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The C,H,N+ fragment ions from  CH,-
NHCOOC,H, and CH/NHCSOC,H, are for-
med with an aniline-like structure despite
indications to the contrary in literature spectra
of deuterium labeled phenylurethanes. An
earlier suggestion that pivalanilide likewise
generates C,H, N+ ions with an aniline-like
structure has been confirmed. C;H.NH+ ions
formed by elimination of C,H,OCO’ from
henylurethane do not undergo extensive
ydrogen scrambling prior to decomposition,
in contrast to NH,C,H,* ions.

A number of recent studies have established
that the abundant C,H,N¥ fragment ions
formed by elimination of small neutral mole-
cules from the molecular ions of acetanilides,™™
higher anilides,® and formanilides ® are formed
with an aniline-like structure. The published
mass spectra of phenylurethane (ethyl N-
phenylcarbamate) »* and higher esters of
N-phenylcarbamic acid show that these com-
pounds likewise give rise to abundant C;H,N+
fragment ions, and a priori it would appear
reasonable to assume that the initial structure
of these ions is also aniline-like. However,
a comparison of the mass spectra of phen-
ylurethane and some labeled analogs
(C,H,NHCOOCH,CD, and CHNHCOOC,D;)"*
with the spectra of acetanilide and acet-
anilide-d; (C,H,NHCOCD,)? does not lend

* A preliminary account of this work was pre-
sented at the VIIth Triennial Mass Spectrometry
Conference, Firenze, Italy, Aug. 30— Sept. 3, 1976
(Adv. Mass Spectrom. 7. In press).
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immediate support to this assumption. For
acetanilide, ketene elimination from the molec-
ular ions gives rise to m/fe 93 ions (C,H,N*);
these decompose by loss of HNC, leading to
mfle 66 ions which again eliminate H" with
formation of m/e 65 ions. In the spectrum of
acetanilide-d;, the corresponding peaks are
mfe 94 (C;CH,DN*), m/e 67 and m/e 66 (elimina-
tion of HNC and DNC from mfe 94), and
mle 66, 65 (H/D loss from mfe 67 and 66).
The spectrum of phenylurethane is almost
identical to that of acetanilide in the mfe
60—100 region, showing peaks at mf/e 93,
66 and 65. However, the published spectra 7»®
of the d; and d; analogs of phenylurethane
show the expected shift of m/e 93 to 94, but
the abundant mf/e 65 peak is mot shifted to
mfe 66. One possible explanation would be
that the D-atom transferred from the ethyl
group in the reaction leading to CHDN+*
(mfe 94) is completely lost in the subsequent
fragmentation (i.e., exclusive loss of DNC),
in which case the decomposing CH,H+ ions
of phenylurethane would be structurally dif-
ferent from the corresponding ions formed from
the aniline derivatives previously examined.—*
In order to resolve this problem, we have
re-examined the mass spectra of phenyl-
urethane and some labeled analogs hereof.

C,HNHCOOCH,CH, CHNDCOOCH,CH,
1 1-d,
C,H,NHCOOCH,CD; C,D,NHCOOCH,CH,

1-d, 1-d,
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As shown previously,»*%¢ the course of the
hydrogen migration leading to C,H,N+ ions
may be established through a study of the
decomposition of metastable C,H,DN+ ions.
These ions were in the present case formed' by
expulsion of C,H,+CO, from 1I-d, or of
CH;D,+CO, from I-d; (Scheme 1). In the
field-free region between the electric and
magnetic sectors these ions decompose by
elimination in both cases of HNC and DNC in
equal amounts, as shown by the relative areas
of the corresponding metastable peaks:

1d, 14, 2,
1.05 48 1.0

7-d,
1.25

Precursor 1-d,
Myanc*/Mprc* 1.0

This shows that the rearranged hydrogen atom
(from the terminal CH,) has become chemi-
cally equivalent to the hydrogen originally
on nitrogen prior to the subsequent decomposi-
tion by HNC (DNC) elimination, ¢.e., that
the hydrogen transfer must occur to nitrogen;
transfer of the migrating hydrogen atom to the
ring would not allow (only) these two hydrogen
atoms to become equivalent. This then strongly
suggests that the C,H,N+ is formed with an
aniline-like structure.

H
P H
CeHsNDCOOCH,CH, CS‘ﬁD e G
-CH, N &
Bt
, )
CeHeNHCOOCH,CD, (———T.
Scheme 1.

To complement this result, the mass spectra
of the sulfur analogs, 2 and 3, of phenyl-
urethane were studied.

C,H,NHCSOC,H, CH,NDCSOC,H,
2

2-d,
C,H,NHCSSC,H,
3

However, 3 does not decompose to give
abundant C,H,N+ ions; instead C;H S+ ions
are formed, after migration of the phenyl
group from N to S as previously described for
similar systems.® The mono-thio compound, 2,
decomposes very much like I; in particular,

the course of the hydrogen rearrangement
leading to formation of C,H,N+ is not affected
by the exchange of oxygen for sulfur. The
metastable CH, DN+ ions formed from 2-d,
eliminate HNC and DNC in equal amounts
(see above), showing again that the rearranged
hydrogen atom has become equivalent to the
hydrogen on the nitrogen atom prior to HNC
(DNC) loss.

It has previously been shown! for aniline
molecular ions that limited interchange occurs
between the hydrogen atoms of the —NH,
group and the ortho hydrogen atoms (reversi-
bility of paths a and b in Scheme 1). For
C,H,NHD+ ions this should increase the
probability for loss of HNC relative to DNC.
At the same time, there is an isotope effect
on the hydrogen transfer step that precedes
HNC elimination, which favors retention of
D on nitrogen (path a in Scheme 1) and hence
should cause preferential loss of DNC. Elimina-
tion of HNC and DNC in equal amounts from
the CH,DN¥ ions of I-d, I-dg, and 2-d,
shows that the two effects in these cases, as
for acetanilides 1®* and formanilides,® are of
the same order of magnitude. In the decomposi-
tion of C,D,NH,* ions the two effects should
reinforce each other, leading to significant DNC
loss, which is indeed observed for the C;H,D N+
ions formed from I-dy (see above).

Previous studies of the decomposition of
acetanilide.’® and pivalanilide 1! (see also below)
have shown that the reaction leading to the
CH,N* fragment ions is not inhibited by the
presence of ortho substituents. The relative
abundances of the corresponding ion (@ =M —
C,H,—CO,) and.its daughter ions (Q'=Q—-H’;
and Q”=Q-CH,) in the mass spectra of the
tolyl- and xylylurethanes 4—6 show that
methyl groups in one or both ortho positions
do not inhibit the elimination of C.H,+ COjy:

Compound 1 4 5 6

M/base peak 72 83 100 78
QM 1.4 0.5 0.4 0.3
Q+Q'+Q")M 20 20 15 19

The absence of steric hindrance for the hydrogen
transfer reaction corroborates the conclusion
that hydrogen transfer occurs to nitrogen
rather than the aromatic ring.
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CH, CH,y
Q—NHCOOC;H_«, CH,—O—NHCOOC;H,,
‘ s

CH,
NHCOOC,Hs
CH,

6 .

It is not clear whether the formation of
CH,N+ from I occurs as a one-step elimination
of C,H, + CO, with hydrogen transfer to nitrogen
in a six-membered cyclic transition state, as
depicted in Scheme 2, or if the reaction occurs
stepwise, with initial transfer of hydrogen

csHs\ﬁ H

Hb H +
é\ ;in —= CHNH, + CH, + CO,
0/

Scheme 2.

to oxygen in a six-membered cyclic transition
state and elimination of C,H, (a McLafferty
rearrangement), followed by transfer of the same
hydrogen from oxygen to nitrogen in a four-
membered cyclic transition state with loss of
CO,, as shown in Scheme 3.

N7
=GR A Le =0 2
S o LCH: 5 :

Scheme 3.

A comparison with the processes leading to
formation of C,H,N+ ions from other aniline
derivatives does not provide a clue to the size
of the transition state, inasmuch as the hydrogen
transfer in formanilides takes place in a three-
membered cyclic transition state, while the
transition state for acetanilides is four-mem-
bered, and for pivalanilides the hydrogen atom
is transferred in a five-membered cyeclic transi-
tion state.

. ﬂ\c . H MG
CeHsNH— CeHNHSCH,  CeHsNH_ _CICHa)
\0 \EI:/ 2 8" 15 \(“: 2

0 0
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A number of investigations »!* of the de-
composition of aniline and simple aniline deriv-
atives have provided strong evidence that
many even-electron CHN+ ions undergo
extensive scrambling of both hydrogen and
carbon atoms prior to decomposition. However,
this appears not to be the case for the C H,NH+
ions formed from phenylurethanes by loss of
the C,H,O0CO radical. In the spectrum of
1-d;, the metastable peak for HNC elimina-
tion from CD,NH* is about five times as
intense as that for DNC elimination, indicating
a high degree of retention of the amino hy-
drogen on nitrogen even for the metastable
ions.

CesNHCOOCHs =™ CoDsNH = CsDi
Scheme 4.

In the spectrum of I1-d,, the metastable
peak for DNC elimination from CHND+
is more intense than that for HNC loss, confirm-
ing the preferential retention of D on nitrogen.
A quantitative measure of the ratio of DNC
to HNC loss is in this case precluded by the
presence of CHNH,* ions (same nominal
mass as CHND+) that also eliminate HNC.
A similar specificity has been observed for the
C,H,NH+* ions formed from phenylhydrazines.?*

These observations provide the reason why
mfle 65 is not partially shifted to mfe 66
in the spectra of CHNHCOOCH,CD, and
C.H;NHCOOC,D;.”»* Apparently, most C,H;+
ions (mfe 65) are formed by fragmentation
without scrambling of the CHNH® ions
generated by loss of C;H,0CO" from the molec-
ular ions and will hence not incorporate any
of the atoms originating in the —NHCOOC,Hj
group (cf. Scheme 4).

The reason for the differing behaviour with
respect to scrambling of the CHNT ions
described in the literature 2% and those of the
present study may well be that most of the
previously examined C,H N+ ions have been
generated as NH,C,H,* (e.g., by loss of NO,
from nitroaniline), whereas the initial structure
of the C,H,N+ ions from phenylurethanes will
be C,H,NH+. Apparently, for NH,C;H,+ the
energy of activation necessary to reach the
reacting configuration for HNC loss is higher
than that needed for scrambling of the hydrogen
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atoms, while the reverse relationship exists
for CHNH+.

The conclusion that the C,H,N+ ion formed
by loss of CH,CO from pivalanilide (7) has an
aniline-like structure was based on the observa-
tion 1 that the ortho bromine atoms of 2,4,6-
tribromopivalanilide do not inhibit the elimina-
tion of C,HCO. To confirm this conclusion
we have studied the mass spectrum of pival-
anilide-N-d, (7-d,). This compound decom-
poses with formation of abundant C,H,DN+
ions, which subsequently fragment by loss of
either HNC or DNC.

CsHg
) H—CH, ¢ A'NC
Csl-lsND\E, (CHy): crco™ CsHsNHDw:
Cahs0”

Scheme 5.

Again, the metastable peaks for HNC and
DNC loss are of similar intensity (see above),
supporting the conclusion that the CH,N+¥
fragment ions are formed via hydrogen migra-
tion to nitrogen. The ratio of the metastable
peak intensities (1.25) is, however, sufficiently
different from that observed for other aniline
derivatives to leave open the possibility that
more than one mechanism is operating.

EXPERIMENTAL

The mass spectra were recorded by
Ms E. Wolff-Jensen with an AEI MS-902 mass
spectrometer operating with an ion source
temperature of 100 °C, using the direct insertion
probe. Phenylurethanes 1, I-dy, 4, 5, and 6
were prepared from ethyl chloroformate and
the appropriate aniline;* 1-d, was obtained
by addition of 2,2,2-trideuterioethanol to phenyl
isocyanate.’® The sulfur analogs, 2 and 3,
were prepared by previously described meth-
ods.18,17 Biva.lam{ide, 7, was prepared from
aniline and pivaloyl chloride. The N-d, com-
pounds, I-d,, 2-d,, and 7-d, were obtained by
repeated recrystallizations of the unlabeled
compounds from 10 9, CH,COOD in D,O;
back exchange in the inlet system of the mass
spectrometer was minimized by introduction
of DyO prior to introduction of the sample.
The isotopic purity of the labeled compounds
(determined from low-voltage mass spectra)
were as follows: I-d,: 84 9, d,; 1-ds: 96 9 ds,
4% dy; 1-d: 96 % dy, 4 Y% dy; 2-dy: 89 Y dy;
7-dy: 61 9% d,.
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