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The addition of bromine to vinyl derivat ives of 2-hydroxypyridine,  2-hydroxylepidine,  and 
8-hydroxyquinoline was studied. The behavior of the compounds differs as a function of the 
s t ruc ture  and the position of the vinyl group attached to the oxygen or  nitrogen of the pyr id -  
ine r ing.  A complex involving the unshared electron pair  of the nitrogen atom is obtained 
with 2-vinyloxypyridine and bromine.  N-Vinyl-2-pyr idone and 2-vinyloxylepidine add b r o m -  
ine p r imar i ly  at the double bond of the vinyl group.  This react ion proceeds in a m o r e  c o m -  
plex fashion with N-vinyl-2-1epidone and 8-vinyloxyquinoline. The s t ruc tu res  of the synthe-  
s ized compounds were investigated by means of IR and PMR spect ra .  

The brominat ion of ni t rogen-containing he te rocyc les  has been investigated by a number  of r e s e a r c h e r s  
[1-4] who assume that the react ion fo rms  perbromides  which are ei ther  u -complexes  or  complexes with a 
donor -accep to r  bond between ni trogen and bromine.  There  is no information in the l i te ra ture  regarding 
the halogenation of vinyl derivat ives of the pyridine and quinoline s e r i e s .  

In this paper we have studied the effect of molecular  bromine on 2-vinyloxypyridine (I), 2-vinyloxy-  
lepidine (iI), 8-vinyloxyquinoline (ilI), N-vinyl -2-pyr idone (IV), and N-vinyl-2-1epidone (V). The b romina -  
tion was ca r r i ed  out in carbon te t rachlor ide ,  acetic acid, and diethyl ether  at --20 to 75~ at various c o m -  
ponent ra t ios .  In all cases ,  despite considerable changes in the react ion conditions, one observes  the 
format ion of p r imar i ly  one bromination product with mp 103-105 ~ (VI), the yield of which varied.  It should 
be noted that the o rder  of mixing of the components does not affect the product yields.  The bromination 
proceeds mos t  favorably at +20 ~ in CC14 and at a s tar t ing component ratio of 1 : 1. A study of the compos i -  
tion and s t ruc ture  of VI indicates that it contains two bromine atoms and a free vinyl group.  Molecular  
bromine apparently reac ts  with the unshared electron pair  of the nitrogen atom. Complex VI markedly  
lowers the react ivi ty  of the vinyloxy group with respec t  to electrophil ic  reagents ,  and subsequent addition 
of bromine to the C = C  bond is not observed.  The IR spect roscopic  data conf i rm this direct ion for the p r o -  
ce s s .  The bands at 860, 930, 1640, and 3110 cm -1, which cha rac te r i ze  vibrations of the vinyl group, are r e -  
tained in the spec t rum of VI. Shifts in the ring bands (1378 ~ 1340, 1470 -~ 1500, and 1585 ~ 1570 cm -1) are 
observed along with a reduct ion in their  intensit ies,  The band at 1268 cm -1, which is due to the vibrat ions 
of the C - O - C  ether group in s tar t ing I, is shifted to 1225 cm -~ in VI. One can probably not exclude the 
part icipation of the unshared  pair  of oxygen in the formation of a complex with bromine.  The l iberation of 
a slight amount of a viscous m a s s  which has great  adhesion to glass is observed during the react ion.  Com-  
pound VI is quite soluble in water  and alcohol, part ial ly soluble in acetone, and insoluble in deithyl e ther .  

The introduction into the I molecule of a benzene ring condensed with it and an e lect ron-donat ing 
methyl  substituent in the para  position to the nitrogen (II) p romotes  a change in the direct ion of the b romina -  
t ion. The polar izabi l i ty  of the e lectron cloud of the molecule apparently inc reases  markedly  in this case to 
favor  an increase  in the react iv i ty  of the double bond of the vinyl group. Additional feeding of e lect rons  to 
the pyridine ring makes possible the addition of bromine to the C --~C bond to form 2-(~,fi -d ibromoethoxy)-  
lepidine (VII). One cannot exclude the possible interaction of excess  bromine with the ni trogen atom. 
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Fig .  1. PMR spec t r a :  a) N-v iny l -2 -pyr idone  (IV); b) N-(c~,fl-di-  
b romoe thy l ) -2 -py r idone  (IX) 20 rain af ter  d issolving in CD3OD; c) 
IX, 1 ~ a f t e r  dissolving in CD3OD; d) IX af te r  4 h. 

o, 
., OCH=CH~ / v "N- O C H - - C H  2 / N-OCHBr--CH2B r 
~2 v, " L iir2 ......... /ra'J v,I 

V l l a  

We propose  that  b romine  adds according  to the usual  scheme  of a two-s tep  reac t ion  with par t ic ipa t ion  
of an in te rmedia te  ca rbonium ion which has  "b romonium"  c h a r a c t e r  (VIIa) [5]. The coordinat ion fo rces  in 
the complex  are  des t royed  under  the influence of po la r  solvents  such as ethanol.  A conf i rmat ion  of  this is 
the fact  that  the product  of the b romina t ion  of II i so la ted  f rom the reac t ion  mix tu re  ini t ial ly has an e levated  
pe rcen tage  of b rom i ne  (which amounts  to 54% or  higher) ;  the composi t ion  changes a f te r  washing Of the p r e -  
cipi tate  with alcohol,  and the pe rcen tage  of b romine  becomes  47%, which c o r r e s p o n d s  to two bromine  a toms 
pe r  mole  of II  (VII). The bands at 3120, 1648, and 947 cm -1, which a re  due to the v ibra t ions  of a t e rmina l  
C = C  bond, have comple te ly  d i sappea red  in the IR spec t rum of VII; this also a t tes t s  to the par t ic ipa t ion  of 
the vinyl group in the reac t ion  With b romine .  

The b romina t ion  of III,  in which the vinyl group is s i tuated in the ring which does not contain ni t rogen,  
p roceeds  in a m o r e  complex  fashion.  R e g a r d l e s s  of the reac t ion  t e m p e r a t u r e  {which ranges  f rom -10  to 
20 ~ and the component  ra t io ,  a mix tu re  of products  which contains f rom 45 to 66% bromine  is  fo rmed .  The 
IR s p e c t r a  of b romina ted  III  constant ly  contain a band of medium intensi ty  at 1630 c m  -1. On the bas i s  of an 
invest igat ion of the p r o p e r t i e s  of the compounds and the i r  IR spec t r a ,  we p ropose  that the bromina t ion  of III 
p roceeds  at two reac t ion  cen te r s  through f l -e l imina t ion  of ethoxyquinoline d ibromide .  
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The p r e sence  of a complex  of I~  with Br2, fo rmed  due to the unsha red  e lec t ron  pa i r  of ni t rogen,  is also 
poss ib le  in the reac t ion  mix tu re  of products .  It  is difficult to isola te  individual compounds f rom this c o m -  
plex mul t icomponent  m i x t u r e .  

In con t r a s t  to I, N-v iny l -2 -pyr idone  (IV) adds b romine  at the double bond at 20 ~ and a component  ra t io  
of 1 : 1  to fo rm N-(ce , f l -d ibromoethyl ) -2-pyr idone  (IX). 

PMR spec t roscopy  was used  to e s t ab l i sh  the s t ruc tu re  of IX. The spec t rum of IV cons i s t s  of seven 

groups  of l ines (Fig. l a ) .  The/3 protons  (, " ~ , C ~ c / H ~  of the vinyl group (6 A 4.90 ppm, 6 B 5.34 ppm) 
~tax / \ H A l  

resona te  at s t ronges t  field, while the H(5 ) (6.10 ppm), * H(3 ) (6.37 ppm), H(4 ) (7.23 ppm),  H X (7,45 ppm), 
and H(6 ) (7.63 ppm) s ignals  a re  m o r e  on the weak- f ie ld  s ide .  Moreove r ,  the two e x t r e m e  l ines of the H X 
signal  a re  supe r imposed  on the H(6 ) and H(4 ) s ignals ,  thereby  dis tor t ing them.  The mul t ip l ic i ty  of the s ig -  
nals  is due to the s p i n - s p i n  in te rac t ion  of the co r respond ing  protons  and is c h a r a c t e r i z e d  by the following 
in te rac t ion  constants :  JAX = 9, JBX = 15, JAB = 1.5, J u  = 9, Ja5 = J58 = 7, Ja6 = 1.5 Hz. The invest igat ion 
of the PMR s p e c t r u m  of IX conf i rms  the fo rmat ion  of N-(~,~3-dibromoethyl)pyr idone.  However ,  i ts  s p e c -  
t r u m  contains cons iderabIy  m o r e  resonance  l ines  and, in addition, the in tens i t ies  of some s ignals  de c r ea se  
with t ime ,  while those  of o the r s  i nc rea se  (Fig. l b  and c). Under  the conditions used to m e a s u r e  the s p e c -  
t r u m  in CD3OD , the fo rmat ion  of a side product  - t h e  deutera ted  methoxybromide  of 2-pyr idone  (X) - was 
poss ib le .  

C H  3 CIt3 
I 

J I I 
CHOCD3--EH2Br CH Br--CH2gr CItBr_CH2B r 

X Xl 

The fact  of the subst i tut ion of b romine  on introduction into the reac t ion  of fore ign nucleophi les  was 
well  es tab l i shed  in s tudies  of the bromina t ion  in methanol  of other  ~,/3 -unsa tu ra ted  compounds [5]. The r e -  
p l acemen t  of b romine  by an OCD 3 group leads  to a change in the chemica l  shif ts  and s p i n - s p i n  in te rac t ion  
cons tan ts .  The red is t r ibu t ion  of the signal in tens i t ies ,  however ,  is evidence that  subst i tut ion of b romine  
p roceeds  gradual ly  with t ime .  Cons ider ing  what has  been s ta ted  above, we will i n t e rp re t  the spec t rum of IX 
disso lved  in CDsOD3(Fig. lc )  in the following way. The methylene  protons  of IX, which fo rm an AB sys t em,  
r e sona t e  at the s t ronges t  field.  The s ignal  of one of them is r e p r e s e n t e d  by a quartet  (5 4.18 ppm),  while 
that  of the o ther  is a t r ip le t  (6 4.48 ppm). The mul t ip l ic i ty  of these  s ignals  is  due to s p i n - s p i n  in te rac t ion  
of these  protons  with each  other  and with the proton of the CHBr  group, the s ignal  of which (6 7.02 ppm) is a 
quar te t  [JAB = JA (B)X = 11 Hz, JB(A)X = 5 Hz] for  the same  reason .  The methylene  protons of X, however ,  
r esona te  a t w e a k e r  f i e ld  (6 5.39 ar/d'5.66 ppm).  Moreover ,  the s ignals  of both protons a re  quar te t s ,  which 
indicates  a change in the c h a r a c t e r  of the ro ta t ion  about the C H - C H 2 B r  bond in X as c o m p a r e d  with IX and, 
consequent ly,  a p r e f e r r e d  re la t ive  posi t ioning of the AB and X protons  (JAB = 11 Hz, JA03)X = 7.5 Hz, and 
JB(A)X = 3 Hz). The s ignals  of the r ing protons [H(3 ) and H(s)] of IX through super impos i t ion  give a mul t ip le t  

*The shifts (or) a re  indicated in p a r e n t h e s e s .  

TABLE I. Products of the Bromination of Vinyl Derivatives of the 
Pyridine and Quinoline Series at 20 ~ 

Comp. 

VI 
VII 

VIII  
IX 
XI 

mp 

103--105 
143--145 
160--185 
85--88 

115--120 

Empirical formula 

CvHTBrgNO 
C~2H.Br~NO 
CI~HsBrNO - HBr 
CvHTBr~NO 
C24H22Br~N202 

found 

58,6 
47,2 
46,I 
57,2 
55,6 

Br, % 

CalC. 

56,9 
46,3 
48,3 
56,9 
56,4 

Yield, % 

88 
65 
63 
71 
62 
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at 6.36-6.52 ppm.  The mul t ip l ic i ty  of the signal at 7.31-7.87 ppm is due to super impos i t ion  of the s ignals  
of the H(4 ) and H(6 ) pro tons  of IX as well as the H X signal  and the H(3 ) and H(5 ) protons of X. Finally,  the 
doublet and t r ip le t  at weak field (6 7.90 and 8.51 ppm, J56 = 7 Hz, J34 = J45 = 9 Hz) belong to the H(6 ) and H(4 ) 
protons  of X. 

The IR s p e c t r u m  of IX does not contain absorpt ion bands cha r ac t e r i s t i c  for  the vinyl group, while the 
band pecu l i a r  to the carbonyl  group becomes  na r row  and intense at 1680 cm -1. 

According to the r e su l t s  of e l e m e n t a r y  analys is ,  b romina ted  V contains three  bromine  a toms per  
molecu le .  It is poss ib le  that the second b romine  molecu le  is coordina te ly  bonded to the carbonyl  groups of 
two molecu le s  of V. The IR s p e c t r u m  of XI does not contain f ree  vinyl group peaks,  while the f requency of 
the C -----O v ibra t ions  is  shif ted to 1610 cm -1. 

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

Bromina t ion  of 2-Vinyloxyprydine (I). A solution of 1.7 ml  (0.01 mole) of I in 40 ml  of CC14 was added 
dropwise  at -20  ~ in the cour se  of 45 rain to 0.73 ml  (0.01 mole) of b romine  in 50 ml  of CC14 with constant  
s t i r r i ng .  The b romine  co lor  vanished at the end of the reac t ion .  The ca rbon  t e t r ach lo r ide  was r emoved  in 
vacuo at r o o m  t e m p e r a t u r e  to give 3.49 g (86%) of VI, which was d isso lved  in ethanol and prec ip i ta ted  with 
diethyl e the r  to give a product  with mp 102-105 ~ Found %: C 29.1; H 2,8; Br  57.2. CTHTNO �9 Br  2. Ca lcu-  
l a t ed%:  C 29.9; H 2.51; Br  56.9. 

React ion of 8-Vinyloxyquinoline (iiI) with Bromine .  A solution of 2.3 g (0.01 mole) of III in 40 ml  of 
CC14 was added dropwise  at -10  ~ to a solution of 2.1 g (0.01 mole) of b romine  in 60 ml  of CC14. An orange 
p rec ip i t a te  f o r m e d  and was repea ted ly  washed with CC14 and diethyl e ther  to give 1.5 g of b romina ted  III 
w i t h m p  89-90 ~ . Found%:  C 25.9; H 1.8; Br  66.1. CIIH9NOBr 4. Ca lcu la ted%:  C 26.9; H 1.9; Br  65.1. 

N - ( ~ , ~ - D i b r o m o e t h y l ) - 2 - p y r i d o n e  (IX). This  was obtained by dropwise  addition of 0.87 ml  (0.016 
mole) of b romine  in 40 ml  of CC14 to 2 g (0.016 mole) of IV in 20 ml  of CC14 in the cour se  of 1 h at 20 ~ 
Co lo r l e s s  c r y s t a l s  p rec ip i t a t ed  f r o m  the solution and were  washed with CC14 and absolute diethyl e the r  and 
vacuum dr ied  to constant  weight to give 3.3 g of IX ~ a b l e  1). 

The b r o m i d e s  of vinyl de r iva t ives  of 2-hydroxylepidine  and 8-hydroxyquinoline (VII, VIII, and XI, 
Table  1) were  s i m i l a r l y  obtained at 20 ~ 

The PMR s p e c t r a  we re  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r  at room t e m p e r a t u r e .  Hexamethy l -  
dis i loxane was used  as the in terna l  s tandard .  The in tegra l  in tensi t ies  of the s ignals  were  taken into account 
in in te rpre t ing  the s p e c t r a .  Since we did not d i scuss  the absolute chemica l  shif ts ,  the AB par t  of the ABX 
s y s t e m  was analyzed using the AX approximat ion  [6]. 
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