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There are now available ionic mixtures which are liquid at or
near room temperature.! The most widely studied of these consists
of mixtures of 1-ethyl-3-methyl-1 H-imidazolium chloride (EMIC)
and AICl; which are liquid at room temperature over a wide
range of EMIC:AICI, ratios (R).2 By adjusting R, liquids are
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created which are basic (R > 1; Cl- = base), neutral (R = 1;
[EMI*] = [AICl47]), and acidic (R < 1; Al,Cl;~ = acid) and have
vastly different pCl (i.e., —log [Cl-]) values.? Basic and acidic
melts also have significantly different electrochemical windows*
and chemical properties. HCI, for example, is a powerful Bronsted
acid in acidic media, but a much weaker one in basic ones.4’ We
wish to report the first example of a photochemical reaction in
a molten salt and to show how altering the composition of this
molten salt profoundly influences photochemical behavior.
Photolysis of a 0.140 M solution of anthracene (1) in a basic
EMIC/AIC]; melt (55.0 mol % EMIC; pale yellow solution)
under vacuum in a Pyrex vessel® afforded dimer 2 exclusively.”
This behavior is identical to that seen for 1 in a wide variety of
more traditional solvents.® This dimerization, in fact, is the
paradigm for a photochemically allowed [4 + 4] cycloaddition
reaction.®® Photolysis of a 0.148 M solution of anthracene in an
acidic melt containing proton (55.0 mol % AlCl;; green solution),
onthe other hand, is quite different, yielding at least 16 oxidized,
neutral, and reduced monomeric and dimeric products (analytical
HPLC).1° The major products were identified as 2-7, with trace
amounts of 9,9’-bianthracene and 1,2,3,4-tetrahydroanthracene
also being formed, as well as a fused dimer of unknown structure
(8) but similar spectroscopically to 7.!! No chlorinated products
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or those which incorporated the EMI ring (uncharged or
cationic)!? were formed in the photoreaction.

Product yields were followed as a function of time (Table I,
entries 1-3). The photoreaction is rapid initially but much slower
at longer reaction times, due likely to an internal filter effect of
the highly conjugated 4, 7, and 8 and quenching of excited states
by these same species. Most of the products are also reactive as
their yields go down as the reaction progresses. Only the yield
of the highly oxidized 7 (and 2) goes up as the reaction proceeds.
The mass balance also decays as a function of time, suggesting
the formation of oligomeric and polymeric compounds at longer
reaction times. The hydrogen balance, which is a measure of the
excess of reduction or oxidation in the characterized products,
is small but not 0, also demonstrating the formation of missing
products.

This unusual photochemistry must be initiated by an electron-
transfer reaction. One possible electron acceptor is EMI*, but
this is not correct. First of all, EMI* did not function as an
electron acceptor in the photochemistry of 1 in the basic melt,
nor does it in the photoreaction of 1 in CH;CN saturated with
EMIC, where 2 is formed quantitatively. The electron acceptor
is, in fact, the anthracenium ion 9+,!? formed by protonation of
1 with trace amounts of HCI in the melt,' and it is more easily
reduced electrochemically than is EMIC (eqs 1-3).14 Even the
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most rigorously purified melts contain traces of HCI. In the first
three photoreactions described in Table I, there is approximately
3% of 9* present in each solution. When the HCl content of the
melt is deliberately increased by the addition of EMIC.-HCI,4
the content of 9* increases to 26% (Table, entry 4). When this
solution is irradiated, the photochemistry is somewhat different
than the previously described cases, but it is exclusively redox in
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Table I. Product Distributons from the Photolysis of Anthracene in Acidic Melts®
reaction ratio of 1to % of 1 yield® (%) material hydrogen
entry  time (h) protonated 1 consumed 3 4 5 6 7 84 2 balance (%)¢  balance (%)
1 0.5 29:1 12,7 24.5 19.4 121 23 0 13.7 0 72.0 4
2 24 29:1 60.4 7.3 6.8 23 1.5 1.0 1.8 2.0 22.7 8
3 48 29:1 64.2 6.2 4.6 24 1.3 3.1 1.3 24 21.3 -4
4 48 2.9:18 73.6 2.5 0 0 0 9.0 0 0 14.2 -6
(2.8)
5 24 1.0 15.4 1.9 0 0 0 0 0 2.5 44.4

40.148 M solution (2.35 mmol of 1in 21.0 g of melt (55.0 mol % AICl3) which has a density of 1.32 g/mL2 photolyzed in Pyrex under argon.  Based
on the extinction coefficient of protonated anthracene (Zingg, S. P.; Dworkin, A. S.; Sglie, M.; Chapman, D. M.; Buchanan, A. C., III; Smith, G. P.
J. Electrochem. Soc. 1984, 31, 1602 and ref 4-5) and the equilibrium constant for the reversible protonation of anthracene!4 using dilute solutions
of anthracene in the melt. ¢ For monomeric products: (mmo! of product/mmol of consumed 1) X 100. For dimeric products: (mmol of product X
2/mmol of consumed 1) X 100. ¢ An unknown fused product similar to 7. ¢ [(Lmmol of monomeric products + 2Zmmol of dimeric products)/mmol
of consumed 1] X 100. / (mmol of H added to reduced products — mmol of H lost from oxidized products)/(mmol of H added to reduced products
+ mmol of H lost from oxidized products) X 100. &8 HCI in the melt increased by the addition of EMIC-HC1.14 # Yields of 1,2,3,4-tetrahydroanthracene.
THCI removed from the melt by addition of excess methylaluminum sesquichloride.!4 / GC/MS of the product mixture revealed the presence of
methylanthracene(s) (8%), 9,10-dimethylanthracene (1%), and chloroanthracene(s) (2%).

nature, giving largely the highly oxidized and reduced products
7 and 1,2,3,4-tetrahydroanthracene. This reaction is clearly
farther along the cascade of oxidation and reduction reactions
than are the previous three examples. When the HCI is
deliberately removed by addition of excess methylaluminum
sesquichloride,!4 the overall reaction is slower than when HCl is
present, and the redox chemistry is largely suppressed (Table I,
entry 5).15

The essential difference in the photochemistry of 1 in the basic
and acidic molten salts is due to the different in acidity of HCI
in the two media. In the basic melt, HCl is insufficiently acidic
to protonate 1, and the photochemistry proceeds in the normal
manner. In the acidic medium, however, HCI, now a powerful
Bronsted acid, protonates 1 to form a small amount of 9%, which
function as an electron acceptor, thus diverting the chemistry of
1 into an entirely new channel. Photolysis of 1 in H,O also
generates 1°+,!S which reacts rapidly with the nucleophilic
H,0.1617 Intheacidic molten salt, there are no good nucleophiles
with which 1** canreact. Only 1or productsor transientsderived

from 1 can serve this purpose. As a result, the chemistry is
dominated by bimolecular electron transfer, hydrogen transfer,
and coupling reactions. The present chemistry is reminiscent of
that described by Smith ez al. for 1in molten SbCl;, which is also
poorly basic, at elevated temperatures.!® Inthatcase, theelectron
transferis driven thermally by the reversible reduction of Sb(III).
Thermally and photochemically driven electron-transfer reactions
in poorly basic solvents should yield other unusual chemical
transformations.
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