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The reaction of anti-a-hydroxyamino oximes with ketones gives sub-
stituted 1-hydroxy-3-imidazoline 3-oxides, The action of hydrogen
chloride on the latter and on their acetyl derivatives leads to the
isomeric 2-isoimidazole N~oxides differing by the position of the
N-oxide oxygen in the isoimidazole ring. The structure of the latter
compounds has been established by means of IR, UV, and PMR spectra
and has been confirmed by independent synthesis.

1t has been shown previously [2] that the direction
of the reaction of g-hydroxyamino oximes with ali-
phatic aldehydes depends on the configuration of the
oxime group: the syn isomers give derivatives of 4H-
1,2, 5-oxadiazine and the anti-isomers derivatives of
3-imidazoline-3-oxide. The latter, under certain con-
ditions, are converted into the isomeric imidazole
N-oxides differing by the position of the N-oxide oxygen
in the imidazole ring [3].

LA

0 \
100, 1700 1400 1100 800,00 1700 1400 1100

WW\ it

1700 1400 1100 80D 1700 1400 1100 800 ¥ cm™t

100

wt
o=
I

Transmission, %

w
o

Fig. 1. IR spectrainKBr: 1)II, 2)1II, 3) IV,
4) VIIIL.

In the present work we have studied the condensa-
tion of anti-g-hydroxyamino oximes with ketones. The
reactions of N-(1-anti-hydroxyimino-1-phenyl-2-
propyl)hydroxylamine (I) with acetone, methyl ethyl
ketone, and cyclohexanone gave the colorless crystal-
line substances II, III, and IV, corresponding in com-
position to the products of the condensation of compound
I and the corresponding ketone with the elimination of
a molecule of water.
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*For communication IX, see [1].

The UV spectra of II, III, and IV are identical with
one another and are similar to the UV spectra of N-
methyl-o-phenylnitrone, which shows the presence in
them of the phenylnitrone grouping 0 — N=C—C¢H; [2]

The IR spectra of these compounds (II, III, and IV)
have intense absorption bands at 1205, 1208, and
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Fig. 2. UV spectra in ethanol:
X, 2) v, 3) XIV.

1208 em™!, respectively (Fig. 1), which can be as-
signed to the stretching vibrations of the semipolar

N — O bond (cf. [4]). The broad absorption bands with
maxima at 3180, 3190, and 3240 cm™!, respectively,
show the presence of an OH group participating in a
hydrogen bond. In the IR spectra of the acetyl deriva-
tives of II and IV (V and VI), this band has disappeared
and the bands of the ester grouping —CO—O-—at 1220
and 1765 and at 1225 and 1775 cm™!, respectively,
have appeared. The IR spectra of the acetyl deriva-
tives V and VI are practically identical with those

of II and IV.
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Fig. 8. PMR spectra in CDClj:
DX, 2)XI.

A consideration of the spectral characteristics and
the results of elementary analysis has permitted com-
pounds I, TI, and IV to be assigned the structures 1-
hydroxy-2,2,5-trimethyl-4-phenyl-, 1-hydroxy-2-
ethyl-2,5-dimethyl-4-phenyl-, and 1-hydroxy-5-
methy1—2,2—pentamethylene—4—pheny1-3-imidazoline
3-oxides and V and VI the structures of the O-acetyl
derivatives of II and IV.

1t was to be expected that other anti-q-hydroxy-
amino oximes would also give condensation products
of analogous structure with ketones. In fact, the re-
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Table 1

1-Hydroxy 3-imidazoline 3-Oxides and Their Acetyl-Derivatives

Com- o ‘ Empirical Found, % Calculated, %
pound |MP» ~ C | formula | c Hoo N ¢ | v | w
11 {148—150 | Ci3Hy6N20; 65.6;66.1 | 7.4;7.5 é 124; 12.6 } 65.5 } 73 | 127
UL | 123125 CiaHisNeO, 864,663 | 77,79 | 118,120 | 668 | 77 | 119
IV | 184—186 | CisHzoN2Oz 69.4;69.6 | 74,74 | 105,108 | 694 | 7.7 | 108
\ 112—‘114\ C14H;sN20q 644,643 | 7.3;7.1 | 11.0;110 | 641 69 | 107
VI | 133—135 ! Ci7HpN204 67.8:67.8 | 75,76 9.4; 96 | 678 ‘ 73 1 93
VI | 191—193 | C7HpNOs 715,717 | 771,77 99,100 | 7131 7.7 | 98
IX | 139441\ C19HpsN2Osg 69.3,60.4 | 7.2;7.2 8.3; 8.3 \ 696 | 73 t\ 85
action of N-{1~hydroxyimino-2,3~benzocyclohept-7- 0 < N=C—CsHs. grouping, in the UV spectra of X and
yDhydroxylamine (VII) with cyclohexanone gave a con- l
densation product with the composition CyHy,N; G XI the absorption in this region is preserved (Fig. 2).
(VIII) to which, on the basis of a consideration of the This is apparently due to the fact that compounds X
IR spectrum (1176 cm™!, N — O) and UV spectrum and XI retain the chromophoric system of the phenyl-
(A\max 296 nm, loge 4.08), the structure of 1-hydroxy- nitrone grouping.
2,2-pentamethylene-2',3'-benzocyclopentane In the PMR spectrum of X (Fig. 3), recorded for a
[7',1% 5,4] 3-imidazoline-3-oxide has been assigned. 30% solution in CDCls, there are two well-defined
The treatment of VIII with acetic anhydride led to the singlets at 8.51 and 7.62 ppm [the chemical shifts of
O~acetyl derivative IX. the protons are given on Tiers' scale] and a complex
band with a center at 2.44 ppm with an intensity ratio
HON O«V——c close to 6 :3:5. The band at 8.51 ppm corresponds to
/NoH @iy on the six hydrogen atoms of two methyl groups attached
@/ - to carbon atom 2, that at 7.62 ppm to the three hydro-
vi vin gen atoms of the single methyl group attached to car-
bon atom 5, and that at 2.44 ppm to the five hydrogen
o'ﬁ_so atoms of the phenyl residue. In the PMR spectrum of
— @O/ Nooce, XI (Fig. 3) taken under the same conditions there is a
' broad band of the ten hydrogen atoms of the cyclohex-
ene ring at 8.22 ppm, a well-defined singlet of the
Under the action of dilute hydrochloric acid in the three hydrogen atoms of the methyl group at 7.50 ppm,
presence of 2,4-dinitrophenylhydrazine, compéund I and a complex band of the five aromatic hydrogen
was readily hydrolyzed, giving acetone 2,4~dinitro- atoms at 2.59 ppm.
phenylhydrazone and the initial a-hydroxyamino oxime On the basis of their elementary analyses and IR,
I. It was not possible to split off acetic acid by heating UV, and PMR spectra, 1t_ may be concluded tkTat X has
V in vacuum to the melting point (cf. [5]), but the treat- Fhe. structure O_f 2,2, 5-trimethyl-4-phenyl-2-iso-
ment of ethanolic solutions of V and VI with hydrogen imidazole 3-oxide and XI that ‘Of 5-methy 1-‘2,2-penta—
chloride led to compounds X and X1, the compositions methylene-4-phenyl-2-iso-imidazole 3-oxide-
of which corresponded to the products of the elimina~ 0 n—c® e R
tion of a molecule of acetic acid from V and VI. c, ;(f: AR el AR
The IR spectra of X and XI (in CCly) lack absorption \1/ B
in the region of the stretching vibrations of a hydroxy A C’"J
group, Compounds X and XI have similar UV spectra B ;;::cc}:‘l ", OB T_Cg:::_)i
which differ congiderably from the spectra of the ini- ‘
tial V and VI (Fig. 2). However, while the transition :;k_{i;m:
from l-acetoxy-2,5-dimethyl-4-phenyl-3-imidazoline S
3-oxide (XII)'to 2,5-dimethyl-4-phenylimidazole 3- CH,
oxide (XIII) is accompanied by the complete disappear- X
ance of the long-wave band with A, 290 nm In studying the conversion of hydroxyimidazoline
(loge 4.19) [5]), corresponding to the absorption of the N-oxides into 2-iso-imidazole N-oxides, we treated
Table 2

2-Isoimidazole N-Oxides

Com - ° Empirical Found, % Calculated, %
Mp, °C i

pound formula c t H l N o H | N
X| 7779 CizH1aNz0 71.2; 71 [ 7.0, 7.1 ’ 13.9; 14.2 712 | 7.0 |i38
Xil 78--80 CisHisN2O 74.6; 74. 75,76 115; 116 744 | 74 {116
XIV| 83—85 Ci2HusN;O 71.3; 71. 70,70 13.7;13.8 71.2 7.0 138
XV | 76—78 CisHisN:0 74.0; 74. 7.5, 7.6 11.5;11.6 744 | 74 116
XVII | 128—130 Cy7HaoN2O 76.0; 76. 73,75 10.3; 10.6 762 | 75 |104
X1X | 138—140 Cy7HaoN0 76.0; 76. ‘ 74,77 10.4; 10.4 72| 75 |104
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an ethanolic solution of the unacylated compound II
with hydrogen chloride and obtained compound X1V,
which had the same composition as X but differed from
it in respect of melting point and IR and UV spectra.
Similarly, from IV we obtained compound XV, which
again differed from XI in its melting peint and spectral
characteristics.

The IR spectra of XIV and XV (in CCly) lacked ab-
sorption in the region of the stretching vibrations of a
free hydroxy group. The UV spectra of XIV and XV
(Fig. 2) were practically identical with one another,
but differed both from the spectra of the initial com-
pounds [ and IV and from the spectra of imidazole
N-oxides [5]. The PMR spectrum of XIV was similar
in respect of the position of the bands (8.43, 7.68, and
2.36 ppm) and in the ratio of the intensities (6: 3: 5)
to the PMR spectrum of X. The PMR spectrum of XV
(8.16, 7.74, and 2.44 ppm, ratio of intensities 10: 3: 5)
was likewise similar to the PMR spectrum of XJ.

On the basis of what has been said, it may be con~’
cluded that XIV and XV are isomers of X and XI re-
spectively, and differ from them only by the position
of the N-oxide in the isoimidazole ring. Consequently,
XIV has been ascribedthe structure of 2, 2, 4-trimethyl-
5-phenyl-2-isoimidazole 3-oxide and XV that of 4~
methyl-2, 2-pentamethylene-5-phenyl-2-isoimidazole
3-oxide.

0-N—C N-——C! )
(N (N
Xvii Xix

Analogously, from IX we obtained 2, 2-pentamethyl-
lene-2', 83'~benzocyclopentano-[7',1": 5, 4]-2~isoimida-
zole 3-oxide (XVIII) and from (VIII) 2,2-pentamethy-
lene-2',3'-benzocycloheptano][7',1': 4,5]-2~isoimida-
zole 3-oxide (XIX).

The 2-isoimidazoles have begun to attract attention
only comparatively recently [6], although they have
been postulated as intermediates in the formation of
N-substituted imidazoles [7]. There is still less infor-
mation in the literature on N-oxides of 2-isoimida-
zoles [8~10]. Consequently, it seemed to us to be
desirable to attempt to obtain these compounds by an
independent route. For this purpose, we used a syn-
thesis analogous to that given in the literature [11] for
imidazole N-oxides (see also [5]). The reactian of ace-
tone and ammonia with a-phenyl-a-isonitrosoacetone
gave a compound identical with X and that with o-
isonitrosopropio-phenone gave a compound identical
with XIV. Under the same conditions, the reaction
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with cyclohexanone led to compounds identical with
XTI and XV.

EXPERIMENTAL

The IR spectra were recorded on a UR-10 spectrophotometer; for
solid samples compared with potassium bromide (concentration 0.5%,
tablet thickness 1 mm) and for solutions in CCly (concentration 5%,
layer thickness 0.1 mm). The UV spectra were taken on an SF-4-
spectrophotometer ; ethanol was used as the solvent. The PMR spectra
were recorded for 30% solutions in CDCly on a TsLA-5535 (40 MHz)
instrument. Hexamethyldisiloxane was used as internal standard f12].

Condensation of c~hydroxyamino oximes with ketones. A tenfold
excess of the appropriate ketone was added 10 1.0 g of an «-hydroxy-
amino oxime. In the case of II and III, 1 ml of water was also added
to the mixture. The solution was boiled for 30 min (in the case of’
VIII, for 5 min)and evaporated to dryness. The residue was crysual-
lized, II from benzene, III from a mixture of benzene and ethanol,
and IV and VIII from ethanol. The yields of condensation products
amounted to 90~100%. The melting points and the elementary
analysis of the compounds obtained are given in Table 1.

Acylation of the 1-hydroxy-3-imidazoline 3-oxides. Acetic anhy-
dride (0.5 ml) was added to a suspension of 1.0 g of II in 15 ml of
chloroform and the mixture was boiled for 30 min, after which it was
cooled, washed with 5% sodium carbonate solution and water,
dried with ma gnesium sulfate, and the solvent was distilled off in
vacuum. The residue was recrystallized from cyclohexane. The ace-
tylation of IV and VIII was carried out similarly. Compound VI was
crystallized from cyclohexane and IX from ethanol. The yields of the
acylation products amounted to 70~90%. The melting points and ele-
mentary analyses of the compounds obtained are given in Table 1.

Preparation of 2-isoimidazole N-oxides, The acetyl derivative of
1-hiydroxy~3-imidazoline~3-oxide was dissolved in ethanol and then
hydrogen chloride was passed through the solution and it was diluted
with ether. The hydrochloride that precipitated was dissolved in
methanol and the solution was saturated with ammonia, diluted with
ether, and filtered, and the solvent was driven off. The compounds
X, XI, and XVII obtained in this way were crystallized from
n-hexane. The saturation with hydrogen chloride of ethanolic solu-
tions of the unacylated 1~hydroxy-3-imidazoline 3-oxides and the
subsequent treatment of the hydrochlorides in a manner similar to that
described above gave XIV, XV, and XIX, which were crystallized
from n-hexane. The yields of the 2-isoimidazole N-oxides amounted
to 70-90%. The melting poinis and elementary analyses of the 2-iso-
imidazole N-oxides and their hydrochlorides are given in Tables 2
and 3.

Independent synthesis of the 2-isoimidazole N-oxides. A sclution
of a-~isonitroso- oi- phenylacetone in ethanol was treated with a three-
fold excess by weight of the appropriate ketone and also with an excess
of ~30% aqueous ammonia. After 4 hr, the solvent was distilled off in
vacuum and the residual crystalline product (X, XI) was recrystallized
from n-hexane. Compounds XIV and XV were synthesized similarly
from o~-isonitrosopropiophenone. The compounds X, XI, X1V, and XV
obtained by this method were completely identical with the substances
obtained from II, 1V, V, and VI, respectively (from their IR spectra
and melting points).

Hydrolysis of 1~hydroxy-2,2, 5-uimethyl-4~-phenyl-3-imidazoline
S-oxide (1), A heated solution of 0,137 g of 2,4-diniwophenylhy-
drazine and 0.5 ml of 20% hydrochloric acid in 5 ml of ethanol was

Table 3

2-Isoimidazole N-Oxide Hydrochlorides

Com-~ R Empirical Found, % Calculated, %o
pound [MP | formula c | mn |l N | a clulnia
X . HCl| 178—180!CoH (N0 - HC!| 59.8; 59.8/6.6; 6.61 11.8; 12.01 14.3; 1444‘50‘4 6.3 1[.7\14.9
X1- HClH 198—200C sH,eN,0O - HCI| 64.7; 65.0/6.7,6.8] 97; 9.9 12.6; 12.7164.7| 6.9/10.0/12.7
XIV - HCl| 182—184|C,,H,NoO - HCI | 60.5; 60.9]6.0; 6.3] 11.8; 11.9| 14.8; 15.2|60.4/6.3 11.7(14.9
XV - HCI| 178—180!C,sH1sN;0 - HC1| 64.3; 64.416.8; 6.9] 10.0; 10.3| 12.4; 12.6164.7/6.9/10.0 12.7
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added to a heated solution of 0.150 g of Il in 7 ml of ethanol and the
mixture was heated to the boil and then cooled. The acetone 2,4-
dinitrophenylhydrazone that separated out was filtered off; 0,11 g
(69%), mp 125°-126° C (from ethanol), The filtrate was evaporated
to minimum volume, diluted with a double volume of water, and
neutralized with 10% sodium hydroxide solution. The precipitate that
separated out was filtered off; 0.04 g (88%), mp 162°-164" C, giving
no depression in admixture with compound I; the IR spectra of this
compound and of I also proved to be identical.
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