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are  l u m i n o u s  e v e n  w h e n  t r a v e l l i n g  t h r o u g h  a v e r y  h i g h  
v a c u u m  such  as i t  ex i s t s  in  i n t e r p l a n e t a r y  space  L 

F.  ZXVICK¥ 

CaliJornia Institute o/ Technology, Pasadena, Cali- 
/ornia, February 22, 1954. 

Zusammen/assung 

G e w 6 h n l i c h e  E x p l o s i v m i t t e l  u n d  R a k e t e n t r i e b s t o f f e  
e n t w i c k e l n  n a c h  Z t i n d u n g  1Reak t ionsw~rmen ,  we lche  den  
W e r t  q~ = 3 kca l  je  c m  e n i c h t  i i b e r s c h r e i t e n .  Dies  g i l t  
b e s o n d e r s  f t i r  K o m b i n a t i o n e n ,  d ie  n u r  K o h l e n s t o f f ,  
W a s s e r s t o f f ,  S t i c k s t o f f  u n d  S a u e r s t o i f  e n t h a l t e n .  D a  die 
R e a k t i o n s p r o d u k t e  so lche r  T r i e b s t o f f e  al le  g a s f 6 r m i g  
s ind ,  g e h t  i m  w e s e n t l i c h e n  die S u b l i m a t i o n s w / i r m e  de r  
u r s p r i i n g l i c h  f e s t e n  Stoffe  v e r t o r e n ,  u n d  die W e r t e  y o n  
q~ e r s c b e i n e n  e n t s p r e c h e n d  n i ed r ige r .  I m  g l e i chen  S inne  
w i r k t  die r e l a t i v  l e i ch t e  D i s s o z i e r b a r k e i t  v o n  CO, CO~ u n d  
H , O  be i  d e n  r e s u l t i e r e n d e n  E x p l o s i o n s t e m p e r a t u r e n .  U m  
gr6ssere  W e r t e  y o n  qv zu erz ie len,  mt i s sen  d e s h a l b  
E l e m e n t e ,  wie  L i t h i u m ,  Bor ,  M a g n e s i u m ,  A l u m i n i u m  
u n d  S i l iz ium,  in  die E x p l o s i v s t o f f e  e i n g e b a u t  werden ,  
die n a c h  D e t o n a t i o n  fes te  u n d  flfissige O x y d e  u n d  Ver -  
b i n d u n g e n  l iefern .  E s  w i r d  a n  H a n d  e in ige r  Beisp ie le  
gezeigt ,  dass  a u f  diese Wei se  E n e r g i e m e n g e n  v e r f f i g b a r  
we rden ,  d ie  i m  B e r e i c h  y o n  4 his  7 kcaI  je  c m  a l iegen.  Z u r  
p r a k t i s c h e n  A u s f i i h r u n g  k0nnen ,  die g e n a n n t e n  L e i eh t -  
e l e m e n t e  e n t w e d e r  p h y s i k a l i s c h  e i n e m  g e w 6 h n l i c h e n  
E x p l o s i v s t o f f  b e i g e m i s c h t  werden ,  odor  es k 6 n n e n  diese 
E l e m e n t e  m i t  -Wasserstoff ,  S t i c k s t o f f  u n d  e v e n t u e l l  
Saue r s to f f ,  F l u o r  usw.  zu r  V e r b i n d u n g  g e b r a c h t  u n d  m i t  
e i n e m  zus~t tz l ichen O x y d a t i o n s m i t t e l  r e a g i e r t  we rden .  
Fa l l s  m a n  in  e x p l o s i v e n  H o h l l a d u n g e n  p o t e n t i e l l  se lbs t -  
r e a g i e r e n d e  E i n l a g e n  aus  k o m p r i m i e r t e m  T h e r m i t  odor  
~ihnl ichen K o m p o s i t i o n e n  b e n u t z t ,  w e r d e n  n a c h  De to -  
n a t i o n  g l i i hende  T e i l c h e n  grosse r  G e s c h w i n d i g k e i t  u n d  
g ro s se t  D u r c h d r i n g u n g s f ~ t h i g k e i t  a u s g e s c h l e u d e r t .  Diese  
T e i l e h e n  k 6 n n e n  a u c h  Ms in e i n e m  V a k u u m  wie d e m  
i n t e r p l a n e t a r i s c h e n  R a u m  s e l b s t l e u c h t e n d e  k t i n s t l i che  
iVleteore zu E x p e r i m e n t e n  v e r s c h i e d e n e r  A r t  b e n u t z t  
w e r d e n  z. 

1 F. ZWICKY, Engineering and Science Monthly, Calif. Inst. of 
Technology, Pasadena, January 1953. 

2 G. BIRKHOFF, D. M. MACDOUGALL, E. M. PUGH and G. TAYLOR, 
J. Appl. Phys. 19, 563 (1948). 

The Relative Stabilities of Cis and Trans Isomers 

T h e  o r ig ina l  ru le  for  d e t e r m i n i n g  f r o m  p h y s i c a l  p ro -  
pe r t i e s  w h i c h  i s o m e r  in  a cycl ic  s y s t e m  was  cis a n d  w h i c h  
was trans was p r o p o s e d  b y  y o n  A u w ~ R s  1. U n f o r t u n a t e l y ,  
t h i s  ru le  was  f o u n d  n o t  t o  h o l d  t r u e  in s e v e r a l  cases  a n d  
m u c h  c o n f u s i o n , h a s  b e e n  c a u s e d  t h e r e b y .  Mos t  of t he se  
cases in  w h i c h  t h e  ru le  of y o n  A u w ~ R s  fai ls  to  p r e d i c t  
t h e  i somers  c o r r e c t l y  s h o w  a cons i s t ency ,  a cons ide ra -  
t i o n  of w h i c h  ha s  p r o m p t e d  a r e s t a t e m e n t  of t h e  or ig inM 
rule .  W i t h  r e s p e c t  t o  cis a n d  trans i somers  in  cycl ic  
sy s t ems ,  that isomer which has the highest boiling point, 
highest index o] re/raction and highest density is the 
isomer which possesses the least stable con/iguration. I t  is 
a p p a r e n t  t h a t  t h e  s t r u c t u r e s  p r e d i c t e d  b y  t h i s  ru le  wil l  
d i f fe r  f r o m  t h o s e  p r e d i c t e d  b y  VOl~ AUWERS ru le  o n l y  
w h e n  t h e  trans i s o m e r  is less s t a b l e  t h a n  t h e  cis. 

x K. vow" AUWERS, Ann. Chem. 420, 84 (1920). 

T h e  ru le  s t a t e d  a b o v e  is s u b s t a n t i a t e d  b y  a n  a m o u n t  
of e x p e r i m e n t a l  e v i d e n c e  w h i c h  is t oo  la rge  to  be  dis- 
cussed  he re  e x c e p t  for  c e r t a i n  cases of  p a r t i c u l a r  im-  
p o r t a n c e .  I t  n e e d  o n l y  be  sa id  t h a t  of  t h e  h y d r o c a r b o n s  
l i s t ed  in  v a r i o u s  c o m p i l a t i o n s  1, n o  e x c e p t i o n  to  t h e  
ru le  was  f o u n d  z. C o m p o u n d s  c o n t a i n i n g  f u n c t i o n a l  
g roups  were  n o t  e x h a u s t i v e l y  cons ide red ,  b u t  o u t  of 
some  d o z e n  cases  e x a m i n e d  t h e  p r e d i c t i o n s  of  t h e  ru le  
were  c o n f i r m e d  w i t h  o n l y  one  q u e s t i o n a b l e  ease  a. 

T h r e e  c r i t i ca l  cases m a y  be  spec i f ica l ly  m e n t i o n e d .  
cis-1, 3 - D i m e t h y l c y c l o h e x a n e  is k n o w n  4 to  be  m o r e  s t a b l e  
t h a n  t h e  trans i somer ,  a n d  i t  was  also r e c e n t l y  s h o w n  
t h a t  t h e  s a m e  is t r u e  of t h e  1, 3 - d i m e t h y l c y c t o p e n t a n e s  5. 
A s o m e w h a t  d i f f e r e n t  t y p e  of s y s t e m ,  [0, 3 ,3] -b icyc lo-  
oc t ane ,  also ha s  a m o r e  s t a b l e  cis i s o m e r  in c o n t r a s t  
w i t h  t h e  h o m o l o g o u s  h y d r i n d a n e s  e a n d  deca l ins .  I n  each  
of t h e s e  cases  t h e  co r r ec t  s t r u c t u r e s  are  p r e d i c t e d  b y  t h e  
ru le  s t a t e d .  

A l t h o u g h  t h e r e  is l i t t l e  e v i d e n c e  a v a i l a b l e  ~ to  s u p p o r t  
t h e  c o n t e n t i o n ,  i t  is r e a s o n a b l e  to  s u p p o s e  t h a t  t h e  rule  
wil l  a p p l y  to  m o r e  h i g h l y  s u b s i t u t e d  s y s t e m s  a n d  l ike-  
wise to  sma l l -  a n d  l a r g e - r i n g  c o m p o u n d s ,  a n d  wil l  t h u s  
be  of  p r a c t i c a l  v a l u e  s ince  t h e  r e l a t i v e  s t ab i l i t i e s  of t h e  
c o m p o u n d s  c a n  be  d e t e r m i n e d  in  m o s t  cases b y  con-  
f o r m a t i o n a l  a n a l y s i s L  

T h e  e x i s t e n c e  of t h e  ru le  s t a t e d  a b o v e  can  be  r a t i o n -  
a l ized b y  q u a l i t a t i v e  t h e o r e t i c a l  c o n s i d e r a t i o n s .  A n  idea l  
case is a pa i r  of s imp le  cis a n d  trans i s o m e r s  of a cycl ic  
s a t u r a t e d  h y d r o c a r b o n .  I n  s u c h  a case t h e  forces  a c t i n g  
in a n d  b e t w e e n  t h e  molecu le s  a re  q u i t e  s i m i l a r  a n d  t h e  
d i f f e rences  in  t h e  p h y s i c a l  p r o p e r t i e s  of t h e  c o m p o u n d s  
are  due  to  a m i n i m u m  n u m b e r  of  d i f fe rences  in  t h e  
forces ac t ing .  I n  t h i s  case i t  is e v i d e n t  t h a t  t h e  i s o m e r  
w h i c h  h a s  t h e  g r e a t e s t  d e n s i t y  a n d  t h e  g r e a t e s t  i n d e x  
of r e f r a c t i o n  h a s  t he se  p r o p e r t i e s  as a r e s u l t  of i t s  s m a l l e r  
m o l e c u l a r  v o l u m e .  I t  is e q u a l l y  t rue ,  if less obv ious ,  t h a t  
t h e  s m a l l e r  m o l e c u l a r  v o l u m e  leads  to  t h e  h i g h e r  bo i l i ng  
p o i n t  8 s ince t h e  s m a l l e r  m o l e c u l a r  v o l u m e  inc reases  t h e  
m a g n i t u d e  of t h e  d i spe r s ion  forces  w h i c h  in  t u r n  l eads  
to  a n  i n c r e a s e d  h e a t  of  v a p o r i z a t i o n .  T h e  s m a l l e r  
m o l e c u l a r  v o l u m e  also r equ i r e s  t h e  c r o w d i n g  t o g e t h e r  
of t h e  a t o m s  w i t h i n  t h e  mo lecu le  and ,  b e c a u s e  of t h e  
i n t e r n a l  r e p u l s i v e  forces  e n c o u n t e r e d ,  a lower  s t a b i l i t y  
resu l t s .  T h e  ru le  s t a t e d  is e v i d e n t l y  a d i r e c t  r e s u l t  of 
t h e s e  e f fec ts  a n d  i t  m a y  t h u s  be  d e t e r m i n e d  w h a t  k i n d s  
of c i r c u m s t a n c e s  a re  r e q u i r e d  to  cause  t h e  ru le  to  fail .  

A n  o lef in ic  d o u b l e  b o n d  m a y  be  c o n s i d e r e d  in  a f o r m a l  
sense  as a t w o - m e m b e r e d  r ing  a n d  as s u c h  s h o u l d  also 
f i t  t h e  rule ,  C o n s e q u e n t l y ,  t h e  p r o p e r t i e s  of s o m e  dozens  
of m o n o - o l e f i n i c  h y d r o c a r b o n s  were  c o n s i d e r e d  9 and ,  
a l t h o u g h  in  m a n y  cases t h e  d a t a  a re  of i n su f f i c i en t  
a c c u r a c y  to  be  de f in i t i ve ,  no  c lea r  c u t  c o n t r a d i c t i o n s  
were  f o u n d .  Of p a r t i c u l a r  i n t e r e s t  a re  t h e  i somer s  of 

1 G. E~LOFF, Physical Constants o/ Hydrocarbons (Reinhold, 
New York, N.Y. - J. S. FARADAY, Encyclopedia o/ Hydrocarbon 
Compounds (Chemindex, Manchester, 1945-52). - A.P. I .  Tables, 
National Bureau of Standards. 

e Account must be taken of the fact that some of the compounds 
listed as cis in the tables have since been shown to be trans and vice 
versa. 

a A. SKITA and R. R6SSLER, Ber. dtseh, chem. Ges. 72, 265 (1939). 
4 C. ~¢V. BECrZETT, K. S. PITZER, and R. SPITZER? J. Amer. Chem. 

Soc. 69, '2488 (1947). 
5 S. F. BIRCH and R. A. DEAN, J. Chem. Soc. 1958, ~477. 

W. H0CKEL, Ann. Chem. 538, 1 (1937). 
7 D. H. R, BARTON, J. Chem. Soc. 1953, 1027. 
s T. "W. RICHARDS, Trans. Faraday Soe. 24, 111 (1928). 
a G. EGLOFF, Physical Constants oJ Hydrocarbons (Reinhold, New 

York, N.Y. - J. S. FARADAY, Encyclopedia o] Hydrocarbon Com- 
pounds (Chemindex, Manchester, 1945-52). - A. P. I. Tables, Na- 
tional Bureau of Standards. 
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cyc looc tene  x, cyc lononene  2, and cyc lodecene  3. F r o m  the  
publ i shed  phys ica l  cons t an t s  t he  rule predic ts  t h a t  wi th  
the  e i g h t - m e m b e r e d  r ing the  cis i somer  would  be the  
more stable,  whi le  the  reverse  would  be t rue  in the  ten-  
m e m b e r e d  r ing and  the  isomers  in the  n i n e - m e m b e r e d  
ring would  have  nea r ly  equa l  s tabi l i t ies .  The  same orders  
of s t ab i l i t y  were  found  by  chemica l  methods .  

I t  is to  be no ted ,  however ,  t h a t  appl ica t ions  of t he  rule  
to otefins can  be m a d e  w i t h  c e r t a i n t y  on ly  wi th  mono-  
olefinic hyd roca rbons .  The  reason  for th is  l im i t a t i on  is 
t h a t  a double  bond  possesses e lec t ronic  proper t ies  n o t  
sha red  b y  t h e  o the r  r ing  c o m p o u n d s  and, in t he  pres- 
ence of  ce r ta in  func t iona l  groups,  in te rac t ions  can  occur  
which  will  ove r shadow t h e  differences in t h e  dispers ion 
forces. As  an  example ,  2-alkenoic  acids are, as a class, 
known  to  be  e x a c t l y  r eve r sed  f rom the  h y d r o c a r b o n s  
wi th  respec t  to  t h e  proper t ies  p r ev ious ly  men t ioned .  

l-~q. L. ALLINGER 

D e p a r t m e n t  o[ Chemis t ry ,  Un iver s i t y  o[ Cal i fornia ,  
Los  Ange les  2d, Cal i /ornia ,  F e b r u a r y  26, 195d. 

Z u s a m m e n [ a s s u n g  

Eine  Neufassung  der  v o n - A u w e r s c h e n  Rege l  is t  vor -  
geschlagen worden.  Die  neue  Rege l  is t  auf  cis- und  t rans-  
I someren  gew6hnl iche r  zykl i scher  S y s t e m e  sowie auch  
auf  m e h r f a c h  subs t i t u i e r t e  zykl ische  Verb indungen ,  
po lyzykl i sche  Y e r b i n d u n g e n  und  Olef ine anwendba r .  
Das Bes t ehen  e iner  solchen Rege l  is t  begrf indet ,  u n d  
ihre Beg renzungen  u n d  p rak t i s chen  A u s w e r t u n g e n  s ind 
un t e r  B e t r a c h t  gezogen worden.  

1 I~. ZIEGLER and H. WILMS, Ann. chem. 567, 1 (1950}. 
2 A. T. BLOMQUIST, L. H. LIO, and J. C. BOHRER, J. Amer. Chem. 

Soc. 74, 3643 (1952). 
3 A. T. BLOMQOIST, R. E. BURGE, Jr., and A. C. SucsY, J. Amer. 

Chem. Soc. 74, 3636 (1952). 

On the C h e m i c a l  N a t u r e  
of A c e r i n  and the  Viruc ida l  and Ant iv i ra l  Effects  

of S o m e  V e g e t a b l e  T a n n i n s  ~ 

In  a search  for v i ruc ida l  and  an t iv i r a l  subs tances  in 
na ture ,  one of us (G.F.) in 1952 ~ found t h a t  wa t e r  ex-  
t r ac t s  of severa l  p lan ts  exe r t ed  a def in i te  v i ruc ida l  
effect,  the  ma in  e x p e r i m e n t s  being pe r fo rmed  wi th  a 
bac te r ia l  v i rus  and  its hos t  cell, Eseherichia  coli X P .  
Ou t  of 300 d i f fe ren t  p l an t  species inves t iga ted ,  the  
m a j o r i t y  y ie lded  no ac t iv i ty ,  whereas  fa i r ly  ac t ive  
ex t r ac t s  were  ob t a ined  f rom some of t hem.  

In  his n e x t  c o m m u n i c a t i o n ,  FISCHER3 r epo r t ed  on the  
v i ruc ida l  and  an t iv i r a l  effect  of map le  f ru i t  p repara t ions .  
25 g of map le  frui ts  gave  1 g of a subs tance ,  which  in a 
d i lu t ion  of 1 :64  des t royed  the  bac te r i a l  v i rus  in 5 min .  
The  subs tance  was g iven  the  n a m e  acerin. 

Acer in  also des t royed  vacc in i a  v i rus  in 5 m i n ;  its 
e f fec t  on the  S t aphy lococcus  T w o r t  v i rus  was m u c h  less 
p ronounced .  

1 While this paper in print,  our a t tent ion was called to a recent 
publication in J. Bact. (66, 572 1953) by  CARSON and FRISCli about 
the growth inhibi t ing action of tannic acid on influenza virus in ovo. 
We were ignorant  of this work and of the previous publication from 
1948 by GREE.W, Proc. Soc. Exptt .  Biol. Med. 67, 483 (1948). 

2 G. FISCHER, Prdsence de substances antivirotiques clans di//drentes 
parties de plantes, Ann. Pasteur  No. 1480, 82, 119 (1952). 

3 G. FISCHER, A phagicidal and virucidal agent in maple ]ruit 
(seer platanoides L.) preparations-Investi.gations with E.Coli Bacterio- 
phage and Vaccinia Virus, Acta Pathol. Mierobiol. Stand.  31, 4 (1952). 

A f t e r  fu r the r  pur i f i ca t ion  (FISCHER 1) w h e r e b y  100 g 
of map le  f rui ts  y ie lded  0.75 g, the  pur i f ied  p roduc t  
des t royed  the  bac te r ia l  v i rus  wi th in  5 min  in a d i lu t ion  
of 1 : 50,000, a concen t r a t i on  which  a l lowed an a b u n d a n t  
d e v e l o p m e n t  of the  coli organisms.  The  lowes t  concen t ra -  
t ion  of acer in  which  exe r t ed  a s l ight  co l i s ta t ic  effect  was 
1 : 200. Accr in  was ac t ive  only on the  ex t r ace l lu l a r  virus.  
A good an t iv i r a l  effect  on the  v i rus  hos t  cell  s y s t e m  was 
ob t a ined  in b r o t h  cul ture  and even  on solid media .  

I t  was found t h a t  the  ac t ive  pr incip le  p r ec ip i t a t ed  
w h e n  increas ing  a m o u n t s  of sod ium chlor ide  were  added  
to  t he  solut ion.  I t s  v i ruc ida t  effect  was neu t r a l i zed  w h e n  
i t  was exposed  to  s e rum di lu ted  1 : 2-32.  In  a concen t r a -  
t ion  of  1 : 800 i t  also g a v e  a p rec ip i t a t e  wi th  n o r m a l  se rum.  

In  discussing the  possible  chemica l  na tu re  of  t he  
ac t ive  pr inc ip le  in t h e  acer in  prepara t ions ,  we were  
s t r u c k  by  the  s imi l a r i t y  in t he  proper t ies  of acer in  to  
those  of t he  v e g e t a b l e  tannins .  The  genera l  occurrence  
of t ann in s  in f ru i t s  and  p l an t  ju ices  also c o n t r i b u t e d  to  
our  suppos i t ion  t h a t  t h e  ac t ive  pr incip le  m i g h t  be a 
t ann in .  I t  s eemed  t e m p t i n g  to  ascr ibe t he  v i ruc ida l  
ac t ion  of t he  acer in  p r epa ra t i ons  to  a t a n n i n g  ef fec t  on 
the  v i rus  p ro te in .  The  pecul ia r  d e n a t u r a t i o n  of t he  
p ro te in  molecu le  caused b y  the  t a n n i n g  subs tances  
would  p rov ide  a s a t i s f ac to ry  e x p l a n a t i o n  of  t he  inac t iva -  
t ion  o f - t h e  vi rus .  F u r t h e r m o r e ,  t he  non-d ia lyzab le  
t ann ins  c a n n o t  reach  the  inside of  t he  cell  wal l  on the  
bac te r i a  and  would  the re fore  ac t  on ly  on ex t r ace l lu l a r  
v i rus  par t ic les ,  as was the  case wi th  t he  acer in  p repa ra -  
t ions,  Moreover ,  t he  ac t ive  pr inc ip le  could  be p rec ip i t -  
a t ed  wi th  s o d i u m  chlor ide  as can  the  tannins .  I t s  
neu t r a l i za t ion  in the  presence  of  s e r u m  is also to  be 
e x p e c t e d  when  s e r u m  pro te ins  r eac t  w i t h  the  t a n n i n g  
pr inciple .  As found b y  FISCHER, t he  s t ronges t  acerin 
p r e p a r a t i o n  had  a r edd i sh -b rown colour,  in s imi la r i ty  to 
tannins ,  a f te r  t r e a t m e n t  w i th  a lkal i  and  subsequen t  
o x i d a t i o n  in air. T h e y  also gave  a g reen i sh -b rown precip-  
i t a te  wi th  ferr ic chloride.  

The v i ruc ida l  e][ect oJ some vegetable tann ins .  I t  was 
found t h a t  severa l  of the  v e g e t a b l e  t ann ins  e x e r t e d  a 
v i ruc ida l  ac t ion  s imi lar  to  t h a t  of t he  s t ronges t  acer in  
p repara t ions .  E i g h t e e n  na tu r a l  t ann ins  were analyzed*.  
In  a b o u t  ti le s ame  concen t r a t i on  as the  pu re s t  acer in  
prepara t ions ,  1:25,000,  six of t hem,  i.e., commerc i a l  
t ann i c  acid, Mimosa,  g round  Canaigre  root ,  powdered  
Canaigre  ex t r ac t ,  Quebracho  and B a b u l  bark ,  ki l led the  
bac te r ia l  v i rus  wi th in  5 min.  

E x p e r i m e n t a l .  B o t h  the  pure  t a n n i c  acid and the  c rude  
t a n n i n  p repa ra t i ons  were  d isso lved  in wate r .  A n y  
insoluble  res idue was r e m o v e d  and  the  so lu t ion  d ia lyzed  
for 48 h a t  r o o m  t e m p e r a t u r e  aga ins t  dis t i l led water ,  the  
ou t e r  l iquid  be ing  e x c h a n g e d  severa l  t imes.  The  c o n t e n t  
of t he  bags  was then  freeze-dried.  The  d ry  powder  was 
ana lyzed  for v i ruc ida l  and  bac te r ic ida l  ac t ion  as describ-  
ed  ear l ier  3. 
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