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The reactivity of the base induced cyclodimerization of 1-(6-arylpyridazin-3-yl)-3-oxidopyridinium chlo- 
rides in  a pericyclic process have been investigated kinetically at ?. 380 nm. The reaction was found to be 
second order with respect to the liberated betaine and zero order with respect to the base. On the other 
hand dedimerization (monomer formation) was found to be f i rs t  order). I t  was shown that dimerization is 
favoured at low temperature, whereas dedimerization process is favoured a t  relatively high temperature (ca 
70 "C). Solvent effects on the reaction rate have been found to follow the order ethanol > chloroform .I 
1,2-dichloroethane. Complete dissociation was accomplished only i n  1.2-dichloroethane at ca 70 "C. The 
thermodynamic activation parameters have been calculated by a standard method. Thus, AG' has  been 
found to be independent on substituents and solvents. The high negative values of AS' supports the cyclic 
transition state which is in  favour with the concerted mechanism. MO calculations using SCF-PPP appro- 
ximation method indicated low HOMO-LUMO energy gap of the investigated betaines. 

3-Hydroxypyridine ( I )  and i ts  1-substituted 3-oxidopyridinium bctaines fal l  into the 
class of azoniethinc yiclds, which are octet stabilized 1,3-dipoles without a n  orthogonal 
double bond. Consequently these coiiipounds iiiainly undergo 1,3-dipolar cycloaddi- 
lions across their endocyclic atoms to give bicyclic adducts'-* . Katritzky, Dennis and 
Takcnchi3v4 claiiiied that the 1,3-dipolar character of l-substituted-3-oxidopyridiniu1i1 
bctaines b directly proportional to the electron-withdrawing properties of the 1-substituents. 

H 

The ready formation of the diiiieric compounds (mu, Wb) from 1-(4-phenyl) and 
l-[6-(4-tolylpyridazi1i-3-yl)]-3-oxidopyridi1iiu1ii betains is indicative of m a l l  HOMO- 
LUMO cnergy gap for the nionotiieric system. The enhanced reactivity of l-(6-arylpy- 
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ridazin-3-yI)-3-oxidopyridiniuiii betaines of the type (111~1, 1116) towards a range of 2n- 
and 4x-1,3-dipolarophilesS- has encouraged us to correlate the reactivity of such beta- 
ines quantitatively by kinetic methods to see to what extent the 1-(6-arylpyridazin-3-y1) 
as 1-azahetcroaryl substituent (i.e. systcin with two annular nitrogen a tom a t  2- and 
3-positions i n  the 1-aryl substituent) agrees with the previously reported l-azahe- 
teroaryl betainesi8 where the annular  atonis arc located at  the alternant 2,4 and 6 posi- 
tions in the 1-aryl substituent. 

The stable 1-(6-arylpyridazin-3-yl)-3-hydroxypyridiniuni chlorides (Ifu,  116) are 
considered to be convenient sources of the corresponding unstable 1-(6-arylpyridazin- 
3-yl)-3-oxidopyridinium betaines ( f f Iu ,  1116). Thus, treatment of 1-(6-arylpyridazin-3- 

Ar 

11 

a, Ar = C,HS 

b, Ar = CH3-CeH, 

Ar 

I I I  

IV 
SCHEME 1 
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yl)-3-hydroxypyridiniuni chlorides ( / l a ,  1Ib) with triethylainine in 1,2-dichloroethane a t  
room teinperature afforded the corresponding diniers (Nu, In). The forniation of the 
diiiier (IVa) was inonitored by the infrared technique where the two carbonyls 
absorption bands (at 1 720 c11i-l (non-conjugated G O )  and 1 680 cm-* (conjugated 
C=O) gradually appeared. However, pure saniples of the diiners for further charac- 
terization could not be isolated due to their instability (see Scheme 1). 

EXPERIMENTAL 

UV-VIS spectra were recorded on a Pye-Unicam SP 1800 recording spectrophotometer, while all the kine- 
tic measurements were recorded on SP 6-200 Pye-Unicam Spectrophotometer, equipped with thermostatted 
uni t .  Infrared spectra were recorded on Perkin-Elmer model 180. 

All reagents were of analytical grade unless otherwise specified. Ethanol b.p. 78 "C was dried by 
magnesium iodide method'. 

1-(6-Phenylpyridazin-3-yl)-3-hydro~ypyridinium chloride, m.p. 234 - 235 "C (ref.') and 1 -[6-(4-tolylpy- 
ridazin-3-yl)-3-hydroxypyridinium chloride, m.p. 251 - 253 'C were prepared according to refs6?'. 

Kinetic Procedure 

The ultraviolet and visible spectra of 1-(6-phenyl-pyridazin-3-yl)-3-hydroxypyridini~m chloride, triethy- 
lamine and the product i n  1,2-dichloroethane, ethanol and chloroform were determined and the analytical 
wavelength was then chosen as  shown in  Fig. 1. Freshly prepared samples of 1-[6-phenylpyridazin-3-yl)]- 
3-hydroxypyridinium chloride and triethylamine were allowed to stand for 30 min in  thermostat at the 
required temperature 20 - 40 'C. 

Niquots of 5 ,  6 and 7 ml of l-(6-phenylpyridazin-3-yl)-3-hydroxypyridinium chloride were transferred 
to test tubes each containing 2.0 ml of triethylamine diluted with appropriate solvent to 10 ml. Addition of 
triethylamine marks the zero time of reaction. A portion of the reaction mixture was immediately 
transferred to 1.0 cm quartz cell placed in  the thermostatted cell compartment of the spectrophotometer. 
The absorbance ( A )  at h 370 or L 380 nm (according to the solvent used) was recorded as a function of 
time ( I ) ,  against a blank without triethylamine. 

From the absorbance time curves, the initial slope (dNdI), initial rates, rate constants and thermo- 
dynamic activation parameters were calculated by standard methods". 

The same procedure has been carried out for l-[6-(4-tolyl-pyridazin-3-yl)-3-yl)-3-hydroxypyridinium 
chloride. 

HFSULTS AND DISCUSSION 

The kinetics of the thernially allowed [4nt2]x-cyclodimerization of l-(6-arylpyridazin- 
yl)-3-oxidopyridiniu1ii betaines ( M a ,  1\16) have been investigated in different solvents, 
naniely 1,2-dichloroethane, ethanol and chloroform. The rate of cyclodiinerization and 
the rate of dediriierization (nionoiiier forniation) appears to depend upon two main 
factors: (i) Experimental conditions such as, concentration, temperature and solvent. (ii) 
Substituent and steric effects and energy separation of the interacting frontier niolecular 
orbitals of the bctaine (HOMO-LUMO energy gap). 
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Kinetics and Meclinnism of tire Reaction 

The effect of concentration of both reactants 1-(6-phenylpyridazin-3-yl)-3-hydro- 
xypyridiniuni chloride ( / In)  and triethylaniinc of reaction rate in  different solvents have 
been investigated to determine the order on reaction using the differential method 
suggested by Van't Hoff'O. The kinetic data coiiipiled in  Tables I and I1 and Fig. 2 
show clearly that the reaction is second order with respect to 1-(6-phenylpyridazin-3- 
yl)-3-hydroxypyridiniuiii chloride and zero ordcr with respect to triethylaniine. The or- 
der of reaction of 1-[6-(4-tolylpyridazine-3-yl)]-3-hydroxypyridiniu11~ chloride investi- 
gated by siniilar method and has been also found to be second order as shown in Table I, 
Fig. 2. 

The reaction between 1-(6-phenylpyridazin-3-yl)-3-hydroxypyr~dit~ium chloride ( / /a )  
or 1-[6-(4-tolylpyridazin-3-yl)j-3-hydroxypyridiniuiir chloride (IIb) with triethylaniine 
a t  (20 - 40 "C) in a l l  solvents used, shows clearly one absorption band in the visible a t  
370 - 380 nrn, assignable for the dinict (IV). However, if the reaction is carried out a t  
higher temperature, e.g. 70 "C, in  1,2-dichloroethane, different behaviour has been 
observed. The absorption band a t  380 11111 gradually disappeared a t  the expense of the 
appeariince of a new absorption band at 480 nm, accompanied by change in colour from 

FIG. 1 

0.80 h l O g C  1.06 

FIG. 2 
Absorption spectra of 7 0.6 mM triethylamine; 
2 0.8 mM 1-(6-phenylpyridnzin-3-y1)-3-hydro- 
xypyridinium chloride ( / / a ) ;  3 reaction product 
in 1,2-dichloroethane at 40 "C 

dgarithmic relationship of initial rates vs 
initial concentrations for //a 1.23 and for /Jb 
4,5,6 via their interaction with 11.6 mM 
triethylamine at 40 "C, in 1,2-dichloroethane, 
ethanol, and chloroform, respectively 
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yellow to a pale pink which niay be attributed to the dissociation of dinier to inononicr 
(cf. Schenie 1). 

Thc rate of thcrnial dissociation of diiiier Nu (at 380 nni) and the rate of formation 
of niononier I f f u  (at 480 nm) in 1,2-dichloroethane a t  70 "C, at  different concentrations 
of the IIIa presursor, 1-(6-phenylpyridazin-3-yl)-3-hydro~ypyridiniuni chloride ( f f u ) ,  
have been measured to detenaine the order of the reaction as indicated previously by 
the differentia I nic thod lo. 

The results compiled in Table 111 indicate that the dissociation of the dinier Nu is 
first order, as follows both from the rate of disappearance of the dinier Nu and from the 
rate of formation of the niononier flla. This manifests the irreversibility of the reaction 
at  this tcmperaturc. Thc isosbestic point shown in Fig. 3 indicatcs thc prcserice of two 
equilibrated coiiipouiids whcre that the dinier is convcrted into niononier without any 
lo ng-I ived i n t criiicd ia te fornia t ion 

TABLE I 
Init ial  rates (R i )  and the order (n)  of reaction of Ila and Ilb with 11.6 mM triethylamine i n  different 
solvents at 40 "C 

Substrate Solvent 
h, nrn" 

Concentration lo6 Ri 
lo4 moi I-' mol I-' S-' 

n 

Ila ethanol 8.15 5.54 1.81 
370 10.50 8.39 

12.25 10.21 

Ila 1,2-dichloroethane 7.50 1.20 2.1 
380 9.00 1.74 

10.50 2.45 

Ila chloroform 7.26 2.41 1.83 
380 8.47 3.21 

9.68 4.01 

Ilb ethanol 7.50 4.53 1.83 
370 9.00 5.91 

10.50 8.02 

Ilb l,?-dichloroethane 8.61 3.21 1.85 
380 10.04 4.00 

11.48 5.20 

Ilb chloroform 8.82 2.9 1 1.90 
380 10.08 3.53 

11.34 4.36 

" Monitoring wavelength. 
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On the other hand if  the temperature was decreased slowly the pink colour of betaine 
IIIa changed back to yellow indicating dinier formation. High reactivity of the betaine 
IIIa, seems to be in  good agreement with observations reported earlier'2. The activation 
parameters have been calculated by the standard method". The value of AG* was found 
to be independent on substituents and solvents. The high negative values of AS* support 
the cyclic transition state which is in  accord with concerted mechanism. 

Frontier Molecirlw Orbital Calculations 

MO calculations of the coefficients of the 1-(6-arylpyridazin-3-yl)-3-oxidopyridinium 
betaine ( M a )  were performed using the SCF-PPP ~ i i e t h o d ' ~ , ~ ~ .  The data are depicted in 
Scheme 2. Moreover, the electronic transition energies and the probabilities were calcu- 
lated using configuration interaction procedure involving the three highest occupied 
and the three lowest unoccupied MO'S (cf. Schcnie 2). 

-0.207 

0.197 0.195 

0.493 

0.455 

HOMO 

B = -3.355 eV 

LUMO 

E = +2.880 eV 

HOMO and LUMO coefficients of 111 a 
Energy gap = Em - ELw = -6.235 eV 

* a  *a 
HOMO LUMO 

$a *l 

LUMO HOMO 

SCHEME 2 
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TABLE 11 
Initial rates (Ri) and the order of reaction (n )  with respect to triethylamine (TEA) via their interaction with 
use commercial symbols (Ila, Ilb) at 40 'C 

Solvent Concentration TEA lo6 Ri 
h nm' lo4 mot I-' lo3 moi I-' moi I-' S-' Substrate n 

lla ethanol 
370 

8.75 11.6 5.54 0 
8.75 17.4 5.50 
8.75 23.2 5.51 

Ilo 1 ,2-dichloroethane 9.00 11.6 1.74 0 
380 9.00 17.4 1.74 

9.00 23.2 1.70 

/ la 

11 b 

I1 b 

Ilb 

chloroform 8.47 11.6 3.21 0 
380 8.47 17.4 3.20 

8.47 23.2 3.24 

ethanol 
370 

7.50 11.6 4.50 
7.50 17.4 4.53 
7.50 23.2 4.5 1 

1,2-dichloroethane 10.04 11.6 4.00 
380 10.04 17.4 4.00 

10.04 23.2 4.20 

chloroform 10.08 11.6 3.53 0 
380 10.08 17.4 3.50 

10.08 23.2 3.54 

' Monitoring wavelength. 

FIG. 3 
The effect of time (120 min) on the absorption 
spectra of the reaction products, due the interaction 
of 1.05 mM Ila with 11.6 mM triethylamine in 1,2- 
dichloroethane at 70 "C 
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The reaction is considered to occur between the 2,6-positions of one molecule (4n- 
1,3 dipole) and the 2',4' positions of the second niolecule (2n-1,3-dipolarophile) in  a 
suprafacial-suprafacial interaction to give the diiiieric cycloadduct. l-(6-Arylpyridazin- 
3-yl)-3-oxidopyridiniuni acts as 4n-1,3-dipole across 2,6-positions and can be consi- 
dcrcd as a n  aza-ally1 anion (A), whereas it may act as 2n-1,3-dipolarophile across 2',4' 
positions which can be considered as a n  ally1 cation (B) both having the following sets 
of niolecular orbitals vl, v2, v3 (A) with 4n-elcctrons, where v2 represent the HOMO 
and v3 the LUMO. Meanwhile, (B) with 2n-electrons only has v1 as  the HOMO and v2 

TABLE 111 
Initial rates ( R i )  of dimer decomposition and monomer formation for the reaction of 11.6 mM triethylamine 
with various molar conrentrations of Ila i n  1,2-dichloroethanr at 70 "C 

Concentration A" lo6 Ri 
mol 1-l s-' n lo4 mol I-' nrn 

7.50 380 1.30 0.97 
9.00 1.60 
10.50 1.79 
7.50 480 1.31 1 .00 
9.00 1.62 
10.50 1.77 

" Monitoring wavelength. 

TANLE IV 
Ratc constants and activation parameters for the reaction of / la  and Ilb with 11.6 r n M  triethylamine i n  
diffcrent solvents 

Ila 1,2-dichloroethane 0.88 1.36 2.14 35.11 32.60 82.34 -149.64 
Ila chloroform 2.84 3.54 4.47 20.90 14.21 80.67 -199.80 
1 I R  cthanol 4.93 5.71 7.60 14.21 11.70 79.00 -202.31 
Ilb 1.2-dichloroethane 2.63 3.30 4.33 18.39 15.88 80.67 -194.37 
110 chloroform 2.52 3.15 3.74 17.55 15.04 80.67 -198.13 
Ilb ethanol 5.30 6.50 7.30 15.46 12.54 79.00 -199.80 
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as the LUMO. The Fh40 calculation predicts that both HOMO of (A) (i.e. W 2 )  and 
LUMO (A) v3 and HOMO (E) ql modes of interaction are thermally allowed supra- 
facial-suprafacial processes, in  accord with the observed results. 
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