
R E A C T I O N S  O F  1 , 2 - D I H Y D R O Q U I N O L I N E S  

IV.* REACTION OF 2 ,2 ,4 -TRIMETHYL-1 ,2 -  

DIHYDROQUINOLINES WITH CYCLOHEXANE 

B .  A .  L u g o v i k ,  P .  V .  B o r o d i n ,  
L .  G .  Y u d i n ,  V .  A .  B u d y ] i n ,  a n d  A .  N .  K o s t  

UDC 547.831.3:542.951 

Under the influence of anhydrous a luminum chlor ide ,  cyclohexane conver t s  2 ,2 ,4 - t r ime thy l -  
1,2-dihydroquinoline to the t e t r ahydro  der iva t ive  and a lkyla tes  it at the 7-position with 
s imul taneous  reduct ion of the ALbond .  

In [2,3] it was  shown that  2 ,2 ,4 - t r ime thy l - l , 2 -d ihydroqu ino l ines  read i ly  add a roma t i c  hydrocarbons  
under  the conditions of the F r i e d e l - C r a f t s  react ion  to f o r m  2 , 2 , 4 - t r i m e t h y l - 4 - a r y l - l , 2 , 3 , 4 - t e t r a h y d r o q u i n -  
ol ines .  

We were  able to es tab l i sh  that  cyclohexane a lso  r e a c t s  with 2 ,2 ,4 - t r imethy l - l ,2 -d ihydroqu ino l ine  
hydrochlor ide  (I) under  the influence of a luminum chlor ide ,  but, in con t ras t  to the reac t ion  with a romat i c  
hydrocarbons ,  instead of addition at the A3-bond, dihydroquinoline I is reduced to give p r i m a r i l y  2,2,4-  
t r ime thyI -1 ,2 ,3 ,4 - te t rahydroqu ino l ine  (ID, whose yield r e aches  60~. In addition, 2 , 2 , 4 - t r i m e t h y I - 7 - c y c l o -  
hexy l - l ,2 ,3 ,4 - te t rahydroqu ino l ine  (III), m e t h y l c y c l o p e n t ~ e ,  and a smal l  amount of a C~2H22 hydrocarbon 
a re  obtained. 
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Compound III  has  a UV s p e c t r u m  [~max 247 and 300 nm (logs 3.86 and 3.40)] s im i l a r  to the UV spec -  
t r u m  of 2 ,2 ,4 - t r ime thy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  [~ma• 250 and 305 nm (loge 4.00 and 3.40)]. The PMR 
s p e c t r u m  of III (Fig. 1) contains the s ignals  of the two in teract ing H(6) and H(~) protons (doublets at 6.29 

* See [1] for communicat ion III .  
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Fig.  1. PMR spec t rum of 2 , 2 , 4 - t r i m e t h y l - 7 - c y c l o h e x y l - l , 2 , 3 , 4 - t e t r a -  
hydroquinoline (III) in CC14. 
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and 6.83 ppm with J 8 Hz) and a one-proton,  sl ightly spl i t  (as a r e -  
sult  of me ta  interaction) s ingtet  at 6.04 ppm. This indicates the 
p r e sence  of a subst i tuent  in the 7-posit ion of the a romat i c  ring, 
s ince the singlet  should be re la ted  to H(8 ), which has the g rea t e s t  
d iamagnet ic  shift  under  the influence of the amino group.  This  
conclusion is  conf i rmed  by a compar i son  of i ts  PMR spec t rum 
with the PMR spec t r a  of 2,2,4, V- te t ramethyl - l ,2 -d ihydroquinol ine  
(IV) [4], 2 ,2 ,4 ,6 - te t ramethy l - l ,2 -d ihydroqu ino l ine  (V) [4], and 
2 ,2 ,4 ,6 - t e t r amethy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  (IV). The c h e m i -  
cal  nonequivalence of the H(8 ) (IV) and H(~) (V) protons r e su l t s  in 
a sha rp  di f ference  in the i r  chemica l  shifts  (singlets at 6.17 and 
6.90 ppm,  respec t ive ly ) ,  andthe  H(8 ) signal exper iences  a d i amag-  
netic shift  as  c o m p a r e d  with the H(5 ) signal under the influence of 
the n i t rogen a tom.  

The spec t r a l  data for the a romat i c  pa r t  of VI (Fig. 2a) a r e  
in comple te  ag reemen t  with the data for IV and V. The singlet  at 
6.72 ppm, which belongs to H(~), has  a pa ramagne t i c  shift  r e la t ive  
to the quar te t  of the s ignals  of the in teract ing H(7 ) and H(8 ) protons 
(the cor responding  doublets cen te red  at 6.58 and 6.08 ppm with 
J 8 Hz). 
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Fig.  2. PMR sp ec t r a  (in CC14) of: 
a) 2 , 2 , 4 , 6 - t e t r a m e t h y l - l , 2 , 3 , 4 -  
te t rahydroquinol ine  (VI); b) 2,2,4,6- 
t e t r a m e t h y l -  7 -cyc lohexy l - l , 2 ,3 ,4 -  
t e t r  ahydroquinoline (VII). 
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Fig.  3. PMR s p e c t r u m  of 2 ,4-d i -  
methyl -7-eyc lohexylquin  oline (VIII) 
in CCI 4. 

The poss ibi l i ty  of the migra t ion  of one of the methyl  groups 
to the ring is excluded, s ince the re  is no signal for  a methyl  
group bonded to the a roma t i c  r ing in the s p e c t r u m  (Fig. 1). 

The s ignals  of the g e m - m e t h y l  groups  (1.13 and 1.26 ppm) 
and the s ignal  of the methyl  group in the 4-posi t ion (1.06 and 1.16 
ppm), which is spli t  into a doublet (J 6 Hz) under  the influence of 
the H(4 ) proton,  a re  s i tuated in the s t rong- f i e ld  region.  The ab-  
sorpt ion band of the protons of the cyelohexyl  group is s u p e r i m -  
posed on these  s ignals  and also on the signals  of the methylene 
group of the ni trogen r ing.  

The addition of cyclohexane to 2 , 2 , 4 , 6 - t e t r a m e t h y l - l , 2 - d i -  
hydroquinoline,  in which the 6-posi t ion is occupied by a CH 3 group, 
p roceeds  s imi l a r l y .  The PMR spec t rum of the 2,2 ,4, 6 - t e t r a m e t h y l -  
7-cyc lohexyI-1 ,2 ,3 ,4- te t rahydroquinol ine  (VII) (Fig. 2b) fo rmed  in 
the p roce s s  has s ignals  at 6.05 and 6.66 ppm, which per ta in  to H(8 ) 
and H (57, r e spec t ive ly .  This  f i r s t  of all  conf i rms  the position of 
the cyclohexyl  group, and, secondly,  the c o r r e c t n e s s  of the a s s ign-  
ment  of the signal at 6.04 ppm of III to the H(8 ) proton.  

Dehydrogenation of III on a pal ladium ca ta lys t  gave,  as the 
p r i m a r y  products ,  two compounds with different  pe rcen tages  of 

hydrogen than in the s ta r t ing  compound, which did not have p r i m a r y  or secondary  amino groups .  On the 
ba s i s  of e l e m e n t a r y  ana lys i s  and PMR s p e c t r a  they were  ass igned the 2 ,4-dimethyl -7-cylohexylquinol ine  
(VIII) and 2 ,4-dimethyl-7-phenylquinol ine  (IX) s t r u c t u r e s .  The absence  of a s ignal  of a methyl  grctlp bonded 
to the al iphatic carbon a tom in the PMR s p e c t r u m  of VIII (Fig. 37 excludes a l te rna t ive  s t ruc tu r e s ,  in which 
the re  is a methylcyc lopenty l  rad ica l  in place of a eyclohexyl  group.  The p r e sence  of a cyclopentyl  r ing is 
consequent ly  unlikely in the s ta r t ing  III,  s ince methylcyclopentane  is not i s o m e r i z e d  trader s i m i l a r  condi-  
t ions [5]. 

As noted above,  2 ,2 ,4 - t r imethy l - l ,2 -d ihydroqu ino l ine  hydrochlor ide  r eac t s  readi ly  with a roma t i c  
hydrocarbons  to fo rm 4 -a ry l t e t r ahydroqu ino l ines .  The f i r s t  act  of this react ion  is probably  protonation of 
the double bond with induction of a cons ide rab le  posi t ive cha rge  on C (4)- The ion fo rmed  e lec t rophi l ica l ly  
a t tacks  the a romat i c  r ing via the well-known m e c h a n i s m  and gives a subst i tuted ary l te t rahydroquinol ine .  
However ,  if a sa tu ra ted  hydrocarbon ,  cyclohexane,  for  example ,  is p resen t  in the react ion  mix ture ,  there  is 
a poss ib i l i ty  for  the r e m o v a l  of a hydride ion by the dihydroquinoline cation and for  its reduction to a t e t r a -  
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hydroquinoline derivat ive.  The cyclohexyl cation generated as a resul t  of removal  of a hydride ion from 
cyclohexane can electrophil ical ly attack the aromat ic  ring or  give the t ransformat ion products that are  
common for such carbonium ions (the formation of methylcyclopentane,  etc .). The protonation of the NH 
group orients ent ry  of the substituent at the 7-position. 

The chemical  proper t ies  of HI are  s imi lar  to the proper t ies  of 2 ,2 ,4 - t r ime thy t - l ,2 ,3 ,4 - t e t r ahydro-  
quinoline. It is not reduced by sodium in alcohol, is not aromat ized with the cleavage of methane on heat -  
ing with potassium amide, and is readi ly  acylated by acetic anhydride; in addition, the aeetyl derivative is 
just as readi ly  hydrolyzed by refluxing with hydrochlor ic  acid. 

A C12H22 hydrocarbon with mp 46.5 ~ to which the 2,2 ' -dimethyldicyclopentyl  s t ruc ture  was assigned, 
was descr ibed  by Nenitzescu and co -worke r s  in [6-8]. We isolated it f rom the hydrocarbon fraction that 
has the same quantitative composit ion and is probably a mixture of i somer ic  hydrocarbons .  

EXPERIMENTAL 

Reaction of 2,2,4-Trimethyl-l,2-dihydroquinoline (I) with Cyclohexane. Anhydrous aluminum chloride 
[119.7 g (0.9 mole)] was added to a suspension of 94.5 g (0.45 mole) of hydroehloride I in 162 ml of an- 
hydrous cyclohexane, and the mixture was shaken for 1 h while maintaining the temperature at 25-30 ~ The 
upper layer was decanted, and the lower layer was poured into 500 ml of ice water. Sodium hydroxide (80 g) 
was added gradually to the latter, and the freed base was extracted with 200 ml of ether. The extract was 
dried with potassium hydroxide and vacuum distilled with collection of two fractions, one (52 g) with bp 82- 
85 ~ (2 mm), and the other (21 g) with bp 140-145 ~ (2 ram). Recrystallization of the first fraction from n- 
heptane gave 50 g (60%) of 2,2,4-trimethyl-l,2,3,4-tetrahydroquinoline (If) with mp 41 ~ (from n-heptane) and 
kma x 250 and 305 nm (logr 4.0 and 3.4) (in methanol). The hydrochloride of II had mp 212-213 ~ The acetyl 

derivative had mp 86 ~ [9, I0]. 

The second fraction was dissolved in a triple volume of n-heptane and treated with 120 ml of 10~c HCI. 
The precipitated crystals were filtered by suction and washed with n-heptane. Hot water (I00 ml) was 
added, followed by 25 ml of 20~ sodium hydroxide. The mixture was cooled and extracted with ether. The 
ether extract was dried with KOH, the ether was removed by distillation, and the residue was refluxed for 
1 h with a small excess of acetic anhydride. The mixture was made alkaline and extracted with ether. The 
ether extract was dried with KOH, the ether was removed, and the residue was crystallized, initially from 
n-heptane and then from acetone, to give 15 g of l-acetyl-2,2,4-trimethyl- 7-cyclohexyl-l,2,3,4-tetrahydro- 

quinoline with mp 126-127 ~ and kmax 255 nm (log~ 4.17). Found ~c: C 80.0; H 9.7, C20H29NO. Calculated~c: 

C 80.2; H 9.8. 

The substance obtained was hydrolyzed by refluxing with concentrated HC1 for 1 h. Potass ium 
hydroxide solution was added, and the mixture was extracted with ether .  The extract  was dried, the solvent 
was removed by distillation, and the residue was vacuum distilled to give 10 g (9~) of 2 ,2 ,4- t r imethyl -7-  
cyclohexyl- l ,2 ,3 ,4- te t rahydroquinol ine  (III) as a color less  oil with bp 148-150 ~ (2 ram) and ~max 247 and 
300 nm (log~ 3.86 and 3.40). Found %: C 83.8; H 10.5. CIsH27N. Calculated %: C 84.0; H 10.6, 

The decanted upper hydrocarbon layer  was washed with weak KOH solution and water ,  dried with eM- 
cium chloride,  and fract ionated with a column with selection of a fraction (5 g) with bp 70-72 ~ (757 ram), a 
f ract ion (cyclohexane) with bp 78-80 ~ (757 ram), a fraction (10 g) with bp 38-40 ~ (2 ram), and a fraction (4 g) 
with bp 123-126 ~ (2 ram). Methylcyclopentane with bp 71-72 ~ n~ 1.4090, and d 2~ 0.7485 [11] was isolated 

f rom the f i r s t  f ract ion.  

The second fract ion was dissolved in a tr iple volume of n-hexane,  and the solution was washed three 
t imes  with 10-ml portions of 15% HC1, 3% KOH solution, and water ,  and dried with calcium chloride.  The 
n-hexane was removed by distillation, and the residue was fractionated with a column to give 6 g of a C12H22 
hydrocarbon with bp 211-212 ~ (757 ram), n~ 1.4655, and d~ ~ 0.8540. Freezing of the alcohol solution with 
dry  ice precipi tated c rys ta l s  with mp 46 ~ IR spec t rum:  885, 985, 1369, 1450, 2850, and 2951 cm -i .  Found 
%: C 86.4; H 13.4; reel. wt. 166 (mass spectrum).  C12H22. Calculated %: C 86.7; H 13.3; reel. wt. 166.3. 
The l i te ra ture  data for  2 ,2 ' -dimethyldicyclopentyl  are  as follows: bp 212 ~ (757 mm),  mp 46.5 ~ (from 
methanol), n~ 1.4655, and d~ ~ 0.8544 [6]. 

2 ,2 ,4 ,6-Tet ramethyl -7-cyc lohexyl - l ,2 ,3 ,4- te t rahydroquinol ine  (VII). Aluminum chloride [47 g (0.352 
mole ) ]was  added to a suspension of 39 g (0.176 mole) of 2 ,2 ,4 ,6- te t ramethyl- l ,2-dihydroquinol ine  hydro-  
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chloride in 90 ral of anhydrous cyclohexane, and the mixture was shaken for 1 h and then heated briefly to 
50 ~ on a water  bath. The upper layer  was decanted, and the lower layer  was poured into 200 ral of ice 
water .  Sodium hydroxide (32 g) was added to the lat ter  mixture .  The bases were extracted with 100 ral of 
ether ,  and the extract  was washed and dried with KOH. The ether  was removed by distillation, and the 
residue was vacuum distil led. The fraction with bp 90-160 ~ (2 ram) (9.7 g) was dissolved in 30 ral of n-  
heptane, and the solution was t reated with 100 ml of 20% HC1. The salt  was f i l tered and decomposed with 
hot sodium hydroxide solution. The mixture was extracted with benzene,  and the extract  was dried.  The 
benzene was removed,  and the base was vacuum distilled to give 6 g (12.5%) of VII with bp 145-147 ~ (2 mra). 
Found %: C 84.1; H 10.7. C19H29N. Calculated %: C 84.1; H 10.8. The acetyl derivative of VH had rap 140- 
141 ~ (from alcohol). Found %: C 80.4; H 9.9. C2H31NO. Calculated %: C 80.5; H 10.0. 

2,4-Diraethyl-7-cyclohexylquinoline (VIII) and 2,4-Diraethyl-7-phenylquinoline (IX). A catalyzate was 
obtained by passing III through a Pyrex  tube filled with cata lyst  (0.8% P d / C )  at 300-310 ~ in vacuo (10 ram) 
in a s t r eam of ni t rogen.  Compounds VIrf and IX were isolated f rom the catalyzate  by means of th in- layer  
chromatography (on Brockmann activity II A1203 with i s o o c t a n e - e t h e r  (3 : 1) as the liquid phase at a layer  
thickness of 2 tara). Produc t  VIII had mp 77-78 ~ ~a-hexane) and ~max  278 nm (loge 3.65). Found ~c: C 
85.3; H 8.9. CITH21N. Calculated %: C 85.3; H 8.8. Product  IX had rap 85-86 ~ (from n~hexane). Found ~ :  
C 88.7; H 6.7. CITHt5N. Calculated %: C 88.2; H 7.1. 
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