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The prev ious ly  unknown parent  compound of the fi-quinindine s e r i e s ,  viz. ,  unsubst i tuted 1H-fi- 
quinindine, was  obtained by dehydrobrominat ion  of 3-bromo-f i -quin indane .  The dehydrat ion of 
3-hydroxy-f i -quinindane in concent ra ted  sulfur ic  and polyphosphoric  acids leads to a d i m e r - -  
2- (2 ' -quin indanyl) -p-quinindine .  The s t r u c t u r e s  of the compounds were conf i rmed by the UV, 
IR, and PMR s pec t r a .  

Only two der iva t ives  of 1H-/3-quinindine (with phenyl subst i tuents  in the cyclopentadiene ring) a re  de-  
sc r ibed  in the l i t e r a tu r e .  These  compounds were  obtained by the Pfi tzing~r reac t ion  f rom phenyl -subs t i tu ted  
cyclopentenones [2]. We have shown that quinindines with functional subst i tuents  in the f i v e - m e m b e r e d  r ing  
can be obtained by this method.  Thus 2 -pheny l -3 - ca rboxyme thy l - lH- f i - qu in ind ine -9 - ca rboxy l i c  acid (II) 
was obtained by re f lux ing  lsa t in  with 3 -pheny l -2 -ca rboxymethy l -A2-cyc lopen tenone  (I) in aqueous alcoholic  
alkalio 

In a p rev ious  communica t ion  [1] we desc r ibed  the f i r s t  r ep r e sen t a t i ve s  of the 3H-fi-quinindine sys tem,  
which were  obtained by bromina t ion  of fi-quinindane (III). As a consequence of the high act ivi ty  of the b r o -  
mine a toms ,  the polybromo-3H-f i -quin indines  thus fo rmed  can se rve  as the s t a r t ing  m a t e r i a l s  fo r  the syn-  
thes i s  of other  compounds of this s e r i e s .  However,  the parent  compound of the s e r i e s ,  /3-quinindine (IV), 
cannot be obtained by this or  another  method since A 2-eyclopentenone po lymer i ze s  under  the conditions of 
the Pf i tz inger  react ion,  and it is e x t r e m e l y  difficult to rep lace  b romine  by hydrogen in the p o l y b r o m o -  
quinindines without af fec t ing the double bond: 

- o H , c o o ,  c . , c o o H  

l v, oco  B, v /  

VII OH VIII 

*See [1] for  communica t ion  VL 
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Fig.  1. UV spect ra  (in 
alcohol) : 1) fi-quinindane 
(III); 2) fl-quinindine (IV) ; 
3) 3 -methyl ene -fl- quinin- 
dane (XII). 

Dehydrogenation of fi-quinindane (I!I) is also unlikely since it is well known 
that pyrindane (6 ,7-dihydro-5H-l-pyr indine)  is not converted to 5H-pyrindine 
even under severe  dehydrogenation conditions [3 ]. 

We have attempted to obtain fi-quinindine (IV) in analogy with the syn-  
thesis of 5H-pyrindine [3,4]: the la t ter  was obtained by dehydration of 7- 
hydroxypyrindane.  

Rear rangement  of fi-quinindane N-oxide (V), obtained by heating fi- 
quinindane (III) with acetic acid and hydrogen peroxide, under the influence 
of acetic anhydride leads to 3-acetoxy-fi-quinindane (VI). Saponification of 
VI in an alkaline medium gives 3-hydroxy-fi-quinindane {VII). It turned out 
that dehydration of VII in concentrated sulfuric acid and in polyphosphoric 
acid (PPA) gives the same crystal l ine,  high-melt ing substance, which is the 
dimer  (VIII) of fi-quinindine (IV) ra ther  than IV itself.  

We therefore  decided to obtain IV by dehydrobromination of 3 - b r o m o -  
quinindane (IX). An attempt to c a r r y  out this synthesis was previously under-  
taken. A dark oil was formed by the bromination of fi-quinindane (III) with 
N-bromosucc in imide ;  t reatment  of this oil with a lkal i  resul ted in the de-  
composit ion and polymerizat ion of the product [2]. 

3-Bromo-fi-quinindane (IX) was synthesized by us in five steps f rom fi-quinindane (III) through 3- 
hydroxy-fi-quinindane (VII). The overall  yield of IX was ~ 20% based on III. An attempt was therefore made 
to obtain IX s tar t ing  f rom III via its 3-1ithio derivative (X). A b romine- f ree  product with empir ical  formula  
Cz4H2ON2 is formed by the action of bromine on X. Its UV spect rum is s imi lar  to that of III, but the absorp-  
tion intensity is doubled. The 3-(3 '-f i-quinindanyl)-~-quinindane s t ructure  (XI) was assigned to this com-  
pound on the basis  of these data. At -15  ~ X reac t s  with cyanogen bromide to give 3-bromo-fi-quinindane 
(IX) in the form of a color less ,  crysta l l ine  substance with a sharp melt ing point. The yield of IX was 60%. 

IX was dehydrobrominated by heating with t r ie thylamine with and without a solvent.  Judging f rom the 
resul ts  of th in- layer  chromatography,  IX remains  vir tual ly unchanged on refluxing with tr iethylamine for 
6 h, and a small amount of IV is formed.  When the react ion is ca r r i ed  out in acetonitr i le or benzene in the 
presence  of tr iethylamine,  d imer  VIII is detected along with s tar t ing  IX in the react ion mixture .  IX is 
smoothly converted to IV (a mobile oil with an odor s imi lar  to that of IID only when it is heated in dimethyl-  
formamide  for 30 rain on a boi l ing-water  bath in the presence of t r ie thylamine.  It decolorizes  a solution 
of bromine in benzene and potassium permanganate  solution. It r eac t s  with bromine to give a product with 
Rf 0.80 (chloroform, activi ty II AllOa) ; bromine apparently adds to the double bond. The oil could not be 
crys ta l l ized,  and it was not possible to distill it since it is converted to d imer  VIII on heating or simply on 
standing. IV gives a picrate  which was only washed with chloroform since rec rys ta l l i za t ion  of it also leads 
to dimerizat ion.  

The puri ty of IV and its picrate  was established by means of th in- layer  chromatography on aluminum 
oxide in ch loroform.  In the case of the picrate ,  picr ic  acid remained at the start ,  while base IV gave a 
sharply defined spot with Rf 0.60 (Rf of dimer  VIII was 0o30 ; chloroform,  activity II AI2Ol). 

Monomer IV is still less  stable than the cor responding  pyrindin.e, which has definite stability in s t rong-  
ly acid media [4] and can be vacuum-dist i l led under nitrogen.  IV dimer izes  in an acidic medium.* IV is 
also rapidly converted to dimer  VIII on heating without a solvent.  

IV and its pierate were charac te r ized  by their  UV and PM1R spectra~ A shift of ~ 10 nm (as compared 
with the bands in the spec t rum of III) of all of the bands in the visible region is observed in the UV spect rum 
of IV (Fig. t) .  This shift is par t icu lar ly  c lear ly  noticeable in the long-wave port ion of the spectrum where 
an intense band appears  at 333 nm, while the longest-wave maximum in the spect rum of III appears  at 319 
rim. This bathochromic shift conf i rms the formation of a new double bond, which leads to lengthening of the 
conjugation chain. The UV spectrum of the picrate of fi-quinindine is in fact the sum of the spec t ra  of IV 
and picr ic  acid: the UV spect rum of the picrate of IV, obtained relat ive to a solution of picr ic  acid, coin- 
cides with the spec t rum of IV with respec t  to the wavelengths and the intensities of the maxima.  

Although IV gives a single spot on the chromatogram,  this substance, as would be expected, is, 
judging f rom the PMR spectra,  a mixture of i somer ic  1H- and 3H-fi-quinindines (IV and IVa), s imi lar  to 

*It was recent ly  shown that 5H- l -pyr ind ine  methiodide also d imer izes  readily [5]. 
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pyrindines [6, 7] and unsymmet r ica l ly  substituted indenes [8]. The PMR spect rum of the picrate of fi- 
quinindine was obtained in deuterated dimethyl sulfoxide. In this spect rum in the region of the absorption 
of aliphatic protons one can observe two groups of signals of about equal intensity, and these signals con-  
stitute a total of two proton units. The f i rs t  signal (5 3.80 ppm) apparently cor responds  to the methylene 
group in the 1 position in IV, while the second signal (5 3.95 ppm) corresponds  to the methylene group in 
the 3 position of IVa. The a roma t i c -p ro ton  region contains a singiet (5 8.44 pprn) with an intensity of two 
proton units, which is asc r ibed  to the protons of p icr ic  acid. In addition, there are  also signals centered 
at ~ 8.9 ppm, which are the super imposi t ion of two doublets f rom the C 5 protons of the two i somers  (IV and 
IVa). The a romat ic  protons and the protons on the double bond of both i somers  give a complex multiplet 
with an overall  intensity of six proton units at 7.6-8.3 ppm. The absorption of protons on a double bond at 
such a weak field has a l ready  been noted for  pyrindines [9] ; it is also known that the proton on the double 
bond in indenes [10] absorbs  at ~ 1 ppm weaker  field as compared  with the s imi lar ly  substituted s ty renes .  
rhe  spec t rum of IV, obtained in CC14, is ve ry  close to that descr ibed above, but, as would be expected, for 
this solvent all of the signals are  shifted to s t ronger  field. The spectrum contains a doublet at 7.85 ppm 
f rom the C s proton, a multiplet at 6.8-7.6 ppm f rom the aromat ic  protons and the protons on the double 
bond, and two groups of signals at 3.1 ppm (C 1 in IV) and 3.4 ppm (C 3 in IVa)o 

It was shown by means of the UV and PMR spect ra  that the d imer  is 2-(2'quinindanyl)-fi-quinindine 
(VIII). Since the two conjugated sys tems  in this compound do not interact,  the UV spectrum of dimer  VIII 
is ve ry  s imi la r  to the curve obtained by summation of the UV spect ra  of III and IV. The spec t rum of VIII 
contains bands at 239, 306, and 312 nm, charac te r i s t i c  for III, and at 250 and 333 nm, charac te r i s t i c  for  IV, 
as well as a band at 319 nm, also observed in the spec t ra  of III and IV. The PMR spect rum of d imer  VIII 
consis ts  of a complex muttiplet  f rom the ten aromat ic  protons at 7.3-8.2 ppm, a singiet at 6.69 ppm with an 
intensity of one proton unit, which should be asc r ibed  to the single proton on a double bond, a group of s ig-  
nals f rom the methylene protons (3~ ppm), and a multiplet of one proton unit f rom the methine proton 
(4.05 ppm)o 

F rom a compar ison of the UV spec t ra  of III, IV, and 3-methylene-fi-quinindane (XII) (obtained in [11]), 
it is apparent  (Fig~ 1) that a shift of the bands to the long-wave region relat ive to III is observed for  IV and 
XII. However, the magnitude of this shift depends on the position of the double bond: for example, a shift 
of 14 nm is observed for  IV, while the shift is 31 nm for  XII. The interaction of quinoline with the endo- 
cyclic double bond (in IV) is less  than that with the exocyclic double bond (in XII). 

COOH COOH 
I J 

CH2 ~ CHCb 
Xll XlU XlV x g  

A s imi la r  phenomenon is observed for  substituted fl-quinindines. The long-wave band itself (at 319 
nm) in the spec t rum of f i -quinindane-9-carboxyl ic  acid (XIII) [12] is shifted to Lhe long-wave region by 26 
am in the case of 2 -phenyl -3-earboxymethyl - lH-f i -qu in ind ine-9-carboxyl ic  acid (II), while the shifts are  
40 and 58 am, respect ively ,  for 3-cyclopentadiene-f i -quinindane-9-carboxyl ic  acid (XIV) [12] and 3-benzyl -  
idene-fi-quinindane (X-V).* 

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

2-Phenyl-3-earboxymethyl - /3-quin indine-9-earboxyl ie  Acid (II). A solution of 2.65 g (0.018 mole) of 
isatin in 15 ml of 30% potass ium hydroxide and 2.5 g (0o012 mole) of 3-phenyl-2-carboxym ethyl-AZ-cyclo - 
pentenone (I) [13, 14] in 30 ml of alcohol was refluxed for 7 h. The solvent was then evaporated,  the residue 
was t rea ted  with dilute acetic acid until the pH was 5, and the resul t ing precipitate was f i l tered to give 3.0 
g (72.5%) of II with rnp 263-264 ~ (dee., f rom 80~o aqueous dimethylformamide) .  Found %: C 73.38 ; H 4.49; 
N 4.26. C21H15NO 4. Calc. %: C 73.04; H 4.34; N 4.06. UV spect rum in0.1  N NaOH, km ax, am ( logD: 
223 (4.41), 280 (4.36), 345 (4.35). 

fi-Quinindane N-Oxide (V)o A mixture of 4.42 g (0.026 mole) of fi-quinindane (III) [15] in 16 ml of gla-  
cial acetic acid and 2.6 ml of 30% hydrogen peroxide was heated at 70 ~ for 3 h, another 2.6 ml of 30% hydro-  

*The spec t ra  of the carboxyl ic  acids were obtained in alkali;  in the case of XIII and XIV it was shown that 
the spec t ra  do not change substantial ly on ionization of the acids .  
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gen peroxide was added, and the mixture was heated for 16 h. The solvent was vacuum-evaporated to half 
the initial volume, and the res idue  was t rea ted  with sodium sulfite solution until the react ion mixture no 
longer  gave a positive tes t  for  peroxide with potassium iodide solution. After  evaporation of the solvent, 
the residue was t r i tura ted  with saturated potassium carbonate solution until a slightly alkaline medium was 
obtained, and the mixture was extracted with ch loroform.  The extract  was dried and evaporated to dryness,  
and the residue was t r i tura ted  with petroleum ether to give 4.0 g (83%) of V with mp 114-115 ~ (dec., f rom 
ethyl acetate) .  Found %: C 77.32; H 5.92; N 7.61. C12Hl~NO. C a l c . ~ :  C 77.80; H5 .95 ;  N 7.56. UV 
spec t rum in alcohol, Xmax, nm (log e): 217 (4.14), 241 (4.78), 300 (3.76), 318 (3.95), 330 (3.86), R s 0.27. 

The following conditions were used for  the chromatography:  a) activity II aluminum oxide t reated 
with acetic acid (2.5 wt. %), benzene;  b) activity II aluminum oxide, ch loroform.  The chromatograms  were 
developed with iodine, and the re fe rence  spot was the s tar t ing III [Rf 0.5 (a), Rf ~ 0.8 (b)] (the var iants  in 
the conditions for chromatography are given in parentheses) .  

3-Acetoxy-fi-quinindane (VI). V [0~ g (0~ mole)] and two drops of water  were added to 4 ml (0.04 
mole) of acet ic  anhydride, and the react ion mass  was allowed to stand at room tempera ture  for  1 h and was 
then slowly heated to 95 ~ and heated for 2.5 h on a boi l ing-water  bath. The excess  acetic anhydride was 
vacuum-evaporated,  and the residue was purified by chromatography on a column filled with aluminum oxide 
with elution by benzene.  Removal of the solvent by distil lation yielded 0.7 g (77%) of VI with mp 104-105 ~ 
(from alcohol) and R s 0.80 (a). Found %: C 73.85; H 5.72; N 6.39. C14H~NO ~. Calc. %: C 74.01; H 5.72; 
N 6.16. 

3-Hydroxy-p-quinindane (VII)o A mixture of 1.07 g (0~ mole) of VI, 0.28 g (0.007 mole) of sodium 
hydroxide, and 2.5 ml of water  was heated under argon on a boi l ing-water  bath for 40 rain. The precipitate 
was f i l tered to give 0.65 g (75%) of VII with mp 124-125 ~ (from 66% alcohol) and Rf 0.13 (a). Found %: C 
78.08; H 6.00; N 7.67. C~H10NO. Calc .%:  C 77.80; H 5.93; N 7.55. ~OH3220 cm -1. UV spectrum in 
alcohol, Xmax, nm (log ~): 235 (4.52), 238 (4~ 280 (3~ 294 (3.60), 300 (3.60), 307 (3o71), 313 (3.64), 
32O (3.82). 

2-(2'-Quinindanyl)-fi-quinindane (VIII). A) A mixture of 1.75 g (0.0094 mole) of VII and 1.75 ml of 
sulfuric acid was heated under argon at 130 ~ for  2 ho Water was then added, the mixture was neutral ized 
with 10% sodium hydroxide (up to pH 8), and the product was extracted with ether.  Evaporation of the dry 
e ther  extract  yielded 0.68 g (43%) of VIII with mp 192-192.5 ~ (from alcohol) and R s 0.75 (a). Found %: 
C 85~ H 5.79; N 7.87. C24HlaN ~. Cale. %: C 86.23; H 5.39; N 8.38. UV spect rum in alcohol, ~max, 
nm (log e): 239 (4.73), 252 (4o62), 306 (4.12), 312 (4.07), 319 (4.26), 333 (4.07). 

B) VII [1.12 g (0.0062 mole)] was heated at 80 ~ for i h with polyphosphoric acid p repared  by the addi-  
tion of 12 g of phosphorus pentoxide to 8 ml of phosphoric acid. Ice water  was then added with cooling, and 
the mixture  was neutral ized with 10% sodium hydroxide (to pH 8) and extracted with ether .  Evaporat ion of 
the dry  e ther  ext rac t  yielded ~ substance which, f rom the melt ing-point  analysis ,  UV spectrum,  and the 
resu l t s  of th in- layer  chromatography,  was identical to the compound obtained via method (A). 

3-(3'-~-Quinindanyl)-t3-quinindane (XI). The lithium derivative (X) of fl-quiuindane [16], obtained in 
e ther  f rom 3.38 g (0.02 mole) of IV and phenyllithium, was added under argon to a solution of 1.2 ml (0.02 
mole) of bromine in 20 ml of absolute benzene cooled to -50  ~ The mixture was held at this temperature  
for 15 rain and at room tempera ture  for  2 h. Water was added, and the precipitate was f i l tered to give 1.3 
g (38.6%) of XI with mp 208 -209 ~ (dee., f rom alcohol) and R s 0.38 (b). Found %: C 84.88; H 5.97; N 8.39. 
Cz~Hz~N z. Calc. %: C 85.70; H 5.95; N 8.33. UV spect rum in alcohol, kma x, nm (log e): 240 (4.76), 280 
(3.87), 295 (3.88), 308 (4.05), 314 (4.01), 322 (4.22). 

3-Bromo-fi-quinindane (IX). A) III [6~ g (0.04 mole)] was added under argon to 48 ml of a 0.9 N 
ether  solution of phenyl[ithium. After 1.5 h this mixture was added to a solution of 5~ g (0.05 mole) of 
cyanogen bromide in 160 ml of absolute e ther  cooled to - 8  to -14  ~ The mixture was held at this t empera -  
ture with s t i r r ing  for 2 h and acidified with 10% hydrochlor ic  acid to pH 7.0. The dried ether  extract  was 
vacuum-evaporated,  and the residue was t r i tura ted  with absolute ether  to give 3.38 g (60.6%, based on con-  
ver ted  III) of IX with mp 126.5-127 ~ (dec., f rom alcohol) and R s 0.88 (b). Found %: C 58.40; H 3.96; Br 
32~176 C~2H10NBr. Calc~ %: C 58.07; H 4.03; Br 32.26. 

B) A solution of 0.12 ml (0.00125 mole) of phosphorus t r ibromide An I ml of chloroform was added 
with cooling and s t i r r i ng  to a solution of 0.3 g (0.0016 mole) of VII in 2 rnl of chloroform.  After 1.5 h the 
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react ion mass  was poured into cold water ,  and the mixture  was t reated with a sa turated solution of sodium 
carbonate (to pH 8) and ext rac ted  with ch loroform.  The chloroform extract  was passed through a column 
filled with aluminum oxide, and the solution was evaporated to give 0.16 g (42.1%) of IX with mp 126-126o5 ~ 
(dec~ f rom alcohol), which was identical to the compound obtained via method (A). 

fl-Quinindine (IV). A solution of 2.4 g (0.01 mole) of 3-bromoquinindane (IX) in 15 ml of dimethyl-  
formamide  was heated with 7~ ml (0.052 mole) of t r iethylamine and several  c rys ta l s  of hydroquinone for 
20 rain. After cooling, 50 ml of water was added, and the mixture was neutral ized to pH 7 with 10% hydro-  
chloric acid and extracted with benzene.  The benzene ext rac t  was evaporated to give IV in the form of an 
oily liquid with R s 0.76 (b). UV spect rum in alcohol, Xmax, nm (log e): 230 (4.18), 250 (4.41), 289 (3.71), 
320 (3.67), 333 (4.18). 

An alcohol solution of picr ic  acid was added to an alcohol solution of the oil to give (after washing 
with chloroform) 1.5 g (38%) of a picrate with mp 177-181 ~ {dec.). Found %: N ]3.72. C18H12N4OTo Calc. 
%: N 14o14. 

3-Benzvtidene-fi-quinindane (XIV). A mixture  of 6 g (0.035 mole) of III and 10 g (0.094 mole) of ben-  
zaldehyde was heated at 150 ~ for  2 h and at 180-200 ~ for 1o5 h with azeotropic distillation of the water  
formed.  The excess  benzaldehyde was vacuum-dist i l led,  and the residue was t r i tura ted with alcohol to give 
6 g (76.4%) of >;IV with mp 136-136o5 ~ (from alcohol) (rap 119-120 ~ [2]). UV spectrum in alcohol, kma x, nm 
(log e): 220 (4.51), 285 (4.44), 360 (4~ 376 (4~ 

The IR, UV, and PMR spect ra  were obtained with the same spec t romete r s  as in [17]. The authors 
thank N~ P. Kostyuchenko for obtaining the PlVrR spec t ra .  

L I T E R A T U R E  CITED 

I. Lo E. Kholodov, G. P. Syrova, and V. G. Yashunskii, Khim. Geterotsikl. Soedin., 96 (1971)o 
2~ M. Los and Wo H. Stafford, I. Chem. Sot., 1680 (1959)o 
3o M.M. Robinson, J. Am. Chemo Sot., 80, 6254 (1958)o 
4~ Wo E o Hahn and J. Epsztajn, 3_88, 989 (1964).* 
5o A. Go Anderson, I. Ammon, and H. L. Ammon, Tetrahedron, 2_33, 3601 (1967). 
6. A. Go Anderson and W. F. Harrison, J. Am. Chemo Soc., ~ 708 (1964). 
7~ C.B. Reese, J. Am. Chem. Soc., 8_~4, 3979 (1962)~ 
8~ T~ I~ Temnikova, Course in the Theoretical Foundations of Organic Chemistry [in Russian], Leningrad 

(1962), p. 524. 
9. Ao Go Anderson and H. Lo Ammon, Tet. Letters, 2579 (1961). 

i0. G~ Bergson and A o M. Weidler, Acta Chem. Scando, 17, 862 (1963). 
ii o L.E. Kholodov and V. G. Yashunskii, Khim. Geterotsikl. Soedino, 1530 (1970). 
12o L. E~ Kholodov, G. P. Syrova, V. G. Yashunskii, and Yu. N. Sheiner, Khimo Geterotsikl. Soedino, 78 

(1970)o 
13. Eo D. Bergmann, S. Yaroslavsky, and H. Weiler-Feilchenfeld, J. Am. Chem. Soco, 8_II, 2775 (1959). 
14~ Eo D~ Bergmann and S. Yaroslavsky, J. Org. Chem., 2_55, 1848 (1960). 
15~ W. Borsche, Ann~ Chem., 37__~7, 120 (1910). 
16. I. F o Tishchenkova, L. E. Kholodov, and V. G. Yashunskii, Khimo-Farmatso Zh., No. 12, 7 (1968). 
17. L~ E~ Kholodov, N~ M. Merzlyakova, N. P. Kostyuchenko, and M~ N. Shchukina, Khim. Geterotsikl. 

Soedin~ 91 (1971)o 

*As in Russian original -Consu l t an t s  Bureau.  

99 


