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The proton and hydride labil i ty of the ~-hydrogen  atom in var ious  oz-substituted N - a c y l -  
1,2-dihydroquinolines and N-acy l - l ,2 -d ihydro i soqu ino l ines  was invest igated.  It was shown 
that  spli t t ing out of both a hydride ion and an a - subs t i t uen t  as carbanions  is possible  in the 
p resence  of s t rong e l e c t r o n - a c c e p t e r  subst i tuents  in the a position under the influence of 
e lec t rophi l ic  agents .  A new t ranshe ta ry la t ion  react ion  consis t ing in the migra t ion  of the 
he te rocyc l ic  r es idue  f rom one compound with a labile hydrogen atom to another  was found. 

A su rpr i s ing  d ive r s i ty  of t r ans fo rma t ions  of R e i s s e r t  compounds (I, R = CN) has been observed  in r e -  
cent y e a r s  and makes  it poss ible  to use them in organic synthes is  [2-4]. The mos t  in te res t ing  pecul iar i ty  
of such compounds is the apprec iable  proton act ivi ty of  the P-hydrogen  atom, which is due, in all likelihood, 
to the s t rong e l e c t r o n - a c c e p t e r  effect  of the neighboring CN group. In addition, var ious  1,2-dihydroquin-  
olines and o ther  par t ia l ly  hydrogenated he te rocyc les ,  for  which 6up-pa i red  e lec t rons  a r e  r e l ea sed  by the 

\ C / H  group,  read i ly  spli t  out a hydride ion to fo rm a he t e roa roma t i c  sy s t em [5, 6]. Some 1 ,4-d ihydro-  / \~ 
pyridines  are  capable  of split t ing out hydrogen not only as a hydride ion [7] but also as a hydrogen a tom [8,9]. 

In this connection, it was na tura l  to a s sume  that,  by changing the e lec t ronic  na ture  of the subst i tuent  
in the a position of I, both he tero ly t ic  (III and IV) and hemolyt ic  spli t t ing out of the geminal  hydrogen atom 
might be poss ible :  

I 
COCGfl5 " ~ ' x .  

I l a - c  

COC6H 5 COC6H 5 
l a - c  I I I  a - c  V a-c  

I 
CocGH5 a R:_Ctt3; b R =C6H5; 

IV a - c  C R=p-C6H4N(CH3) 2 

in fact ,  when there  is an e lec t ron-donor  subst i tuent  (ic) in the a position, a hydride ion spl i ts  out 
under the influence of d ive rse  e lect rophi l ic  agents ,  and a romat i c  s y s t e m  Vc is fo rmed .  In this case ,  Ic 
proved  to be  a m o r e  active hydr ide- ion donor than the cor responding  2 -benzoy l -1 - (p -d imethy laminophenyl ) -  
1,2-dihydroisoquinoline (VI) (Table 1). 

*Communica t ion  XVII of the s e r i e s  "React ions of Cyclic Ammonium Cations" ; see  [1] for  the previous  
communica t ion .  
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TABLE 1 

Hydride-ion acceptors 

(C6Hs) aC+ 
CIO4- 

CH 3 

C H a ' ~ . ~ - C H  a 

Ph ] 

clog 

; +2 ? 
l 
CH 3 I -  

~ - ~ C O N H 2  

I 
CH 3 I "  

]i ', 

c%I" 

CH 3 

Ic, in aceto- 
nitrile 

§ 

VI 

in aceto- ] in dimethyl- 
nitrile formamide 

- t  

§ 

§ 

+ 

+ 

*The plus sign indica tes  that  Vc and i ts  isoquinol ine analog a re  
f o rmed .  
t The minus sign ind ica tes  that  no hydr ide  shift  oc c u r s .  

H e t e r o a r o m a t i c  ca t ions  with d i f ferent  e l e c t r o p h i l i c i t i e s  and t r i t y l  p e r c h l o r a t e  were  used as h y d r i d e -  
ion a c c e p t o r s .  

On the o ther  hand, the proton ac t iv i ty  of I a - c  proved t o b e  e x t r e m e l y  ins igni f icant .  We could not 
c a r r y  out even one of the r e a c t i o n s  c h a r a c t e r i s t i c  for R e i s s e r t  compounds with them,  although the p re sence  
of co lora t ion  dur ing the action of phenyl l i th ium or  sodium hydr ide  is  evidence that  the R e i s s e r t  anion is 
n e v e r t h e l e s s  fo rmed ,  even though in only ve ry  s m a l l  a m o ~ t s .  The f inal  p roduc ts  of the s ide  r eac t ions  in 
al l  c a s e s  were  Vc, which a r e  obtained as a r e s u l t  of sp l i t t ing  out of an acyl  r e s i d u e  f rom the i n t e r m e d i a t e -  
ly  fo rmed  anions (IV). The proton ac t iv i ty  of I i n c r e a s e d  r e g u l a r l y  as the e l e c t r o n - d o n o r  p r o p e r t i e s  of the 
~ - s u b s t i t u e n t s  d e c r e a s e d ,  which made i t  poss ib le  to c a r r y  out the d i r ec t  a lkyla t ion of quinoline and i s o -  
quinoline by the act ion of exces s  Gr igna rd  r eagen t s  on the i r  N-acy l  s a l t s .  

Compounds I a r e  fo rmed  when Gr igna rd  r eagen t s  a re  added ca re fu l ly  to a mix tu re  of the quinolines 
and an acyl  ha l ide .  When the r eagen t s  a r e  mixed  in the r e v e r s e  o r d e r ,  in which case  the reac t ion  p roceeds  
in excess  o rganomagnes ium compound,  fu r the r  t r a n s f o r m a t i o n s  of I occur  to fo rm (with the loss  of a p r o -  
ton and an acyl  r e s idue)  a - s u b s t i t u t e d  quinolines (V). The acyl  r e s idue  was conver ted  to the co r re spond ing  
t e r t i a r y  a lcohol .  Thus 1 - b e n z o y l - 2 - m e t h y l - l , 2 - d t h y d r o q u i n o l i n e  (Va) was obtained in the r eac t ion  of quin- 
oline,  benzoyl  ch lo r ide ,  and me thy lmagnes ium  iodide .  This compound was conver ted  to quinaldine as a r e -  
sul t  of a lkal ine h y d r o l y s i s ,  which conf i rms  i ts  s t r u c t u r e .  

When the o r d e r  of mixing the r eagen t s  was r e v e r s e d ,  quinoline, quinaldine,  and d i m e t hy l phe ny l ca r -  
binol  we re  found in the r eac t i on  mix tu re  accord ing  to ga s - l i qu i d  ch roma tog raphy .  S i m i l a r l y ,  Ib was ob-  
ta ined  in the r eac t ion  of N-benzoylquinol in ium ch lo r ide  with phenylmagnes ium b romide ,  while Vb was 
fu r the r  obtained under  the influence of exces s  G r i g n a r d  reagent..  
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Unexpectedly,  I with e l ec t ron -accep to r  subst i tuents  in the ~ position were  conver ted  to a roma t i c  
s y s t e m s  under the influence of e lec t rophl l ic  agents,  not always as a consequence of splitting out of a 
hydr ide  ion but as a r e s u l t  of loss  of carbanions ,  espec ia l ly  in those cases  where  the detached carbanions  
w e r e  s tabi l ized by neighboring carbonyl  groups:  

I 
COC6llc, I COC c tt, / COColI 5 J 

VII a-c VIII  
/CN 

a R=--(.1t(CO2C2115}:A b R -  -CH(COCH3)2'. C R- -Ct I~  
\COzC2H f 

E-(C611.~),~C+CIO~; Br~; ZnCi: ;  tlCI; PCI:;  FI.~SO 4 

+ C6||~COOH 

These  reac t ions  with the i r  su rp r i s ing ly  facile c leavage  of the ca rbon -ca rbon  bond in N-acy l  d e r i v a -  
t ives  of 1,2-dihydroquinoline and isoquinoline with e l e c t r o n - a c c e p t o r  subst i tuents  in the side chain made it 
poss ib le  to expect  that a he te rocyc l ic  res idue  in such compounds may  mig ra t e  to other  compounds with a 
labile hydrogen atom, s i m i l a r  to what occurs  in analogous de r iva t ives  of cyclohepta t r iene  [10]. In fact ,  
rapid  t r anshe ta ry la t ion  occurs  when VIIa-c  a re  heated with excess  acety laeetone ,  ace toacet ic  e s t e r ,  or  
cyanoacet ic  e s t e r :  

l , ~c,,(coc,~ .... [L Li "! 
k,~.2 :J .,~_~/. N_COC6HI ' " 2 ,- ~ .~.: ,1~2: ~ .' N__COC61% 

" / (co~co.,~ ~ 7c.Ccoc.~)~ 

+ CH~(CO.~C:H ): 

Thus the e lec t rophi l ic  N-acylquinol inium and N-acyl i soquinol in ium cations read i ly  he ta ry la te  var ious  
nucleophilic organic compounds and are  the reby  conver ted  to par t i a l ly  hydrogenated der iva t ives  (I) [11]. 
However ,  the tendency to f o r m  an energe t ica l ly  favorable  a romat i c  sys t em in such compounds de te rmines  the 
e x t r e m e l y  faci le  he tero ly t ic  c leavage  of not only the ca rbon-hydrogen  bond but also of the c a r b o n - c a r b o n  
bond. In this connection, both he tary la t ion  [11] and aromat iza t ion  reac t ions  to fo rm a roma t i c  N-acy lcyc l ic  
ammonium cations and, subsequently,  f r ee  bases  p roceed  quite r ead i ly  and, in a number  of c a se s ,  a re  ap-  
paren t ly  r e v e r s i b l e ,  like the recen t ly  found t r ans fo rma t ions  in the t ropyl inm s y s t e m  - subst i tuted cyc lo -  
hepta t r iene  [10]. 

+ R'I-[ ~ .~. [] | /  , + IlX 
"N.ur N / ' \ R  ' I 

COR 

The poss ib i l i ty  of se lec t ive  reduction of the olefinic double bond in I a -c  was also invest igated in addi-  
tion to the a romat iza t ion  reac t ions .  For  this purpose,  the var ious  methods of hydrogenation of 1 ,2-d ihydro-  
quinolines desc r ibed  in the l i t e ra tu re  [4, 12, 13] were  tes ted .  Catalyt ic  hydrogenation with pal ladium on 
carbon in ethyl aceta te  solution proved to be the bes t  method for  I a - e .  

EXPERIMENTAL 

Hydride Exchange of l-Benzoyl-2-(p-dimethylaminophenyl)-l,2-dihydroquinoline (Ic) with Triphenyl- 

methyl Perchlorate. A solution of 1.0 g (2.8 mmole) of Ic and 0.98 g (2.8 mmole) of triphenylmethyl per- 
chlorate in I0 mlof dry acetonitrile was held at I00 ~ for 7 h. The reaction mass was then extracted with 

ether. The ether was removed by distillation, and the residue was washed with methanol to give white crys- 
tals of triphenylethane with mp 91-92 ~ [14]. 2-(p-Dimethylaminophenyl)quinoline (Vc) with mp 172-174 ~ [15] 
precipitated from the methanol solution on cooling; Rf 0.56 [the chromatography was carried out in a loose, 
thin layer of activity II aluminum oxide with elution with benzene-hexane-chloroform (6 : 1 : 30) and de- 

velopment with iodine]. The precipitate that formed by the addition of ether to the methanol solution was 
decomposed with ammonium hydroxide, and the mixture was extracted with ether. The picrate of Vc with 

mp 206-208 ~ [15] was obtained from the extracts. 

Hydride exchange of Ic and VI with heteroaromatic cations with different electrophilicities was car- 

ried out similarly (Table I). 
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As descr ibed above, the reaction of 2 -benzoy l - l -d i  (ethoxycarbonyl)methyl- l ,2-dihydroisoquinoline 
(VIIa) with t r iphenylmethyl  perchlorate  in acetonitr i le gave 2-benzoylisoquinolinium perchlora te  (VIII), the 
decomposit ion of which with ammonia  gave isoquinoline, the picrate  of which had mp 226-229 ~ This 
picrate  did not depress  the melting point of the picrate  of an authentic sample of isoquinoline. 

Reaction of 1-Acylquinolinium Salts with Grignard Reagents (Typical Method). A mixture of 12.9 g 
(0.1 mole) of d ry  quinoline and 14.0 g (0.1 mole) of benzoyl chloride was held at 100 ~ for 1.5 h. A total of 
100 ml (0.1 mole) of Grignard reagent  in absolute ether was added with vigorous s t i r r ing  in the course  of 
1 h to the cooled (to 0 ~ mixture .  The mixture  was then refluxed for 3 h, cooled, and decomposed with 50 
ml of water  and 150 ml of saturated ammonium chloride solution. The ether layer  was separated,  and the 
aqueous layer  was extracted severa l  t imes with ether .  The combined ether  ext rac ts  were dried with 
potass ium carbonate,  and the solvent was evaporated to give I a -c .  

1 -Benzoyl -2-methy l - l ,2 ,d ihydroquino l ine  (Ia). This compound [8.2 g (33%)] had mp 119-120 ~ (from 
acetone), R f  0.50, and 2tma x 270 nm [loge 4.60 {In ethanol)], IR spec t rum:  1650 cm -1 (CO). The PMR 
spec t rum o f a  t r i f luoroacet ic  acid solution contains a doublet of the CH 3 group with 5 1.14 ppm and J = 
6.03 Hz due to the s p i n - s p i n  coupling of the protons of the CH 3 group with the geminal proton in the a pos i -  
tion, a quartet  of the geminal proton with 5 4.62 ppm and J = 6.02 Hz, and a multiplet of aromat ic  protons 
at 6.4-8.8 ppm. The PMR spec t ra  were r ecorded  with a JNMS-60 spec t romete r  at 60 MHz, and the chem-  
ical shifts were determined relat ive to hexamethyldisiloxane as the external  s tandard.  Found: C 82.2; H 
6.2; N 5.8%. C17HIsNO. Calculated: C 81.9; H 6.1; N 5.6~. Quinaldine (established by means of gas-l iquid 
chromatography  * ) was formed when the compound obtained was refluxed in alcoholic potassium hydroxide 
for 5 h. 

1-Benzoyl -2-phenyl - l ,2-d ihydroquinol ine  fib). This compound [6.6 g (21%)] had mp 114-115 ~ (from 
petroleum ether) .  Found: C 85.2; H 5.7; N 4.6~ C22HITNO. Calculated: C 84.9; H 5.5; N 4.5~. Alkaline 
hydrolys is  gave Vb with mp 86-87 ~ . The pierate had mp 191-192 ~ [14]. Quinaldine and Vb were obtained in 
one step when these react ions  were c a r r i e d  out in excess  Grignard reagent .  

Catalytic Hydrogenation of 1 -Acyl -2 -a ry l - l ,2 -d ihydroqu ino l ine  (Ia-c) (Typical Method). A 250-ml 
two-necked flask was charged with 5 mmole  of Ia -c ,  50 ml of ethyl acetate,  and 0.1 g of palladium on c a r -  
bon. The hydrogenation vessel  was flushed two to three t imes with dry,  purified nitrogen to remove air ,  
and the vesse l  was then filled with hydrogen.  The hydrogenation was ca r r i ed  out at room tempera ture  and 
was complete when hydrogen absorption ceased.  The catalyzate  was fi l tered through a dense fi l ter  and 
washed severa l  t imes with ethyl acetate.  The solvent was removed  by vacuum distillation, and c rys ta l s  of 
1 -benzoy l -2 -a ry l - l ,2 ,3 ,4 - te t rahydroqu ino l ine  precipitated f rom the saturated solution. The ca ta lyzer  can 
be used repeatedly .  The same method was used to obtain the compounds below. 

1 -Benzoy l -2 -  (p-dimethylaminophenyl)- l ,2 ,3,4-tetrahydroquinoline (Ic). This compound was obtained 
in 84% yield as pale-yellow needles with mp 165-166 ~ (from ethyl acetate) and Rf  0.43 (rap 168-169 ~ [16]). 

1 -Benzoy l -2 -  (p-diethylaminophenyl)- l ,2 ,3,4-tetrahydroquinoline.  This compound was obtained in 64% 
yield as co lor less  c rys ta l s  with mp 105-106 ~ (from ethyl acetate) a n d R f  0.40. Found: C 81.4; H 7.4; N 
7.4%. C26H28iX20. Calculated: C 81.2; H 7.3; N 7.3~. 

1 -Benzoyl -2- (1-methy l -2 ,3 -d ihydro-5- indoly l ) - l ,2 ,3 ,4 - te t rahydroquino l ine .  This compound was ob- 
tained in 62% yield as yellow c rys ta l s  with mp 157-158 ~ (from ethyl acetate) and Rf 0.49. Found: C 81.8; 
H 6.6; N 7.6~c. C25H24N20. Calculated: C 81.5; H 6.6; N 7.7~. 

Reaction of VIIa-c with Sulfuric Acid (Typical Method). A mixture of 1 g (2.5 mmole) of VIIa [11] and 
2 ml of concentrated sulfuric acid was held at room tempera tu re  for 30 rain, made alkaline, and extracted 
with ch loroform.  The picrate  of isoquinoline was obtained as yellow crys ta l s  with mp 227-229 ~ (from 
ethanol) f rom the ch loroform extrac t .  Found: N 15.9~c. C9HvN �9 C6H3N307. Calculated: N 15.6%. 

Reaction of 1-Di(e thoxycarbonyl)methyl-2-benzoyl- l ,2-dihydroisoquinol ine  (VIIa) with Bromine.  A 
solution of 2.4 g (30 mmole) of bromine in 10 ml of dry  ch loroform was added dropwise to a solution of 1 g 
(3 mmole) of VIIa in 10 ml of dry chloroform,  and the result ing precipitate of a molecular  compound of i so-  
quinoline with bromine was removed by fi l tration to give 32~ of a product with mp 239-241 ~ (from ethanol) .  
Found: C 37.1; H 2.4; Br 55.3; N 4.7~ CgHTN �9 Br 2. Calculated: C 37.4; H 2.4; Br 55.3; N 4.8~. The 

* Gas-liquid chromatography was carried out with a UKh-I chromatograph (column length 6 m, diameter 4 
re_m,). The stationary phase was 0.4% ethylene oxide-tetrahydrofuran copolymer on NaCI, and the gas car- 
rier was helium. 
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p ic ra t e  of isoquinoline with mp 228-229 ~ (from ethanol) was obtained f rom the ethanol solution of the mo lecu -  
l a r  compound of isoquinoline by the addition of p ic r ic  acid.  

The remain ing  expe r imen t s  re la t ive  to the c leavage of VII by reac t ion  with var ious  e lec t rophi l ic  r e -  
agents were  c a r r i e d  out s im i l a r l y .  

Transhe ta ry la t ion  (Typical Method). A mix ture  of I g (2.5 mmole)  of VIIa in 2.5 g (25 mmole)  of 
acetylacetone was held at 100 ~ for  8 h, a f t e r  which the excess  acetylacetone and resul t ing malonic  e s t e r  
were  r emoved  by vacuum dist i l la t ion.  The res idue  was washed with hot pe t ro leum e ther  and r e c r y s t a l l i z e d  
f rom methanol  to give 0.5 g (60%) of a product  with mp 90-92 ~ and Rf  0.35. This product  did not dep re s s  
the melt ing point of an authentic sample  of 1 -d iace ty lmethy l -2 -benzoy l - l ,2 -d ihydro i soqu ino l ine  [11]. Un- 
changed VIIa with mp 85-86 ~ and Rf  0.32 prec ip i ta ted  f rom the cooled pe t ro leum e ther .  
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