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I. INTRODUCTION
A. GENERAL INTRODUCTION

Nitrones are compounds containing the group

R
\C=N/
/ N
0
The name nitrone was contracted from nitrogen ketone
in order to indicate a chemical relationship between
nitrones and carbonyl compounds (212). The nitrone
group bears a marked resemblance to the carbonyl
group in facilitating the removal of a proton from an
adjacent carbon under basic conditions, the oxidation
of an adjacent methyl group to a carbonyl group by
means of selenium dioxide, the addition of Grignard
reagents, the addition of hydrocyanic acid, and the
reduction by complex metal hydrides.

B. SCOPE OF REVIEW

The chemistry of nitrones was previously reviewed
by Smith in 1938 as one of the structural systems which
undergo 1,3-addition reactions (212). The present
review emphasizes publications since 1938, an attempt
being made to cover the literature through 1963.
Heteroaromatic N-oxides (e.g., pyridine N-oxide),
although formally containing the nitrone structure
(61), and also isatogens have been excluded from this
review.

C. NOMENCLATURE

The nomenclature employed by Chemical Abstracts
in recent years has been used throughout this review.
Thus, the following compound which in the older litera-
ture was called the N-phenyl ‘‘ether’’ of benzaldoxime

H CeHs
N
/C=N\.
CeH; 0
a N

is named «,N-diphenylnitrone. Cyclic nitrones are
named according to the parent heterocyclic structure,

e.g.
H,C
43 .
\4F ~CH,
0O 0]
2,4-dimethyl-al-pyrroline Al-tetrahydropyridine

N-oxide N-oxide

The general terms, aldonitrones and ketonitrones,
have been employed occasionally. Aldonitrones con-
tain a proton on the a-carbon atom, RCH=N(O)R'’,
while in ketonitrones the a-carbon is fully substituted
with alkyl and/or aryl groups, RR’'C=N(O)R"".

II. GEOMETRIC ISOMERISM

Nitrones exhibit geometric isomerism because of
the double bond in the nitrone group. The existence

R\ 0 R\ R”

C=N/ C=N/
7N SN

R’ R’/ R’ 0

of geometric isomerism was first demonstrated in 1918
for a-phenyl-a-(p-tolyl)-N-methylnitrone (208). The
configurations of the isomers were established by di-
pole moment studies (212).

Also, the geometrical isomers of seven a-phenyl-o-
cyano-N-arylnitrones have been prepared, the aryl
group being phenyl, o-, m-, or p-tolyl, or o-, m-, or p-
chlorophenyl (17). Configurational assignments were

based on dipole moment measurements. For the cis
NC 0 NC Ar
\C=N/ \C=N/
e’ . Mar e’ o
cts trans

forms the dipole moments ranged between 5.6 and 6.3
D., and for the trans forms between 0.9 and 1.7 D.
The cis forms were converted readily into the trans
forms by heating (17).

The only example of geometric isomerism in aldo-
nitrones consists of a-phenyl-N-t-butylnitrone (79).
The cis form of this nitrone was formed first when 2-
t-butyl-3-phenyloxazirane was treated with boron
trifluoride. Complete isomerization to the trans form
occurred within 24 hr. in benzene solution.

/O\ H (6]
(CeH; ) HC——N—C(CHj3); C=N/

/
CeHs

Fs
—
_ C(CHy)

c18
H C(CH;)s
/
/TN
C¢H; [¢)

trans
Ultraviolet spectral studies indicate that aldonitrones
exist in the stable trans form (225), and this has been
H R’
AN /
=N
/ N
R 0
trans
confirmed by nuclear magnetic resonance and infrared
studies (106b).
Two resonance structures may be written for nitrones.
The important contributing structure appears to be
R R R R
N 8/ N\ &/
/C=N\ /C—N\
R [0] R ol
e

A B
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LE I

ULTRAVIOLET SPECTRA OF NITRONES
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Nitrone N, mp, and e
a-Substituent N-Substituent E ] E: € K € Solvent Ref.
CeH; CeH; 227 9,850 315 14,000 EtOH 236
236 9,060
p-CH;OCsH, C.H; 227 9,800 280 7,950 329 26,900 MeOH 126
237 11,800 330 11,800
240 16,700
p-NO.CsH4 CiH; 228- 8,500 251 8,470 350 10,400 MeOH 126
236
237 11,900 266— 10,400 352 20,000
278
247 8,600
265 11,800
p-HOC:H, CeH; 228 16,300 280 8,000 330 7,800 MeOH 126
310 9,700
CeH; p-CI1C¢H, 228 8,480 254 7,620 318 20,900 EtOH 236
237 8,480
CeH; p-CH;CeH, 236 10,300 251 5,700 316 15,800 EtOH 236
257 5,700
2,4,4-Trimethyl-Al-pyrroline 229 9,000 EtOH 30
N-oxide
4,5,5-Trimethyl-Al-pyrroline 234 8,800 EtOH 30
N-oxide
5,5-Dimethyl-Al-pyrroline 234 7,700 EtOH 30
N-oxide
TasLe I
ULTRAVIOLET SPECTRA AND GEOMETRY OF NITRONES®
Compounds A, mp € A, mp ] A, mp €
3,4-Dihydroisoquinoline (¢is, known) 304 15,956 228 12,087 211 6,414
2-Phenyl-Al-pyrroline N-oxide (¢rans,
known) 288 14,274 221 7,559 205 8,528
a-Phenyl-N-methylnitrone (trans, deduced) 288 16,540 221 6,932 206 7,455
a-Phenyl-N-cyclohexylnitrone (trans,
deduced) 291 17,597 223 6,904 206 8,359

@ Taken from ref. 225; solvent, methanol.

structure A, since, for instance, the dipole moment
of a-phenyl-N-methylnitrone (116) is 3.55 D.

III. MoOLECULAR SPECTRA

A. TULTRAVIOLET SPECTRA

The ultraviolet spectra of many nitrones have been
studied (17, 30, 84, 95, 96, 99, 108, 126, 157, 183, 223,
225, 236). The interpretation of the origin of the
various regions of absorption was given by a study of
the ultraviolet spectra of 13 ring-substituted o,N-
diphenylnitrones (236). The E1 region falls between
227 and 237 mu, the E2 region between 251 and 310
mg, and the K region between 315 and 350 mu for o, N-
diphenylnitrones. These findings were generally con-
firmed in later studies (126, 157). A few representative
data have been collected in Table I.

The ultraviolet spectra have been employed in a
study (225) of the geometry of nitrones by comparing
spectra of cyclic nitrones of known geometry with
those of noncyclic aldonitrones. The «,N-substit-
uents in aldonitrones were found to be in a trans

position for two selected compounds. Table II sum-

marizes these findings.

B. INFRARED SPECTRA

The assignment of the N—O stretching frequency
in nitrones is somewhat in a state of confusion. In a
study of 34 nitrones and their isomeric O-ethers, RR'-
C=N—0—R"’, each of the nitrones showed an usually
strong infrared absorption band which was not present
in the spectra of the isomeric O-ethers in the region
between 1170 and 1280 em.—! (213). This is the same
region to which the N—>O stretching frequency has
been assigned in dimeric trans-nitroso compounds and
heteroaromatic N-oxides containing a similar nitrogen—

0O
O~ ~Ar —
N=N.
Ar”” ~o \ 7/
oxygen coordinate covalent linkage. The >C=N-

stretching absorptions were in all cases close to 1600
em.™, A few data from this convincing study (213)


rn.fi
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TasLe IIT
INFRARED SPECTRA OF NITRONES®

N—O

Nitrone stretch,

a-Substituent N-Substituent em, ™}
(CeHs): CH.CeH; 1250
(CeHs): CH(CeH,), 1260
(CeHs)z CHzCerp—CN 1265
(CeHs)2 CH.CHp-CH; 1280
(CeHs)z CHzCeHrp-OCHa 1280
(p—CH3005H4)2 CHzcsHs 1200
(p-NOzCsH4)z CHzcsHs 1270
(CeHs): CH;, 1260

(p-CH;;OCsH4)z CHs 1190 (?)

(p-NOzCeH4)z CHs 1260

o All data from ref. 213; solvent not given.

have been collected in Table III. Also, a-butyl-N-
methylnitrone, pyridine N-oxide, and trimethylamine
N-oxide were found to exhibit intense bands at 1185—
1250 and 920-950 cm.~! (209). In another recent
study (210) of the infrared spectra of a-phenyl-N-
methylnitrone and «,N-diphenylnitrone, the N—O
stretching frequencies were assigned to, respectively,
1172 and 1088 cm.™!, and the C=N frequencies
to, respectively, 1587 and 1548 cm.~!. Solvents ca-
pable of hydrogen bonding shifted the N—=O and C=N
absorptions to markedly lower, respectively, higher
frequencies (210, 134, 198).

On the other hand, Al-pyrroline N-oxides (30, 134),
a number of «,N-dialkylnitrones (85, 198), and a-
phenyl-N-benzylnitrone (68) were reported to show
strong absorption bands in the 1540 to 1620 cm.™?
region ascribed by some (198) to the N—O stretching
mode, and by others (68, 85, 134) to a nitrone group
stretching mode. It appears more likely that this ab-
sorption band should be attributed to the C=N
stretching mode (213). This assumption is further
strengthened by another study (225) of the infrared
spectra of seven nitrones of which two were Al-pyr-
roline N-oxides. The C=N stretching frequency was
agsigned to the 1560-1580 c¢m. ! region, and the strong
absorption due to the N—O stretching mode to the
1150-1270 cm. ~ region.

IV. SYNTHESES

Tables IV-VI contain data on the nitrones prepared
by methods A-E.
A. BY OXIDATION OF N,N-DISUBSTITUTED
HYDROXYLAMINES

The preparation of cyclic and acyclic nitrones from
the corresponding N,N-disubstituted hydroxylamines
has been achieved by a variety of oxidizing agents such
as molecular oxygen, yellow mercuric oxide, “active”
lead oxide, potassium ferricyanide, potassium perman-
ganate, t-butyl hydroperoxide, and hydrogen peroxide.

[0]
R—NI'—CHR’R” — R—?=CR'R" + H,0
OH 0O

The air oxidation of secondary hydroxylamines has
been known for a long time. Aqueous cupric salt
solutions were shown to accelerate markedly the up-
take of oxygen (124). Air oxidation of N-butyl-N-
phenylhydroxylamine in the absence of catalyst re-
quired 8 weeks at —10° to yield 649, of a-propyl-N-
phenylnitrone (233). On the other hand, 5-ethyl-1-
hydroxy-2,2-dimethylpyrrolidine in aqueous ethanol
containing cupric acetate and some ammonia yielded
909, of the nitrone when air was bubbled through the
solution for a few hours (30). This method has been
found very useful for the preparation of cyclic nitrones

CH,
CH,CH; gﬁ; — cmCHZQCHz
I
ox s

(30, 43, 222), since these nitrones are sufficiently stable
to hydrolysis. In the absence of air and catalyst,
disproportionation of the hydroxylamine may take
place. For instance, N-ethyl-N-phenylhydroxylamine
dissolved in carbon disulfide yields «-methyl-N-
phenylnitrone and N-ethylaniline (186).

CH—N—CH:.CH; —

H
CeHs—lII=CHCHa + CsHsNHCHzCHa + Hzo

(o)

Alkaline solutions of potassium ferricyanide were
employed to prepare a-methyl-N-phenylnitrone (186,
233) and other nitrones (97, 221, 223) from the cor-
responding hydroxylamines, often in high yields.
1-Hydroxypiperidine yielded upon treatment with
potassium ferricyanide the trimer of 2,3,4,5-tetrahy-
dropyridine N-oxide (223), while the same hydroxyl-
amine upon cupric acetate catalyzed aerial oxidation
yielded the dimer of 2,3,4,5-tetrahydropyridine N-

oxide (222).

L
N~ N

Q “o

N
o
O KsFe(CN% O
N

I
ese
air, Cut
N\O

The oxidation of 2-phenyl-1-hydroxypyrrolidine or
2-hydroxy-1,2,3,4-tetrahydroisoquinoline to the cor-
responding nitrones was achieved by yellow mer-
curic oxide in an aqueous acetone suspension at room
temperature (223). In the absence of water no

O, ™ O3
—_—
N~ OH N\ o

—>
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color change of the yellow mercuric oxide was ob-
served, even after 30 min. of shaking (223). The
preparation of Al-pyrroline N-oxide (225) and o-
phenyl-N-benzylnitrone (83, 97, 238) was achieved
by reacting the corresponding hydroxylamines with
yellow mercuric oxide in anhydrous chloroform.

In one instance, “active’” lead dioxide, freshly pre-
cipitated from a lead tetraacetate solution, was em-
ployed to oxidize N-phenyl-N-skatylhydroxylamine to
the nitrone (220). In one other case, diamminosilver
nitrate was used as the reagent for the preparation of
a-styryl-a-benzyl-N-phenylnitrone from the cor-
responding hydroxylamine (233).

A cold alkaline solution of potassium permanganate
in acetone was employed to prepare o,N-diphenyl-
nitrone in 609, yield from the hydroxylamine (232).

t-Butyl hydroperoxide oxidized N,N-dibenzylhy-
droxylamine to the corresponding nitrone in 909 yield.
A nitrone could not be isolated by the oxidation of N,N-
diethylhydroxylamine with the hydroperoxide, but
the nitrone could be trapped in a 75%, yield by forming
an adduct with methyl methacrylate (68). The re-
action appears to be general.

Hydrogen peroxide was employed as the oxidizing
agent for the preparation of «,N-diphenylnitrone
(232), a-(o-nitrophenyl)-N-phenylnitrone (232), or
a-benzyl-N-phenylnitrone (221) from the correspond-
ing hydroxylamines.

A special case of nitrone formation consists of the
tautomerization of N-(2-pyrano)-N-methylhydroxyl-

amine (228).
O’N—CH} ﬁN—Cﬂs
(8} J) ) OHH )

H
g 0]

- —
B —

Formation of similar nitrones but with different N-
substituents was reported by treating the substituted
hydroxylamines with hydrogen peroxide (198).

The formation of a nitrone ‘“salt” was reported
from the reaction between p-quinone and 1-hydroxy-
piperidine (40).

H
-+ e
SRR He
OH OH é

B. FROM N-SUBSTITUTED HYDROXYLAMINES
R—NHOH + R'R"’"C=0 — R—N=CR'R’’ 4+ H,0
6
This reaction proceeds smoothly and in high yields
when R is an alkyl or aryl group and if R’ and R'’
are of small size. When R’ and R’/ are bulky groups
the reaction does not proceed to any extent (168).

N-Phenylhydroxylamine has been treated with a
variety of aldehydes and ketones. With n-butyralde-
hyde, an 809 yield of a-propyl-N-phenylnitrone was
obtained (186), with benzaldehyde a 909, yield of the
nitrone (210, 236), with o-, m~, or p-nitrobenzaldehyde
good yields (22), with p-N,N-dimethylaminobenz-
aldehyde a 799, yield (214), and good yields with
various other substituted benzaldehydes (99). N-
Phenylhydroxylamine and formaldehyde appear to
form N-phenylnitrone which 4n situ undergoes an
intermolecular 1,3-addition following by the loss of
hydrogen and the formation of a dinitrone (233).

CH;—N=CH, — CH;—N—CH.—CH=N—-CH; —
(15 I y
i
CeHs—lf=CH—CH=N—CeH5
O

A similar 2:1 product has been observed in the reaction
between N-phenylhydroxylamine and «-bromocroton-
aldehyde (233).

Twelve ring-substituted N-phenylhydroxylamines
were treated with benzaldehyde dissolved in a minimum
quantity of ethanol, and allowed to stand at room
temperature overnight; the nitrones were isolated in
80-95%, yields (236).

N-(p-Tolyl)hydroxylamine and 9-acridinecarboxal-
dehyde formed the nitrone in 739, yield (74), while
the same hydroxylamine and a number of aromatic
aldehydes formed the nitrones in quantitative yields
(26).

Although N-diphenylmethylhydroxylamine or N-
cinnamylhydroxylamine readily reacted with benzal-
dehyde to form the nitrone (238), the reaction between
N-triphenylmethylhydroxylamine and benzophenone
did not lead to a nitrone, presumably for steric reasons
(67).

From N-methylhydroxylamine and cyclopentanone,
heated for 3 hr. at 70°, followed by cooling to —10°,
619 of a nitrone could be isolated. This nitrone was
very hygroscopic. It was instantly hydrolyzed by

Oy

water and decomposed by ethanol. In a similar
fashion, nitrones were prepared from the reaction be-
tween N-methylhydroxylamine and cyclohexanone,
acetone, benzophenone (80), or benzaldehyde (80, 210).
Benzaldehyde also was treated with N-cyclohexylhy-
droxylamine (224).

N-Ethylhydroxylamine yielded the expected nitrone
with 3-cyclohexenecarboxaldehyde, but with 4-cyclo-
heptenecarboxaldehyde a nitrone was formed which
i situ underwent an intramolecular 1,3-cycloaddition
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to the olefinic double bond (161). A number of sensi-
tive a-alkyl-N-alkylnitrones have been formed by the
reaction between an N-alkylhydroxylamine and a
carbonyl compound which then were trapped in situ
by an alkene or other unsaturated molecule in a 1,3-
cycloaddition reaction in high over-all yields (100).

Benzaldehyde and N-(l-phenyl-2-nitroethyl)-hy-
droxylamine (120), or 2-hydroxyaminooctanamide
(118), gave the expected nitrones in 70 and 55%, yields,
respectively, while p-nitrobenzaldehyde also formed
a nitrone with N-(8-phenylisopropyl)hydroxylamine
(89).

The bisulfite addition compounds of aldehydes
and ketones have been reported to react with N-
substituted hydroxylamines, yielding nitrones quanti-
tatively (98).

RR’COH-SOsNa + R/NHOH-HCl —
{
RR'C=NR’’ + SO; + NaCl + H;0
Five-membered cyclic nitrones have been pre-
pared in yields ranging from 50-809, by reductive
cyclization of vy-nitroketones (41, 70, 134) or y-nitro-
nitriles (48) by employing zinc dust and aqueous am-

JaN HAMER AND ANTHONY MACALUSO

monium chloride, the y-nitronitriles yielding 2-amino-
Al-pyrroline N-oxide derivatives.

TasLE IV

ALPYRROLINE N-OXIDE DERIVATIVES

Substituents

None
2-Phenyl
2-Phenyl
5,5-Dimethyl

5-Carbethoxy-5-methyl
5-Carboxy-5-methyl
2-Cyano-5,5-dimethyl

2,4,4-Trimethyl
2,5,5-Trimethyl
2,5,5-Trimethyl

2-Ethyl-5,5-dimethyl

4,5,5-Trimethyl

2-Cyano-4,5,5-trimethyl
3,3,5,5-Tetramethyl

¢ Method A, oxidation of hydroxylamine; method B, hydroxyl-
amine and carbonyl compound.

TasLE V
AN /
NiTRONES C=N\.
/ (6]
a N
Substituents B.p. (mm.)
@ @ N or m.p., °C.
CH, H CeH; 58-60
’n-03H7 H CsHs 71-74
n-C;H; H CeH; 75
n-CsH; H CeH;CH, 135-136 (26)
n~-CrHy, H CeH:CH, 88-90
n—Can H CGHECHZ 91.5-92.5
CsH; H CH; 81-82
CeH; H CH; 84
C¢H; H C(CHa); 75-77
Ce¢H; H Ce¢H; 112
Ce¢H; H CeH; 112-114
CeHs H C.H; 112-113
C¢H; H CH:CH. 81.5-83.5
CeHs H C¢H;CH=CH 73
CeH; H CH(CeHs)» 159-160
CeH; H CH(C¢Hj;). 157-161
CsH,CH=CH H CeH, 150-151
CH; CH;, CH; 77(2)
CqH;s CH; CH; 115
CeH; CeH; CH;, 103
CeH; CsHs CH; 102-103
CeHs CeH; C:H,CH, 119-120
CeHs CsH, C:H;CH, 119-122
CeHs CeHs CH(Cqlds). 162-166
CeHs CsH; CeH; 223-226
CQI'I5 CsH:s CGH& 220

Preparative
method®

THoQWQEEEHQEWEEEHErOrTPQQQR E >

§

B.p. (mm.) or
m.p., °C.
65 (0.07)
99-100
102
6667 (0.6)
120(0.3)
135-136
110(0.5)
72(0.4)
98 (picrate)
71-72(2)
54-56(0.2)
80(0.5)
8687
32-34

Yield.

%

b
21-80
74

b
77

b

b

b

100
60
90
25
90

b
80

6-22
20

b

b

b
43
65
17-22
31
60-68
18

Prepara-
tive Yield,

method® %, Ref.
A 72 225
A 24 225
B 49 224
B 79 30
B 60 30
B 77 30
A 73 30
B 75 30
A 40 30
B 77 70
A 90 30
B 51 30
A 76 30
A 72 30

Ref.

186, 233
186, 233
233
174
174
174
210

83
108
232, 238
232, 236, 237
110

67, 68, 83
238
238
213
233

¢ Method A, oxidation of hydroxylamine; B, hydroxylamine and carbonyl compound; C, alkylation of oximes; D, from oxaziranes;
E, from aromatic nitroso compounds; F, miscellaneous. ? Not reported.
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\
[ L Nl
~, . — ]
__.0 — \N¢C._
NO, {
0
TasLe VI
NITRONES
Prepara-
B.p. (mm.) or tive Yield,
Compounds m.p., °C. method® %% Ref.
l,/'\. .
Paca 85(2) B sl 80
O‘T_Cﬂx 96(1) B N 80
(o]
O\f-’f—cﬂa 99-102(0.9) B . 161
(o]
194-196.5 0] 88-96 123
oM,
@\0 56-57 A 94 223
dimer 126-127 A 32 222
trimer 130 dec. A 97 223
(o]

@ Method A, oxidation of hydroxylamine; B, hydroxylamine
and carbonyl compounds; E, aromatic nitroso compounds and
sulfur ylides or diazo compounds.

Nitrones have also been prepared by the generation
in situ of the hydroxylamine in the presence of a car-
bonyl compound. Nitrobenzene, benzaldehyde, and
zinc dust in a mixture of water, ethanol, and acetic acid
at —8° for 2 hr. yielded 909 of «,N-diphenylnitrone
(237). Aliphatic nitro compounds behave similarly
(9, 174). Nitromethane was treated with hydrogen in
the presence of a catalyst and benzaldehyde added to
the resulting mixture; o-phenyl-N-methylnitrone was
isolated (75). Another example is the reaction be-
tween @-naphthol, formaldehyde, and hydroxylamine,
yielding N-(2-hydroxy-1-naphthylmethyl)nitrone (193).

N-Phenylhydroxylamine and benzalaniline yielded
N,a-diphenylnitrone and aniline (125). Similarly,

C:H;NHOH + CH;,CH=NCH, —
Ce,HsCH‘:lITCe,Hs + CeH;NH.

(0)

N-phenylmethylhydroxylamine and benzhydryliden-
imine formed «,a-diphenyl-N-benzylnitrone in 65%
yield, but no nitrone formation was observed in the re-
action between N-triphenylmethylhydroxylamine and
benzhydrylidenimine (67), presumably for steric rea-
sons.

Last, nitrones were formed when hydroxylamine
hydrochloride was treated with potassium cyanate in
the presence of an aromatic aldehyde (24, 25).

KOCN + HONHCl 4+ ArCHO — ArCH=lIT—CO—NHz
0O

C. FROM OXIMES

The alkylation of oximes was reviewed in 1938 (212).
A disadvantage of this method is that the reaction prod-
ucts are mixtures of oxime ethers and nitrones, since
alkylation may occur on either oxygen or nitrogen.

>C=NOH + XR - >C=NOR + >C=§—R + HX
0O

Recently a detailed study appeared concerning the
factors affecting the site of alkylation of various benzo-
phenone oxime salts (213). Lithium, sodium, potas-
sium, or tetramethylammonium oxime salts did not
show a significant difference in the product ratio of
oxime ether to nitrone, although the silver salts of
aldoximes have been reported as yielding exclusively
the oxime ethers by earlier workers (36). The ratio of
products ranged between 2.8 and 3.5 for the reaction
between benzyl chloride and various salts of benzo-
phenone oxime. A small effect was noted by employing
different leaving groups. Electron-withdrawing groups
in p,p’-disubstituted benzophenone oxime salts mark-
edly promoted the formation of nitrones, while electron-
donating substituents favored oxime ether formation.
A pronounced steric effect was observed by comparing
the reactions between benzophenone oxime sodium salt
with methyl bromide or benzyl bromide, the small size
of the alkylating reagent favoring nitrone formation;
the larger size, oxime ether formation.

Heptanal oxime when treated with benzyl chloride
in a solution of ethanol and sodium ethoxide yielded
779% of a-hexyl-N-benzylnitrone (174). The a-octyl
and a-propyl analogs were prepared similarly (174) in
good yields.

Benzophenone oxime potassium salt and diphenyl-
bromomethane were reported to yield 319 of a,o-di-
phenyl-N-diphenylmethylnitrone and 549, of the
oxime ether (67). The same salt and benzyl bromide
showed an oxime ether to nitrone product ratio of
about 5 (67).

Dimethyl sulfate was employed in the alkylation of
various ketoximes. The nitrone to oxime ether prod-
uct ratio ranged from 0.8-3.0. This ratio was 1.43 for
acetophenone oxime, and 1.16 for benzophenone oxime
(37). «a-Benzaldoxime and other «-aldoximes when
treated with dimethyl sulfate at room temperature for 8
months in the dark yielded the nitrone quantitatively,
while g-aldoximes under similar conditions yielded
mainly the nitrone and some oxime ether (35).

D. FROM OXAZIRANES

In general, oxaziranes are prepared either by the
photochemical isomerization of nitrones (215) or by the
reaction between imines and hydrogen peroxide (78,
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79). The latter reaction was employed to synthesize a
variety of 3-aryloxazirane derivatives, but 2,3-diaryl-
oxaziranes could not be synthesized in this fashion
(215).
1
R O O

I H:0: R 3/ \ A R T
CH:C=NR' —> & Nemr S >C‘=N—R'
CeHs

GHb

The smooth thermal rearrangement of 3-phenyl-
oxazirane derivatives to the corresponding nitrones has
been reported by various workers (78, 79, 108, 215)
in yields ranging from 50-1009,. The isomerization of
2-t-butyl-3-phenyloxazirane yielded 100% of a-phenyl-
N-t-butylnitrone at temperatures between 60-100°,
The isomerization was a first-order reaction, with an
energy of activation of 28 keal./mole and an entropy of
activation of —3 kecal./mole (108).

Thermal isomerizations of oxaziranes other than 3-
phenyloxaziranes did not lead to nitrones but to various
rearranged products, mainly amides (135).

0 0
2>c/—\3\*—R' - R—g—N<§I

Bicyclic oxaziranes behave similarly (31).

N\ 130 INI

The following ritrones were claimed to be pre-
pared by treating imines with 309, aqueous hy-
drogen peroxide at 5-10° in the presence of ethyl
formate: «,a-pentamethylene-N-cyclohexylnitrone and
the corresponding N-butylnitrone; «-methyl-N-cyclo-
hexylnitrone and the corresponding a-ethylnitrone;
and a-ethyl-N-propylnitrone (194, 198).

H:0:

—
CH:{CHZCH=1\¢VCHZCH2CH3
O

CHaC HzCH=NCHzCHzCH3

However, this claimed nitrone synthesis is quite
similar to the synthesis of oxazirane derivatives, which
also consists of treating imines with hydrogen peroxide
(31, 78, 79, 108, 135, 215). It seems likely that oxa-
zirane derivatives rather than nitrones are formed for
the following additional reasons. Aliphatic noncyclic
nitrones are exceedingly sensitive towards water, since
they are ‘“‘instantly hydrolyzed” (80). Also, isomeriza-
tion of the particular oxaziranes that would be formed in
this claimed nitrone synthesis should lead not to ni-
trones but to amides (31, 78, 79, 108, 135, 215).

Similar arguments may be used against the reported
nitrone formation in a related but more complex case
cited below. The structure proof of the product of this
reaction was based on the infrared spectrum. A strong

H,0.
—_— —
O—NHR QH=NR
0
E\CH=N—R
{ 0

OH
0 OH

i
Z

|
o

absorption band at 6.05 x was ascribed to C=N stretch-
ing, and a medium strong band at 6.4 u was ascribed
to N—=O stretching (198).

E. FROM AROMATIC NITROSO COMPOUNDS

1. With Compounds Containing Active
Methyl Groups

Aromatic nitroso compounds react readily with com-
pounds such as 2,4,6-trinitrotoluene or 9-methylacri-
dine, containing a sufficiently activated methyl group.
The reaction products often are a mixture of anils and
nitrones (71, 152, 172, 179, 180, 207). The reaction is
normally catalyzed by small amounts of base such as
pyridine, piperidine, and sodium carbonate. The fol-
lowing sequence of steps has been proposed for the reac-
tion.

O_
base Ar'NO 1%
ArCH; —> ArCH;- ——> ArCH,—NAr’' —
OH AI‘CH=NA1‘I + Hzo
I /
ArCHy—NAr’
2Ar'NO 0 Y

1 1
ArCH=NAr’ + Ar'N=NAr’ + H.0

The methyl groups in mononitrotoluenes apparently
were not sufficiently acidic, since a reaction was not ob-
served with either nitrosobenzene or p-nitroso-N,N-
dimethylaniline (217). On the other hand, 2,4-dinitro-
toluene when refluxed with p-nitrosotoluene in ethanol,
with piperidine as the catalyst, yielded the anil as the
sole product, but the use of potassium hydroxide as the
catalyst produced the nitrone exclusively (218). The

0N CH, + ArNO -2 OZN—O'CH=NA1'
EtOH l
0, + 9

0

ArN—‘=lIIAr + H,0

same nitro compound and nitrosobenzene yielded
mainly the anil (16), but with p-nitroso-N,N-dimethyl-
aniline the anil-nitrone ratio was found to be about 1:1
after 1 hr. reaction time at 80°, and about 50:1 after 5
hr. (55); the same nitroso compound and 3,4-dinitro-
toluene yielded the anil only (55), but 2,4,6-trinitrotol-
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uene yielded the nitrone, and anil formation could not
be detected (219).

Lepidine N-oxide (63), quinaldine N-oxide (62, 66),
and 2- and 4-picoline (71, 152) also yielded nitrones
when treated with aromatic nitroso compounds. 9-
Methylacridine formed the nitrone upon treatment
with nitrosobenzene in 859, yield (56, 77), with p-
nitrosophenol in 609, yield (74), and with p-nitroso-
toluene in 339 yield (74). With p-nitroso-N,N-di-
methylaniline the anil-nitrone product ratio was about
1:1, and with p-nitroso-N,N-diethylaniline about 5:1
(56, 179). 2,9-Dimethylacridine and p-nitroso-N,N-
dimethylaniline yielded o-(2-methyl-9-acridyl)-N-(p-
dimethylaminophenyl)nitrone under the influence of
ultraviolet light (172). Other acridine derivatives
yielding a mixture of nitrones and anils were 9-methyl-
1,2-benzacridine (172) and 7-methyl-4,5-dihydroin-
deno[1,7-bclacridine (195).

Last, 2-methylchromone (200), 2-methylthiochro-
mone (203), and 5-methyl-1,2-dithiol-3-thione deriva-
tives also yielded nitrones (182).

2. With Compounds Containing Active
Methylene Groups

a. Pyridinium and Related Salts

Upon treatment with an aromatic nitroso compound,
in the presence of base, pyridinium salts will give high
yields of nitrones uncontaminated by anils. This re-

+ -
ArCH~N, ) XT 25 ArCH=NAr

vy + HX + GHN

action, known as the Kroehnke reaction, was reviewed
by Kroehnke in 1953 and in 1963 (145). Quinolinium or
isoquinolinium salts have been employed occasionally
(142, 148, 149).

Pyridinium salts may be prepared by the King reac-
tion or by the reaction between an appropriate halide
and pyridine. The King reaction consists of the reac-
tion between a compound containing an active methyl
group with pyridine and iodine (131, 154).

x

e
I -—CH, + CHN + I, — N CH;— /
+

N

CHNTI + 1™

The King reaction is especially useful for preparing
pyridinium salts of methyl-substituted heterocyclic
aromatic compounds, a-methyl ketones (147), or dithio-
acetic acid (155). Thus nitrones have been prepared
employing the King reaction followed by the Kroehnke
reaction starting with 2- or 4-picoline (152, 205), 2-
picoline 1-oxide (104), quinaldine (132, 154, 206, 207),
lepidine (132, 154, 206, 207), guinaldine N-oxide (64),
lepidine N-oxide (64), 4-methylcinnoline (50), 2,3-di-

methylquinoxaline (112, 207), 1,2-dimethylbenzimida-
zole (163), 2-methylchromone (200), and methyl-sub-
stituted pyrimidines and pyrazines (190).

The following halides were employed to prepare
nitrones via the pyridinium salts and the Kroehnke re-
actions: benzyl halides and over 30 substituted benzyl
bromides (142, 144) and 2,6-disubstituted benzyl bro-
mides (60), cinnamyl bromide (137, 146), 9-bromo-
fluorene (122, 123, 141), 2-chloroacetylfuran (133),
phenacyl bromide (136), chlorokojic acid methyl ether
(164), 1,6-dibromo-2,4-hexadiene (127), y-bromocro-
tonaldehyde diacetate (199), various halosteroids (171,
184), a-halocyclobutanones, and other alicyclic «-
halo ketones (27).

b. Other Compounds

Aromatic nitroso compounds have been reported to
react smoothly with benzyl derivatives such as benzyl
chloride (16), a-chloro-a-cyanotoluene (17), (p-cyclo-
hexylphenyl)acetonitrile (49), or benzyl cyanide (12,
16, 138). Weak bases and low reaction temperatures
favored nitrone formation, while strong bases and high
reaction temperatures favored anil formation (12).

b
ArNO + Ar'CH,CN —> Arll\T=CAr' + ArN=CAr’
O ¢N eN

bas
ArNO + Ar'CHCICN —>
ArN=CAr’ + ArN—CAr’ + HCI

Vo
O CN N
Fluorene (28) and similar compounds (65b, 151, 175,

201) yielded nitrones readily when treated with an
aromatic nitroso compound in presence of base.

(LD + o == (1]

O<—N—Ar

Nitrones were obtained from 1,3-diketones (202). In
many of these reactions, however, the chief product
was an azoxybenzene derivative (28). Its mode of for-
mation is not clear.

3. Diazo Compounds

This reaction, first described in the last century (65a,
212), involves the introduction of a diazo compound into
a solution of an aromatic nitroso compound, causing a
vigorous reaction to take place. «,a,N-Triphenyl-
nitrone was formed in 779, yield from the reaction be-

CeHsNO + (CsHs)zCNz b CGH51f=C(CGH5)Z + N2
O

tween nitrosobenzene and diphenyldiazomethane (123,
216), while nitrosobenzene and phenyldiazomethane
yielded «,N-diphenylnitrone (216). Similarly, 9-di-
azofluorene yielded 889, of a nitrone with nitrosoben-
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zene (123). Nitrones were also formed when p-nitro-
sotoluene or p-nitroso-N,N-dimethylaniline were em-
ployed, but N-nitrosoaniline derivatives did not react
(216).

Diazomethane and nitrosobenzene did not form
N-phenylnitrone, but the dinitrone of glyoxal (212,
216).

CsH&lI:=CH—CH=1IYCsI'I5

The same dinitrone was also formed in the reaction
between formaldehyde and N-phenylhydroxylamine
(233), and the reaction between N-phenylhydroxyl-
amine and dibromomethane dissolved in a mixture of
pyridine and ethanol (65a, 232).

4. Sulfur Ylides

Nitrosobenzene when treated with 9-dimethylsulfo-
nium fluorenylide yields a nitrone quantitatively (122).

+ S(CH,), CH,—N—O
+ (CHs).S

The reaction has been shown to be a general one
(123). Its usefulness is limited by the availability of
appropriate sulfur ylides. The reaction appears to be
explained best by the formation of an un-isolable oxa-
zirane as a very short-lived intermediate which rapidly
isomerizes to a nitrone. ‘

Phosphorus ylides and nitrosobenzene do not lead to
nitrones but to anils (123, 204).

(CGH5)3P=C(CGH5)Z + CeHsNO b
(CsHﬁ)zPO + (CGH5)20=NCGH6

5. Alkenes and Alkynes

Diphenylacetylene reacted readily with 2 moles of
nitrosobenzene to form a dinitrone which upon hydrol-

CeHsCECCsHs + 2CH;NO — CsHslcl—CCeHs
CH:N NCqH;
vy

(O ¢)

ysis yielded benzil (4-6). The reaction does not ap-
pear to be general, since a dinitrone was not obtained
from the reaction between acetylene and nitrosoben-
zene (4).

Phenylpropiolic acid and 2 moles of nitrosobenzene
gave two interconvertible isomeric products, but no
rigorous structural proof was given for these products
(6, 7). Nitrosobenzene and o-nitrophenylacetylene
yielded a nitrone (7, 8) of an unexpected structure.

=CH 0
+ GCH;NO —>
NO, g N—CHj

}

0

Styrene and nitrosobenzene were reported to form
a,N-diphenylnitrone (110, 121), while 1,1-diphenyl-
ethylene yields «,a,N-triphenylnitrone with nitroso-
benzene (111). It is not clear at the present time what
happened to the terminal methylene group, but pre-
sumably it was converted to formaldehyde since the
reaction products contained large amounts of azoxy-
benzene (106a). The structure of the resulting ni-

(CeH;)%C=CH, + 3CH;:NO —
(CeHs)zC=lszH5 + HzCO + CeH51f=NCeH5

0O 0O

trones in these reactions was established unambiguously.
Safrole upon reaction with nitrosobenzene formed a
fully conjugated nitrone (2, 11).

CH,CH=CH,

+ CHNO —>

0—CH,

Hydrolysis of this nitrone yielded 3,4-methylenedioxy-
cinnamaldehyde, indicating that the carbon skeleton of
safrole had remained intact. Isosafrole and nitroso-
benzene, on the other hand, reacted very slowly but
ultimately yielded a nitrone which upon hydrolysis
formed 3,4-methylenedioxybenzaldehyde, indicating
the formation of a nitrone by cleavage of the side chain
of isosafrole at the site of the double bond (3).

HC=NCH;

y

0

2
—CH,

Many simple alkenes such as propylene, 1-butene, cis-
or trans-2-butene, isobutene, 1-octene, 4-octene, cyclo-
pentene, and cyclohexane reacted readily with nitroso-
benzene, but thus far nitrones have not been isolated
among the reaction products (106a). The reaction be-
tween aromatic nitroso compounds and alkenes or
alkynes requires further investigation before it may be
employed as a general synthesis of nitrones.

F. MISCELLANEOUS

Quaternary Mannich bases when treated with an
aromatic nitroso compound yielded nitrones. This
reaction, although employed very seldom, was shown to
be general (109, 177, 221, 226).
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N(CHs)2

H,C ® e
EtO0C 1‘\1 CH; CH;
H NO

Hac . /CHa
T CH:N_QN\ * O
i ) | CH,

Et00C” N o N
H CHs;
+ HSO,CH,

' Aromatic nitroso compounds were shown to yield
nitrones upon treatment with 1-benzyl-1,4-dihydro-
nicotinamide (72).

H _-H
AN
CHNO + CONH, @»CONHz
o
CH,C.H, + CSHST‘:CHCGHE
0
+ C4H,NH,

Quinones yielded dinitrones upon treatment with
nitrosobenzene (102), while various hydroxylamine
derivatives were found to disproportionate in carbon

0

0
NG:H,
NC.H,

{

0 0O O

|
+ CHNO —

disulfide solution into nitrone and amine (186). The
reaction of 1,1-dinitroethane with its salts reportedly
led to the formation of a-methyl-a-nitro-N-(1,1-dinitro-
ethyl)nitrone (21).

V. REACTIONS
A. DIMERIZATION

1. Cyclic Dimers

The oxidation of N-hydroxypiperidine did not give
the expected cyclic nitrone but a product to which a
dimeric structure was assigned (41, 222).

D= [Q] = GO
R

The corresponding five-membered ecyclic nitrones
were found to be monomeric (30).

glj—»
Ox ;

0

2-Phenyl-N-hydroxypiperidine also yielded a cyclic
dimer upon oxidation, but 3,4-dihydroisoquinoline N-
oxide was monomeric (223).

2. Noncyclic Dimers

Although monomeric aliphatic nitrones have been
reported (80), dimerization appeared to occur very
readily. Acetone and N-phenylhydroxylamine, for in-
stance, yielded an aldol-type dimer (41), and n-butyr-
aldehyde and N-phenylhydroxylamine yielded a dimer
of the same type. Dimerization of Al-pyrroline N-
oxides to 2-(1'-hydroxypyrrolidin-2-yl)-Al-pyrroline
N-oxide derivatives was achieved in liquid ammonia
employing sodamide as the catalyst (44).

2r CHa—C—CH;g:l (CH;),—C—CH,—C—CHj;
‘_CsHs—N—’O CsH;—NOH N—=O
¢Hs

B. ALDOL CONDENSATIONS

The nitrone group bears a marked resemblance to the
carbonyl group in facilitating the removal of a proton
from an adjacent carbon under basic conditions (42,
45). Thus, 2-methyl-Al-pyrroline N-oxide when
treated with benzaldehyde in the presence of base
yielded 2-styryl-Al-pyrroline N-oxide (30). Similarly,
benzaldehyde and a-methyl-N-phenylnitrone in the

base = CgH;CHO
eny 2= om SO
N N
} |

0 (0]

OH
N/ CHZC::CGHS — N/ CH=CHCsH,
5 o

presence of base yielded a-styryl-N-phenylnitrone
(233). This reaction was also observed employing p-
nitro- or p-chlorobenzaldehyde. Another example is
given below (233).

COOC.H; COOC.H;
C:H;CHO + CH, Bis; CsH,-,CH=CIJ
C|JH=NCGH5 H=NCH;
6 5

C. ADDITION REACTIONS
1. Cycloaddition Reactions

a. With Unconjugated Alkenes

The 1,3-cycloaddition of a nitrone to only two un-
conjugated alkenes, 1-heptene and safrole, have been
reported (116). The reactions yielded 92 to 979 of an
adduct or adducts (Table VII). The structure and
stereochemistry of the isoxazolidine derivatives formed
were not reported.
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Tasrg VII
1,3-CycLoappITION REACTIONS OF UNCONJUGATED ALKENES TO NITRONES
B.p. (mm.)
Adduet or
Alkene Nitrone yield, % m.p., °C. Ref. Remarks

1-Heptene a-Phenyl-N-methylnitrone 92 a 116 b
Safrole a-Phenyl-N-methylnitrone 97 a 116 b
Cyclopentene a-Phenyl-N-methylnitrone 90 a 116 ¢
Cyclohexene a-Phenyl-N-methylnitrone 78 a 116 ¢
Cyclohexene 4,5,5-Trimethyl-Al-pyrroline N-oxide a 118-120(16) 39, 40 ¢
Cyeclohexene N-Ethylnitrone a a 39 d
Cyclohexene 2,3,4,5-Tetrahydropyridine N-oxide a 124 (13) 39,40 ¢
Norbornene a-Phenyl-N-methylnitrone 92 a 110, 116 b
Norbornene a,N-Diphenylnitrone 99 a 116 ¢
Norbornene 3,4-Dihydroisoquinoline N-oxide 100 a 116 ¢
2-Cyano-5-norobornene a-Phenyl-N-methylnitrone 50 a 100 b
5-Norbornene-2,3-dicarboxylate a-Phenyl-N-methylnitrone 30 a 100 b, e
2,3-Diaza-5-norbornene a-Phenyl-N-methylnitrone 88 a 100 b

s Not specified.
trone generated ¢n sttw.

H
B om
RCH=CH; + CéH:CH=N~CH;~> | 30 and/or
¥ H N
HR = 0 CoH, CH;
HN
CsH; CHs

Unconjugated alkenes appear to react considerably
slower than conjugated unsaturated systems. The
relative rates of the 1,3-cycloaddition of a-phenyl-N-
methylnitrone to RCH=CH, in toluene at 120° were
reported to be 0.67 for R = “alkyl,” 3.0 for R = CoHj,
and 100 for R = CO;Et (117). The cycloaddition re-
actions appear to have second-order kinetics, first order
in the nitrone and first order in the unsaturated system.

Intramolecular addition of the in situ generated
nitrone group was also reported in the case of N-
methyl-N-(5-hexenyl)hydroxylamine which upon treat-
ment with mercuric oxide yielded an isoxazolidine deriv-
ative, presumably through a nitrone intermediate
(160).

o N
CHs""N“‘ (CH2)4CH=CH2 Eg_O_) 0\ P
)
CH;
-—
01'\I
CHs

b. With Unconjugated Cycloalkenes

Cyclopentene, cyclohexene, norbornene, Dbicyclo-
pentadiene, and other bicycloalkenes have been treated
with a variety of nitrones, as summarized in Table VII.

Norbornene and «,N-diphenylnitrone yielded 999 of

b Structure of adduct not known or not reported.
¢ Which ester was employed not reported.

¢ Stereochemistry of adduct not known or not reported. ¢ Ni-

a mixture of two isomers, presumably epimeric at the

3-position. The isomers yielded identical B-amino
CeHls 0
+ CsHsCH=NCiH; —> HN .
CGH5
HO j\
LN CiHLNHCH
CsHs

alcohols when treated with hydrogen and Raney nickel
(116). The configurations of the cycloadducts of the
reactions listed in Tables VII, VIII, IX, and X have
not been reported for any cycloadduct for which the
possibility of stereoisomerism exists.

Intramolecular 1,3-cycloaddition has also been ob-
served for cycloalkenes. When 4-cycloheptenecar-
boxaldehyde was treated with N-methylhydroxylamine,
a single isoxazolidine derivative was obtained in 609,
yield, but intramolecular addition was not observed
with 3-cyclohexenecarboxaldehyde, since this yielded
a nitrone instead (161).

O—CHO + CH;NHOH —
@—CHO 4+ C:H;NHOH ~— QCH=111C2H5
0O

c. With Alkynes

The addition of various substituted alkynes to 3,4-
dihydroisoquinoline N-oxide has been described (113).
For R = H, a 83%, yield of the adduct was obtained at
20°, for R = C¢Hj, a 699 yield, but for R = CO,CH,,

i
N<o
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further rearrangement of the formed adduect occurred
in situ (115).

0
1 e
@fj\r\\ + H,C0—C—C=CR — i

Y H,00,—=—=-R

d. With Conjugated Alkenes and Dienes

The conjugated diene, 1,3-butadiene, added to 2,3,-
4 5-tetrahydropyridine N-oxide (or its dimer) in two
stages to give first the 1:1 adduct which may be either
of the two following structures.

HC-— H 3 4 —
QO & — G -
N, HC CH, N
N
0
[ :N\Oj:CH=CH2

Further reaction with a second mole of the N-oxide
yielded a mixture of products (39, 40), which may be
composed of structural isomers or diastereoisomers of
the bisisoxazolidine derivatives. Similar adducts were
obtained with isoprene and 2,3-dimethyl-1,3-butadiene
(39, 40).

linked 4,4~
or 5,5-
or 4,5-

Vinyl acetylene and «,N-diphenylnitrone yielded a
1:1 adduct (57). The presence of the unchanged triple
bond was detected in the infrared spectrum of the cyclo-
adduct. Hydrogenation of the isoxazolidine derivative
over palladium-calcium carbonate catalyst yielded 1-

H,

CH,
ssa’

CsH5m=TC£5 + CHg'-—-CHCECHa -—
0 HCc=c” ~0~
CH;CH,CH(OH)CH,CH(C:H;)NHC¢H;
phenylamino-1-phenyl-3-hexanol. The same nitrone
also added across the double bond of 1-penten-3-yne
and 1-hexen-3-yne (57).
Cyclopentadiene gave a single 1:1 adduct with 2,3,-
4,5-tetrahydropyridine N-oxide which was reported to
be one of the following structures

accompanied by the product from dicyclopentadiene

(39, 40).
(:N\O:EB

Cycloheptatriene and norbornadiene with a-phenyl-
N-methylnitrone gave cycloadducts, but the composi-
tion and structure were not reported (100).

Styrene and «,N-diphenylnitrone yielded two iso-
meric adducts, presumably diastereoisomers. The
products of the hydrogenolysis were found to be
identical (100, 116).

(FGHS CH CeHs
CoH:CH=CH; Cels "N
H N H N\ 2H. Pd
CGH50H=NCGH5 H CeHs H H
H CgHs

0 CeH;CH,CH:CH(OH)CsHs + CsHsNH;

The rate of the reaction between a series of para-
substituted styrene derivatives and a-phenyl-N-methyl-
nitrone was found to follow the Hammett equation,
with a p-constant of +0.83 (117). The reaction be-
tween the same nitrone and 2-vinylpyridine was found
to have an energy of activation of 18.3 keal./mole and
an entropy of activation of —29 e.u. (117).

The reactions between conjugated dienes and alkenes
are summarized in Table VIIL

e. With Unsaturated Alcohols, Ethers,
Nitriles, and Allylacetone

These reactions are summarized in Table IX.

The structure of the cycloadduct of the reaction be-
tween a,N-diphenylnitrone and allyl alcohol was shown
to be as indicated. Hydrogenolysis of the adduct
yielded aniline and a glycol, which upon treatment with

CGH5CH=§CGH5 CIJGHS
H
(@) — CeH; N\O 2H,, Pd
+ -

H,C=CHCH.OH g  CH:0H
CeHsNH: CH,0

+ +
CeH,CH.CH,CH(OH)CH,00 2%,  CH,CH,CH,CHO

HIO, yielded formaldehyde and 3-phenylpropional-
dehyde (100). The configurations of carbons 3 and 5
of the cycloadduct were not reported.

Allyl aleohol and acrylonitrile were treated with 5,5-
dimethyl-A-pyrroline N-oxide; the adducts appear to
have the following structure (70).

H:C
Hﬁ"gﬁf
0 R

f. With Conjugated «,8-Unsaturated
Carbonyl Compounds

These reactions have been summarized in Table X.
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Tasre VIII
1,3-CycroapprTion REACTIONS OF CONJUGATED ALKENES OR DIENES T0 NITRONES
B.p. (mm.)
Adduet or
Compound Nitrone yield, % m.p., °C. Ref. Remarks

1,3-Butadiene 2,3,4,5-Tetrahydropyridine N-oxide a 39, 40 d,
Isoprene 2,3,4,5-Tetrahydropyridine N-oxide a 96-110 (20) 39, 40 b, e
Isoprene 4,5,5-Trimethyl-Al-pyrroline N-oxide a 112-120 40 b,d
2,3-Dimethyl-1,3-butadiene N-Methylnitrone a 60-70 (17) 39, 40 b, g
2,3-Dimethyl-1,3-butadiene N-Ethylnitrone a 70-72 (15) 40 b, d, g

a 110-120(17) 40 ¢, d g
2,3-Dimethyl-1,3-butadiene 2,3,4,5-Tetrahydropyridine N-oxide a 98-97 (17) 39, 40 b, e

a 120-122 40 ¢, d
1,4-Diphenyl-1,3-butadiene 2,3,4,5-Tetrahydropyridine N-oxide a 185-187 40 ¢, d
2,3-Dimethyl-1,3-butadiene 4,5,5-Trimethyl-Al-pyrroline N-oxide a 106-108 (17) 39, 40 b, d
2,3-Dimethyl-1,3-butadiene 3,4-Dihydroisoquinoline N-oxide a a 39 b, e
Vinylacetylene a,N-Diphenylnitrone 12 103-104 57 12
1-Penten-3-yne a,N-Diphenylnitrone 50 109-110 57 e
1-Hexen-3-yne a,N-Diphenylnitrone 50 91-92 57 e
trans,trans-Diethyl muconate 4,5,5-Trimethyl-Al-pyrroline N-oxide a a 40 ¢, d
Cyclopentadiene 2,3,4,5-Tetrahydropyridine N-oxide 62 a 39, 116 b, e
Cyclopentadiene 4,5,5-Trimethyl-Al-pyrroline N-oxide a 120-126 (23) 39,40 b, e
Cyclopentadiene 3,4-Dihydroisoquinoline N-oxide a 98 40 b, d
Cycloheptatriene a-Phenyl-N-methylnitrone 83 a 100 d, h
Norbornadiene a-Phenyl-N-methylnitrone 98 a 100 d, h
Styrene a-Propyl-N-phenylnitrone 98 a 100 e, ¢
Styrene a-Phenyl-N-methylnitrone 95 a 100 e
Styrene a,N-Diphenylnitrone 100 a 100 e
p-Methoxystyrene a-Phenyl-N-methylnitrone a a 117 d
p-Methylstyrene a-Phenyl-N-methyInitrone a a 117 d
p-Chlorostyrene a-Phenyl-N-methylnitrone a a 117 d
p-Nitrostyrene a-Phenyl-N-methylnitrone a a 117 d
a-Methylstyrene a-Phenyl-N-methylnitrone 85 a 100 d
a-Methylstyrene a,N-Diphenylnitrone 71 a 116 d
2-Vinylpyridine a-Phenyl-N-methylnitrone a a 117 d
Indene a-Phenyl-N-methylnitrone 92 a 100 d
1,2-Dihydronaphthalene a-Phenyl-N-methylnitrone 97 a 100 d
1,1-Diphenylethylene a-Phenyl-N-methylnitrone 29 a 100 d

5 1:1 adduct. °©1:2 adduct.
/ Mixture of adducts.

¢ Not specified.
known or not reported.

4 Structure of adduct not known or not reported.
¢ Nitrone generated in situ.

¢ Stereochemistry of adduct not
» Composition of adduct not reported.

TasLe IX
1,3-CycLoAppITION REACTIONS OF MISCELLANEOUS UNSATURATED SYSTEMS TO NITRONES
B.p. (mm.)
Adduct or
Compound Nitrone yield, % m.p., °C. Ref. Remarks
Dihydropyran a-Phenyl-N-methylnitrone a a 116 b
Allyl aleohol a-Phenyl-N-methylnitrone 100 a 100,116 ¢
Allyl aleohol 5,5-Dimethyl-Al-pyrroline N-oxide 84 100-103 (3—4) 69, 70 ¢
Acrylonitrile a-Phenyl-N-methylnitrone 91 a 100 b
Acrylonitrile 5,5-Dimethyl-A-pyrroline N-oxide 100 57-58 70 ¢
Crotononitrile 5,5-Dimethyl-Al-pyrroline N-oxide a 85 39, 40 b
Allylacetone 5,5-Dimethyl-Al-pyrroline N-oxide a 86-89 39, 40 b
Diethyl azodicarboxylate a,a,N-Triphenylnitrone d o 216 d
Allyl isothiocyanate a-Phenyl-N-methylnitrone 53 a 100 b, e

s Not specified.

In general, acrylates react faster with nitrones than
methacrylates, and methacrylates faster than ‘“cro-
tonates,” presumably the trans-crotonates. For the
reaction between the ethyl esters of these acids and -
phenyl-N-methylnitrone, the relative reaction rates at
120° in toluene were 100 for the acrylate, 30 for the
methacrylate, and 8.4 for the “crotonate’” (117). The

b Structure of adduct not known or not reported.
reaction occurred. ¢ Addition presumably across the C=C bond.

¢ Stereochemistry of adduct not known or not reported. ¢ No

reaction between the same nitrone and methyl meth-
acrylate had an energy of activation of 15.7 keal./mole
and an entropy of activation of —32 e.u. (117).

The cycloadduct of o,N-diphenylnitrone and ethyl
acrylate upon treatment with lithium aluminum hy-
dride yielded a compound which was identical with the
cycloadduct (of known structure) obtained from the
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TasLe X
1,3-CycLOADDITION REACTIONS OF a,8~-UNSATURATED CArRBONYL CoMPOUNDS TO NITRONES
B.p. (mm.)
Adduect or
Cowmpound Nitrone yield. % m.p., °C. Ref. Remark

Ethyl acrylate a-Phenyl-N-methylnitrone 99 a 100, 116, 117 ¢
Ethyl acrylate 3,3,5,5-Tetramethyl-Al-pyrroline N-oxide 60 100-110(2-3) 70 b
Ethyl acrylate 2,4,4-Trimethyl-Al-pyrroline N-oxide 65 a 70 b
Ethyl acrylate 5,5-Dimethyl-Al-pyrroline N-oxide 100 110-120(1) 70 ¢, d
Ethyl acrylate 5,5-Dimethyl-Al-pyrroline N-oxide 98 105-110(0.5) 70 ¢, d
Methyl methacrylate a-Methyl-N-ethyInitrone 75 a 68 d
Methyl methacrylate a-Phenyl-N-methylnitrone 97 a 117 ¢
Methyl methacrylate a-Propyl-N-cyclohexylnitrone 95 a 110, 116 ¢
Ethyl crotonate a-Phenyl-N-methylnitrone 95 a 110, 117 b, e
Ethyl crotonate a-Phenyl-N-(p-methoxyphenyl)nitrone a a 117 b, e
Ethyl crotonate a-Phenyl-N-(p-chlorophenyl)nitrone a a 117 b, e
Ethyl crotonate a,N-Diphenylnitrone a a 117 b, e
Ethyl crotonate a-Benzoyl-N-phenylnitrone a a 117 b, e
Dimethyl fumarate 3,4-Dihydroisoquinoline N-oxide 100 89-90 117

Dimethyl fumarate a-Phenyl-N-methylnitrone a a 117 ¢
Dimethyl maleate 3,4-Dihydroisoquinoline N-oxide 95 95-96 117

Dimethyl maleate a-phenyl-N-methylnitrone a a 100-117 ¢
Carvone a-Phenyl-N-methylnitrone 85 a 100 b
Eucarvone a-Phenyl-N-methylnitrone 68 a 100 b
Mesityl oxide a-Phenyl-N-methylnitrone 53 a 100 b

s Not specified. ? Structure of adduct not known or not reported. ¢ Stereochemistry of adduct not known or not reported. 4 Struc-

tural isomers. ¢ Geometry of ethyl “crotonate’” not reported.
same nitrone and allyl alcohol (116). The configura-
tion of the adducts on carbon 3 and 5 were not re-
ported.

CsI‘IsCHZIIICGHs, CsHs CGHs
0 "L HX
+ —’(‘.sHszt \O ___,LiA'H‘ CeHs \0
H,C=CHCOEt TN T~H H
H “c0,Et H cp,0H

The direction of cycloaddition of nitrones may well
be subject to kinetic and thermodynamic control. For
instance, the addition of ethyl acrylate to 5,5-dimethyl-
Al-pyrroline N-oxide at room temperature yields 100%
of one structural isomer, but at 100° a 989, yield of the
other structural isomer was obtained, as shown below

(70). Prolonged treatment of the adducts with lithium
HiC
ne' §_1H

CO:Et

room temp., 1009,

Hac\ /I 4 HzC:CHCOzEt
H,C III @o\‘
O
H
N
HC 2 PcorEt

aluminum hydride provided diols whose structures
were proved by synthesis (70).

—

1 + Lia, — 55 cH,CHOHCH,0H
Hi¢ O
H

H,C .
Hac><;>— CH(CH;OH),

H

II + LiAIH;

—

Fumarates were reported to react faster with nitrones
than maleates (117). With 3,4-dihydroisoquinoline
N-oxide and dimethyl fumarate, an adduct was formed
which was reported to be the geometric isomer of the
cycloadduct formed from the same nitrone and di-
methyl maleate (117). This would seem to indicate
that 1,3-cycloaddition reactions are stereospecific cis
additions as are the similar thermal 1,4-cycloaddition
reactions such as the Diels—Alder reaction. Proof of the
configurations of the adducts was not reported, how-
ever (117).

HacOZC\
H/
+
~ /N\
+
H\C C/H 959
= —
/ N N—g
HiCO.C CO.CH; H.. --H
H,C0.C ~ COLHs

a-Acylnitrones were reported to be especially reac-
tive. The reaction between o-benzoyl-N-phenylni-
trone and ethyl “crotonate’ in toluene at 100° was 110
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times faster than the reaction between «,N-diphenyl-
nitrone and the same ester (117).

g. With Isocyanates

The cycloaddition of phenyl isocyanate to nitrones
was first reported in 1894 (20). «,o,N-Triphenyl-
nitrone yielded 909 of the cycloadduct (216), and a
949, yield was reported for the reaction between a-

0
0o On -
RRC=NR’ + CHN=C=0 — TN=R
CsHs—N—/LR
K

phenyl-N-methylnitrone and phenyl isocyanate (100).
The latter compound and a-styryl-N-phenylnitrone
yielded 899 of 2,4-diphenyl-3-styryl-1,2,4-oxadiazolin-
5-one (233).

Cyeclic nitrones such as Al-pyrrolidine N-oxide (225)
or 3,4-dihydroisoquinoline N-oxide (116) also added
phenyl isocyanate readily in quantitative yield, but no
reaction occurred when dimeric nitrones such as 2,3,4,5-
tetrahydropyridine N-oxide were employed (222).

Phenyl isothiocyanate appeared to add to a-phenyl-
N-methylnitrone, probably in the following fashion
(116).

0]
S OSN—cH,
CH;CH=N—CH, + CHN=0=S — CH—N——CH;
Reactions between nitrones and other isocyanates have
not been reported.

h. 1,4-Cycloadditions

Tetraphenylcyclopentadienone was the only com-
pound reported to yield with nitrones a 1,4-cycloadduct
in respect to the conjugated diene. The following
nitrones were employed: 2,3,4,5-tetrahydropyridine
N-oxide, 4,5,5-trimethyl-A!-pyrroline N-oxide, a-phen-
yl-N-benzylnitrone, «,N-diphenylnitrone, o-(p-meth-
oxyphenyl)-N-phenylnitrone, and a-(m-nitrophenyl)-
N-phenylnitrone (39, 40).

g b
Gy OHs g a0 1 Clle

R—If=CHR’ + = BT 0O
5 CH; CoHy BT e
0 0 CH;

2. Addition of Grignard Reagents

Grignard reagents were added to aldonitrones in a
1,3-fashion, but the reaction with ketonitrones led to
imines (73, 233).

H

0 o

t |
RCH=NR’ + R"MgBr — RR"CHNR’
O

RR'C=&R" + R””’MgBr — RR’'C=NR"”

a,N-Diphenylnitrone reacted with phenylmagnesium
bromide or ethylmagnesium iodide to form the sub-
stituted hydroxylamine (10). Phenylmagnesium bro-
mide also was added to a-phenyl-N-benzylnitrone (10)
or Al-pyrroline N-oxide (225), yielding 83-909%, of the
hydroxylamine derivatives. An 899, yield of 1-hy-
droxy-2-ethyl-5,5-dimethylpyrrolidine was obtained
from the reaction between ethylmagnesium bromide
and 5,5-dimethyl-A!-pyrroline N-oxide (30). Dimeric
nitrones, which did not react with lithium aluminum
hydride, sulfur dioxide, or phenyl isocyanate, readily
added phenylmagnesium bromide in up to 93% yield
(222, 223).

PN
+ 2CHMgBr —> 2 Citls

Dinitrones added 2 moles of the Grignard reagent (4).
CsHs—NL=CH—CH=T—CsHs + 2CH:MgBr —>

CGH;,—CH—CjJH—CsHs
CsH;:—N II\I—CGHE

0O
H H

3. Addition of Hydrogen Cyanide

Nitrones formed a 1,3-adduct with hydrogen cy-
anide. In presence of base the adduct readily lost
water to yield a cyanoimine.

base

R—CH=IIT—R’ + HCN — R—CiH—l\l'—R’ —_
O CN O
H
R—CIJ=N—R’ + H.0
CN
Hydrogen cyanide and Al-pyrroline N-oxide yielded
78%, of 1-hydroxy-2-cyanopyrrolidine (30). o-Phenyl-
N-p-tolylnitrone when treated with potassium cyanide
in methanol formed the cyanoanil in good yields, while
the intermediate hydroxylamine could not be isolated
(26).
p—CchsI'L—T:CHCsHs + KCN —>
O
p-CHzcqu—N=CCeH5 + KOH
N

a,N-Diphenylnitrones containing nitro substituents
behaved similarly (22), as was the case for a variety of
a-keto-N-arylnitrones (140), but nitrones derived from
hydroxyurea behaved abnormally (23, 24).

RCH=§—CONH2 + KCN —> RCH=N—CONH, + KCNO
0O
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Cyanated anils may be obtained in good yields with-
out isolating the intermediate nitrone. Thus, by treat-
ing an aromatic nitroso compound with a compound
containing a suitably activated methylene group in the
presence of cyanide ions, a cyanoanil was formed (152).

C¢H:CH,Br + CH;NO + Na*CN~- —>
CGH50=NCGH5 + N&BI‘
N

Pyridinium salts (170) or a-nitrotoluene may be em-
ployed in place of benzyl bromide (156).

CeHsC HzNOz + CGH5NO + N&CN b
CsHsc|=NCsH5 + N&NOZ
CN

4. Miscellaneous Additions

Good yields of g-nitrohydroxylamines have been ob-
tained by treating Al-pyrroline N-oxides with nitro-
alkanes in presence of a base (30). In a similar fash-
ion, 2-methyl-Al-pyrroline N-oxide derivatives added

)Q + CHNO, —=2» ><—>‘CH2N02
If Et0 1{\1
0 H

to pyrroline N-oxide derivatives unsubstituted in the
2-position (43). Malonic ester also added readily to

P B S,
=z CH3 + & NH; N/ 3

N
i ) |
(6] 0 (6]

LO—Z

nitrones in presence of base (233).

Dimethylsulfate alkylated the nitrone oxygen (75).
(CH,).80 + CeHsCH=llI—CH3 —
O

+
[CsHsCH=N—CH3} [CHsSO4_]
OCH;

D. REARRANGEMENTS

1. Isomerization to the Amide

Aldonitrones rearranged to the isomeric amides by
treatment with a variety of reagents, e.g., phosphorus
pentachloride, phosphorus trichloride, phosphorus oxy-

CeHsCH=Nl'—CH3 —> CH;CO—NH—CH;,
O
chloride, thionyl chloride, sulfur dioxide, acetic anhy-
dride, acetyl chloride, and solutions of base in ethanol

(35, 80, 217-219, 229, 230). This rearrangement was
reviewed in 1957 (150). Phosphorus trichloride, phos-

phorus oxychloride, and acetic anhydride were found
to be the most effective catalysts for the rearrangement
(230), although phosphorus trichloride occasionally
may deoxygenate the nitrone. No marked configura-
tional influence appeared to exist in the rearrangement
of nitrones in contrast to the classical Beckmann re-
arrangement (230), to which this isomerization has
been compared (230) on occasion. High yields of the
isomeric amides have been obtained. For instance, a-
benzoyl-N-phenylnitrone upon treatment with acetic
anhydride for 10 min. yielded 889, of the isomeric
amide (140).
CeH;,COCH=1§CeH5

(o)

—_— CeHsCOCONHCsH5

2. Isomerization to the Oxime O-Ether

This isomerization may occur either under the in-
fluence of heat or of acid. Thus, by heating «,o-di-
phenyl-N-diphenylmethylnitrone to 160-200°, a quan-
titative yield of the O-ether was obtained (67). The
rearrangement was found to be first order, with an

A
(CeHs)zC=I\f—CH(CeH5)g —> (CeH;)C=N—0O—CH(CsH;),
0

energy of activation of 40 keal./mole, and an entropy
of activation of 4+13.6 e.u. (67). The thermal rear-
rangement, however, was not observed for «,N-di-
phenylnitrone, a-phenyl-N-benzylnitrone, a-phenyl-N-
diphenylmethylnitrone, or a-phenyl-N-cinnamylnitrone
(238). Treatment of «a-phenyl-N-diphenylmethyl-
nitrone with 1297, aqueous hydrochloric acid yielded
the O-ether (165). In a few instances, the products of
the acid-catalyzed hydrolysis of nitrones may be ac-
counted for by assuming the formation of the O-ether
as an intermediate product (94, 95, 238).

3. Behrend Rearrangement
Ketonitrones may rearrange to aldonitrones by the
catalytic influence of base (67, 183, 213).
(C|H5)20=lf—CHzCeH5 —_— (CeHs)ZCH—lII=CHCeH5
O O

This rearrangement has also been observed in the
synthesis of nitrones (165, 213).

(CsHs)zC=NOH + CsHscHgBl‘ —_— (CeHs)ZCH—?=CHCsH5
O

4. Miscellaneous Rearrangements

The reaction of «,N-diphenylnitrone with 989, sul-
furic acid yielded 209, of p-hydroxyazobenzene. The
suggested mechanism consisted of the initial hydrolysis
to N-phenylhydroxylamine, followed by a dispropor-
tionation with formation of azoxybenzene and a
Wallach transformation (93).
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E. PHOTOLYSIS

Irradiation of nitrones was found to lead to the
isomeric oxaziranes (126, 210, 215), which were found
to rearrange further thermally to the nitrones, or
thermally and photochemically to amides.

light light or
RCH=NR’ —> RCH—NR’ -——> RCONHR’
o \ / heat
0

O heat
Upon irradiation of a-(p-N,N-dimethylamino-
phenyl)-N-m-nitrophenylnitrone, the isomeric oxazi-
rane was obtained, which upon standing for 24 hr. was
reconverted to the nitrone in 609, yield, and N,N-di-
methylaminobenzaldehyde in 409, yield (215). a-
Phenyl-N-t-butylnitrone upon irradiation yielded 95%
of the isomeric oxazirane (215). On the other hand,
a,N-diphenylnitrone upon prolonged irradiation yielded
first the isomeric oxazirane and then not only N-phenyl-
benzamide, but also benzaldehyde, nitrosobenzene, and
benzanilide (210, 215). a-Phenyl-N-methylnitrone
upon irradiation yielded first the oxazirane, which upon
further irradiation yielded benzaldehyde and N-methyl-
benzamide (210).
Another example consisted of the irradiation of 5,5-
dimethyl-Al-pyrroline N-oxide forming the oxazirane
which upon heating yielded an amide (31).

>(T>EL Q_“%QO
0

~0

Oxaziranes, however, were not obtained by irradiation
of 2-substituted Al-pyrroline N-oxides (31).

F. PYROLYSIS

The pyrolysis of «,a,N-triphenylnitrone was re-
ported by different workers to yield as the main product
benzophenone anil with traces of nitrosobenzene and
benzophenone (29, 111, 216). The pyrolysis was con-

ducted at 200-300°.
(CsHs)ZC=1fCeH5 -
QO

(CeH;).C=NC¢H; 4 (CeH;)CO + CH:NO + O

Similarly, «,N-diphenylnitrone yiclded the anil,
benzaldehyde, azobenzene, nitrosobenzene, and N-
phenylbenzamide (216). Detailed systematic pyrolytic
studies on nitrones have not been reported.

G. OZONOLYSIS

The ozonolysis of «,N-diphenylnitrone or a-phenyl-
N-t-butylnitrone yielded benzaldehyde and nitroben-
zene in the case of the former compound, and benzal-
dehyde and 2-methyl-2-nitropropane for the latter, 2
moles of ozone per mole of nitrone being absorbed.
The absorption was rapid and complete, even at —78°.

Throughout the ozonization the presence of a green or

blue color indicated intermediate nitroso compounds.

This was proved for o, N-diphenylnitrone where 25-409,
CeHr,CH=1IIR + O0; — CgH:CHO + RNO + O,

O
yields of nitrosobenzene were obtained by stopping
the reaction after 1 mole of ozone was absorbed. The
second mole of ozone oxidized the nitroso compound
further to the nitro compound (187).

Oxaziranes were shown not to be intermediates in the
ozonization of nitrones, since 2-t-butyl-3-phenyloxa-
zirane was not attacked by ozone. The reaction was
explained best by the nucleophilic attack of ozone on
the ecarbon of the nitrone group.

a,¢, N-Triphenylnitrone and ozone yielded benzo-
phenone aud nitrobenzene (216).

H. REDUCTION

Nitrones upon treatment with either lithium alumi-
num hydride or sodium borohydride yielded the corre-
sponding hydroxylamines, generally in high yields,
presumably by a 1,3-addition mechanism.

LiAlH,
>C=N-0 ——> >CH—N—OH
| |

a-Phenyl-N-methylnitrone or «,a-diphenyl-N-methyl
nitrone for instance form the corresponding hydroxyl-
amines in yields of 94 and 919, respectively, when
treated with lithium aluminum hydride (81-83).
The same reagent and Al-pyrroline N-oxide formed 1-hy-
droxypyrrolidine (225), while «-phenyl-N-i-butylni-
trone yielded 779, of N-benzyl-N-t-butylhydroxylamine
(79). Dimeric nitrones, however, did not react with
lithium aluminum hydride (222). Various Al-pyr-
roline N-oxide derivatives and potassium borohydride
formed the corresponding 1-hydroxypyrrolidine deriv-
atives (30, 41), but 4-keto-3,5,5-trimethyl-A%pyr-
azoline 2-oxide yieclded 4-hydroxy-3,5,5-trimethyl-Az2-
pyrazoline 2-oxide (85).

Treatment of a-hexyl-N-benzylnitrone with sodium
and alcohol yielded N-heptyl-N-benzylamine (174).

Deoxygenation of nitrones

>C=111— - >C=N—
0

has been accomplished by zinge, tin or iron dust, phos-
phines, sulfur dioxide, sulfur, and catalytic hydrogena-
tion. A!Pyrroline N-oxide was converted to Al-
pyrroline by zinc and acetic acid in 669, yield, by tin
and hydrochloric acid in fair yield, and by sulfur di-
oxide in 159, yield (30); similar results were obtained
for other cyeclic nitrones (41, 134). «,a,N-Triphenyl-
nitrone and iron powder (216), or a,N-diphenylnitrone
and zinc in acetic acid (76) formed the corresponding
anils. In the latter case no evidence was found indicat-
ing formation of N-phenyl-N-benzylhydroxylamine.
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2,4,4-Trimethyl-A-pyrroline N-oxide was smoothly
deoxygenated by triphenylphosphine or triphenyl-
arsine in yields of, respectively, 75 or 709, (1), but tri-
phenylstibine or triphenylbismuthine gave extensive
decomposition products. «,N-Diphenylnitrone (173)
and other nitrones (113) were also readily deoxygenated
by triphenylphosphine. Phosphorus trichloride or
phosphorus oxychloride often caused rearrangement
of the nitrone besides deoxygenation (9, 22, 80, 230)
which was also found to be the case with sulfur dioxide
in some instances (230), but not in others (179).
a,N-Diphenyl nitrone (209) and other nitrones (25)
were successfully deoxygenated by sulfur. Treatment
of a,N-diphenylnitrone with carbon monoxide at 150°
and about 3000 atm. also resulted in deoxygenation
(47).

Treatment of «,a-diphenyl-N-diphenylmethylnitrone
with hydrogen and Raney nickel at atmospheric pres-
sure and room temperature yielded 509, of the imine
(67). Treatment of N-0-, -m~, or -p-nitrophenyl-a-
phenylnitrone with hydrogen and platinum black
showed that the nitro group was reduced before the
nitrone group (88). Because of this it is possible to
prepare nitrones by reductive cyclization of nitro com-
pounds. For instance, 4-methyl-4-nitro-3-phenyl-1-
(3-pyridyl)-1-pentanone was converted to 5,5-dimethyl-
4-phenyl-2-(3-pyridyl)-Al-pyrroline N-oxide by low
pressure hydrogenation over Raney nickel in 459,
yield, by zine dust and aqueous ammonium chloride in
559, yield, and by hydrazine and Raney nickel in 759,
yield (134).

I. SOLVOLYSIS

Nitrones generally hydrolyze readily, forming an
aldehyde or ketone and an N-substituted hydroxyl-
amine (94, 145). Arylnitrones are far less susceptible
to hydrolysis than alkylnitrones. For example, a,a,N-

RR’C=NlR" + H.0 — RR’CO + R"NHOH
0O

triphenylnitrone upon treatment with dilute sulfuric
acid yielded benzophenone and N-phenylhydroxylamine
(216). Alkyl nitrones were hydrolyzed instantly, were
“decomposed’ by ethanol, but were unaffected by di-
ethyl ether (80). On the other hand, arylnitrones have
commonly been recrystallized from ethanol.

Nitrones upon treatment with KCN in methanol
yielded a-methoxy anils which upon hydrolysis yielded
an N-substituted amide (23, 26), while a-cyanonitrones

KCN H;0
CH;CH=NCH; ——> CHi;C=NCH; —>
) CH:0H |
0O O
¢u,
CsH;CONHCH;

yielded a-ketocarboxylic acids (145).

J. MISCELLANEOUS REACTIONS

Nitrones are readily transformed into derivatives of
the corresponding carbonyl compounds, e.g., hydra-
zones (90), 4-nitrophenylhydraxones (114), 2,4-di-
nitrophenylhydrazones (145), semicarbazones (52), and
oximes (103).

CeHsCH=IIICsH;, + NH,OH —
0O
CH:CH=NOH + C:H:NHOH

The reaction between diphenylketene and phenyl-
nitrones, leading to Staudinger’s “nitrenes” (216),
was reinvestigated. Substitution of the phenyl ring
appeared to occur, followed by a decarboxylation
(107).

(CeH;),C=C=0 + CH;N=C(CH;), —>
0

#—N=C(CHj;), N=C(C;H;),

Treatment of «-(2-quinolyl N-oxide)-N-phenylni-
trone with quinaldine N-oxide yielded 1,2-bis(2-quinolyl
N-oxide)ethylene. Lepidine derivatives exhibited a
similar behavior. The mechanism for this reaction
is not understood (66).

Finally, 2,4,4-trimethyl-Al-pyrroline N-oxide upon
treatment with selenium dioxide yielded the 2-carbox-
aldehyde, which rearranged to 2,3,4,5-tetrahydro-3,3-
dimethyl-5-ketopyridine N-oxide under the influence

of acid (42).
Z > SeOs 23_ H* )(TO
P — >—CHO —>
N N
0]

|

O«

VI. UsEs

The principal use of nitrones appears to be that of a
synthetic intermediate. Five-membered heterocyclic
systems may be prepared by 1,3-cycloaddition reac-
tions, as discussed in detail in that section of this re-
view. The Kroehnke reaction has been employed to
prepare by the hydrolysis of appropriate nitrones a
variety of carbonyl compounds, e.g., aldehydes, ke-
tones, glyoxals, «,8-unsaturated aldehydes, dialde-
hydes, a-ketocarboxylic acids (140, 170), or the acids
themselves, as reviewed by Kroehnke (145) in 1953.

Sensitive aliphatic aldehydes such as fumaraldehyde
(114, 199), muconaldehyde (127), cyclohexylideneacet-
aldehyde (51, 53, 54), and acrolein (153) have been
prepared by the hydrolysis of appropriate nitrones or
dinitrones. The following glyoxals have been pre-
pared similarly: aminomethylglyoxal (13) and other
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aminoalkylglyoxals (14, 15, 169), aromatic amino-
alkylglyoxals (32, 138), phenylglyoxal (153), substi-
tuted phenylglyoxals (211), furan-2-glyoxal (133),
pyrrolylglyoxal (197), and indolylglyoxal (196).

In the benzene series, the following aldehydes were
prepared by nitrone hydrolysis: 2,6-dinitro-, 2,6-di-
chloro-, 2-nitro-6-chloro-, and 2-nitro-6-bromobenzal-
dehyde (60); 4-nitrosalicylaldehyde (91, 92); o-naph-
thaldehyde (153); and cinnamaldehyde (153). Other
aromatic aldehydes thus prepared were: (pyridine N-
oxide)-2-carboxaldehyde (104); pyridazine-3-carbox-
aldehyde (158); quinoline-2- and -4-carboxaldehyde
(132, 154); acridine-9-carboxaldehyde (77, 172, 179)
and derivatives (172, 179, 195); cinnoline-4-carboxal-
dehyde (50); aldehydes in the pyrrole (226, 227),
indole (220, 221), naphthoxazole (190), and benzselen-
azole series (190); benzimidazole-2-carboxaldehyde
(163) and derivatives (162); thiazole-2-carboxaldehyde
(231);  benzthiazole-2-carboxaldehyde (129, 189);
benzoxazole-2-carboxaldehyde (189); 1,3,4-thiadiazole-
2-carboxaldehyde derivatives (178); and phenazine
derivatives (234). Also prepared were 2-oxochrome
(200), purine-6-carboxaldehyde (90), theobromine-8-
carboxaldehyde (38), and theophyllin-8-carboxaldehyde
(38).

Aromatic di- and tricarboxaldehydes prepared from
di- and trinitrones are naphthalene-1,3-, -1,4-, -1,5-,
-1,6-, -1,7-, -2,6-, and -2,7-dialdehydes (191); naph-
thalene-1,3,5-, -1,3,6-, and -1,3,7-trialdehydes (191);
pyrazine-2,3- and -2,5-dicarboxaldehyde (190); pyr-
imidine-4,6-dialdehyde (190); quinoxaline-2,3-dialde-
hyde (112);  thianaphthene-2,3-dialdehyde (188);
benzthianaphthene-2,3-dialdehyde (190); and furan-
2,5-dialdehyde (176).

Nitrone formation and hydrolysis have also found a
use in steroid chemistry (18, 19, 185). The 21-alde-
hydes of cortisone, hydrocortisone, and dihydrocorti-
sone have been prepared from the corresponding 21-
methyl compounds by employing the King reaction
followed by nitrone formation and hydrolysis (159,
181, 192). The 21-aldehydes of 9-(a-fluoro)- or 9-(a-
chloro)hydrocortisone were prepared similarly (86,
87), as were other 21-aldehydes (58, 235) and 17-
glyoxals (171, 184) in the pregnane series.

Nitrones have been used for the synthesis of neo-
cyanine dyes (129, 130), as supersensitizers of 2,2'-
cyanines (46), and in photographic plates (167).

A few scattered pharmacological experiments em-
ploying nitrones have been reported (101, 128, 166).
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