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The regio- and stereoselectivity of the reactions of pyridinium ylides with un- 
saturated nitriles are dependent on the electronic nature of the substituent in 
position 3 of the pyridine ring. The reaction of i-carbamoylmethylide-3-cyano- 
pyridiniumwith arylmethylenemalononitriles or arylmethylcyanoacetic esters pro- 
ceeds regio- and stereoselectivelywith the formation of substituted 2-aryl-3-carba- 
moyl-6-cyano-2,3-trans- or 2,3-cis-l,2,3,Sa-tetrahydroindolysines. The condensa- 
tion of pyridinium l-carbamoylmethylide with arylmethylenecyanoacetic ether leads 
to 4-aryl-2-oxo-3-(l-pyridinio)-5-cyano-3,4-trans-l,2,3,4-tetrahydropyridin -6- 
olates. The reaction of pyridinium (3-methylpyridinium) l-carbamoylmethylide with 
arylmethylenemalononitriles results in the formation of 2-aryl-l,l-dicyano-3-carba- 
moyl-3-(l-pyridinio)- or (3-methyl-l-pyridinio)-l-propanides, which undergo stereo- 
selective 1,3-transelimination with the formation of 3-aryl-l,l-dicyano-2-carba- 
moylcyclopropanes. 

Pyridinium ylides are widely used in the synthesis of carbo and heterocylic compounds 
[i, 2]. The second reagent in these reactions is an unsaturated carbonyl compound of the 
ethylene and acetylene series. Examples of the use of unsaturated nitriles in reactions 
with pyridinium ylides are few and are limited to a few reactions of ylides with acrylo- 
nitriie [1-3]. In continuation of the studies of the reactions of unsaturated nitriies with 
various nucleophilic agents [4, 5], we have investigated the reaction of arylmethylenenitriles 
with pyridinium ylides. 

The pyridinium ylides were not isolated, but rather were generated in the reaction 
mixture by treating pyridinium salts (Ia-c) in ethanol with triethylamine. The reaction of 
3-cyanopyridinium ylide (iIa) with compounds (IIia-h) and (IVa, b) in ethanol at 25~ pro- 
ceeds via the path of i,3-dipoiar cycioaddition with the formation of tetrahydroindolysines 
(VA-h) and (Via, b) (Tables i, 2;" Scheme i). According to IR and PMR spectroscopic 
data, the reaction of formation of indolysines proceeds with high regio- and stereoselectivity. 
Of the two possible directions of formation of substituted 6-cyanoindolysines or 8- 
cyanoindolysines the first direction is realized in practice. In IPMR spectra of 
compounds (V) and (VI) the signals of the hydrogen atoms atoms C3H and csaH ap- 
pear in the form of a doublet doublet and doublet in the region of 5.21-5.58, 5.28-5.62 
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and 5.23-5.67 ppm respectively with coupling constant 3JHS,HS a = 1.5-3.3 Hz. From the 
Karplus-Conroy equation [6] ~HCsCSaH = 68-74 ~ is evidence that the CSaH hydrogen atom is 
positioned pseudoaxiaily relative to the CSH hydrogen atom, which is in the plane of the co- 
planar diene fragment CSC6CTC s of the molecules of compounds (V) and (VI). Therefore, the 
Cz-C 8a bond is in pseudoequatorial position relative to the diene fragment and the C I atom 
is out of this plane. In the series of compounds (V) one of the geminal nitrile groups on 
the C I atom is evidently positioned pseudoaxiaily, while the other is positioned pseudoequa- 
toriaily. The different spatial orientation of the substituents CmN and Z appears in the 
transition from compounds (V) to (VI); the chemical shift of the CsaH hydrogen shifts into 
the strong field by 56 = 0.35 ppm. Here the chemical shift of C2H remains unchanged (Table 
2). Therefore,'the dominant effect on the strong field shift of the signal of the C2H 

hydrogen atom is made not by the electronic factor of the COOC2H s group, but by the stereo- 
screening factor, which can develop only in cis-pseudoaxial position of the group relative 
to the CsaH hydrogen atom. The pianarity of the C5C6C7C 8 fragment is indicated by the 
characteristic chemical shifts of the CSH and CVH hydrogen atoms (Table 2). Here the signal 
of the CVH hydrogen atom appears in the form of a doublet with'the coupling constant that is 
characteristic for the diene fragment [7] 3JH7 ' H 8 = 9.1-10.3 Hz. 

The multiplicity of the signals of the C2H and CSH hydrogens and their coupling con- 
stants 3j are evidence of the high stereoseiectivity of the reaction of compounds (lla) and 
(III), and (IV). The signals of the C2H and C3H hydrogen atoms appear in the form of two 
doublets in the region 4.38-5.28 and 4.9i-5.33 ppm with coupling constant ~JH 2 H a = 4.4-8,8 
Hz. Data calculated from the Karpius-Conroy equation [6] indicate that at suc~ values of the 
coupling constant 3JH 2, H 3 the torsion angle has two values ~-C2-C~-H = 55 -141~ and 
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TABLE i. 
droindoiysines (V) and 2-Aryi-i,6-dicyano-3-carbamoyi-l- 
ethoxycarbonyi-l,2,3,8a-tetrahydroindolysines (Vi) 

C o l n  - 

pound t % " 

73 

78 

82 

(v29 

(Vb) 

(Vc) 

(Vd) 

(Ve) 

(Vf) 

(vg) 

(~) 

(Via) 

(VI~ 

2-Aryi- 3- carbamoyl- 1,1,6- tricyano - 1,2,3,8a-tetrahy- 

mp, ~ Empirical 
formula 

C,sH,2N60~ 

C,.H.CI2NsO 

C,.H,~NsO 

C,sH,2BrNsO 

C,aH,2FNsO 

C,sH,2FNsO 

C,sH,2CIN~O 

C, THI2N60 

C2oH,,FN40~ 

C21H2oN404 

Found/Calculated, % 

c H 

59.78 3,t7 
60,00 3,36 
~,6,o4. 2,67 
56,27 2,89 
68,37 3,92 
68,56 3,t5 
58,62 2,92 
58,84 3,07 
64,58 3,61 
64,86 3,63 
64,8o .~,58 
64,86 3,63 
61,53 3,30 
61,81 3,46 
64,32 _3,6i 
64.55 3,83 
62,90 3,28 
63,t5 3,46 
64,37 5,03 
64.28 5.t4 

H a l  

18,3 / 
18,4~: 

20.0~ 
20,2; 
5,42 
5,70 
5,39 
5,70 
10,2~ 
tO, l~ 

4,60 
4,99 

t28-130 

135-137 

139-142 

144-i45 

153-154 

137-t38 

119-t20 

137-t39 

t62-164 

225-227 

23,07 
23,32 
18,35 
t8,23 
22,04 
22,2t 
t7,82 
17,76 
20,73 
21,01 
2t,07 
21,01 
t9,68 
20,02 
26,34 
26,57 
i4,87 
t4.73 
t4,38 
14.28 

2 
qH-C2-C3_ H = 22-116 ~ Taking into account the characteristic coupling constants for the 
tetrahydroindolysines that were obtained earlier [8], one can note that the C2H and C3H 
hydrogen atoms in the molecules of compounds (V) and (Vi) have torsion angle i ~H_C._CZ_H = 
55-141 ~ (Table 2). In compounds (Vc-h) and (Via, b) the torsion angle is ~_C2_C3_ H = 131- 

141 ~ and the C2H and C~H hydrogen atoms are situated transpseudoaxially and therefore the 
substituents Ar and CON-H 2 are positioned trans-pseudoequatorialiy. With this arrangement 
of functional substituents and hydrogen atoms bonded to the C 2 and C 3 atoms the C 2 atom must 
stick out on the opposite side from the C I atom relative to the planar fragment CSC6CTC 8. 
The C z carbon atom emerges in the opposite direction relative to the C = atom. Therefore', 
the C2H hydrogen is oriented cis-pseudoaxially, while the C3H hydrogen is situated trans- 
pseudoaxialiy relative to the CSaH hydrogen, respectively, in the compounds (Va, b) the 
coupling constant 3JH2 ' H 3 = 4.h-4.7 Hz and the torsion angle has values ~H-C2-~3-H = 55-57 ~ 
(Table 2). The decrease of the coupling constant and the torsion angle in the molecules of 
compounds (Va, b) is connected with the insertion, in ortho position of the benzene ring, 
of bulky substituents, nitro groups or two chlorine atoms. This results in the C2H and C3H 
hydrogen atoms in the molecules of compounds (Va, b) being situated cis-pseudoaxially, while 
the substituents Ar and CONH 2 are situated cis-pseudoequatorially. This arrangement of hy- 
drogen atoms is accompanied by partial deshielding of the C2H hydrogen by the substituents 
2-NO2C6H 4, 2.6-C12C6H 3 and CONH 2 and a shift of its signal in the PMR spectra in to weak 
fields by 46 = 0.5-0.9 ppm by comparison with compounds (Vc-f). in the molecules of com- 
pounds (Vg) and (Vlb), which contain substituents C1 or CH30 in ortho position, the coupling 
constant decreases negligibly SJH 2 u~ = 6.9-7.3 Hz (Table 2) The IR spectroscopic data 
also confirm the structure of tetrahydroindolysines (V) and (VI) (Table 2). 

Taking into consideration what was said above, as well as the construction of models 
after Stuart-Briegieb, one can see that the five-membered heterocycie has a twist conforma- 
tion, and the substituted dihydropyridine cycle is in the conformation of a half-chair. The 
stereoseiectivity of reactions of i,3-dipoiar cycioaddition of pyridinium ylide (lia) to un- 
saturated nitriies (Iii) and (IV) is affected by the bulky substituent in ortho position of 
the aryimethyienemaiononitriie, in the case of ortho-substituted compounds (Ilia, b) the 
reaction takes place with the formation of substituted 2,3-cis-i,2,3,8a-tetrahydroindoiy- 
sines (Va, b) 
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Com- 
pound 

TABLE 3. 
3,4-tetrahydropyridin-6-oiates (Vlli) 

Yield, o C Empirical 
% rap, formula 

78 

70 

86 

98 

92 

4-Aryl- 2- oxo- 3- ( 1 -pyr idinio ) - 5- cyano- 3,4-trans-1,2, 

C,vHIzFNsO2 

C17H1sN3Oz 

C.HI2FN3Oz 

CtTHI~BrN3Oz 

C,THtzC1N~02 

(Villa) 

(VlIlc) 

(Vllld) 

(VII Ie)  

(vntf) 

242-245 

233-235 

240-243 

243-245 

246-248 

C 

65,72 

69.67 

65180 

54,92 

62,53 

Found 
Calculated 

H Hal 

3,74 5.74 
6,14 

4,36 

3,73 5,83 
-k-Z- '~,14 

3,24 21,3t 
21,58 

3.54 t0,62 
"i-if- "io.88 

t3,53 
t3,59 
t4.18 
t4,42 
t3.33 
13,59 
,11,31 
11,35 
12,72 
12..qo 

, , 

NC ~,:. r N C ~ ~  
Ar.,.,,,,2~--~'"-CONHz H.,.,,~y-'--~-,~CONHz 

H H hr H 

(Va,b) (~c-~,(~/a,b) 

The absence of an electron-acceptor substituent in position 3 of the pyridinium ylide 
leads to a change of the regioselectivity of the reactions of the pyridinium ylides with 
arylmethylenecyanoacetic esters and to the formation of substituted tetrahydropyridin-6- 
oiates. The change of direction of the reaction can be attributed to the increase of the 
electron density in position 6 of pyridinium ylide (llb) by comparison with the 3-cyano- 
pyridinium ylide (ila), which is in agreement with quantum chemical calculations of the 
electron density in molecules of quaternized azines [9]. This leads to bromination of the 
reaction of nucleophilic addition of the pyridinium ylide (iIb) to compounds (IVa, c-f) over 
the reaction of synchronous 1,3-dipoiar cycloaddition and to the formation of a Michael adduct 
(VII). The subsequent intramolecular condensation of (VII) leads to pyridin-6-olates (VIIia, 
c-f) (Tables 3 and 4). The reaction products are stabilized in the form of betaines with 
separation and delocalization of positive and negative charges in the Py+ andN...C...Cs...C 6- 
...O-fragments. Because of this the absorption band of the C~N group in the IR spectra of 
compounds (VIII) is intensive and shifted into the low-frequency region to 2174-2180 cm -I 
(Table 4). 

The PMR spectra of compounds (VIII) contain, besides the signals of NH, Py+ and Ar 
groups, doublet signals of the C3H and C~H protons in the region of 5.96-5.98 and 4.48-4.52 
ppm with coupling constant 3jH3 ' H 4 = 12.9-13.2 Hz (Table 4). For these coupling constant 
values the torsion angle calculated by the Karplus-Conroy equation [6] is in the range of 
~H-CZ-C4- H e 173 ~ Therefore, the C3H and C~H hydrogen atoms are situated trans-pseudo- 
axially, while the substituents Ar and Py+ are situated trans-pseudoequatorialiy. Consider- 
ing that the N...C...CS...Ce...O - fragment with the C 4 and N ~ atoms adjacent to it is planar, 
one can consider that the pyridin-6-oiates are in the conformation of a half-chair (VIIIa), 
similar to the hydrogenated salts of 3-cyanopyridin-2-thiolates [i0] 

0 
H II 

NC O- 
('~A) 
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TABLE 5. 2-Aryl-l, l-dicyano-3-(l-pyridinio)-l-propanides (IX) 
and 2-Aryi- 1,1 -di cyano-3- [ 1 - ( 3-methyipyridinio ) ] - 1 -propanides 
(x) 

"' Empirical Found ,. % 
Compound Yield, % mp, ~ Calculated 

formula c H N 

(IXc) 

(zx~) 

(Xc) 

(Xe) 

92 

58 

87 

92 

174-176 

159-162 

137-139 

139-140 

Ct;Hi4N~O 

CI~HI~NsO 

CIaHtsN~O 

C,sHI~FN40 

70,12 
7(),3'3 ' 
65.82 

65.97 
70.87 
7Lo4 
67]5 
'67.07 

4,74 
4,86 
4,34 
4.50 
5.i2 
5,30 
4,48 
4,69 

19.42 
19.30 
23.92 
24.04 
i8.22 
18.41 
t7.12 
t7.38 

In this conformation the C2=O group emerges from the plane of conjugation with the p- 
electrons of the nitrogen, which leads to a significant increase of the frequency of the 
vibrations (Av = 40-50 cm -I) of the C-----O group in the IR spectra of compounds (VIII) by com- 
parison with the absorption band of the C--O group in the copianar molecules of 2-(IH)- 
pyridones [11]. 

As one moves from aryimethylenecyanoacetic ethers (IV) to arylmethyienemalononitriles 
(III) the reaction with pyridinium and picolinium yiides (Ib, c) changes direction. The re- 
action of yiides (ib, c) with aryiindenemalononitriies (IIIc, e, h) in ethanol at 25~ 
results in the formation of compounds (IX) and (X) (Tables 5 and 6). Compounds (IX) and (X), 
upon prolonged standing in ethanol or with heating to 60-70~ in dimethyi sulfoxide, are 
converted to cyclopropanes (XI). In this case the reaction proceeds stereoselectively with 
the formation of transcyclopropanes (XI). In studying the structure of the 1,4-ylides (IX) 
and (X), we established some factors that determine the stereoseiectivity of the reactions of 
formation of cyclopropanes. According to the IR spectroscopic data, compounds (IX) and (X) 
are stabilized in the form of pyridinium 1,4-ylides with separation and deiocalization of 
positive and negative charges in the Py+ and C(CN) 2 fragments. The redistribution of elec- 
tron density leads to asharp decrease of the frequency of vibrations of the C~N groups to 
2100-2108 and 2165-2168 cm -l (Table 6) by comparison with the conjugated nitriles [12]. 
The deiocalization of the positive charge in the pyridine substituent leads to a shift, in 
the PMR spectra, of the signals of its protons into the weak field, which is characteristic 
for quaternized azines [6]. According to the PMR spectroscopic data compound (IXc) is a 
mixture of isomers at the C2-C 3 bond. The signals of the C2H and CSH protons appear in the 
form of four doublets in the region 3.63 and 3.81 ppm with coupling constant aJ1 = 8.5 Hz 
and 3.85 and 5.58 ppm with coupling constant 3J 2 = 11.8 Hz. Calculation of the torsion angles 
by the Karpius-Conroy equation [6] showed that the coupling constant 3J z corresponds to two 

o ~ , , angles ~_C2_C3-H = 31 and ~_C2_C3.H = 140 ~ , whzle couplzng constant ~J2 corresponds to 
one angle ~_C.-C3_H = 161 . Considering the coupling constants that are characteristic for 
ethane derivatives [8], as well as the steric stress, the isomer with torsion angle q~_C2_C3_H = 
140 ~ can be eliminated. Therefore, compound (IXc) is a mixture of isomers with antiperi- 
planar (IX A) and synclinai (IX B) arrangement of hydrogen atoms in a ratio of 4:3, respec- 
tively 

5-R-PN + H ~ 

I CONhz HzNCO LN 

in contrast to this, pyridinium 1,4-yiides (IX~, Xc, e) are a single isomer, in this 
case the signals of the C2H and CaH protons appear in the form of two doublets in the region 
of 3.83-3.96 and 5.52-5.54 ppm with coupling constant 3j = 11.5-12.0 Hz (Table 6). The cal- 
culated torsion angle for molecules of compounds (IXh) and (Xc, e) is in the range 
qH-C2-C3_ H = 158-163 ~ Therefore, the molecules of these compounds have antiperipianar 
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arrangement of C2H and C3H hydrogen atoms, like isomer (IX A). Considering that of the mix- 
ture of isomers (IX A, B) and isomers (IX C, X A, B) only trans-cyciopropanes (Xi) form, it 
can be noted: firstly, a necessary condition for this transformation is complete conversion 
of isomer (IX B) to (IX A) with participation of the Michael retroreaction; secondly, this 
reaction follows the type of 1,3-transeiimination [13], which assumes antiperipianar arrange- 
ment of the nucieophilic C(CN) 2- and the nucieophiiic 3-R-Py + groups in isomers (IXA, C) and 
(XA, B). This high stereoeiectronic control eliminates the possibility of the transformation 
of isomer (IXB) to cis-cyclopropane. 

EXPERIMENTAL 

The IR spectra were acquired on a Perkin-Elmer 577 spectrometer in KBr wafers. The 
PMR spectra were recorded on a Bruker WM-250 instrument (250 MHz) in DMSO-d~ relative to TMS. 
The individuality of the compounds was checked by TLC on Silufol D~-254 plates in a 3:5 
acetone:hexane system. 

Substituted 2-Aryi-3-carbamoyl-6-cyano-l~2,3~Sa-tetrahydroindolysines (V) and (VI). To 
a mixture of i0 mmoles salt (Ia) and i0 mmoles compound (IIi) or (IV) in 20 ml ethanol was 
added i0 mmoies triethylamine. The reaction mixture was stirred for 12-15 h at 25~ the 
precipitate was filtered out, washed with ethanol and hexane. Tetrahydroindolysines (V) and 
(VI) were obtained after recrystallization from ethanol or nitromethane (Tables i, 2). 

4-Ary~-2-~x~-3-(~-pyridini~)-5-cyan~-3~4-trans-~2r3~4-tetrahydr~yridin-6-~ates (VIII). 
A mixture of i0 mmoies salt (Ib), i0 mmoies compound (IVa, c-f), and i0 mmoles triethylamine 
in 25-35 mi ethanol was mixed for 10-12 h at 25~ The precipitate was filtered out, washed 
with ethanol and hexane, and recrystallized from nitromethane (Tables 3, 4). 

21Aryl-l,l-dicyano-3-carbamoyl-3-(1-pyridinio)-l-propanides (IX) and 2-Aryl-l~l-dicyano- 
3$carbamoyl-3-[l-(3-methylpyridinio)]-l-propanides (X). To a mixture of i0 mmoles salt (Ib, 
c), i0 mmoles compound (IIIc, e, h) in 20 ml ethanol was added I0 mmoles triethylamine and 
the reaction mxiture was stirred for 3-4 h at 25~ The precipitate was filtered out, washed 
with ethanol and hexane. Data on compounds (IX) and (X) are given in Tables 5 and 6. 

trans-l,l-Dicyano-2-carbam0yl-3-phenylcyclopropane (X!c)~ i0 mmole compound (IXc) or 
(Xc) was heated in 20 ml DMSO at 60-70~ for 5-10 min. The reaction mixture was cooled to 
25~ diluted with 50 ml water, the precipitate was filtered out, washed with ethanol and 
hexane. The product was 89% (XIc), mp 158~ (from ethanol). IR spectrum (v, cm-1): 1600 
6NH 2, 1738 CO, 2260 CN, 3288 NH 2. PMRspectrum (6, ppm): 3.49 d (IH, C2H, SJH2 ' H 3 = 5.1Hz), 
4.08 d (IH, C3H), 7.40 m (5H, C6Hs), 9.03 and 9.18 s (2H, NH2). Found: C 68.11; H 4.12; 
N 19.80%. C12HgNs O. Calculated C 68.24; H 4.30; N 19.89%. 

trans-l~l-Dicyano-2-carbamoyl-3-(3-pyridyi)cyciopropane (XIh). It is obtained by 
analogy with compound (Xlc). The yield is 88%, mp 235~ (dec.) (from ethanol). IR spectrum 
(v, cm-l): 1663 6NH2, 1726 CO, 2248 CN, 3230 N-H=. PMR spectrum (6, ppm): 3.58 d (IH, 
C2H, ZJH 2, H 3 = 5.1Hz), 4.18 d (IH, CSH), 7.46 d. d (IH, C6H-pyridyl), 7.78 d (IH, C4H - 
pyridyl, 3j~ Hs = 8.1Hz), 8.57 d (IH, C6H-pyridyl, 3J~5 ~6 & ~.9 Hz), 8.68 s (IH, C2H - 
pyridyl), 9~b# and 9.22 c (2H, NIl=). Found: C 62.07; H'3.'68; N 26.34%. CI~HsN40. Calcu- 
lated: C 62.26; H 3.80; N 26.40%. 

LITERATURE CITED 

I. J. Zugravescu and M. Petrovanu, N-Ylid Chemistry, McGraw-Hill, Int., New York (1976). 
2. F. Krohnke, Synthesis., No. i, 1 (1976). 
3o J. Frohlich and F. Krohnke, Chem. Ber., i04, No. 9, 1621 (1971). 
4. V. P. Litvinov, Yu. A. Sharanin, and A. M. Shestopaiov, Sulfur Lett., 3(4), 99 (1985). 
5. V. P. Litvinov, V. K. yromonenkov, Yu. A. Sharanin, et ai., izv. Akad. Nauk SSSR, Ser. 

Khim., No. 9, 2101 (1985). 
6. H. Gunther, NMR Spectroscopy: An introduction [Russian translation], Mir, Moscow (1984). 
7. O. Tsuge, S. Kanemasa, and S. Takenaka, Bull. Chem. Soc. Jpn., 58, No. ii, 3137 (1985). 
8. A. M. Shestopalov, L. A. Rodinovskaya, Yu. A. Sharanin, et ai., izv. Akad. Nauk SSSR, 

Ser. Khim., No. ii, 2593 (1990). 
9. K. Matsumoto, Y. Ikemi, H. Konishi, et al., J. Heterocycl. Chem., 25, No. 2, 689 (1988). 
I0. A. A. Krauze, E. E. Liepin'sh, Yu. E. Pelcher, et al., Khim. Geterotsikl. Soedin., No. 

i, 95 (1985). 

137 



Ii. V. P. Litvinov, Yu. A. Sharanin, V. ~. ~romonenkov, et ai., Izv. Akad. Nauk SSSR, Ser. 
Khim., No. 8, 1869 (1985). 

12. L. Bellamy, New Data on the IR Spectra of Complex Molecules [Russian translation], Mir, 
Moscow (1971). 

13. L. A. Yanovskaya, V. A. Dombrovskii, and A. Kh. Khusid, Cyciopropanes with Functional 
Groups [in Russian], Nauka, Moscow (1980). 

ELECTROCHEMICAL ALKYLATION OF 2,2'-DIP~iDYLAMINE 

V. A. Dorokhov, T. K. Baryshnikova, 
M. F. Gordeev, M. E. Niyazymbetov, 
and V. A. Petrosyan 

UDC 541.138:66.095.253:547.828.7 

A method was developed for preparation of alkyl-(2,2'-dipyridyl)amines, consisting 
of the reaction of alkyl halides with the N anion electrochemically generated 
from 2,2'-dipyridyiamine. The alkylation occurs regiospecifically, and CH2Ci 2 
can also be used as the methylating agent. Complexes of alkyl-(2,2'-dipyridyl)- 
amines with Pd(2+) and Cu(2+) salts were obtained. 

2,2'-Dipyridylamine (i) is widely used as a chelating ligand in coordination chemistry. 
Many complexes of various metals containing (I) in deprotonated or neutral form are known 
[i-4]. Apparently, products of alkylation of (I) at an exocyclic nitrogen atom, alkyl-(2,2'- 
dipyridyl)amines (ADPA), can also be used as chelate formers. With respect to their struc- 
ture, complexes of metals with ADPA should apparently be analogous to chelates of un-depro- 
tonated (I). 

However, the literature contains almost no information on ADPA, probably because of 
certain difficulties in their synthesis. As is known, alkylation of 2-aminopyridine occurs 
at the nitrogen atom of the pyridine ring, and only in the presence of strong bases, such 
as NaNH 2, is it possible to carry out substitution at the amino group [5]. 2-(Alkylamino)- 
pyridines behave similarly, and, correspondingly, during heating with alkyi halides, (I) is 
alkylated exclusively at the ring nitrogen atoms [6, 7]. The reaction of (i) with CH2I 2 
results in formation of a six-membered ring involving both nitrogen atoms of pyridine rings. 
In a patent [8], Webb et al. attempted to obtain methyl-(2,2'dipyridyl)emine by the reaction 
of MeI with (I) in the presence of NaH, but the desired product was recovered only as a di- 
hydrobromide and in low yield. 

Recently it was shown that the electrochemical generation of N anions from nitrogenous 
bases containing the NH group open up interesting possibilities in carrying out N-alkyla- 
tion processes [9, i0]. In the present paper, we consider the formation of ADPA from (I) 
and alkyl halides under conditions of cathodic electrolysis (see preliminary communication 
[11]). 

According to data of voltammetric measurements, there was one wave (Fig. i, curve i) 
with E~ = -2.6 V [wltn respect to Ag/0.1N Ag +) on the polarization curves of reduction of 
(I) at a Pt rotating disk electrode in a 0.1N solution of Bu~NBF~ in abs. MeCN. According 
to couiometric measurements, the height of this wave corresponded to transfer of one 
electron. On the polarization curves recorded during potentiostatic (E = -2.7 V) electro- 
lysis of (I), an anodic wave with El/2 = -0.4 V (curve 2) appeared and grew. It can be 
assumed that the species undergoing oxidation at EI/2 = -0.4 V was an anion that was generated 
as a result of cathodic cleavage of the N-H bond [cl. with [9] and [i0]). A confirmation of 
this is the fact that the addition of Mel to the solution after electrolysis of (I) led to 
disappearance of the anodic wave with El/2 = -0.4 V on the polarization curves. Apparently, 
anion (II), which was formed under conditions of cathodic electrolysis, was alkyiated in 
the presence of Mel. This was indicated by the appearance (curve 3) of a wave of oxidation 
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