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FACILE FLUORINATION OF PHENANTHRENE BY XENON DIFLUORIDE:

VERSATILE SUBSTITUTION AND ADDITION, WITHOUT HYDROGEN FLUORIDE INITIATION

Israel AGRANAT*, Mordecai RABINOVITZ, Henry SELIG, and Chun-Hsu LIN

Department of Organic Chemistry and Department of Inorganic and Analytical Chemistry,

The Hebrew University of Jerusalem, Jerusalem, Israel

Phenanthrene reacts with xenon difluoride without HF initiation and in an open
system to give fluorine substitution and addition products; 9-fluorophenanthrene

is isolated in 33% yield.

Direct methods for the introduction of a fluorine atom into polycyclic aromatics are still in
their infancy. Xenon difluoride has been shown to act as an efficient and selective fluorine sub-
stitution agent for simple aromatic compounds, both in solution and in the vapor phase.!™® It has
been categorically stated that HF is a sine qua non for the reaction to proceed.lb’S We report
that in the polycyclic aromatic series, e. g., phenanthrene, the direct fluorination by XeF, pro-
ceeds without HF initiation, effecting not only substitution at various positions, but also fluorine
addition.

The reaction of XeF, and phenanthrene was carried out in the vacuum line system in di-
chloromethane solution, under strictly anhydrous conditions, taking painstaking care to avoid
initial presence of HF. Comparable results were obtained in the presence of HF or in an open
system. The ®F n.m.r. spectrum of the crude reaction mixture contained the following absorp-
tion: ¥ § =194.6 (relative area 21), 152.8 (6), 125.2(33), 122.4 (3), 118.8 (8.0), 115.6 (12), 113.3 (5),
110.3 (7), and 107.9 (5). Careful column chromatography on silica, petroleum ether (40-60°C)
serving as eluent, afforded 9-fluorophenanthrene as colourless needles, m.p. 51-53°C, in 33%
yield. Tt was identified by the m.p. (lit.,” 51-52°C), elemental analysis, mass spectrum, and the
chemical shift, multiplicity and coupling constants of the ®F n.m.r. spectrum?® (6 = 125.2, doublet
of doublets (dd), J; =11.9 Hz, J, =2.0 Hz; 1it.,%7®6 = 125.3, dd, J; =11.8 Hz; J, =2.0 Hz). The

absorptions at 122.4, 115.6, 113.3, and 110.3 are reminiscent of 1-fluorophenanthrene (lit., 8
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§ =122.4), 2-fluorophenanthrene (1it.8 6 = 115.3), 3-fluorophenanthrene (lit.,® 6 =113.5), and
4-fluorophenanthrene (lit.,® & = 109.9), respectively. This analysis refers to the site of fluorina-
tion, and may apply as well to difluorophenanthrenes or to dimeric products.

The most significant absorption in the 9% n.m.r. spectrum is the doublet of triplets at

6 =194.6 (Jl =50.1 Hz, J, =15.6 Hz ). The chemical shift and the pattern of this absorption, are

indicative of a fluorine addition product, possibly 9,9,10-’cr‘it‘luoro—9,10—dihydrophenan’chrene.10

Indeed, the mass spectrum of the crude reaction mixture contained a prominent signalatm/e 234
due to a C14HQF§L' species. The mass spectrum indicated also the formation of difluoro- and tetra-
fluorophenanthrene derivatives. A yellow fluorination product, m.p. 180°C was isolated by column
chromatography, but was not characterized. It should be noted that pyrene did not give any fluor-
ine addition compound.*

In conclusion, the reaction of xenon difluoride with phenanthrene resulted in addition of
fluorine (possibly across the 9,10 double bond), in predominant substitution by fluorine at the re-
active 9-position, and in substitutions at less reactive positions.!! The scope, generality and
potential of this fluoroaromatic synthesis is further widened by the ability to carry it out in the
absence of HF initiation, and under convenient experimental conditions.
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