethylguinuclidines (LVII)/94/.
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_/_>. - —_
CHyX @X (j_- ’ @ L
N \ N N_J/ Y P
%] \'CHL X Y

L H,X ‘
X LXi

As is known, reactions of -;;;aminoali§1 halides with -

nucleophilic agents are going through intermedium aziridi-
nium derivatives. Such mechanigm activates bhalogen atoms at
P -aminoalkyl halides with nitrogen being included into
nonecyclic, 1-azamonocyclic~ and some azabicyclic systems.
For example, interactions of nucleophilic agents with
halogenome thyl derivatives of {-azabicyclo (3,2,1) octane
geem to be realized according to this mechanism (LIX-—a IX-w
—=TXL)s

In the case of 2-halogenomethylquinuclidines (LVII)
the intermediste aziridinium compounds LVIII cannot be
formed because of sterical hindrances. This is why IVII
are rather unactive by treatment with various nucleophils
(amines, alcohols, cyanides, sodium malonic esters etc.),
in all these cases reactions do not go or need vigorous
condit :';.ons and give products in low yields.

The influence of the bridgehead nitrogen atom is
remarkable also by reactions of 3-oxoquinuclidine (IXII)
with CH.EN2 and HNJ, intexaction of oxime LIAIII with poly~
phesphoric acid and treatment of (3-hydroxyquinuelidin-3)-
dimethyl(diaryl)carbinols (IXIV) by sulfuric acid. These
reactions proceeding with expansion of the quinuclidine
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ring result in formation of a single compound from the two
possible isomeric 1-azabicyclononanes. Thus 3~o0xo«-l,4-

~diazabityclo (3,2,2)nonane (LXV) and {-cyanomethyl- 133-
-piperidine (LXVI) are obtained by interactions of ketione

LIII with HN, (Schmidt reaction) or oxime LIII with poly-

phosphoric acid (Beckmann reaxrangem.ent)/96 97/,
=X -NH J;
(O (O (F
N N
LXt X=C CHZ L N
T oxenow OV Do Do Lol

The second isomeric lactam IXVII does not form. The inter-
mediate dication IXVIII appears to have "a® &'-bond much
less nucleophilic as "b" one due %o inductive efféct of the
protonated quinuclidine nitrogen and the migration of the
more nucleophilic "b"-bond yields lactam LXV.

The snalegical situation is realized by dehydration
of ditertiary alcohols LXIV with sulfuric acidga/. The
single compound from of two possible ring expansion products
- IXIX and IXX ~ ketone ILXIX is formed in this case.

C\R
Ok . (T
N

+
H

LX1V Lx X1 LX!X LXX

Trangformation of glycol IXIV into ketone LAIX is commected
as well, as was mentioned above, with migration at the inter-

mediste dication LXXI more nucleophilic "c® @& -bond, being
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rather far from the protonated quinuclidine mitrogen.

The sextet rearrangement by reaction of 3-oxoquinuc-
lidine (IXII) with diazomethane is realized also by migra-
tion of more nucleophilic G -bond. But in this case the
process 1s going at basic medium, the cyclic nitrogen is
not protonated, "d"-bond is more nucleophilic one in compa-
rison with "em-bond and the final product of reaction is

1-azabicyclo(3,2,2)nonanone~4 (IRXIII)/gg/
[ o 0
@____7 {@CHQ‘NEN o \ >
N W=

an LXX1I LxxXui
It should be noted that differences in the rates of

solvelysis of 2-chloroquinuclidine, alkyl gquinuclidine~2-
carboxylate and their desaza analoges and isoquinuclidine
derivatives made some investigaterslloo'lo3/ doubt that the
effeet of guinuelidine bridgehead nitrogen is only inductive
one.

The above-mentioned peculiaiitiea of the symmetrical-
ly rigid quinuclidine structure make these compounds signi-
ficantly more stable to opening of cycle in comparison with
other 1«azabicycloalkanes/2/. Quaternary quinuclidinium'
bases split off aliphatic alcoholsg more readily %Hhan cop-
responding derivatives of other 1~-azabicycleoalkanes. The
guinuclidine compounds retain the bicyclic system, whereas
other {-azabicycloalkanes ususlly underge Hofmann degrada-

tion wibth bicycle Opening/104'106/.
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Quinuclidine N-oxides are thermally stable’ 07/,

As is known, pyrolysis of monocyclic terbtiary amine N-o_xides
is often accompanied by rearrangements with expsansion of
ring, Cope elimination and other transformations of cyclic
systems, Quinuclidine N-oxide undergoes pyrolysis only at
temperatures higher than 200°/101/ | y.Degoxidation and
sublimation of the obtained quinuclidine (I) takes place in
this reaction. |

At the same time gome subsiituted quinuclidines open
their cycles rather easily. For example, the thermal trans-
formations of methyl A 2-guinuclidine-3~carboxylate
(IXXIV), its betaine (LXXV) and methiodide (IXXVI)'into the

piperidine lactome LXXVII are reported/loa-llS/.

. o

@coocr-b m/w oo™
= Ay
N ¥ |

: Nt
CH3 CH2
XX 1v Cxx Vil LX¥xv
‘ 215
" ’“-/O Oﬂ Cts,
. O’
\CDOLHg \ OCHS L\{\ %_
'5'-:-—7 h?\ —_— N/
|
6H5 - (!,H3 LH’)
LXXVI LXXX LXXXH
F34 O 1
CONL > “NER%
g oz
N+ J7 i}‘ T 77
CHa CH3
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1~Methyl-3-carboxamide- A 2-quinuclidinium iodides
(LXXVIII) give an analogous rearrangement with conversion
of the obtained iminolactones IXXIX by acidic hydrolysis
into IXXVII.

it is assumed that the transformation of IXXVI into
lactone IXZXVII consists in two consecutive rearrangements:
the process starts from nucleophilic attack by iodide-ion,
which leads to quinuclidine ring opening and then an inter-
mediate IXXX changea into IXXVII through IXXXI. The alkyl
halide released is shown to be formed at the'expense of
the egter group.

Rearrangements of quarternary salts of ethyl éui—
nuclidine-3-carboxylate bave been used in a new synthesis
of indoloquinazolidines/116/. ‘

Opening of quinuclidine ring with (piperidyl-4)vinyl-
carbinol (IXXXIX) formation was discovered by hydrogenation
of 2-methylene~3-oxoguinuclidine (XLI);.02-03 bond breaking
to yield 41~carboxymethylisonipecotinic acid or its derivativ-
es (LXXXIII) took place by interaction of ethyl 3-oxoqui-
nuclidine-2-carboxylate (XVIII) with nucleophilic sgents
(water, alcohols, amines, etc.) under the mild conditi-~
ons/77/.

The quinuclidine ring breaks in geood yield at room
temperature in quabternary salts IXXXIV, formed from quinuc-

lidine (I) and 2-halogenohepta-2,4,6«trien-1-ones (LXXXV)
A117-123/.
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Delocalization of guinuclidine nitrogen lone pair electrons
on the cycloheptatriene sysi:em geems to favour the nucleo-
philic attack of halogenoanions at the o =-carbon atom of
bicycle and opening of the ring. Halide LXXXVI obtained by
guinuclidine ring cleavage gives with the excess of qui-
nuclidine (I) the quaternary salt LXXXVII, which is a final
product of the reaction.

The problem of quinuclidine ring opening is connect-
ed with application of the Bredt rule to bicyclic systems.
So, quinuclidine is not dehydrogenated by treatment with
mercuric acetate, apparently because this process should
go through a de-quinuclidinium salt, which violates the
Bredt rule. Under vigorous conditions - with palladium on
carhbon, or selenium at 300° C-N bond fission with aromati-
zation of system and formation of 4-ethylpyridine take pia-
ce/124/. The guinuclidine ring opens more easily at 3-hydro-
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xybenzo(b)quinuclidines, containing electron withdrawing
aryl - or ester groups (LIOXVIII, LXxxIx)/21+22/,

{2|
C@ @\chozca”f O O COLoHs

LXXXVW xc XX XX XCT

‘R = CgHss CgHy=CHy~p, R' = H, OCH,

The ethylene bridge is already thrown out of quinuclidine
part of molecules by heating of compounds ILXXXVIII and
ILXIX with acetic anhydride and aromstization to quinoline
derivatives XC and XCI occurs. '

Fragmentation of 4~halogenoquinuclidines, esters of
quinuclidin~j=-one oxime and 2-benzoylquinuclidine is invesgbti-
gated in detail.

The main product by hydrolysis of 2-benzoylgquinucli-
dine tosyloxime (XCII) is shown %o be 2-benzoylaminoguinucli-
dine (XCIII} obtained along with benzonitrile and (piperi-
dyl-4)acetaldehyde (XCIV), that is an evidence of synchro-
nous fragmentation mechanism through catibn IKXVI/ 100'12.5/ .

_C—HQCHD

= | O QOH OO
~C=NOT5 OH N
C H5 H

l i XXXV xctv

¥t

E;jloqﬁb G;jLNHCD%H5 [zjlgzwmﬁ

{:6 }4:;

kv | XTI Xcv
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— s ;
N XCViH XCiV

The hydrolysis rate of ZCII is 2-4 times less than for its
desazaanalogue-2-benzoylbicyelo(2,2,2)octane tosyloxime
(XCV)= and much less than for aralogous uncyclic compounds.
This can be related to steric hindrances in mesomerism of
quinuclidyl cation XXXVI. But fragmentation of XCII is not

/100,125/ agsune that

fully suppressed and some aubhors
mesomerism of above-mentioned type is realized at XXXVI
and the Bredt rule seems not to be applicable for unstable
reaction intermediates. Possibility of existence of cation
XXVI is confirmed by formation of 2-phenoxyquinuclidine
(XCVI), when compound XCII is heated with phenol. On the
other hand, formation of amide XCIII by hydrolysis of XCII1
may be visualised not only as recombination of cation XXXVI
with benzonitrile, but also through intermediate nitrilium-
cation XCVII. Aldehyde XCIV formation can be also presented
without any participation of carbonium ion XXXVI but through
breaking acylimine XCVIII.

The kinetic study of alkaline hydrolysis of 4-acetyl-
guinuclidine tosyloxime (XCIX) shows that compound XCIX
undergoes mainly Beckmann rearrangement to form 4-~acetylami-

noquinuclidine (C) and fragmentates o 4—ﬁethylenepiperidi-
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ne (CI) only at 3%/126/ Both processes appear to0 be real-
ized through same intermediate Ne(quinuclidyl-4)-acetonitpi-
lium ion (CII).

O — -
N N N
XC X < - <
\ CHg, CHZ
N N
1 H —
L (‘:Hz,_ C)

Synchronous mechanism, analogical to that for frag-
mentation of 4-~bromoquinuclidine (CIII)/la'U is run also
by oxidative fragmentation of quinuclidin-}-_one (IXII) under
the gction of hypochlorites/ 128/ - This process is different
from oxidation of other functional substituted amines, where

the first step is a cleavage of C-N bond.

Br _ BroL CHg,
C "_ ._é: -t‘le,
— I [ ! - -
L SNECH N+ Bp
cul J’\\(‘J ) R 0 &_J EHZDH
' ED +
o[ |-

Fragmentation of 4-tosyloxymethyl- and 4-iodomethylguinucli=~
dines in alkeli medium occurs unambiguously’29-131/,
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CV;H
Tertiary carbonium catiom CVI, obtained by isomerisation of

the primary generated carbonium icn CV, is not sterically
possible, according to the Bredt rule, of 4,2-elimination
to yield dehydroderivative CVIII. Therefore fragmentation
tends to increase and 1 4-dimethylene~q-azacycicheptanium
cation {CVII) is formed. Heating of tosylate CIV im acidic
mediwm leads only o subgtitution of tosyloxy group. The
formation of dication CIX is electrostatically impeded
because of mutual repulsion of two positive charges.

Features of mass spectra of quinuclidines are also
connected with a problem of application of the Bredt ruléloB/
to 4-azabicyclic compounds.

It is kmown, that aliphatic and momocyclic amines
undergo o ~cleavage with the formation of stable amine
fragments by electron impact. Initiation of such type icns,
having the plane positive charged bridgehead nitrogen atom
ig restricted according to the Bredt rule by fragmentaticn
of quinuclidine derivatives which is also characterized by
elimination of O -gubstituents. In consequence the frag-

mentation of gquinuclidine systems is realized through the
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open form of the molecular ion/132-139/. The specific
¢character of guinuclidine compounds under electron impact
is proved by the methed of low voltage mass spectrometry.
The intensity of fragments responsible for <l -cleavage
is strongly decreased in this case for gquinuclidine deri-
vatives, spending energy on the opening of ring. For other
amines whose nitrogen atom is not a bridgehead one no
energy is used for the open form of molecular ion forma-
tion and the intensity of fragments K-4 is not changed
gignificantly as voltage decreases from 30 to 12eV. Mass
spectrometric cleavage of C-N bond in quinuclidine and
benzoquinuclidine molecules proceeds mainly at the substi-
tuted bridges. Further expulsion of radicals including the
substituent brings about formation of the characteristic

fragments peaks which have the maximum of intensity.

III. Exposure of New Relationships Between the
Chemical Structure and Biological Activity

in a Serieg of Quinuclidine Derivatives

As was mentioned in the previous reviews/2'4/,

research of biological activity of quinuclidine derivatives
before 1967 was chiefly connected with two main problems:
(1) investigation of natural compounds, their synthetic
snalogs and products of transformation, the chemotherapeut-
ic and mainly antimalarial properties of substances like

guinine alkaloids being predominantly examined. Study of
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antiarrhythmic activity of quinidine and ajmaline ansaloges
was developed to a less extent. (2) pbarmacological invest-
igations of synthetic compounds containing quinuclidine
ring.

Over last 10 years investigations of the first type
had some development. 1t is necessary to note the progress

in discovery of new quinuclidine alkaloids in various spe-
740/ qapinial WY oo,/ 1427143/ | gprgos-

/140/ /143/,

cies of Gardmeria
ural determination of gardneramine s raukaffricine
modification of natural alkaloids, including construction

or transformation of the guinuclidine ring, and research

of the influence of such modifications omn bioclogical pro-
perties of compounds/144"153/. New total syntheses of qui-
nine and its disstereoisomers have been worked out by
M.Uskokovi¥ and cowcrkers, who obtained H-benzoylmeroquinene
and N-benzoylcincholaipone by several routes from octahydro-
isoguinolin-5-one and j&-collidinda54"155/. In the course
of these syntheses an interesting way was found%;ntroduction
of chlorine atom into ethyl group by photolysis of N-chloro-
piperidine derivatiVes.'The following synthesis of guinine-
~quinidine alkaloids was realized either according to some
variants of the known Rabe method/lsa/ through quininone or
through substituted 2-formyl (or 2-alkoxycarbonyl) gquinucli-
dines, which were used for interaction with‘quinolinemetals
/159-161/ by the method first proposed by M.V.Rubtsov and
coworkera’ 02/, mhe substituted alkyl quinuclidine-2-
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~carboxylates were also utilized by M.Uskokovi¥ in the
/159,163/

total synthesis of cinchonamine s &8 1t was earlier

made in partial synthesis of this alkaloid by Chen Chang
bay, R.P.EVStigneeva,‘N.A.Preobrazhenskii/164/.

Definite success has been reached in research of new
gynthetic chemotherapeutically active quinuclidines. Anti-
malarial properties are found in 2-{:(7'-chloroquinolyl—4')—
-aminomethyl] ~quinuclidin-3-ones and the corresponding
3-hydroxyquinuclidine derivatives/lGSI. Antibacterial acti-
vity is elucidated in the substituted 2-aminomethylguinucli- .

/166/ /167/

s some guinuclidylsulphamides and qua-~

/168-169/

din-3=-ones
ternary quiruclidinium salts , ingecticide and
agcaricide properties arelrecognised in guinuclidin-3-one
oximcarbamatesll?o/. The investigations of pharmacelogical
p:;operties of the synthetic quinuclidine derivatives until
1967 was mainly directed to research of compounds interact-
ing with the cholinergic systems of organism/B/. Utilization
of the structural analogy of 3-bydroxyquinuclidine with
choline and the higher reactivity of quinuclidine derivativ-
es in comparison with alipbkatic substances, including the
biochemical processes, provided for creation of the effecti-
ve drugs-cholinomimetic aceclidine, hypotensive and sedative
medicine oxylidine, curarelike compound of competition type-
qualidile-which are widely used in the practical medicine in

/3/

the USSR and some other countries .
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aceclidine oxylidine qualidile

During the last 10 years a number of papers and patents have
been published dealing with the synthesis of 3-hydroxyqui-
nuclidine/ITI/, the optical isomerism of this compound, its

acetyl derivative (aceclidine) and their guaternary salts

/172-178/, with research of the mechanism of biological

/179-182/ /183-184/

activity of aceclidine and oxylidine

Detailed investigations have been made for the structure

and action on cholinergic and central nervous systems of

/185-190/

3-hydroxyguinuciidine benzilate s Sbimulating CNS

activity of 3-(3',4',5'-trimethoxybenzoyloxy)quinuclidi-

ne/191-192/' depressive action of the corresponding amides

/193/, anticholinergic, anaesthetic, antiarrithmic effects

/194"196/, interaction

of B-hjdroxyquinuclidine carbamates
with cholinergic systems of some other J-acyloxyguinuclidi-
nes and their quaternary saltsllg?_lgg/, as well as 2-hydro-

/200/

xymethylquinuclidine esters s anticholinergic properties

of 3~hydroxyquinuclidine dithienyl and phenylthienylglyco-
lates/201/.
The subsequent investigations demonstrated that in

passing from 3~acyloxyquinuclidines to the corresponding
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benzo(b)-quinuclidine derivatives, changes in polarity,
size of molecules, shielding of the functional groups lead
to the significant modification of pharmacological activi-
ty/ 204/ + The comparative study of 3-hydroxy- , 3-amino-
quinuclidine and benzo(b)quinuclidine 3,4,5-trimethoxyben~
zylates demonstrates the highest neurotropic activity of
3~hydroxybenzo(b)quinuclidine 3,4 ,S-trimethoxybenzylate/205/,
close  to activity of trioxazine.

Benzhydrilic ethers of 3-hydroxyquinuclidine demon-
gtrated the selective central anticholinergic activity for
parkinsonism treatment/ 206-210/ « Other 3~hydroxyquinuclidine
ethers, especially those containing fragments of the tri-
¢yclic antidepressants, exhibited some elements of hypoten-
sive and sedative actioms /211-215/. As a bicyclic amine qui-
nuclidine was introduced, instead of dialkylaminoalkylic
chains, in phenothiazine, thioxantene and other tricyclic
systems responsible for the central anticholinergic, neuro-
leptic, antihysteminic activity of compounds’ 2167221/ ey
ganglion-blocking agents were seeked in the series of quag-.
ernary quinuclidinium derivatives’ 222223/,

The principle of the increase of biological activity
at the expense of passing from noncyelic or monocyclic amines
to quinuclidine derivatives has been used for creation of the
new effective ganglion-blocking drug-temechine/224'225/_. In
comparison with its piperidine analogue=-1,2,2,6,b=pentametyl~

piperidine~ , which is used for practical purposes under
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the names pempidine,  pempiten, normatens, etc. ~ temechine

;hci:fﬁ:]<cfb }§C>[I::]<CJ43
HyC W CH&‘» ] J‘./ CHz
HBr CH3, 1
temechine ' imechine
has three times higher selective activity on the N-cholino-
reactive system of vegetative ganglions of adrenal glands,
carotid tubercles and central nervous system, but does not
kave nicotine-like effect on the skeletal muscles. Temechine
is characterized by a high therapeutical index. It is produc~
ed on an industrial scale and used for practical purposes
in the USSR as a ganglion-blocking and hypotensive medicine.
The subsgegquent investigations of polyalkylguinucli-
dines allowed to establisﬂhzs/, that the additional intro-
duction of 8-methyl group into temechine molecule slightly
incresses toxicity of the preparation with the activity
unchanged. Lengthening of 8-alkyl chain causes further
increagse of toxicity with reduction of ganglion-~blocking
activity. The analogical effect is a&lse obtained by intro-
duction of some functional groups to 2,2,6,6-tetramethyl-
quinuclidine/227/. ' _
Quaternization of the bridgehead nitrogen leads to
other changes in activity. 1,2,2,6,6~Pentamethylquinuclidi~
nium jiodide happened to be an effective ganglion~blocking
drug of short duration/22®/. Under the name imechine it is
produced by chemical-pharmaceutical industry of the USSR and
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uged in practical medicine for dirigible hypotonia durihg
operations on the lungs and brain cedemas, stable hyper-
tonia based on the acyte renal insufficiency, for preven-
tion and treatment of hypertonic crisis. In all these
cages imechine proved more potent, more dirigible and more
convenient for practical purposes than arfonad.

Of significant theoretical and practical interest
were also considerations whebther the abbve-mentioned regu~-
larities of structure-activity relationships for choliner-
gic system would be applicable for othei type of drugs with
the different mechanism of action and whether these qui~
nuclidine derivatives would be also more effective than
their noncyclic and monocyclic analog in these cases. To
solve this problem the guinuclidine analogs of the anti-
emetic preparation sulpiride /4-ethyl-2-(2'=~methoxy-5'~sul-
phamidobenzoylaminoethyl)pyrrolidine/ and antitussive pre-
paration~bithiodine /M1-methyl-3~bis(thienyl-2)methylenepi~
peridine/~ have been syntheeised/zzgl. Phérmacological
investigation of'these compounds in comparison with sulpiri-
de and bithiodine showsfzagf that the influence of quinucli-
dine derivatives upon the coughing and vomiting centres is
less (for analogs of bithiodine) or even missed {(for sul-
pirid analogs).

The same gtructure-sctivity relationship is realiz-
ed/230/ in effects of 3-(quinuclidine-substituted) imida-

zolines on the adremergic systems and novocaine quinuclidine
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analogs in antiarrythmic action. At the same time, accord-
ing to Polish authors'2317232/  the elements of entiar-
rithmic activity is exhibited in experiments with quinucli-
dinoyltetrahydroisoquinclines and gquinuclidinoyl-N-amino-

" tetrahydroisoquinolines. Substituted quinuclidinecarboxani-
lides have weak local anaesthetic action/233'234/, cis-3-
amino-2-benzhydrylquinuclidine display diuretic properties
/235f236/ whereag antiinflammatory effects are characterigt-
ic for 3-hydroxy—z—benzhydrquuinuclidine derivatives/237’
238/ and substitubted thiophenoquinuclidine3/239/. 3-Hydroxy~

/240/, 2=aryl-3=-(qui-

-2=benzhydrylquinucliidine derivatives
nuclidineamino)*prOpiOphenone3/241/, substituted quinuclidi-
neacylanilides/242/ were patented as CNS gtimulants, substi-
buted 3-hydroxy-2-piperazinomebhylquinuclidines’243-244/ 4nq
pyrazolonoquinuclidine3/245/ were described as depressants
of CNS. 3-Subsbituted 3-hydroxyquinuclidines’2407248/ g4nq
derivatives of aminoquinuclidines/249'250/ have been report-
éd in patents and papers as depressants of CNS. Radiopro~
tecking, anticonvulsant, sedative and analgetic properties
have been found in some 3-gpiroquinuclidine derivatives
/251-253/ and condensed quinuclidinocumarine8/254/. The
high adrenergetic activity was discovered in 2-methyl-3-
hydroxy-4-phenylquinuclidinium bromide, which is 3-4 times
more éctive than gusnetidine for hypertonia and can be used
orally. Under the name MA-~540 this preparation is under in-

vestigation and patenting as & medicine for hypertonia
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treatment/ 2797261/ _(gHs
CgHg HO~ C\CG Mg CGH
C\C(;H_', N N Céz
C*f% ?3;* H ) r{
MA 540 plpradrol azacyclodol fencarol

The isomeric (gquinuclidyl)diphenylcarbinols, pre-
viously synthesised to increase the psychotropic activity
of the known psychogtimulators pipradrol and azacyclodol
by introducing the guinuclidine ring instead of piperidine

ne/262/, do exhibit in experiments neither psychostimulat-
ing nor CNS depressing activity. (Quinuclidyl-3)diphenyl-
carbinol has only weak spasmolytic proPerties/263'265/.

The subsequent detailed investigations demonstrat-
ed/266/ that the various (quinuclidyl-3)-diaryl {or heteryl)
.carhinols, in contrast to their 2~isomers, are highly efw
fective with respect to histaminergic systems.

{Quinuclidyl-3)diphenylcarbinol hydrochloride is
under the name fencarol introduced in the practical medicine
as a drug for the treatment of the various ttype of allergies.
It is more effective and less Hoxic than dimedrol and in.
contrast to commonly used antihistaminic drugs (dimedrol,

S/266/. Research of

pipalfene etc.) has no influence on CN
quinuclidyldiarylearbinols, variation of the pesition of
diarylcarbinol group, its distance from quinuclidine, un-
saturation of 41-azabicyclic system, character and position

of substituents at aryl rings, changing of one or both aryl
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groups by hydrogen, alkyl, cycloalkyl groups, etc., allowed
to £ind certain regularities in structure-activiity rela-
tionships and discover new more effective antiallergic _
compounds being now under detailed invesbigabion/266-2697,

Thus, the investigations over the last ten years have
demonstrated high biological activity of guinuclidine deri-
vatives, enrichéd the practical medicine by new effective
drugs and subatantiated perspectivity of the further

search of new biologically active compounds in this series.
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