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Recently Sasaki et al.1 described the reaction of adamantanone with
sodium azide in methanesulphonic acid. Instead of the expected 4-azatricyclo-
h.j.1.13’8]undecan—5—one, these authors obtained as the main product
h—methylsulphonyloxyadamantan—2-one, attributed to a direct substitution of
the adamantanone. These results now prompt us to report our findings on the

2,3

Beckmann rearrangement of adamantanone oxime (I) under various conditions.
Treatment of (I) with polyphosphoric acid (PPA) yielded 4-azatricyclo-
[4.3.1.13’8]undecan—5-one (II) in 57%, as was shown recentlyh. When the re-

5, a 40% yield of (II) was

arrangement was carried out with HC1l in CHBCEN
obtained. In addition a second product, mp. 176.5 - 181.5°C (dec.) was iso-

lated, characterized as bicyclo [3.3.1]non-6-ene-3-carbonitrile (III}6 (yield
35%). This nitrile is not obtained after the reaction of (I) with PPA. These

reactions are shown in Scheme I.
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The structure of (III) was assigned on the basis of its spectral properties7.

(IR: 2230 (C=N) and 3020 (=C-H) em™'; NMR (CDClj): 5 6.20 - 5.74 (m, 2H, HC=CH),
2.96 (tt, J=5.8 Hz, 2.5 Hz, tH, HC-C=N) and 3 2.66 - 1.40 (m, 10H, rest of the
bicyclononene protons)). The formation of (III) must be due to "Beckmann fis-

3,8

sion" of adamantanone oxime.

x Abstracted in part from the forthcoming thesis of J.G.Korsloot, University

of Groningen, 1969.
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The influence of the catalyst employed may be further illustrated by the re-
action of (I) with PCl5 in ether or with p-toluenesulphonyl chloride in DMF.
2,3

’

Unexpectedly, PClS, prone to give Beckmann fission gave the best yield of

(II) (82%). Treatment of (I) with p-toluenesulphonyl chloride in DMF® afforded
the dimer (IV), mp. 180-185°C (dec.), in 80% yield. The structure of (IV) was
based on the analytical and spectral data.
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(IR: 1670 and 1630 (C=N) and 1196 (C-0-C) cm~ ; NMR (CD013): 5 3.30 (m, 2H,

H + Ha'), 2.66 {(m, 2H, Hg + HB,) and & 2.20 - 1.70 (m, 24H, rest of the
tricycloundecyl protons); mass of the molecular ion: found 312.220; calc.

for CpoHagN,0 312.220).

To increase the yield of (II) from the reaction with HCl in CHBCEN, we
tried a Ritter reaction1o with (III). However, after a reaction in 96% stoa
(30 min. at 20°C), only a minor quantity of (II) (1-2%) was detected by GLC.
The main product (yield 77%) was shown to be 4-hydroxyadamantan-2-one (V)11 12
(obtained after acid hydrolysis of its sulphuric acid ester). This hydroxy-
adamantanone is a useful starting material for the synthesis of 2,4-disub-
stituted adamantanes 5, In addition the lactone (VI)12 was formed (yield 5.4%).

This reaction is shown in Scheme II.
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A reasonable explanation for the formation of (II) and (V) is given in Scheme
IIT. A similar fragmentation and recombination to an iminocarbonium ion in the
Beckmann rearrangement has been reported by Hill et al.8. The formation of

lactones from unsaturated nitriles in 96% stou has been described by Fox

and Reboulet1h.
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These results urged us to use H,50, in the Beckmann rearrangement of {I).
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A treatment with 96% H,S0), (4 hrs. at 20°C) gave the same products as a treat-
ment of (III) with this reagent, with only changed proportions of the quanti-
ties of the products isolated (Scheme II). The composition of the isolated
mixture was (II) 32%, (V) 56% and (VI) <1%. These results can be explained by
a fragmentation reaction of the oxime to the unsaturated nitrile (III), fol-
lowed by an in situ recombination as shown in Scheme II. This fragmentation
reaction competes with a normal Beckmann rearrangement to the lactam (II).

A comparison of the yields of the lactam from the nitrile and from the oxime
in 96% stoh shows that in the last reaction most of the lactam must Be formed
via a normal Beckmann rearrangement.

Additional evidence for the proposed mechanism of the formation of a 2,k4-
disubstituted adamantane from adamantanone oxime is provided by a reaction in
30% H,S0, (30 min. at 110°C). The supposed intermediate, the nitrile (rr1),
was shown to be present in considerable amount among the isolated reaction
products.

In our opinion the same explanation as given for our findings holds for
the results obtained by Sasaki et al., viz. formation of a nitrilium ion15,
followed by fragmentation and recombination, yielding an iminocarbonium ion
which reacts to form a methanesulphonic acid ester. This, also, readily ex-
plains the need to use sodium azide, the exclusive attack at the U4-position,
and the failqre with adamantane in the reaction described by Sasaki, facts

that can not satisfactorily be explained by a direct substitution mechanism.
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