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I. INTRODUCTION

In the last two decades there has been an increase of
interest in the chemistry of skeletal compounds. Adaman-
tane occupies a special place among them—it was the first
hydrocarbon which proved to have a diamond-like structure
and it has in fact served as a touchstone for the investiga-
tion of the chemical and physicochemical properties of
substances of this type. In the 1960's several reviews on
the chemistry of polyhedral compounds were published!®~S.

The number of reports on the chemistry of adamantane
increases sharply each year. In the last 2-3 years
interesting and fundamentally new methods for synthesising
adamantane and its derivatives have been developed.

There has been an increase of interest in adamantane
derivatives as biologically active substances.

The aim of the present review is to give a general
account of the latest data on the chemistry of adamantane(I)
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and its nearest homologues—noradamantane (II) and homo-

adamantane (III).
0] (1 [{150]

On the basis of quantitative physicochemical data for
adamantane and their comparison with data for other
carbocyclic compounds, an attempt is made to estimate
quantitatively the characteristics of the chemical behaviour
of adamantane and to determine its position in the series
of other cyclic systems.

Heteroadamantanes are not considered in the review;
as far as possible, the literature up to July 1969 is
included.
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II. SYNTHESIS OF THE ADAMANTANE STRUCTURE

1. Synthesis of Adamantane by the Isomerisation of
Organic Compounds of Various Classes

The range of compounds capable of isomerisation to
the adamantane structure has been extended so much that
the term “adamantisation”” now appears quite natural and
valid. While initially polycyclic perhydroaromatic hydro-
carbons containing ten and more carbon atoms were sub-
jected to adamantisation®-!!, nowadays a much wider
range of compounds, including derivatives with different
functional groups, has been investigated in this reaction.
The isomerisation of cholesterol, cholestane, abietic
acid, cedrene, caryophyllin, cyclohexane, squalene,
squalane, and dodecane leads to the formation of a mixture
of alkyladamantanes in 2—45% yield!2, The reaction is
carried out under pressure in the presence of aluminium
halides at 110—-130°C for 2—-5 days. The solvents
employed are cyclohexane and carbon disulphide or the
reaction is carried out without a solvent. It is interesting
to note that adamantane itself has not been detected in the
isomerisation products—the main products were 1,3,5,7-
tetramethyl-, 1,3,5-trimethyl-, and 1,3-dimethyl-adaman-
tanes; 1-methyl- and 3-ethyl-1-methyl-adamantanes were
isolated only in small amounts.

Possibly the above study will serve as the starting
point of the search for industrial methods for the synthesis
of polyalkyladamantanes. Theisomerisationof cedrane®?,'$
is already the best method for the synthesis of 7-ethyl-
1,3,5-trimethyladamantane.

1,3-Dimethyladamantane is formed in the isomerisation
of 1-ethyladamantane'* and endo- and exo-2,2-dimethyl-
tetrahydrodicyclopentadiene!® in the presence of aluminium
chloride.

An effective isomerisation catalyst proposed by Robin-
son!! congists of a mixture of t-butyl bromide and alumin-
ium bromide; the catalyst is employed in the form of a
suspension in the hydrocarbon to be isomerised.

Schneider et al.'® made a detailed study of the conver-
sion of a mixture of isomeric C,, perhydroanthracenes and
perhydrophenanthrenes into the adamantane system. The
experimental data convincingly show that alkyladaman-
tanes, particularly those substituted at the nodal sites
(methyladamantanes), are stable final isomerisation prod-
ucts. Careful calculations by the authors of the enthalpies
and entropies of the initial hydrocarbons and various prod-
ucts of their skeletal isomerisation showed that adamantane
homologues are thermodynamically the most stable iso-
mers. For example, in the isomerisation of perhydro-
phenanthrene four carbon atoms are “squeezed” out of the
ring structure and the spherical 1,3,5,7-tetramethyladaman-
tane, with the lowest energy among all the isomers investi-
gated, is formed.

Twistane and several of its derivatives are very easily
adamantised”. Apart from Lewis acids, SbF; or an
SbF,/SO, mixture were investigated as catalysts; the reac-
tion was carried out at —80°C for 30 min:

R
——R’
’

where R =R’ =H in (IVa) and R = H and R’ = OH in
(IVDb).

RN\ 1. SbFs/ SO,
/ 2 Hy0
R'
(IVa,b)
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The transition from the twistane structure to the
adamantane structure, which includes the “untwisting” of
one methylene bridge, takes place via the initial formation
of a cation. Experiments with deuterated compounds
showed that the removal of hydrogen takes place during
the rearrangement and the adamantyl cation formed is
stable in relation to hydrogen exchange.

2-Methyl-2-adamantanol was obtained under the same
conditions in the isomerisation of 2-methyl-2-twistanol (V):

H3
CH, OH
—_ .
OH

V)

The recently developed method for the synthesis of
1-aminoadamantane from tricyclo[5,2,1,0%8] decane (VI) 17,18
undoubtedly merits attention. The isomerisation and
amination with nitrogen trichloride may be carried out in

a single stage:
NH,

I AlBry, AlBrg-t-BuBr
2. NCl
[R%1]

The above reaction is interesting because it made it
possible for the first time to introduce a functional group
in the isomerisation process and to obtain a high yield of
1-aminoadamantane (amantidine), which is now in the
stage of comprehensive clinical tests.

Thus the isomerisation conditions developed at the
present time permit the synthesis with fairly high yields
of adamantane, its homologues, and certain functional
derivatives from a wide range of organic compounds.

All these studies are of undoubted theoretical interest
also in another connection; they throw light on the origin
of skeletal and in particular adamantane compounds in
petroleum+,'®>, A number of studies have been made on
the development of methods for the isolation of adaman-
tane and its homologues from petroleum 20-22,

2. Synthesis of the Adamantane Nucleus from Bicyclic
Systems.

The greatest number of studies have been made on the
synthesis of adamantane derivatives from compounds con-
taining the bicyclo[3,3,1,nonane system. Although the
methods for the synthesis of bicyclo[3,3,1]nonane deriva-
tives as a rule involve many stages, they make it possible
to obtain adamantane derivatives with substituents which
are difficult to introduce by direct procedures.

Alkaline hydrolysis of (3-bromo-1-adamantyl)urethane,
carried out by Stetter and coworkers 2%, is accompanied by
fragmentation which results in the formation of 3~methy-
lenebicyclo[3,3,1]-7-nonanone (VII). Cyclisation of this
compound?, which is a modification of the Prins reaction,
takes place in an acid medium with the initial formation of
the 3-hydroxy-1-adamantylcarbonium ion, capable of
further addition with formation of compound (VIII):

oH OH
H, +

V1) (vVHD
where X = OH, OC,H;, SC,H,, Cl, NHCOCH,, NH,, or

)
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Compound (VII) undergoes ring closure to adamantane
not only in an acid medium but also in the reaction with
ammonia and amines (piperidine). The authors suggest
that in this case the reaction initially involves the carbonyl
group and that on heating a carbonium ion is formed, which
subsequently undergoes further ring closure to adaman-
tane *.

When (VII) is heated with anisole, (VIIa) is readily
formed and heating of (VII) in a solvent {(benzene, chloro-
benzene, or carbon tetrachloride) leads to the formation of
the polyester (IX); both reactions are catalysed by
p-toluenesulphonic acid (p-TSA) :

CeH,OCH4lp!

Cgh50C
OH*—(VII) 6 50 Hy
p-TSA
(VIlla}

3,‘7-D1methy1eneb1cyclo[3 »3,1]nonane (X), which under-
goes ring closure to adamantane derivatives under the
action of electrophilic reagents 25,28, is formed from (VII)
by the Wittig reaction. The conversion of (X) into
adamantane derivatives undoubtedly involves an ionic
mechanism:

CH,4 CH;
H, 4+ ~CHy
H, +1* ;%:H? . +X7, X,
(x)

where X = Cl, Br, I, OH, OCH,, NHCOCH,, or
p-CH,OCH,.

Photoinitiation of the cyclisation of (X) #* leads to the
formation of tetracyclo[4,3,1,14:8,01:4] undecane (XI), a
highly strained compound, which on refluxing in bromine
combines with one mole of the latter'

CuCI7

(XD

The recently developed method for the synthesis of
the diethyl ester of 2,6-dioxa-adamantane-1,3-dicarboxylic
acid (XII) is attractive because of the ready availability
of the starting material, high yields at all stages, and the
possibility of obtaining polysubstituted adamantanes %,%:

R R o
R
GH,Be
A CHI-C—R Rl o R
— Z s
(X1

CgH,OCH,\p) o

O

where R = C02C2H5.
Starting from compound (XII), the authors carried out
the following series of reactions :

COOH
H.
CooH N, Hy0
CH;ONa
&
gy
S
R

{p

where R = CO,C_H,.

819

The methyl ester of 2,6-dioxoadamantane-4-carboxylic
acid was obtained from Meerwein's ester and some of its
reactions have been investigated 3°:

CO,CH,
R —» J——
2. Br,(_HCO,CHa

(R= co,cua

R H,Br
— — M
o] o}

(R'= CH,0H, CH,0Ts)

0, H, O O
— — .
o] o]

In contrast to the cyclisation of 3,7-disubstituted
bicyclo[3,3,1]nonanes, which leads to the formation of
1,3-disubstituted adamantanes, the cyclisation of 3-hydroxy-
methylbicyclo[3,3,1]~7-nonanol (XI) and 3-hydroxymethyl-
bicyclo[3,3,1]non-2-ene (XIV) in the presence of sulphuric
acid gives 2-monosubstituted adamantanes 3!, On treat-
ment with 48% sulphuric acid in dioxan, a mixture of
2-hydroxyadamantane (39%), adamantane (17%), and
2-adamantyl ether (XV) (26%) is formed from (XIII):

[N e sNeye

(XY

The cyclisation of (XIV) under the same conditions leads
to the formation of 2~-hydroxyadamantane (80%), small
amounts of (XV), 2-oxatricyclo[4,3,1,14:8Jundecane (XVI)

and adamantanone:
0
H
)@cuoum@q 1(xv)+£7 @ .
e
The idea of the possible synthesis of adamantane

(XIV) (XvD
derivatives by the ring closure in the 3- and 7-positions of
bicyclo[3,3,1 Jnonane was already put forward in the first
studies on the synthesis of the adamantane nucleus. The
novel feature of the studies quoted above consists in the
fact that the adamantane system is formed as a result of

/N—CGH.NO,

) HOCH,CH,0H ﬁ NH,NHCSH.NZQ_@
*

H2 Ni/Re

Raney Ni HCl
R g
)
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intramolecular condensation; a methylene bridge is
formed from the carbon atom already present in the
bicyclo[3,3,1 Jnonane ring.

An interesting scheme for the synthesis of the adaman-
tane structure was recently proposed by Baldwin and
Foglesong®2. They started with 3-bromobicyclo[3,2,1]-
octa-2,6-diene (XVII), which was converted into
8,9-dehydro-2-adamantanone (XVII) by the mechanism
below:

" OOH
i Mg K
T —— —
Bj'[" 2.CO, %COOHNM—ISO—CJH,OH
NGl )
N s g
— .

(Xvin

1. {cocl)
2.CHyN,

1I. SYNTHESIS OF NEAREST HOMOLOGUES OF
ADAMANTANE.

In this review we are considering only two nearest
homologues of adamantane: tricyclo[3,3,1,0%7nonane
(noradamantane) and tricyclo[4%,1,1%,%Jundecane (homoada-
mantane).

Meerwein was the first to obtain the noradamantane
system by the cyclisation of the Meerwein ester 33:

R R
R Na
Na
Br.
R CHON: g R —B R R
R

Many years later disubstituted noradamantane was
obtained by the reduction of 3-methylenebicyclo[3,3,1]-17-
nonanone with sodium in wet ether %:

H, Hy
f Lo

The noradamantane structure is formed on dry distil-
lation of salts of the tosylhydrazone of bicyclo[3,3,1]-

3-nonanone %:
0
E -5 K

where R = H, or —-OCH,CH, 0 In both cases the transan-
nular cyclisation of the b1cyclo[3 3,1]nonane system to the
noradamantane system takes place extremely readily.

A completely different approach to the synthesis of the
noradamantane system was achieved by Vogt and Hoover,
who started with 1,5-dibromoadamantane-2,6-dione (XIX),
which was converted by the Favorskii reaction into

substituted noradamantane 3:
Br (e]0)
ﬁ@ Kom ﬁ Zn/ Hg @
- T
br B
This method merits attention for two reasons: firstly,

(XIX)
there is no doubt about the noradamantane structure
obtained in this way and, secondly, the presence of three
functional substituents permits the preparation of a wide
variety of derivatives.
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Noradamantane as well as adamantane may be obtained
by the isomerisation of tri- and tetra-cyclic hydrocarbons
in the presence of Lewis acids., Hitherto this isomerisa-
tion has been investigated only for a few isolated examples.

Brexane—tricyclo[4,3,0,0%" Jnonane (XX)—isomerises
very readily to noradamantane in the presence of alumin-
ium bromide; the reaction is carried out for 30 min in
carbon disulphide at 25°C, the yield of noradamantane

being 75% 37:

(Xx)

Deltacyclane (XXI), which is a convenient starting
material for the formation of the brexane skeleton, can
isomerise to noradamantane under the action of 96% sul-

phuric acid38:
227;\ >/. H7501 204 xx)—» @

(XXI)

Depending on the method of treatment of the product,
after isomerisation it is possible to obtain noradamantane
with various substitutents in the 2-position.
Noradamantane is a white crystalline substance melting
at 203—204°C and readily subliming. Its chemical and
physical properties have so far been little investigated.
The principal method for the preparation of homoada-
mantane derivatives involves the expansion of one of the
rings in the adamantane nucleus. In 1959 Stetter and
coworkers % obtained homoadamantane-3-carboxylic acid
from 1-hydroxymethyladamantane by the Koch —Haaf reac-
tion. A more detailed study of the properties of this
compound 4%# showed that the substance obtained by
Stetter consisted of a mixture of 80% of homoadamantane-
1-carboxylic acid (XXII) and 20% of homoadamantane-

3-carboxylic acid (XXIII):
+ HO()(Iﬁ ;

(XX}

COOH

(XX1D)

When the sodium salt of adamantane-1-acetic acid is
electrolysed, the radical AAdCH,COO’, which is formed
at the anode, loses carbon dioxide and is oxidised further
to the cation (XXIV), which then rearranges to the
3-homoadamantyl cation (XXV) 42,43;

.
@’ CHiCO0r—> @ CHy = @

(XX1V) (XXV)

A specific synthesis of homoadamantane was achieved
by Vogt * from bicyclo[3,3,1 |nonane:

0,CH,
0,CH,

oxcH LN co.cn, SHiCOH_
3 . BrCHyCHyBr 2CHs —ger 0,H=>

Promising methods for the synthe51s of the homoada-
mantane system have been demonstrated+3,*, In both

L NH,NH,
2.KOH, 180°
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cases the authors started with the readily available adaman-

tanone (XXVI):
CHoNy LIAL,
g;‘ T ion 000V Tt ﬁ 2@ @
HONO
O (xxvih (XXVI)

Subsequent reduction of 4-homoadamantanone (XXVII) leads
to the formation of the corresponding alcohol, the dehydra-
tion of which gives 4,5-dehydrohomoadamantane (XXVIII).
The formation of small amounts of homoadamantyl deriva-
tives has been noted in the reaction of adamantane with
acetylene?’. The author suggested the following mecha-
nism:

=

Rt

Other cases of the formation of the homoadamantane
structure have also been observed but the reactions
described are not unsuitable for preparative purposes?.

The electrolysis of homoadamantanecarboxylic acids was
investigated in the studies already mentioned*?,3. Elec-
trolysis of homoadamantane-1-carboxylic acid in methanol
gives 1-methoxyhomoadamantane and homoadamantane-
3-carboxylic acid is converted under the same conditions
into 3-methoxyhomoadamantane. Two series of homoada-
mantane derivatives with substituents in the 1- or 3-posi-
tion have been synthesised from the methoxy-derivatives %%

¥ &

where X = OCH,, Br, Cl, OH, NHCOCH,, NH,, COOH,
COOCH,, or CN.

The position of the substituents in the 1- and 3-bromo-
derivatives of homoadamantane is confirmed also by a
comparison of the relative rates of solvolysis. 1-Bromo-
homoadamantane is solvolysed only three times faster than
1-bromoadamantane, while 3-bromohomoadamantane is
solvolysed 500 times faster <42,

IVv. PHYSICOCHEMICAL PROPERTIES OF ADAMAN-
TANE.

The principal physicochemical properties of adamantane
have been very thoroughly described in the review men-
tioned above3. Subsequent studies dealt mainly with the
revision and checking of results already published. Thus
Nordman and Schmitkons 4 assert that at room temperature
adamantane has a disordered face-centred cubic structure,
probably belonging to the Fp 3y, group rather than F43m
suggested previously. The same workers confirmed the
occurrence of a phase transition at -65°C and determined
the parameters of the low-temperature unit cell.

A phase transition to the tetragonal structure at
208.62°K was established by Resing*® using the “spin
echo” method. The phase behaviour of adamantane was
also investigated at elevated temperatures and pressures 5°.

It has been noted? that an experimental test of the lack
of strain in adamantane is impossible without knowing the
enthalpy of sublimation. Bratton and Szilard measured
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the vapour pressure of adamantane in the range 40—80°C
and calculated the enthalpy of sublimation from the
integral form of the Clausius — Clapeyron equation. It
proved to be 14.0 kcal mole™’. Subsequent calculations
by the authors confirmed the conclusion that adamantane
has a low strain energy®. The results of Bower et al. %,
who reported the formation of an adamantane radical-
anion, were checked by Jones 32 and Gerson et al. 5%, who
showed that these data are erroneous. The signals in
the ESR spectra assigned to the adamantane radical-anion
are in fact due to contamination by benzene.

The NMR spectra of adamantane substituted at the
bridgehead positions were already partly discussed in the
review of Fort et al.® A detailed publication55 showed
that the NMR spectra yield much information about the
structure of adamantane derivatives by virtue of the
additivity of the chemical shifts of all the protons in the
adamantane nucleus. The spectra of polysubstituted
adamantanes may be calculated by the algebraic summation
of the chemical shifts of the 8-, v-, and 6-protons of the
corresponding monosubstituted adamantane derivatives in
relation to unsubstituted adamantane. The relatively
large difference between the chemical shifts, the absence
of geminal spin—spin coupling, and the low vicinal coup-
ling constant made the interpretation of the spectra easy.
When the lines overlap, the use of benzene as a solvent
makes it possible to elucidate all the structural detail.
The effect of aromatic solvents on the NMR spectra of
adamantane derivatives was studied in detail by Fort and
Lindstrom®, who postulated the presence of a 1:1 com-~
plex with the solvent in solutions of 1-halogenoadaman-
tanes in benzene, which, however, is so unstable that it
could not be detected by any method other than NMR
spectroscopy.

The symmetry of adamantane derivatives with the
substituent in the 2-position is much lower than that of
1-derivatives and therefore analysis of the spectra of
such compounds is much more complicated. The NMR
spectra of 2-derivatives of adamantane consist of a series
of poorly resolved lines which do not show appreciable
vicinal splitting, Analysis of the spectra recorded at a
100 MHz using double resonance established that Jyjc =
2.6 Hz and Jgem = 12 Hz for compounds (XXIX) - (XXXII).

The chemical shifts for the majority of protons have also

been determined®:
H
o
e -€
a a

where X = Cl for (XXIX), X = Br for {(XXX), X =1 for
(XXXI), X = OH for (XXX]I), and X = NH, for (XXXII).
2,4-Dihalogeno-derivatives of adamantane can exist
in three stereoisomeric forms—2a, 2e; 2a, 4e; 2e, 4a.
Analysis of the NMR spectra® of 2,4-dichloro-,
2,4~-dibromo-, and 2,4-di-iodo- adamantanes established
the configuration of these compounds and it was found that
the chemical shifts of the protons of adamantane deriva-
tives with substituents at the secondary carbon atoms are
additive.

In individual NMR studies adamantane derivatives were
also investigated among other compounds. Thus Olah and
Lucas®®, who studied the behaviour of cycloalkanes in
“magic” acid (a mixture of fluorosulphonic acid and
antimony pentafluoride), found that, on dissolution in this
mixture, adamantane loses a hydride ion and forms the
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adamantyl cation. Trimethylenenorbornane is also con-
verted under these conditions into the adamantyl cation
with loss of a hydride ion. Diadamantane (“congressane”)
behaves analogously, losing a hydride ion from the terti-
ary position in the “belt” [(XXXIV)]. Adamantanone
forms an oXonium species in “magic” acid®o:

f ZK ; g -
(XXXIV)
diamantane (*‘congressane’)

Oleneva et al.® examined the infrared and Raman
spectra of mono- and 1,3-di-substituted derivatives of
adamantane. They noted that the absorption bands of the
C—H and CH, groups are located in the regions character-
istic of cyclohexane structures. The skeletal vibrations
of the adamantane structure differ appreciably from those
of the corresponding cyclohexane vibrations but they are
not characteristic and probably cannot be used to identify
the adamantane nucleus.

A combined approach to the study of alkyladamantanes
has been demonstrated®?,8, The authors characterise
alkyladamantane on the basis of its infrared and Raman
spectra and gas —liquid chromatography.

A detailed study of the behaviour of adamantane deriva-
tives on electron impact has been made only for 1-substi-
tuted adamantanes®. Depending on their behaviour under
electron impact, 1-derivatives of adamantane can be
divided into two groups: compounds whose molecular ions
split off the substituent in the form of a neutral fragment,
while the remaining fragment C,,H}; is further cleaved
according to the mechanism

O] = Ef/
s dék«—
=~ Ou &

where X = Cl, Br, NO,;, CH,0H, COCH,, COOH, COOCH,,
CgH,,, or C,H,., and compounds (X = OH, NH,, NHCOCH,,
C¢H,, or OCH,) which split off olefin molecules, forming
charged fragments where the substituent is retained.
Adamantane itself gives a very intense peak due to the
molecular ion which decomposes with elimination of ole-
fins.

In contrast to adamantane, the molecular ion of homo-
adamantane* fragments into neutral radicals, forming
thereby significant ionic species with odd masses. Like
the 1-derivatives of adamantane, homoadamantane deriva-
tives containing a substituent both in the 1-position and the
3-position can be divided into two groups differing in the
nature of the mass spectra. The 1- and 3-derivatives of
homoadamantane with Cl, Br, COOH, and COOCH, substit-
uents give rise on electron impact to a molecular ion which
splits off the substituent in the form of a neutral fragment
and breaks down further with elimination of olefins.

Thermal rearrangement of the Wagner —Meerwein type
to adamantane derivatives, leading to the formation of a
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fragment with m/e = 135 (C, H;,) is characteristic of
3-substituted homoadamantanes of this group.

et o

m/e 135

The presence or absence of the ion with m/e = 135 makes
it possible to distinguish the 1- and 3-substituted homoada-
mantane derivatives.

The molecular ions of 1- and 3-derivatives of homoada~
mantanes containing OH, OCH,, NH,, and NHCOCH, sub-
stituents split off neutral radicals and all the principal
ions retain the substituent. The most intense peak in the
mass spectra of compounds of this group is that corre-
sponding to the M — C,H,, ion. The ratio of the intensity
of this ion to that of the M — C,H, ion in the case of the
1-substituted derivatives is 10:1 or above, while in the
case of 3-substituted derivatives it is not more than 3:1,
which makes it possible to distinguish these series of
isomers.

In a study of the mass spectra of adamantane-1-acetic
and homoadamantane-3-carboxylic acids deuterated in the
carboxy-group, it was found that vigorous deuterium
exchange with the nucleus takes place. Probably the
2-position of the adamantane or homoadamantane nucleus
is capable of exchange.

Other spectroscopic methods were used to study ada-
mantane derivatives to a much lesser extent. Chadwick
et al. % calculated from the parameters of microwave
spectra the carbon—halogen bond length in 1-halogenoada-
mantanes.

Certain properties of the ultraviolet and circular
dichroism spectra have been investigated for S-substituted
adamantanones 6,

Adamantane with four different substituents at the
bridgehead carbon atoms may be regarded as a formal
analogue of a compound with an asymmetric carbon atom:

R, R,

She e

2

The attempts to separate into optical isomers 3,5 and
3,5,7-substituted adamantane-1-carboxylic acids were
unsuccessful®’. By fractional crystallisation, Hamill
and McKervey isolated an optically active dehydroabietyl-
ammonium salt of 5-bromo-3-methyladamantane-1-car-
boxylic acid®®, The bromo-acid isolated from the salt
proved to be optically inactive, but after conversion into
5-bromo-3-methyl-1-adamantylurethane and subsequent
fragmentation, the optically active 1-methyl-3-methylene-
bicyclo[3,3,1]-7-nonanone ([a]f = 10.4°) was obtained.

V. CHEMICAL PROPERTIES OF ADAMANTANE

During the last five years the chemistry of adamantane
has developed very rapidly. The hydride transfer reac-
tions, which permit the interchange of functional groups
between bridgehead and bridge positions in the adamantane
ring, must be regarded as the most important achieve-
ments in this field. Notable advances have been made in
the synthesis of adamantane derivatives with substituents
in the bridge positions. Finally, the increasing interest
in the radical reactions of adamantane may be noted.
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1. Hydride Transfer Reactions in the Adamantane Ring

These include in the first place oxidation of adamantane
by sulphuric acid and the disproportionation of its hydroxy-
and halogeno-derivatives.

In 1967 Geluk and Schlatmann reported the direct oxida-
tion of adamantane to adamantanone by sulphuric acid®®,°.
The mechanism of this multistage process is as follows:

__Mhso,
o)udatmn 1 ,2-hydride

'transfer

%,
é‘? ¢°° 60 %,
> ‘% K3
S %

They established that the individual stages in the conver-
sion of adamantane into adamantanone are: (a) oxidation
of adamantane to 1-adamantanol; (b) 1,2-hydride transfer
leading to the equilibrium

e e ST =T

(c) intermolecular hydride transfer in which the adamantyl
cation functions as a hydride ion acceptor:

LN T (e

Adamantanone is formed also in the oxidation of 2-adaman-
tanol by nitric acid.

The composition of the products formed in the reaction
of 1-hydroxy- or 2-hydroxy-adamantane with sulphuric
acid depends to a considerable degree on the concentration
of sulphuric acid, temperature, and duration of reaction.
The 1,2-hydride transfer mentioned above [process (b)]
takes place readily in 96% acid, while in 70% acid
1,3-hydride transfer takes place™:

SO
@@
HySO,
on 2% SO3H ———— o *

Here too the acceptor is the adamantyl cation and the
donor the sulphate ester of 1-adamantanol formed in sul-
phuric acid. In 70% sulphuric acid 2-adamantanol is
similarly converted into an equimolar mixture of adaman-
tane and 1,4-dihydroxyadamantane:

0$03H 3 50,1
— — . .
)

The structure of 1,4-dihydroxyadamantane obtained in the
form of a mixture of two stereoisomers was rigorously
demonstrated by the authors and on its basis a series of
1,4-disubstituted adamantanes were obtained. 1-Methyl-
adamantane, 3-bromo-1-methyladamantane, and
3-hydroxy-1-methyladamantane as well as unsubstituted
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adamantane are oxidised by sulphuric acid to a mixture
of isomeric 1-methyladamantanones’:

H, CH, CH,
0]
§ *@ .
[¢]

where R = Br, H, or OH.

The behaviour of 2-hydroxy-2-methyladamantane in
sulphuric acid is fairly complex, which is probably the
reason for a somewhat contradictory nature of the avail-
able literature data on its reaction products. At room
temperature 2-hydroxy-2-methyladamantane”® is imme-
diately isomerised in 96% sulphuric acid to a mixture of
3 isomeric hydroxymethyladamantanes, the hydroxy-
group being located at a bridgehead carbon atom. At
45°C the methyl group is also located at a tertiary carbon
atom, as shown in the mechanism below:

Rl A
el

The isomerisation of 2-hydroxy-2-methyladamantane in
concentrated sulphuric acid at 0° and 50°C is likewise
accompanied by intermolecular hydride transfers:

Hy  ggs _98% HaSO,
500 smin
H, 9% 98% 1,50,
0° 1 min

The authors believe that the 2-methyl-2-adamantyl cation
formed initially rapidly isomerises to a mixture of all
other tertiary cations.

Patent data have also been published on the ready
isomerisation of 2-hydroxyadamantane derivatives to the
corresponding 1-hydroxyadamantanes’., 2-Hydroxyada-
mantane disproportionates under the influence of phosphoric
and perchloric acids or Lewis acids ™,

The rate of isomerisation of 2-hydroxy-2-methylada~
mantane is apparently sharply reduced when the temper-
ature is decreased, since the only product of the isomer-
isation of 2-hydroxy-2-methyltwistane in an SbF./SO,
mixture at —~78°C is 2-hydrexy-2-methyladamantane”.

96% H _96% H,50,
5" 10 min

2. Reactions Involving the Bridge Positions in the
Nucleus.

Starting with adamantanone, which is now readily
available, the following derivatives have been obtained by
standard methods: 2-hydroxy-, 2-chloro-, 2-bromo,
2-carboxy-, 2-amino-, 2-cyclopentyl-, and 2-methylene-
adamantanes 5,78,

Methyleneadamantane also serves as a starting material
for the synthesis of adamantanes substituted in the
2-position.
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Like other olefins, methyleneadamantane reacts with
methylene iodide and diethylzinc, forming spiro[adaman-
tane-2,1'~cyclopropane] (XXXV) ; under the same con-
ditions, 2-methylspiro|adamantane-2,1’~cyclopro-
pane ] (XXXVTI) is formed from ethylideneadamantane:

AHy
@ + CHyly + (CpHighZn — B

(XXXV) (XXXVD

The a-lactams (XXXVII) and (XXXVIII) can also be
obtained from methyleneadamantane by the following
mechanism 8 1:

H,0H COH
LBy CrOy—HySQy
2. H,0,, 2 HO0. O “acetone
Br
socl, @COCI Br, g COCl ¢_c,HNH, gﬂo“'ﬂ—t—caﬂa

{(XXXVII)
@/— o

{(XXXVIHD

/\ .r/
«1% *4;9

=0

I ‘9

SN— t-CyHg
t—C,H,OK CONH Ad  t-C HgOK

The lactams (XXXVII) and (XXXVIII) thus obtained are
quite stable despite containing f-hydrogen atoms, since
the latter are located at the bridgehead positions and the
isomerisation of lactams with ring opening is blocked.

A fundamentally new method for the synthesis of ada-
mantanes with substituents in bridge positions was devel-
oped starting from 2,4-dehydroadamantane (XXXIX)
obtained by the pyrolysis of the dry lithium salt of the
p-tosylhydrazone of adamantone (XL) at 130-140°C °:

@;N—k‘n »&@-}_’ @

(XL) (XXXIX)

o

Compound (XXXIX), which is a readily available hydro-
carbon with m.p. 202.5-203.5°C, is a very convenient
starting material for the synthesis of 2-monosubstituted and
2,4~disubstituted adamantane derivatives ®:

X x'
BT == T
— I
where X = Cl, H, Br, I, OH, =0, or NHCOCH,, Y = C],
Br, I, CH,, OH, or H, and X' = OCOCH,, OCH,, C.H,,
(0 +p)-CgH,CH,, or (0 + p)-CgH,OCH,.

Reactions with the opening of the three-membered ring
proceed under mild conditions and lead to the synthesis of
the final products in high yields. A series of new 2-mono-
substituted and 2,4-disubstituted adamantanes have been
obtained by this reaction.

A general method for the preparation of 1,2-disubstituted
adamantane derivatives is intramolecular cyclisztion with
participation of the vicinal carbon atoms of the adamantane

1 Here and henceforth Ad = @
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nucleus with subsequent ring opening and the formation of
1,2-derivatives 8 -83:

OH (Ref.81)
Pb(OAc), Cro;
e —_— CH,CO,H

lHocn

Qal G
_,_ OH
o HNCH,
1 CHaNH,
SHgPL

{ OH
OCON LA / — NH,

(Ref.82)

(Ref.82)
1.Na0C NHCH,
2. hv

(Ref.83)

The intramolecular ring closure to give 1-substituted
adamantanes has so far been very little investigated; the
use of photolysis in the ring closure stage appears to be
promising.

The Koch synthesis of carboxylic acids from 2-hydroxy-
adamantane yields a mixture of adamantane-1-carboxylic
and adamantane-2-carboxylic acids, the greatest yield of
the latter being obtained when the ratio 2-hydroxyadaman-
tane:H, SO, =1:1500. A series of adamantane deriva-
tives substituted in the 2-position has been obtained from
adamantane-2-carboxylic acid®4,

Hock and coworkers developed an interesting method
for the introduction of butyl and isobutyl groups into the
adamantane nucleus®. This method consists in the
alkylation of halogenoadamantanes with thiophen and sub-
sequent hydrogenolysis of the resulting compounds.
2-Halogenoadamantanes are less readily alkylated than
1-halogeno-derivatives, but the final products can never-
theless be obtained in a yield of about 40%:

lRaney Ni Raney Ni

{CHy)sCH, ucu,cu.
HJ'
where X = Cl or Br.

2-Butyladamantane was also obtained in a high yield
by the reaction of adamantanone with butyl-lithium 8,

In an overall assessment of this section on the chem-
istry of adamantane, the striking progress in this new
field is noteworthy. It is sufficient to recall that only a
few years ago even the synthesis of adamantanone was an
extremely laborious process. It is to be expected that in
the near future the study of the reactivity of polyhedranes
at the bridgehead and bridge positions will lead to many
applications of this unusual type of compounds in the solu-
tion of important synthetic and applied problems.

3. Free-radical Reactions

The first chemists who began a comparative study of
the stability of skeletal radicals were Applequist and
Kaplan®. A convenient reaction for such study is decar-
bonylation of aldehydes. The authors investigated the
ease of the loss of carbon monoxide by the acyl radicals
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RCO, where R is subject to different degrees of limitation
of skeletal coplanarity:

REOBR. +CO
el by k
Rc0c1 H,RCI .

The stability of the radicals is estimated in terms of the
ratio &, /k,, since the rate of capture of the RCO radicals
by the solvent (carbon tetrachloride) is less sensitive to
the nature of R (i.e. R, is almost constant). Data for the
relative stabilities of the radicals investigatedi and the
relative rates of solvolysis of the corresponding bromides$
are presented below:

R R

R=CHO 1.00 2.

(3

Relative stability 1.2 0.007

of radicals k{/k

Relative rate of
solvolysis

Although these data do demonstrate a real difference
between the stabilities of the t-butyl and 1-adamantyl
radicals, when account was taken of the energies of the
dissociation of the corresponding hydrocarbons into radi-
cals, the authors concluded that the 1-adamantyl radical
is more stable approximately to the extent of [only] 1 kcal
than the t-butyl and 1-bicyclo[2,2,2]octyl radicals. The
significant difference between the relative stabilities of
the free radicals and carbonium ions is noteworthy.
Probably steric factors play a greater role in ionic reac-
tions than in radical reactions.

On the other hand, Chick and Ong?®" believe that the
1-adamantyl radical is less stable than the t-butyl radical,
but unfortunately they do not quote quantitative data.

Free-radical substitution in adamantane was investi-
gated in detail by Oda and coworkers®-?, They studied
the fundamental problem of the relative reactivities of the
1- and 2-positions in radical reactions. While the
1-position is subject to steric limitations (the 1-adamantyl
radical cannot be planar), the 2-position can give rise to
a normal secondary free radical (sp?*-hybridisation is
possible). Experiments on the radical halogenisation of
adamantane 8,% led the authors to the following conclu-
sions:

1. In radical reactions the 1-adamantyl radical is
formed more readily than the 2-adamantyl radical.

2. The bridgehead adamantyl radical is less stable than
the bridge radical; the selectivity in this reaction (the
ratio of the reactivities in the 1- and 2-positions) is 4.

The different selectivities of the adamantyl radicals
are also shown in the Hiinsdiecker reaction®8: in
chlorine~containing solvents (carbon tetrachloride) the
1-adamantyl radical abstracts chlorine preferentially from
the solvent molecule relative to the 2-adamantyl radical.

In the radical chlorocarbonylation of adamantane®® the
1- and 2-isomers are formed in proportions of 55:45.
Among other advantages, this reaction provides a con-
venient method for the preparation of adamantane-2-
carboxylic acid or its ester:

(GHiCOO) , AdCOCI (1) + AdCOCI (2)
55%% 45%

R=Br 1.00 103 10 10714

Ad + (COC),

{ The decarbonylation reactions were carried out at
135°C in carbon tetrachloride using di-t-butyl peroxide
as an initiator.

§ The solvolysis was carried out in 80% ethanol at
25°C.
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In a recent paper Gleicher et al.® described the effect
of atomic bromine (generated photochemically from
N-bromosuccinimide) on adamantane and some of its
1-substituted derivatives; the reactions were carried
out in carbon tetrachloride at 40°C. In each case a com-
plex mixture of products is formed since both bridgehead
and bridge positions are substituted by chlorine (from
carbon tetrachloride) and bromine.

An interesting observation was made when deuterated
adamantane was subjected to direct photochemical hydroxi-
mation with a mixture of chlorine and nitric oxide®2.

This reaction, which in all probability has a radical
mechanism®, does not involve the bridgehead positions in

adamantane:
NOH
@«L (Clg+NO)+HCI-,‘L>@ .

Peroxides of the adamantane series constitute a new
little investigated class of compounds and therefore it is
appropriate to mention here a study of the kinetics of the
decomposition of the t-butylperoxy-ester of adamantane-
1-carboxylic acid, which takes place via the intermediate
formation of the adamantyl radical according to the
mechanism ¢

0
Ad-—S—J:‘o—-S—OC(CH,),~> Ade + CO, + (CH,),CO-

4. Reactions Involving the Bridgehead Positions

A large number of studies on the reactivity of adaman-
tanes in the bridgehead positions have been made. The
present review quotes all the investigations in this field,
but only the most interesting and original of these are
considered in detail.

Again much attention is devoted to the problem of the
halogenation of adamantane. In the presence of aluminium
chloride adamantane is readily chlorinated by agents such
as acetyl chloride, propyl and isopropyl chlorides®, and
thionyl chloride®®. The replacement of substituents in
certain adamantane derivatives by bromine takes place
readily on refluxing with anhydrous bromine®:

Ad— X 23 adBr

where X = H, F, Cl, or OH., The reaction does not

occur when X = CN, CO,H, CH,, or p-NO,CH,. The
interchange of halogens of the bridgehead positions of
adamantane is also possible using hydrogen halides %8:

AdBr

K ,,JX\

——— AdCI

A number of studies have been made on the bromination
catalysts 9,19, The bromination of the side chain in
adamantanes does not present difficulties; bromine in this
position exhibits its normal mobility!9°,

Bott extended his previously developed method for the
synthesis of carboxylic acids using 1,1-dichloroethylene!®
to compounds of the adamantane series 9

R R R
CH,=CCl, 1 H,0
R .
R@X—"’H,so.,mx H,CCl, | =5 ® H,COOH
R R

where X = Br, OH, or OAc and R = H or CH,. Mono-
and di- carboxyhc ac1ds can be obtained by thls reaction in
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high yields. When 1,1,2-trichloroethylene is introduced
into this reaction, the same series of acids is formed with
the chlorine atom in the a-position10s,

While the reactions of adamantylacetic acid involving
the carbonyl group take place in the usual way and lead to
a series of derivatives!'™, the reactions of adamantane-
1-carboxamides with oxalyl chloride have a mechanism
different from that which usually obtaing!%, The reaction
of adamantane-1-carboxamide (XLI) with oxalyl chloride at
0°C results in the intermediate formation of the unstable
oxazoline-4,5-dione (XLII), which on treatment with protic
solvents gives rise to substances with the general for-
mula (XLII):

o
VAR
AJCONHR ‘22, adcoNR = ad—¢  cORE L Ade c/ \co
(XLD) | r§+ E o | (R=H, CH;) .
0cococt — o
- d
R (3?11-11) R XLII)

The previously described reactions of carboxamides with
oxalyl chloride lead to the formation of open-chain com-
pounds (of types C or D):

0COCOoCl o
[ VAR |
—C—C=N—2 —C—C €O 2 —C—CON—COCOC!
[
() N+—CO ! ! ©
AN /
0COCOC1 Cl-
N J: Y B
SC=C—N{

(D)

The reaction of adamantane-1-carboxamide with oxalyl
chloride in various molar proportions at a temperature
above 20°C leads to the formation of adamantane-1-car-
bonyl isocyanate (XLIV) and NN-bis(adamantane-1-car-
bonyl) oxamide (XLV):

/ excess
(cochy,
AdCONH,
LM (COCh,

— AdCONCO (XLI1V)

(AdCONHC—), (XLV)
I
o)

1-Aminoadamantane and its derivatives formed using
the amino-group continue to attract the attention of
chemists and biochemists as physiologically active sub-
stances. This concentration on the chemistry of
1-aminoadamantane proved very fruitful not only from the
standpoint of medical chemistry but is also extremely
interesting in its synthetic aspect. There are very many
relevant examples and some of them will be considered.

For instance, the application of the Ritter reaction to
1-bromoadamantane and its subsequent development gave
high yields of various N-(1-adamantyl)amides (XLVI) 1°:
HSOu, pg+ns0, XN+ AdN=CRHSO, - AINHCOR .

(XLVI)

The alkylation of aliphatic and aromatic amines with
1-bromoadamantane has been investigated!?,'%; the
reaction takes place under severe conditions.

1-Hydrazinoadamantane cannot be obtained directly but
only via the intermediate formation of the sydnone (XLVI) *%:

AdBr

AdNH,%» ANHCH,CN :_?co. AdNHCH,CooH N9

CF;C0),0 HC1
—= AdNCH,COOH LL,—‘» Ad—N—xCN 2> AdNHNH, .
NO 1 (‘:—o

o
(XLVID
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The synthesis of 1-(3-aryl-3-hydroxypropylamino)ada-
mantanes (XLIX) 19, 1-(3-aryl-3-hydroxypropylamino)ada-
mantanes (XLVII) !1° and adamantyl derivatives of
aminopurines (L), aminopyrimidines (LI) *!!, p-amino-
benzamide, and p-aminobenzenesulphonamide!!? also
required far-reaching development:

R.@—?H({HCH,NHAG Ra—@—CO(‘rHCH,NHAu

HO R, R,
(XLVII (XLIX)
NHAg
I I—l N7j:NO?
AdNH/L\N uJ KN NH,
{PL (Lh

This applies equally to the synthesis of adamantane
compounds containing in the side chains, diethylamine,
piperidine, morpholine, and pyrrolidine residues!!3,

For biochemists, the reactions of aminoadamantanes
in the organism are of primary interest; the micro-
biological oxidation of some of these compounds has been
studied !4,

The synthesis, and chemical and physical properties
of a-lactams of the adamantane series are of considerable
interest. This is due to the fact that the a-lactams are
the only class of three-membered heterocycles with a
carbonyl group; a disadvantage of these reactive com-
pounds is their low thermal stability, which of course
hinders the study of their properties.

1-(1-Adamantyl)-3-t-butylaziridinone (LI), synthesised
by the mechanism presented below, proved to be very
stable!15,!18 which made possible a detailed study of the
chemical properties and spectroscopic characteristics of
compounds of this class:

+.C4HyCHBICOC! + AdNHj — t-C¢H,CHBICONHAd —» —YoahCk
- +-C;H,CH—N—Ad .

(LIT)

The a-lactam (LII) was obtained by the same mecha-
nism7;

t-C(H,0K

AJCHCICONH— t-C,H, - Ad—c{{—/f‘“ tCH,y

co
(Lo

The behaviour of 1-aminoadamantane in the Dem'yanov
reaction has been investigated!!®, Numerous derivatives
have been synthesised from aldehydes and ketones of the

adamantane series. Aldehydes derived from adamantane

have been obtained by the oxidation of the corresponding
alcohols with lead tetra-acetate!!®, by the reaction of
organomagnesium derivatives of bromoalkyladamantanes
with orthoformic ester!?, and also by other methods 17,12,

Unsaturated aldehydes are formed as a result of cro-
tonic condensation!? or by the condensation of acetals
with ethyl vinyl ether via 1,1,3-triethoxyalkanes!?2, The
acetals of adamantane aldehydes are converted into
1-adamantyl vinyl ethers when pyrolysed on magnesium
phosphate!?2, Glutaric aldehydes of the adamantane
series!? and adamantylpyridines'?* have been obtained
from unsaturated aldehydes or vinyl ethers via the corre-
sponding pyrans:

R,
| R R
/ ' N R \/Rl
A (O = L)
103, \N/
R OBt e >0/ NoEt
where =H, Ad, or CH,Ad, R, = H or CH,Ad, and
= H or Ad.
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Aldehydes of the adamantane series form cyanohydrins
which are hydrolysed to a-hydroxyacids, undergo the
crotonic condensation, and are very readily oxidised
(unusually so for aliphatic aldehydes) to the corresponding
carboxylic acids on standing in air!?°,

A convenient method for the synthesis of adamantyl
ketones consists in the reaction of adamantane-1-carboxy-
lic acid with alkyl-lithium!25:

Ad_ OLi
AdCOOH + LiR — [ N/ ] HO_, AdCOR .
R/ \OLi

where R = CH;, C,H;, or iso-C.H,.
Adamantyl methyl ketone enters into the Reformatskii
reaction with bromosuccinic ester and the Mannich reac-
tion with formaldehyde and dimethylamine!?, The intro-
duction of bromine into the a-position relative to the
carbonyl group is possible by direct bromination or by the
decomposition of the diazoketone obtained from the chlo-
ride of adamantanecarboxylic acid and diazomethane.
The bromoketone can condense with acid thioamides to
form thiazoles!#:
—S
|

.

—s
AJCOCH,Br -~ NH,CSR — [ Ad >L l

=
HO” NN/ R

Ad/\N)\R

The interest in derivatives of adamantane with multiple
bonds, which is the most recent and little investigated
group of substances of this type, can be readily under-
stood. Sasaki et al.!? reported the formation of a vinyl
cation and its rearrangement on addition of the adamantyl
cation to acetylene. The reaction proceeds as follows:

AdBr -+ H,S0, — Ad*HSO; “=os AJCH=CH*HSO; ~

— AdC=CH,HSO] F0— Ad—C=CH, — AdCOCH, .

OH

1-Vinyladamantane was obtained by the thermal cleavage
of B-(1-adamantyl)ethyl-S-methylxanthate (LIV) in the
Chugaev reaction!?®:

AdCH,CHIQF/)CS—SG'X, —» AdCH=CH, + CH,SH + COS .

The ethyl ester of 8-(1-adamantoyl)acrylic acid (LV)
may be synthesised either from 1-adamantylglyoxal and
ethoxycarbonylmethylenetriphenylphosphorane (LVI) or
from ethyl glyoxalate and (1-adamantoylmethylene)tri-
phenylphosphorane (LVII) !30;

PhyP==CHCO;C;H; + AdCOCHO —
1% ‘l~ AdCOCH=CHCO,C,H;+PhyPO .

Ph;P=CHCOAd Z;L%ll-llg) CO,C-Hs w)

Unfortunately the literature information about poly-
adamantanes is very scanty. It is noteworthy that the
polyadamantane obtained by the Wurtz condensation of
3,3-dibromo-1,1-diadamantane is crystalline to the extent
of more than 80% 3.

Alkylation of benzene with bromoadamantanes takes
place readily!$2,'38 and, depending on the conditions,
yields either adamantane containing several phenyl
groups!¥ or benzene containing up to three adamantyl
residues!3s., These compounds are interesting because
they comprise the adamantane nucleus with a tendency
towards nucleophilic substitution reactions and the benzene
ring which undergoes the characteristic electrophilic sub-
stitution reactions. Experiments have shown!32,!33 that
both nuclei exhibit their characteristic reactivities.
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Alkylation of adamantane with olefins takes place
readily in the presence of aluminium halides!3¢. Under
the same conditions 1-adamantylacetaldehyde is formed
from 1-hydroxyadamantane %,

It is very remarkable that the reaction of oestrone with
adamantol did not yield an alkylation product; in this
case adamantol reacted as a dehydrated agent and
A% —gestrone was isolated!¥. .

Organometallic derivatives of adamantane in which the
metal is directly linked to the nucleus for a long time
remained a “blank spot” in the chemistry of substances of
this class. In 1965 Landsbury and Sidler!3® described for
the first time the preparation of lithioadamantane by the
action of t-butyl-lithium on iodoadamantane!s®. Bromo-
adamantane and alkyl-substituted adamantanes containing
bromine in the side chain form Grignard reagents %,

The synthesis of 1-(3-aryl-3-hydroxypropylamino)ada-
bromo-derivatives of adamantane and zinc leading to the
formation of 3,7-dimethylenebicyclo[3,3,1]nonane and
1,3,5,7-tetramethylenecyclo-octane.

Among new trends, one may include the study of the
catalytic reactions and the pyrolysis of adamantane com-
pounds. Hydrogenolysis of adamantanes containing the
cyclopropane ring in the side chain takes place under
mild conditions and yields compounds with a t-butyl

substituent 14°;
P10,
T )

Pyrolysis of adamantane and its catalytic reactions in
the presence of aluminosilicate or aluminium—chromium
catalysts were investigated by Kazanskiiand coworkers 4! ,142;
it was shown that the composition of the products in the
catalytic reaction and pyrolysis is similar (mainly mono-
cyclic aromatic hydrocarbons).

The catalytic desulphuration of adamantane derivatives
of type (LVII) is a convenient method for the synthesis of
adamantanes containing a functional group in the side
chain43;

Ad—ESJ—R Ran+y.Ni’ Ad— (CHy)iR ,

(LVIII)
where
R=COOR, CH,0H, CH,NH,, CHCH,,
OH
CH (CH,);CO, C (CH,),COOH
le—o0—1 I(l)

The oxidation of adamantane and its homologues takes
place smoothly when chromium oxide in an acid medium is
employed as an oxidising agent. Then, depending on the
amount of oxidant employed, mono- or di-hydroxyderiva-
tives of adamantane are formed!4,

A number of studies!45-15! jllustrate the usual course
of the reaction in the adamantane side chain.

VI. QUANTITATIVE STUDY OF THE REACTIVITY OF
ADAMANTANE.

Much work has been done on the reactivity of adaman-
tane. One of the promising studies in the field is the
comparative investigation of the stability of the adamantyl
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cation in a series of other polycyclic structures. Using
the concept of the preferential planar configuration of the
cations, Schleyer, Fort, and Gleicher proposed an

elegant theory to account for the differences in the rates
of solvolysis of the tertiary bromo-derivatives of adaman-
tane, homoadamantane, bicyclo[2,2,2]octane, bicyclo[3,2,1]-
nonane, bicyclo[2,2,1heptane, bicyclo[2,1,1]hexane, and
bicyclo[3,3,1]nonane and t-butyl bromide %,%,153, An
undoubted achievement of their investigations is a satis-
factory agreement between the experimental rate constants
for the solvolysis of 1-chlorobicyclo[3,3,1]nonane and
1-bromobicyclo[3,3,1]nonane and the constants predicted
by the theory 153,154,

Nucleophilic substitution reactions of bromine in
1-bromoadamantane take place exclusively by a unimolec-
ular SN1 mechanism. From this point of view, 1-bromo-
adamantane is exceptionally convenient for a detailed study
of the structure of the transition state in unimolecular
reactions. In this connection the problem of the involve-
ment of the solvent in the activated complex is of interest.
The studies in which the kinetics of the solvolysis of
1-bromoadamantane in aqueous ethanol and dimethyl sul-
phoxide were investigated!55,:5¢ are probably the first
stage of such investigations.

-2.20
-2.25

-2.90

-2.95

7 2z 04 s g
Figure 1. Variation of the half-wave potential E, ,,
with the oy constants of the substituents for 3-substit-
uted 1-bromoadamantanes with the following substit-
uents: 1) H; 2) CH;; 3) CH,COOCH,; 4) OH;

5) COOCH,.

The effect of substituents on the stability of the adaman-
tyl and adamantylmethyl cations has been studied!s7-15°,

As was to be expected, the introduction of electronegative
groups lowers the stability of the cation. It is remarkable
that the presence of methyl groups at the bridgehead posi-
tions retards the solvolysis of bromoadamantane. Similar
“anomalies” in the effect of the methyl group were also
noted earlier'®®, Schleyer and coworkers suggest that in
this case the anomaly is associated with some deformation
of the cation in the transition state due to the presence of
the methyl group. However, the problem remains open,
because in other processes involving the formation of a
cation the methyl groups exhibit electron-donating prop-
erties or have no effect!%,

The results obtained in the solvolysis of 3-substituted
1-bromoadamantanes were compared!¥ with the o* con-
stants and a fairly high correlation coefficient (» = 0.996)
was obtained. In an analogous study!%® carried out using
a large number of polar constituents, a correlation between
the rate constants and the pX, for the corresponding ada-
mantanecarboxylic acid (» = 0.986) was obtained. The
existence of such correlation is evidence that the substit-
uents do not influence the geometrical structure of the
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adamantyl cation during its formation or their effect is
negligibly small.

The mutual effects of the substituents in the adamantane
nucleus are clearly shown in the hydrolysis of substituted
acylamino-derivatives of adamantane. Depending on the
nature of the substituent, the nitrogen —adamantane or the
nitrogen —acyl group bond is cleaved!®,'62, In a number
of studies a quantitative estimation of the influence of the
substituents was undertaken. As usual, the first step
was to investigate the ionisation constants of adaman-
tanecarboxylic acids 163,165,

The correlation coefficient between the pK, of 3-sub-
stituted adamantane-1-carboxylic acids and ¢* constants
is 0.950—0.987 depending on whether account is taken of
all the substituents or whether part of the points deviating
to the greatest extent are rejected. The coefficient of
sensitivity for this series p* = 0.263. For bicyclo[2,2,2]-
octane and ¢{rans-1,4-cyclohexane systems, these quan-
tities are respectively 0.295 (in 50 wt.% ethanol) and
0.247. Such close values of p* for systems where the
substituents and the reaction centres are separated by
different numbers of carbon atoms are evidence in favour
of the hypothesis that the effect of substituents is trans-
mitted mainly through space 160,168,

Ey,,
-2.22}
=224+
-2.26
-2.28

-2.30

-2.32

0 0z o4 0se

Figure 2. Variation of the half-wave potential E, , with
the oy constants of the substituents for 3-substituted
1-bromomethyladamantanes with the following substit-
uents: 1) H; 2) C,H,; 3) CH,COOCH,; 4) OH;

5) COOCH,; 6) Cl.

The effect of substituents on the reactivity has also
been demonstrated by Leibzon et al. %, who investigated
the polarographic behaviour of derivatives of 1-bromo-
adamantane and 1-bromomethyladamantane. Bromine
was reduced in 90% aqueous dimethylformamide at room
temperature. Figs.1l and 2 show the variation of the
half-wave potentials €, , with the oy constants of the
substituents.

The sensitivities py of the reaction series for 1-bromo-
methyladamantanes and 1-bromoadamantanes were respec-
tively 0.168—-0.196 and 0.284—-0.294. The correlation
coefficient varied from 0.947 to 0.999. The low sensitiv-
ities of this reaction series are due to the considerable
distance of the substituents from the reaction centre.
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Using Palm's method!®®, Leibson et al. estimated the
contribution of the effect of substituents transmitted
through space as 25% of the total effect. For the ionisa-
tion of adamantanecarboxylic acids, in which unit charge
is produced, this quantity amounts to as much as 50%
{57% for the bicyclo|[2,2,2]octane system and 70% for the
trans-1,4-cyclohexane system}.

In an overall assessment of studies concerned with the
quantitative estimation of the effect of substituents, a
similarity between the behaviour of cyclohexane, bicyclo-
octane, and adamantane systems may be noted.

The exceptional properties of the adamantane structure—
freedom from Baeyer and Pitzer strain—Iled to extensive
application of adamantane derivatives as models for the
solution of theoretical problems in organic chemistry.

Reactions with formation of 1-adamantylmethyl cations
are known to involve a rearrangement of the adamantane
structure to the homoadamantane structure, which is
sterically more strained:

4

This finding has been used to elucidate the mechanism of
the neopentyl rearrangement!. The problem of whether
the neopentyl rearrangement takes place by the stepwise
mechanism (1) or whether the ionisation process and the
rearrangement occur simultaneously [mechanism (2)] is
still controversial.

(CH3)CCH,X —» (CH);CCH, —o (CHY—E—CH,CH, (1)
(CH)sCCHX —[(CHy) G- —CH, | — (CHy—E—CH,CH, (2)
LX) \ci-'l.

To solve this problem, some investigators suggest the

use of a model compound of the neopentyl type, which,
reacting by the ionic mechanism, would undergo rear-
rangement with greater difficulty than the neopentyl deriva-
tive., 1-Adamantylmethyltoluene sulphonate AdCH,OTS
(LIX) has been suggested as a compound of this kind. It
was postulated that the rates of solvolysis of neopentyl-
toluene sulphonate (LX) and of compound (LIX) should be
similar if the rate-limiting step invo]ves simple ionisation
with formation of AdéHz and (CH,),CCH, respectively.

If, on the other hand, the rate-limiting step involves
simultaneous ionisation and rearrangement, then neopen-
tyltoluene sulphonate should be solvolysed faster (the
migration of the methyl group takes place more readily
than the rearrangement of the adamantane to the homo-
adamantane system, which is sterically more strained).

It was found that the rate constants for the solvolysis of
adamantylmethyltoluene sulphonate are actually somewhat
higher than the corresponding rate constants for the
neopentyl derivative (evidently owing to the inductive
effect of the adamantane nucleus), According to the
authors, these results are evidence in favour of the step-
wise mechanism of the neopentyl rearrangement [mecha-~
nism (2)], in which ions (ion pairs) are formed in the first
stage.

Grob and coworkers 92,70 investigated the mechanism
of the fragmentation of y-amino~- and y-alkyl-halogeno-
derivatives using as an example the solvolysis of the
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amino- and alkyl derivatives of 1-bromoadamantane in
80% aqueous ethanol. They showed that the rate con-
stants for the solvolysis of 3-amino-1-bromoadamantane
and its N-methyl derivatives greatly exceed those for the
corresponding 3~alkyl-1-bromoadamantanes. The acti-
vation entropy is lower in the first case than in the
second. Moreover, whereas the sole products of the
solvolysis of 3-alkyl-1-bromoadamantanes are their
hydroxy-derivatives, in the case of the amino-compounds
products indicating the fragmentation of the initial com-
pounds were detected.

This led the authors to the conclusion that the solvol-
ysis of alkyl-substituted 1-bromoadamantanes takes place
by the usual unimolecular nucleophilic substitution
mechanism.

The data on the solvolysis of the amino-derivatives are
evidence in favour of the synchronous fragmentation of
y-amino-substituted halides of the following type:

[ + / / _
R,N_c]—c'—(lz—x - R,N=c\+>c=c\+x .

The authors attribute the reason for the synchronous
occurrence of this type of five-centre reaction to the
exceptionally favourable geometrical disposition of all
the components of the structure.

Owens et al.!™ investigated the abstraction of hydrogen
from 1-substituted adamantanes by the trichloromethyl
radical. They noted that the reaction involves mainly
bridgehead positions. The yield of side products does
not exceed 10%. Treatment of the results using the Taft
equation leads to p* = —0.40 + 0.04 with a high correlation
coefficient (» = 0.980).

Using the Kirkwood —Westheimer equation describing
the interaction between a dipole and a point charge, the
authors described the transition state by a set of canonical
structures:

RH:CCly < R - H—CCly «» R*H—CCl4

and determined the amount of ionic character of the trans-
ition state as 10-12%.

An analogous approach to the determination of the
transition state was employed by Gleicher et al.?® They
investigated the reaction of 1-substituted adamantanes
with atomic bromine generated from N-bromosuccinimide.
The sensitivity of this reaction p* = —0.59, i.e. is some-
what greater than in the reaction with the trichloromethyl
radical. The authors determined the “degree of ionic
character” of this process as 17%.

The pronounced electron-donating properties of the
adamantane nucleus threw light on the hitherto not
entirely clear mechanism of rearrangements at the
nitrogen atom (the Hofmann, Curtius, and Lossen rear-
rangements)!”%,  On the basis of the available experi-
mental data, the mechanism of these rearrangements may
be represented thus:

R a 4
é _— oH® [o]
—N—X 3 )
(I;I) H o R.\\ R A +X° +H,0
[
%]LEQX b, ]c-v_.__ X
[o] LS

Strictly speaking, the experimental data do not allow a
choice between pathways a—c or a’—c’, although the
majority of workers adopt the first without any stipulation.
The above rearrangements take place readily and with high
yield also in the adamantane series !6!,172,173 although it is
known that adamantane readily forms the 1-adamantyl
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cation and the formation of the 1-adamantyl anion is not
typical for this compound, i.e. the adamantyl group cannot
migrate to the nitrogen atom with its electron pair.
Therefore the mechanism of the rearrangement via the
pathway a’—b’—c¢’ must be regarded as more likely.

Kevill and Weitl !¢ attempted to revise the mechanism
of the decomposition of alkyl formates using 1-adamantyl
formate as an example. They assert that, of the two
alternative mechanisms of the decomposition of alkyl
formates

O,
ROCOCH ~—m R ¢=0 —=RCl + CO, , (I
ROCOC]I —> R*(g]' + CO,—» RCI ()

mechanism (II) is more likely.

Baldwin and Foglesong!75,7¢ adduced the results
obtained in the solvolysis of 8,9-dehydro-2-adamantyl
3,5-dinitrobenzoate as a model compound to account for
the unexpectedly high reactivity of cyclopropylmethyl
derivatives. They concluded that in the transition state
both structures give rise to a non-classical carbonium
ion and in the case of adamantane the 2-, 8-, and
9-positions are approximately equivalent.

In conclusion we may note certain purely theoretical
studies dealing with adamantane.

The high symmetry of adamantane, which greatly
simplifies calculations, was usedby Kitaigorodskii et al.!™,
who attempted to calculate the Debye temperature 6 for
the face-centred cubic crystal of adamantane, having
adopted intermolecular interaction as a basis. The
values of 6 obtained are quite reasonable, but it is so far
difficult to test the results experimentally.

Quantum-chemical calculations on adamantane by the
LCAO-MO method permit the calculation of the energies
of the highest occupied molecular orbital (usually set
equal to the ionisation potential with the sign reversed)
and the charges at the carbon atom!"®, The latter proved
to be —0.09 for the carbon atoms of the methylene (CH,)
groups and +0.18 for the methylidyne (C —H) groups. It
is so far difficult to decide whether such calculations
have any practical value, particularly since the differ-
ences between the reactivities at the bridgehead and bridge
positions in adamantanes are quite definitely caused by
the geometry of the transition state.

Maksic and Klasinc!™ employed the maximum overlap
method proposed by Murrell!®® to calculate the degree of
hybridisation of the carbon atoms in adamantane. They
found that the hybridisation is somewhat different from
sp® hybridisation, which they believe to be consistent
with the slight deviations of the valence angles from the
tetrahedral values.

VII. APPLICATIONSY

Adamantane derivatives have found the widest applica-
tion as physiologically active substances.

1-Aminoadamantane (amantidine) is an effective pro-
phylactic agent against diseases due to viruses of groups
A, A’, and A-2, Amantidine does not act directly on the
virus but prevents its penetration into the cell!8 =183,
For the same reason amantidine prevents the development
of sarcoma centres on a nucleated culture'®. Amantidine
is relatively non-toxic (A\D,, = 700 mg kg™'), but can have
a side effect on the functioning of kidneys!23,

9 This section was compiled by G. I. Danilenko.
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A number of adamantane derivatives of the type 1-R-Ad,
where R = NH,, NHEt, NHCONH,, NCO, NCS,

NHCON{_ >0, NHCOHN{ », or NHCONHPh sensitise

the contraction of the smooth muscle initiated by 5-hydroxy-
tryptamine!8s,

Esters of adamantane-1-carboxylic acid readily dis-
solve in lipids and are resistant to hydrolysis owing to
steric hindrance. This makes possible specific changes
in the properties of testosterone!®,

The esters of adamantanecarboxylic acid and certain
nucleosides with the general structure where R =
6-azauracil, 6-mercaptopurine,

AdCOOCH, R

NO  ON

adenine, or hypoxanthine, exhibit antineoplastic activity!8s,
(CH,4);AdCON(**CH,), has been used to investigate the
rate of oxidative N-demethylation e,
Substituted amides of adamantane carboxylic acid,

AdCONRR; R H H CH, H H H H H

Ry HCH,; CH,CH; CH,OH COCH3CHO COPh CO4Et

may serve as sedatives!®0,

The introduction of the adamantyl residue into
2~hydroxynaphthoquinone yields antimalarial prepara-
tions %, Polychloro- and polyfluoro-derivatives of
adamantanecarboxylic acid exhibit insecticidal activity!®2,
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