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A new method of synthesizing lilolidenes (I, 7-trimethyleneindoles), 
by reacting 1, 2, 3, 4-tetrahydroquinolines with a-bromoketones, is 
given. PMR spectra of 2-substituted lilolidenes are obtained, and 
the effects of chemical substituents at positions 1 and 3 in the lilo- 
lidene ring on the chemical shift of protons is considered, 

w e  p r e v i o u s l y  deve loped  a method  of s y n t h e s i z i n g  
l i l o l i d e n e - t y p e  s t r u c t u r e s ,  i . e .  l ,  7 - t r i m e t h y l e n i n -  
dole,  f r om 1 - a m i n o - i ,  2, 3, 4 - t e t r a h y d r o q u i n o l i n e  and 
c a r b o n y l  compounds ,  by a F i s c h e r  type r e a c t i o n  [1]. 
Th i s  method  m a k e s  i t  p o s s i b l e  to p r e p a r e  l i l o l i d e n e s  
with a lky l  and a r y l  subs t i t uen t s  [1, 2], and funct ional  
subs t i t uen t s  [3] in the p y r r o l e  p a r t  of the m o l e c u l e .  
6 - M e t h y l - I ,  2, 3, 4 - t e t r a h y d r o q u i n o l i n e  was used  as  
the s t a r t i n g  m a t e r i a l  for  p r e p a r i n g  the d e s i r e d  2-  
m e t h y l l i l o l i d e n e s  (i. e. 5 - m e t h y l - I ,  7 - t r i m e t h y l e n i n -  
do les ) .  

However ,  when at  a t t e m p t  was made  to s t a r t  f r o m  
6 - m e t h o x y -  1, 1, 3 , 4 - t e t r a h y d r o q u i n o l i n e ,  g r e a t  d i f -  
f i cu l t i e s  w e r e  e n c o u n t e r e d  a t  the s t a g e  of p r e p a r i n g  
1 - a m i n o - I ,  2, 3, 4 - t e t r a h y d r o q u i n o l i n e .  Reduct ion  of 
1 - n i t r o s o - 6 - m e t h o x y -  1, 2, 3 , 4 - t e t r a h y d r o q u i n o l i n e  
unde r  the m o s t  d i v e r s e  condi t ions  r e s u l t e d  in b r e a k -  
ing of a N--N bond, and an a l m o s t  quan t i t a t ive  y i e ld  
of 6 - m e t h o x y -  1, 2, 3 , 4 - t e t r a h y d r o q u i n o l i n e .  

The  r e q u i r e d  2 - m e t h o x y -  9, 1 0 - d i m e t h y l l i l o l i d -  9-  
ene was r e a d i l y  ob ta ined  by r e a c t i n g  6 - m e t h o x y - 1 ,  2, 
3, 4 - t e t r a h y d r o q u i n o l i n e  with 3 - b r o m o b u t a n - 2 - o n e ,  
the equat ion being:  

g r - - c l I - - R  / C I I R  3 ,~ R " 4 �9 

I I I  

I I  R= CH 3 . X = H .  I I I  R=Ct l3 ,  x=CI |30 .  IV R = ( E I ] 2 ) 4 . k =  If, % R~(Clt2)4, X~Cll30, 

Both unsubs t i t u t ed  t e t r a h y d r o q u i n o l i n e  and o t h e r  ~ -  

b r o m o k e t o n e s  r e a c t  r e a d i l y .  F o r  example ,  o~-bromo-  
c yc lohexanone  and t e t r a h y d r o q u i n o l i n e  o r  i t s  6 - m e -  
thoxy d e r i v a t i v e  r e a c t  to g ive  good y i e l d s  of the 
c o r r e s p o n d i n g  l i l o l i d e n e s .  A c t u a l l y  the r e a c t i o n  t akes  
p l a c e  v ia  the i n t e r m e d i a t e  f o r m a t i o n  of a m i n o k e t o n e  
I, which i t  was not p o s s i b l e  to i s o l a t e  a n a l y t i c a l l y  
pu re ,  s i n c e  on d i s t i l l a t i o n  it p a r t l y  c y c l i z e d  to g ive  
a l i l o l i d e n e  d e r i v a t i v e .  However  the c o u r s e  of the 
r e a c t i o n  could  be  fo l lowed c h r o m a t o g r a p h i c a l l y .  When 
the r e a c t a n t s  a r e  m i x e d  t h e r e  is  evolu t ion  of heat ,  
to a d e g r e e  that  depends  on the amoun t s  u sed .  When 
l a r g e  amoun t s  ( 0 . 5 - 0 . 7  mole} a r e  used,  the  hea~ing 
i s  so  g r e a t  that  the r e a c t i o n  e n t e r s  the  s e c o n d  phase  
( cyc l i z a t i on  u s u a l l y  o c c u r s  at  150~ ~ C). Us ing  
cool ing ,  o r  s m a l l  a m o u n t s ,  the  r e a c t i o n  m a y  s top  

pp. 704-707 ,  1967 

a t  the s t age  of f o r m a t i o n  of aminoke tone .  F o r  ex -  
ample ,  when a m i x t u r e  of 1, 2, 3, 4 - t e t r a h y d r o q u i n o -  
l ine and 3 - b r o m o b u t a n - 2 - o n e  was hea ted  to 100 ~ C, 
TLC on a lumina  gave a spot  with Rf 0 .48 .*  F u r t h e r  
hea t ing  to 150 ~ C led  to v igo rous  r e a c t i o n  and evo-  
lution of s t e a m ,  the aminoke tone  spot  a l m o s t  van -  
i shed,  and a l i l o l i dene  spot  Rf  0 .85 a p p e a r e d .  B r i e f  
hea t ing  r e s u l t e d  in d i s a p p e a r a n c e  of the i n t e r m e d i -  
a te  c ompound ' s  spot ,  ind ica t ing  comple t ion  of the 

r eac t i on .  

C h e m i c a l  Shif ts  of Benzene  Ring Pro ton  
S igna ls  (ppm) 
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B r o m i n a t i o n  of b u t a n - 2 - o n e  with e l e m e n t a r y  b r o -  
m i n e  is known to g ive  a m i x t u r e  of two i s o m e r s  in 

the r a t i o  7:3 [4]. 

CH3COCH2CH 3 ~ CH3COCHBrCH 3 4- BrCH~COCH2CH" 

Vl V I I  

Use of d ioxane  b r o m i d e  as  the b r o m i n a t i n g  agent  
m a d e  it p o s s i b l e  to obta in  one i s o m e r  (VI) a l m o s t  
e x c l u s i v e l y .  GLC showed that  the s econd  i s o m e r  
(VII) was p r e s e n t ,  though in ins ign i f i can t  quant i ty ,  
and it cou ld  be r e m o v e d  by a s ing le  vacuum d i s t i l -  

l a t ion .  
It was  p r e v i o u s l y  o b s e r v e d  that  l i l o l i d e n e s  have  

a c h a r a c t e r i s t i c  UV a b s o r p t i o n  c u r v e  [2], with m a x -  
ima  in the 290 and 230-233  nm r e g i o n s .  It might  be 
thought that  i n t roduc t ion  of a me thoxy l  g roup  m u s t  
l e ad  to a change  in s p e c t r u m  but  both l i l o l i d e n e s  (III 
and V) con ta in ing  a me thoxy l  group,  a b s o r b  in the 
285 and 230 nm r e g i o n s ,  so  that  me thoxy l  a t  pos i t ion  

*Brockmann  a c t i v i t y  III a lumina ,  with benzene  as  
the m o b i l e  phase ,  in e v e r y  c a s e .  
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2 has only an ins igni f icant  effect  on the l i lo l idene  
~r e l ec t ron  s y s t e m .  

L i lo l idenes  with va r ious  subs t i tuents  at posi t ion 
2 being ava i lab le ,  a s tudy was made  of the ef fec ts  
of va r ious  groups  (H, CHs, OCH3, Br ,  NOz, R2NSO2) 
on the c h e m i c a l  shif t  for  p ro tons  or tho  to that p o s i -  
tion, in the PMR s p e c t r u m .  Some of the s p e c t r a  
have  been  publ ished be fo re  [5, 6], the r e s t  a r e  given 
in the f igure .  The  s p e c t r a  w e r e  d e t e r m i n e d  on a 
J N M - C - 6 0  ins t rument ,  in d e u t e r o c h l o r o f o r m ,  and 
us ing  t e t r a m e t h y l  s i l ane  as the in te rna l  s tandard .  

The  p r ev ious ly  obtained PMR s p e c t r u m  of 9, 10-d i -  
m e t h y l l i l o l i d - 9 - e n e ,  d e t e r m i n e d  with an i n s t rum en t  
with work ing  f r equency  60 Me, does  not enable  a r o -  
ma t i c  pro tons  to be ass igned .  The s p e c t r u m  of this 
compound, as  found with a 100 Mc ins t rument ,  has 
an a r o m a t i c  reg ion  with two doublets  ~ 2.92 and 
3 .40  due to protons  as pos i t ions  1 and 3, and a t r i p -  
let  T 3.24,  due to a proton at pos i t ion  2. 

X CH z ~ . ~ C O 0  C~ H~ 

VIII IX 

Because  the doublet  T 2.92 is d i sp l aced  in the 
d i r e c t i o n  of w e a k e r  f ie lds  in the s p e c t r u m  of compound 
IX, which can be expla ined  by the ac t ion  of the c a r -  
bethoxyl  group on the proton at  pos i t ion  2, and not 
the one at  pos i t ion  3, the doublet  r 2 .92 is a s s i g n e d  

to the proton at pos i t ion 1, and the doublet  z 3 .40  
the pos i t ion  3 proton.  In addit ion,  this  is in good 
a g r e e m e n t  with the e l e c t r o n  dens i ty  d i s t r ibu t ion  fo r  
indole [7], as  ca l cu la t ed  by the MO method.  Ac tua l ly  

the m i n i m u m  e l e c t r o n  dens i ty  is  at  pos i t ion  4 (pos i -  
t ion 1 of the l i lo l idene  s y s t e m  c o r r e s p o n d s  to pos i t ion  
4 in indole).  

Va lues  of r fo r  subs t i tu ted  l i l o l i denes  a r e  g iven in 
the table .  

In t roduct ion  of a subs t i tuent  of the f i r s t  kind 

(CH3, OCH3) shif ts  the s igna l  of the pro ton  at pos i t ion  

1 by a g r e a t e r  amount  than that of the proton at 

pos i t ion 3. Obvious ly  the pos i t ion  2 subs t i tuent  r a i s e s  
the e l ec t ron  dens i ty  at  the f i r s t  ca rbon  a tom m o r e  
than that at the th i rd  one. Hence,  in the e l ec t roph i l i c  
subs t i tu t ion  of the benzene  r ing  of such l i lo l idenes ,  
a r e l a t i v e  i n c r e a s e  in the amount  of the 1 - i s o m e r  
would be expected .  In the c a s e  of the second kind of 
subs t i tuent ,  with the except ion of the n i t r o  group, the 
r e v e r s e  obtains .  A c c o r d i n g  to the above view, with 
such s t r u c t u r e s ,  e l e c t r o p h i l i c  subs t i tu t ion  at pos i t ion 
3 may  p redomina t e  o v e r  that at posi t ion 1, but this  
conc lus ion  is qui te  p rov i s iona l ,  for  it does not Lake 
into account  s t r u c t u r e s  of i n t e r m e d i a t e s ,  s t e r i c  

f a c t o r s ,  and o the r  e f fec ts .  

EXPERIMENTAL* 

Bromination of butan-2-one. 232 g Dioxane dibromide is added 
gradually to a solution of 72 g butan-2-one in 200 ml ether, the rate 
of addition being such that the solution is completely decolorized 
after each addition. The products are then poured into water, the 
ether layer separated off, carefully washed with water and dried over 
MgSO 4 the ether distilled off, and the residue vacuum fractionated. 
The foreruns ofl0-15 ml wererejected, and a cut with bp 48*-49 ~ C (35 
mm) [4] was taken, yield of 3-bromobutan-2-one 121 g (80%). It had 
to be stored in a refrigerator. 

9,10.DlmethyUflolid.9-ene (II). 45 g Tetrahydroquinoline and 
25. 4 g 3-bromobutan-2-one were carefully stirred together, the tem- 
perature gradually raised to 50" C, then heated to 150" C, when a 
vigorous reaction accompanied by evolution of steam started. When 
the reaction had finished (10 min), the temperature was raised to 
180" C, and the hot products poured into 150 ml cone HC1. The mix- 
ture was diluted with water, when a pale yellowish precipitate came 
down, was filtered, dissolved in ether, and the ether solution washed 
a few times with water. The ether was removed, when 27 g (82%) 
almost colorless compound was obtained, rnp 87"-88" C, R] 0.85 
(AI~O 3 activity III, benzene). 

2-Methoxy-9, 10-dimethyllilolid-9-ene (llI). Prepared similarly 
from 6. 6 g 6-methoxy-1, 2, 3, 4-tetrahydroquinoline and 3 g 3-bro- 
mobutan-2-one, yield 90o/0, mp 84--85"C (ex ~OH), P~ 0.73 

* C o l l a b o r a t o r  N. G. Y a r y s h e v .  
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(A120 s activity III. benzene). Found: C 78.26; 78. SO; H 8.09; 8.13r]0, 
C14HtsNO: C 78.14; H 7.90%. 

I, 2, 8, 4, 6, 7, 8, 9-Octahydropyrldc[l, m-l,  2, ~elrbazole (IV). 
Obtained by the same method, in 78% yield, from 2.7 g tetrahydro- 
quinoline and 1.8 g a-bromocyclohexanone [81 mp 65"-66" C (ex 
EtOH) [2], Rf 0.87 (A120 a ~etivity III, benzene). 

12-Methoxy-1, 2, 3, 4, 6, 't, 8, 9-octe.hydropyddo[1, m- l ,  g, 8]catb- 
azole (V). Prepared similarly, from 2 g a-bromocyclohexanone and 
3. q g 6-methoxy-l, 2, 3, 4-tetrahydroqtlinoline, yield 72%, mp 87"- 
88" C (ex hexane), ~ 0.75 (A1203 activity III, benzene). Found: 
C 79.29; 80.08; H7.98; 8.15%, calculated for C16H19NO: C 79.60; 
H 7.94% 
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