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Activation of chemical reactions by microwave (MW) energy became a very
attractive tool for organic synthesis in last years because of great possibilities to
accelerate reactions and to improve yield and selectivity [1,2]. In addition to UV
irradiation or ultrasound, microwaves are considered as a new method for activation of
chemical reaction irrespective of the energy of microwave is substantially lower than UV
irradiation (Eypw = 1.6.107 eV, Eyv = 4.1 eV) and not sufficient to split off chemical
bond.

Our idea was to examine the combination of microwave irradiation (i.e. MW
energy) with UV energy (i.e. in photochemistry) for activation of chemical reactions
because this approach has not yet been examined. The above of combination has so far
been reported only in such processes like sterilization [3], waste [4] and polymer
treatment [5]. For its application in chemical synthesis we have developed a new
photoreactor which is characterized by:

1. Direct activation of chemical reactions
2. Generation of UV radiation by microwaves, i.e. by a wireless way

It is known that mercury UV generates UV radiation when exposed to
electromagnetic field [6]. In our MW photoreactor microwaves generate UV radiation
and simultaneously irradiate the sample by combination of MW and UV energy. We have
found that a rather low MW energy output (10-20 W) is sufficient to put UV lamp in
operation.

In order to test our new microwave photoreactor, addition of tetrahydrofuran to
perfluorohexylethylene has been chosen as a model reaction (microwave activation of
this reaction has not yet been performed). It has been only known that this reaction when
thermally initiated (under reflux) proceeds very slowly (reaction time = 5-7days)[7].
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We have performed our comparative experiments with mercury lamps:

a) conventional medium-pressure UV lamp TESLA (RVK 125 W or RVK 400 W)
b) microwave electrodeless lamp (MWL)

In the case of a low-output lamp RVK 125 W, no reaction has been observed both
at room temperature and under reflux (64 °C). In the case of a high-output lamp RVK
400 W the reaction proceeded readily under reflux with almost complete conversion of
fluoroalkene 1 (93 %, yield 88 %) within 3 hours (run 5, table 1).

Photochemical reactions under microwave conditions have been carried out in a
multimode oven (MILESTONE 1000 Lavis) under reflux at 77 °C [8]. One and three
pieces of MWL UV lamp were used in test experiments. The results revealed the
efficiency of MW lamp was approx. 10 times higher than that of conventional one

because it consumed approx. 1/10 MW energy [10] to achieve similar results (conversion
=96 %,
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Table 1
Photoinitiated radical addition of THF to CF3(CF;;,)5-CH=CH2"l under MW irradiation
Run Irradiation source °  Temperature Time Conversion of 1°  Yield of 2¢
@) (b (%) (%)
None 64 168 99 76°
1 UV (RVK 125W) 20 1 0 -
2 64 1 0 -
3 UV (RVK 400W) 20 1 61 55
4 64 1 63 58
5 64 3 93 88
6 MW 77 1 0 -
7 77 3 0 -
8 MW+UV(MWL 1x) 77 1 69 63
9 77 3 96 90
10 MW+UV(MWL 3x) 77 1 96 91

2 THF (72.0 g, 1.00 mol), olefin (6.92 g, 0.02 mol). ® RVK (middle-presure lamp), MW
(microwave irradiation), MWL (microwave electrodeless lamp). © GC analyses with
calibration. ¢ Purity = 99%, Bp = 100-102 °C/10 torr (Ref. [7], 93°C/20 torr). °Ref. [7].

yield = 90 %) in comparison with RVK 400 W conventional lamp (runs 9,10, table 1).
When the intensity of MW radiation of MWL lamp was 3 times higher (3 pieces) the
reaction time was reduced to 1/3 i.e. to 1 hour.
In conclusion, the MW photoreactor can be characterized as follows:

1. Very simple construction and convenient device for synthetic photochemistry
2. Reaction rate is higher and therefore reaction time can be significantly reduced
3. Energy consumption for UV generation is substantially lower compared to a

conventional lamp. '
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