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PHOTOCHEMISTRY OF IRGASAN-TRIFLATE : A SIMPLE CONVERSION OF AN AROMATIC HYDROXYL. GROUP TO
CHLORINE IN THE SYNTHESIS OF POLYCHLORINATED DIPHENYL ETHERS AND POLYCHLORINATED DIBENZOFURANS
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Abstract: Several phenols were converted to thelr triflates by reaction with trifluoromethanesutfonyf chioride.
The triflates undergo triplet photolytic cyciizations at 300 nm in acetone to give chlorodibenzofurans or ot

diphenyl ethers. 20Mmdm“mmmmwg;dmmm The mechanism
for dispalcement of triftate by chiorine appears to involve chiorine-arene » complexation.

In recent years the potychiorinated dibenzofurans (PCDBFs), along with their dibenzo-p-dioxin counterparts, have been
the subject of an intense research effort because of thelr high taxicity as contaminants in the environment.” In connection
with our efforts to synthesize polychiorinated diphenyt ethers (PCDPEs) and PCDBFs for mass spectrometric studies® we
sought to replace the hydroxyl group of polychiorinated phenoxy phenols (PCPPs) with chlorine. The PCPPs had been
prepafedprevlouslyhuuslaboratory.’ These compounds aiso have been isolated from commerclal pentachiorophenols as
impurities.*

§-Chioro-2-(2,4-dichiorophenoxy)phenal 1, a commercial pesticide, called Irgasan DP300, CIBA-GEIGY Co., was chosen
as the starting materlal In one example. Irradiation of a degassed 10~ M acetone solution of Irgasan triftate 2° at 300 nm
gave complete conversion to 2,4,8-trichlorodibenzofuran (2,4,8-TrCOBF) 3°. A yield of 88 % of 2,2",4,4tetrachiorodipheny -
ether 47 was obtained when kTadiated in chiorine saturated carbon tetrachioride. Compound 4 also could be readily
converted to 2,4,8-TrCDBF 3 In acetone soiution.
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Photolysis of PCDPEs in acetone resulting in ks cycilzation to form PCDBFs has been known as the major
photoconversion pathway.® However, the detalled mechanism for converion is stil obecure. It was proposed® that acetone
acts as a triplet photosensitizer due to ks high triplet energy (€; = 79 - 82 kcal/mol)!® and that the excited triplet state of
the subetrate is responsible for the cycilzation Via single electron transter. The yleld of photoproduct 3 was fow In other
organic soivents’” and the formation of 3 in acetone was quantkavely quenched in the presence of triplet quencher,
naphthalena, for which the Stem-Voimer plot was linear. Particulary efficient nonlinear quenching was also obsarved with
1,4-dinktrobenzens, in which a secondary process is invoived such as slectron transier or singlet energy quenching (Figure
1). In this case the ortho-triflate group is much superior to the other ortho-chiorine as a leaving group during cyckzation.
Figure 1
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Traditional chiorination reagents’? including SOC1,, POC,, PCls and (C4H),PCl,° for substituting a chiorine for a
hydroxyl group are often used, but the conditions involve high temperatures. Conversion of the hydroxyl group to an amino
functionality via dlethyiphosphate* followed by diazotization and chiorination’® is also well known. In the latter steps
dechiorination or hydrogen atom abstraction are often observed. The preparation of 4 from the photolysis of 2 in C1,/CC1,
solution Is & new and milder procedure for this transformtion.

The mechanism of this photolytic chiorine-aubetitution may include s-complexation batwean the triflate compound and
chiorine atom followed by ipeo substitution. It has bean found that in the typical photolytic chiarination condition the
chiorine atom forms a s-molecular complex with arenes. Electron-poor arenes that have lower s-basicities than benzene
form weaker C1" /arene s-complexes and thase +-complexes can rearrange to e-malecular complexes followed by ipso
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substitution.'® ipso substitution of bromine or lodine (X=Br, |) by chiorine is well known.)” In some cases chiorine atom

can also be captured on the other benzene ring to undergo displacement of chiorinated phenoxy radical bearing the triflate
group 1o give a polychiorobenzene (Scheme 2, pathway a).
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The experiments also were carried out with the chlorine-37 enriched compound and significant loss of chiorine-37
excess was observed (from 95% to 65%) (Entry 5 of Table 1). This provides additional evidence for x-complexation prior to

the Ipso substitution. Table 1 shows some transformations of hydroxy compounds to the comresponding chioro compounds.
Table 1. Photolysis of Trifiates in CL/CCl, st 300 nm
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A typical experimental procedure for the chiorine substitution reaction is as follows. A hydroxy compound s dissolved
In acetone and anhydrous potassium carbonate is added. The mixed solution is stirred with a magnetic bar at room
temperature and trifluoromethanesulfonyl chioride solution in acetone is sliowly added. After completion of the reaction, the
product is isolated by a sllica-gel column. The triflate compound |s dried and redissolved (usually, 102 M concentration) in
carbon tetrachioride solution saturated with chiorine gas and photolyzed in a pyrex tube at 300 nm for 1 - 2 hours. The
solution Is concentrated down and chromatographed on a preparative sllica TLC plate or on a HPLC column.
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