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The mass spectra of 13 2-hydroxyimino-N-aryl acetamides contain abundant arylamine, isocyanate and
protonated benzimidazole ions, the mechanisms of formation of which were established by deuterium
labelling and formulae by exact mass measurements. Loss of OH" and NO" were postulated to proceed

through cyclic and acyclic intermediates respectively. Considerable hydrogen scrambling and rearrangement
could be noticed in all the processes.

Derivatives of 2-hydroxyimino-N-phenyl acetamide

(also known as glyoxylanilide oxime or isonitroso H°N=“C“|3|—HN‘©‘NH-§‘2-CH=NOH
acetanilide) are intermediates not only in the synthesis o o

of the indigoid dyes' but also of many pharmaceuti-
cals.”® Some of these have pharmacological* and ag-
rochemical® significance by themselves. Since mass
spectral investigations on acetanilides reveal many in-
teresting features,*'® it was considered worthwhile as H0N=Hc_c—HN—®———©—NH—C—CH=NOH
an extension of our earlier investigations on ox- 4 S
imes'®?' and amides®? to investigate the electron im-
pact induced behaviour of these hitherto unexplored
important aromatic amine derivatives (1,4-10). The
mass spectraof 1,2, 3,4, 5 and 9 are given in Figs. 1-6
and those of 6, 7, 8 and 10-15 in Table 1. The main
features of the spectra are discussed below; to help in
this the corrected relative abundances for the impor-
tant peaks for 1, 2 and 3 are summarized in Table 2.

(/4)

(/5)

Formation of the anmiline radical ion

Loss of CO and HCNO from the molecular ion
(Scheme 1) by a concerted process involving the trans-
fer of the original oxime hydrogen to the amide nit-

s ¢ rogen produces a very abundant peak (except for 11,
0 + [} 2
Ry ' —NH—C—CH=NOH C,DS—NH—CI.E—CH=NOH o
4 ) A
R R Ar—NHZ TCH  -[CO + HCNO] +
(2) i m Ar—NH,
{7)R=R=R,=H {7) R=R;=H, Ry=Cl Hio N o
(#) R=CH; ,Ri=R;=H (8) R=R)=H, Ry=NO, Certs™ND—G—CH=NOD
($) R=Cl .R=R=H  (9) R=R,=H, R,=OCH, o) Scheme 1
{6) R=R,=H,R;=Cl  (/0) R=R=H , R;=OC;Hs (3)

12 and 14 which are discussed later), which is the
base peak in the spectra of 1, 13 and 15. The process
is confirmed by an appropriate metastable peak in
each case and must be a low energy process since the
spectrum of 1 at 20eV still displays this ion (a,
mje 93, {CcH,NT?) as its base peak. Mass measure-
ment in the case of 1 confirmed the elemental for-
Br D b mulae of this ion. Examination of the kinetic energy
n (/2 releases suggest that the ions a and the molecular ions
of the corresponding anilines have a common decom-
position mode (Table 3), with the exception of the
NH-C—CH=NOH o-methyl derivative 4 where (Fig. 7) two structures—
I one corresponding to the aniline, the second
@ ° unknown—seem to be present. The slightly larger
kinetic energy releases, with the exception of HCN
from the ortho chloro compound 5§ are not unex-

3) pected.?*?*
We have observed a similar behaviour for the
© Heyden & Son Ltd, 1978 [RC,H¢NT* ions from some monosubstituted acet-
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Figure 1. The mass spectrum of compound 1.
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Figure 2. The mass spectum of compound 2.
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Figure 3. The mass spectrum of compound 3.
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Figure 7. Metastable peak shapes for the loss of HCN (a) from
the molecular ion of o-toluidine and (b) from the ion(s) of the
same formula from compound 4.

IOOJ 106
801 133 161 178tM) ¥
] 146
601 107
olol B
401 g 132|134 (47
b "o
20
O S e ——
SO 100 ISO m/e
Figure 4. The mass spectrum of compound 4.
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Figure 5. The mass spectrum of compound 5.
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Figure 6. The mass spectrum of compound 9.
anilides,'"'* where there is some independent evi-

dence® to show that the [RC4HN]* ion has the same
decomposition pathway as the corresponding aniline
ion and reacts by first forming the aniline ion. Thus,
structure a seems reasonable in this case. The involve-
ment of the original oxime hydrogen in this process is
confirmed by the shift of the amine peak to m/e 95 for
3, and the appearance of the peak at m/e 98 indicates
the retention of all aryl hydrogens intact in the result-
ing amine in the case of 2. Further fragmentation of
the amines is shown in Scheme 2 and proceeds in each
case in accordance with earlier observations.?

A competing process leading to the ion a, found to
occur to a significant extent with 1 and its labelled
derivatives 2 and 3 is the elimination of HCNO from
the molecular ion that has undergone McLafferty rear-
rangement followed by the expulsion of CO. This
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Table 1. The mass spectra of compounds 6-8, 10 and 11-15
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Table 1. (Continued)

15 mle 237 236 210 185 184 183 182 181 180 179 169 168 167 166
%! 5 18 19 18 100 18 18 18 10 8 3 6 13 12
165 164 157 156 155 154 153 152 141 140 139 130 129 128
6 6 8 26 12 18 15 9 11 15 17 26 12 21
127 117 115 102 93 92 91 90 89 78 77 76 75 74
20 21 19 19 18 9 17 18 19 17 30 19 21 18
69 68 67 66 65 64 63 62 61 57 55 54 53 52
5 4 1 16 26 30 36 20 8 5 1 20 17 34
51 50 a4 43 41 39 38 37
34 2 36 14 26 43 21 18
Table 2. Corrected relative abundances for the prominent ions in compounds 1, 2 and 3
Compound MI* [M-OH]* M-oDoJ* {ArNCOT* [ArNH I [ArNHT" [ACNT*
mle % mle % m/e % mle % mle % mie % mie %
1 164 84 147 45 — — 119 50 93 100 92 35 91 28
124 35
2 169 80 152 40 151 10 98 100 97 51 96 35
123 15
166 75 120 20 95 54
3 149 10 148 40 94 54 9N 30
165 15 119 26 94 44
52 i28 D
s, *\'I. 39 /ﬂ/\ o)
. 129 :E‘:* 42 _(]:I—_Clz\v PhND——ﬁ—-CD:NOH
[} L] o,
y {5 c% O H w/ O
“\Z 85 ! 3 a&e 3 . Scheme 1
156 70 S ~[DCNO+CO]
80 T & 2, 20(39) . o
:\‘4, *\T o o L2 PhND—C . [PhNHD]*
157 7 ) 66 (65) + y)H a, mje 94
O 1 24 mfe 122
\Re5iG T|* ) 67 €
‘%);\3?*\ =| & *:,OC’$ * |_[HONG + éO]
* ~ %
ns‘——':' e -——(IE;HCN M*-H 106 —H:N 79 -:2 77 PhNH—C —CH==NOD
Y > . "7. ‘ i I
\/Q I f /\\/‘/QA/Q s )j O . .
Vi *"f ) 16 “/:/ Impurity in 3
168 N \o8 9~ & Scheme 4
<
- 08 108 \ N
/:% ° &) 64
89 ‘,? x T Table 3. Kinetic energy releases for the decomposition of
N 8 . [RC,HN}* ions for compounds of the type
£ 8o 80 3 RCHNHR'
*
7 AN
= 7
62 § % ‘:;:’ * Loss of R R=H T%®meV)® R=COCH=NOH  T%(meV)
' 52 HCN  H 823 95+3
s HCN  o-Me 1106 199°
Ci o-Cl 118+6 1368
s‘gheme 2 HCN O‘Cl 114+4 103+7
Me p-MeO 193+4 215+5

stepwise process is again substantiated by appropriate
metastables in each case.

9
Ar—NHZC

Scheme 3

v H

_— -

+.
ArNH,

o

?]n the case of the o-methyl derivative th: T5° value for the
narrow component is ¢. 116 meV. ®See Experimental section.

Hydrogen exchange during amine formation

The appearance of a very intense peak at m/e 94
(compared with m/e 92 with 1) in the spectrum of 3
points to a certain amount of exchange between the
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C-2 hydrogen and the original oxime hydrogen, thus
indicating an indirect involvement of the former in the
amine formation, as well as lending support to the
mechanism shown in Scheme 3. Taking into considera-
tion the contributions of the [M—H']* fragment from
mje 95 (as 11% based on aniline’®), the isotopic peak
of m/e 93 and the amine formation from the amide-
hydrogen undeuterated impurity (approximately on
the basis of the molecular ion and amine intensities in
1), the contribution of the 166— 94 process for this
ion works out to about 40%. This figure must repres-
ent the extent of exchange referred to above (Scheme 4).

With 10, the amine formation occurs to a major
extent from the [M—C,H,]! ion. With 14, the amine
peak intensity is only about 10%, perhaps due to the
instability of the molecular ion, which is undetected.
With 11 and 12 again, no molecular ion could be
detected and loss of HCNO and CO takes place only
from the [M—Br']" ion.

That the amine formation is not a thermal process,
but only electron impact induced, is confirmed not
only by the metastables observed, the low voltage
spectra and the low source temperatures employed,
but also by the fact that pyrolysis of 1 at 70-80°C
under low pressures did not cause any change in its
structure.

Loss of OH’

The spectra of 1, 4 and 6 contained abundant peaks
due to the loss of an OH" from their respective
molecular ions, while §, 7, 8 and 9 exhibited inten-
sities of only 3-6% for this ion and the spectrum of 10
did not contain any [M —OH*]" ion. Further, 2 and 3
revealed both OH' and OD’ losses, the ratio [M-—
OH'T':[M—-OD’']" for the former being 5:1 and for
the latter 1:4. This again indicates that there is some
exchange between the original oxime and the ortho
phenyl hydrogens, since it is the only method by which
2 can form an [M—-ODJ" ion. From the spectrum of
2, it can be deduced that this exchange takes place to
the extent of 15%.

Two structures b and ¢ (Scheme 5) are possible to
accountfor this OH’ loss. Of these, b involves the original
oxime hydrogen in the exchange process and the [M—
OHT" ion from it (d) carries a charge on the oxime

|
X=H or OH
substituent

BIOH
N CH
%c/

X |

~OH’(OD’)
————
< Of *

c

Arfi=C~CH=NOH

4

nitrogen. On the other hand, c is the enolic form of the
amide and if the enolic OH is the entity lost, the amide
nitrogen becomes charged in the resulting ion e. In
choosing between d and e, the effect of a substituent at the
ortho and para positions to the amide nitrogen was
informative. An electron-donating group must stabilize
the structure d by resonance, via the enolic form d’. On
the other hand, there should not be any substituent effect
on e. The low abundance of the [M—OH']* ion for 8 and
its high abundance for 4 confirms d = d' as the structure
for this ion. In the case of 10, loss of ethylene from the
molecular ion becomes the primary process because of
the labile ethoxy group and an abundant ion is produced
by the loss of OH" from the [M — C,H,]" ion, thus lending
support to structure 4. With 9, owing to a competing
process of isocyanate formation (this isocyanate ion
is muchmore intense with 9 than other acetamides) and
partly because of the formation of the [M —CH,O]* ion
(there is 8% loss of OH’ from this ion) the abundance of
the ion d is considerably reduced. The [M—OH']* ion
abundance exhibited by the chloroacetamides 5, 6 and 7
pointsto the dominatinginductive effect of the halogen.

With the acetamides 11-15, the molecular ions as
well as the [M— OH']" ions were undetected, probably
due to the greater stability of the isocyanate ions
derived from them by a concerted loss of OH" and CO
as discussed below.

Formation of the arylisocyanate and protonated ben-
zimidazole ions

Loss of CO or H,CN from the [M—OH']" ion of the
oximes 1-10 and 13 afforded respectively the proto-
nated benzimidazole f or the arylisocyanate radical ion
g whose structural formulae were confirmed by exact
mass measurements on the appropriate ions derived
from 1. Both these processes are substantiated by
appropriate metastables in each case and serve to
confirm the structure d<d’ for the [M—-OH'T" ion.
The appropriate mass shifts were noticed with the
deuterated analogues 2 and 3. The mass measure-
ments also indicated that the isocyanate ion constitutes
about 90% of the nominal peak in each case, pointing
to the dominance of the enolic form d' over d. If d
were to be the major form, loss of carbon monoxide

X H
._N_ O
-OH’ (OD")
* -
—N
H
(D)
X
X N OH :'l o]
R
+ __" +
N N

H{(D} H(D)
d d

Scheme 5
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(Scheme 6) from it must be a predominant process (as hydrogen. Compound 4 exhibits a concerted loss of
observed with pyridones?S). NO’ and H'. Any one of the following two mechan-
isms (Scheme 9) may be operating during this process,

X .
”j° —co SHEN_ e pont® HN o since the behaviour of the deuterated analogues 2 and
: * ) N ~and 3 is in accord with either of them.
H /, m/e 92 /,m/e 65
4 -I- L1 ArNH-—C HQN ArNH—c/CH\/; -NO' ArNH C—CH;
) T R
H +O\H [o} H\ o
Ly e
/mies) /,mie 64 § :;: :::
/, .../. 9 » l—H'
Scheme 6 « 0 o.]?
The appearance of a peak at m/e 123 (Scheme 7),
coupled with the high intensity of the m/e 97 and 96 ion ’
peaks in the spectrum of 2 (compared with 1), lends . nre 133
support to the occurrence of both these processes. £ e 37

Further, in the formation of m/e 123 the methine or
original amide proton transfer can take place to the
2'-carbon of the benzene ring. The appearance of peaksat X NH_ C¢0H - X M &H, X -
mfe 119 and 120 with almost equal intensity in the @ - éﬂ < ,\5 _— @ 6/&(:“
(o] H 1 2
N
H

spectrum of 3 points to a 1:1 likelihood for both these I
processes. .

These processes occur only with the [M—Br']* ion ,':,':.’;: ooy *l-H'
in the case of 11 and 12, and were found to be 3, m/e 136 X
concerted, as also with 14 and 185. NH
Simple cleavage i

7, m/e 133
All the oximes display marked peaks for the loss of 5:;: ot
either C,H,NO, or CH,NO radicals by a-fission of Scheme 9
the bond on either side of the amide carbonyl. The
occurrence of ions at m/e 72 and 44 (the latter being
the base peak in some spectra) confirms this process. Some specific features

1Y _cNo
—C=0" «—— AINHCOCH=NOH —X A M . . . .
ﬁH 3 CH=NO NHE=0" e [M—OH]']" ion from 4 gives rise to a pro-

N CC+CHNG nounced peak due to the loss of methyl and in analogy
oH — — i with o-tolualdoxime,?” it is proposed that the resulting
~Co I .
mle 72 250, 1\ ¥ on [AINHJ* ion has structure k
mje 44 h —cO. M8
Scheme 8 @i T ~cHi @[ j—<
Loss of NO* = THEN mieno
d(from 4)
The amides 1-10 form an [M—NO']* ion, which is the m/e iel e s
most intense for 1. The resulting ion then loses a Scheme 10
b___Nco? 5 2 N _OH b A NCO*
~CO =H2CN’ -HDCN' -Co
m/e 96 ‘—*—— ‘——;— —T—— ——;——— m/e 95
D D D N ) H
o D D D
mle 124 d' from 2 wie 123
m/e 152

x -CO
from keto form

D
-pcn B NH  —HCN
mle 96 el A
mje 124
Scheme 7
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A marked distinction could be observed between
the chloro derivatives 5, 6 and 7. While the [M—CI']*
jon is the base peak with 5, it is negligible with 6 and
totally absent with 7. This, coupled with the high
[M—OH']" ion intensity in 6, may serve as disting-
uishing features between isomeric haloanilines.

Koo R
L
-~ fHox
N
n

o
j -Ico 4; HONOL o on

+
N
|
OH
5
m/e 198 m/e 163
Scheme 11

CONCLUSION

The spectra of 2-hydroxyimino-N-aryl acetamides are
far more complex than those of the acetanilides. There
are many hydrogen exchanges and rearrangements
observed in these spectra. Amine, isocyanate and pro-
tonated benzimidazole ion production and loss of OH-
and NO- would serve as identifying features for these
compounds and hence for aromatic amines.

EXPERIMENTAL

General procedure for making the acetamides

To an aqueous solution of chloral hydrate (1g, in
15ml water) were added successively crystalline
sodium sulphate (15 g), the amine (0.5 g, in 3 ml water
to which 0.5 ml of concentrated hydrochloric acid was
added) and hydroxylamine hydrochloride (1.2g, in
5 ml water). The mixture was heated on a steam bath
for 25-30 min and then refluxed for 1-2 min. The
solution was cooled under the tap and the resulting
solid recrystallized from either water or dilute
methanol as the case may be.

1, 42 572 6,2 7,0 82 932 13 and 14°' were
reported earlier. The following new compounds were
prepared: 4'-ethoxy-2-hydroxyimino-N-phenyl aceta-
mide (10), m.p. 214°C; N,N'-bis-(4:4'-phenylene)-
2-hydroxyimino acetamide (15), m.p. above 300 °C.

Preparation of 2

ds-Nitrobenzene®* was reduced to ds-aniline with
Fe/HCI following a literature procedure® for the un-
labelled compound. When Sn and HCI were used,* it
was found that one of the ring deuteriums (most
probably the para) was replaced by hydrogen to the
extent of 30% (mass spectral data). Compound 2, m.p.
176 °C, was obtained in 90% yield from ds-aniline by
the above general procedure.

Compound 3, m.p. 177 °C, was obtained by recrys-
tallizing 1 from heavy water. Measurements indicated
that the product was contaminated to the extent of 10%
with the amide unlabelled compound (see Fig. 3). All
efforts to make a labelled compound with either the
amide or the original oxime hydroxyl alone containing
the label were unsuccessful.

Compounds 11 and 12 were prepared by brominat-
ing 1 and 2 respectively in water (15 ml) containing
potassium bromide and potassium bromate (5:1 molar
ratio) by adding a few drops of concentrated hydroch-
loric acid and stirring for 15 min, m.p. 152 °C.

Measurement of spectra

The low resolution spectra of all the oximes were
obtained on an AEI MS-12 mass spectrometer at
70 eV with 100 wA ionizing current and at an inlet
temperature of 80-90°C (160-170 °C for 13, 14 and
15). Exact mass measurements were performed on an
MS-9 mass spectrometer at a resolution of 1 in 10 000
using heptacosafluorotri-n-butylamine to provide re-
ference masses. The metastable peak shapes® were
measured on the MS-9, the T°° values were obtained
by measuring the width at a position such that the
areas above and below this line were equal.
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