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ABSTRACT

The BF;-catalyzed rearrangement of cyclobutene-fused ~ m- and p-substituted diarylhomobenzoquinones exclusively gave the keto-alcohols via

a Wagner —Meerwein vinyl-anion migration followed by the annulation of a o-located endo-aryl group. The Hammett treatments for the  endo/
exo substituent effects, as well as the kinetic solvent effects, indicated that this reaction proceeds through the concerted S n2-like mechanism
involving a rate-determining  endo-aryl-assisted transition state.

Thes-aryl participation in the reaction center with neighbor- has been done on the remote anchimeric assistance of aryl
ing aromatic rings is a well-documented phenomehdn.  groups located in the-position or further away from the
large number of studies have been made for more than 5reaction site because of the entropical disadvartadw-
decades, especially on the solvolyses (e.g., acetolysis) ofever, these observations are of interest to organic chemists
p-arylalkyltosylates and brosylates from the kinétand  pecause a comprehensive understanding of the electronic
stereochemic&points of view. By contrast, much less work  5ctors that govern the through-space interactions plays a
role in the elucidation of many mechanistic problems.
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We have recently reported that the photocycloadduct ||| A

from 1,5-dimethyl-4,4-diphenylhomobenzoquinone and di-
phenyl acetylerfe undergoes the Lewis acid catalyzed
rearrangement to exclusively produce tricyclic keto-alcohol
3 (Scheme 15.

1(R'=H,R2=Me, X=Y =H)
2(R'=Me, R2=H)

4
X Y X Y
endo-2a: mMeO H 2f: H H
exo0-2a:. H mMeO endo-2g: m-Cl H
endo-2b: p-MeC H exo-2g: H mCl
exo-2b:  H p-MeO endo-2h: pCl H
endo-2c: m-Me H exo-2h: H pCl
exo2c: H m-Me 2i: pCl pCl
2d: p-Me p-Me endo-2j: pCF3 H
endo-2e: p-Me H exo-2): H pCFy
exo-2e: H p-Me

This reaction formally proceeds through a Wagner
Meerwein vinyl-anion migration to the acid-activated upper
carbonyl function (path B) and an intramolecular Friedel—
Crafts alkylation of theendephenyl ring. Here, a mechanistic

Figure 1. ORTEP drawing of unsubstitute@f. For clarity,
hydrogen atoms were omitted.

conveniently simplified the product analysis, as well as the
kinetic treatment. The structure o8f was deduced frortH
and °C NMR spectra and confirmed by X-ray crystal
analysi8 (Supporting Information). The exclusive occurrence
of the path B process is likely to support the cationic
rearrangement involving a tertiary carbocation-like interme-
diate. However, an attempt to capture the plausible cationic
intermediate by added methanol (20 equiv) for the reaction
of 2f failed and still gave onlhaf. Here, it should be noted
that the PM3 calculation for BFfeomplexation o2f assumed
that the more preferential binding occurs at the path A
carbonyl by 3.2 kcal molt (AAH;) rather than at the path B
carbonyl, i.e.Ka > Kg. Accordingly, the Curtir-Hammett
principlet® can be applied to the present case if the two
complexes are in rapid equilibrium and the latter complex
has the significantly larger rate constant for the cyclobutene
ring cleavage, i.eks > Ka.

The kinetic runs were carried out in CDCIt 30°C. The
decay of2 was followed by HPLC (naphthalene as an

question arises as to whether the initial cyclobutene ring internal standard) or byH NMR (TMS as an internal

cleavage occurs via anv&like mechanism with thendo-

standard). The observed pseudo-first-order rate condtagts

aryl m-participated transition state or via an unassisted Were divided by the concentration of Bfo provide the
stepwise displacement associated with the subsequent transiécond-order rate constarks The values fork and the

annular cyclization.

We now wish to report unequivocal kinetic evidence for
the remote ¢-located) z-aryl participation in the BE
catalyzed rearrangement of newly synthesinedand p-
substituted €ndeX/exaY) 1,3-dimethyl-4,4-diaryltricyclic-
[5.2.0.6G-9non-8-ene-2,6-dioneRa—j (Rt = Me, R2 = H).
The X-ray crystal structure of unsubstitutetrevealed that
theendaephenyl ring adopts the suitable geometry oearyl

participation, overhanging above the quinone plane (Figure

1).

As in 1, the BR-catalyzed rearrangement 2&—j exclu-
sively provided the stable tetracyclic keto-alcotds with
no detectable amount of path A produdttScheme 1J.This
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relative rate constantss compared ta2f are collected in
Table 1.

As easily noticed, for both thende andexcisomer series,
the rates increased with increasing electron-donating ability
of the substituents, irrespective of- or p-positions. The

(7) General Procedure.To a solution o2f (0.02 mmol) in chlorofornd
(0.67 mL) was added BFOE®, (0.06 mmol), and the solution was allowed
to stand for 70 h at 25C to give quantitativelydf. The pure3f was obtained
after washing with water (2< 1 mL) and then recrystallization from
benzene—pentane.

(8) The stereochemistry ehddexo2ab,c,e,g,h, andj was deduced from
their kinetic behaviors. Thus, we tentatively assigned that the more reactive
isomers2a,b,c, ance areendoand the less reactive isome2g,h, and are
endo, respectively. An attempt to assign the stereochemis2ypiNMR
failed because of the complexity due to tineta/para-substitution as well
as the possible conformation-dependent anisotropy of aromatic nuclei
(Supporting Information).

(9) The structures of other products3involving theenddexomixtures)
were deduced by comparing their diagnostit NMR signals of the two
methyl and one methine protons with those of the pagént

(10) For the Curtin—Hammett principle, see: (a) Seman, £Hem.
Rev.1983,83, 83. (b) Seeman, J.J. Chem. Educl986,63, 42.
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s revealed somewhat largertho-participation by judging from

i i h 12
Table 1. Rate Constants for BFCatalyzed Rearrangements of the percent contribution af*" (52%):
2a—jin CDCl; at 30°C

substituent -

run compound X Y ka (103, M~1s71) Krel 2 ’
1 endo-2a m-MeO H 27.6 22 mMeo
2 endo-2b  p-MeO H 21.1 17 [rMeO/,,a

3 endo-2c m-Me H 7.03 5.6 1 mMe

4 2d p-Me  p-Me 6.60 5.3 pe °

5 endo-2e  p-Me H 6.13 4.9 7 o H 6""

6 2f H H 1.25 1.0 <

7 endo-2g m-Cl H 0.0973 0.078 g e

8  endo-2h p-Cl H 0.0218 0.017 °s ] e

9 2i p-Cl p-Cl 0.0181 0.015 > ] mCl o/

10  endo-2j p-CFs H 0.00497 0.0040 £ oot o

11 exo-2a H m-MeO 0.736 0.59 o

12 exo-2b H p-MeO 4.05 3.2 p-CFs .~

13 exo-2c  H m-Me 0.860 0.70 i

14  exo-2e H p-Me 1.47 1.2 P : : :

15 exo-2g H m-Cl 0.415 0.33 -3 2 - 0 1 2
16 exo-2h H p-Cl 0.484 0.39

17  exo-2j H p-CF3 0.379 0.30 -2.076P%0-2 336°0.0,172

aThe second-order rate constakitsere obtained by dividing the pseudo-

i nd
first-order rate constanteys by the concentration of BE Figure 2. Plots of the observed lok"{obs) vs the calculated

log k1%Ycalc) according to the eq 1 for Bfeatalyzed rearrange-
ments ofendo-isomers oRa—c,e,g,h,jand the unsabstitutezf in
CDCl; at 30°C.

dependency ok on endo-X is much higher than cgxo-Y.
Thus, theendom-MeO-2abrought about ca. 5600-fold faster
rearrangement than trendo-p-Ck-2j (runs 1 and 10). In On the other hand, thexo-isomers gave a fairly good
sharp contrast, thexo-p-MeO-2lprovided only ca. 11-fold  Yukawa—Tsuno equation (eq 2.The poor substituent
acceleration compared with tlexo-p-Ck-2j (runs 12 and effects for exo-isomers with a large value of 0.90 is
17). It was also recognized that teado/exo-disubstituted  suggestive of the stabilization of the acid-activated carbonyl
p.p-(Me)-2d and p,p-(Cl)»-2i gave a rate constant compa- carbon by the long-range resonance contribution through the
rable to that of the correspondingndo-monosubstituted intervened cyclopropane ring.
p-Me-2eandp-CI-2h (runs 4 and 5, 8 and 9), respectively.
These clearendo-substituent effects can be taken as a |gg KENdo= —2.07dP*° — 2.338™M° — 0.172
gfzec;ilve criterion forr-participation in the rate-determining (n=8,R=0.99) (1)
Of particular interest is that the maximam rate constant log K2°= —0.795(& + 0.904A5;") (n=8,R=0.97) (2)
was unusually attained lndom-MeO-2arather tharendo-
p-MeO-2b. Though not large, similar reversed substituent  \echanistically, the present kinetic substituent effects
effects were also found in a couple @ndo-m/p-Me-  strongly insists that both thipso- andortho-carbons play a
substituted2c and 2e (runs 3 and 5) ancendo-m/p-Cl special role in the @-like transition state as shown in
substituted2g and 2h (runs 7 and 8), respectively. By Scheme 2. Such a transition state straightforwardly leads to
contrast, the corresponding coupleseab-isomers showed the ortho-attacked arenium ion | and then ® by a
the usual substituent effects as found forrtip-MeO-, m/p- rearomatization. Compared to the commg2-8r reaction
Me-, andm/p-Cl-substituted compounds (runs-116). These where the rate constants are typically correlated withn
findings strongly indicate that the participationeido-aryl the large and negatiyevalues ranging between3 to —13,1*
group occurs both at thpso-position and th@rtho-position the rather low and negatiyewith o™, andonm, for the present
(para-position with respect to the-substituted X). reaction may be explained in terms of the highly charge-
Keeping this in mind, we attempted to correlate the log dispersed transition state. The crucial role of tharyl
endo participation was firmly manifested by the fact that the

with the combination ob"s° (¢,* for p-X and oy, for ;
me-IX) for ipso-participation andﬂ’“hOp (om foT p-X angop+ displacement oéndo-phenyl group a@f by a methyl group

for them-X) for theortho-participation, respectively. Thus, (12) Snedecor, G. W.; Cochran, W. Statistical Methods6th ed.; lowa

a sufficient regression was obtained (eq 1 and Figure 2) andstate University Press: Ames, 1967.
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Scheme 2 Table 2. Rate Constants for BFCatalyzed Rearrangements of
2f in Various Solvents at 30C

t solvent Et ka (103, M~1s7) Krel
1,2-dichloroethane 41.3 33.1 36
dichloromethane 40.7 19.7 21
chloroform-d 39.0 1.25 1.3
o-dichlorobenzene 38.0 8.54 9.2
fluorobenzene 37.0 2.67 2.8
chlorobenzene 36.8 1.84 2.0
benzene 34.3 0.930 1.0

. o . a2 Thek, were obtained by dividing the pseudo first-order rate constants
resulted in the quantitative recovery of tAeeven in 40 h kobs by the concentration of BF

reaction with or without 20 equiv of C4OH.

To gain further insight into the mechanistic features of . . .
the present rearrangement, we investigated the solvent effectd ossible hydrogep bonding to the carbonyl function26f
on the rate of the reaction of pare2ftin various less basic would somewhat impede the BEomplexation.
nonpolar and polar solvents. The obtaifkgdwvhich was apt
to moderately increase with the solvent polarity, was
collected together with the polarity paraméter (Table
2). The logarithmic rate constants, Idg, were well-

logk, =0.227E — 10.9 (r=0.97,n=6) 3)

In conclusion, the most likely interpretation based on the
correlated byEr except for only chloroform (eq 3). The present endo/exokinetic substituent and solvent effect

solvent dependency certainly suggests the intervention of at2nalyses is that the Bifeatalyzed rearrangement &f
least a polar transition state. However, despite the wide rangePT0Ce€ds via a rate-determining remote aryl-assisted transition
of variation in solvent polarity [1,2-dichloroethane(E: state thf';\t leads to the 1,2-vinyl migration and the phenylene
41.3) and benzene (34.3)], the rate acceleration amounts t@nnulation.

only a factor of 36. The small solvent effects obviously
reflect the delocalization of incipient carbocationic charge
by participation of theendo-aromatic ring at the transition
state. Incidentally, the significant lower deviation of chlo-
roform from the regression line may be due, no doubt, to
the intrinsic acidic nature of this solvettby which the
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