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Abstract: Several azinium-N-(2-azinyljaminides are reported. The structure of pyridinium-N-(2"-pyridyljaminide
has been studied, both in solution and in crystalline state, and results have been compared. In non-polar solwents,
the aminides present a planar conformation stabilized by an intramolecular hydrogen bond. The reactivity toward
electrophiles confirms the structural data, producing either N- or C- substitutions under mild conditions.

As the body of knowledge abourt the reactivity of azinium N-ylides expands,' the interest in such
ympounds as building blocks for the synthesis of heterocyclic derivatives continuously increases. Some of
in this field has been concerned with the synthesis of heteroaryl-stabilized cycloiminium ylides Ia
54 way of producing highly stable dipoles with heterocyclic moieties of unusual '.l'll::rl:liw'it_',r.4 While N-
eroarylmethyl)azinium ylides lIa are in general unstable species® which should be trapped with
- pphiles, aminides Ib are more stable and easy to isolate }®

In this paper we report the resulis obtained in the
Het e synthesis and structural study of some aminides Ib (Het =

I T b: XN pyridinium or isoguinolinium; Het' = pyridine, quinoline

= X‘H«el' and diazines).

RESULTS AND DISCUSSION
Synihesis. The preparation of compound 3 was performed using Zincke salts’ as starting materials,
ugh and ANRORC mechanism, as reported by Beyer,s { Scheme 1). The reaction of the pyridinium
1 with 2-hidrazinoazines, produced the hydrazones 2, which were cyclized by heating in acetic acid,
. yield the azinium salts 3a-f, The alternative cyclization in dioxane, as described by Knaus.') produced
pwer yields, and was thus abandoned. Finally, the salis 3 were converied into the aminides 4 by meamment
' with potassium carbonate. Yields are described in Table 1.
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1a R=A=H 2
1b R-Re= ~(CHeCH),~ Scheme 1.

Table 1. Physical data of N-(2"-heteroarylamino)azinium salts 3 and .

N-aminides 4.
R R R’ R° X Y Comp. Yield® mp®
(%) 0
H H H HCHCH 3 70 2234
H H «(CH=CH),- CH CH 3" 8 2356
H H H H NCH 3 74 2313
H H H H . CH N 3 61 1908
-(CH=CH),- H H CHCH 3 66 2056
(CH=CH),- «CH=CH), CHCH 3 78 1612 &

*Yields were not optimized. ® From abs. ethanol. ¢ Described in
acetate.

NMR Data. '"H NMR spectra of the N-(2-azinylamino)pyridini
presented two clearly differentiated sets of signals, one low-field resona
8.2 ppm for derivatives 3a-d and 10.2-8.5 ppm for the inquinﬂiuim
shielded resonance from the 2-azinylamino fragment (6.8-8.5 ppm). 'H
are described in Tables 2, 3. As expected, when betaines 4 were ¢
of most of the azinium protons moved upfield with respect to their
not observed for H2(6) in the pyridinium series, and for H1 in the
protons were only slightly shified upfield or, in some cases,
precursors 3. Chemical shifis of these alpha-protons were also af
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Table 2.- 'H NMR spectral data of N-(2-azinylamino)pyridinium salts 3a-d and the aminides 4a-d (DMSO-d,)

Comp. H2(6) H4 H3(5) Others
3a 9.14 8.69 827 6.8-6.9(m, 2H, H¥+HS); 7.78(br, 1H, J=7.5, H4Y), 7.97(d, i
@577 (L78) (.73 1H, J=49, H6)
b 9,03 8.54 821 6.5-6.6(m, 1H, H3'); 7.26(brt, 1H, }=7.9, HE") =|
Win ®Iin__ hinh 7.5-7.6(m, 2H, HT, H8); 7.73(d, 1H, J=7.7, HS), 8.0(d, 1H, -l
1=9.6, H4) :
3 9.12 864 8.21 6.96(1, 1H, J=5.0, HS); 8.47(d, 2H, }=5.0, H4', HE) :
(brd, 5.5) (brt, 7.7)  (brt, 6.5) t
d 9.18 8.76 8.1-8.5 8.1-8.5(m, SH, H3(5), H3, HS', H6)* !
{brd, 5.6} (brt, 7.8) (m)* g
|
4a 898903 7677 7677 6.28(dd, 1H, J=6.3 and 5.4, H5); 6.34(dd, 1H, J=83 and 1.0,
{m) {m) (m) H3'); 7.25(ddd, 1H, J=8.3, 6.8 and 2.0, H4"), 7.70(ddd, 1H,
1=50, 1.9 and 0.8, HE)
b 9294 8.29 8.05 6.61(d, 1H, }=9.4, HY); 7.16(1, 1H, J=7.3, H6"), 7.40 (d, 1H, 1
(m) (t.76) (1 7.1) J=8.2, H8"); 7.49(1, 1H, }=7.6, HT), 7.64(d, 1H, J=7.5, H5):
7.88(d, 1H, =94, H4) [
4c 875 807 7.82 6.26(1, 1H, J=4.6, H5): 8.04(d, 2H, J=4.6, H4', HE)*
d,65) (tL75* (1.70)
4d 895 793 7.77 7.35(d, 1H, }=2.9, H6); 7.53(dd, 1H, }=2.9 and 1.5, H5),
4,600 (1,74) (L67)* 6.74(d, 1H, J=135, H3* ‘*

Table 3.- 'H NMR spectral data of N-(X-azinylaminojisoquinolinium salts 3e,f and the aminides de,f (DMSO-d,)

Comp. H1 H3 H4 HE H3 H6 H7 Others

3¢ 1024 881 869 857 B42 830 810  692(,1HJ=64,H5"), 7.00(d,1HJ=7.8 |
(brs)  (dd) (d} (d) (d) () () H3"), 7.78(ddd,1H, J=8.1,7.3 and 1.6
71,17 =73 1=83 J=83 J78 J=77 H4), 795(brd, 1H, =44, HS)
3 1005 881 865 845 838 820 304  6.7-68(m,I1HHI), 7.2-7.3(m.1H, |
(brs)  (dd) (d) (d) {d) (1) (*  H6Y, 7.5-7.6(m2HHT+HE), 7.73 (d, |
J=68,17 }=7.1 I=83 J=83 J=77 =83 1H,J=7.8H5); 7.99(d.1HJ=9.3 H4)*

4e 1056 839 798 802 799 7.7-775 7.7-175 641(ddd,1HJ=67,52 and 1.3 HS5)
(brs) (dd) (d)* (d* (d)* (m) (m)  6.51(d,1HJ=8.5H3"); 7.34(ddd, 1H,
}=73,17 J=73 J=51 J=64 J=8.6,6.8 and 1.9,H4"); 7.87(dd,1H, J=5.1
and 1.9, HE)
f 1105 853 810 821 807 7879 7879 6.76(d,1HJ=9.0H3"); 7.04(ddd,1H,
(brs) (dd)  (d) (dd) (d) (m) (m) J=7953 and 2.6,H6); 7.35-7.4(m,
}=72/16 }=13 J=1.1,20 }=7.3 2HHT+HR"), 7.53(d,1H =76 H5); 775
(d,1H,J=9.0, H4")

(*) Partially overlapped signals,




4998 R. CARCELLER ef al.

4 for 4a. When CD;0D was used, H2(6) resonances appeared at higher fie
CDCly or DMS0-dg solutions. The effect was more dramatic in the isoquis
resonance was shifted towards an even higher field in CD;0D compared

Table 4. Solvent effects of the '"H-NMR Spectral Data of
Pyridinium N-(2°-Pyridyl)aminide 4a.

Solvent H2(6) H4 HI5) HE H¥

DMSO-dg 900 765 765 770 725
DOCl, 909 735 735" 790 713%°
CD4,0D 870 B.00 1.77 763 735

(*) Partially overlapped signals.

When a solution of 4a in CD40D was allowed to stand at 20 °C
complete exchange of H2(6) protons of the pyridinium ring was observed. !
4e, where the H1 singlet disappeared after 15 days. No deuterium exchange
and 3e.

AL

Figure 1. Time dependent 'H NMR CDyOD spectra of 42
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These spectroscopic observations suggested the existence of a hydrogen bond between the proton in
the alpha-position of the pyridinium ring, the more acidic hydrogen, and the nitrogen of the 2"
pyridylimino moiety, as indicated in Scheme 2. The deuteration process can be rationalized from the ylide
structure 5, which is likely to be produced in a protic solvent such as methanol. A similar type of
hydrogen bond has recently been reported'® for pyridinium derivatives. These results suggest planar
structures for compounds 4 in aprotic solvent solutions.

Scheme 2. Proposed deuterium-exchange mechanism of 4a

X-Ray Data. The molecular structure of pyridinium N-(2 -pyridyl)aminide 4a was determined by
single crystal X-ray diffraction analysis. Figure 2 shows the perspective diagram of the product with the
corresponding atomic numbering. The torsion angle C5-N1-N3-C6 between both pyridine moietics (65.7°)
is a relevant structural parameter (further details are provided in Tables 5-8), showing that the proposed

hydrogen bond does not exist in the crystalline state. The unit cell (Fig. 3) shows a head-to-tail interaction
between molecules.

Figure 2. X-ray structure of N-(2-pyridylimina)- Flgure 3, Crystal packing of neighbour molecules of 4a in the
pyridinium aminide (4a) with alomic numbering. unit cell, For clarity only four molecules have been depicted.

P =
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Table 5. Structure of compound 4a. Positional Parameters and Bq(y}m

T | ' e
{apnanys gl L
N1 0.7013(3) 0.1001(4) -0.0534(2)
N2 0.7980(3) -0.1686(4) 0.0303(2)
N3 0.7577(3) 0.1632(3) 0.0557(2)
C1 0.7013(3) -0.1468(5) -0.1669(2)
Cc2 0.6904(4) -0.320%(5) -0.1790(3)
C3 0.7608(5) -0.4216(5) -(LOB62(3)
4 0.8110(5) -0.3396(5) 0.0143(3)
C5 0.727%3) -0.0713(4) -0,0599(2)
Ch 0.9070(3) 0.1679%5) 0.1128(3)
C7 0.9577(4) 0.2368(5) 0.2177(3)
C3 0.8589(4) 0.3040(5) 0.2643(3)
c9 0.7079(4) 0.3008(5) 0.2043(3)
C10 0.6586(3) 0.2306(5) 0.0998(3)
H1 0.619 (3) -0.078 (4) -0.229 (2)
H2 0.650 (3) -0.371 (5) -0.255 (2)
H3 0.790 (4) -0.546 (5) -0.090 (3)
H4 0.881 (4) -0.,403 (5) 0.084 (3)
Héa 0.975 (1) 0,120 (4) 0.072 (2)
H7 1.055 (3) 0.235 (4) 0254 (2)
HE 0.897 (1) 0.347 (4) 0338 (2)
H9 0.631 (3) 0.348 (5) 02323 ¢

H10 0.548 (3) 0.222 (4) 0.051 (2}

Hydmgen atoms were refined isotropically, Anisotmopically refin
given in the fom of isotmpic equivalent displacement parameter de
B = (4/3)[2"B(1,1 +b7B(2.2pc?B(3,3 prabicosyiB (1,2 +ac(cosBjE

Table 6. Structure of Compound 4a. Bond distances (Al

N1 - N3 1.405(3) C4 - H4
N1-C5 1.354(4) N2-C5
Cl-C2 1.367(5) C6 - C7
Cl-C5 1.419(4) C6 - H6
C1 - Hl 0.964(3) C7-C8
N3 - C6 1.357(4) C7 - H7
N3 - C10 1.352(5) C8 - C9
c2-C3 1.390(5) C8-H
C2 - H2 1.000(3) C9 - C10
C3-C4 1.368(5) C9-HY
C3 - H3 1.012(4) C10 - H10

C4 - N2 1.348(5)
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Table 7. Structure of compound 4a. Torsion Angles (7).

C5-N1-N3-C6 65.7(4) C6-N3-C10-C9 -1.7(5)
C5-N1-N2-C10 -118.8(3) C1-C2-C3-C4 -0.1(6)
N3-N1-C5-C1 179.6(3) C2-C3-C4-N2 -0.2(7)
N3-N1-C5-N2 1.7(4) C3-C4-N2-C5 LOT)
C5-C1-C2-C3 -0.4(5) C4-N2-C5-N1 176.5(4)
C2-C1-C5-N1 -176.8(3) C4-N2-C5-C1 -1.5(5)
C2-C1-C5-N2 1.3(5) N3-C5-C7-C8 -1.3(5)
N1-N3-C6-C7 171.5(3) C6-C7-C8-CY 0.2(5)
C10-N3-C6-C7 2.1(5) N1-N3-C10-C9 =177.3(3)
C7-C8-C9-C10 0.2(6) CB-C9-C10-N3 0.5(6)

Table 8. Structure of Compound 4a. Bond Angles (*).

MN3-N1-C5 112.5(2) N1 -C5-H3 122.6(3)
C2-C1-0C5 119.7(2) Cl-C5-N2 120.8(3)
C1-Cl-H1 120.002) MN3-Co-0C7 119.8(4)
C5-C1-H1 120.0(2) N3 - C6 - H6 116.0(1)
Nl -N3-Cb 121.7(2) C7-C6-Hb 124.001)
N1 - N3 - Cl0 117.6(2) C6-C7-C8 120.5(3)
C6 - N3 - C10 120.5(3) C6 - CT - H7 118.002)
Cl-C2-C3 119.5(3) C8 - CT7 - HY 121.0(2)
Cl-C2-H2 118.0(2) C7-CR-C9 118.9(3)
C3-C2-H2 122.002) C7-C8-H8 118.0{2)
C2-C3-0C4 117.5(3) C9-CH-Hs 123.0(2)
C2-C2-H? 124.0(2) CR-C9-Cl10 120.1(4)
C4-C3-H3 118.002) CB -C9-H9 123.0(2)
C3-0C4-N2 125.1(3) Cl0 - C9 - H9 117.0(2)
C3-C4-Hé 121.002) N3-Cl0-C9 120.2(3)
M2 - C4 - H4 113.002) N3 - Cl10 - H10 115.0(2)
C4-N2-C5 117.3(3) C9 - C10 - H10 124.0(2)
NI-C%5-Cl 116.5(2)

Theoretical study. The semiempirical molecular orbital program MOPAC (version 6.0,“} was used
with AM112 parametrization to optimize all the geometrical variables of the X-ray structure of 4a, which
were specified in internal coordinates. The eigenvector following routine!? (keyword EF) and a step-size of
0.05 (A or radians) allowed full geometry optimization to a gradient norm of 0.01 kcalfmole. The main
geometrical difference between the crystal structure and the optimized one is the dihedral angle around the
N1-N3 bond. It was found to be +65.7% in the crystal, and nearly 0% in the MOPAC optimized structure,

In order to account for this discrepancy, the dependence of both the intramolecular energy and the
dipole moment on the rotation about the N1-N3 bond of compound 4a was studied. The dihedral space for
this torsional angle was divided into 10® intervals and the remaining geometrical variables were fully
optimized as before. As indicated by the energy diagram in Figure 4, the planar structure is energetically

favoured over all others, either in vacuum or in solution, and specially in non polar solvents. The change
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in dipole moment parallels the calculated change in energy’’.
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Figure 4. AM1 heat of formation and dipole moment of 4a

In the crystal packing arrangement (Figure 3), clear head-to-tail in
pyridinium and pyridine rings of two neighbouring molecules of 4a in
the corresponding calculated dipole moment vectors on (wo interacting m
explanation of why the -
is not the planar struct
implied by experimental
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to 65.7% costing ab
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Figure 5. Schematic representation of the in the crystalline
dipale moment vectors of two adjacent energy apparently

maolecules of 4a, as seen in the crystal structure, sahiliatio: o
the pyriding rings. In isolated molecules, the coplanar mmﬁ
intramolecular interaction between the two oppositely chargd
C6-H (alpha to the pyridinium N atom) and the 2-pyridyl nimre
described yield a bond order for C6-H of 0.9076 vy, 0.9279 "
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reflected in a longer bond length (1.1084 vs. 1.1063 A). The magnitude of this hydrogen bond can be
measured as the sum of electronic and nuclear energies between the two atoms (-0.0502 V).

Reactivity.

The structural conclusions above described suggested an interesting reactivity of the aminides 4
against electrophiles in two alternative ways: by substitution of the aminide nitrogen, which would be
regioselective by the partial blockage of the azine nirogen via hydrogen bond, or by substitution of the
azine ting which would behave as an electron-rich system, thus giving C-substitution under mild
conditions.

C-Electrophiles. The alkylation of N'-substituted iminoazinium betaines is highly dependent on the N-
substituent.! The alkylation of aminides 4 could take place in both imino or azine nitrogens. However,
when the process was performed on 4 with methyl iodide or benzy] chloride, only the N-amino pyridinium
salts 8 were obtained (Table 9). To test the regioselectivity of the alkylation process, the alternative 4a
regivisomer as N-methylpyridyl 9 was obtained by reaction of N-aminopyridinium iodide with 2-chloro-1-

Table 9. N'-substituted azinium salts 8

- Comp R” R X Y R” Yield(%)Mp(*C)
" $a H HCHCH H 75° M68
L] —_——
‘ 4 . 8 ACH=CH)yr CHCH H T 1779
N\J‘:I: R cw"\x(j:: s8¢ H N CH B &b 194
; e, 3 8d H HCH N H 60  148-9
a 8 ¢ H H CH CH Ph» 82 1323 I

i) For compounds Ba-d: Mel / acetone, r.1.
For compound Be: PhCH.Cl 7 Toluens, A

methylpyridinium iodide in the pressnce of base. When 8a was obtained, no traces of 9 were detected.
The reaction of heterparomatic N-imines with o, B-unsaturated carbonyl derivatives is a common

Ro~lifob

H

102 A= H 64%
108 = —{CH-CH)— 65%

Scheme 3

11
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process usually yielding cycloaddition products.® Typical dipolarophiles were tested toward N-(2-pyridyl-
imino)pyridinium betaine 4a with no success, probably due to the stability of the dipole. By contrast, an
alternative Michael process, similar to the one described by Sasaki et al.* was successfully applied, using
silica gel as acid catalyst, and producing in one step, the substituted 2-aminopyridines heme 3).
Reaction with 1,2-naphthoquinone and N-phenylmaleimide produced, in a similar way,
X-Electrophiles
Nitration: Electrophilic aromatic nitration of N-(o- or p-nitrophenylimino)pyri
reported'” to produce, depending on the reaction conditions, different polynitro
pyridinium N-(2"-pyridyl)aminide 4a was nitrated with a mixmure (1:1 v/v) of ¢
sulfuric acids, a mixture of pyridinium N-[2°-(5 -nitropyridyl)] and N-[2°-(3°5
12a and 13a was obtained (after neutralization), the former being the main pro

Table 10. Physical data of C-substiuted Pyridinium N-(2°-heteroaryl)aminide

Y E Comp.* Yield®(%) mp(°C) Comp.*

CH NO, 12 25 2168 13a° 20
CH Br 126° 50 125-8 13p%* 7
CH 1 12¢¢ 61 132-5 13¢°

CH PhN, 12d° 50 134-6

N PhN,  12¢° 45 173-5

*Satisfactory analytical data (+0.4% for C, H, N) were obtained for
®Yields were not optimized. © For nitration: Conc. H,50, and HNO,,
PhN,*, C1 '/ HCL, 5 °C ? Equimolar amount of bromine or iodine in Cly
excess of bromine or iodine, K,CO; (excess), Cl,CH,, r.t. .

Halogenation: When the pyridinium N-(2"-pyridyl)aminide 4a was
bromine, in dichloromethane at room temperature, electrophilic aroms




Azinium-N-(2"-azinylJaminides 5005

Table 11.- "H NMR spectral data of N-(2-azinylamino)pyridinium derivatives 8-13 (DMSO-d,)

Comp. H2(6) H4 H3(5) Others

Ba 9.37 8.80 834 3.75(s, 3H, Me); 7.09(dd, 1H, J=73 and 4.3, H5"),
(dd, 68,1.3) (m, 7.8,13) (dd, 7.8,6.8) 7.18(d, 1H, J=B3, H3'); 7.89 (ddd, 1H, J=79, 7.1 and 1.7
H4%); 8.11(ddd, 1H, }=5.0, 1.8 and (.9, H6)
8b 945 8.87 B.A46 351 (s, 3H, Me); 742 (d, 1H, }=9.0, H3"); 74-7.5 (m, 2H,
{dd, 7.3,1.3) (um, 7.8,1.3) (dd, 7.3,6.7) H6E', HR'); 7.63(ddd, 1H, }=7.0, 7.0 and 1.5, H7"); 7.93 (dd,
1H, J=8.1 and 1.6, H5"); 8.16(d, 1H, J=8.8, H4").

Be 941 8.85 8.59 3.84(s, 3H, Me); 7.16(t, 1H, J=4.8, H57); 8.37(d, 2H, J=4.3,
(dd, 6.7,1.4) (n, 7.8,1.3) (dd, 7.6,6.8) H4"+HG6").

8d 940 8.83 838 3.85(s, 3H, Me); 8.17(dd, 1H, J=2.7 and 1.5, H); 8.34(d,
(dd, 6.8,1.4) (1, 7.8,1.3) (dd, 7.6,6.8) 1H, J=17, H6"); 8.68(d, 1H, }=1.6, H3").

Be 936 87 £.23 5.41(s, 2H, CH,Ph), 7.14(dd, 1H, }=7.3 and 4.9, H57); 7.27(d,

(dd, 6.7,1.3) (x, 7.8,1.3) (dd, 7856.7) [=8.5, H3"); 73-7.35(m, 3H, Ph); 7.35-7.4(m, 2H, Ph);
7.90(ddd, 1H, }=7.7,6.7 and 1.7, H4"); 8.17(ddd, 1H,
1=4.918 and 0.6, H6")

12a 876 823 7.94 6.28(d, 1H, }=9.6, H3"); 784(dd, 1H, }=96 and 28, H4",
(dd. 6.8,1.3) (1, 7.7,1.3) (dd, 7768) 856(d, 1H, }=28, HE").
12b 887 7.79 75765  6.28(d, 1H, J=9.0, H3"); 7.30 (dd, 1H, J=9.0 and 2.2, H4"),
{brd, 69) (brt, 7.6) (m) 7.5-7.65(m, 1H, HE").
12¢ 912 8.69 80-83" 687(d, 1H, J=8.7, H3"); 8.0-8.3(m, 2H, H4"+H6")
{brd, 6.0} (brt, 7.6) (m)
124 586 8.13 7.89 6.44(d, 1H, J=9.4, H3); 7.33(1t, 1H, J=72, and 1.1, H4")

(dd, 6.8,1.1) (1, 7.7,1.1) (dd, 7.6,69) 7.45(br, 2H, }=7.6, H3*+H5"*); 7.67(brd, 2H, H=1.5,
H2"+H6™); 7.78(dd, 1H, J= 93, 2.5, H4"); 823 (d, 1H,

=26, H6Y)

12¢ 890 £.20 7.94 7.38(br1, 1H, J=7.3, H4""), 7.48(brd, 2H, J= 7.5, H3“+H5"");
(brd, 59)  (brt, 7.7) (b, 7.4) 7.72(brd, 2H, J=7.4, H4""+H6""); 7.81(s, 1H, H6); 8.16(s,

1H, H3")

132 E.80 £.34 .03 869 (d, 1H, =26, H4"); 8.73(d, 1H, J=2.6, H6).
{dd, 6.7,1.3) (i, 7.8,1.3) (dd, 7.8,6.7)

136 8.73 B.03 7.80 7.59(d,1H, J=2.2, H6"): 7.68(d, 1H, J=2.2, H4").
(dd.7.2.13) (n7.7,12) (bm, 7.1)

13¢ 880 8.17 7.89 7.7%(d, 1H, ]=2.1, H4") 8.04(d, 1H, J=2.0).

(brd, 5.9}  (brr, 7.6) (brt, 7.1)

* Partially overlapped signals
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mixture of the 5°-bromo and 3,5 "-dibromo aminides 12b and 13b (4:
The same process in the presence of base, and with a three molar exe
aminide 13b as the only product (75 %).
Iodination was also tested, and using equimolar amounts of iodin
dichloromethane at room temperature, the pyridinium N-[2°-(5"
When the reaction was carried out in the presence of base, and usi
further substitution took place and, the 3,5°-diiodo aminide 13c w
iodination was tested on the isoquinolinium N-(2°-pyridyl)aminide
(Scheme 4) was the only isolated product, showing that iodine pre
cyclic tautomer 14a, which should coexist in solution with the beta
by NMR in 4a samples, so only a small percentage should be resp
being shifted to 15a in the presence of the oxidant. In pyridiniy
tautomers should be smaller than that required o allow the ox
observed. A similar behaviour was observed with the isoquin

- -

I, Cl,CH,
14
Scheme 4

Diazonium salts: Coupling with benzenediazonium chloride
4u and 4d.The 2-azinyl moiety was selectively attacked on
12d and 12e.

Melting poinis werne deternined on a Bichi SMP-20 and
using a Perkin-Elmer 700 or 1310 spectmphotometer. 'H NMR
MHz) or Varian Unity (300 MHz) spectmometer. Chemical shif ifield from
tetram ethylsilane (Tables 2, 3 and 11). Selectively 'H decouple
45) shift cormelation experiments wene applied where necessary. El




Table 12. Microanalyses of all new derivatives.

Azinium-N-{2"-azinyl)aminides

Comp. Mol formula Caled(%) Found(%)
c H N c H N

3¢ CoHNBr, 3254 304 1687 3229 305 1678
3d CoHNBr, 3254 304 1687 3219 328 1660
I CuHNiClL, 6296 441 1225 6299 458 1258
4a  CHN, 7014 530 2456 6989 537 24580
4b C H,N, 7599 501 1900 7633 521 1911
4c  CgHgN, 6276 469 3255 6239 472 3266
44 CgHgN, 6276 469 3255 6250 493 3236
o CgH; Ny, 7967 483 1550 7945 468 1530
8a  CyHpN;l 4217 386 1342 4245 382 1342
8b  CH,NyJ 4958 389 1157 4946 401 1179
fie GGG IR ey TR IR S NS 0 §5s
TN T NI IS I AR AR 1T
Be CpH,CINy, 6866 543 1414 6830 534 1431
o PAEHENE T U T AT 42907 e 1R
10a  C,HN,O, 6598 403 1400 6605 385 1389
10b  CHN,O, 7198 403 1120 7198 395 1098
0c CiHigN,O, 7198 403 1120 7178 394 1087
11 CpH;N;O, 6790 418 1585 6775 450 16.03
12a CigHgN,O, 5554 373 2592 5593 340 2594
12b  CyHgBrN, 4819 324 1687 4790 330 1667
12¢  CiHgIN; 4041 271 1415 4063 257 1433
124 C,HiNg 6979 476 2545 6970 496 2541
122 CiH N, 6519 438 3043 6517 460 3007
13a  CyH,NsO, 4597 270 2682 4571 232 2655
13b  CpHBr,N; 3671 216 1285 3648 214 1259
13¢  CgHLN, 2838 167 993 2826 193 970
15a C,H N, 2796 168 699 2810 158 7.10
15, CH. LN, 3319 185 645 3298 202 680
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Rapid CHN analyzer and are within 0.4% of the theomretical value for all new compounds described (Table 12).
MOPAC was implemented on a CYBER 910B-480 workstation,

Preparation of M-(2"-azinylamino)pyridinium bromide hydrobromides 3a-d .(Table 1)

To a solution of N+(2°4°-dinitrophenyl)pyridinium chloride (2.8 g, 0.01 mol) in ethanol (15 ml), was added the
comresponding a-hydrazinoazine (0.01 mol) in ethanol (5 ml) followed by triethylamine (1.5 ml). The reaction
mixure was simed al mom temperature for 15 minutes. The precipitate was washed with 10% hydmchlodc acid
{until the filtrate rached pH 5-6), then with methanol (30 ml) and finally with ether (30 ml). The crude hydrazone 2
obtained was suspended in glacial acetic acid (25 ml) and mefluxed for 30 minutes until a clear solution was
obtained, The mixture was then concentrated to dryness. The residue was stimed in water and the insoluble material
memoved by filtration. The filirate was decolourized with charcoal, acidified with 47% hydmbromic acid (.02 mal),
then concentrated 10 dryness and the residue recrystallized from absolute ethanol.

Preparation of N-(2-azinylamino)isoquinolinium chloride hydrochorides 3. (Table 1)

To 2 solution of N-(2'4"dinitrophenyljisoquinolinium chloride (3.3 g. 0.01 mol) in ethanol (70 ml), was added the
a-hydrazinoazine (0.01 mol) in ethanol (5 ml) followed by triethylamine (1.5 mi). The mixture was refluxed for 1 h.
The precipitate fommed was filiered and washed with 10% hydmchloric acid (untl the filtmte reached pH 5-6), and
then with ethanol (30 ml). The crude hydrazone was suspended in a mixture of ethanol (45 ml) and 35%
hydmchlorc acid (15 ml) and refluxed until a clear solution was obtained (1h). The dinitroaniline was precipitated
by addidon of water (120 ml) and fltered off. The filtrate was concentrated to about 10 ml and then treated with
charcoal, and filiered. The oily residue obtained on concentration was triturated with acetone and the solid was
mecrystallized from absolute ethanol.

Preparation of N-(2"-azinylimino)azinium betaines 4. {Table 1)

To a vigomusly stimed solution of the comesponding salt 3 (10 mmaol) in acctone (45 mi), potassium carbonate (20
mmol) was added. After 3 h of stiming at oom temperature the inorganic salts were filtered, and the filtrate
evaporated o dryness. The residue was recrystallized as indicated in Table 1.

Reaction of aminides 4 with electrophiles.

1) Reaction with alkyl halides, (Table 99 To a solution of the aninide 4 (10 mmaol) in acetone (30 ml, for 4a-d) or
toluene (25 ml, for 4e), the alkyl halide (12 mmol) was added, and the mixture was stimed at mom temperature for
2 h {for 4e reflux for 6 h was necessary) ., The precipitate formed was isolated by filtration (for 4e as the chionde
was hygmscopic it was necessary to do an halogen interchange to iodide). Recrystallization from abs. ethanol gave
the salts 8,

N-[2°-(1"-methyl-1"H,2 H-pyridyljimino)pyridinium iodide (9). A solution of 2-chlom-1-methylpyridinium fodide
(0.2 g, 0.78 mmaol) and 1-aminopyrdinium iodide (0,19 g, (.86 mmaol) in acetonitrile (25 ml) was vigomusly stimed
with potassium carbonate (0,36 g, 2.6 mmol) 3t mom temperature for 12 days, The inorganic salt was removed by
filtration and the filtmte evaporated in vacuo, the residue so obtained was scratched with ether to yield a solid which
was meerystallized from abs. ethanol, yielding 0.165 g (67%), mp 215-216 °C | H NMR (DMSO-d) & 3.67 (s, 3 H,
CH,y), 604 (d, 1 H, ] =88 Hz, HY), 642 (1, 1 H, ] = 6.7 Hz, HY), 745 (ddd, 1 H, J = 8.1, 7.1 and 1.7 Hz, H47,
796(d, 1H,) =64 Hz, H67). 814 (1 ,2H,J =68 Hz, HY and H5), 846 (1, 1 H,J =78 Hz, H4), 886 (d, 2 H, ]
= 5.9 Hz, H2 and H6).
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b) Resction with &, f-unsaturated carbonyl derivatives. General procedure. A mixture of pyridinium N-{2"-
pyfidyl)aminide 4a (0.34 g, 2 mmol), the comesponding o, f-unsaturated carbonyl derivative (2 mmol) and silica gel
(2 g in acetonitrile (10 ml), was stimed at room temperature until no starting material was detected by TLC. The
silica was removed by filtration and the solvent evaporated under vacuo o give a solid which was recrystallized
from the suitable solvent.

2-[N-(2"-pyridylamino)]-1,4-benzoquinone {10a). Yield 64 %, mp 102-104 °C (from ethanol)

! H NMR (DMSO-dg) 8 6.53 (brs, 1 H, H3), 6.74 (dd, 1 H, J = 10.0 and 2.6 Hz, HS), 6.86 (d, 1 H, J = 100 Hz,
H6), 702 (dd, 1 H, J = 7.7 and 5.0 Hz, HS"), 7.51 (d, 1 H, J = 8.3 Hz, H3"), 7.75-7.8{m, 1 H, H4"), 885 (dd, 1 H,
J=151 and 2.0 Hz, H57), 9.16 (brs, 1 H, NH).

2-[N-(2"-pyridylamino)]-1,4-naphthoquinone (10b). Yield 65 %, mp 198-200 °C (from ethanol)

! H NMR (DMSO-dg) 7.05 (dd, 1 H,J = 7.1 and 47 Hz, H5"), 7.57 (d, 1 H, J = 8.5 Hz, H3"), 7.76 (ddd, 1 H, J =
8.1, 7.2 and 20 Hz, H4"), 7.80 (ddd, 1 H, ] =73, 7.2 and 1.7 Hz, HT), 786 (ddd, 1 H, T =73, 7.0 and 1.6 Hz,
H6), 796 (dd , 1 H, J =75 and 1.7 Hz, H5), 8.05 (s, 1 H, H3), 807 (dd , 1 H, ] = 7.3 and 1.6 Hz, HE), 840 (dd ,
1 H,J =51 and 2.1 Hz, H67), 9.45 (brs, 1 H, NH).

2-[N-(2"-pyridylamino)]-1,2-naphthoquinone (18c). Yield 60 %, mp 220-222 °C (from cthanol)

1 H NMR (DMSO-dg) 7.1B (dd, 1 H,J = 7.3 and 4.8 Hz, H5), 745-7.5 (m, 1 H, H3"), 7.8-79 (m, 3 H, H3, H7
and HA"), 803 (d, 1 H, J = 7.8 Hz, H5), 832 (d, 1 H, J = £.1 Hz, HE), 847 (bred, 1 H, ] = 49 Hz, H6"), 10.00 (brs,
1 H, NH}.

N-phenyl-3-(2"-pyridylamino)maleimide (11). Yield: 90 %, mp 216-217 °C (from ethyl acetate) | H NMR (DMSO-
dg) 56,58 (s, 1 H, H4), 705 (dd, 1 H, J = 7.3 and 5.0 Hz, H5"), 73-74 (m, 3 H, H2", H4™ and H6™), 74-7.5 (m,
3 H, H3", H3"md H5), 7.76 (ddd, 1 H, J = 8.2, 7.2 and 2.0 Hz, H4"), 8.3€ (dd, 1 H, J = 5.1 and 2.0 Hz, H67),
1037 (s, 1 H, NH)

¢} Electrophilic aromatic substitution,

c.1) Nitration. To a precooled solution (2 “C) of the pyridinium N-(2"-pyridyljaminide 4a (200 mg. 1.17 mmol) in
concentrated sulfunc acid (1 mi), a mixture of concentrated nitric (0.3 ml) and sulfuric acids (0.3 ml) wene slowly
added. The reaction mixture was vigomusly stimed at mom temperature for 1 h, Neutralization with potassium
carhonate in water, afforded an orange solid, which was chromatographied on neutral alumina (Bmckmann grade 1)
suspended in ethyl acetate. By eluton with ethyl acetare/ethanol (7:3 viv) two products were isolated, identified as
the pyridinium N-[2"-(5 -nitropyridyl)]aminide (12a) (R =0.4) in 25 % yield, mp 216-218 °C (ethanol), and the
pyridinium N-[2°-{3",5"-dinitropyridyl)Jaminide (13a) (Rf =0.7) in 20 %, mp 190-192 °C (ethanol).

.2} Halogenation, General procedures: Method A: To a stimed soluton of the comesponding aminide 4a (1 mmol)
in dichlommethane (5 ml), a solution of the halogen (iodine or bromine) (1 mmaol) in dichlommethane (5 ml) was
dropwise added. Stiming was continued at room temperature for the time indicated. The maction mixture was
neutralized with sodium carbonate and then concentrated to dryness. The residue was chromatographied through a
column with neutral alumina (Brockmann grade 1) prepacked with cthyl acetate. By elution with ethyl
acetatefethanol (9:1, wiv), the comesponding compounds were isolated and recrystallized from acetone,

Method B; To a suspension of the comesponding aminide 4a (1 mmol) and powdered potassium carbonate (2.8 g, 20
mmol) in dichloromethane (10 ml}, the chosen halogen (iodine or bromine) (3 mmol) was added. The mixtume was
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stimed a mom temperature until no traces of the staring betasine was detected by thin layer chmmatography. The
. inorganic salts wene filtered and washed with dichlommethane (3x15 ml). The solvent was eliminated and the oily
' mesidue obtained was purified by column chromatography on newtral alumina (Brockmann grade 1) prepacked with
[ ethyl acetate, using ethyl acetate/ethanol (9:1 v/v) as eluent. Recrystallization from abs. ethanol gave analytical

gam ples of the comesponding dihaloderivatives.

Eromination. Following the Method A, from 4a and after stiming for 10 hours, a mixture was obtained which was
| separated by column chmomatography, using neutral alumina (Brockmeann grade 1) and ethyl acetatefethanol as
eluent (1:1 v/iv) The pyridinium N-[2-(3,5"-dibromopyridyl)]aminide (13b) was fistly eluted (Rf =0.7) in 50 %
yield after crystallization from acetone, mp 147-149 °C. The second fraction (Rf =0.2) was identified as pyridinium
N-[2%-{5-bromopyridyl}laminide (12b), and was also crystallized from acetone. Yield =14 %, mp =125-128 °C.
The pyridium dibromoam inide 13b was also obtained, using method B, after 10 hours. Yield 75 %, mp 148-149 °C.
lodinated producis:
Pyridinium N-[2-(5-iodopyridyl)]aminide (12c). This compound was obtained using Method A, from 4a and after
30 min stiming, in 61 % yield, mp 132-135 °C.
Pyridinium N [(2°-(3",5 -diiodopyridyl)Jaminide {13c). The tule compound was obtained following Method B from
4a, after stiming for 3 hours, yield: 70 %, mp 110-111 °C.
Pyrido[1',2%:3,4][1,2,4]-triazolo] 5,1-alisoquinelin-T-ium Periodide (15a). The title compound was obtained following
Method A, from 4e, after stiring for 30 min, in 40 % yield, mp 227-229 °C ' H NMR (DMSOd.) & 767 (1, 1 H,
} = 7.0 Hz, H10); £.11 (dd, 1 H,J =93 and 7.3 Hz, H9); 8.15-8.2 (m, 2 H, H2 and H4); 838, 1 H,J] =93
Hz, HE); 846 (d, 1 H, J = 7.3 Hz, H5), 8.5-8.55 {m, 1 H, H1); 92593 {m, 1 H, H3), 934, 1 H.J =73 Hz,
H6) 9.87 (d, 1 H,J = 7.3 Hz, H11).
lsoquine| 2',1%5,1]( 1,24 )-triazolo| 4,3-a)quinolin-9-jum Perodide {15b). This compound was obained from 47
acconding to Method A, and after stiming for 30 min. Yield: 86%, mp 265-266 “C ! H NMR (DMS0-d,) 87920,
1H,J =73 He, H11); 801 (1, 1 H,J =73 He, H12); 8.10-8.15(m, 2 H, H2 and HE):; 822 (1.1 H.J = 7.3 Hz,
H3)k 8.32 (d. 1 H, J =7.3 Hz, H10), }§.45-8.55 (m, 3 H, H1, H4 and H5); 8.64 (d, 1 H, J = £3 Hz, H13), 91 (d, 1
H, J =88 Hz, HY), 9.35 (d. 1 H, J = 7.3 Hz, HE).
¢.3) Reaction with diazonium salts. General procedure. To a stimed, cool (0 °C) solution of aniline (1 ml, 10 mmol)
in 68 HCI (5 ml, 30 mmol), sodium nitrite (0.83 g, 10 mmol) in water (5 ml} was dopwise added. Then, the
corresponding  aminide 4 (10 mmol) was added, the mixiure was stirred at 5 °C and basified with sodium carbonate
up to pH =8.0-8.5, and an orange solid was obtained, which was extracted with dichlommethane (4x 10 ml). The
combined organic fractions were washed with water until neutral pH, dried over magnesiom sulphate and the solvent
removed in vacuo W give a residue which was chromatographied on a newtral alumina (Brockmann grade 1) column
prepacked with ethyl acetate. Elution with ethyl acetatejerthanol (1:1 wiv) produced the comesponding coupled
products.
Pyridinium N-[2°-(5 -phenylazopyridyl)jaminide (12d). Yield: 50 %, mp 134-136 °C (toluene),
Pyrdinium N-|1'-(5"-phenylazopyrazinyl) Jaminide (12e¢).Yicld: 45 %, mp 173-175 °C (toluene).

Crystallographic Structural Determination for 4a. Crystal data for compound 4a: CpHgNy, M = 171.20, monoclinic,
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space group P2,/n, a = 9.464 (4), b = 7.719 (3), ¢ = 12811 (8), B = 109.58 (2), U = 881.8 A’ (by least-squares
refinement on diffractometer angles for 25 automatically centred reflexions), A = 0.71069 A, Z =4, D, = 1.29
grem™. Colourless, 0.20 x 0.15 x 0.25 mm™, pMoKa) = 0.759 em™!, F0O00) = 360.

Al crystallographic measurements were made on a ENRAF-NONIUS CAD-4 diffractometer, w-26 mode with
scan width = 1.0 + 0.35 tan 8, graphite monochromated MoKa radiation; 2742 unigue reflections were measured in
therange 220 30° -13shs+13, 105k = (; -18 £1 £ 0; 1231 observed reflexions with [ > 3o()]. The
structure was solved by direct method with MULTAN' and DIRDIF' programs. All non hydmgen atoms were
refined anisotropically by full-matrix least-squares refinement. All the H-atoms were experimentally detemn ined.
Final R an R, values ane 0.055 and 0.054 using unit weights for all observed reflections. Anomalous dispersion
comections and atomic scattering factors wem taken from intemational tables'®, The calculations were made with
SDP Package'” in a MICROVAX 11 computer.

ACKNOWLEDGEMENTS.

The authors wish to thank the Comisidn Interministerial de Ciencia y Tecnologia (CL.C.Y.T.) for
financial support (Project PB90-0284), and the Ministerio de Educacidn v Ciencia (M.E.C.) for one
studentship (R.C.M.).

REFERENCES AND NOTES.

1. Ollis, W. D.; Swanforth, 5. P.; Ramsden, C. A, Tetrahedron 1985, 47, 2239,

2.  Tsuge, O.; Kanemasa, 8. Adv. Heterocyelic Chem. 1989, 45, 231, and references cited therein.

3. The structure and chemical reactivity of simple N-substituted imino betaines have been reviewed: a)
Tamura, Y. Ikeda, M. Adv. Heterocyclic Chem. 1981, 29, 71. b) Katritzky, A. R.; Lam, J. N.
Heterocvcles 1992, 33, 1011 on N-Oxides and N-Imides.

4. a) Cuadro, A. M.; Alvarez-Builla, I.; Vaguero, 1. J. Hererocycles 1988, 28, 1233, b) Cuadro, A. M,;
Alvarez-Builla, I.; Vaquero, 1. J. Heterocycles 1989, 29, 57. ¢) Carceller, R.; Garcia-Navio, J. L.;
lzquierdo, M. L.; Alvarez-Builla, 1.; Sanz-Aparicio, 1.; Florencio, F. Heterocycles 1989, 29, 1877. d)
Molina, A.; Cuadro, A. M.; Alvarez-Builla, J.; Vaguero, J. I.; Garcia-Navio, J. L. Heterocycles 1990,
11, 1451, e) Cuadro, A. M.; Novella, J. L.; Maolina, A.; Alvarez-Builla, 1.; Vaquero, J. J. Tetrahedron
19940, 44, 6033,

3. In a recent paper, some related monoheteroaryl ylides have been isplated and the molecular structure
of one of them has been determined by X-ray analysis. See Alcalde, E. et al J. Org, Chem. 19912, 57,
4829,

6. A preliminary report of this work has appeared: Carceller, R.; Garcia-Navio, J. L; Izquierdo, M. L;
Alvarez-Builla, J. Tetrahedron Letr. 1993, 34, 2019,

7. &) Konig, W.; Ebert, G.; Centner, K. Chem. Ber. 1923, 56, 751. b) Becher, 1. Synthesis 1980, 589,

8. Beyer, H; Thieme, E. J. Praki. Chem. 1966, 31, 293

9. Knaus, E. E; Redda, K. J. Heterocyclic Chem, 1976, 13, 1237,

10, Spitsin N, V.; Kochkanyan R. Q. Khim. Geterowsik!, Soedin. 1989, 5, 626 (CA.

11. The calculated energy represents the standard gas-phase enthalpy of formation of the isolated
molecule at 25°C. Stewart, J. 1. P., MOPAC, version 6.0; QCPE 455, Quantum Chemistry Program
Exchange, Indiana University, Bloomington, Indiana 47405,

12. Dewar, M. ). 5.; Zoebisch, E. G.; Healy, E. F; Stewart, J. 1. P. J. Am. Chem. Soc., 1988, 107, 3902.




5012

13.
14,
15.
16.

17.

18.
19.

R. CARCELLER er al.

Baker, J. J. Comp. Chem. 1986, 7, 385.

Sasaki, T; Kanematsu, K.; Kakehi, A. Terrakedron 1972, 28, 1469.

Okamoto, T.; Hayashi, 5.; Horikiri, H.; Hirobe, M. ¥ akugaku Zasshi 1971, 9], 261.

Main, P.; Fiske, 5. E; Hull, 8. L; Lessinger, L.; Germain, C.; Declerg, 1. P.; Woolfsoon, M. M,
MULTAN, Universities of York and Louvain 1980.

Beurskens, P. T.; Bossman, W. P.; Doesburg, H. H.; Could, R. O.; Van der Hark, T. E. M.; Prick, P.
A. 1.; Noordik, J. H.; Beurkens, G.; Parthasarathu, V. DIRDIF Manual 82, Tech. Report 1981-2
Crystallographic Laboratory, Toernooireld, The Netherlands, 1981.

International Tables for X -ray Crystallography; Kynoch Press: Birmingham, 1974 Veol. IV,

Frenz, B. A. and Associates, Inc. College Station, TX77842 and Enraf-Nonius, Delft, Holland, 1985,

(Received in UK 31 December 1993; revised & February 1994; accepted 11 February 1994)




