
EFFECT OF ANNELATION ON THE REACTIVITIES 

OF BENZOQUINOLINES IN HETARYLATION* 

A.  K .  S h e i n k m a n ,  M.  M.  M e s t e c h k i n ,  
A .  P .  K u c h e r e n k o ,  N .  A .  K l y u e v ,  
V .  N .  P o l t a v e t s ,  G .  A .  M a l ' t s e v a ,  
L .  A .  P a l a g u s h k i n a ,  a n d  Y u .  B .  V y s o t s k i i  

UDC 547.832 : 539.194 : 541.67 : 543.422.6 

The r - e l e c t r o n  charges ,  bond o r d e r s ,  dipole momen t s ,  and e lec t ron ic  s p e c t r a  of benzoquino-  
l ines were  ca lcula ted  by the s e l f - cons i s t en t - f i e ld  (SCF} method with allowance for  the cou lom-  
bic repuls ion of the e l ec t rons ;  the r e su l t s  of the calcula t ions  were  in s a t i s f ac to ry  ag reemen t  
with the expe r imen ta l  data. The effect  of the posi t ion of annelation of the benzene r ing on the 
e lec t ron ic  c h a r a c t e r i s t i c s  of benzoquinolines and the i r  bas i c i t i e s  and behav io r  during h e t a r y l a -  
t ion in the p r e s ence  of acyl  hal ides was evaluated.  

In a p reced ing  communica t ion  [1] we e x p r e s s e d  the assumpt ion  that  the pr inc ipa l  p a r a m e t e r s  that 
de te rmine  the act ivi ty  of  N - h e t e r o a r o m a t i c  s y s t e m s  in he ta ry la t ion  in the p re sence  of acyl  hal ides a re  the 
bas i c i t i e s  of the he t e ro r ings ,  the o r d e r  of the C - N  ring bond, andthe  magnitude of the posi t ive  charge  onthe 
ce- (or y) carbon a tom.  To ve r i fy  this  assumpt ion ,  we calcula ted  the dis tr ibut ion of v - e l e c t r o n  charge  and 
the bond o r d e r s  in the molecu les  of all  of the poss ib le  benzoquinolines (Fig. 1) by the se l f - cons i s t en t - f i e ld  
(SCF) method with al lowance for  eoulombic repuls ion  of the e l ec t rons .  The dipole momen t s  and the e l e c -  
t ron ic  and PMR s p e c t r a  can be cons idered  to be the mos t  d i rec t  re f lec t ion  of the e lec t ron  distr ibut ion.  
These  c h a r a c t e r i s t i c s  of  the molecu les  were  t h e r e f o r e  also ca lcula ted  on the bas i s  of the e lec t ron  d i s t r ibu-  
t ion found. The same method for  the calculat ion of the e l ec t ron  dis t r ibut ion and the spec t r a  as was e m -  
ployed in the case  of the hydroca rbon  analogs of the compounds under  cons idera t ion  [2] was used.  The pa -  
r a m e t e r s  of the ni t rogen a tom ( resonance  in tegra l  /3 CN = -  2.57 eV, e lec t ronega t iv i ty  6 w = -  1.6 8 eV, and coul -  
ombic  in tegra l  7NN =+ 10.4 eV) were  se lec ted  f rom the e lec t ron ic  spec t rum of pyridine,  while the y (R) de-  
pendence was of the s ame  type as that  for  carbon [3]. These  same  p a r a m e t e r s  proved  to be acceptable  for  
the calculat ion of the s p e c t r a  of pyridine and 4 ,9 -d iazapyrene  [1]. The goal that  we set  for  ou r se lves  in- 
cluded not only the in te rpre ta t ion  of the spec t r a ,  but a lso  quanti tat ive reproduct ion  of the lower  bands.  As 
seen  f rom Table  1, not only a re  the th ree  lower  absorpt ion  bands,  the ass ignment  of  which co r r e sponds  to 
the data in o ther  s tudies [4, in s a t i s f ac to ry  ag reemen t  with the expe r imen ta l  r e su l t s ,  but, in addition, the 
lower  t r ip le t  level  is a lso in good ag reemen t  with the phosphorescence  m a x i m u m  [5]. 

The posi t ion of the lower  absorpt ion  bands,  pa r t i cu l a r ly  the f i r s t ,  in benzopyr id ines  (quinoline and 
isoquinoline) is m o r e  s a t i s f ac to ry  than in [6] and r ep roduces  the expe r imen ta l  data.  The lower  levels ,  
which d i f fer  lit t le f rom one another ,  display a ba thochromic  shift  with r e spec t  to pyr idine.  It is na tura l  
to compa re  the lower  and weake r  t r ans i t ion  with the weak a band in naphthalene at 3.93 eV, and the second 
and m o r e  intense t rans i t ion  in both molecu les  can be re la ted  to the p band of naphthalene at 4.3 eV [3]. 

A fu r the r  ba thochromic  shift of the lower  band is obse rved  in the spec t r a  of benzoquinolines,  and one ' s  
at tention should be d i rec ted  to the c loseness  of the s y m m e t r i c a l  and a s y m m e t r i c a l  bands in the spec t rum 
of acr id ine;  the lower  band in the spec t rum of benzo[g]quinoline is c l o s e r  to the s y m m e t r i c a l  band, while 
the next band is c l o s e r  to the a s y m m e t r i c a l  band. The lower  t rans i t ion ,  which is m o r e  intense,  is c lose 
to 3.3-3.4 eV in the s pec t r a  of all  of the benzoquinolines (Table 1,) and co r r e sponds  to the p band of an thra -  
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TABLE I. E l e c t r o n - T r a n s i t i o n  E n e r g i e s  (eV) 

Compound 

Pyridine 

Quinoline 

Isoquinoline 

Benzo[b]quinoline (acri- 
dine) 

Benzo[clquinolin~ (phen- 
an~hridine) 

Benzo[f ]quinoline 

Benzo[g]quinoline 

Benzo[h]quinoline 

Sym - 
metry 

A 

B 

A 

B 

~A~ in Russian original-Publisher. 

calc. 
$ingletT !exptil [5] 

6,2984 0,01 6,36 
7,4686 0,91 7,04 
4,6484 0,03 4.96 
8,0456 O, 12 
3,8279 0,03 3,96 
4.2184 0,12 4,43 

4,59 
3,8287 0,07 3,89 
4.1944 0,21 4,59 

4,68 
3,2967 0,195 3,18 
6,1037 0,112 5,82 
3,3527 0,026 3,50 
4>1918 0,005 
3,4075 0>016 3,53 
4,0659 0,171 
3,4025 0,018 
4,8567 0,191 , 
3,2360 0,076 t 4,4283 0,025 
3,3966 0,022 
4,0965 0,166 

Triplet 
calc. lexp~l. [5] 

3,7854 I 3,68 
4,4882 
4,2646 
5,2398 
2,5794 2.69 
3,7650 

2,5500 2,53 
3,8108 

1,6889 1.94 
3,9812 
2,9B02 
3,5404 
2,6341 2>73 
3,3364 
2,5864 2,7 t 
3,4254 3,35 
1,6725 
3,1995 
2,5819 230 
3,3028 3,32 
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F i g .  1. M o l e c u l a r  d i a g r a m s  o f  p y r i d i n e  and  b e n z o -  and  
d i b e n z o p y r i d i n e  s .  
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T A B L E  2. Dipole Mom e n t s  of  Benzoquino l ines  

Compound W,Qo e~ c~ v~.. ~ PePcm s cm 3P=, Ix, D U*.calc.D 

Acrid ine 67.9 2,56 

Benzoic] quinoline 

Ben zo[f ]quinoline 

Benzo[g]quinoline 

Benzo[h]quinotine 

0,1966 2,2785 3,050 1,14403 -0,274 
0,2438 2,2799 3,036 1,14388 -0,283 
0,3006 2.2816 3,027 1,14372 -0,283 
0,3497 2,2831 3,032 1,14359 -0,280 

aav=3,036 i ~av =-0,280 
0,1633 2,2788 3,857 11,14412]-0,275 70,3 
0,1995 2,28021 3,859 '1,14402]-0,276 
0,2473 2,282l 3,881 1,14389 --0,275 
0.3775 2,287l 3,867 1,143541--0,273 

aav=3,866 :~av=--0,275] 
0(I978 2,2788] 3,185 A,143941-0,3181 66.9 
0,2493 2 28051 3,209:1,14352/-0,301 
0,3038 2,2822 3,193 1,14365 -0,3031 
0,3475 2,2836 3,194 1,14352 -0,3021 

aav=3,195 J ~av=--0,308 ' 
0,01133 2,27301 4,325 1,144481--0,794 62,0 
0,02272 2,2735 t 4,312 1,144391--0,792 i 
0,04575 2,2745 4,355 11,144191--0,8311 
0,06347 2,2753 4,396 i1,144951--0,819 ~ 

' aav=4, 347 I ~av =-0,809 1 
0,1972 2,27711 2,332 1,143961--0,309 66,9 
0,2454 2,27811 2,282 1,143791--0,318 
0,3030 2,2795 2,310 1,143611--0,317, 
0,3801 2,2813 2,315 1,14337,-0,31T 

aav=2,313 ~av=--0.315 ; 

148,331 1,98 

i 

176,60, 2,28 
! 

152,22, 2,04 
I 

i 

I 
146,70 2,03 

I 
121,961 1,64 

2,38 

2.23 

2,24 

2,14 

T A B L E  3. 
(-  10 -6 cm3/mole )  

Molecut.e 

r idine 
inoline 

Isoquinoline 
Acridine 
Phenanthridine 
Benzo[f]quinoline 
Benzo[g]quinoline 

Diamagne t i c  Suscept ib i l i t i es  of  N i t rogen  H e t e r o c y c l e s  

AXzz Xzz 
calc. ealc. 

57,46 
111.34 
110,81 
176,06 
161,82 
161,82 
176,21 

86,75 
160,09 
159,56 
244,27 
230,03 
230,03 
244,42 

n-Electron contributions 

31,55 -0,30 31,25 I 
93,29 -25,66 67,63 ] 
93,17 -26,07 67,10 I 

191,92 -77,08 114,85 1 
194,22 -96,61 100,61 J 
197,21 --96,60 I00,61 
191,81 --76,81 115,00 

X m 

expd. ~ 
calc. I [15_] 

48,41 48,4 
85,80 86,0 
85,63 83,9 

126,81 114,9 
122,07 -- 
122,07 -- 
126,86 -- 

c e n e a t 3 . 3 4 e V .  The l ower  band in the s p e c t r a  o f  the phenan threne  ana logs  is somewha t  m o r e  of  a s h o r t -  
wave band (3.4 eV) and c o r r e s p o n d s  to the weak ~ band of  phenan th rene  at 3.54 eV [3]. The longes t -wave  
t r a n s i t i o n  is the t r a n s i t i o n  in the d i a z a py re ne  molecu le  i l l ,  where ,  as  in the case  of  ac r id ine ,  two c lose  
and quite  in tense  bands a re  o b s e r v e d ,  but in this  ca se  they  have the same  s y m m e t r y .  It is na tu r a l  to c o m -  
pa re  them with the ~ and p bands  of  py rene ,  which a re  a l so  c lose  to one ano the r  (3.24 and 3.50 eV). 

Thus ,  l i nea r  annela t ion  leads  to a somewha t  g r e a t e r  b a t h o e h r o m i c  shif t .  This  so r t  of  ef fec t  is m o r e  
c l e a r l y  e x p r e s s e d  in the  case  of  p h o s p h o r e s c e n c e  t e r m s ,  where  the l ower  t r i p l e t  (phosphorescence)  level  
of  phenan threne  ana logs  d i sp lays  a s m a l l  h y p s o c h r o m i c  shift ,  while the an th racene  analogs  d isplay  a sub-  
s tan t ia l  b a t h o e h r o m i c  shift  with r e s p e c t  to quinol ine,  such tha t  p h o s p h o r e s c e n c e  in the v is ib le  reg ion  can 
be o b s e r v e d  fo r  the f o r m e r ,  and p h o s p h o r e s c e n c e  in the IR r eg ion  can  be o b s e r v e d  fo r  the l a t t e r .  

This  is c o n f i r m e d  b y  the bands r e p o r t e d  in [5, 7], which did not a p p e a r  in the v is ib le  r eg ion  of  ab -  
so rp t ion  of  ac r id ine ,  which,  as  shown by subsequent  inves t iga t ions  [5], d i sp lays  p h o s p h o r e s c e n c e  in the 
s a m e  r eg ion  as  an th r acene  (~2 eV). However ,  in the case  of  b e n z o [ f ] -  and benzo[g]quinol ines ,  the e x p e r i -  
m e n t a l l y  d e t e r m i n e d  [5] pos i t ions  o f  both the f i r s t  and second  t r i p l e t  l eve l s  a re  in exce l len t  a g r e e m e n t  with 
the r e s u l t s  o f  ou r  ca lcu la t ions .  Thus ,  the above desc r ip t i on  of  the s p e c t r a ,  which is in a g r e e m e n t  with the 
e x p e r i m e n t a l  data,  c o n f i r m s  the r e s u l t s  of  ca lcu la t ions  of  the m o l e c u l a r  d i a g r a m s  of  benzoquino l ines .  

Table  2, in which the ca l cu la t ed  1r-electron dipole m o m e n t s ,  which,  a f t e r  in t roduct ion  of  a c o r r e c t i o n  
fo r  the dipole m o m e n t  o f  the ~ bond ( a s sumed  to be 1.55 D and d i r ec t ed  along the u n s h a r e d  p a i r  of  the n i t r o -  
gen a tom),  p r o v e d  to  be in good a g r e e m e n t  with the va lues  tha t  we found e x p e r i m e n t a l l y  and with the l i t e r a -  
t u re  data,  m a y  s e r v e  as  a f u r t h e r  c on f i rm a t ion  of  the adequacy  of  the e l e c t r o n  d i s t r ibu t ion  found. 

The d iamagne t i c  suscep t ib i l i t i e s  ca l cu la t ed  by the me thod  developed in [8], of  the n i t rogen  h e t e r o -  
c y c l e s  u n d e r  inves t iga t ion  in the p r e s e n t  p a p e r  a re  p r e s e n t e d  in Tab le  3. The p r e s e n c e  of  h e t e r o a t o m s  
leads ,  within the f r a m e w o r k  of  the 7r-electron va r i an t  of  the SCF MO LCAO method,  to addi t ional  addit ive 
p a r a m e t e r s  tha t  c h a r a c t e r i z e  the d i amagne t i c  p r o p e r t i e s  of  the C - N  ~ bonds,  in addit ion to y ie ld ing  the 
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T A B L E  4.  P r o t o n  C h e m i c a l  S h i f t s  o f  a S e r i e s  o f  N i t r o g e n  H e t e r o -  

c y c l e s  r e l a t i v e  to  t e t r a m e t h y l s i l a n e  in  p p m )  

Molecule Calc. Exptl. Molecule 

Pyridine 4 �9 
i 

Isoquinoline 
5 4 

7 2 

Quinoline 
5 4 ~ 

7 ? 

Acridine 
9 i 

3 

2 1,56 
3 2,95 
4 2,91 

1 0,93 
3 1,33 
4 2,38 
5 2,37 
6 2,69 
7 2,70 
8 2,34 

2 1,25 
3 2,65 
4 2,27 
5 2,34 
6 2,70 
7 2,69 
8 1,92 

1 1 , 9 6  
2 2,44 
3 2,42 
4 1,55 
9 1,49 

1,71 n 
3,23 I 
2,85 / 

0 86 ~ 
1",55 
2,50 
2,30 
2,44 
2,521 
2,t5 

1,1OtZ I 
2,66[ 
2 ,o4/  
2,24] 
2,50 
2,31 

Phenanthridine 

4 
6 
7 

~ Ns 8 
9 

10 

Benzo[fJquinoline 2 
3 
4 

8 4 3 6 
7 
8 

,o 7 9 
i0 

1,91 i Benzo[g]quinoline 2 
I 3 

2,06~-j 9 ,o , 4 
2,501 5 
2,18 I r 6 
1 , 6 5  a 7 
1 , 3 5  8 

I 9 
1 1 0  

Galc. 

1 1 , 8 9  
2 2,58 
3 2,54 

1 , 8 4  
0,78 
2,20 
2,49 
2,53 
1,86 

1,08 
2,52 
1,81 
1 ,86  
2,56 
2,52 
2,26 
2,26 
1 s  

1 ,04  
2,44 
1 ,94  
1,49 
1 ,96  
2,44 
2,43 
1 , 9 9  
1 ,09  

T A B L E  5.  6 - S u b s t i t u t e d  5 - A c y l - 5 , 6 , 7 , 8 , 9 , 1 0 - h e x a h y d r o p h e n a n t h r i d -  
i n e s  ( IVa-g)  a n d  2 - S u b s t i t u t e d  1 - A c y l - l , 2 - d t h y d r o b e n z o  I f  ] q u i n o l i n e s  

( V a -  g) 

I 

3g.! 

IVa IC6H5 

!Vd CGH~ 

mp, *C t M~ 
(crystal- - . . . .  Empirical Found, % Calc.,% 

s~ l l iza t i~  found calcJ] formula c i n  i IN C rlH / N 

I 

3-Indolyl 223--224 [404 
(ethanol) 

3-Indolyl 252--254 342 
:(ethanol) ; 

1-Methyl-3- ' 241--242 418 
indolyl if ethanol) 

2-Methyl-3- i272--273 418 

~S 

[ . , , 
r C28H24N20 ; i i ' ] I 404 183,3 6,1 6,8! 51 83,l 5,9' 6,91 

342 liC_~3HnN~O 80,4] 80,71 6,4[ 8,2 ,6,8 8,1 "46 

i I, 83,4! 6,3: 6,51; 83,2.6,2' 6,7 37 418 ; C.gH26N,20 
; . I i 

418 IC~gH.~6N~O 83,9 6,5' 6,71 83,2, 6,2 6,7 55 
I i ] ~ ' 13  sL316,6, 7,8.81,9~ % 7,6, 

796 64!3918I 3:62:3712 
I ~ I .  i I I 
i i I ' 

] indolyl (benzene)i 
IVe C6Hs il-Metl~yl-2- 289--291 ,368 368 C~5i-1~4N~O 

pyrrolyl !(ethanol)] i 
IVf C6H5 i2-Methyl-5- , 285--286 !369 369 'C~H23NO~ 

! furyl i (prop, a-i  ] 
] : no]) , , 

IV C6H5 t-Methyl-l,2,3,, 208--2104417 434 ~c3oH3oN~O i 82.7, 7,1[ 6,7' 82,96,9' 6,517 
4-tetrahydro- ' (heptane)l " ' ' 
S-quinOllnyl I i [ : i } i 

( 'O' Va CHa 1,3-Indolyl , 171--172 '338 :338 Ceal-llaN~ 79,8 6,1 8,8' 81.6 5,4 8,3 64 
; ; (ethanol)4 1 ' [ " ' '5,3' i 

\rb: m-CHa,lg-Indolyl ' 241--242 414 l 414 i C29HezNzO J 83 3i 6,0 7,1 i 84,0, 6.7' 58 
r C6H4 [ i (hexane) ' , i ' ' ' 

\ c CHs ,1-Methyl-3- , 140--141 352 [ 352 'C24H2aN~O 179,8 '~ i ' 5,0 8,0 81,8 5,7, 8,0" 62 
indolyl . (heptane) ! i ' i ~ I i 5,3 i 

\-d C~Hs 1-MetSyl-3- 159--160 414 !414!c29n22NzO!84,154167i8401 6,7i50 
/ indolvl (heptane)i ' i : } ' ' i 

83,T \re C0t-I5 I ,2-Metfiyl-3- indolyl (heptane)l 244--2451414. 414 i C29H22N20 , I' , 5'51 6'51 84'0! 6'311 6'7; 58 , ' 

Vf IC,Hs I1-Methyl-2- 140--142 1364 I 364 C2sH2oN~O ! 82,51 5 5~ 7,1 82,4: 5,5i 7,7 42 
l i pyrrolvl '(heptane)! 350 [Cz4I-I,sN20 I I vg/c0H~ 2 pyrrolyl 1230-231i350 82515,2 811822'52-8,0 11 

(oenta-i " ~ ' ' :  ' ' '~, ' {  { 

I i hol) [ i I i i i ! I i 

* M a s s  s p e c t r o m e t r i c a l l y .  
~By t h e  R a s t  m e t h o d .  
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r - e l e c t r o n  p a r a m e t e r s  of the Hamil tonian that  a re  desc r ibed  above.  In this case ,  all  of the a bonds were  
a s s u m e d  to be magne t ica l ly  equivalent ,  and the t e n s o r  of  the d iamagnet ic  suscept ibi l i ty  with components  
XXX N = X z z  N = - 2 . 5 8 . 1 0  -6 cm3/mole  and X y y  N =0, where  X is the axis along which the unshared  pa i r  is 
d i rec ted ,  and Z is the axis pe rpend icu la r  to the plane of the molecule ,  was fo rma l ly  a sc r ibed  to the un-  
sha red  pa i r  of  n i t rogen.  These  p a r a m e t e r s  were  se lec ted  in such a way as to reproduce  the expe r imen ta l  
data for  pyridine [9]. 

We note that  X m = 4 8 . 4 ~ 0 . 1  (48.41), AXZZ =57.45~0.8  (57.46), XZZ =86.8~-0.8 (86.75), XXX=30.4•  
0.5 (30o45), and X y y  =28 .3•  (28.02). The r e su l t s  of our  ca lcula t ions  a re  given in pa ren theses ;  all  of 
the quant i t ies  a re  given in units o f - 1 0  -6 cm3/mole .  

A compar i son  of the data in Table 3 with the calcula t ions  of the  hydrocarbon  analogs of the he t e ro -  
a r o m a t i c  s y s t e m s  under  cons idera t ion  [8] shows that  the p re sence  of a ni t rogen a tom leads to a slight in- 
c r e a s e  (with r e s p e c t  to the modulus) of the v - e l e c t r o n  contr ibut ions to the diamagnet ic  suscept ib i l i ty  and 
d e m o n s t r a t e s  the weak sens i t iv i ty  of  the d iamagnet ic  suscept ib i l i ty  to the posi t ion of the he te roa tom in the 
moleculeo At the same t ime ,  the chemica l  shifts  of r e la ted  compounds (for example ,  quinoline and isoquin-  
o l ine ,  acr id ine  and phenanthridine,  and benzoDe ]quinoline and benzo [g]quinoline) that  we examined differ  ap-  
p r ec i ab ly  (Table 4). 

In our  c o m p a r i s o n  of some of the calcula ted chemica l  shifts  with the expe r imen ta l  data avai lable Ln 
the l i t e ra tu re  [10-13], the effect  of the unsha red  pa i r  of the n i t rogen atom was taken into account by means  
of the additive p a r a m e t e r  - 1 . 3 7 p p m f o r  the protons  noted in Table  4 by means  of a s t e r i s k s  [sic] and - 0 . 4 8  
ppm for  the protons  adjacent  to the he te roa tom.  As seen  f rom Table  4, the calculat ion sa t i s fac to r i ly  r e -  
p roduces  the pecu l ia r i t i e s  of the PMR spec t r a ,  and this  const i tu tes  evidence in favor  of the e l ec t ron -dens i ty  
d is t r ibut ions  found and the ex te rna l  magnet ic  field induced ~ -e l ec t ron  c u r r e n t s ,  which fo rm the bas i s  of the 
calcula t ion of the m o l e c u l a r  magnet ic  p r o p e r t i e s .  

Judging f rom the m o l e c u l a r  d i ag ram s  (Fig. 1) and our  prev ious  expe r imen ta l  data, co r re l a t ion  between 
the act ivi ty  of the he te rocyc le  in he ta ry la t ion  and the ca lcula ted  C - I ~  bond o r d e r s  and the charge  on the 
s - c a r b o n  a tom is not obs e rved  in the benzopyridine s e r i e s .  If  such a co r r e l a t i on  did exist ,  we would have 
obse rved  higher  act ivi ty  of quinoline r a t h e r  than of isoquinoline,  which cont radic ts  our  data. In addition, 
this  sor t  of re la t ionship ,  neve r the l e s s ,  does exis t  in the benzoquinoline s e r i e s ,  although co r r e l a t i on  with the 
bas i c i t i e s  of  the he t e rocyc le s  is absent .  In fact ,  if the r eac t iv i t i e s  of compounds of the benzoquinoline s e r i e s  
in he ta ry la t ion  are  c o m p a r e d  (by es t ima t ing  the min imum t e m p e r a t u r e  and the reac t ion  t ime ,  as well as 
the yield of he ta ry la ted  compound and the poss ib i l i ty  of he ta ry la t ion  of weak nucleophiles) ,  it tu rns  out that  
phenanthridine is le s s act ive in he ta ry la t ion  than acr id ine ,  isoquinoline, and quinoline [15 ]. Benzo if ]quinol- 
ine p roved  to be even l e s s  active:  the reac t ion  could be c a r r i e d  out only with the mos t  nucleophilic ~ - s u r -  
plus he t e rocyc l e s  - py r ro l e  and indole (Table 5) - and dialkylanil ines and s i m i l a r  act ivated a roma t i c  c o m -  
pounds were  not he ta ry la ted  even under  s eve re  condit ions.  

We did not study the act ivi ty  of benzo[g]quinoline in he tary la t ion ,  but, judging f rom the calcula ted 
va lues ,  this he te rocyc le  should be m o r e  act ive than benzo[f]quinoline and somewhat  less  act ive than phen-  
anthr idine.  Benzo[h]quinoline does not undergo he ta ry la t ion  even under  s eve re  conditions, p robably  as a 
consequence of shielding of the r ing-ni t rogen atom in it and the imposs ib i l i ty  of the format ion  of N-acy l  
sa l t s .  

In o r d e r  to di f ferent ia te  between the ef fec ts  of s t r uc tu r a l  and e lec t ron ic  f ac to r s  on the act ivi ty of 
the he te rocyc les ,  we inves t iga ted  the behavior  in this  reac t ion  of 7 ,8 ,9 ,10- te t rahydrophenanthr id ine .  It 
was found that  this  he te roeyc le  r e s e m b l e s  its e lec t ron ic  analog - quinoline - m o r e  with r e spec t  to its ac -  
t ivi ty  than phenanthridine.  Var ious  7 ,8 ,9 ,10- te t rahydrophenanthr id ine  de r iva t ives  of indoles, p y r r o l e s ,  
~ -me thy l fu ran ,  and 1 -me thy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  were  re la t ive ly  eas i ly  obtained. However ,  the 
yie lds  in 'a n u m b e r  of cases  were  low because  of cons iderable  res in i f ica t ion .  

The s t r u c t u r e s  of  all  of the synthes ized compounds were  proved by compar i son  of the IR and 
UV s p e c t r a  with the s p e c t r a  of compounds of known s t ruc tu re ,  which were  synthes ized via  the scheme  
on the following page. 

The m a s s  s p e c t r a  of the synthes ized  compounds also conf i rmed  the i r  s t ruc tu re .  We have prev ious ly  
[16, 17] es tab l i shed  the p r inc ip les  of the d issoc ia t ive  ionization (during a m a s s - s p e c t r a  study) of par t i a l ly  
hydrogenated  N - a c y l  de r iva t ives  of  quinoline and isoquinoline.  It was legi t imate  to a s sume  that  the d i s -  
in tegra t ion  of I I I -V under  e l ec t ron  impact  would p roceed  v ia  a s i m i l a r  scheme .  
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However ,  the m a s s  s p e c t r a  of  I I I -V contain substant ia l  d i f fe rences  in the t r end  of the dis integrat ion:  
the re  a re  no peaks  of ions co r respond ing  to dehydrogenat ion of the m o l e c u l a r  ion, and e l iminat ion of a 
he t a ry l  res idue  f rom the phenanthridine o r  5,6-benzoquinoline por t ion  of the molecule  in the f i r s t  stage 
of d is in tegra t ion  of the m o l e c u l a r  ion is not obse rved .  Consequently,  N-benzoy l -  o r  N-aeetylphenanthr id ine  
cat ions o r  5,6-benzoquinolinium cat ions a re  not fo rmed .  The m a x i m u m  peaks  a re  those of the ions fo rmed  
by e l iminat ion of acety l  or benzoyl  r e s idues  f rom the m o l e c u l a r  ion (this was conf i rmed  by the c o r r e -  
spond ingmetas t ab le  p r o c e s s e s ) ,  i .e. ,  these  compounds d is in tegra te  in a m a n n e r  s i m i l a r  to the d issocia t ive  
ionization of a r o m a t i c  amines .  

The high intensi ty  of  the ( M - R C O ) + i o n  peak,  where B =CH 3 and CGHs, is evidently due to a r e a r r a n g e -  
ment  p r o c e s s  a s soc ia ted  with migra t ion  of a hydrogen a tom f rom the t e t r a h e d r a l  carbon atom to the n i t r o -  
gen a tom of the phenanthridine o r  5,6-benzoquinoline r ing.  The r e a r r a n g e m e n t  p r o c e s s  p romote s  a r o m a t i -  
zat ion of the (M-RCO)+ion .  The dehydrogenat ion that  follows this p r o c e s s  leads to the format ion  of ions 
with the s t r u c t u r e s  of po lycyc l ic -he te rocyc l ic  compounds with a br idge-ni t rogen a tom [18-20], as a t tes ted  
to by the appearance  of the co r respond ing  group of doubly charged  ions with m a s s e s  (M-I~CO) 2+, [ (M-RCO) 
- H ]  2+, and [ ( M - R C O ) - 2 H ]  2+. 

El iminat ion of a neu t ra l  HCN or  CH3CN par t ic le  f rom the py r ro l e  r ing of indole f rom the [ ( M - R C O ) -  
H] +" ion rad ica l  shows that the s - p o s i t i o n  of the indole r ing is not blocked, and the l a t t e r  makes  it poss ib le  
to fo rm a judgment  r ega rd ing  the si te of  fusion of the phenanthridine or  5,6-benzoquinoline r ing with the 
indole r ing in I I -V.  

The posi t ion of the me thy l  group in the indole f r agmen t  of  the molecule  is also readi ly  es tab l i shed  
by compar i son  of the in tensi t ies  of the ( [ ( M - I ~ C O ) - H ] - C H ~ + - i o n  peaks .  It is known [21] that  the inten-  
si ty of  the (M-CH3) + peak in the s pec t rum of N-methyl indole  is cons iderab ly  higher  than in the spec t r a  
of its homologs with a methy l  subst i tuent  in any o the r  posi t ion of the r ing.  

Thus,  the d is in tegra t ion  of  HI-V can be r e p r e s e n t e d  by the s cheme*  on the following page (in the 
case  of a compound of the III type,  the p repa ra t ion  of which we have p rev ious ly  descr ibed) .  

In synthes ized  b i she te rocye l i c  s y s t e m s  of the I I I -V type,  in which conjugation between the r ings is 
absent  because  of the pa r t i a l  hydrogenat ion of one of them,  the C - C  bond between the he te ro r ings  is c leaved 
during e lec t ron  impact .  This  so r t  of p r o c e s s  is not obse rved  in those ca se s  where  both he te ro r ings  in the 
sy s t em are  comple te ly  a rom a t i c  [18]. The detachment  of one of the he te ro r ings  in I I I -V is conf i rmed by 
the p r e sence  of a r a t h e r  intense peak  of an ion with the s t ruc tu re  of the co r respond ing  he te rocye l i e  sub-  
st i tutent (the N-methyl indole  f r agmen t  of the molecule ,  which r e a r r a n g e s  to the more  stable quinolinium 
cat ion - see the following dis in tegra t ion scheme  - is r e co rded  in the m a s s  spec t rum) .  

'*The numbers  under  the fo rmulas  denote the m a s s  numbers ,  while the numbers  in pa ren theses  a re  
the intensi t ies  in pe rcen t  of the to ta l  ion cu r r en t .  
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It should be noted that additional disintegrative channels associa ted with aromat iza t ion of the hyc ro -  
genated r ing are  not observed in the spec t ra  of IVa-g, which have a hydrogenated phenanthridine ring. Ac-  
cording to the mass  spectra ,  the presence  of a hydrogenated ring in benzoquinoline is easi ly detected, in- 
asmuch as intense ion peaks with m / e  184 and 183 appear  in the mass  spectrum as a result  of cleavage of 
the C - C  bond. 

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

The mass  spec t ra  were recorded  with an SN-6 spec t rome te r  with a sys tem for direct  introduction 
of samples  into the ion source at a cathode emiss ion  cur ren t  of 1.5 mA, a t rap  cur rent  of 15-20 mA, and 
an ionization chamber  t empera tu re  of 180 ~ . 

The dipole moments  were calculated from the formula  p =0.221 ' [ P o o -  PeP where P~ is the po la r iza -  
tion at infinite dilution, and Pel is the molecular  refract ion,  which is equal to the electronic polar izat ion 
and is calculated from the ref rac t ive  indices and the densit ies.  The refract ive  indices of the solutions were 
measured  with an IRF-23 r e f r ac tome te r  with the cuvette descr ibed in [22]. The densities were determined 
pycnometr ica l ly .  The P~ value was calculated by the method in [23], and all of the measuremen t s  were 
made at 25 �9 0.005 ~ The "c ryoscopiea l ly .  pu re -g rade  benzene was purified by the method in [24] and had 
bp 79.8 ~ (740 ram), d42g 0.87369, n2949,793,and e29 2.2725. 

Chromatography in a loose thin layer  of aluminum oxide was real ized in b e n z e n e - h e x a n e - c h l o r o f o r m  
(6 : 1 : 30). 7 ,8,9,10-Tetrahydrophenanthridine was obtained by the method in [25] and had mp 61-62 ~ and 
Rf 0.65. 

Typical  Hetarylat ien Method. A 0.01-mole sample of acetyl  chloride and 0.01 mole of the compound' 
to be hetaryla ted were added to a solution of 0.02 mole of benzoquinoline in 25 ml of anhydrous benzene or  
dimethylformamide (DMFA), af ter  which the react ion mixture was held at room tempera tu re  or  heated to 
100 ~ for 2 to 10 h. At the end of the react ion (monitoring by TLC), the solvent was removed by dist i l la-  
tion, and the residue was neutral ized with ammonium hydroxide, washed with hot water,  dried, and c r y s t a l -  
l ized from a suitable solvent.  The yields and cha rac t e r i s t i c s  of the compounds obtained are presented in 
Table 5. The IR spec t ra  of all IV and V contained charac te r i s t i c  bands at 1650-1700 cm 21 (VCO) , while 
bands at 3450 cm -i  (Vl~ H) were additionally observed in the spec t ra  of IVa, b, d, e, and Va, b, e, g. 

2 ,5-Di(1-benzoyl - l ,2 -d ihydrobenzo[f ] -2-quinol inyl )pyr ro le .  This compound was obtained along with 
Vg as descr ibed  above by hetarylat ion of pyrro le  with benzo if  ]quinoline in the presence  of benzoyl chloride.  
The yield of product  with mp 161-162 ~ (from pentanol) was 16%; R f  0.23. IR spectrum: 1680 (CO) and 
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3430 cm -1 (NH). Found: C 83.1; H 5.1; N 6.5%; M 642 (Rastmethod). Ct4H3~NsO 2. Calculated: C 83.4; H4.9; 
N 6.6%; M 633. 

2-(3-Indolyl)benzo[f]quinoline. A) A solution of 0.7 g (91.7 mmole) of Vb and 0.58 g (1.7 mmole) of 
triphenylmethyl perehlorate in 10 ml of acetonitrile was refluxed for 14 h, after  which the mixture was 
decomposed with ammonium hydroxide and extracted with chloroform. The extract  yielded 0.4 g (85%) of 
greenish crystalline 2- (3-indolyl)benzo if ]-quinoline with mp 304-305 ~ (from ethanol) and l~f 0.88. Found: 
C 85.6; H 5.0; N 9.4%. C21H14N 2. Calculated: C 85.7; H 4.8; N 9.5%. The picrate had mp 222-223 ~ (from 
ethanol). Found: N 13.3%. C21Ht4N~.C~H~N30 ~. Calculated: N 13.4%. 

B) A solution of 1.88 g (13 mmole) of 3-formylindole, 2 g (13 mmole) of fl-naphthylamine, and 1 ml 
of H2SO 4 in 20 ml of absolute ethanol was refluxed for 1 h, af ter  which it was cooled to 60 ~ a solution of 
1.2 g (13 mmole) of pyruvic acid in 10 ml of ethanol was added dropwise, and the mixture was refluxed for 
another 3 h. It was then cooled, and the precipitated 2-(3-indolyl)benzo[f]quinoline-4-carboxylic acid was 
separated to give 0.9 g (90%) of a product with mp 3 2 1 - 3 2 2  ~ (dec., from ethanol). Found: C 78.1; H 4.1; 
N 8.2%. C22HItN202. Calculated: C 78.1; H 4.2; N 8.3%. 

Decarboxylation of the acid at 200 ~ gave 2-(3-indolyl)beuzo[f ]quinoline; no melting-point depress ionwas 
observed for a mixture of this product with a sample obtained by method A. 
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