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TABLE I 
PI<ISPAIt.\TIOh. O F  3-SUI3STITUTED PYIb\ZOLI.:S (7a-e) FROM VINYL S.\LT 1 

Yield of Anal. sample 7, 
Product Ratio of 1 : 4  Time,  days Yield, 70 8. % mp, 'C 

7a 2: 1 2 56 93-94 
7a 1:l 2 34 
7b 2: 1 2 67 130-132 

7c 2: 1 3 64 96 94-95" 
7c 1 : l  3 24 54 
7d 2:  1 4 58 85 190-191 

7e 2: 1 l ( l 5 )  20 (51) 55 155-157b 
9e 1: 1 0.5 90" C 

a Lit. mp 93-96": J. Elgriero and It .  Jaqriier, Hull. SOC. Chivt. Fr. ,  2832 (1966). t 

11. Jaquier, ibid., 619 (1966). See Experimental Section. 

TABLE I1 
SPECTRA OF PYRAZOLES 

0 

RC 
II 

A N D  SUBSTITUTED DIAZOYETHANICS 
Analysis, %-- 

C H Re1 ra te  

Calcd 65.34 4.98 50 
Found 64.94 5.00 
Calcd 70.95 5.41 47 
Found 70.85 5.41 

26 

Caled 55.30 3.25 1 
Found 55.24 3.18 

Lit. mp 155-157': J. Elguero, G. Guirand, and 

- I r  c Nmi 7 

Product c-4 c-5 Phenyl 

7a 6 .85 (d) 7.65 6.95 (d), 8 .15 (d) 

7b 6 .92  (d) 7.91 7.26 (d), 7.84 (d) 

7d 7.26 (d) 8.0-8.65 (m) 

J = 2.4  Hz 

J = 2 . 7  Hz 

J = 2.3  H z  

J = 8.5 HZ 

J = 9 . 5  IIZ 

mol of the diazo conipolind, arid 1 0  ml of dried chloroform. The 
reaction mixture was stirred for the reqiiired amount of time at 
roo111 temperatiire, csonc*entrated t o  half volume, filtered to re- 
move 1,2-ethylencbis( t ripheriy1phosphc)riium bromide), mp  28-5- 
290" (lit.3 in A nip 297-300°), :md further concentrated t o  an oil. 
This material was placed on a F lor id  column (4 X 25 cm) and 
eluted with ethyl acetate. The first fraction (200 ml) was con- 
cent,rated, petroleum ether (bp  30-60") was added to precipitate 
the product, and the pyrazole was filtered and collected. The 

llized from benzene-petroleum ether. The 
physical data are given in Tables I and 11. The results of experi- 
ments run with equimolar quantities of the speries 1 and 4 are 
also listed in Table I .  Examination of the crude reaction mixture 
from the equimolar experiments, by nmr, shows none of the 
expected peaks for the intermediate 9. The nmr shows only 
pyrazole 7, disalt. 8, and soine starting niatcrial4. 

5-Carbethoxy-2-pyrazolin-3-yltriphenylphosphonium Bromide 
(9e).-In a three-necked 100-ml flask with a drying tube and 
addition funnel was placed ethyl diazoacetate (0.57 g, 0.003 mol) 
in ml of methylene chloride. Vinyl salt (1.85 g, 0.003 mol) 
in ml of met,hylene chloride was added slowly over a 12-hr 
period arid the solution was allowed to stir for an additional 2 hr. 
The reaction mixturc was poured into ethyl acetate and the 
residue was recovered by filtration. The salt was recrystallized 
from methylene chloride-ethyl acetate at room 1ernperat)ure. An 
analytical sample could not be obtained owing to ready decom- 
position. Thc nmr w l s  consistent with the assigned structure: 
nmr (CI)Clr) 6 1.2; ( t ,  : 3 ,  CI-13, J = 7 I-Iz), 33.25 ( 2  d,  2 ,  C-4, 

C-.i, J = 9, 12 FIz), 7.6-8.1 ppm (m,  15,  phenyl). 
Attempted Phosphonioethylation of 5-Carbethoxy-2-pyrazolin- 

3-yltriphenylphosphonium Bromide (9e) .-Vinyl triphcnylphos- 
phonium bromide (0.001 mol), 9e (0.001 mol), and 10 ml of 
chloroform were refluxed for 24 hr, concentrated to  half volume, 
and filtered. The white solid collected was disalt 8 in a 73% 
yield. There was no phosphonioethS.lated product found. 

Kinetic Data.--The sample for the kinetics was obtained 
from the reaction mixturc as soon as the chloroform had been 
added and the mixture was homogeneous. The sample was 
plarcd in a liquid cell and the change in absorbance of the diazo 

J = 9, 12 I Iz ) ,  4.1$5 (q ,  2 ,  OCII2, J = 7 .0  IIz), 3.t  (dd, 1, 

Other " c=o C=N 

3200 1630 1600 

3150 1640 1600 

3250 1660 1600 

CHsO, 2.40 (s) 

peak was followed with time on a Perkin-Elmer 421 spectro- 
photometer. A plot of the reciprocal of the absorbance us. time 
in minutes gave the straight-line plot. The relative rates re- 
ported are the slopes of these plots. 

Pyrolysis of 5-Carbethoxy-2-pyrazolin-J-yltriphenylphospho- 
nium Bromide (9e).-In an nmr tube some of 9e was heated to 
a melt for 3 min. CDCI, was added and an nmr was taken. 
The pyrazole hydrobromide could not be isolated pure but the 
nmr was consistent with that of a sample prepared from 7e 
(Table I ) :  nmr (CI)C13) 6 1.33 ( t ,  3, CHI, J = 7 Hz), 4.4 

(d, 1, (3-3, J = 2.8 Hz), 10 ppm (s, 2, IL" solvent dependent, 
exchanges with 1 1 2 0 ) .  
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Recently we presented experimental evidence for 
the rearrangement of a proposed 1,4 dipole ( l ) ,  gen- 
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TABLE I 

108-22-5 Isopropenyl acetate CHa CHa 2 . 7  X lo-' 7 . 4  (0.977) 
Registry no. Vinyl ester RI Rz k, l./mol BBC AEaot, kcal/mol (c of c)' 

108-05-4 Vinyl acetate H CHs 4 . 2  X 12 

3377-92-2 Vinyl pivalate H C(CHa)a 4 . 0  X 12 
2424-98-8 Vinyl isobutyrate H CH(CHa)i 5 .9  x 10-2 12 (0.997) 

2549-5 1-1 Vinyl chloroacetate H CHzCl 8 .1  X 14 (0.997) 
4 . 3  x lo-* 11 (0.988) 769-78-8 Vinyl benzoate H cas 

a c of c refers to the coefficient of correlation, calculated for each set of data, reflecting the accuracy of the results. The closer the 
* These values were value is to unity, the better the straight-line fit. 

obtained from an Arrhenius plot of second-order rate constants measured a t  four other temperatures. 
If no value is shown in the table, the c of c is 0.999 or better. 

erated by reaction of Fphenyl-l,2,4-triazoline-3,5 
dione (PhTD) and vinyl esters (Scheme I), and sug- 

SCHEME I 
0 

0 
PhTD 

0 

r el 1 

L I 
2 1 

gested that the apparent rate of reaction was a func- 
tion of the vinyl ester emp1oyed.l These reactions 
have been studied spectroscopically2 and the results 
lend additional support for the existence of the 1,4 
dipole. 

Assuming irreversibility, the reactions have been 
found to be second order overall-first order in each 
reactant-as might be expected in the formation of 
an adduct. Table I lists the second-order rate con- 
stants a t  60" along with the energies of activation for 
each vinyl ester. 

The size of R2 has no effect on the energy of activa- 
tion, as shown by the RP = alkyl series. This is in- 
dicative of an intermediate being formed, followed by 
nucleophilic attack by the dipole effecting rearrange- 
ment. Since the relative yield of 2 decreases as the 
size of R2 increases,' the product ratios must be deter- 
mined by the activation energies in the second step. 
This is exemplified in the energy diagram (Figure 1) 
for the vinyl isobutyrate reaction, which has a prod- 
uct ratio of 10: 2: 1 for l-formylmethyl-2-(2-methyl- 
propionyl) - 4 - phenyl - 1,2,4 - triazoline - 3,5 - dione: co- 
polymer : 3-phenyl-6-(2-methylpropionyloxy)- 1,3,5 - tri- 

(1) K. B. Wagener, S. R. Turner, and G. B. Butler, J .  Oro. Chem., 81,  

(2) Visible spectra were recorded on a Beokman DK-PA Ratio recording 
All straight-line slopes were calculated by the least 

1454 (1972). 

spectrophotometer. 
8quarea method. 

Reaction Coordinate,vinyl isobutyrate+ PhTD 

Figure 1.-Probable energy pathways: - - - - - - -, l-formyl- 
methyl-2-(2-methylpropionyl )-4-phenyl-l12,4-triazoline-3,5-dione 

, copolymer; -.-.-.- , 3-phenyl-6 (2 in Scheme I);  * . . . - . + . .  
(2-rnethylpropionyloxy>l,3,5-triazabicyclo [3.2.0] hepta-2,4-dione. 
The second step is not necessarily lower in energy than the first 
step. 

a~abicyclo[3.2.0]hepta-2,~dione.~ The possibility of 
product formation occurring from other than a com- 
mon intermediate was considered, i .e . ,  formation of 
rearranged product and polymer via ring opening of 
the corresponding 1 , 3,5- t riazabic yclo [ 3.2 .O ] hepta-2,4- 
dione. This pathway was eliminated by heating to 
60" a solution of the three products resulting from the 
vinyl pivalate reaction for 16 hr to determine if the 
product ratio would change. No change was observed. 

The stability of the 1,4 dipole is directly affected 
by the inductive effects of R1 and RZ. Changing R1 
from methyl to hydrogen increases the activation 
energy ca. 4.5 kcal/mol, demonstrating the importance 
of cation stabilization. The dipole is destabilized 
further by placing a chloromethyl group at  R2, a 
phenomenon analogous in the opposite sense to  the 
increase of the acidity of chloroacetic over acetic acid. 
The activation energy for the vinyl benzoate reaction 
is slightly lower than for the R2 = alkyl series, pos- 
sibly owing to  conjugation of the ester carbonyl with 
the aromatic ring allowing increased lone-pair sharing 
by the ester oxygen. 

Experimental Section 

Kinetics Procedure.-Portions (1 ml) of equimolar solutions of 
vinyl ester and PhTD in l,l,Z,Z-tetrachloroethane were pipetted 
into a pressure-resistant uv cell. Visible spectra were recorded and 
the PhTD absorbance a t  545 nm was measured us.  time. A mini- 
mum of seven readings were taken during each run. The reaction 
was determined to be second order overall by fitting the data 
in the second-order rate expression (eq I ) ,  which assumes forma- 
tion of the 1,4 dipole to be irreversible. 

1 k  1 
A, = a + 
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TABLE IIQ 
k, l./mol sec A E m ,  

Vinyl ester Temp, 'C ( c  of c ) ~  kcal/mol 

Isopropenyl acetate 34.8 1 , O  X 10-1 7.44 
40.6 1.5 x 10-1 
48.1 2.0 x 10-l 

Vinyl acetate 44.5 1.7 X 11.9 
(0.998) 

68.3 6.1 x 
74.9 9.1 x 10-2 

78.8 1.8 x 10-l 
90.0 2.5 x lo-' 

Vinyl isobutyrate 69.7 9.9 x 11.6 

(0.998) 
Vinyl pivalate 31.1 2.6 X loF2 12.1 

73.1 8.5 X lov2 
80.2 1.2 x 10-1 

78.3 2.7 X 
90.0 5.0 x 

Vinyl chloroacetate 71.3 1.8 X 13,6 

101.5 9.0 x 10-2 
Vinyl benzoate 62.5 3.8 X 10.7 

69.0 5.7 X 
75.7 7.2 X lod2 
80.0 8.4 X 

(1 Since the third decimal place in the absorbance readings was 
estimated, these values are accurate to two decimal places only, 
as reported in Table I. * Coefficient of correlation, as in Table I. 

In  eq 1 ,  At  = absorbance a t  time t ,  a = PhTD absorptivity 
coefficient x cell path length, k = second-order rate constant, 
and A0 = initial absorbance. 

The reaction was determined to be first order in each reactant 
by first noting a tenfold increase in rate when using a 10: 1 molar 

ratio of vinyl ester:PhTD, indicating the reaction to be first order 
in vinyl ester. The results were double checked by fitting the 
1O:l molar ratio data in the first-order rate expression (eq 2), 

A In -t = kt + A.  

demonstrating the reaction to be pseudo first order in PhTD 
under these conditions. 

Energies of activation, calculated by the Arrhenius method, 
are listed to three significant figures in Table 11. ' Second-order 
rate constants measured a t  temperatures other than 60' are 
reported also. 

Check of Triazabicycloheptadiene Stability.-A sample of the 
solid resulting from reaction of 4-phenyl-1,2,4-triaeoline-3,5- 
dione and vinyl pivalate was dissolved in chloroform-dl and its 
nmr taken. The nmr appeared as a superimposition of the nmr 
spectra of the three pure products. Of special note was the ratio 
(1:2) of the tert-butyl singlets of the monomeric products, one 
at  6 1.37 corresponding to the tert-butyl group of the rearranged 
product, the other a t  6 1.20 caused by the tert-butyl of the tri- 
azabicycloheptadione. The nmr tube was heated to 60' for 
16 hr, followed by nmr analysis. No change in the tert-butyl ratio 
occurred, and there was no noticeable increase in polymer; thus, 
the triazabicycloheptadiene did not ring open. 
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