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INTRODUCTION

THE use of photochemical reactions in preparative organmc chemistry! has increased
considerably during the last twenty years. Many structures accessible only with
difficulty by more conventional means have been made available by the agency of
radiant cncrgy.

Onc of the most common primary photochemical processes 1s the homolytic
dissociation of an appropnate bond to give nise to two fragments cach containing an
unpaired electron. The subsequent fate of these free radicals determinces the synthetic
usefulness of such photochemical processes.

1t would appear that the nitrogen-oxygen bond in organic nitritc esters is particu-
larly susccptible to homolysis. The latter process does not necessanly have to result
from photochemical activation: on the contrary, most of the literature on the decom-
position of nitrites describes pyrolytic procedures. In the present review, however,
special emphasis will be given to photolysis, since the fragments thereby produced are
endowed with sufficient cnergy? to result in subscquent behavior not otherwise
attainablc.

In fact, a very recent development in the field 1s the photolytic decomposition of
nitrites to alkoxy radicals, followed by a stereoselective intramolccular hydrogen
abstraction by the latter and recombination of the resulting carbon radicals with NO
to form nitrose-monomers, dimers or oximes. This novel course we shall designate
the Barton Reaction. in honor of the inventor, and cxperiments central and peripheral
to 1ts nature will form the core of this review.

EARLY WORK

The photochemistry of organic mitrites scems 1o have been investigated first by
Thompson and his collcagucs. Prcliminary studies were reported® by Purkis and
Thompson in 1936. and in the following ycar Thompson and Dainton descnbed* the
vapour-phase irradiation of pnmary. secondary, and tcrtiary alkyl mtrites, using both

! For an clegant review of the entire subject, see A Schonberg, Prdparatice Organische Photochemie. a
monograph of the series Organische Chemie in Einzeldarsieliungen (Edited by H. Bredereck and E
Maller). Springer Verlag, Berhin, Gottingen, Heidelberg, (1958). More of a bird’s eye view enists in
English: A chapter entitled ""Photochemical Reactions” by C. R. Maswon, V. Boekelheide and W Albert
Noyes appears in Techmigue of Orgamic Chemusiry (2nd Ed., Edited by A Weissberger) Vol 11 Inter.
science, New York (19%6).

! Sec a recent article entitled “"Optical Pumping” by A L Bloom, Sci. Amer. 203, 72 (1960).

' C H.Purkis and H. W._ Thompson, Trans Faraduv Soc 32, 1466 (1936)

¢H W 'Thompon and F S Dainton, Trans Faradav Soc 33, 1346 (1937).

3s



36 A L Nusssaum and C H. Rosinsos

the full mercury arc and filtered radiation.® Their qualitative data were interpreted on
the basis of decomposition to the NOH radical, together with an aldchyde, ketone or
unsaturated hydrocarbon (or a combination of these):

H
R—é—O—NO + R—CHO - NOH
A
H RH . CO | N.N,O--.
RCO,H
N, ---

This interpretation of nitnite photolysis differed from the mechanism which had
already been proposed®? for gas-phase pyrolysis of organic nitrites, namely O—NO
fission (as the primary step) giving an alkoxy radical and NO, followed by the forma-
tion* of carbonyl compounds and alcohols (disproportionation)

g RCH,0—NO -» RCH,0- - NO
2RCH,0 « RCHO - RCH,OH

The Thompson-Dainton mechanmism for nitnte photolysis remained untested for
eleven years until Coc and Doumani® re-investigated the vapor phase photolysis of
t-butyl nitnte, using a mass spectrometer for analysis of the gascous products. The
iniial decomposition products, acctone and nitrosomethanc,'® were accounted for by a
pnmary dissociation as shown:

(CH,),C-- ONO — (CH,),CO - CH,NO

Not only 1s the production of acetone and nitrosomethanc at variance with the
mechanism onginally! proposed for nitnite photolysis, but the products required by
that mechanism were shown to be abscnt by mass spectrometric analysis.

In 1952, Gray and Style!! examined the photolysis of methyl,aitnite over a wide
tempcrature range, using filtered mercury vapor radiation. and proposed, as the
primary step, O—NO fission analogous with the Steacic mechanism for nitnite
pyrolysis.

A more extensive investigation,'* reported by Tarte, involved the photolysis of
pnmary, sccondary and tertiary alkyl nitrites. Two dccomposition mechanisms were
considered. The first, hike the proposal of Gray and Style, requires O-- NO homolysis
astheimtiating step. Nitrosoalkanes can then be formed either through recombination
or sccondary rcactions between radicals and other nitrite molccules.

The alternative pathway (preferred by Tarte) is identical to that suggested by Coe
and Doumani and invokes molecular rearrangement leading directly to nitrosoalkanes
* The filtered radiation conusted of the 3630, 3655 and 3663 A triplet, which 13 absorbed by the nitnte

group but should not lead to subsequent photolyus of ketonic and aldehydic reaction products.

*F W.R Steacicand G T Shaw.J Chem Phis 2, 345 (1934) and subsequent papers Seealso £ W R,
Steacre, Aromic and Free Radical Reactions (2nd 1d ) Vol |, p. 239 Reinhold, New York (1934).

"F O Riccand F |. Radowskas. J Amer Chem Soc 87,350 (1933).

* These pyrolyus studics were confined to primary and secondary lower alkyl mitrites. Subsequent investiga-
tions have encompaswed the pyrolysis of both tertiary and higher molecular weight alkyl mitrites, and it s
now recognized that alkyl radicalt and nitrosoalkanes also result from such pyrolyses. Sec P. Gray,
P. Rathbone and A. Wiliams, J Chem. Soc 3932 (1960) for a summary of the recent literature on nitnite
pyrolyses

*C S Coeand T. F. Doumant. J Amer Chem Soc. 70, 1516 (1948)

'* Rapid dimerization of the nitrosomethane was obscrved.

W A Gray and D. W G Style, Trans Faradav Soc 48, 1137 (19%2).
‘" P. Tarte, Bull Soc Rov Sci Lidge 22, 226 (19%))
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and carbonyl compounds. The latter workers had objected to the existence of methyl
frec radicals in the photolysis of t-butyl nitrite because of the absence of detectable
amounts of ethane.

Gowecenlock and Trotman'? also scrutinized the gas phasc photolytic decomposition
of alkyl nitrites. Their product analysis was himited to ultraviolet absorption measure-
ments which showed that nitrosoalkanes!* were formed in low yicld. Because these
workers were particularly interested in the latter class of compounds and because of
accompanying oximc formation their photolysis studics were not continued.

The photochemical investigations surveyed above have provided two reaction
pathways. These two apparently distinct interpretations—i.¢. intramolecular decom-
position with direct gencration of mtrosoalkanc and a carbonyl compound vs. initial
homolysis of theO—NO bond to give an alkoxy radicaland NO  may be reconciled by
postulating the following state of affairs: the mitrite docs indeed suffer homolysis, and
the resulting alkoxy radical may undergo rapid decay to give a carbonyl fragment and
an alkyl radical. The latter, however, immediately combines with NO which is in close
proximity to it, in prcference to the alternative recombination with a more distant
second alkyl radical. At any rate, minte photolyscs are now beheved to involve
alkoxy radicals, and a substantial body of recent work'® supports this point of view.

THE ALDOSTERONE PROBLEM

The current interest in nitnite photolysis which occasioned this essay arose from the
application of such a photolysis to an cfficicnt partial synthesis of aldosterone. This
1s not the first time that a preparative method of organic chemistry has found a fruitful
area of dcvelopment in the field of steroids: the use of N-bromosuccinimide!* and
of manganese dioxide'’ are notable examples of a similar nature; the importance of
the steroids in biology and the advanced development of physical and chemical
methods in structure corrclation have made this class of compounds a favored proving
ground for a variety of novel, or heretoforc obscure, chemical transformations.

The powerful salt-retaining hormone of the adrenal cortex, aldostcrone (1), differs
from the great majority of steroids found in nature by virtuc of oxygenation of the

CH,OM

|
Tl
0 —CH

angular methyl group at C-13. This substituent exists in the form of a masked
aldehydc.

" 8. G Gowenlock and J. Trotman, J. Chem. Soc. 4190 (1959%). 1670 (1956).

'* The nitrosoalkanes produced by photolysis were assumed to be the same (on the baus of ultraviolet
absorption maxima) as those formed by pyrolysis of the same nitntes.

' See P. Gray and A Williams, Chem Rec 89, 239 (1939).

1 C. Dyerass, Chem. Rec 43, 27] (1948)

' R M. Fvans, Quart Rev. 13, 61 (1937).
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In order to arnive at a synthesis of such a structure, the following approaches have
been utilized :'®

(A) Total synthesis from simple. non-steroidal staring matcnals. This requires
resolution of a racemic mixture.

(B) Fission of ning D of a steroid precursor devoid of C-18 oxygenation, introduc-
tion of a desircd substituent 1nto an angular methyl group temporanly activated by
adjacent substitution, followed by reconstitution of ring D. The latter operation has
been beset by great difficultics.

(C) Utilization of naturally occuring stcroidal structures already possessing
functional substituents at the C-18 angular methyl group.

(D) Oxygenation of C-18 by enzymatic means.

(E) Novel chemical means duplicating this enzymatic sclectivity for an isolated,
non-activated angular methyl group.

For a vanety of rcasons. the last-named approach has proved to be the onc by
mcans of which a great portion of the available synthctic aldosterone has actually been
synthesized. The problem, as stated in the review mentioned above,'® was to find
“ncuartige partialsynthetische Mcthoden, dic auf ciner breiten Base cine direkte und
selcktive Substitution der rcaktionstrigen Methylgruppe 18 von intakten Steroiden
crlauben™. A number of such methods have, in fact, been recently developed.

In gencral, mecans were chosen to gencrate a highly reactive species (free radical,
diradical such as uncoupled carbonyl, carbenc, or a cationic species such as RO*) of
high encrgy content, which was located close in space to the methyl group, thus per-
mitting the desired direct and sclective attack. These methods included the Hofmann-
Loffler-Freytag reaction (transforming 20-amino compounds to conane derivatives),
gencration of carbene at C-21 via diazoketonc with subsequent attack on C-18,
photochemical cyclization by the irradiation of C-20 kctones and, most fruitfully,
formation of 18,20-cther linkages by the action of lead tctraacctate on 20-hydroxy
compounds. The more important factors which should be considered in reactions of
the gencral type described are (1) availability of starting matenal, (2) specificity of the
reaction for the desired site —i.c. the rcaction should toleratc the presence of a variety
of non-interfering functional groups in the molecule, thus permitting a short synthetic
sequence, and (3) efficiency of the process selected to assurc a high degree of conversion
to the desired product.

Thesc considerations led D. H. R. Barton to sclect nitnte photolysis as a potentially
uscful tool for the general end in view. As can be secn from the discussion above,
nitrites are a good source of alkoxy radicals. Genceration of such an alkoxy radical,
suitably located within the framework of the rclatively rigid steroid molccule, might
result in intramolecular hydrogen abstraction from a presclected site. (The excited
encrgy state of the alkoxide radical, as guaranteed by its photolytic ongin, might make
such abstraction predominate over the relatively tnivial disproportionation to the
ketone). The resulting carbon free radical would then decay in a charactenstic manner
and, depending which of the various possibilitics were to predominate, might be uscful
in such special aims as aldosterone synthesis.

The expenmental work, carried out at the Research Institute of Medicine and
Chemistry (RIMAC) in Cambridge, Massachusetts, dcmonstrated that nitnte

'® This subpect has been ably reviewed 1n a recent article by K. Schaffner, D). Arigoni and O. Jeger, Exper:-
entia 16, 169 (1960), which should be consulted for lcading references.
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photolysis did indeed result in intramolecular hydrogen abstraction from a desired
sitc. Morcover, the resulting free radical underwent chain termination by recombina-
tion with NO, presumably the very NO generated by the onginal photolysis, to form
the denved nitroso derivative isolated as the oxime. Thus, direct introduction of
functionality into an unactivated position had been achieved: a functionality, more-
over, which could be easily converted to an aldchyde or a variety of other chemical
structures.

As applicd specifically to the synthesis of aldostcrone 21-acctate.'® this involved the
conversion of corticosterone acetate (2, R—H, X.-Hy) to its nmitrite (2, R—_NO,

X :H,) [rradiation of the latter caused precipitation of aldosterone acetate oxime
CH,0Ac CH,0Ac

QH
!
—CH

(2. R. H, X =NOH) which was hydrolyzed to the desired aldosteronc acetate (3) with
nmtrous acid.
RECENT DEVELOPMENTS

The remainder of this review will be devoted to a description of experiments which
have been carried out at RIMAC and in the laboratorics of the Schering Corporation
with the aim of exploiting the Barton Reaction and dcelineating its scope. If mitrite
photolysis does indeed give rise to alkoxide free radicals. then it would be useful to
consider the following reactions from the point of view of alkoxide radical, chemistry, !
and wc find it convenmient to use the classification of Gray and Wilhams, as outlined in
their excellent review. According to these authors. alkoxide radicals may react by any
of the following pathways:

(1) Association with other radicals, including dimenczation.

(2) Addition to unsaturated compounds.

(3) Hydrogen abstraction from another molecule.

(4) Disproportionation.

(5) Rcarrangement, including internal hydrogen abstraction.

(6) Decomposition by carbon or hydrogen climination.

Several of these pathways have been observed in nitrite photolysis and havce alrcady
been described: we shall deal with others in duc course.

The Barton Rcaction 1s clearly an example of intramolecular hydrogen abstraction.
Energetically, this 1s not a favored step. since *C—H bond fission is expected to play
only a minor rolc in the decomposition of alkoxyl radicals.”"® Howcever, the encrgy
15 not the only factor to be considered. McBay and Tucker?' enumerate, in addition,
a stenic and a repulsion factor; clearly, the stenc factor must play a very considerable
role in the Barton Rcaction. and in any case, the photolytic ongin of the presumed

*D.H R Bartonand J M Beaton, J Amer Chem Soc 82, 2641 (1960)
1 Sec ref 15, p 276
B H C McRay and O Tucker. J Org Chem 19, 869 (1934)
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alkoxy radical, because of the high cnergy content of the latter, would be cxpected to
facilitate pathways otherwisc thermodynamically unfavorable.
A morce detailed consideration of the stenic factors involved in intramolecular

hydrogen abstraction suggest the existence of a six-membered transition state (4).

H M0 .R-“
k4 ~v :
. .
IR -
y -
-
[ -
H 40 R ‘MR CH,

b R 'CH’,R,-N

Structures of this type were first proposed by Davis and Noyes? in connection with the
irradiation of ketones, and have recently been discussed by Yang® and the Swiss
authors previously quoted.™ Such a concept would predict attack on the hydrogen of
a carbon atom removed by two from that holding the active abstractor, a course which
1s actually observed. Incidentally, a transition state as pictured in 4 would also help to
cxplain the observation® that the yield of 18-oxime from a 20x-nitritc 1s much higher
than from the corresponding 204-1somer: examination of the modcl (4) shows that the
proposcd transition state of the former (a) is sterically preferable to the latter (b), since
1n 4a the bulkicr methyl group points away from the rest of the molecule, whercas in 4b
distinct hindrance with the rear of the steroid molecule, especially at C-12, is mam-
festly observed.®

Conclusive support for the formation of a six-membered transition state in the
Barton Reactioncomesfrom the work of Kabasakalian er al.® who studicd the photo-
lysis of aromatic alkyl nitrites in solution. 3-Phenyl-1-propyl nitntc did not give nse

A \" C W . W c/ oo
'\ oy . _ \
9 /0 b C_ C
A -
c C
- 6
KO
/f— i /“0 / _}\ / \
/\_>_C_C|‘ ? < /<
= C\
c c—c¢
\C/
7 8

B W. Dawvis, Jr. and W. A. Noyes, Je., /. Amer. Chem. Soc. 69, 215} (1947)

B N.C Yangand D D. H. Yang. J. Amer Chem. Soc 80, 2913 (1938)

% A. L Nussbaum, F. L. Carlon, E. P. Oliveto, E. Townley, P. Kabasakalhian and D H. R. Barton,J Amer
Chem Soc 82,2973 (1960).

® L Vellue, G Mullker. R Bardoneschi and A. Poittevin, . R Acad Sci . Paris 723 (1960), 1n a reaction
which generstes a (18 — C20 cther bridge by means of lead tetraacetate and which must also involve
conformational considerations of the kind here outlined, report conniderably higher yxlds from the 20a-
than from the 208-1somer  Note added 1a proof This has now been rationalized 1n a manner identical
to ouns. (f G. Caincllo, B. Kamber, J Keller, M. L Mihailovic, D Avigoni and O. Jeger, Helr.
Chim. Acro 44, 518 (1961)

™ P Kabasakahan, E. R Townley and M. 1) Yudis, in preparation.
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to any nitroso dimer: the postulated S-mcembered nng transition state (5) apparently
did not form, in spite of the predicted case of benzyl-hydrogen abstraction. 4-Phenyl-
1-butyl mtritc can form a six-mcmbered transition state (6) and 1solation of the corre-
sponding mitroso-dimer supports this view. A particularly intnguing instance 1s the
next higher homologue, S-phenyl-1 pentyl nitnte. This compound undergoes hydro-
gen abstraction at C-4 (7) rather than C-5 (8): apparently the advantages to be gained
from a six-membered vs. a seven-membered complex outweigh the greater case of
benzyl-hydrogen abstraction.

We shall now proceed to cnumeratce systematically the results so far obtained 1n an
mnvestigation of the Barton Reaction.

1. INTRAMOLECULAR HYDROGEN ABSTRACTION

A. Termination with NO
1. Formation of oxime

The recombination of a carbon radical with NO is not unprecedented: NO s a
well-known radical trap.¥ The resulting monomeric nitroso compound may then
dimenze (sec next section) or rearrange to the oxime. Such recombinations have been
obscrved for a large number of cases, the modc of alkyl radical generation ranging
ranging anywhere from the thermal decomposition of peroxides®™ or alkyl mercury
derivatives®™ to the direct irradiation of ccrtain organic compounds by means of
y-rays.® The process in which alkyl free radicals arc generated by irradiation of
hydrocarbons in the presence of nitrosyl chloride to give oximes was first descnibed by
Lynn* and this and rclated procedurcs have been investigated in great detail by
Miiller and his school;® eventually an cconomically important synthesis of cyclo-
hexanone oxime resulted.

The Barton Rcaction proper was first applicd to steroids, as has already been
discussed. In the aldosterone synthesis,'® hydrogen at C-18 15 abstracted by an alkoxy
radical at C-113- the six-membered transition state 9 appears convincing. The postu-
lated 1ntermediate nitroso-monomer 10 resulting from recombination of the C-18

CH,04c CH,0Ac
H M NO |
V€= | ¢c—o
o H—C J Cﬂ
Uy T
9 10

radical with NO does not dimenze, presumably because stenc factors prevent the

convergence of two steroid molecules, but rearranges to the oxime (2, X NOH)
instead.

7 See N N Semenov, Angen. Chem. 69, 775 (1957), C. N Hinshelwood. /bid 69, 446 (1957).
5. H. Raley, b F. Rustand W. E. Vaughan J. Amer. Chem. Soc. 70, 88 (1948).

W A Bryce and K U Ingold, J Chem. Phys. 23, 1968 (1933).

3 A Henglein, Angew. Chem T2, 603 (1960).

MUV Lynn J Amer Chem Soc 41, 368 (1919) and later publications.

"t Muller, H Mctger. D Fries, V. Heuschkel, K. Witte, E. Waidehich and G. Scheid, Anges Chem,
71,229 (193%9).
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Subsequently, this general procedure of attack at C-18 via the 1l-nitrite was

broadened and resulted in the synthesis of 21-desoxyaldosteronc™ (11 16) and 19-
noraldosterone 3 (17-19) Both synthescs are outlined 1n flow-sheet form.

21- Desoryoidosterone

cH, CH, CH,
¢ o 27 %
o io HO )
o, . . . AR
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o * . o - - O~ \\]
L N
N 2 i3
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CN, 3 3
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o xc 0 gcﬁ] ]
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19~ Noroidosterone
Cr,0Ac Cr,0Ac C‘M,OAc
¢ o c-0 o - I: -0
¢ ONO . .~
" . Y S N L] I \*/ .
; 2t - S
R - : 2 uNO, 1 - -
o 0 ° ‘
18 9

Incidentally, irradiation of steroidal 117-nitrites does not necessanly result in
exclusive attack at C-18: hydrogen abstraction from the other angular methyl group
may result, as well; the 19-norcorticosterone used as a precursor (in form of its
acetate) for 19-noraldosterone (17) arose from such a course.3® Corticosteronce
3.20-biscthylencketal® was acctylated (20) and converted to the 1ig-nitnie (21),
which upon irradiation gave both the 18-oxime{22)and a non-crystalline 19-oxime (23).
The latter, upon treatment with acid, gave the 19-somer of aldosterone (24). Alkali
trecatment resulted in a retro-aldol elimination® to the known® 19-norcorti-
costerone (25).

Attack at C-18 is also possible from alkoxide radical at C-20. In their original

2 A L Nunsbaum, G Brabazon Topliss and E. P Oliveto, unpudblished data.

% D. H. R Barton and ] M_Beaton, J Amer. Chem Soc 83, 730 (1961

S Bernstein and R H. Lenhard. /. Amer Chem Soc 77, 2331 (193%)

% Cr H R Bartonand P. DeMayo, J Chem. Soc. 887 (195)). Seccsp A S Meyer, Experrentia 11,99
(195%).

® A Zaffaroni, H. J. Ringold, G. Rosenkrans, F. Sondhaimer, G H. Thomas and C Djerassi, J. Amer
Chem. Soc 80, 6110 (1938).
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19- Norcor ticosterone
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communication, Barton and co-workers® report such an attack and subsequent
transformations as outhned (26-31).

The especially strategic location of substituents at C-20 for attack on the C-18
angular methyl group has, of course, been noted with a vanety of other reactions'®
(vide supra). 1t was pointed out rccently, however, that slight changes in bond angles
(brought about by a trigonal C-11, for instance) might result in sufficient deformation
of the molecule to vitiate the desired hydrogen abstraction.®

Incidentally, when the approach outlined (26--31) was carricd outin the progesterone
scries, 1t was possiblc to preparc a number of substances uscful in correlating several
* 1) H. R. Barton, J. M Bcaton, L E. Gelier and M M. Pechet. J. Amer. Chem. Soc 82, 2640 (1960).
% The photolyuis products described in this review article are indeed the result of hight-induced reactions

rather than of thermal decomposition. thus was ascertained by performing the necessary controls
* A Bowersand £ Denot. J Amer. Chem Soc 83, 4936 (1960)
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independent lincs of inquiry. Thus, oxidation and acid hydrolysis of the nitrile 32
(analogous to 29) gave nse to 3,20-diketo-4-pregnen-18-0ic® acid 33 identical with a
matcrial derived from the steroidal alkaloid conessinc.$
CH,
CN CHom
| L

I
I
4 CH

/._)
\‘.: ( OM jﬁz_o
e o
LT Yy
Ao T T A

3

Similarly, hydrolysis and oxidation of the progesteronc analogue of 27 (204) gave the
208-lactone 34, identical with a substance derived from holarrhimine.* Finally a

o) /o\ ‘,CH,

34

corresponding hydrolytic oxidation of the isomeric 20x-oxime led to the 20x-lactone 35
also denived from paravallarinc 443
A third position 1n the steroid molecule investigated as to the course of nitnite
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4* R Pappo.J. Amer. Chem Soc 81, 1011 (1959)

' L Labler and F. Sorm, Chem & Ind. 933 (1960}

40 J LeMen, Bull. Soc. Chum (Fr.) 860 (1960).

o j{cre. 100, 0ne of us (A.L.N ) wishes 10 thank Drs. Pappo and Labler and Prof. LeMen for their kindness
in either providing samples Or carrying out the necessary companson.
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photolysis was C-68.3 The nitrite derived from cholestane-38,68-diol 3-acetate
(partial 36) was irradiatcd,®? and the resulting nitroso dimer 37 (see below) was con-
verted to the 19-oxime 38 by refluxing in 2-propanol. In this instance, as in all those
preceding, a six-membered transition state would seem to be required for internal
hydrogen abstraction.

As was stated carlicr, the pnimary product of the Barton Reaction is considered to
be a nitroso compound, which may either dimenze (sec next scction) or rearrange to

the oxime. The latter substance, however, may itsclf rcact further under the proper

KO
CH,0Ac \

N
/\ /CHIOAC
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HO —CH / \o()
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circumstances. Thus. an cxamination®* of the mother hiquors of the aldostcrone
18-oxime obtained from the irradiation of corticosterone acctate |1-nitrite!® (2,
R NO, X = H,) showed the presence of mitrone: the latter was also obtained by
thermal trcatment or refluxing in methanol, of the oxime.!® This transformation is
pictured 1n 39 434

t1e J M Bcaton, pcrsonal communication
® For nitronc formation from nitrow compounds. sce W J Hickinbottom, The CAemistry of Carbon
Compounds (Fdited by - H. Rodd) Vol [IIA, p 151 Flsevier, Amsterdam (19%4).

)
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2. Formation of mirvso dimer

Attention has already been called to the fact that the postulated monomeric nitroso
compound resulting from the Barton Reaction may dimenze (see preceding scction).
Ananstance of this kind in the steroid senies has been reported (vide supra, 37).

In the absence of stenc factors unfavorable to dunerization of the intermediate
mononitroso precursors. dimenzation is indced widely obscrved. P. Kabasakalian and
his co-workers of these Laboratones have recently begun a detailed study of the
photolysis of simple orgamc nitnte esters. In contrast to carher work, their experi-
ments were carried outin solutton: this would presumably favor the Barton Reaction
and interaction with solvent molecules. Rigorous qualitativ ¢ identification of reaction
products was carncd out 1in many cascs; 1n others, quanttative estimation by ultra-
violet spectrometry was employed.

As an imtial study.® the photochemistry of n-octyl nitnite (44) was investigated.
When the rcaction was carnied out in heptane (no oxygen present). the principal
product was found to be the dimer of 4-nitroso-1-octanol (45). The latter was therm-
ally isomerized to oxime 46, which was oxidized and hydrolyzed to 4-ketooctanoic

CH{(CHI)CH,ONO -+ [CH,(CH,), CHNO(CH,), CH,0H),
4“4 4

CH,(CH,),CO(CH,),COH « CH,(CH,), C (CH,),CH,OH
po NOH 46

—+ CH,(CH,), CH(CH),—C O

O

acid (47). Reduction of the ketone gave a hydroxyacid convertible to the y-lactonc (48).
These transformation products were known compounds*® which had been preparcd
carlier in these same Laboratories.

No substitution in any but the 4-position could be observed : this strongly supports
the concept of a six-membcered cychic transition state. The notion that the imuial step 1s
dissociation of the mitrite to alkoxy radical and NO is buttressed by the finding that
the addition of excess NO drastically reduces the quantum yicld of the reaction: the
reverse of the dissociation 44 to 49 would result in just that.

CH,(CH,), CH,O- + NO 3——= CH,(CH,), CH, ONO
49 4“4

The photochemistry of certain aromatic alkyl mitrites™ has alrcady been discussed
(vide supra).

An cxamination of the yield of nitroso-dimers from photolysis of a vancty of
nitrites of diverse structure*® led to the following observations-

(a) The Barton Reaction, leading to nitroso-dimers, always requircs a six-membered
ring transition state.

(b) Yields of nitroso-dimer*’ drop sharply when the hydrogen to be abstracted

“ P Kabasakalian and E R. Townley, J Amer Chem Soc  In press

* D Papa. E Schwenk and H. Ginsberg. / Org Chem 14, 726 (1949)

“ P. Ksbasakalhian, E R. Townley and M. D. Yudis. / Amer Chem Soc In press.

47 As determined by ultraviolket analysis; molar absorptivity of pure nitroso dimer 13 ca 9500
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intramolecularly is pnimary rather than secondary or tertiary. (This drop is partially
offset in the case of 4-heptyl nitrite (50), where the statistical availability of two

CH,CH,CH,CH CH,CH,CH,
|

ONO
50

prmary hydrogens provides compensation.) This is in accordance with the greater
energy rcquirements of pnmary C—H bond rupture.’®

(¢c) Nitroso-dimers may also be obtaincd by pathways different from the Barton
Reaction, i.c. C--C bond fission (vide infra). This is apparent from product analysis,
and begins to show up for some sccondary nitrites. In the case of certain tertiary
nitrites (i.c. where the hydrogen to be abstracted is primary), such compecting pathways
may opcrate. For example, 2-methyl-2-pentyl mitrite (51) doces not readily undergo the

CH, CH, CH,
: ¢ &
CH,CH,CH,C —CH, CH,CCH,CH, C—CH,
' ! l
onO H ONO
st 52

Barton Rcaction, whereas 2.5-dimethyl-2-hexyl-nitnte (52) does so in good yicld.®

It should be pointed out that no nitroso dimers were obtained in the photolysis in
solution of t-butyl, 1-propyl and ethyl nitnites. This is in contrast to carlier work?$?-1%13
carried out in the rapor phase.

In addition to the application of the Barton Reaction to aliphatic, aromatic and
steroidal compounds, this mcthod has also been applicd to a vanety of special classes
of substanccs. Tables | and 2 hst two of these*® together with the absorptivities duc to
the nitroso-dimers.

TasLt |. NITROSO-DIMER FORMATION WITH
SEVFRAL ISOPRENOID NTRITES

Nutrite Omes 2
F-arnesol ’ 2000 | 288
Geranol 2000 292
Menthol 4800 290
Citronellol 2700 294
Nerol 2800 294

® Ugas ~A500 (for pure nitroso-dimer).

TABLE 2. NITROSO-DIMFR FORMATION FROM NTTRITFS
OF SOM} FATTY AL COHOLS

Nitrite ¢4 Nitroso-dimer by U V
Dodecanol 292
Tetradecanol 172
Hexadecanol $82
Octadecanol | Mo

% Jhe product of the Barton Reaction in this case 13 actually the S-mitroso monomer. This seeme to be
gencrally true when tertiary hydrogens are abstracted
4% P Kabasakaltan, unpublished work
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B. Alky! Radical Intermediate Rearrangement with C-C Fission:
Termination by Loss of H-Atom

We come now to a casc which starts out as a typical Barton Reaction—a carbon
radical is formed via the usual intramolecular hydrogen abstraction in the six-
membered cyclic transition state - but the resulting alkyl radical does not recombine
with NO: instcad, a rcarrangement takes place. Partial structure (53), when irradiated
in toluenc.® gave an x.3-unsaturated ketone which turned out to be the 18-nor-D-
homostcroid (54), as proved by conversion to(55)and hydrogenation to the known 56.%!

) ——
B - ,,/\TJ\,
l
83 | Y
'
20 = =~ .0
. .z \T/ \f»y
- )\/\\/)
36 1
Sequence 53 to 54 is rationalized in the following manner:
0 M [

C“al . H""Cz(ﬁ) "ng
oNO (] i O ey

| g -
53 LY4 38"

W Tw - \ ?
HO 0 HO s O HO CH (
i - . T [ .
1 - - = - -

54 60 59

(Arrows indicate single electron movements).
This mechanism is strengthened by writing the structure as depicted in partial formula
(59): such rclatively stable radicals have been implicated in the autooxidation of
benzaldchyde, ctc. bt

A possible alternative view would be the direct rearrangement (58) to (60).

The free radical rearrangement recently reported® as formally of the Wagner-
Meerwein type would scen 1o be another example of the samc order as the onc here

descnbed.

** 1. Reimann, A S Capomagg). T Strauss. bt P Oliveto and D H R Barton, J. Amer. Chem. Soc.
In press.

S The actual compound was 18-nor-D-homo-4.13(17a)-androstadicne-3.17-dione. Sce H Heusser, J.
Wwohlfahrt, M. Miller and R Anhiker, Heli Chim Acta 42, 2130 (1959).

W, A Waters, Phvsical Aspects of Orgamic Chemustry (4th Fd ), p. 196 Van Nostrand, New York (1930).

33 ) A Berson, C J Olwenand § Singh Walia, J Amer Chem Soc 82, 3000 (1960)
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C. Alkyl Radical Intermediate Rearrangement by Addition
to an z.p-Unsaturated Ketone

Another casc commencing by intramolecular hydrogen abstraction but terminating
by a path other than immediate reccombination with NO has been encountered duning
nitrite photolysis.

Further examination® of the mother liquors from the irradiation of corticosteronc
acetone mtrite'’* (2, R — HO. X  H,) -alrcady shown to contain mitronc 43 - yielded
two additional products which, on the basis of subscquent structurc elucidation work,
were formulated as the x-oximinoketones 61 and 62.

CH OAc¢ CH,04c

o
F&—1
o
—=

61 62

For dctailed discussion, the original paper should be consulted, but some of the
salicnt points may be mentioned. The less polar 61 could be converted to 62 by hcat.
Abscnce of the typical spectroscopic features of A¢-3-oncs implicated ring A of the
molccule. Consideration of the ultraviolet spectra permits the syn and anri assign-
ments as shown, by analogy with the corresponding benzil monoximes, and infrared
data support the assignment. Mild acetylation of 61 gave structurce 63 with its rather

-3

n

o]
22—

acO

63

typical behavior in the ultraviolet, whercas 62 underwent a sccond order Beckmann
rcarrangement, giving rise to a nitrilo-acid formulated as in 64. (Nitnle absorption is
modified by conjugation with the cyclopropane ring.) This acid was also obtained

64
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from both monoximes by use of POCI,/pyridine. A slight change in the workup™ gave
mnstead a nitnlolactone, 65

(3

The origin of these two keto-monoximes, 61 and 62, can be rationalized as
follows :3&
The alkoxide radical 66 abstracts a hydrogen atom from the C-19 angular methyl
group to give the alkyl radical 67. The latter adds to the z.8-unsaturated system of
CH oA
€:=0

69

Ring A to generate another alkyl radical (68) having the unpaired clectron at C-4.
Recombination with NO gives 69 which rearranges to the two 1sonitroso derivatives
61 and 62.

Just as the foregoing rearrangement was considered formally analogous to that of
Wagner Mecrwein, the rearrangement here discussed bears a corresponding resem-
blance to the Michacl addition.

1 INFERMOLECULAR HYDROGEN ABSTRACTION

A commonly encountered product in the hiquid-phase photolysis of a host of
organic nitnites has been the corresponding alcohol. The propensity of alkoxy radicals
for abstracting hydrogen from other molecules (e.g. solvent) is well documented.® and
intermolecular hydrogen abstraction can be expected to compete with the intramole-
cular mode of hydrogen transfer (Section 1) and indced with all the decay reactions of
an alkoxy radical:

R. O XH (e g solvent) -« R—OH . X.

** Observation by H Ramann of these 1 aboratones

B Private communication from Dr ) M Beaton, Institute for Mcdiaone and Chemistry, Cambridge,
Massachusctts

84 See ref 15, pp. 267- 272 for a discusvion of this topic
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However, the extent to which this undesirable compctiton occurs 1s greatly
influenced by the naturc of the solvent, as will be scen below. At this point, the reser-
vation must be made that, in the case of pnimary and sccondary alkoxy radicals,
disproportionation rcactions (1.c. hydrogen transfer from onc radical to another) can
also lcad to alcohols (and. nccessarily, carbonyl compounds; sce Scction Il A) thus:

RR,CH-O. -- R,R,C ‘O - RR,CHOH

Striking evidence for intermolecular hydrogen abstraction has beensecured recently
from detailed studies with 1-octyl nitnite #* Photolysis of this nitnte, 1n benzene solu-
tion, gave as the major product dimeric 4-nitroso-1-octanol (the genesis of this mitro-
sodimer has already been discussed in Section 1) together with lesser amounts of |-
octanol and 1-octanal. The formation of the two last-named products can be attnbuted
to hydrogen abstraction (A) and disproportionation processes (B) as shown:

CH,(CH),CH,ONO . CH,(CH,)CH,O - NO
CH,(CH,),CH,O. - XH (solvent) - CH,(CH,),CH,OH . X (A)
2CH,(CH,),CH,0. + CH,(CH,),CH,OH . CH,(CH,),CHO (8)

The extent to which intermolccular hydrogen abstraction occurs will depend on the
cfliciency of the solvent (XH) as a hydrogen donor, and indeed studies with a vanety of
solvents show that the highest yicld of 4-mitroso-1-octanol dimer (the product of intra-
molccular hydrogen abstraction) occurs when benzene, a poor donor, is used.

With heptanc as solsent. however. not only was 4-mitroso-1-octanol dimer (sce
Scction 1) formed, but other mitroso dimers were gencrated in appreciable quantitics.
Thesc new products proved to be nitrosoheptane dimers and nitrosoheptanc-4-nitroso-
1-octanol mixed dimers. These results have been explained as follows (cquations 1- 6).

he
CH,(CH,)}CH,ONO —* CH,(CH),CH,O. - NO )
CH,(CH,)CH,0 - CH,(CH,),CH(CH,),CH,OH \ )
X Barton Reaction

CH,(CH,),CH(CH,),CH,OH - NO — CH,(CH,),CHNO(CH,),CH,OH! 3)

CH,(CH,)CH,O. . CH,(CH,),CH,CH, -+ CH,(CH,),CH,OH
+ CH,(CH,)CHCH,—intermolecular hydrogen abstractiontss 4)
CH,(CH,),CHCH, - NO — CH,(CH,),CHNOCH, - - dimer (5)
CH,(CH,),CHNOCH, : CH,(CH,),CHNO(CH,),CH ,OH .- mixed dimer (6)

The 2-nitrosohcptanc formed according to equations 4 and 5 can dimenze cither with

another 2-nitrosoheptane molecule or with a molecule of 4-nitroso-1-octanol.
Substitution of toluenc for heptane as solvent resulted (not unexpectedly) in the

formation of dimeric m-nitrosotolucne as well as 4-nitroso-1-octanol dimer.

1. DECOMPOSITION RFACTIONS
A. C—H Bond tission
The formation, without carbon skeleton change, of aldehydes and ketones from

primary and secondary alkyl. ahcyche and aryl substituted nitntes has been widely
obscrved:

he
RCH,—ONO —+ RCHO

he
R,R, CH_ONO —+ R,R,CO

s8¢ Abstractron from C-21s here pictured  In actual fact statistical abstraction of the secondary hydrogens
was observed.
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Thesc findings are conveniently explained either by alkoxy radical decomposition
through loss of an x-hydrogen (c.g. cquation 1) or by a disproportionation process
(cf. Section 11).

RR,CH—O. «RR,C O - H. {})

It has deen argued®’ that C -H bond fission should not be a major factor in the
decomposition of alkoxy radicals, on the assumption (by analogy with alkyl radicals
and normal molecules) that C— H fission will be cncrgetically less favoured than C—C
fission.

Howevcer, the generation of alkoxy radicals in dilute solution (as in the present
work) will surely suppress the alternative disproportionation mechanism. This gencral
effect can be supplemented, in parucular cascs, by factors of structural origin such as
stenic compression (as in the case of a steroidal 113-alkoxy radical) or the difficulty of
a fruitful collision between two alkoxy radicals becausc of nearby bulky groups (this
would be particularly truc in the steroid series where nitrosodimer formation is rarely
scen, presumably for similar steric reasons: sce Section 1A).

In cases wherce these factors arc all operative at one and the same time, it can
therefore be supposed that C--H fission will predominate over disproportionation
reactions.

B. C- C Fission

Previous sections of this review have dealt with the Barton reaction (together with
deviations which neverthcless proceed via intramolecular hydrogen abstraction) and
trivial competing reactions—hydrogen abstraction from solvent, disproportionation,
C- H fission.

We shall now consider another reaction path which frequently competes with the
Barton reaction, namely alkoxy radical decomposition by C—C cleavage:

RCH,O0. — R+ CH,0O m
R,R,CHO. -+ R, 1 RCHO or R, } R,CHO (2)
R,R,RCO -- R, : RRCO or R, - RR,COor R,  RR,CO (3)

In the casc of alkoxy radicals derived from alicyclic nitntes, ring fission can occur
as shown:
o (o]
egt N [ ‘
7/ — ; HH
: cH,

H 4

Specific examples for processes (1) to (4) will now be given.

1. Primary alkoxy radical decomposition

The surprising failure of ethyl and 1-propyl nitritcs (which cannot furnish the
6-mcembered cychic transition state nceded for intramolecular hydrogen abstraction)
to generate nitroso dimers in solution ria C —C decomposition (cquations $-7) has
alrcady been noted [Scction 1 A (2)].

hy
R—CH, ONO ——+ R CH, O . NO ] Not observed (5)
R CH,—O. .R - CH,O ) where R (6)
R. . NO — RNO J IsH.CH,or C,H, 7)

el 1S, pp 278 276
¢ P Kabawakalian, unpublished Jata.



Some revent developments in the preparative photolysis of organic mitrites 53

Analogously, 1-butyl nitritc (70) failed* to give dimeric 1-nitrosopropane, the
expected product of a decomposition reaction, although a modest yicld of dimeric
1-nitroso-4-butanol (71) resulted via the Barton reaction.

CH,(CH,),CH,ONO — (CH,NO(CH,),CH,OH),
70 7

The only primary alkoxy radical which has so far been shown to undergo C—C
fission (scc however, Scction I1IB-5 on nitntes hearing an oxygen function on the a-
carbon atom) is that derived from 2-phenyl 1-ethyl nitrite'® (72). Photolysis of 72 in
benzene gave «w-nitrosotoluene dimer (75) and formaldehyde in accord with the
mcchanism shown:

\/_>-' ‘CH,;— CH,ONO 7 . </t>— CHLH,0++ NO

T2 73

e@n o G
74

= /A

U— ¢+ NO — e () CH o gimer
s

In this instance, then, the alkoxy radical (73) can suffer C -C fission to give the
resonance-stabilized benzyl radical (74).

2. Secondary alkoxy radical decomposition

A large group of sccondary alkyl nitrites has been investigated recently*® and the
salient results will be summanzed here.

In the casc of 2-propyl nitrite,*® where methyl radicals are the only possible result
of C —C fission, no nitrosodimer was obscrved. However, 3-pentyl nitrite (76) which
can decompose to give ethyl radicals gave (albeit in low yield) dimenc nitrosoethane
a7:

CH,CH, CH,CH,
CH—ONO I» CH-O . NO
cu,cu,/ CH,CH,
76
CH,CH,;
CH-0. — CH,CH,  CH,CH,CHO
CH,CH/,
CH,CH, + NO — CH,CH,NO -. dimer

77
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3-Hexyl nitnite*® (78) can give nisc to ethyl or propyl radicals by the carbon-carbon
fission rcaction. In fact, both l-nitrosopropane dimcer (80) and I-mitrosoethane dimer
dimer (79) were formed (as well as 1-nitroso-4-hexanol dimer, the intramolecular
hydrogen abstraction product).

CH,CH,
CH .ONO -+ (CH,CH,NO), - (CH,(CH,),NO),

CH,(CH,),
78 79 80
The point 1s further illustrated by 2-hexyl nitrite!¢ (81) and 3-heptyl nitritet® (82)
both of which gave only 1-nitroso butane dimer (83) by the C—C fisston reaction (as
well as good yiclds of the intramolecular hydrogen abstraction products).

CH, C,H,

"CH ONO .+ (CH,(CH,),NO), ~ CH—_ONO
CH,(CH,), CH,(CH,),
81 83 82

These examples, then, suggest that in C—C fission reactions of secondary nitrites,
cleavage leading to the larger of two radicals is gencerally more likely.

In addition, the last two cxamples show that the Barton reaction involving intra-
molecular hydrogen abstraction at a sccondary carbon atom is favored over the C—C
fission rcaction. This gencralization is supported!® by the obscrvation that S-nonyl
nitrite, which has two available secondary carbon atoms for intramolecular hydrogen
abstraction, gave no cvidence for products of C—C fission.

3. Tertiary alkoxy radical decomposition

In contrast to the results obtained by vapor phase photolysis (¢f. section cntitled
Early Work). t-butyl nitrite 1n solution*® failed to produce nitrosomethane dimer.
However, the formation of acctone testificd to the expected C—Ccleavage reaction, and
hence to the formation of methyl radicals.

Interestingly, 2-methyl-2-butyl and 2-mcthyl-2-pentyl mitntes* (84 and 85 respec-
tively) furnished nitrosoethane dimer and 1-mitrosopropanc dimer respectively in
good yicld (cquations 1 and 2).

CH, CH,
C - (CH,CH,NO), - (CH,),CO m
CHCH, O NO
84
CH,  CH,
C —~ (CH,CH,CH,NO), - (CH,),CO b))

CH,(CH,), O--NO
85

In the case of 2-methyl-2-pentyl nitritc*® (85) the results indicated that decom-
position of a tertiary alkoxy radical by C—C fission is favorcd over intramolecular
hydrogen abstraction from a primary carbon atom. However, when intramolecular
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hydrogen abstraction from a secondary or tertiary carbon is possible, no C—C fission
1s observed (see Section ).

4. C—C Fission reactions of alicyclic alkoxy radicals

An example of ring fission suffered by an alicyclic alkoxy radical has rccently
been observed®® in the steroid scrics through photolysis of steroidal 17-nitrites, such as
86. which resulted in the corresponding hydroxamic acids (part structure 87).

ONO OH
| § |

~ <.y .N o
R
86 87

Structurc-proof for the specific products 88 and 89 was obtained by reduction
(zinc-acetic acid) to the lactams 90 and 91 respectively. The constitution of the
lactam (91) is wcll cstablished® and authentic lactam (90) was preparcd in these
laboratories by Beckmann rearrangement of the appropriate 17-oxime.

oM
PN N0
94 el
S
kor'L/: AcOm Aco.‘k/ - -
H H
8 90
on
| "
- [ ;.O . N_ 9
15 Y
/\l ~- : \, A . \\,—"
/L P /J acom 1
o:/ ~ v 0-
89 91
The formation of the hydroxanmic acids can be rationalized in the following way
(92 ' ’97): o NO 0"
< o
- . - . “
{ [ . {\“('I no_ { ]I ~T
A % - e
92 93 94
INO
OH o
.o o @ on .' 1 i o)
N ~_ N “o|. N> —H
R L
1 . . .
. ~ P
97 96 95

2 C M. Robinwon, O (inoy. A Mutchell, R Wavne, F Townley, P. Kabasakalian, £ P Oliveto and
D H. R Barton. J Amer. Chem. Soc 83,1771 (1961)

B M. Reganand . N Hayes.J Amer Chem. Soc 78,639 (1936). One of us (C H. R ) wishes to thank
Dr Regan for an authentic specimen of compound 91.
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The alkoxy radical (93) undergocs ring fission to give the tertiary radical (94) which
combincs with NO to give the tertiary nitroso-aldchyde (95). The steps 95 to 97 then
constitute a plausible route from the mtrosoaldehyde (95) to the observed product 97.

Extension of the reaction to 17-mitrites of the 1,3.5(10)-cstratricne series again led
to the isolation of hydroxamic acids, the structures of which were secured by reduction
to known® lactams. However. in addition, 1somenc hydroxamic acids were also
obtained from the rcaction mixtures: these latter arise from 1somensm at C-13, in
accord with the proposed mechanism ¢

The alternative decomposition pathway for a C— 17 alkoxy radical, involving
cleavage of the bond between C-16 and C-17. should lead to the nitroso aldehyde (98)
and thence to the nitrosodimer or oxime (99):

OQ

[ N H N BN
M ] ~O H
L —- . f—. NO (6imer)
/J - ,J\\ ,/CH? cH)

99

It has not been possible, however, to isolate such compounds from the photolyses
of 17-nitntes. Presumably clcavage to give a tertiary radical is greatly favored rclative
to the formation of a primary radical.

Howcver, recent work® with cyclopentyl nitnite (100) has shown that the dimeric

' The thermal decomposition of steroidal 17-bishydroperoxides has been investigated by Velluz and co-
workers [Bull. Soc Chim Fr 1484 (1952)] with the following results

o
\‘¢,/I~ "\O:H \\l'/o 0 \‘_L/O\/O
: ! - 1 * /\/
—— A '

! a m

The decomposition of (1) most probably proceeds (ia the alkoxy radical (1V) which should cleave to the
C-13 radical intermediate (V), subsequent ring closure giving rise to the epimernic lactones (L) and (I11).

\llﬁéo'“ | ‘ (’_(.)o,u
Py

LN
v v

—_—
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mitrosoaldchyde (101) is formed. Thc latter compound has been converted to the
dialdchyde monoxime (102), charactenized as the bis-oxime.

NO .
~. 0 .0
’ - 1 — CH,
pE——
(o] (o}
n ” /

.M (o] M
. R H
‘ ._?“ N - L_ ? ,NO
?
102 101

S. Carbon-carbon fission in x-oxvgenated nitrites

An intercsting scries of degradative rcactions has been observed in the steroid
serics. % In an attempt to extend the synthesis of 18-substituted substances rclated to
aldosteronc by the Barton rcaction, the recently described 3,3:21,21-bis(cthylenc-
dioxy)-S-pregnen-207-ol (102, R — H)® was converted to its nitrite, and photolyzed.

|
CHO

103 104

The resulting matenial turned out to be the ctio-aldehyde (104), as was proved by an
independcent synthesis (105% to 104).

(.—‘o.‘

c— 0

03

* A L. Nuwbaum, C H Robinson, E P Oliveto and D H. R Barton. in preparation. This work was
stimulated by ) M. Beaton, who observed a transformation analogous to 10V to 104 1n the 11-0xygenated
wernes

“ K. Tsuda. N lkekawa and S Nozoc, Chem Pharm Bull. (Japam 7, 519 (1959)

“ R Antonucar, S Bermstein, R Lenhard. N J Sax and J. H Wilhams, J Org. Chem 17, 1369 (1952)
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This carbon—arbon fission is very probably facilitated by the relative stability of
the expelled fragment (106):

0-
[ l
10
° ¢ m HW—C---0
1
1
! ! . ’ .0y
L L !
o !
106

The question arose, what kind of substituents would favor such a fission reaction.
A number of aliphatic 1,2-glycol dinitrites are known to suffer similar oxidative
cleavage in pyrolytic experiments,* and a similar fate was expected by the photolytic
method.

Indeed, the steroidal glycol 172,208-dihydroxy-As-pregnen-3-one® (107) gave a
nitnte which, upon irradiation, gave rise to A*-androstenc-3,17-dione (108).

I ) SNCG :
Y . . 2 0n
107 108

Two further examples involve x-hydroxyketones (109) and (110) which also under-
went oxidative fission:

CN’

c=0 o]
. i -
o Y
SOMNE
04\/ 2.ne o

109 108
CHOM
c=0 CoM

~,. -7 . R
P L \]' — | 1 1
I . .
PPN
oo C
o’ ~ o -
1o

@ L. P Kuhnand 1 DeAngelin, J Amer Chem Soc. 76,328 (19%4). Sce also J Powhng. quoted in rel 19
“J Romo, M Romero, O Dicrassi and G. Roscnkeanz, J. Amee Chem Svc 73, 1328 (1931)
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It would appear, then, that in the special case where a nitrite to be photolyzed 1s
originally substituted by a certain type of oxygen-beaning moiety, an oxidative fission
occurs dunng photolysis in competition with, and perhaps to the exclusion of, alternate
modes of reaction. The full scope of this reaction is under investigation.

IV. ASSOCIATION WITH OTHFER RADICALS
There 1s one instance in the course of recent work which would seem to bear out the
concept of a photolytically generated alkoxy radical recombining directly with another
fragment. Kabasakahun and Townley* observed that the photolysis of 1-octyl nitnte,
in the presence of oxygen, results n a good yield of the corresponding mitrate. This
may bc rationalized by accepting the proposal of Hanst and Calvert &

2NO . O, — NO, (n
CH,(CH,)y CH,O + NO, — CH,(CH,),CH,ONO, Q)

Alternatcly, the direct oxidation of light-activated nitnte may be considered
CH,(CH,} CH,ONO - hy —- CH,(CH,),CH,ONO* 3)
2CH,(CH,),CH,ONO®* O, - 2CH,(CH,)CH,ONO, )

Considering, however, the mechanism proposed for nitrate formation durning nitrite
pyrolysis in the presence of NO™. the present reviewers consider (1) and (2) preferable.

CONCLLUSION

Recent developments in the photochemistry of organic mitrites have shown that
all data may bc explained by the known rcaction pathways of alkoxy radicals.
A special feature is the overridig importance of intramolecular hydrogen abstraction
(Barton Reaction) when photolyses are carried out in solution, and when a postulated
six-membcered transition complex can form. From the preparative point of view,
nitrite photolysis opens the way to a vancty of structures heretofore not casily
accessible.
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