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The paper describes preparation of bridgehead, i.e. 1 and/or 4-fluorobicyclo[2.2.2]octanes from
the respective bicyclo[2.2.2]octanols with the Yarovenko reagent.

Introduction of methods for measurement of chemical shifts by *F-NMR caused
that 1 and/or 4-fluorobicyclo[2.2.2]octanes became a useful group of compounds,
because the mentioned method allows to study on this model the influence of non-
conjugation polar effects and their transmission to the reaction centre!'2 as well as the
through-bond interactions®*. As the synthetical accessibility of the bridgehead
fluorobicyclo[2.2.2]octanes has been relatively difficult so far®~7, we considered
it useful to study possibility of application of easily available bridgehead hydroxy-
bicyclo[2.2.2]octanes for this synthesis.

The first fluorobicyclo[2.2.2]octane was prepared by Suzuki and Morita® by reac-
tion of 1-methoxybicyclo[2.2.2]octane with excess acetyl fluoride in the presence
of catalytic amount tin tetrachloride. However, this reaction produced a mixture
of 1-fluoro- and 1-chlorobicyclo[2.2.2]octanes. Using a complex of boron trifluoride
and phosphoric acid instead of tin tetrachloride, the authors® obtained pure 1-fluoro-
bicyclo[2.2.2]octanes. The method given by Kauer” is based on conversion of bridge-
head hydroxybicyclo[2.2.2]octanes into respective fluoroformates which could be
converted into the fluoro derivatives by action of SF, in anhydrous hydrogen fluoride.
We found earlier® ~!° that the bridgehead hydroxybicyclo[2.2.2]octanes can easily be
converted into chloro, bromo or iodo derivatives by action of the corresponding
inorganic (alkali) halides in orthophosphoric or polyphosphoric acid, but this
method cannot be applied to preparation of the fluoro derivatives. Out of the methods
used for introduction of fluorine atom by the way of splitting of C—O bond*!
the most promising seemed to be that introduced by Yarovenko!2. The latter method
is based on reaction of hydroxy compounds with 1,1-difluoroalkylamines, especially
2-chloro-1,1,2-trifluorotriethylamine, and subsequent thermic splitting of the formed
ether'>!*, We found that in the case of the 1-hydroxybicyclo[2.2.2]octanes (Ia—If)
the reaction needs higher temperatures (60— 140°C) to be successful. The corres-
ponding fluorobicyclo[2.2.2]Joctanes (Ila—IIg, except for Ile) are then formed
in the yields 50 to 60% (ref.'®).
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1,11, a, R = H; b, R = CHj; ¢, R = C4Hg; d, R = OCOCHj3; ¢, R = OH: f;, R = NO,C(H,
Ilg, R = F, IIh, R = 4-NH,C¢Hy; Illa, R = C4Hg; 11lb, R = 4-NO,C¢H,

1-Fluoro-4-(4-X-phenyl)bicyclo[2.2.2]octanes represent an interesting model for
study of non-conjugated vs conjugated polar effects by measuring the fluorine chemical
shifts using °F-NMR. Recently these compounds were also studied by Adcock
and Khor'®!7. We prepared 1-fluoro-4-(4-nitrophenyl)bicyclo[2.2.2]octane (IIf)
and 1-fluoro-4-(4-aminophenyl)bicyclo[2.2.2]octane (ITh) from 1-acetoxy-4-phenyl-
bicyclo[2.2.2]octane (I11a). Nitration of I1]a with nitric acid in acetanhydride gave
the 1-acetoxy-4-(4-nitrophenyl) derivative (I1Ib) which gave 1-hydroxy-4-(4-nitro-
phenyl)bicyclo[2.2.2]octane (If) on boiling with methanolic hydroxide. The com-
pound If was converted (60% yield) into 1-fluoro-4-(4-nitrophenyl)bicyclo[2.2.2]-
octane (IIf) by the Yarovenko reaction. Reduction of IIf with sodium borohydride
in the presence of Pd/C gave 1-fluoro-4-(4-aminophenyl)bicyclo[2.2.2]octane (I1h).

EXPERIMENTAL

The temperature data were not corrected. The infrared spectra were measured with a UR 10
apparatus (Zeiss, Jena). The 'H-NMR spectra were measured with a Varian A 60 apparatus
(tetramethylsilane) and the mass spectra were measured with a MCH-1303 (SSSR); both were
published elsewhere!®.

1-Fluoro-4-R-bicyclo[2.2.2Joctanes (I//a—1lg, except for Ile)

The starting hydroxybicyclo[2.2.2]octanes Ja—If were heated with 2-chloro-1,1,2-trifluoro-
triethylamine at 60—140°C for 30 to 90 min. No solvent was used; if the starting compound
was solid, then excess reagent was used. After cooling the whole apparatus was rinsed with
ether which was then combined with the ether extract of the reaction mixture. The combined
ether extracts were washed with 590 KHCOj; solution and water and dried with MgSO,. Ether
was evaporated, and the residue was purified by column chromatography (Al,0,/pentane or light
petroleum); the product was then purified by distillation or sublimation in vacuum of water
pump. The reaction conditions, yields, m.p. and spectral characteristics of the compounds pre-
pared are given in Table I.
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1-Fluoro-4-hydroxybicyclo[2.2.2]octane (/e)

Solution of 110 mg (0-59 mmol) //d and 0-2 g NaOH in 3 ml wet methanol (0-2 ml H,0) was
refluxed 1 h. After evaporation of methanol the residue was diluted with water and extracted
with ether. The extract was dried with MgSOy, ether was evaporated and the residue was sublimed
under the pressure 2. 103 Pa, the bath temperature 100—110°C. Yield 80 mg (94%) Ile, m.p.
235—236°C (sealed capillary).

1-Acetoxy-4-(4-nitrophenyl)bicyclo[2.2.2]Joctane (111b)

Fuming nitric acid (13 ml) was added drop by drop to solution of 22 g 1-acetoxy-4-phenyl-
bi<:yclo[22.2]octanel9 (I11a) in 220 ml acetanhydride at 25°C during 20 min. The mixture was
stirred 4 h, treated with water and extracted with benzene. After evaporation of the solvent the
residue was crystallized from benzene. Yield 16'5g (66%) I1Ib, m.p. 150—151°C (ethanol).
For C;gH{gNO, (289-3) calculated: 4:84%; N; found: 4-609; N.

1-Hydroxy-4-(4-nitrophenyl)bicyclo[2.2.2]octane (If)

3-85 g I11b was dissolved in methanolic hydroxide (1'5 g NaOH and 1-5 ml water in 12 ml me-
thanol). The mixture was refluxed 2 h, diluted with about 100 ml water, acidified with hydro-
chloric acid, and extracted with benzene. After evaporation of benzene the residue was crystal-
lized from aqueous ethanol (2:1). Yield 3-3 g (100%) If, m.p. 139—141°C. The sample for
analysis was crystallized from 70% ethanol and melted at 140-5—142°C. For C;,H,,NO,
(247-3) calculated: 5-66% N; found: 5:43% N.

1-Fluoro-4-(4-aminophenyl)bicyclo[2.2.2]octane (11h)

Solution of 16 g 7If in 100 ml methano!l under nitrogen was added dropwise under stirring and
cooling to suspension of 70 mg 109 Pd/C and 14 g NaBH, in 7-5 ml water. After 2-5 g stirring
the catalyst was collected by suction and washed with ether. The filirate was diluted with water
and extracted with ether. The combined ether extracts were extracted with 2M-HCI, and the acid
aqueous extracts were alkalized with 2M-NaOH. The precipitated solid was collected by suction,
washed with water and reprecipitated. Yield 1:3 g (93%) IIh, m.p. 202—204°C; ref.!” gives
m.p. 190°C.

The authors are indebted to van’t Hoff’ foundation for fi ial support bling a part of the
described research. They also are indebted to Dr D. Sardela, Department of Chemistry, Boston
College, USA, for measurements of the 'H-NMR spectra, to Dr V. Hanus, Heyrovsky Institute
of Physical Chemistry and Electrochemistry, Czechoslovak Academy of Sciences, Prague, for
measurements of the mass spectra, and to Dr K. Bocek of our Institute for measurements of the
IR spectra.
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