Selective transannular cyclization of 3,7-bismethylenebicyclo[3.3.1]nonane with
F-TEDA-BF , in protic solvents
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The reaction of 3,7-bismethylenebicyclo[3.3.1]nonane with 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetra-
fluoroborate) F-TEDA-BF, in protic solvents ROH affords 1-RO-3-fluoromethyladamantanes (R = H, Alk, Ac).

Under the action of electrophilic agents (iodinbfomine?3  Table 1 Product yields in the reaction of diedewith F-TEDA-BF, in
acidg), dienes of the bicyclononane series undergo transannulédifferent media.
cyclization to adamantane derivatives, among which were found

compounds with antiviral and other kinds of physiological acti- Reaction Yield (%)

vity.56 Fluorine substituents are known to modify the biologicalS°Vent time/h 3 4 5

properties of organic compoundJherefore, the development

of selective synthesis methods for fluorinated adamantanes is MEOH 10 38,476 43 524 Traces
MeOH 9 3a, 93.0 —

practical importancé? -
There is no data on transannular cyclization of bicyclo[3.3.1] £ 12 3b,47.4  4b, 415 Traces

: o . L tOH? 9 3b,65.6 4b,30.3 3.2
nonane dienes by traditional electrophilic fluorinating agents SUCEI"OH 16 3,756 4c 12.0 121
as F, XeF,, CF,OF and RCGF. In recent years, mild electro- Dioxane-HO (12.5:1) 24 3d, 83.0 — —
philic agents with N-F bonds are increasingly applied to the\coH-cH,Cl, (1:2.5p 45 3e 728 — 16.4

selective fluorination of organic compouridsere we report ) —
the reaction of 3,7-bismethylenebicyclo[3.3.1Jnondneith a  *AS determined by GLGWith 5% AcONac-lsolated.
suitable commercial agent, 1-chloromethyl-4-fluoro-1,4-diazonia-_ . . P’y ) A .
bicyclo[2.2.2]octane bis(tetrafluoroborate) (F-TEDABH out in propan-2-ol, 1-fluoro-3-fluoromethyladamantahas

! formed in 12.1% yield. The contribution of the protic cycliza-
Compoundl was prepared by the published proceddéiés . AN . .
interaction with F-TEDA-BE 2 in protic solvents, as estab- tion decreases with increasing basicity of the alcohol solvents

lished, leads to transannular cyclization into fluorinated ada” the order MeOH < < EtOH < RDH. The protic cyclization is

mantanes. o t The new compounds were identified by elemental analysis, IR, NMR
The fluorinated adamantanes are formed in high yield (Table Jng mass spectra. The, 13C and®F NMR spectra were recorded in

when the reaction is conducted in protic solvents (water, aceticDCI, with TMS or CCYF as an internal standard on a Varian VXR-300

acid, alcohaols). instrument at 299.5, 75 and 292 MHz, respectively. The IR spectra were
In methanol, ethanol and propan-2-ol, in addition to themeasured on a Specord IR-75 spectrophotometer }CGH

transannular fluorocyclization leading, respectively, to form 3a colourless oillH NMR, : 1.40-2.35 (m, 14H, Ad), 3.30 (s, 3H,

3-fluoromethyl-1-methoxyadamantase, 1-ethoxy-3-fluoro- MeO), 4.15 (d, 2H, ChF, J 47.9 Hz).2% NMR, 6: —230.21 (t, CHF,

methyladamantane3b and 3-fluoromethyl-1-isopropoxy- J47.7 Hz). MSm/z 198 [M}*.

adamantan8c, respectively, cyclization with the addition of an _ 30: colourless oil:H NMR, 0: 1.17 (t, 3H, Me,) 6.9 Hz), 1.3-2.4 (m,

alcohol molecule to the adamantane structure also proceeds; H, Ad), 3.48 (q, 2H, C4D, J 6.9 H2), 4.00 (d, 2H, Ciff, J 47.1 Hz).

. . P : NMR, 0: =230.9 (t, CHF, J 47.1 Hz). MSywz 213 [M + 1F.
give fluorine-free productéa—c. When the reaction is carried 3.0 rless oiliH NMR, 0: 1.11 (d, 6H, 2Me) 6.3 Hz), 1.43-2.3

(m, 14H, Ad), 3.43 (spt, 1H, CHQ, 6.3 Hz), 4.00 (d, 2H, CHF, J

T 47.6 Hz).19F NMR, 6: —230.9 (t, CHF, J 47.0 Hz).
N BF; 3d: white crystals, mp 123-125.5 °@4 NMR, d: 1.39-2.25 (m, 15H,
. [e] A Ad, OH), 4.02 (d, 2H, ChF, J 47.6 Hz).13C NMR, 8: 30.34 (C-5, C-7),
+ ROH 35.62 (C-6), 37.12 (d, C-4, C-104 Hz), 38.13 (d, C-3] 18.1 Hz), 44.9
N~ BF; (C-8, C-9), 46.02 (d, C-2J 4.2 Hz), 68.67 (C-1), 91.83 (d, GH J
1 ' 172.5 Hz) 19F NMR, 8: —230.91 (t, CHF, J 47.7 Hz). IR ¢/cmrl): 3580,
CHCl 3510-3200\(y,). MS, Mz 185 [M + 1}. Found (%): C, 71.50; H, 9.15.
2 Calc. for G;H,,FO (%): C, 71.64; H, 9.30.
3e colourless oillH NMR, d: 1.33-2.05 (m, 12H, Ad), 2.07 (s, 3H,
oR OR . Ac), 2.27 (br. s, 2H, Ad), 4.02 (d, 2H, GF} J 47.9 Hz).13C NMR, 6:
) 22.55 (Me), 30.38 (C-5, C-7), 35.86 (C-6), 37.29 (d, C-4, C}B® Hz),
. . 38.09 (d, C-3] 17.1 Hz), 40.94 (C-8, C-9), 42.08 (d, CR3.8 Hz),
1. 5 + + 77.20 (C-1), 91.22 (d, CIF, J 174.3 Hz), 169.49 (C=O}F NMR, &
s CHF Me CHF —231.01 (t, CHF, J 48.0 Hz). IR ¢/cnr): 1700 (c.g). MS, Mz 226
4 [M]*. Found (%): C, 69.20; H, 8.21. Calc. fof;8,4FO, (%): C, 69.00;
3ae dac 5 H, 8.40.
_ 4a: colourless oilH NMR, d: 0.86 (s, 3H, CMe), 1.30-2.22 (m, 14H,
a R=Me Ad), 3.23 (s, 3H, OMe). MSyWz 180 [M]*.
b R=Et 4b: colourless oil!H NMR, d: 0.85 (s, 3H, CMe), 1.15 (t, 3H, GMe,
CR=Pr J6.9 Hz), 1.30-2.22 (m, 14H, Ad), 3.47 (q, 2H, OCH6.9 Hz).
dR=H 4c colourless oil.lH NMR, 0: 0.85 (s, 3H, CMe), 1.10 [d, 6H,
e R=Ac CHMe,, J 6 Hz], 1.2-2.2 (m, 14H, Ad), 3.93 [spt, 1HHEBle,, J 6 Hz].
T In a typical procedure, 2 mmol of dieh@nd 2 mmol of F-TEDA-BF 5: colourless oiltH NMR, 6: 1.40-1.65 (m, 6H, Ad), 1.71 (d, 2H,

were dissolved in 20 ml of a solvent and heated at reflux for 9 to 45 bAd, J 5.4 Hz), 1.75-2.40 (m, 6H, Ad), 4.05 (d, 2H, £4J 47.6 Hz).
The reaction mixture was washed with water and extracted with 30 ml dfC NMR, d: 30.92 (d, C-5, C-7J 9.0 Hz), 35.38 (C-6), 36.91 (d, C-4,
dichloromethane. The extract was washed with 10% aq. Nak@®  C-10,J 4.5 Hz), 39.12 (dd, C-3; 18.3 Hz,J, 9.5 Hz), 42.31 (d, C-8, C-
water, dried with NsS5O, and evaporated. The products were separated, J 17.2 Hz), 43.42 (dd, C-3, 17.6 Hz,J, 4.1 Hz), 91.21 (d, CHF, J
by column chromatography on silica gel. Their purity and yields werel72.9 Hz), 92.41 (d, C-1] 185.9 Hz).1%F NMR, d: —-133.41 (s, CF),
determined by GLC. —230.77 (t, CHF, J 47.6 Hz). MSm/z 186 [M]*.
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inhibited in the presence of sodium acetate (Table 1). In thes
AcOH-CH,Cl—AcONa system, the major product is 1-acetoxy-
3-fluoromethyladamantange, and difluoride5 is formed as a
by-product.

The reaction ofl with F-TEDA-BF, in aqueous dioxane
affords 3-fluoromethyl-1-hydroxyadamantaldd, in a 83%
yield.

The transannular cyclization df is highly selective and
proceeds, probablyja an adamantyl carbocation intermediate.
The high stability of the intermediate, which is close to that of8
the tert-butyl cation!® facilitates its recombination with an 9
external nucleophile and is responsible for the high :~‘,electivitx_/L
of transannular cyclization. 0

The detailed mechanism of transannular cyclization reaction%2
between dienes of the bicyclo[3.3.1]nonane series and electrgs
philic N-F agents will be published elsewhere.

~N o g
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