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FUNCTIONALIZATION OF UNACTIVATED CARBON INVOLVING PHOTOCHEMICAL INTRAMOLECULAR
REARRANGEMENT OF NITRO GROUP ATTACHED TO TETRAHEDRAL CARBON TO NITROSOOXY GROUP]')
Hiroshi SUGINOME*, Kyohei TAKAKUWA, and Kazuhiko ORITO
Organic Synthesis Division, Department of Chemical Process Engineering,
Faculty of Engineering, Hokkaido University, Sapporo 060

Photolysis of both 6B-nitrocholest-4-ene and 4B-nitrocholest-6-ene gave
a mixture of (E)-19-hydroxyiminocholest-4-en-6g-0l and (E)-19-hydroxyimino-
cholest-5-en-48-0l; this mixture arose in both cases from a photochemical
nitro-nitrosooxy rearrangement followed by the Barton reaction. The
structures of the products were established by their synthesis.

We wish to report the first recorded example of the functionalization of un-
activated carbon involving an intramolecular photochemical nitro-nitrosooxy rear-
rangement. The nitro-nitrosooxy rearrangement has been reported in the photolysis
of nitroalkenes in solutionz) and in the photolysis of nitroalkanes in a gas phase

and in a solid argon matrix.3_6) The rearrangement found is, however, believed to

be the first example of the unambiguous photochemical rearrangement of a nitro
group attached to a tetrahedral carbon to the corresponding nitrosooxy group in a
solution.

Thus, photolysis of 63-nitrocholest-4-ene(l)7) [Amax (methanol) 286 nm (100)]
in methanol with a low pressure mercury arc generated by a Rayonet RPR 208 photo-
chemical reactor under a nitrogen atmosphere for 3 h resulted in an 81% conversion
of 1 and gave cholest-4-en-6-one (4)2710) (78), cholest-4-en-6g-01(5)™) (112), and

two products, (6) (24%) and (7) (;%) The products 6 and 7 were assignable to
either (E)-19-hydroxyiminocholest-4-en-6B-0l or (E)- 19 hydroxylmlnocholest 5-en-
4B8-0l on the basis of their spectroscopic data (Scheme l).lz)

Photolysis of 4s-nitrocholest-5—ene(8)7) [Amax (methanol) 292 nm (102)] for 3
h under the conditions similar to the phogolysis of 1 proceeded in an entirely
parallel manner and gave cholest—5-en-4-one(9)9’13) Il%), cholest-5-en-43- ol(lO)ll)
(13.5%), and two (g)—l9—hydroxyiminocholeste;es, 6 (6%), and 7 (25%), (Scheme 2)

It was immediately clear that oximes 6 and 7~are the proaucts which arise from
the Barton reactionls)of cholest-4-en-66-oi nitrite(Z) and cholest-5-en-48~0l nitrite
(g) generated by the photochemical nitro-nitrosooxy ;earrangement and that all the
other products are those which are usually formed in the Barton reaction.

The intermediacy of nitrites 2 and 3 as well as the structures of 6 and 7 were
established by the photolysis of nltrlte: ;16) and 317) which were newly prepared
by nitrosation of 66-0110 (11) 3 and 46-0111) }0 respectively. Thus, photolysis of
2 in a 1 : 3 benzene-methanol with a low pressare mercury arc generated by aRayonet

Photochemical chamber reactor for 4 h gave 4 (6%), 5 (30%), and 618) (30%); this
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final product was identical with the product 6 obtained in the photolysis of l.
Photolysis of 2 in benzene with a 100-W high pressure mercury arc through Pyrex-
filter gave 68,19-epoxycholest-4-ene (11)12) (48), 4 (12%), 5 (12%), 6 (10%) as well
as a dimer (12)20) of 19-nitrosochole;E—4-en-65—01152%). Tﬁe nitroso—dimer 12 was
transformed Eﬁto 6 in an 87% yield by refluxing its isopropyl alcohol solutioﬁ for
30 min (Scheme 3)? On the other hand, similar photolysis of 3 in benzene gave 9
(6%), 10 (108), 7°!) (20%), and a Qimer (13) (mp 162-163°C) of 19-nitrosocholest-
5-en- 45:01 (34%)~ The n1troso—d1mer(l3) was transformed into 7 identical with the
oxime 7 obtained by the photolysis of 8, by warming it in DMSO- chloroform (Scheme
3).

It should be noted that no products bearing an g-hydroxy group were found in
this rearrangement and all the isolated products except the ketones were those
bearing a g-hydroxy group.

The foregoing results can be accounted for by assuming that the nitro-nitrite
rearrangement is taking place via the C-N bond dissociation and a g-axial coupling
of nitryl radical with the resulting stabilized allyl radical intermediates.zz)

The significant feature of the present rearrangement is the regioselectivities
found in the recombination of NO2 to the allyl radical intermediate. Thus, in both
of the rearrangements, a hydroxyimino-compound which carries the hydroxy group at
the carbon center where the nitro group was originally attached, is predominantly
formed. This may imply that the present nitro-nitrite rearrangement is taking
place largely intramolecularly through the formation of a radical pair in a solvent
cage since if the rearrangement is an intermolecular one, NO2 generated from }
could combine predominantly with the less hindered C-4 of the resulting allyl
radical intermediate rather than with the C-6 where the nitro group was originally
attached and we ought to have observed a predominant formation of 7 instead of 6 in
the photolysis of 1 but didn't. ) )

Another noteworthy feature of the present reaction is that no product arising
from the abstraction of a hydrogen of the 108-methyl by the 6B-nitro group of 1 or
§, which requires the 7-membered transition state, is found in the products. %his
result is in agreement with a previous report that no evidence was found for the
formation of any product derived by intramolecular hydrogen abstraction similar to

that of alkoxy radicals in the photolysis of 2-nitropentane and 2-nitrooctane.23)
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Mp 87-89°C, 1H NMR (90 MHz-CDCl3), §=0.67 (3H, s, 18-H), 0.97 (3H, s, 19-H),
5.79 (2H, superimposed br.t, J=4 Hz, 4- and 64&-H).

Mp 68-70°C, 1H NMR (100 MHz—CDCl3), §=0.68 (3H, s, 18-H), 1.02 (3H, s, 19-H),
and 5.83 (2H, br.s, 4o-H and 6-H).

Mp 184-188°C (acetone), 1H NMR (400 MHz—CDC13), §=0.64 (3H, s, 18-H), 4.18
(1H, br.t, J=5 Hz, 6a-H), 5.82 (1H, br.t, J=7 Hz, 4-H), and 7.43 (1H, s, 19-H);
Mass, m/z (rel intensity), 415 (M', 21.4), 398 (M'-OH, 60.6), and 380 (M'-H,0-
OH, 61.9%).

'a NMR (90 MHz-CDCl,), §=0.75 (3H, s, 18~H), 3.33 and 4.11 (each 1H, d, J=8.0
Hz, 19-H), 4.46 (1H, 4, J=4.0 Hz, 6a-H), and 5.51 (1H, t, J=3.6 Hz, 4-H); Mass,
m/z (rel intensity), 384 (M'-HOCO, 59.50, and 122 (100%).

Mp 190-193°C, (dichloromethane-diethyl ether), 1H NMR (100 MHz-CDClé), §=0.68
(6H, s, 18- and 18'-H), 4.33 (1H, br.s, 6o- and 6a'-H), 4.71 and 5.08 (each 2H,
d, J=12 Hz, 19- and 19'-H), 5.79 (2H, br.s, 4- and 4'-H).

Mp 166-168°C (acetone), 1H NMR (400 MHz—CDCl3), §=0.64 (3H, s, 18-H), 4.17
(14, broad s, 4o-H), 5.84 (1H, 44, J=5 and 7 Hz, 6-H), and 7.55 (lH, s, 19-H);
Mass, m/z (rel intensity), 415 (M*, 46.5), 398 (M"-0H, 49.4), and 380 (*-0H-
H,0, 19.6%) .

The dissociation-recombination mechanism has been proposed for the photo-
chemical rearrangements of nitromethane and nitroethane to methyl nitrite and
ethyl nitrite in both gas and liquid phases and in a solid argon matrix.3_6)
S. T. Reid, J. N. Tucker, and E. J. Wilcox, J. Chem. Soc., Perkin Trans. 1,

1974, 1359.
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