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O n  t h e  M e c h a n i s m  o f  t h e  W o l f f  A r o m a t i z a t i o n  

R e a c t i o n  ~ 

A large n u m b e r  of examples  of ke tox imes  which  do no t  
undergo  the  expec ted  B e c k m a n n  t r a n s f o r m a t i o n  u n d e r  
acid condi t ions  h a v e  been  r epo r t ed  ~. Of pa r t i cu la r  i n t e r e s t  
h a v e  been  the  reac t ions  of var ious  t e t r a lone  and  cyclo- 
h e x e n o n e  ox imes  which  u n d e r  a va r i e t y  of acid condi t ions  
a romat i ze  t o  n a p h t h y l a m i n e s  a n d  ani l ines ~,4. As the  
a m o u n t  of d a t a  has  increased concern ing  t h e  m e c h a n i s m  
of t h e  convers ion  of an  ox ime  to  an  amide ,  cons iderable  
knowledge  conce rn ing  t h e  s t ruc tu ra l  charac te r i s t i cs  of 
molecules  undergo ing  th is  r e a r r a n g e m e n t  has  been  eluci- 
da t ed .  In  tu rn ,  t h e  app l ica t ion  of these  pr inciples  to  such  
anoma lous  processes  as the  Wolf f  a roma t i za t i on  should  be 
e x p e c t e d  to  more  c lear ly  assis t  in t he  fo rmula t ion  of a 

• work ing  hypo thes i s  for t h e  m e c h a n i s m  of th is  react ion.  
In  t h i s  paper ,  the  knowledge  of t he  var ious  p a r a m e t e r s  
govern ing  the  a roma t i za t i on  process  are  i n t e rp re t ed  in 
l ight  of  t he  p re sen t  knowledge  avai lable  concern ing  the  
B e c k m a n n  r e a r r a n g e m e n t  2 and  o t h e r  anomalous  ox ime 
reac t ions  inc luding the  ox ime  cleavage process  s and  the  
Nebe r  reac t ion  8, v. 

Charac ter i s t ic  of the  Wol f f  a roma t i za t i on  reac t ion  is t he  
presence  of an u n s a t u r a t e d  l inkage or a ca rbon  a t o m  
capab le  of r e a d y  ea rban ion  fo rma t ion  in a pos i t ion  c¢ to  
t h e  ox imino  group. Such sys tems  genera l ly  unde r  r a t h e r  
mild  condi t ions  such as acetic  acid-acet ic  anhydr ide -  
h y d r o g e n  chlor ide mix tu re s  or aqueous  hyd rogen  chloride 
a romat ize  r a t h e r  t h a n  undergo  ca rbon-n i t rogen  rear range-  
ment .  I t  has  also been  shown  t h a t  u n d e r  more  s t r enuous  
acid condi t ions ,  d i rec t  r e a r r a n g e m e n t  a p p a r e n t l y  occurs 
to  give as t h e  reac t ion  p roduc t ,  the  amide  (lactam) ex-  
pec ted  f rom B e c k m a n n  r e a r r a n g e m e n t  s. I t  has  been  the  
a t t e m p t  of p rev ious  inves t iga to rs  to  a t t e m p t  to  classify 
t he  r e a r r a n g e m e n t  in to  d i s t inc t  categories  2, 9, r a the r  t h a n  
to  app ly  sound s t ruc tu ra l  modi f ica t ions  of the  basic re- 
ac t ion  m e c h a n i s m  to i n t e rp re t  these  da ta .  

E x a m i n i n g  the  r e a r r a n g e m e n t  of a k e t o x i me  f rom a 
mechan i s t i c  v i ewpoin t  one m i g h t  logically cons ider  t h e  
reac t ion  as in i t ia ted  b y  p r o t o n a t i o n  or es ter i f ica t ion of t h e  
ox ime  hydroxy l ,  weaken ing  t h e  N-O bond  suff ic ient ly  to  
allow loss of t h e  hydroxy l ,  leaving an e lec t ron-def ic ien t  
n i t rogen.  In  t h e  n o r ma l  r e a r r a n g e me n t ,  th i s  process  p ro-  
ceeds wi th  t h e  s imu l t aneous  migra t ion  of the  co-carbon 
t r a n s  to  the  ox ime  hyd roxy l .  The  azacyc lopropene  t r an -  
s i t ion  s t a t e  m a y  be  s tabi l ized b y  t h e  s u b s t i t u t e n t  groups  
or m a y  i m m e d i a t e l y  collapse to  p roduc t s .  

I n  t he  case of t he  Neber  r e a r r a n g e me n t ,  t h e  fo rma t ion  
of a ca rban ion  f r a g m e n t  a t  t he  ~-carbon,  a c t i v a t e d  b y  b o t h  
t h e  a d j a c e n t  p h e n y l  r ing and  t h e  ox imino  group,  an  
ana logous  azacyc lopropene  i n t e r m e d i a t e  has  been  s h o w n  
to  mos t  accura te ly  descr ibe  t h e  t r a n s f o r m a t i o n  to  an  a- 
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aminoketone 7. Applying a similar line of reasoning to the 
aromatization process, the reaction may be visualized as 
proceeding through a similar intermediate with the double 
bond participating in place of the migrating group. The 
subsequent steps in the aromatization process are best 
described as the simultaneous ejection of a proton, followed 
by collapse of the azacyclopropene intermediate through 
the a t tack  of the reagents on the unsaturated reaction 
intermediate to yield a cyclohexadienone-imine as the 
initial reaction product. Tautomerizat ion to the aromatic 
amine analog in each case adequately describes the final 
step in the aromatization process. The applicabili ty to a 
system bearing geminal dimethyl  groups through con- 
current methyl  migrations is apparent  in the Figure, 
equation B. Further,  this process should be dependent as 
in all Beckmann type rearrangements upon the configu- 
ration of the departing oxime-hydroxyl group. Competing 
with this mechanism in the case of oximes capable of iso- 
merization will be participation of the ~-carbauion in 
those cases in which its formation is possible (Figure, 
equation C). 

Utilizing this mechanism, the aromatization of certain 
2-tetralone 3e can be described and as well the formation 
of amino-thiophenes l° and dehydrogenation of 2-benzyl- 
1-tetralone 1~ by partial  oxime aromatization. The details 
of each of these processes can accurately be predicted on 

the basis of a mechanism of this type. The dependency of 
the process upon the catalyst  and solvent system adds 
additional support to a mechanism in which multi- 
directional collapse of the transition state controlled by the 
solvent catalyst  environment most adequately describes 
the aromatization process. The mechanism presented here 
also has the advantage tha t  i t  describes the reaction in 
terms of the closely related and in some cases competing 
Beckmann processes. 

Zusammen/assung. Es wird ein Mechanismus fiir die 
sauer-catalysierende Aromatisierung der Oxime (Wolff= 
Aromatisierung) vorgeschlagen, d e r e s  erlaubt, z.B. die 
Beckmann-Umlagerungsprozesse und Fragmentierungen 
entsprechend den heutigen Erkenntnissen aufzufassen. 
Die einschl~tgige moderne Literatur  wird im Sinn dieser 
neuen Beziehungen interpretiert.  

R .T .  CONLEY 

Department o/ Chemistry, Seton Hall University, South 
Orange (New Jersey, U.S.A.), May 9, 1962. 
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Neue  funkt ionel le  Der ivate  des  Ribof lavins:  
S u b s t i t u t i o n s r e a k t i o n e n  a m  I s o a l l o x a z i n - K e r n  

Im  Rahmen unserer Studien zur Koordinationschemie 
der Flavocoenzyme~, 2 benStigten wit Derivate des Iso- 
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alloxazins mit  abgewandelten Substi tuenten im Pyri-  
midin-Teilkern. Im  Gegensatz zu der Mannigfaltigkeit be- 
kannter Derivate dieses Typs in den verwandten Reihen 
der Pteridine und Purine sind seit unserer ersten Syn- 
these 3 des 2-Thiolumiflavins and des 2-Lumiflavimins in 
jtingster Zeit nur noch die anatogen Ribi tylderivate 
2-Thioriboflavin 4 und 2-Riboflavimin 5 beschrieben wor- 
den. 

Ausgehend yon 2-Thioisoalloxazinen I (R = CH 3 bzw. 
R = Ribityl) konnten wit eine gr6ssere Zahl der gesuchten 
Derivate auf folgenden Wegen erhalten:  

1. Die sehr reaktiven Thione I geben mit  Hydrazin und 
Hydroxylamin in wasserfreiem Milieu (Dimethylform- 
amid) direkt die Flavohydrazone I I  und die Flavoxime I l l .  
Beide Verbindungstypen sind nur in kationischer Form 
gegen O 3 und H20 stabil, mit  t~eroxiden reagieren sie be- 
senders leicht unter Rtickbildung der unsubstituierten 
Flavine IV. Die Hydrazone II  lassen sich welter stabili- 
sieren als unsymmetr ische  Azine V. 

2. Die Thione I reagieren nur unbefriedigend mit  an- 
deren wasserfreien Basen zu den Aminen VI, lassen sich 
aber leicht (ohne Basenkatalyse!) alkylieren zu den S- 
Alkylderivaten VII ,  welche-wir  frfiher irrtiimlich als 
N(3)-Alkylisomere angesehen haben ~ und welche nun 
leicht mit  wasserfreien Basen zu den gewiinschten Aminen 
VI reagieren. Die Grundk6rper VI, R" = H, erh~lt man 
jedoch noch einfacher dutch I ieduktion der I tydrazone I I  
mit  SnC12. 
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