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The thioacetauiüde negaüve molecular ion (produced by secondary electron capture) is stable, but it 
fragments after coWional acthtion to yield [CJ&NJ3]- by deavage a to the C 4  grouping. "he negative 
molecular iomi of (substitoted) o-nibrothioacetanilides mdergo a series of extremely complex rearrangement 
reactions. For exampie, the moledar anion denved from O-nitro-N-rnethylthioacetaniiide yields both acetate 
and thioacetate anions as major fragment ions. 

INTRODUCTION RESULTS AND DISCUSSION 

As part of our studies of the behaviour of negative 
molecuiar ions produced by secondary electron cap- 
ture,' we have shown that fragmentation of a simple 
amide only occurs under conditions of collisional acti- 
vation.' The basic cleavages of amides are shown in a. 
A number of unirnolecdar rearrangement reactions 
occur from negative molecular ions derived from o- 
nitr~acetanilides;~-' such ortho effects are of common 
occurrence in spectra arising from the low energy 
negative molecuiar ions of suitably substituted aroma- 
tic compounds.' For example, the acetate negative ion 
constitutes the base peak in the spectrum of o-nitro- 
N-methylacetanilide (see b).' 

o 

a b 

We expected that negative ions derived from 
thioamides would behave in a similar fashion to 
amides, particularly in respect of rearrangement reac- 
tions, since the negative ion spectra of sulphur com- 
pounds are often dominated by complex 
rearrangements.&' This paper describes the behaviour 
of the thioamide group. As in past studies,' we used 
the nitrophenyl group both as the electron capture 
group, and also to permit the study of any ortho effects 
which may occur between the nitro group and the 
substituent under study. 

t Part CXXIII: H. J. Meyer, F. C. V. Larsson, S.-O. Lawesson and 
J.  H. Bowie, Bull SOC. Chim. Belg. in precs. 

Compounds 1-11 were used for this study. The 
spectra of the unlabelled compounds are either listed 
in Table 1, or reproduced in Fig. 1. 

Compound 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

R, R2 

O -NO, H 
O -NO, D 
m -NO, H 
m -NO, D 
P-NO, H 
P-NO, D 

H H 

O -NO, Me 
o-NOZ Me 
P-NO, Me 
P-NO, Me 

R3 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

Me 
CD3 

CD, 

The basic hgmentathns of the thíoamide gmup 

The spectrum (Table 1) of thioacetanilide (1) contahs 
only a negative molecular ion and a smaller [M- 11- 
ion. Admission of nitrogen gas (3 X lo-' Ton) into the 
first field free region (1st FFR) produces two gaussian 
peaks at m/e 149.0 and 56.1 due to the respective 
collision induced processes [MI-' -+ [M - H']- and 
[MI-' + [M-MeCS.1-. The spectra of m- and p- 
nitrothioacetaniiide also show peaks due to [M- He]- 
and [M-MeCS.1- ions (see Table 1), with appropriate 
decompositions in the field free regions being strongly 
collision induced. The corresponding fragmentations 
from the molecular anion of p-nitro-N- 
methylthioacetanilide are [MI-' + [M - Me']- and 
[MI-' -f [M-MeCS.1-. The spectra of the N-D 
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Table 1. Negative ion mass spectra of 1, 2, 4, 6 and 10" 

Compound [MI-' [M-H']- [M-Me'l- [M-HO'I- [M-NO']- [M-HS'I- [M-HNO,I-' [M-Sol-' [M-MeCS'l- [MeCOSI- "011- 

1 1 O0 20 
2 45 1 O0 16 58 11 18 8 
4 1 O0 19 10 1 15 2 15 
6 80 1 O0 6 1 6 2 18 

10 1 u0 6 6 3 16 

a Al1 fragmentations shown are substantiated by the presence of peaks corresponding to the appropriate metastable ion 
(unimolecular process) or collision induced ion. 

analogues 5 and 7 show [M-D'I- ions, while that of 
the D3 derivative 11 exhibits an [M-CH,']- ion. 
Therefore, the two basic cleavages of the 
thioacetanilide system are those shown in c. Both are 
collision induced, and may be rationalized as proposed 
in d ( R = H  or Me) (compare amides, see a) .  Other 
fragmentations noted for 4 , 6  and 10 are characteristic 
of aryl nitro compounds and have been descnbed 
previously . 1-5 

R'i 5) 
L..' 

C d 

Rearrangement reactions of o-nitrothioacetanilides 

The spectrum (Table 1) of o-nitrothioacetanilide (2) is 
dominated by rearrangement fragments. The two 
major processes are [MI-' + [M - HO'I- and [MT' + 
[M - HS'I-; these become [Mr '  + [M - DO']- and 
[MI-' + [M-DS'I- in the spectrum of 3. The loss of 
HO' is characteristic of a nitrobenzene containing an 
o-NH(C=X)- unit (X = O4 or S). A possible rationale 
for this process from 2 involves hydrogen rearrange- 
ment in the negative molecular ion to form e (hyd- 
rogen migrations to nitro oxygens are relatively com- 
mon in negative ions'), which would then eliminate an 
hydroxyl radical as shown. The loss of HS' is not 
observed in the spectra of the corresponding rn- and 
p -isomers, so the fragmentation mechanism is unlikely 
to involve simple 1,Zelimination through a 4- 
membered transition state. The negative molecular ion 

- C 7 H 7 N O  i- 
, -MeCOS 1 

40 SO 120 160 
rn/z 

of o -nitro-N-methylthioacetanilide (8) rearranges to f 
(R=Me) (see below); a similar rearrangement of the 
o -nitrothioacetanilide negative molecular ion could 
yield f (R=H) which may lose HS' by a similar 
mechanism to that proposed for loss of HO' (cf. e). A 
peak due to the thioacetate negative ion is also ob- 
served in small abundance in the spectrum of 2; this 
ion is produced by an oxygen rearrangement directly 
comparable with that shown in b. The mechanism of 
the final rearrangement, [MI-' + [M-SO]-', is not 
known. 

If the NH hydrogen is replaced by a methyl group 
(as in 8), a number of new rearrangement channels are 
noted, since fragmentation involving the NH is now 
blocked. Of the observed reactions (see Fig. 1), 
[MI-' + [:MeCOS*]- ([MI-' +. [CD,COS*]- in the 
spectrum of 9), and [Mr'  + [M-MeCOS.1- 
([MI-' + [M-CD,COS']- in the spectrum of 9), are 
predictable (see e.g. b). The reactions [MI-' + 
[Meco2]-, [M-NO']- + [(M-NO')-CH,CO']- 
and [MI-" + [NOSI- are more complex, and were not 
expected. The first two of these reactions become 

[(M-NC)')-CD,CO]- in the spectrum of 9. The 
precursor to these unusual rearrangement ions may be 
f (R=Me), since this ion can account for the three 
rearrangements just described. The formation of f 
from the negative molecular ion of 8 must involve at 
least three discrete cyciizations; any proposed mechan- 
ism would be speculative. The ion f may fragment to 
[NOSI-, lit may rearrange to yield the acetate negative 
ion (see g and cf. b) ,  and it may lose NO' to produce h 
which in turn may eliminate ketene.".3 

[MI-'+ I:CD3C02]- and [M - NO']- + 

/ 1 
s 

l 
Me - Me 

Figure 1 i3 h 
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The metastable peak for the process [MI-'-+ 
[M-NO']- from 8 is Gaussian with a kinetic energy 
release at half-height of 0.037 I 0.005 eV. This should 
be contrasted with dish-shaped metastable peaks with 
large energy releases (0.2-0.8 eV at half-height) ob- 
served for the losses of NO' from intact nitro groups.l0 
Nitro groups are thought to eliminate NO' by a con- 
certed rearrangement through a 3-membered transi- 
tion state." The small energy release accompanying 
decomposition of the NOS group points to a stepwise 
rearrangement to the -S-N-O- ion, which subse- 
quently eliminates NO'. 

The formation of f and its subsequent decomposi- 
tions consitute the most complex series of rearrange- 
ments yet documented for negative ions. 

EXPERíME3TAL 

Al1 spectra were measured with an Hitachi Perkin 
Elmer RMU 7D mass spectrometer modified as 
specified previously." Spectra were routinely meas- 
ured at 70 eV using a source pressure of 1 x lop6 Torr, 
and an accelerating potential of 3.6 kV. Samples were 
introduced through an all-glass inlet system main- 
tained at 100 "C. Collision activation spectra" were 
measured using a nitrogen pressure of 3 x Torr in 
the 1st FFR. Elemental analyses were performed by 
NOVO Microanalytical Laboratory, Novo Industry 
AIS, Denmark. 

Al1 thioamides, with the exception of 8, are known; 
viz. 113 (2, 4 and 6)14 and 9.15 Al1 thioamides were 

prepared in near quantitative yield (95-100%) by the 
following general method.16 

A mixture of the appropriate precursor amide 
(0.01 mol) and p-methoxyphenylthionophosphin sul- 
phide dimer (2.5 g, 0.006 mol) was heated under reflux 
in dry toluene for 4h. Removal of the solvent fol- 
lowed by chromatography over silica gel 60 in light 
petroleum/diethyl ether (10-50% ether depending 
upon the particular system), yields the thioamide 
which was crystallized from isopropyl ether as yellow 
needles. 
o-Nitro-N-methylthioacetanilide, m.p. 64-66 "C, 

had the following analytical figures: C 51.2, H 4.85, 
N 13.25, S 15.1%. C9H,oN,0,S requires C 51.4, 
H 4.8, N 13.3, S 15.3% 

The spectra of the DI derivatives 3, 5 and 7 were 
obtained by admitting 2, 4 and 6 directly into the 
source in the presence of D,O." Incorporations of 
70430% were obtained. 

Compound 9 was prepared from the amide 8." 
Compound 8 (210 mg) was dissolved in C6D6 (2.5 cc) 
and added to aqueous NaOD (1 cc, 5 % )  containing 
n-Bu,NHSO, (17 mg), and the mixture allowed to stir 
for 30 min. Compound 9 (Do = 23, D1 = 40, D, = 25, 
D, = 12%) was purified by sublimation. 
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