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Summary: The rate constants ko of the uncatalyzed transfer hydrogenation of five p-substituted
a-methylstyrenes 1a-e vary less then a factor 2 (300 °C) which supports the proposed radical
mechanism (scheme 2) and excludes hydride transfer as an alternative.

In previous work 1,23 it has been shown, that a-methyistyrene 1a (S = H) is hydrogenated to
cumene 3a (S = H) by 9,10-dihydroanthracene (DHA) 2 at 270 - 320 °C without the addition of a
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Scheme 1: Transfer hydrogenation of substituted a-methylistyrenes 1 by DHA 2

Results from mechanistic investigations 2,32 |ed to the conclusion that the reaction occurs in a
three step process initiated by a rate determining molecule induced radical formation® between 1 and
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Scheme 2: Molecule induced radical formation by H-transfer
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Experiments with 9,9',10,10'-tetradeuterio-9,10-dihydroanthracene proved that this step was
imeversible under our reaction conditions.2 The cumy! radicals 5 are rapidly trapped by excess DHA 2
and the 9-hydroanthy! radicals 6 disproportionate to DHA 2 and anthracene 48

In order to get additional evidence for this mechanistic proposal and in particular for excluding a
hydride transfer mechanism as an alternative’ we investigated the influence of p-substituents S in a-
methylstyrene on the reaction rate at different temperatures (270 - 320 °C). Substituent effects in radical
reactions which are not subject to polar effects generally are small 8

The substituted a-metylstyrenes 1b - 1@ were synthesized from the corresponding acetophenones
by the Wittig reaction for 1b-d or CHgLi addition followed by dehydratisation for 1e. The products were
pure according to GC (> 99%). To determine the rate constants ko, the ampoule technique3@ and GC-
analyses were used. The cumenes 3 and anthracene 4 were the only reaction products and found in
yields >95 %. In table 1 the rate constants ko are summarized.

Table 1: Rate constants ks for the transfer hydrogenation of 1 by DHA 2

TrCRE 105, 109y 105y 105y 105k,
S=H S=C(CHg)3 S=Cl S=CN S = OCHg
2700 3.88:024 353:017 429:0.15 - 3.57 + 0.04
2800 522:007 548:024 745:024 1552:060° 4.87+0.48
2900 7.82:0.40 - - 24.79 + 0.37° .
3000 1542+031 1543:024 21.12:021 366620449 17.02:+0.20
3110 2222:055 2529:077 3245044 - 26.47 £ 0.13
3200 37.85:0.31 4303:155 4899:166 9604408 38.28:0.30

Concentrations: 1 [0.08 M], 2 [1.0 M] in dipheny! ether; 2 T + 0.5 °C; br.2780°C;¢T=
288.0 °C; 9T =297.0°C.

The minimal influence of the substituents S on the rates indicates that the conjugation energy
between S and the double bond in 1 must be about the same as between S and the odd electron in 5.
Only for S = CN the rate is somewhat enhanced which is due to the large radical stabilization effect of

CN substituents.®

From the temperature dependence of the rate constants ko the activation parameters were cal-
culated by the Eyring equation (table 2).



Table 2: Activation parameters for the transfer hydrogenation of 1 by DHA 2

Styrene AH¥ As# AG*300~C

derivative [kcal moi-1) fe.u] [kcal mol-1]
1a 10 31.00 + 1.32 -23.24 + 2.29 44.32 + 1.32
1b 30.76 + 1.00 2354 + 1.75 44.26 = 0.98
1c 29.43 + 0.93 -25.33 + 1.63 43.94 + 0.90
1d 27.07 + 0.31 -28.01 + 0.55 43.12+0.38
1e 29.46 + 0.62 -25.76 + 1.09 44.23 + 0.61
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They are also nearly insensitive towards p-substituents as expected. The activation enthalpy AH¥ for the
reaction of a-methyistyrene 1a was caiculated from thermochemical data as AHo(f,g) =31.5+20-342
+ 2.3 keal moi-1 2 assuming radical intermediates. This supports the proposed mechanism. The activa-
tion entropies As# for this bimolecular reaction are negative as expected and decrease parallel with
AH¥. Therefor AG*aoo"c was almost constant in the series 1a - 1e. A compensation between AH¥ and
AS¥ was also observed in other uncatalyzed transfer hydrogenations.11 It proved to be significant for
the reaction mechanism and not due to error compensation.12

The kinetic results of the transfer hydrogenation of p-substituted a-methylstyrenes 1 by DHA 2 are
in accord with the proposed radical mechanism and exclude hydride transfer as an alternative.
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