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A b s t r a c t :   he tricyclic 14"-system can b e  prepared v l a  a canvenlent route 

developed for 2H-isoindoles. The investigated cycloadditlon and substitu- 

tion reactions reveal relarlons b e t w e e n  structure and property and confirm 

theoretical pred~ctlans. 

During the last decade ZH-isoindoles I l l  attracted synthetic and theoretical atten- 

tion 3 1 .  In the meantime, chemical efforts have been extended to annelated hetare- 

nes  121 and 131 with a n  o-quinonoid structure. Attention is directed towards the 

effect a f  the annelation type and the influence of heteroatoms upon the thermal 

stability and the chemical reactivity o f  the cyclic conjugated n-system. 

As a rule, ZH-iso~ndoles I11 and related N-heterocycles are extremely sens~tive 

and considerably reactive towards protonic acids and electroph~les. In our e x p e -  

rlence o-quinonoid n-hetarenes (11 and (21 - substituted at the hateroatam with a 

tertiary butyl group ' - are res~stant to these reagents. 

In order to obtain additional evidence for the stabilizing effect o f  the tertiary 

butyl group, the hitherto unknown 2-rert-butyl-2H-benzo[f]isoindole I31 has been 

synthesized via a general and practicable route. The conveniently accessible 2- 

rert-butyl-ZH-benzo[f]isuindoline [yield '31 %. mp 181 OCI was treated with a 30 % 

hydrogen peroxide solution in methanol. Acetalysis 6 1  of the resulting 2-tert-butyl- 

Z H - b e n z a [ f ] l s o i n d o l i n e - N - o x i d e  [yield 93 %, mp 132-133 O C I  with acetic anhydridr in 

the presence of triethylamine proceeds under very mild conditions and only leads to 

the formation of 2 - t e r t - b u t y l - 2 H - b e n r o [ f ] i s o i n d a l e  131. After sublimation the tri- 

cyclic hetarene c a n  be stored under nitrogen at room temperature without decompo- 

sing. 

c / o :  Prof. Or. Richard Kreher, Instltut fGr Organische Chemie und Biochemie, 

Technlsche Hochschule Oarmstadt. PeterienstraBe 22, 0-6100 Oarmstadt: 

Federal Republic o f  Germany. 



Th r  2-methyl-ZH-benzo[f]isoindole has been p r e p a r e d  b y  d x f f e r e n t  r o u t e s  7 ' 8 1 )  t h e  
9 I e x i s t e n c e  o f  t h e  p a r e n t  compound ( 3 ,  Rt = H I  was  e s t a b l i s h e d  by Remy and B i s s e t t  . 

C o n c e r n i n g  t h e  s t a b i l i t y ,  b o t h  r e p r e s e n t a t i v e s  c a n n o t  be  compared w i t h  t h e  t r i -  

cyclic h e t a r e n e  (3 ,  R +  = t e r t - b u t y l l ,  s u b s t i t u t e d  w i t h  a t e r t i a r y  b u t y l  g r o u p  a t  

t h e  h e t e r o a t o m .  So f a r  s y s t e m a t i c  i n v e s t i g a t i o n s  o f  t h e  c h e m i c a l  r e a c t i v i t y  o f  

b e n z o [ f ] i s a i n d o l e s  ( 3 1  have n o t  been c a r r i e d  o u t .  

I n  o u r  e x p e r i e n c e  d i e n o p h i l s s  p o s s e s s i n g  a n  a c t i v a t e d  CC-doub le  or t r i p l e  bond - 
8 .g .  m a l e i c  a c i d  N - m e t h y l i m i d e  o r  d i m e t h y l  a c e t y l e n e d i c a r b a x y l a t e  - p r e d o m i n a n t l y  

unde rgo  c y c l o a d d i t i o n  a t  1 . 3 - p o s i t i o n  o f  t h e  o - q u i n o n o i d  h e t a r e n e  131, l e a d i n g  t o  

t h e  f o r m a t i o n  o f  1 : l - a d d u c t s  141 and ( 5 1 .  In s p i t e  o f  s t e r l c  p r o t e c t i o n  - caused 

by t h e  b u l k y  t e r t i a r y  b u t y l  g r o u p  - c y c l o a d d i t i o n  does n o t  o c c u r  a t  t h e  p e r i - p o s i -  

t i a n  o f  t h e  c e n t r a l  s i x  membered r i n g  sys tem i  i n  t h e  c a s e  o f  t h e  i s o e l e c t r o n i c  

a n t h r a c e n e  1 0 ' 1 1 1  t h i s  r e a c t i o n  has  been o b s e r v e d  o n l y .  

I n  t h e  same  manner d i e n o p h i l e s  w i t h  a n  a c t i v a t e d  NN-doub le  bond p r e f e r  t h e  a t t a c k  

o f  t h e  t r i c y c l i c  h e t a r e n e  131 a t  1 . 3 - p o s i t i o n ,  I n  t h e  c a s e  o f  d i m e t h y l  a r o d i c e r b -  

o x y l a t a  t h e  f o r m a t i o n  o f  d i s u b s t i t u t e d  b e n z o [ f ] i s o i n d a l e s  ( 7 1  c a n  be  deduced f r o m  

analytical and spectroscopic d a t a .  T h i s  t r a n s f o r m a t i o n  may b e  c l a s s i f l a d  a s  a m a d i -  

?I-d " e n e - r e a c t i o n "  and p r o v i d e s  a n  e l e g a n t  r o u t e  f o r  t h e  preparation o f  h e t a r e n e s  

a s s o c i a t e d  w i t h  d o n o r  s u b s t i t u e n t s  a d j a c e n t  t o  t h e  h e t e r o a t o m  'I. I n  c o n t r a s t  t o  

t h i s  o b s e r v a t i o n  a n t h r a c e n e  r e a c t s  w i t h  a r o d i e n o p h i l e s  v ~ a  c y c l o a d d i t i o n  a t  9 .10-  

p o s l t i o n  giving r i s e  t o  t h e  f o r m a t i o n  o f  t h e r m a l l y  i n s t a b l e  O i e l s - A l d e r - a d d u c t s i  

subsequen t  l s o m e r i r a t i o n  t a k e s  p l a c e  u n d e r  t h e  i n f l u e n c e  o f  p r o t o n i c  a c i d s  and 

y i s l d s  t h e  9 - h y d r a r i n o - d e r i v a t l v e  121,  

The 0 - q u i n o n o i d  h e t a r e n e  13, R t  = t e r t - b u t y l l  c a n  be  c o n v e r t e d  i n t o  a r e m a r k a b l y  

s t a b l e  1 H - b e n z o [ f ] ~ s o i n d o l i u m  s a l t  161 by t r e a t m e n t  w i t h  c o n c e n t r a t e d  p e r c h l o r i c  
1  a c l d r  i n  ag reemen t  w i t h  t h e  H-NMR s p e c t r u m  p r o t o n a t i o n  t a k e s  p l a c e  a t  t h e  n u c l e o -  

p h l l i c  a-position a d j a c e n t  t o  t h e  h e t e r o a t o m ,  and a p p a m n t l y  p r o f i t s  by t h e  forma- 

t i o n  o f  t h e  c o n j u g a t e d  n a p h t h a l e n e  sys tem.  The s t e r l c  influence o f  t h e  t e r t l a r y  

b u t y l  g roup  seems t o  be  a n  essential f a c t o r  f o r  t h e  k i n e t i c  s t a b i l i t y  and  may be  

a t t r i b u t e d  t o  t h e  p r o t e c t i o n  of  t h e  h e t e r o c y c l i c  imonxum g r o u p .  I n  m e t h a n o l l c  s o -  

l u t i o n  a n  equilibrium i s  o b s e r v a b l e  be tween t h e  c a t l o n r c  s a l t  161 and t h e  n e u t r a l  

h e t a r e n e  131, w h i c h  c a n  be  d e t e c t e d  i n  t h e  U V - s p e c t r a .  

I n  p r a c t i c a l  o p e r a t i o n  t h e  r e a c t i o n  o f  t h e  t r i c y c l i c  h e t a r e n e  13, Rt = t e r t - b u t y l l  

w i t h  a r e n e - d i a r o n i u m  t e t r a f l u o r o b o r a t e s  has  b e e n  a c h i e v e d  i n  a b s o l u t e  a c e t o n e  a t  

0  OC. The r e g i o s p e c i f i c  a t t a c k  o f  t h e  = - p o s i t i o n  o f  t h e  t r i c y c l i c  h e t a r e n a  r e s u l t s  

i n  t h e  f o r m a t i o n  o f  s t a b l e  and i s o l a b l e  :-arylhydrazono-1H-benro[f]isoindolium 

s a l t s  181. O e p r o t o n a t i o n  c a n  be  r e a l i z e d  by t r e a t m a n t  w i t h  aqueous s o d i u m  h y d r o -  

x i d e .  The r e s u l t i n g  e r o  compounds 191 a r e  i n t e n s i v e l y  c a l o u r a d  and c h a r a c t e r i z e d  

by a l o n g  wave a b s o r p t i o n  band be tween  480 and 130  nm i n  t h e  U V - s p e c t r a .  

The tricyclic h e t a r e n e  13, R t =  c e r t - b u t y l l  displays t h e  same b e h a v i o u r  a s  Z - t e r t -  

b u t y l - Z H - i s o i n d o l e  ( 1 1 .  B o t h  t h e  t e r t i a r y  b u t y l  g roup  a t  t h e  h e i e r o a t o m  and t h e  

a n n e l a t e d  s i x  membered n - s y s t e m  do n o t  change t h e  r e a c t i o n  t y p e ,  b u t  e x e r t  a n  e s -  

s e n t i a l  i n f l u e n c e  upon c h e m i c a l  r e a c t i v i t y )  d i e r i o p h l l e s  and e l e c t r o p h i l e s  p r e f s r  

t h e  a t t a c k  o f  t h e  1 . 3 - p o s i t i o n  a d j a c e n t  t o  t h e  h e t e r o a t o m ,  w h l l e  t h e r e  i s  no e x -  

p e r i m e n t a l  evidence f a r  a n  a t t a c k  o f  t h e  c e n t r a l  9 , 1 0 - p o s i t y o n .  
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In this regard remarkable differences exist in comparison with the chemical beha- 

vlaur of t h e  isaelectronic Z-tert-butyl-ZH-pyrrol0[3,4-b~quinoxaline (21, i n  thls 

compound t h e  attack o f  electrophiles predo~ninantly takes place at the central h e -  
51 teroatoms . 

(4 0 (5) 

H 

0 E. / A \ 
N E - m - R ,  - m-Rl 

H C I 0 4  Ex 
H H N=N, 

E / 
E 

N 
( 6 )  

Y 
(3) 1 (7) ,I, 

NEN-A r I 

B F 4  I. -. '-. 
2 N  NaOH &N-Rt 

\ 
N 
\\ y- H N 

I 
A r  Ar  

(8)  (9) 

Table: 2-tert-~utyl-2~-benzo[fjlsoindole 131 and reaction products w i t h  dlenophiles and electro- 

philes 

2-~ert-~~tyl-2~-benzo[f]isaindole 131: yreld 90 % ,  mp 140-141 OC (under N21; subl. by 0.05 Tor=/ 

100-105 OC.- 1 ~ - ~ ( ~ ~ 1  1. T = 2.13 Is, 2H. H-4/91, 2.33-2.60 lm, 2H, H-5/81, 2.71 (s, 2H, H-1/3; 
3 '  

D 0-exchangeable). 2.99-3.27 (m, ZH, H-6/71. 8.43 i s ,  9H. CICH I ) - W(CH OH): A = 226 nm 2 3 3 '  3 max 
(log E = 4.301, 253 14.971, 313 13.411, 328 13.091, 336 12.61 shl. 344 (2.34 ah), 362 12.49 shl, 

390 13.06 ah), 413 (3.41 shl, 433 13.611, 456 13.601. 

endo-1,4-tert-Butylimmnn-l,2,3,4-tettthydddadthcee-2,3-diarboxylc acld N-methylimide 141: 

yield 96 h ,  mp 235-240 'C (dec.1.- ~H-NMR(CDCI I. r = 2.28-2.52 (6, 251, aromanc-HI, 2.57 IS, ZH, 3 '  
"-5/loJ, 2.62-2.86 (m. 2B. aromatic-HI. 5.08-5.18 (m, 2". H-1/41. 6.36-6.45 (m, 2". H-2/31. 7.98 

(s, 3H. CH31, 9.16 ( 5 ,  9H. C(CH3131. 



1,4-tert-Butyl~mlno-l,4-dihydroanthracene-2,3-dicarboxyllc acld dlmethyl ester 151: yield 66 5 ,  mp 

95-97 OC.- 1 ~ - ~ ~ ~ 1 ~ ~ ~ 1  1. r = 2.39-2.59 lm, 4H, aromatic-Hi 2H-singlet at r = 2.50, H-5/10), 2.66- 
3 '  

2.87 (m, 2". aromatic-HI, 4.78 la, 2H, H-1/41, 6.33 Is, 6H, 0CH31, 8.93 i s ,  9H. CICH I I - 3 31' 
2-tert-~utyl-LH-benzorf]isoindolivmperchlarate 161 : yield 93 %, mp 258-260 'C Idec.1 : H-NMR 

lCF3CCOHl: r = 0.70 ldt, J = 1.9 Hz and 0.7 Hz; lH, H-31, 1.47 ( s ,  1H. H-41. 1.98 Is, 18, H-91. 

2.03-2.28 lm, 2H. H-5/81, 2.35-2.62 Im, 2H. H-6/71. 4.67 ldd, J = 1.9 Hz and 1.4 Hz; 2H. CH I, 
2 

8.19 Is, 9H. CICH3131. 

2-tert-Butyl-1,3-bis[~,~~-b~~lmethhh~~~rbbby1l]hyddddiii-2~-bbbbb[f]iindl (71 : yield 56 8 ,  

(preparation in chlarofoml , 78-96 % (preparation in ether], mp 130 OC (dec.1 .- W(CH30Hl : Amax = 

227 nm (log c = 4.231, 255 (4.971, 298 13.59 shl. 314 (3.391, 330 (3.111, 347 12.631, 388 (3.26 shl. 

410 (3.63 shl, 428 13.871, 452 13.891. 

2-tert-Butyl-l-arylhydradddd-1~-beeeo~f]rsoindolium tetrafluoroborate I81 : Aryl = 4-ethoxycarbonyl- 

phenyl, yield 93 8 ,  mp 226 OC Idec.1.- Aryl = 4-nrtrophenyl, yield 87 %, mp 227 OC (dec.1 .- 
2-tert-~ut~l-l-arylazo-2~-b~n~0[f]i5oiidole (91: Aryl = 4-ethoxycarbonylphenyl. y~eld 94 8 ,  mp 

90-95 OC 1dec.l; WICH2CI2I: Amax = 256 om (log C = 4.591. 279 (4.271, 346 14.041, 353 (4.03 ah), 

374 13.70 shl, 443 (3.95 shl, 468 14.031. 545 (4.45 ah), 562 14.491. 594 14.271: Aryl = 4-nitro- 

phenyl, yield 87 %, mp 209-210 OC (dec.1; WICH C1 1. A = 251 nm (log c = 4.511, 287 (4.141, 
2 2 ' max 

353 (3.931, 364 (3.91 shl, 383 (3.79 shl. 456 (3.881. 477 (3.971, 558 (4.641. 

The  e x p e r i m e n t a l  r e s u l t s  d e m o n s t r a t e  t h e  p r o n o u n c e d  t h e r m a l  s t a b i l i t y  a n d  d i s t i n -  

g u i s h e d  c h e m i c a l  r e a c t i v i t y  o f  Z H - b e n z o [ f ] i s o i n d o l e  I 3 1  w i t h  a t e r t i a r y  b u t y l  g r o u p  

a t  t h e  h e t e r o a t o m .  T h e o r e t i c a l  p r e d i c t i o n s  o f  D e w a r  a t  a l .  13' o n  t h e  b a s i s  o f  H M O -  

calculations a r e  l m p r e s s l v e l y  c o n f i r m e d .  
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