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Abstract: The mass apectra of five symmelric NN'-bis-aryl- and four symmetric
N.N'-bis-alkyl- NN’ - bie-aryl- diozramidoxrime derivalives are reported and com-
pared with those of Two 3,4-diamino-7,2,5-oxadiazoles, prepared from the corre-
sponding dioramidozimes by thermal dehydration. Attempts were made for deu-
terium labelling for some of the studied compounds, bui the parily deuterated
products didn’t provide more evidence in favour of the proposed mechaniem.

INTRODUCTION

Although the electron-impact induced fragmentation of aldoxi-
mes and ketoximes has been reported in detail in some relatively early
papers!, only two papers dealing with the mass spectrometric behaviour
of simple benzamidoximes have been published so fars.

In this paper the mass spectra of some symmetric N,N’-his- and
N,N,N’-N’-tetrasubstituted derivatives of dioxamidoxime of the pe-
neral type I are reported. These compounds were prepared through
a double 1,3-dipolar addition of cyanogen di-N-oxide with primary and
secondary amines®. The observed fragmentation pattern is further com-
pared with that of two 3, 4-diamino-1, 2, b-oxadiazole derivatives I,
prepared from the corresponding compounds 1 by heating.
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I, 1II: {a) Ar= CgH;, R=H; (b) Ar=2-CH;-CsH,, R=1;
(¢) Ar = 3-CH,-C,H,, R=H; (d} Ar=4-CH,-C;H,, R=H;
{e) Ar = 2,4,6-(CH,),CsH,, R=H; (i) Ar=CH;, R = CH;;
{g) Ar = C,H;, R = C,Hy; (h) Ar = 2-CH,-C,H,, R = CH,;
(i} Ar = 3-CH,;-C,H,, R=C,H;;

Although compounds e (R=H) can exist in several tautomeric
forms (like ITI, etc) it has been suggested® that they adopt the dio-
ximino structure I.

H
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Ar” Tl N NAr I | -

NOH KNOH NHOH NHOH
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This is further supported by the study of the NMR spectra of compounds
I in dimethyl-d; sulfoxide, where it was ohserved that the hydroxyl
protons of all compounds studied resonate at very similar t values®.
For example the hydroxyl protons of compounds Iy, and Iy, appear
at 1=-0.30 and -0.32 respectively. Furthermore, it was found that
both hydroxyl protons in each of the compounds studied are equiva-
lent. From the present mass spectral data 1t 1s concluded that tauto-
meric forms like TIT participate possibly in the structure of the mole-
cular ion M+* of compounds (), before fragmentation.

The fragmentation processes which will be mainly discussed in
this study are concerned with the loss of O, OH' and H,O from the mo-
lecular ions, as well as from the ions produced by these primary frag-
mentation reactions. The recorded mass spectra of all studied compo-
unds are given in Fig. 1-5 and in tabular form in Table 1. Relative in-
tensities are given in parentheses.

RESULTS — DISCUSSION

Although bis-aryl-dioxamidoximes ., and bis-alkyl-bis-aryl-dio-
xamidoximes [y show a number of similar primary fragmentation
reactions, general for all of them, it is easily noticeable that compo-
unds Iy show also some substantial differences. The comparison is
mainly refered to the fragmentation pathway of the central dioximino
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group leading to fragments observed in the higher mass number re-
gion of the recorded mass spectra.

The general primary fragmentation pathway of compounds T is
given in scheme 1. Tt is necessary to state that the ions given in all sche-
mes can exist in more than one structural forms.
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A similar fragmentation pattern has been suggested for the pri-
mary fragmentation reactions of some moeno-amidoximes?, where it is
reported that the molecular ijons were found in all cases with moderate
relative intensities, while loss of O, OH" and H,0 were the most
interesting fragmentations, leading to the very abundant ions M-16,
M-17 and M-18 respectively. Tt has also been reported that aniline

Wnoeiakh BiBAI0BAKN Ocd@paaTog - TuAua MNewAoyiag. A.lM.O.




436

(CGH:N H,), which appears as the base peak in the mass spectrum of
benzanilide oxime, formed directly from the molecular ion by elimi-
nation of a benzonitrile oxide molecule, as it is evidenced by the ap-
propriate metastable ion?.

Like in the case of mono-amidoximes the molecular ions of com-
pounds T, ., were found in all cases with moderate relative intensi-
ties and the molecular ions of compounds Lygy were found with lower
abundance. The same differences between compounds T and Ly
were also observed in the relative intensities of ions a, while ions &
and ¢ were found more abundant in the recorded mass spectra of com-
pounds Ty Ions 4 were found in all cases with very high relative
abundance. On the other hand ions ¢ were found in very low abun-
dance. These two transitions were not followed by the appropriate
metastable ions and it is possible for ions 4 to be formed by alternative
pathways, Further fragmentation of the primary formed ions 4 and &
gave the fragments g, f and % as it is evidenced by the appropriate
metastable ions, confirmed in almost all studied mass spectra. Ions g,
f and % were again found with higher relative intensities in the spectra
of compounds ).

The fragment M-18 is the most interesting of all the others given
in scheme I and is attributed to 3,4-diamino-1,2,5-oxadiazole ion of
the general structure ¢. As it is shown in scheme I ions ¢ can be formed
in one step from M+ by loss of H,0 or from ions & by loss of H" How-
ever the former transition was not followed by any metastable ion in
the studied spectra. The suggested structure ¢ is supported by the
fact that the fragmentation of I and of the corresponding diamino-
furazan Il follows a closely similar pathway. The same was also ob-
served for compounds Iy - Ily). This aspect is also in agreement with.
the reported formation of 1,2,5-oxadiazole ions as the dehydration frag-
ments of the molecular ions in the mass spectra of some aryl- and
aroyl derivatives of glyoxime®. Compounds Il were prepared by
thermal dehydration of compounds Igy. Efforts for the analogous
preparation of Il and Il failed.

The proposed fragmentation pathway of ion c is given in scheme II
and the mass spectra of compounds I and Il in Fig. 1 and 2 re-
spectively. Fragments 7, I, » and o were found in recorded mass spectra
of all studied compounds I, . The proposed fragmentation mecha-
nisms are in agreement with those reported for 3,4-bis-alkyl-7 and 3-
amino-4-phenyl-1,2,5-oxadiazole®. A very interesting feature in the
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Fig. 2. Mass spectrum of N, N'-diethyl-N,N'-bis( m-methyl-)phenyl-3,4-diamino-1,2,5-0xadiazole (IIi).
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mass spectra of compounds lly,; is the facl that oxygen is not lost
from their molecular ions.

The suggested fragmentation pattern in schemes 1-11 explains well
the formation of the most abundant ions observed in the high mass
number region of compound li (Fig. 1). The other abundant recor-
ded fragments can be easily explained considering the participation
of the alkyl and aryl groups in the fragmentation reactions, as well
as the known eliminations of amine and nitrile fragments of amido-
ximey?. For example the iong m /e 308, 293 and 291 can be formed from
ions &, k and f respectively by elimination of the radical C,H, and the
ions m /e 204, 203, 202, 188, 187 and 186 by loss of 3-CH,-C,H,-N-C,H,
from the ions a4, &, ¢, k, g and / respectively., The base peak m/e

120 is attributed to the cation 3—(1[-1rC‘,H,,—f\t'—CHs formed from ion
d by loss of CH, as it is evidenced by the appropriate metastable ion.
The same transition was also observed in the mass speclrum of I (R=
C,H;). The very abundant ion m je 91 is assigned to the tropylium cation.

Although the suggested fragmentation reaclions in schemes 1-I1
explain the recorded ions of I and generally of compounds Iiey they
don’t give a completely satisfactory explanation for the mass spectra
of compounds lu.e) and especially for some ions observed in the high
mass number region. In the case of compounds I, it is also possible
an alternative pathway for the primary dehydration of their mole-
cular ions, with the participation n this process of only the two active

hvdrogens of the same oximino group (HON:(E—NH-). Two alternative
pathways for the primary fragmentation reactions of compounds Ij,.,
are given in schemes I[[-IV. The proposed structure ¢’ for the ion M-18
explains the formation of some ions observed in high abundance only
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in the spectra of compounds Ige. These transitions in almost all cases
are followed by the appropriate metastable ions (Scheme III).

t Ar-N=C——C =N-Ar
NS
N+

1.0 - H© — NHOH. -
p 2 ;
- H q

. +
N-C— € — ri-ar]|
PO A g

_H NoH N .
w =0} *1-NH,
“OH* ’ \
H
~ +

[ X3)

N-C—C —— N-Ar " A-N=C=C—N-Ar |
P e N - X 7
N * NH,
r 5
Scheme 1T

The other abundant ions observed in the high mass number region
in the recorded spectra of compounds Iy can be formed by frag-
mentation mechanisms given in scheme IV. It is important to note
that ions ¢ (M-NHOH') and % [M-2(0)] have the same mass number
{both of them correspond to M-32} and high resolution mass spectra
are necessary to distinguish them. The same happens for ions v and
g (both of them correspond to M-33), while ions y and j are isomeric
forms (when R=H). Ions £ can be formed in one step from the mole-
cular ions by elimination of the radical NHOH or from fragments a
and & by loss of NH, jor NH respectively. The elimination of NHOH"
has been reported as a primary fragmentation reaction of the mole-
cular ion of benzanilide oxime?®.

The general fragmentation pathway of the title compounds ap-
pears very complicated, especially in respect to the mechanisms and
positions of the ejected hydrogens. Furthermore some fragments of the
same mass number may have a different composition. In the suggested
fragmentation we considered that only the original active hydrogens of
>NH and =NOH participate in the leaving fragments OH-, H,0O, NH,
NH, and NHOH ' This is in agreement with the observed elimination
M++ -NHOH " in the mass spectrum of benzanilide oxime, where it is re-
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Fig. 3. Mass spectrum of N N'-diphenyl-diozamidozime (Ia).
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ported that the oxime hydroxyl and the amine hydrogen are the only
ones involved in this process with no secrambling of hydrogens irom
pither phenyls®. On the other hand in another mass spectral study of

benzamidoximes it is proposed, in respect to the ejection .\'IJf—llgO (in
one or more steps) that occurs extended degree of randemization of
hydrogens in the molecular ion before fragmentation and in this process
participate the two active hydrogens { >NH, = NOH), the o-hydrogens
of the aniline ring and to a lower exlent the o-hydrogens of the ben-
zal ring®. However, only selective deuterium labelling of the title com-
pounds in hydroxyl, amino and phenyl groups would conclusivelv pro-
vide evidence as to which liydrogens participate to these eliminations.
Efforts to these directions were unsuccessful. Repeated reerystallisa-
tion of compounds I and lg frem CH,OD gave mixtures consisting
from completely and partly deuterated species of the oximino group,
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TABLE 1.

Principal fragment ions in the mass spectra of compounds I and IT (¥, relative in-
fensities).

Ih: 299 {7), M+ 298 (35), 283 (5), 282 {19), 281 (27), 280 (16), 267 (7), 266 (22),
265 (12), 264 (16), 263 (17), 262 (8), 251 {13), 250 (11), 249 (20), 248 {27), 247 (11),
236 (6), 235 (8), 234 (10), 233 (8), 192 (8), 191 (20), 176 (10), 161 (16}, 160 (8), 159
(7), 158 (7), 149 {8), 148 (6), 147 {6), 146 (10}, 145 (17}, 143 (9), 133 (44}, 132 (73),
131 (48), 118 (67), 117 (43), 116 (25), 107 {100), 106 {85), 105 (19), 10& (60}, 91 (46),
90 (26), 89 (23), 79 (16), 78 (21}, 77 {32).

To: 299 (8), M+- 298 {39), 282 (34), 261 (88), 280 (16), 266 (22}, 265 (23}, 264
(31), 263 (42), 262 {10}, 251 (15), 250 (12), 249 (15), 248 (37), 236 (5), 235 (15}, 234
(11}, 233 (8), 208 (9), 194 (3), 176 {6}, 175 (), 161 (&4), 160 (9), 159 (13), 158 (22),
148 (6}, 146 (10), 145 (29), 143 (8), 134 (12), 133 (56), 132 (100), 131 (44), 119 (8),
118 (71), 117 (52}, 116 (35), 108 (14), 107 {93), 106 (78), 105 (18}, 104 (22}, 92 (12),
91 (77), 90 {27), 89 (23), 79 (23), 78 (19}, 77 (37), 65 (32).

Id: 299 (8), M+ 298 (38), 282 (16), 281 {23), 280 {14), 267 (5), 266 {18), 265
(17), 264 {22), 263 (27), 262 (9), 251 (7), 250 {9), 249 (7), 248 (21}, 236 {9), 235 {11),
234 (5), 191 (3), 176 (9), 175 (6), 161 (24), 160 (7), 159 (11), 158 (17), 148 (5), 146 (8),
145 {22), 143 (7), 133 (49), 132 (82), 131 ({56), 118 (68}, 117 (42}, 116 (29), 108 (12), 107
(96), 106 (100), 105 (17), 104 (20), 91 (78), 90 (22}, 89 (20), 79 (22}, 78 (19), 77 (38).

fe: 355 (7}, M++ 354 (27), 338 {9), 337 {18), 336 (17), 335 (7), 323 (10}, 322 (23),
321 {8), 320 (8), 319 (7), 307 (16), 306 (16), 305 {29), 304 (19), 303 (8), 292 (8}, 20
(8), 290 (21), 289 (19), 288 (20, 220 (7), 219 {11), 204 {16), 203 (8), 189 (2), 188 (7),
187 (10), 176 {&}, 173 {7), 172 {6}, 171 {9), 162 (10}, 161 (&1}, 160 (69), 159 (45), 147
(12), 146 (64), 145 (86), 144 {30), 136 (22), 135 1100), 134 (67), 133 (51), 132 (16),
131 (20), 124 (12), 120 (65), 119 {22), 118 {14), 117 (20}, 116 (10), 115 (14), 105 (10),
104 (9) 103 (16), 91 (33), 79 (10), 78 (8), 77 (22}, 65 (14).

If: 299 (3), M++ 208 (10), 282 (9), 281 (34), 280 (46), 266 (6), 265 (4), 264 (4),
251 (10), 250 (25), 236 (7), 191 {2), 161 (21}, 159 (10), 158 (37), 157 (10), 148 (4),
145 (17), 133 (18), 132 (91), 131 (24}, 118 (50}, 117 (19), 107 (66), 106 (86), 105 (18),
104 (26), 91 (46}, 77 {100).

Ig: 327 (3), M+- 326 (6), 310 (12), 309 (49}, 308 {48), 294 {7}, 293 {12), 292 (3),
280 (&), 279 (7), 278 (18), 264 (7), 250 (&), 235 (&}, 220 (3), 205 (1), 208 (4), 190 {11},
188 (4), 175 (15), 17& (12), 173 (7), 172 (24), 162 (&), 160 (7), 159 (13), 147 (1&), 146
(59), 145 (11}, 144 {16), 132 (18}, 134 (29), 121 (41), 120 (32), 119 (33, 118 (88), 106
(82), 105 (13), 104 {&8), 93 (8), 92 (9), 91 (28}, 79 (9}, 78 (18), 77 (100}, 65 (15). )

Th: 327 (5) M+- 326 (20), 310 (12}, 309 (48), 308 (22), 296 (6), 293 (&), 292 (2),
291 (2), 280 (10}, 279 (21), 278 (26), 264 (7), 263 (5), 262 (&), 248 (4), 205 (7), 190
(10, 189 (5), 188 {16}, 175 {11), 174 (10), 173 (6}, 172 {13), 171 (&), 162 (3}, 161 (5),
160 (10), 159 (18), 158 {23), 157 (11), 150 {15), 147 {26}, 146 (86), 143 (44}, 144 (7),
133 (9) 132 (37), 131 (62), 130 (16), 122 {19), 121 (100), 120 {91}, 119 {31), 118 (87)
117 {83), 116 (12), 107 (13), 106 {83), 105 (15), 104 (37), 103 (8), 93 (9), 92 (20}, 91
(80), 90 (15), 89 (20), 79 (16), 78 (22), 77 (45), 65 (52).

ITh: 309 (22), M+ 308 {100}, 279 (9), 278 (29), 262 (2}, 248 (2), 188 (6}, 175 (1),
172 (4), 167 (&), 162 {3), 149 (9), 147 (6), 146 (10), 145 {6}, 132 (78), 131 (11), 121
(12), 120 (11), 118 (18), 117 (16}, 116 (7}, 106 (&), 105 (6, 92 (5}, 91 {37, 78 (3), 77
(7), 65 (18).
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along with some of the original compounds as it is obvious from their
mass spectra (Fig. 4, b).

It is pointed that in favour to our consideration on the fragmen-
tation mechanisms is the fact that in the mass spectrnm of compound
Ite), where the four o-positions of two phenyl groups are occupied by
methyl groups, the decisive ions $ (3%), ¢ (19%), 7 (79%), » (21%,) and
v (17%,) are also observed, even in lower, sometimes, abundance to
those of the corresponding iong of Ijz.a). These differences in the rel-
ative intensities of the same type ions are also observed in many
other cases in the studied mass spectra and can arise from conforma-
tional differences, cansed by the substituents. It is also important to
note that the observed weak ion m/e 319 in the mass spectrum of Iy,
corresponding to M-35, can be formed only by the ejection of at least
three hydrogens from the molecular ion, as for example through the
transition f- 1 This process leads probably to the formation of the
corresponding ion of a tropylium cation derivative.

In conclusion it may be pointed out that there are some characte-
ristic mass spectral distinctions between compounds Iy and Iigyp.
Only compounds Iy show in their mass spectra abundant ions of the
types $, q, 7, s and w.

EXPERIMENTAL

Compounds Iy were prepared by earlier reported procedurest.
Compounds Ty were prepared from compouds Ig; by their thermal
dehydration at 200-205° for 3 min and were separated from the re-
action mixture by preparative T.L.C. on silica gel, as the faster mo-
ving band, eluting with petroleum spirit - ether (1:1). Their spectral
data (NMR, IR, MS) were in agreement with the proposed structures.

All mass spectra were run at 70 eV on a RMU-6L Hitachi-Perkin-
Elmer single focusing mass spectrometer using the direct insertion probe
of the samples in the range 160 to 200°.
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Mehetdvron v paopata palédv wévre ovppetpwdy NN -dig-apuio-
®ol teoodpay ovppetpindy N N'-8ug-winvio-N, N -Sig-apuio-mapayriywy Thi¢
Srokapidoliumg 1ol yeveirol timou I xal quynplvovron pi v pdopurte paloy
dbo N,N’-8ig-arnviro-N,N'-Sts~apuio-mapayaywy 1ol 3,4-Suxpivo-1,2,5-080-
Sreloton Tol <imou 1, mapaowsuaalivrav o Bepuixiic dpudatdoseg Tdv
avrioroiywv Sofupdofipndy 1. "H peihémy dpopd xupling tbv tpbmov Suomd-
g 6 otokipvo-opddos ThHv fvdaewy Tol Timou 1. Ket” aldthyv Swmiotol-
Tt &t al &v Abyw Evooels Slaomidvran dpyinde dvakbyws Teds o Bevle-
wedokipas 4md dmbomacwy dx Tob peproxol lbvreg O, OH', NHOH' | H,0.
T yevindv Suwg oyfua Swondozwg Tév I 2pgaviletar mohumhoxdtepoy Tob
T6v Pevlopuidolidiv.

Ei¢ =4 oyfpa 1 3tdovron ol nporetvbuevor tpbnol sympatigped Tov pe-
Yo Evtdoewe wal peydiou poluxol dpilpod (m/e) idvrwy, to dmola Ep-
pavilovru clg Td paopare paldv Ghov Tév Evdceny 1. Eidwde el 10 ayi-
o IT 3lderon & wportetvdpevos pnyavicpds meputépw Staondacws Tol Tpwro-
veviie eyxnuaniopdvou lévrog M-18) (¢}, Sz 1d drolov yiveron Sexty ¥ Soud
Sepive-diokaloMou Tob wimou II. “Twip 1¥c mpotewvopévng doufs auvyyo-
pel 76 yeyovds &7 wi mopmiinhwe pehemqlelow Evaesie g,y Bafav dva-
hoyov, Tpbmov Sxomdoswe. Aw TéhY pnyoogpdy dwondcewsg Ty ayNudTay
T xat II EEvpyeimon Evag peydhos apbpds, dars By 6 alvodrov, Tav Lovrwy mob
Engavilovron elg Ty dvrioTotyov meptoyhy TOV oaspdTwy paldv TGV Eva-
gewv Lge). [lpoxeipévan va EEnymly 6 oynuatiopds 7év év rdve dml midov
ToprTnooupbvey lbvtov mpotelvovtor Suk Tog Evdaeg (g Xl ol pryaviopol
Stxamasswy tév oynuarwy II-IV, of émoior mpogavite ywpoby mapahifhng
mpdg Tobg Tév oy. I-11.

"Ex t¥c 8ine uerémng Semarolror T ta aymuamidpeve tdvra Shvoy-
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ot va &modololy pt mepiocotépoug Timous (ouvroviopel A Tavrtopepels), Suk
Tév Omolwy Evyolvren Ixavomoimmixde al mportevdpevar Siomdoests. Emi
Aoy Gptopdva tbvra Sivavrar v dmedofolv pt Sragpbpous timoug, avrioTot-
r H] 1 k| \ 3 3 1 3 ! A

yoovtag elg Tov adtov palixdy dpfpdv, dAa elc Sixgopov oTolyEloUETRIKIY
choTasty, G¢ Ty Ta Lbvro P oxel A.

3 I 2 L] fard 3 r

Ev todtoig 9 Epgdwvicis dpiopévey petaotabidv idvrov mpoopépel onpav-
Tixa SteuxpiviaTing ororyele Stk iy oloteowy xal TOv Tpbmov aynuaTioLol
moAAGv &5 alTdv.

Ipoxspévon va Seuxpncly dv el Ta dmoomdpeve Opadspate OH-,
H,0, NHOH-, NH, NH," cuppstéyovv pévov Tk Zvepya duivira xal 03po-

LY 4 ] ~ - L4 I -4 (4 H 1
Euhixa D8poydva 7 Sofipuvinde opddes, tnwe 0swpfly elg tode mwpover-
vopévous pryaviopole, i xal dha H8poyéve &x Tol mololmov poplov Tév I,
gyéveto mpoomabsia dvmataoTdoiws TéV  GOg &ve dvepydv Udpoyvhvev pd
Scutépioy, B émavethnppévery dvaxpustaddisswy Téhv Ipy @md CHOD.
Kata mv mpoonaleiay adrhy Eafebnoay plypate & mifpws, pepixée xal
ob3b6hwe Seutepiwpivey mpoitvtwy I, dveu olsiaoTindc onpaciag.

Zopmepacpatin®s evapipetal 871 of mpoTewbpevol wyavtapol SlacTE-
sewg EEnyolv txavomounmindis T pehernBévra pacpate, Tpoogépouy GTolysta
Sraxplosme perelld v évdisewv ol mephapBavovton elg Tag xotnyoplog
Ta-ey ot ey xarl Seuviouv ém 10 poplantdv 1ov Téiv Taey Stvevton v cup-
petéyouv xal TavTtouspels dopal ol wimou III.
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