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It is shown that, together with f i -quin indane-9-carboxyl ic  acid, the condensation of i sa t in  with cyclopentanone 
in alkal ine medium (Pfi tzinger react ion) also affords a ,  a ' -d icyclopentyl idenecyclopentanone and 3-eyc lo-  
penty l idene-f l -quin indane-9-carboxyl ic  acid, the s t ruc ture  of which was confirmed by its NMR, IR, and UV 
spectra .  

One of the pr incipal  methods of obtaining fi-quinindines (cyclopenta[b]quinolines) is by the Pfi tz inger  condensation 
of i sa t in  with cyelopentanone, ca r r i ed  out in alkaline solution. This reac t ion  was f i r s t  ut i l ized by Borsche [1], and 
subsequently by severa l  other workers  [2-5]. The method involves dissolving the sal t  of f l -quinindane-9-carboxyl ie  
acid (we propose to call 2, 3-d ihydro- lH-eyclopenta[b]quinol ine  (or 2, 3-dihydro-f i -quinindine)by the name fi-quinindane), 
and separa t ing  it f rom the copious res idua l  solid. We have examined the by-products  f rom this react ion.  One of them 
(mp 78-80 ~ C), which is soluble,  unlike the others,  in dichloroethane,  benzene,  and ether ,  
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but insoluble in acids and alkal is ,  has the molecular  formula  C10H140. The IR spec t rum of this compound displays 
bands corresponding to a C-~C double bond, and to a carbonyl  group conjugated with a double bond. On the bas is  of 
these observat ions ,  we at t r ibute  to this compound the s t ruc ture  ~, ~ ' -d icyclopentyl idenecyclopentanone (II). According 
to the l i t e ra tu re  [6], II has mp 76-77 ~ C, and is obtained by the se l f -condensat ion of cyclopentanone in alkaline medium, 
together with oz-cyelopentylidenecyclopentanone (III). The format ion of II in the react ion,  if allowed for, r equ i res  
near ly  a threefold excess  of cyelopentanone. 
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The other by-product  which was isolated has the molecular  formula  C18H16NO 2 �9 H20 (the molecule of water is 
lost  in vaeuo at 75 ~ C over P205). In contras t  to the acid I, it is soluble in methanol and acetone, forms a hydro-  
chloride,  and is soluble in dilute a lkal is  (the Na or K salt  separa tes  f rom concentrated alkalis}. Unlike compound I, the 
alkaline solution of the compound ins tantaneously  deeolor izes  potass ium permanganate  solution in the cold. The UV 
spec t rum (Fig. 1) shows a considerable  shift of the absorpt ion bands to longer wavelengths in compar ison with the bands 
in the spec t rum of the acid I. All these resu l t s  pe rmi t  the ass ignment  of the s t ruc ture  3-cyclopentyl idene-/3-quinindane-  
9-carboxyl ic  acid (IV) to the compound. The yield of acid IV amounted to 15%, and the acid I to 62%, calculated on the 
i sa t in  used. T rea tmen t  of the acid IV with diazomethane gave the methyl es te r .  

Compound IV is apparent ly  formed as a r e su l t  of the condensation of i sa t in  with the by-product  ketone III, since 
I does not reac t  with cyclopentanone, as was shown in a special  exper iment  under s imi l a r  conditions (boiling in 
aqueous-alcohol ic  alkali}. 
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The format ion of the acid IV which we have observed is analogous to the previously descr ibed [7] format ion of V. 
Condensation of anthrani l ic  acid with cyclopentanone at 265 ~ C (Tidke react ion) gives, instead of the expected 2, 3-  
d ihydro- lH-cyelopenta[b]quinol ine-9-one ,  compound V, the format ion  of which the authors  also incl ine to consider  as 
the resu l t  of the condensation of anthrani l ic  acid with the ketone III which is formed as an intermediate .  Compound VI 
was obtained [8] by the Fr ied lander  react ion,  involving the d i rec t  condensation of the ketone III with o -aminoaee to-  
phenone. 

The double bond in the acid IV is ext remely  react ive .  It was hydrogenated at 45-50 ~ C in acetic acid, us ing 
pa l lad ium-charcoa l  catalyst ,  and bromine  added to the double bond in acetic acid in the presence  of sodium acetate. 
It should be pointed out that the UV spec t ra  of the product of hydrogenation product,  3 -cyclopenty l - f l -quin indane-9-  
carboxylic acid (VII), and of the brominat ion  product,  3 -b romo-3- ( l t -b romocyc lopen ty l ) - f i -qu in indane-9-ca rboxy l i c  
acid (VIII), as would be expected, r e semble  closely the UV spec t rum of the acid I (Fig. 1). 
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The s t ruc ture  of IV was confirmed by its IR and NMR spectra.  

The IR spect rum of IV showed bands charac te r i s t i c  of the COOH group: 1690 cm -1 (vC~O), and a se r i e s  of smal l  
bands in the 2500-2800 cm - t  region (OH group, valency s t retching,  and complex bands).  It may,  therefore ,  be 
concluded that IV, as opposed to I (the IR spec t rum of I indicates that it has the betaine s t ruc ture :  VCO O. 1610, 1410 + 
cm -1, the NH group gives r i se  to wide bands of medium intensi ty:  2450 cm -1 (the "ammonium band") and 2050 em -1 
(the "amine salt"  band), whilst  the C~---O bond disappears ,  to reappear  (VC_~ O 1730 cm -1) in the IR spec t rum of the 
hydrochloride of I) exists  not only as the betaine,  but also in the form with stable in te rmoleeu la r  hydrogen bonds of 

0 
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the type //\ N .. HO--C--  -,~// , which are  charac te r i s t i c  of the pyr id ine -  and quinol ine-carboxyl ic  acids [9]. This can 

only be explained in t e rms  of s t e r i c  hindrance.  The molecular  skeleton of IV, judging f rom molecular  models ( F r a m e -  
work Molecular Models, USA), is a lmost  p lanar  (atoms C-11 and C-12 constitute par t ia l  exceptions). The hydrogen 
atoms at C-10 a re  therefore  in close proximity to the ni t rogen atom and block it. They themselves ,  in turn,  are  
influenced by the a romat ic  quinoline r ing,  in agreement  with the NMI~ findings (see below). On the other hand, the IR 
spec t rum of the hydrogenated compound VII indicates the formation of s imple in te rmolecu la r  hydrogen bonds, such as 
occur in the quinol inecarboxylic  acids.  In this case,  the 3-cyclopentyl  subst i tuent  is located outside the plane of the 
quinindane,  and access  to the N-atom is facilitated. 
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Fig. 1. UV Spectral in alcoholic solution: 1) 
f i -quin indane-9-carboxyl ic  acid (I); 2) 3-  
eyclopentyl-f l-quinindane -9-carboxyl ic  acid 
(VII); 3) 3 - b r o m o - 3 - ( l ' b r o m o c y c l o p e n t y l ) -  
f l -quin indane-9-carboxyl ic  acid (VIII); 4) 3-  
cyclopentyl idene-f i -quinindane-9-carboxyl ic  

acid (IV). 

The NMR spec t rum of IV was recorded in t r i f luoroaeet ic  acid and in dilute NaOD in DzO (see table). The spec t rum 
in t r i f luoroaeet ie  acid (Fig. 2) contains (as also does I), bands corresponding to the four protons of the benzene r ing in 
the quinoline sys tem;  a doublet with J = 7 Hz at 8.56 ppm (proton at C-5), and a mult iplet  at 7 .8-8 .4  ppm (protons at 
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C-6, C-7, and C-8). At higher field there  a re  found four very  wide l ines (mainly f rom 25-40Hz wide) with centers  at 
2.11, 2.79, 3.16 and 3.65 ppm corresponding to the absorpt ion of four, two, four, and again two protons.  These lines 
must  be due to the protons of the six methylene groups. The signal at highest field (2.11 ppm, four protons) may be 
at t r ibuted to the super imposed absorpt ion of the methylene protons at C-11 and C-12 which are less  deshielded by 
double bonds than the protons of the other methylene groups. 
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Fig. 2. NMR Spectrum of 3-eyclopenty l idene-  
f i -quin indane-9-carboxyl ic  acid (IV) in t r i f luoro-  

acetic acid. 

The signal at lowest field (3.65 ppm) is apparently due to the protons of the methylene group at C-10. On the one 
hand, this adjoins an atom with a substant ia l  deficiency of e lec t rons  ( resul t ing from conjugation of the double bond with 
the pyridine ring),  and on the other hand, it has a l ready been pointed out that the protons of this group (as dis t inct  f rom 
the protons at C-13), are  in immediate  juxtaposit ion to the ni t rogen atom of the quinoline ring. This makes it possible 
for the r ing  cu r r en t  of the quinoline r ing,  and also the anisotropy of the C'-"-Nbond, to influence these protons.  

Chemical  Shifts (5) in NMR Spectra (ppm) 

Compound  

I 
Methy l  ester 
o f l V *  

IV 
IV 

ASIV**** 

Protons on  

Solvent 

CFsCOOH 

C F s C O O H  
C F 3 C O O H  
N a O D / D e O  

C-l 

3 .11"* 

3 . I 3  
3 .16 
2.81 

0.35 

C-2 

2 .10"** 

3 .13 
3 .16  
2.81 

0.35 

C-3 

3 .18"*  

C-lO 

3.52  
3.65 
3.01 

i 

0,64 

C-1I 
C-12 

2.11 
2.11 
1.76 

0.35 

c-13 

2,79 
2,79 
2 .38  

0.41 

*The singlet due to the  methyl  group of  CHs OCO occurs at 4.32 ppm.  
**The protons at C-t  and C-3 in I give two  par t ia l ly  super imposed tr iplets .  

* * * Quin te t  
**** Differences in the  values o f  t he  chemical  shifts o f  IV in C F a COOH and in N A O D / D  2 0 .  

Information which is useful  for the ass ignment  of the s ignals  is obtained by comparing the spect ra  of IV in 
t r i f luoroacet ic  acid and in a solution of NaOD in D20. The protons which are  the most  sensi t ive  to protonation of the 
ni t rogen atom must  be those at C-]0  and C-13, since these methylene groups adjoin the end of the conjugated chain at 
C-14. The signal at 3.65 ppm shows the la rges t  shift (see table), which supports  its ass ignment  to the protons at C-10. 
Fur ther ,  the signal at 2.79 ppm may, on this bas is ,  be assigned to the protons at C-13. The absorption of the protons 
at C-1 in IV is apparent ly a component of the signal at 3.16 ppm, s ince this signal is close in chemical  shift to the 
signal of the methylene group at C-1 in the acid I. As far as the other two protons are concerned,  the absorption of 
which forms part  of this (3.16 ppm) signal,  these must  be the protons at C-2, since the other protons have all been 
assigned.  The chemical  shifts of the protons at C-1 and C-2 are s imi la r ,  and these protons give a single combined, 
unresolved signal.  

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

The condensation of Isatin with oyolopentanone, A mixture of 50 g (0.33 mole) of isatin, 400 ml of ethanol, 200ml 

of 33% aqueous potassium hydroxide, and 85 g (0.95 mole) of cyclopentanone was boiled under reflux for 8.5 hr, and 
the ethanol and part of the water was then removed in vaeuo (about 350 ml in all). The residue was diluted with 800 ml 
of water (addition of a smaller amount of water resulted in the potassium salt of the acid IV remaining undissolved, as 
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in [1]), and extracted with 300 ml of dichloroethane. The dichloroethane solution was t reated with activated charcoal,  
dr ied over magnes ium sulfate,  and evaporated in vacuo. The res idual  oil was rubbed with light petroleum, giving 8.5 g 
of a,  o~'-dicyclopentylidenecyclopentanone (II) which after r ec rys ta l l i za t ion  from light pe t ro leum had mp 78-80 ~ C (lit. 
[6], 76-77 ~ C). Found, %: C 83.29; H 9.41. Calculated for CtsHz00, %: C 83.28; H 9.32. 

The aqueous layer ,  after  t r ea tment  with activated charcoal ,  was acidified with glacial  acetic acid to pH 6, with 
cooling. The precipi ta te  which separated was f i l tered off, washed a few t imes with water,  and extracted with acetone 
(5 x 100 ml). Evaporat ion of the acetone and r ec rys t a l l i za t ion  f rom 60% aqueous ethanol gave 16 g (15%, calculated on 
isatin) of 3-cyclopenty l idene-f l -quin indane-9-carboxyl ic  acid (IV) monohydrate,  mp 113-115 ~ C (decomp.). Found, %: 
C 72.60; H 6.44; N 4.91; H20 5.95. Calculated for CisHt~NO ~ . HzO, %: C 72.71; H 6.44; N 4.71; H20 6.06. The anhydrous 
mater ia l ,  mp 198-200 ~ C (decomp.),  was obtained by drying over PzOs at 75 ~ C (15 ram) for 3 hr. Found, %: C 77.70; 
H 6.17; N 5.21. Calculated for C18Hl~NO2, %: C 77.40; H 6.13; N 5.01. UV spectrum,  kma x, nm (lg e): 229 (4.39), 265 
(4.37), 273 (4.39), 326 (3.69) shoulder, 341 (4.06), and 356 (4.09). 

The methyl ester of acid IV" was obtained by t rea t ing the aqueous-methanol ic  solution of the monohydrate of IV 
with ethereal  diazomethane,  mp 135-136 ~ C (from methanol). Found, %: C 77.51; H 6.39; N 4.84. Calculated for 
ClsH19NO2, %: C 77.79; H 6.53; N 4.77. 

The hydrochlorlde of acid IV rap 190-192 ~ C (decomp., f rom 10% HC1 and from absolute ethanol). Found, %: 
C 68.51; H 5.86; N 4.43; C1 11.06. Calculated for C18H17NO 2, %: C 68.45; H 5.74; N 4.44; C1 11.23. The IR spect rum 
showed vCO at 1710 cm -1. 

The res idue  left after  extract ion with acetone was f i -quinindane-9-carboxyl ic  acid (I), mp 280-282 ~ C (decomp.) 
(lit. [1], 277-278 ~ C), yield 45 g (62% calculated on the isatin). UV spectrum,  kma x, nm (lg e): 234 (4.52), 297 
shoulder (3.70), 307 (3.76), 320 (3.80). Hydrochloride of I, mp 240 ~ C (deeomp., f rom alcohol). Found, %: C1 14.34. 
Calculated for C13HllNO 2 �9 HC1, %: C1 14.20. 

3 lCyolopenty l - f i -quln lndane-9-carboxyl ic  acid (VII). A solution of 1.50 g of 3-cyclopenty l idene-f l -quin indane-9-  
earboxylic  acid (IV) monohydrate in 30 ml  of glacial  acetic acid was hydrogenated over 0.15 g of 10% pal ladium on 
charcoal  at a tmospher ic  p r e s su re  and 45-50 ~ C for 5 hr. The catalyst  was f i l tered off, water added, and the precipi tate  
which separated was extracted with ether ,  the ext ract  washed with water,  and the solvent  removed in vacuo. The 
res idue  was t r i tura ted  with water and compound VII f i l tered off, mp ~240 ~ C (decomp., f rom alcohol). Yield 0.8 g. 
Found, %: C 76.63; H 6.55; N 5.12. Calculated for ClsHioNO z, %: C 76.85; H 6.81; N 5.00. The IR spec t rum showed 
bands at 1610 and 1400 cm -1 (COO-), and at 2050 and 2550 cm-l(>NH + ). UV spect rum,  kma x, nm (lg e): 234 (4.56), 
295 shoulder (3.71), 308 (3.75), and 321 (3.80). 

3-Bromo-3-(l'-bromocyclopentyl)-fl-qulnlndane-9-oarboxyllc aold (VIID. To a mixture of 5 g of IV, 1.7 g of 
anhydrous sodium acetate, and 30 ml of glacial acetic acid was added over 1 hr at 10 ~ C a solution of 1.4 g of bromine 

in 5 ml of glacial  acetic acid, s t i r r ed  for 1 hr at room tempera ture ,  the precipi ta te  f i l tered off and washed on the f i l ter  
with water and with acetone to give 5.1 g, mp 115-118 ~ C (decomp., reprec ip i ta ted  f rom dimethylformamide by adding 
water). Found, %: C 49.84; H 4.05; Br 36.26. Calculated for ClsH16Br2NO z, %: C 49.35; H 3.68; Br 36.49. The IR 
spec t rum showed bands cha rac te r i s t i c  for the carboxyl group (vCO 1692 cm-1), and for OH (several  smal l  bands at 

2500-2800 cm-  1). 

UV spec t ra  were taken in alcoholic solution on a Hitachi (Japan) recording  spectrophotometer ,  and the IR spec t ra  
as suspensions  in vasel ine  oil on the UR-10 spectrograph.  The NMR spectra were taken on a JNM-4H-100 spec t romete r  
with a working frequency of 100 MHz (JEOL, Japan), using as in ternal  s tandards hexamethylsi loxane (in t r i f luoroacet ic  
acid) and te r t -bu tanol  (in NaOD/DzO), the values of the chemical  shifts being calculated with respec t  to te t ramethyls i lane .  
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