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RECENT ADVANCES I N  QuINUCLIDm CEErnSTRY 

S.Crdzhonikidze All-Union Chemical-Pharmaceutical 

Research I n s t i t u t e ,  Moscow, USSR 

This a r t i c l e  aims t o  review the  published and own 

r e s u l t s  in quinuclidine chemistry over recent  t e n  years. 

The main a t t e n t i o n  of the  paper is concentrated on some 

p e c u l i a r i t i e s  in r e a c t i v i t y  of quinuclidine de r iva t ives  

and on re l a t ionsh ips  between the  chemical s t r u c t u r e  and 

b io log ica l  a c t i v i t y .  

Advances in quinuclidine chemistry before 1967, 

including the  b r i l l i a n t  t o t a l  synthes is  of quinine by 

R. B.Woodward and w.~.~oering/l ' ,  were described in the  

previous reviews / 2 -5 / .  

The main inves t iga t ions  in t h i s  f i e l d  f o r  the  l a s t  

t e n  years  (1967-1976) were concerned with p e c u l i a r i t i e s  in 

the  s t r u c t u r e  and r e a c t i v i t y  of quinuclidine de r iva t ives  

and new s t ruc tu re -ac t iv i ty  r e l a t ionsh ips  of such type com- 

pounds. New e f fec t ive  drugs have been found and introduced 

fo r  p r a c t i c a l  purposes. A s  t o  syn the t i ca l  works l6-l5/ ..rim 

ous types  of common methods, which had been discovered 

befoze and discussed in the  previous r e v i e d 2 / ,  were used 



for  the building of quinuclidine rings. 

Progress i n  quinuclidine chemistry of t h i s  period is 

due t o  the extensive application for  research of the cur- 

rent  physico-chemical methods: NMR-, mass-spectroscopy etc.  

11. Investinations of Some Features of Quinuclidine 

Derivatives 

A s  has been s ta ted e a r l i e r  /2,5/ the quinuclidine 

[.I-azabicyclo (2,2,2) octane] ( I ) ,  in contrast  t o  t e r t i a -  

ry a l iphat ic  mines  and N-substituted piperidines, has a 

r ig id  structure. 

$I: 
The atoms forming the quinuclidine system 

are  limited in changing the i r  re la t ive  
6 positions by rotat ion around bond axes 

f 
a t  the bicycle, in which each ring bas 

I a "boaiFform. 

A t  the same time the f ixed "boatn-configuration leads t o  

the eclipsed conformations by the bridged atoms. The energy 

of atomic interactions increases and t h i s  r e s u l t s  in some 

twisting of molecules w i t h  deviations of symmetry from 

CjV/l6/- 

The NMR method demonstrated /16-24/ tha t  the experi- 

mental spin constants Ois of the unsubstituted and 
~ 2 ~ 3  

4-monosubstituted quinuclidines are in good agreement w i t h  

the constants calculated by Karplus equation, which express- 

e s  the relationship between these constants and the re la t ive  
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proton orientation determined by the dihedral angle (P 

between the plates  containing these protons. The experi- 

mental values of trans = 5.3 - 5.6 Hz are  in contrast ' ~ 2 ~ 3  
more than 1 HZ different from the calculated for  r 1 2 0 ~ .  

This is an evidence for increase of the H-C-H valent angles 

of quinuclidine against the common tetrahedral  one. 

The introduction of substi tuents a t  posit ion 3 of 

the quinuclidine ring changes values JH2H3. According t o  

the re la t ion  
a17 * o  the decrease of 

the introduction at the posit ion 3 carbon-, nitrogen: and 

owgen-containing substi tuents i s  represented by only the 

electron-attractive effect  of substituents. The increase of 

value 3 trans by substi tuents,  in which the first atom is 
'2'3 

carbon one, cannot be explained only by electronegative 

e f fec t s ,  but t h i s  i s  an evidence of increase of the dihe- 

d ra l  angle between the plates  H-C2-C3 and H-C -C which by 3 2' 
trans = 1 Hz i s  about 4' in comparison with the angle 3 H2H3 

f o r  unsubstituted quinuclidine. For 3-substituted quinucli- 

dines with o-gen or nitrogen a s  the first atom a t  the sub- 

s t i tuen t  the value trans is reduced against fo r  unsub- 
'24 

s t i t u t ed  quinuclidine. More strong reduction 3 trans in 
H2H3 

comparison with 3 Cis evidently demonstrates a twisting 
H2H3 

of molecule a t  tbe cost of decrease of the dihedral angle 

between the plates  H-C2-C3 and H-C3-C2. So, the conforma- 

t ions  of the bridge with increase (Fig. la)  or decrease 

(Pig. l b )  of dihedral angle \P predominante for  3-substi- 



tu ted quinuclidines depending on the character of the f i r s t  

atom of the subst ituent. 

6 
Fig. 1 

NIW data do not permit t o  estimate the character and the 

value of t w i s t i n g  the molecule while introduction of the 

second substi tuent in to  posit ion 2 cis-orientated t o  the 

first one because 9 = 0 and Cis a r e  pract ical ly  not 
H2H3 

different  for 2,3-di-cis- and 3-mono-substituted quinucli- 

dines. On the contrary, by trans-orientation of the second 

are  ra ther  effected. From substituent the values 3 ll 
2 3 

the difference of the t rans  constants of 2,3-trans-dicarbo- 
trans- ryquinuclidine and unsubstituted quinuclidine A * - 
2 3 

= 8.2 - 5.3 = 2.9 Hz, and / y = 1 2 d  Y 0.24 Hz/grad., 

the value of twis t  of the dihedral angle can be calculated 

in t h i s  case a s  10-12'. The angle between the plates  

H-C2-C3 and H-C3-C2 for  t h i s  compound increases, between 

tbe p la tes  R3-C3-C2 and R -C -C reduces, in other words, 2 2 3 
the substi tuents R2 and R3 approach one another (Fig. 2). 
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HQ 
It is clear,  that  the above described 

conformation twists of quinuclidine mo- 

lecules,  especially f o r  compounds with- 

'43 
R2 out substi tuents a t  the bridge carbon 

atoms, are  not s ignif icant  and the qui- 

Fig. 2 nuclidine system is usually characteriz- 

ed by a rather r ig id  structure. 

Rigidity of conformation determines specific proper- 

t i e s  of some 2,3-trans-disubstituted quinuclidines 

Thus, for example, t r i cyc l i c  j3 -diketone 111, which is 

formed instead of anhydride of dicarbowlic acid I1 bg 

interaction of trans-diacid I1 with acet ic  anhydride has 

rather specific properties in comparison w i t h  cyclohexane- 

W/ dione-1,3 and other cyclic p-diketones . 
R=OH,0C2H5, 

NC5H10 

- R'=CH3,C6H5 
I I  - - - 

V 
Transcondensation of cyclohexaiiedione and quinuclidine 

systems inh ib i t s  enol iza t ion  of diketone I11 and conse- 

quently decreases the reac t iv i ty  of CH2-group between two 

carbonyls. Compound I11 gives neither Ifnoevenagel reaction 

with aromatic aldehydes, nor interaction with acryloni t r i le .  

A t  the same time substances with mobile hydrogen atoms 



(water, alcohols, amines) s p l i t  eas i ly  diketone 111 up t o  

2-acetylquinuclidyl-3-acetic acid or its derivatives (IT). 

With Grignard r ewen t s  compound 111 transforms into  2-acetyl- 

-3-IF -dimethyl(or diphenylj- P -hydroxyethylj quinucli- 

dine (V). 

Limits in the change of ccnPormation of quinuclidine 

systems are  responsible for  the anomalous basic i ty  of 3-0x0- 

-2-azaquinuclidine (VI). Unlike other 3-0x0-1,2-diazabicyc- 

loalkanes: 3-0x0-1,2-diazabicyclo /3,0,4/ nonane (VII), 

3-0x0-1,2-diazabicyclo /3,1,3/ nonane (VIII) , 3-0x0-1,2- 

diazabicyclo /4 ,O,4/ decane (IX) and 3-cxo-l,2-dia5abicgolo 

/2,1,3/ octane ( X I ,  baving pKa between 2.3 and 2.8, 3-0x0- 

-2-azaquinuclidine (VI) is much l e s s  basic compound w i t h  

/27/ pKa 0.81 . 

nO~cno~OCxJO~o~o r4 H I.i -.N @JcOcn3 

- - 3- - - H - H - n CH H 
X VI - yJ VIII - - I X  - LLL @! 

The introduction of carbonyl group in to  1,2-diazabycyclic 
3 systems, transferring sp hybridization a t  C3 atom t o  sp 2 

one, seems t o  d i s t o r t  the valence angles of the bridgehead 

nitrogen. The capabil i ty of bicycles V I I - X  t o  conformational 

changes permit t o  avoid t h i s  d i s tor t ion  of angles. Only in 

the case of compound V I ,  where the conformation of molecule 

i s  fas ten enough, the d i s tor t ion  of valence angles conserves 

and exhibi ts  in the decrease of basicity.  The same ef fec t  
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can be observed for  C-methylated PI (XI), but disappears 

while removing of the carbonylgroup from C3 or in passing 

t o  N-acylated bicycles X I I ,  which have carbonyl function not 

a t  the cycle, but a t  the side chain ( for  2 -ace ty l j2- t rb-  

thowbenzoyl-, and 2-nitroso-2-azaquinuclidines pKa are 

2.20-2.29) /27/. 

The conformation of guinuclidines determines a s  well 

a s  direction of nucleophilic attacks on the quaternary 

derivatives of t h i s  series.  In  contrast t o  N,N-dimetbyl- 

piperidinium s a l t s  with a "chairm form of the cycle, which, 

affected by the bases Rma undergo E2-elimination t o  form 

unsaturated mines, the corresponding quinuclidinium s a l t s ,  

where each six member ring has a *boatw form run a t  the same 

conditions into  %2 reaction by M -carbon atom with 1- 

-methyl-4-( 9 -alkoxyethyl)-piperidines formation /28-29/ 

A s  it is sh0rad3~', the quaternary derivative of 

1,2,3,4-tetrahydroisoquinolinone-4 (XIII) transforms by 

reaction w i t h  sodium methoxide into  a l l y l i c  ammonium y l i d  

(XIV), which eas i ly  undergoes Stevens rearrangement t o  

yield the 3-substituted tetrabydroisoquinolinone XV. 



The analogical yiid obtained from the quinuclidinium s a l t  

XVI  i s  ra ther  stable t o  such rearrangement because of the 

s t e r i c a l  hindrances by interactions of p-orbitals a t  the 

t rans i t ion  state.  An intermediate position holds the iso- 

meric quaternary s a l t  of 9-aeabicyclo(3,3 $1 )nonanone (XVII), 

the Stevens rearrangement of whose yl id  goes slowly only a t  

0/3 01. the temperature 120 

The s t e r i c a l  e f f ec t s  seem t o  be responsible for ge- 

neration of dif ferent  products by reactions of t e r t i a r y  

mines  with p-nitocumyl chloride and d ,p-dinitrocumol. 

Whereas both of these compounds give w i t h  quinuclidine in 

good yield the normal quaternary s a l t s ,  the analogical 

reactions with the l e s s  basic noncyclic mines  lead t o  

derivatives of ci -methylstyrene or cumylic alcohol 1311. 

The important pecul iar i ty  of quinuclidines structure 

consis ts  in the specific character of freelone p a i r  e le-  

ctrons on the nitrogen, being in sp3 and feeling no screen 

e f fec t s  from the hydrogen atoms. 

The first 6-band is shifted in the photoelectron- 

i c  spectrum of quinuclidine 0.65 eV higher a s  compared t o  

bicyclo(2,2,2)octane a t  the expense of ionization of the 
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f ree  lone pair  electrons a t  the bridgehead nitrogen /32/. UV 

spectrum of quinuclidine measuring in gas phase i s  charac- 
0 

ter ized by two intensive absorption bands a t  1650-2300 A , 
related t o  Ridberg n+.p t rans i t ion ,  and several l e s s  

0 /33/ 
stronger bands a t  the region 2300-2500 A . Soma inter-  

esting r e su l t s  were obtained by comparison of the I R  spectra 

of quinuclidine with those of N-substituted piperidines and 

piperazines. Bor monocyclic compounds there were found cha- 

r ac t e r i s t i c  absorption bands a t  2700-2800 cm-' result ing 

from interaction between the f ree  lone pair  electrons of the 

nitrogen and the neighbouring ax ia l  C-H bonds. Quinuclidine 

does not absorb in t h i s  region, in a l l  probability because 

of the absence of such interactions in the quinuclidine ring. 

There are absorption bands character is t ic  of quinuclidine 

a t  2430, 2915 and 3405 cm -4 /34,35/. 

The absence of s t e r i c  hindrance a t  the nitrogen lone 

pair electrons of quinuclidine gives r i s e  t o  much higher 

reac t iv i ty  of t h i s  compound in comparison with noncyclic 

and monocyclic t e r t i a ry  w i n e s  /36-42/, more stronger cata- 

l y t i c a l  ac t iv i ty  of quinuclidine at various processes /43-44( 

A s  it has been shown by kinetic studies'45/, qui- 

nuclidine reac ts  with methyl chloride a t  room temperature 

250 t imes  more readily a s  triethylamine. The quantitative 

estimation of the s t e r i c  hindrance a t  nitrogen atom and fa- 

c i l i t y  of t rans i t ion  s t a t e  formation by interactions of 

methyl chloride w i t h  quinuclidine and triethylamine have 



been done by the  measuring of chlor ine  isotope e f f e c t s  at  
35 37 is the  corresponding Nenshutkin react ions8 K /K 

1.00709 + - 0.00011 f o r  quinucl idine and 1.00640 2 0.00009 

f o r  t r iethylamine /45/. 

Research of protonat ion and quatern iza t ion  processes 

indicated the  polar  e f f e c t s  O f  subs t i tuen t s  a t  pos i t ion  4 

of quinucl idine t o  be t r ans fe rab le  through b i c y c l i c  system 

on the  bridgehead n i t rogen /46-54/. The analogica l  transmis- 

s ion  of subs t i tuen t  s e f f e c t  has been demonstrated br inves- 

t i g a t i o n s  of I3c NMR spec t ra  a s  well  a s  n i t r a t i o n  k i n e t i c  

of I-methyl-4-phenyl-quinuolidinium perchlora te  i n  compar i- 

of quinucl idine molecule s l i k e  

w a s  postulated /56-57/ according t o  the  molecular o r b i t a l  

theory. A high nuc leoph i l i c i ty  of the  quinucl id ine  n i t rogen 

due t o  t r a n s i t i o n  of proton from oqygen t o  n i t rogen by eno- 

l i z a t i o n  of e t h y l  3-oxoquinuclidine-2-carbowlate (XVIII) t o  

form the  d ipo la r  ion  XIX/~'/, whose production is unusual 

fo r  the  common keto-en01 systems containing amino group. 

Predominance of d ipolar  form X I X  in the  h y d r o q l  containing 

so lvents  has been found by NhfR, I R ,  W,potent iometr ic  

methods /58,59/ 



Features of structure and reac t iv i ty  of e thyl  3-0x0- 

quinuclidine-2-carboxylate promoted during the l a s t  years 

wide application of t h i s  available compound j6O/ for  syn- 

theses of many condenced quinuclidine systems /61-64/ 

Rigid structure of quinuclidine leads not only t o  

unhindrance of the f ree  lone pair  electrons of the bridge- 

head nitrogen, but also t o  orientation of these electrons 

along the symmetry axis of molecule. This peculiari ty of 

structure manifests in some features  of chemical properties 

of quinuclidine derivatives having multiple bonds at  d,J3- 

positions t o  the bridgehead nitrogen. In t h i s  type of compo- 

und the axis of the nitrogen p-electrons i s  pract ical ly  

orthogonal t o  the x -e l ec t rons  of the multiple bond. A s  a 

resu l t  the neoessary condition for conjugation, i.e. pa ra l l e l  

axes of gi- and p electrons with maximum overlap, is not 

observed and nitrogen atom influences on the neighbouring 

unsaturated groups not by mesomeric but pract ical ly  only by 

induotive effect. 

Interesting chemical properties were discovered in 

such bicyclic amides a s  quinuclidin-2-ones (a) /65-69/. The 

conjugation of type &=a, character is t ic  of common amides, 

i s  absent in compounds XX, which are more close t o  amino- 



ketones, than c y c l i c  amides. The n i t rogen of quinuclidine- 

-2-ones ( X X )  is e a s i l y  protonated (common amides and lactams 

a r e  O-protonated) and can be allrylated. They a r e  very bas ic  

(pRa 5.3-5.6) compared with o ther  amides (e.g., N-acetyl- 

p iper id ine ,  pKa 0.4). 

Carbonyl group f requencies  f o r  quinuclidin-2-ones 

in IR spectrum a r e  on the  average 80 cm-' higher than fo r  

common lactams, and i n t e g r a l  i n t e n s i t i e s  of the  same absorp- 

t i o n s  a r e  nea r ly  half those of quinuclidin-2-ones. W ab- 

sorpt ion  maxima f o r  XX a r e  midway between those f o r  amides 

and ketones. On account of the  lack  of amide mesomerism 

quinuclidin-2-ones g a i n  i n  r e a c t i v i t y .  With the  var ious  

protonic nucleophi l ic  agents  (water,  a loohol ,  amines, e tc . )  

quinuclidin-2-ones i n t e r a c t  a s  e f fec t ive  acyla t ing  compo- 

unds. The primary forming intermediate adducts  a r e  s t a b i l i z -  

ed by breaking quinucl idine N-C2 bond and proauction pipe- 

r idyl-4-acet ic  ac id  (=I) or i t s  der iva t ives :  e s t e r s ,  

amides, hydrazides e t c .  Processes of hydrolysis ,  alcoholys- 

is, aminolysis of quinuclidin-2-ones have r a t h e r  high r a t e s  

and the k i n e t i c s  of these  r eac t ions  can be measured polaro- 

g raph ica l ly  (common amides and lactams a r e  polarographical ly 

inac t ive ) .  I n  the  case of 6,6,7,7-tetramethylquinuclidin-2- 

-one (XX, R=CH3) '68-69' r eac t ions  with nucleophi l ic  agents  

i n  a p r o t i c  so lvents  (phenyllithium in e t h e r ,  El5 in benzene, 

l i th ium aluminium hydride in  e t h e r ,  acetone cyanhydrine in 

the  exess of t h i s  reagent)  a r e  a l s o  at tended by breaking 
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C-N bond of quinucl idine ring. I n  con t ra s t  t o  r eac t ions  

with p r o t i c  nucleophi l ic  agents ,  N-C(CH3l2 r a t h e r  than  N-CO 

bond is broken in t h i s  case and the  primary obtained un- 

s t a b l e  ca t ion  XXII i s  s t a b i l i z e d  e i t h e r  by add i t ion  of 

nucleophi l ic  agent t o  y i e l d  XXIII o r  XXIV,  or  by elimina- 

t i o n  of proton t o  form unsaturated compound XXV; the  reac- 

t i o n  of XX with PC15 r e s u l t s  in t he opening of p iper id ine  

ring and formation of n i t r i l e  XXPI. 



The absence of amide m s o m r i s m  a t  quinuclidin-2- 

-ones (XX) makes t h e i r  carbonyl groups be able  t o  undergo 

such reac t ions  a s  formation of oximes XXVII with hydroxyla- 

mine /65/, reduct ion with LiA1H4 N-CO f o r  NCHOH, but not  fo r  

N-CH2 group ( the product of reduction is acyla ted  by the  

excess of quinuclidin-2-one t o  XXVIII)/~~/. F ina l ly ,  CH2 

group next t o  C=O in compounds XX i s  r a t h e r  a c i d i c  and the  

hydrogkns can be exchanged by deuterium /67/. 

In t roduct ion  of phenyl group a t  pos i t ion  4 of XX 

increases  s t a b i l i t y  of qu inuc l id in -2 -0nes /~~ / ,  e a s i l y  

breaking in  the  case of unsubs t i tu ted  compound/71/. Hgdroxy 

group a t  2-hydro=-4-phenylquinuolidine (XXIX) have been 

subs t i tu t ed  by chlorine with th iony l  chloride.  The chloro 

compound XXX was transformed i n t o  methoxy de r iva t ive  XXXI 

without breaking of azabicycl ic  system/70/. Treatment of 

compound XXIX with NaBE4 leads  t o  opening quinucl idine 

s t ruc tu re .  C6 H5 
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On the contrary,  in 2-chloroquinuclidine (XXXIII) unsub- 

s t i t u t e d  a t  pos i t ion  4 ,  which was prepared photochemically 

from quinuclidine ( I )  i n  CC14 /72/, the  chlorine atom was 

not replaced by methoxy- o r  phenoq-group and the  corres- 

pond- 2-methoxyquinuclidine ( X X X V )  was obtained only by 

e l e c t r o l y s i s  of quinuclidin-2-carboxylic acid  (XM[V)  in  

methanol so lu t ion  /73/. The process seems t o  take place 

through intermediate carbonium cat ion  XXXVI. 

The s t e r i c a l l y  f ixed  o r i en ta t ion  of the  n i t rogen f r e e  lone 

pa i r  e l ec t rons  s p e c i f i e s  a s  well  some p e c u l i a r i t i e s  of such 

unsaturated quinucl idines a s  A 2-dehydroquinuclidine 

(xxxvII)/~~/, i ts  2-(XXXVIII) and 3-(XXXIX) carbalkoxg- 

-derivatives/17' and quinucl idines XL with double bond a t  

pos i t ion  2 /75/. 

Formally these  compounds a re  b icyc l i c  enamines. But absence 

of p% -conjugation g ives  r i s e  t o  t h e i r  d i f ference  from the  

2 common t e r t i a r y  d -vinylamines. For example, A -dehydro- 

q u b u c l i d i n e s  do not have the  c h a r a c t e r i s t i c  absorpt ion f o r  

enamines at 230 m p  and a r e  not hydrolyzed under mild 



conditions by d i lu te  acids. 

A t  the same time compounas XXXIX are  different from 

al iphat ic  vinyloges of amides by reactions w i t h  nucleophilic 

agents, because they have much l e s s  deactivated (only a t  the 

cost of nitrogen inductive e f fec t )  double bonds. Compounds 

XXIlIX are  able t o  add nucleophilic agents such a s  alcohols, 

ethylenimine , isopropylmagne s i n  iodide, etc.  /74,76,77/ 9 

compounds XXXVIII take on a s  well substances w i t h  active 

methylene group: nitromethane, malonic and cyanoacetic 

e s t e r s ,  etc.  /17*77/. A 2-~ehydroquinuclidine (XXXVII) , 
having neither mesomeric e f fec t  of the bridgehead nitrogen 

nor act ivat ion of double bond by e s t e r  group, can interact  

w i t h  phenyl azide /74s76/ . The absence of enamine properties 
/78-80/ 

appears d i s t i nc t ly  a t  2-methylene-3-~xoquinuclidine ( M I )  

and i ts  derivatives'80-86/' the Bredt ru le ,  

2-morpholinonk?thylenequinuclidine (XLII) Ia7/ transforms by 
/88/ hydrolysis int o 2-f ormylquinuclidine (XLIII) . 

O=CH-N-L - 
N - w @ 3 C H o  N - 

Zl X L l l l  - 
Features of benzo(b) - (LIV) and dibenzo(b,e) - (LV) qui- 

nuolidines are a l so  determined by the orientation of fzee 
/89-91/. In lone pair e l e c t ~ o n s  of the  bridgehead nitrogen 

contrast  t o  N,N -dialkylanil ines,  N-alkylated I ,2,3,4-tetra- 

hydroquinolines and indolines compounds LIV and LV have no 

p x  -conjugation. 
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- - - 
L i v - L v - L V i  - 
This is r e f l e c t e d  in the  pka va lues  (pka of N,N- 

-d imethylani lbe  is 6.56, diphenylamine 0.79, LIV 7.79, 

OV 4.46) and i n  decrease of r e a c t i v i t y  of the  aromatic p a r t  

of molecules /89*92*93'. For example, benzo(b)quinuclidine 

(LIV) fai ls  t o  couple with p-nitrobenzenediazonium chlor ide  

/89', bromination of LIV under a v a r i e t y  of condit ions 

y i e l d s  only a molecular complex or  the perbromide, no bromi- 

na t ion  at the  benzene r ing  occurs /92*93/. However, benzo(b) 

quinuclidine undergoes e l e c t r o p h i l i c  s u b s t i t u t i o n  in the  

benzene r ing  with more ac t ive  agents-mixture of n i t r i c  and 

su l fu r i c  a c i d s  or chlorosulphonic acid. But in these  cases  

e l e c t r o p h i l i c  subs t i tuen t s  e n t e r ,  in cont ras t  t o  analogica l  

r eac t ions  with common aromatic m i n e s ,  not a t  orto- o r  para-, 

but at meta-position t o  the  n i t rogen atom. A s  was es tabl i sh-  

ed by NMR and dipole moment methods, the products of n i t r a -  

t i o n  and chlorosulphonation of LIV a r e  the corresponding 

7-subst i tuted benzo(b)quinuclidines /92-93/. 

The NMR methoa demonstrated a s  well  t h a t  quinucl idine 

ring in compound LIV is more s t r a i n  than in the  unsubst i tuted 

quinuclidine. The reason of t h a t  is d u f e r e n c e  i n  the  bond 

lengths a t  the  benzo(b)quinuclidine bridge k7-20/ 



The strain ef fec t  gives an explanation of the keto- 

en01 equilibrium sh i f t  of e thy l  3-oxobenzo(b)quiduclidine- 

-2-carbowlate (LVI) t o  the &to-form in comparison with 

e thy l  3-oxoquinuclidine-2-carboxylate (XVIII) . En01 forma- 

t i on  in the case of LVI is connected with the energetically 

/17/+ unfavourable increase of the s t r a i n  for a l l  system 

Research of the thermodynamic equilibrium and kinetic 

of deuterium exchange of epimeric e thyl  3-oxobenzo(b)-qui- 

nuclidine-2-carboxylates demonstrated'17', tha t  s t e r i c a l  

interactions of substi tuents with hydrogens a t  the nelghbour- 

ing (unsubstituted) bridge of quinuclidine a re ,  a s  could be 

expected, remarkably greater  than with benzene ring. T h i s  

i s  in a good agreement with different  r eac t iv i ty  of substi- 

tuents  at syn- and anti-positions t o  benzene ring of various 

benzo (b )quinuclidine d e r i v a t i ~ e s / ' ~ - ~ ~ ' .  So, reactions of 

thionyl chloride with 3-hydroxy-3-cyanobenzo(b)quinuclidine 

and e thy l  3-hydromquinuclidin-3-carboxylate having both 

anti-position of hydroxyls goes by SN2 mechanism Fncluding 

at tack of C atom from the benzene side and yields  3-syn- 3 
-chloroderivatives. With syn-hydroxy isomers the same reac- 

t ions  proceed ambiguously and 3-anti-chloro derivatives do 

not form. 

Ster icaly  f b e d  orientation of the nitrogen f ree  lone 

pair  electrons determines a lso the chemical inertness of 2- 

-halogenomethylquinuclidines (LVII) /94/. 



HETEROCYCLES. Vol. 7, No. 2. 1977 

cii2R 

A s  is known, reactions of 9-aminoalK1 halides with 

nucleophilic agents are going through intermedium az i r id i -  

nium derivatives. Such mechanism ac t iva tes  halogen atoms at 

Q -aminoalkyl halides w i t h  nitrogen being included into  

noncyclic, I-azamonocyclic- and some azabicyclic systems. 

For example, interactions of nucleophilic agents w i t h  

halogenomethyl derivatives of I-aeabicyclo (3,2,1) octane 

seem t o  be realized accordin@; t o  t h i s  mechanism (LIX-LX- 

-LxI). 

I n  the case of 2-haloa;enomethylquinuclidines (LVII) 

the  intermediate aziridiniwn compounds LVIII cannot be 

formed because of s t e r i c a l  hindrances. This is why L V I I  

are rather unactive by treatment with various nucleophils 

(amines, alcohols, cyanides, sodium malonic e s t e r s  e tc . ) ,  

in a l l  these cases reactions do not go or need vigorous 

conditions and give products in low yields. 

The influence of the bridgehead nitrogen atom is 

remarkable also by reactions of 3-oxoquinuclidine (-11) 

with CH2N2 and W3,  interaction of oxime IXIII with poly- 

phosphoric acid and treatment of (3-hydroxyquinuclidin-3)- 

dimethyl(diary1)carbinols (LXIV) by sulfur ic  acid. These 

reactions proceeding with expansion of the quinuclidine 



ring resu l t  in formation of a single compound from the two 

possible isomeric I-azabicyclononanes. Thus 3-0x0-1,4- 

-diazabicyclo (3,2,2)nonane (LIN) and I-cyanomethyl- 3- 

-piperidine (LXVI) are  obtained by interactions of ketone 

IXII w i t h  EN3 (Schmidt reaction) or oxime LIII with poly- 

phosphoric acid (Beckmarm rearrangement) /96 ,97/. 

- 
LXI I  X-0 .- 
7 - LXV L ~ I  x=NCH - LXVl - LEI L N l  

The second isomeric lactam LXVII does not form. The inter-  

mediate dication LXVIII appears t o  have "a* 6-bond much 

l e s s  nucleophilic a s  nbn one due t o  inductive e f fec t  of the 

protonated quinuclidine nitrogen and the migration of the  

more nucleophilic "bn-bond yields  lactam LXV. 

The analegical s i tua t ion  is realized by dehydration 

of d i t e r t i a r y  alcohols LXIV with sulfur ic  acid98'. The 

single compound from of two possible ring expansion products 

- LXIX and LXX - ketone IXIX i s  formed in t h i s  case. 

Transformation of glycol LXIV in to  ketone LXIX is connected 

a s  well, a s  was mentioned above, with migration a t  the inter-  

mediate dication LXXI more nucleophilic "cn 6-bond, be* 
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rather f a r  from the protonated quinuclidine nitrogen. 

The sextet  rearrangement by reaction of 3-oxoquinuc- 

l i d *  (LXII) w i t h  diazomethane is realized also by migra- 

t ion  of more nucleophilic 6 -bond. But in t h i s  case the 

process i s  going a t  basic medium, the cyclic nitrogen is 

not protonated, "dn-bond is more nucleophilic one in compa- 

r ison w i t h  "en-bond and the f i n a l  product of reaction is 

I-azabicyclo(3,2,2)nonanone-4 (LXXIII) /99/, 

fJL [ f+$Lq- ao 
LTI - ml 
It should be noted tha t  differences in the r a t e s  of 

solvolysis of 2-chloroquinuclidine, a lkyl  quinuclidine-2- 

carboxylate and the i r  desaza analoges and isoquinuclidine 

derivatives made some investigaters /100-103/ doubt t h a t  the 

e f fec t  of quinuclidine bridgehead nitrogen is only inductive 

one. 

The above-mentioned pecul ia r i t i es  of the symmetrical- 

l y  r i g i d  quinuclidine structure make  these compounds si@;ni- 

f ican t ly  more stable t o  opening of cycle in comparison with 

other I-azabicycloalkanes . Waternary quinuclidinium 

bases s p l i t  off a l iphat ic  alcohols more readily than cor- 

responding derivatives of other 1-azabicycloalkanes. The 

quinuclidine compounds re ta in  the bicyclic system, whereas 

other I-azabicycloalkanes usually undergo Hofmann degrada- 

t ion  with bicycle opening / la-106/ 



Quinuclidine N-oxides are thermally stable /107/. 

A s  is known, pyrolysis of monocyclic t e r t i a r y  m i n e  N-oxides 

i s  often accompanied by rearrangements with expansion of 

r ing,  Cope elimination and other transformations of cyclic 

systems. Quinuclidine N-oxide undergoes pyrolysis only a t  

temperatures higher than 200 0/107/. N-Desoxidation and 

sublimation of the obtained quinuclidine (I) takes place in 

t h i s  reaction. 

A t  the same time some substituted quinuclidines open 

the i r  cycles ra ther  easily.  For example, the thermal trans- 

format ions of methyl A 2-quinuclidine-3-carbo~late 

( IXXIV) ,  its betaine (LXW) and methiodide (LXl3'I)'into the 

piperidine lactone LXXVII are reported /lOS-115/ 

- - 
m v  - L X X V  

- - LXXX L X X X I  
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1 -&thyl-3-carboxamide- A 2-quinuclidinium iodides 

(LXXVIII) give an analogous rearrangement with conversion 

of the obtained iminolactones lXWI by acidic hydrolysis 

in to  LXXVII. 

It is assumed that  the transformation of LXXVI in to  

lactone LXXVII consists in  two consecutive rearraagements: 

the process s t a r t s  from nucleophilic a t tack by iodide-ion, 

which leads t o  quinuclidine ring open- and then an inter-  

mediate LXXX changes into  IXXVII through IXXXI. The alkyl  

halide released is shown t o  be formed a t  the expense of 

the es te r  group. 

Rearrangements of quarternary s a l t s  of e thyl  qui- 

nuclidine-3-carboqlate have been used in a new synthesis 

of indoloquinazolidines /116/ 

Opening of quinuclidine ring with q piperidyl-4)vinyl- 

carbinol (-11) formation was discovered by hydrogenation 

of 2-methylene-3-oxoquinuclidine (XU); C2-C3 bond breaking 

t o  yield 1-carboxymetby1isonipecotinic acid or i ts  derivativ- 

e s  (LXXXIII) took place by interaction of e thy l  3-oxoqui- 

nuclidine-2-carboxylate (XVIII) with nucleophilic agents 

(water, alcohols, mines ,  etc.) under the mild conditi- 

ons /77/* 

The quinuclidine ring breaks i n  good yield a t  room 

temperature in quaternary s a l t s  LXXXIV, formed from quinuc- 

l idine (I) and 2-hal~~enohepta-2,4,6-trien-I-ones (LXXXY) 

/ll7-123/ 



Delocalination of quinuclidine nitrogen lone pair  electrons 

on the cycloheptatriene system seems t o  favour the nucleo- 

ph i l ic  a t tack of halogenoanions a t  the d -carbon atom of 

bicycle and opening of the r w .  Halide LXXXVI obtained by 

quinuclidine ring cleavage gives with the excess of qui- 

nuclidine (I) the quaternary s a l t  LXM[VII, which is a f i n a l  

product of the reaction. 

The problem of quinuclidine ring opening is connect- 

ed with application of the Bredt rule  t o  bicyclic systems. 

So, quinuclidine is not dehydrogenated by treatment with 

mercuric acetate,  apparently because t h i s  process should 
,l go through a A -quinuclidinium s a l t ,  which v io la tes  the 

Bredt rule. Under vigorous conditions - with palladium on 

carbon, or  selenium a t  300' C-N bond f i s s ion  w i t h  aromati- 

nation of systen! and formation of 4-ethylpyridine take pla- 
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xybenzo(b)quinuclidines, containing electron withdrawing 

a ry l  - or e s t e r  groups (IXMNIII, LI[XXIX) /21,22/. 

- 
L ) ( X X V I I i  xc L X Y  XIh' XCI - 

R = C6H5, C6H4-CHyp, R '  = H, 0CH3 

The ethylene bridge is already thrown out of quinuclidine 

par t  of molecules by heating of compounds WWNIII and 

m I X  with acet ic  anhydride and aromatization t o  quinoline 

derivatives XC and X C I  occurs. 

Bragmentation of 4-halogenoquinuclidines, es te rs  of 

quinuclidin-3-one ox- and 2-benzoylquinuclidine is investi- 

gated i n  detai l .  

The main product by hydrolysis of 2-benzoylquinuoli- 

dine tosyloxime (XCII) is shown t o  be 2-benzoylaminoquinucli- 

dine (XCIII) obtained along with benzonitrile and (piperi- 

dyl-4)acetaldehyde (XCIV), tha t  is an evidence of synchro- 

nous fragmentation mechanism through cation XXXVI 125/. 



The hydrolysis r a t e  of X C I I  is 2-4 times l e s s  than for  i ts  

desazaanalogue-2-benzoylbicyclo(2,2,2)octane tosyloxime 

(XCVb and much l e s s  tban for  analogous uncyclic compounds. 

This can be related t o  s t e r i c  hindrances in mesomerism of 

quinuclidyl cation XXW?. But fragmentation of X C I I  is not 

fu l ly  suppressed and some authors /100*125/ assume tha t  

mesomerism of above-mentioned type is realized a t  XXXVI 

and the Bredt ru le  seems not t o  be applicable for  unstable 

reaction intermediates. Poss ib i l i ty  of existence of cation 

XXXVI is confirmed by formation of 2-phenoxyquinuclidine 

(XCVI), when compound X C I I  is heated with phenol. On the 

other hand, formation of amide X C I I I  by hydrolysis of X C I I  

may be visualised not only a s  recombination of cation XM(V1 

with benzonitri le,  but a lso through intermediate nitrilium- 

cation XCVII.  Aldehyde XCIV formation can be a l so  presented 

without any part ic ipat ion of carbonium ion XIMVI but through 

breaking acylimine X C V I I I .  

The kinetic study of alkaline hydrolysis of 4-acetyl- 

quinuclidine tosyloxime (XCIX) shows that compound XCIX 

undergoes mainly Beckmann rearrangement t o  form 4-acetylmi- 

noquinuclidine (C) and fragmentates t o  4-methylenepiperidi- 
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ne (CI) only a t  Both processes appear t o  be real-  

ized through same intermediate N-(quinuclidyl-4)-acetonitri- 

l i u m  ion (CII). 

- - - = - C I 1  - - C 
C HZ '[GI - CHa -76 H - C I 

- 
Synchronous mechanism, analogical t o  tha t  f o r  frag- 

mentation of 4-bromoquinuclidine (CIII) '127/ is run also 

by oxidative fragmentation of quinuclidin-+one (LXII) under 

the action of hypochlorites /128/. This process is different  

from oxidation of other functional substituted mines ,  where 

the first step 

Fragmentation of 4-tosylo~ymethyl- and 4-iodomethylquinucli- 

dines in a l k a l i  medium occurs unambiguously /129-131/ 



- 
Tertiary carbonium cation C V I ,  obtained by isomerisation of 

the primary generated carbonium ion CV, i s  not s t e r i ca l ly  

possible, according t o  the Bredt rule ,  of I ,2-elimination 

t o  yield dehydroderivative C V I I I .  Therefore fragmentation 

tends t o  increase. and 1,4-dimethylene-I-azaCycloheptanium 

cation (CVII) i s  formed. Heating of tosylate CIV in acidic 

medium leads only t o  subst i tut ion of tosylolry group. The 

formation of dication C I X  is e l ec t ros t a t i ca l ly  impeded 

because of mutual repulsion of two positive charges. 

Features of mass spectra of quinuclidines are a l so  

connected with a problem of application of the Bredt r u l  @03/ 

t o  I-azabicyclic compounds. 

It i s  known, t ha t  a l ipha t ic  and monocyclic amines 

unriergo O( -cleavage with the formation of stable mine  

fragments by electron impact. I n i t i a t i on  of such type ions, 

having the plane positive charged bridgehead nitrogen atom 

is res t r ic ted  accord* t o  the Bredt ru le  by fragmentation 

of quinuclidine derivatives which i s  also characterized by 

elimination of o( -substituents. I n  consequence the frag- 

mentation of quinuclidine systems i s  realized through the 
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open form of the  molecular ion /132-139/. The spec i f i c  

charac ter  of quinucl idine compounds under e l e c t r o n  impact 

i s  proved by the  method of low voltage mass spectrometry. 

The i n t e n s i t y  of fragments responsible f o r  d -cleavage 

is s t rongly  decreased in t h i s  case f o r  quinucl idine der i -  

va t ives ,  spending energy on the  opening of r ing.  For o ther  

m i n e s  whose n i t rogen atom i s  not  a bridgehead one no 

energy i s  used f o r  the  open form of molecular ion  forma- 

t i o n  and the  i n t e n s i t y  of fragments @-I is not changed 

s i g n i f i c a n t l y  a s  vol tage decreases from 30 t o  12eV. Mass 

spectrometric cleavage of C-N bond in quinuclidine and 

benzoquinuclidine molecules proceeds mainly a t  t he  subs t i -  

t u t ed  bridges. Further  expulsion of r a d i c a l s  including t h e  

subs t i tuen t  b r ings  about formation of the  c h a r a c t e r i s t i c  

fragments peaks which have the  maximum of in t ens i ty .  

111. Emosure of New R e l a t i o n s h i ~ s  Between t h e  

Chemical S t ruc ture  and Biological  Act iv i ty  

in a S e r i e s  of Quinuclidine Derivativeg 

A s  was mentioned in the  previous reviews /2-4/ 
t 

research  of b io log ica l  a c t i v i t y  of quinucl idine de r iva t ives  

before 1967 was ch ie f ly  connected with two main problemsr 

(1) inves t iga t ion  of n a t u r a l  compounds, t h e i r  synthet ic  

analogs and products of transformation, the  chemotherapeut- 

i c  and mainly an t ima la r i a l  p rope r t i e s  of substances l i k e  

quinine a lka lo ids  being predominantly examined. Study of 



antiarrhythmic ac t iv i ty  of quinidine and ajmaline maloges 

was developed t o  a l e s s  extent. (2) pharmacological invest- 

igations of synthetic compounds containing quinuclidine 

ring. 

Over l a s t  10 years investjgations of the f i r s t  type 

had some development. It is necessary t o  note the progress 

i n  discovery of new quinuclidine alkaloids in various spe- 

c i e s  of Gardneria /I4 'I, ~ a b  inia/14'/ e t c  . /142-143/, struC$- 

u ra l  determination of gardneramine/140/, raukaffricine /143/ a 

modification of natural  alkaloids,  including construction 

or transformation of the quinuclidine r ing,  and research 

of the influence of such modFPications on biological  pro- 

per t ies  of compounds '144-153'. New t o t a l  syntheses of qui- 

nine and its diastereoisomers have been worked out by 

td.UskokoviE and coworkers, who obtained N-benzoylmeroquinene 

and N-bensoylcincholaipone by several routes from octahydro- 

isoquinolin-5-one and ~ - c o l l i d i n k ~ ~ - ~ ~ ~ / .  I n  the  course 
Snr 

of these syntheses an interest ing way was found7introduction 

of chlorine atom into e thy l  group by photolysis of N-chloro- 

piperidine derivatives. The following synthesis of quinine- 

-quinidine alkaloids was realized e i ther  according t o  some 

var iants  of the known Rabe method '15~/ through quininone or 

through substi tuted 2-formyl (or 2-alkoxgcarbonyl) quinucli- 

dines, which were used f o r  interact ion with quinolinemetals 

/159-161/ by the method first proposed by M.V.Rubtsov and 

coworkers /16'/. The substi tuted a l e 1  quinuclidine-2- 
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-carboxylates were a l s o  u t i l i z e d  by M.Uskokovil! in the  

t o t a l  synthes is  of cinchonamine /159s163/, a s  it was e a r l i e r  

made in p a r t i a l  synthes is  of t h i s  a lka lo id  by Chen Chang 
. ./164/ bay,  R.P.Evstigneeva, N.A.Preobrazhenskil 

Def in i te  success has been reached in research  of new 

synthet ic  chemotherapeutically ac t ive  quinucl idines.  Anti- 

ma la r i a l  p rope r t i e s  a r e  found in 2- L (7 ' -~h lo roqu ino ly l -$~) -  

-aninomethylJ -quinuclidin-3-ones and the  corresponding 

3-hydroxyquinuclidine  derivative^"^^'. Ant ibac te r i a l  a c t i -  

v i t y  is e luc ida ted  in the  subs t i tu t ed  2-aminomethylquinucli- 

din-3-ones /166/, some quinuclidylsulphamides 11671 and qua- 

te rnary  quinuclidinium s a l t s  /168-169', i n sec t i c ide  and 

asca r i c ide  p roper t i e s  a r e  recognised in quinuclidin-pone 

oximcarbamates /170/. The inves t iga t ions  of pharmacological 

p rope r t i e s  of the  synthet ic  quinucl idine d e r i v a t i ~ e s  u n t i l  

1967 was mainly d i r ec ted  t o  research of compounds in t e rac t -  

ing with the  cholinergic systems of organism 13/. U t i l i z a t i o n  

of the  s t r u c t u r a l  analogy of 3-hydroxyquinuclidine with 

choline and the  higher r e a c t i v i t y  of quinucl idine de r iva t  iv- 

e s  in comparison with a l i p h a t i c  substances, including the  

biochemical processes, provided f o r  c rea t ion  of the  e f f e c t i -  

ve drugs-cholinomimet i c  acec l id ine  , hypotensive and sedat ive  

medicine oxylidine,  cu ra re l ike  compound of competition type- 

qualidile-which a r e  widely used in the  p r a c t i c a l  medicine in 

/3/ the  USSR and some other  coun t r i e s  . 



aceclidine oxylidine qual idi le  

During the l a s t  10 years a number of papers and patents have 

been published dealing with the synthesis of 3-hydroxyqui- 

n ~ c l i d i n e / ' ~ ~ / ,  the opt ical  isomerism of t h i s  compound, i ts  

acetyl  derivative (aceclidine) and the i r  quaternary s a l t s  

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

ac t iv i ty  of aceclidine /179-182/ and owlidine /183-184./ 

Detailed investigations have been made f o r  the s t ructure  

and act ion on cholinergic and cent ra l  nervous systems of 

3-hydsoltgquinuclidine benz ilate/185-190/, stimulat ine; CNS 

ac t iv i ty  of 3-(3',4',5'-trimethoxybenzoylo~g)quinuclidi- 

ne /191-192/, depressive act ion of the  corresponding amides 

/193/, anticholinergic,  anaesthetic,  antiarri tbmic e f f ec t s  

of 3-hydroq-quinuclidine carbarnates /194-196/, interaction 

with cholinergic systems of some other 3-acylo~quinuc l id i -  

nes and the i r  quaternary s a l t s  /197-199/, a s  we11 a s  2-hydro- 

xymethylquinuclidine e s t e r s  /200', anticholinergic properties 

of 3-hydroxyquinuclidine dithienyl and phenylthienylglyco- 

l a t e s  /201/. 

The subsequent b v e s t i g a t  ions demonstrated tha t  i n  

passing from 3-acylo%yquinuclidinee t o  the corresponding 
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benzo(b)-quinuclidine de r iva t ives ,  changes i n  p o l a r i t y ,  

s i z e  of molecules, shielding of the  funct ional  p o u p s  lead  

t o  the  s i g n i f i c a n t  modification of pharmacolcgical a c t i v i -  

ty/204/. The comparative study of 3-hydroxy- , 3-amino- 

quinucl idine and benzo(b)quinuclidine 3,4,5-trimethowben- 

zy la t e s  demonstrates the highest neurotropic a c t i v i t y  of 

/205/ 3-hydroxybenzo(b)quinuclidine 3,4,5-trimethoxybenzylate , 
close  to a c t i v i t y  of t r ioxazine.  

Benzhydrilic e t h e r s  of 3-hydroxyquinuclidine demon- 

s t r a t e d  the  s e l e c t i v e  c e n t r a l  an t ichol inergic  a c t i v i t y  f o r  

parkinsonism treatment '206-210/. Other 3-hydroxyquinuclidine 

e t h e r s ,  e spec ia l ly  those contain* fragments of the  tri- 

cyc l i c  ant idepressants ,  exhib i ted  some elements of hypoten- 

s ive  and sedat ive ac t ions  /211-215/. A s  a b i c y c l i c  m i n e  qui- 

nucl id ine  was introduced, ins tead  of dialkylaminoalkylic 

chains, i n  phenothiazine, thioxantene and o ther  t r i c y c l i c  

systems responsible f o r  the  c e n t r a l  an t i cho l ine rg ic ,  neuro- 

l e p t i c  , ant  ihystaminic a c t i v i t y  of compounds /216-221/. n,, 
ganglion-blocking agents  were seeked i n  the  s e r i e s  of quat- 

e rnary  quinuclidinium de r iva t ives  /222-223/* 

The p r inc ip le  of t he  increase of b io log ica l  a c t i v i t y  

at  the  expense of passing from noncyclic or monocyclic amines 

t o  q u i n u c l i d b e  de r iva t ives  has been used f o r  c rea t ion  of the  

new ef fec t ive  ganglion-blocking drug-temechine /224-225/. I, 

comparison with its piper id ine  analogue-1,2,2,6,6-pentametyl- 

piperidine-  , which i s  used f o r  p r a c t i c a l  purposes under 



the namenl pempidine, pempiten, normatens, etc. - temechine 

CH3 
I- 

temechine imechine 

has three times higher selective ac t iv i ty  on the N-cholino- 

reactive system of vegetative ganglions of adrenal glands, 

carotid tubercles and cen t ra l  nervous system, but does not 

have nicotine-like e f fec t  on the ske le ta l  muscles. l'emechine 

i s  characterized by a high therapeutical index. It is produc- 

ed on an indus t r ia l  scale and used f o r  p rac t ica l  purposes 

in the USSR a s  a ganglion-blocking and hypotensive medicine. 

The subsequent investigations of polyalkylquinucli- 

dines allowed t o  establis&26', tha t  the addit ional intro- 

duction of 8-me thy1 group in to  temechine molecule s l igh t ly  

increases tox ic i ty  of the preparation with the ac t iv i ty  

unchanged. Lengthening of 8 - a l e 1  chain causes fur ther  

increase of tox ic i ty  with reduction of ganglion-blocking 

act ivi ty .  The analogical effect  is a l so  obtained by intro- 

duction of some functional groups t o  2,2,6,6-tetramethyl- 
/227/ quinuc l idine 

Quaternieation of the bridgehead nitrogen leads t o  

other changes in act ivi ty .  I ,2,2,6,6-Pentametbylquiauclidi- 

nium iodide happened t o  be an effective ganglion-blocking 

drug of short duration/228/. Under the name -chine it is 

produced by chemical-pharmaceutical industry of the  USSR and 
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used in pract ical  medicine for  dir igible  hypotonia during 

operations on the lungs and brain oedemas, stable hyper- 

tonia  based on the acyte renal insufficiency, for  preven- 

t ion  and treatment of hypertonic c r i s i s .  I n  a l l  these 

cases imechine proved more potent, more dir igible  and more 

convenient for pract ical  purposes than arfonad. 

OP significant theoret ical  and pract ical  in te res t  

were a lso considerations whether the above-mentioned regu- 

l a r i t i e s  of structure-activity relationships f o r  choliner- 

g i c  system would be applicable for  other type of drugs with 

the different  mechanism of action and whether these qui- 

nuclidine derivatives would be also more effect ive than 

the i r  noncyclic and monocyclic analog in these cases. 'Po 

solve t h i s  problem the quinuclidine analogs of the ant i -  

emetic preparation sulpiride /I-ethyl-2-(2'-methoxy-5'-sul- 

phamidobenzoylaminoethyl)pyrrolidine/ and ant i tuss ive pre- 

paration-bithiodine /I -methyl-3-bis(thieny1-2)methylenepi- 

peridhe/-  have been synthesised /229/. Pharmacological 

investigation of these compounds in oomparison with sulpir i -  

de and bithiodine shows '2291 tha t  the influence of quinucli- 

dine derivatives upon the coughing and vomiting centres is 

less  (for analogs of bithiodine) or even missed (for  sul- 

p i r id  analogs). 

The same structure-activity relationship is real&- 

ed/230/ in effects  of 3-(quinuclidine-substituted) imida- 

zolines on the adrenergic systems and novocaine quinuclidine 



analogs in ant iar ry thmic  ac t ion .  A t  t he  same t ime,  accord- 

ing t o  Po l i sh  authors  /231-232/, t he  elements of a n t i a r -  

r i tbmic  a c t i v i t y  is exhibi ted  in experiments with quinucl i-  

dinoyltetrahydroisoquinoline s and quinuclidinoyl-N-amino- 

tetrahydroisoquinoline s. Subst i tu ted  quinuclidinecarboxani- 
/233-234/, ~ i + 3 -  l i d e s  have weak l o c a l  anaes the t i c  a c t i o n  

amino-2-benzbydrylquinuclidine display  d i u r e t i c  p roper t i e s  

/235-236/ whereas antiinflanrmatory e f f e c t s  a r e  charercterist- 

i c  f o r  3-hydroxy-2-benzhydrylquinuclidine der iva t ives  /237 

238/ and subs t i tu t ed  thiophenoquinuclidines /239/. 3-.Hydroxy- 

-2-benzbydrylquinuclidine d e r i v a t i v e s  '240/, 2-aryl-3- (qui- 

nuc1idineamino)-propiophenones /241/, s u b s t i t u t e d  quinucl idi-  

neacylani l ides  /242/ were patented a s  CNS s t imulants ,  subst i-  

t a t e d  3-bydroxy-2-piperazinometbylquinuclidines /243-244/ 

pyrazolonoquinuclidines /245/ were described a s  depressants  

of CXS. 3-Subst i tuted 3-bydroxyquinuclidines /246-248/ 

d e r i v a t i v e s  of aminoquinuclidines /249-250/ have been report-  

ed in pa ten t s  and papers as depressants  of CNS. Radiopro- 

t e c t i n g  , anticonvulsant  , sedat ive  and ana lge t i c  p roper t i e s  

have been found in some 3-spiroquinuclidine de r iva t ives  

/251-253/ and condensed quinuclidinocumarines /254/. The 

high adrenerget ic  a c t i v i t y  was discovered in l-metbyl-3- 

hydroxg-4-phenylquinuclidinium bromide, which is 3-4 t imes 

more a c t i v e  than guanetidine f o r  hypertonia and can be used 

oral ly.  Under the  name MA-540 t h i s  prepara t ion  is under in- 

v e s t i g a t i o n  and patent ing a s  a medicine f o r  bypertonia 
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treatment /255-261/ ,Cs Hs 
HQ-q\c 

~ ' 5 4 0  p ip radro l  azacyclodol f enca ro l  

The isomeric (quinuclidyl)diphenylcarbinols, pre- 

v ious ly  synthesised t o  increase the  psychotropic a c t i v i t y  

of the  known psychostimulators p ipradrol  and azacyclodol 

by introducing the  quinucl idine r i n g  ins tead  of p iper id ine  

one /262/, do e x h i b i t  in experiments n e i t h e r  psychostimulat- 

ing nor CNS depressing a c t i v i t y .  (Quinuclidyl-3)diphenyl- 

carbinol  has only weak spasmolytic p roper t i e s  /263-265/. 

The subsequent d e t a i l e d  inves t iga t ions  demonstrat- 

ed /266/ t h a t  the  various (quinuclidyl-3)-diary1 (or  he te ry l )  

carb inols ,  in con t ras t  t o  t h e i r  2-isomers, a r e  highly ef- 

f e c t i v e  with respect  t o  histaminergic systems. 

(Quinuclidyl-3)diphenylcarbinol hydrochloride i s  

under the  name fencarol  introduced i n  the  p r a c t i c a l  medicine 

a s  a drug f o r  the  treatment of the  various type  of a l l e r g i e s .  

It i s  more e f f e c t i v e  and l e s s  t o x i c  than  dimedrol and in 

cont ras t  t o  commonly used ant ih is taminic  drugs (dimedrol, 

pipalfene e tc .  has no influence on CNS /266/. Research of 

quinuclidyldiarylcarbinols , v a r i a t i o n  of the  pos i t  ion  of 

d iary lcarbinol  group, i t s  d is tance  from quinuclidine,  un- 

sa tu ra t ion  of I-azabicycl ic  system, character  and pos i t ion  

of subs t i tuen t s  a t  a r y l  rings, chaWing of one or  both a r y l  



groups by hydrogen, a l k y l ,  cycloalkyl  groups, e t c . ,  allowed 

t o  f ind  c e r t a i n  r e g u l a r i t i e s  i n  s t ruc tu re -ac t iv i ty  r e l a -  

t i onsh ips  and discover new more e f f e c t i v e  a n t i a l l e r g i c  

compounds being now under d e t a i l e d  inves t iga t ion  /266-269/ 

Thus, the  inves t iga t ions  over the l a s t  t e n  years  have 

demonstrated high b io log ica l  a c t i v i t y  of quinucl idine der i -  

v a t i v e s ,  enriched the  p r a c t i c a l  medicine by new e f f e c t i v e  

drugs and subs tant ia ted  pe r spec t iv i ty  of the  f u r t h e r  

search of new b io log ica l ly  a c t i v e  compounds in t h i s  ser ies .  
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