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A N o t e  on  the  F o w l e r ' s  S o l u t i o n  of  the  L a n e - E m d e n  E q u a t i o n  of  I n d e x  3 

In  th is  note,  t he  va l id i ty  of t he  FOWLER'S solut ion is 
ex t ended  to  a larger region a round  the  centre .  A series 
solut ion is also sought  in the  (~, 0) plane,  which  covers 
the  FOWLER'S solut ion near  the  or iginL 

The L a n e - E m d e n  di f ferent ia l  equa t ion  for n = 3 is 

dy 
YdTz + y + z a  = 0 '  (1) 

where  
dz 

Y = dt ' z=~eO= Oe - t .  

Apply ing  the  HARDY'S 2 t heo rem t h a t  dy/dz-->-O as 
t --> oo or ~ + 0 for the  algebraic  di f ferent ia l  equa t ion  (1), 
FOWLER 3 ob ta ined  the  a p p r o x i m a t e  solut ion 0 ~ 1/~ 
(2 log C/~) -v~ near  the  origin, where  C is a cons t an t  of 
in tegrat ion.  Now we seek a solut ion val id in a larger 
region -- 1 < d y / d z  < 1 a round  the  origin ~ ~ 0. The equa- 
t ion (1) can be wr i t t en  in the  form 

z a dz  + \ d z /  \ d z ]  

+ . . . (  1). \d~] + ' "  (2) 

We choose a suff icient ly large posi t ive  in teger  m such 
t h a t  for n > m, (dy/dz)  n -->- 0 in the  region -- 1 <Z d y / d z  < 1. 
If  we subs t i t u t e  for d y / d z  f rom (1) in (2) and  sum up 
the  terms,  we get  

dz 
(y + za) " = 0 or Y = dt . . . .  za" (3) 

which,  on integrat ion,  yields a solut ion in the  (~, 0) plane 
in the  form 

0 = 1 [21o~C / ~]  (4) 

where C is a cons t an t  of in tegrat ion.  The solut ion (4) 
includes the  FOWLER'S solut ion near  the  centre  and thus  
ex tends  the  va l id i ty  of the  FOWLER'S app rox inmt i o n  to 
a larger region around the  centre.  

The homology  theo rem shows t h a t  we can t ake  z = 1 
a t  t = 0 w i thou t  any  loss of general i ty .  Therefore,  a t  
t = 0, we can assume a Taylor ' s  expans ion  of the  form 

1 z(02 ) t2 ~.~ )#  1 z(4)t4 + (5) z = l + z(1) t +-2~- + z (8 + ~.  " '"  

where  z(on) s t ands  for t he  value of n t h  der iva t ive  of z a t  
t = 0. Calculat ing d i f ferent  der iva t ives  wi th  the  help of 
(3) and  subs t i tu t ing  in (5), we get  

3 5 ta + 3 ~ t 4  63 5 z = l - t  + ~ t 2 - - ~  - - - u t  +. . .  

or rever t ing  to the  (~, 0) plane we ob ta in  

1 r 3 5 
0 =.~- [1 + l o g ~ + - f ( l o g ~ )  2 + 2  (log 

+ 385 ( l og~)4+ . . .  ] . (6) 

The series solut ion given by  (6) is in full ag reemen t  
wi th  the  FOWLER'S a p p r o x i m a t e  solut ion near  the  origin 
and  wi th  the  solut ion given by  (4) towards  the  cent re  
as well as towards  the  boundary .  

Z u s a m m e n / a s s u n g .  Fiir FOWLER'S L6sung der Lane-  
Emden-Gle i chung  yon  I n d e x  3 wird  der  Giilt igkeits- 
bereich erweiter t .  
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R e d u c t i o n  of B e n z e n e  T e t r a k i s - M e r c u r i c  A c e t a t e  w i t h  F e r r o c e n e  

I t  is well known t h a t  solvolysis of a lkylmercur ic  sal ts  
leads to  the  fo rmat ion  of ca rbon ium ions 1 while aryl-  
mercuric  salts  resist  such heterolysis! .  In  the  presence of 
reducing agents  such as ferrocene, however ,  phenyl -  
mercuric  ace ta te  af forded pheny l  radical  a via  the  forma-  
t ion of pheny lmercu ry  (I) in te rmedia te .  

- % ~  rerrocene ,. [ ~ H ;  + [err0cenium ion 

Similar reac t ions  were observed in the  solvolysis of tri- 
e thyl lead  ace ta te  and subsequen t  reduc t ion  of the  tr i-  
e thyl lead  cat ion to form t r ie thy l lead  which  fu r ther  frag- 
men t s  to  d ie thyl lead  and e thy l  radicaD. In  th is  paper  we 

wish to r epor t  t h a t  solvolysis and  reduc t ion  of benzene  
t e t rak i smercur ic  ace ta te  have  led to  the  fo rma t ion  of 
benzyne  type  in te rmedia te .  

W h e n  the  synthes is  of phenylene-1 ,  2-dimercuric ace- 
t a te  was a t t e m p t e d  by  reac t ing  mercur ic  ace ta te  and  
benzene under  var ious  condi t ions  5, it  a lways  resul ted in 
the  format ion  of a mix tu re  of unident i f iab le  products .  
However ,  when  mercur ic  ace ta te  {Merck, Reag en t  grade) 
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was a d d e d  to  m o l t e n  d i p h e n y l m e r c u r y ,  2 g, m p  121-122 ~ 
(Chemical  P r o c u r e m e n t  Labora to r ies ) ,  i t  p r o d u c e d  a 
w h i t e  solid, 2.8 g. T he  solid was d issolved in aqueous  
a m m o n i u m  ace t a t e  so lu t ion  (50 g of a m m o n i u m  ace t a t e  in  
50 ml  of wa te r )  a n d  r ep rec ip i t a t ed  b y  ac id i fy ing  t h e  solu- 
t i on  w i t h  acet ic  acid to  p H  5. A n a l y t i c a l  sample ,  m e l t i n g  
a t  270 o w i t h  decompos i t ion ,  was  o b t a i n e d  b y  recrys ta l -  
l i za t ion  severa l  t imes  as descr ibed  above .  Ana lys i s  e, calcu- 
l a t ed  for C44H14OsHg4: C, 15.15; H, 1.26; Hg,  74.4. 
F o u n d :  C, 14.85; H,  1.30; Hg,  73.9. No p h e n y l e n e - l , 2 -  
d imercu r i c  a ce t a t e  was  i so la ted  u n d e r  a n y  condi t ions .  

Because  of t he  e x t r e m e l y  low so lubi l i ty  of t he  c o m p o u n d ,  
e f for t  u t i l iz ing  N M R  spec t roscopy  to  d e t e r m i n e  wh ich  of 
t h e  3 poss ible  i somers  (I, I I  a n d  I I I )  were  o b t a i n e d  was 
unsuccessful ,  b u t  i t  is c lear  t h a t  all  of t h e m  h a v e  sub-  
s t i t u e n t  g roups  a t  t he  ortho pos i t ion  to each  o ther .  

Solvotysis  a n d  r e d u c t i o n  of t h e  c o m p o u n d  were  ca r r ied  
ou t  in  t h e  fo rm of suspens ion  in m e t h a n o l  u n d e r  n i t r ogen  
a tmosphe re .  I n  a t yp i ca l  run,  a s lu r ry  of 0.26 g (2.4 • 10 -4 
moles) of benzene  t e t r ak i s -mercu r i c  ace t a t e  a n d  0.19 g 
(1.02 x 10 -3 m o l e s ) o f  ferrocene (Aldr ich Chemica l  Com- 
p a n y ,  m p  172-174 o) in  5 m l  of m e t h a n o l  c o n t a i n i n g  t r ace  
a m o u n t  of p - to luenesu l fon ic  acid (Matheson  Coleman a n d  
Bell) u n d e r  n i t r o g e n  a t m o s p h e r e  in  a p ressure  b o t t l e  was  
p laced  in a n  oven  a t  60 ~ for  48 h. I n  t he  a c c o m p a n y i n g  
b l a n k  run,  all  t h e  cond i t ions  were iden t ica l  excep t  ferro- 
cene was no t  p resen t .  T he  g r adua l  a p p e a r a n c e  of t h e  b lue  
f e r rocen ium ion color in  t h e  r eac t ion  f lask was observed .  
A t  t he  end  of t h e  r eac t ion  period,  t he  r eac t i on  m i x t u r e  
a p p e a r e d  b l a c k  whi le  t he  b l a n k  r u n  was on ly  s l ight ly  
t i n t ed .  The  r eac t i on  m i x t u r e  was  f i l tered and  t he  solid was  
w a s h e d  w i t h  m e t h a n o l .  T h e  f i l t r a t e  a n d  t he  wash ing  solu- 
t i on  were combined .  A n  a l i quo t  of 3 /zl of the  m e t h a n o l  
so lu t ion  was in jec ted  in to  a F. and  M. c h r o m a t o g r a p h ,  
Model  609, w i t h  a 5 f t  and  11/~ in co lumn  of 20% carbo-  
wax  20 m on c h r o m o s o r b  w 60/80; h e l i u m  as c a r r i e r  gas, 
35 v3, flow r a t e  70 m l / m i n ;  t e m p e r a t u r e s :  c o l u m n  190 ~ 
in j ec to r  274~ a n d  de t ec to r  348 ~ Two peaks  in  t he  
c h r o m a t o g r a m ,  no t  f o u n d  in t he  b l a n k  run,  were iden t i -  
fied as anisole  (4%) and  b e n z y l  a lcohol  (82%).  No benzene  
was de tec ted .  I n  to luene,  t he  r eac t ion  was car r ied  ou t  
u n d e r  c o m p a r a b l e  cond i t ions  and  t h e  yie ld  of d ipheny l -  
m e t h a n e  was a l m o s t  q u a n t i t a t i v e .  No benzene  was found  
in t he  r eac t ion  mix tu re .  I t  is k n o w n  t h a t  p h e n y l  r ad ica l  
a b s t r a c t s  h y d r o g e n  a t o m s  f rom so lven ts  such  as t o luene  or 
p h e n y l a t e s  a r o m a t i c  r ings  7. T he  f o r m a t i o n  of a d d i t i o n  
c o m p o u n d s  b y  p h e u y l  r ad ica l  w i t h  so lven t  such  as m e t h a -  
nol  or to luene  was n e v e r  repor ted .  This  i n t e rmed ia t e ,  
p r e s u m a b l y  re su l t ing  f rom s i m u l t a n e o u s  solvolysis  a n d  
r e d u c t i o n  of t h e  ortho s u b s t i t u e n t  groups,  differs  in  be-  
h a v i o r  f rom t h e  b e n z y n e  i n t e r m e d i a t e  gene ra t ed  f rom 
d i f fe ren t  p recurso r  u n d e r  d i f fe rent  condi t ions .  Fo r  
example ,  t h e  b e n z y n e  i n t e r m e d i a t e  f rom t h e  decomposi -  
t i on  of b e n z e n e d i a z o n i u m  sa l t s  in  alcohols  fo rms  pbeny l -  
a lky l  e the r s  s. I n  t he  p r e s en t  expe r imen t s ,  t he  f o r m a t i o n  of 
b e n z y l  a lcohol  in  m e t h a n o l  a n d  d i p h e n y l m e t h a n e  in 
t o luene  b y  t h i s  i n t e r m e d i a t e  can  be  env i s ioned  as a resu l t  
of b e n z y n e  in se r t ion  to  c a r b o n - h y d r o g e n  bonds .  Th i s  
o b s e r v a t i o n  resembles  t h e  f o r m a t i o n  of a ry lp iper id ines  b y  
a r y n e s  in  p ipe r id ine  9 wh ich  c a n  be cons idered  as i n se r t ion  
of n i t r o g e n - h y d r o g e n  b o n d s  b y  b e n z y n e  i n t e r m e d i a t e .  I t  
is genera l ly  be l ieved  t h a t  e x t r e m e l y  reac t ive  chemica l  
species g e n e r a t e d  b y  d i f fe ren t  processes and  f rom d i f fe ren t  

sources  m a y  n o t  be  e lec t ronica l ly  t h e  same  10. The  r ema in -  
ing 2 mercur i c  a c e t a t e  g roups  p r o b a b l y  follow t h e  same  
r eac t ion  rou t e  as in p h e n y l m e r c u r i c  ace t a t e  3 fo rming  
p h e n y l  rad ica l s  wh ich  e v e n t u a l l y  a b s t r a c t  h y d r o g e n  
a t o m s  f rom t h e  so lven t  molecules.  

(CHzCOzHg)~Hg-O-~-CHz ZH + 
~ tCH~COZH + 

(CHsGO~Hg~"Hg-O-~-CHs 
0 

~Products 

I t  is also poss ible  t h a t  t h e  i n t e r m e d i a t e  is fo rmed  t h r o u g h  
a n  ionic e l i m i n a t i o n  m e c h a n i s m .  

~ H  Hg+ ~ ~ 1  + Hg +§ +H~ ~ g+ 

Thi s  m e c h a n i s m  seems un l ike ly  s ince in the  b l a n k  runs  
whe re  fer rocene was  absen t ,  t h e  m e r c u r y  c o m p o u n d  in  
m e t h a n o l  a n d  to luene  did  no t  y ie ld  t he  co r re spond ing  
p roduc t s ,  b e n z y l  a lcohol  a n d  d i p h e n y l m e t h a n e ,  

I n  acet ic  acid,  t he  p r o d u c t s  i den t i f i ca t ion  was less con- 
clusive.  The  d i f f icu l ty  here  m i g h t  a t  leas t  be  pa r t i a l l y  
due  to  t he  u n f a v o r a b l e  solvolysis  of t he  p a r e n t  c o m p o u n d  
in t h i s  so lven t  a n d  t h u s  t he  r e d u c t i o n  of t he  ca t ion  b y  
fer rocene was  p reven ted .  W h e n  t h e  r eac t i on  was  car r ied  
ou t  in  f u r a n  a t  room t e m p e r a t u r e  u n d e r  n i t r ogen  a tmos-  
p h e r e  w i th  v igorous  s t i r r ing  for  a pe r iod  of severa l  days,  
i t  gave  a r a t h e r  complex  m i x t u r e  f rom w h i c h  well- 
def ined  p r o d u c t s  could no t  be  isolated.  I t  was  possible,  
however ,  to  d e m o n s t r a t e  t he  presence  of a v e r y  smal l  
a m o u n t  of t h e  a n t i c i p a t e d  adduc t ,  1 , 4 - d i h y d r o n a p h t h a -  
l e n e - l , 4 - e n d o x i d e  b y  c o n v e r t i n g  to  ~ - n a p h t h o l  n.  ~- 
N a p h t h o l  was  ident i f ied  b y  c o m p a r i s o n  of i ts  U V  spec- 
t r u m  w i t h  t h a t  of a n  a u t h e n t i c  s ample  1~. 

Rdsumd. L a  solvolyse e t  la r6duc t ion  6ventue l le  du 
t 6 t r a k i s - a c 6 t a t e  de mercure  de benz6ne  avec  l e  ferroc~ne 
c o n d u i s e n t  ~ la f o r m a t i o n  d ' u n  e p a r t  de benzyl -a lcohol  et  
d ' an i so le  au  sein du  m 6 t h a n o l  e t  d ' a u t r e  p a r t  5, la pro- 
d u c t i o n  de d i p h 6 n y l m 6 t h a n e  au sein du  to luene .  L 'o r ig ine  
de ces p r o d u i t s  es t  discut6e.  
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