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Abdraet-The kinetics of the reaction between I-p-substituted phenyl4benzylidene-S-pyrazolones and isopropyl 
vinyl ether have been studied by quantitative spectroscopic analysis and liquid chromatography. The rate increases 
with the electron attracting character of the substituents and a correlation is obtained with (r constants. The 
polarographic one-electron half-wave reduction potentials E%, which represent an experimental measure for the 
relative energy of the lowest unoccupied molecular orbital (LUMO), were measured. Good correlations were 
obtaioed between these and the kinetic data, thus demonstrating the frontier-controlled character of the cycload- 
dition and the dominant interaction between the LUMO of the pyrazolone and the highest occupied molecular 
orbital (HOMO) of the vinyl ether. 

In previous papers”’ we have investigated the effect of 
substituents on the kinetic data of the l&cycloaddition 
between 4-arylidene-5-pyrazolones and alkyl vinyl 
ethers. 

Whereas the substituent in position 3 alone has no 
effect’ on the rate, the substituent on the Carylidene 
group, which is directly conjugated with the C=C-C=O 
system, has a strong inlIuence2 and the rate increases 
with an electron wi~~awing group. 

In this paper we wish to report the results of the 
investigation into the effect of substituents in the paru 
position of the I-phenyl group since cross-conjugation, 
via the pyrazole nitrogen lone pair, can occur between 
this and the a&unsaturated carbonyl system. This is 
shown by the variation of the double bond orders in 
some model compounds.’ 

The tedious preparation of the starting materials fol- 
lows thar of the unsubstituted l-phenyl4benzal-S-py- 
razo10ne4 but starting from suitably substitute phenyl- 
hydrazines (Scheme 1). Hydrazones la-e were cyclized 
2ec, hydrolyzed and dewboxylatedi and, without 
isolating, directly condensed with benzaldehyde. I-Aryl- 
4-benzylidene-S-pylones 3a-e prepared in this way 
have an E configuration since their NMR spectra show 
no signal at about 8.5 6 which would occur with ary- 
lidene protons deshielded by the carbonyl group.’ 

The reaction of these with isopropyl vinyl ether gave a 

up-Ni~ophenyl-hy~one (m.p. 143.5”) and l.p-ni~opheny14 
~~me~oxy-5-py~lone (m.p. 201*) were also easily ob 
taincd, but every attempt to hydrolyze and decarboxylate the 
latter was unsucccesful. 

mixture of cis- and rruns-2-isopropoxy-4-phenyl-7-aryl- 
2,3_dihydropyran[2,3_clpyrazoles 4 and 5a-e. 

The kinetic runs were performed in benzene at 70” and 
followed to 60-80% completion by quantitative spec- 
troscopic analysis of the disappearing pyrazolones 3 
(experimental). The reactions between pyrazolones and 
vinyl ethers are second-order, first-order with respect to 
each reagent,’ and preliminary experiments performed in 
3b confirmed this to be true in this case loo. 

A 2Wfold molar excess of vinyl ether gave pseudo- 
first-order conditions and the overall rate constants k, 
were measured in this way. The molar ratio a = [cis 
adduct]/[trons adduct] was previously determined by 
TLC and UV spectroscopic analysis,’ but a liquid 
chromatograph with a UV-Vis Beckman mod. 25 spec- 
trophotometer as detector was made available in our 
Institute. Using a calibration curve (Experimental for 
details) better ~1 values were obtained which, compared 
with a values determined by TLC, showed the latter 
technique oversetimated the lower yield isomer (Table 
1). For this reason the unsubstituted l-phenyl4~n~-5- 
pyrazolone 4f was remonitored and the a value, pre- 
viously determined as 2.38 (4f: Sf = 70.5 : 29.2),* was 
found to he 3.44 (4f:5f = 77.5 : 22.5) by the liquid chroma- 
tography. 

The rate constants were determined from ko, = 
k,, + k,,.,,,, and a = k,+, : k ,lilnl and the results are shown 
in Table 1. 

Both log kci, and log k,,- gave Hammett-type rela- 
tionships, analogous to those of I-phenyl4paryliden- 
substituted-S-pyrazolones,’ but a better correlation oc- 
curs if D constants” are plotted instead of o+ .p values 
are quite similar: 0.568 for k,,, and 0.612 for k,,_ with 
correlation coefficients of 0.990 and 0.980 respectively. 
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H 
EtOCH=C(COCEtL, 

p.XCJ&HNH, 

la: X=Br 
lb: = CI 
Ic: =F 
Id: =Me 
It: = OMe 

Scheme 1. 

Table 1. Rate constants (I mol-’ s-‘1 for the reaction of l-aryl4benzylidtne-5-p~o~ones (3a-f) with 
isopropyl vinyl ether at 70” in benzene 

TLC + UV Liq.chmm. 
Pyrazolone 104 k __-______ --__..rw__ 

tot 
%5 a %A a 

104 kcis 
lo4 ktr*ns 

2 16.0 f 0.5 71.5 2.51 79 3.76 12.6 3.36 

3b 14.3 -L 0.6 68.5 2.17 79.5 3.88 11.4 2.93 

3f 11.9 +, 0.5 71.5 2.51 78 3.55 9.28 2.62 

3d 8.w 0.2 69 2.23 79 3.76 7.08 1.88 

3e 7.74+, 0.05 69 2.23 an.5 4.13 6.23 1.51 

3f 10.9a 70.5a 2.38= 77.5 3.44 8.4sb 2.4Sb 

a Value taken from ref.?. 
b 

In ref.2 

3.23. 

Rationali~tion of the kinetic data variation in terms 
of common dipolar intermediate giving rise to 4 and 5 
although the a value is nearly independent of variation in 
the substituent, cannot be accepted, because the low 
yield fins adducts 5 are thermodynamically more stable 
than the cis ones 4. A better rationalization in terms of 
the HOMO .,,,~&LUMO,,,,, interaction’ can be 
accepted if one assumes the constant o‘ represents the 
effect of the group on the energy level of the LUMO of 3. 

It is well known* that the energy of the LUMO 
(ErvMo) of an electron-acceptor molecule is equal to the 
negativity of the electron atlinity (EA). There is a rela- 
tionship (eqn I) between EA and the po~aro~phi~ one- 

reported as kcis 7.67 and ktrans 

electron half-wave reduction potenti~ (E$) which al- 
lows this technique to be used as an effective method of 
measuring the variation of EtUMo on a given series if the 
differences between the solvation energy of the anion 
and the neutral acceptor molecule (AF,& is a constant. 

E red ,_oMO = -EA + Eln - AF,,, - constant (1) 

The E$ values for 3~ were measured (see ex- 
perimental for details) and were plotted in Fig. I against 
log k. Good correlations were obtained (slopes and cor- 
relation coefficients: -3.99i’, 0,989 for log k, and 
-4.361, 0.991 for log k,,,) which clearly indicate the 
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Br Cl F H CH3 OCHJ 

-E::dr 

Fig. 1. Correlation of log k,+ ( d ) and log k,,, ( 0 ) and 

-Ez for the reaction of I-aryl4benzylidene-S-pyrazoiones and 
isopropyl vinyl ether in benzene at 70”. 

frontier-controlled character of the reaction between ary- 

liden-pyratolones and vinyl ethers and the dependence 
of the kinetic data on the energy of the LUMO of the 
pyrazolone if the vinyl ether is taken as a constant. 

Furthermore the physical meaning of the various Ham- 
me&type relationships with the kinetic data” can only 
be understood if the substituent constants do not express 
the infiuence of the substituent on the rest of the molecule 
or on the cycloaddition transition state, but are simply 
taken as a measure of the variation of the energies of the 
frontier molecular orbitals. If the polarographic reduction 
potentials are taken to represent ELUMo, the series must be 
homogeneous so that AF,,, in eqn (I) can be taken as a 
constant. If this is so, we believe that an easy and valuable 
estimation of the relative value of E,,,, can be obtained 
as well as EHoMo values taken from ionization potentials. 

This allows complete experimental representation of 
HOMO and LUMO orbitals, which will be very useful in 

studying all the reactions which are under frontier con- 
trol. 

IR spectra (Nujol mulls) were obtained with a Perkin Elmer 

257 spectrophotometer. NMR data were obtained by Dr. Anna 

Gamba lnvernixxi with a Perkin Elmer R 12 A spectrometer 

(solvent CDCI,. TMS as internal standard). M.ps are uncorrected. 

Dicarboxyethylacetaldehyde psubsfitured phenylhydrazone 

(la-e) 
Genera/ procedure. p-Substituted phenylhydrazine hydro- 

chloride (0.02 M) was dissolved in the minimum amount of cold 

water and 50% KOHaq (20 ml) was added. The free base ppt was 

filtered off. dried and dissolved in the minimum amount of EtOH. 

Ethoxymethylenemalonate (0.022 hi) was added and the soln was 

refluxed for 40’. Solvent was distilled off and the red oil residue 

was crystallized from diisopropyl ether. All compounds are re- 

ported in Table 2. 

I-p-Substituted phenyl-l-carboxyrthyl-5-pyrazolones (zlrc) 

Genera/ pmcedure. A sample of I (0.015 M) was heated in a 
test tube over an oil bath at 160-165” (120-125” for lc) for 40’. 

EtOH (about 5 ml) was carefull added to the melted mixture and 

cooling gave 2. whose properties are reported in Table 3. 

I-p-Subsriruted phony/-4-benzal-5-pyrazolones (3a-e) 

General procedure. A mixture of 2 (0.01 M) and 20% NaOHaq 

(120ml) was heated over an oil bath at 115-120” (I&105” for &I) 

for 60hr. The yellow soln was filtered and acidified with cont. 

HCI. After cessation of CO, evolution. the mixture was further 

heated 4 hr at I&l2(P (2d at 100-105”) under Nx. The solid was 

filtered and extracted with benzene in soxhlet and the mother 

liquors were extracted with diethylether. I-p-Substituted phenyl- 

S-pyrazolones were not isolated but their solns, extracted from 

the solid and the mother liquors, were evaporated and the residue 

condensed with a slight excess of benzaldehyde by warming at 

M-145” for 45 min. The mixtures, after cooling, were crys- 

tallized from EtOH and l-p-substituted-3 separated as coloured 

solids, whose characteristics are given in Table 4. 

cis[2. 41 and trans[2, 41 2-lsopmpoxy-4-phenyl-7-aryl-2.3-di- 

hydropyrano [2.3-c] pyrazoles (4 and 5~) 

General procedure Pure isomers were prepared from the 

appropriate pyrazolone (3) (0.001 M) and isopropyl vinyl ether’ 

(0.03 M) at 70” until the orange colour of the pyrazolone dis- 

appeared, as described in part XV of this series.’ Type of 

separation, characters and elemental analyses are reported in 

Table 2. Properties of hydrazones 1 

Compd 
m.p. (“C) 

(Yield %) 

IR (v/cm 
-1 

) 
Elementary analysis 

( “NH ) 

Ia; X = Br 
AAh 

117.5 

(63) 

lb; = Cl 
116 

- 
(38) 

lc; = F 113 

/v-X (30) 

Id; - Me 85.5 

/chn (42.5) 

le; - one 
62 

- (40) 

found: C, 46.80; H, 4.79; h', 7.82 
3300 

for c 
14 
H liOBr 
17 2 4 

talc: C, 47.07; H, 4.80; N, 7.E4% 

found: C, 53.99; H, 5.50; N, 8.97 
3300 

for c 
14 
H NOCl 
17 2 4 

cal.2: C, 53.76; H, 5.48; N, 8.96% 

found: C, 56.67; H, 5.83; h, 9.31 
3300 

for c 
14H17h204F 

talc: C, 56.75; H, 5.78; N, 9.46% 

found: C, 61.67; H, 6.97; N, 9.66 
3300 

for c 
15H201i204 

CSlC : C, 61.63; H, 6.90; N, 9.58% 

found: C, 58.59; H, 6.43; h', 9.22 
3310 

forC 1 
15H20h205 talc: C, 58.43; 11, 6.54; N, 9.09% 
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Table 3. Properties of 4-carboxyethyl-S-pyrazolones 2 

Compd Yield %" 
m.p. (OC) 

Elementary analysis 
(solvent) 

2 66 

2b 
- 

68 

2c 79 
- 

2d 
ti 

57 

2e 5‘ 
- 

154 

(MeOH) 

‘49 

(MeOH) 

142 

(HeOH) 

‘28 

(HeOH) 

131 

(UeOH) 

found 

for c 
12 
H NOBr 
1‘ 2 3 

talc: 

found 

for c 
‘2 
H N 0 Cl 

‘1 2 3 
talc: 

found 

for c 
12~11~2~3~ 

talc: 

found 

for c * 
‘3H14h203 

talc: 

found 

forC H X0 
‘3 14 2 4 

talc: 

C, 45.98; H, 3.57; N, 9.02 

C, 46.32; H, 3.56; N, 9.00% 

C, 53.8Oj H, 4.23j N, lo.65 

C, 54.04; HP 4.16; N, lo.SoZ 

C, 57.41; Ii, 4.58i N, 11.46 

C, 57.6Oj H, 4.43j N, 11.20% 

C, 63.49; HP Ss81j Np 11.05 

Cp 63.40; Hs 5.73j N, 11.38% 

C, 59.3Si Ha SAli N, ‘0.74 

C, 59.533 H, 5.38; u, 10.68% 

a Given on the crystallized matherial. 

Table 4. Properties of I-aryl4benzaLS-pyrazolones 3 

Compd Yield %a 
m.p. COC) 

(solvent) 
Elementary analysis 

‘7 
189 

(EtOH) 

found: C, 58.60; Ha 3.57; N, 8.71 

for C 
16 
H h OBr 
II 2 

talc: C, 58.74j H, 3.39; N, 8.56% 

3b 23 

Js 
35 

180 found: C, 67.61; H, 3.99; N, 9.97 

( EtOH) for c 16H11K20C1 talc: C, 67.97; H, 3.92; N, 9.91% 

‘77 found: C, 71.94; H, 4.29; Ns 10.26 

EtOH) for c 
16 
H S OF 
I‘ 2 

talc: C, 72.17; H, 4.16; N, 10.52% 

193 found: C, 77.72; H, 5.43j Ns 10.47 

2% 25 
(EtOH) for c 

‘7 
H h0 

14 2 
talc : Cp 77.843 H, 5.38; N, 10.68% 

3e 19 
156 

(EtOH) 

found: C, 73.27; H, 5.36; N, 10.13 

for C17H14S202 talc: C, 73.36; H, 5.07; N, 10.07% 

a Given on the crystallized metherial. 

Table 5. The configuration of each adduct was assigned by NMR 
whose parameters, from a simple analysis of the spectra, are 
reported in Table 6. 

Kinetic dekvminafions The overall reaction rates were 
measured by following the disappearance of 3 at 330nm on a 
Beckman DU-2 spectrophotometer. in accordance with the 
method previously described.’ Some preliminary experiments 
(Table 7) gave results fitting the second order rate eqn (2) with 
Cva and Cp. the initial concentrations of the vinyl ether and the 
pyrazolone respectively, and g = (Ac, - A,)/& with A., and A, the 
absorbance of the pyrazolone at times zero and I respectively. 

I 
K,t = - 

,n CP Kve - CPd 

Cve-CP C”e(CP-cPd 
(2) 

Using a large initial concentration of vinyl ether and a low 
concentration of pyrazolone the results tit a first-order eqn (3) 

with both rate constants in good agreement (Table 7). Therefore, 
under these conditions. pseudo-firstorder rate constants were 
determined (Table I). 

L,t = & In WA,). (3) 
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Heterodieoe syntheses--XIX’ 

Table 7. Overall rate constants for reactionsof I-p.chlorophenyl4benzal-Spyrazolone (3b: initial concn = C’,) with 
isopropyl vinyl ether. (initial concn = C,,) at 70” in benzene 

2835 

RWl K? cp &OS c,, CdCp lo3 ktot 

la 1.14 lb.44 14.42 

za 1.15 20.83 is.11 

3 0.62 48.04 77-d 

b 1.28 

1.25 b 

1.34 c 

4 0.71 io4.94 147.80 1.47 c 

c 5 0.77 226. IO L93.04 1.48 

6 0.69 22 5.01 320.10 1.41 = 

a Same experimental details early reported 21% r~‘f.2 except 0.30 

ml portions of the starting solution were diluttld to 10.00 ml 

*itb benzene. 
b 

Second-order rate constants $1 n~of-~ s 
-1 

). 
c 

Pseudo-first-order rate ConSLantZ (1 mol 
-1 -1 

s ). 

Table 8. Typical run for reaction of g~chlorophcnyl4benzrdS-pyrazolone (3b; 0,000765 M) with isopropyl vinyl ether 
(0.2261 Ml in benzene al 70" 

Time A 

(ser.) 
Kcrtcticn 103 J. IO4 104 

“d h k ii 
t*t cis t ran5 

0 O-Y73 

180 0.825 5.5 

360 0.77r 11.7 

540 0.730 16.4 

720 0.685 21.5 

900 0.645 20.1 

Ill0 0.602 31.0 

13l.O 0. jjf 36.8 

1530 0.529 39.4 

1740 0.489 44.0 

1980 0.445 49.0 

2310 0.402 54.0 

2700 0.350 59.3 

3090 0.312 04.3 

3600 0.265 69.6 

1.40 

1.53 

1.49 

1. TO 

1.50 

1.49 

I.52 

1.49 

1.48 

1.50 

1.49 

1. so 

1.49 

1.e 

After 2 days (tolourless solution) 

3.65 

3.88 

11.77 3.23 

t1.77 3.03 

The rest&s of a typical run are shown in Table 8 and all the 
details of the experimental technique were described earlier in 
Ref. 2. 

The molar ratio a = [4]: (51 was determined both by the pre- 
viously described TLC +UV method’ and by a new liquid 
chromatography method. The residual samples from the kinetic 
determinations. after the soln was discoloured, were evaporated 
and the residue dissolved in a small volume of cyclohexanelethyl 

acetate 95:s (about 1.5 ml). Portions of RI-30 ~1 were injected 
into a Waters Associated ALC/CPC244 liquid chromato~aph 
with a Beckman mod. 25 spectrophotometer operating a~ 2SS nm 
as detector. The chromatographic separation was performed on 
two stainless steel columns (61 cm I. x 2 mm dia.). packing ma- 
terial: Corasil II 37-50~. The eluant. whose composition was 
crucial for good separation, and the experimental conditions are 
reported in Table 9. 

TETRA Vol 33. No 21-H 



2836 G. DESIHOF;I et of. 

Table 9. Experimental conditions used in the liquid chromatography separation of isomer mixtures 

Isomers Retrntlon time 

Eluant 
J 4 

mixture 
Flow rate 

b 

5 
/A 

% 

a 90:4 0.7 4’40’ j’40” 79 +- 1.0 

s 95:s 0.4 0’20” 7’40X 79.5 +_ 1.0 

4, SC 96:J 1.0 3’30” 4’30” 76 : 1.5 

4, W 97.5z2.5 1 .o 4’10” 5’10” 79 +- 1.0 

4, se 96:4 1.7 4’10” 5’10” 80.5 $_ 1.5 

J,Sf 97.5:?.5 0.7 4’10” 5’00’ 77.5 +- 0.5 

a Cyclohexane:ctthyl acetate 

b 
%l/m1n. 

Table IO. Half-wave reduction potentials of I-aryl-4-benzylidene-5.pyrazolones (3a-f) 

Solns with known composition of pure 4 and 5 were prepared 

with a ratio of I : I. I :2. I : 3 and I :5. each composition being 

tested on IWO independent samples at least five times each. A 

calibration curve was obtained for each couple of isomers and 

the unknown composition of the kinetic samples was determined 

by fitting the areas ratio on it. A minimum of four independent 

samples were tested and the error involved is believed to be 

small and within the limits quoted in Table 9. The molar ratio was 

constant throughout the reaction (Table 8). 
Determination of rhe polarographic reducfion potentials of 

3. Dimethylformamide (Erba RPE grade) was used as solvent: 

tetraethylammonium iodide, used as the supporting electrolyte. 
was stored in an oven at 60’ until used. Purified N: was used for 

solns deaeration. 

The polarographic curves were recorded wuh a pen-recording 

polarograph Metrohm E 506: the polarographic scan rate was 
0.24 V/min. At working height of the mercury reservoir (36 cm) 

the capillary had m = 8.53 mglsec and I = I .O sec. Internal anode 

was the reference electrode. All glass were carefully cleaned and 

dried at 100-110” for several hours immediately prior IO each 

experiment to ensure dryness. 
The half-wave potentials (reported in Table IO) arc the average 

of at least five polarograms taken on IWO separate days. The 

maximum range was IOmV. The values of current-potential 

slopes suggest that the reduction mechamism is the same in all 
the members of the series. The current varies linearly with the 

square rool of mercury height on the limitmg plateau. indicating 

that the process is diffusion controlled. The limiting current 

devised by the concentration is constant over a concentration 

range of I x IO-’ - I x IO-’ M. 

The values of E;;z (VJ give a good correlation with Hammett 

constants6 and least squares and statistical treatment of the data 

give: slope = - 0.140. intercept = 0.399 and correlation 

coefficient = 0.990. 
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