
12. S. Wawzonkek and M. E. Runner, J. Electrochem. Soc., 99, 457 (1952). 
13. H. O. House, E. Feng, and N. P. Peer, J. Org. Chem., 36, 2371 (1971). 
14. S. G. Mairanovskii, Ya. P. Stradyn', and V. D. Bezuglyi, Polarography in Organic 

Chemistry [in Russian], Khimiya, Leningrad (1975), p. 83. 
15. Z. Galyus, Theoretical Foundations of Electrochemical Analysis [Russian translation], 

Mir, Moscow (1974), p. 145. 

STERIC EFFECTS IN THE RECYCLIZATION OF NITROPYRIDINIUM SALTS 

TO NITROANILINES 

Ao N. Kost,* D. V. Yashunskii, 
S. P. Gromov, and R. S. Sagitullin 

UDC 547.551.5:541.63 

The effect of the degree of branching of alkyl groups attached to the amine nitro- 
gen atom on the recyclization of 1,2,4,6-tetramethyl-3-nitropyridinium iodide to 
nitroanilines was studied. 

1,2-Dimethyipyridinium salts that have a nitro group in the ring (type I) undergo re- 
cyclization to N-substituted ~itroanilines under the influence of alkali or alkylamines 
[i]. if an alkylamine with a grouping that differs from that in the starting pyridinium 
salt is used, transamination to give the other N-aiky!~nitroaniline hypothetically takes 
place in the step involving the ope~ ! intermediate [2]. Consequently, ~,fnen two methyl groups 
are present in the e positions of the pyridine ring and with allowance for transamina~ion, 
one might expect the formation of two pairs of isomeric nitroanilines (If and Ill) during 
the recyclization. It is known that acyclic enamino ketones tend to undergo transaminagion 
[3-6]; in our case one may therefore assume [i, 2] that the reaction proceeds through 
enamino ketones IV and V, which are formed by opening of the pyridine ring~ 

CN 3 CH 3 C, H3 CH~ 
~fNO 2 I ~ N O  2 

o . -  F "~T. _ _ ~ .  

C~ 3 CN 3 , 
CH$ I 

~v t! a ~ II b-g 
A 

IOH-" CH3 R N'H2~" CH3 
~ N O  2 "~-" e ~ N O 2  

1 ~\ \ O(~cH" \, RHN~ ~ .  C ~ N~IR 
CH 2 CH 3 t 

-~H3 
~/~No, FF~NO2 F I ~  ,~o,, 

+ U i I  
CH3HN/\cH= ~Cii 3 ~ cJ ~ R H N / ~  ~CH3 

v .~ a u~ b.og 

]I,H;aR=CtI=; b R-n-%~Ir; c R-n-C,~tg; d R.~r e R=i-C,tH(~; 

!,2,4,6-Tetramethyl-3-ni~ropyridinium iodide {I) is a convenient model for a more de- 
tailed study of the transamination reaction. In this case the maximum yields (90%) of 

*Decreased. 
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" 1 ~ " i " TABLE I. Reaction of 1,2,4,b-Tetramethy_-3-nitropyrid nlum 
Iodide with Amines 

Amine  

CI laNI{2 
n-CaI lrN 112 

'/-C4I InN112J" 
ct-(;,~l lavNl [/f  
i-C4I I!tN H2 
i~CaI I~N |-12 

sec-C~ItgNlt= 
h'rl-C4IIuNlt2 

Yields of  r e c y c l i z a t i o n  products ,*  % 

I l a  

63 
2 
2 
2 
2 
2 
5 
2 

32 

IIb_g 

b 38 
c 42 
c 4(; 
d 63 
e 4! 
f I1 

12 
g _  

IHb_g 

b 41 
c ;375 
c 38 $ 
d 24 
e ,t05 
f 41 
g _:38$ 

l l l , a  

30 
l 
t 
2 
I 
5 
3 
5 

21 

*The average values from a series of two to three experi- 
ments are presented. 
tThe solvent was 50% aqueous ethanol. 
~In addition to IIa. 

nitroaniiines are observed when an aqueous solution of methylamine is used, and the ratio 
of the ortho and para isomers (2:1) evidently does not depend on the steric hindrance 
created by the methylamino group during the formation of the ring but, as demonstrated by 
x-ray diffraction studies [7], is determined by the preferableness of attack by the. hy- 
droxide ion in the para position relative to the nitro group~ The ortho and pare isomers 
~!Ib, c and IIIb, c) are formed in equal amounts under the influence of aqueous solutions 
,~:'# n-propy!- and n-butyiamine; this indicates the increased preferableness of ~'-=~,~ reaction 
,~ia pathway B; which is less sensitive to the influence of static effects~ This ratio is 
~Iso virtually iadependent of the nature of the solvent (Table !)~ However, the yield of 
the ortho isomer (60%) increases unexpectedly under the in~!t.~enee of an aqueous alcohol 
~o!ution of pentadecylamine; thi~ can evidently be ascri];ed t5 the surface-active proper- 
ties of the reagent~ 

If the. reaction is carried out in an aqueous sol~tio>, of isobucylamine (b~anching at 
the $--.carbon atom), the yields of the corresponding o -~ and p-nitroanilines are found tebs. 
identica!~ The overall yields of transamination products are lowered substantially in the 
~.:ase of isopropyiamine and set-bury!amine, although, as before, the p-nitroani!ines are 
formed in %40% yield, i.e., the reaction via the pathway involving :he formation of the 
ortho isomers is suppressed~ Finally, transamination does not occur at all under the in- 
fluence of tert-buty!amine, i.e~, this amine, like aqueous alkali, leads to recyclization 
with retention of the alkylamine residue included in the composition of the starting mole ,-~ 
cule of quaternary salt. 

In addition to two transamination products <IIb-g and ~liD:-g)~ N-me~ay• 
4-n• (IIa) and N-methyl-3,5-dimethyl-2-nitroani!ine (Ii!a) are also formed in very 
!ow yields from 1,2,4,6-tetramethyl.-3-nitropyridinium iodide (1) under the influence of 
primary amine (with the exception of tert-butylamine)~ The rearrangement proceeds similarly 
:2nder the infxuence of aqueous dimethylamine and piperidine; in this case the direction of 
transamination also depends substantially on the steric effects created by the dialkylamino 
group [2 ] . 

Thus the occurrence of the transamination reaction depends on the number of alky! 
groups attached to the amine nitrogen atom and their degree of branching, particularly when 
~hey are attached to the a-carbon atom and to a lesser extent when they are attached to the 
3-carbon atom~ The percentages of the o-nitroanilines in the transamination products de- 
:rease under the influence of steric factors, while the yields of the para isomers increase 
s om owN a t 

The data obtained constitute an argumen~ i-~ favor of the previously proposed scheme 
for ~he recyclization of nitropyridinium salts [2]. 

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in CCI~ were recorded with a Varian T-60 
spectrometer with hexamethyldisiloxane as the internal standard. The UV spectra of solu- 
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tions of the compounds in ethanol were recorded with a Specord spectrophotometer. The 
course of the reaction was monitored by means of thin-layer chromatography (TLC) on Silufol 
UV-254 in benzene. The molecular weight was determined by mass spectrometry with an MKh- 
1303 mass spectrometer. 

Reaction of 1,2,4,6-Tetramethyl-3-nitropyridinium Iodide with Amines (General Method). 
A solution of 0.i mole of the amine in 4 ~i of water was added with stirring to 1.5 mmole of 
the pyridinium salt dissolved in the minimum amount of water, after which the mixture was 
allowed to stand at 20~ for 2-3 days. It was then extracted with benzene, and the extract 
was dried with MgSO~ and evaporated. The residue was separated with a column filled with 
L-40/IO0 silica gel (elution with benzene). The amount of N-methyl-3,5-dimethyl-2-nitro- 
aniline (lla) in the reaction with n-butyl-, is,butyl-, and sec-butylamines was determined 
by comparison with the intensities of the signals of the protons of the 3- and 5-CH~ groups 
in the PMR spectrum of a mixture of lla with para isomers lllc, llle, and lllg. The con- 
stants of N-methyl-3,5-dimethyl-2-nitroaniline (lla) and N-methyl-3,5-dimethyl-4-nitro- 
aniline (Ilia) were in agreement with the literature values [2]. The properties of the 
nitroanilines obtained are presented in Table 2. 

i. 

2. 
3. 

, 

5. 
6. 
7. 
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RECYCLIZATION OF 3-ALKYL- AND 1,3-DIALKYLISOQUINOLINIUM SALTS 

TO NAPHTHYLAMINES 

A. N. Kost,* V. I. Terenin, 
L. G. Yudin, and R. S. Sagitullin 

UDC 542.952:1:547.833.1 

3-Methy!- and 3-benzylisoquinolinium salts undergo rearrangement to 2-alkylamino- 
naphthalenes under the influence of alcohol solutions of alkylamines. The re- 
arrangement of 1,3-dimethyl- and l-methyl-3-benzylisoquinolinium salts leads to 
both i- and 2-alkylaminonaphthalenes with predominance of the former. 

We have previously shown [i] that isoquinolinium salts that contain an alkyl or aryl- 
alkyl substituent in the 1 position undergo rearrangement to give substituted ~-naphthyl- 
amines under the influence of alkylamines. The reaction evidently proceeds via nucleophilic 
addition of the OH- ion in the 3 position with subsequent cleavage of the N--Cs bond and the 
formation of a new ring with the establishment of a C--Cs bond. Since it is known that 
nucleophilic attack on the isoquinoline ring takes place primarily at the C: atom [2, 3], 
when an alkyl or arylalkyl substituent is present in the 3 position, one might expect a 
similar rearrangement with cleavage of the CI--N bond, which would lead to the formation of 
~-naphthylamines. 

In fact, when 2,3-dimethylisoquinolinium iodide (la) is heated with an alcohol solution 
of methylamine in a sealed ampul at 150~ for 30 h, the expected recyclization takes place, 

*Deceased. 
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