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C O M P L E X E S  OF  2 - A M I N O P Y R I D I N E  AND I T S  S U B S T I T U T E D  

D E R I V A T I V E S  W I T H  I O D I N E  

N. O.  S a l d a b o l  UDC 547.822.7 : 541.49 

Depending on the amount of halogen used, 2-aminopyridine and its r ing-substi tuted der iva-  
tives form complexes with 1 or  2 moles of iodine. In the p resence  of hydriodic acid, one 
equivalent of acid is included in the complex. 2-Amino-3,5-dibromopyridine  forms a com- 
plex with 1 mole of iodine even in the presence  of excess  iodine or  in the presence  of HI. 
According to the IR spectra,  the iodine in the complexes is coordinated with the ring ni t ro-  
gen atom. 

A la rge  amount of r e sea rch  has been devoted to the study of complexes of pyridine and its a lkyl-sub-  
stituted derivatives {I) with iodine; however, information on complexes of 2-aminopyridine {IIa) is extremely 
limited. According to [1], base IIa forms a complex of the IIa" 12 type on react ion with a solution of KI 3 or  
of hydrogen peroxide in a solution of hydriodic acid. The UV spect rum of this complex is presented in [2]. 
Complexes of base IIa with IC1 [3] and Pt 2+ [4.6], Ag +, and Cu 2+ [7] salts have also been described.  

We have found that IIa and its r ing-substi tuted derivat ives fIIb-f) react  with iodine to give complexes 
of several  types, which are  shown in the scheme in Table 1. The complexes were obtained by the action 
of KI 3 on base II in water  (method A) or  in hydriodic acid (method B) and also by the action of hydrogen 
peroxide on solutions of the bases  in hydriodic acid (method C). 

The composit ion of the complex depends on the amount of iodine used in the reaction, the ring sub- 
stituents, and the charac te r  of the medium. Complexes of the general  type II" 12 a r e  formed in all cases  
in the react ion of an equimolar amount of iodine by method A, whereas excess iodine leads to I I .  2I 2 com-  
plexes. However, in the case of 2-amino-3,5-dibromopyridine  {IIe) the IIe "I 2 complex is obtained even 
when 3 moles of iodine are  used. 

In hydriodic or  hydrochloric  acid solutions base IIa reacts  with KI 3 solution to give IIa- 12 �9 HI. H20 
or  IIa �9 2I 2 �9 HI complexes depending on the amount of iodine used, monohalo-substi tuted IIc and IId form 
complexes only of the I I .  12 �9 HI" H20 type even in the presence  of excess iodine, and dibromo substituted 
He forms a IIe" 12 complex. 

R ~ N H ~  

i I  a-f 

II.i 2 l l . l l  2 II, 12.HI.H20 11-212- HI II a. ICI. ItCI 

II a R=H;  b R=3-CH3; c R - 5 - I ;  d R=5-CI; e R=3,S-Br2; f R=S-NH 2 
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Similarly, in hydriodie acid with excess bromine the lat ter  base gives a I Ie .  Br 2 complex. The reaction of 
base IIa with an equimolar amount of iodine monochloride in hydrochloric acid gives the IIa .  IC1 �9 HC1 com- 
plex. 

Depending on the amount of iodine l iberated by the peroxide, IIa-  12 �9 HI  �9 H 2 0  and IIa .  2I  2 �9 HI complexes 
are  also obtained by the action of hydrogen peroxide on a solution of IIa in hydiodic acid. However, in the 
case of 2-amino-5- iodopyridine  ((IIc), the IIc-  12 �9 HI. HzO complex is precipitated even when excess peroxide 
is present .  

The hydriodide, diiodide, or  tetraiodide s t ruc tures  of the complexes of IIa with iodine obtained in 
hydriodie or  hydrochloric  acid solutions by the action of KI 3 and also in hydriodic acid solution by the addi- 
tion of peroxide are  confirmed by the resul ts  of e lementary analysis and also by their  conversion, accord-  
ing to the resul ts  of th in- layer  chromatography {TLC), on success ive  t rea tment  with sodium thtosulfate 
solution and ammonium hydroxide to start ing base IIa. Thus the 5 position is not iodinated by the action 
of iodine on base IIa in acidic media; this refutes the l i te ra ture  data [1]. 

Compound IIc is formed on t rea tment  of the iodine complexes of IIa obtained in this r e sea rch  with 
aqueous solutions of alkali hydroxides, and the yield f rom the IIa �9 2I 2 �9 HI complex is 80~/0, while the yield 
f rom the IIa-  12 complex, according to [1] and our observations,  is only 50% 

,212.H | NaOH I ~  
NH~ NH 2 

IIC 

, •  N a O H  I ~ |  

NH 2 NH~," 212"HI ~ NH~ NIt 2 

I I I  

The 2, 6-diaminopyridine complex ([If) under s imi lar  conditions forms 2,6-diamino-3,5-diiodopyridine (III), 
whereas the complexes of the 5-iodo- and 3,5-dibromo-subst i tuted derivatives of IIa (IId and IIe) are  con- 
verted to the start ing bases .  

Data f rom the IR spectra  of 2-aminopyridine ([Ia) and its 5-iodo- (IIc) and 2,3-dibromo-subst i tuted 
{IIe) derivatives and their  complexes are  presented in Table 2. The absence in the case of IIa of a substan- 
tial shift of the Vas and v s bands of the amino group during complexing with iodine makes it possible, in 
analogy with [7, 8], to conclude that complexing occurs  p r imar i ly  at the ring nitrogen atom rather  than at 
the amino group. The shift in the band at 990 cm -1 in the spect rum of IIa to 1010 cm "~ in the spect ra  of 
its complexes with 1 and 2 moles of iodine, which is s imi la r  to the shift observed during the formation of 
complexes of pyridine with iodine and iodine monochloride [9], also constitutes evidence that complexing 
occurs  p r imar i ly  at the ring nitrogen atom. Similar  shifts in this region are  also observed during the for-  
mation of complexes of IIc and IIe. Instead of the split band (1325-1340 cm -j) that is present  in the spec-  
t rum of amine IIa, the IR spect ra  of its complexes ffIa �9 12 �9 H 2 0  and IIa .  212), a s  in the case of complexes 
with divalent copper salts [7], contain a single band (1325 and 1320 cm -I, respectively).  The 400-800 cm -1 
region, where a reduction in the number of bands and a shift to the low-frequency region are  observed, 
proved to be important for the character iza t ion of the complexes.  

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

The amount of complexed iodine and bromine was determined by the method in [10]. The melting 
points were measured with a Boetius microhea te r  and were not correc ted .  The IR spectra  of mineral  oil 
suspensions (400-2000 cm-1) and hexachlorobutadiene suspensions (2000-3600 and 1300-1500 cm -1) of the 
compounds were  recorded with a UR-20 spec t rometer .  Chromatography was accomplished with Silufol UV- 
254 in benzene -e thy l  acetate (3 : 1), b e n z e n e - d i o x a n e - g l a c i a l  acetic acid (100 : 20 : 5), and c h l o r o f o r m -  
methano l -g lac ia l  acetic acid (75 : 20 : 5) sys tems.  

Complexes. Method A. Ice was added to an aqueous solution or  a fine suspension of 10 mmole of 
base II, after  wh[ch a solution consisting of 2.54 g (10 mmole) of iodine, 4 g of potassium iodide, and 10 ml 
of water  was added with s t i r r ing.  After 0.5 h, the resulting precipi tate  was removed by filtration, washed 
with ice water, and dried successively in a i r  and above sulfuric acid. 

Twofold or threefold quantities of iodine and potassium iodide were used for the preparat ion of the 
tetraiodides.  
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The complexes of the II" I2 and II .  2I 2 type were black (brown in the case  of IIc) amorphous powders 
that were insoluble in water  and quite soluble in organic solvents and incapable of prolonged storage.  The 
complexes of base IIa were par t icu lar ly  unstable and decomposed to iodine, the s tar t ing base, and its 5- 
iodo-substi tuted derivat ive (IIc) af ter  3-4 days in air  or  in a des icca tor  over sulfuric acid. The IIb�9 2I~ 
complex behaved s imi lar ly .  The halogen-substi tuted bases  (IIc, IId, and IIe) are  relat ively Weak complex - 
ing agents. In contras t  to the complexes of IIa, the i r  complexes lost iodine even on t rea tment  with 25% 
aqueous potass ium iodide. 

Method B. The react ion was car r ied  out with 10 mmoie  of the base dissolved in 10 ml of 40% hydriodic 
acid or  36% hydrochlor ic  acid as descr ibed above. 

Method C. Ice was added to a solution of 6 g (6.3 mmole) of IIa in 38 ml of 40% HI, after  which 5 
mmole  or, respect ively,  12 or  18 mmole  of 3% hydrogen peroxide was added, and the result ing precipitate 
was separated and washed with ice water .  

The hydriodide complexes  were obtained as dark Crystals with a graphite lus te r  in the case of com- 
plexes of the II- 12 �9 HI �9 H20 type or  a ye l low-greenish  luster  in the case  of complexes of the II .  2i 2 �9 HI type; 
they were quite soluble in organic solvents and only slightly soluble in water and could be s tored sa t is fac-  
tori ly.  An iodine molecule was lost  when the I Ia .  2I 2 �9 HI complex was washed with 25% potass ium iodide 
solution. 

2-Aminopyridineiodinium Chloride Hydrochloride (IIa" IC1-HC1). A 0.42-ml (10 mmole) sample of 
iodine monochloride was added to a solution of 0.94 g (10 mmole) of base IIa in 10 ml of concentrated HC1, 
after  which the result ing shiny black precipi ta te  was removed by fil tration to give 1.6 g (54%) of a product 
with mp 122-124 ~ (dec.). Found: C 20.8; H 2.5; N9.3%. CsH6N2-IC1.HC1. Calculated: C 20.6; H 2.4; 
N 9.5%. 

2-Amino~3,5-dibromopyridine Dibromide (IIe. Br2). A 1.27-m1 (25 mmole) sample of bromine was 
added to a solution of 2.52 g (10 mmole) of IIe in 10 ml of water and 3 ml of 40% hydrobromic acid. The 
initially formed resinous mass  began to c rys ta l l ize  in the course  of 2 h. The result ing yel low-brown c rys -  
tals were removed by fi l tration and washed with water  to give 3.79 g (92%) of a produce with mp 110-114 ~ 
(dec.). Found: C 14.1; H 1.1; f ree  Br 39.0; N 6.6%. CsHaBr2N 2-Br  2. Calculated: C 14.5; H 1.0; free Br 
38.6; N 6.8%. 

2-Amino-5- iodopyr id ine  6Ie). A 37.6-g (50 mmole) sample of the I Ia .  2I 2. HI complex was s t i r red 
with 400 ml of 10% aqueous sodium hydroxide solution until the black lumps disappeared.  The brown pre -  
cipitate was removed by fi l tration to give 8.8 g (80%) of a product with nap 128-129 ~ (from benzene), in 
agreement  with the data in [1]. Found: C 27.1; H 2.2; N 12.5%. C5HsIN 2. Calculated: C 27.3; H 2.3; N 
12.7%. 

2,6-Diamino-3,5-di iodopyridine (III). A 10-g (1.34 mmole) sample of 2,6-diaminopyridine tetraiodide 
hydroiodide was mixed with 30 ml of 20% aqueous sodium hydroxide solution, and the resulting precipitate 
was removed by fi l tration to give 4.6 g (95%) of c r e a m - c o l o r e d  c rys ta l s  with nap 218-220 ~ (from dimethyl-  
formamide) .  Found: C 16.7; H 1.6; N 11.9%. CsH.sI2N 3. Calculated: C 16.6; H 1.5; N 11.6%. 
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