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fi-Quinindane and t e t r ahydroac r id ine  de r iva t ives  a r e  chlor inated at the methylene groups of 
the hydrogenated r ing  under  the influence of phosphorus  pentachlor ide .  Two, three ,  or five 
hydrogen a toms  a re  r ep laced  by chlor ine,  depending on the subst i tuent  in the 9 posit ion and 
the s ize of the polymethylene chain. The s t r u c t u r e s  of the compounds obtained were  con-  
f i r m e d  by IR, UV, and PMR s pec t r a .  

We prev ious ly  desc r ibed  seve ra l  r eac t ions  in the fl-quinindane s e r i e s  with r e s p e c t  to the act ive 3 
posi t ion [1]. It was  of in te res t  to study the halogenation of compounds of this se r i es~  It was obse rved  that 
the methylene  groups of fl-quinindane a r e  chlor inated by PCIs. Fo r  compar i son ,  s i m i l a r  reac t ions  were  
c a r r i e d  out for  1 ,2 ,3 ,4 , - t e t r ahydroacr id ine  der iva t ives~  

The following compounds were  subjected to reac t ion  with PC15: fi-quinindane (I), 1 ,2 ,3 ,4 - t e t r ahydro-  
acr id ine  (II), f i -quinindane-9-one(IIIa) ,  ] , 2 , 3 , 4 - t e t r a h y d r o - 9 - a c r i d o n e  (IIIb), and fi-quinindane- and 1,2,3,4-  
t e t r a h y d r o a c r i d i n e - 9 - c a r b o x y l i c  acids  (IVa and IVb). 

Excess  PC15 in phosphorus  oxychloride ch lor ina tes  I to f o r m  ] , l ,2 ,3 ,3-pentachloro- f i -qu in indane  (V). 
Only three  hydrogen a toms  a re  r ep laced  by chlorine dur ing the chlorinat ion of compound II under s i m i l a r  
conditions,  and 3 , 4 , 4 - t r i c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o a c r i d i n e  (VI) is obtained. 

IIIa and IIIb f o r m  3 ,3 ,9- t r ichloro-f i -quin indane  (VIIa) and 4 , 4 , 9 - t r i c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o a c r i d i n e  
(VIlb), r e spec t ive ly ,  by reac t ion  with excess  PC15. The reac t ion  p roceeds  through a step involving f o r m a -  
tion of 9 -ch lo ro  de r iva t ives  (VIII), which can be i so la ted  if the reac t ion  is in te r rup ted  at  the initial s tage .  

The acid chlor ides  of the s t a r t ing  acids a r e  init ial ly f o rmed  dur ing the chlorinat ion of IVa and IVb 
with excess  PC15, followed by the fo rmat ion  of the i r  diehloro de r iva t ives ,  l:Xa and IXb. In the case  of IVa, 
3 ,3 -d ich lo ro- f i -qu in indane-9-ca rboxyl ic  acid (Xa) was isolated by t r ea tmen t  of the reac t ion  m a s s  with water ,  
while, in the case  of IVb, the m a j o r  product  (53% yield) is the acid chloride of 4 , 4 - d i c h l o r o - l , 2 , 3 , 4 - t e t r a h y -  
d r o a c r i d i n e - 9 - c a r b o x y l i c  acid (IXb), and 4 , 4 - d i c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o a c r i d i n e - 9 - c a r b o x y l i c  acid (Xb) 
i tself  is fo rmed  in 12% yield.  While acid chloride IXa, which is obtained f rom IV~ a f te r  r emova l  of excess  
reagent  and solvent,  v e r y  read i ly  r e a c t s  with alcohol to f o r m  ethyl 3 ,3 -d ich loro- f i -qu in indane-9-carboxyla te  
(XIa), the acid chloride of Xb is conver ted  to the co r respond ing  ethyl e s t e r  of XIb only a f t e r  a 5-day r e a c -  
tion with alcohol .  

*See [10] for  communica t ion  IV. 
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The s t ruc tu res  of the products  isolated were confirmed by spectral  data. In compar ison with the UV 
spect ra  of the s tar t ing  compounds, in the UV spectra  of the chlorination products one observes  a small  
ba thochromic  shift (5-8 rim), the fine s t ruc ture  of the spect rum decreases  to a significant degree,  and the 
rat io of the intensit ies of the individual bands also changes.  The absorption of the chloro der ivat ives  of 
the fi-quinindane se r ies  was ~ 20-30% more  intense and was shifted 3-5 nm to the shor te r -wave  region as 
compared  with the analogous compounds of the te t rahydroaer idine  se r i es .  

Two broad bands at 1920 and 2540 cm -1 and two ve ry  intense bands at 1730 and 1230 em -1 are  ob- 
served in the IR spec t rum of 3 ,3-dichloro-f l -quinindane-9-earboxyl ic  acid (Xa); these bands are  c h a r a c t e r -  
istie for quinoline- and pyridineearboxyl ic  acids,  and their presence  is explained [2] by a s t rong  in te r -  
molecular  hydrogen bond of the - C O O H ' "  N.//~ type of even by a zwitterion s t ruc tu re .  The absorpt ion of 
the es te r  carbonyl in the IR spec t ra  of esters" XIa and XIb is observed at 1728 cm -I (XIa) and 1732 em -1 
(Xlb). 

The presence  of a ve ry  intense band at 1818 em -1, which should be asc r ibed  to the absorpt ion of the 
carbonyl in the COCI group, in the IR spec t rum of XIb turned out to be important  to establish its s t ructure~ 

The PMR spect ra  of the react ion products were decisive for determining the site at which chlorine 
substitution occur red .  The PMR spect ra  of t r ich lor ides  VIIa and VIIb are  s imi lar  in the region of a romat ic  
proton absorption:  the signals of the C(5 ) and C(8 ) protons,  which are deshielded by the nitrogen and chlo-  
rine atoms,  respect ively ,  have close a values and give, as a resul t  of superimposi t ion of two doublets, a 
split t r iplet  centered at 8.20 ppm for  VlIa (in CDCI 3) and 8.39 ppm for  VIIb (in CC14). The signals f rom the 
C(~) and C(7 ) protons a re  observed as a symmet r ica l  multiplet, centered at 7070 ppm for  VIIa and 7.86 ppm 
for  VIIb. A narrow, symmet r i ca l  multiplet (four protons),  formed by the C(1 ) and C(2 ) methylene protons 
(a sys tem of the AATBB ' type) is observed in the spect rum of VIIa at 3.18 ppmo The spec t rum of VIIb is 
more  complex;  it consis ts  of a regula r  t r iplet  at 3011 ppm, a distorted tr iplet  at 2.97 ppm, and a complex 
multiplet centered at 2.29 ppm; all three signals have the same relative intensity of two proton units. The 
signals were ass igned on the basis  of the fact that the C(1 ) protons are  more  f i rmly  attached because of the 
proximity  of the a romat ic  ring, and the signals of these protons should therefore  be subject to more  c o m -  
plex splitting than the signals f rom the C(3 ) protons,  which are  averaged out as a resul t  of the compara t ive -  
ly facile inversion of the r ing.  The following ass ignment  is then possible:  the regu la r  t r iplet  is due to the 
C(~) protons,  the dis tor ted tr iplet  is due to the C(1 ) protons,  while the multiplet can be ascr ibed  to the C(2 ) 
protons,  the signals of which are split by both the CO) and C{a) protons.  

The aliphatic port ion of the PMR spec t rum of acid chloride IXb (in CC14) is s imi la r  to the spect rum 
of t r ichlor ide VIlb: a tr iplet  f rom the C(3) protons {3008 ppm), with a (partially super imposed on it) mul t i -  
plet f rom the CO) proton, centered at 2.97 ppm, and, at s t ronger  field, a multiplet f rom the C(~) protons 
centered at 2.21 ppm. However, differences are observed in the a romat ic  portion of the spect rum:  the 
COCI group in IXb deshields the proton in the 8 position to a l e s se r  extent than the chlorine atom attached 
to C(9)in VIIb, so that this proton has a chemical  shift close to the chemical  shifts of C(6 ) and C(7 ) protons;  
as a result ,  all three protons give a broad,weakly split multiplet at 7069 ppm. 
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The PMR spec t rum of pentachloride V contains a doublet at 8.21 ppm [C(5 ) proton], a singlet at 8.48 
ppm [C0)proton], a multiplet (three protons) f rom 7.52-6.98 ppm [C(6), C(7 ), and C(a) protons],  and a singlet 
(one proton) at 4.51 ppm. This sor t  of spec t rum is unambiguous evidence that all five chlorines in V are 
located in the f i ve -membered  ring.  The position of the remaining unsubstituted proton cannot be unam-  
biguously resolved on the basis  of the spec t rum.  However, the s t rong  deshielding of the C(9 ) proton, the 
signal of which in the spec t rum of fi-quinindane is super imposed on the multiplet signal of the aromat ic  
protons but, in V, stands out f rom the lat ter  by more  than 0.5 ppm, may be evidence in favor of the fact  that 
two chlorine a toms are  situated at the neighboring position [at C(1)]. Considering that chlorination p r imar i ly  
proceeds  at the 3 position, it may be supposed that the unsubstituted proton is attached to the C(2 ) atom. 
The position of the signal of the single proton (4.55 ppm) agrees  with this assumption.  A chemical  shift of 
2.82 ppm is observed for the protons in the 1 position in fi-quinindane, compared  with 1.98 ppm in the 2 
posit ion;  if one cons iders  only the deshielding effect of chlorine on the same atom as the proton of interest  
to us, the chemical  shift of this proton when it is at tached to C(1) should be of the order  of 5~ ppm (the 
shielding constant for chlorine is 2.5 ppm), as  compared  with 4.5 ppm when it is attached to C(z ) ; the la t ter  
value is close to the experimental  value. 

Signals of all five a romat ic  protons (50 8.13 ppm, doublet; 59 7.83 ppm, singlet;  the C(6), C(7), and 
C(8) protons form a multiplet f rom 7.2,7.7 ppm) are  also observed in the PMR spectrum of t r ichlor ide VI. 
It is obvious that, as in all of the other compounds, the protons in the a position [attached to C(4)] for t r i -  
chloride VI were replaced by chlorine a toms.  Judging f rom the spectrum, the third chlorine atom is in the 
1 or 3 positions but not in the 2 position, since the signal of the methine proton (5 4.85 ppm) is split by 
only two protons (the X part  of ABX, J = 7  Hz, J ' = 3  Hz). However, since f i rs t  the a -methy lene  group and 
then the neighboring fi-methylene group are  subjected to chlorination [3] and bromination [4] during the 
halogenation of tetral in,  it can be assumed that 3 ,4 ,4- t r ich loro  derivative VI is formed in the chlorination 
of 1 ,2 ,3 ,4- te t rahydroacr id ine  (II). The signals of the four methylene protons in VI give little information, 
since they are  manifested in the spect ra  as a v e r y  strongly split multiplet  f rom 2.1-3 ~ ppm. 

The puri ty of all of the compounds obtained (except acids Xa and Xb and acid chloride IX"o) was con- 
f i rmed  by th in- layer  chromatography on aluminum oxide. 

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

3,3 ,9-Tr ichloro-p-quin indane  (VIIa)o A mixture of 0.50 g (2.7 mmole) of quinindan-9-one (IIIa) [5], 
obtained by the condensation of aniline with ethyl a -cyclopentanone  carboxylate,  6 g (28 mrnole) of phos-  
phorus pentachloride,  and 2.5 rnl of phosphorus oxychloride was heated at 120-130 ~ for  45 rain until all 
solids dissolved. It was then cooled, poured over ice, and neutral ized with 22% ammonium hydroxide. The 
resul t ing  precipitate was f i l tered and washed repeatedly with water  to give 0.7] g (94%) of a product with 
mp 130-131 ~ [from benzene-hexane (] :3)] and R s 2o37.* UV spect rum (alcohol), kmax, nm (log ~): 238 (4.59), 
263 (4~ 300 (3.77), 310 (3~ shoulder), 325 (3~176 Found %: C 52.5; H 2.7; C1 38.8o C~zHsC13N. Calco 
%: C 52.9; H 2.9; C1 39.0. 

4 ,4 ,9 -Tr i ch lo ro - l , 2 ,3 ,4 - t e t r ahydroac r id ine  (VIIb). A mixture of 1 g (5 mmole) of 1 ,2 ,3 ,4- te t rahydro-  
ac r id -9 -one  (IIIb) [6] (obtained by condensation of anthranil ic acid with cyclohexanone), 5 ml of phosphorus 
oxychloride,  and 12 g (57 mmole) of PC15 was heated and worked up in the same way as the react ion used to 
obtain VIIa to give 1.32 g (92%) of a product with mp 119 ~ (from alcohol) and R s 2.41. UV spect rum (alcohol): 
237 (4o69), 255 (3o45), 294 (3~ 302 (3.65), 315 (3o59), 329 (3~176 Found %: C 54o7; H 3o6; C1 36.8. 
Cl,~H10Cl3 N, Calc. %: C 54.5, H 3.5; Cl 37 .1 .  

9-Chloro-fl-quinindane (VIIIa)o A mixture of 0.5 g (2~ mmole) of quinindan-9-one (IIIa), 5 ml of phos-  
phorus oxychloride,  and 6.0 g (28 mmoie) of PC15 was heated at 120-130 ~ for 15 rain and worked up as in the 
case of VIIa. The yield of VIIIa af ter  c rys ta l l iza t ion  f rom hexane was 0.45 g (80.5%) of a product  with mp 
69-70 ~ (70 ~ [7]). It was identical to an authentic sample of 9-ehloro-j3-quinindane. 

3 ,3-Dichloro-f i -quinindane-9-carboxyl ic  Acid (Xa)o A mixture of ] g (4.9 mmole) of f l-quinindane-9- 
carboxylic  acid (IVa) [8], 5 ml of phosphorus oxychloride, and 12 g (57 mmole) of PC15 was heated at 120- 
130 ~ for 1.5 h, af ter  which the react ion mixture  was cooled and poured over ice. The precipi tated Xa was 
f i l tered rapidly and washed with a small amount of water  to give 0.71 g (50%) of Xa, which decomposed at 
~-. 180 ~ without mel t ing (from ethyl acetate) .  UV spect rum (alcohol): 240 (4~ ; 303 (3o72) ; 315 (3o74); 
324 (3~ shoulder).  Found%: C 55.5; H 3.2; C1 25~ C~HgC12NO2. Caie .%:  C 55.3; H 3.2; C1 25ol. 

*Here and elsewhe re chromatography was ca r  ried out in a thin layer  of act [vity [I aluminum oxide with benzene 
as the solvent and development by iodine vapors .  The compar i son  substance was 13-quinindane (I) with Rf ~ 0.30. 
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Ethyl 3 ,3-Dichloro-f i -quinindane-9-carboxyla te  (XIa). A mixture of 5.0 g (24.5 rumple) of IVa, 30 ml 
of phosphorus oxychloride,  and 38 g (181 rumple) of PC15 was heated at 120-130 ~ for 1.5 h~ It was then 
cooled, the calculated amount of water  for convers ion of excess  phosphorus pentachloride to phosphorus 
oxychloride was added, the oxychloride was removed by vacuum distillation to dryness ,  and 25 ml of ab-  
solute ethanol and (after 30 rain) 100 ml of water  were added. The resul t ing oil was separated,  dissolved 
in ether,  and dried with MgSO 4. After distil lation of the solvent, the residue was t r i turated with hexane to 
give 3.5 g (40%) of a product  with mp 81-81 ~ (from hexane) and R s 1.96. UV spectrum (alcohol): 245 (4~ 
323 (3.82); 328 (3.83). Found%: C 5 7 . 8 ;  H 4 . 1 ;  C122.9. C15H~CI~NO ~. Calc .%:  C 58.1; H 4 . 2 ;  C122o9o 

1,1,2,3,3-Pentachloro-f i-quinindane (V). This compound, in analogy with Xa, was obtained f rom 1.0 g 
(509 rumple) of fi-quinindane [9], 5 ml of phosphorus oxychloride, and 12 g (57 mmole) of PC15. The r e a c -  
tion time was 3 h. The yield of a product  with mp 148-149 ~ (from hexane) and R s 2.51 was 0.35 g. UV spec-  
t rum (alcohol): 246 {4.34), 264 (4.22), 298 (4.75), 328 (3o34)0 Found %: C 42.6; H 1.9; CI 51o6. CI~H6CIsN. 
Calc. %: C 42.4; H 1.8; C1 52.0. 

3 ,4 ,4 -Tr i ch lo ro - l , 2 ,3 ,4 - t e t r ahydroac r id ine  (VI)o A mixture of 1.0 g (5.4 rumple) of te t rahydroacr id ine  
(II) [9], 5 ml of phosphorus oxychloride,  and 12 g (57 rumple) of PC15 was heated at 120-130 ~ for 3 h. It was 
then cooled, poured over ice, extracted with ether,  and dried with MgSO 4. The solvent was removed  by 
vacuum distil lation to give 0.82 g (50%) of a product with mp 108-110 ~ (from alcohol). This product  de-  
p res sed  the melt ing point of t r ichlor ide  (VIIb) and had R s 2.06~ Found %: C 54.6; H 3.8; CI 36.8. CI3H10- 
ClaN. Calco~: C 54.5; H3.5; C1 37.1. 

.Reaction of 1,2,3,4-Tetrahydroacridine-9-carboxylic Acid (IVa) with Phosphorus Pentachloride. A 
mixture of 5 g (24 mmole) of 1 ,2 ,3 ,4 - te t rahydroacr id ine-9-carboxyl ic  acid [9], 25 ml of phosphorus oxy- 
chloride,  and 50 g (236 rumple) of PC15 was heated at 120-130 ~ for 1.5 h, cooled, and poured over  ice.  The 
resul t ing  precipitate was fi l tered,  washed with water,  and rec rys ta l l i zed  f rom a small  amount of acetoni-  
t r i le  to give 4.] g (53%) of the acid chloride of 4 ,4 -d ich lo ro - l , 2 ,3 ,4 - t e t r ahydroac r id ine -9 -ca rboxy l i c  acid 
(IXb) with mp 106-107 ~ (dec., from hexane). Found %: C 53.4; H 3.2; C1 33.9. C14H10CI~NOo Calc.  %: C 
53.4; H 3.2; C1 33.8. UV spect rum (hexane): 241 (4.50), 308 (3.62), 319 (3.67), 331 (3~176 

The insoluble mater ia l  during the crys ta l l iza t ion in acetonitr i le was 4 ,4 -d i ch lo ro - l , 2 ,3 ,4 - t e t r ahydro -  
ac r id ine -9 -ca rboxy l ic  acid (Xb) and was obtained in a yield of 0.9 g (12%)and had mp 245-246 ~ (dec., f rom 
acetone).  Found ~0: C 56.7; H 4.0; C1 23~ C14HllC12NO2o Calc. %: C 56.8; H 3.7; C1 24.0. 

Ethyl 4 ,4 -Dich loro- l ,2 ,3 ,4 - te t rahydroacr id inecarboxyla te  (XIb). A suspension of 0.5 g of the acid 
chloride of 4 ,4 -d ich lo ro - l ,2 ,3 ,4 - t e t r ahydroac r id ineca rboxy l i c  acid (IXb) in 5 ml of absolute ethanol was 
allowed to stand for 5 days in the dark (until everything had completely dissolved), and the alcohol was 
removed by vacuum disti l lat ion to give 0.36 g (71%) of XIb with mp 92-93 ~ (from hexane) and R s 1.97. Found 
%: C 59.3; H 4~ C1 21.9. Ci6HisClzNO z. Calc .%:  C 59.3; H 4.7; C1 21.9. 

The IR spec t ra  of mineral  oil suspensions of the compounds were obtained with a UR-10 spec t rome te r .  
the UV spect ra  were obtained with a Hitachi (Japan) r ecord ing  spectrophotometero The PMR spect ra  were 
r ecorded  with a JNM-4H-100 spec t rome te r  (JEOL, Japan) with an operat ing frequency of 100 MHz; solu-  
tions in carbon te t rachlor ide  or deuterochloroform were used with hexamethyldisiloxane as the internal 
s tandard;  the chemical  shifts were converted relative to te t ramethyls i lane~ 
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