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PHOTOCYCLIZATIONS OF ARYLTHIOFLUOROAROMATIC
COMPOUNDS: SYNTHESIS OF BENZOTHIOPHENES
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Barcelona, Spain

Abstract - Intramolecular defluoro-photocyclizations of o-arylthiofluoroaromatic
compounds in aqueous solution afforded benzothiophene derivatives. Similar
photoreactions in acetonitrile led, when possible, to arene thiolate displacement. A

mechanistic rationale is discussed.

The photoreactions of halogenoaromatic compounds, usually, involve loss of halogen from the ring giving rise
to aryl radicals which may be exploited in synthesis. In this sense the broad outlines of the photochemical
reactions of halogenocaromatic compounds are related to the relative strength of the bonds involved: Ph-F > Ph-H
> Ph-Cl > Ph-Br > Ph-1.! Thus, the C-F bond in fluoroaromatic compounds has been commonly considered as
photochemically inactive, those compounds showing a variety of fascinating photoisomerization and
photoaddition reactions without the loss of fluorine.”? However, several exceptions are known to this
photochemical inertia of the C-F bond. For instance, halogenonitroaromatic compounds undergo nucleophilic
aromatic photosubstitutions with different nucleophiles.3 This process can be considered the photochemical
version (SNAr™) of the thermal addition-elimination mechanism. In addition, halogenoanisoles photoreact in
aqueous solution with nucleophiles via the formation of a radical cation from the triplet excited state of the
aromatic compound, the so called Spp!3Ar" type mechanism.? This process can be considered the
photochemical version of the more general Son2 mechanism. Finally, polyfluoronitroaromatic compounds
have been recently shown to react in a photostimulated process viag direct nucleophilic substitution on the

corresponding radical anion (Sgn2 mechanism).® Common features to these three processes are the relative
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reactivity of the substrates, that decrease in the order Ar-F > Ar-Cl > Ar-Br > Ar-l, just the opposite to the
relative strength of the bond involved, and that the reactions are normally carried out in aqueous solutions.
Intramolecular dehalogeno-photocyclization of aromatic compounds has been used in the synthesis of a variety of
heterocyclic compounds, examples of dechlorination,” debromination, and deiodination? processes being
common. However, as far as we know, only one example of photocyclization with loss of fluorine has been
reported,!? other attempts being unsuccesfull. !

Analysis of the commented precedents led us to consider that a new entry to some heterocyclic systems could be
achieved through intramolecular photoarylatioﬁ of fluoroaromatic compounds using the appropriate substrates
and conditions {aqueous solution). Here we report our preliminary studies on the synthesis of benzothiophene
derivatives through defluoro-photocyclizations of o-arylthiofluoroaromatic compounds,

The experiments 1, 3-8 (Table) were carried out in aqueous solution using potassium carbonate as a base (to trap
the produced HF) and in the presence of benzophenone as a photosensitizer. As a standard procedure, a solution
of the substrate (5 mmol), K2CO3 (0.60 g, 5 mmol), and benzophenone {0.055 g, 0.3 mmol) in
water/acetonitrile (1 : 4, 500 ml) was irradiated for the time given. Isolation of the products was carried out by
column chromatography (silica gel, hexane/CHCIl3). Moderate to fair yields of the cyclized benzothiophene
derivatives (2a), (2b), {2¢), (2F), and (6) were obtained. Experiments 5 and 6, using
phenylthioflucronitrobenzenes (1d} and (1e) as a substrates failed.

We have previously commented that fluorine could presumably act as a leaving group in three different
photochemical mechanisms, all of them taking place predominantly in agueous solution. Of those three
mechanisms, the SyAr™ and the Sgn2 are favored in the presence of a nitro group in the aromatic ring.
Therefore, the resulis of the experiments 5 and 6 suggest that for experiments 1, 3, 4, 7, and 8 (Table), the
mechanism is probably oxidatively initiated (mechanism through a radical-cation intermediate).

The strong dependence of our photoreactions on the used mediuvm is demonstrated By the results of the
experiments 2, 9, and 10 (Table). The substrates (4) and (5) were irradiated in acetonitrile due to their very poor
solubility in aqueous solutions. Arylthiolate displacement was observed!2. In addition, when 1a was irradiated
in acetonitrile solution (experiment 2, Table) only trace of dibenzothiophene (2a) was obtained. The observed
leaving group order {(SAr > F), and the used solvent (ACN) and base {EtzN has good photoreductive properties)
suggest that experiments 9 and 10 could be examples of SpN1 type processes.!3 This mechanism has been

already proposed for a very related process. 14
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Table. Photolysis of arylthioflucroaromatic compounds.
Exp. Substrate ConditionsbP Additives© Product {(mp)? Yield (%)d
1 1a ACN/H-O 1), 1h K~C0O3/Ph»CO 2a (99-102°C) 60
2 1a ACN, 1 h K~C0O3/PhaCO 2a traces
3 1b ACN /Ha0 (4:1), 2 h KACOy/PhaCO 2b (266 268°C) 15
4 1c ACN/H-0¢4:1),3h K->CO3/Ph2CO 2ce 1
5 1d ACN/H-0O (4:1).8h K2CQ3/Ph2CO - ---
6 le ACN/H20 (4:1), 8 h K2CO3/Ph-CO
7 1f ACN/ Ha0 (4:1), 24 h K>CO3/Ph>CO 26(151-153°C) 23
8 3 ACN/H-0(5:1),2h K~COs/Ph-CO 6 (165-167°C) 41
9 4 ACN,2h Et3N 7 (157-159°C) 66
10 5 ACN, 6h EizN 8 (127-130°C) 23

a) Starting materials were prepared following standard procedures. All the new products showed the expected
spectroscopic behavior and gave correct elemental analyses. Their full characterization wiil be reported elsewhere
(see however reference 12). b) ACN = acetonitrile. The irradiation was carried out with a medium pressure lamp
with Pyrex filter. ¢) 0.15 eq. of benzophenone were introduced as photosensitizer when indicated. The bases were
used in excess. d) Isolated yields based on non recovered starting material. ) Product {(2¢} was not isolated, the

_crude material was directly hydrolyzed, to 2b. The given yield corresponds to the whole process.
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