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The F i s c h e r  r eac t ion  was used  to synthes ize  2 ,3 ,3 ,5 ,5 ,6-hexamethyl -3H,5H-benzo[1 ,2-b :5 ,4-  
b T ]d ipyrro le  and 2,3,3, 7 ,8 ,8-hexamethyl -3H,SH-benzo[1 ,2-b :3 ,4-b '  ]d ipyrrole  f rom the d i -  
hydrazone  obtained by the action of methyl  i sopropyl  ketone on m-phenylened ihydraz ine .  
C e n t r o s y m m e t r i c a l  2,3,3,6, 7, 7-hex amethyl -3H,  7H-benzo [1,2-b:4,5-b '  ]d ipyrrole  was syn the-  
s ized  f r o m  p-phenylenediamine  and methyl  b romoisopropy l  ketone.  Mono- and d iqua te rnary  
sa l t s  were  obtained f r o m  the new base s .  The d iqua teruary  sa l t s  were  conver ted  to b i s -  
methylene  b a s e s .  

In [1] we used  i s o m e r i c  benzobis th iazoles  and benzobisoxazoles  to obtain polymethine dyes with two 
conjugated c h r o m o p h o r e s  [1]. The dyes f rom he t e rocyc l e s  of this so r t  were  convenient subjec ts  for  a 
study of the effect  of s t r uc tu r a l  f ac to r s  on the in te rac t ion  of conjugated ch romophores .  

This  pape r  is devoted to the p r epa ra t i on  of the s i m i l a r l y  cons t ruc ted  benzodipyrro lenines  (I-IV) and 
the i r  de r iva t ives ,  which a re  sui table  for  the synthes is  of dyes with conjugated ch romophore s .  
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The dihydrazone f rom methyl  i sopropyl  ketone and m-phenylenedihydraz ine  readi ly  en te r s  into the 
F i s c h e r  r eac t ion  in ref luxing acet ic  acid to f o r m  a mix tu re  of two i s o m e r s  of hexamethy lbenzod ipyr ro len-  
ine (I and II).  These  i s o m e r s  could be s epa ra t ed  by c rys t a l l i za t ion  of the i r  hydrochlor ides  f rom wate r .  An 
i s o m e r  with mp 135~ was i so la ted  f rom the m o r e  soluble sa l t .  The IR spec t rum of this base  contains a 
band at 855 cm -1 which c o r r e s p o n d s  to the de format ion  vibra t ions  of the hydrogen a toms in the two adjacent  
CH groups  of the benzene r ing [2], which co r r e sponds  to the s t ruc tu re  of the angular  i s o m e r  {II). An 
i s o m e r  with mp 148 ~ was i so la ted  f rom the second sal t .  The IR s p e c t r u m  of this base  has a band at 895 
cm -~ due to the deformat ion  v ibra t ion  of the hydrogen a tom in an i so la ted  CH group of a benzene ring [2], 
which c o r r e s p o n d s  to the s t r u c t u r e  of the l inear  i s o m e r  (i). To conf i rm the s t ruc tu r e s  of both i s o m e r s  we 
m e a s u r e d  t he i r  dipole m o m e n t s  in benzene at 20 ~ The dipole moment  of the base  with mp  149 ~ was 4.83D, 
while the base  with m p  135 ~ had a dipole m omen t  of 2.75D. I f  i t  is a s sumed  that the momen t  of the p y r r o l -  
enine r ing is  d i rec ted  f rom the i sopropyl  group to the ni t rogen atom, the m o m e n t s  of both pyr ro len ine  r ings  
in l inea r  i s o m e r  I should be c lose  to pa ra l l e l  and be added together ,  while in angular  i s o m e r  II they fo rm 
an obtuse angle, which r e su l t s  in a d e c r e a s e  in the dipole momen t  of II as compa red  with that of I.  
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The yield of II is twice that of I. Only products with angular s t ruc tures  are usually obtained in the 
formation of t r inuc lear  aromatic  sys tems  f rom bifunctional benzene der ivat ives .  However, in our  case the 
nonaromat ic  pyrrolenine r ings are  joined, and this resul ts  in a mixture of l inear  and angular i s o m e r s .  

The dihydrazone n e c e s s a r y  for the.synthesis  of bases III and IV via the F i sche r  react ion could not be 
obtained f rom methyl  isopropyl  ketone and p-phenylenedihydrazine.  We therefore  attempted to obtain 
i somer s  III and IV in a manner  s imi la r  to that descr ibed in [3] for the synthesis  of 2 ,3 ,3- t r imethyl indolen-  
ines f rom r ing-subst i tu ted anilines and methyl  bromoisopropyl  ketone in pyridine.  However, an amino 
ketone (V) ra the r  than a benzodipyrrolenine (lII or  IV) was obtained by the react ion of p-phenylenediamine 
with methyl  bromoisopropyl  ketone. The s t ruc ture  of V is conf i rmed by the presence  in its IR spec t rum of 
bands at 1715 and 3355 cm -I  which are charac te r i s t i c  for the valence vibrat ions of the ketone and secondary  
amino groups bonded to an aromat ic  ring, respect ive ly  [2]. It is known [4] that 3 -an i l ino -3 -methy l -2 -  
butanone hydrochlor ide is converted to 2,3,3-trimethylindolenine on heating. The hydrochlor ide  of V also 
cycl ized on heating to 210 ~ with splitting out of water  to hexamethylbenzodipyrrolenine with mp 247 ~. This 
base has no dipole moment ,  and its IR spect rum contains a band at 910 cm -1 which is cha rac te r i s t i c  for the 
deformation vibration of the hydrogen atom in an isolated CH group of a benzene ring [2]. F r o m  these data, 
s t ruc ture  III should be assigned to the hexamethylbenzodipyrrolenine obtained. I somer  IV is not formed, 
probably as a resul t  of the s ter ic  hindrance crea ted  by two adjacent isopropyl groups.  

Bases I and III readily react on heating with excess dimethyl sulfate or methyl iodide to form quanti- 
tative yields of the diquaternary salts (VI and VIII). Monoquaternary salts (IX and X~I) are obtained from 
these bases by heating equimolar amounts of the bases and methyl iodide in nitrobenzene. Base II forms 
only a monoquaternary sail (X) on heating with excess dimethyl sulfate or methyl iodide. The formation of 
an isomeric quaternary salt of this base with respect to the 1-position is complicated because of steric 
hindrance. We obtained a diquaternary salt (VII) by heating II with a stronger alkylating agent - methyl o- 
nitr obenzene sulfonate [5]. 

By treatment of the diquaternary salts (VI-VIII) with ammonia, we obtained bismethylene bases (XII- 
XIV); these were solids which were readily purified by vacuum sublimation. 

CIf:~ C H  3 
CH 3 CH 3 CH3 �9 

~,!l xtt! x!v 

Bases  XII and XIII are  oxidized and become colored on s torage ,  but at an appreciably lower rate than for 
1 ,3 ,3- t r imethyl -2-methyteneindol tne .  Methylene base XtV does not change appreciably on s torage .  

E X P E R I M E N T A L  

2,3 ,3 ,5 ,5 ,6-Hexamethyl-3H,5H-benzo[1,2-b:5 ,4-b ' ]dipyrrole  (I) and 2,3,3,7,8,8-Hexamethyl-3H,SH- 
benzo[1 ,2-b:3 ,4-b ' ]d ipyrro le  (II). A total of 28 ml (0.25 mole) of methyl isopropyl ketone and 60 g (0.5 mole) 
of crys ta l l ine  sodium acetate were added with s t i r r ing  to a solution of 43 g (0.1 mole) of the double tin salt  
of m-phenylenedihydrazine [6] in 300 ml of water .  The result ing oil was ext rac ted  with ch loroform.  The 
solvent was removed in vacuo, 150 ml of acetic acid was added to the residue,  and the solution was heated 
careful ly  until it began to boil. An exothermic react ion then occur red .  After 15 min the acetic acid was r e -  
moved in vacuo, the res idue was neutral ized with ammonium hydroxide, and the result ing oil was extracted 
with ch lo ro form.  The ch loroform was removed,  and the residue was vacuum distilled with collection of the 
110-160 ~ (0.5 ram) f ract ion.  Water  (220 ml) and 30 ml of 50% perch lor ic  acid were added to the po lyc rys t a l -  
line mass  obtained (22 g), and the mixture was heated until everything dissolved. The c rys ta l s  that sett led 
out in cooling were c rys ta l l i zed  twice from water  and acidified with perchlor ic  acid. The c rys ta l s  of the di-  
perchlora te  of I were dissolved in hot water ,  and the base was l iberated with ammonia .  Vacuum sub l ima-  
tion yielded 6.0 g (25%) of I as co lor less  c rys ta l s  with mp 149 ~ (from heptane). Found %: N 11.4. C16H20N 2. 
Calculated %: N 11.7. The diperchlorate  of I was formed as l igh t - red  c rys t a l s  with mp 262 ~ (decomp., f rom 
water) when I was dissolved in dilute perchlor ic  acid. Found %: C1 15.1. Ct6H20N 2 �9 2HC104. Calculated %: 
C1 16.1. The fi l trate after the f i rs t  c rys ta l l iza t ion was neutral ized with ammonia,  and the l iberated base 
(II) was extracted with ch loroform.  The ch loroform was removed,  and the residue was c rys ta l l i zed  twice 
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f r o m  wa te r  acidif ied with pe rch lo r i c  acid. The c r y s t a l s  of the d iperch lora te  of II obtained were  d issolved 
in wate r ,  and the base  was l ibe ra ted  with ammonia .  Vacuum subl imat ion yielded 12.3 g (51%) of c o l o r l e s s  
c r y s t a l s  of ]I with mp 135 ~ (from hexane).  Found %: N 11.4. CIsH20N 2. Calcula ted %: N 11.7. D ipe rch lo r -  
ate of I I  was fo rm ed  as l i gh t - ro se  c r y s t a l s  with mp 288 ~ (decomp., f rom water)  when II was dissolved in 
dilute pe r ch lo r i c  acid .  Found %: C1 15.8. C16H20N 2 " 2HC104. Calcula ted %: C1 16.1. 

3 ,3 ' -p -Pheny lened iaminob i s (3 -me thy l -2 -bu tanone)  (V). A total  of 18.3 g (0.1 mole) of methyl  b r o m o -  
i sopropyl  ketone, obtained via the method in [7], was added to a solution of 5.4 g (0.05 mole) of p -pheny lene-  
d iamine  in 25 m l  of pyr id ine  at 70 ~ In the p r o c e s s ,  a yel low prec ip i ta te  f o rmed  and gave a da rk  solution on 
heat ing fo r  10 rain at 90 ~ The pyridine was r emoved  in vacuo, and a da rk -b rown,  c rys ta l l ine  product  was 
i so la ted  f rom the black v iscous  res idue  by t r i tu ra t ion  with ammonium hydroxide.  Crys ta l l i za t ion  f rom xy l -  
erie and vacuum subl imat ion  yielded 3 g (22%) of c o l o r l e s s  needles of V with mp 182 ~ Found %- N 10.4; C 
69.7; H 8.6. C16H24N202. Calcula ted  %: N 10.3; C 69,6; H 8.7. 

2 ,3 ,3 ,6 ,7 ,7 -Hexamethy l -3H,7H-benzo[1 ,2 -b .4 ,5 -b ' ]d ipyr ro le  (III). A total  of 7.1 g (0.025 mole)  of V 
was d i sso lved  by heat ing in 30 ml  of concent ra ted  hydrochlor ic  acid.  The res idue  remain ing  a f te r  e v a p o r a -  
t ion of this solution to d rynes s  was heated in a gentle s t r e a m  of ni t rogen for  30 min  at 210 ~ The base  was 
l ibe ra ted  f r o m  an aqueous solution of the sa l t  by ammonium hydroxide.  Vacuum subl imat ion yielded 4.1 g 
(67%) of c o l o r l e s s  c r y s t a l s  of III with mp  248 ~ (from b e n z e n e - c y c l o h e x a n e ) .  Found %. N 11.8. CIsH20N 2. 
Calcu la ted  %: N 11.7. 

1,2,3,3,5,5,6,  7 -Octamethy l -3H,5H-benzo  [1,2-b: 5 ,4-b '  ]d ipyrrol ium Diperch lora te  (VI) and 1,2,3,3,5,6, 7, 7- 
Oc tame thy l -3H,7H-benzo[1 ,2 -b :4 ,5 -b ' ] -d ipy r ro l ium Diperch lo ra te  (VIII). A mix tu re  of 0.24 g (1 mmole)  of 
I (or III),  0.5 g (4 mmole )  of d imethyl  sulfate ,  and 10 ml  of xylene was heated for  1 h at 140 ~ The p r e c i p i -  
ta ted  sa l t  was washed with dry  e the r  to give 0.47 g (96%) of product .  This  was d isso lved  in water ,  the hot 
solut ion was t r e a t ed  with ac t iva ted  charcoa l ,  and the qua te rna ry  sa l t s  were  prec ip i ta ted  with sodium p e r -  
ch lo ra te .  Compound VI fo rm ed  co lo r l e s s  c r y s t a l s  with mp  289 ~ (from water ) .  Found %: C1 14.6. 
C18H2sC12N208. Calcu la ted  %. C1 14.8. Compound VIII fo rmed  co lo r l e s s  c r y s t a l s  which me l t  above 300 ~ 
(from water ) .  Found%:  C1 14.9. C18H2sC12N208. Caleulatect%: C1 14.8. 

1 ,2 ,3 ,3 ,6 ,7 ,8 ,8 -Octamethy l -3H,SH-benzo[1 ,2-b :3 ,4 -b ' ]d ipyr ro l ium Diperch lora te  (VII). A mix tu re  of 
0.24 g (1 mmole )  of II  and 0.54 g (2.5 mmole)  of methyl  o-n i t robenzenesul fonate  was heated for  1 h at 105 ~ 
The sa l t  was washed with d ry  e ther ,  d isso lved  in wate r ,  and the hot solution was t r ea t ed  with ac t ivated c h a r -  
coal .  The Salt was p rec ip i t a t ed  with sodium pe rch lo ra t e  to give 0.36 g (77%) Of co lo r l e s s  c ry s t a l s  with mp 
282 ~ (from w a t e r  or  methanol) .  Found %: C1 14.9. C~sH2sC12N208. Calcula ted  %: C1 14.8. 

1 ,2 ,3 ,3 ,5 ,5 ,6-Heptamethyl -3H,5H-benzo  [1,2-b:5,4-b '  ]d ipyrrol ium P e r c h l o r a t e  (IX) and 1,2,3,3,6, 7, 7- 
Hep tamethy l -3H,7H-benzo[1 ,2 -b .4 ,5 -b ' ]d ipy r ro l ium P e r c h l o r a t e  (XI). A mix tu re  of 0.24 g (1 mmole)  of I 
(or III),  0.15 g (1 mmole )  of methyl  iodide, and 3 ml  of n i t robenzene  was heated  in a sea led  ampoule for  4 h 
at 100 ~ The addition of d ry  e the r  gave a c rys ta l l ine  prec ip i ta te  which was f i l te red  and washed with e ther .  
The sa l t  obtained was d isso lved  in ch lo ro fo rm,  and the solution was f i l t e red  away f rom the undissolved,  ad-  
mixed  d iqua te rnary  sa l t .  The f i l t ra te  was evapora ted ,  the res idue  was d isso lved  in a smal l  amount of water ,  
and the sa l t  was p rec ip i t a t ed  with sodium pe rch lo ra t e  to give 72% of l i gh t -g ray  c r y s t a l s  of IX with mp 224 ~ 
(from water ) .  Found %- N 7.6. CITH23C1N204. Ca lcu la ted%:  N 7.9. Compound XI was obtained in 82% 
yield as i i g h t - g r a y  c r y s t a l s  with mp  245 ~ (from water ) .  Found %: C1 10.0. Cl~H23C1N204. Calcula ted %: 
C1 10.0. 

2 ,3 ,3 ,6 ,7 ,8 ,8 -Heptamethy l -3H,8H-benzo[1 ,2 -b :3 ,4 -b ' ]d ipyr ro l inm Iodide (X). This  was obtained in 
quanti tat ive yield by heat ing II with excess  methyl  iodide in benzene.  The product  was l ight-yel low c r y s t a l s  
with m p  244 ~ Found %: I 33.6. C17H23IN 2. Ca lcu la t ed%:  I 33.2. 

1 ,3 ,3 ,5 ,5 ,7 -Hexamethy l -2 ,6 -d imethy lbenzo[1 ,2 -b :5 ,4 -b ' ]d ipyr ro l ine  (XII), 1 ,3 ,3 ,6 ,8 ,8 -Hexamethy l -2 ,7 -  
d imethylenebenzo [1,2-b:3,4-b '  ]d ipyrrol ine  (XIII), and 1,3,3,5,7, 7 -Hexamethy l -2 ,6 -d imethy lenebenzo  [1,2-b: 
4 ,5 -b ' ]d ipyr ro l ine  (XIV). These  were  obtained by the action of ammonia  on aqueous solutions of VI-VIII .  
The l i be ra t ed  b ismethylene  base  was ex t r ac t ed  with ch lo roform,  and the res idue  af ter  evapora t ion  of the 
ch lo ro fo rm was vacuum subl imed.  Compound XII was obtained in 73% yield as l ight-yel low c r y s t a l s  with 
mp 154 ~ Found%: N 10.5. CI8H24N 2. Calcu la ted%:  N 10.4. Compound XIII was obtained in 52% yield as 
c r y s t a l s  with m p  133 ~ Found %: N 10.9. C18H24N 2. Calcula ted  %: N 10.4. Compound XIV was obtained in 
89% yield as l ight -brown c r y s t a l s  with mp 198 ~ (from hexane).  Found %: N 10.4. C18H24N 2. Calcula ted %: 
N 10.4. 
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