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The action of acylat ing agents on 2-methylquinoline gives e x t r e m e l y  unstable N-acy l  sa l t s ,  
which, as a r e su l t  of hydride-ion capture ,  a re  conver ted  to 1 - a c y l - 2 - m e t h y l - l , 2 , 3 , 4 - t e t r a -  
hydroquinol ines.  Under s i m i l a r  conditions, 1-acyl lepidinium sa l t s  f o r m  1 - a c y l - 4 - m e t h y l -  
1,2-dihydroquinolines or  d i m e r i z e .  

The reac t ion  of quinoline or  i ts  benzo-subs t i tu ted  de r iva t ives  with acyl hal ides  gives N-acylquinol in i -  
um sa l t s ,  which can be used in s i tu for  the introduction of a quinoline res idue  into nucleophilic organic  c o m -  
pounds [2-4]. These  so r t s  of quinolination reac t ions ,  cannot,  however ,  be c a r r i e d  out with lepidine and 
quinaldine [2,4], although the i r  capaci ty  for  the format ion  of N-acy l  sa l t s  should be higher  than for  unsub-  
st i tuted quinoline. This  cannot be  explained by the effect  of s t e r i c  f ac to r s  (in the case  of 2-methylquinoline),  
s ince high yie lds  of quinolination products  a re  obtained with 8-methylquinoline [4]. 

We have been able to demons t r a t e  that the react ion of acyl hal ides  with 2- or  4-methylquinol ine also 
f o r m s  e x t r e m e l y  unstable  1 -acy l  sa l t s ,  which, under  the quinolination conditions (in the p r e sence  of d ia lkyl -  
anilInes),  do not undergo he te roary la t ion  but a re  conver ted  (during hydride-ion capture)  to N-acy l  d e r i v a -  
t ives  of 1 ,2-dihydroquinol ines .  We obtained the same  compounds by ca r ry ing  out the reac t ion  of acyl  ha l -  
ides with excess  quinaldine or lepidine without the addition of dialkylanil ines,  but in an iner t  solvent  with 
an equ imolecu la r  ra t io  of reac t ing  components  we did not obse rve  the fo rmat ion  of partially? hydrogenated 
methylquinoline de r iva t ives .  In this case ,  1-acyl lepidinium and -quinaldinium sa l t s  behave different ly .  De-  
pending on the conditions used  to c a r r y  out the react ion,  acyl lepidinium cat ions a re  conver ted  to e i ther  1-  
acy l -4 -me thy l - l , 2 -d ihydroqu ino l ines  (I) (at 50~ or to d i m e r s  (at 100~ The s t ruc tu re  of I was proved by 
means  of the UV, IR, PMR, and m a s s  s p e c t r a .  The alkaline hydro lys i s  of I gives lepidine, which also con-  
f i r m s  the s t ruc tu re  of I: 

+H- OH- 

I 
COR COR 

! 

In elucidating the s t r u c t u r e s  of the d i m e r s  we proceeded  f rom two poss ib i l i t i es  for  the i r  format ion - 
as a r e su l t  of d imer iza t ion  of I through the double bond, as occurs  in the ca se  of 2 , 2 , 4 - t r i m e t h y l - l , 2 - d i -  
hydroquinoline [5, 7];or by d imer iza t ion  of the 1-acyl lepidin ium cation through the CH~ group, s i m i l a r  to 
the p r o c e s s  desc r ibed  for  the d imer iza t ion  of 1-alkyl lepidinium sa l t s  [8]. An examinat ion of the m a s s  
spec t rum of d imer  V demons t ra ted  that  it cons is t s  of two dihydroquinoline f ragments ,  which made it pos -  
sible to immedia te ly  r e j ec t  the f i r s t  assumpt ion .  In our case ,  anhydro base  III,  which, like other  nucleo-  
philic agents ,  a t tacks  the cation of I in the ~ position to f o r m  der iva t ive  IV, apparent ly  is fo rmed  read i ly  
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as a resu l t  of s trong activation of the methyl  group in 1-acyllepidinium cation II [9]. Derivative IV, as a 
resul t  of the addition of a hydride ion, is conver ted to V or to anhydro base VI, which is s imi lar  to that 
which is formed in the dimerizat ion of anhydro bases  of 1-alkyllepidinium salts  [8]: 

~;H 3 CH~- CH3 / 7 ~ x  

CO~ CON COR Cl- 

I11 IV 

COR COR 
V V! 

The interpretat ion of the mass  spec t rum of the d imer  is difficult because of the ex t remely  low r e -  
s is tance of the molecular  ion to e lectron impact  (WM = 0.3% of the total ion current ) .  By analyzing the 
mass  spec t rum of one of the d imers  {R = CH3) , we ar r ived  at the following conclusions.  The charge  local i -  
zation in the molecular  ion is equally probable on any of the two nitrogen atoms of both par t ia l ly  hydrogen-  
ated quinoline r ings .  The most  intense peaks of the f ragment  ions in the mass  spec t rum of the investigated 
compound are  peaks with m a s s e s  186, 172,144,  143, 142,130,  129,116,  115, and 89. Fragments  with mass  
186 can be expected during the disintegration of the molecular  ion at the C - C  bond connecting the two cycl ic  
f ragments ,  which have any one of the proposed s t ruc tu res  V or VI, and the given peak therefore  cannot 
serve  fo r  purposes  of identification of the s t ruc ture .  The appearance of intense fragment  ions with masse s  
172 and 130 in the mass  spec t rum is possible only in the case of disintegration of the molecular  ion with 
s t ruc ture  V as a resu l t  of cleavage of the chain at the ~ or fi bond (see Scheme 1) with subsequent splitting 
out of an alkyl radica l .  These p roces se s  lead to the formation of a pseudomolecular  ion with the 4 -methy l -  
quinoline or quinoline s t ruc ture  (m/e  143 and 129, respectively),  the disintegration of which has been 
studied in detail [10] and is i l lustrated by the presence  of f ragment  ions with masses  142, 128, 115, 101, 
and 89 in the spec t rum of V. 

The maximum peak in the m a s s  spec t rum of V is the peak of a f ragment  ion with mass  144, the de-  
velopment of which is due to the possibil i ty of the formation of the energet ical ly  advantageous s t ruc ture  of 
the 4-methylquinolinium cation (see Scheme 1) as a resu l t  of a r ea r r angemen t  p rocess  associa ted with the 
migrat ion of a labile hydrogen atom of the CH 3 group of the acyl grouping attached to the nitrogen atom with 
simultaneous splitting out of the result ing O ~ C  ~---CH 2 group.  The stable s t ruc ture  of the quinolinium ca t -  
ion ( m / e  130) s imi la r ly  develops f rom the f ragment  ion with mass  172. It should be noted that, f rom the 
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point of view of the disintegration of this molecular  ion (structure V), it is difficult to explain the absence 
of a f ragment  with mass  200 in the mass  spectrum,  which may be evidence in favor of s t ruc ture  VI. How- 
ever ,  if the molecular  ion has the VI s t ructure ,  the presence of intense peaks of ions with masses  172 and 
130 in the mass  spec t rum cannot be explained. 

Thus the molecular  ion of the investigated compound most  likely has s t ructure  V, the disintegration 
of which under the influence of electron impact proceeds via" Scheme 1. 

The react ion of acyl halides with quinaldine proved to be more  complex. Dimer formation was not 
observed in this case ,  apparently because of the l e s se r  activation of the methyl group in the 1-acylquin-  
aldinium ion as compared  with the 1-acyllepidinium ion [9]. When we ca r r i ed  out the react ion under dif- 
ferent conditions, we always obtained 1-acyl - l ,2 ,3 ,4- te t rahydroquina ld ines  (IX), probably as a resul t  of 
disproportionation (with hydride t ransfer)  of the intermediately formed 1 - a c y l - 2 - m e t h y l - l , 2 - d i h y d r o -  
quinolines: 

CH 3 ~ 2 CH~ ~ CH~ + VII 

I c l -  I 
COR COR 

VII  V I I I  IX 

The IX s t ruc ture  was proved by means of the PMR, IR, and mass  spec t ra  and was confirmed by al-  
ternative synthesis .  To e lucidate  the intermediate formation of 1,2-dihydro derivative VIII, we used an in- 
dependent route to synthesize an authentic sample of 1-benzoyl-2-methyl - l ,2-d ihydroquinol ine  by the r e a c -  
tion of the 1-benzoylquinolinium salt  with methylmagnesium iodide: 

~ ~ / + C6Hs--C--CH 3 
~"~-.-:'K'-~v~ cF ~ cH3 "3 cH3 CH 3 

i / /  i ! ~}H / 
COCsH5 COCs"5 L COCGN~ COCJ~ .I 

With respec t  to its melting point and mobility on aluminum oxide in various solvent sys tems ,  the 
compound was a lmost  identical to IX, but its PMR and mass  spec t ra  unambiguously confirmed the s t ruc -  
ture assigned to it.  Thus an intense doublet of the CH 3 group at 5 1.17 ppm (J = 6 HZ) and a quartet  of the 
oL proton (J = 6 Hz) at weaker  field (6 5.2 ppm for VIII and 4.72 ppm for IX) are  observed in the PMR 
spec t ra  of VIII and IX. However, the spec t rum of VIII does not contain the signal of two CH 2 groups of the 
tetrahydroquinaldine ring at 2.1-2.8 ppm, and the signals of ethylene protons (3-H and 4-H) appeared at 
5.9-6.3 ppm. 

Compound VIII undergoes alkaline hydrolysis  to give quinaldine, but we always obtained 1,2,3,4- 
tetrahydroquinaldine f rom the hydrolysis  of IX, w h i c h  definitely confi rms their  s t ruc ture .  

Our attempts to detect intermediately formed VIII in the reaction medium by means of paper and 
th in- layer  chromatography, were unsuccessful .  In this connection and for confirmation of the s t ruc tures  of 
all of the synthesized compounds, we investigated their  mass  spec t ra  and attempt~)d to use them for the 
identification of the intermediate reaction products .  The disintegration of the molecular  ions of I, VIII, 
and IX should be charac te r i zed  by competit ion between two principal directions of ds - d is in tegra-  
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tion originating f rom the molecular  ion of s t ruc ture  A with a localized positive charge on the oxygen atom 
of the acyl group, and disintegration developing during the dissociat ive ionization of the molecular  ion of 
s t ruc ture  B with charge localized on the ni trogen heteroatom.  

In examining the mass  spec t ra  of these compounds it is seen that the predominant direction in the 
disintegration is disintegrat ion of the molecular  ion with s t ruc ture  A (the overal l  contribution of the dis in-  
tegrat ion p rocesses  due to s t ruc ture  A reaches  about 65% of the total ion current ) .  This molecular  ion, 
with a localized charge  on the oxygen atom of the carbonyl  group, can be considered to be a representa t ive  
of carboxylic  acid amides,  the cha rac te r  of disintegration of which has been adequately studied [11]. The 

cleavage,  which is expressed  in splitting out of a methyl-subst i tuted t e t r ahydro -  (IX) or dihydroquinoline 
radical ,  that is cha rac te r i s t i c  for the disintegration of such compounds (ketones, acid derivat ives ,  etc .) 
leads to the appearance of a stable f ragment  peak of the benzoyl cation (C6H5-C ~-~ O +) with mass  105, 
which is the maximum peak in the spec t rum.  A phenyl cation is formed f rom this f ragment  ion by subse-  
quent elimination of carbon monoxide. The existence of this p rocess  is dist inctly r ecorded  in the spec t rum 
by the corresponding metastable  t ransi t ion and by a number  of f ragment  ions with masse s  107, 92, 77, and 
51 [9]. 

When the charge  is localized on the ni trogen atom of the quinoline ring (structure B), the initial act 
of dis integrat ion is detachment  of a hydrogen atom or a methyl group f rom the a position of the quinoline 
ring, which leads to aromat izat ion and stabilization of the sys tem as a whole [the peaks of the (M-H) + or  
(M-CH3) + f ragments  are  general ly  more  intense than the molecular  ion peaks of all of the compounds, the 
intensities of which are 0.9-3.5% of the total ion current]  with subsequent splitting out of an R"CO radical .  
The pseudomolecular  ions with the methyl-subst i tu ted quinoline s t ruc ture  that are  formed in this case  
undergo fur ther  disintegrat ion to form a number  of f ragment  ions with masse s  142, 129, 128, 115, and 101 
[10, 11]. For  IX, which contains a tetrahydroquinoline ring, dehydrogenation of the sys tem occurs  after 
the above-descr ibed  success ive  p rocesses  - M + (structure B) ~ (M-CH3) +--- [ (M-CH 3) - R"CO] + - and 
the maximum number  of el iminated hydrogen atoms is determined by the possibil i ty of retention of the 
aromat ic  s t ruc ture  by the ions [13]. 

Thus the presence  of a molecular  ion peak (0.9-3.5% of ~.J) in the mass  spec t ra  of the investigated 
compounds and a number  of intense f ragment  ions - f ragments  of the molecule with the proposed s t ruc ture  
(the peaks of f ragment  ions with intensities > 1~ of the total ion cur ren t  were considered) - in the mass  
spec t ra  of the investigated compounds complete ly  conf i rms the s t ruc tures  assigned to them. 

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

The PMR spec t ra  of carbon te t rachior ide  or pyridine solutions of the compounds were obtained with 
a JNM-C-60 spec t romete r  with hexamethyldisi loxane as the internal s tandard.  The  IR spec t ra  of ch loro-  
form solutions were  obtained with a UR-20 spec t rophotometer .  The UV spec t ra  of ethanol solutions were 
recorded  with an SF-4A spec t rophotometer .  Activity II aluminum oxide and 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) were used for the th in- layer  chromatography.  The gas-l iquid chromatography was ca r r i ed  out 
with a UKh-1 chromatograph .  The mass  spec t ra  of samples  of I, II, IV, and V were  recorded  with an 
MKh-1303 spec t rome te r  at an ionizing electron voltage of 50 eV, a cathode emiss ion cur ren t  of 1.5 mA, 
and a source  and admission sys tem tempera tu re  of 250 ~ The spec t rum of III was recorded  with an MS-7 
spec t rome te r  at an ionizing electron voltage of 70 eV, a cathode emiss ion cur ren t  of 1.0 mA, and an ioniz-  
ing chamber  t empera tu re  of 165 ~ 

! -Benzoyl -2-methylquinol in inm Chloride.  The addition of a solution of 14.3 g (0.1 mole) of quin- 
aldine in 10 ml of te t rahydrofuran to a cooled (to -60 ~ solution of 14 g (0.1 mole) of f reshly  distilled 
benzoylehlor ide  in 30 ml of absolute te t rahydrofuran  gave 16 g (57%) of a co lor less  c rys ta l l ine  precipitate,  
which had mp 207-208 ~ after  repated washing with absolute e ther .  The product decomposed on standing in 
a i r .  Found. C1 13.0%. C17H14C1NO. Calculated:  C1 12.5%. 

1-Benzoyl-2-methy1-1,2 ,3 ,4- te t rahydroquinol ine  (IX). __A. A mixture  of 14.3 g (0.1 mole) of an- 
hydrous quinaldine and 7 g (0.05 mole) of benzoyl chloride was allowed to stand at 50 ~ for 2 h, after which 
it was t rea ted  with ammonium hydroxide and steam-dist i l led.  The residue in the flask was separated,  
dried,  and rec rys taUized  three t imes  f rom acetone to give 9 g (72%) of snow-white c rys ta l s  with mp 117- 
118 ~ (rap 117.5-118 ~ [12]), R f  0.51, and Xma x 265 nm (log ~ 4.62). 

B__: A 14.1-g (0.1 mole) sample of benzoyl chloride was added dropwise to a cooled (to -5  ~ solution 
of 14.7 g (0.1 mole) of 1,2,3,4-tetrahydroquinaldine in 16 ml of anhydrous pyridine, after which the r e a c -  
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tion mix tu re  was allowed to stand at 0 ~ for  3 h. The resu l t ing  prec ip i ta te  was removed  by f i l t rat ion,  washed 
with sodium carbonate  solution and water ,  dried,  and r ec ry s t a l l i z ed  to give 17.7 g (69~ of a product  with 
mp 117-118 ~ (from acetone) .  The product  did not dep re s s  the mel t ing point of the compound desc r ibed  in 
method A, and the i r  IR s p e c t r a  were  identical .  

Hydro lys i s  of the compounds obtained by both methods by refluxing in alcoholic alkal i  for 5 h gave 
1 ,2 ,3 ,4- te t rahydroquinaldine (identified by means  of GLC by the addition of an authentic sample  of 1,2,3,4- 
te t rahydroquinaldine to the react ion mixture) .  

The same  subs tance  (rap 117-118 ~ was isola ted in 45% yield f rom the react ion  of quinaldine and 
be~lzoyl chlor ide  with dimethylani l ine (as p rev ious ly  desc r ibed  in [3]) or  with diethylanil ine.  The format ion 
of I was  not  obse rved  in the absence  of excess  quinaldine or  the other  t e r t i a r y  amine .  

1 :Benzoy l -2 -me thy l - l , 2 -d ihydroqu ino l ine  (VIII). A total  of 100 ml  of a Gr ignard  reagent ,  p r epa red  
f r o m  14.2 g (0.1 mole)  of methyl  iodide and 2.5 g (0.1 g-a tom)  of magnes ium in absolute e ther ,  was added 
gradual ly  to a p rev ious ly  heated (at 100 ~ for  1,5 11) and cooled (to 0 ~ mix tu re  of 12.9 g (0.1 mole) of an-  
hydrous quinoline and 14 g (0.1 mole)  of benzoyl  chlor ide ,  The reac t ion  mix tu re  was heated for  another  3 h, 
a f te r  which it was decomposed  with 200 ml  of sa tu ra ted  ammonium chloride solution. The e ther  l aye r  was 
sepa ra ted ,  and the aqueous l ayer  was ex t rac ted  s e v e r a l  t imes  with e the r .  The e ther  l aye r  and ex t r ac t s  
we re  dr ied,  the e ther  was evapora ted ,  and the res idua l  m a t e r i a l  was r ec ry s t a l l i z ed  f rom acetone to give 
8.2 g (33%) of a product  with mp 119-120 ~ and R f  0.50; k m a x ,  nm (log e) :  265 (4.45), 320 (shoulder) (3.85). 
Found: C 81.6; H 6.2; N 5.8%; mol .  wt. 249. C17H15NO. Calculated:  C 81.9; H 6.0; N 5.6%; tool.  wt. 249. 

Hydro lys i s  of this compound with alcoholic alkali  gave quinaldine, which was identified by means  of 
GLC. 

1 -Benzoy l -4 -me thy l - l , 2 -d ihydroqu ino l ine  (I), A 7-g (0.05 mole) sample  of benzoyl chlor ide was added 
dropwise  to a solution of 7.2 g (0.05 mole) of lepidine in 30 ml  of absolute benzene,  a f ter  which the mix ture  
was allowed to stand at 50 ~ for  2 h and s team-dis t i l l ed .  The solid res idue  was separa ted ,  dried,  and r e -  
c rys t a l l i zed  f rom pe t ro leum e ther  to give 11 g (890/0) of co lo r l e s s  c r y s t a l s  with rap 105-106 ~ and R f  0.45. 
Found: C 81.2; H 6 .2 ;N 5.80/0; tool.  wt. 249 (mass spec t rum) .  C17HlsNO. Calculated:  C 81.9; H 6.0; N 
5.6%; tool .  wt.  249.3. 

Under s i m i l a r  conditi(ms, 12.0 g (96%) of co lo r l e s s  c rys ta l l ine  d i m e r  V ~ = CBH 5) with mp 188-190 ~ 
[from d i m e t h y l f o r m a m i d e - w a t e r  (2:1)] and 1Rf 0.13 was obtained af ter  6 h at 100 ~ The IR spec t rum con-  
tained VC= O at 1650 cm -1. Found: C 81.8; H 5.9; N 6.4%; tool.  wt. 498. C31I-I~0N202. Calculated:  C 81.9; 
H 6,0; N 5.6%; tool .  wt. 499. 

The following d i m e r s  were  s i m i l a r l y  obtained: d i m e r  V CR = CH3), mp 151-152 ~ (from butyl alcohol), 
cRf 0.10, u C=O 1650 cm -1. Found: C 77.3; H 6.5; N 7.5%; mol .  wt.  372 (mass spectr~om). C24H24N202. 

alculated:  C 77.4; H 6.4; N 7.7%; tool .  wt. 372. D imer  V (R = (~-furyl), mp  201-202 (from ethanol), R f  
0.12. Found: C 75.5; H 5.6; N 6.0%. C30H24N204. Calculated:  C 75.3; H 5.0; N 5.9%. 

S imi la r  d i m e r s  a re  also fo rm ed  in the reac t ion  of acyl halides with lepidine in the p r e sence  of di -  
a lkylani l ines or  1 -a lky l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ines .  D i m e r  format ion  was not observed  when the r e a c -  
tion was c a r r i e d  out without excess  lepidine or  the other  ni t rogen base .  

1 -Benzoy l -2 ,4 -d imethy l - l ,2 -d ihydroqu ino l ine .  A 7-g (0.05 mole) sample  of benzoyl  chlor ide was 
added to 15.7 g (0.1 mole) of 2,4-dimethylquinoline,  and the mix tu re  was held at 100 ~ for  1.5 h and s t e a m -  
dis t i l led .  The solid res idue  was sepa ra ted  and dr ied to give 10.1 g (76%) of a lemon-ye l low c rys ta l l ine  
substance with mp 65-66 ~ {from pe t ro leum ether)  and R f  0.76. Found: C 82.5; H 6.6; N 5.2%. C18HITNO. 
Calculated:  C 82.4; H 6.5; N 5.3%. 

1. 

2, 
3. 
4. 
5. 
6. 
7. 

L I T E R A T U R E  C I T E D  

A. K. Sheinkman,  A. A. Deikalo,  T.  V. Stupnikova, N. A. Klyuev, and G. A. Mal ' t s eva ,  Khim. 
Getero ts ik l .  Soedin., 1099 {1972). 
W. McEwen and R.  Cobb, Chem.  Rev. ,  55, 511 {1955). 
A. K. Sheinkman, A. N. Kost ,  A. N. P r i l epskaya ,  and Zh.  V. Shiyan, Zh. Organ.  Khim.,  4, 1286 (1968). 
A. K. Sheinkman, A. N. P r i l epskaya ,  and A. N. Kost,  Khim. Getero ts ik l .  Soedin., 1515 (1970). 
L.  P .  Zalukaev and T.  I .  Zheltukhina, Izv.  Vuzov, Ser .  Khim.,  10, 416 (1967). 
J .  Ell iot t  and H. Dunatan, Te t rahedron ,  19, 833 (1963). 
J .  1~. Brown and B. K. Tidd, J .  Chem.  Soc., C, 1075 (1968). 

1002 



8. J. Metzger, H. Larive, R. Dennilauler, R. Baralle, and C. Gaurat, Bull. Soc. Chim. France, 1266 
(1969). 

9. A .N.  Kost and A. K. Sheinkman, Zh. Obshch. Khim., 33, 2077 (1963). 
10. R . A .  Khmel'nitskii and N. A. Klyuev, Dokl. Moskovsk. Sel'skokhoz. Akad. Imeni K. A. Timiryazeva, 

200 (1969). 
11. H. Budzikiewicz, C. Djerassi,  and D. Williams, Interpretation of the Mass Spectra of Organic Com- 

pounds [Russian translation], Mir, Moscow (1966). 
12. Dictionary of Organic Compounds, Oxford University P ress  (1966). 
13. R .A .  Khmel'nitskii, N. A. Kly-uev, K. K. Zhigulev, and A. K. Sheinkman, Izv. Moskovsk. Sel'skokhoz. 

Akad. Imeni K. A. Timiryazeva, No. 6, 200 (1970). 

1003 


