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SUNMARY : The novel mechanistic representation of adamantane derivatives

halogenation process is introduced.

Halogenation of alkanes and cycloalkanes in vapor or condensed phase is
generally considered as a typical case of free radical substitution initiated
thermally or photochemically L + In the last years a number of examples became
available on the bromination with liquid bromine both cage (adamantane 2,3,4 N
protoadamantane > , diamantane s 2y4-ethanoadamantane 7 ) and alycyclic (de-
caline © ) or even acyclic (triptane 5 ) hydrocarbons, All these cases do not
fit the free radical substitution mechanism because the bromination is not
initiated by heat, light or radical sources, but is accelerated by Lewis acids.

On this ground using only the results of preparative experiments Stetter10
supposed the ionic bromination of adamantane (Scheme 1):
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molecular bromine or chlorine in OH2012 in the presence of Lewis acids. By
analogy with alkane and cycloalkane protolysis mechanism 13 the author postu-
lated the reaction to proceed as an electrophilic substitution with presupposed
proton splitting out from the two electron three center transition state and
the electrophyle entering into the reaction product (Scheme 2).

Olah has studied the bromination and chlorination
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Zlementary steps sequence in Scheme 2 resembles that of electrophylic substitu-
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tion in aromatic ring. The principal difference of Scheme 1 from 2 consists in
assertion that nucleophilic part of the reagent enters into the reaction pro-
duct though in the case of symmetrical reagents such as Br2 or Cl2 thig diffe-
rence is experimentally indistinguishable. Application of interhalogens as ha-
logenating agents with clear determination of electrophylic and nucleophilic
parts would help to make a choice between Schemes 1 and 2.

To check the validity of this assumption we have studied the halogenation
of adamantane in CCl4 solution with interhalogens - JBr and JCl in which the
electrophylic part of the molecule is iodine atom. Depending on the halogena-
ting agent excess, reaction time and temperature substitution of one or two
bridgehead hydrogens for chlorine or bromine has been found. Neither iododeri~-
vatives nor 2-substituted adamantanes were detected by GIC in all experiments
even in trace quantities 14 . Table 1 and Scheme 3 demonstrates the results
of adamantane (1), i-methyladamantane (2) and 1-adamantane carboxylic acid (3)
halogenation 15 .

Table 1
1-R~ Ad, | J-X, | CCl,, | Time, Yield, %
Temp.
g g ml hrs 1-R-3-%= Ad | 1-R-3,5-K,-Ad
R = H, X = Br
1.0 20 15 3 reflux 752 25%
R = H, X =Cl1
0u1 2.4 5 18 room 60% 402
2.5 62 160 | 0.25 | room 97° -
1.0 60 80 5 reflux - 98P
R = CHj, X =01
3.0 53.6 | 160 2 room 94° -
3.3 180 285 5 reflux - 84°
R = COOH, X =Cl
3.2 58,7 160 5 refiux 83P -
a

GLC analysis: 5 % SE-30 on Chromaton N-AW-DMCS, 3 m x 3 mm, 170°C,
helium as a carrier gas.

Preparative yield of GIC pure substance.
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R R R Scheme 3
X
Y\ X .4_ N
(1) & =H (4) R =H, X = Br (8) R =H, X = Br
(2) R =CHy (5) R=H, £=Cl () R=H, X=2¢C1
(3) R = COCH (6) R = CH;, £ =Cl (10) R = CHy, X = Cl
(7) R =co0d, £ =Cl

In accordance with Scheme 2 adamantane iododerivatives formation should
be expected. The resulting compounds observed in our experiments could be the
consequence a) of direct substitution of bridgehead hydrogens in adamantane
for substituent X in accordance with Scheme 1, being the primary substitution
products or b3 of exchange of iodine atoms in compounds formed in accordance
with Scheme 2 for substituent X under the treatment with excess reagent JX.

In the latter case the formation of disubstituted adamantanes should proceed
as sequential substitution and exchange reactions.

We have found the 1-iodoadamantane readily to exchange iodine for chlori-
ne or bromine under treatment with JCl or JBr 16 correspondingly, but 1,3-di-
iodoadamentane does not react with JCl or JBr under halogenation reaction con-
ditions. The rate of exchange of iodine in l1-chloro-3-iodoadamantane should be
even lower than in 1,3-diiodoadamantane, therefore all compounds formed in
the halogenation of adamantane and its derivatives with interhalogens are pri-
mary reaction products and it is nucleophilic part of the reagent what enter
the final reaction products. This can be depicted with quite a simplified
Scheme 4:

5+ 5- 5 5+ _ Scheme 4
J - X £ -J or X

R - H————— R* ——— R-X
-0J

The results of the present study show the electrophyle in ionic halogena-
tion reaction fulfil a heterolysis of the C-H bond but not enter the molecule
of final product. Formally this reaction should be classified as nucleophilic
substitution at saturated carbon atom with strong electrophylic assistance to
heterolysis of C-H bond and hydride ion as a leaving group. The numerous ca-
ses of hydride mobility in ionic reactions of adamantane and its derivatives17
may serve as a support of this assumption.
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