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In dienone-phenol rearrangements of mcmo::yt:licl and sferoidalz 2-chloro- and 2~-bromocyclohexa-

1,3

2,5-dienones and particularly of the 2,6-dibromo-analogues, '/~ using acetic or propionic anhydride with
mineral acid catalysis, the halogen atom causes a significant rate reduction compared to the non-halogenated
compounds, It has been suggestodz that the halogen atom may reduce the carbonyl basicity and hence the

amount of reactive dienone cation present in an acidic medium, or] destabilise transition state (l) relative to

(1) and, presumably, (llf).
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We have measured the basicity and kinetics of rearrangement of the title bromodienone (1) in aqueous

sulphuric acid at 25°C using the methods of refs. 4 and 5. The results are used in a correlation of
rearrangement rates with cyclohexadienone structure.

Dienone (1) has a profonation equilibrium which closely follows the amide acidity function HA with
apK, or HA at half-protonation, -4.1£0.15. it is thus much less basic than its 2,4,4-trimcrhy|-5 and 4,4-
dimethyl-* anclogues (K -2.740.2, and - 2.40.05).

The rate constant k] for rearrangement of the cation (2) which is preunf in the acid (see Eqn. 1) is
remarkably large. In 70% H,SO, (H_~5.80), which we toke® as a standard acid for comparing such rates,
k= (3.2200.4) 1072 sac™", which fs four times foater than the 2,4, 4~trimethyl analogue, and ten Hmes

faster than the 4,4-dimethyl aralogue. The acidity dependence of k1 is unusually steap, but (2) resrranges
in
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faster than the 4,4-dimethyl analogue at all acidities studied. Clearly, arguments that the bromine atom
destabilises (1) or (1) are unimportant. The energies of (i) and (I1) with A=H are almost equal; n.m.r.
analysis of the products gives a ratio of (3) to (4) of 5416 to 466, with no obvious trend with acidity or
reaction time. 7

The rate constants kl for rearrangement of cations (IV) to (V) in the standard acid, 70% HZSO & at
25°C are related fo substituent @ values by Eqn. 2, for all cations (1V) we have studied. A group X at C-2

requires 0° in (IV) and 0’+ in (V). Values of 0"+ are known for many groups X, for
*q me ortho ortho

ta
reactions which do not suffer sirong steric effecfs,éJ but we believe the value given for Br6 may be

unreliable. Studies of the stabilities of the isomeric cations of 5-I:|'omt'>-l,3-xylene8 give O:" ortho, Br—
’

+ + +
para, Br+o- ortho, Me o para, Me

of the energiens8 of the cations of 3-bromoxylene, but remains 0.18 to 0.19.*

+ DH oH H
Br H fast Br slow Br Br
—_— — > +
Me Me
Me Me

o i.e. 40.184, This value is modified slightly by consideration

Me Me Me Me
1) (2) (3) (4)
Rate =d [+ @] =k, [ +@)] =k, [@] ondk =k, [1+ g Eqn. 1
log k, = -0.62 (H; +log [sto;]) - 5.47 20.05; k, in sec.”!, correlation coefficient 0.997
+
log k; =-3.970.24 -3.96[(26;22—)(203(! lin 70% H,SO, at 25.0°C Eqn. 2

Correlation coefficient 0.96, over a 300 fold range of rates.
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*Wheri X is a 2-methyl group the change (1V) to (V) introduces a gauche Me=-Me intorocﬂon9 of 0.5 keal
mol.”" We assume that this affects the transition state also, reducing log ky by up to 0.36 (from the Eyring
equation) compared fo the value given by Eqn. 2. We assume that the steric interaction between a 2-bromine
atom and the 3-methy| group in (V, X=2-Br,) the precursor of (3), is negligibly smaii, [steric hindrance seems
to be relatively unimportarit in nuclear bromination in toluene, as reflected in the ortho/para ratio (see ref. 7}



