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Abstract--Thermal rearrangement of 4-allyl-, 4-dimethylallyl-, and 4-propargyl-isopyrazoles proceed 
by [3,3]-sigmatropic processes to pyrazoles. The migration terminus is the C(3) Me group, if present, 
and the rearrangement is preceded by imine-enamine tautomerism. When enamine formation is not 
possible the rearrangment is diverted to nitrogen. Thermal rearrangements of 4-alkyl- and 4-benzyl- 
isopyrazoles also occur although at higher temperatures and evidence is presented suggesting [1,5]- 
sigmatropic processes are involved. Some pyrazolenine to pyrazole rearrangements involving migra- 
tion of ester and phenyl groups are also reported. 

T h e  range  of  migra t ing  g roups  par t ic ipa t ing  in [1,j]- 
s igmat ropic  shif ts  is be ing  s teadi ly e x t e n d e d  and  
n o w  e n c o m p a s s e s  organometa l l ic ,  ~ t r imethyls i ly l ,  2 
es ter ,  3 and  c y a n o  4 moie t ies  as well  as the  more  com- 
m o n  hydrogen ,  alkyl  and  aryl  migrants .  Our  genera l  
in t e res t  in [1,j]- and  [i , j]-shifts in he te rocyc l i c  com- 
p o u n d s  resu l t s  f r o m  p rob l ems  in the  indole  5 and  
cor r in  6 fields and  led us to  s tudy some [1,5]- and  
[3,3]-shifts in i sopyrazo les  and  pyrazo len ines .  

I sopyrazo les  (1) of the  type  requ i red  for  these  
s tudies  were  ava i lab le  by  a lkyla t ion  o f / 3 - d i k e t o n e s  
in an  a c e t o n e - a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  mix- 

R ~ R 2 

N N 

ture  e i the r  us ing  an excess  of  an alkyl  hal ide 
( > 2  moles)  giving 2 ( R ' =  R ~) or  sequent ia l ly  wi th  
one  mole of  two dif ferent  alkyl  hal ides  (2; R ' ~ R  2) 
Tab le  1. The  gem-dialkylated /3-diketones  were  
t h e n  c o n d e n s e d  wi th  h y d r a z i n e  7 affording the  cor- 
r e s p o n d i n g  i sopyrazo les  (1) Tab le  2. 

R ~ R z 

0 0 

[3,3]-Sigmatropic p r o c e s s e s  of the  Claisen,  g 
C la i sen-Cope  9 and  Cope  j° type  h a v e  b e e n  r epo r t ed  
fo r  a n u m b e r  of  he te rocyc l i c  sys tems .  W e  e x t e n d e d  
ou r  s tudies  of  indo len ines  5 to  t he  i sopyrazo les  (3) 1~ 
as a f u r t he r  potent ia l ly  t a u t o m e r i c  imine -enamine  

Table 1. Preparation of/3-diketones (2) 

R R ' R 2 M.p. or b.p. Yield (%) 

Found (%) Calc (%) 

C H C H 

Me H Dma 71-77°/1 mm 64 
Me Me Me 63-70°/14 mm 84 
Me Me Et 186-195°/760 mm 71 
Me Me Allyl 81-87°/10 mm 77 
Me Et Allyl 95-100°/16 mm 57 
Me Me Dma 114--117°/14 mm 51 
Me Et Dma 75-80°/1 mm 43 
Me Me Bz 125-132°/3 mm 56 
Me Allyl Allyl 78-82°/0.3 mm 79 
Me Bz Dma 50°/0.08 mm 66 
Me Bz Bz 108-110 ° 64 
Me Et Ppyl 58-62°/2-5 mm 59 
Me Ppyl Ppyl 73-74 ° 70 
Ph* Me Me 95-98 ° 17 
Ph Allyl Allyl 60-63 ° 37 

71.1 9.5 71-4 9.6 
72.4 9.9 72.5 10.0 
73.2 10.0 73.45 10.25 

79.1 8.4 79-0 8.6 

72-4 8.6 72.25 8.5 

83.2 6.7 82.9 6.6 

Bz = benzyl; Dma = 3,3-dimethylallyl; Ppyl = propargyl. 
*not prepared by the standard synthesis. 
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Table 2. Isopyrazoles (1) 

R R 1 R 2 M.p. or b.p. Yield (%) 

Found (%) Calc (%) 

C H N C H N 

Me Me Et 95-96°/3 mm 85 
Me Et Allyl 50-52 ° 70 
Me Me Dma 67-690 90 
Me Et Dma 47-49 ° 54 
Me Et Ppyl 119-120 ° 70 
Me Ppyl Ppyl 145-147 ° 51 
Ph Me Me 122-126°(Subl) 80 
Ph Allyl Allyl 129-131.5 ° 65 

69.1 10.0 19.9 69,5 10'2 20.25 
72.7i 9.6 16.7 73' 1 9.8 17.05 
73.9 10-2 15,8 74,1 10.2 15.7 
74.7 10.3 14,7 74.95 10-5 14-55 
74-0 8.6 17,1 74.05 8'7 17-25 

82-4 6-5 11.1 82'2 6.5 11.3 
83.4 6.7 9-7 83"3 7.0 9.7 

Dma = 3,3-dimethylallyl; Bz = benzyl; Ppyl = propargyl. 

system (3~4) offering two possible migration ter- 
mini (3;*) and (4;*) for a [3,3]-sigmatropic process. 
The isopyrazole (3; R = allyl, R ' =  H) underwent 
quantitative (TLC) conversion to an isomeric pro- 
duct on heating in boiling xylene. The UV spectrum 
of this product exhibited a single maximum at 
223 nm (E~ax 5,340), typical of a pyrazole, and an 
NH band in the IR at 3478 cm ' indicated the ab- 
sence of an N-substituent. The NMR spectrum 
showed only one Me group was present (~- 7.9) and 
a multiplet at r 7.2-8.0 consistent with a butenyl 
side chain. The product was therefore formulated 
as 5(R -- allyl, R' = H) and the enamine tautomer (4) 
was implicated in the rearrangement as observed 
for the corresponding indolenine rearrangements 5. 
Although no enamine tautomer (4) could be de- 
tected in the NMR spectrum of 3(R = allyl, R' = H), 
deuteriation of the C(3) and C(5) Me groups occur- 
red in D20-NaOD-pyridine at room temperature. 
Rearrangement of the deuteriated material and ex- 
amination of the NMR spectrum of the product (6) 
showed the expected doublet in place of the multip- 
let corresponding to the saturated portion of the 
butenyl substituent. Analogous rearrangements in 
which the pyrazole enamine tautomer is generated 
in situ,  via a carbinolamine (7), by condensation of 
an N-substituted hydrazine with a suitable /3- 
diketone were reported '2 whilst our work was near- 
ing completion. The rearrangements reported by 

these workers procede even at 0 ° showing, as in the 
indolenine case, that imine-enamine tautomerism is 
the rate determining step in the rearrangement (3---> 
5). The isopyrazoles (3;R = Me and Et, R ' =  H) 
were prepared and found to cleanly rearrange to the 
expected products (5; R = Me, R' = H) and (5; R = 
Et, R' = H) at 205 ° and 140 ° respectively. The cor- 
responding dimethylallyl isopyrazoles (3;R = Me 
or Et R' = Me) were prepared and studied to obtain 
evidence of the allyl inversion required by a [3,3]- 
sigmatropic process. Heating in boiling xylene in- 
duced a slow reaction (48hr) giving two major pro- 
ducts in each case. One of these was the expected 
pyrazole (5; R = Me or Et, R ' =  Me). The NMR 
spectrum of the other product showed, in each 
case, the presence of a terminal allyl group and ena- 
bled its site to be located on the C(4) substituent i.e. 
8(R = H or Me). Similar anomalous products were 
observed in some of the indolenine rearrangements ~ 
and they probably arise by a [l,2]-shift (3-~ 9) catal- 
ysed by traces of Lewis acids (L) followed by de- 
protonation to 1 0 ( R = H  or Me) and [3,3]- 
sigmatropic rearrangement. 

The propargyl isopyrazoles (11; R = propargyl or 
Et) were also prepared and studied. Thermal rear- 
rangement of these derivatives in xylene gave the 
expected allenic pyrazoles (12; R = propargyl or Et) 
in high yield. An interesting observation on relative 
migratory aptitudes in these systems has been re- 

M e . . ~ / M e  

N N 

3 

D:~C CD 2 M e _ _ M e  
II I"OH 

N NH N NR 

R 1 

R ~ .R'  R R1 
M e , ~ ,  ~_'~,R l ~ M e ~ ] ~  

N NH N NH 
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ported for the isopyrazole 13. The relative rates of 
allyl to propargyl rearrangement were about 
1.6: 1.12 

The C3 (or C5) Me group, rather than nitrogen, is 
thus the first choice migration terminus for 3,3- 
sigmatropic reactions in these allyl and propargyl 
isopyrazoles. An analogous preference was dis- 
played by the related indolenines? It was of interest 
therefore to study a case (e.g. 14) where such a 
process was not possible. The isopyrazole (14) rear- 
ranged slowly on heating at 140 ° but more rapidly at 
higher temperatures to the N-allylpyrazole (15) in 
93% yield thus establishing the feasibility of migra- 
tion to nitrogen. However the concertedness of this 
latter process was not firmly established. 

Me. % 
N - - N  

II 

Me __ 

N N 
14 

During an early investigation into the acid and 
base catalysed rearrangements of pyrazolenines, 
the thermal isomerisation (16; R = R ' =  Ph, R ~= 
C02Me) to 17; (R = R ' =  Ph; R 2= C02Me) was ob- 
served on crystallisation from methanol. 13 

Subsequently numerous other examples of this 
type have come to light, usually involving migration 
of an aromatic substituent. ~4-16 Although an earlier 
mechanistic rationale of these rearrangements in- 
voked a dipolar species, t~ they are now best viewed 
as [1,5]-sigmatropic processes. This suggestion is 
born out by the cyclic progression of substitutents 
observed in the thermal rearrangement of 18 (R = 

R'2 R R j 
" ~ ' ~ R  1 R2 ~ " ~ R  
N = N  HN N 

16 17 

R Me R 

EtO~ 0"- ~ ' ~ N . ~ / ~ i  

0 Ni 

20 21 

Ph or Co2R') to 19(R = Ph or Co2R'f 4'~ which also 
indicates that an ester group has a greater migratory 
aptitude than a phenyl group in this system. 3' How- 
ever, as we have previously suggested, ~ unsaturated 
electronegative substituents, such as ester groups, 
have a possible alternative migration path via a 
cyclopropyl species open to them (e.g. 20 ~ 21 ~ 22 
partial structures) 6. Such an intermediate might in- 
tervene in the recently reported degenerate N--* N 
rearrangement of the N-amido substituent of 23. 7̀ ' 
Although perhaps a more likely explanation in this 
case is that rearrangement occurs via establishment 
of a pyrazole-phenylisocyanate equilibrium. ~8 N 
N rearrangements in N-acyl pyrazoles are well 
documented.~7b 

N NH N NMe 
12 13 

Ph Ph 

N N 

15 

Another intriguing problem present in pyra- 
zolenines and other unsymmetrical systems is that, 
depending on the face of the molecule utilised, two 
possible directions for sigmatropic rearrangements 
exist (clockwise and anticlockwise). The re-si 
nomenclature '9 coupled with clockwise or anti- 
clockwise designation enables such problems to be 
clearly identified and discussed. 

However, for simplicity, in the present pyra- 
zolenine cases in which the 3,3-substituents are 
identical we will consider migration towards nit- 
rogen C(3)--*N(2) as a clockwise migration and 
migration away from nitrogen C(3)-o C(4) as an an- 

R 
R ~ O z C . . T ~  h Ph 

R Ph 
- - '  

I 
18 CO~R~ 

19 

MeR M e ~ " ~ M e  
) Et O ~ C - ~ N  N ~ N  

CONHPh Ni 
22 

23 
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ticlockwise migration. Thus in the present context, 
a clockwise migration would produce a pyrazole di- 
rectly whereas an anticlockwise migration would 
involve an isopyrazole intermediate. 

Although the thermolysis of I$(R = Co2Me, R' = 
Me) has been previously reported, '~ the isolated 
product was the decarboxylated pyrazole (17; R = 
R' = Ph, R-, = Co2Me) and experimental data for the 
rearrangement was lacking. We therefore reinvesti- 
gated the thermal rearrangement of lgfR = Co:Me, 
R' = Me) and found that heating at I00 ° for 18 hr in 
toluene gave a single major product (TLC), al- 
though monitoring the reaction by TLC indicated 
the formation of an intermediate. The product was 
isolated by chromatography on neutral alumina and 
proved identical with that obtained by van Alphen '3 
from the acid catalysed rearrangement of 18(R = 
Co2Me, R' = Me) and formulated as 19(R = Co.,Me, 
R ' =  Me). Thus an anticlockwise migration of the 
phenyl group occurs, followed by preferential mig- 
ration of an ester group rather than a phenyl group. 
An unsuccessful attempt was made to synthesise 
the intermediate (24; R = Ph) by 1,3-dipolar addi- 
tion of diazomalonic ester to tolan. However, 
diethyl diazomalonate did undergo a slow 1,3- 
dipolar cycloaddition to dimethyl acetylene dicar- 
boxylate in boiling benzene. The product was not 
24(R = CO,,Me) but its rearrangement product 25. 
The presence of a carbethoxy as opposed to a 
carbomethoxy group on nitrogen was shown by 
hydrolysis and decarboxylation to the pyrazole 26. 
This was best achieved by stirring an ethereal solu- 
tion of 25 with basic alumina (Spence H). Finally 26 
was synthesised by 1,3-dipolar cycloaddition of 
ethyl diazoacetate to dimethyl acetylene dicarboxy- 
late. The fact that scrambling of ester groups did 
not occur indicates direct migration of the C(3) 
ester group to nitrogen i.e. a clockwise migration. 
Similar direct migrations to nitrogen of ester and 
other unsaturated electronegative substituents (e.g. 
nitrile, acetyl) in pyrazolenines have recently been 
reported. -,° A related cyanide rearrangement (27--* 
28) has also been observed. 21 These latter examples, 
and our own results, are capable of dual interpreta- 
tion, either as uncomplicated [1,5]-sigmatropic 

shifts or as two step reactions proceeding via 
aziridine intermediates (e.g. 29). The two step 
mechanism could well account for the different di- 
rections of migration of phenyl, on the one hand, 
and unsaturated electronegative groups, on the 
other. 

A brief study has been made of the thermal 
rearrangements of some 4,4-dialkylisopyrazoles. 
Isopyrazoles are known to isomerise in the pres- 
ence of concentrated acid 22 at 150-160 °, and the 
pyrolysis of quaternary salts of isopyrazoles has 
also been studied 7 but the only data on neutral 
species is the observation that isopyrazoles with a 
C(4) benzyl group spontaneously rearrange, on vac- 
uum distillation, to complex mixtures of pyrazoles 
by a postulated radical mechanism. 22 

Tetramethylisopyrazole (1; R = R j = R 2 = Me) 
was little changed on heating at 280 ° , but at 400 ° 
complete disappearance of starting material, with 
formation of one major product (30; R = R j = R 2 = 
Me; 75%), occurred in 0-5 hr. A small amount of 
cleavage product (31; R = R ~ = Me) was also iden- 
tified spectroscopically. The high temperature re- 
quired to effect rearrangement and the formation of 
31 (R = R ~ = Me) suggested a radical process might 
be operative. Rearrangement of the deuteriomethyl 
derivative (1; R=CD3, R ~ = R 2 = M e )  gave tet- 
ramethyl pyrazole in which complete scrambling of 
the deuteriomethyl groups had occurred, suggesting 
a major contribution from concerted [1,5]-Me mig- 
rations. 

Thermal rearrangement of 1 (R = R ~= Me, R : =  
CH-,Ph) had been reported 2-, to occur on distillation 
at 120-200 ° to give a complex mixture of stilbene 
and the pyrazoles 30 (R = Me, R' = Me or CH~Ph, 
R 2 = CH-,Ph) and 31 (R = Me, R ~ = Me or CH2Ph) in 
almost equal amounts by a radical mechanism. We 
find that dilute solution pyrolysis of 1 (R = R ~ = Me, 
R 2 = CH-,Ph) at 205 ° gives the 1-benzylpyrazole 30 
(R = R ~ = Me, R-, = CH-,Ph) as the major (75%) pro- 
duct together with cleavage product 31 (R = R l =  
Me, 18%). The dibenzyl derivative I(R = Me, R ~ = 
R 2 = CH2Ph) rearranged at 205 ° to give a mixture of 
one major, and several minor products. Chromatog- 
raphic separation gave pure samples of the major 

R CO2Et CO2Me 
R ~ ' ~ "  C O.2 Et M e O 2 C @ ~  CO2Et 

N ~ N  N - - N  
24 ~'C O.2 Et 

25 

CO,Me 

M e O 2 C ~ - ~  CO2Et 

N NH 

26 

CH2Ph 

) O -  
~ " ~ - J " " N / N  R 
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27 C N  29 
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R 1 

N NX.R2 

R * Me 
R ~ R  Ph ~ '~" ]Me  

N NH N N 
" P h  

30 31 32 

Me H Me 
Meff '~Ph  R l ~ R  M e @ , ~ P h  

N NPh N = N  
\ O O 

33 Ph 

34 
35 

product (30; R = Me, R ' =  R 2= CH2Ph; 76%) and 
one of the minor products (31; R = M e ,  R ~= 
CH2Ph; 12%). 

Thermal rearrangement of I(R = Ph, R ' =  R 2= 
Me) at 370 449 ° gave a complex mixture of pro- 
ducts containing a small amount of cleavage pro- 
duct (31; R = P h ,  R ' = M e ) .  Three substances 
isomeric with the starting material were also ob- 
tained (total yield 47%). Two of these products had 
similar NMR spectra with both showing aromatic 
and vinyl methyl signals in the ratio required for a 
diphenyl dimethyl pyrazole. The NMR indicated 
they were N-phenylpyrazoles for which three 
structures 30(R = Me, R' = R 2 = Ph), 32 and 33 are 
possible. It was considered that the method of prep- 
aration effectively ruled out 30(R = Me, R ~= R 2= 
Ph) which would require preferential migration of a 
Me group compared to a phenyl group. The major 
product (21%), compound A, was a solid m.p. 
85-88 ° whilst the other isomer was an oil (com- 
pound B). The UV spectra of compound A (Amax 
266 nm) and compound B (Am~ 256 nm) were con- 
sistent with structure 32 for compound A and 33 for 
compound B. The hyposochromic effect has been 
well documented in pyrazole chemistry, 23 and the 
observed maxima closely parallel those of the 
model pyrazoles 34 R = Me, R ' =  Ph; Am~ 265 nm 
and 34 R = Ph, R 1 : Me; Amax 254 nm). 24 The NMR 
spectra of the two products also supported these 
assignmments. Pyrazoles in which phenyl sub- 
stituents (both N- and C- phenyl) are non-coplanar 
with the ring, by virtue of steric hindrance, exhibit 
essentially singlet phenyl resonances whilst those 
in which phenyl substituents are more nearly co- 
planar show multiplet phenyl resonances) 5 An ex- 
amination of Dreiding models shows 33 to suffer 
much more steric hindrance than 32. In particular in 
32, the C(3) phenyl group is essentially unhindered. 
The NMR spectrum of compound A (32) had an 
aromatic proton multiplet at ~ 2.2-2.9 whilst com- 
pound B (33) exhibited aromatic proton resonances 
at  T 2"7--3"15 which consisted of a singlet at ~- 3.0 
superimposed on a multiplet centred at ~ 2.93. Fin- 
ally the mass spectra concurred with these assign- 
ments. Although many peaks were common to both 
spectra there were significant differences in inten- 

sities. Thus compound A (32) showed peaks at m/e  
144 ( M - - P h C ~ N H ;  38% abundance) and m/e 130 
( M - - M e C ~ N P h ;  29%) and no peak at rn/e 180 

+ 

(PhC~---NPh) whereas compound B (33) had much 
less intense peaks at m/e 144 (20%) and m/e 130 
(13%) and had a peak at m/e 180 (6%). Final confir- 
mation of these assignments was provided by con- 
densation of phenylhydrazine with the diketone 
(35) which it was anticipated would, by initial con- 
densation at the more reactive methyl ketone 
group, lead to 33. The product (79%) did indeed 
prove identical to compound B. Thus the 
"shunting" of substituents provides evidence for 
some [1,5]-sigmatropic processes in the thermal 
rearrangement of I(R = Ph, R ~ = R 2 = Me). 

The third product from the pyrolysis mixture has 
not been identified. It did not prove identical with 
an unambiguously synthesised sample of 30(R = 
Ph, R 1= R 2= Me). Moreover, although its mass 
spectrum indicated it was isomeric with starting 
material its NMR spectrum suggested a trimeric 
structure. Thus although the ratio of aromatic to 
non-aromatic protons were in the appropriate 5:3 
ratio, NMR dilution studies (CC14) resolved two C- 
Me signals at ~- 7.75 and 7.9 into doublets and an 
N-Me signal at r 6.3 showed clear evidence of 
being composed of two overlapping singlets. 

EXPERIMENTAL 
M.ps were determined on a Kofler micro heating stage 

and are uncorrected. UV spectra were recorded for EtOH 
solns on a Unicam SP700 spectrometer, and IR spectra on 
a Unicam SP100 instrument. NMR spectra were meas- 
ured for CDCI3 solns either on a Perkin-Elmer RS10 
60MHz instrument or on a Varian HA100 instrument, with 
TMS as internal reference. The abbreviations s, singlet d, 
doublet; t, triplet; q, quartet and m, multiplet are used 
throughout. Mass spectra data was obtained from an 
A.E. 1. MS 902c instrument. Alumina (Spence type H) and 
silica gel M.F.C. (Hopkin and Williams) were used for 
column chromatography whereas TLC employed silica 
gel (May and Baker) and alumina G (Merck). Light pet- 
roleum was the fraction b.p. 60-80 °. 

3,3-Disubstituted pentane-2,4-diones, the anhydrous 
potassium carbonate-acetone method was used with ex- 
cess alkyl halide for dialkylation. 2''27 

Isopyrazoles. These were prepared by condensation of 
the appropriate /3-diketone with hydrazine hydrate in 
boiling EtOH in the usual way. 7'= 

[3,3]-Sigmatropic reactions 
4,4-Diallyl-3,5-dimethylisopyrazole. A dilute soln of the 

isopyrazole 2~ in Na-dried toluene showed no evidence 
(TLC; 1 : 1 benzene: EtOAc; alumina) of thermal reaction 
after being refluxed under dry N2 for 4-5 hr. In Na-dried 
xylene, however, TLC monitoring indicated quantitative 
conversion of the isopyrazole (Rt 0.4) to a single product 
(R~ 0-8) in 5-5hr. A soln of 3,5-dimethyl-4,4-dial- 
lylisopyrazole (3.00 g) in xylene (25 ml) was boiled, under 
N_,, for 6.5 hr, then evaporated under reduced pressure 
and the residue distilled on a short-path apparatus 
(50°/0.1 ram) giving 3-(but-3-enyl)-4-allyl-5-methyl- 
pyrazole (2.64g, 88%) as a colourless oil, nD '~ 1.5081, 
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(Found: C, 75.0; H, 9.0; N, 16.1. C,~H,~N2 requirss: C, 
75-0; H, 9-2; N, 15-9%); A ~  (EtOH) 223 nm; ( e ~  5,340), 
z(CCL)-3-0 (s, 1H, -NH), 3.8-5.4 (m, 6H, vinyl H), 6-95 
(d, 2H, CH~-CH=CH~), 7.2-8-0 (m, 4H, CH:CH~ 
CH=CH~), and 7.9 (s, 3H, Me), Picrate: yellow needles 
m.p. 92-5-93"5 ° (from benzene), (Found: C, 50.5; H, 4.4; 
N, 17.5. C~H,gN~O7 requires: C, 50-4; H, 4-7; N, 17.3%). 

4,4-Diallyl-3,5-di ( trideuteriomethyl) isopyrazole. The 
isopyrazole (l .05g) was dissolved in warm D~O and 
NaOD soln (I ml.; 30% in D20) added, followed by addi- 
tion of sufficient dry pyridine to dissolve the ppt. Isolation 
and an NMR study of the product after 4 days at room 
temp, showed almost complete deuteriation of the C3 and 
C5 Me groups. Thermolysis of the deuterated sample in 
xylene for 6.5 hr and work-up in the usual way gave 
the 3-(but-3-enyl)-4-aUyl-5-methylpyrazole: r (CCL) -2.2 
(s, 1H, -NH), 3.8-5.4 (m, 6H, vinyl H), 6.95 ((d, 2H, CH2 
-CH=CH~), and 7.7 (d, ca 3H, -CD2CH~C(H):C(H~); 
overlapping a small multiplet). 

4-Allyl-3,4,5-trimethylisopyrazole. The isopyrazole 
(2.7 g)~2 was boiled under reflux in tetralin (30 ml) for 11 hr 
when TLC (CHCI~, Al~O~) showed formation of a major 
product (Rf 0.6). Chromatography on alumina eluting with 
light petroleum and then chloroform, gave, on evapora- 
tion the chloroform eluate, 5-(but-3-enyl) -3,4- 
dimethylpyrazole (2.55 g, 94%) as a colourless oil (Found: 
C, 71.6; H, 9.25; N, 18.3. CgH,,N2 requires: C, 71.95; H, 
9.4; N, 18.65%), z(CCL) 3.85-5.3 (m, 3H, vinyl H), 7.2-8.0 
(m, 4H, methylene H), 7.9 and 8.15 (both s, 6H, 2 × Me). 

4-Allyl-3,5-dimethyl-4-ethylisopyrazole. The isopyra- 
zole (3 g) was boiled under reflux in dry xylene (25 ml) 
under dry N2 for 19 hr. The solvent was evaporated under 
reduced pressure to leave a light brown oil (3.07g). 
Short-path distillation (40°/0.05 mm) gave 3-(but-3-enyl)- 
4-ethyl-5-methylpyrazole (2.5 g, 83%) as a coloudess oil, 
nr, 25 1.4997, (Found: C, 72.9; H, 9-6; N, 16.8. C~oH~6N~ re- 
quires: C, 73.1; H, 9.8; N, 17.05%), ~-(CCL) 3.95-4-55 (m, 
1H, -CH=CH2), 4-9-5-25 (m, 2H, -CH=CH2). 7.25-7.9 
(m, 6H, CHiMe + CH~-CH:-CH=CH~) 7.9 (s, 3H, Me), 
and 8.95 (t, 3H, CH2Me). 

4-(3,3-DimethylaUyl)-3,4,5-trimethylisopyrazole (with 
J. Caldwell). The isopyrazole (1.0g) was boiled under 
reflux in toluene (10 ml) under N2 for 48 hr. TLC monitor- 
ing then indicated complete disappearance of starting ma- 
terial with formation of two major and two minor pro- 
ducts. Chromatography on silica gel eluting with light pet- 
roleum (to remove xylene), followed by EtOAc gave 
3,5-dimethyl-4-(2,2-dimethylbut-3-enyl)pyrazole (400rng, 
40%) as a colourless oil (short path distillation 
35°/0.02 mm.); no ~ 1.4937. (Found: C, 74.35; H, 10.3; N, 
15.05. C~H~sN2 requires: C, 74.1: H, 10.2; N, 15-7%); A ~  
229 nm (~ 6080); ~- 3.7-5.2 (m, 3H, allyl protons), 7.8 (s, 
6H, nuclear Me's), 8.1 (s, 2H, nuclear CH~), and 8.3 (s, 6H, 
gem Me's). 

The second fraction from the column was 3,4-dimethyl - 
2ff2,2-dimethylbut-3-enyl)pyrazole obtained as colourless 
prisms (petrol), (300 nag; 30%), m.p. 73-75*. (Found: C, 
73.55; H, 10.23; N, 15.6%); A ~  225nm (E 5660); ~- 
3.9-5.3 (m, 3H, allyl protons), 7.5 (s, 2H, nuclear protons), 
7.85 and 8-1 (both s, 6H, 2 x Me), and 9.0 (s, 6H, gem 
Me's). 

The final fraction from the column was shown to to 
3,4,5-trimethylpyrazole (30 mg), colourless needles 
(water), m.p. 137-139 °, by comparison with an authentic 
sample. ~" 7.8 (s, 6H, 2 × M e )  and 8-1 (s, 3H, Me). 

4-(3, 3-Dimethylallyl)-3, 5-dimethyl-4-ethylisopyrazole 
(with J. Caldwell). The isopyrazole (2 g) in toluene was 

reacted, as above, for 2 days. TLC monitoring then indi- 
cated complete disappearance of starting material with 
formation of one major and one minor product as well as a 
trace of a third substance. Chromatography as above gave 
four products which, in order of elution, were: 3,5- 
dimethyl-4-(l,2,2-trimethylbut-3-enyl)pyrazole (880 mg; 
44%), obtained as a colourless oil by short path distillation 
(34 ° 0-05 ram); (Found: C, 74.75; H, 10-4; N, 14.2. 
C,2H2oN2 requires: C, 74.95; H, 10.5; N, 14-5%), Amax 
228 nm (E 6860); ~'(CC14) 3-8-5"3 (m, 3H, allyl protons), 7.8 
(q, 1H, CH-CH~), 7-95, 8.0 (both s, 6H, 2 × nuclear Me), 
8.5 (s, 6H, gem Me's), 8.94 and 9.06 (both d, 3H, two 
rotamers of -CH-Me).  

The second fraction contained 3,5-dimethyl-l-(3,3- 
dimethylallyl)-4-ethylpyrazole which was obtained as a 
colourless oil (200mg; 10%) by short path distillation 
(38°/0.2 mm); (Found: C, 74.25; H, 10.9; N, 14.45%); r 4.7 
(t, IH, CH=CMe2), 5.45 (d, 2H, N-CH2), 7.65 (q, 2H, 
CH2Me), 7.85, 7.9 (both s, 6H, 2 × nuclear Me), 8-3 (br. s, 
6H, gem Me's), and 8.95 (t, 3H, CH2Me). 

The third fraction afforded colourless prisms (from 
petrol) of 3-(2,2-dimethylbut-3-enyl)-4-ethyl-5- 
methylpyrazole (700 mg; 35%), m.p. 53-54 °. (Found: C, 
74.55; H, 10.7; N, 14.25%); Am~x 225nm. (~ 5790); ~- 
4.85-5-25 (m, 3H, allyl protons), 7.5 (s, 2H, CH~CMe2), 
7.65 (q, 2H, CHiMe), 7.8 (s, 3H, Me), 8.97 (s superim- 
posed on t, 9H, gem Me's + CHiMe). 

The final fraction contained 3,5-dimethyl-4-ethyl- 
pyrazole (100mg), colourless prisms (aqueous EtOH) 
m.p. 51-52 °, identified by comparison with an authentic 
sample. ~- 7.65 (q, 2H, CHiMe), 7.85 (s, 6H, 2 × Me), and 
9.0 (t, 3H, CHiMe). 

3,5-Dimethyl-4-ethyl-4-(2-propynyl)isopyrazole. A soln 
of the isopyrazole (3.2 g) in dry xylene (200 ml) was boiled 
under reflux under N: for 22 hr. The solvent was removed 
under reduced pressure and the residue (3.9 g) purified by 
short-path distillation (48°/0.03 mm). 3-(But-l,2-dienyl)- 
4-ethyl-5-methylpyrazole (2.7 g, 84.5%) was obtained as a 
colourless oil, no 25 1.5289, (Found: C, 74.3; H, 8:9; N, 
17-4. C~oHI,N2 requires: C, 74-05; H, 8.7; N, 17-25%), 
~-(CCL) 4.7-5.15 (m, 1H, -CH=C=CH~), 5.5 (m, 2H, 
CH=C=CH2), 6.8 (m, 2H, CH~-CH=C), 7.85 (q, 2H, 
CHiMe), 7.9 (s, 3H, Me), and 9.0 (t, 3H, CHiMe). 

3,5-Dimethyl-4,4-di(2-propynyl)isopyrazole. The iso- 
pyrazole (0.7 g) was heated in dry xylene (300ml) for 
18~ hr and worked up in the usual way by short path distil- 
lation (54°/0-02 mm) to give 3-(But-l,2-dienyl)-4- 
propargyl-5-methylpyrazole (0.5 g, 71.5%) as a colourless 
oil. (Found: C, 76.4; H, 7.25; N, 16.0. C.H~2N2 requires: 
C, 76.71; H, 7.02; N, 16.27%), ~- 4.5-5.0 (m, IH, 
CH--C=CH~), 5.3 (m, 2H, CH=C=CH~), 6.5--6.85 (m, 4H, 
2 x nuclear -CH,_-), 7.75 (s, 3H, Me) and 8.0 (t, IH, 
- C - C - H ) .  

4,4-Diallyl-3,5-diphenylisopyrazole. In boiling xylene 
soln the reaction was slow, but in dilute soln in o- 
dichlorobenzene conversion of the isopyrazole (Rl 0.5) to 
a single product (Rt 0.9) was quantitative (TLC; 95 : 5 ben- 
zene:EtOAc; alumina) in 3 hr. A soln of 3,5-diphenyl-4,4- 
diallylisopyrazole (1.50 g) in anhyd tetralin (20 ml) was re- 
fluxed under dry N~ for 1 hr when solvent was removed by 
chromatography on alumina (Spence H) with petrol. Ben- 
zene elution then gave the single product of thermolysis 
(Rr 0.6 by TLC: benzene; alumina), which, after molecu- 
lar distillation, crystallised on standing and was character- 
ised as 1,4-diallyl-3,5-diphenyl-pyrazole (1.40g, 93%), 
colourless prisms m.p. 101-102°: (Found: C, 83.5; H, 6.9; 
N, 9.7. C.,~H.~oN2 requires: C, 83-3; H, 7.0; N, 9-7%), A ~  
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250 nm (~ 20,910), ~'(CCL) 2.1-2-9 (m, 10H, aromatic H), 
3.5-5.3 (m, 6H, vinyl H), 5.4 (d, 2H, N-CH~-) and 6.75 
(split d, 2H, nuclear -CH:-). 

Thermal rearrangement of 3,4,4,5-tetra- 
methylisopyrazole. Freshly distilled 3,4,4,5-tetramethyl- 
isopyrazole was sealed in an ampoule under dry N_, and 
heated in a Carius furnace as follows: (a) Furnace temp: 
340 °. Sample raised to 280 ° in 1 hr. Only slight change evi- 
denced (NMR). (b) Sample kept at 280 ° for 13 hr. Again 
only slight change. (c) Furnace temp: 405 °. Sample raised 
to 325 ° in 1 hr. Fractional distillation of the pyrolysate en- 
abled partial separation into its two components. (d) Fur- 
nace temp: 540 °. Sample raised to 400 ° in 1 hr. The pro- 
duct was virtually a single substance (NMR and TLC) 
and, on molecular distillation (25°/0 -1 mm), yielded a col- 
ourless mobile oil (75%), no ~ 1-4791, of high purity, iden- 
tified as 1,3,4,5-tetramethylpyrazole: ~'(CCL) 6.4 (s, 3H, 
N-Me), 7.95 (s, 6H, 2 x Me), and 8.15 (s, 3H, Me). ~-(ben- 
zene) 7.2 (s, 3H, N-Me), 8.25, 8.7, and 8-85 (all s, 9H, 
3 × Me). Methiodide: colourless needles m.p. 191-193 °, 
(Found: C, 36.0; H, 5-5; N, 10.5. C,H~N2I requires: C, 
36.1; H, 5-7; N, 10.5; I, 47.7), hm,x 221 nm (e 17, 940). Both 
NMR and TLC studies of the Crude pyrolysis mixture de- 
monstrated the presence of 3,4,5-trimethylpyrazole. 

Thermal rearrangement of deuterated 3,4,4,5-tetra- 
methylisopyrazole. A soln of freshly distilled 3,4,4,5- 
tetramethylisopyrazole (3.0 g, 0.0242 mole) in D:O (6 ml, 
0.33 mole) containing a catalytic amount of NaOD was 
allowed to stand at room temp until NMR spectral 
monitoring indicated equilibrium to be established. (It was 
found necessary to add base continually to maintain the 
exchange of the 3- and 5-Me groups, and equilibrium was 
taken as established when addition of base caused no 
further change--2 weeks). The solvent was removed 
under reduced pressure, the residue dissolved in anhy 
ether, filtered, and evaporated to give the isopyrazole 
which was dried over P20~ before pyrolysis. ~-(D~O) 7.85 
(m, 9 units) and 8.85 (s, 28 units), m/e (%): 130 (3), 129 
(30), 128 (59), 127 (57), 126 (33), 125 (12), 124 (2); for M +. 

After 30 min in a furnace at 520 °, a sample of the above 
deuterated isopyrazole sealed under dry N2 in an ampoule 
was raised to 370 °. Work-up in the usual way gave deuter- 
ated 1,3,4,5-tetramethylpyrazole. ~-(CCI,) 6.55 (s, 9 units), 
8.0 (s, 17.5 units), and 8-2 (s, 9.5 units). All signals showed 
subsidiary peaks and the 8.0~- singlet was itself slightly 
split. Addition of benzene resolved the spectrum into four 
singlets with their subsidiary signals, m/e (%): 132 (4), 131 
(12), 130 (24), 129 (55), 128 (84), 127 (100), 126 (92), 125 
(63), 124 (25), 123 (10); for M +. 

Thermal rearrangement of 3,4,5-trimethyl-4- 
benzylisopyrazole. A soln of 3,4,5-trimethyl-4-benzyl- 
isopyrazole (2.0 g, 0.01 mole) :: in anhyd tetralin (25 ml) 
was refluxed under dry N: for 11 hr. Formation of a major 
product (Rt 0-7) was shown (TLC; 4:1 benzene:EtOAc; 
alumina) to be accompanied by a single trace product (Rp 
0.2). Reaction was complete in 5 hr and extended reflux 
caused no further change in the product distribution. 
After 11 hr the tetralin was removed by chromatography 
on alumina with light petroleum (11.), the major (R~ 0.7) 
product collected by subsequent chloroform elution, and 
the minor (Rs 0.2) material by stripping the column with 
MeOH. Distillation of the major product (1.5 g is isolated) 
on a short-path apparatus (36°/0.08 ram) yielded a col- 
ourless mobile oil, no ~ 1.5450, characterised as 1-ben- 
zyl-3,4,5-trimethylpyrazole (1.2 g, 60%), (Found: C, 
77.4; H, 7.9; N, 13.6. Calc. for C,~H,~N~: C, 78.0; H, 8.1; 
N, 14.0%.), ~-(CCI,) 2-4-3.2 (m, 5H, aromatic H), 4.95 (s, 
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2H, PhCH2N:), 7.9, 8.05, and 8.15 (all s, 3 × Me). The 
minor product (0.35g isolated) was sublimed to give 
3,4,5-trimethylpyrazole, m.p. 134-137 °. A sample for 
analysis had m.p. 137-138 ° (lit. ~" m.p. 138°): (Found: C, 
65-6; H, 9.2; N, 25.9. Calc. for C6H~oN2: C, 65.4; H, 9-2; N, 
25.4%), A~x 223 nm (~ 4,690), ~-(CC14)-1.8 (s, IH, :NH), 
7.85 (s, 6H, 2×Me),  and 8.15 (s, 3H, Me). 

Thermal rearrangement of 4,4-dibenzyl-3,5-dimethyl- 
isopyrazole. The isopyrazole (2.5 g, 0.91 mole) 2-" in tetralin 
was boiled under reflux under N~ and after 4hr was 
virtually completely transformed into a major product (R~ 
0.9) and two trace materials (R~ 0-5 and 0-3) as evidenced 
by TLC monitoring (chloroform; alumina). Reflux was 
continued for a further 3 hr, when the mixture was cooled, 
and freed from solvent by chromatography on alumina 
with light petroleum (500 ml) and then benzene (500 ml). 
Elution with chloroform completely removed the major 
(R~ 0.9) product, followed by the minor (R~ 0.3) product in 
a pure state. Molecular distillation of the major pyrolysis 
product gave a colourless viscous oil (1.9 g, 76%) iden- 
tified as 1,4-dibenzyl-3,5-dimethylpyrazole (Found: C, 
82.8; H, 7.3; N, 10.3. Calc. for C~gH2oN2: C, 82.6; H, 7.3; 
N, 10-1%), A .... 202, 228 (sh), 252 (sh), 259, 262, and 
269 nm. (e 24,880, 7,930, 648, 601,554, and 394), ~-(CCL) 
2.6-3.2 (m, 10H, aromatic H), 4.9 (s, 2H, PhCH,_N:), 6.35 
(s, 2H, PhCH_,-), 7.95 and 8.05 (both s, 6H 2 × Me). Pic- 
rate: yellow lathes m.p. 135-137 ° (lit. 2~ m.p. 132-133°). 

The minor (Rs 0.3) product (0.3 g, 12%) was identified 
as 4-benzyl-3,5-dimethylpyrazole by comparison with an 
authentic sample, whilst the Rt 0.5 material proved to be 
unreacted isopyrazole. 

Thermal rearrangement o[ 4,4-dimethyl-3,5-diphenyl- 
isopyrazole. At temp between 370 ° and 440 °, pyrolysis of 
the isopyrazole sealed in an ampoule under dry N2 yielded 
a complex mixture. In one experiment, the sample of 3,5- 
diphenyl-4,4-dimethyl-isopyrazole (5.0 g, 0.02 mole) was 
raised to 440 ° in 40 min (furnace temp 540°). On cooling, 
the brown mobile pyrolysate deposited a crystalline ma- 
terial which was collected, after trituration of the mixture 
with light petroleum, as plates (0-15g), m.p. 222-226 °, 
raised to 226-228 ° on recrystallisation. This material was 
shown to be 3,5-diphenyl-4-methylpyrazole by compari- 
son (UV and mixed m.p.) with an authentic sample (lit. 29 
m.p. 222-223 ° or 229.5°), Ama~ 252 nm (~ 23,400) m.m.p. 
224-227 °. TLC of the petrol soluble remainder indicated a 
complex product distribution. Column chromatography 
was conducted first on alumina and then rechromatog- 
raphy of the fractions on silica gel. In this way the second 
fraction from the alumina column gave two products, a 
yellow solid (1.05 g; compound A) and a yellow viscous 
oil (0.35 g; compound B) on rechromatographing on silica 
gel. Finally the third fraction from the alumina column 
gave a red viscous oil (0.95g; compound C) on 
rechromatographing on silica gel. 

Compound A. Crystallised as yellow star-shaped clus- 
ters, m.p. 85-88 °, from light petroleum and was character- 
ised as 29. (Found: C, 82.4; H, 6.2; N, 11.5. C~TH~6N2 re- 
quires: C, 82.2; H, 6.5; N, 11.3); )tmax 266 nm. (E 18,460), 
r(CCL) 2.2-2.9 (m, 10H, aromatic H), 7-75 (s, 3H, Me), 
and 7.85 (s, 3H, Me), m/e (%): 249 (16), 248 (M+)? (72), 
247 (38), 233 (6), 206 (7), 171 (7), 145 (6), 144 (38), 131 (5), 
130 (29), 128 (6), 124 (10), 118 (19), 115 (9), 104 (13), 103 
(13), 91 (8), 78 (13), 77 (100), 76 (7), 65 (6), 64 (6), 63 (6), 52 
(6), 51 (39), and 50 (8). 

Compound B. Distilled on a short-path apparatus 
(58°/0.1 mm) giving a yellow viscous oil which crystal- 
lised, on keeping, as yellow rhombs, characterised as 30, 
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