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Brominat ion  of fi-quinindane and f i -quin indane-9-carboxyl ic  acid leads  to t r i b r o m o -  and 
t e t r a b r o m o - s u b s t i t u t e d  1H- and 3H-fl-quinindineso Hydro lys i s  of the t r ib romide  of fi- 
quinindine under  the influence of s i l v e r  n i t ra te  gives ] -b romo-3H-f l -qu in ind in -3 -one ,  
while hydro lys i s  under the influence of concent ra ted  HaSO 4 gives r e a r r a n g e m e n t  to fo rm 
1 ,2 -d ib romo-3H-f i -qu in ind in -3-one .  The poss ib le  paths for  the fo rmat ion  of the c o m -  
pounds obtained a r e  d iscussed ,  and the IR, PMR, and UV spec t ra l  data a r e  p resen ted .  

We have p rev ious ly  studied the chlorinat ion of fi-quinindane and seve ra l  of its de r iva t ives  under the 
influence of phosphorus  pentachlor ide  [1]. In the p roce s s ,  the hydrogen a toms  in the 3 posit ion a re  p r i -  
m a r i l y  r ep laced  by chlor ine,  while fl-quinindane i tself  gives 1 ,1 ,2 ,3 ,3-pentachloro-f l -quinindane.  Los and 
Stafford [2] unsuccessfu l ly  a t tempted  to b romina t e  fi-quinindane with N-b romosucc in imide .  This pape r  is 
devoted to a study of the action of b romine  on fi-quinindane (Ia) and f l -quinindane-9-  carboxyl ic  acid (Ib). 

Only fi-quinindane p e r b r o m i d e  was isolated f r o m  the b romina t ion  of fl-quinindane (Ia) in acet ic  acid 
at 50-55~ This was conf i rmed  by the convers ion  of the p e r b r o m i d e  to fi-quinindane hydrobromide  by 
t r e a t m e n t  with sodium bisulf i te .  

Brominat ion  of Ia with 2 mole  of b romine  under the conditions p roposed  for quinaldine [3] (heating at 
100 ~ in acet ic  acid in the p re sence  of sodium acetate)  leads to res in i f ica t ion  of the reac t ion  m a s s .  Lower ing  
the reac t ion  t e m p e r a t u r e  to 55-57 ~ makes  it poss ib le  to avoid res ini f ica t ion,  and a compound with empi r i ca l  
f o rmu la  CaH6Br~N is i so la ted  in good yield along with unchanged s t a r t i ng  m a t e r i a l ,  i .e.,  four b romine  m o l e -  
cules  r e a c t  with one molecule  of Ia (C12HllN+4Br2~ Ct2H6Br3N+5HBr). When 3.3 mole  of b romine  was 
taken for  the b romina t ion  of 1 mole  of Ia, a s ignificant  amount of a t e t r ab romide  (C12HsBr4N) was isolated 
a long with the same t r i b r o m i d e .  Only s ignals  f r o m  five a r o m a t i c  protons  a re  obse rved  in the PMR spec -  
t r um of the t e t r ab rom i de :  5~ 8.30 ppm, doublet;  7.96 ppm, s inglet ;  the C(5), C(6 ), and C(7 ) protons  give a 
mul t ip le t  at 7.5-7.9 ppm.  Consequently,  all  four  b romine  a toms  are  s i tuated in the f i v e - m e m b e r e d  ring, 
and the absence  of other  protons  a t tes t s  to the fo rmat ion  of a new double bond in this r ing.  In fact ,  as c o m -  
pa red  with the UV spec t rum of fi-quinindane or 1 ,1 ,2 ,3 ,3-pentachloro-f i -quinindane [1], the UV spec t rum of 
the t e t r a b r o m i d e  has a cons iderable  (~ 20 nm) ba thochromic  shift  as  a consequence of lengthening of the 
conjugation chain. On the bas i s  of the fact  that the s inglet  f rom the C(s ) proton, as in the spec t rum of fi- 
quinindane, is d i rec t ly  adjacent  to the mul t ip le t  f rom the C(6 ), C(7 ), and C(8 ) protons  and is not shifted to 
weak field, as in the s pec t rum  of the pentachlor ide  ment ioned above [1], it can be a s sumed  that only one 
b romine  a tom is a t tached to C(1 )o F r o m  the spec t r a l  data obtained, the s t ruc tu re  of the t e t r ab romide  was 
de te rmined  to be 1 ,2 ,3 ,3- te t rabromo-3H-f i -qu in ind ine  (IIa). 

Despite  the fact  that only one spot was obse rved  on the c h r o m a t o g r a m s  of the t r ib romide  in var ious  
s y s t e m s  on a thin l a y e r  of a luminum oxide, the PMR spec t rum of the t r ib romide  contains s ignals  of both 
1 ,1 ,3 - t r ib romo- lH- /3-qu in ind ine  (IIIa) and 1 ,3 ,3- t r ibromo-3H-f i -quin indine  (IVa) (Fig. 1). The ass ignment  
was made on the bas i s  of the posi t ion of the s ingiets  f rom the C(2 ) and C(9 ) protons (the s ignals  of the ben-  

~See [1] for  communica t ion  V. 
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Fig.  1. PMR spec t ra  of fl-quinindine 
t r i b romide  (IIIa+ IVa) in deu te ro-  
ch lo ro fo rm with added t r i f luoroace t ic  
a d d  (2) and without acid (1). 

zene protons  of IIIa and IVa a re  super imposed) :  the C(9 ) proton 
in IIIa,  which is deshielded by two b romine  a toms in the 1 pos i -  
t ion, abso rbs  at 8.41 ppm,  compared  with 7.97 ppm in IVa; in 
turlz, the C(2 ) proton signal  in IIIa is shifted to weaker  field (7.36 
ppm) because  of conjugation with ni t rogen and the contr ibut ion of 
sa tu ra ted  s t ruc tu re  V, while there  is no such conjugation in IVa, 
and the cor responding  singlet  f rom H(2 ) is found at 7.02 ppm. F o r  
the s a m e  reason ,  the addition of t r i f luoroace t i c  acid to a so lu-  
tion of the t r i b romide  resu l t s  in a s t rong  shift  to weak field of 
the C(2) proton s ignal  in IIIa, while the cor responding  singlet  in 
IVa is v i r tua l ly  unshifted (Fig. 1). 

S imi lar  b romina t ion  of ~-qu in indane-9-carboxyl ic  acid fib) 
a lso  r e su l t s  in a t r ib romide  and t e t r ab romide  in app rox ima te ly  
equal yields  [5]. Judging f rom the PMR spec t ra ,  only one t r i -  
b romide  i s o m e r  - 1,3,3 - t r i b romo-3H- f i -qu in ind ine -9 -ca rboxy l i c  
acid (IVb) - is f o rmed  in the p r o c e s s  ; the lone singlet  f r o m  the 
proton on the double bond (7.41 ppm) is v i r tua l ly  unshifted on 
acidif icat ion,  as in the case  of the analogous t r i b romide  without 
a carboxyl  group (IVa). 

In analogy with IIa, the 1 ,2 ,3 ,3 - t e t r ab romo-3H-f i -qu in ind ine -  
ca rboxyl ic  acid s t ruc tu re  (IIb) was ass igned  to the t e t r a b r o m i d e .  
Only a mul t ip le t  at 7~ ppm f rom the four a r o m a t i c  protons  
is obse rved  in the PMR spec t rum of IIb (dissolved in t r i f l uo ro -  
acet ic  acid).  The UV spec t ra  of IIb and IVb also  a t tes t  to length-  

ening of the conjugation chain: pronounced ba thochromic  shifts  a re  observed ,  as compared  with the a b s o r p -  
t ion of s t a r t i ng  acid Iio (see [4] for the s p e c t r u m  of Ib). 

Bands c h a r a c t e r i s t i c  for  the COOH group (vCO 1736 cm -1, valence v ibra t ions  and composi te  f r equen-  
c ies  for  the acid hydroxyl group at 2400-2900 em -1) a r e  noted in the Ill spec t r a  of IIb and IVb. 

If the bromina t ion  of acid Ib is c a r r i e d  out for  sho r t e r  t imes ,  the initially l igh t -co lo red  e the r  ex t r ac t  
of the reac t ion  products  darkens  rapidly,  and a dark-b lue  prec ip i ta te  is f o rmed ;  solutions of this p r e c i p i -  
tate in alcohol a r e  br ight  blue, it has the empi r i ca l  f o rmu la  C~ttTBrzNO3, and its lit s pec t rum contains bands 
c h a r a c t e r i s t i c  for  the COOH group (vCO 174:0 cm -1 and s eve ra l  bands at 2400-2800 cm -1) and bands for  the 
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) C = C - - O H  . . . .  N/~ fragment- C = C at 1652 cm -1, and the absorption of the OH group bonded with an �9 ~ �9 

in t ramolecular  hydrogen bond, manifested as a broad,  weak band at 3130 cm -1. On the basis  of these 
data, the 1 ,1 -d ib romo-3-hydroxy- lH-~-qu in ind ine  s t ruc ture  (VIIIb) can be proposed (although not defini~- 
tively) for the compound obtained. A compound (VII) with a s imi lar  s t ruc ture  is also intensely colored [11]. 

A t r ibromide is also formed when the benzene analog of quinindane - indane - is brominated in c a r -  
bon te t rachlor ide .  Meyer and Meyer, who f i r s t  obtained this t r ibromide in 1918 [6], assigned the 1,2,3- 
t r ibromoindane s t ruc ture  to it only on the basis  of the fact that phthalic acid is formed when it is oxidized. 
This t r ibromide  was subsequently synthesized repeatedly,  for  example in [7, 8], but its s t ructure  was not 
investigated. Never theless ,  the s t ructure  proposed in [6] turned out to be co r r ec t .  Our PMR spectrum of 
the product  of brominat ion of indane conf i rmed that it is 1 ,2 ,3- t r ibromoiudaue:  the four benzene protons, 
equa l ized .wing  to symmet ry ,  give a broad singiet (5 7.41 ppm), the identical C(1 ) and C(~) protons give an 
overal l  doublet (5 5~ ppm, J = 3  gz), and the C(z ) proton gives a triplet  at 4.96 ppm (in CCI4). 

Thus a new double bond is not fo rmed during the action of bromine on indane. However, bromination 
of indene in the presence  of alkali gives 1 ,1,3- t r ibromoindene (IX) [9]. The bromination of indane with N- 
bromosuce[nimide was studied recent ly  [10]; in this case, as in the react ion of bromine with quinindane, a 
new double bond is formed,  and 1,2,3- and 1,1,3- tr ibromoindene (IX) are isolated. As would be expected, 
the chemical  shift of the C(z) proton in t r ibromide IX (6.88 ppm) is close to that of the analogous proton in 
IVa (7.02 ppm) but not to that in IIIa (7.36 ppm). 

The formation of t r i -  and tetrabromoquinindines apparent ly proceeds as a resul t  of splitting out of 
hydrogen bromide f rom the initially formed brominat ion products .  In analogy with the formation of 1,1,2,- 
3,3-pentachloro-fi-quinindane [1], it can be assumed  that one such product is the corresponding pentabro-  
mide (X). It is also logical to assume the intermediate formation of 1,1,3,3-tetrabromo-fi-quinindane (XI). 

The fact that te t rabromide  IIa is not formed as a resul t  of bromination of t r ibromide IVa was con-  
f i rmed by a special exper iment : the  t r ibromide is not a l tered by the action of bromine under the exper i -  
mental  conditions. 

Judging f rom the products (IIa,b), the dehydrobromination of intermediate pentabromides Xa and Xb 
does not proceed unambiguously: a bromine atom is split out f rom the 1 position, which is more  natural 
for a mort .molecular  cleavage mechanism (E 1) since the electron density is greater  on C0) in VII than on 
C(3), which is situated on the ~ - c a r b o n  atom of quinoline. 

A bromine atom is also cleaved f rom the 1 position during the dehydrobromination of te t rabromide 
XIb, while cleavage probably occurs  to about an equal extent f rom C(1 ) and C(D in the case of XIa. We can-  
not, however,  exclude the possibil i ty that we are  dealing here with an equilibrium between IIIa and IVa of 
the frequently encountered allylic type [12]. This assumption is confirmed by the fact that not only is it im-  
possible to separate i somers  IIIa and IVa by repeated recrys ta l l iza t ions  and reprecipi tat ions,  one cannot 
even substantially change the i somer  rat io:  in all cases ,  judging f rom the Cb ) and C(~) siuglet intensities, 
the PMR spect rum indicates 40-45% IIIa and 55-60% tVa~ 

Polybromides  II, III, and IV are ve ry  sensit ive to alkali" solutions of them darken rapidly even under 
the influence of sodium carbonate.  The hydrolysis  of t r ibromides  IIIa+ IVa was therefore  ca r r i ed  out by 
the action of s i lver  nitrate in aqueous acetone ; this yielded only one compound with the empir ical  formula 
CI~H6BrNOo The IR spec t rum of this product contained a carbonyl baud (vCO 1720 cm-1), while the PMR 
spect rum contained all of the a romat ic  protons of fi-quinindine ; 55 8.20 ppm, doublet; H(6), H(7 ), and H(@ 
7~ ppm, mult iplet ;  5~ 8.10 ppm, singlet;  and a siuglet f rom the proton attached to the double bond (5 z 
6.83 ppm). The magnitude of 6 z changes slightly when acid is added. On the basis of this set of data the 
hydrolysis  product was assigned the 1-bromo-3H-~-quin indin-3-one  s t ructure  (XIIa). 

On the other hand, the polybromides are  ve ry  stable to the action of acids.  In dilute acids they p r a c -  
t ically do not form salts,  while polybromoquinindines IIa and IIIa+ IVa do dissolve in concentrated HzSO4 
but a re  precipi tated unchanged on dilution with water .  Tet rabromide IIa remains  vir tually unchanged even 
when it is heated at 90 ~ for 2 h in concentrated sulfuric acid. Under these conditions, t r ibromide IIIa+ IVa 
is converted to a ketone (vCO 1726 em -1) in 3 h with the empir ical  fo rmula  C12HsBr~NO ; only the "aromat ic"  
protons of ~-quinindine are  observed in its PMR spect rum.  These facts,  together  with the s imi lar i ty  in the 
UV spect ra  of this compound and ketone XIIa, make it possible to propose the 1,2-dibromo-3H-fi-quinindin-  
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3-one s t ructure  (XIIIa) for  the compound.* The format ion of a s imi lar  compound, 2 ,3-d ibromoinden- l -one  
0fIV), f rom 1,1,3- t r ibromoindene (IX) was observed in [10], during which hydrolysis  with r ea r r angemen t  to 
2 ,2 ,3 - t r ib romoindan- l -one  occur red  by the action of concentrated sulfuric acid;  dibromoketone XIV was 
obtained f rom the lat ter  by splitting out of hydrogen bromide.  The react ion apparently proceeds  s imi lar ly  
in the case of the formation of XIIIa. The course  of several  react ions and the purity of IIa, XIIa, and XIIIa 
were monitored by means of th in- layer  chromatography on aluminum oxide. 

Thus the f i rs t  representa t ives  of the previously unknown 3H-fi-quinindine heterocycl ic  sys tem have 
been synthesized.  The presence  of react ive  bromine atoms in the compounds obtained makes it possible to 
make the transi t ion from bromine-subs t i tu ted  compounds to 3H-fi-quinindines with other substituents.  For  
the f i rs t  t ime it has been possible to introduce doublebonds into the f ive -membered  r ing of fi-quinindane ; fi- 
quinindines were previously obtained f rom substituted cyclopentenones [2]. 

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

Action of Bromine on/3-Quinindane (Ia). A) A solution of ]6 g (0ol mole) of bromine in 10 ml of acetic 
acid was added with s t i r r ing  in the course  of 20 rain to a suspension of 5.07 g (0~ mole) of ~-quinindane 
[4-13] in 50 ml of glacial acetic acid at 50-55 ~ After 2.5 h, the solution was decanted from the resul t ing  
heavy, dark oil, and the oil was t r i tura ted  with a small amount of ether to give 10 g of res idue.  This was 
r ec rys t a l l i zed  f rom methanol and acetic acid to give the yellow perbromide of fi-quinindane with mp ] 08- 
109 ~ Found%: C 35.:1; H 2.9; Br 58.8. C1zHllNoHBr3. Calc .%:  C 35~ H 2.9; Br 58.5. 

Trea tment  of the perbromide with a minimal amount of sodium bisulfate solution precipi ta ted a hydro-  
bromide of fi-quinindane with mp 265-267 ~ (dec~ f rom ethanol-butanol).  Found %: C 57.4; H 4.8; Br 31.8. 
ClzHl lN 'HBr.  Calc.%." C 57.8; H 4.9; B r 3 2 . 1 .  

B) A solution of 16 g (0.1 mole) of bromine in 5 ml of acetic acid was added dropwise with s t i r r ing  
to a mixture of 5.07 g (0.03 mole) of p-quinindane, 10.5 g (0.13 mole) of anhydrous sodium acetate,  and 45 
ml of glacial acetic acid at 55-57 ~ The mixture was s t i r red  at this tempera ture  for  4 h and cooled. The 
resul t ing precipi tate  was f i l tered and washed with water  to give 4.0 g (42% based on bromine) of 1,2,3,3- 
te t rabromo-3H-fi-quinindine (IIa) with mp ]86-188 ~ (dec., f rom alcohol). Found %: C 30.0; H 1.2; Br 66.9; 
N 3o0. ClzHhBr4N. Calc. %: C 30.3; H 1.1; Br 67.2; N 2.9. UV spect rum {alcohol), kmax, nm (log D: 
278 (4.52), 310 (4.08, shoulder), 346 {2.20, shoulder).  

A total of 5.6 g (55% based on bromine) of t r ibromo-fi-quinindine (IIIa+IVa) was precipi ta ted f rom 
the acetic acid mother  l iquor with 150 ml of water  and decomposed without mel t ing at 170-180% A sample 
was c rys ta l l ized  f rom alcohol for analysis .  Found %: C 35.4; H 1.4; Br 59.1. C12H6Br3No Calc. %: C 
35.7; H 1.5; Br 59.4. 

Bromination of f i -Quinindane-9-carboxylic  Acid (Ib). A) Bromine [16 g (0.1 mole)] was added during 
30 rain with s t i r r ing  to a suspension of 5.0 g (0~ mole) of f i -quinindane-9-carboxylic  acid (lb) [4] and 10 
g (0.12 mole) of anhydrous sodium acetate in 40 ml of glacial acetic acid at 67-68 ~ The mixture was s t i r red  
at this t empera ture  for another 4.5 h and cooled. The resul t ing  precipitate was f i l tered and washed with 
water  to give 0.8 g of unchanged acid. Addition of 100 ml of water  to the acetic acid mother  l iquor gave 7.5 
g of a precipitate f rom which 2.5 g (28% based on converted acid) of 1 ,3 ,3- t r ibromo-3H-f i -quinindine-9-  
carboxylic  acid (IVb) was extracted with benzene.  The product decomposed at ~ 125 ~ (darkened without 
melt ing and did not melt  up to 300 ~ and was purified by reprecipi ta t ion from benzene with hexaneo Found 
%: C 34.4; H ] .8 ;  Br 53.4; N 2~ C12H6Br~NO z. Calc .%:  C 34.3; H 1.3; Br 53.5; N 3.1. UV spect rum 
(alcohol), Xmax, nm (log e): 254 {4.27); 276 {4.33), 317 (3.86, shoulder).  

A total of 4.0 g (38% based on converted acid) of 1 ,2 ,3 ,3- te t rabromo-3H-f i -quinindine-9-carboxyl ic  
acid (IIb), which decomposed at ~ 130 ~ (darkened without mel t ing and did not melt  up to 300~ remained af-  
ter  extract ion with benzene.  It was purified by crys ta l l iza t ion from alcohol. Found %: C 29.4; H 1.2; Br 
59.9. C~HhBr4NO 2. Calc .%:  C 29.5; H 1.0; Br 60.5. 

*It is in teres t ing that the carbonyl band in this compound and in ketone XIIa is found in the region c h a r a c t e r -  
istic for saturated ketones.  Conjugation of the C = O and C = C bonds in XIIa and XIIIa is apparent ly  ve ry  low 
because of distort ion of the valence angles in the cyclopentadiene r ing  and also because of the energet ic  un- 
suitability of this conjugation for such sys tems  (see for  example, []4]); in addition, the effect of the b r o -  
mine atoms should be taken into account.  
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B) Acid Ib was s imi la r ly  brominated (for 2 h), and the precipitate that formed on cooling was f i l tered 
and washed with water  to give 2 g of s tar t ing  acid. The acetic acid mother  liquor was evaporated in vacuo, 
and the residue was extracted with 100 ml of ether .  On standing, the extract  rapidly changed color f rom 
light yellow to dark blue, and a black precipitate formed and was f i l tered to give 1.0 g of 1 ,1 -d ibromo-3-  
hydroxy- lH-f i -quin indine-9-carboxyl ic  acid (VIIIb) o It was purified by reprecipi ta t ion f rom acetone with 
e ther  and melted above 300 ~ . Found%: C 40.8; H 2.1; N3 .6 .  C~HTBr2NO ~. Calc .%:  C 40.5; H 1.8; N 
3.6. 

1-Bromo-3H-f i -quinindin-3-one (XIIa). A solution of 0.45 g of s i lver  nitrate in 3 ml of water  was 
added to a solution of 0.55 g of t r ibromo-fi-quinindine in 10 ml of acetone.  The mixture was held at 20 ~ for 
15 h, af ter  which 10 ml of water  was added. The mixture was neutral ized with sodium bicarbonate and ex- 
t rac ted  with ether.  The extract  was dried, and the ether was removed by vacuum distillation to give 0.15 g 
of yellow 1-bromo-3H-f i -quinindin-3-0ne (XIIa) with mp  126-127 ~ (dec., f rom alcohol). Found %: C 55.] ; 
H 2.3; Br 30.4. C12H6BrNO. Calc. %: C 55.4; H 2.3; Br 30.7. UV spect rum (alcohol), ~max, nm (log s): 
214 (4.32), 239 (3.12, shoulder), 279 (4.58). 

1,2-Dibromo-3H-fl-cluinindin-3-one (XIIIa). A solution of 0.2 g of tr ibromo-fi-quinindine in 1 ml of 
concentrated H2SO 4 was heated at 90 ~ until hydrogen bromide evolution ceased (3 h). It was then cooled, 
poured over 10 g of ice, and the resul t ing  yel low-orange precipitate was f i l tered and recrys ta l l i zed  f rom 
alcohol to give XIIIa with mp 209-210 ~ (dec., darkened at 200~ Found %: C 42.4; H 1.9; Br 47.1. 
CaH5Br2NO. Calc.  %: C 42~ H 1.5; Br 47.1. UV spect rum (alcohol), kmax, nm (log a): 214 (4.38), 242 
(4.24, shoulder), 254 (4.26, shoulder), 289 (4.50). 

Chromatography was ca r r i ed  out in a thin layer  of aluminum oxide t reated with acetic acid (2.5 wt. %) 
in benzene, hexane -benzene ,  benzene - ch lo ro fo rm,  and chloroform sys tems  with development by iodine 
vapors  ~ 

The IR, UV, and NMR spectra  were obtained with the same spec t romete r s  and under the same condi- 
tions as in [1]. The PMR spect ra  were obtained in deuterochloroformo 
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