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THE PHOTOGHEMISTRY OF PYRININE N-OXITG

We wish to report our results on the photolysis of pyridine

N-oxide in alcoholic solution,

of pyridine hM-oxide were irradiated,!

Both methanol and ethanol solutions

The reaction mixture was ana-

lyzed by gas-liquid chromatography (GLC) using a 2.5% FFAP on Chrom G

colurm and a Porapak Q column,.

In order to collect the products, the .

volume of the photolysis solution was reduced in vacuo and the re-

sulting mixture was separated by prepariative GLC.

The foliowing is tie result of a typical run (photolysis of 1 g/ -

106 m1 RCH, NI, 10 mmole).

(D x --> R-CIO  +
v
0
I

Pyrex filter . . 0.206 mmole O

All quartz 0.42 mmole 0

, lcuo L J
RG10-C-001,R I an’

11 171 v \Y

.68 mnole 0.27 mmole  0.13 wmole trace

.69 mmole 0.36 rmole 0.50 mmole trace

With the pyrex filter, 50% of the starting material was recovered aflter

6 hrs of photolysis,

Using the all-quartz system, 10% of the starting

material was vecovered after 10 min of photolysis.

1p quartz lHanovia imnersion apparatus was used with a Ilanovia hioh

pressnure 450 watt mercury lang,

Irmedintely after photolysis, the

solution turped very dark reddisi hrowa upon standlng, and a hrown

polymer precipitated,
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The structure of I,II,IV,V was proved by comparison of the GLC
retention times, the IR spectra, the UV spectra, the MR spectra,
and the mass spectra to those of anthentic samples (I and 11 were
available comnercially; IV and V were synthesized),

The structuré of III is believed to be as shown from the follow-

1

ing evidencc: the IR spectrum shows nc N-H stretch at 3400 cm — and

no carbonyl stretch. There is a strong ahsorption pattern at 1000

1

to 1550 cm * indicative of an acetal function, The NMMR spectrum of

III(R=I]) shows a sharp singlet at 3,28 (6l) and broad singlets at
5.78 (1D, 6.058 (2H), 6.758 (21), The NMR spectrum of III(R-CHS)
shows a triplet at 1.26 (6I), a quartet at 3.56 (411), and broad
singlets at 5.96 (L), 6.088 (21), 6.86 (2H). |

The UV spectrum in EtOil of both R=if and R=Cl, shows a Apax At

3 ax

220 my, € 5,600, Upon addition of one drop of 0,1 N HCI the A -
shifted to 235 mp with an increase in e, Upon addition of 3 drops
of 0,1 N NaOi! the A, shifted to 210 mu, Upon reacidification,

there is no further shift in the Apxe  N-Formyl pyrrole (synthesized

11X

as a standard for proof of V) shows a » in EtOH at 235 my,

Max

e 11,200, in the UV. Upon addition of two drops of 0.1 N Nall,
there is a shift of the Apax £O 210 mi. A parallel experiment was
performed on a more concentrated solution of TIT and the reaction

with acid and base was followed by .GLC. The following reactions are

consistent with the results.2

B

R-Cit,0-C-0C11, R - H-C=0
1

mr———

2It was found that ITI slowly hydrolyzed to N-formyl pyrrole upon
standing in an ethanol solution,
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A high resolution mass spectrum was taken of ITI (R=l). The

base peak was m/e 75, Cil,0,. The other major peaks were: parent
. &

7't
m-46, CcHNO (30% base); m-74, C4MeN (0% base).,

peak (18% of base peak) at 141, C.JI NA., 3 m=30, CellgNO (324 base);

The photolysis of substituted quinnline N-oxides has bheen re-
ported by Kancko3 in Japan, and Buchardt4 in Sweden. Streith and
Sigwalls have reported the photolysis of pyridine N-oxide (the oniy
product reported was pyrrole aldehyde, IV).

It is pgenerally postulated that the first step in the photo-
chemical rcaction of the aromatic N-oxide is the formation of the
non-isolatable, unstable oxaziridine, with subsequent recarrange-

ment. >0

l/’ '/\] hv lé\" A ’,/./\‘/ \\,
NS 4,¢ X NN L \‘\'J/\‘()
O
0 H

Sa.' M. Ishikawa, S. Yamada, Il llotta and C, Kaneko, Chem, Pharm, Bull,

(Tokyo), 14, 1102 (1966).
b. C. Kancko§ 5. Yamada, M, Ishikawa, Tetrahedron Letters, 2145 (1066),
c. C. Kancko, 5. Yamada, I. Yokoe, Tctrahiedcon Letters, 4701 (19606).
d. C, Kancko, S. Yamada, 1. Yokoe, M, {shikawa, Tetrahedron Letters,
1873 (1967).

4n. 0. Buchardt, J. Becher, C, Lohse, Acta Chem. Scand. 19, 1120 (1965),

b, 0. Buchardt, C. Lohse, Tetrahedron letters, 4355 (19006).

c. 0O, Buchardt, Tetrahedron Letters, 6221 (1966).

d. 0, Buchardt, C. Loiasc, Acta Chem, Scand, 20, 2467 (1966).

e. 0, Buchaxdt, C. Lohse, A. Duffield, G, Djcrassi, Tetrahedron
letters, 2741 (1967), '

SS.’Streith, G. C. Sigwalt, Tctrahedron ictters, 1347 (19606),
6A1thongh the pyridone derivatives were rveported as products of photo-

lysis of quinoline N-oxides, no pyridmie could be detected in the
pyridine N-oxide photolysis.
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This postulate arises from tic obscrvation of Calvin and Splitter
that isolatable alkyl and phenyl substituted oxaziridines, formed

hotochoemically [rom the nitrones, rveariance thermally to amides:
? %)

R, - 0

R 0
1 .
. /e
>c a N/‘ LN l\ré—}\ —_— nl—g——-\'
\ / \

R, Ry R n \

The finding ol the previously wunveported oxidation product of
the solvent (acetaldehyde from ethanol) is dircct cvidence for the
more powerful oxidant, an oxaziridine (V1), as an intcnncdiafc. It
is known® that an oxaziridine will oxidize iodide to iodine, Since
in the oxidation of iodide by an oxaziridine, the parent imine is
formed as a product,8 the presence of the deoxysenated heteroatomic

compound may also be:explained by the following reaction:

Ny v 7Y, Etod X
| ) = ] —= | + QLA+ H,0
N Vg N7

O B ——
A
If the solvent is susceptible to oxidation by some photochemical
intermediate, it may be possible to oxidize a carbon-carbon double

bond and obtain an oxygen trans{er (perhaps to an epoxide) instead

of a hydrocen abstraction as in the case of cthanol,

7-.._7. S, Splittevr an_d- M. Calvin, Jo Ora. Chem, 30, 5427 (1965) .-

- 8. n, Brmons, J. Am. Chom. Soc. 79, 5730 (1957).
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The trace of N-lfornyl pyrrolc (V; ‘ound in the photoiysis mix-
ture may arise from hydrolysis of TIT,
e ( . . .
A corresponding COmpound‘) has been desceribed as formed from 2-
3d,4c

: . . ., 3¢ . .
phenylquinoline N-oxide, ~ throuzh the stable intermediate

2-phenyl-4,5-benz-1,3-oxazepine which, in turn, is succested as a

W:\,__ 0 0130” CFT'

Ph

")~—Z

M

H FO f‘f_,HS

Pi

i
.. . . 3
rearrangement product of the initially “ormed oxaziridine.
4c ; . T P
Buchardt '~ reports that oxazepines will not oxidize iodide, but
rather will ireduce iodine to iodide. While our evidence for the
primary formation of the good oxidant, oxaziridine (VI), from

pyridine N-oxide is good, we have no in'ependent indication, as

yet, of the participation of an oxazepire in the formation of ITI,

This work was supported, in part, Ly the U.S, Atomic Tneray

Commission.

e

9Dnly an NMR spectrum was used to assign the structure.

Algis Ailaitis and Melvin Calvin
Laboratory of Chemical Biodynamics and
Departmost of Chendstry
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



