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ISOTOPE EFFECTS IN AROMATIZATION OF 1,4-DIHYDROBENZENE AND
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Surmary. Aromatization of 1,4-dihydronaphthalene with 2,3-dichloro-5,6-p-benzoquinene or
chloranil is accompanied with kinetic isotope effects of 3.9 and 8.0 respectively.

The oxidation of 1,4-dihydrobenzene (1) and 1,4-dihydronaphthalene (2) with quinones is of
interest in connection with that of dihydropyridines which represent models for biological
oxidations involving the pyridine nucleotide coenzymes.! Although the latter are generally
considered as one-step hydride transfer processes, their mechanism is still not fully understood,
and the experimental results are interpretable in different ways. Since the ability of quinones
to form charge-transfer complexes is well established® and since formation of radical cations by
electron transfer within such complexes of electron-rich aromatics is known to occur,® the over-
a1l hydride transfer can be considered as the result of direct hydride-* (Scheme 1) or sequen-

tial electron and hydrogen transfer processes {Scheme 2). Furthermore, although CT-complexes
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Scheme 2
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between quinones and dihydroarematics are formed, their significance for the oxidation remains

questionable. A variation of Schemes 1 or 2, consisting in simultaneous transfer of two
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hydrogens from the same side of the molecule +in the slow step has been proposed for aromatiza-
tion of 1,4-dihydrobenzene (1) and 1,4-dihydronaphthalene (2).%s% A common feature of the above
schemes is that they predict kinetic isotope effects upon replacement of the hydrogens in the
methylene groups of 1 or 2 by deuterium or tritium.

The dehydrogenation of 1,4-dihydronaphthalene (2) by chloranil has been investigated by
Hashish and Hoodless” in some detail. Surprisingly, these authors found no isotope effect for
aromatization of partially tritiated 2 and, consequently, proposed a mechanism where the rate-

determining step is associated with slow electron transfer in the CT-complex (Scheme 3):

Scheme 3

o + A fasts [on-1] Stow, [owt x| fast, o+, aw”
An analogy of this mechanism is found in the oxidation of certain trialkyl metal hydrides with
tetracyanoethylene and probably also with quinones.® Scheme 3 is however incompatible with the
substantial primary isotope effects measured for oxidation of cycloheptatriene,? triphenyl-
cyclopropene,® acenaphthene'® and 1,4-cyclohexadiene® with DDQ. We considered the possibility
of a mechanistic change for aromatization of 1,4-dihydronaphthalene (2) with DDQ and/or chlor-
anil, and therefore reinvestigated the isotope effects on perdeuterated 2'! with bath oxidants.
The reaction rates for DDQ were measured spectrophotometrically under pseudo-first order
conditions (excess substrate) at 25°, in benzene® and 1,2-dichloroethane, those for chleranil
under second-order conditions (dichloroethane, 120°) by analyzing sealed ampoules by vpc at
appropriate time intervals.!® Table 1 summarizes the experimental results together with data
from an earlier communication.® For both oxidants, DDQ and chloranil, we find isotope effects
of 9.9 and 8.0, this without correction for contamination of the substrates with unlabelled
material (1-2%).

The discrepancy of our results compared with those of Hashish and Hoodless” can be
explained on the grounds of differences in the experimental set-up. While our work is based on
molecules with mare than 98% D-incorperation, they used T-labelling, where only a fraction of

the substrate molecules were labelled. The latter procedure is adequate if the molecules under



3035

7able 1. Rate constants and isotope effects for aromatization of 1,4-dihydrobenzene (1} and
1,4-dihydronaphthalene (2)

Substrate Oxidant  Conditions mzxk[m"s“] k/k, Comment
1,4-Dihydrobenzene (1} DDQ Benzene, 25° 2.85 -~ Ref, 8
1.4-Dihydrobenzene-d, # N " 1.67 1 DY D
1.,4~Dihydrobenzena-d, u " " 0.31 9.2 oo
1,4~Dihydro~ ;

naphthalene (2) " Dichloroethane, 25° 124.5 -
1,4~Dihydra-

naphthalene~d, , " " n 12,57 9.9
}aé*Dimer“

naphthalene (2) Chioranil » 120° 1.235 -
1,4-Dihydro- . “y/kp =

naphthalene-dy 0.255 4.84 8.0 at 25°

investigation have only one reactive site. In the case of ] and Z however, there are four
hydrogens available. If we assume a $imple hydride transfer mechanism, the maximum primary
isctope effect will not exceed 1.33 because, irrespective of the rate of breaking of the CD
bohd, there are still three hydrogens available which are essentially unaffected by D or T-
substitution. Therefore, the increase in specific activity of T-labelled 2 will be very small,
particularly at low conversion, and for this reasgn it must have escaped detection.'® These
considerations are corrohorated by the abservation of the small kinetic isotope effect of only
1.70 for reaction of 1-d; containing one hydrogen in each methylene group with BDG (Table 1),

A similar argument can be developed for the mechanism consisting in simultaneous transfer of
twe efe~hydrogens,

From our results it follows that aromstization of 1 and 2 with DDQ or chloranil does not
proceed n»ia electron transfer in the rate-determining step. The mechanism according to Scheme 3
appears to be not general for hydrogen transfer to quinones, It is clear, however, that the
isotope effects of 1 and 2 cannot differentiate between Schemes 1 and 2, nor provide further

insight into the nature of the CH-bond breaking step.



3036

Acknowledgments. This work was financially supported by the Fonde National Suiasse de la

Recherche Scientifique (grant No 2.040-0.7B). We are indebted to Dr. B. Nefer for stimulating

discussions, and to Professor B. Thummel for the communication of data prior to publication.

D

2)

3)
4)

5)
6)
7)
8)
9)
10)
)

12)

13)

REFERENCES AND NOTES

A.K. Colter, G. Saito, F.J. Sharom & A.P. Hong, J. Am. Chem. Soc. 98, 7833 (1976};
A.K. Colter, G. Saito & F.J, Sharom, Can, J. Chem. 55, 2741 (1977).

(a) R. Foster, Organic Charge-Transfer Complexes, Academic Press, New York, 1969;
(b) R. Foster & I. Horman, J. Chem. Soc. (B) 1966, 1049; (c) P. Beresford, D.H. Iles,
L.Jd

.J. Kricka & A. Ledwith, J. Chem. Soc. Perkin I, 1974, 276.
W.J. Sep, J.W. Verhoeven & Th.J. De Boer, Tetrahedron 35, 2161 (1979).

E.A. Brande, L.M. Jackman & R.P. Linstead, J. Chem. Soc. 1954, 3548, 3564; E.A. Brande,
L.M. Jackman, R.P. Linstead & J.S. Shannon, ¢<bid, 1960, 31165 R.P. Thummel, W.E. Gravey
& D.B. Cantu, J. Org. Chem. in press.

F. Stoos & J. Rofek, J. Am. Chem. Soc. 94, 2719 (1972).

P. MUiler, Helv. Chim. Acta 56, 1243 (1973).

Z.M. Hashish & I.M. Hoodless, Can. J. Chem. 54, 2261 (1976).

R.J. Klingler, K« Mochida & J.K. Kochi, J. Am. Chem. Soc. 101, 6626 (1979).

P. Miller & J. Ro¥ek, J. Am, Chem. Soc. 94, 2716 (1972).

B.M. Trost, J. Am. Chem. Soc. 89, 1847 (1967}.

1,4-Dihydronaphthalene-d,, was readily prepared by reduction of napthalene-d, with Na in
Et0d, of. E.S. Cook & A.J. Hil1l, J. Am. Chem. Soc. 62, 1995 (1940). Pure 1,4-dihydro-
naphthalene-d,, was obtained by preparative vpc.

Initial concentrations varied between 9.6 + 1072 and 1.1 ~ 1072 M for 2 and 4.9 - 107* and
1.9 1072M for chloranil. The second-order rate constants given represent an average value
from three runs with standard deviation of the mean of 0.033.

For the hydride mechanism, assuming the CT bond totally unreactive, the specific activity
of 2, after 42% conversion, will increase by a factor of 1.2 at most.
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