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The reac t ion  of vinyl e thers  and vinyl sulfides of the quinoline s e r i e s  with unsatura ted  a lde-  
hydes gives  3 ,4-dihydro-  2-pyranyloxy (mercapto)quinolines,  in the hydrogenat ion of which, 
depending on the conditions, the mult iple  bonds in the p y r a n  o r  pyr id ine  ring a r e  reduced.  
The ionization constants  of the adducts were  es tabl ished by poten t iomet ry .  The vinyl e thers  
of 6-hydroxyquinoline,  8 -hydroxy- l ,2 ,3 ,4 - te t rahydroquino l ine ,  and 8- (S-vinyl)mercaptoquinoline 
were  obtained fo r  the f i r s t  t ime .  

In o r d e r  to synthes ize  adducts of unsatura ted  aldehydes with vinyl e thers  and vinyl sulfides of thequinoline 
s e r i e s  (potential antioxidants and biological ly act ive substances)  we studied the reac t ion  of 6- and 8-vtnyloxy-  
quinolines (I, II), 8-vinyloxy-  1, 2, 3 ,4- te t rahydroquinol ine {III), and 8- (S-vinyl)mercaptoquinoline (IV) with ac ro -  
lein and its hom01ogs. The p rev ious ly  undescr ibed s ta r t ing  dienophiles were  obtained by reac t ion  of the ap-  
p rop r i a t e  hydroxy-  and mercaptoqutnol ines  with acetylene,  in analogy with the method in [2]. 

The reac t ion  of vinyl e thers  I and II with a , f l -unsaturated aldehydes takes  p lace  on prolonged heating (at 
150-190~ without the addition of a ca ta lys t .  The yields of the adducts (Table 1) in this ca se  range  f r o m  50 to 
75%. Acro le in  reac t ions  under  m i l de r  conditions and condensat ion with crotonaldehyde and cinnamaldehyde 
take p lace  at higher  t e m p e r a t u r e s .  

E ther  HI, which r eac t s  under  the invest igated conditions to give 8- (3,4-dihydro- 2-pyranyloxy)-  1,2,3,4- 
te t rahydroquinol ine (IX) in only 15~ yield, is l e s s  reac t ive  with unsatura ted  aldehydes.  The low yield in this 
case  is poss ib ly  due to an inc rease  in the labil i ty of the pro ton  of the NH bond (pK a of III in methanol 3.91, as 
compared  with 4.82 for  II), because  of which the in t ra -  and in t e rmolecu la r  hydrogen bonds, which hinder  con- 
densation of the assoc ia ted  molecules  of vinyl e ther  Ill with aldehydes,  a r e  s t rengthened,  although the s t e r i c  
effect of the hydrogenated pyr idine ring of e the r  III a lso is not excluded. Vinyl sulfide IV is a m o r e  act ive 
dienophile than e the r  II, and reac t ion  with it is the re fo re  rea l ized  under re la t ive ly  mild  conditions (140-145~ 

The pro ton  of the quinoltne H-2 f r agmen t  (8,76 ppm, dd, J~ = 2.0 and J2 = 4.2 Hz) resona tes  at weak field 
in the PMR spec t rum of 8-(3 ,4-dihydro-2-pyranyloxy)quinol ine  (V). The H-4 signal of the quinoline ring is 
found at 7.75 ppm (J1 =2.0, J2=7.0 Hz). The signals  of the remaining protons of the quinoline f r agmen t  give a 
nar row mult iplet  at 6.9-7.3 ppm. The protons  of the pyran  ring resona te  at  s t ronge r  fields: H-6 (6.14 ppm, d, 
J=6 .5  Hz), H-2 (6.05 ppm, t, J = 2 . 5  Hz), and H-5 (4.7 ppm, m).  The protons  at tached to C-3 and C-4 of the 
py ran  ring f o r m  a complex mult ip le t  at 1.5-2.8 ppm. 

The usual absorpt ion bands of the quinoline and pyran  r ings a re  p r e sen t  in the IR spec t r a  of the adducts.  
On the bas i s  of p rev ious  studies [1], it might  be supposed that the band at 1230-1260 cm -1 co r r e sponds  to the 
s t re tching vibra t ions  of the e ther  C - O - C  group in V-IX and that the C - O - C  group of the py ran  ring is cha r -  
ac te r ized  by f requencies  at 1040-1115 c m - 1  The intense absorpt ion  band at 1650 cm-1 const i tutes  evidence 

*See [1] fo r  communicat ion  X. 
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fo r  the p r e s e n c e  of a C =C bond in the py ran  ring. The s t re tching vibra t ions  of the C - H  bonds attached to 
the C = C bond a re  cha rac t e r i zed  by absorpt ion  at 3060 cm -1, whereas  the deformat ion  vibra t ions  of this 
bond a re  found at 955-970 cm -~. The s t re tching vibra t ions  of the CH2 group of the d ihydropyran  or quinoline 
ring of the adducts a r e  observed  at 2850-2940 c m - t  

The ionization constants  were  de te rmined  for  adducts V-XII  (Table 1). 3 ,4 -Dihydro-2 -pyrany loxy-  
quinolines V-VIII  a re  s t ronge r  bases  than quinoline (pK a 4.99). A hydroxydihydropyran  subst i tuent  in the 
6 and 8 posi t ions  of the quinoline ring has an e l ec t ron-donor  effect,  although it is s m a l l e r  than that  of the 
complete ly  hydrogenated p y r a n  ring. This so r t  of change in the bas ic  p r o p e r t i e s  of adducts V and XI is 
evidently due to an i nc rea se  in the e lec t ronegat iv i ty  of the ring oxygen a tom due to p - r  overlapping.  The 
p r e s e n c e  of subst i tuents  in the 4 posi t ion of the py ran  ring (adducts V-VII) changes the bas ic i ty  only slightly, 
and the o rde r  of change in the bas ic  p r o p e r t i e s  of these  compounds is in conformity  with the po la r  effects  
of the subst i tuents .  

The weakes t  ba se  in the invest igated s e r i e s  is 8- (3 ,4-d ihydro-2-pyranyloxy)-  1 ,2 ,3 ,4- te t rahydroquin-  
oline (IX), the bas ic i ty  of which is cons iderably  lower  than the bas ic i ty  of 1 2 ,3 ,4- te t rahydroquinol ine (pK a 
5.55); this  would s e e m  to contradic t  the conclusion regarding  the e l ec t ron-donor  c h a r a c t e r  of the hydroxy-  
d ihydropyran grouping. The analogy with dialkylanil ines is usual ly  drawn upon to explain the bas ic  p rop -  
e r t i e s  of these  two-r ing s y s t e m s  [3]. In pa r t i cu la r ,  te t rahydroquinol ine  adduct IX is s i m i l a r  to N-a lkyl -  
aniline with an o-a lkyl  substi tuent  with specif ic  shielding of the bas ic i ty  cen te r  during its solvation,  which 
also leads to i ts  low bas ic i ty .  However,  this  so r t  of ortho effect  is weakened in unsubsti tuted t e t r ahyd ro -  
quinoline. 

The bas ic i ty  of 8 - (3 ,4-d ihydro-2-pyranylmercapto)quinol ine  X is cons iderably  lower  than thebas i c i t y  
of oxygen analog V; this is due to the s t rongly  expres sed  e l e c t r o n - a c c e p t o r  effect  of the SR group, included 
in the ~ s y s t e m  of the a romat i c  ring, as compared  with the OR group [3]. 

Adducts V and IX were  hydrogenated in o r d e r  to p rove  the i r  s t ruc tu re .  In this case  it was noted that 
not  only the double bond but also the quinoline f ragment  of the adducts a r e  reduced to give,  ul t imately,  8- 
( t e t rahydro-2-pyrany loxy) - l ,2 ,3 ,4 - te t rahydroquino l ine  (XII). In the case  of V it was shown that the pyran  
r ing is hydrogenated initially, a f t e r  which the pyr id ine  ring undergoes hydrogenation.  

Hc~CH: 
t "c~~ 

H2 " 

6 o 
L I 

@o Co 
V ~ XIIH 2 

0 0 

�9 @o 
IX XI! 

The p r o p e r t i e s  of the product  of exhaust ive hydrogenat ion (XII) obtained by var ious  methods a r e  in 
complete  ag reement .  A band of vibrat ions  of an NH group appea r s  in its IR spec t rum at 3430 cm -1, and 
the band of s t re tching vibrat ions  of the C = C bond in the py ran  ring (1650 c m -  1) vanishes .  

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

The IR spectra of KBr pellets of the solids and of thin layers of the liquids were obtained with a UR- 
20 spectrometer. The PMR spectra of CCI 4 solutions were recorded with a BS-487 B spectrometer with 
hexamethyldisiloxane as the internal standard. The ionization constants in methanol were measured poten- 

tiometrically [4]. 

8-Vinyloxyquinoline (If) was obtained by the method described in [2]. 

6-Vinyloxyquinoline (1), A 1-1iter autoclave was charged with 15 g of 6-hydroxyquinoHne, 6 g of KOH, 
and I00 ml of dioxane, acetylene was fed |n at an initial pressure of 14-16 aim up tothe saturation point, 
and the mixture was then heated at 200-210 ~ for 1 h. Workup of the vinylation products gave 5.4 g (31~) of 
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I with bp 92 ~ (1 mm) ,  d] ~ 1.1288, and n~ 1.6228. Found: C 76.9; H 5.3; N 7.9%; MR D 53.5. CItHgNO. Calcu- 
lated:  C 77.2; t t  5.3; N 8.2%; MR D 53.1. 

8 -Vinyloxy- l ,2 ,3 ,4 - te t rahydroquino l tne  (III). A 0 .5 - l i t e r  autoclave was charged with 20 g of 8-hydroxy-  
1 ,2 ,3 ,4- te t rahydroquinol tne,  6 g of KOH, and 120 ml  of dioxane, acetylene  (at 20 atm) was fed into the autoclave,  
and the mix tu re  was then heated at 210-220 ~ for  45 min.  Vacuum dist i l lat ion of the reac t ion  mix tu re  yielded 
10.3 g (43%) of III with bp 93 ~ (0.5 ram), d 2~ 1.0924, and n~  1.5825. Found: C 75.5; H 7.4; N 7.87o; MR D 54.0. 
C11Ht~NO. Calculated:  C 75.4; H 7.5; N 8.070; MR D 53.4. 

8-(S-Vinyl)mercaptoquinol ine  (IV). This compound, with mp 36 ~ was obtained in 87% yield. Found: C 
70.3; H 4.8; S 16.5~. CllHsNS. Calculated:  C 70.5; H 4.8; S 17.1~. 

Adducts V-X.  A m i x t u r e  of 8 g of 6-vinyloxyquinoline and 2.6 g of ac ro le in  (equimolecular  amounts) was 
heated in an autoclave at 150-155 ~ f o r  10 h, a f t e r  which it was vacuum dist i l led to give 7.9 g (75%) of adductVIII .  

Compounds V (react ion t e m p e r a t u r e  150-155~ V[ (165-170~ VII (185-190~ IX (155-160~ and X (140- 
145 ~ were  s i m i l a r l y  isolated f r o m  the appropr ia t e  e ther .  The synthesized adducts were  obtained as viscous 
yel lowish oils  o r  white c rys ta l l ine  subs tances  that were  quite soluble in organic  solvents  and insoluble inwater .  

8 - (Te t rahydro-2-pyranyloxy)qutno l ine  (XI). A mix tu re  of 4 g of e ther  V in 10 ml of absolute ethanol 
and 2 g of Raney nickel ca ta lys t  were  p laced in a hydrogenat ion f lask,  and the reac t ion  was c a r r i e d  out until 1 
mo le  of H 2 p e r  mole  of V had been absorbed.  The mix tu re  was then f i l tered,  the alcohol was removed  by dis-  
t i l lat ion,  and the res idue  was vacuum frac t ionated  to give 3.3 g (8270) of XI. Fur the r  hydrogen absorpt ion to 
produce  XII took p lace  slowly (36 h) at room t e m p e r a t u r e  and a tmospher i c  p r e s s u r e ,  whe reas  XII was formed 
in 85% yield a f t e r  4 h in an autoclave at 60-70 ~ with a n  H 2 p r e s s u r e  50 a tm.  
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