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SYNTHESIS OF PHOSPHAADAMANTANE

HENDRIK J. MEEUWISSEN, THEODORUS A. VAN DER KNAAP,
FRIEDRICH BICKELHAUPT

Vakgroep Organische Chemie, Vrije Universiteit,

De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands

Abstract Phosphaadamantane (]), a cage compound with a
phosphorus atom on a bridgehead position, is of interest

in organocelement chemistry. We wish to report the synthesis
of l_and 2} a derivative of iJ which are the first examples
of phosphaadamantanes without additional heteroatoms in the
skeleton.

SYNTHESIS

Our synthetic approach of 1 and 2 was inspired by the strategy

2a,b
developed by Speckamp ea. '~ for azaadamantane (Scheme 1).
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Key step in both synthesis is an a,a‘'-annelation of a 1,3-dihalide
with the enamine of the phosphorinanone oxide 3. In the synthesis
of 2, the dihalide was 1,3-dichloro-2-benzoylpropane. Two bicyclic
phosphine oxides 4 were formed, which could be separated by cry-
stallization. The structure of these isomers was confirmed by X-

ray structure determination. Structural differences consisted main-
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ly in the exo— and endo-position of the phosphorus-bound phenyl-
ring and the chair or boat form of the basal cyclohexane ring.
Both isomers could be reduced to the phosphines 5 and ring closure
under acid catalysis gave the phosphoniaadamantanes 6. From gg,
pure Qg_was obtained; from EQ, which was a mixture of the exo-

and endo-7-hydroxy-isomers ga and Eg.were formed. Unfortunately,
the yields were low (5.5% from 23 and 11% from EEQ. Remarkable is
the ring closure of EE, because the lone pair points in the direc-
tion opposite to that required for attack on the ring closing car-
bon atom. Acid catalysed inversion of configuration at phosphorus
is considered to account for this ring closure. The structure of
the exo-isomer ga was confirmed by X~ray structure determination.
Unfortunately, our final goal, the tertiary phosphine derived from
6a, could not be reached as the conversion of 6, to a phosphaada-
mantane oxide by NaCH failed; the phenyl phosphorus bond was not
cleaved, but ring opening occurred instead, which is favoured be-

cause of the benzylic nature of the P-C{2) bond.

The synthetic approach to the phosphaadamantane skeleton had thus
proven to be successful, even though the yields were not high.
Therefore we repeated the reaction sequence starting with the 1,3-
dibromide J containing an ester group instead of the phenyl ring,

which has caused so much trouble in the final stage. (Scheme 2).
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The o,a-annelation yielded 59% of the bicyclic oxides 8. 31p NMR
spectra revealed that only 2 of the 16 possible isomers were for-
med. From earlier work on the nitrogen analogues and the structure
of the oxides gvit is highly probable that the ester group occupies
the endo-position. Consequently the two isomers must differ in the

configuration at phosphorus.,

The removal of the keto function in 8 by conversion of the dithio-
ketal.;i, followed by reduction with Raney-nickel to ng was
achieved in 59% overall yield. The reduction of lg_to 1l,with 1li-
thium aluminum hydride occurred almost quantitatively. The inter-
mediate products 3,’1._9. and 11 were characterized by their NMR and
mass spectra and used without further purification. In analogy to
the synthesis of g, we next envisaged the reduction of li with tri-
chlorosilane to ig_which than would be cyclized to lég by the ac-
tion of methanolic HCl. However, when actually performing the reac-
tion, it appeared that the second step occurred spontaneocusly, pro-
bably under the influence of traces of HCl which might be formed

as a byproduct in the reduction. After addition to potassium iodide
and crystallization from ethanol/water, 122 was isolated in 34%
yield; this yield is much higher than that leading to‘gj. The ele-
mental analysis and the field desorption mass spectrum of 122

(m/z = 231, rel. intensity 100%, 12:. the phosphonium ion part of
13b)were in agreement with the assigned structure, as was the 1H
NMR spectrum; characteristic is the 13C NMR spectrum which - in

contrast to those of all precursors - reflects the C symmetry of

3v
the skeleton of 13b by its very simple appearance, i.e. 3 signal
in the aliphatic region; the solvent-dependant 31P NMR signals was

found at 6=4.8 ppm (CDC13/CF3COOD) or 6=9.1 ppm (CD3OD/D20).

As expected, and in contrast to 2, the removal of the phenyl sub-

stituent from 13b posed no problems. Boiling 13b with NaOH in etha-
A l annd

nol/water gave the tertiary phosphine oxide 13 in quantitative

yield; the spectral data were in full agreement with the assigned

structure 6(31P)=34.8 ppm.
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Treatment with sodium in refluxing toluene gave'é_in 64% yield as
a white solid. Again, the NMR spectra are very simple: three broad
signals in the 1H NMR spectrum (§=1.87, 1.89, 1.95 ppm, assignment
not yet possible), three signals in the 13C NMR spectrum (6=21,2
{cH}, 22.5 {P-gﬁz}, 31.8 ppm {CH—gﬁz-CH}), with the expected pro-
ton and phosphorus couplings. The phosphorus chemical shift of 1,
(§==59.0 ppm) is unexpectedly low as compared to that of its close
structural analogue 1,3,5-triaza—?—phosphaadamantane3 (6=-101.6
ppm) . However, it compares favourably with chemical shift values
for normal tertiary phosphines; an empirical approach based on in-
crements predicts 6=-45.5 ppm. The slight upfield shift for J com-
pared to the predicted value may, with appropriate caution, be ta-

ken as evidence for very slight residual strain in the molecule.

l~could be converted to phosphoniaadamantane with benzyl bromide in
benzene at room temperature (yield 24%). With oxygen 1 was oxidized
to 23: Other aspects of the chemistry of ivare presently being in-
vestigated. The results will be presented together with a more de-

tailed analysis of spectral and structural properties of }J
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