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Abstract - Regioselectivity of nucleophilic substitution 

reactions of 4,5-dihalo-3(2R)-pyridazinones (la-d) with 

benzylamines was studied under different conditions. 

Second-order kinetics were obtained for reactions of la 

with benzylamine in ethanol-d, and toluene-d, as well. 

Experimental results obtained were interpreted on the 

bases of Klopman-Salem equation and analyses of the 

react ion paths. 

INTRODUCTION 

The chemistry of 4(5)-benzylamino-5(4)-chloro-3(2R)-pyridazinones and 

structurally related compounds has recently received considerable 

attention due to their biological activitie~''~ and synthetic values in 

constructing of fused pyridazine~.~.' A simple and efficient approach to 

these compounds involves as key step the reaction of an amine with a 

4,s-dihalo-3(2R)-pyridazinone derivative. It has been well recognized 

that the synthetic potency of this route would be particularly enhanced, 

if the nucleophilic substitutions of halogens proceeded with high degrees 

of regioselectivity or were at least predictable. Factors governing the 

selectivity have already been doc~mented.~-~ Even though CNW/~~' and 

MNW~ calculations on 4.5-dichloro-2-methyl-3(2R)-pyridazinones have been 

done orientation rules appeared so far are on empirical rather than 

theoretical bases, and a general, reasonable explanation for regio- 

selectivity of these reactions has not yet been available. 
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We wish to report here our results on reactions of pyridazinones (la-d) 

with benzylamines and our attempts to get a better understanding of 

the factors controlling the selectivity. 

RESULTS AND DISCUSSIONS 

Reactions of 4,s-dichloro-2-methyl-3(2R)-pyridazinone (la) with benzyl- 

amine, 4-chloro-, 4-methoxy-, and N-methylbenzylamines, respectively, were 

carried out to investigate the effect of the amine, whereas pyridazinones 

(lh-d) were reacted with benzylamine to explore the influence of the 

pyridazine part on the product ratio (Scheme  1 ) .  The solvent effect was 

studied in ethanol and toluene ( T a b l e  1 ) .  

Scheme 1 

a: R' = CH,. x = CI, z = H 2 ,  6 : Ar = c,H,, R, = H 

b: R' = CH3, X = CI, Z = NO, 3. 7 : Ar = 4-C1C6H4. RZ = H 

c: R' = CH,, X = Br. Z = H 4, 8 : Ar = 4-CH30C,H4, RZ = H 

d: R' = C,H5, X = CI, Z = H 5 ,  9 : Ar = C,H5, R' = CH, 

In each case, kinetically controlled monosubstitution occurred only at 

4- and 5-positions of the pyridazinone ring affording 4- and 5-benzylamino 

derivatives 4 and 5-isomers'). respectively, and formations of 

6-benzylamino-4-chloropyridazinone derivatives by elimination-addition 

mechanism5b or 4.5-dibenzylamino derivatives by disubstitution could not 

be detected. The 5/4 isomer ratios were given by intensity ratios of the 

benzylic-CR, protons appeared as separate doublets (singlets in 5 and 9) 

in 'H nmr spectrum (CDCI,) of each isomer pair. The assignment was 

based on the difference in chemical shifts of these protons of isomer 

pairs. In 4-isomers (except 5a), the benzylic signals resonate 

significantly downfield as compared to those of the 5-isomers, presumably 

as a consequence of anisotropic effect of the neighboring carbonyl group. 
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Additional support for this assignment was provided with nOe 

obtained between benzylic and 6-CR protons only in 5-isomers. 

The structures of 2b. 5a and 6b, 9a were also confirmed by 13c nmr 

data, assignments were based on data published for relating compounds.5c 

In all cases and in a lot of solvent systems the 4-isomers show 

considerably higher retention value in thin layer chromatography than the 

corresponding 5-isomers. The data collected in Table 1 indicate several 

important characteristics for these reactions. 

Table 1 

Reaction of compounds (1) with benzylamines in different sovents at 77'C 

r e a c t  l o "  
Entry react ion mol ratio solvent t i m e  conver- product ratio 

a m ~ n s / p y ~ ~ d a z ~ n o n s  I ~ I  sion 1614 I 

1 la+C,H,CH2NHZ 3.5 ethanol 3 0.4 3.1 
2 3 toluene' 9 0.3 0.1 

3 5 toluenea 9 0.5 0.1 

4 7 toluene' 9 0.6 0.1 

5 la+4-C1C6H4CH,NH2 3.5 ethanol 3 0.3 4.2 

6 la+4-MeOC,H,CH,NH, 3.5 ethanol 3 0.6 3.5 

7 3.5 ethanol 12 0.9 3.5 

8 la+C,H,CH,NHCH, 3.5 ethanol 3 0.4 7.0 

9 Ib+ C6H5CH,NH2 3 ethanol 3 1.0 2.9 

10 3 toluene 3 1.0 1.7 

1 1  Ic+C6H5CH,NH2 3.5 ethanol 3 0.6 3.7 

12 7 toluene 6.5 0.5 0. 15 

13 ld+C,H,CH2NH2 3.5 ethanol 3' 0.8 > I 0  

14 3.5 toluene 12 0.2 0.25 

'This reaction was carried out at 98 OC. 

i) In toluene as compared to ethanol, rates of substitutions of 5- and 

4-chloro atoms were considerably reduced, though at a lesser extent for 

4-isomers, suggesting that both transition states of the rate-determining 

steps are much more polar than the corresponding ground states. As 

exception, 6-nitro derivative (Ib) proved to be almost equally reactive 

toward benzylamine in both solvents and afforded a 514 isomer ratio >I in 

toluene too. 

ii) The pyridazinone substituent at 2-position could also significantly 

contribute to yield relatively high 514 isomer ratios as examplified by 

Entries 13, 14 us. 1 ,  2, respectively. 
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iii) Of benzylamines, the secondary amine gave the highest 5/4 ratio 

(Entry 8). However, the isomer ratio was scarcely influenced by the 

4-substituent of primary amines (Entries 5-7). Thus, .steric rather than 

electronic effects may be important in this respect. 

iv) The isomer ratio was not dependent on excesses of benzylamine 

(Entries 2-4), at least in the range indicated. 

v)  When instead of la its bromo analogue, compound (lc), was used, only 

slight rate increases were obtained for both isomers (i.e. kBr/ kc, are 

small) also serving as an evidence for addition-elimination mechanism. 

From the above experiments, it could be reasonably concluded that these 

reactions, similarly to analogue nucleophilic vinylic or aromatic 

substitutions,' followed two-stage mechanism involving the initially 

attack of the amine, and expulsion of halogenide subsequently, as shown 

for la with benzylamine in Scheme 2. 

Rate constants were also calculated for reaction of la with benzylamine in 

ethanol-d, and toluene-d,. Concentrations of the starting pyridazinone and 

the products (2a. 6a) were measured by 'H nmr spectroscopy. Not 

surprisingly, the intermediates (I) and (11) were not detectable because 

of their short life-times and consequently low concentrations. 

Applying the steady state approximation to Scheme 2, expression (1) gives 

the value of k which can be occasionally further simplefied to 

expressions (2) and (3) depending on the relations of 

(cf. lit.. lo). 

if k-, << k2 + k,[B], 

if k-, >> k, + k3[Bl, 

where [B] is the concentration of 

We obtained second-order klnelics 

lecting that the rate-determining 

and C-5, respectively. On the 

benzylamine. 

for both reactions in both solvents ref- 

step is the attack of benzylamine at C-4 

other hand, 'mixed' (second- and 

third-order) kinetics, which could be expected if both stages of substitu- 

tion were contributed to the rate at similar extents, was ruled out on the 

basis of statistical analysis obtained by SimuSolv program" (Table 2). 

Accordingly the isomer ratios correspond to k5/ k! 
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Table 2. 

Rate constants for reaction of la with benzylamine" 

'abbreviations: E: ethanol-d,; T: toluene-d,, LL: log likelyhood. 

In this symbolism k,, = k,k,/ k-, and k,,, = k,k,l k-, (see Ex 3 ) .  

In ethanol-d,, the differences between the activation enthalpies 

(AAH*= AH:- AH:) and entropies (AAS*= AS:- AS:) (Table 3) govern the 

regioselectivity just oppositely. Since AAH* contributes to AAG* more 

significantly, the substitution of 5-chloro atom is more preferable. Both 

transition states should be highly solvated but the transition state 

leading to the 5-isomer (6a) is less solvated. 

Solvent 

E 
E 
E 
T 

Table 3 

Activation parameter for reaction of la with benzylamine in ethanol-d, 

'Mixed' kinetica" 

compound AH* AS* AG* 
Iks.l/moll (c.l/mol d e a l  (ks.L/.oll 

Temp. 
OC 

44 
57 
70 
8 0  

Theoretic considerations. 

Two approaches have been used for interpretation of the experimental 

results. The simplefied Klopman-Salem equation (Eq. 7)13 was expected to 

be applicable to these reactions, since perturbations of pyridazinones 

with mines proceed in the rate-determining step. Using this equation, in 

which solvent dielectric constant is also implicitely involved, one 

might hope to get information on the origin of solvent effects. 

LL 

138.2 
152.8 
160.9 
- 134.3 

0 ,  
L' mol-' aec-' 

0.8k0.4 
0 . 9 f 1 . 4  
1 .252 .8  
2 . 4 k O . O ~  

Second-order kinetica 
1Obk?, 

L mol-' secCX 

1.3050.09 
3.42f0.36 
7.9250.68 

<0.001 

106k:, 
L mol-' aec-' 

<0.005 
<0.04 

8.72f4.02 
3.2 1 0 . 7  

106k:,, 
La molP  aee-' 

1.2950.03 
4.0150.16 
6.9651.75 
1.3 f0 .3  

LL 

147.2 
164.5 
158.9 
134.5 

10'k: 
L mol-' 

3.06f0.04 
9.02f0.20 

24.4 50 .50  
6 .30f0 .03  

10Sk: 
aec-' 

1.4750.07 
3.5550.04 
8.01f0.08 
0.0650.002 
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The HOMO and LUMO coefficients, energies and net atomic charges for 1a.d 

(Figure 7) and benzylamines (Table 4) were calculated by AM1 method." 

For benzylamines data for nitrogen as reacting center were only given. 

Considering the LUMO coefficients and atomic charges of pyridazinones 

(la,d), one would rush to the conclusion that only a charge controlled 

reaction could result in such degrees of regioselectivity. In fact, the 

large gaps existing between the LUMO of pyridazinones and HOMO of benzyl- 

amines suggest also charge control for these reactions. Nevertheless, the 

orbital term should still play a role in the regiochemistry too by rever- 

sing the reactivity order of C-3 vs. C - 5  and C-4, predicted exclusively 

on the basis of their net charges. The differences between the values of 

coefficients of C-4, C-5 and C - 3  (see Figure I ) ,  respectively, are 

apparently large enough to satisfy this requirement. 

Figure 1 

AM1 data of 2-methyl- and 2-phenyl-4.5-dichloro-3(2H)-pyridazinones 

The net atomic charges are in bolds, while the pz coefficients in LUMO 

are printed in italics. 

Thus the preference of the substitution of the 5-chloro v s .  4-chloro atom 

in ethanol can be satisfactorily explained by the charge difference 

between C - 5  and C-4 (moreover, an enhanced polarization could be 

expected in polar medium, cf lit.,"). Paradoxically, in strict sense. 

these reactions may not yet be considered to be charge controlled 

because of the above argumentation. The similar selectivities obtained 

with 4-substituted benzylamines can also he understood, the nitrogen 

has the same charge and similar coefficient in the effective HOMO in each 

compound (see Table 4). 
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Table 4 

Net atomic charge (Q) p orbital coefficent (c) of nitrogen in 'effective' 

HOMO. energy values ( E )  and heat of formation (AH') calculated by AM1 

method for benzylamines 

a 'effective' ~ 0 ~ 0 ' ~  

However, the opposite regioselectivity obtained in toluene cannot be 

explained on this basis, and even a much higher 5/4-ratio would be 

predicted in this solvent than in ethanol by comparing their & values 

(2.4, 26) .  In order to try to explore the origin of this contradiction, 

we next investigated the change of the energies along the reaction 

path to intermediates ( I )  and (11). i.e. for the rate determining step, 

using the C-N distances as reaction coordinates (Figure 2). 

T-TI 

(A )  1.55 1.75 ( A )  1.75 1.61 

Figure 2 

The reaction profile for the reaction of 4.5-dichloro-2-methyl-3(28)- 

pyridazinone with benzylamine calculated by AM1 method 

In both reactions, as the nucleophile approaches the pyridazinone ring. 

the energy rises monotonically to the transition states (T-I), (T-II), 

and then lowers to the intermediates (I) and (11). The activation barriers 
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(AH*) are given by differences between the heats of formation of T-I. 

T-I1 and the separated reactants. respectively (Table 5 ) .  

Table 5 

Heats of formation and dipole moments of T-I and T-I1 

The calculated activation energies [AH~-(AH~~-AH~~,,,)~, which corre- 

late well with AG* values obtained in ethanol-d, experimentally, l7  

favour again the formation of the 5-isomer. However, comparing the 

transition states (T-I) and (T-11) in details, there still exists a 

striking difference between them, namely in dipole moments. We believe it 

may actually be one important reason for the reversed selectivity 

obtained in toluene. As a consequence of the higher dipole moment of T-11, 

it should be more solvated in both solvents. This would result in more 

negative A S  and consequently more positive AG:. In other words, the 

decreased need for participation of solvent molecules in the transiton 

state (T-I) may account for the preference of substitution reaction at 

4-position of la with benzylamine. Of course, this enhancement caused 

by AS* in AG* may be counter- or even overbalanced by lowering AH* 

through solvation. The more polar the transition state is, the more 

lower AH* will be obtained - as it has been found for the formation of the 
5-isomer in ethanol. The 'anomalous' behaviour of the 6-nitro derivative 

(Ib) with benzylamine affording high 514-isomer ratio in toluene could be 

explained by 'built-in salvation' operating in the transition state of the 

5-isomer as described for oriho-nitrohaloben~enes.~ 

CONCLUSIONS 

Our results presented here indicate that in reactions of 4,s-dihalo- 

3(2R)-pyridazinones with benzylamines the attack of the nucleopbile at 

C-4 or C-5 is the rate-determining step. The regioselectivities can 

reach modest- to high level influenced mainly by the solvent and the 

substituent(s) of the pyridazinone ring. Generally, the results are 

predictable by considering the transition states T -  and IT-11). 

The differences between their energies (characterized by AEp or 
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 AH:^, = ,  ) ,  or their dipole moments seem to be manifested depending on 

the polarity of the medium. Formations of 5- or 4-isomers are favored in 

ethanol or toluene, respectively. 

EXPERIMENTAL 

Melting points were determined on a Boetius apparatus and are uncorrected. 

Spectral data were recorded on the following instruments: 'H and I3c nmr: 

Bruker AC 250 and AC 400 in CDC1, (unless otherwise stated). All chroma- 

tographic separations were done using Merck silica gel (Kieselgel 60) and 

chloroform-ethyl acetate mixtures as eluent. Syntheses of compounds 
20 l a ) ,  ( 1  (lc)," (ld)" were performed to the quoted literatures. 

All reagents and solvents were purified just before use by standard 

methods. 

Kinetic measurements. 

- Reaction of la with benzylamine in ethanol-d, and toluene-d,. 

Stock solutions of each reagent (0.2 and 0.6 molll, respectively) were 

prepared and the reaction was started by mixing 0.25 ml of both solutions 

in a nmr tube thermostated for the reaction temperature. At known inter- 

vals, at least up to conversion of 0.7 'H nmr spectra were recorded at 

the same temperature. Concentrations of the starting pyridazinone (la), 

and products (Za, 6a) were calculated as avarage values based on the 

integrations of 6-CB. N-CR, and N-CB, signals. These data were used as 

inputs for SimuSolv program. 

Computational procedure 

The calculations reported in this work were carried out at the AM1 semi- 

empirical level by using the 'Program Version 2.3' for Convex C120 

(Walter Thiel, Wuppertal, 1989). Molecular geometries were fully op- 

timized (except for the C-N distances in reaction profile calculations). 

The transition states obtained by these calculations are to be considered 

as only approximations to the true transition states. 

lnvestigafion of isomer ratios and conversions of reactions of 

pyridazinones la-d with benzylamines; preparafion of fhe 4- and 5-isomers, 

2-5 and 6-9. 

Reactions were carried out in 0.1 moll1 concentration for la-d under con- 

ditions given in Table 1 (in each run 2 mmol of the starting pyridazinone 

were used). The reaction mixtures were cooled to 20°C and the solvent was 

evaporated in vacuo at this temperature. The residue taken up in 10 ml of 
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water was made acidic to pH = 5 with 2N HC1 and extracted with ethyl 

acetate. The organic layers were dried over anhydrous MgSO, and 

evaporated in vacuo. The obtained residues were analyzed by 'H nmr in 

CDC1, (the data are collected in Table I), and they were chromatographed 

in experiments according to Entries 1.4.5, 7-11, 13 and 14 (see Table 7). 

The products were characterized by spectroscopic data, melting points 

and elemental analyses. 

4-Ben~ylamino-5-chIoro-2-methyl-3(2H)-pyridazinone (2a) 

- 'H nmr: a 3.68 (s, 3H, N-CH,), 4.93 (d, J = 6.5 Hz, 2H, N-CH,), 

6.25 (br, lH, NH), 7.20-7.40 (a, 5H. Ph-H), 7.50 (s, IH, 6-CH) ppm; 

mp 97-98 OC (lit.,3 98' C): Anal. Calcd for C1,H1,N,OC1: C, 57.73; 

H, 4.84: N, 16.83. Found C, 57.91; H, 4.81; N, 16.70. 

5-Ben~ylamino-4-chloro-2-mefhyl-3(2~)-pyrida~inone (6a) 

- 'H nmr: 6 3.71 (s, 3H, N-CH,), 4.58 (d, J = 6.0 Hz, 2H, N-CH,), 

6.21 (t, J = 6.0 HZ, lH, NH), 7.25-7.45 (a, 51, Ph-H), 7.51 (s, IH, 

6-CH) ppm; mp 184-185 'C (lit.. 183-185 OC); Anal. Calcd for 

Cl,Hl,N,OC1: C, 57.73; H, 4.84; N. 16.83. Found C. 57.64; H, 4.90; 

N, 16.71. 

- '~nmr: 6 3.72 (s. 3H. N-CH,), 4.88 (d, J = 6.7 Hz. 2H, N-CH,), 

6.23 (br, IH, NH), 7.22 (d, J = 8.4 HZ, 2H, 3.5-Ph), 7.31 (d, J = 8.4 Hz, 

2H. 2.6-Ph), 7.47 (s, IH, 6-CHI ppm: mp 110-112 OC: Anal. Calcd 

for Cl,Hl1N,OC1,: C, 50.72: H, 3.90; N, 14.79. Found C, 50.55: 

H, 3.78; N. 14.74. 

4-Chloro-5-(4-chIoroben~yIamino)-2-mefhyl-3(2H)-pyrida~fnone (7a) 

- 'H nmr: 6 3.70 (s, 3H, N-CH,), 4.50 (d, J = 6.0 Hz, 20, N-CH,), 

5.63 (br, IH, NH), 7.28 (br, 4H. Ph), 7.40 (s, IH, 6-CH) ppm; 

mp 181-182 "C: Anal. Calcd for C1,H1,N30C1,: C, 50.72; H. 3.90; N, 14.79. 

Found C, 50.70; H, 3.86; N, 14.74. 

5-Chloro-4-(4-mefhoxyben~yIamino)-2-mefhyI-3(2H)-pyrida~inone (4a) 

- 'H nmr: a 3.71 (s, 3H. N-CH,), 3.79 (s, 3H. OCH,), 4.85 (d, J = 5.8 Hz, 
2H. N-CH,), 6.17 (t, J =5.8 Hz, IH, NH), 6.86 (d, J = 8.7 Hz, 2H, 3.5-Ph), 

7.22 (d. J = 8.7 Hz. 2H, 2.6-Ph). 7.47 (s, IH, 6-CH) ppm; oil: Anal. Calcd 

for Cl,H,,N,O,CI: C. 55.81; H. 5.04; N. 15.02. Found C. 56. 10: H, 5.34; 

N 14.82. 
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4-ChIoro-5-(4-methoxybenzylamino)-2-methyl-3(2A)-pyrida~fnone (8a) 

- 'H nmr: 6 3.72 (s. 3H. N-CH,). 3.80 (s. 3H. OCH,). 4.47 (d. J = 6.4 Hz. 

2H, N-CH,), 5.22 (hr, IH, NH), 6.89 (d, J = 8.6 Hz, 2H, 3.5-Ph), 7.22 (d, 

J = 8.6 Hz, 2H, 2,6-Ph), 7.51 (s, IH, 6-CH) ppm; oil; Anal. Calcd for 

Cl,H1,N302C1: C, 55.81; H, 5.04; N, 15.02. Found C. 55.87: H 5.18; 

N. 14.78. 

5-ChIoro-4-(N-methylben~yIamino)-2-methyI-3(2R)-pyrida~inone (5a) 

- 'H nmr: 6 2.96 (s. 3H. C,-N-CH3 ) . 3.73 (S. 3H. 2-N-CH,) , 
4.65 (s, 2H, N-CH,), 7.2-7.4 (m, 5H, Ph), 7.47 ( s, IH, 6-CH) ppm; 

',c nmr: 6 40.2, 40.3 (2 x N-CH,), 57.3 (N-CH,), 121.9 (C-5). 127.2, 

127.8, 128.4, 138.3 (Ph + C-6). 144.6 (C-41, 159.2 (C-3) ppm; oil; Anal. 

Calcd for C,,H,,N,OCI: C, 59.20; H. 5.35; N. 15.93. Found C. 59.21; 

H. 5.43; N. 15.94. 

4-Chloro-5-(N-methylbenzylamino)-2-methyl-3(2R)-pyr~dazinone (9a) 

- '~nmr: 6 3.04 (s. 3H. C,-N-CH,). 3.75 (s. 3H. 2-N-CH,). 4.62 (s. 2H. 

N-CH,), 7.2-7.4 (m, 5H, Ph), 7.57 (s, IH, 6-CH) ppm; I3c nmr: 6 39.4, 40.3 

(2 x N-CH,), 56.9 (N-CH,), 113.8 (C-4), 127.1 127.6, 128.7 136.5 (Ph), 

130.2 (C-6). 147.2 (C-5). 158.7 (C-3) ppm; oil: Anal. Calcd for 

C1,Hl4N3OC1: C. 59.20; H. 5.35; N. 15.93. Found C, 58.81; H. 5.45; 

N, 15.73. 

4-BenZylamino-5-chIoro-Z-methyI-6-nitro-3(2R)-pyridazinon (2b) 

-'H nmr: 6 3.70 (s, 3H, N-CH,), 4.98 (d, J = 6.5 Hz, 2H, N-CH,), 6.50 (hr, 

lH, NH). 7.35 (s, 5H, Ph) ppm; 13C nmr: 6 40.1 (N-CH,), 48.11 (N-CH,), 

96.9 (C-51, 127.2, 128.0, 128.9, 137.4 (Ph), 141.2 (C-4), 149.5 (C-6), 

155.1 (C-3) ppm; mp 123-125 'C; Anal. Calcd for Cl,HllN40,C1: 

C, 48.90; H, 3.76; N, 19.01. Found C, 49.22; H, 3.84; N, 18.71. 

5-Benzylamino-4-chIoro-2-methyI-6-nifro-3(2R)-pyrida~inon (6b) 

-'H nmr :6 3.70 ( s ,  3H, N-CH,), 4.85 (d, J = 6.0, 2H. N-CH2), 6.70 (br, 

IH. NH), 7.35 (s, 5H. Ph) ppm; ',c nmr: 6 41.0 (N-CH,). 49.2 (N-CH,), 

110.6 (C-4), 127.3, 128.1, 129.0, 137.0 (Ph), 139.0, 139.6 (C-5, C-6), 

157.7 (C-3) ppm; mp 123-125 'C; Anal. Calcd for C1,H,,N4O,C1: C, 48.90; 

H, 3.76; N, 19.01. Found C, 48.62; H, 3.84; N, 18.81. 

4-Benzylamino-5-bromo-2-methyI-3(2R)-pyrida~inone (2c) 

- 'H nmr: 6 3.73 (s, 3H, N-CH,), 4.97 (d, J = 6.5 Hz, 2H, N-CH,), 

6.20 (br, IH, NH), 7.3-7.4 (m, 5H, Ph), 7.60 (s, IH, 6-CH) ppm; 

mp 83-84 OC; Anal. Calcd for C,,H, ,N,OBr: C. 48.99; H. 4. 1 1  ; N. 14.27; 

Br, 27. 19. Found C, 48.95; H, 3.95; N, 14.05; Br, 27.32. 
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5-BenzyIamino-4-bromo-2-meIhyl-3(2H)-pyridazinone (6c) 

- 'H nmr: 6 3.75 (s, 3H, N-CH,), 4.55 (d, J = 6.0 Hz, 2H, N-CH,), 

5.20 (br, 111, NH), 7.30-7.40 (m, 6H, Ph + 6-CH) ppm; mp 133-134 "C, Anal. 

Calcd for C1,H1,N30Br: C. 48.99: H, 4.11: N. 14.27; Br,27.19. Found C, 

49.10; H. 4.04; N. 14.03; Br; 27.20. 

4-~en~~lamino-5-chloro-2-phen~1-3(2H)-pyrida~ inone (2d) 

- 'H nmr: 6 4.98 (d, J = 6.5 Hz, 2H, N-CH,), 6.30 (br, IH, NH), 

7.2-7.8 (m. 11H. ZxPh, 6-CH), ppm; mp 110-112 OC (lit.,3 109-110 "C); 

Anal. Calcdfor C1,H1,N30CI: C, 65.48; H. 4.53; N. 13.48. Found 

C, 65.46; H 4.50: N, 13.58. 

5-Ben~yIamino-4-chloro-2-phenyl-3(2H)-pyridazinone ( 6 d )  

- 'H nmr: 6 4.62 (d, J = 6.0 Hz, 2H. N-CH,), 5.8 (br, IH, NH), 
7.3-7.6 (m, IOH, ZxPh), 7.70 (s, IH, 6-CH) ppm; mp 210-212 "C 

(lit.,3 213-215 'C); Anal. Calcd for C,,H,,N,OCl: C. 65.48; H. 4.53; 

N, 13.48. Found C, 65,55: H, 4.71; N, 13.38. 

ACKNOWLEDGEMENTS 

P.M. thanks the Alexander van Humholdt Foundation for granting a fellow- 

ship, Profs. 8 .  Wamhoff, and C. Marion (Univ. Bonn) for the stimula- 

ting discussions. The authors also thank Mrs. A. Forgo-Puhr (Inst. for 

Drug Research Ltd.) for microanalytical data. 

REFERENCES AND NOTES 

1. M. Hibi, K. Shikada, T. Iwama. A. Yamamato, M. Sakashita, and 

S. Tanaka, Japan J. Pharmacol., 1989, 51, 411. 

2. Pat. Appl. 1991. PCT Int. Appl. WO 92/12137. 

3. K. Kaji, H. Nagashima, and H. Oda, Chem. Pharm. Bull., 1984, 32, 1423. 
4. 1 .  Varga, Gy. Jerkovich, and P. Matyus, J. Heierocycl. Chem., 1991, 

28, 493. 

5a. V. Konecny, 1. Muchova, A. Jurasek, and P. Zahradnik, Chem. Papers, 

1989. 43, 547. 

5b. Y. Maki. G.P. Beardsley Tetrahedron Left.. 1971. 19. 1507. 
5c. T. Liptaj, V. Konecny, & S. Kovac, Magn. Reson. Chem., 1990. 28, 380. 

6. V. Konecny, S. Kovac, & S. Varkonda, Coll. Czech. Chem. Corn., 1985, 

50, 492. 

In this work reactions with amines in aprotic solvents were included. 

However, isomer ratios given were based on preparative yields. 

7. 1.W. Lyga, J. Heierocycl. Chem., 1988, 25, 1757. 



798 HETEAOCYCLES, Vol. 38. NO. 4,1993 

8. We emphasize here that these reactions are correctly described 

as 'nucleophilic vinylic substitutions' (NVS) rather than 

'nucleophilic heteroaromatic substitutions' (NHS), because of la-d 

are not aromatic compounds on the basis of our AM1 data and 

according to Box's criteria.' However. NVS are closely related to 

NHS, thus, there are strong similarities between them in 

mechanism and kinetics as well. Nucleophilic vinylic substitutions 

have already been excellently reviewed by Rappoport (see: 

Z. Rappoport, Acc. Chem. Res., 1991, 14, 7.) 
9. V.G.S. Box, Keterocycles, 1991, 32, 2023. 

10. R.A.Y. Jones, 'Physical and Mechanistic Organic Chemistry.' 

Cambridge University Press. Cambridge, 1979. pp. 247-262. 

1 1 .  SimuSolv Reference Guide, Mitchell and Gauthier Associates Inc. 

Concord Massachussetts 01742. 1990. Not only the 'mixed' but 

third-order kinetics (not shown in Table 2) and also the 'dimer 

mechani~m"~ possibly operating in toluene could be excluded. 
12. N.S. Nudelman, I. Phys. Org. Chent., 1989, 2, 1. 

13. 1 .  Fleming. 'Grenzorhitale und Reaktionen organischer Verbindungen'. 

Verlag Chemie Weinheim. 1979. p. 45. 

14. M. J.S. Dewar, E.G. Zoebisch, E.F. Healy, and J. J.P. Stewart, 

J.Am.Chem. Soc., 1985, 107, 3902. 

15. As 'effective' HOMO. HOMO-2 (the first n-type molecular orbital) 

was used in the cases of benzylamine, 4-chloro- and 4-methoxy- 

benzylamines, and for N-methylhenzylamine HOMO-1 was used. 

See also: J. Bigorra, J. Font, C. Jaime. R.M. Ortuno, and F. Sanchez 

Ferrando. Tetrahedron, 1985. 41, 5577. 

16. M.W. Wong, K.B. Wiberg, and M.J. Frisch, 3 .  Am. Chem. Soc., 1992, 

114, 1645. 

17. As it was pointed out by Dewar and Dougherty the calculated energy of 

reaction can only be correlated with AG and not with AH measured for 

the reaction. M.J.S. Dewar, and R.C. Dougherty, 'The PMO Theory of 

Organic Chemistry'. Plenum Press, New York. 1975, p. 135. 

18. J.F. Bunnett, and R. J. Morath, I. Am. Chem. Soc., 1955, 77, 5051. 

19. R. Schiinbeck, E. Kloimstein, Monatsch. Chem, 1968, 99, 15. 

20. Japan Pat. 69.20.096 (Chem. Absfr., 1969, 71, 112962 n). 

21. M. Takaya, Yakugaku Zasshl 1988. 108,  91 1. 

22. P.T. Mowry. J. Am. Chem. Soc.. 1953. 75. 1909. 

Received, 2 1 s t  September, 1992 


