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COMPLEXES OF 2-AMINOPYRIDINE AND ITS SUBSTITUTED
DERIVATIVES WITH IODINE

N, O. Saldabol UDC 547,822,7:541.49

Depending on the amount of halogen used, 2-aminopyridine and its ring-substituted deriva-
tives form complexes with 1 or 2 moles of iodine. In the presence 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 nitro-
gen atom.

A large amount of research has been devoted to the study of complexes of pyridine and its alkyl-sub-
stituted derivatives (I) with iodine; however, information on complexes of 2-aminopyridine (IIa) is extremely
limited. According to [1], base Ila forms a complex of the IIa *I, type on reaction with a solution of KI; or
of hydrogen peroxide in a solution of hydriodic acid. The UV spectrum of this complex is presented in [2],
Complexes of base IIa with IC1 [3] and pt2t [4.6], Ag+, and Cu?* [7] salts have also been described.

We have found that Ila and its ring-substituted derivatives (IIb~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; on base II in water (method A) or in hydriodic acid (method B) and also by the actlon of hydrogen
peroxide on solutions of the bases in hydriodic acid (method C).

The composition of the complex depends on the amount of iodine used in the reaction, the ring sub-
stituents, and the character of the medium. Complexes of the general type II°I, are formed in all cases
in the reaction of an equimolar amount of iodine by method A, whereas excess iodine leads to 1I- 21, com-
plexes. However, in the case of 2~amino-3,5-dibromopyridine (Ile) the Ile -1, complex is obtained even
when 3 moles of iodine are used.

In hydriodic or hydrochloric acid solutions base Ila reacts with KI; solution to give Ia- I, HI- H,O
or IIa - 21, HI complexes depending on the amount of iodine used, monohalo-substituted IIc and IId form
complexes only of the I1-1, - HI - H,O type even in the presence of excess iodine, and dibromo substituted
Ile forms a Ile *I, complex.

Wa-f
g8la
) - :N
NG >4
o i
=3
e,  Me21,  MHEHO  He2LeHT W aciCh-HCl

HaR=H; b R=3-CHj; ¢ R=5-1; d R=5-Ck & R=35-Br,; { R=g-NM,

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. Translatedfrom Khimiya
Geterotsiklichsikh Soedinenii, No. 11, pp. 1534-1538, November, 1975. Original article submitted December
26, 1974,

©1976 Plenum Publishing Corporation, 227 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 of the publisher. A copy of this article is available from the publisher for $15.00.

1306



Sseb agy 0S¥ ey 0s¥y ae¥ (14
oys 506 ‘6vs 616 0vs 0Fa §6S %ES
Sv9 ap9 Ge9 029 S%9 089 . ag9
004 00L 089 099 a9 e — 4.9
08L 'Gv. i 8GL 084" 3L 83L "0sL 0L S96L ShL
064 - GlL 9L SLL 89L 99L SLL
088 §Z8 ‘068 0£8 0¥8 928 a8 08 098
S16 0e6 0g6 = - - - —
- 0go! §001 G001 166 0101 0101 066
- - 5601 0501 ‘0801 0601 - - -
Syt 0111 S¥i) 061} 0%11 0911 — -
0561 oGl G931 891 0931 Ga9g| G981 0861
el 0eet glgt Slel SIE] 0gel Seel ggel
08¢1 06t 06E1 - - - - el
- 9% S8b1 G871 a8yl 0051 06¥1 06v1
0est — 096t 0581 Lol 051 0951 961
019¢ 049 065t 84l 0681 0091 0681 0091
5991 0€91 0291 8191 ‘G¥O1 0¥91 0e91 0egl S691
0vee 00ee s0ee 08¢ee 0zee 0¥ee 0gee GGEE
2523 ogye 891¢ 068 o1ve 09ve 09v¢ o9ve
“g - a1l -9 21 101 o1 &g - By * Heen _ ®Bil

(; _tuo uj gotouanboal) soxofduro)) A19YJ, pue SoAljBALL
-9(1 pojmjnsqng s3I pue duipladdoulmiy~g jo B13oadg I ‘¢ ATVL

vy oo 0'89 1318 9' 0’29 1l g IH 418 *N‘HED 6698 vl g IH¥18- 311
6 e'g 20s | 80 | €1l 9'g 0’67 11 211 o -ENFIGTHED ¥9—19 g1l a'v ¢1-3]]
06 £G ogy | S gl 6% 9'Ly g1 £l O%H - [H- 1 *NID*HD 99—08 (AN g OFH-IH %] P11
(D) 18 “(8) 8 ¢y Ol ) €1 ) L6 £y GOy 0l S6 O*H-1H:*1-NJ*HED) 0.—89 31 o}:! O°H1H:%1-91]
85 6¢ €69 | 01 | €8 6'¢ 0'29 60 98 *13-NI*HED 89S 61 A g 011
£l 09 0'es 't | 63l 09 0'€s [N gl 5 ANIEHED Vg8 1] A o1
18 9y - €1 0 LI Sy — v Lyl 213 *NEH®D 1858 (AR \A *15-9q11
(D) ey (4) 08 8¢ <'69 01 | &8 8¢ €'0L 01 €8 TH - °15-SN°HED L9859 g1 o' IH 13- ®11
(0) o9 ‘(4) 98 L'g gig | L1 | el g'e 068 7'l 611 OH 1H-°1-*N°H®D 69—19 111 0'd O*H-1H:°]-®II
€8 9y £yg | 01 | 00l gy 0'eg o't 66 . 18- *N°H™D ¥9—-29 31 v 15 Bl
02 £ §69 | 15 | LSl 1L 0'0L 1'g g1 OH-*I-*N°HD 9959 1] v O°H-¥-¥1|
N 1993 1 w > | N _ 199y ~ 1 ‘ * (*o%i 10) &
ol *PIOTA . w ! h_ epnuio] Teotardinyg d . Js | 01 958q 91 JO vgmmE xardwon
. ﬁ % “pare[NOTED 0 ‘punog arai *9ad SOUEI IO aaneledaly

oUIPO] YIM S9ANEALIS(Q PONIIISNS 811 pue suplrfdouimy-g Jo sexa[dwo) 1 ATIVL

1307



Similarly, in hydriodic acid with excess bromine the latter base gives a Ile Br, complex. The reaction of
base Ila with an equimolar amount of iodine monochloride in hydrochloric acid gives the IIa-ICl - HCl com-
plex.

Depending on the amount of iodine liberated by the peroxide, Ila -1, HI - H,O and IIa - 2I, - HI complexes
are also obtained by the action of hydrogen peroxide on a solution of 1Ia in hydiodic acid, However, in the
case of 2-amino-5-iodopyridine (({IIc), the Ilc *I,- HI- H,O complex is precipitated even when excess peroxide
is present.

The hydriodide, diiodide, or tetraiodide structures of the complexes of IIa with iodine obtained in
hydriodic or hydrochloric acid solutions by the action of KI, and also in hydriodic acid solution by the addi-
tion of peroxide are confirmed by the results of elementary analysis and alsc by their conversion, accord-
ing to the results of thin-layer chromatography (TLC), on successive treatment with sodium thiosulfate
solution and ammonium hydroxide to starting base 1Ia. Thus the 5 position is not iodinated by the action
of iodine on base Ila in acidic media; this refutes the literature data [1].

Compound Ilc is formed on treatment of the iodine complexes of IIa obtained in this research with
aqueous solutions of alkali hydroxides, and the yield from the IIa.2I, *HI complex is 80%, while the yield
from the Ila -1, complex, according to [1] and our observations, is only 50%

|\ NaOH N
_ (21 HE ——— [
NZNH, NFNH,
ne
| o 21, 11 —2OH ll e
- PR TLLLLIN
NH,” ~N7 “NH, NH,““NZ NH,

The 2,6~-diaminopyridine complex (IIf) under similar conditions forms 2,6-diamino-3,5~diiodopyridine (III),
whereas the complexes of the 5-iodo- and 3,5-dibromo-substituted derivatives of Ila (IId and Ile) are con-
verted to the starting bases.

Data from the IR spectra of 2-aminopyridine (Ila) and its 5~iodo- (IIc) and 2,3-dibromo-substituted
(Ile) derivatives and their complexes are presented in Table 2. The absence in the case of IIa of a substan-
tial shift of the v,5 and vg bands of the amino group during complexing with iodine makes it possible, in
analogy with [7, 8], to conclude that complexing occurs primarily at the ring nitrogen atom rather than at
the amino group. The shift in the band at 990 cm™! in the spectrum of Ila to 1010 cm™! in the spectra of
its complexes with 1 and 2 moles of iodine, which is similar to the shift observed during the formation of
complexes of pyridine with iodine and iodine monochloride [9], also constitutes evidence that complexing
occurs primarily at the ring nitrogen atom. Similar shifts in this region are also observed during the for-
mation of complexes of Ilc and Ile. Instead of the split band (1325-1340 cm"l) that is present in the spec-~
trum of amine Ila, the IR spectra of its complexes (IIa+I,- H,O and Ila - 21,), as in the case of complexes
with divalent copper salts [7], contain a single band (1325 and 1320 em™!, respectively). The 400-800 cm™!
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 characterization of the complexes.

EXPERIMENTATL

The amount of complexed iodine and bromine was determined by the method in [10]. The melting
points were measured with a Boetius microheater and were not corrected. The IR spectra of mineral oil
suspensions (400-2000 em™!) and hexachlorobutadiene suspensions (20600-3600 and 1300-~1500 cm™!) of the
compounds were recorded with a UR-20 spectrometer. Chromatography was accomplished with Silufol UV~
254 in benzene—~ethyl acetate (3:1), benzene—~dioxane—glacial acetic acid (100:20:5), and chloroform—
methanol —glacial acetic acid (75:20:5) systems.

Complexes. Method A. Ice was added to an aqueous solution or a fine suspension of 10 mmole of
base II, after which a solution consisting of 2.54 g (10 mmole) of iodine, 4 g of potassium iodide, and 10 ml
of water was added with stirring. After 0.5 h, the resulting precipitate was removed by filtration, washed
with ice water, and dried successively in air and above sulfuric acid.

Twofold or threefold quantities of iodine and potassium iodide were used for the preparation of the
tetraiodides.
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The complexes of the II-1, and II- 21, 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 I1a were particularly unstable and decomposed to iodine, the starting base, and its 5~
iodo-substituted derivative (IIc) after 3-4 days in air or in a desiccator over sulfuric acid. The Ilb - 2I,
complex behaved similarly. The halogen-substituted bases (llc, IId, and Ile) are relatively weak complex-
ing agents, In contrast to the complexes of IIa, their complexes lost iodine even on treatment with 25%
aqueous potassium iodide.

Method B. The reaction was carried out with 10 mmole of the base dissolved in 10 m! of 40% hydriodic
acid or 36% hydrochloric acid as described above,

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

The hydriodide complexes were obtained as dark crystals with a graphite luster in the case of com-
plexes of the II-I,- HI - H,O type or a yellow-greenish luster in the case of complexes of the II- 21, - HI type;
they were quite soluble in organic solvents and only slightly soluble in water and could be stored satisfac-
torily. An icdine molecule was lost when the Ila - 21, - HI complex was washed with 25% potassium iodide
solution.

2-Aminopyridineiodinium Chloride Hydrochloride (IIa-ICl-HCl). 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 HCI,
after which the resulting shiny black precipitate was removed by filtration to give 1.6 g (54%) of a product
with mp 122-124° (dec.). Found: C 20.8; H 2.5; N9.3%. C;H;N,-ICl-HCl. Calculated: C 20.6; H 2.4;
N 9.5%.

2-Amino~3,5~-dibromopyridine Dibromide (Ile+Br,). A 1.27-ml (25 mmole) sample of bromine was
added to a solution of 2.52 g (10 mmole) of e in 10 ml of water and 3 ml of 40% hydrobromic acid. The
initially formed resinous mass began to crystallize in the course of 2 h. The resulting yellow-brown crys-
tals were removed by filtration 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; free Br 39.0; N 6.6%. C;H,Br;N,-Br,. Calculated: C 14.5; H 1.0; free Br
38.6; N 6.8%.

2-Amino-~5~iodopyridine (Ilc). A 37.6-g (50 mmole) sample of the Ila- 2I,- HI complex was stirred
with 400 ml of 10% aqueous sodium hydroxide solution until the black lumps disappeared. The brown pre-
cipitate was removed by filtration to give 8.8 g (80%) of a product with mp 128-129° (from benzene), in
agreement with the data in [1]. Found: C 27.1; H 2.2; N 12.5%. CyH;IN,. Calculated: C 27.3; H 2.3; N
12.7%.

2,6-Diamino-3,5-diiodopyridine (IlI}). 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 filtration to give 4.6 g (95%) of cream-~colored crystals with mp 218-220° (from dimethyl-
formamide). Found: C 16.7; H 1.6; N 11.9%. C;H;I,N;. Calculated: C 16.6; H 1.5; N 11,6%.
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