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a n d  t h e  same  ha s  been  shown  b y  GIRl 31 for guaiacol  
g lyce ro l  e ther .  Fo r  th i s  s u b s t a n c e  i t  could be  shown  t h a t  
i t  is me tabo l i zed  in t h e  l iver  b y  0 - d e m e t h y l a t i o n  a ,  ~2 a n d  
r ing  h y d r o x y l a t i o n  (v. I{EREKJARTO and  BEYHL 1976, 
in  p r epa ra t i on )  in  i ts  f i rs t  s tep  of me tabo l i sm.  

I t  is un l ike ly  t h a t  t h e  para l le l  b e h a v i o u r  of hexo-  
b a r b i t a l  s leeping- t ime a n d  t u b o c u r a r i n e  a n d  guaiacol  
glycerol  e the r  musc le - re l axa t ion  t imes  is ):o be  ascr ibed  
to  para l le l  suscep t ib i l i ty  changes  of t he  t a r g e t  o rgans  to 
these  t h r ee  drugs  caused b y  H O E  17879 - a l t h o u g h  one 

c a n n o t  rule  ou t  th i s  poss ib i l i ty  def in i t ive ly .  I t  seems 
more  l ikely t h a t  th i s  pa ra l l e l i sm can  be ascr ibed  to  
para l le l  a n d  c o m m o n  changes  in t he  m e t a b o l i s m  of these  
drugs  b r o u g h t  a b o u t  b y  H O E  17879 in the  l iver  micro-  
somal  d rug  h y d r o x y l a t i n g  e n z y m e  sys tem,  n a m e l y  m e t a b -  
ol ism i n h i b i t i o n  ill t h e  f i rs t  ac t ion  period,  a n d  m e t a b -  
ol ism s t i m u l a t i o n  in t he  second.  Thus ,  t he  in -v ivo  mea-  
s u r e m e n t s  of d rug  m e t a b o l i s m  agree  well  w i t h  t he  in- 
v i t ro  m e a s u r e m e n t s  of hepa t i c  d rug  m e t a b o l i z i n g  mixed-  
func t ion  oxidase  ac t iv i t ies .  
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Summary. The  hydroch lo r ides  and  m e t h i od i de s  of 1-methyl -3-  and  4 -ace toxyp ipe r id ine  a n d  the i r  s u l p h o n i u m  ana logues  
are chol inergic  agonis ts .  T h e y  are s u b s t r a t e s  for  ace ty lchol ines te rase .  The  s u l p h o n i u m  c o m p o u n d s  h a v e  a 78(-524)-fold 
h ighe r  a c t i v i t y  t h a n  i ts  n i t rogen  analogues .  

I n  t he  course of our  i nves t iga t ions  of the  s t ruc tu re -  
a c t i v i t y  re la t ionsh ips  of cyclic ace ty lcho l ine  analogues ,  
we s tud ied  t he  ac t ion  of t he  hydroch lo r ides  and  m e t h i -  
odides of 1 -me thy l -3 -ace toxyp ipe r id ine  and  1-methyl -4-  
ace toxyp ipe r id ine  on  musca r in i c  recep tors  2. These  com-  
p o u n d s  (I, I I ,  I V  a n d  V) m a y  ex i s t  in  a n u m b e r  of cha i r  
a n d  b o a t  forms,  in w h i c h  t he  m e t h y l  groups  on  n i t r ogen  
a n d  t he  es ter  s ide -cha in  m a y  be  o r i e n t a t e d  ax ia l ly  or 
equa to r i a l l y  (Figures  1 and  2). 
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Fig. 1. Conformation equilibrium of compound V. Compound II 
has the acetoxy-group at C-4. R -- -O-C-CH 8 (chair forms only 
are shown.) O 
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Fig. 2. Conformation equilibria of compound IV. Compound I has 
the acetoxy-group at C-4. R ~ -O-C-CH 3 (chair forms only are 

II shown.) 0 

P o p u l a t i o n  ana lyses  of t he  s u b s t i t u t e d  p iper id ines  I 
and  I V  a n d  t h e i r  q u a t e r n a r y  a m m o n i u m  sal ts  I I  and  V 
in so lu t ion  h a v e  b e e n  car r ied  ou t  b y  I H - N M R  spect ro-  
scopy3, 4. W i t h  t h e  a m m o n i u m  ions I I  a n d  V, ana lyses  
a s suming  a n  equ i l i b r a t i ng  s y s t e m  be t w een  t he  2 cha i r  
conformers  s h o w n  in F igure  1 h a v e  been  carr ied  out .  The  
poss ib i l i ty  of t h e  presence  of a m e a s u r a b l e  p a r t  of b o a t  
forms ha s  been  ru led  out ,  as s ter ic  effects (or v a n  der  
W a a l s  in te rac t ions )  are too large to  p e r m i t  s t ab i l i za t ion  
of b o a t  fo rms  of t h e  s u b s t i t u t e d  a m m o n i u m  ions. I n  t he  

case of t he  t e r t i a r y  amines  I a n d  IV, however ,  4 con-  
fo rmers  should  be  t a k e n  in to  a c c o u n t  because  of t he  
presence  of n i t r o g e n  p y r a m i d a l  invers ion ,  even  if t he  
s t ab le  c o n f o r m a t i o n s  are cha i r  forms.  The  p o p u l a t i o n  
ana lyses  in so lu t ion  show t h a t  t h e  m e t h y l  g roup  on  
n i t r ogen  of c o m p o u n d s  I a n d  I V  is o r i e n t a t e d  e q n a t o r i a l l y  
(as a resu l t  of a h i g h  p y r a m i d a l  i nve r s ion  ra t e  and  rela-  
t i v e l y  large free energies for t h e  m e t h y l  g roup  on n i t rogen  
in t h e  axia l  conformat ion) .  The  popu la t ions  of t he  con-  
formers  of c o m p o u n d s  I a n d I I  w i t h  t he  equa to r i a l l y  or 
ax ia l ly  es ter  s ide-chain  are  31:69}/o r e spec t ive ly  5 7 : 4 3 % ,  
the  va lues  for c o m p o u n d s  I V  a n d  V are 3 4 : 6 6 %  respec- 
t i ve ly  58 : 42%.  

As a resu l t  of t he  n i t r ogen  p y r a m i d a l  invers ion  and  of 
t he  cha i r / cha i r - inve r s ion  of t he  p ipe r id ine  r ing  sys tem,  
the  i nd iv idua l  conformers  s h o w n  in F igures  1 and  2 can-  
n o t  be isolated.  Therefore ,  t h e  ques t ion  r ema ins :  W h a t  
is t h e  ac tua l  ac t ive  c o n f o r m a t i o n  of t he  p ipe r id ine  
de r iva t ives  a t  t he  musca r in i c  recep tor  ? I t  is no t  neces- 
sar i ly  a n y  cor re la t ion  be tween  t h e  energe t ica l ly  pre-  
ferred c o n f o r m a t i o n  in so lu t ion  a n d  t he  ac t ive  conforma-  
t ion  a t  t he  receptor .  P r e l i m i n a r y  pha rmaco log ica l  in- 
ve s t i ga t i ons  w i t h  c o m p o u n d  I V  and  3 -ace toxyqu inu -  
cl idine show t h a t  a b o a t  fo rm appea r s  to  be  respons ib le  
for t h e  r eac t ion  of I V  w i t h  t h e  musca r in ic  r ecep to r  in  
wh ich  t he  m e t h y l  group on  n i t r ogen  is ax ia l  ~ (Figure 3). 
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Fig. 3. The active conformation of 1-methyl-3-acetoxypiperidine at 
the muscarinie receptor 5. R = -O-C-CH~. 

II 
O 

z We thank the German Research Association for support of this 
work, and Miss C~RIS~IA~E ROTK for her valuable assistance in 
carrying out the investigations. 

2 G. LAMBRECHT, Cyclische Acetylcholinanaloga (H. and P. Lang, 
Bern, Frankfurt 1971). 

8 A. F. CASY and W. K. JEFFERY, Can. J. Chem. 50, 803 (1972). 
Y. TERm and K. TORI, J. chem. Soc. Perkin II, 127 (1975). 

5 G. LAMBRECHT and E. MUTSCHLER, Arzneimitt.-Forsch. 24, 1725 
(i974). 



366 

Physical and pharmacological data for compounds I-VI 
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Compound Derivative Melting point (~ Relative activity Confidence limits (95 % ) 

Acety]choline ' Chloride 1.0 
I Hydrochloride 142-143 0.0079 0.0071-0.0088 
II Methiodide 164-165 0.016 0.014 -0.018 
III l~ethiodide 115-123 1.25 0.98 -1.59 
IV Hydrochloride 137-138 0.00021 0.00018-0.00025 
V Methiodide 147 149 0.00032 0.00029-0.00035 
VI Methiodide 111-120 0.11 0.085 -0.14 

S u l p h o n i u m  sa l t s  w i t h  3 d i f fe rent  l igands  Call be  
s e p a r a t e d  in to  op t ica l  isomers,  s ince t he  ene rgy  ba r r i e r  
for  p y r a m i d a l  i nve r s ion  is h ighe r  for  su l fu r  (26 kca l /mo l  s) 
t h a n  i t  is for  n i t rogen .  Therefore ,  t he  cis- a n d  trans- 
i somers  of t h e  s u l p h o n i u m  ana logues  of t he  p ipe r id ine  
d e r i v a t i v e s  are expec t ed  to  be  s tab le  and  isolable 
(Figure  4). The  c o m p a r i s o n  of t h e i r  musca r in ic  a c t i v i t y  
w i t h  t h e  a c t i v i t y  of t h e  p ipe r id ine  de r iva t i ve s  should  
the re fo re  p rov ide  f u r t h e r  i n f o r m a t i o n  concern ing  t h e  
a c t u a l  a c t i v e  c o n f o r m a t i o n  of ace ty lcho l ine  a n d  i ts  
he te rocyc l ic  analogues .  Th i s  p a p e r  r epor t s  our  f i rs t  
resul ts .  
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Fig. 4. Conformation equilibria of cis- and trans-methiodides of 3- 
and 4-acetoxytetrahydrothiopyrane (compounds III and VI). 
R = -O-C-CH 3 (chair forms only are shown.) 
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I X = N+HMeCI - IV X = N+HMeC1- 
II X = N+M%J - V X ~ N+Me~J- 
III  X = S+MeJ - VI X = S+MeJ - 
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Fig. 5. Structure of compounds studied in this investigation. 

Methods. The  musca r in i c  a c t i v i t y  of c o m p o u n d s  I - V I  
was i n v e s t i g a t e d  on  t i le  i so la ted  gu inea-p ig  i leum. The  
l e n g t h  of i n t e s t ine  used was a b o u t  2 cm, a n d  t h i s  was  
p laced  u n d e r  400 m g  tens ion .  I n t e s t i n a l  c o n t r a c t i o n s  
were  r ecorded  i so tonica l ly  v ia  a t r a n s d u c e r  on  a corn- 

p e n s a t i n g  l ine wr i t e r  (Hellige). The  p r e p a r a t i o n  was 
suspended  in Ty rode ' s  so lu t ion  (in a 60 ml  ba th ) ,  t h r o u g h  
wh ich  was  b u b b l e d  Carbogen  (95% O 3 a n d  5% COs). The  
p H  of t he  b a t h  f luid was 7.20 -b 0.05, a n d  t h e  t e m p e r a t u r e  
35.0 • 0.5 ~ The  c o m p o u n d s  we re  d issolved ill d is t i l led 
w a t e r  in  c o n c e n t r a t i o n s  increas ing  b y  0.48 log a n d  added  
a t  a m a x i m u m  vo lume  of 0.18 ml  to  t he  b a t h  fluid. The  
re la t ive  a c t i v i t y  and  t h e  95% conf idence  l imi t s  were 
ca lcu la ted  us ing  FINNEY'S fou r -po in t  b io -assay  m e t h o d  7. 

The  I R  a n d  1H-NMR spec t ra ,  a n d  a n a l y t i c a l  d a t a  of 
all  t h e  c o m p o u n d s  were in a g r e e m e n t  w i t h  t he i r  s t ruc tu re .  
The  syn thes i s  of c o m p o u n d  I, II ,  I V  a n d  V has  been  
descr ibed  b y  us 2. The  s u l p h o n i u m  c o m p o u n d s  I I I  and  
VI  were o b t a i n e d  b y  t r e a t i n g  4- a n d  3 - a c e t o x y t e t r a h y d r o -  
t h i o p y r a n e  w i t h  m e t h y l  iodide in m e t h y l  e thy l  ke tone  
and  single c rys t a l l i za t ion  o u t  of e thano l / e the r .  Tile 1H- 
N M R  spec t r a  of me th iod ide s  I I I  a n d  V I  showed  t h a t  
b o t h  s u l p h o n i u m  sa l t s  were ill t h e  fo rm of a cis/trans- 
i somer  m i x t u r e  (about  50:50,  two  S - C H  a s ingule t t s  of 
a b o u t  equa l  in tensi t ies) .  The  musca r in i c  a c t i v i t y  of com-  
p o u n d  I I I  was repor ted ,  w i thou t ,  however ,  a n y  c o m m e n t  
on  i t s  con f igu ra t ion  s . 

Results. All t h e  c o m p o u n d s  i n v e s t i g a t e d  p roduced  t h e  
s ame  m a x i m a l  i n t e s t i n a l  c o n t r a c t i o n  as ace ty lchol ine .  
T h e y  all  possessed an  in t r ins ic  a c t i v i t y  of 1.0. A t rop ine  
su lpha te  (10 -7 M) comple t e ly  a n t a g o n i z e d  t h e  spas- 
mogenic  effect. P r e l i m i n a r y  t r e a t m e n t  of t h e  i so la ted  
o rgan  w i t h  p h y s o s t i g m i n e  s u l p h a t e  (4 • 10 -7 M) in tens i -  
fied t he  a c t i v i t y  of all  t h e  es ters  (Table).  

H e x a m e t h o n i u m  iodide (3 • 10 -~ M) a n t a g o n i z e d  t he  
spasmogen ic  effect  of ace ty lcho l ine  a n d  of t h e  c o m p o u n d s  
I - V I  to a b o u t  t he  same degree. These  inves t iga t ions  
show t h a t  t he  ac t ion  on  t he  i so la ted  i n t e s t i ne  of t h e  
gu inea-p ig  is due  to  a n  i n t e r ac t i on  w i t h  t h e  m u s c a r i n i c  
receptor .  All  es ters  exe r t  in  add i t i on  a s l igh t  s t i m u l a n t  
effect  on  t he  n ico t in ic  r ecep to r  of ace ty lchol ine .  T h e y  
are all  s u b s t r a t e s  for ace ty lcho l ines te rase  (ACHE). 

S u b s t i t u t i o n  of t h e  t e r t i a r y  p r o t o n i z e d  or q u a t e r n a r y  
n i t r ogen  in es ters  I, 1I, I v  a n d  V b y  t h e  s u l p h o n i u m  
group  resu l t s  in  a m a r k e d  increase  in a c t i v i t y  on  t he  
musca r in ic  recep tor .  The  s u l p h o n i u m  c o m p o u n d  I I I  pos-  
sesses a b o u t  t h e  same a c t i v i t y  on  t h e  musca r in ic  r ecep to r  
as does ace ty lchol ine .  The  ana logous  n i t r ogen  de r iva t i ve s  
I and  II ,  h a v e  a weake r  p a r a s y m p a t h o m i m e t i c  ac t ion  b y  
fac tors  of 158 a n d  78 respec t ive ly .  E s t e r  V I  is t enfo ld  
weake r  t h a n  ace ty lchol ine .  Th i s  s u l p h o n i u m  sa l t  has  a 
524-fold a n d  344-fold h igher  a c t i v i t y  t h a n  i ts  n i t r ogen  
ana logues  I V  a n d  V, respect ively .  

Discussion. Because  of t he  g rea t  s t r u c t u r a l  ana logy  
be tween  c o m p o u n d s  I, II ,  I V  a n d  V, a n d  t h e i r  s u l p h o n i u m  
ana logues  I I I  a n d  VI ,  a difference in t he  c o n f o r m a t i o n  
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be tween  t he  c o m p o u n d s  w i t h  a n i t rogen  or a sul fur  a t o m  
in t h e  he terocycl ic  r ing  m u s t  be  respons ib le  for t he  large 
differences  in  t h e i r  biological  ac t iv i ty .  T he  con fo rma-  
t i ona l  possibi l i t ies  for t he  s a t u r a t e d  6-r ing inc lude  t he  
twis t ,  t h e  boat ,  and  t he  cha i r  forms.  Cyclic imines  (piper- 
id ine  der iva t ives)  are  k n o w n  to  assume m o s t l y  t he  cha i r  
c o n f o r m a t i o n  like cyc lohexane  der iva t ives .  T h e  in t ro -  
duc t ion  of sulfur  in to  t he  6-r ing m i g h t  be  expec ted  to 
cause c o n f o r m a t i o n a l  dev i a t i ons  as c o m p a r e d  to  cyclo- 
h e x a n e  a n d  p iper id ine  der iva t ives ,  e.g., changes  in t h e  

re la t ive  chair ,  b o a t ,  a n d  tw i s t  energies  or dev ia t ions  
f rom the  per fec t  chair .  These  dev i a t i ons  can  arise in the  
case of cyclic sulf ide de r i va t i ve s  because  of t he  g rea te r  
C -S  b o n d  l e n g t h  ( =  1.82 A, C - N  = 1.47 A_, C-C = 1.52A),  
t he  smal le r  C - S - C  b o n d  angle  ( =  100 ~ C~C-C = 111.5 ~ 
C - N - C  = 112.6~ a n d  o t h e r  fac tors  r e l a t i ng  to t he  geo- 
m e t r y  of t h e  r ing  sys tem.  However ,  t h e  cyclic s u l p h o n i u m  
c o m p o u n d s  I I I  a n d  VI  a p p e a r  to  exis t  in  a c o n f o r m a t i o n  
wh ich  can  more  easi ly  r eac t  w i t h  t he  musca r in ic  r ecep to r  
t h a n  t he  p ipe r id ine  analogues .  

The Binding of Po lypheno l s  (Rutin and S o m e  of its O- /5 -Hydroxyethyl  Der ivat ives )  to H u m a n  S e r u m  
Prote ins  

G. BAUER-STAEB a n d  P. NIEBES ~ 

Department o/ Science, Zyma SA, CH-7260 Nyon (Switzerland), 70 October 1975. 

Summary. A b ind ing  of po lypheno t s  ( ru t in  a n d  i ts  o - f l -hydroxye thy l  der iva t ives)  to  h u m a n  se rum was d e m o n s t r a t e d .  
The  resul t s  showed  a n  increase  of b i nd i ng  p r o p o r t i o n a l  to  t he  n u m b e r  of free phenol ic  groups  on the  molecule  of ru t in .  

R u t i n  or ru tos ide  (Figure 1) is a f l avonoid  w i t h  4 
phenol i  c groups  wh ich  m a y  be  s u b s t i t u t e d  to  d i f fe ren t  
e x t e n t s  b y  O- f l -hydroxye thy l  groups.  R u t i n  and  its O-fl- 
h y d r o x y e t h y l  de r iva t i ve s  are the re fo re  especial ly  well  
su i ted  as a mode l  for a c o m p a r a t i v e  s t u d y  of p r o t e in  
b ind ing  as func t i on  of t he  n u m b e r  of free phenol ic  groups.  

In  fact ,  m a n y  s tudies  h a v e  d e m o n s t r a t e d  t h a t  t he  
degree  o~ b i n d i n g  of t h e  ac t ive  pr inc ip les  of d rugs  to  
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Fig. 1. Rutin. 
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Fig. 2. Degree of binding (%) of rutin and its hydroxyethyl deriva- 
tives to human serum proteins, in relation to their concentration. 
Values determined by equilibrium dialysis. 

p ro te ins  s t rong ly  affects  t he i r  phys io logica l  ac t iv i ty .  A 
s t rong  bond ,  for example ,  reduces  t he  in i t i a l  c o n c e n t r a -  
t i on  of t he  free ac t ive  pr inc ip le  in t he  b lood  a n d  a t  t he  
same  t i m e  pro longs  t h e  d u r a t i o n  of i ts  a c t i v i t y  2-6. 

I n  t he r apy ,  ru t in ,  a n d  pa r t i cu l a r l y  i ts  O- f l -hydroxye thy l  
de r i va t i ve s  (HR),  exe r t  a p r o t e c t i v e  effect  on  cap i l l a ry  
f rag i l i ty  ~. 

The  resu l t s  in  t h i s  p a p e r  show a decrease  of b i n d i n g  
p r o p o r t i o n a l  to  t he  n u m b e r  of s u b s t i t u e n t s .  

Materials and methods. H u m a n  se rum was p r o v i d e d  b y  
t he  Cent re  for  Blood Trans fus ion  in Berne .  The  s e r u m  
was  d ia lyzed  a g a i n s t  a n  0.1 t r i p h o s p h a t e  buf fe r  a t  p H  7.4 
a n d  f i l tered t h r o u g h  an  0.45 ~ m  mil l ipore  m e m b r a n e .  
R u t i n  a n d  t he  0 - f i - h y d r o x y e t h y l  ru tos ides  ( t lR)  were 
suppl ied  b y  t he  chemica l  research  service of Z y m a  SA, 
Nyon.  These  cons is ted  of m o n o - 7 - H R ,  d i -7 ,4 ' -HR,  t r i -  
7, 3', 4 ' - H R ,  te t ra -5 ,  7, 3', 4 ' - H R  a. The  dialysis  m e m b r a n e s  
were suppl ied  b y  Kal le  SA, of Wiesbaden ,  W e s t  G e r m a n y .  

The  m e t h o d  used was equ i l i b r ium dialysis% The  
dialysis  sacks  c o n t a i n e d  10 ml  of serum,  in wh ich  t h e  
p r o d u c t  to  be  t e s t e d  was  dissolved in c o n c e n t r a t i o n s  f rom 
0.1 to 2 mg/ml .  The  rec ip ien ts  s u r r o u n d i n g  t he  sacks  
c o n t a i n e d  20 ml  of t he  0.1 M t r i p h o s p h a t e  buf fe r  a t  p H  
7.4. The  sacks  were a g i t a t e d  a t  4~ u n t i l  t h e  p o i n t  of 
equ i l i b r i um was  r eached  a f t e r  3 days.  C o n c e n t r a t i o n s  of 
t he  f l avonoids  inside t h e  dia lysis  sacks  were d e t e r m i n e d  
b y  m e a s u r e m e n t  of t h e  e x t i n c t i o n  a t  350 n m  (345 n m  for 
t e t r a - 5 , 7 , 3 ' , 4 ' - I I R  and  360 n m  for ru t in) .  The  t e s t s  
car r ied  o u t  showed  t h a t  t he  a b s o r p t i o n  spec t r a  of t he  
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