
3,4-Ethylenedioxybenzylidene-p-(n-butyl)ani l ine.  A mixture  of 61 mmole  of 3 ,4-ethylenedioxybenz-  
aldehyde and 97 mmole  of p-(n-butyl)anil ine was dissolved in 65 ml of anhydrous toluene, 9.7 mmole  of 
boron t r i f luor ide  e thera te  was added, and the mixture  was refluxed for  25 h with a Dean--Stark t rap .  The 
mixture  was then worked up as descr ibed  above, and the react ion product  obtained a f te r  chromatography 
and removal  of the solvent by dist i l lat ion was vacuum dried at 70-80 ~ to give 10 g (50%) of a viscous liquid 
with n~ 1.1620, UV spectrum,  ~.max, nm (log e): 232 (4.32), 283 (3.96), and 317 (3.85) in alcohol. Found: 
C 77.3; H 7.2; N 4.4%. CtgH21NO 2. Calculated: C 77.2; H 7.2; N 4.7%. 

2- [p- (n-Amyl)phenyl] -6- formylquinol ine .  A 0.3-g sample of Raney nickel was added to a solution of 
1.3 g of IId in 25 ml of mois t  toluene, a f te r  which the mix ture  was hydrogenated in a long-necked hydrog-  
enation f lask.  The catalyst  was then �9 by fil tration, and the solvent was evaporated to give 0.35 g 
~(65%) of a product  with mp 71-72 ~ (from hexane). IR spectrum: 1710 cm -1 (CO). PMR spec t rum (CC14) , 
6, ppm: 1.20 t (3H) for  CH3, 1.48-2.17 m (6H) for  the CH 2 groups,  2.97 t (2H) for the a romat ic  ring CH 2 
groups,  7.52 d (J=8 Hz, 2H) for the a romat ic  protons adjacent to the CsHll group, 8.05-8.55 m (TH) for the 
a romat ic  protons,  and 10.35 s (1H) for the CHO groups.  Found: C 83.0; H 6.9; N 4.7~. C21H21NO. Calcu- 
lated: C 83.1; H 7.0; N 4.6%. 

2-[p-(n-Amylphenyl]quinol ine-6-carboxyl ic  Acid .  A mix ture  of 1 g of IId and 50 ml of hydrochlor ic  
acid (1 : 1) was ref luxed for  30 h, a f te r  which it was cooled, and the resul t ing prec ip i ta te  was r ec rys t a l l i z ed  
f rom alcohol to give 0.8 g (80%) of a product  with mp 245-247 ~ IR spec t rum (in minera l  oil): 1700 cm -1 
(CO). PMR spect rum (CF3COOH), 6, ppm: 0.77 t (3H) for  the CH 3 group, 1.0-1.75 m (6H) for  the CH 2 
groups,  2.68 t (2H) for the aromat ic  ring CH 2 groups,  and 7.45-9.03 m (9H) for the a romat ic  protons .  
Found: C 78.6; H 6,3; N 4.5%. C21H21NO2. Calculated: C 79.0; H 6,6; N 4.4To. 
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N-Hete roa romat i c  sys tems  with f ree  ~ or  ~ posit ions in the p re sence  of acyl halides hetaryla te  such 
weak CH acids as acetophenone (pK a 19) and acetone (pKa 20) without cata lysts  [1]. It seemed of in teres t  
to a sce r t a in  the l imiting PKa values of CH acids that a re  still  able to undergo this reac t ion .  For  this, we 
studied the possibi l i ty  of hetaryla t ion of cyclopentadiene (CPD, pH a 15), indene (pK a 18.5), azulene and 
guaiazulene (pK a 20-21), and f luorene (pK a 22.9)* with pyridine,  quinoline, and isoquinoline in the p resence  
of acyl halides.  

The react ions  of qua te rna ry  pyr id in ium and benzopyridinium sal ts  with s imi la r  CH acids in the p r e s -  
ence of alkali metals ,  which lead to the format ion  of he terocycl ic  analogs O f sesquifuivalene, a re  known 

[3-5]. In these cases ,  e i the r  organometal l ic  compounds with a polar  ~ c - ~ e  bond or carbanions,  e i ther  

f r ee  or  in the ion~pair state,  essent ia l ly  undergo hetarylat ion.  However, insofar  as we know, the hetaryia-  
tion of cyclopentadiene,  indene, f luorene,  or  azulene in the absence of catalysts  has not been s tudied. t  

It was  found that in the react ion with cyclopentadiene and indene, N-acylpyridinium and benzopyr i -  
dinium salts  behave differently as a function of the e lect rophi l ic i ty  of the N-acy lhe te roaromat ic  cation and 
the acidity of the subs t ra te .  

Specifically,  none of the investigated N-acylpyridinium salts  hetaryla ted cyclopentadiene,  indene, 
and f luorene under  various conditions: Only the s tar t ing reagents of the i r  po lymer iza t ion  products  were  
isolated in all cases .  

Hetaryla t ion also did not take place in the react ion of N-acetyl  salts  of isoquinoline and quinoline 
with cyclopentadiene.  In all cases  we obtained the same compounds, r ega rd less  of the CH acids used in 
the react ion.  

S imi lar  compounds were  also obtained by heating N-acetyl  salts  in the absence of a hetarylateable  
component.  We found that the compounds obtained a re  1, l ' - d i ace ty l -  1,2,1', 2 ' - t e t r ahyd ro -  2,2'-diquinolyl (I) 
and 2 ,2 ' -d iace ty l -  1,2,1', 2 ' - t e t r ahydro -1 ,  l ' -d i isoquinolyl ,  which were  subsequently separa ted  to give the i r  
s t e r e o i s o m e r s ,  which proved to be identical  to the compounds that we obtained by reduction of quinoline 
and isoquinoline with zinc dust in acet ic  anhydride.  

Under the hetaryla t ion conditions, the N-acylcylammonium cations evidently reac t  with the anions 
to give a c h a r g e - t r a n s f e r  complex (CTC), which then undergoes decomposit ion to radicals ,  which d imer ize  
via the following scheme:  

I I I I I I CH.a--C= O Cii3--C=O CHa~C~O CHs--C=O O= C--CH a CH3--C= O 
I 

Under s tandard conditions, the more  electrophi l ic  N-benzoylisoquinolinium chloride hetaryla ted CPD 
and indene to give adduets II and III (Table 1), but the react ion with f luorene also gave d imer  IV, f rom which 
we obtained a disisoquinolyl by alkaline hydrolysis ,  which conf i rms its s t ruc tu re .  

l i  I I I  IV 

Oxidation of co lor less  II and III with ni t robenzene gives colored he terocycl ic  analogs of sesquiful-  
valene of the V type.  These  same compounds a re  formed in the react ion of indenylsodium (cyclopentadi- 
enylsodium also r eac t s  similarly} with the appropr ia te  sal ts ,  for  example:  

III C6HsNO2 ~ ~ ~ N a  § + ~N--COC6HSCI_ 

[ 
COC6H s V 

*The pHa values are  presented  on the M c E w e n - S t r e i t w i e s e r - A p p l e q u i s t - D e s s y  scale (the MSAD scale} [2]. 
~See [6] for  our p re l imina ry  communicat ion in this r egard .  
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TABLE 2. Heterocycl ic  Fulvalenes (V) R 
I[ 
R 

Vd 

Va 

1 

Vb ! 

V( 

Vd 

~ - - C O C 6 H  s 
II 

---~N--COC6H s 

t 
COC~H$ 

~N--COC6H s 

rap, ~ 

162--163 

114--115 

172--173 

183--184 

Ry ~t 

),11 3,1 

332 3,0 

0,2313,4 

0,7,t 3,1 

Empir - 
ical 
formula 

C2~H~sNO 84,4 

CITH,3NO 82,9 

C21H~sNO 84,6 

C25H~TNO 86,0 

Found, % 

C H N C 

5,0 t,21 84,8 

5,4 5,7182,6 

4, c 4,2 [ 84,9 
I 

I 
I 

5.( 3,8 86,1 

Calc.,% i @- 

J ~ 

5,1 4,3 45 

5,~ 52 35 

I 

5,1 4,3 47 

4,! 4,0 50 
] 

* From b e n z e n e - h e x a n e  (1 : 1). 

The charac te r i s t ic  absorption bands of the N-benzoyl-  1,2-dihydroisoquinoline f ragment  (VC= O 1650- 
1680 cm-l ;  Vc= C 1610cm -1) a r e  observed in the IR spect ra  of II and III. Under the influence of acids these 
substances undergo cleavage to give all three components (dicyclopentadienyl or  indene, isoquinoline, and 
benzoic acid) in theoret ical  yields.  

The facile dehydrogenation of II and III to derivat ives of the V type consti tutes evidence in favor  of 
our proposed s t ruc ture  for these compounds ra ther  than to the s t ruc ture  of the nonisomer ic  compounds of 
the VI type, although it seems p rema tu re  to us to exclude the possibil i ty of the format ion of the la t te r  (un- 
fortunately, the PMR spectra l  data for  such compounds could not be interpreted unambiguously). 

H~ ~COC~H6 
VI 

The relatively small  dipole moments  of the compounds (Table 2) constitute evidence for  the insignifi- 
cant contribution of the ylid s t ruc ture  corresponding to electron t r ans f e r  f rom the heteror ings  to the 
f ive -membered  ring. The fact that hetarylfulvalenes V split out acyl res idues with great  difficulty, 
while the ylid form would, like o ther  N-acylcyclammonium salts,  undergo hydrolys is  ve ry  readily, is 
evidence for  the absence of any appreciable percentage of the ylid s t ruc ture .  

Quinoline in the p resence  of benzoyl chloride under standard conditions readily hetarylated azulene 
and quaiazulene (Table 1), but did not undergo hetarylation with ei ther  CPD or  indene. Under these condi- 
tions, 1-benzoyl-2-(3 ' -quinol inyl ) - l ,2-dihydroquinol ine  (VII) was formed.  

C6Hs--t~O 
VH 

The s t ruc ture  of VII is confirmed by its mass  spec t rum (M 362.4), IR spec t rum (~CO 1655 cm -1, VC= C 1620 
cm-1), and chemical  proper t ies  (formation of a p icra te  and convers ion to 2,3-diquinolyl as a resul t  of alka- 
line hydrolysis ,  and the p resence  of a double bond). The pathways of formation of VII are  as yet  unclear.  

Attempts to hetarylate f luorene with any N-acyl pyridinium and benzopyridinium salts were unsuccess-  
ful. 

Thus, in the absence of catalysts ,  we were  able to c a r r y  out the hetarylat ion of compounds pK a values 
up to 21 only with the most  active N-benzoylisoquinolinium salts.  The less reac t ive  quinolinium and pyri -  
dinium sal ts  are  capable of hetarylat ion of CH acids with somewhat lower pK a values (18-19). 
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E X P E R I M E N T A L  

The IR s p e c t r a  of ch lo ro form solutions or  KBr pel le ts  of the compounds were  obtained with a UR-20 
s p e c t r o m e t e r .  Activi ty II a luminum oxide was used fo r  t h i n - l a y e r  ch romatography  ~ L C ) ;  the compounds 
were  eluted with b e n z e n e - h e x a n e - c h l o r o f o r m  (60 : 1 : 30), and the c h r o m a t o g r a m s  were  developed with 
iodine vapors  and in UV light.  The dipole momen t s  of benzene solutions of the compounds were  m e a s u r e d  

z 

[7]. C ryoscop i c -g r ade  benzene was dried and dist i l led ove r  sodium metal ,  a f t e r  which it was again d i s -  
t i l led over  phosphorus  pentoxide and f r e sh ly  calcined po t a s s ium carbonate .  The middle  f rac t ion  with the 
following physical  constants  was se lec ted  in the dist i l lat ion over  po t a s s ium carbonate:  bp 79.8 (740 mm),  
d42~ 0.8738, n ~5 1.4979, and ~ 2.2725. 

The d ie lec t r ic  pe rmeab i l i t i e s  were  m e a s u r e d  with an E-12-1  appara tus  with an osc i l lographic  in- 
d ica tor  at  25 �9 0.05 ~ The d e n s i t i e s w e r e  de tormined  pycnomet r i ca l ly  at 25 ~0.05 ~ The dipole moment s  
we re  calculated f r o m  the fo rmula  ~=0.221~/P~ - Pel,  where  P~ is the polar iza t ion  at infinite dilution and 
Pel is the mo lecu l a r  re f rac t ion .  The m o l e c u l a r  r e f rac t ion  was calculated as the sum of the a tomic  r e f r a c -  
t ions [8], and P~ was obtained f r o m  the Hedestrand equation [9]. The dipole moment s  obtained a r e  p r e -  
sented in Table  2. 

Hetaryla t ion of Cyclopentadiene,  Indene, and Azulene (typical method).  A solution of 0.1 mole  of dry 
s i x - m e m b e r e d  ni t rogen b a s e  and 0.05 mole  of f resh ly  dist i l led acetyl  chlor ide  in absolute  benzene was 
heated at  80-90 ~ fo r  1 h, a f t e r  which 0.05 mole  of the appropr ia t e  CH acid was added, and the mix tu re  was 
heated a t 9 0 - 1 0 0  ~ until the react ion  m i ~ u r e  solidified (2-10 h). In the ca se  of CPD, the mix tu re  of i so -  
quinoline and benzoyl  chloride was heated at 80-90 ~ fo r  1 h, a f t e r  which it was cooled to 10-12 ~ f r e sh ly  
dist i l led CPD (30% excess)  was added dropwise,  and the react ion,  which was exothermic ,  was ca r r i e d  out 
at no higher  than 30 ~ for  1,5-2 h until the mix tu re  solidified.  It  was then s t eam-d i s t i l l ed  until the odor of 
the ni t rogen b a s e  vanished in the dist i l late ,  or  the p rec ip i t a te  fo rmed  in the reac t ion  mix tu re  was removed 
by f i l t ra t ion and washed with a sui table  solvent  o r  purif ied by means  of p r e p a r a t i v e  ch romatography  on 
a luminum oxide. The yields ,  physical  c h a r a c t e r i s t i c s ,  and r e su l t s  of e l e m e n t a r y  analys is  of the he te ro -  
cyclic de r iva t ives  of indene, cyclopentadiene,  and azulene and i ts  de r iva t ives  obtained by this method a r e  
p resen ted  in Table  1. 

2 , 2 ' - D i b e n z o y l - l , 2 , 1 ' , 2 ' - t e t r a h y d r o - l , l ' - d i i s o q u i n o l i n e  (IV). This compound, with mp 190-191 ~ (from 
butanoI) and Rf 0.22, was obtained in the react ion  with f luorene,  as descr ibed  above, and was identified by 
compar i son  with a s ample  obtained by heating isoquinoline with benzoyl chlor ide .  IR s p e c t r u m  (KBrpel le ts) :  

VC - C  1 6 3 0 a n d P c o  1690cm-1 Found. C 82.3; H 5.3; N 6.2%; M 493 (Rast method).  C32H24N202. Calcu-  
laf~ed:4 C 82.0; H 5.2; N 6.0~ M 468.6: 

This s a m e  i s o m e r  was obtained in the reac t ion  of isoquinoline with benzoic  anhydride in the p r e sen ce  
of zinc dust  by the method in [10] and had mp 191-192 ~ (from butanol) and Rf 0.20. Alkaline hydrolys is  of 
IV in an alcohol solution of sodium hydroxide at 90-100 ~ for  10 h gave 1 ,1 ' -dis isoquinolyl  with mp 160-161 ~ 
and Rf 0.15 (rap 162-163 ~ [10]). The IR s p e c t r u m  proved  to be identical to the spec t rum of the sample  ob- 
tained by the method in [10]. 

React ion of Isoquinoline with Cyclopentadiene,  Indene, o r  Fluorene in the P r e s e n c e  of Acetyl Chlo- 
r ide.  A mix tu re  of 12.9 g (0.1 mole) of isoquinoline, 3.9 g (0.05 mole) of acetyl  chloride,  and 0.05 mole  
of indene, cyclopentadiene,  o r  f luorene in 20 ml  of absoIute benzene was held at room t e m p e r a t u r e  fo r  
24 h o r  at 80 ~ fo r  10 h, a f t e r  which it was s t eam-d i s t i l l ed ,  and the solid fo rmed in the dist i l lat ion f lask 
was sepa ra ted .  In some  ca se s  it was be t t e r  to d i s so lve  the react ion  mix tu re  in ch loroform;  the resul t ing 
solution was then washed success ive ly  with water ,  twice with dilute hydrochlor ic  acid (1 : 1), and again with 
wa t e r  to neutral i ty ,  a f t e r  which the ch lo ro fo rm ex t rac t s  we re  separa ted ,  dried,  and t r ea t ed  with diethyl 
e ther .  The h igher -mel t ing  m e s o - d i a c e t y l - l , l ' , 2 , 2 ' - t e t r a h y d r o i s o q u i n o l i n e  i somer ,  with mp 250-251 ~ (from 
hexyl alcohol), was prec ip i ta ted  with e ther .  Found: C 76.5; H 5.8; N 8.1%; M 365 (Rast method).  C22H20N202~ 
Calculated: C 76.7; H 5.8; N 8.1%; M 344.4. 

A second i s o m e r  - dl-  N, N-diace ty l -  1,1', 2 ,2 ' - t e t rahydro isoquinol ine  - with mp 187-188 ~ (from buta-  
nol} was prec ip i ta ted  f r o m  the f i l t ra te  by the addition of hexane. Calculated- C 76.7; H 5.8; N 8.1%; M 
353 (Rast method).  C22H20N202. Found: C 76.5; H 5.7; N 8.1%; M 344.4. The yield of i s o m e r s  in a rat io  
of 3 �9 2, respec t ive ly ,  was 6 g (69%). These  i s o m e r s  we re  obtained in a rat io  of 1 .;t in the reac t ion  of i so-  
quinoline with acet ic  anhydride under  the conditions of the Dimroth  reac t ion  in the p r e s e n c e  of zinc dust [10]. 

React ion  of Quinoline with Indene and Cyclopentadiene in the P r e s e n c e  of Benzoyl Chloride.? A mix -  
t u r e  of 12.9 g (0.1 mole) of quinoline, 7 g (0.05 mole) of benzoyl chloride,  and 5.8 g (0.05 mole) of indene 
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was held at 130 ~ for  10 h, a f t e r  which it was s t eam-d i s t i l l ed ,  and the res idue  in the dist i l lat ion f lask was 
separa ted ,  dried,  and r ec ry s t a l l i z ed  f r o m  butanol to give 3.9 g (4470) of white c r y s t a l s  of 1-benzoyl -2- (3  v- 
quinol inyl ) - l ,2-dihydroquinol ine  VII with mp 192-193 ~ and Rf 0.24. IR spec t rum (KBrpe l le t s ) ;  uC3--C 41610 
and VC=O 1642 cm -1. Found: C 83.0; H 5.0; N8.2%; M 362.4 ( m a s s  spec t roscop ica l ly ) .  C25H18N20. Calculatedi 
C 82.9; H 4.9; N 8.070; M 362.4. The product  gave a pos i t ive  qual i ta t ive reac t ion  fo r  a double bond. The 
p i c r a t e  had mp 228-230 ~ (from glacia l  acet ic  acid). Found: N12.0%. C31H21N50 s. Calculated:  N 11.870. 

In the react ion  with cyclopentadiene,  the reac t ion  mix tu re  was held at room t e m p e r a t u r e  for  2-3 
days; workup gave a subs tance  that,  with r e spec t  to the IR spec t r a l  and chromatograph ic  data, was iden- 
t ica l  to VII obtained above.  

2,3-Diquinolyl with mp 174-175 ~ (rap 175-1760 [11]) and Rf 0.38, was obtained in 8570 yield by ref lux-  
ing N-benzoy l -2 - (3 ' -qu ino l iny l ) - l ,2 -d ihydroqu ino l ine  VII in an alcohol solution of sodium hydroxide for  
5 h. Found: C 84.4; H4.7 ;  N10.870. C18H~2N 2. Calculated: C 84.3; H4.5 ;  N 10.97o. 

Synthesis of Hetaryl fu lvalenes  (typical method, Table 2). A 139.4-g (1.2 mole) s ample  of indene or  
79.3 g of cyclopentadiene was added with v igorous  s t i r r ing  to a d i spe r s ion  of 23 g (1 g -a tom)  of sodium in 
toluene,  a f t e r  which the t e m p e r a t u r e  was maintained at 40-50 ~ for  1.5 h. The resul t ing solution of indenyl- 
(cyclopentadienyl)sodium was then cooled to 18-20 ~ and added in por t ions  to a p rev ious ly  p r e p a r e d  mix tu re  
of 1 mole  of the s i x - m e m b e r e d  ni t rogen base  and 1 mole  of benzoyl  chlor ide  in 250 ml of toluene, and the 
mix tu re  was s t i r r ed  v igorous ly  at 5-10 ~ for  2 h. Af ter  all of the indenyl(cyclopentadienyl)sodium had been 
added, the contents of the f lask were  s t i r r e d  at r o o m  t e m p e r a t u r e  for  another  hour.  The prec ip i ta ted  
NaC1 was then removed  by f i l t rat ion,  the solvent  was removed f r o m  the f i l t ra te  by disti l lation, and the 
resul t ing r e s i n  was c rys ta l l i zed  f r o m  a sui table  solvent or  purif ied by means  of p r e p a r a t i v e  ch romatog-  
raphy on a luminum oxide. 

Oxidation of ( 2 -Benzoy l - l , 2 -d ihyd ro i soqu ino l i n - l -y l ) - l - i ndene .  A 1-g sample  of III was refluxed 
in 20 mI of n i t robenzene  for  8 h, a f t e r  which the mix ture  was s t e a m  dist i l led,  and the resul t ing solid was 
c rys ta l l i zed  f r o m  b e n z e n e - h e x a n e  (1 : 1) to give a product  with mp 181-182 ~ and Rf 0.74. According to 
the IR spec t r a  and mel t ing points,  the product  was identical to V. 

1. 
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