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The first synthesis of 3,5-dimethyl-1-boraadamantane from its
easily available tetrahydrofuran adduct comprised sequential
treatment with BuLi, AcCl, (Cy,BH), and heating. The com-
pound was converted into its electronic ‘antagonist’, namely,
3,5-dimethyl-1-azaadamantane.

1-Boraadamantane 1 and its 2- and 3-alkyl derivatives with
sp>-hybridized boron atom are unique three-dimensional trialkyl-
boranes and fundamentally differ from their complexes with four-
coordinated boron atom. Although many of 1-boraadamantane
complexes, ! for instance, those with amines, pyridine? or o-amino
acid esters* are air-stable, many important reactions and physico-
chemical studies should be conducted with ‘free’ 1-boraadamantanes
that are sensitive to oxygen and moisture.

The parent compound 1 as a free Lewis acid was obtained
via hydroboration of 7-methylidene-3-methoxy-3-borabicyclo-
[3.3.1]nonane® or 3-methoxy-7-methoxymethyl-3-borabicyclo-
[3.3.1]non-6-ene® with diborane in diethyl ether. Complex of
1-boraadamantane with Et,O formed firstly completely loses the
ether molecule upon double sublimation in vacuo.>® 2-Alkyl-
1-boraadamantanes are available on removal of the trimethyl-
amine ligand from the corresponding complexes by treatment
with Et,0O-BFj;; the resulting labile ether complex readily yields
the corresponding free adamantane under reduced pressure.!
Borane 1 is a crystalline solid, whereas all its alkyl derivatives
known to date are liquids or very hard crystallizing substances. !>
Recently, we synthesized free 3-methyl-1-boraadamantane
(bp 49-51°C/2 Torr) and established its structural parameters

by gas electron diffraction.’
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Here, we report the first synthesis of 3,5-dimethyl-1-bora-
adamantane 2 from an easily available tetrahydrofuran adduct 3’
and its further transformation into 3,5-dimethyl-1-azaadamantane.
We found that the ether complex 4 obtained by hydroboration of
bicyclic compound 5% in diethyl ether does not dissociate com-
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pletely in vacuo. Even after several distillations of compound 4
(at 2 Torr), only ~85% of the ether can be removed (according to
1B and 'H NMR spectral data) (Scheme 1).
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We also revealed that the amine ligand in adduct 6 is not
removed under the action of Et,O-BF; (Scheme 2).
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For this reason, to access borane 2 we applied an alternative
synthetic route, which was previously used for the preparation
of 3-methyl-1-boraadamantane® (Scheme 3). The 3,5-dimethyl-
1-boradamantane ate-complex 7 obtained by treatment of complex
3 with BuLi reacted with acetyl chloride? to form 3-butyl-1,5-di-
methyl-7-methylene-3-borabicyclo[3.3.1]nonane 8, which was
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Scheme 3 Reagents and conditions: i, BuLi; ii, AcCl, iii, (Cy,BH), (0.5
equiv.), pentane; iv, A.

isolated by vacuum distillation. Hydroboration of compound 8
with tetracyclohexyldiborane!® in pentane at 0°C, and further
refluxing the reaction mixture for 3 h to complete the reaction
resulted in product 2 isolated by distillation (bp 56-57°C/1 Torr).
Its structure was confirmed by 'H, '3C and ''B NMR spectroscopy,
as well as by elemental analysis. "

1-Boraadamantanes are useful starting substances for the
synthesis of cyclic and cage compounds, as well as a number of
their amino analogues — the potential objects for pharmaco-
logical studies.!? By treatment of compound 2 with three
amines, we obtained complexes 9a—c, including an adduct with
1,3-dimethyl-1-aminoadamantane 9a (trade names: memantine,
akatinol memantine, abixa, mema, noogeron''~13). Memantine,
an antagonist of the N-methyl-D-aspartate receptor (NMDA-
antagonist), is used in the treatment of the Alzheimer’s and
Parkinson’s diseases, and is also being clinically tested as a
possible therapy for attention deficit and hyperactivity disorder
(ADHD), HIV-associated dementia, nystagmus and multiple
sclerosis.!!=13

NR'R?R?
B
Me 9a NR!R?R? = 1-amino-3,5-dimethyladamantane
9b NR'RZR? = I-aminoadamantane
Me 9¢ NR'R?R? = isoquinoline

The significant achievement in the chemistry of cage boranes
is the development on their basis of two best for today synthetic
routes to l-azaadamantanes, the electronic ‘antagonists’ of
boraadamantanes.'6~'3 The transformation of 1-boraadamantane 2
into its 1-aza analogue (Scheme 4) was performed according to
the previously developed technique.'%!” Treatment of compound
2 with N,N-dichloroethylamine'® followed by oxidation (H,O,,
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Scheme 4

OH") resulted in a mixture of two amino alcohols 10a,b which
under the action of thionyl chloride would cyclize to form the only
product, 3,5-dimethyl-1-ethyl-1-azoniaadamantane chloride 11.
The quaternary salt 11 was transformed into 1,3-dimethyl-1-aza-
damantane 12 by the Hoffmann degradation according to the
known method.!” Compound 12 was isolated as a colourless
oil (bp 58-59°C/2 Torr). The corresponding hydrochloride 13
appeared as colourless crystals and was characterized by 'H and
13C NMR spectra.

In summary, the first synthesis of 3,5-dimethyl-1-bora-
adamantane was developed and its further transformation into
its electronic ‘antagonist’, 3,5-dimethyl-1-azaadamantane, was
successfully performed.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2018.07.008.

' 3,5-Dimethyl-1-boraadamantane 2. A solution of compound 8 (11.95 g,
0.065 mol) in pentane (20 ml) was added dropwise to the suspension of
tetracyclohexyldiborane'” in (11.57 g) in pentane (50 ml) at ~0°C. The
mixture was slowly warmed to room temperature and stirred for 1 h, dis-
solution of the hydroborating agent was observed. The reaction mixture
was then refluxed for 3 h. Distillation (water bath, 70°C) gave 6.37 g
(60%) of borane 2 as a colourless, extremely sensitive to air oxygen
substance, bp 55-57°C (1 Torr). '"H NMR (600.13 MHz, CDCl5) §: 1.07
(s, 6H, Me), 1.04 and 1.34 (dd, 2H, 4-H,,, and 4-H,,,;;, 2J55 12.7 Hz),
1.18 and 1.40 (dd, 4H, 6,10-H,,, and 6,10-H,,,;» 2] o 13.3 Hz), 1.38 (br.s,
4H, 2,9-H), 1.54 (d, 2H, 8-H, %J,5 5.2 Hz). 3C NMR (CDCl,) : 33.7
(Me), 37.1 (br.s, C%), 42.3 (C519), 45.5 (br., C*?), 48.7 (C3), 52.5 (C*).
1B NMR (64.21 MHz, CDCl;) 9: 81.7. Found (%): C, 81.09; H, 12.08;
B, 6.11. Calc. for C;{HoB (%): C, 81.51; H, 11.82; B, 6.67.

¥ Reaction of 3,5-dimethyl-1-boraadamantane 2 with N,N-dichloroethyl-
amine. Compound 2 (8.31 g, 51.3 mmol) in CH,Cl, (15 ml) was added
dropwise to a solution of dichloroethylamine!® (5.85 g, 51.3 mmol) in
CH,Cl, (10 ml) at =70 °C. The mixture was stirred for an additional 1 h
with cooling and left overnight. The solvent was removed in vacuo and
diethyl ether (40 ml) was added to the residue, which then, with ice-cooling,
was treated successively with NaOH (6.2 g, 0.155 mol) in water (50 ml)
and 30% H,0, (15 ml). After boiling for 2 h, distillation of the residue gave
4.9 g (46%) of a mixture of azabicyclic compounds 10a,b, bp 124-126 °C
(2 Torr).

3,5-Dimethyl-1-ethyl-1-azoniaadamantane chloride 11. Thionyl chloride
(3.5 ml) in benzene (5 ml) was carefully added to a solution of amino
alcohols 10a,b (3.43 g, 16.0 mmol) in benzene (10 ml) at 0-5 °C (a strong
warming up of the reaction mixture was observed). The mixture was
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