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Evidence is presented which suggests that deprotonated hydrazones undergo a negative ion

Beckmann rearrangement, for example,

~CH,(Me)C=NNMe, —— [(CH,C=NMe)Me,N "] — >

[(CH,=C=NMe) ' "Me,N’] — "CH,CN + Me;N. A number of fragmentations not involving skeletal

rearrangement are also observed

including a characteristic elimination of methane, e.g.

“CH,(Me)C=NNMe, — [(CH,(Me)=C-N=NMe)Me~] — CH,(Me)=C-N=NCH,™ + CH,.

Although many even-electron organic negative ions frag-
ment by simple and predictable processes,!™ there are those
which because of their structural features decompose following
skeletal rearrangement. Aliphatic oximes fall into the latter
category: their deprotonated form eliminates water on col-
lisional activation and it has been proposed that this occurs by
a negative ion Beckmann process following proton transfer
[e.g. route A, eqn. (1)], although the Neber process [e.g. route
B, eqn. (1)] is an alternative but less likely process.* However
not all oximes and their derivatives undergo this reaction. For
example, a-oximino ketones undergo a four centre cyclisation/
elimination [eqn. (2)],> while deprotonated semicarbazones
undergo the simple fragmentation shown in eqn. (3).°

Me: —N-©~ [(CH,=C=NMe) HO"]
Me . (0]
A
(CH,=C=NMe — H)~ + H,0O
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— =N -
e NN — [( y JHO ]
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Me—C-C—Me —= [MeCO,—N=C—Me] — MeCO, ~ + MeCN
1 2
C A
-0
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>=N NH—-CO—~NH ~— [Me,CNNH "(HNCO)}]— NCO ™ + Me;CNNH,
Me

Since there is such variation in the fragmentation behaviour
of negative ions derived from oximes, we have extended our
investigations to hydrazone derivatives. This paper addresses
the following question. Do protonated hydrazones behave like
simple oximes in undergoing Beckmann (or Neber) type re-
actions, or do they undergo some other characteristic rearrange-
ment?

Results and Discussion

The collisional activation mass spectra of a variety of deproton-
ated hydrazones together with some deuteriated derivatives are
either recorded in Table 1 or illustrated in Figs. 1-4. The spectra
of all unlabelled species were measured with an MS 50 TA
spectrometer, while deuteriated derivatives were studied using a
VG ZAB 2HF instrument. Tandem mass spectra (MS/MS/MS)
of selected daughter ions are collected in Tables 2 and 3.
Consideration of all these data collectively indicates that there
are some unexpected fragmentations (e.g. the pronounced loss
of CH,, which we will discuss later) together with a number of
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Fig. 1 Collisional activation mass spectrum of ~CH,CD=NNHMe.
VG ZAB 2HF instrument.
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decompositions which have analogies to those described pre-
viously.* Rather than dealing with all these spectra individually,
we will summarise the fragmentations, illustrating particular
features by reference to selected spectra.

All ions studied have the general structure [R'R?’C=NR3 —
H] ™. Deprotonation was effected by MeO ™ in the MS 50 TA
instrument and with NH, ™ in the VG ZAB 2HF spectrometer.
When R! and R? are alkyl, and R® = Me,N, deprotonation
takes place exclusively at R! and/or R?, « to the double bond
[see labelled compounds (CD;),C=NNMe, (Fig. 3), also
(MeCD,),C=NNMe, (Table 1)]. When R! = H, R? = alkyl
and R?® = NH, or NHMe, deprotonation again occurs pre-
dominantly at R% minor deprotonation (generally <15%)
occurs at R! and R? but does not contribute to fragmentation.

_@
JC=N—NMe,
M
@

CH,=C=N Me) ~* Me,N"*
[(CH,=C=N Me) =" Me,N] — (CHe ) 2

c o)
— (CH,=C=N Me — H)~ + Me,NH
—C— - _ (6)
[(CH,=C=NMe)Me,N "] CH,=CH—N Me + MeNCH,
D
~CH,CN + MesN (M
Scheme 1
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Fig. 2 Collisional activation mass spectrum of ~CH,CD=NNMe,.
VG ZAB 2HF instrument.
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Fig.3 Collisonal activation mass spectrum of ~“CD,(CD;)C=NNMe,.
VG ZAB 2HF instrument.

Rearrangement Processes of Deprotonated Hydrazones.—All
spectra show peaks which are formed following rearrangement
of the (R'R2C=NR?*-H) "~ system. Such fragmentations include
the losses of (R?)", (R*-H) (for R3=Me,N or MeNH), R*H,
“R'R3) and (R?R3). Specific fragmentations are listed in Table
1 and illustrated in Figs. 1-4. We propose that these processes
are a consequence of the Beckmann rearrangement. We
consider that the alternative Neber rearrangement is a less likely
possibility,* but it cannot be totally excluded on the available
evidence. In Scheme 1 (¢f. aiso Fig. 3) we use a specific example
to rationalise the rearrangement reactions. The Beckmann
rearrangement yields an intermediate complex [C <> D] which
may eliminate Me,N* [eqn. (4)], undergo deprotonation with
elimination of Me,NH [eqn. (5)], hydride transfer [eqn. (6)],1
or effect the SN2 reaction shown in eqn. (7).

There are several ways in which the Beckmann reactions
shown in eqns. (4)—(7) differ from those of deprotonated oximes.

* The Neber process should produce the intermediate:

[ Me( /AN )MegN']

In principle, this system could decompose by processes analogous to
those shown in eqns. (4)—(7), indeed the ionic products formed by losses
of Me,NH and Me;N should be the same as those shown in eqns. (5)
and (7). On balance, we consider the Beckmann processes to be more
kinetically favoured than the Neber rearrangement.

+ Simple amines are known to fragment through neutral/hydride ion
complexes.”
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Fig. 4 Collisional activation mass spectrum of [Et(CD;CH,)C=
NNMe,-H]~. VG ZAB 2HF instrument.

Consider the Beckmann intermediate [(CH,=C=NMe)HO 7]
formed from [Me,C=NOH-H] . This species eliminates H,O
to give the base peak of the spectrum, while the Sy2 process
involving loss of MeOH is minor in comparison.* In contrast,
the intermediate shown in Scheme 1 undergoes a major Sy2
process [eqn. (7)], while the deprotonation reaction is a minor
process. Indeed of all the spectra listed in Table 1, only two,
those of [Me,C=NNH,-H]~ and [Me,C=NNMe,-H] "~ show
loss of R3H. In addition, oxime intermediates do not lose HO",
whereas loss of (R3)" is a standard reaction of hydrazones. This
feature cannot be ascribed to basicity differences [e.g. AG .4
(NH;) = 1657;% (H,0) = 1607 kJ mol~'®], therefore it must
be a function of the nature of the decomposing intermediate,
which to a major extent depends upon the electron affinities of
the two parts of each intermediate. In the oxime, the electron
affinity of HO" is relatively high (176 kJ mol™)® so the
intermediate will look like [(CH,=C=NMe¢)HO ™ ]. However
the electron affinities of the amine radicals are much lower, e.g.
NH,’ (72),'° MeNH" (43)® and Me,N" (37 kJ mol").% Thus the
intermediate in Scheme 1 is more likely to resemble the radical
anion/radical C than the anion/neutral contributor D. Perhaps
this is the reason for the differences in the Beckmann processes
of oximes and hydrazones.

MeCH )
C=N—NMe, —O— [MeCH :CDN—CHZ—/CH)—H n NMe,]

Et 1

MeCHCN + C,H,4 + MeNH @®)

It is of interest now to consider reactions analogous to the Sy2
process [eqn. (7)] for unsymmetrical hydrazones [i.e. compare
the relative losses of (R'R3)’ and ‘(RZR3) in Table 1]. There are
two series of ions (listed in Table 1) which show the same
general trend, viz. [Me(alkyl)C=NNH,-H]~ and [Me(alkyl)-
C=NNMe,-H] . When R! = Me and R? = Et, the loss of
‘EtR¥ is some five times greater than loss of MeR?3, but this
value decreases with elaboration of R2 This dramatic effect
cannot be a function of the migratory aptitude of the alkyl
substituent. The answer lies in Fig. 4, where it can be seen that
the loss is accompanied by an appreciable deuterium isotope
effect (H/D 2.0), i.e. the process involves the removal of H from a
terminal methyl group in the rate determining step of the
reaction. Thus when R! and/or R? > Et, an E2 reaction [e.g.
eqn. (8) and ¢f. Fig. 4] operates in competition with the Sy2
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Table 1 Collisional activation mass spectra of deprotonated R!R2C=NR? species

Neutral Loss Formation

R! R2 R3 H H, HD CH, (CH, + H;) Et' Pr'’ (R®" (R* — H) R®H (R'R® (R?R® Ph~ CHN,” CN~ R*™ Me"
Me Me NH, 18 75 32 12 100 8 10
Me Et NH, 78 92 19 15 100 8 8
Me Bu NH, 32 73 22 28 48 100 8 9

Pr Bu NH, 100 48 30 17 22 28 26

Pr Ph NH, 100 62 28

H Me NHMe 100 85 8 18 2
D Me NHMe see Fig. 1

H CD, NHMe 85 24 100 10 20 1 2
H Et NHMe 84 100 18 15

H Pr NHMe 58 100 18 12

H Bu NHMe 71 100 22 12

Me Me NHMe 95 38 16 48 42 100 1
H Me NMe, 45 100 15 55 5 55 1 2
D Me NMe, see Fig.2

H CD, NMe,* 59 4 100 59 8 64 1 3
H Pr NMe, 52 100 8 104 10 82

H Bu NMe, 30 78 8 159 15¢ 100

Me Me NMe, 100 21 62 13 12 15 4 18 2
CD, CD, NMe, see Fig. 3

Me Et NMe, 100 18 40 12 8 4 3 15 2
Me Pr NMe, 70 32 100 22 26 22 18 16 22 2
Me Bu NMe, 45 28 100 28 20 18 25 18 14 1
Me Bu® NMe, 80 32 100 28 22 22 15 18 18 1
Et Et NMe, 75 41 100 15 125 12° 46 3
MeCD, MeCD, NMe, 35 100 9 e 11 54 3
Et CD,;CH, NMe, see Fig. 4

Et Pr NMe, 28 32 100 20 8 8 10 28 14 2
Pr Pr NMe, 28 100 9 32 25 24 48 2
Pr Bu NMe, 35 100 10 5 15° 18 15¢ 26 24 1
Bu Bu NMe, 30 100 8 10 12 28 1
Me Ph NMe, 100 10 12 10 3 8

Et Ph NMe, 100 12 8 8 2 4

Pr Ph NMe, 100 10 10 9 3 5

“ Parent ion is an (M — D) species. ® Unresolved. < Both losses correspond to 43 amu.

Table 2 Collisional activation MS/MS/MS data for selected product ions from deprotonated hydrazones

Precursor ion (m/z)

Product ion loss (m/z)

Product ion spectrum m/z (loss) abundance

(MeCH=NNMe, — H)" (85) Me,N" (41)
[Me(Pr)C=NNMe, — H]™ (127) Me,N" (83)
Me;N (68)

(Pr,C=NNMe, — H)~ (155)
EtCHCN (68)

‘Me,(Pr)N’ (68)¢

(Bu,C=NNMe, — H) (183)
PrCHCN (82)

‘Me,(Bu)N’ (82)

40 (H) 100

40 (C,H,) 100

67 (H) 25, 66 (H,) 100, 52 (CH,) 78

67 (H) 28, 66 (H,) 100, 52 (CH,) 71

67 (H) 26, 66 (H,) 100, 52 (CH,) 60, 39 (C,H.) 0.5,
26 (C3H,) 0.5, 15 (C3H;N) 0.1

81 (H) 20, 80 (H,) 100, 52 (C,H,) 78

81 (H) 15,80 (H,) 100, 52 (C,Hg) 75

“ Weak spectrum—peaks less than 5% of the base peak will be lost in baseline noise. * Not resolved.

process. The relative ratios of Sy2 and E2 reactions for those
ions listed in Table 1 (when R! and/or R > Et) are not known,
but the MS/MS/MS data recorded in Table 2 indicate that the
product anion is the same in both cases, ie. a deprotonated
nitrile.

A slightly different trend is noted for the competitive
‘Beckmann’ Sy2 and E2 reactions for oximes.* In systems
[Me(R)YC=NOH-H] ", the following ratios are observed for the
losses of ‘ROH’ and MeOH; R = Et (4:1),R = Pr(5:1),R =
Bu (‘BuOH’ is lost exclusively). Thus it seems that the extent of
the E2 reaction increases with elaboration of R. These results are
consistent with those reported for competitive bimolecular Sy2
and E2 ion molecule reactions.!!!2 The Sy2 process is generally
the more exothermic of the two, yet the E2 reaction is normally
that observed in the gas phase (the opposite is generally true
in the condensed phase). Thus the gas phase reaction

is kinetically controlled. The same trend is observed for the
hydrazone systems described here. For example in the model case

~CH,(Et)C=NNH,

_xCH,CN + EtNH, (Sx2)
[(CH,=C=NEt)NH, "]
“XCH,CN + C,H, + NH, (E2),

the S\2 process is 56 kJ mol! more favoured than the E2
process [AH{ values of EtNH,, C,H, and NH; are — 50, + 52
and — 46 kJ mol™! respectively],'? yet the E2 process is clearly
operating.

Simple Cleavage Processes and Related Reactions—When
R! and R? are both alkyl, loss of H* is always pronounced.
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Table 3 Collisional activation MS/MS/MS data for product ions formed by loss of methane from deprotonated hydrazones.

Precursor ion (m/z) Product (m/z) Product ion spectrum m/z (loss) abundance
(MeCH=NNHMe-H)"~ (55) 54 (H) 8, 53 (H,) 18, 40 (NH) 100, 26 (C,H,N) 17
(71
(MeCH=NNMe,-H)~ (69) 67 (H,) 100, 41 (CH,N) 70
(85)
(Me(Pr)C=NNMe,~H)~ (111) 109 (H,) 100, 95 (CH,,) 18, 83 (CH,N) 68
(127)
(Me(Bu)C=NNMe,-H)"~ (125) 123 (H,) 100, 109 (CH,) 8,97 (CH,N) 28
(141)
(Me(Bu)C=NNMe,-H)~  (125) 123 (H,) 100, 109 (CH,) 8, 97 (CH,N) 27
(141)
~CH, . -CH, 9) [eqn. (12)], or Me™ effects the deprotonation reaction to form
=NR =NR® + H’ roduct ion G [eqn. (13)]. The mass spectrum of G is shown in
M . p q
© CH; Table 3: the loss of NH™ to form “CH,CN is particularly
_ _ diagnostic. The analogous reactions, for R® = Me,N, are
CH, CH, (10) shown in eqns. (14) and (15) (see also Fig. 3). The only difference
RS -cH d
CN\W —-H" N7 2 —NR? + C,H, is the deprotonation site shown in eqn. (15).
H ‘CHJ (16)
- CH,CH=NNMe, — %, e PHe___ ~GHe .
,CH=NNMe, JRN HeL -+ +CHaN
\N// \N
Examination of Figs. 1 and 2 [also (MeCD,),C=NNMe, (Table I
1)] indicates formation of a radical anion of the type shown in [ (17
eqn. (9). Whenever R! and R? are alkyl and either substituent is -
> Pr, ‘B-cleavage’ occurs to the double bond, e.g. a propyl [( [/ ,N‘ ) H'] _ [/ _N +H
substituent loses ‘C,H;”, butyl loses ‘C;H- ", but ethyl does not N“ N”

lose ‘CH;’ (see Table 1). This is a standard two-step reaction
which has been observed for a variety of systems including
oximes* and which has been described in detail.* A particular
example is shown in eqn. (10).

When R = MeNH or Mg, N, the base peak of the spectrum
is usually produced by loss of methane. In order to examine the
mechanism of this loss, we (i) examined the spectra of a number
of labelled compounds (Table 1, Figs. 1-3) and (ii) determined
MS/MS/MS data for a variety of daughter ions formed by loss
of methane (Table 3). The initial clue to the course of this
reaction actually came from a cognate process, the loss of H,.
This process is observed for all spectra, however when R! = H
and R3® = MeNH, loss of H, occurs to the exclusion of H" loss.
Labelling studies (see e.g. Fig. 1 and Table 1) indicate that this
loss of H, comes predominantly from the MeNH group. We
propose a simple process proceeding through hydride ion
intermediate £ as shown in eqn. (11). Labelling studies suggest
similar pathways for the loss of methane. Whenever R?
Me, N, loss of methane occurs exclusively through that group
(see Figs. 2 and 3), but when R®> = MeNH, and R! = H, both
groups are involved. The latter case is illustrated in Fig. 1: here
we suggest that intermediate F may decompose directly to Me ™

Ch
‘CH2—CH=/I\-11N/

\Me

E

m H

! ! /
CH,~CH=N N\q
Me

F

_CH2\

M
Vo C=N=N{

M

~

e
e

[(CH,=CH—N=N—Me)H -]

Me~ + CH,=CH--N=NH
[(CH,=CH—N=NH)Me~] —

[(CHy=CMe—-N=NMe)Me"] /
\

Scheme 2

The MS/MS/MS data for daughter ions formed in processes
analogous to that shown in eqn. (15), are particulaly diagnostic
and are recorded in Table 3. The simplest case is shown in
Scheme 2. Here, loss of methane, gives rise to / which upon
collisional activation competitively loses CH,N" [eqn. (16)]
and H, [eqn. (17)]. The latter process is particularly facile and
is also a feature of the mass spectra of the hydrazones
themselves [see (CH, + H,) fragments in Table 1 and Fig. 2,
also the (CH, + HD) fragment in Fig. 3].

In conclusion, the negative ion Beckmann rearrangement
does occur for deprotonated hydrazones and the most favoured
reactions resulting from this rearrangement are the internal Sy2
and E2 reactions illustrated in eqns. (7) and (8) respectively.
Deprotonated hydrazones also undergo a number of simple
cleavage reactions, for example the loss of methane which
involves terminal NHMe or NMe, substituents.

Experimental
The collision activation mass spectra (MS/MS) of all unlabelled

an

CH,;=CH—N=NCH;™ + H,

(12)

CH,=C=N—NH"-+ CH,
G

(13)

Me ~ + CH;=CMe—N=NMe (14)

CH,=CMe—-N=N—CH,™ + CH, (15)
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compounds were measured with an MS 50 TA instrument,'*
while the corresponding spectra of deuteriated derivatives were
recorded with a VG ZAB 2HF instrument.'*> All tandem
MS/MS/MS data were obtained with the MS 50 TA
spectrometer.'* Full details of experimental procedures have
been reported.!*!5 The ion MeO ~ (from MeONO)!® was used
as deprotonating agent in MS 50 TA experiments, while NH, ~
(from NH;) was the reagent ion using the VG ZAB 2HF
instrument. Helium gas was used as collision gas in both
instruments: the collision gas pressure was 2 x 10-° Torr in one
or both collision cells (as appropriate) of the MS 50 TA (giving a
reduction in main beam intensity of 30%), and 2 x 10~7 Torr in
the second collision of the VG ZAB 2HF (giving a reduction in
main beam intensity of 10%,).

Hydrazones were prepared from the appropriate ketone
and hydrazine hydrate using a standard method.!” All
compounds are known ie. hydrazones from propan-2-one,
butan-2-one, pentan-3-one, hexan-2-one, hexan-3-one and
butyrophenone.!’

Methylhydrazones of ethanal,!® propanal,'® butanal,'®
pentanal,!® and propan-2-one,?® are known compounds
prepared from methylhydrazine by a standard procedure.!’
Dimethylhydrazones of ethanal,®! propanal,>? butanal,??
propan-2-one,”* butan-2-one,?® 3-methylbutan-2-one,?3 pen-
tan-2-one,?’ pentan-3-one,?® 4-methylpentan-3-one,?® heptan-
4-one,?? hexan-2-one,?® nonan-2-one,?? acetophenone,?® pro-
piophenone?® and butyrophenone?® are known compounds
formed from N,N-dimethylhydrazine using a standard
method.!”?

Deuterium-labelled Compounds.—The [*Hglpropan-2-one
hydrazones. A mixture of [2Hg]propan-2-one (20 mmol) and
tiie appropriate hydrazine (20 mmol) was heated under reflux
for ¢ h. The mixture was cooled to 25 °C, extracted with diethyl
ether, the organic extract dried (MgSO,) and distilled to yield
the required [*Hg]propan-2-one hydrazone (yields 75-80%).
The products prepared were: [2Hg]propan-2-one hydrazone
(b.p. 123-125 °C/760 mmHg; 2Hg = 90, 2Hs = 8, °H, = 2%);
[®*Hg]propan-2-one methyl hydrazone (b.p. 116-118 °C/760
mmHg; *Hg = 90, 2Hs = 8, 2H, = 2%); [*Hg]propan-2-one
dimethyl hydrazone (b.p. 92-94 °C/760 mmHg; 2Hq = 92,
2H, = 8%).

The [*H;]- and [*H |]-ethanal hydrazones. These compounds
were prepared (as above) from [2,2,2-?H;Jethanal* and [1-
2H,Jethanal?” as appropriate, yields 75-80%,. [2H,]Ethanal
methylhydrazone (b.p. 80-82°C/760 mmHg; *H; = 95%).
[*H,]Ethanal dimethylhydrazone (b.p. 90-92 °C/760 mmHg;
2H, = 95%). [?H,]Ethanal methylhydrazone (b.p. 80-
82°C/760 mmHg; 2H, = 99%). [?H,]Ethanal dimethyl-
hydrazone (b.p. 90-92 °C/760 mmHg; *H,; = 99%).

[1,1,1-2H;] Pentan-3-one dimethylhydrazone. This compound
was prepared by lithiation of butan-2-one dimethylhydrazone
followed by reaction with [?H;]iodomethane using the method
of Ludwig.?® Yield 78%, b.p. 150-152 °C/760 mmHg, *H; =
99, 2H, = 1%, §,4(60 mHz, CDCl;) 1.2 (3 H, t), 202 (2 H, s),
2.35(2H,g)and 2.4 (6 H, s).

[2,2,44-2H,] Pentan-3-one dimethylhydrazone. Exchange of
pentan-3-one with D,0O/Na* gave [2,2,4,4->H,]pentan-3-one
(*H, = 96%,) which was converted to the dimethylhydrazone

473

by the standard procedure in 759 yield, b.p. 150-152 °C/760
mmHg, ’H, = 95, 2H; = 5%,
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