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ACTH or glucagon, as i l lus t ra ted in the  Table.  This  Table 
also shows tha t ,  even  in the  absence of ouabain,  the  lipo- 
lyric ac t iv i ty  of ACTH, epinephrine,  or glucagon was 
marked ly  decreased by  the  omission of po tas s ium f rom 
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Dose response curve of ouabain on inhibition of net FFA change 
stimulated by epinephrine. 

Comparison of the inhibitory effect of ouabain and of K+-free 
medium on FFA mobilization from isolated fat cells. Mean of 
4 • S.E., expressed as #moles/g TL/h. No glucose in medium 

Additions K + in ACTH Epinephrine Glucagon 
buffer (2 inU/ml) (0.1/,gm/ml) (1 /*gm/nfi) 

Control + 9.7 (4.0) 3.75 0.46 (0.15) 

Hormones + 55.3 (6.2) 37.50 (9.1) 18.40 (1.3) 

Hormones 
+ ouabain + 13.2 (5.2) a 6.82 (4.3)~ 11.80 (2.3) b 

Control 5.2 (2.7) 1.16 -- 

Hormones 10.1 (2.4) 3.16 (2.5) 11.10 (1.4) 

a 0uabain 5.5 �9 10 4M. b Ouabain 2.4 �9 10 4M. 

the  incuba t ion  medium.  These observa t ions  suggest  t h a t  
the  inh ib i to ry  effect  of ouabain  on F F A  release is a 
general  p h e n o m e n o n  and, fu r thermore ,  t h a t  i t  is mimicked  
by  removal  of po tas s ium f rom the  medium.  I t  would seem 
likely, therefore ,  t h a t  the  mechan i sm of F F A  release f rom 
isolated fa t  cells is l inked to  the  Na+ and  K+ re la ted  s teps  
of act ive t r anspor t .  

I t  remains  to be seen w h e t h e r  the  site of the  inh ib i to ry  
effect  of ouaba in  on F F A  release is the  chain of reac t ions  
leading to  the  ac t iva t ion  of a hormone-sens i t ive  lipase or a 
still  hypo the t i ca l  act ive F F A  t r a n s p o r t  t h ro u g h  the  cell 
membrane ,  or both .  As we have  shown in ve ry  recen t  
expe r imen t s  t h a t  ouabain  also s ignif icant ly  inhibi ts  the  
F F A  release induced  in fa t  cells by  NeC'-2-dibutyr i l  - 
cyclic-3',  5 ' -AMP 7 as well as ep inephr ine - s t imula ted  
glycogenolysis,  the  most  l ikely p resen t  hypo thes i s  is t h a t  
of an inh ib i to ry  ouabain  effect  on bo th  adenyl  cyclase and  
on m e m b r a n e  ATP-ase.  The former  enzyme is re la ted  to  
t he  ac t iva t ion  of the  hormone-sens i t ive  lipase s while the  
la t t e r  9 is well known  to be l inked to act ive  t r a n s p o r t  
sys tems  in m e m b r a n e s  10. 

Rdsumd. La mobi l isa t ion des acides gras l ibres (FFA) 
indui te  par  les hormones  l ipolyt iques  dans  les cellules 
adipeuses  isol6es est  inhib6e par  l ' ad jonc t ion  d 'ouaba ine .  
Le t r a n s p o r t  des F F A  hors de la cellule semble  li6 en 
par t ie  X la p o m p e  Na+-K+. Une hypoth~se  sur  le mode 
d ' ac t ion  de l 'ouabMne est  discut6e. 

R. -J .  Ho,  B. JEANRENAUD, 
and A. E. RENOLD 

Insti tut  de Biochimie Clinique, Universitd de Gen~ve 
(Switzerland), September 7 4, 1965. 

7 N6C,_2.dibutyryl_cyclie_3,.5,_AMP was obtained through the 
courtesy of Professor TH. POST~RNAK, Ecole de Chimie, Universit6 
de Gen6ve, (Switzerland). 

s R. W. BUTCHER, R. J. Ho, H. C. MENG, and E. W. SUTHERLA~D, 
abstracts of 6th International Congress of Biochemistry (New 
York 1964), p. 173. 

9 j.  C. SKOU, Physiol. Rev. 45, 596 {1965). 
10 The authors are indebted to Miss A. EISOLD and Miss E. KELLER 

for their skilful technical help. 

T h e  O c c u r r e n c e  of  4 - E t h y l -  a n d  2 , 5 - D i m e t h y l -  
a z u l e n e  in  C r a c k i n g  C o l u m n  P r o d u c t s  

Some t ime ago we received small  samples  of in tensely  
blue coloured dist i l lates (Table I), p roduc t s  f rom a crack- 
ing column at  Grangemouth(Sco t l and) ,  f rom which  we 
isolated th ree  azulenes (see Table I). Di lut ion of the  disti l-  
late f ract ions wi th  pe t ro leum e ther  (b.p. 40-60~ ext rac-  
t ion  wi th  ice-cold phosphor ic  acid, and regenera t ion  of the  
acid-soluble mater ia l  gave blue oils compris ing abou t  
0.5 % of the  original  dis t i l la te  fraction.  C h r o m a t o g r a p h y  
on a lumina  (petroleum e the r -benzene  9: 1) showed t h a t  
each was homogeneous.  The compounds ,  indica ted  b y  
I, I I  and  I I I ,  were charac ter ized  by  their  visible spec t ra  1 
in hexane  (Table II) and  by  the i r  crystal l ine t r in i t ro-  
benzene  (TNB) complexes.  

E lemen ta l  analysis  of the  TNB-complex  of I I I ,  b rown 
needles (from ethanol)  m.p.  141-142 ~ showed t h a t  I I I  
was  a C12H12 hydrocarbon ,  i.e. an ethyl-  or d ime thy l -  
azulene;  found,  58.4% C; 3.9% H;  11.8% N (CIsH,sNaO6 
requires  58.5% C; 4.1% H;  11.4% N). 

The fine s t ruc tu re  in the  visible spec t rum of co mp o u nd  
I I I  (Table II) had  an average hypsochromic  d i sp lacement  
of 17 n m  wi th  respect  to the  cor responding  m a x i m a  for 
azulene. This  indicated,  according to  the  P l a t t n e r  rules 
on the  effect  of alkyl subs t i tu t ion  on the  visible spec t ra  of 
azulenes 2, as only  possible s t ruc tures  for I I I  2-ethyl  -a, 

1 Measured on a Unicam SP 500 spectrophotometer. 
= See E. HEILBRONNER, Tetrahedron 19, supplement 2, 289 (1963), 

and refs. 18 and 19 contained therein. 
3 PL. A. PLATTNER and A. FORST, Helv. Chim. Acta 28, 1636 (1945). 
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4-e thyl -  4, or  6 -e thy lazu lene  5. The  cha rac t e r i s t i c  visible 
s p e c t r u m  t o g e t h e r  w i th  the  e l emen ta l  ana lys i s  a n d  m.p .  
of t h e  T N B  co m p lex  of I I I  i den t i f y  i t  u n e q u i v o c a l l y  as 
4 -e thy lazu lene  (TNB complex ,  lit. m.p .  146-147 ~ 4. 

TREIBS h a s  s h o w n  t h a t  4, 7 -d ime thy l azu l ene  is a side- 
p r o d u c t  in t h e  ca ta ly t i c  d e h y d r o g e n a t i o n  of b u t a n e  to 
bu tene6 .  He  h a s  d i scussed  t he  mode  of f o r m a t i o n  of th i s  
C1~H12 h y d r o c a r b o n  f rom th ree  C 4 h y d r o c a r b o n  un i t s ,  a nd  
t he  s imi la r  f o r m a t i o n  of a C15Hls 7 (trialkyl) azulene  f rom 
th ree  C 5 h y d r o c a r b o n  (pen t anes  a n d  pen tenes )  u n i t s  s, 
d i s c o u n t i n g  the  poss ib i l i ty  of the i r  f o r m a t i o n  f rom smal le r  
h y d r o c a r b o n  u n i t s  in t he  process.  C o m p o u n d  I I  fo rmed  a 
T N B  complex ,  b ro wn  needles  (from e thanol )  m.p .  149 to 
151 ~ (found,  11.9% N) 10. The  vis ible  s p e c t r u m  of I I  h a d  
a n  ave rage  h y p s o c h r o m i c  d i s p l a c e m e n t  of on ly  3 n m  
re la t ive  to  t h a t  of azulene.  Th i s  sugges t ed  a d i m e t h y l -  
azulene  w i t h  t h e  m e t h y l  g roups  in pos i t ions  such  t h a t  
t he i r  effects  on the  visible s p e c t r u m  a p p r o x i m a t e l y  can-  
celled, i.e. 2,5 -1~ 4,5 -11, 4,7 -6 or  5 ,6 -d ime thy lazu l ene .  
T h e  visible spec t ra l  d a t a  and  t he  m.p .  of t h e  T N B  com-  
p lex  of I I  show clearly t h a t  i t  is 2, 5 -d ime thy l az u l e ne  
(TNB complex ,  lit. m.p .  149-150.5~ 1~ 

Th e  s t r u c t u r e  of c o m p o u n d  I r e m a i n s  unce r t a in .  W e  
a s s u m e  f ro m  TREIBS' work  and  f rom its  occur rence  w i th  
I I  and  I I I ,  t h a t  I is i someric  w i th  these .  The  h i g h  propor-  
t i on  of C 4 h y d r o c a r b o n s  fo rmed  in t he  ca ta ly t i c  c rack ing  
of n - h e x a d e c a n e  x2 m a y  s u p p o r t  th i s  view. The  visible 
s p e c t r u m  of I like t h a t  of I I  indica tes ,  therefore ,  a di- 
m e t h y l a z u l e n e  w i t h  t he  m e t h y l  g roups  aga in  in pos i t ions  
where  t h e i r  effects  are neu t ra l i zed ,  i.e. 4, 5-, 4, 7- or  5, 6- 
d i m e t h y l a z u l e n e ,  s ince I is no t  iden t ica l  w i t h  II.  Com- 
p o u n d  I f o rm ed  a T N B  c o m p l e x  13, b r o w n  needles  (from 
e thanol ) ,  m.p .  138-139 ~ There fo re  it  c a n n o t  be 4,5-  
d i m e t h y l a z u l e n e  (TNB complex ,  m.p .  157.5 ~ 11 nor  4, 7- 

d i m e t h y l a z u l e n e  (TN B complex ,  m.p .  161-162~ 6. Com-  
pa r i son  of the  spec t l a l  d a t a  conf i rms  this .  W e  s u g g e s t  
t h a t  C o m p o u n d  I m a y  be 5, 6 -d ime thy lazu lene ,  w h ic h  h a s  
no t  ye t  be e n  descr ibed in t he  l i te ra ture ,  poss ib ly  because  
of the  re la t ive  inaccess ib i l i ty  of 5, 6 - d i m e t h y l i n d a n  14 for 
t he  u sua l  s y n t h e s i s  w i th  d iazoacet ic  ester .  However ,  w i t h  
t he  excep t ion  of t he  two m a x i m a  a t  longer  w a v e - l e n g t h ,  
t he  visible s p e c t r u m  of c o m p o u n d  I is in fair a g r e e m e n t  
w i th  t h a t  of the  ana logous  5, 6 - t e t r a me thy l e ne a z u l e ne l6 .  

T h e  m a t e r i a l s  w h i c h  were n o t  e x t r a c t e d  b y  phospho r i c  
acid (above) were h e a t e d  w i th  s u l p h u r  a t  200 ~ . None  of 
t h e m  yie lded  f u r t h e r  a m o u n t s  of azulenes ,  in a g r e e m e n t  
w i th  s imi la r  o b s e r v a t i o n s  of TREIBS 6. T h e y  con ta in ,  
therefore ,  no azulene  p recu r so r s  since these ,  p a r t i c u l a r l y  
in a d i luent ,  are d e h y d r o g e n a t e d  in good yield by  th i s  
t r e a t m e n t  iv. 

T h e  nove l  f ea tu res  of t he  w ork  descr ibed  here,  we con- 
sider, are the  d ive r s i t y  of azu lenes  fo rmed  du r ing  t he  
c rack ing  process,  a n d  t he  fac t  t h a t  each  of t h e  dis t i l la te  
f rac t ions  e x a m i n e d  c on t a ine d  on ly  one azulene  is, 19. 

Zusammenfassung. Es  wird das  V o r k o m m e n  des 4- 
~ t h y l -  u n d  des 2, 5 - D i m e t h y l a z u l e n s  in h o c h s i e d e n d e n  
N e b e n p r o d u k t e n  des t h e r m i s c h e n  Crack -Ver fah rens  fest-  
gestel l t .  Die Azulene  w u r d e n  d u r c h  ihre Spe k t r e n  im  
S ich tba ren ,  sowie d u r c h  ihre  T r i n i t r o b e n z o l k o m p l e x e  
cha rak te r i s i e r t .  

(The late) W.  H.  STAFFORD a nd  J. p.  WARD 20 

Chemistry Department, The University, West Mains Road, 
Edinburgh (Scotland), September 20, 1965. 

Table I. Cracking cohtmn products 

Fraction (~ n~ ~ Compound 
at 50 mm isolated 

236-238 1.6032 I 
238-243 1.5970 II 
266-273 a 1.5976 III 

a Other fractions in the range 243-266 ~ were coloured blue, but 
there was insufficient material at our disposal for characterization. 

Table II. Visible spectra (~'~rla~ in nm) 

Azulene I II 2, 5-Di- III 4-Ethyl- 
methyl- azulene 4 
azulene lo 

700 685 692 693 670 
668 

660 640 655 655 640 
630 625 626 628 612 
600 595 601 603 586 
580 572 574 578 565 
555 552 556 558 545 
536 532 535 545 525 

674 

640 
615 
587 
566 
545 

4 K. HAFNER and H. WELDES, Annalen 606, 90 (1957). 
5 K. HAFNER, H. PELSTER, and H. PATZELT, Annalen 650, 80 (1961). 
s W. TREIBS and R. KLIMKE, Annalen 586, 212 (1954). 

Spectral and other evidence favoured 1,4-dimethyl-8-isopropyl- 
azulene for the structure of this compound s. The TNB complex 
has the same m.p. as that of 1,4-dimethyl-8-isopropylazulene 
TNB complex 9. 
R. KLIMKE and W. TREIBS, Annalen 598, 46 (1956). 

9 N analysis of TNB complex of III. The TNB complex of a (mono) 
methylazulene, CITH13Ns06, requires 11.8% N. The visible spec- 
trum of II, however, is incompatible with that of the (mono) 
methylazulenes 3. There was insufficient material for complete 
elemental analysis. 
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(1963). 
18 There was insufficient material after purification for elemental 

analysis. 
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13 Relevant to the mechanism of formation is a review (H. PINES 

and C. T. GOETSCHEL, J. Org. Chem. 30, 3530, 1965) in which 
the participation of 7-membered ring species in the aromatization 
of alkaues over chromia-alumina catalysts is discussed. 

30 Present address: Unilever Research Laboratorium, Vlaardingen 
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