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Attempted Preparation of 5,5-Difluoro-1,4-diphenylbicyclo[2.1.0]pentane
Serendipitous Synthesis of 1,3-Difluore-2,4-diphenylbenzene

Scott B. Lewis and Weston Thatcher Borden*

Department of Chemistry, University of Washington, Seattle, WA 98195

Abstract: Addition of difluorocarbene to 1,2-diphenyicyclobutene, using PhHgCF3, results in formation of 1,3-
difluoro-2 4-diphenylbenzene. A mechanism for this reaction is proposed.

Bicyclo[2.1.0jpentane (1) is known to release ca. 50 kcal/mol of strain energy upon homolysis of the
bridgehead bond to produce 1,3-cyclopentanediyl.! Consequently AH# for bridge flipping in 1 is only 36.8
kealfmol.2 Introduction of phenyl rings at C; and Cy4 of 1 further reduces the barrier to bridge flipping to a value
of 12 kcal/mol in 2.3

1t has been well documented, both experimentally? and computationally,3 that geminal fluorines on a
cyclopropane ring weaken the distal ring bond by >9 kcal/mol. Therefore, we undertook the synthesis of 5,5-
difluoro-1.4-diphenylbicyclo[2.1.0]pentane (3) in the hope of preparing a derivative of 1 in which the bond
between the bridgehead carbons would have a dissociation energy of close to zero,
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1,2-Diphenylcyclobutene (4) was prepared by intramolecular McMurry coupling of dibenzoylethane,6
using TiCl3/LAH in THF.? Attempts to add difluorocarbene to 4, employing CF2Bry/Zn in THF 8 failed to
produce any adduct. Generation of CF; from excess PhHgCF3? in the presence of 4 produced, in 77% isolated
yield, a single adduct, m.p. 73-74° C after recrystallization from ethanol. However, the adduct was clearly not
3 but was, instead, identified as 1,3-difluoro-2,4-diphenylbenzene (5).
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The formula of the adduct was established as that of 4 + 2CF; - 2HF by high-resolution mass
spectroscopy (calc. for C1gH2F2: 266.0907, found: 266.0895). The 300 MHz 'H NMR spectrum (CDCl3)
showed eleven aromatic protons in the region 8 7.56 - 7.34 and a twelfth at 8 7.06 (id, 1H, J = 8.4 and 1.4 Hz).
The 188 MHz 19F NMR spectrum revealed two non-equivalent fluorines as multiplets centered at 8 37.40 and
34.77 (relative to CF3CO;H at § 77.0). Proton decoupling experiments showed the proton at & 7.06 to be
coupled to the downfield fluorine and to another proton, both with J = 8.4 Hz. Decoupling all of the protons
simplified the 19F spectrum to two doublets with / = 8.0 Hz. The 'H and 19F NMR data indicate that the
fluorines are meta to each other and that the proton at 8 7.06 is ortho to the fluorine at 8 37.40 and to another
proton, thus implying stucture 5.

This structural assignment is supported by the 75 MHz, proton-decoupled, 13C NMR spectrum (CDCl3)
§ 159.30 (dd, WcE = 248.9, 3JcEg = 7.0 Hz), 156.60 (dd, 1JcE = 250.1, 3/cg = 7.0 Hz), 135.30, 130.37,
130.34, 129.93, 129.77 (t, 3Jcr = 4.5 Hz), 129.34, 129.08, 129.01, 128.52, 128.27, 127.72, 125.67 (dd,
2Jcp= 14.9,4Jcp = 3.8 Hz), 118.78 (t, 2Jcp = 18.0 Hz), 111.69 (dd, 2/cr = 23.18, 4/cp = 3.7 Hz). The
appearance of the 13C resonance at 8 118.78 as a triplet with Jop = 18.0 Hz indicates that this carbon is ortho to
both fluorines, and its absence from the DEPT 135 spectrumn shows that it bears a phenyl group. Of the two
other carbons that have two-bond C-F coupling constants, the one at 8 125.67 is shown by the DEPT 135
spectrum to be attached to a phenyl group and the one at & 111.69 to be attached to a proton. The DEPT 135
spectrum also shows that the carbon at 8 129.77, which exhibits equal coupling constants to the two fluorines
meta to it, bears a proton.

The mechanism for formation of 5 presumably involves the intermediacy of 3. Ring opening in 3, either
accompanied or followed by loss of fluoride ion, forms 6 and then, after proton, loss 7. Addition of a second
mole of CF> to the less substituted double bond of 7 leads to 8.10 Loss of fluoride ion from 8, concomitant
with ring opening, forms 9, which loses a proton to give 5.11

Attempts to isolate the putative intermediate, 1,3-diphenyl-2-fluoro-1,3-cyclopentadiene (7) were
unsuccessful. When the reaction of 4 was performed with only 0.5 equivalents of PhHgCF3, in addition to
large amounts of unreacted 4, the only isolable product was again 5. Apparently, the C3-Cq double bond in 7 is
considerably more reactive toward CF» than the sterically more encumbered double bond in 4. Consequently,

even at low concentrations, 7 competes very effectively with 4 for CFs.
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The attempted preparation of 3 reported here provides, serendipitously, a regiospecific synthesis

of a tetrasubstituted benzene derivative that would be difficult to prepare by a more conventional route.

Additional attempts to generate 3, under conditions where it can be isolated, are in progress.
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