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Abstract--- The react ion  of neut ra l  species, 1,6-diaraphenalene, w i t h  haio- 

gen provided p r i n c i p a l l y  2,3-dihalo- and 2 , 3 , 4 - t r i h a l o d i ~ a ~ h e n a l e n e s  i n  

add i t i on  t o  lesser quan t i t i es  of o ther  isomers, whereas, halogenation of 

the protonated form l b  of 1 .6-d ia~a~henalene gave a 7-subst i tu ted diaza- -- 
phenalene as the  major product. 

i The heterocycle 1.6-diaraphenalene l a  has recent ly  been prepared and i s  of spec ia l  s i g n i f l -  -- 
cance fo r  some of i t s  a r e  s i m i l a r  t o  those of imidazole. Because o f  these s imi -  

l a r i t i e s  and the i n t e r e s t  i n  im idamle  f a r  the ca ta l ys i s  of organic  reaction^,^ a study o f  the 

behavior o f  i i n  the  presence of e l e c t r o p h i l i c  halogen has been undertaken. This invest iga t ion  

has centered on the react ion  of bromine w i t h  the  neut ra l  molecule l a  and, where possible,  the -- 
analogous transformation has been ca r r i ed  out  a- the protonated form l b  of 1,6-diazaphenaiene. -- 

H-N: T-H+ 
l a  I b  

Ext rapo la t ion  o f  these r e s u i i s  have a l so  provided a means i n  & i c h  t o  prepare both 7-chloro and 

7-iodo subst i tu ted i,6-diazaphenaienes. 

I f  1,6-diazaphenalene l a  was reacted w i t h  bromine i n  the presence of sodium acetate (1:40 -- 
r a t i o  of l a  t o  sodium aceta te) ,  under condi t ions analogous t o  the brominat ion of  i m i d a ~ o l e , ~  the -- 
tr ibrcmo de r i va t i ves  3.4.7-tribromo-1.6-dia~a~henalene 2 and 2 . 3 . 4 - t r i b r m o - i , 6 - d i a l a p h e n a l e n e  

2 were formed along w i t h  s i g n i f i c a n t  amounts of the 2,3-dibromo d e r i v a t i v e  4, as i l l u s t r a t e d  i n  

Scheme I. The y i e l d s  (see Table I )  under these condi t ions (one equ iva lent  of bromine) we re  low 

due t o  the recovery of s t a r t i n g  l a  and the formation o f  small quan t i t i es  of four other ha lo  iso- -. 
r n e r ~ . ~ ~  The s t ruc tures  of 2, 3 and 4 were determined by i r ,  nmr and mass spectroscopy (see Table - - 
I1  fo r  the pe r t i nen t  NHR data). 7b When the r a t i o  o f  l a  t o  sodium acetate was a l t e r e d  t o  1:24, the - - 
2,3,4-tribrwoo and 2,j-dibromo der iva t ives  3 and 4, respect ive ly ,  comprised much of the product 

mixture;  however, i n  add i t i on  a small amount of 7-bromo-1.6-diaza~henalene was now iso la ted,  as 



w e l l  as s t a r t i n g  la .  
-* 

Since t h e  excess sodium a c e t a t e  i n  a c e t i c  a c i d  se rved  to n e u t r a l i z e  any hydrogen b r m i d e  

generated i n  t h e  process,  t h e  c o n d i t i o n s  desc r ibed  above d e a l t  e s s e n t i a l l y  w i t h  t h e  n e u t r a l  

species la .  In  o r d e r  t o  s tudy  t h e  r e a c t i o n  under more a c i d i c  c o n d i t i o n s ,  t h e  r a t i o  o f  l a  t o  -- -- 
Scheme i 

X4 X4 

2, X =H, X2=X3=X4=Br - I 4, X =X -Br ,  X =X -H 1 2- 3 4- 
3, X =X =X =Br,  X4=H - 1 2 3  

5, x1=x2=x =H, X4=Br 
3 

4, X =X =Br, X =X =H - 1 2  3 4 
6, x = X  =X -H, x p r  - 1 3 4 -  

7, x = x  =H, X =x -Br 3 2 4 -  

1 /NaOAc ( l:4O) 
HOAC, B r2  

spdium a c e t a t e  was then a l t e r e d  t o  1: i .  As i l l u s t r a t e d  i n  Scheme I ,  fou r  bromodiazaphenalenes 

4, 5,  6, and 7 were i s o l a t e d  from t h i s  e x p e r i m e n t ,  f u r t h e r m o r e ,  7-bramo-1.6-diazaphenalene 5 - - -  
now became the major produc t  a t  t h e  expense o f  t h e  2,3- and 2,3,4-halo isomers p r e v i o u s l y  formed. 

The t r e n d  appeared c l e a r  a t  t h i s  p o i n t ;  t h e  more a c i d i c  r e a c t i o n  medium d e f i n i t e l y  favo red  

f o r m a t i o n  of t h e  7-bromodiaraphenalene i n  p re fe rence  t o  t h e  o t h e r  isomers. The change i n  
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o r i en ta t i on  dur ing e l e c t r o p h i i i c  subs t i t u t i on  o f  protonated versus neut ra l  pyr id ines  and 

qu ino l ines  has been reported.' While t h i s  i s  s i m i l a r  t o  resu l t s  described herein,  caut ion must 

be exercised a t  t h i s  junc ture  i n  d i r e c t  ex t rapo la t ion  o f  t h i s  phenomenom t o  tha t  o f  1,6-diaza- 

phenalene 

Ea r l i e r ,  on examination of the nmr spectrum of l a2  i t  had been found tha t  t h i s  base, as ex - - 
pected, was protonated i n  t r i f l u o r o a c e t i c  acid,  and i t  was f e l t  t h i s  reagent would provide a 

medium i n  which t o  brominate species l b .  In complete agreement w i t h  t h i s  hypothesis, the bromina- -- 
t i o n  o f  1,6-diazaphenalene i n  t r i f l u o r o a c e t i c  ac id  gave an 81% y i e l d  o f  7-brmo-l ,6-diazaphenaiene 

5. This f o l l w s  the t rend described above, and served t o  i l l u s t r a t e  tha t  halogenation 

Table I 

Substrate ~ o n d i t i o n s *  Product ( y i e l d  

i b 
8r2,  NaOAc( i :40)-, HOAc 2  (10.5).  3 (6.2), 4  (5.11, others ( t race)  

i 8r2. NaOAc(l :24),  HOAc 3  (8.0),  4  (6 .3) .  5 (4.16), others ( t race)  

I 8r2, NaOAc ( I : I ) ,  HOAc 5  ( 9 . 5 ) , 4 ( 6 . 1 ) , 6  ( 4 . 0 ) , 7  (3.1) 

I Br2. NaOAc(l:24), HOA& 4 ( 1  1.8), 3 (2. I ) ,  others ( t race) 

i B r 2 ( 1 / 2 e q . ) , N a O A c ( l : 2 4 ) , H O A c  $ ( l 1 . 4 ) , 5 ( 7 . 7 ) , ! ( t r a c e ) $ ( t r a c e )  

I d 
8 rZ .  CFJCOOH, CH2C12- 2 (81.0). others ( t race)  

I NBS, CF3COOH, CH2C12 5 (64.8), 7  ( t race)  

i NCS, CF3COOH, CH2Ci2 I 0  (33.5). ii (271, 12 ( i 1 . 5 ) ,  13 (7.9) -- -- -- -- 
1 NIS, CF3COOH, CH2C12 - 14 - (45.6), !! (t race)  

%actions were ca r r i ed  out a t  room temperature unless otherwise indicated. 
b  
-The r a t i o  set  i n  parenthesis i s  the r a t i o  of 1 t o  sodium acetate employed i n  the experiment. : - i o o c  

-60DC. a s i m i l a r  r e s u l t  was observed a t  roan temperature. 
E ~ h e  y ie lds  i n  the react ions run w i t h  bromine are  l a u  because o f  d i f f i c u l t i e s  encountered dur ing  
separat ion of these mater ia ls ;  hweve r ,  the r e l a t i v e  amounts o f  the i a m e r s  present are q u i t e  
representative,as indicated. 

of Ib  should OCCUF preferab ly  a t  the 7-pos i t ion  of the molecule, i n  cont ras t  t o  the subs t i t u t i on  -- 
pat tern  observed on the neu t ra l  species. 

While a t tack  o f  an e lec t roph i l e  on e i t h e r  pos i t ion-3  or -7  o f  l a  i s  not except ional  and has -- 
been discussed, 7b the formation o f  2 ,3-d isubst i tu ted der iva t ives  deserves some comnent. Two ob- 

vious pathways f o r  formation o f  4 or the  re la ted  de r i va t i ve  3  a r e  depicted i n  Scheme 1 1 .  In- 

d i r e c t  evidence has been presented which7b ind ica tes  t ha t  a path I+&4 i s  possible;  harever, the - - -  
sequence !+p12 ~ w i d  a l so  appear q u i t e  reasonable,in a mechanistic sense,for the bromine a t  

pos i t ion- )  of 6  would be expected t o  p o l a r i z e  t h i s  bond t o  permit eventual a t t ack  a t  pos i t ion-2 .  . 

Examination of the data i n  Table I  ind ica tes  tha t  use of one h a l f  equivalent of bromine i n  the 

react ion  (1  t o  sodium acetate r a t i o  1:24) provided very l i t t l e  2,3-dibrmodiazaphenalene 4, 

moreover, the major product was 3 - b r m o - 1 . 6 - d i a ~ a ~ h e n a l e n e  6, substant ia l  quan t i t i es  of which 



Scheme I I 

9  4 

were not iso la ted when m e  equivalent o f  bromine was used. This would seem t o  ind ica te  t ha t  6 may 

form f i r s t ,  and then goes on t o  form 9  fo l lowed by loss of  hydrogen bromide t o  provide 4. This 

evidence i s  c e r t a i n l y  i n d i r e c t ,  furthermore, s ince b r m i n e  i s  an ox id i z i ng  agent, the lesser 

concentrat ion o f  t h i s  reagent may have impeded conversion of 8 t o  4 a lso  resu l t i ng  i n  i s o l a t i o n  - - 
of only t race amounts o f  4 frm t h i s  experiment. Although there i s  no d i r e c t  data t o  impl ica te  

e i t h e r  of these mechanisms a t  present, both appear feas ib le  i n  terms o f  the  experimental data 

a t  hand. 

More important ly,  i n  the context o f  the  present discussion, ca l cu la t i ons  (e lec t ron dens i t ies  

and l oca l i za t i on  energies) recent ly  ca r r i ed  out on l a  and lb9 , ind ica te  tha t  posi t ions-2 and -3 of -- -- 
l a  a r e  h i g h l y  po lar ized which would a l l ~  eventual a t tack  of halogen (anion) a t  pos i t ion-2 ;  more- -- 
over, the three pos i t i on  of l a  i n  the neu t ra l  species appears more suscept ib le  t o  e l e c t r o p h i l i c  -- 
at tack,  than other s i t e s  i n  the  molecule, as impl ied i n  Scheme 1 1  ( 1 4 9 ) .  Posi t ion-7,  however, - - -  
appears t o  be the s i t e  of choice fo r  a t tack  of halogen on the protonated molecule lb9 i n  com- -- 
p le te  agreement w i t h  the data i l l u s t r a t e d  in  Table 1 .  

I n  keeping w i t h  the des i re  t o  convert l i n t o  po ten t i a l  an t ima la r i a l  agents i ' 2 8 i 0  a number 

o f  methods have been examined t o  incorporate func t :ona i i ty  i n t o  pos i t ion-7  of I. Since halogen 

has been displaced by m i n e s  in  the  qu ino l ine  ser ies i i  and a l so  can undergo l i t h i u m - h a l q e n  

exchange t o  generzte a carbanionic center,  t h i s  group appeared useful  as a precursor t o  other 
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Although the react ion  of 1 w i t h  ch lo r i ne  or i od ine would be expected t o  be troublesane, 

exper imental ly,  recent r e s u l t s  i n  the brcmine area provided a s o l u t i o n  t o  t h i s  problem. Since 

i t  was k n a m  (see above) t ha t  l b  p r e f e r e n t i a l l y  reacted a t  pos i t i on -7  w l t h  bromine, a 1 : l  mix- -- 
ture  o f  1.6-diaraphenalene I and N-branosuccinimidei2 was s t i r r e d  i n  t r i f l u o r o a c e t i c  acid.  

This procedure c iean l y  furnished a 64.8% y i e l d  of  the 7-brano canpound 5. Simple extrapola- 

t i o n  of t h i s  technique t o  N-chlorosuccinimide d i d  provide 7-chloro-1.6-diazaphenalene 10, as .- 
i i l u s t r a t e d  i n  Scheme I l l ,  hwever  use of t h i s  more reac t i ve  ch lo r i ne  reagentI3 a lso  gave 3- 

chloro-1.6-diazaphenaiene I I, 2,)-dichloro-1 ,6-diazaphenalene 12 and 3,7-dichiora-1,6-diaza- - - - - 
phenalene 13. Since both ch lo r i ne  and the chloronium ion a r e  more react ive  t w a r d  e l e c t r o p h i l i c  - - 
subs t i t u t i on13  than the corresponding branine ana logs, i t  i s  not  su rp r i s i ng  t ha t  substant ia l  

amounts o f  1 1 ,  I 2  and I 3  were formed under these cond i t ions .  More important ly,  hweve r ,  use of --  --  - - 
N-iodosucclnimlde under the same cond i t ions ,  furnished a 45.6% y i e l d  o f  7-iodo-1,6-diazaphenaIeee 

1 4  contaminated w l t h  only t race amounts of other products such as 15; no attempts t o  maximize the -- - - 
y i e l ds  i n  t h i s  ser ies  have been made t o  date. The l m e r  y i e l d  o f  7-iodo-1.6-diazaphenalene 14 i n  -- 
canparison t o  the y i e l d  o f  the 7-brano de r i va t i ve  5,  coupled w i t h  the higher s e l e c t i v i t y  of both 

bromine and iod ine f o r  pos i t ion-7  of lb, i s  i n  accord w i t h  the r e a c t i v i t y  o f  these reagents to-  -- 
ward aromatic nuclei .13 

Scheme I  I I  

N 

X4 I 
10, XI=x2=X3=H. X4=C1 1 14 -. -- 
1 1 ,  X =X =X =H, X =Cl 15, 3-iodo isomer -- 1 3 4  2 -- 
12, XI=X2=CI, X =X =H -- 3 4 
13, X =X =H, X =X =CI .. I 3  2 4  

The incorpora t ion  of halogen a t  pos i t ion-7  of the protonated 1.6-diazaphenalene l b  i s  s ig -  -- 
o i f i c a n t  f o r  not on ly  should i t  provide ent ry  i n t o  7 -subst i tu ted -1 .6 -d ia laphena lenes  v i a  a 

va r i e t y  o f  methods, but the pat tern  establ ished f o l l w s  exact ly  what i s  pred ic ted t o  occur 

on the basis of recent c a l c ~ l a t i o n s . ~  I n  add i t i cn ,  although d i r e c t  i od ina t i on  of aromatic com- 

pounds presents ra ther  spec ia l  problems14, the N-iodosuccinimide, t r i f l u o r o a c e t i c  ac id  tech- 

nique employed here provides the iodo d e r i v a t i v e  14 i n  ra ther  simple fashion. -- 
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Table I 1  

NMR Data f o r  S u b s t i t u t e d  Diaraphenalenes 

2 (DMS0-d6, 60 r n ~ d  6 6.20 (d,  IH,  J=8Hz), 7.42 ( d ,  IH,  J=8Hz), 7.88 ( 5 ,  IH) and 8.26 ( s ,  IH) .  

! (DMSO-d6, 60 mHz) 6 6.22 (d,  IH, J=8Hz), 7.40 ( t ,  IH, J=8H2), 7.58 (d,  IH ,  J=8Hr) and 8.02 

( 5 ,  I H ) .  

4 (TFAA, 220 m ~ z )  S 7.08 (d,  IH, J = ~ H z ) ,  7.42 (d,  IH, J=9Hz), 8.18 ( t ,  IH,  J=7Hz), 8.26 

(d,  IH, J=9H2), and 8.51 (d,  IH, J=7Hz). 

2 (DMSO-d6, 60 r n ~ z ) ,  6 6. 15 (d, IH,  J=7Hz), 6.35 (d,  IH, J=5H2), 6.60 ( d ,  IH,  J=8H2), 7.40 

(d, IH, J = ~ H z ) ,  7.64 (d ,  IH,  J=8Hz) and 8.20 (d,  iH, J=5Hz). 

6 (DMSO-d6, 60  rnHr), 6 5.83 (d,  iH, J=7Hr), 6.72 (d,  IH,  J=8Hr), 7.00 (d,  IH, J=8Hz), 7.36 

(d,  IH, J = ~ H z ) ,  7.41 ( t ,  IH, J=7Hz), 8.15 ( r ,  I H ) .  

7 (DMSO-d6, 220 mHz) 6 6.42 (d ,  IH,  J=7Hz), 7.21 (d,  IH, J=8H?.), 7.55 (d, IH, J=8Hz), 8.04 

(d, IH, J=7Hz) and 8.61 ( s ,  i H ) .  

l o  (DMSO-d6, 60 m ~ z )  S 5.98 (d, IH,  J-6.5 Hz) ,  6.21 ( d ,  IH,  J=5Hr), 6.60 (d, IH, J.7.5 H z ) ,  - -  
6.87 (d,  iH ,  J=6.5 H z ) ,  7.41 (d, IH, J=7.5 Hz) and 7.82 (d,  iH ,  J - ~ H Z ) .  

I! (DMSO-d6, 60 m ~ z )  S 5.79 (d,  IH, J=7Hz), 6.60 (d ,  IH, J=8Hz), 6.95 (d ,  IH,  J ~ H Z ) ,  7.29 --  
(d,  iH, J=7Hd,  7.34 ( t ,  IH,  J=8Hr) and 8.03 ( s ,  IH) .  

(DMS0-d6s 60 rnHz) 6.22 (d, iH, J = ~ . O H Z ) ,  6 .98  (d, IH, J=9.0Hz), 7.54 ( t ,  IH, J = ~ H ~ ) ,  -- 
7.65 (d.  IH, J=7.OHz) and 8.14 (d, IH. Jz9Hr) ;  spect rum comp l i ca ted  by p r o t o n  transfer. 

I 3  (DMSO-d6, 60 mHz) 6 5.94 (d,  IH, J=7Hr), 6.70 (d,  IH, J=8Hz), 7.02 (d,  IH,  J=8Hr), 7.48 -- 
( d ,  IH, J=7Hz) and 8. I 8  (s, I H ) .  

1 4  ( D M S O - ~ ~ ,  60 m ~ z )  6 5 .98 (d,  IH,  J=7Hz), 6.32 (d, IH, J=5Hz), 6.43 (d,  IH,  J=8Hz), 7.22 . - 
( d ,  IH, J = ~ H z ) ,  7.81 (d,  IH, J=8Hz) and 8.06 (d, IH, J=5Hz) 
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