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The case of the e lec t ron-a t t rac t ing  carboxyl  group (as 
its salt) is also clear;  i t  should,  and does, faci l i tate  re- 
duc t ion  by  stabi l is ing the anion-radical  (VII) and also 
leads to 1 ,4-reduct ion (VIII) .  

These  mechan i sms  are capable  of expla in ing the  effects 
of subs t i tuen ts  on ease of reduc t ion :  the greater  the  elec- 
t ron-dona t ing  effects of these groups the  more difficult  
the  reduct ion.  They  expla in  the role of the dipolar  and 
associated a m m o n i a  as a solvent ,  in stabil ising the  inter-  
med ia te  ions and  ion-radicals  by  solvat ion,  and t h e y  ex-  
plain the  necessi ty for a p ro ton  source and the  na tu re  of 
the  products  as noted  above .  A more detai led considera-  
t ion of the exper imenta l  background  will be publ ished 
elsewhere. 

A. J. BIRCH,  D. NASIPURI ,  and H. SMITH 

Department o/ Chemistry, University o/ Manchester, 
December 10, I958. 

Zusammen[assung 

Die R e d u k t i o n  der  Monobenzeno idverb indungen  mi t  
Alkal imeta l l  und Alkoholen im fltissigen A m m o n i a k  wird 
un te r  der A n n a h m e  diskutier t ,  dass die erste Stufe  des 
Reak t ionsmechan i smus  die Addi t ion  eines Elek t rons  dar-  
stellt .  Dieser  Mechanismus erkl~rt  insbesondere die Orien- 
t i e rung  der  1, 4-Addi t ion  der  \¥asse rs to f ta tome.  

S y n t h e s e  d e s  F l a v o p e r e i r i n s  ~ 

Wir haben das Indola lkaloid  Flavopere i r in  (VII)2, das 
inzwischen auch yon LE H~R, JANOT und VAN STOLK 3 
sowie yon PRASAD und SWAN 4 auf  anderen  ~Vegen auf- 
gebaut  werden konnte ,  folgendermassen synthe t i s ie r t  
(siehe FormeI) .  

Durch Alkylierung des aus f l -~ thy lpyr id in  und Phena-  
cylbromid erh~ltlichen Pyr id in iumsalzcs  I I m i t  dem quar -  
t~ren Salz des Gramins  I erhiel ten wir II1,  das  durch  
Erw~trmen mi t  methanol iseher  Kal i lauge zu IV (Stop. 
des Jodids  164°C) und Benzoes~ure hydro ly t i sch  ge- 
spalten wurde 5. Dieses Pyr id in iumsalz  tiess sich nach der  
Methode yon SCHOPF et al. 6 durch Hydr i e rung  in me tha -  
nolisch-alkalischer L6sung mi t  Raney-Nicke l  bis zur Auf-  
nahme von 2 Mol. Wasserstoff in das nicht  in Subs tanz  
isolicrte Tc t rahydropyr id in- I )c r iva t  V iibcrfiihren. Beim 
16stiin(ligen Aufbewahrcn yon V in salzsaurer  1.6sung cr- 
reicht  man  eine Verkniipfung der  beiden a -S te l lungen  von 
Indob  und Pyridinkern zum indokmhinol iz idin VI  [Smp. 
des Pikra ts  2 t1°C (Zers.)7]. Die (61ige 8) Base Vt  l ieferte 
bei der  l )ehydrierung mi t  Pal ladium Flaw)perei r in  (Smp. 
des Perchlorats  329°C, l.it .4: 330-33l°C) ,  das mi t  dem 
nati i r l ichen Alkaloid im I IC-Spek t rum i ibere ins t immte.  

1 Beitrage zur Chemic des Indols,  XI I .  Mit t . ;  XI . .Mi t t . :  J .  Tm.:- 
siN6 und F. H. FunK, Chem. Ber. 91, 15,t6 11958). 

z I so l i enmg mid  Kons t i tu t ionse rmi t thmg:  O. ll;EJAR; R, GOUTA- 
REL, M. M. J n y o r  Illifl A. I.E HIR, C. R. Acad. Sci., Par is  °44, 21m6 
(1957). 

a A. LE HIR, M. M, .}'ANOT und 1). VaN STOLK, Bull. Soc. ehim.  
France 1tins, 551. 

4 K. B. PRASAI) und G. A. SWAN, J. chem. Soc. l.ondon 19,;.% 
2024. 

5 Analoge Synthesen vgl. J .  "I'H}:S1N(L 1{. Ram.ocH uml  C. It .  
WILLERSlNN, Chem. Bet. 89, 2896 (1956). 

6 C. Scn6ev, G. HERBST, R. RAUSCH m~d G. SCnR6m':R, Angew. 
Chem. 69, 391 (1957), 

Analoge Synthese  vgl. J .  THESINO, H. RAMLOCH, C. H. Wn.LI,:R- 
SINN Illld F. FUNK, Angew. Chem. 6x, ;]87 (1956). 

8 N. A. Huc, uEs und H. RAPOPORT, J.  Amer, chem. Soc. 80, 1604 
(1958), beschreiben eine durch Hydr ie rung  yon VII  e rha l tene  Base 
der  Kons t i tu t ion  VI vom Stop. 233-2a5"C. Die Subs tauz  ist viel-  
leicht ein Diastereomeres unserer Base. 
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Wir danken dem Fonds der Chemie fiir ein Stipendium, das dem 
einen yon uns (W. F.) die Mitwirkung an dieser Arbeit ermSglichte. 

J. THESING* u n d  ~V. FESTAG 

Institut /iir Organische Chemic der Technischen Hoch- 
schule Darmstadt, I I. Dezember 1958. 

Summary 

A new syn thes i s  of f l avopere i r ine  is descr ibed,  s t a r t i n g  
f rom the  q u a t e r n a r y  sa l ts  of g r a m i n e  a n d  N-phenacy l -3 -  
e t h y l - p y r i d i n i u m  b romide .  

* Anschr i f t  : E. Merck A . G ,  D a r m s t a d t ,  Chem. Haup t l abo ra to r i um.  

Effect of  I n c r e a s i n ~  the  C a l c i u m  C o n c e n t r a t i o n  
D u r i n g  a S ing l e  H e a r t - B e a t ~  

Ca ions serve  as a l ink  b e t w e e n  e lect r ica l  a n d  m e c h a n i -  
cal  a c t i v i t y  2-4 ; t h e i r  c o n c e n t r a t i o n  is a n  i m p o r t a n t  f ac to r  
d e t e r m i n i n g  t he  con t r ac t i l e  s t r e n g t h .  The  ques t i on  ar ises  
w h e t h e r  i t  is t h e  Ca level  a t  t he  onset of e lec t r ica l  a c t i v i t y  
wh ich  se ts  t he  degree  of s h o r t e n i n g  ( t r igger  effect),  or  
w h e t h e r  Ca ions are  essen t ia l  t h r o u g h o u t  t he  phase  of 
e lectr ical  a c t i v i t y  in o rde r  to  l ink  s h o r t e n i n g  to m e m b r a n e  
depola r iza t ion .  The  p lan  of t he  e x p e r i m e n t  was  to raise  
t he  Ca c o n c e n t r a t i o n  rap id ly ,  a f te r  t h e  b e g i n n i n g  of a n  
ac t ion  po ten t i a l ,  a n d  to see w h e t h e r  th i s  would  sti l l  r esu l t  
in a s t r onge r  con t r ac t i on ,  

R i n g e r ' s  so lu t ion  of a low Ca c o n c e n t r a t i o n  (0.7 raM), 
A ca lc ium- r i ch  so lu t ion  (100 m l t l  CaC12 in  R inger ' s )  was  
k e p t  r e a d y  in  a t h i n  t u b e  e n d i n g  ins ide  t h e  t i p  of t h e  
a r t e r i a l  cannu la .  R e l a t i v e l y  smal l  vo lumes  of th i s  so lu t ion  
could  be a d m i x e d  for per iods  of 2.5 sec. C o n t r a c t i o n s  were 
r ecorded  b y  m e a n s  of a mechano -e l ec t r i c a l  t r a n s d u c e r  
(RCA 5734). T h e  m e t h o d  has  been  desc r ibed  in more  
de ta i l  in  c o n n e x i o n  w i t h  a d i f fe ren t  t y p e  of e x p e r i m e n t  5. 

T h e  F igu re  shows t h e  effect  of m o m e n t a r i l y  ra i s ing  t h e  
Ca c o n c e n t r a t i o n  before  a n d  d u r i n g  systole .  T h e  lower 
record  m a k e s  i t  c lea r  t h a t  a n  i n c r e m e n t  of co n t r ac t i l e  
s t r e n g t h  cou ld  sti l l  be  o b t a i n e d  if t h e  Ca c o n c e n t r a t i o n  in  
t h e  p e r f n s a t e  s t a r t e d  to  r ise a t  t h e  b e g i n n i n g  of systole ,  
i.e. a f t e r  the  onse t  of m e m b r a n e  depo la r iza t ion .  

M e m b r a n e  po ten t i a I s  were r eco rded  on  severa l  occas ions  
b y  m e a n s  of LING-GERARD" elect rodes .  A 'pu lse '  of cal-  
c i um ions h a d  t h e  effect  of s l igh t ly  s h o r t e n i n g  t h e  ac t ion  
po ten t i a l .  Th i s  would  not ,  per se, be expec t ed  to r e su l t  in 
a s t r onge r  co n t r ac t i o n .  I t  seems permiss ib le ,  t hen ,  to  con-  
c lude t h a t  Ca ions m e d i a t e  b e t w e e n  electr ical  a n d  m e c h a n -  
ical a c t i v i t y  throughout the period o/ membrane depolari- 
zation. 

S. W E I D M A N N  

Department o/ Physiology, University o/Berne (Switzer- 
land), January 23, t959. 

Zusammen/assung 

An S c h i l d k r 6 t e n h e r z e n  ve r s t / i r k t  eine Zugabe  v o n  Ca- 
Ionen ,  die naeh B e g i n n  des A k t i o n s p o t e n t i a l s  erfolgt,  die 
bere i t s  b e g o n n e n e  K o n t r a k t i o n .  Es  wi rd  d a r a u s  geschlos-  
sen, dass  Ca - Ionen  w/ ih rend  de r  ganzen E r r e g u n g s p h a s e  
(und  n i c h t  n u r  zu de ren  Beginn)  zwischen de r  e l ek t r i schen  
u n d  de r  m e c h a n i s c h e n  A k t i v i t ~ t  v e r m i t t e l n .  

S. WEIDMANN, J .  Physiol .  132, t57 (1956). 
G. LING and R. W. GERARD, J .  cell. comp. Physiol .  34, 383 

(1949). 

t I 

10 seconds 

Effect of admix ing  Ca ions to the perfusate  of a tur t le  ventr icle .  In  
each of the two records, the film was exposed during three successive 
contractions, of which the first two coincide. Calcium was admixed, 
as indicated by the 2.5 sec square pulse, preceding the third beat (top 
record) and during the third beat (bottonl record). The retouched 

vert ical  line marks  the nioment  of s t imula t ion .  

Tur t l e  ven t r ic les  were i m m e r s e d  in  a b a t h  of cooled 
Ringer ' s  so lu t ion  (8°C) a n d  d r i v e n  e lec t r ica l ly  a t  a r a t e  of 
1 b e a t / m i n .  A c a n n u l a  was in se r t ed  i n to  t h e  single coro-  
n a r y  a r t e r y  a n d  t he  v a s c u l a r  bed  was per fused  w i t h  

1 Aided by  the Swiss Nat ional  Science Foundat ion ,  Grant  No. 1138. 
2 I. DE B. DALY and A. J.  CLARK, J.  Physiol.  54, 367 (1921). 
3 H.-C. LOTTGAU and R. NIEDERGERKE, J.  Physiol .  143, 486 

(1958). 
4 R. NIEDERGERKE, Exper .  15, 128 (1959). 

C a l c i u m  and the  A c t i v a t i o n  of  C o n t r a c t i o n  

I t  h a s  r ecen t ly  been  p roposed  x t h a t  t h e  c o n t r a c t i o n  of 
h e a r t  musc le  is i n i t i a t e d  b y  a n e g a t i v e l y  ch a rg ed  Ca- 
c o m p o u n d  (an ' a c t i v a t o r ' )  w h i c h  is m o v e d  d u r i n g  depolar i -  
z a t i o n  of t h e  cell  m e m b r a n e  f r o m  t h e  surface  i n t o  some 
deeper  ce l lu lar  c o m p a r t m e n t .  Th i s  h y p o t h e s i s  is b a s e d  for  
t h e  m o s t  p a r t  o n  a n  ana lys i s  of two  e x p e r i m e n t a l  ob-  
s e rva t ions  on  t h e  f rog 's  h e a r t :  (1) t h a t  t ens ion  deve loped  
in tw i t ches  a n d  c o n t r a c t u r e s  d ep en d s  on  t h e  r a t io  [Ca]/[Na] 2 
( these be ing  t h e  Ca a n d  N a  c o n c e n t r a t i o n s  in  t i le ou t s ide  
fluid) 2.3. This  o b s e r v a t i o n  sugges ted  in t u r n  t h a t  N a  a n d  
Ca ions c o m p e t e  for  a si te  or  molecule  ' R '  w h i c h  becomes  
ac t ive  on ly  w h e n  i t  combines  w i t h  Ca. (2) C o n t r a c t u r e  
t ens ion  o b t a i n e d  a t  a g i v e n  ra t io  ECa]/LNajZ,i.e.at a g iven  
c o n c e n t r a t i o n  of t h e  p roposed  ' a c t i v a t o r  CAR', is l a rger  
t h e  g r ea t e r  t h e  degree  of m e m b r a n e  d ep o l a r i z a t i o n  (which 
was  va r i ed  e x p e r i m e n t a l l y  b y  a l t e r ing  t h e  e x t e r n a l  K-con-  
c e n t r a t i o n )  1. Th i s  effect  sugges t s  t h a t  t h e  n o r m a l  mem- 

1 H. C. LI)TTGAU and  R. NIEDERGERKE, J.  Physiol .  143, 486 
(1958). 

2 w. WILBRANDT and H. KOLLER, Helv. physiol. Acta 6, 208 
(1948). 

a p,. NIEDERGERKE and H. C. LOTTGAU, Nature ,  Lond.  179, 1066 
(1957). 


