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The mass spectrometric behaviour of 1-aryl-5-(1-acyl-2-dialkylaminovinyl)-1H-tetrazoles was studied,
especially using 1-phenyl-5-(1-benzoyl-2-dimethylaminovinyl)-1H-tetrazole 1 and its D-and 15N-labeled
derivatives. All tetrazoles investigated showed a clearly observable molecular ion and underwent as the
main fragmentation the elimination of nitrogen followed by a number of various subsequent processes.
Besides, primary fragments such as [M - N3*]* and [M - ArN;]*+ were also observed.
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Introduction.

1-Aryl-5-(1-acyl-2-dialkylaminovinyl)-1H-tetrazoles,
i.e. tetrazolyl-substituted enamino ketones, recently
proved to be useful intermediates in the synthesis of novel
pyrazolyl- and isoxazolyltetrazoles [2] as well as tetra-
zolylpyrimidines [3]. At the same time they provide the
possibility to investigate how the mass spectrometric
behaviour of 1,5-disubstituted tetrazoles is influenced by
amore complex substituent at position 5.

It is known from the literature [4] that the nature of sub-
stituents plays an important role for the preferred frag-
mentation pathways of 1,5-disubstituted tetrazoles. Thus,
for example, in the case of 5-alkyl- or 5-aryl-1-methyl-
1H-tetrazoles [5,6] the most significant process is the ini-
tial loss of NH,* followed by ejection of HCN, whereas
the loss of N3® and N, is only of minor importance.
However, important loss of N, upon electron impact is
observed with a number of 1,5-disubstituted tetrazoles
containing substituents such as CO,Me or aryl groups at
both the 1- and 5-positions [7]. A similar behaviour
involving some surprising rearrangements, especially the
formation of a carbodiimide radical as an intermediate,
we found for 1-aryl-5-(2-dialkylaminovinyl)-1H-tetra-
zoles [8]. Acylation of the latter leads to tetrazoles of type
1-26 which are the subject of the present paper. The
enlargement of the substituent at position 5 opens addi-
tional possibilities for skeletal rearrangements. In the fol-
lowing we will discuss the electron impact mass spectra
of 1-26 and propose mechanisms of the fragmentation
pathways supported by MIKE spectra and comparative
studies with isotope labeled derivatives.

N
N

R! R? R? R*
1 CH; CH; CeHs H
2 CH; CH,4 CeHs CH;
3 CH; CH; CeHs C,Hs
4 CH, CHj; CeHs OCHj
5 CH; CH; 3-F-CgH, H
6 CH; CH; CeHs F
7 CH; CH; 4-CI-C¢H, H
8 CH; CH; 3-CI-CgH, H
9 CH; CHj; CeHs Cl
10 CH3 CH3 C6H5 Br
11 CH; CH; 4NOyCgHy H
12 CH; CHj; CH; H
13 CH;3 CH; CH;3 CHj;
14 CH; CH,3 CH; C,Hs
15 CH; CH; CHj, OCH;
16 CH; CHj; CHj F
17 CH; CH, CH; Cl
18 CH; CH; CH; Br
19 CH; CH; CH; 1
20 CH; CHy4 CH; CeHs
21 CH; CH; C,Hs H
22 CH; CHj; CsHy H
23 CH; CH,4 CH,Cl H
24 (CHy)4 CH; H
25 (CHy)s CH; H
26 (CHYs CH; H

Results and Discussion.

An immediately striking fragmentation in the mass
spectrum of 1 and its derivatives is the loss of dinitrogen
from the molecular ion. The resulting radical ion (ion a)
undergoes a skeletal rearrangement to a carbodiimide
structure. This is the only way to explain the composition
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Figure 1. Mass spectra of compound 1 and its labeled derivatives 1a-le.

of some succeeding ions, suddenly containing a nitrogen
atom of the tetrazole ring system rather than its carbon
atom. It can be best demonstrated by the example of ion
m/z 83 (see Figure 1). The deuterated species 1a and 1b
show the corresponding shift by one or six amu respec-
tively for this ion. Thus, the dimethylaminovinyl side
chain is involved in this fragment ion in any way.
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Figure 2. MIKE spectra of compound 1.
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However, the 15N-labeled compound 1e also exhibits a
shift of 1 amu. Precursor of m/z 83 is the ion m/z 186 (see
Figure 2). In accordance with all isotope shifts a fragmen-
tation path shown in Scheme 1 can be proposed.

Scheme 1
O _Ph
Hs? A Hs('f Ox Ph .
N .z ++_Ph -N,
H;C” i N\’ - H;C'N Z —Fh
N_ .N
N N
m/z 319 m/z 291 (ion a)
HiC 0 O _Ph
\ + P
N-CH-C-N=C-NPh =~ =22 H’?j
N .
BsC H,C™ NP N=C-N-Ph
m/z 186
j-Ph-NC
H;C
\+ —CH.
Fecmon L o
*
H,C
m/z 83 m/z 42
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The further decay of ion m/z 83 occurs by the elimination
of acetonitrile leading to ion m/z 42. Comparison between
spectra 1, 1a and 1b respectively reveals two ways on which
the split acetonitrile is formed: About two thirds originates
from the transfer of a methyl group, the other third origi-
nates via a twofold hydrogen shifting (Scheme 2).

Scheme 2
HyCr= =3
N —CHsCN .
+N= —_— H;C—N=CH
HyC H
1, m/z 83 miz 42
la, m/z 84 miz 43 (68%)
1b, m/z 89 miz 45 (66%)
HsC,
+N{—-,CH—CN
HCY Y
H
H
AL}
HCh g, —CH,CN +
*NSCH-CN  —— HE=N=CH,
H,C
1, wiz 83 miz 42
la mwiz 84 mz 43 (32%)
1b, m/z 89 m/z 45 (34%)

Besides this main fragmentation the ion m/z 186 decays
in a second way to ion m/z 143 by loss of N-methylmethyl-
eneimine. As to see in spectrum 1b one hydrogen atom is
transferred from the dimethylamino group to the resulting
ion in this reaction (Scheme 3).

Scheme 3
CHZCLN=C=NPh
H,C—N
CH; H
m/z 186

*1 ~H;C-N=CH,

+ —HC=C—NH . +
HCEC—@—rCEN-—Ph — C=N—Ph
m/z 143 m/z 103

Another decay exclusively derivable via the carbodi-
imide is the formation of ion m/z 180. In this ion both
phenyl substituents are involved as well as one nitrogen

Scheme 4
Os__Ph .
Hs?j\' e co
N. . + o
HyC™ ~F “N=C—N—Ph Hsc’N\%(r?:(':—ﬁ—pn
m/z 291 (ion a)
,%) *l—[C%NZO].
HC s
r!I\"}\"\}I)h + Ph—C=N—Ph
- — N — —C=
H,C WNICIN=Ph  _CcH,N-CH
m/z 263 -CH;CN m/z 180
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atom of the former tetrazole ring. The isotope shifts of
m/z 180 in spectra 1c, 1d and 1e speak unequivocally for
that composition and the explanation is a migration of
phenyl from the benzoyl substituent in ion a (m/z 291) to
the radical carbon atom, followed by the expelling of
smaller particles either directly or across the intermediate
ion m/z 263 (Scheme 4).

A further competitive fragmentation pathway takes its
course via ion m/z 249. Its explanation requires a twofold
hydrogen radical migration as well as tautomeric
rearrangements. But the mean source of the phenylbenzo-
nitrilium cation m/z 180 is another precursor (see below).

Besides this ion a methylbenzonitrilium cation m/z 118 is
formed, obviously by migration of a methyl group in ion ¢
to the radical carbon atom of the carbodiimide moiety and
the subsequent decay of the intermediate in a benzoyl radi-
cal, a neutral part of 68 amu (presumably CH3-N=CH-CN)
and the ion [CH3-C=N-CgHs]* at m/z 118. The origin of
methyl from the dimethylamino group is discernible by the
shift of 3 amu in spectrum 1b: About half of the peak inten-
sity of m/z 118 is shifted to m/z 121. Thus, peak m/z 118 in
1 contains a second fragment ion, possibly the car-
bodiimide [HN=C=N-CgHs]**. This would explain the
behaviour of m/z 118 in spectrum le: About half of it is
shifted to m/z 119 as expected, the other half is shifted for
two units to m/z 120, thus indicating the presence of two
labeled nitrogen atoms from the tetrazole ring.

Somewhat more complicated is the loss of 92 amu from
the carbodiimide radical ion m/z 291. The separated radical
can be nothing else but CgHsNH". One of the original tetra-
zole nitrogen atoms remains in the resulting ion m/z 199 as
seen in spectrum le. But the transferred hydrogen has two
sources. An amount of 60% arises from the phenyl group of

Scheme 5

m/z 291 (ion a)
H3(': o\ Z H}?\OI
_N 3z N
H;C Z IjEC—NHPh H,C # N=E—NHPh
fe Jre
HS(I: Ox Hs?\oj[Ph
N. 2+ N
H,C” Z N H,C*%+ Z Ne
m/z 199 m/z 199
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the benzoyl substituent and 40% derives from the dimethyl-
amino group. This is the reason for the division of the cor-
responding labeled fragments in two parts with different
mass numbers. In spectrum 1b the m/z 199 is shifted to m/z
204 and m/z 205, and in 1d there is a shift to m/z 203 and
m/z 204, respectively. Thus, peak m/z 199 is composed by
two fragments with different structures, as demonstrated in
Scheme 5. However, the evidences for the proposed struc-
tures are poor due to the small significance of further
decays, consisting of loss of methyl, hydroxyl, water,
hydrocyanic acid, carbon monoxide and acetonitrile.

A coincidence of two different structures exists also at
m/z 214, The loss of phenyl from the ion m/z 291 takes
place from the benzoyl substituent (87%) as well as from
the carbodiimide moiety (13%). The percentages could be
estimated analysing the MIKE spectra of 1c and 1d. In the
normal mass spectra of both deuterated compounds a peak
intensity comparison of m/z 214 and the correspondingly
shifted m/z 219 would be erroneous, because a direct loss
of 105 amu from the molecular ion m/z 319 also con-
tributes to m/z 214. (At the first glance this mass differ-
ence seems to be the benzoyl radical, but a closer look at
mass spectrum 1le reveals for m/z 214 a shift of merely
two mass units to m/z 216 rather than four. Thus, the
tetrazole ring is decomposed, inclusively with the removal
of the substituted phenyl group). Scheme 6 shows the
descent of the ions at m/z 214.

Scheme 6

+_{

Ph =\ Ph
Hs?\C)I HS(I:\OI
i
+ o N,
H;C’N # N-—C=N‘—’;h HiC” & NN=C=N—ph

m/z 291 (ion a)

_Ph (13%)] l —Ph (87%)
+
HyCo oy COP e o
|
N
HGp Qo H,C” NP SN=Cc=N—P1
H N
m/z 214 (ion ¢) iz 214
,—HCN
HiC, - H3C
N . N
W T O
+ 2~COoPh N~ CO
iz 187 m/z 109

The further decay could be elucidated only for one of
the structures (see later discussion). For the other struc-
ture the MIKE spectra of 1c and 1d do not deliver a deter-
mined picture: The split mass differences like 16, 30, 31
and 39 amu might be seen as hints to other extensive
rearrangements.

Vol. 33

A rather unexpected fragmentation is the separation of a
hydroxyl radical from the radical ion [M - N,j+* (iona). A
comparison between 1 and 1b demonstrates the dimethyl-
amino group as the source of the transferred hydrogen:
The peak m/z 274 is shifted for only five mass units to
m/z 279 in 1b. During the next step we observed the loss
of the phenylcarbodiimide radical yielding the ion m/z
157. At the first glance the formation of an aromatic ring
structure like a pyrrolium cation seems to be the most
plausible explanation (Scheme 7).

Scheme 7
H) % H py
i Ph .
H2§1‘})f -oH _ n-/:j+
N. N A
Hy,e” NP NN=C=N—Ph HiC NCNPh
m/z 291 (ion a) miz 274
Ph . Ph
_NCNPh —
H
e s’
- =+~ NCNPh

m/z 157

However, the further decay of m/z 157 to an ion m/z
115 takes place with a specific hydrogen transfer. In spec-
trum 1b the m/z 115 shifts to 116 for only one mass unit.
And the shifting of one unit in spectrum la proves the
undivided participation of the deuterated structure adja-
cent to the amino nitrogen in the formation of ion m/z
115. Moreover, the latter contains the phenyl part of the
original benzoyl substituent, as seen in spectrum 1d. For
these reasons a formulation of ion m/z 274 as an open
structure and, for better understanding, as temporary dou-
ble radical ion is perhaps the better way to explain this
fragmentation path (Scheme 8).

Scheme 8
H , u
C|Yo_ _Ph « 0__Ph
Hzc HzC
e — A
H,C” " “NCNPh H,C” X7 “NCNPh
m/z 291 (ion a)
Jm
. . .«  «_Ph
Hz(l: _NCNPh HZ(IZ c”
+N\ +N\ |7
HyC” “CH-C=C-Ph H;C” NCNPh
m/z 157 m/z 274
Hye .
-C,H,N +
Hzc: _\q\qu—c—zc—m _._2?:‘_> H,C—C=C-Ph
H m/z 115

It is difficult to explain the hydrogen cleavage from the
radical ion m/z 291. The labeling experiments indicate
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three different hydrogen sources within the molecule: The
dimethylamino group and both phenyl substituents. The
contribution of the latter amounts to about 20% each (see
Figure 1, 1c and 1d). This result would fit to a conception
of ten favoured positions for the hydrogen radical abstrac-
tion: Besides the six hydrogen atoms of the dimethylamino
group the four ortho positions of both phenyls could come
into question. But the contribution of the dimethylamino
group to the hydrogen loss runs only to 339% rather than to
the expected 60%. The apparent deficit can also be
explained in another way; that of the origin of the ion m/z
290, i.e. the direct loss of 29 amu (N, and H") from the
molecule ion. Here the hydrogen is split off exclusively
from the phenyl substituents. Indirect evidence delivers the
mass spectrum of compound 4: The introduction of a
methoxy group into the phenyl ring suppresses by its stabi-
lizing effect of the hydrogen radical loss, thus decreasing
the intensity of ion b (see Table 1). This "ion b" consists in
practice of three different structures or even more. An effort
to assign these structures was attempted by comparing the
MIKE spectra of the corresponding ions [M - N; - D°]* of
1b, 1c and 1d. However, a differentiated inspection for sig-
nificant fragmentation steps allowing conclusions to the
structures did not deliver clear results. E.g., the structure of
m/z 294 in 1¢ was supposed to be a benzimidazole system,
formed before the carbodiimide rearrangement could take
place (Scheme 9).

Scheme 9
Oy P O Ph
N .
H’E I: o QZ(ELQ\_ 105 +
2 0 N.
HyC” D HCNF D
— l
N.’\ N
D D D
D D

m/z 296

Such formation of benzimidazoles is described for the
thermolytic decomposition of aryl tetrazoles [9], and the
further decays by loss of a phenyl, benzoyl and methyl
radical are plausible for this structure. However, mass dif-
ferences like 29, 97 and 110 amu indicate the existence of
further probable structures, possibly derivable from pre-
viously rearranged forms (Scheme 10).

Similarly, the MIKE spectrum of ion m/z 294 in 1d
with its mass differences of 29, 83 and 110 amu is to see it
as a hint of a profoundly rearranged ion.

The third possible structure, caused by hydrogen loss
from the dimethylamino group, has the ion [M - NpJ**
(ion a) as the only precursor. For this reason the preceding
carbodiimide rearrangement is taken into consideration
(Scheme 11).

Besides the nitrogen expulsion as the predominant degra-
dation under electron impact the molecule ion is also sub-
jected to some not so striking fragmentations. Typical for
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Scheme 10
H,C Oxp it n p
e -N; I .
M v 1, P Ni—é=N D
m/z 324 & -
m/z 296
D Db
H,C CHO o
HC
A A
H,C” Il}_< e NP §_<
N N\
D N D N
D D D‘Q’D
D D D
H H,C CHO
& o £ a
N A N ’ Ph
HC™+ N { HiC™+ 97 >N
Y N - D
D
D D D
O D b
mz 294
Scheme 11
Os__P1
D¢ o e O™
N A r'~'1
DyC”4s N=C=N—Ph DyC”+~F “N=C=N—Ph
m/z 297 m/z 295

certain tetrazoles is the loss of an azide radical. In our case
the resulting ion m/z 277 is quickly transformed by migra-
tion of the substituent R3, i.e. the phenyl of the benzoyl
group, and releasing of small neutrals to the obviously more
stable phenylbenzonitrilium cation m/z 180, mentioned

Scheme 12
04 _Ph
=i E 5O
N~z +oPh 2. N. &
HsC Nj »{’ H;C” A C=N—ph
+
\N’zN
m/z 319 m/z 277 (ion ¢)
*1—[C5H7NO]
+
-HCN _+
- Ph—C=N—Ph
m/z 153 m/z 180

. —CN-Ph (~10%
/y *| _Ph-CN (~90%°3
O

m/z 103 m/z 77
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Table 1
Key Ions in the Mass Spectra of Compounds 1-11 (m/z, % intensity) [a]

1 2 3 4 5 6 7 8 9 10 11

M+ 319(18) 333(20) 347 (20) 349 (18) 337(25) 337(15) 353(12) 353(22) 353(20) 397 (9) 364(14)
M -Ny*+ (ona) 291(14) 305(17) 319(17) 321 (33) 309(16) 309(13) 325(9) 325(13) 325(13) 369(8) 336(13)
[a-HIJ* (ion b) 290 (32) 304(33) 318(33) 320(16) 308(37) 308(36) 324 (25) 324(32) 324(29) 368(21) 335(Q26)
M-NyJ* GGonc) 277(3) 291(4) 305(5) 307(3) 295 295(2) 311 @2) 311(2) 3112 355@ 322(3)
[a - *CH5]* 276 (4) 290(6) 304(12) 306(38) 294(4) 294(3) 310(3) 310(6) 310(4) 354(5) 321 (4
[a - *OH}* (iond) 274(4) 288(5) 302(5) 304(3) 292(4) 292(4 308(3) 308(5) 308(4) 352(3) 319(6)
[a - COJ*+ 263(4) 277(6) 291(6) 293 (3) 281(5) 281 (4) 2974 297(6) 297(4) 341Q2) 308(6)
[a - CRH NI+ 249(3) 263(6) 277(8) 219(@) 267(3) 267(2) 283(3) 283(4) 283(5) 3271(4) 294(Q)
[b - CH;NCH,J* 247(7) 261(T) 275(8) 277(3) 265(5) 265(5) 281(4) 281(4) 281(4) 325Q) 1292Q3)
[M- R4CH,CHy'1+ 228((2) 228(8) 228(2) 228(2) 246(2) 228(2) 262(1) 262(2) 228(4) 228Q3) 273(3)

219(4) 233(5) 247(5) 249(3) 237(3) 237(3) 253(4) 253(2) 253(2) 297(1) 264(D)
[a- R3]+ 214(7) 228(8) 242(5) 244(4) 214(3) 232(5) 214(34) 214(29) 248(6) 292(3) 214(6)
[a - *CgH R+ Gone) 214(7) 214(17) 214(20) 214(7) 232(12) 214(9) 248(12) 248(14) 214(52) 21421) 259 (14)
M - R4CgH N51+ Gonf) 200(3) 200(10) 200(8) 200(3) 218(2) 200(2) 234(2) 234(4) 200(4) 20004 245(Q3)
[a - RACGHNHI* 199 (12) 199 (11) 199(14) 199(7) 217(10) 199(16) 233 (2) 233(9) 199(14) 199 (17) 244 (6)
[e - HCN]*+ (iong) 187(14) 187(20) 187(21) 187(21) 205(19) 187(14) 221(9) 221(18) 187(18) 187(17) 232(18)
[a - R3CO"]* (ionk) 186(7) 200(10) 214 (20) 216(7) 186(7) 204 (5) 186 (7) 186(11) 220(4) 264(3) 186(15)
[R3-C=N-CgH, R4+ 180 (30) 194 (34) 208 (35) 210(32) 198(24) 198(27) 214 (34) 214(29) 214(52) 258(20) 225(10)
[d-R4CEH,NCN ]+ (ioni) 157(16) 157(23) 157(17) 157 (14) 175(14) 157(16) 191 (11) 191(14) 157(20) 157 22) 202 (10)
[k - CH3NCH,1* 143(6) 15723) 171 (7) 173 (14) 143(6) 161 9 143(7) 1438 177(3) 221(<1) 143(10)
IF- "R+ 123(3) 123(5) 123(6) 123(5) 123(64) 123(5) 123(5) 123(?) 1234 123(5) 123(6)
[i- CGH N+ 115(10) 115(10) 115(9) 115@8) 133(9) 115(10) 149 (10) 149(6) 1159 1158) 160(6)
[g - R*H]*+ 109(7) 1099 109(@8) 1099 109(7) 109(17) 109(10) 109(9 109(8) 109(7) 1094
R3CO* (ionj) 105(86) 105(97) 105(81) 105(75) 123(64) 105(89) 139(77) 139(52) 105(100) 105 (100) 150(13)
[ - R}CEH NCI (ionk) 83(58) 83(65) B83(56) 83(62) 83(100) 83(66) 83 (100) 83(100) 83(62) 83(58) 83 (100)
[j - COI* 77(100) 77 (100) 77 (100) 77 (100) 95(64) 95(19) 111(59) 111(50) 77(90) T7@3) 122(1)
[k - CH,CN}* 42(33) 42(36) 42(32) 42(5 42@43) 42(44) 42(53) 4245 233 442028 4230
Further:
R4CgH,NCN+ 117(8) 131(13) 145(09) 147 () 117(6) 135 (6) 117@®) 117(@8) 151(¢5) 195(3) 117®)
R4CEH NCH 103(6) 117(10) 131(0) 133(@8) 103(8) 121 (8) 1039) 103(8) 137(3) 181(2) 103(10)
R4CgH,N* 91 (11) 105(97) 119(12) 121 (30) 919 109(17) 91 (17 91(15) 125(7) 169@) 91 (19)
R4CgH + 77(100) 91(32) 105(81) 107 (7) 77(35) 95(19) 77l 7735 111y 155(5) 77 (30)

[a] Values are not isotope corrected. For halogen containing compounds only the main isotope fragment is given. In case of coincidences the mass num-
ber appears twice with the same intensity for both.

above. This way is the main path of its formation, and it is fragmentation of benzylideneaniline [10]. In case of taking
completely consistent with all isotope shifts of compounds over the positive charge by the nitrogen atom exclusively,
1a-1e (Figure 1). In the course of further decay the labeled the phenylisonitrilium ion m/z 103 comes out (Scheme 12).
compounds also reveal the portions of neutral benzonitrile . . o

and phenylisonitrile split off from ion m/z 180 (MIKES). A third way that the tetrazole ring degraded is in the loss

The observed percentages found are nearly the same in the of PbN,*, presumably as simultaneous separations of the
nitrogen and phenyl radical. Before this step a rearrange-

ST ment is supposed to have taken place, similar to the migra-
o on _Ph tion leading to the carbodiimide. In this case the migration
HyC Os Hs(li\j( leads to a 1,4-disubstituted tetrazolium radical ion and the
- C,N Z i - HC N N succeeding decay yields an ion m/z 214 from which the
3 3 e\ . cas .
NN N. NY cleavage of hydrocyanic acid is explainable, found among
+%\_ % sNr Ph

= other steps by MIKES. The resulting ion m/z 187 lacks
m/z 319 . 1 N, _Ph one hydrogen atom of the dimethylamino group, disclosed
by comparison of spectra 1 and 1b: The m/z 187 is shifted
- to m/z 192 (where it is superimposed by ion m/z 186-dy).
: . The structure of ion m/z 187 is supposed to be an imida-
N<CN zolinium ion. This provides perhaps the best explanation

) X ) . . . au
- C;{\_H for the fragmentation step which follows: The surprising
ud z elimination of neutral benzene, leading to an imidazoyl

m/z 109 m/z 187 miz 214 cation m/z 109 (Scheme 13). Thus we have another aroyl
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Table 2
Key Ions in the Mass Spectra of Compounds 12-22 (m/z, % intensity) [a]
12 13 14 15 16 17 18 19 20 21 22
M+ 257 (22) 271(22) 285(30) 28722 275(11) 291 G) 3352 383(7) 333(28) 271(12) 285(20)
M- N+ (ona) 229(4) 243(T) 257(11) 259 (20) 247(T) 26333 307(1) 355(@4) 30529 243(6) 257(6)
[a-HT+ (ion b) 228 (27) 242(20) 256 (24) 258 (12) 246 (25) 262 (12) 306 (5) 354(13) 304(20) 242(20) 256(19)
M-N3']* Gonc) 215(4) 229(10) 243(8) 2459) 233(3) 249(2) 293(Q2) 341(2) 291(6) 229(3) 243(6)
fa - "CH51* 214 (11) 228 (14) 242(25) 244 (48) 232(9) 248 (5) 292(2) 340(5) 290(17) 228(6) 242(18)
[a - *OH]*+ (iond) 212(3) 226(3) 240(3) 242Q03) 230(2) 246(1) 290(D) 338(1) 288(2) 226(1) 240(D)
[a - CH4N'T* 187(3) 201 (4 25(5) 27() 2053 221(2) 265(Q1) 313(2) 263(7) 201(<1) 215(2)
[b - CH;NCH,}* 185(5) 199(4) 213(5) 215(@2) 203Q3) 219(1)  263(1) 311 (<) 261 (7) 199(3) 213(3)
M- R4CcH,CHy" 1+ 166(3) 166(4) 1664 166(1) 166(2) 166 (3) 166(2) 166(5) 166(16) 180(2) 194(3)
[a -*R3* 214 (11) 228 (14) 242(25) 244 (48) 232(9) 248 (5) 292(2) 340(5) 290(17) 214(9) 214(14)
[a- *CgH4R4T* (ome) 152(25) 152(23) 152(31) 152(7) 152(21) 152(20) 152(21) 152(26) 152 (40} 166 (12) 180(15)
M - RACGH N5+ (lonf) 138(5) 138(7) 138(12) 138(4) 138(5) 138(7) 138(d 138(5) 138(5) 152(3) 166(3)
[a - RCEH,NH |+ 1373) 137@® 137(DH 137@) 137(5) 13709) 137(3) 137(4) 1374 151(3) 165(3)
[e - HCN]+ (lon g) 125(31) 125(40) 125(54) 125(@41) 125 (25) 125(29) 125(19) 125Q26) 125(46) 139 (11) 153 (14)
[a - R3CO"I+ Gonh) 186(8) 200(8) 214(12) 216(9) 204(8) 220(4) 264(2) 312(4) 262(15) 186(7) 186(11)
[R3-C=N-CgH R4+ 118(7) 132(9) 146(9) 148(10) 136(8) 15220y 196 (2) 244(3) 194(11) 132(2) 146(1)
[d-RACGH,NCNT*  (iond) 95(10) 95(11) 95(13) 95 (9) 95(30) 95(10) 95(10) 95(10) 95(8) 109(3) 123(13)
fh -CH;NCH,]* 143(11) 157(10) 171 (10) 173 (7)) 161 (9 177(5) 221(2) 269 (4) 219(7) 143 (5) 143(6)
If - 'R3* 123 (13) 123 (11) 123(13) 12311 123(15) 123 (14) 123(16) 123(16) 123(6) 123 (11) 123(13)
R3CO+ (lonj) 43(45) 43(56) 43(42) 43 49) 43549 43(73) 43(78) 43(50) 43(33) 57(11) 71 (6)
[h - R4C(H,NCT+ (ionk) 83(100) 83(100) 83(100) 83 (100) 83 (100) 83(100) 83(100) 83(100) 83 (100) 83 (100) 83 (100)
[k - CH,CNI* 42(58) 42(63) 42(48) 42(52) 42(68) 42 (88) 42(90) 42(62) 42(35) 42(30)0 42(35)
Further:
RAC,H/NCN* Nn7(7 1319 145@®) 147(1) 135(8) 1514y 195(2) 243(3) 193(10) 117(3) 117(5)
RACgH,NC* 103¢6) 117(6) 131(8) 133(7) 121 (10) 137(9) 181(2) 2292) 1799 103(5) 103(6)
RACGH N+ 91 (11) 105(18) 119(18) 121 (31) 109(19) 125(29) 169 (4) 2174 167(35) 91(6) 91 (8)
R4CgH4* 7727 91(26) 105(12) 107(10) 95(30) 111 (15) 155(6) 203(5) 15315 71(14 T1(14)

[a] See Table 1.

ion similar and as stable as the benzoyl cation. The latter is
also present among the decay products of ion m/z 187, but
in a very low scale. All isotope shifts in spectra la-1e are
in accordance with these fragmentation steps, of course.

The ejection of phenylazide is the fourth way leading to
tetrazole ring degradation. This leads to the unpretentious
ion m/z 200, which looses then the substituent R3, here
the phenyl residue of the benzoyl substituent, forms ion
m/z 123 (Scheme 14). The complete preservation of the
dimethylamino group shows spectrum 1b with a shift of 6
amu to m/z 129, and the presence of one original tetrazole
nitrogen demonstrates spectrum m/z with the shift to m/z
124 for this ion.

The only fragmentation without cleaving the tetrazole

ring at the first step is the loss of 91 amu in the form of a
benzyl radical. The resulting ion m/z 228 appears shifted
in spectrum 1e to m/z 232, thus proving unequivocally the
maintenance of all four tetrazole nitrogen atoms. The shift
of 4 amu in spectrum 1b instead of 6 amu demonstrates
the participation of a methyl group in this fragmentation.
Spectrum 1c reveals the origin of the phenyl in the split
benzyl radical. Because ion m/z 228 keeps its place at the
mass scale the phenyl in question can only be the sub-
stituent of the tetrazole ring. The second evidence delivers
spectrum 1d, in which mass number 228 is shifted to m/z
233. Scheme 15 illustrates the fragmentation concluded
from these findings.

Scheme 14
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Table 3
Key Ions of Compound 23 and Compounds 24-26 (m/z, % intensity) [a]
23 24 25 26
Mt 291 (4) M+ 283 (65) 297 (38) 311 30)
M-N,]+ (ion a) 263 (1) [M-Ny]*+ (ion a) 255 (11) 269 (11) 283 (12)
[a-H] 262 (2) [a-H}* (ion b) 254 (55) 268 (30) 282 (16)
M- CI'J* (ion b) 256 (5) [M- N3 I+ 241 (14) 255 (8) 269 (11)
[M - HCI]*+ (ion¢) 255(5) [a - *R3J+ (ion ¢) 240 (34) 254 (16) 268 (15)
[M-Ny ]+ 249 (<1) [a - *OH]* (ion d) 238 (6) 252 (10) 266 (14)
[a- CI')*, [b- NI+ 228 (5) [a- CH* 227 (46) 241 (5) 255 (5)
[a - HCI]*, [c-Nj]+ (ion d) 227 (4) [b - CoH 226 (28) 240 (19) 254 (17)
[d-H1+ 226 (7) [a - C3Hgl* 213 (25) 227 (10) 241 (15)
[a - *R3]* 214 (5) [6 -C3Hgl* 212 (42) 226 (28) 240 (85)
[d- COl+ 199 (4) [a - C Hgl* 213 (28) 227(19)
[a- R4CH T (ion e) 186 (3) [b- C4Hgl* 212 (19) 226 (7)
[a-R3CO T+ (ion f) 186 (3) 213 (25)
[d- C;HNT+ 185 (2) 212 (23)
[M - R4CgH4N, I+ (ion g) 172 (2) [a - R3CO"}* (ion ) 212 (42) 226 (28) 240 (85)
[e- HCNJ* 159 (5) 186 (18) 186 (16) 186 (17)
[R3-C=N-C4H, R4+ 152 (0) 184 (18)
[d - *CgH4R4* (ion h) 150 (1) 179 (36)
{f- CH3NCH, ]+ 143 (3) [a- RACH T+ (ion f) 178 (15) 192 (3) 206 (2)
[d - R4CgH,NH I+ 135 (1) [M - R4CgH N3]+ (ion g) 164 (10) 178 (15) 192 (22)
[g- R3+ 123 (10) [a - RACGH,NHT+ 163 (29) 177 (19) 191 (19)
[k - HCN]+ 123 (10) [f- HCNJ+ 151 (18) 165 (18) 179 (6)
[f- R4CEH NC) (ion i) 83 (100) [g-R3* 149 (12) 163 (6) 177(7)
[i- CH,CN]*+ 42 (40) [e - C4H;N]*+ 143 (98)
[e - CsHgNI]+ 143 (55)
[e- C¢H NI+ 143 (30)
[d - RC{H/NCN- I+ 121 (17) 135 (19) 149 (16)
[R3-C=N-C4H R4+ 118 (15) 118 (7) 118 (4)
[e - R4CcH NCI+ (ion h) 109 (100) 123 (63) 137 (49)
[e - R4CcHNCNCCH]*+ 70 (64) 84 (100) 98 (34)
[k - C3Hgl* 67 (53)
[h - C4Hgl* 67 (35)
[h- CsHyol* 67 (35)
R3CO+ 43 (80) 43 (69) 43 (95)
Further:
R4CGH,/NCN+ 117 (3) R4CGHNCN+ 117 (11) 117 (7) 117 (10)
RACGH NCH 103 (6) R4CGH,NCH 103 21) 103 (14) 103 (17)
R4CGH, N+ 91 (10) RACGH N+ 91 (15) 91 (13) 91 (14
R4CeH* 77 (20) RACH* 77 (64) 77 47) 77 (59
CH,+ 55 (69) 55 @7) 55 (85)
C3Hs* 41 (35) 41 (90) 41 (100)

[a] See Table 1.

All results found up until now are confirmed best by the
analogous fragmentation of compounds 2-11, summarized
with 1 in Table 1.

In the case of compounds 12-22, which have an
aliphatic substituent R3, the fragmentation follows the
rules as described above on the whole. For this reason,
and for an easier comparison, we used the same subdivi-
sions as in Table 1 for the fragmentation survey of 12-22
in Table 2. Comparing the intensities, there are some
significant differences. E.g., the formation of the nitrilium
cation [R3-C=N-CgH4R4]* is nearly omitted. A fragmen-
tation step like [m/z 187 - HR3], i.e. the loss of benzene in
compound 1, (Scheme 6), has no aliphatic pendant in
form of methane separation. Therefore, the relative inten-
sities of ion g in the acetyl series 12-22 are higher than in

the benzoyl series 1-11.

In the chloroacetyl compound 23 the expelling of chlo-
rine competes with the loss of nitrogen as the primary
fragmentation step (Table 3); the disubstituted nitrilium
cation does not occur at all.

The substitution of the dimethylamino group by a pyrro-
lidino, piperidino or hexamethyleneimino group brings
remarkable new features into the fragmentation pattern, as
seen in Table 3, compounds 24-26. After loss of dinitrogen
from the tetrazole, there are as usual, on the one hand,
stepwise decomposition reactions of the cyclic amino sub-
stitutents by ejection of small alkene molecules as it is
well known after onium cleavage of such heterocyclic
rings. On the other hand, the cyclic amino groups are
stable enough to appear as ions of high intensity in the
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mass spectra; in compound 25 the piperidinium cation m/z
84 is even the base peak. Their easy separation as cyclic
imines, comparable to the fragmentation in Scheme 3,
gives rise to a noteworthy intensive ion m/z 143.

EXPERIMENTAL

The syntheses of compounds 1-26 are described in [11]; the
labeled compounds have been prepared as prescribed there by
using labeled starting components.

The mass spectra were recorded on a Varian MAT CH6 mass
spectrometer at 70 eV. The samples were directly introduced and
evaporated between 110° and 140°, depending on the molecular
weight. The ion source temperature was about 200°. The MIKE
spectra were recorded on a Finnigan MAT 95 instrument.
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