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SUBSTITUENT EFFECTS IN REACTIONS OF BENZENES WITH 5-TERT-BUTYL-3H-PYRAZOLYLIDENE
W. L. Magee and H. Shechter
Department of Chemistry, The Ohio "State University, Columbus, Ohio 43210

Summary: The effects of substituents on the conversions of benzenes by 5-tert-butyl-3H-
pyrazolylidene to (substituted phenyl)pyrazoles and pyrazolo[l,5-alazocines are described.

5=-Tert-butyl-3H-pyrazolylidene (_l), as derived from thermolysis of 3-tert-butyl-5-diazo-
pyrazole,® effects substitution and ring-expansion (Eq 1) of benzene (2e) to 3(5)-tert-butyl-
5(3)-phenylpyrazole (3c, 85-90%) and 2-tert-butylpyrazololl,5-alazocine (4c, 5-10%; a new het-
erocyclic system), respectively. 15¢ e now report the effects of substituents on the types
of reactions and the kinetic reactivities of 1 with various benzenes (2). It has been found
that (1) electron-donors in 2 facilitate formation of (substituted phenyl)pyrazoles (3) where-
as electron-withdrawing groups enhance ring-expansion to pyrazolo[l,5-alazocines (4) and (2)
1 is an unusually unselective electrophile in its overall reactivities with 2, but o, m, and
p~substitution of 2 by 1 is highly sensitive to substituent effects. These results provide
significant insight into the mechanisms and the synthetic utility of substitution and ring-
expansion reactions of 2 and 1 and portend that substituent effects will be important to the

development of new ring-expansion reactions of 2 by various carbenes.
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Decompositions of 3-tert-butyl-5-diazopyrazole were effected in 2 at 65°C. Pyrazoles 3
were quantitatively methylated with methyl fluorosulfonate to l-methyl-5-(substituted phenyl)-
pyrazoles which were anslyzed, separated (GC), and identified from their exact masses, IR and
1y NMR spectra, and relative GC retention times. Pyrazoloazocines !t were assigned from their
mass and UV spectra, the absence of IR and 1§ NMR absorptions for N-H, and proper 1H NMR ab-
sorbances for azacyclooctatriene and pyrazolo protons. The positions of the gubstituents in
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the azocine moieties of 4 cannot yet be designated (X-ray study of 4e and 4f will be initia-
ted). The relative reactivities of 2 were determined upon generation of 1 (1 equiv) in mix-
tures (200 equiv) of Z2¢ and a substituted benzene (2), methylation of the pyrazoles (3), and
molar comparison of the 3-tert-butyl-l-methyl-5-phenylpyrazole with the total 3-tert-butyl-1-
methyl-5-(substituted phenyl)pyrazoles formed.  Anisole (2a), along with o- and p-substitu-
tion, undergoes O-methyl cleavage to give 3-tert-butyl-l-methyl-5-phenoxypyrazole (6)
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Pyrazolylidene 1 behaves as an energetic singlet electrophile. Thus electron donation by
substituents accelerate substitution of 2 by 1 in the order OCHs > H > Cl > CN, the usual be-
havior of benzenes with cationic reactants.® The electrophilicity of 1l is also revealed by
0-CHz cleavage of Za to give 6, Further, 1 does not abstract hydrogen from 2a, 2b, cyclohex-
ane,’ or ethyl ether® as is expected for a triplet. Although the differences in the overall
reactivities of 1 with 2 are small, there is great selectivity in the ability of a group to
direct the positions of substitution into 2, When the substituents are hyperconjugative or
resonance electron-donors such as CHs, OCHa, end Cl, only o-(68, 55, and 66%, respectively)
and p-(32, 43, and 34%, respectively} (substituted phenyl)pyrazoles (3) are formed. With CN,
a strong electron-withdrawing group, m-substitution (24%)* occurs along with o-(61%) and p-
(15%)-substitution, The NOp group directs m-(71%) and p-(29%) to give 3f (4LO%); of further
importance is that 2f also undergoeé major ring expansion to form pyrazoloazocine 4Lf (40%).

The electrophilic reactivity insensitivity but yet positional discrimination in substitu-
tions of 2 are rationalizable on the basis of (1) rate controlling, exothermic additions of
1 to 2 to give isomeric spiropyrazolonorcaradienes (Ta-c) via transition states (8a-c) having
limited dipolar character® and (2) rapid collapse of Ta-¢ to dipolar (Qa-g)® or diradical
(_;L,Q,g-g) intermediates by processes expressing significant substituent effects and then hydro-

gen migration to give the isomers of 3, Additional processes involving coordination of 1 with
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an electron pair in a substituent in 2 and directed nucleophilic attack as in lla,b and 12 mey

be operational.

Dipolar ring rupture of Ta-¢ (Z = OCHa, CHg, and C1l) to 9a and 9¢ (not 9p) in which the
vacant benzenium orbital effectively conjugates with the electron-donor substituent allows the
observed selectivity in substitution of 2a,b and 4 and the sbsence of m-products, Thus such
Ta and Tb will give 9a and then (_q-substituted phenyl)pyrazoles; nke;ise, Te converts to 9¢
and thence ( p-substituted phenyl)pyrazoles. On the basis that there is no real selectivity
in formation of Ja-c from 2b (Z = CHp) and 2d (Z = C1) and an expected steric effect of the
methoxy group in 2a (2 = OCHa) in generation of Ta, the o:p substitution ratios of 28, b and
4 are understandable. As an effect compensating usual steric hindrance, ortho attack on 2g
(Z = OCHz) and 24 (Z = C1) may be ehhanced by ylidic coordination as in }la-b leading to 9a
{or Ta).

Of interest then is that Ze (Z » CN) substitutes m- more extensively than p- but by far
the dominant process is o-substitution.® Formation of 3e {m-CN) over 3e (p-CN) may be ration-
alized on the basis of electronic control in dipolar collapse of 7c {Z = CN) to 9b rather than
Q¢ and of Tb (Z = CN) to Gb over Qa.” To give 3e {o-CN) as the principal product, however, by
such processes, Ta {zZ = CN) must be the major intermediate or else there are o~-directing pro-
cesses to 9a (Z = CN) based on coordination as in 12. As s mechanistic alternative, cyanonor-
caradienes Ta-c {Z = CN) may collapse to diradicals 10a-c from which hydrogen migrations yield
3e. Although homolysis of Te¢ (2 = CN) will favor 10c over 10b because of advantageous redical
stabilization by CN, formetion of 3e (m-CN) may be greater than 3d (p-CN) because Tb (Z = CN)
gives 10b along with 10a. Hydrogen rearrengement in 10a as derived from 7a (Z = CN major)
and from Tb (Z = CN) will yield 3@ (o~CN).

A result of particular present note is that electron-withdrawing substituents increase the

conversions of 2 to 4 whereas electron-donating groups augment formation of 3.8 TPor 4 to be
formed, Ta-c apparently isomerize to spiropyrazolocycloheptatrienes 15 which rearrange (1,5~
sigmatropic) by attack on the cycloheptatriene moiety by nitrogen of the pyrazole nucleus.

Electron-withdrawing groups (Z) will retard heterolytic collapse of T to 9, Electron-attrac-
ting substituents mey also enhance ring-opening of 7 to 13 end/or facilitate rearrangement of
13 in which the pyrazolyl system is the electron-donor. For more complete definition of the
relationships between Ja-c¢c and 13, location of the substituents and determination of the

isomeric distributions of 4 are necessary.
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Further study of reactions of carbenes with substituted benzenes is in progress. Ma-
Jor attention is to be given to synthesis of new heterocyclic analogs of 4 by reactions of 2

with various heterocyclic carbenes.
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