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

The IR spec t r a  were  obtained on a UR-20 s p e c t r o m e t e r  as a thin layer .  

1, 3 -Dich loro isopropoxydimethyle thynyls i lane  (I). A m i x t u r e o f  6.3 g of 1, 3-d ichloro isopropanol ,  8 g of 
d imethyle thynyhnethoxys i lane ,  and 0.05 g of p- to luenesul fonic  acid was ref luxed in the pot of a f ract ionat ing 
column, and the l ibe ra ted  methanol  and excess  d imethyle thynylmeth0xysi lane  were  dis t i l led off. Dist i l la t ion 
of the res idue  gave  7.0 g (66~5%) of (I) (Table 1). 

Compounds (II)-(VH) were  obtained in a s i m i l a r  manne r  (Table 1). 

C O N C L U S I O N S  

Some e thynyl(organoxy)s i lanes  were  obtained by the t r anse the r i f i ca t ion  of CH30(CH3)2SiC - CH with 1, 3-  
d ich loro isopropanol ,  4-i0dophenol,  and 3, 5-xylenol,  of CH30(CH3)Si(C- CH)2 with ethanol ,  of CH30(CH3)Si(CH= 
Ctt2) ( C -  CH) with ethanol and propanol ,  and ol CH 3(CH30 ) 2SIC-: CH with butanol. 
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A study of the e lec t rophi l ic  subst i tut ion of hydroxypyr id ine  acids is  of i n t e re s t  for  elucidating the effect  
of the COOH group  on the reac t iv i ty  of the hydroxypyr id ine  ring and the d i rec t ion  of e lec t rophi l ic  react ions.  
The data given in [1-6] tes t i fy  to a different  r eac t iv i ty  of the a - ,  ~- ,  and 7 -hydroxypyr id inecarboxyl ic  acids.  
Bes ides  this ,  the posi t ion of the COOH group also exe r t s  a substant ia l  effect  on the ease  with which e l ec t ro -  
philic subst i tut ion p r o g r e s s e s .  Thus,  the e lec t rophi l ic  r eac t ions  of 5-hydroxynicot inic  acid p roceed  only in 
the 6 posi t ion [5]. At the s ame  t ime,  5-hydroxypicol inic  acid a lso  f o r m s  the b i s - subs t i tu ted  de r iva t ives  when 
iodinated [6]. 

We studied the e lec t rophi l ic  r eac t ions  of 3-hydroxyisonicot in ie  acid (I) and i ts  ethyl e s t e r  (H). The 
halogenation of (I) was studied on the example  of iodination, which was run in the p r e sence  of bases .  

It p roved  that,  depending on the reac t ion  conditions and ra t io  of the reac tan t s ,  e i ther  the mono-  or  diiodo 
de r iva t ives  of (I) can be formed.  Thus,  the iodination of (I) at ~ 20~ in aqueous ammonia  solution leads 
mainly  to iodide (HI). 2, 6 -Di iodo-3-hydroxyisonico t in ic  acid (IV) is  fo rmed  in high yie ld  when (I) is  heated 
in Na2CO 3 solution with excess  I2 and KL The iodination of (II) under  these  conditions is  accompanied  by 
saponif icat ion of the e s t e r  group. The s t ruc tu re  of iodo der iva t ives  (HI) and (IV) was es tab l i shed  via the NMR 
spec t ra .  

I n s t i t u t e  of Chemica i  Phys ics ,  Academy of Sciences of the USSR, Moscow. T rans l a t ed  f rom 
I z v e s t i y a A k a d e m i i  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 2, pp. 452-454, F e b r u a r y ,  1977. Original  
a r t i c l e  submit ted  Ju ly  15, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part 
[of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $Z 50. 

408 



TABLE i 
COOR ~ 

/~%/0H 

C o m -  

pound  

(I) 
flI) 

(III) 
(IV) 
(v) 

(vI) 

(vii) 
(viii) 

(Ix) 

(x) 

(xI) 
(XlI) 

(XlII) 

(x~v) 

R' 

H 
H 

I 
I 
CH~--N(Cllsb 

/ - - - %  
CHrN\__/O 

NO~ 

--N=N--~>--NO = 

- = . , - \ _ _ . / -  

-- N=N<_~_~--OCH, 

NO= 

N--N //---- ~ _ _ --\=/-- 

--N--N ~--~--Br - --\~/ 

R 2 R ~ 
Yield, m p . '  C 
% 

97 

312 
35 

242-243 
158-159 
230-231 

259-260 

18t-t82 
229~230 

219'220 

t95-196 

t63-t6~ 

52,0-52,~ 

69 -70 

85-86 

5,46 
1,93 
0,97 
6,48 

6,t2 

2,42 
4,t2 

2,96 

2,83 

4,28 

3,92 

4,54 

3,62 

Empirical  Calcu lated,% 

formula c H m H~ [ ~) [ 

C6HzO3N 
CsHgOaN 

C6H403NI 
C~t{~O~NI~ 
ColI,~O~N.~ 

27,t6 
t8,41 
56,77 

55,50 

39,t0 
59,30 

50,00 

44,70 

57,14 

45,28 

62,00 

48,00 

F ou nd, ~1o 

C II 

C,~H4OsN2 

C~..II~O3N3 

C,2H~0~N4 

C,..II~O3N3Br 

C,~HI~O4Ns 

Cs~I~O~N2 

C~I!aOaN~ 

C~I,~O3N~Br 

459 

3,43 

8,t2 s 
8,t7 s 

NMR spectrum, 5 pp: 

7, d 
7, d 

7, d 
7, s 
7, d 

7, d 

7, d 

other 
groups 

7,28 d 

7,99 d 

7 06 d N(CI-h)~ 2,27 S 
' CH~ 3,60 S 

7 5t d N(  CH' 
2,6t m 

"CHz 

0/CH~ 3 ~18 \CH~ ' m 

[ CHz 3,(;,;J S 

I 

7,45 .d CCHH: i,iL~ t 3,58 q 
t 

, t  

i 
!SSCC 
iJss, Hz 

5,0 
5,0 
4,5 

5,0 

5,0 

5,0 

4,0 

COOR C00H COOR 
I OH I OH 1 OH 

\ f \  / \ / / %  \ ~ \  
N I I N I N N0~ 

( l i d  ]' (IV) ~ (VII), (XII) 
COOR 

\ / /  
N 

R = H (It, C2H5 (II) 

tl COOR COOH 
, ] O H  I OH 

~N~lq =N--Ph N CH~--NRz 
(VlII)--(XI), (XHI)--(XIV) (V), (VI) 

In contras t  to iodination,  both the aminomethylat ion  and azo-coupl ing  of (I) and (II) proceed  only in the 
2 posi t ion,  i . e . ,  al l  of the studied f i -hydroxypyridinecarboxyl ic  ac ids  exhibit the same  react ivi ty  in. these  
reac t ions  [5, 6]. The s tructure  of the end products  was  c o n f i r m e d  by the IR and NMR spectral  data. 

However ,  3 -hydroxy i son ieot in ic  acid exhibits  a grea ter  react iv i ty  in nitration. If 5 -hydroxypieo l in ic  
acid f a i l s  to nitrate,  whi le  5 -hydroxynicot in ie  acid i s  nitrated under very  drast ic  condit ions  to g ive  the ni tra-  
t ion product  in low y ie ld  [5, 6], then the nitrat ion of (I), and e spec ia l l y  of (II), proceeds  under l e s s  drast ic  
condit ions  and g ive s  a s o m e w h a t  better  y i e ld  of the ni tro  products  when compared  with the indicated acids.  
2 - N i t r o - 3 - h y d r o x y i s o n i c o t i n i c  acid (VII) and its  e s t e r  (X/I) are formed  here ,  whose  s tructure  was  conf i rmed  
by the IR and NMR spectra l  data. 

A s  a resul t ,  a study of the e l ec trophi l i c  substitution of /3 -hydroxypyrid inecarboxyl ic  ac ids  t e s t i f i e s  t o  
the fact  that the e lec trophi l i c  attack of all  of  the studied ac ids  i s  init ial ly d irected  to the o -pos i t i on  relat ive  
to the OH group. Substitution of the p -pos i t ion  re lat ive  to the OH group i s  pos s ib l e  only when the COOH group 
i s  located  m e t a  to the OH, and i s  observed  only in the iodination react ion.  
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E X P E R I M E N T A L  

The NM_R spect ra  were taken on a HA-100 spec t romete r  at 29 ~ The compounds were studied as 5-8% 
solutions in 1 N NaOD solution; the internal  s tandard was dioxane. The  values of the chemical  shifts are  
expressed  on the 5 scale,  with an accuracy  of • 0.02 ppm. The IR spect ra  were taken on a UR-20 instrument.  

Ethyl 3-Hydroxyisonicot inate  (II). A solution of 0.036 mole of (I) in 35 ml of alcohol, 20 ml of conc. 
H2SO4, and 20 ml of benzene was heated for 4 h on the s t ream bath, cooled, poured on ice, neutral ized with 
aqueous NH 3 to pH 3, ext rac ted  with ether,  and the ether  extract  was dried, the solvent was removed in vacuo, 
and the residue was sublimed in a high vacuum. 

Iodination. To a solution of 7.2 mmoles  of (I) in 25 ml of 109~ aqueous NH 3 so lu t  ~n was added a mixture 
of 0.8 g of 12 and 0.9 g of KI in 5 ml of water ,  and the mixture  was let stand overnight. The mixture was 
fi l tered,  the mother  l iquor was neutral ized with dilute H2SO 4 solution, and the obtained precipi tate  was 
separated,  washed with water,  and r ec rys t a l l i zed  f rom water. 

To a solution of 7.2 mmoles  of (I) in 25 ml of 10% aqueous Na2CO 3 solution was added a mixture of 1.6 
g of 12 and 1.8 g of KI in 10 ml  of water ,  and the react ion mixture was refluxed on the water  bath for 3 h, af ter  
which it was cooled, f i l tered,  the mother  liquor was neutra l ized with dilute H2SO 4 solution, and the obtained 
precipi ta te  was separa ted  and rec rys ta l l i zed  f rom water.  

Aminomethylation.  To a solution of 3.6 mmoles  of (I) in 5 ml of water  was added an equimol~r amount 
of the secondary  amine and 30% aqueous CH20 solution. The mixture was heated for 4h  at 100-120 ~ and then 
the solvent was removed in vacuo. We obtained Mannich bases  (V) and (VI). 

Azo-Coupling. With s t i r r ing,  to a solution of 7.2 mmoles  of ei ther  (I) or  (H) in 50 ml of 10% KOH solu- 
tion, cooled to 5-10 ~ were added a solution of the diazo component (7.2 mmoles)  and KOH solution in such 
manner  that the pH of the medium remained  in the range 8-9. The react ion m a s s  was kept for  1 h, fi l tered, 
the mother  l iquor was neutra l ized with dilute H2SO 4 solution, and the obtained precipi tate  was separated,  
washed with water,  dried, and r ec rys t a l i i zed  f rom alcohol. 

Nitration. To a solution of 3.6 mmoles  of (I) in 3 ml of conc. H2SO 4 was added a ni trat ion mixture,  
composed of 0.25 g of HNO 3 (d = 1.5) and 0.25 g of conc. H2SO4. The react ion m a s s  was s t i r red  for  5h at 
100 ~ cooled, poured on ice, and the obtained precipi tate  was separated,  washed withwater ,  and recrys ta l l i zed  
f rom water.  Nitro derivat ive (VII) was obtained. The nitrat ion of (II) was run in a s imi lar  manner ,  but at 
50 ~ . 

The yields and constants  of all of the obtained compounds are  given in Table 1. 

C O N C L U S I O N S  

The aminomethylation,  azo-coupling,  and ni t rat ion of 3-hydroxyisonicotinic acid and its es te r  are  
di rected to the 2 position, whereas  their  iodination proceeds  with the formation of the 2-iodo and 2, 6-diiodo 
derivatives.  
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