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1-Aza-2-azoniaallene cations 3, prepared in situ from gemi- 
nal chloro(alky1azo) compounds 2, react with acetylenes 4 to 
give either 1H-pyrazolium salts 6 or 4H-pyrazolium salts 7 or 
mixtures of both. 4H-Pyrazolium salts with a hydrogen atom 
attached to C(4) rearrange to the protonated 1H-pyrazoles 8, 
from which the free bases 9 are obtained upon treatment 
with aqueous NaOH. According to AM1 calculations the cy- 

cloaddition of acetylenes to 1-aza-2-azoniaallene cations is a 
concerted process, which can be classified as a "1,3-dipolar 
cycloaddition with reverse electron demand". The cycloaddi- 
tion forming the intermediates 5 is followed by an [1,2] alkyl 
shift to furnish the final products 6-8. The direction of the 
[1,2] shift has been found to be governed by subtle steric ef- 
fects. 

1-Aza-2-azoniaallene ions 3 (Scheme 1) have been used 
for the preparation of indazoles[']. Cations 3 derived from 
a,p-unsaturated ketones undergo an intramolecular ad- 
dition to the olefinic double bond to form pyrazoles[2]. 
Mechanistically, this reaction may well be related to the oxi- 
dation of formazanes to tetrazolium salts['] and to the oxi- 
dation of hydrazones of ketones R'-N=CR2-C(R3)=0 
affording triazolium saltd41. A few reactions of cations 3 
with heterocycles and azomethines have been 
N-Acylated 1 -aza-2-azoniaallene ions (3, R3 = acyl) cyclize 
to give 1,3,4-0xadiazoles[~- 131. Recently, related intramol- 
ecular cyclizations to triazoles and triazines have been re- 
ported for cations 3 with R' = RC=NR'['41. 

In preceding papers we have described cycloadditions of 
cations 3 to nitriles[15] as well as to carbodiimides['61. In this 
paper we report on a new synthesis of pyrazolium salts 
6-8, 10 by way of cycloaddition of heterocumulenes 3 to 
acetylenes 4 (Scheme 1). 

The hydrazones 1 were oxidized with tert-butyl hypo- 
chlorite to afford the chloro(alky1azo) compounds 2r17-20]. 
On treatment with Lewis acids like A1Cl3 or SbC15 at 
-60°C in dichloromethane compounds 2 formed the un- 
stable orange salts 3, which were intercepted with acetylenes 
to give the pyrazolium salts 6 or 7 via 3H-pyrazolium salts 
5. With unsymmetric acetylenes the cycloadditions oc- 
curred with complete regioselectivity. 

Alkyl and aryl mono- and disubstituted acetylenes can be 
used. However, electron-deficient acetylenes, e.g. acetylene- 
dicarboxylates, did not react with 3. The use of antimony 
pentachloride as Lewis acid often led to tarry products. Ap- 
parently, the acetylenes were oxidatively destroyed by 
SbC15. No such decomposition was encountered with A1Cl3 
as the Lewis acid. However, due to their extreme moisture 

sensitivity some of the tetrachloroaluminates could not be 
obtained analytically pure. 

The scope of the reaction is limited by the fact that the 
primarily formed 3H-pyrazolium salts 5 rearrange to mix- 
tures of 1H- and 4H-pyrazolium salts 6 and 7 (Table 1). 
Thus, from the acetone hydrazone l a  and 3-hexyne (4a) 
only the 4H-pyrazolium salt 7a was obtained (88%). How- 
ever, the same acetylene reacted with 2-butanone hydrazone 
l b  to give an equimolecular mixture of 6b and 7b (85%). 
This ratio remained unchanged when the mixture of 6b and 
7b was subjected to the reaction conditions again or when 
the time for the reaction of l b  with 4a was extended to two 
days. Finally, from 3-methyl-2-butanone hydrazone 1 c and 
3-hexyne the IH-pyrazolium salt 6c was formed exclus- 
ively (56%). 

With monosubstituted acetylenes (R4 = H) the inter- 
mediate 4H-pyrazolium salts 7 could not be obtained. In- 
stead, 1H-pyrazolium salts 8 resulting from a [ 1,3]-proto- 
tropic rearrangement of 7 were isolated and characterized 
as the free bases 9 or as their picrates. Again, from the 
3,3-dimethyl intermediates 5d, e only the salts 8d, e were 
formed, while with the 3-ethyl-3-methyl compound 5f ap- 
proximately equimolecular mixtures of 6f and 8f were ob- 
tained. Subtle steric effects seem to direct the direction of 
the alkyl migration. Thus, the tetramethylene salt 5g re- 
arranged to 8g (isolated as 9g) exclusively, while the penta- 
methylene derivative 5h was converted into 1 : 1 mixtures of 
6h and 8h (Table 1). Corresponding results were observed 
for the cycloaddition reactions with phenylacetylene (4i) 
etc. 

The cycloaddition is not restricted to R3 = 2,4,6-tri- 
chlorophenyl, which was used because the products readily 
crystallize and because 2,4,6-trichlorophenylhydrazine is 
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Scheme 1.  La] tBuOC1, CHC13, -50 to O"C, 3 h, 88-99%. - 
SbC15 or AICI,, CH2C12 or ClCH2CH2CI, -60 to 
-30°C. - 1 h -6O"C, 1 h 0°C. - Ld] NaOH/H,O; 
picric acid in EtOH 

R' +,R2 [ 1,2]-shif t 
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2,4,6-CI,C,Hz 

2,4,6-C13C,Hz 

2,4,6-C13C,H2 

2,4,6-CI,C,HZ 

2,4,6-C13C6Hz 

2,4,6-CI,C,Hz 

2,4,6-CI3C6H2 

2,4,6 -CI,C,H2 

2,4,6-CI,C,HZ 

2,4,6-CI,C,Hz 

2,4.6-CI,C,H, 

2 ,4,6 C13C,H, 

2,4,6-C13C,H2 

2,4,6-CI,C,Hz 

2,4,6-CI,C,H2 

t-Bu 

E t  E t  AICI, 

E t  E t  AICI, 

E t  E t  AICI, 

H Bu AICI, 

H Bu SbCI, 

H Bu AICI, 

H Bu AICI, 

H Bu AICI, 

H P h  AICI, 

H Ph AICI, 

H Ph AICI, 

H Ph AICI, 

Me P h  AICI, 

Me Ph AICI, 

Pen t  Ph AICI, 

E t  Et  AICI, 

Table 1. Rearrangements of compounds 5: distribution of the 
products 

pa] Isolated as 10. 

commercially available. However, R3 should be inert against 
chlorination by tert-butyl hypochlorite. For instance, a phe- 
nyl substituent R3 is partially chlorinated during the trans- 
formation 1 + 2[17- 191. tert-Butyl-substituted hydrazones 
eliminate isobutene during the reaction (cf preparation of 
lo), thus permitting the synthesis of pyrazoles unsubsti- 
tuted on N(2). 

The constitutions of compounds 6-10 were easily de- 
rived from the NMR spectra (Table 2). For instance, the 
'H-NMR spectrum (recorded in CD,CN) of a mixture of 
6h and 8h obtained from the cycloaddition of 3h to 1- 
hexyne (4d) showed one multiplet for NCH2 at 6 = 4.09 
together with five multiplets for the C-CH2 groups (6 = 

2.41 to 3.11) bound directly to the heterocyclic ring, indicat- 
ing that only two products were formed, of which one con- 
tained an NCH2 group. The I3C-NMR resonances for C(4) 
of compounds 7 appear at higher field (7a: 6 = 73.1 in 
CD,CN, Table 2) than expected for atoms C(3) (6 > 9OL2l]) 
of isomers of 7, which could have been formed from 5 by 
an 1,3-shift of R2. Treatment of 8h with aqueous NaOH 
yielded the free base 9h, which was characterized as the 
picrate. Only a regioisomer 8 with the butyl substituent in 
the 5-position could give a base 9h. The I3C-NMR reson- 
ances of C(4) of pyrazolium salts always appear at higher 
field (6h: 6 = 109.1, in CD3CN) than the signals for C(3) 
and C(5) (6h: 6 = 153.6, 156.5)[221. From a gated decoup- 
ling experiment it was concluded that 6h has a hydrogen 
atom attached to C(4). 
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Table 2. Selected NMR and IR data for the new compounds 

NO. lH NMR (CDjCN, 295 K )  13C NMR (CD3CN, 295 K) No. 'H NMR (CDJCN, 295 K) I3C NMR (CD3CN. 29: 
IRrb] b,J[Hrl La] b [ a l  IRlb] 6, J[Hzl bra1 

6b[=1 

6c 
1567 

6h 
1563 

6j 
1567 

6k 
1567 

71 
1567, 
1598 

7b 
1567 

7m 

1567 

7n 
1567 

70 

1567 

80 

1.07 (t, 5=7.6), 1.15- 
1.30 (6H). 2.54 (CH3). 
2.32-2.68 (4H). 4.08 
(q, 5-7.3) (CH2). 7.89 
(aryl) 
1.07 (t, 5=7.6), 1.19 
(t, 5-7.6). 1.54 (d, 
J= 7.0, 6H). 2.63 
(CH3), 2.53 (q, 5=7.6), 
2.62 (9, 5=7.6) ICHz), 
4.37 (sept, .J=7.0, CH), 
7.89 (aryl) 
0.87 (t, 5=7.3, CH3). 
1.33 ( m ) ,  1.61 (rn), 
1.77 (m, 4H), 1.89 
(m), 2.45 (t, 5=7.71, 
3.09 (rn), 4.09 lm)  

(CH2). 6.76 (CH), 7.88 
(aryl) 
1.28 (t, 5=7.3), 2.69 
lCH3), 4.22 1 4 ,  3=7.3, 
CH2). 7.08 (CH), 7.34- 
7.58 (phenyl), 7.79 
(aryl) 

1.61 (d, 5=7.0, 6H), 
2.79 (CHj), 4.48 
(sept, 5=7.0), 7.08 
(CH), 7.79 (aryl) 

0.79 (t, 5~7.6). 
1.20Id1, 1.70, 2.42 

(CH3), 2.41 (rn), 
3.05Fd1 (CH2),7.87 
(q. J=2.1, aryl) 

0.80 (t, J=7.6, 6H), 
1.20 (t, 5=7.6), 2.42 
(CH3), 2.39 (m), 2.50 
( m ) ,  3.06 (q, 5=7.6) 
(CH2). 7.88 (aryl) 

1.84 (2C), 2.51 (CHj), 
7.64-7.87 taryl) 

0.79 (t, J=7.S), 1.93, 
2.51 (CH3). 2.39 (m. 
CH2). 7.64-7.91 (aryl) 
0.78 (rn), 1.94, 2.50 
(CHj), 1.06-1.21 (m, 
6H). 2.31 (m) (CH2). 
7.65-7.89 (aryl) 
0.84 (t, 5=7.2), 2.14, 

1474, 2.45 (CH3). 1.31 ( m ) ,  

15671hl 1.45 (m) ,  2.58 (rn) 
(CHz), 7.83 ( a w l ) ,  
11.40 (NH) 

11.0, 12.9, 14.4, 14,7, 
16.7, 18.7, 44.2 (CH3, 
CH2), 123.7, 126.8, 
131.5, 137.3, 141.3, 
149.3. 151.6 (C=) 
12.0, 12.9, 14.8, 16.6, 
18.9, 21.2 (2C) (CH3, 
CH2), 55.6 (CH), 124.9, 
127.0, 131.6, 137.6, 
141.3, 149.0, 151.1 
(C=) 

13.8 (CH3). 22.6, 25.4, 
26.0, 21.2, 27.5, 29.7, 
30.2, 50.8 (CH2). 109.1, 
126.2, 131.4, 137.5, 
141.5, 153.6, 156.5 

(C=) 

13.0, 14.5 (CH3), 44.7 
(CHz), 110.8 C2J=389, 
CH), 125.7, 127.4, 
129.3, 130.4, 131.5, 
132.8, 137.5, 141.5, 
151.7, 152.0 (C=) 
14.2, 21.2 (2C) (CHj), 
56.3 (CH), 112.5, 125.8, 
127.6, 129.2, 130.3, 
131.4, 132.7, 137.8, 
141.4. 151.5, 151.8 (C=) 
10.0, 10.5, 13.3, 21.0, 
23.0, 30.2 (CH3, CHz), 
73.1 (C), 130.7, 131.3, 
131.4, 132.9, 133.3, 
140.8 (aryl), 189.0, 
200.9 (C3, C5) 
9.4, 10.3 (2C), 13.5 
(CH3). 23.6[d3, 31.1 
(2C) (CH2), 79.0 (C), 
131.1, 131.3, 132.9, 
140.8 (aryl), 188.0. 
200.9 (C=N) 
13.3, 22.0 (2C), 67.4 
(C), 123.3, 129.8, 
131.3, 131.5, 131.9, 
133.3, 137.7, 140.6 
(aryl), 189.4, 190.3 
(C3, C5) 
10.1, 13.4, 22.1, 31.6 
(CH3, CHz), 73.2 (C), 
188.7, 189.6 (C3, C5) 
13.5, 14.0, 22.4, 22.5, 
25.5, 31.8, 37.7 (CH3, 
CH2). 72.6 (C), 188.8, 
189.5 (C3, C5) 
7.9, 10.6, 13.8 (CHj), 
22.8, 24.5. 30.1 (CH2). 
117.8, 128.3, 130.9, 
136.8, 140.7, 149.0, 
151.7 lC=) 

0.82 (t, J=7.2, CH3), 13.8 (CHj), 22.7, 2 
1.20-2.00 (10H). 2.55 24.8. 26.9, 27.6, 2 
(t. J = h  q), 2.69 (m), 30.7, 31.8 (CH2). 1 

9 U  ( I ?  (CHz), 7.81 128.5, 130.8. 136.9 
hryl), 12.89 (NH) 140.5, 150.4, 154.2 

9d 0.82 (t. 5=7.1). 2.00, 8.3, 12.2, 13.7 (CH 
1459cJ1, 2.25 (CH31, 1.26 ( m ) ,  22.2, 24.1, 30.5 (c 
1497, 1.32 (m), 2.37 (t, J =  112.1, 128.4, 135.3 
1551, 7.8) (CH2). 7.45 136.1, 141.8, 149.4 
1582 [fl (aryl) [el 158.1 (c=) [el 
9 f  0.81 (t. 5-7.1). 1.14 12.2. 13.7, 15.4, 1 

1459, (t, J=7.6), 2.27 (CH3), 22.4, 24.2, 31.0 (C 
1497, 1.20-1.40 (m, 4H). CH2), 118.9, 128.6. 
1551, 2.36 (m), 2.44 (q, 135.0, 135.5, 136.4 
15781f1 J= 7.6) (CH2). 7.45 141.8, 149.2 IC=) l e  

(aryl) [el 
99 0.82 (t, J=7.1, CH3), 13.7 (CH3), 20.7, 2 
1443, 1.26 (m), 1.39 ( m ) ,  23.2, 23.4, 23.5, 2 
1497, 1.82 (m, 4H), 2.36 (t, 30.0 (CH2). 114.0, 
1555, 5=7.7), 2.53 (m), 2.72 128.4, 134.9, 135.3 
1578If1 (m) (CH2). 7.45 136.1, 140.2, 151.0 

9g[91 0.86 (t, J=7.2, CHJ), 13.6 (CH3). 20.0, 2 
1520, 1.30 ( m ) ,  1.47 (m), 22.0, 22.3, 22.4, 2 
1570[hl 1.93 (m, 4H). 2.45 (t, 29.3 (CH2). 116.6, 

J=7.9), 2.62 ( m ) ,  2.99, 126.0, 129.2, 129.7 
(m) (CH2). 7.49, 8.86 131.0, 136.0, 138.6 
(aryl), 13.73 (NH) [ e l  140.5, 145.4, 149.3 

(aryl) [el (c=) [el 

159.2 (c=) [el 
Oh 0.81 (t. J= 7.1, CH3). 13.7 (CH3). 22.1, 2 
1443, 1.26 (rn, 4H), 1.68 (m, 25.0, 28.0, 29.5, 2 
1497, 4H), 1.83 (m), 2.35 (t, 31.0, 32.6 (CH2). 1 
1547, J=7.6), 2.50 (rn), 2.79 128.4, 134.9, 135.3 
1574cfl (m) (CH2). 7.45 136.3, 141.1, 155.9 

9h[91 0.75 (t, J=7.1, CH3). 13.4 (CH3). 21.4, 2 
1550, 1.21 ( m ,  411). 1.62 (m, 24.2, 27.6, 28.9, 2 
1585, 4H), 1.82 (m) ,  2.35 30.5, 31.9 (CHz), 1 
1620bhl tm). 2.49 (m), 2.69 124.9, 125.1, 128.9 

(m) (CHz), 7.93, 8.64 134.1, 135.2, 135.4 
(aryl), 9.65 (NH) fk] 140.9, 141.8, 154.7 

(aryl) [el (c=) [el 

160.3 ( C = )  [ k l  
9 i  2.05, 2.33 (CH3), 8.6, 12.2 (CH3). 1 1  
i455[j1, 7.19-7.29 (aryl) [el 128.4, 128.8, 129.8 
1486, 135.2, 135.3, 136.1 
1547, 142.8, 150.3 (C=) C e  
1574 [fl 
91 1.76-1.96 (4H). 2.63 21.4. 23.2, 23.4, 2 
1443, (rn), 2.82 (m) (CH2). (CH2). 115.4, 128.1 
1482, 7.17-7.32 (phenyl), 128.2, 128.4, 128.5 
1509, 7.34 (aryl) [el 129.9, 135.3, 135.5 
1543Lf- 31 136.1, 141.0, 151.8 
lO"3l 1.16 (t, J=7.6), 1.22 9.6, 13.2, 15.0, 17 
1560, (t, 5=7.6), 1.63 (d, 21.2 (2C) (CH3, CH2 
1620[h] J=6.9, 6H). 2.39 (CH3), 52.9 (CH), 120.1, 1 

(q, 5=7.4) (CH2), 4.75 148.4, 160.5 (C=) L e  
2.49 (q, 5=7.6), 2.72 129.6, 140.5, 141.3 

(sept, J=6.9, CH), 8.92 
(aryl), 13.30 (NH) [e l  

La] TMS as internal standard. - Kb] In CH Cl,; cm-I. - LC] S ectra recorded from a 1:l mixture of 6b and 7b. - Ld] Very broad. - 
CDC13. - [fl In CCI4. - k] Picrate. - b KBr disk. - 
Ikl In [D,]DMSO. 

In 
Spectra recorded from a 1 : 1 mixture of 6h and 8h. - 61 Shoulder. - 

Chem. Ber. 1994, 127, 541-541 

Discussion of the Reaction Mechanism; AM1 Calculations 

According to AM1  calculation^[^^,^^] the C=N=N moi- 
ety of the cation 3a is bent [C(l)-N(2)-N(3) = 159O] (Fig- 
ure 1). The olanes through C(15), C(19). C(1) and through 

N(2), N(3), C(4) are perpendicular with respect to each 
other [C( 15)-C( l)-N(2)-N(3) = 90", C( l)-N(2)-N(3)- 
C(4) = -177'1. The cation has a plane of symmetry 
"(2) -N(3)-C(4) - C(5) = SO]. 
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Figure 1 .  AM1-calculated geometry for the cation 3a 

The reaction of 3a with 2-butyne furnishing 5q was cal- 
culated to be exothermic by 92 kJmol-‘ (Figure 2). Note- 
worthy, no intermediate could be located, in contrast to the 
reaction of 3a with carbodiimides[’61. Thus, a stepwise ad- 
dition eventually leading to the formation of an unstable 
vinyl cation is avoided. The concerted reaction of 3a with 
2-butyne proceeds asynchronously. In the transition struc- 
ture the bond formation between C(4) and C(3) was calcu- 
lated to be more advanced than that between C(5) and N( 1) 
[distance C(4)-C(3) about 0.7 times the distance C(5)- 
N(1)]. An activation enthalpy of about 77 kJmol-’ for the 
cycloaddition and of 169 kJmol-’ for the reverse process 
was calculated. Experimentally, the cycloadditions of 3 to 
acetylenes 4 were found to be fast below 0°C. 

I +  

I Me 

A r =  2,4.6-Cl,C6H, 6q 

Figure 2. AMl-calculated heats of formation for the reaction of 3a 
with 2-butyne, relative to AH = 930 kJmol-’ for 6q 

A concerted cycloaddition of 3 to acetylenes is elec- 
tronically related to a 1,3-dipolar cycloadditi~n[~~] with the 
cumulene 3 acting as the “1,3-dipole” and the acetylene as 
the dipolarophile. The cation 3a has 37 filled molecular or- 
bitals (MO’s). The filled MO no. 35 and the empty MO no. 
39 are n-MO’s located essentially on the C=N=N moiety. 

These two MO’s have the correct symmetry to interact with 
LUMO or HOMO of the acetylene. The dominant interac- 
tion is that between HOMO of the acetylene and the empty 
orbital no. 39 of the cumulene (Figure 3). Lowering the 
HOMO energy of the acetylene should slow down the 
cycloaddition to the cumulene. Experimentally it was ob- 
served that electron-deficient acetylenes (e.g. R4 = R5 = 

C02Me) do not react with 3. 

eV t 

I 

-14.9 / I  

+ 
Me -Me Me2C=N=N-Ar 

Figure 3. AM1 calculation for the interacting frontier orbitals of 
2-butyne and 3a 

In compliance with the Diels-Alder reaction “with re- 
verse electron demand”[26] the present situation may be 
classified as a “ 1,3-dipolar cycloaddition with reverse elec- 
tron demand” (“Type 111” according to Sustmann’s classifi- 

A similar regime has been described by Passmore et 
al.[2x,29] for the cycloaddition of the dithionitronium ion 
SNS+ to acetylenes and other dipolarophiles. Furthermore, 
certain cycloadditions of norbornadiene to sulfur nitrides 
can be classified as [ 1,3]-dipolar cycloadditions with reverse 
electron demand[30,31]. 

For unsymmetrically substituted acetylenes like 4d, i, m, 
o the question of the regioselectivity of the cycloaddition 
arises. The regioselectivity is determined by orbital overlap 
of the termini with the largest orbital coefficients[32]. For 
instance, MO no. 39 of 3a has a large coefficient on C(l) 
(c,.~ = 0.75). For phenylacetylene the coefficient of the 
HOMO n orbital is larger on C(2) (0.41) than on C(l) 
(0.25) (AM 1 calculation). This explains the regioselectivity 
observed for the reaction of phenylacetylene with 3a, 
whereby only 5i was formed. 

Facile alkyl migrations similar to that observed for the 
rearrangements 5 + 6 or 5 + 7 have been reported to take 
place in the course of the cycloadditions of 3 to nitriles and 
carbodiimides[’s.’61. [1,5]-Sigmatropic rearrangements of 
3H-pyrazoles are referred to as van Alphen-Huttel re- 
a r r a n g e m e n t ~ [ ~ ~ - ~ ~ ] .  These rearrangements usually require 
temperatures above 100°C or acid catalysis. 

Recently, Gstach and Warkentin et al. described fast ther- 
mal rearrangements of 33€-pyra~oles[~~~ 391. A two-step 
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mechanism involving an intermediate carbenium ion and 
an aromatic pyrazole instead of a pericyclic [ 1,5]-sigma- 
tropic shift was p r o p o ~ e d [ ~ ~ , ~ ~ ] .  Our o b ~ e r v a t i o n [ l ~ ~ ~ ~ ]  that 
the alkyl group forming the more stable carbenium ion mi- 
grates exclusively seems to support Warkentin's view. Ac- 
cording to AM1 calculations for 5q (Figure 2) the methyl 
group (C,) migrates to N(2). In the transition structure the 
positively charged migrating CH3 group is planar and is 
positioned above the N(2)-C(3) bond [(N(l)-N(2)- 
C(3)-C(m) = 98'1 and is closer to C(3) than to N(2) 
[N(2)-C(3)-C(m) = 90'1. For a pericyclic [1,5]-sigmatropic 
rearrangement the direction of the migration should be gov- 
erned by the HOMO n-p orbital coefficients of the aromatic 
pyra~ole[~*]. These orbital coefficients were calculated to be 
+0.29 on N(2) and -0.63 on C(4). Thus, there is no corre- 
lation between the HOMO orbital coefficients and the ter- 
minus of the migration. 

We considered the possibility that the direction of the 
migration is determined in a way that the thermo- 
dynamically most stable product is formed. However, this 
hypothesis is not supported by the calculations. The calcu- 
lated heats of formation for compounds 6q and 7q are al- 
most equal (6q: A@ = 930, 7q: 932 kJmol-l). 

While the cycloaddition of 2-butyne to 3a was not stud- 
ied experimentally, it has been mentioned above that methyl 
migration in 5a occurs exclusively to C(4) giving 7a, while 
the isopropyl group of the closely related cation 5c migrates 
exclusively to N(2) producing 6c. In the case of the ethyl 
compound 5b an equimolecular mixture of 6b and 7b was 
obtained. This points to steric effects determining the 
course of the migration. 

In contrast to the experiment, the AM1 calculations for 
the cation 5a predicts methyl migration to N(2). We then 
found that the outcome of the calculations depends on 
minor changes of the bond lengths of the heterocycle. For 
the transition structure of the methyl migration to N(2) (5a 
--.$ 6a) a bond distance C(3)-C(4) of 147 pm was calcu- 
lated. Reducing this bond length by just 1 pm changed the 
direction of the methyl migration. Now, the transition 
structure relaxed to give the C(4)-methylated cation 7a. The 
crucial point seems to be the distance between the migrating 
carbon atom and the adjacent atoms in the transition struc- 
ture. If in the transition structure the rearranging carbon 
atom is closer to N(2) than to C(4) migration occurs to 
N(2), otherwise to C(4). This critical distance is determined 
not only by the nature of the migrating group but also by 
the substituents of the heterocycle. The scenario resembles 
much more generalized 1,2-Wagner-Meerwein s h i f t ~ [ ~ ~ , ~ l ]  
than pericyclic [ 1,5]-sigmatropic rearrangements: The rate 
of the migration of an alkyl group (R2 in 5) parallels a) the 
ability of the migrant to stabilize a positive charge and b) 
the electron deficiency of an adjacent atom [e.g. N(2) in 51. 
However, the migration does not necessarily end at the most 
electron-deficient neighbour. Rather, the distance in the 
transition state of the migrating centre to its neighbours 
[e.g. C(4) or N(2) in 51 is decisive: migration occurs to the 
closest neighbour. The transition may best be described as 
a n: complex of a migrating cation and a double bond (e.g. 

C=N or C=C in 5), that is, migration occurs within the 
coordination sphere of the migrant-carrying remnant (e.g. 
the heterocycle). Only a migrant forming especially stable 
carbenium ions (Gstach's and Warkentin's e x a m p l e ~ [ ~ ~ - ~ ~ I )  
can escape the coordination sphere to  undergo intermolecu- 
lar alkylation reactions. 
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for valuable discussions and Mr. S. Herzberger for technical assist- 
ance. 

Experimental 
Melting points: uncorrected. - IR: Mattson Polaris FT-IR spec- 

trometer. - 'H and I3C NMR: Bruker WM 250 and AC 250 spec- 
trometers (Table 2). - All experiments were carried out with ex- 
clusion of moisture in solvents dried by standard methods. 

Formation of Pyrazolium Tetrachloroaluminates (6-8, 10) from a- 
Chloro(alky1azo) Compounds 2 and Acetylenes 4. - General Pro- 
cedure: A solution of 2 (10 mmol) in CH2C12 (10 ml) was added 
dropwise to a cold (-60°C) suspension of A1C13 (1.33 g, 10 mmol) 
in CH2C12 (20 ml). After 5 min a solution of the acetylene 4 (12 
mmol) in CH2Clz (20 ml) was added dropwise to the reaction mix- 
ture. After stirring at -60°C for 1 h and then at 0°C for 1 h, pen- 
tane (40 ml) or ether (100 ml) were added dropwise. A moisture- 
sensitive orange oil precipitated, which solidified at -20°C. 

2,4,5-Triethyl-3-methyl-l- (2,4,6-trichlorophenyl) -I  H-pyrazolium 
Tetrachloroaluminate (6b) and 4,4,5-Triethyl-3-methyl-I- (2,4,6- 
trichlorophenyl)-4H-pyrazolium Tetracliloroaluminate (7b): From 
Zb[151 (3.00 g, 10 mmol), A1Cl3 (1.33 g, 10 mmol), and 4a (0.99 g, 
12 mmol). With ether an orange oil was precipitated, which crys- 
tallized at -20°C to afford fine yellow prisms (4.40 g, 85%). Ac- 
cording to the IH-NMR spectra the product consisted of an ap- 
proximately equimolecular mixture of 6b and 7b. Reprecipitation 
from CH2C12 (20 m1)lether (120 ml) gave in one case pure 7b 
(3.08 g) as a moisture-sensitive pale yellow powder; m.p. 
108-113°C (dec.). The compound turned blue within one week. - 
C16H20A1C17N2 (515.5): calcd. C 37.28, H 3.91, N 5.43; found C 
37.06, H 4.23, N 5.58. 

4,5-Diethyl-2-isopropyl-3-methyl-l- (2,4,6-trichlorophenyl) -1 H-pyr- 
azolium Tetrachloroaluminate (6c): From 2c[l51 (3.14 g, 10 mmol), 
AlC13 (1.33 g, 10 mmol), and 4a (0.99 g, 12 mmol). After stirring 
for 1 h at O T ,  the reaction mixture was concentrated to a volume 
of 15 ml. Slow addition of ether (60 ml) afforded a yellow precipi- 
tate (2.97 g, 560/), which was reprecipitated at -20°C from CH3CN 
(10 m1)lether (40 ml) to give very moisture-sensitive colorless leaf- 
lets (2.51 g), for which correct combustion analytical data could 
not be obtained; m.p. 149- 151 "C. In the mother liquor of the first 
precipitation a compound 7c could not be detected ('H NMR). - 
C17H22A1C17N2 (529.5): calcd. C 38.56, H 4.19, N 5.29; found C 
37.82, H 4.55, N 5.18. 

5- Butyl-2-ethyl-3-methyl-I- (2,4,6-trichlorophenyl) - I  H-pyrazo- 
lium Tetrachloroaluminate (60, 5-Butyl-4-ethyl-3-methyl-I-(2,4,6- 
trichloropheny1)-IH-pyrazolium Tetrachloroalunzinate (Sf), and 5- 
Butyl-4-ethyl-3-methyl-I -(2,4,6-trichlorophenyl)pyrazole (90: From 
2b (3.00 g, 10 mmol), A1Cl3 (1.33 g, 10 mmol), and 4d (0.99 g, 
12 mmol). Evaporation of the solvent afforded a semisolid orange 
residue (5.16 g, lOO%), which according to the 'H- and the I3C- 
NMR spectra consisted of a mixture of the isomers 8f and 6f (ratio 
1.2:l). The mixture was suspended in ether (50 ml). At 0°C a solu- 
tion of NaOH (2.40 g, 60 mmol) in H 2 0  (30 ml) was added. After 
stirring for 5 min and workup (see 9d), an orange oil (1.13 g, 42%) 
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was obtained. According to the NMR spectra this oil consisted of 
pure 9f. - Cl6HI9Cl3N2 (345.7): calcd. C 55.59, H 5.54, N 8.10; 
found C 55.66, H 5.67, N 8.00. 

2- Butyl-l,4,5,6,7,8-hexahydro-l- (2,4,6-trichlorophenyl) - 
pyrazolo(l,5-a]azepinium Tetrachloroalum~nate (6h), 3-Butyl-2,4,5, 
6,7,8-hexuhydro-2-(2,4,6-trichloropi~eny1)cyc1oheptapyrazo~ium Te- 
trachloroaluminate (8h), 3-Butyl-2,4,5,6,7,8-hexahydro-2-(2,4,6-tri- 
chloropheny1)cycloheptapyrazole (9h), and the Picrate of 9h: From 
2h[Is1 (3.26 g, 10 mmol), 4d (0.99 g, 12 mmol), and A1C13 (1.33 g, 
10 mmol). Evaporation of the solvent, dissolution of the residue in 
CH2C12 (10 ml) and slow addition of ether (60 ml) afforded a 
moisture-sensitive orange oil (4.94 g, 91%), which according to the 
'H-NMR spectrum consisted of an equimolecular mixture of 6h 
and 8h. The oil was dissolved in CH2CI2 (10 ml), and ether (30 ml) 
was added to the solution. At -20°C a colorless powder (1.83 g, 
32%) of 6h crystallized; m.p. 85-88°C. - C18H22A1C17N2 (541.5): 
calcd. C 39.92, H 4.09, N 5.17; found C 39.77, H 4.19, N 5.07. 

Workup of the reaction mixture as described for 9d furnished a 
viscous orange oil (9h, 2.90 g, 39%), which was characterized as 
the picrate; m.p. 126- 128°C. - C24H24C13Ns07 (600.8): calcd. C 
47.97,H4.03,N 11.66;foundC48.00,H4.16,N 11.46. 

2-Ethyl-3-methyl-5-phenyl-1- (2,4,6-trichlorophenyl) - I  H-pyra- 
zolium Tetrachloroaluminate (6j): From 2b (3.00 g, 10 mmol), A1C13 
(1.33 g, 10 mmol), and 4i (1.23 g, 12 mmol). Finally, the reaction 
mixture was stirred at 23°C for 1 h. Evaporation of the solvent, 
dissolution of the residue in CH2C12 (10 ml), and precipitation by 
slow addition of ether (60 ml) afforded a pale brown powder (3.36 
g, 63%), which was reprecipitated from CH2C12 (10 ml)/ether (70 
ml) to give a moisture-sensitive colorless powder (2.36 g); m.p. 
139-141°C. - CI8Hl6A1Cl7N2 (535.5): calcd. C 40.37, H 3.01, N 
5.23; found C 40.22, H 3.32, N 5.13. 

2-lsopropyl-3-methyl-5-phenyl-1- (2,4,6-trichlorophenyl) -1 H-pyra- 
zolium Tetrachloroaluminate (6k): From 2c (1.91 g, 10 mmol), AlC& 
(1.33 g, 10 mmol), and 4i (1.23 g, 12 mmol). Yield: 2.84 g (52%) 
of a very moisture-sensitive colorless powder, which was dissolved 
in CH2C12 (50 ml). Filtration of the solution and addition of ether 
(100 ml) to the filtrate afforded a colorless powder; m.p. 
205-207°C. - Cl9HI8A1Cl7N2 (549.5): calcd. C 41.53, H 3.30, N 
5.10; found C 40.93, H 3.41, N 5.08. 

4,5-Diethyl-3,4-dimethyl-l- (2,4,6-trichlorophenyl) -4H-pyrazolium 
Tetrachloroaluminate (7a): From 2a (2.86 g, 10 mmol), AlC13 (1.33 
g, 10 mmol), and 4a (0.99 g, 12 mmol). With pentane (30 ml) an 
orange oil was precipitated, which crystallized at -20°C to give 
fine pale yellow needles (4.40 g, 88%). Reprecipitation from CH2CI2 
(20 ml)/ether (40 ml) gave a colorless crystalline powder, which 
turned dark with decomposition at -20°C within a few days; m.p. 
115-120°C (dec). - CISHI8A1Cl7N2 (501.5): calcd. C 35.93, H 
3.62, N 5.59; found C 35.49, H 3.69, N 5.51. 

3,4,4- Trimethyl-5-phenyl-l-(2,4,6-trichlorophenyl) -1 H-pyra- 
zolium Tetrachloroalurninate (7m): From 2a (2.86 g, 10 mmol), 
A1Cl3 (1.33 g, 10 mmol), and 41n[~'] (1.39 g, 12 mmol). After com- 
pletion of the reaction the solvent was evaporated. The oily residue 
was dissolved in CH2C12 (20 ml). On slow addition of ether (100 
ml) to the solution a yellow powder precipitated (4.40 g, 82%). 
Reprecipitation at -20°C from acetonitrile (40 ml)/ether (160 ml) 
afforded very moisture-sensitive colorless leaflets (3.43 g), for which 
correct combustion analytical data were not obtained; m.p. 
181-184°C. - CL8H16A1C17N2 (535.5): calcd. C 40.37, H 3.01, N 
5.23; found C 39.58, H 3.20, N 5.07. 

4-Ethyl-3,4-dimethyl-5-phenyl-l- (2,4,6-trichIorophenyl) - I  H- 
pyrazolium Tetrachloroaluminate (7n): From 2b (3.00 g, 10 mmol), 

A1Cl3 (1.33 g, 10 mmol), and 4m (1.39 g, 12 mmol). Evaporation 
of the solvent and precipitation at -20°C from CH2C12 (20 ml)/ 
ether (120 ml) gave a very moisture-sensitive yellow powder (5.00 
g, 91%). Crystallization at -20°C from acetonitrile (20 ml)/ether 
(100 ml) afforded colorless leaflets (2.40 8); m.p. 172-175°C. - 
C19H18A1C17N2 (549.5): calcd. C 41.53, H 3.30, N 5.10; found C 
41.21, H 3.38, N 5.07. 

3,4-Dimethyl-4-pentyl-5-phenyl-l- (2,4,6-trichlorophenyl) -I  H-pyr- 
azolium Tetrachloroaluminate (70): From 2a (2.86 g, 10 mmol), 
AlC13 (1.33 g, 10 mmol), and 40 (2.07 g, 12 mmol, Aldrich). After 
completion of the reaction the solvent was evaporated. The dark 
oily residue was dissolved in CH2C12 (20 ml). At -20°C ether (60 
ml) was added. A brown oil precipitated, which was dissolved in 
acetonitrile (40 ml). Filtration of the solution from a mucous im- 
purity and evaporation of the solvent from the filtrate afforded a 
moisture-sensitive brown oil (4.88 g, 83%). - C22H24A1C17N2 
(591.6): calcd. C 44.67, H 4.09, N 4.74; found C 44.37, H 4.22, 
N 5.00. 

5-Butyl-3,4-dimethyl-l- (2,4,6-trichlorophenyl) -1 H-pyrazolium 
Hexachloroantimonate (8e): A solution of SbC15 (2.99 g, 10 mmol) 
in CH2C12 (20 ml) was added dropwise to a cold (-60°C) solution 
of 2a (2.86 g, 10 mmol) in CH2C12 (20 ml). After 5 min a solution 
of 4d (0.99 g, 12 mmol) in CH2C12 (20 ml) was added dropwise. 
After stirring at -60°C for 1 h and then at 0°C for 1 h, the solvent 
was evaporated. The oily residue was dissolved in CH2C12 (10 ml). 
On dow addition of pentane (60 ml) to the solution a red oil pre- 
cipitated, which slowly solidified to give a brown powder (3.33 g, 
100%). Reprecipitation from CH2C12 (20 ml)/pentane (60 ml) gave 
a brown powder (2.70 g, 81%); m.p. 123-125°C (dec.). - 
CI5Hl8Cl9N2Sb (667.2): calcd. C 27.01, H 2.72, N 4.20; found C 
26.90, H 2.73, N 4.17. 

5-Butyl-3,4-dimethyl-l-(2,4,6-trichlorophenyl)-lH-pyrazole (9d): 
From 2a (2.86 g, 10 mmol), AlC13 (1.33 g, 10 mmol), and 4d (0.99 
g, 12 mmol). After stirring at -60°C for 1 h and at 23°C for 1 h, 
the reaction mixture was cooled to 0°C. A solution of NaOH (2.40 
g, 60 mmol) in H 2 0  (30 ml) was added dropwise, and the mixture 
was stirred vigorously for 5 min. The organic phase was separated 
and the aqueous phase extracted with CH2Cl2 (2 X 30 ml). The 
combined organic phases were washed with water and dried with 
Na2S04. Evaporation of the solvent afforded a pale orange oil (3.16 
g, 95%). - ClSH17C13N2 (331.7): calcd. C 54.32, H 5.17, N 8.45; 
found C 53.90, H 5.19, N 8.50. 

3-Butyl-4,S,6,7-tetrahydro-2- (2,4,6-trichlorophenyl)-2H-indazole 
(9g) and its Picrate; From 2g[l61 (3.12 g, 10 mmol), 4d (0.99 g, 12 
mmol), and AICI3 (1.33 g, 10 mmol) as described for 9d. Yield: 
3.56 g (100%) of an orange oil, which was purified by chromatogra- 
phy on silica gel (1.8 X 15 cm, eluent CHC13, last fraction) to give 
an orange oil (1.88 g, 53%). - Cl7HI9Cl3NZ (357.7): calcd. C 57.08, 
H 5.35, N 7.83; found C 57.38, H 5.37, N 8.06. 

Dissolution of 9g (1.07 g, 3 mmol) in a saturated solution of 
picric acid in aqueous ethanol (10 ml) and keeping the mixture at 
-20°C afforded a pale green crystalline powder (1.45 g, 84%) of 
the picrate; m.p. 134-136°C. - C23H22C13N507 (586.8): calcd. C 
47.08, H 3.87, N 11.93; found C 47.05, H 3.76, N 12.04. 

3,4-Dimethyl-S-phenyl-l- (2,4,6-trichlorophenyl) -1 H-pyrazole (9i): 
From 2a (2.86 g, 10 mmol), A1Cl3 (1.33 g, 10 mmol), and 4i (1.23 
g, 12 mmol). The solvent was evaporated, and the remaining red 
oil was dissolved in CHC13 (30 ml). A solution of NaOH (2.40 g, 
60 mmol) in H20  (30 ml) was added dropwise. Workup as described 
for 9d afforded an orange oil, which was crystallized from ether (5 
ml) to give an orange crystalline powder (2.48 g, 71%). Recrystal- 
lization from ethanol (15 ml) afforded a colorless powder (2.16 8); 
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m.p. 118-120°C. - Cl7HI3Cl3N2 (351.7): calcd. C 58.06, H 3.73, 
N 7.97; found C 57.90, H 4.00, N 7.82. 

4,5,6,7- Tetrahydro-3-phenyl-2- (2,4,6-trichlorophenyl)-2H-in- 
dazole (91): From 2g (3.12 g, 10 mmol), 4i (1.23 g, 12 mmol), and 
AlC13 (1.33 g, 10 mmol) as described for 9i. Yield: 3.26 g (86Y0) of 
a brown powder, which was crystallized from hot acetone (35 ml) 
to give fine brownish prisms (2.02 g); m.p. 146-148°C. - 

Cl9HISCl3N2 (377.7): calcd. C 60.42, H 4.00, N 7.42; found C 
60.51, H 4.14, N 7.25. 

3,4-Diethyl-l-isopropyl-5-methyl-I H-pyrazolium Picrate (10): From 
2p[I5] (1.91 g, 10 mmol) as described for 7a, however with 
CICH2CH2CI as solvent. The reaction mixture was boiled with re- 
flux for 5 h. The solvent was removed under reduced pressure, and 
the brown oily residue was dissolved in CH,Cl, (20 ml). Extraction 
of the solution at 0°C with aqueous NaOH [2.00 g, 50 mmol, in 
HZO (20 ml)] and usual workup afforded a yellow oil (1.80 g, 
lOOo/), which was dissolved in a solution of picric acid (4.58 g, 20 
mmol) in ethanol (35 ml). The mixture was concentrated to a vol- 
ume of 10 ml. On addition of pentane (20 ml) an orange oil precipi- 
tated. The supernatant solvent was decanted. The oil crystallized 
on drying. Crystallization at -20°C from hot ethanol (15 ml) fur- 
nished a yellow crystalline powder (2.50 g, 6lY0); m.p. 104-106°C. 
- Cl7HZ3N5O7 (409.4): calcd. C 49.87, H 5.66, N 17.11; found C 
49.56, H 5.58, N 16.83. 
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