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p-Xylylenedicyanide and Related Compounds, Weakly Cytotoxic Nitriles 1 

Dur ing  inves t iga t ions  *,8 on the  an t i spasmodic  compo-  
nen t s  of V i b u r n u m  species a f rac t ion  f rom V. opulus  ex-  
t r a c t  was found to  h a v e  cy to tox ic i ty .  This  mixix~re was  
the  residue af te r  cold ex t r ac t ion  of acids and  bases f rom 
the  m e t h y l e n e  chlor ide * soluble f rac t ion of  t h e  bark.  
Column c h r o m a t o g r a p h y  of t he  m i x t u r e  using silicic acid 
and  e thy l  e the r -pe t ro leum e ther  mix tu res  gave  a crysta l -  
l ine componen t ,  m.p.  93-94°C. A molecular  weight  of 155 
and an e lementa l  formula  of C10HsN, was obta ined  f rom 
high resolut ion mass spec t romet r ic  d a t a  4, represent ing a 
h ighly  unsa tu ra t ed  molecule  wi th  8 rings and/or  double 
bonds.  The  Tab le  gives t he  re la t ive  abundance  da t a  f rom 
the  low resolut ion spect rum.  These  d a t a  and the  e lementa l  
composi t ions  found were consis tent  w i th  an  a romat ic  
dini t r i le  s t ruc ture .  The  nitr i le  groups were indicated by  
the  ions (M-HCN)  + and  (M-H,C,N~) +, while  an  a romat ic  
r ing was sugges ted  b y  the  C,Ha +, C8H4 +, and  C6H5 + frag- 
m e n t  ions. T h e  m o s t  a b u n d a n t  ion  indica ted  loss of a 
C H , C N  group,  suggest ing a cyanohydroc innamoni t r i l e  
s t ruc ture .  The  mass  spec t rum of such a s t ruc ture  would  
be  expec ted  to  show a b u n d a n t  (M-CH,CN)  + by  benzy l  
c leavage.  

T h e  I R - s p e c t r u m  (all as po tass ium chloride pellets) of 
the  c o m p o u n d  showed charac ter i s t ic  frequencies  a t  3020, 
1510 and  778 cm -~ indica t ing  i t  to  be  aromat ic ,  poss ib ly  
wi th  1,4-disubst i tut ion.  S t rong  bands  were  found a t  
2910, 2925, 1410, 1417 and 745 cm -~ indica t ing  m e t h y l e n e  
funct ions ;  an  intense nitr i le  band occurred a t  2230 c m - L  
The  p ro ton  magne t ic  resonance (PMR) spec t rum (all in 
deuterochloroform) was un ique  in t h a t  i t  con ta ined  only  2 
peaks,  each in tegra t ing  to 4 protons.  T h e  signals fell a t  
444 and  265 c/sec ( te t ramethyls i lane  reference).  The  UV-  
s p e c t r u m  (all in methanol )  showed m a x i m a  a t  266 
(s = 109), 260.5 (e = 139), 254 (~---- 115) and  inf lect ions 
a t  270 and  250 nm.  

A synthes is  of t he  spect ra l  d a t a  and  i ts  e l ementa l  com-  
posi t ion suggested the  compound  to  be  a r ing  subs t i tu ted  
isomer  of cyanohydroc innamoni t r i l e .  Consequent ly ,  m- 
and p -cyanohydroc innamoni t r i l e s  were  synthes ized  for 
compar ison  and bioassay.  The  known o-cyanohydro-  
c innamoni t r i l e  5 was e l imina ted  on the  basis of physical  
propert ies .  

To ob ta in  p -cyanohydroc innamoni t r i l e  a piper idine 
ca ta lyzed  aldol condensat ion  was run  on equ imola r  quan-  
t i t ies  of p -cyanobenza ldehyde  and e thy l  cyanoace ta t e  in 
e t h a n o l  Af te r  45 rain t he  p roduc t  was fi l tered and washed 
to yield 65% of e thy l -~ ,p -d icyanoc innamate ,  m.p.  
1 7 I - I 7 2 ° C  (Anal. Calcd. for CxzHloN,O,: C, 69.00; H,  
4.42; N,  12.40. F o u n d :  C, 69.14; H,  4.64; N,  12.68). The  
c o m p o u n d  was reduced in 3 h using p l a t i n u m  oxide  on  
carbon  ca ta lys t  and e thy l  ace t a t e  solvent .  T h e  d ihydro  
ester  was  hydro lyzed  w i t h o u t  isola t ion using excess 
aqueous  sod ium hydroxide .  Af te r  acidif icat ion,  a ,p-d i -  
cyanohydroc innamic  acid was ob ta ined  b y  e ther  ex t rac-  
t ion.  Crys ta l l iza t ion  f rom e thy l  ace t a t e -pe t ro l eum e ther  
gave  the  acid in 64% yield, m.p.  128-129°C (Anal. 
Calcd. for CnHsN202:  C, 65.99; H,  4.03; N, 13.99. 
F o u n d :  C, 65.89; H,  4.50; N, 14.10). V a c u u m  decaxboxyla-  
t ion of t he  acid a t  175°C using copper-bronze  powder  
ca ta lys t  gave  p-cyanohydroc innamoni t r i l e .  The  dinitri le,  
m.p.  85-87 °C, was crystal l ized f rom carbon tet ' rachloride 
in 32% yield (Anal. Calcd. for C~0HsN2: C, 76.95; H,  5.12. 
F o u n d :  C, 77.02; H,  5.46). 

The  mass  spec t rum of p -cyanohydroc innamoni t r i l e  
(Table) was v e r y  similar,  b u t  no t  identical ,  to  the  spec- 
t r u m  of the  unknown.  I t s  I R - s p e c t r u m  showed fre- 
quencies  a t  3050, 1610, 1510, 1455, 840 and 825 c m - L  
Nit-rile bands  were  a t  2250 and  2235 cm -1. These were 

assigned to  t he  a l iphat ic  and a romat i c  cyano  groups on 
the  basis of r e l a t ive  intensit ies.  Methy lene  group bands  
were  a t  2950, 2965, 1425 and  760 cm -1. The  P M R -  
spec t rum showed 4 a romat ic  p ro ton  peaks  a t  467, 458, 
450 and  442 c/see and  4 a l iphat ic  p ro ton  peaks  a t  183, 
177, 168 and  162 c/see. The  UV-spec t rum showed ab-  
so rp t ion  m a x i m a  a t  279 (e-----670), 273 (e ~ 694), 270 
( e = 6 8 0 ) ,  267 ( e = 6 6 6 ) ,  237 (8----14,800), and  229 
(e = 17,500) n m  wi th  shoulders  a t  265, 262, 259 and 
232 nm.  

The  synthesis  of m-cyanohydroc innamoni t r i l e  was 
ach ieved  using an approach  analogous to t h a t  for the  p-  
isomer,  Ethyl-~ ,  m - d i c y a n o c i n n a m a t e ,  m.p. 123-124 °C, 
was crys ta l l ized in 70% yield f rom me thano l -wa te r  (Anal. 
Calcd. for ClaH10N~O~: C, 69.00; H,  4.42; N, 12.40, 
F o u n d :  C, 68.61; H,  4.49; N, 12.25). The  ester was re- 
duced ca ta ly t ica l ly ,  hydro lyzed ,  and deca rboxy la ted  to  
y ie ld  31% of m-cyanohydroc innamoni t r i I e ,  m.p.  85-88 °C, 
on crys ta l l iza t ion  f rom ca rbon  te t rach lor ide  (Anal. Calcd. 

Low resolution mass spectral data for Cl0HsN , isomers ~. Relative 
abundance (%) 

role p-Xylylene p-Cyanohydro- m-Cyanohydro- 
dinitrile einnamonitrile cinnamonitrile 

157 2.7 2.1 2.1 
156 23.2 18.1 17.8 
155 2.6 1.0 1.1 
130 1.6 0.2 0.2 
129 5.3 1.4 1.3 
128 4.1 1.7 1.7 
127 1.6 1.1 1.0 
117 9.4 9.4 9.4 
116 100.0 100.0 100.0 
103 2.7 1.5 1.5 
102 4.6 2.3 1.9 
101 3.3 2.0 1.8 
100 1.0 1.1 1.1 
90 2.1 4.4 6.6 
89 8.8 15.2 15.5 
88 2.3 2.3 1.9 
87 1.5 1.2 1.1 
78 2.0 0.6 0.8 
77 5.2 2.6 2.7 
76 4.1 4.3 4.2 
75 4.1 4.6 4.5 
74 2.1 2.0 2.1 

* Ions below mass 70 have been omitted. 
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for C10HsN,; C, 76.95 ; H,  5.12 ; N, 17.95. F o u n d  : C, 76.71 ; 
H,  5.56; N, 17.73). 

T h e  mass  s p e c t r u m  (Table)  of m - c y a n o h y d r o c i n n a m o -  
n i t r i le  d i f fered o n l y  s l igh t ly  f rom t h a t  of t h e  p- isomer ,  b u t  
was  n o t  iden t i ca l  to  t h a t  of t he  u n k n o w n  c o m p o u n d .  I t s  
I R - s p e c t r u m  showed  f requenc ies  a t  1598, 1582, 1480, 890 
a n d  800 cm -~ as expec ted .  T h e r e  were  2 n i t r i le  bands ,  
2245 a n d  2230 c m  -1. As w i t h  t h e  p - i somer  t h e y  were  
ass igned  to  a l i pha t i c  a n d  a r o m a t i c  n i t r i l e  g roups  on  t h e  
bas is  of in tens i t ies .  M e t h y l e n e  g roup  f requencies  were  
found  a t  2950, 2930, 1430 a n d  765 cm -~. C o n t r a r y  to  ex- 
p e c t a t i o n  t he  P M R - s p e c t r u m  showed  a s ingle p e a k  a t  
455 c/sec e q u i v a l e n t  to  4 a r o m a t i c  p r o t o n s  a n d  4 a l ipha t i c  
p r o t o n  peaks  a t  182, 177, 167 a n d  161 c/sec. I n  v iew of 
t h e  a r o m a t i c  p r o t o n  s p e c t r u m  s h o w n  b y  t h e  p - i somer  
a m i n i m u m  of 4 peaks  were  expec t ed  in t h e  440 c/sec 
region.  T h e  m e t h y l  p r o t o n s  showed  as a s ingle p e a k  a t  
141 c/sec. T h e  U V - s p e c t r u m  of m - c y a n o h y d r o c i n n a m o -  
n i t r i l e  h a d  m a x i m a  a t  281.5 (e = 978), 273 (~ ~ 972), 
225 (~ = 12,500) a n d  232 (e = 11,000) n m  a n d  shou lders  
a t  267 a n d  258 nm.  

T h e  close a g r e e m e n t  in  t h e  mass  s pec t r a  of t h e  3 
i somer ic  d in i t r i l es  (Table) is s imi la r  to,  b u t  even  more  
s t r i k ing  t h a n  t h a t  seen in t he  mass  spec t r a  of e thy l -  
benzene  a n d  t h e  x y l e n e  i somers  6. N or  did  t h e  mode l  
c o m p o u n d  I R - s p e c t r a  ass is t  in  e l i m i n a t i n g  h y d r o c i n n a m o -  
n i t r i l e  s t r u c t u r e s  f rom cons ide ra t ion .  T h e  n i t r i le  reg ion  of 
t h e  re ferences  c lear ly  sugges ted  t h a t  t he  u n k n o w n  was  
a n  a r o m a t i c  ni t r i le .  However ,  a n  i n d i c a t i o n  of t h e  un -  
k n o w n  s u b s t a n c e ' s  s t r u c t u r e  was f o u n d  b y  c o m p a r i s o n  of 
i t s  P M R - s p e c t r u m  w i t h  t hose  of t h e  models .  T h e  refer-  
ences  showed  4 a l i pha t i c  p r o t o n  b a n d s ,  c o r r e s p o n d i n g  to  
each  p r o t o n  in t h e  side cha in  b u t  t he  u n k n o w n  h a d  a 
single p e a k  e q u i v a l e n t  t O 4 p ro tons .  These  d a t a  p r o m p t e d  
cons ide ra t i on  of t h e  xy ly l ened icyan ides ,  p a r t i c u l a r l y  t h e  
p - i somer  7. A c o m p a r i s o n  of s y n t h e t i c  p - x y l y l e n e d i c y a n i d e  
w i t h  t he  i so la ted  m a t e r i a l  showed  t h e m  to  b e  ident ica l .  

W h e n  t e s t e d  for a n t i s p a s m o d i c  a c t i v i t y  us ing  t h e  in  
v i t r o  r a t  u t e r u s  p r e p a r a t i o n  2 n o n e  of t h e  c o m p o u n d s  

showed  ac t iv i ty .  However ,  w h e n  a s sayed  for cy to tox ic i ty ,  
u s ing  t h e  Eag le  K - B  cell t u b e  d i l u t i on  t e c h n i q u e  s, a pre-  
l i m i n a r y  screen for a n t i n e o p l a s t i c  effects, t h e  fol lowing 
IDs0 va lues  o b t a i n e d :  p -xy ly l ened i cyan ide ,  8 /zg/ml; p-  
c y a n o h y d r o c i n n a m o n i t r i l e ,  11 /~g/ml; m - c y a n o h y d r o -  
c innamon i t r f l e ,  25 t ,g/ml.  A l t h o u g h  these  d a t a  i nd i ca t e  a 
m o d e s t  degree  of cy to tox ic i ty ,  t h e y  i n t r o d u c e  t h e  in-  
t e r e s t i n g  p r o s p e c t  of more  p o t e n t  agen t s  ba sed  o n  t h e  
b e n z y l c y a n i d e  a n d  h y d r o c i n n a m o n i t r i l e  s t ruc tu res .  T h e  
u n u s u a l  s t r u c t u r e s  p r o m p t  specu la t i on  on  poss ible  
m e c h a n i s m s  for  t h e  c y t o t o x i c  effect.  I n  each  case t h e  
c o m p o u n d  could  ac t  as a n  ef fec t ive  nucleophi le .  I f  so, t h e  
d in i t r i l es  are  new  a n d  r e l a t i ve ly  n o n - t o x i c  a l k y l a t i n g  
agen t s  w i t h  poss ible  a n t i n e o p l a s t i c  po t en t i a l .  

Zusammen/assung. E x t r a k t e  v o n  V. opulus y o n  schwa-  
che f  Zel l toxiz i t / i t  e n t h a l t e n  p - X y l y l e n d i n i t r i l .  Die Iso- 
meren ,  m- u n d  p -Cyanohyd roz imt s l i u r en i t r i l e ,  w u r d e n  
s y n t h e t i s i e r t  u n d  auf  ih re  ze l l tox i schen  E i g e n s c h a f t e n  h i n  
u n t e r s u c h t :  p - X y l y l e n d i n i t r i l  e rweis t  s ich als a m  st l i rk-  
s t en  wi rksam.  
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A Negative Inotropic Response of Cat Atria to Sympathetic Nerve Stimulation or Norepinephrine 

T h e  effects  of s y m p a t h e t i c  n e r v e  s t i m u l a t i o n  on  cat ,  
r a b b i t  a n d  gu inea -p ig  a t r i a  in v i t ro  h a v e  b e e n  desc r ibed  
b y  m a n y  a u t h o r s  1-s. N o n e  of these  repor t s ,  however ,  
refer  to  a n e g a t i v e  ino t rop ic  response  of a t r i a  a f t e r  
s y m p a t h e t i c  n e r v e  s t i m u l a t i o n ,  a n  o b s e r v a t i o n  we m a d e  
f r e q u e n t l y  d u r i n g  r e c e n t  i n v e s t i g a t i o n s  0,10 in w h i c h  inne r -  
v a t e d  ca t  a t r i a  were  used.  Th i s  o b s e r v a t i o n  was  u n e x -  
p e c t e d  in v iew of t h e  e x t e n s i v e  l i t e r a t u r e  desc r ib ing  on ly  
pos i t ive  ino t rop ic  a n d  c h r o n o t r o p i c  effects  of s y m p a t h e t i c  
n e r v e  s t i m u l a t i o n  or s y m p a t h o m i m e t i c  a m i n e s  in  t h e  
m a m m a l i a n  h e a r t .  Accord ingly ,  we e x a m i n e d  poss ib le  
causes  for th i s  a n o m a l o u s  f ind ing  a n d  p r e s e n t  he re  t h e  
resu l t s  of th i s  s tudy .  

I so l a t ed  a t r i a ,  w i t h  t h e  r i g h t  ca rd ioacce l e r a to r  n e r v e  
in t ac t ,  were  p r e p a r e d  b y  m e t h o d s  desc r ibed  p rev ious ly  3,s 
us ing  ca t s  of e i t he r  sex. P r e p a r a t i o n s  were  m a i n t a i n e d  
u n d e r  a t en s ion  of 1 .5-2.0 g in  K r e b s - b i e a r b o n a t e  so lu t ion  
w i t h  t h e  fol lowing com pos i t i on  : NaCI, 118.07 m M ;  KC1, 
4.75 r a M ;  CaC12, 2.5 r a M ;  KH2PO4, 0.93 m M ;  MgSO4, 
1.19 m M ;  NaHCO3,  25.00 m M ;  glucose, 11.10 r aM.  The  
f luid was a e r a t e d  c o n t i n u o u s l y  b y  a m i x t u r e  of 95% O 2 
a n d  5% CO v R a t e  a n d  force of c o n t r a c t i o n  w e r e . m o n i -  

t o r ed  b y  a Grass  F T 0 3  force d i s p l a c e m e n t  t r a n s d u c e r  
coupled  to  a Gi lson l a b o r a t o r y  mode l  po lyg raph .  Changes  
in force of c o n t r a c t i o n  were cons ide red  s ign i f i can t  on ly  if 
t h e y  di f fered f rom con t ro l  levels b y  a t  l eas t  5%.  T h e  n e r v e  
was pos i t i oned  w i t h i n  a doub le  p l a t i n u m  p l a t e  sh ie lded  
e lec t rode  loca ted  a t  t he  sur face  of t h e  b a t h i n g  fluid,  a n d  
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