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The negative ion spectra of carbonyl compounds were studied in

order to investigate the fragnentation of this group in the negative mode.

The work is divided in four Sections.

In Chapteî 2,we are concerned with carbonyl compounds of the

general types aryl-C0-alkyl and aryl-CO-aryI. Parent anions are formed by

secondary electron capture and have 1ow internal energies. Fragmentation

is only observed for aryl-CO-alkyl systems under collision exci.tation. In

contrast, aryl-c0-aryL and o-dicarbonyl systems yield pronounced

rearrangement peaks, produced by cyclizatj-ons between the adjacent substituent

Such reactions are particularly pronounced in the spectra of o-nitrcbenzil,

o-nitrobenzoyl benzoyl methane and o-nitrobenzoyl acetyl methane.

In Chapter 3, we describe studies of nitroaryl- (CFIz)rr-CO-alkyl

and nitroa'ryr- (cHz)rr-aryl systems (n=1,2). Fragmentation occurring by

cl-cleavage to the carbonyl group is noted for the compounds n=1, whe:reas

S-cleavage to the carbonyl group is observed for the cornpounds n=2.

Pronounced reanangement peaks occur in the spectra of

o-nitrophenyl-CH2-CO-R compounds, but sinilar reactions are not noted for

o-nitrophenyl-CH2-CH2-CO-R systems. Labelling studies indicate the identity

of the eliminated species, but the mechanisns of the reanangemen'rs aïe

compl ex.

Chapter 4 deals with unsaturated compounds of the type

nitroaryl- (CH=CH)rr-CO-R (n=1 to 3) . Proxinity effects are observed for

o-nitroaryl unsaturated compounds but are not noted when the nitro group is

replaced by the carboxyl group. Rearrangemen+- peaks are produced by

cyclization reactions; when n = 1, reactions proceed mainly through 6- and

7- nenbered transition states to produce fragment ions corresponding to L,2-



(ii)

dicarbonyl radical anions. When n = 2, reactions proceed through S- and 6-

membered transition states to produce I,4- dicarbonyl-2-ene (n = 2) and 1,6-

dicarbonyr-2,4-diene (n=3) radical anions as the major fragment ions.

In Chapter 5, we discuss the negative ion spectra of oximes of

the carbonyl compounds described in the previous chapters. The fragnent ion

[M;-H20]"- is noted in the spectra of o-carbonyl nonoxime cornpounds and in

those of simple oxime compounds of the types 02N-C5H5-C(NOH)-R and

OzN-CsHs-CHz-C(NOH)-R.¡iearrangements involving cyclizatíon reactions are

noted for nitroaryr-(cH=cH)r.-c(NOH)-R systems and these are generally

ana.logous to those described in Chapter 4 for the analogous carbonyl

precursors.
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1.1 General

The existence of negative ions in the gas phase was first recognised

by J.J. Thom.son,r who identified a number of simple negatively charged

atoms and molecules using the mass spectrograph. Since then negative

ions have been extensively studied in many fields; for example, atonic

negative ions,2-t inorganic systems,6 negative ion-molecule reactions,s

negative ion-neutral reactions,T field ionizations and the formation of

negative ions on metallic surfaces.e-r2 The rnajority of investigations

camied out with negative ions between 1950 and .I965 t{ere concerned with

the theoretical rather than the practical applications of negative ion

mass spectrornetry. Since 1965 there has been a continuing interest in

the development of negative ion mass spectrometry as an aid to stTuctuïe

determination.

I.2 lr{ode of Formation

Negative ions are formed by the interaction between electrons and

neutral mo1ecules.t3 tt4 There are basically three different processes.

For a diatonic nolecuie AB, these processes are conventionally classified

as resonance capture, dissociative resonance capture and ion-pair product-

10n.

Resonance capture and dissociative resonance capture are electron-

capture processes, but ion-pair production is a collision or tìon-capture

process. Resonance capture forms a parent ion near 0 eV. Dissociative

resonance capture occurs in the range 0-15 eV and ion-pair producticn is

noted above 10 eV.

1.2.I lon-Pair Processes

Ion-pair processes are produced by electron or by photon impact.

electron may excite the molecule to an unstable state from which it

dissociates spontaneously into positive and negati-ve ions.

AB+e + AB*

---++ B-
B*

+
+

+A
AB

->

'ltre
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I.2.2 Dissociative Attachnent

This is the nost general type of electron-capture process ví2.,

A-+B

AB+e 

:A+B_

Dissociative attachment occurs to a bound state of the negative

ion, which then undergoes internal conversion to produce. a repulsive

state that undergoes dissociative ionisation.

1.2.3 Nondissociative Attachment

Electron capture gives a vibrationally excited molecular ion IAB'*]

If the vibrationally excited nolecular ion does not emit a photon or

trndergo collisional stabilizatíon,tt the electron will be ejected by auto-

detachnent (Auger electron).

AB'* + AB* +e

A¡rother possible electron capture process is the process which

produces a temporary negative ion. This capture process night occúr if the

interaction tine between the electron and the molecule is long enough to

allow the nuclei to change fron their normal configuratj.on.

I.2.4 Negative-Ion Formation by Secondary Electrons.

Negative molecular ions nay be formed by capture of secondary

electronl6-r8 (analogous to section 1.2.2). The secondary electron is a

de-energized electron produced either from the electrode surfaces or from

the ionisation process of the molecular cation.

1.3 Instrumentation

Mass spectrorneters used for negative ion studies are: -

a) Conventional rnass spectrometers,

b) Tirne of flight mass spectrorneters,

c) Ion cyclotron resotìaltce spectrorneters,

d) Quadrupole mass spectrometers, and

e) Spectrometers with high-pressure ,cources
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1.3:1 Conventional lt{ass Spectrometers r9t20

There are two types; single and double focusing nass spectrometers

Some conventional mass spectrometers have a negative ion capability

which is produced by the reversal of the polarities of the electric,

magnetic fields and the acce'lerating voltage. Double-focusing mass

spectrometers have much higher rêsolving power than single focusing

instrurnents, and they nay also be used to measure metastable decomposi-

tions,2r negative ion kinetic energy spectra 2r and collision induced

dissociations. 2r

I.3.2 Time of Flight Mass Spectrometers 22'23

The principle of mass separation is that ions of different nass,

accelerated to uniforn kinetic energy, have different velocities, and

hence different tines of flight over a given distance. These spectro-

neters are generally used for the deternination of appearance potentials

and autodetachment lifetimes . 24-26

1.3.5 Ion Cyclotron Resonance Spectrometers 27s28

An ICR spectrometer is suitable for the observation of collision

paocesses, because of the long ion lifetirne in the ce11 (up to a rnilli-

second). Such spectrometers are suitable for the study of ion-¡no1ecule

reactions at low pressures, studies which are of value for ion-structure

elucidation.

L.3.4 Quadrupole Mass Spectroneters' 2s

In a quadrupole instrument, the gaseous sample is ionized by electron

inpact and the ions are extracted electrostatically from the ion source.

In order to separate mass, the radiofrequency (rf) and dc voltages are

scanned while being kept in the sarne ratio. Quadrupole mass spectrometers

are capable of mass resolution up to about 1000. These mass spectrometers

are conrmonly used with a gas-chromatography attachment.
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1.3.5 Speqtroneters with High pressure Sources

A modified spectrometer, developed by von Ardenngand coworkers 30'31

produces slow electrors by a low-voltage argon-gas discharge at a pressure

of about 10-2 Torr. The slow electrons are then captured by suitable

nolecules to produce molecular anions which may undergo further decom-

position to yield fragment ions. This technique has proved useful for the

study of certain natural products. 32-36

I.4 Negative Ion Production

The following methods are used to produce negative ions in the mass

spectrometer. They are: low ótretgy electron beams , t'- uo higl.,"t eneïgy

electron beams in conventional ion sources using secondary electron

attachment 37- a0 and plasna sources of slow-electrons '+1. A further

nethod for the production of negative ions is the pïocess

M++N >

where N is a neutral collision gas which has been introduced into the first

field free region of the nlass spectrometer 42.

1.5 Fragnent lons

Molecular anions forrned by secondary electl'on capture often undergo

unimoleculaì - fragmentation,uo to produce fragment ions. The fragment

ions nay contain an odd or an even nunber of electrons. The processes can

be represented by

M' 
-+ 

F +N.

when the daughter ion is an even-electron species or by

M: -+ F'+N

when the daughter ion is an odd electron species.

The fragrnent ion Fr- formed by a unimolecular decomposition, frãy exist

in a vibrationally excited state 43r4rr and decompose further.
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Fragnent ions can also be forned by the process of I'pair productionn

in which both a positively and negatively charged fragnent arise simult-

aneously. This process has been noted +s in halogenated compormds.

1.5.1 Stable Ions, Unstable lons and Rearrangement Ions

If an ion forned in the ionisation chanber, travels from the ionisation

chanber to the collector without further decomposition, then such an ion is

defined as a stable ion. The peaks in a mass spectrum are due almost

entirely to stable ions.

An unstable ion is one that is formed with sufficient internal enelrg)'

to enable deconposition to occur.

Rearrangenent ions are those fragment ions which have been produced

by sone transfer of atoms prior to or during the breaking of bonds.

Rearrangement reactions often tend to lead to products of high stability +r

(see later).

1.6 The Quasi-Equilibrium Theort 31r 4s-48

The quasi--equilibrium theory assumes the applicability of the Franck-

Condon principle, i.e. the ionization via electron inpact is assumed to be

a vertical pr:ocess. According to the Franck-eondon principle qs, ionization

is extremely rapid, occurring at a rate faster than those of bond vibrations

(fO-ta to 10-12 sec.). The nolecular ion thus formed will have the sarne

nuclear confíguration as the neutral nolecule and all the internuclear

distances remain essentially unchanged in the conversion of the neutral

excited nolecule to the nolecular ion. For a simple diatonic rnolecule,

the Franck-Condon principle 4e can be illustrated in terms of an energy

diagran as shown in Fig. 1-1.
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+
A+

oÍ
A'*

B

B
+

A + B

t.PI
AB

FIG 1-1

The excited parent molecular ion, formed by the electron-impact

process, will have a certain amount of excitational energy. It is

assumed that the various fragment ions are not formed immediately frorn

the excited parent-molecular ion, but rather undergo several vibrations

prior to deconposition. The molecular ions can usually decompose in rnore

than one way, leading to several fragnent ions. The quasi.-equilibrium

theoryas-aB can be used to rationalise.how a series of conpeting uni-

molecular reactions can occur.

The sinplest form of the quasi-equilibrium theory (QET) of mass

spectra relates the uninolecular reaction rate constant k to internal

energy E, activation energy Es, frequency factor v and effective nurnber

of oscillators s, in the following equation.3r
E-E s-1k v

Frorn a consideration of this expression, it has been demonstrateds o that

a simple bond cleavage reaction will be pronounced if the internal energy

(E) of the ion is very much larger than the activation energy (Eo).

E
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The value of (E-Eo)/U tends to rmity and the rate constant k will be equal

to the frequency factor v or to the vibrational frequency of the bond

(10t'- 10t+ s-I).

For a reamangement process, s0-52 the activated complex (ttightt

cornplex) will increase'the vibrational frequency, some internal rotations

will consequently be restricted and the rates of such rearrarìgement react-

ions will not approach bond vibrational frequencies.

Application of the quasi-equilibrium theory leads s3 to k (E) vs E

curves as shown in Fig. I-2. Curve C represents a high activation energy

process (typically sinple cleavage s01, whereas curve R represents a low

frequency factor and low activation energy process (typically rearrange-

ments reactions uo).

E
FIG 1-2

log k vs E çurves for hypothetical competing rearran€lenent (R) and sinple
cleavage (C ) reactions

It has been shown s0' s4-so that tRl/[C] increases with decreasing

electron energy. It appears that generally, the rearrangement reaction

has the lower activation energy and often gives rise to an abundant

c

RY
Ð
o
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netastable ion se. At high internar energies of the decomposing ion,

sinple cleavage reactions have higher frequency factors than rearrange-

ment leactiolsyield more abundant daughter. ions ss, but often the neta-

stable-ion'abundances for such reactions are low. Thus the observation

of an abundant 'rmetastab1e - ion'r suggests the possibility of a rearrange_

nent reaction.

1.7 Metastable fons

If a singly-charged jon of nass rn, fragrnents after acceleration such an

ion is termed 60 t'metastablert. The majority of I'metastable?t decompositions

occur between the ion source and the magnetic sector. The position of

daughter ions resulting fron the deconposition nr+n, of a netastable ion is:

m* = m7 /mt

Metastable decompositions may occur by one step or rnultistep patht,Iays.

Many nultistep fragnentations of positive ions occurring between the ion

source and collector have been reported. 6l-71 For example a simple trvo

step fragnentation is observed in the spectrun of genipin 72 (sec a ). The

three netastable decompositions are observed by the defocusing technique

(see below).

cH2oH

HrO H'O
fzca+

H¿oz

OH m e 226 f 90

o *cH.o- c"ll
o

Metastable peaks are usually readily identifiable in the nornal mass

spectrum because

a



9

a) they need not occur at integral n/e values

b) they are often diffuse, broad peaks,
several nass turits and

extending

c) they are of weak intensity (tO-z or less of the
abundance of the parent and daughter ions in
70 eV spectra).

7.7.1 Metastable Defocusing Technique 73-77

The products of netastable transitions which occur in the field free-

region in front of the electric sector of a double focusing mass spectrometer

usually possess kinetic energies lower than that which enable the ions to be

transmitted through the sectoT. There are two nethods which have been used

to enable the measurement of daughter ions produced in the first field-free

region of the nass spectroneter, ví2,
73-76

a) By increasing the accelerating voltage while
keeping the electrostatic analyser voltage
constant.

?7
b) by lorvering the electrostatic voltage while

keeping the acceleration voltage constant.

If nethod a) is used, the accelerating voltage nust be increased frorn

its nornal value (Vo) to V, such that V /Yo = mt fmz As n, is known and

the ratio Vr /Vo is measured experinentall¿ it is possible to determine all

values of the precursor m, ions 'o .

Thé advantages of the use of the focusing technique for the study of

metastable transítions are that: -

a) each transition is unequivocally identified in
terrns of the nasses of parent and daughter ions.

b) all the precursor ions of m, may rapidly be
found using one scan of the- accelerator voltage

c) normal ions do not interfere, and

d) in the absence of normal ions, the sensitivity
of the electron multiplier can be increased and
so minor processes may be detected.
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1.7.2 The Shapes and Applications of Metastable Peaks

The shapes of metastable peaks vary from gaussian through a flat-

toppedTe peak, to one rçjth a double maximum. Factors which influence the

shapes of netastable peaks have been discussed by Beynon and Fontaines.0

The value of the metastable peaks are:-

(a) an aid to the interpretation of rnass spectral
fragnentations,

(b) the measurement of kinetic enetgy released in the
fragmentation, which yields both thernodynanic
and structural information, and

(c) to classify the types of decomposing ions generated
from the precursors. For example,

if an ion of given composition generated fron different precursors decompos-

es by two reactions rvhich give netastable peaks in the same abundance ratio

over a given internal energy range than this is an indication that the ions

from the two sources either have the same structure, or alternatively cons-is

of the same mixture of structuresll Tiris technique was used by Shannon

and Mclafferty to studys' the types of deconposing Cz Hs 0+ ions generated

fron conpounds CH¡OCHrY, HOCHzCFIzY, CII¡CH(0H)Y and CFIsCHz0Y, where Y,

corresponds to one of a va'ríety of groups.

7.7 .3 lt'fetastable Negative f ons

Abundant netastable negative decompositions may be studiedst in both

the first and second field-free regionì of a double focusing nass spectro-

meter. Those formed in the field-free region in front of the electric

sector nay be detected by the netastable focusing techniquel6 uo In the

case of conpeting unimolecular reactions, netastable ions are generaliy

rnore abundant for re-arrangement processes than those observed for simple

cleavage processes.

Many metastable negative ions are gaussian in shape but some nay be

very broad and flat-topped1o,8s,86An example of the latter type is found

for the loss of N0' from substituted nitrobenzene rnolecular anions.
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Bowie and his coworkers 0' have studied netastable decompositions in

negative ion spectra in the first field free region of the nass spectrometet

by the decreasing electric sector potential technique, using the maximum

sector potential (180 volts) of RMU 7D instrument. This technique gave an

enhancement of ca. 10:1 in the abundances of netastable ions when conpared

with those produced in the second field free region. Bowie and Hart 83

nodified the instrument by developing an external unit which utilizecl a

sector voltage greater than that available using the connercial instrument.

This unít increased the sensitivity of metastable ion measurement approx-

inately 100 tines that mentioned above.

Two step fragmentations of netastable ions are observed in some negatir.e

ion spectra.83 The spectrun of 1- (acetoxy - dS) - 3 - acetoxyflavone (see b)

exhibited a daughter ion (n*) at m/e 258.7 for the process [U ] C¡rCO]'

which was accompanied by a peak (m**) for the two step process [M - CD2C 0

- cHsco.l.

o Ph

CDr- c.-
il
o

Further exantples of two step fragmentations of a metastable negative

ion can be seen in the spectrun of 3 - nitrophthalic anhydride which ls

shown in Fig. 1-3. The spectrun shows peaks fro¡n metastable decomposition

at m/e 115.0 (n*), m/e 57.7 (n**) and 75.9 (n**) for the trvo step fragment-

ations [],1:Co2-CO 2)' and [M:CO2-CO]' respectively.

"u,Îo

Þ



t00

o/o

60

L2

02O

o

57.7(n**)
75.9 (n**)

115.0(m*)

120

2 (xl 00) t
40 80

m/e

FIG 1-3

1.7.4Ion Kinetic Energy Spectroscopy 84¡ 88rBe

When ions m, deconpose to ions n, in the field-free region prececling

the electrostatic sector, the n, ions entering the electrostatic sector will

have a spectrun of kinetic energies. If an electron nultiplier detector is

placed at the energy-resolving (p) slit at the exit frorn the electrostatic

analyser, and the electrostatic voltage is continuously varied, a spectrum

of ion kinetic energies can be obtained.

IKE spectroscopy has been used extensively for the study of positive

ion decornpositions. The technique may be used to provide a fingerprint for

or:ganic compornds, to to detect low-abundance reactions el and to aid the

deterninatíon of ion structure s2.

The negative ion kinetic energ-y spectra of phenyl p-nitrophenlrl -

acetate and o-nitroacetanilíde have been reported 83, and were measured

using the decreasing electric sector potential nethod at a source pressure

of 2 x 10-6 Torr.
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I.7.5 Collision-Induced Dissociation

Many nolecular anions formed by electron inpact are very stable and

do not fragment. e3 A low-energy nolecular anion can be given higher

internal energy if a collision process occurs between that ion and a

neutral ¡nolecule (i.e. a target gas) in the region before the electric

sector. The target gas is usually argon, heliurn and nitrogen and is intro-

duced into the first field free region of the nass spec.trometer through an

additional gas inlet system. The optirnun collision pressure has been

found to be about 5 x 10-5 torr. Increasing the pïessure to more than 10-4

torr should be avoided as collisional scattering occurs at these pÌessures.

However the optinun pressure varies with such factors as the nature of the

target gas, the length of the drift tube and the kinetic energies of the

incident ions.

After collision activation, the anions may undergo fragmentation.e4-ss

The resulting collision-induced spectra nay be observed in both the first

or second field free region of the mass spectrometer.

Collision-induced processes have the following applications:-

a) They provide a detailed picture of fragrnentation
processes, not only fron molecular ions but also
fragnent ions.

b) Many more reactions occur on collision than occur
uninolecularly.

c) Collisional activation ninirnizes s6 the occtn.rence
of rearrangement reactions(see e.g. Fig 1-2).

The enhancement of internal energies of molecular ions when they collide

with a neutral gas, can be considered to be due to the conversion of trans-

lational into internal (vibrational) energy. Fig. 1-4 depicts the situation

of a nolecular ion undergoing decomposition after collision.



e(e)

t4

A

BC

FIG 1-4

Decomposition

E

Curve A represents the hypothetical energy distribution of a nolecular

ion after electron inpact. Curve B represents the lower energy ions which

leave the source. curve c represents the higher energy ions after

collision with the neutral. gas. Molecular ions with sufficient internal

energies then decotnpose in less than a microsecond.e,

Collision activation (C.4.) positive ion spectra have been widely

investigated by McLafferty.es-10r This technique was used for the

determination of íon structure and for studies of decomposition patlÌways.

For example, the structures of ions C2HsOl C3lì50+ , and CrrHT were

studiedlo0 by natching their collision activation spectra vrith those of

knov/n reference ions. The resemblance of decomposition pathways in

collision activation spectra to those observed in conventional positive

ion mass spectra rnakes possible the structural identification of unknoln

ions. The C.A. technique was also found to be useful for oligopeptides.ro0

The conventional positive ion spectrum of Ac-G1y-Ala-Leu-0CH3 only

showeid the sequence rn/e L4z->roo (corresponding to Ac-Gry-Ara+.Ac-G1y*) ,

while the c.A. spectra gave sufficient peaks for elucidation of the

complete sequence.
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The C.A. technique is equally applicable to negative ions and has

been used to force the fragrnentations of anhydrides',1, ro2ketonestot,

arnidesl0a and carboxylic acidsl.osFor exanple, the conventional negative ion

spectra of phthalic anhydride and naleic anhydride showed no fragmentatiolt

at 70eV, however the fragnent ions [lvl'--Co]- and [lt{.--QØ ]; were observede3

in the negative C.A. spectrum of phthalic anhydride, and [M;-CO]- for

maleic anhydride.

Molecular anions of simple amides produced by secondar:y electron

capture do not undergo fragmentation. The collision induced spectra of ç

and d (R = Me or Ph) showrQathe fragmentations indicated below.

Orltl co 
-N¡-.1

R O.N NH cCI-R

Molecular anions of sorne aromatic carboxylic acids also do not undergo

fragmentation under normal ionditions. After collision activation the

p-nitrobenzoic acid83 and p-cyanobenzolc acid83 molecular anions eliminate

HCOä; but the coïresporìding ions from the anthraquinone monocarboxylic

acids eliminate C0, .

Sone molecular anions are extrernely stable even after collision

activation. An example is the cr-dicarbonyl groupt,o3which will be discussed

later.

dG
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I .8 Nega tive Ion Studies

As explained previously (f.3.1) negative ion mass spectra can be

obtained by reversing the polarities of the electric and magnetic fields,

the accelerating potential and the drift potentials in the source of a

conventional mass spectrometer. fn sorne cases there are considerably nore

(10t to 10s) positive ions formed than negative ions, but certain types

of organic compound yield intense negative ion mass spectra. Those

elernents with high electron affinities (oxygen, sulfur and the halogens)

tend to promote negative ion formation. Thus negative ions are forrned in

considerable abundance from the simple compounds SOz, PC15 and C10sF.t06

Organic compounds containing electron withdrawing groups, for example,

halides ,to7-r32 ester,86-133 anhydride s702 'tx4 , cyanideslàs-t+0,

ketonesE6 ¡103 t\4t-t46 , carboxylic acidsl05 :147-t4e, nitro-compounds3s0-rsE

and organometallic compoundslse-16s exhibit negative ions. Some compounds

such as N-oxidesl66, azoxy-compoundsl66, nitronestu6, amidesl04:142'ts8'16?,

aminest6s:16e, carbamatesl?o, as well as sulphurlTl and phosphorous

compoundsl 1 8 r1 te :t1o st74't7 5 and sorne heterocyclic compoundsl ?6 yield

intense molecular anions. The rnolecular anions are thought to be produced

by the capture of low energy secondary electrons which originate either

fron the ionization process of the molecular cation or fron electrode

sutfaces.t 7 7

It has been statedsT that negative ion spectra are not generally as

useful as positive ions for structure determination, primarily because of

the low abundances of negative ions' and because of experimental difficulties

in obtaining suitable conditions in the ion source. These disadvantages

certainly apply to the majority of aliphatic cornpounds and some aromatic

and inorganic conrpounds which do not yietd molecular anions. The real

value of negative ion mass spectra lies in the area of fluorocarbon

chemistry, for compounds containing n systens with electron withdrarving

grorrys, and for organometallic compound-s.l s e-1 ós
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Bcwie and his colleaguess? have used the organic cornpounds RX,

where R is quinonyl,E6-1?8 nitrophenyl-oo' 133' 140 or cyanophenylla0 (the

electron-capture noieties) in order to investigate the fragmentations

of frmctional groups (X) ih tfre negative node.

X

o

o\ X
+

ry

X
NC
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1.8.1 Type of Fragmentations

There are two general t¡pes of fragrnentation of molecular anions,

i.e. sirnple cleavage and rearrangement reactions. 87

1. 8.la Simple Cleavage Reactions

Simple cleavages of negative ions generally occur o¿ to the charge -

containing unit or o to some atom or group which is in conjugation rvith

the centre of charge as shorun in the general scheme 1.

v
I

-X
z z

'-Y

z ++ X- -z-

SCHEI.IE 1

1.8. lb Rearrangement Reactions

The quasi-equilibrium theory indicates that reairangement reactions of

positive ions will be dominant at low electron beam energies (see Fig.I.2 and

section 1.5.1). In negatirre iorr spectra, the molecular anions are formed

by secondary electron capture, 87 and have 1ow internal energies. When a

molecular anion undergoes fragmentation, rearrangement reactions wil.1 pre-

dominate if competitive reamangement and cleavage processes occur.

$-Cleavage rvith accompa.nying y-hydrogen rearrangement (the McLafferty

rearïangement uu) it prevalent in the positive ion spectra of carbonyl

compounds. Such Tearrangenìents are not observed in negative ion spectra.
148r180-182

-\-
n

v
I

T



19

Rearrangement Teactions often occur when two functional groups

are adjacent or ortho to each other. A brief survey of various

rearrångement processes of negative ions is given below.

The spectru¡n'of 1-acetoxyanthraquinone shows the base peak

due to the fi:agment ion [M.--cH2c0].- 17E. This hydrogen rearrangement can

be rationalized as illustrated in e. 'l-

effect [M"

when the acetoxy group is at the 2-position (see Ð the proximity

-CHzC0]'- is not observed. F'ragnentation of 2-acetoxy

anthraquinone pïoceeds as shown in f. 'l'

The fragment ion [M'--ph0H]"- is observedra' in the spectrurn of
phenyl g-nitroplìenylacetate. This fragment ion is produced as shown in gi

Another hydrogen reêrrangement process observed in the spectra of

thioglycollic acidst *t , involves the formation of . ct{2c00- and RSH.-.

A suggested mechanism is sholn in h.f

The fragment ion [M"--N0' ] 
- from o-nitroacetanilide elininates

ketene (see i) .a a J'

The o-ni-trobenzoic ac.id nolecular anion eliminates N0.

j, which then decomposes by loss of COz (see j) t
to yieid

Proximity effects involving migration of groups other than

hydrogen are also observed in the negative ion spectra of many o-substi-tuterl

arylnitro compoutrds.sT For example, the molecular anion of 3-nitrophthalic

anhydridel02 eliminates two molecules of carbon dioxide with the first

loss involving one of the nitrogen oxygens (see k) i

See Page 20
t

+

See Page 22.
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of type I

[M"--1t0. ]- ions are notedo4 
rr58 "utrn the spectra of amides

f.

The negati.ve ion spectTum of phenyl o-nitrobenzoate,t33 't4o

shows a base peak due to an [¡4---phc02. ] 
- ion (see m) . t

The negative ion spectrum of o-nitrophenyl phenyl ether

shows an [M;-'PhO. ] ion, formed as shown in nr tz .1'

A fragrnent ion [N'l'--EtO']- is produced fron 1-ethoxycarbonyl

anthraquinonet6 as shown in o.f wn"r, the ethoxycarbonyr group is at

position 2, this fragment ion is not observed.

[M'--NO. ]- ions are observed for nitroaryl cornpounds ,aa and

are considered to occur by rearrangement to the nitrite ester followed

by loss of N0. to yield p.+

Some rrapparentrr rearrangement processes involve two groups

remote from each other. Typical processes are observed in the spectra

of p-nitrobenzoic acid and p-cyanobenzoic acid83 . The spectra of these

compounds exhibit elimination of HNOz and HCN from their respective

rnolecular anions (see q and r1 .T

Other rearrangement reactions of carbonyl compounds are

discussed in the Discussion Section of this thesis.

I
See Page 22

+ See Page 23.
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I . 8. 2 . Some Applicatiols of Negative- Ion I'fass Spectra

Negative ion mass spectra appear to be,useful for molecular weight

determination and for structural problems when the corresponding positive

ion spectra are either devoid of molecular ions or undergo very complex

fragmentations.

As mentioned above, negative ion mass spectra are of value in the

area of fluorocarbon chenistry. The nolecular anions of fluoro compounds

are relative stable at low electron energies, (e.g. perfluorocyclobutane,

l0e, IIó, I1? oerfluorocyclobutenel II perfluorobenzenel18 and

perfluorotoluenel t t ¡ while positive molecular ions usually decompose by

loss of a fluorine atom. At 70eV, most fluorocompounds produce the

dominant ions F- and ¡¡U;-f]-.

Th" g-, fl-r g-nitrophenyl trifluoroacetanilidesl6T could be identi fied

by their negative ion mass spectra. The o-isomer eliminate.s H0' from the

rnolecular anion, the n-isoner fragments by the process [M;-HF-HO']- and

the p-isomer decomposes by loss of HF. The positive ion mass spectra of

the three isomers are almost identicaI.r6T

The high pressure technique of von Ardenne 3o, tt, 184, rtt (see 1.3.5)

has been used mostly for natural products and this area has been revieled

recently.lE6, 18? The nethod provecl to be particularly useful for the

structural elucidation of the carcliac g1ycosides.32-36 These complex

glycosides give no molecular cations but produce pronounced molecular

anions, [þf-1] peaks, and undergo fragnentation at the glycoside ether

positions. For example, bulloside3ó fragments as shorvn in s.
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p-Nitrophenyl ester derivatives of long chain alcohols (t)tt'

and p-nitrophenyl esters of carboxylic acids (u)ttt. *uy be used for

structural purposes. The negative ion spectra of t and ur-produce intense

molecular anions, whereas the positive ion spectra generally lack nolecular

ions. The basic fragmentatigns are sinple and are shown in t and u.

Negative ion mass spectrometry has been used in the field of

organometallic and co-ordination chenistry.l5e r16s '18e-let Some

organometallic conpounds produce pronounced nolecular anions and sinple

fragmentation patterns .

A series of cyclopentadienyl metal carbonylsre2,viz,

ICsnsV(C0),-] ; ICsHsCr(C0) a] zHg; ICsHsMn(C0) s] ; ICsH5Fe(C0) z] ;

[CsH5Mo(C0)s]z produce pronounced molecular anions (by secondary electron

capture), which then undergo fragmentation by successive losses of CO. A

+
series of n-arene chronium tricarbonyls of forrnulae (v) give intense

negative ion mass spectra with the principle fragnentations M.- * [M.--C0] ->

[M: -2C0] + [M"--3C0] + [M;-4C0] .

'The schiffs base complexes w produce irrtense molecular anions

and ligand ions.tet Metastable evidence has been found in all cases for

the process [Cu(ligand)z]- + [ligand]-.

The best illustration of the use of negative ion mass spectra for

structure determination of organonetallic systems is for the acetylacetonate
+

typeconplex *1e4. '

Abundant molecular anions and the ligand radical anion (L. ) are

produced and a conparison of a negati-ve wj-th a positive ion spectrum is

sholvn in (Fig. 1-5) for copper hexafluoroacetyl acetonate.

See Page 27.
t

*
See Page 23
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FIGURE 1-5

Positive- and negative- ion spectra of copper hexafluoroacetyl-
acetonate.

{

10 Positive ion

90

60

+

20

100

[t*-Ð-"r,]

Cu

(M -2C F

(rvr -cr;).

+

3

400

)
( )

)(

+

(
+

3X0

M

M

20 0

M- Ð

100
90

Negative ion (f)

6

2

IF M -2 C Fr.)I
t

100 200
m/e

30 0 400



Negative-Ion Mass Spectra of The Aryl-C0-, Aryl-C0-
C0- and Aryl-C0-CH2-C0- Systens.

2.L Introduction.

2.2 Results and Discussion.

2.2.I The Aryl-CH0 Group.

2.2.2 The Aryl-CO-AIkyl and

Aryl-C0-Aryl Systems.

2.2.3 The Aryl-C0-C0-Aryl Systen .

2.2.4 The Aryl-C0-CHz-C0=A1kyl and

Aryl-CO-CHz-C0 -Aryl Systems.

2.3 Conclusions.

C H A P T E R ,).

Page

29

J¿

32

33

37

40

42



29

INTRODUCTION

Certain types of organic compounds will accept electrons by

secondary electron capture3s s3e tt13 to produce molecular anions4.l r87 rle5

The nolecular anions may decornpose by unimolecular processes involving

either sirnple cleavage or ïearrra-ngementtt Processes are often substantiated

by netastable peaks which can be detected in the field-free regions of

the mass spectrometer.ri t14 t83 Metastable peaks may be observed in the

field-free region between the electric and nagnetic sectors. In addition,

the de-focussing technique43 t14 t83 may be used to detect netastable ions

produced in the field-free region before the electric sector.

Fragmentations may occur by one-step or multi-step pathways.

A nunber of reports concerning the nulti-step fragmentations of positive

ions occurring between the ion source and collector have been reported.62-6e

Two step fragmentations of metastable ions are also observed in nany

negative ion spectta.tt

Molecular anions formed by secondary electron capture processes

at 70eV 4t t81 ttes usually undergo unimolecular decomposition. There are

sorne molecular anions which do not have enough internal energy to enable

fragnentation to occur, and as a consequencerthere are particular

functional groups which rvi1l not decompose under these conditions. A

collision plocess based upon that developed for positive ionse6 >e8 tre6 has

been used to increase the internal energy of a low energy nolecular anion

produced by seconda'ry electron capture. The collision gas is usually

nitrogen and is introduced into the first field-free region of the nass

spectrometer to give a pressure of 10-s Torr. Sample Dressures of 1-2x10-6

Torr are used in the source (with differential pumping). The low energy
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molecular anions are activated by collision in the first field-free

region and then undergo deconposition. This technique may also be used

to observe the fragmentations of i;'litia1ly un-reactive fragment anions.

ColIision-induced dissociations procluce daughter ions which

have properties similar to the products of netastable ion fragmentations

and nay be observed in either field-free region of a double-focussing mass

spectrorneter. The collision-induced peaks are detected either by

rnetastable focussitrgtt 'no "t o. the related ion kinetic energy technique.s3

The collision-induced dissociations of anthraquinone carboxylic

acids,tot g-titrobenzoic acid,r0s p-cyanobenzoic acid,105 nitroanilides,r0a

naleic anhydridee3 and phthalic anhydridelo' have been investigated using

this nethod.

Because of the lol internal energy of molecular anions, r€-

arrangenent processes are generally observed to yield rnore abundant

fragment anions than those produced by competing cleavage reactions.

Skeletal rearrangement reactions are often observed when two functional

groups are adjacent.sT Hydrogen reaïTangenent occurs wheie a hydrogen

transfer can proceed through a favourable transition state; e.g. phenyl

p-nitrophenyl-acetate,140 o-nitroacetanilideaa and thiogLycollic acidl83.

The nolecular anions of aromatic aldehydes or ketones forned b1'

secondary electron capture processes at 7)eY, have 1ow internal energies

and show no fragmentation near the carbonyl centre. Quinoness6 and g-

nitroacetophenones44 'ei give intense molecular anions. Fragmentation of

the quinone chromophore and of the -COMe group does not occur under

normal conditions. Collision activation of the 1,4-naphthoquinone

rnolecular anion yields the ions [M;- CHO] and ¡pt;- (CHO' *C0) I 
- Sinilar
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treatment of p-nitroacetophenonet 3 producecl [ (N{;-N0) -Me' ]'- ,

¡ ¡tt;-trto' -Me' ) -c0l "-, [ (],1.--N0. ) -Mec0l.- and [(M;-N0) -cH2 c0] - ions. pentaf 1uo-

robenzaldehydel2o produces the fragment ion CuFu and the rearrangement

ion [(l'.{;-N0)-C0]- is observed in the conventional negative ion spectrum of

o-nitrobenzaldehyde.3'8 However, only simple fragnentation is noted in

the negative ion spectrun of o-nitroacetophenone.oo

Acetonea yields M', ¡tvt;-H.]-, MeCO- and H- ions at 10-3 Torr.

The 70eV spectrum of hexa-fluoroacetonet t '?8 'tee gives M'-, [lvl'--F']-, CE -

and F- ions. Long chain aldehydesto'do not produce molecular anions but

yield [M-H]- ions at 55eV and 10-s Torr. Ketsne,res at 1ow energy gives

C2,H0-, Cr,0'- and Cr.H- ions.

Fron the above observations, it would appear that o-cleavage

to the carbonyl group is the basic deconposition of ketones and-aldehydes

in the negative mode. No systematic investigation of ket-orres. and..alclehyde.s

has yet been reported, so the negative ion spectra of Aryl-C0-, Aryl-C0-C0-

and Aryl-C0-CH2-C0- conpounds have been surveyed in order to:-

(a) deternine the basic colli.sion-induced

dissociations of the carbonyl group of aryl ketones and

aldehydes,

(b) determine the extent of any hydrogen transfer

reactions and

(c) exarnine possible ortho effect in o-nitrophenyl

carbonyl systems.
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2.2 RESULTS AND DISCUSSION

2 .2 .I The Aryl -CH0 Group

ozN orN H

The conventional negative ion spectrun ofg-nitrobenzalclehyde

exhibits a pronounced rnolecular anion and the additional fragrnent ions

¡U;-UO']- and N02 ; fragmentation at the carbonyl centre is not observecl.

lVhen collision gas (nitrogen) is introduced into the first fielcl-free

region of the mass spectrometer to a pressure of 3 x 10-t Torr; a

collision excitation spectrurn is obtained. The collision induced

dissociation of g-nitrobenzalðdnyde [tt0] yields the ions

¡u;-No.)-cHt80. l.- [rvr.-.(NO. + cHtI0.) ].-, [M.--N02.]-,

¡¡,f;-(NO. + CHr8o.) l.- , [M.--0].- , [(M.-0)-No.] and

[(M;-o)-(No. + cHl' o. ].-.

In this case c¿-cleavage to the formyl group may occutf either by sinple

cleavage from a fragment anion, or by a th'o stage cleavage from the

molecular anion.

l8

c
il
o

c-H
il
o

(')
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THE ARYL-CO-ALKYL AND ARYL-CO-ARYL SYSTEMS

ocH3

cocH3

COMPOIJND

The 70eV spectïa of s- and g-diacetylbenzene (2) and (4) show

pronounced nolecular aníons which produce high ion currents, while that

of n-diacetylbenzene (3) gives a lower ion current. The o-cleavage i,on

[M.--CH3C0.]- is not noted, because the molecular anions have low internal

energies and high stabilities when the two functional groups are in

conjugation (see e.g. a and b).

CH 3 r 3

-cH3 {->

cocH3

o

m

p

(r)
(s)

(4)

CH

\
c

/I

ó

t,

c
/I H3

Þg

However fragnentation a- to the carbonyl group does occur under

collision-excitation conditions. The collision-induced peaks []4;-N'feCO] 
-

are noted in the spectla of (2), (3) , (4). The formation of ¡tvt;-MeCO'l-

rnay be rationalized as shown in c.
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Atkyt

ól
l¿
I
I

The abundance of the fragnent ion [M;-MeCO']- increases as

the pressure of the collision gas i.s increased because of an increase in

the internal energy of the decomposing molecular anion.

The fragment ion [(M;-NO')-CHzC0] , produced by a hydrogen

Tearrangement process, has been observed previously in the negative ion

spectrum of p-nitroacetophenone.oo Fragment ions of this type have not

been encountered in the collision-excitation spectrum deterrnined in this

study.

H3c o c cocl-13

ocH3

1, 3,5 - Triacetylbenzene (5) shows no fragnentation in the

conventional negative ion spectrunì' but the colIi'sion-e¡citation spectrunt

shows the fornation of the sinple cleavage ion [M'--IfeCO']- and an ion

_f
¡u;- (riecO. + r'íeC0') l' (see Fig 2-t) -

(s)

t Irigures are sholn in lift-out forntat
the end of the appropriate chapter'

at
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The conventional negative ion spectra of the nitrophenyl ketones

(6) - (10) exhibit the normal Mi, [I,1.--N0. ]- and NQ - ions. Fragment ions

¡trt;-nCO']- are noted in the collision-excitation spectra of (6) - (9).

These fragnent ions are produced by o,-cleavage to the carbonyl centre as

illustrated in c. Proxinity effects are not observed in the negative ion

spectra of o-nitropropiophenone (6) and o-nitrobutyrophenone (7).

Hydrogen rearrangenent processes are also not observed in any spectra

(see also above).

a-cleavage to the carbonyl group is not noted in the collision-

excitation spectrun of (10). Instead, ß-cleavage to the carbonyl group
I

produces the ion [MlPhCHz'l- which then eliminates ketene (see Table 2-l).

The mechanisms of these fragrnentations may be rationalized as shown in

R

o
il
c

(6)

(')

R(')

(r)

R

R

o
il
c

edand

t
Tables are shown at the encl of the chapter
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Tlre elinination of the benzyL radical f fro¡n the molecular anion (10)

should be contrasted with the non-observance of 'H' or CI-Ig," loss from

(6)-(9); a feature undoubtedly due to the stability of benzyl radical.

o2 -CH2-CH2-€6Hs
I

o

o GHr- .CH¿-C6H5

Not
c
il
o

Noz

Noz

NOz

The basic fragmentations of n- and p-nitrobenzophenone (I2)

and (13) yield [M;-N0']- and tl02- ions. o-cleavage to the carbonyl

group is not noted in the collision-excitation spectra. The conventional

negative in spectrum of a o-nitrobenzophenone (11) shows the following

peaks: lu{.- (tooø") , [M.--NO. ]- (I2%) []r.--Ph0" l- (6%) and NOz -(8e").

q
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(t t)

(z)
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The elinination of the phenoxide radical fron the rnolecular

anion of o-nitrobenzophenone is thought to occur by an unusual ortho

rearrangeTnent (see Fig 2.2). This is a general process which occurs for

organic compounds of type o-NO2C6Hq X Co,Hs ,r t' where X is either oxygen

or sulphur. It has been shown that the oxygen involved in the

Tearrangement process [l{;-PhO'] was the oxygen from the nitro group.

The rearrangernent process is illustrated in g.

õ
I

N
o

c
ll
o

CoHs

2.2.3' The Aryl-CO-CO-Ary1 System
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The 70eV spectra of ct,-dicarbonyl systems exhibit

stable molecular anions (e.g. h).
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o
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o
h

Neither benzil (14) nor the n- and g-nitro-derivatives (16)

and (17) undergo cleavage of the aryl-C0-C0- system upon collision-

excitation, negative ion spectra of m- and p-nitro-derivatives (16)

and (I7) show only the basic fragment ions [M-NO']- and NC.r- (see

Table 2-7).

Pronounced peaks due to ortho effects are observed in the

negative ion spectrum of o-nitrobenzil (15). The spectrun (Fig 2-3)

was measured in the absence of collision gas and various fragmentations

are observed (see Table 2-I).



39

The fragment ions yield peaks at m/e 225, m/e 209, m/e LSO,

m/e I2I, m/e 106 and m/e 46 whicl'r correspond to [M-NO. ]-, [M-N02. ]-,

[M-PhCO. ]-, [M-C#4N0. ]-' [(M-PhCO. )-COz]- and NOr- respectively. In

order to investigate the formation of these fragnent ions, the 180-

label'1ed species (18) was prepared. The corresponding spectrum shows

the ions [M-CoHsCl 
t O. ] and PhCl I 00 for (18). These rearrangement

ions are probably produced by cornpetitive cyclizations of the nitro

group to each carbonyl centre through five and six nenbered transition

states respectively. The reactions may be rationalized as shown in

i -' j and k + I respectively.

o
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2.2.4 The Aryl-C0-CI-12 -CO-Atkyl and Aryl-C0-CII2-C0-Aryl S

o2

ystems

c
il

o
_cH,_f _R

COMPO'iND R

CHt
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Co !'{ s
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The conventional negative ion spectra of the nitrophenyl ß-diketone

derivatives (20), (2I), (23) and (24) produce the nolecular anion as the

base peak and the fragment ions [M-HO']-, [M-No.]- and Nc, (see Table 2-2)

The fragment ions [M-CH2COR']- and [M-COR" ] are not observed. However the

negative ion spectra of o-nitrophenyl ß-diketone derivatives (I9) and (22)

show proninent peaks due to the ion [M-CH2-COR.]- (see Fig 2-4 and 2-S).

Other fragment ions are sholn ín TabIe 2-2.

The rearrangernent ions [l'f-CH2C0R' ] 
- must be produced by the effect

of the o-nitro group, which may cyclize to the nearer carbonyl centre

through a five membered transition state (see n * n) . The j on n fragments

further by loss of carbon dioxide.



4I

R -CO-cþt 2 
.

"à-a //'R
I

o
I

N

o

\o

m
o

õ
I

N

o

c
il
o

+

n



42

2.3 CoNCLUSIONS

(1) The basic collision-induced fragmentation of Aryl-C0-R

is c-cleavage to the carbonyl centre when R = alkyl. ÌVhen R =

(CHz)zPh loss of PhCHz' (by ß-cfeavage to the carbonyl group) is

noted. No fragmentation occurs when R = ary1.

(2) Deconposition with accompanying hydrogen rearrangement

has only been observed for g-nitroacetophenone.

(3) ortho-Rearrangements are noted for the systems o-nitrophenyl-

C0-aryl, o-nitroaryl-C0 - C0-ary1, o-nitroaryl-C0-CHz-C0-alkyl and

o-nitroaryl -C0- CHz - C0- aryl .
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TABLE 2-1

Conventional Negative Ion Mass Spectra of (6\ - (7)

(6)

(7)

(B)

(e)

(10)

( 11)

(L2)

n/e 46 749 r78 179(M;) 1s0

I'eo 27 22 6 100 L4

m* rzg + l4g

mle 46 I45 163 193(M;) 794

Leo 58 2 LO 100 t0

m* 193 + 163, 193 -f l4S

mle 46 I49 163 L64 179(M-. ) 180

r% 47 s 1.5 2 100 2

m* 179 + L49

mle 46 163 195(M. ) L94

Ieo 25 I 100 10

rn* 193 + 163

mle 46 L64 225 2ss(M); zse

r% 20 L 3 100 18

m* 2SS + 225, 255 -> L64

mle 46 I34 I79 180 L97 227(M:) 288

T% 9 4 2 r.s lg roo ts

n* 227 -> L97 , 227 -, I80, 227 + I7g, 227 -+ I34

mle 46 L97 227ÍM:) 228

Teo 20 4 100 ,15

m* 227 -+ L97

n/e 46 I97 227(M;) 228

r% 10 9 100 18

rn* 227 + I97

(13)



(1s)

(16)

(r7)

m/e

T%

m/e

T%

m*

m/e

T%

m*

46 106

45 14

167 193

67

255 + 225,

46 225

13 6

255 -> 255

44

118 r2L 148 150 151 163 166

142232425105
20e 22s 2ss(M. ) 2s6

15 5 100 18

255 -> 209, 255 -> 150 + 106, 255 -> I2L

2ss (M. ) 256

100 t4

m/e 46 22s 2ss(M')

r% 17 15 100

m* 255 -> 225

256

18

TABLE 2-2

Conventional Negative Ion Mass Spectra of (I9)-(24)

( le) 46 106 1s0 151 r7V 190 206 207 (M:) 208

(20)

(21)

m/e

P6

.m*

m/e

I9o

m*

2051008642580

207 -, L90, 207 -> r77 , 207 -> 150 + 106

46 I77 190 206

5

1554545

207 (M- ) 208

100 20

207 -> L90, 207 -> I77

mle 46 92 L22 159 L77 178

I%4393204

m* 207 -> I77, 207 + I22

206 207 (M:)

10 100

208

18

m/e 46 106 I22 I34 150 151 223 252 268 269(M;)

I% 4 3 2 2 100 8 2 3 10 7

m* 269 -> 252, 269 '> 150 -) 106

(22)



(23)

(24)

45

m/e 46 254 255 270

I%31663
m* 27I -> 254

m/e 46 27I(M;) , 272

u270018

27r(M, ) 272

100 22
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3.1 INTRODUCTION

In Chapter 2, the behaviour of fragrnentation of the carbonyl

systems Aryl-C0-, Aryl-C0-C0- and Aryl-CO-CHz-C0- was discussed. a-Cleavage

to the carbonyl centre was observed in the collision-excitation spectra

of cornpounds of the general fornula Aryl-C0-alkyl. The Aryl-CO-Aryl

group was stable under these conditions. Parent ions from o-dicarbonyl

systens did not generally fragrnent, but in the case of o-nitrobenzil anð

o-nitrophenyl-C0-CHz-C0- derivatives, fragrnent ions were produced after

cyclizatíon of the nitro group to the carbonyl centres.

Systematic studies of Aryl-(CH2)rr-C0-, (n=I,2) systems were

carried out next, in order to ascertain the basic cleavages of the

carbonyl containing units of these compounds.
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The conventional negative ion spectra of compounds (25)-(32)

exhibit intense rnolecular anions. Nitrobenzyl anions, produced by

cl-cleavage to the carbonyl group are noted for compounds (27) and (28).

This result should be cornpared with that obtained for (25) and (26),

whose negative ion spectra contain no nitrobenzyl anions. Collision

induced dissociations of the molecular anions derived fron (25) and (26) do

yield nitrobenzyl anions (the use of nitrogen as collision gas has been

described in Chapter 2). All decompositions mentioned in the text have

been substantiated by the presence of netastable or collision induced

decompositions occurring in both field-free regions of the rnass

spectrometer. The appropriate metastable or collision induced daughter

ions for these processes'[and for aIl other mentioned in this chapter] are

gaussian in shape, except for [lvl-¡¡0. ] processes (f l at-topped)'3 The

collision induced negative ion spectrum of (25) produces a dished flat-

topped peak (see Fig 3-1) and the energy releaseï(at half height)ree is

0 . 075eV.

The driving force for the o-cleavage reactions, observed for

(25)-(28), nay be due to initiation of fragmentation from either the

charged nitro or carbonyl groups. The processes rnay be depicted formally

as shown in a and b respectively.

The nethods used for the determination of kinetic
energy release have been previously described, see
J.H. Bowie, S.G. Hart and T. Blumenthal, Int. J. Mass
Spectrom. Ion Phys., in press.

.L
I
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o\
+

N

1

The mechanism shown in b should operate for the rn-isomers (25)

and (27). Conpounds (29)-(32) fragment by ß-cleavage to give the species

aryl-Cllz- (see Table 3-1). As an illustration, the spectrum of (31) shows

the following peaks; M;(100%), ¡v;-No'l- (2%), [M'--PhcocHz. ]- (B%),

NO, 
-(3s%).

The initiation of fragmentation by a charged nitro group (a) has

been discussed above and is well illustrated for the ß-cleavage process

as shown in c. The driving force for such a reaction is the formation of

the very stable nitrobenzyl anion.

+

N

Processes involving re-arrangement reactions are not noted in

the negative ion spectra of the g-nitro derivatives (29) and (31). Fragrnent

ions are producecl sole1y by sinple fragrnentation (see Table 3-1).

õ\

_o

o
-t ll

HrL CH2-C 
-R

q
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3.2.2 REARRANGEMENT PROCESSES 0F g-N02-CsH,*-C0-R

NO,

cHr- R

(sÐ

(3Ð

CsÐ

Rearrangement reactions are prevalent in the negative ion mass

spectra of o-substituted nitrophenyl conpounds, and such processes have

been reviewed recent1y.87 t2oo Ketone compounds which exhibit rearrangement

peaks are o-nitrobenzophenone (I1), o-nitrobenzil (15), o-nitrobenzoyl

acetyl methane (19) and o-nitrobenzoyl benzoyl methane (22); these have

been discussed in Chapter 2. The negative ion mass spectra of o-nitro-

phenylacetaldehyde (33) , o-nitrophenylacetone (34) and o-nitrophenyl -

acetophenone (35) also undergo rearrangement processes and these complex

reactions are discussed below.

o
lt
c

R

H

CHt

Ph
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The substituted derivatives (s6)-(s9) and the labetled

derivatjves (40)-(43) were prepared in order to investigate, clarify
and rationalize the mechanisns of the t""rr"rr"m.ent processes.

The major peaks observed in the spectTa of (S3)-(3S) (see

Figs 3-2 , 3-3 and Table S-Z)'iat:e due to the ions ¡¡4;-UO. ]-, ¡¡,.1;-ru0. ]-,
¡¡u;-H0" )-c0ll tu;-c0zH. l-, [M.-_RCHzO.]- and [(r!r;_H0. )_RCH0]-

The relative abundances of the netastable ions for the processes

noted above, decrease with respect to- that of the collision-incluced peak

NOz (a simple cleavage process), as the pïessure of collision gas is

increased; indicating that the prccesses have low activation energies,

and are thus probably -urue rearrangement reactions.s3

3.2,2,a The Process [M; (M'--RCHz0' ) 
-l

The negative ion spectra of (33) - (38) show prominent peaks at

n/e 734 (see Table 3-2 and Figs 3-2, 3-3)irvhich correspond to the fragment

ion ¡¡4;-ncH20']-. corresponding peaks due to loss of RCHzO. fron the

molecular anions of (31) and (39) are not observed, thus inclicating that

this rearrangeìnent reaction does not operate for compounds (51) and (39).

The necessary pre-requisites for the rearrangenent are therefore:

(a) An o-nitrobenzyl system with the benzylic carbon

bearing two hydrogen atoms.

(b) The presence of a carbonyl group cr to the benzylic

position.

Tables and Figures are shown at the end of the chapter.
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3.2 .2.a.I Substituent Ef fects

Substituent effects in the negative ion spectra of phenyl m-a.nd

g-nitrobenzoates, m- and p- nitrophenylbenzoates, phenyl p-cyanobenzoates,

benzy! g-nitrobenzoates and,phenyl p-nitrophenyl-acetates have been

studied by Bowie and Nu-sser,133 r14o They used both the Mclafferty

approach20l '20' [tog z/26 = pø], based upon the quasi-equiribrium theory;

and the Chin and Harrison equarion2o3 tz = +$.l- = g fl - r)l to exami-ne ther.-, tM] kt .f -/J

correlation between the abundance of fragmenting ions and the Hammett

constant o. Straight line correlations were often obtained when Iog Z/Zo

r^¡as plotted against o or for 1og tA]/tM] (1-f) against o. Correlations

obtained fron the Mclafferty or Harrison expression were extremely goocl for

substituted phenyl m- and p-nitrobenzoates. For simple cleavage reactions,

p was found to be 1.5-5.0, and for clea.vages involving proximity ol ortho

effects p was found to be 0-0.8. It is generally possible therefore to

distinguish between an ortho rearrangement and a sirnple cleavage reaction

by deterrnining the value of pt33 r140 rr58.

The fornarion of rhe fragment ion [tu. -nCH2O. ] (n/e IS4),

produced by the deconposition of the nolecular anions of (36) - (38) was

studied using the Mclafferty approach.2ot t2o2 Substituted derivatives of

(35) are difficult to synthesize and r^/e hrere only able to prepare (36)-(3S).

The following log Z/Zo values were obtained for the [M.--R-CHzO. ]- ions,

(36), -0.10, (37), -0.05 and (38), 0.50. This gives p = 0.5710.1, a value

falling within the range obtained previously for ortho rearrangements.r33 r14o
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3.2.2.a.2. The Evidence frorn Isot- ic Labollin and Metastabl e
Tact St cs.

Deconpositions of the molecular anions of the labelled conpounds

(40)-(43) give the unlabelled ion CzH,*NOl at m/e I34. The elimination

therefore involves the specific loss of those atoms illustrated in d.

The ion produced, CzH'+NOz at nle I34, decomposes further by eiimination

of C0 and COz to Cal-I,+NO- (n/e 106) and C5llaN- (n/e 90) respectively (see

Fig 5-2). Similar fragmentations are encountered for o-nitrosobenz.oate

derivatives (see Fig 3-5 and Table 3-3). Comparison of the fragrrrentation

processes in the negative ion spectra of o-nitrophenylacetophenone (35)

and methyl o-nitrosobenzoate (a6) (see Fig 3-5 and 3-3) together with a

study of the appropriate metastable characteristics, shc¡w that the

fragnentations at n/e 134 fron (li5) and (46) behave identically. This

indicates that the fragment ion (n/e L34) from o-nitrophenyl-acetophenone

(35) rnust have the stTucture as shown in e (o-nitrosobenzoate derivatives

produce the fragment ion n/e I34, see details in the appendix to Chapter 3).

A plausible way to rationalize the formation of e frorn (35) is

to suggest fragmentation through f.

NO,

c

q

R
lt
0

HH
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NO

CH -RI

OH

The nitroso compound (45) is the appropriate analogue of the

aldehyde (33) and this has been prepared from the o-nitro epoxide (44) by

treatment with concentrated fornic acid2.oo Compound (45) is unstable and

undergoes ready polymerisation at room temperature. The negative ion

spectrun of (45) shows no molecular ¿tnion but produces the fragrnent ion

at n/e 134 as the base peak. It is also interesting to observe that the

major fragment ions observed ín the negative ion nass spectra of the

aldehyde (33) and the nitro-epoxide (44) are very similar (see Figs 3-3

and 3-4). We conclude that f nay be fragnent to e and a possible reaction

sequence is shown in d + f + g + e.

A double hydrogen transfer from the benzyT position to the nitro

group may precede the formation of f, as hydrogen rearangements (including

double hydrogen rearrangernents) are known to occur to nitro oxygens from

ortho positions.l58 rrTt ¡t74

c-
rt

o

I

o
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e
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3.2.2,b The [M;-H0'] and Related lrragmentations

The rearrangement ions [M;-H0. ] , [M;-H0. -C0]-, [M.--C02fl. ]-
and [M;-H0' -RCHO] 

- found in the negative in spectra of (33) - (35) , see

TabIe 3-2, are produced by the losses of atoms shown in h, i and j*[u,

evidenced by the spectra the labetled compounds (40)-(43)]. The ions

produced as shown in h, i, j do not fragment when subjected to collision

excitation. It is therefore not known whether R rnigrates to C, N or 0

in the case of i and j.

The fragment ion ¡ ¡tvt;-H0' ) -RCHO] 
- (see k)*decomposes further

by elii,rinatirrq C0 (see Fig 3-2) to an ion probably corresponding to t
0

or to a ring-opened form where oxygen is bound to carbon.

*
See the follorving page.
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3.3. APPENDIX TO CI'IAPTER 5

3.3.I The Behaviour of o - Nitrosobenzoate Derivatives

NO

c -o-Ril
o

COMPOI.JND R

(rÐ CH,

(4Ð CzHu

C¿Ð cH 2c6Hs

Ìdethyl o-nitrosobenzoate (46), ethyl o-nitrosobenzoate (47) and

benzyl o-nitrosobenzoate (48) show similar fragmentations. The 7OeV

negative ion spectra of o-nitrosobenzoate derivatives produce the fragment

ions ¡t'l;-On'l- at n/e I34 as the base peak and other peaks ¡¡trt;'-OR')-C0]-

and ¡¡tr,t;-On. ¡-COzJ (see Table 3-5). The fragrnentations of o-nitrosobenzoate

derivatives should be compared with those of o-nitrobenzoate,l33 r140 which

also show the najor peaks due to the ions ¡M;-OR'l- and [(M;-OR')-COz)-.

The cleavages have been rationalized as shown i.n m, n, and 0 respectively.

We reasoned that the nolecular anions of o-nitrosobenzoate

derivatives should cyclise to yield e as illustrated in p + Q + e

respectively (see also 3.2.2"b).
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3.4 CONCLUSIONS

(1) The negative ion mass spectra of compounds of the

general type rn- and g- 0zN-CeH+-CHz-COR produce nitrobenzyl anions by

o-cleavage to the carbonyl gToup

(2) ß-Cleavage to the carbonyl group produces nitrobenzyl

anions in the negative ion nass spectra of conpounds of the general type

o- and p- OzN-C5H,r-CHz-CHz-COR,

(3) N{olecular anions of o- 0zN-CsHa-CHz-COR compounds produce

pronounced rearrangement ions which are often produced by conplex

pathways.
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TABLE 3-1

NEGATIVE ION N{ASS SPECTRA OF (25)-(32)

(2s)

(26)

(27)

(28)

(2e)

(30)

(31)

(32)

m/e

r9o

m/e

I%

m/e

I4

m*

m*

n/e

17

1¡¡:t

n/e

T2

m*

m/e

l9o

m*

m/e

f2o

n*

T3

46 17s (M) 180
I

100 12

272

17e (M)

100

24r(M)

100

180

L3

L7

27I 240 247 (M) 242

I 76 100 t5

24I -> 2II, 24r -> 136

46 57 156 163

46 178

252

46 ts6 242

1e3 (M)

100

24I -> t36

nle 46 L36

I"4 29 2

65

L94

7261

193

46

46

195

46

35

255

46

3

+ 163,

L36

11

-> 136

r36

8

+ '136

156

193 + 136, L93 '> 57

1e5 (M) rs4

100 11

2ss (M) 2s6

100 18

22s 2ss(M) 2s6

3 100 16

255 + 136

368

255 -> '225,
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TABLE 3-2

NEGATTVE rON MASS SPECTRA 0F (33) - (39) , (44)

(33)

(34)

(5s)

(36)

m/e

T%

m/e

T%

mtr

m/e

T%

m/e

T%

m*

46 90 91 92'

28867

r34 13s 136

100 47 6

165 + I48 -> 120,

46 s9 90 91

38 4r0 18

1s0 162 163

63834

I79 -> 162 '> I34i

162 -> 118 -> 90,

106 107 108 118 119

11 2

16s (M;)

60

I2O T2I

627

166

6

3152

148 r49 L64

79756

165 + 135; 165 -> 134 + 90

92 106 118 119 r34 15s r49

8222s96850

17B 17e (M) 180

18 100 12

I79 -> I49, I79 -> 1.34 -> 90

154 + 166.

m/e

'I o6

m/e

I%

m/e

I9o

m*

m/e 46

t% 43

n/e 223

r% 64

90 91 92

46 77 90 91 92 106 118 119 L2I I22

207L0810445s84

155 136 195 194 195 196 r97 zIL 2L2

58875476657

22s 240 24L(M) 242

I 15 83 I

24r -> 224 -> t96, 24I -> 2II, 24L -> 134 -> 90

24r -ù :.]96, 224 -> 118 -> 90, lJ4 + 106

r34

100

223 224

672

I36

11

272

20

5

27r -- 254,
134 -+ 106,

34

227 237 238

106 108 118 121 r34 135

93219825

241 242 2s4 2s4 27r(M)

81 10 100 16 96

27I -> 226, 27). '+ I34,

9517

27I '+ 24I,
134 + 90

m



(37)

(38)

(3s)

(44)

m/e

I9o

ll*

nle

T%

m/e

fo,t \.o

m*

m/e 46 90 91 92

P¡131098

m/e zLO 225 226

P13275

m* 255 -> 238 -, 2lO,

238+118+90,

68

106 118 119 L34 1 3s rs6 I 55 207

3234s286115

238 239 2ss(M) 256

34 6 100 20

255 -> 225, 255 + 134 + 90

r34 ->L06

mle 90 91 92 93 106 Lo7 108 109 118 119 I2I

Pl106813484439523

m/e 122 134 135 Iþ6 150 24o 24I 2s4 2s6 268

tu 12 100 B 14 48 2 5 5 10 7

m/e 269 28s 286(M) 287

r%267243

m* no metastable ions detectable

46 12r 207 208 22s 238 239

11 18 3

255 -> 208

2sÍt4) 2s6

100 196031022

255 -+ 238. 255'+225;

46 90 91 92 10s 106 rO7 118 r20

50 BL7 4 16 6 12 6 9

134 15s 148 164 16s (M)

100171954

165 + I4B -> LzO, 165 + 148 -> 118, 165 + 134 -t 90

165 + 118 -à 90, L34 -> 106
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TABLE 3-3

NEGATIVE ION MASS SPECTRA OF 146) - T4B)

(46)

(47)

(48)

m/e

t%

n*

m/e

tvl

m*

26 90 91 10'6 L34 155

r 2.5 I .6 1.5 100 8

165 + 134 +90i 154 + 106

16s (M) 166

102

26 90 91 92

0.8 2.5 5.5 I

L79 -> 154 + 90;

106 rzt 134

2 2.5 100

134 + 106

13s 17e (M) l8o

1272

m.e 26 90 91 106 LzI I34 135 150 194

reo 6 12 18 6 3 100 15 15 3

m/ e 210 211 (M)

t.% 4 3

n* zLI+ L34 + 90i 134 -+ 106; 150 + 106; 135 + 91
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4.I INTRODUCTION

The positive ion fragmentations of benzalacetone,

benzalacetophenone and their labelled deri-..'atives have been studied2os

by l\til1ians and Coworkers. The characteristic fragrientation of the

unsaturated ketone is shown in a. Apart from exhibiting o-cleavage

to the carbonyl group (see a), the spectrum of benzalacetophenone

(R = Ph) shows a pronounced [M-1] io¡i. firis fragment ion is forrned by

loss of a hydrogen atom from ring A to form a stable oxonium ion as

shown in b.

Ph-CH-CH-

t-lo
itt:C- -R

H- L-
*

oHs
+

In Chapters 2 and 3, we cliscussed the behaviour of negative

ions derived fron the systens Aryl-C0-, Aryl-C0-C0-, Aryl-C0-CHz-C0-

and Aryl-(CH2)n-CO-. In this chapter we describe the negative ion

spectra of unsaturated nitroaryl carbonyl compounds, a study which

constitutes a logical extension of the previous woi:k.

a

5
+

H

þ
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4.2 RESULTS AND DISCUSSION

4;2,I The Nitrobenzal Carbonyl Derivatives

No2

COMPOUND

CR':CR, C-R,

3R

H

H

H

H

Ph

H

H

CH

H

H

H

CH.

H

H

H

H

H

H

H

R1

T

H

H

H

H

H

H

H

H

H

H

H

D

Noz

I

I

![

P

I

I

m

P

a

I

!0

P

a

Rz

3

t¿Ð

ts o)

cHr

CHt

ct-l s

CHs

Ph

p-CHrPh

Ptr

('Ð

(sE

( )

(s t)

54

(sÐ

CsÐ

(sÐ

(sÐ

CsÐ

(6Ð

(u t)

I

1



COMPOUND

('Ð

(6Ð

(6Ð

76

NO,

COiqPOI.JND

(6Ð

(6Ð

R

H

H

D

R

H

D

H

o

I

o

I

o
lr

18

c¡-l-cH 
-c -R

2

3

R3

D

Ph

Ph

Noz

R3

H

Ph

The 70eV spectra of the compounds listed above were deternined

and are listed in Table O-r'.* The labelled derivatives (61)-(66) rvere

synthesized in order to clarify the fragmentation pathlays. All

fragmentations rnentioned in the text, are substantiated by netastable

peaks, the deconpositions of which are detected in both field-free regions

of the mass spectrorneter.

1

Tables are shown at the end of the chapter
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The negative ion spectra of the o-nitrobenzal derivatives

(49), (50), (53), (54), (57) and (58) produce the following fragment ion-s

viz, ¡¡l;-uo. I 
-, 

[I{;No. ] 
-, 

¡tr,t;-R3 co. I 
-, 

[N,t;-COzH' ] 
-, 

[c7HçNo2 ] 
-, 

¡u;-cz H5 NO' I ,

ICTH'NO] 
-, 

[R3 CO21- and ¡tu;--,R3 Coe' ] 
-. The m and g-nitrobenzal derivatives

(51), (52) , (55), (56), (59) and (60) show only Mi and the fragnent ions

[]í.--NO. ]- and N0z- in their spectra (see Table 4-L). A number of fragrnent

ions observed in the spectra of o - nitrobenzal derivatives are produced

by re-arrangenents or processes occurring because of the proxinity of the ttr'o

substituents. The spectra of.the 1abel1ed compounds (61) - (66) demonstrate

that the atoms elininated fron the molecular anicns 'to forn the fragment

ions [tf;-C?HsNO'J', [CzHsNO]-, ¡v;-n3Cor']- and [R3co,l- are as shown in c

and d respectively.

The fornation of these re-arrangement ions is discussed belot,l .

o

-l
o
I
No

o
I

N
+

il

il

dc

o

3

o
R3
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4.2.I. a 'Ihe Processes [M "-+¡p3 C02 I -l anrJ ¡¡,1.-+(V.--R3 C0r. il

The spec.ies eliminated from the molecular anion to produce the

carboxylate ion [R3c0z]- .Îd the [14'--R3coz] ion are shown in d. The

abundances of carboxylate anions range fron 7 to 33% of the base peak

(M;) in each spectrun, and these anions are observed in the negative ion

spectra of all the o-nitrobenzal derivatives studiecl (see Table 4-f).

The carboxylate anion nay be produced by a radical attack of the nitro

group at the carbonyl centre through a seven nembered transition state

as illustrated in Schene 1

This fragmentation is sinilar to the fragmentation of the

o-nitrophenyl benzoate molecular anionl " (see Schene 2).

A fragment ion [l'{.--R3 COz. ]- is produced by a sjmilar mechanisnt

to that shown in Scheme 1, except that in this case anionic attack' of

the nitro group at the carbonyl centre may occur througli seven rnernbered

transition state (see Scheme 3).

4.2.7.b The Processes lM'* lN4"- C zH sN0' J-'ì and lM.-+(CzHsNO) 
-l

The retro-Diels:Alder reaction occurs cornmonly in the

positive ion mass spectïa of cyclohexene type nolecules .206-2oe This

process is diagnostic for certajn polyc1'c1ic colnpoLlnds, particularly

sorne terpenoids and steroids.tl0 Related retro-Diels-Alder processes

are also noted in the negative ion spectra of nitrochromans,'lt nitro-

I ,3-benz,odioxans and nitro -1.,4-benzodioxans .2 I 2 For exarnple, the fragment

ion [M;-C2Hq]'- is observed for nitrochromans (see e) '

o

,]o2

e

F. CzH
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The fragrnent ions [M'--CzHsNO'] 
- and [C7HsNO] 

- derived from

the o-nitrophenyl carbonyl compounds (see above) are both produced by

Tetro processes. The abundances of the ions [M'--C7HsNO'] range fron 9

to 46% of the base peak (M. ) . The product anion radical probably

corresponds to the non-decomposing cr-dicarbonyl species,"' t H -CO-CO-R];.

The formation of these ions may be rationalized by attack of a nitro-

oxygen at the carbon cx to the carbonyl group through the internediary of

a six-membered transition state, followed by a retro cleavage of the

six-mernbered ring system (see Scheme 4).

o
I

N
+

c
I

o

ð
I

o

o

R3 R
3

R3

SCHEME 4

An alternative process produces charge retention on'the other

fragment to yield an ion [CzHsNO]-, which is generally of low abundance

(see Table 4-1).

.<+

o)
l4
N
+

c
I

o
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81

-R3 co"

An ion ¡lt;-R3 C0. ] 
- is observed in low abundance in the spectra

of the o-nitrobenzal derivatives (see Table 4-1). This fragment ion is

not noted in the conventional negative ion spectra of m and o-nitrobenzal

derivatives, but nay be produced by collision-activation. The formation of

this ion in the spectra of the o-compounds could be rationalized as shown

in f.

4.2.7. d The Processes [M'* (M. H0. )
-l and [t,1.-* (trl;-HCO2.)-]

Other rearrangement processes found in the spectra of

o-nitrobenzal derivatives yield the fragment ions ¡U;-H0']- and [M;-HCO2']

The species'involved in elinination of both Il0' and HCOz' from the molecular

anions were deternined fron the spectra of (61)-(66), and are il-lustrated

in g and h respectively. The overall mechanisms must be conplex.

4.2.1. e The Process [M;-](]1;-N0' ) 
-l

The loss of N0" fron the rnolecular anion is a general process

of fragnentation of arylnitro cornpounds.oo

4.2.I. f The Process [M'-+(C7H4N0z)-]

An ion [CzH,*NOz]- (m/e 134) (see Table 4-f ), is produced by the

loss shown in i. The abundances of the ions are 1ow, ranging frorn l-3% of

the base peaks tl,{.-) and correspond to the structure k (see belorv) . This

fragment ion (k) has been observed in the negative ion spectra of

o-nitroaryl-CH2-CQ-R ancl o-nitrosobenzoate derivatives (sec Chapter 3). 'Ihe

[CzH+N0zl- ions from o-nitrobenzal derivatives (49), (50), (53), (54), (64) 
'

(65) and o-nitrosobenzoate U) decompose further by elimination of C0 and

Cgzlos with kinetic energy releases at half height-lee (using V=5600 volts)

in the range 48-57 and 2L-28 neV respectively. This indicates that the ion

[C7l{qN02]- frorn the o-nitrobenzal derivatives has the sane structure as that

formed frorn o-nitrosobenzoates .
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4.2.2 THE 02N-C5 Hc - ICH=CH) - COR SYSTEM
n

o2

o
rllþr-cHJn c-R 3

COliIPOTJND

(6Ð

(6Ð

('Ð

(?Ð

(?Ð

(z z)

(?Ð

(? 4)

(?Ð

(? 6)

(?Ð

2

3

R

H

H

CHs

Noz

q

!!

P

I

n0

P

o

o

¡!

P

o

CHs

cHs

CHs

Ph

p-cH 3 Ph

Ph

Ph

CHt

o
I

18

CH: cH)

n

2

2

2

2

2

2

2

2

2
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tVhen the number of olefinic bonds is increased to 2 (67)-(76)

and 3 (77) as listed above, the najor fragmentations in tl're negative ion

spectra (Table 4-2) of the o-nitro derivatives (67) , (70), (73) , (74) and

(77) are similar to those described above for the o-nitrc¡benzal derivatives

(see section 4 .2.I)*. However [t"1"--Rt C0. ] 
- and [R3 CO]- ions are not observecl

in these spectra. This is to be expected, since their formation (cf' Ð'l-

would now involve nine and elevcn-membered transition states for n=2 and 3

respectively.

The major reaction in this series is ¡,t; + [h'l'--CzHsN0] 
-, and this

produces the base peak in the'spectra of (73), (74) and (77). These

fragment ions may col'respond to the I,4-dicarbonyl-2-ene {n=2) and 1,6-

dicarbonyl 2,4-diene (n-3) moieties respectively (see Table 4-2 and Figs

4-2, 4-3) . The process may be depicted as shown in Scheme 5.

Fragnent ions [CzH+N0zJ- (k)'i are also forrned in these spectïa

(see Table 4-2), this formation is the same as that shorvn in i, but the

overall mechanism is not knoiwr. No rearrangement peaks except for the

usual process (M;-NÞ ) , are observed i' the spectra of the n- and

g-nitro analøgues (see Table 4-2).

Conpound (79) was prepared in order to ascertain whether

reaTrangement reactions corresponding to those shown in c and d, will

occur when a, nitro gïoup is replaced by a carbonyl substit-uent' The

negative ion spectrum of (79) shotnrs only a molecular anion and an

[M.--C02].- peaks in 5% abundance. Rearrangement processes involving

proximity effects do not occur.

*
See page Z 5

t See page 82,83
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4.3 CONCLUSIONS

(1) The negative ion mass spectra of conpounds of the general type

o - OgNGH+-,(CH=CH)rr-COn (n=1 to 5) exhibit re-arrangement peaks which are

forned by cyclisation reactions between the adjacent substituents, followed

by retro-cleavages to yield non-deconposing dicarbonyl radical anions.

(2) No re-arrangement peaks are observed for the corresponding

m- and p- nitro derivatives.
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TABLE 4-I

NEGATIVE ION MASS SPECTRA OF (49) - (60)

COMPOUND M.- [M"-H0.]- [M;-N0.]- [M;-R3c0.]- [M-c02H']-

(4e)

(s0)

(s1 )

(s2)

(s3)

(s4)

(ss)

(s6)

(s 7)

(sB)

(se)

(60)

(4e)

(s0)

(s 1)

(s2)

(s3)

(s4)

(ss)

(s6)

(s7)

(sB)

(ss)

(60)

100

100

100

100

100

100

100

100

100

100

100

100

10

6

34

4

3

27

4

'6

10

L2

16 3

B2

3

4

3

4

5

2

4

2

2

COMPOIJND [CzH,*NOz] 
- 

[M;-CzHsNO' ] 
- 

[CzHsNOJ 
- 

[Rt c0z] [M;-R3 C0z" ] N0z-

t26 L7

15

1_0

46

2 6

3

50

22

10

20

58

10

12

l3

24

18

7

1

I

96

I

t4

23 26

I

2

2

30

33 55

46
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TABLE 4-2

NEGATIVE ION MASS SPECTRA OF (67) - (78)

COMPoIJND M. [M. -H0. ] lM;Nol- [r'1.--Rrco. J- [M-cozH.]-

(67)

(68)

(6e)

(70)

(71)

(72)

(73)

(7 4)

(7s)

(76)

(77)

COMPOIJND

100

100

100

100

100

100

7l

88

1.00

100

82

3 33

3

2

3

6

4

2

2

2

3

3

1

tC; t{- NO2 I 
- 

[M'- 'C IIs N0' ] 
- tc; H

5

77 92 11

22 13

100 8

100

N0l NO
2

3T

36

34

2L

22

2T

11

18

29

2S

51

:(67)

(68)

(6e)

(70)

(7r)

(72)

(7s)

(7 4)

(7s)

(76)

(77)

34

30

39

51 100

I
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5.1 Introduction

The positive ion spectra of aliphatic aldoxines2tt t2t ashorv weak

nolecular ions and few fragment ions.

Fragnentations which occur include o,-cleavage and y-cleavage to

the oxine group as shown in a, and y-hydrogen rearrangement (Mclafferty

reanangernent) .

+.

R cH2 - CH2 CH : NOH

Ilhen R = -CHe or -CzLIs (see a), the positive ion spectra show

base peaks ât m/e 59 due to lr{clafferty rearrangements. An exanple of this

process is shown in b + c.

a

-CsHu

HOH

H

-ii/
I

cr'
2CH

c

CH2: C - ÑH

Sinilar fragmentations are noted for aliphatic ketoximes?ts t2t4 
.

The fragmentation of di-n-propyl ketoxime is shown in Scheme 1.

Little published work is available for arornatic ketoximest t t . The

suggested occurrence of an electron-inpact Beckmann rearrangement of benzopheno

oximes was discounted.2l3 The positive ion spectra of arornatic oxirnes"ushotv

abundant peaks due to molecular ions; fragnentations occur by ct-fission to

the oxime grorp, and loss of hydroxyl radicals from the respective molecular

ions.
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The loss of oxygen from the rnolecular ion is also noted, atrd this

loss nay be depicted by the transfornation d + e.

ll

c

Benzophenone monoxirne undergoes o-fission to yield resonance

stabilísed f.

o

o
c

._>

No survey of the negative ion spectra of aldoxines and ketoxines

has been published. This chapter deals with the negative ion spectra of

aldoximes and ketoxines of the carbonyl conpounds described in Chapters 2,3

and 4.

ñ
lt

c
HH

-o .I

ed

+

N

c 4
+

N

t
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5.2 RESULTs Ar,,¡D -DISCUSSToN

5.2.I. Benzilmonoxime, Isonitrosopropiophenone and

I s oni tros oace t-oph enone .
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The ncgative ion spectra of (80Ì(83) and of the labelled

conpounds (84)-(88) were studied and are'listed in Table 5-1. The spectra

of the unlabelled conpounds exhibit pronounced molecular anions and

¡M;-H']- fragment ions. Other fragment ions noted are [Nl'-tlzO]' ,

[CzflrOz]; and CzHsOz- (see Table 5-1 and Figs 5-1, 5-2, 5-3). [lvl;-H20]¡-

ions produce the base peaks in the spectra of compounds (80) and (82).

Losses of water from the molecular anions of (80) and (82) occur as depicted

in g and h respectively, as eVidenced by the spectra of the label1ed

derivatives (84), (86), (87) and (88) . The fragrnentation shown in g can be

rationalised (Schene 2) by the formation of an q-ketonitrile radical anion.

c-c
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N
-CuHu

OH

-cN
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c_c
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-r- H¿-S-,
-]-oH

+ ö
I

9

SCI]ENÍE 2

The fragnentation shown in h may occur as follows:-
(a) Phenyl to phenyl nigration as shown in Scheme 3.

(b) Phenyl to nitrogen rearrangement, as shorvn in Schene 4.

(c) Cyclizaticsn as shown in Scheme 5.
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The three possibilities cannot be <li fferentiated fron the

negative ion mass spectra, because no decomposition of the ion is observed.

Ilowever, they could be differentiated if the positive ion deconpositions of

the M-18 ion could be determined. If the structur:e is a benzoyl cyanide

derivative (as shown in Schene 3), then the corresponding positive ion should

show the fragmentations outlined in Schene 6

lM-Hr61l [ (t-{-Hzo)l-c¡¡' -co-czHz] 
+

->

SCHEIUE 6

Positive ions derived from the product ions shown in Schemes 4

and 5 rvill not undergo the eliminations shown in Scheme 6.

Non-decomposing negative ions can be converted into decomposing

positive ions by collision-induced charge stripping reactions to give +E

spectra2lls2tt The +E spectrum of negative ions derived fron (82) shorvs no

rnolecular cation, but does show a peak at m/e 207 which correspond to the

fragrnent cation derived fron [lrl;-tlzO];. This fragment ion further fragments

to produce peaks at m/e 181 and m/e 153 respectively, as shown in Scheme 7t.

lM-tl20ll + [(M-HzO)-CN. ]* * [([,]-H20-CN.) -C0]*

m/e 207 n/e 181 m/e 153

SCHEME 7

Similar fragmentations are observed in the +E spectluni of (80)

1'his evidence suggests that the rearrangement ion [U;-U2O];

observed in the negative ion spectrum of (82) corresponds to the benzoyl

cyanide radical anion shown in Schene 2.

t

The spectra were measured and interpretecl by
Dr J.H. Bowie.

T
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The fragrnentations observed for compound (8I) are more conplicated

(see Table 5-l and Fig 5-3). T're spectrum shorvs peaks due to both ()l'-lizO)'-

[M;-HsO]; The spectrum of the label1ed compound (85) indicates that ther:e

are tvrro different mechanisms operating for the loss of water, i.e. that

shown in i (about 70%), and that shown in j (about 30%). The fragmentation

shown in i probably yields k by analogy rvith the phenyl case (above).

The formation of the [].f'-H30']- ion is not understood.

o
llc_c_ CH,

il
N

o
lr

f -c -{H
ll
N

H

J-

CN
î
ç

I

H3

k

Fiagnent ions at n/e I2L (C7H50z ) are noted in all the spectra

of rrnlabelled cornpounds in this series (see Table 5-1, Figs 5-1, 5-2 and

5-3). This fragment ion further decomposes by the elinination of COz to

yield m/e 77 (CsHs ). These results suggest that CtHs]z corresponds to

the benzoate anion. Another peak observed in these spectra is that at

n/e I22 (see Table 5-1, Figs.5-1, 5-2 and 5-3). This ion loses H' to form

n/e I2L and is presumably due to the benzoic acid radical anion (see Schetne

8).

_l

ø-

HO.
o \-N
LlrI

-ø
SCTIEI{E 8

ø-cooF{ I
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Fina1ly, the spectra of the o and ß-oxinqs (82) and (83) and

(86) and (87) are identical.

As najor fragmentations of some o-carbonyl oximes yield

prominent reamangement ionsj we decided to investigate whether the

fragmentations of simple aromatic, aliphatic and unsaturated oximes are

similar to those nentioned above.

5 .2.2 The 0zN-CoHs-C (NOH) -R Systern

the oxime compounds (89) - (98) listed below were studied and

their spectra are liste¿ in fa¡t e 5-2.

NO 2

NOH
llc_R

COMPOTJND 2

(BÐ

(, o)
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(rÐ

(rÐ

(rÐ

(s o)
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ø
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D
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E

o

p

B

g

t
I
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p

R

H

H

H

CH,

CHr

CH¡

(rÐ

(rÐ cuDu
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The negative ion spectra of compor.urds (89) - (98) yield

pronounced molecular anions (see Table 5-2). The most characteristic

fragmentation of these oxime compounds result in the formation of the ion

[M;-H20];

o2

H

l\tren R is a phenyl group, e.B. (95) and (96) the spectra exhibit

the fragment ions [M; -H20]'- as base peaks (see Table 5-2 , Fig 5-4) . The

spectrum of the labelled compound (98) shows that the elininated water

molecule originates as shorr'n in 1.

This fragnent ion may be formed by a rearrangement process in

which the phenyl group migrates to the nitrophenyl ring. The mechanism of

migration of the phenyl group to the nitrophenyl ring could be rationalized

as shown in Scheme 9, a reaction analogous to that proposed above for the

o-dicarbonyl rnonoximes (5.2.1). A similar mechanis¡n may operate for the

methyl deriva.tives (92) and (93) .

c
ll
N

I

H

o2 :)c
il
NOH

C-N

ø

c:NorN

SCI.IENIE 9
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The spectra of the nitrobenzaldehyde oxines (89)-(9f) and

the labelled compowrd (97) show that the major loss of water occurs as

shown in S-cherne 10.

NO 2 o2

c \- CN
-Hzoil

SCHEME 1O

The fragnent ions [(M'-H2O)-RCN]i are noted in the spectra of (92),

(93), (95), (96) and (98) (see Table 5-2, Fig 5-4). This fragnentation could

be rationalized as shown in m.

(r)
Oz

(')

Other peaks observed in the spectra of (89)-(91) correspond to

the process [l'{'--H20]; * [ (M;-H20) -N0' ] 
-.

Proximity effects are not noted in the spectra of the o-nitro

oxirne derivatives (91) and (94). (see Table 5-2).

5.2. S The OzN-CsHs- CHz) -C -R stem.

OzN
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COIIPOUND

(r ot)

(roz)

(t oÐ

[r o¿)

(r oÐ

CH 3

ø

Cu Du

Losses of water are observed in the negative ion spectra

(Table 5-3) of the majority of compounds 99-105. Due to the 1ac.k of

1abe1ling evidence no conclusions can be reached concerning the intimate

mechanisms for rnost of these processes. Processes of interest are those

observed in the spectra of (I01) and (107) , viz, M' -Hz0-H' in both cases.

Itre propose the processes (I01) -> n + o as a rationale for these reactions

(see below).

The spectra of (103)-(106) (where n=2) exhibit peaks at n/e 149

(t oÐ

(t oÐ
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1

2
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I
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Itoil *ê 
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-H,O
øø

\o
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-H
NOz

This species is probably produced as shown in Scheme 11 (see Table 5-3 and

Fig s-6).

Proximity effects are not noted in the spectra of the o-nitro

oxime derivatives (100) , (I02), (104) and (f06).

N
+o
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SCHEME 11

5.2.4 The Oxime sof Unsaturated Cornpounds
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The 70eV spectra of the unsaturated oxime compounds listed above

are listed in Table 5-4.The negativê ion spectra of o-nitro unsaturated oxine

derivatives (108), (110), (111), (Il2) and (114) yield the following fragment

ions, viz: ¡t't;-U2O];, ¡¡,{;-NO" l-, CzHr+N0z-, C7H5N0-, [l'l'--C7H5NO']- and N0z

The m and g-nitro oxime derivatives (f09) and (113) show only the simple

fragment ions ¡U;-UO']- and N0z-. The ions CzHqNOz , C7H5N0 and

[M'-Czl{eN0'I from the o-nitrobenzal oxime derivatives are produced by

rearrangement processes, analogous to those of the o-nitrobenzal ketone

derivatives which were discussed in Chapter 4.
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The abundances of [M;-CzHoNO. ] ions range from 20-100%

(see Table 5-4, Figs 5-7, 5-8) of the base peak. The fragnentation nechanism

may be rationalized as shorr'n in Scheme 12.
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SCHEME 12

The abundance of the [M;-H20]l ion is small in the spectra of

nitrol¡enzal oxirne derivatives. (see Table 5-4, Figs 5-7, 5-8). This ion

o2

GH:C_-C H
il
NR OH

!
is produced as shown in p, as demonstrated by the spectrum of (11a).
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5.3 Conclusions

(a) The characteristic negative ion fragrnentation of

oximes is [M;-H20]r. This elimination is specific for a

particular molecule, and in some cases, may involve

rearrangement reactions .

(b) Proximity effects are not observed for o-nitro

aldoxine and ketoxine compounds except in the case of

o-nitrobenzal oxine derivatives, which fragnent in a

sinilar manner to o-nitrobenzal carbonyl conpounds.

(see Chapter 4).
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TABLE 5-1

Neqative Ion Mass Spectra of (80) - (88)

(80)

(8r)

(82)

(85)

(84)

m/e

I9o

*
m

m/e

T9o

m/e

I9o

*
m

m/e

I%

m/e

T%

*
m

m/e

T%

m/e

I9o

m

m/e

I9o

*
m

m/e

I%

m/e

I%

225 226

11

6

(M; )

26 46 L2L

4743

149 + 131, 149 -> I27

26 4C s8

12444

162 L63 (M.)

100 92

165 + 145, 163 '> I44,

26 77 IO2

244

22s (M.) 226

87 10

26 77

4

(M')

4

87 10

225 -> 207 , 225 -> r22,

26 126 136

4s 10 100

I54 -' 136, L54 -> L26

40 s8 B2

51 34

150 167 168

8 B0 100

168 + 149, 168 + l4B,

77 IzL L22 r44 145

131 r32 148

100 12 57 72

2 10 I 32 37

163 '> IzL, I2L -+ 77

TzL T22

14s (M.)

208 224

11

225 -> 207 , 225 -> 722, 122 -> IzL, 121 '+ 77 .

5

207

100

5 100

17 14

L7 14

102 rzL r22 207 208 224

2

I22 + :12r, r2r -, 77

1s5 1s4 (M. )

51 72

r26 148 r49t27

6

169

t7

t2

(Bs)

n
*

168 -> 126, L26 -+ 82

22



(86)

(88)

m/e

I9o

m/e

l9o

*
m

m/e

I%

n/e

T9o

110

26 82 I02 126 r27 2lr 2L2 229

224159701011

230 (y;) 2sr

100 t0

230 -> 2rr, 230 -> r27 , L27 -> L26, 126 -> 82

26 80 r02 r24 L25 209 2L0

2341079822

227 228 (M.) 22s

14 100 19

228 -> 209 , 228 -> r25 , I25 -> 124, L24 '> 80
t<

m
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TABLE 5-2

Negative lon Mass Spectra of (89) - (98)

(Be)

(e0)

(s1)

(s2)

(s3)

(e4)

m/e

T%

*
n

m/e

T%

nt

n/e

I9o

*
m

m/e

I%

m/e

r.%

*
m

m/e

I9o

*
m

m/e

I9o

*
m

m/e

I9o

m/e

I%

46

30

166

46

BO

166

46

100

166

46

25

181

t7

180

46

20

180

118

100

r 48,

118

100

r48,

118

77

118

T2I

4

L62,

T2T

4

162,

->

->

->

->

->

148 166 (M.)

r0 B

166 + 118, 148 + 118

r48 166 (M. )

87 84

166 .+ l¡18, 148 + 118

148 116 (M. )

55

I32 138 L62 I79

333416

180 + 138, I80 -> 732, 180 -+ 121

162 r79 180 (M.)

25 60 100

180 + 121

150

100

151 r79

180 (M.)

100

181

180 (M.)

40

46 r32

66 3

180 + 150, 180 -+ 132

26 46 91

3 L4 2

13 35 42

72L t22 138 139 794 197

2063334

24r 242 (M.) 243

88012

242 -> I2I, 224 -+ Ig7 , 224 '+ I94

224 225 226

100 20 15

(ss)

m
*

242 -> 224, 242 -+ I38,



(e6)

(s7)

(e8)

m/e

I9o

m/e

I9o

*
m

m/e

I9o

*
m

m/e

T%

m/e

I9o

46 I2L

BB

24I 242

80 100

242 -> 224,

46 118

60 64

167 -> L48,

46 9l

13 3

131 245

17 t4

247 -> 229,

r48

80

167 -+ 118 .

I2T

2B

246

48

247 -> L2r,

IT2

3 10 80 85

M. 243

11

242 -+ I38, 242 '+ I2L

767 (M.)

100

L22 138 L27 L28 r29 130

10 6 16 50 100 20

247 (M;) 248

9s

12L -' .9I

722 138 139 194 223 224

32

)(

6

*
m
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TABLE 5-3

Negative Ion lvlass Spectra of (99) - '(106)

(ee) m/e

T%

m/e

I9o

*
rn

( r00) m/ e

T9o

m/e

I9o

*
m

(101) m/e

I9o

m/e

I9o

(102) m/e

I9o

46 T2T

2s2
193 I94

13 100

194 -+ t6l,

46' 118

100 30

t75 176

37
r94 -> L76,

46 I2T

62

2s6 (M.)

33

256 -> 238,

46 L2I

302

2s5 256

4 100

256 -> 238,

46 136

63

208 +149

46 L36

263

208 -> r49

135

t49

136 r37 151 161 162

8

161

I2

(M; )

r94 -> t36

131

.20

194

24

194 + 161

424

257

5

256 -> 237, 238 -> 22r

135 136 151

342
(M;) 2s7

l9

256 '+ 22I, 256 -> 208

3 4

5 35 5 9 56

195

I7

135 136 145 159

35147

(M. 195)

5

135 136 151 161 22L 237 238

M8

16

60

4 r00

5 r00 23

10 20 11

208 209 22L 238

n/e

I9o

*
m

(r03) m/e

I9o

*
n

(104) n/ e

I9o

r4g 151 167 208 (l'{; ) 209

8

lsl 167 2OB (M.) 2os

m
*

I2 I4 3 100 10
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(10s) m/e

T%

*
m

(106) m/ e

I9o

*
m

(108) n/e

I9o

n/e

T%

*
m

(1oe)

(110)

m/e

T%

*
m

n/e

I9o

m/e

I9o

432

46 136 I49 150 151 167

6127

270 (¡r.)

100

270 (n- )

100

792 (l'f')

62

3

252

29

27L

15

7

3

15

270 -> 252, 270 -+ I49

46 L36 ' 14g

10238

270 -> 252, 270 -+ I49

3 5 2

150 151 167 252

5 5 4 38

27r
18

TABLE 5-4

Negative Ion Mass Spectra of (l0B)-(114)

26 46

20 100

193

4

I92 -> I74,

46 r44

100 50

L92 -> I74,

26 46

77 74

205 206

498
206 + 188,

206 -> L20,

26 46

339

206 (M; )

100

72

86

100

(t{; )

206 -> t76,

206 -> 86

86

19

209

7

144 762 L74 191

22 I4 5 30

I92 -, 162, I92 -> 72, 174 -> I44

774 rsz (M.) 1s3

35 z,)

I74 -+ I44

B

L20 Lzr 158 163 176 188

2l 5 T2

207

11
*

m

(111) m/ e

I%

m/e

I%

L20 1s8 176 188 205

206 -> 163, 206 + 158,

6 4 5

m
*

206 + 188, 206 '> 176, 206 -+ 158 , 206 -> r20.' 206 + 86



(tI2) m/e

I9o

(113) m/e

I%

*
n

(114) m/e

I9o

*
m

26 46

242
220 -> L90,

1r5

100

100

220 -+ I2O,

101' r20

a1)¿ t--

220 -> 100,

206 (M; )

100

m

r72 190 220 (rr. l

3472
L90 -> L72

207

t0

46 158 L76

86 60 50

206 -+ L76, 206 + 158

26 46 7s

89428
r44 163 174 r92

6 I4

193 -+ I74, 193 + 163, I93 -+ 73, I74 -> I44

8 9

1s3 (M.)

100

194
10
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6.1 GENERAL

Conventional negative ion spectra ""t" *"urured with a modified

Perkin Elner R.M.U. 7D nass spectrometer, operating at 70eV using source

pressures of L-2 x 10-6. Torr, and accelerating potential 3.6kV. Sanples

were introduced through the all glass inlet systern at 1500C. Collision

excitation spectrae4-es v/ere measured under identical conditions, except

that collision gas (Nz) rvas introduced into the region before the electrostati

sector through a separate inlet systen until the pressure in that region was

3 x 10-tTorr. The source and analyser regions were differentially pumped.

All fragmentations t,¡ere substantiated by netastable focussing and the

negative i.k.e. technique.

The nuclear magnetic resonance spectra v/ere measured with a

Varian T60 Spectrometer, operating at 60WIz, using tetramethylsilane as

the internal standard. The data are reported in the order: value, integral-,

multiplicity and assignment. lvfultiplicity in this text is expressed as

follows: s, singlet; d, doublet ancl t for triplet, etc.,

Infrared spectra u/ere recorded rvith a Perkin Elmer 337 gratíng

Spectrometer or a Uniean SP 200 infrared spectrometer, using Nujol nulls for

solids and liquid filns for liquids.

Melting points were deternined on a Kofler hct-stage apparatus

and are uncorrected.

lVhatnan sorbsil (for colunn chronatography) and Merck

Kieselgel G and HF 254 (for thin layer chromatography) were used as

adsorbents.
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6.2 PART I IVORK DESCRIBED IN CHAPTER 2

o-Nitrobenzaldehyde and benzil were purified commercíal products.

The following compotmds were synthesised by reported methods:

o-diacetylbenzene (2)" e, m-diacetylbenzene (3)"' o, p-diacetylbenzene (4)"t ,

1,3,S-triacetylbenzene (5)"; , o-nitropropiophenone (6)"3 -224 ,

n-nitropropiophenone (8)"t-224 , ¿-nitrophenyl ß-phenylethyl ketone (10)"t ,

o-nitrobenzophenone (11)226, m-nitrobenzophenone (I2)"',

p-nitrobenzophenone (13),2?1, o-nitrobenzil (15)'?2e, m-nitrobenzil (16)"0,

g-nitrobenzil (L7)' 3t, o-nitrobenzoyl acety'1 rnethane (19)'32, m-nitrobenzoyl

acetyl methane (20)' 32, g-nitiobenzoyl acetyl methane (2I)"' ,

o-nitrobenzoyl benzoyl methane (22)t 33 , m-nitrobenzoyl benzoyJ methane (23)"0

and g-nitrobenzoyl benzoyl methane (24)"o .

o- and n- Nitrobutyrophenone l0) a.nd (9) I

Butyrophenone (15 g.) rvas added clropwise over a 30 ninutes period

to nitric acid (100 nl, d.1.5), maintained at -30o. After a further 10

minutes at -100 , the mixture was poured on to ice (500g), the Crude solid

filtered, and crystallized from ethanol giving m-ni trobutyrophenone

17 .7g. (40%.yield) ] as colourless needles, m.p. 59-600 Found: C, 62.43

H, 5.8; N. 7.3eo, CroHrrNOr requires: C, 62.2; H. 5.7; N. 7.2eo; I.R. v.o =

1685cm-1 ., N.lu.R., (CDC1:) 6 7.2-8.8 (4H, m, aryl); 3.'l .

(2H, t, -C0-CHz-CHz-CH3); 1.83

-C0-CH2-CHz-CH¡ ) .

(2H, sextet, -C0-CHz-ÇHz-CHs) , 1.1 (3 H, t,

The filtrate was made alkaline rvith solid sodiun carbonate,

extracted lvith ether (100 ml), and the extract washed with acrueous sodium

hydroxicle (\0e;, 50 rnl) and C-ried over anhydrous sodium sulphate. Evaporation

of tl're solvent in vacuo followed by distillation of the residue gave

o-nitrobutyrophenone [3.0g., (15% yieid)] as a colourless 1ic¡uid, b.p.
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118-122o /I m.nFIg. Found: C,

C, 62.2; H, 5.7; N, 7.2%, I.

(4H, n, atyL), 2.78 (2H, t,

1.05 (3H, t, C0-CHz-CHz.-CHa)

62.4; H, 5.8; N, 7 .5%. C1eFI11N03 reeuires:

R. vCO = 1700cni=t , N.M.R: (CDC1r) ô7.Ss-8.4

CO-Cllz-CH2-CH3) , 1. B (2H sextet, C0-CIl2-CHz-CH¡),

p-Nitrobenzaldehyde -1 
E 0 (1)

g-Nitrobenzaldehyde -tt0 (tt 0 = I2%) was prepared by allowing

p-nitrobenzaldehyde (100 mg) to stir at 25o in dry dioxan (5 ml) containing

Hztt0 ç'"0 = 20uo,200 mg) and trifluoroacetic acid (r drop) for two days.

Removal of the solvent gave the labelled atdehyde (t t 0 = l2%) .

Benzoyl (t t O) o-nitrophenyl ketone (18)

o-Nitrophenyracetyl chloride (1.84 g.) in dry dimethoxyethane

(15 ml) rvas hydrolysed with 112180 çt80 = 2O%,200mg) to give a qua¡titative

yield of labe11ed o-nitrophenyl acetic acid (tt0 = 10%), which was re-

converted to the acid chloride with thionyl chloride.23s Anhydrous

alumininum trichloride (3.0g) was added in portions to a solution of benzene.

(5 nl) and o-nitrophenylacetyl chloride (1.8g). The nixture was heated

under reflux for 5 rninutes, then cooled and poured into a mixture of ice

(30g.) and concentrated hydrochloric acid (5 mf). The benzene layer was

separated and the aqueous layer was extracted with a mixture of benzene

(20 ml) and ether (20 mf ). The combined extract r^¡as washed once witlì water

(30 nl) and then dried over calcium chloride (10g). Evaporation the solvent

gave the crude product which was crystallized from diethyl ether to yield

o-nitrophenylacetophenone (1.69, 65%). The ketone was oxidized 23e to

produce benzil-t t 0 which was crystallized from ethanol as pale ye11ow needles

(0.89., 50%) m.p. 94-950 (tt0 = I0%).
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6.3 PART II lVork described in Chapter 3

The following cornpounds were synthesized by reported methods:

o-nitrobenzylacetone (29)'36, p-nitrobenzylacetone (30)"u,

o-nitrobenzylacetophenone (51)' 3 7, g-nitrobenzylacetophenone (32)" ",
o-nitrophenylacetaldehyde (33)"te, o-nitrophenylethylene oxide (44)'oo,

o-nitrosobenzoyl carbinol (45)too, nethyl o-nitrosobenzoate (46)'oo , ethyl

o-nitrosobenzoate (47)'oo , and benzyl o-nitrosobenzoate (48)2a0.

o-Nitrophenylacetone ( 34)

o-Nitrophenylacetyl chloride (3.679., 0.02 nole) was treated with

ethoxy-nagnesium diethyl malonate ffrom magnesium (0.48g.), diethyl maionate

(3.2g.) and absolute ethanol (t.0g.)]. The reaction product was hydrolysed

with dilute sulphuric acid and decarboxylated under the conditions used in

the synthesis of o-nitroacetophenone.'ot Compound (34) was extractecl rvith

diethyl ether (2 x 50 nl) and dried over anhydrous sodiun sulphate. Removal

of the solvent, follorved by vacuum distillation yielded (34) (b.p. 2000 at

1.Snun Hg.) as a pale yellow oil (2.0g., 60eo).

n Nitrophenylacetone (25)

This was prepared by the same method usecl for (34).

n- Nitrophenylacetyl chloride (3.679., 0.02 mole) rvas treated with ethoxy-

rnagnesium diethyl malonate (3.2g.) and absolute ethanol (1.0g.) . The

crude product was purified by column chronatography, using sorbsil as an

adsorbant and diethyl ether: petroleum ether (b .p. 40-600 ) (1 : a) a-s an

eluant. n-Nitrophenylacetone (2.29., 7O%) was obtained as a viscous pale
cf. 242ye1low oi1.

p-Nitrophenylacetone (26)

This was prepared by the same method used for (34), g-Nitrophenyl-

acetyl chloride (3.67g., 0.02 mole) rn/as treated with ethoxynagnesium diethyl

rnalonate (3.2g.) and absolute etl'ranol (1.0g.). The crude product rvas
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crystallized from diethyl ether to yield p-nitrophenylacetone (2.89,, 80%)

as yellorv needles,m.p. 63-640 (Lit .242 62o .)

o-Nitrophenylacetophenone (35)

Anhydrous aluminiun trichloride (5.3g., 0.04 mole) was added in

portions to a solution of benzene (15 m1) and o-nitrophenylacetyl chloride

(6.0g., 0.05 nole). The mixture was heated under reflux for 15 minutes,

then cooled and poured on-to a rnixture of ice (100g.) and concentrated

hydrochloric acid (15 nf). The benzene layer was separated and the aqueous

layer was extracted with a mixture of benzene (25 ml) and diethyl ether

(25 ml). The combined extract was washed once with water (50 nl) and then

dried over.calcium chloride (10g.). Evaporation of the solvent gave the crude

product, which was crystallized from diethyl ether to yield o-nitrophenyl-

acetophenone (5.1g.,65eo), as pale brown needles, m.p.73-740 (Lit14'72-74o7.

m-Nitrophenylacetophenone (27)

This was prepa.red by the procedure outlined above for

o-nitrophenylacetophenone (35). Crystallization of the crude product from

acetone gave (27) as pale yellow needles (83% yield) n.p. 81-82o (Lit2-ao 82o).

p-Nitrophenyl acetophenone (2 B)

This was prepared by the procedure outlined above for o-nitro-

phenylacetophenone (55). The crude product was crystallized from ethanol

as pale yellow needles (7I% yield) , n.p. 140-1410 ' '('uít.2a3 158-1400 ) .

o-'(o-Nitrophenyl) ethyl p-anisyl ketone (36)

This was prepared by the method used for (35). Treatment of

o-nitrophenylacetyl chloride (6.0g., 0.03 ¡nole) in anisole (10 nl) with

anhydrous aluninium trjchloride (5.59., 0.04 mole) gave a crude product

which was crystallized from methanol to yield (36) as pale ¡'ellow needles

(6.39., TBeo), n.p. 116-1170. Foundt C, 66.2; H, 4.85; N, 5.15%;

CrsHr304 requi.Tes: C, 66.4; H,4.8; N, 5.15%, I.R., vC' = 1680cm-1 ; lJ.M.R.
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(3H, s, 0CHt.
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11, alyl) , 4.63 .(2H, s, 0zN-CoH'+-CHz-C0-), 3.86

o- fo-Nitiophqnyf) ethyl p-to1yl ketone (37)

This was prepared by the metlìod used for (35). Treatment of

o-nitrophenylacetyl chloride (6.0g., 0.03 nole) in toluene (10 ml) rvith

anhydrous alurniniun trichloride (5.3g., 0.004 rnole) gave (37) which was

crystallized from diethyl ether as yellow brown needles (5.9g.,77%), m.p.

77-78o. Found: C, 70.5; H, 5.4; N, 5.5%i CrsHrsNO+ requires: C, 70.6;

H, 5.1; N, 5.Seo) I.R. va' = 1680 cm-t; N.M.R. ð (CDCIs), 7.2I-8.22 (411, m,

aryl) , 4.64 (2H, s, 0zN-CsH,*-CHz-CO-) , 2.4I (3H, s, -CHs).

a- (o-Nitrophenyl) ethyl m-nitrophenyl ketone (38)

o-Nitrophenylacetophenone (1.0g.) was added in portions, over a

twenty rninute period to fuming nitric acid (10 ml) mai.ntaíned at -40o.

The nixture was allowed to stand at - 40o for an additional 15 ninutes,

poured into ice water (100 nl), and filtered. The crude product (0.8g.)

was purified by thick Iayer chromatography on Kieselgel G/HF 254 using

diethyt ether-light petroleun (30-400) (3:7), yielding (38) @.aag., 4O%)

which crystallized from chloroforn as yellow needles, n.p. 154-1560.

Fourrd: C,58.7; H,3.7; N, I0.09"i CrqFIloNz0s requires: C,58.75; H,3.5;

N, 9.8eo; I.R. VC' = 1680 cm r.

2- (o-Nitrophenyl) propiophenone (39)

A mixture of o-nitrophenylacetophenone (1.7g.) and sodium

ethoxide (0.4g.) in absolute ethanol (20 m1) rvas allowed to stir at 25oC

for 15 minutes. To the solution was added rnethyl iodide (1.0g.), the

mixture r,ras allowed to stir for an adclitional 15 minutes, then diluted tvith

water (100 nl) and extracted rvith diethyl ether (3 x 20 m1). The ether

extract was concentrated to yield a brorvn oil (1.9 g.) which was

chromatographed on sorbsil using tight petroleum (30-400 ) : diethyl etheï
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(9:1) . Cornpound (39) was obtained as a viscous red brown liquid

(I.2g., 6Oeo), (rD 1.5972 at 17.50). Found: C,o 70.65; H, 5.15; N, S.3Sro;

CrsFIr3N03 reelrires: C, 70.6; H, 5.1; N, 5.Seo; I.R. VC' = 1680 cm-1,

N.M.R., ô (CDC13), 7.0-8.4 (4H, n, atyl),5.2-5.6 (H, e,0zN-CsH+-CH(CH3)-CO-,

1.5-1.7 (3H, d, 0zN-CoH+-CH(CHs)-C0-).

LABELLED COT,IPOUNDS

2 cl-dz -o-Nitrophenylacetophenone (41 )

A solution of o-nitrophenylacetophenone (0.5g.) in nethanol-0-'Hr

(5 nI, 100% 2H1) and deuterium oxide (5 ml, IOOeo2H2) containing a trace of

sodiurn metal was allowed to reflux for six hours. Removal of the solvent

yielded (41) [tl]o= 25, " Hr = 50 , 'H"= 25eol , rn.p. 73-740 .

5 6x- d 5 - o-Ni trophenylacetone ( 40)

The 2H¡ -labelled compound (a0) was prepared by allowing (54) to

react with methanol-0-2H1 (5 ml,'H, = 100%), containing a trace of sodium

methoxide, under reflux for 30 minutes. Removal of the solvent gave (40)

l'H, = 2, 2Hz= 10, "H3-- 32, 2H,* = 55, 'Hu = 29%J.

o-Nitrophenylacetophenone-1 I O (42)

Hydrolysis of o-nitrophenylacetyl chloride (I. Bag. ) in dry

dimethoxy ethane (15 mI) with Hzr80 (180 = 2Cta,200 ng), gave a quantitative

yield of labelled o-nitrophenylacetic acid, which was reconverted to the

acid chloride with thionyl chloride.23s The Friedel-Crafts reacti-on2as

between the acid chloride and benzene gave (42) (1.69., 65%) (tt0 = I}ea),

n.p. 73-740.

o-Ni trophenyl acetophenone - c "tc (43)

Benzyl chloride (I.27g.) was allowed to react2a6 with Nal3CN

(0.5g., ttc = 65.4%) in dimethylsulphoxicle (5 n1) at room temperature to
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yield the tabelled benzyl cyanide (1.0g.,90%) (ttC = 65.4e"), which was

converted to phenylacetic acid by hydrolysis2a? with diluted sulphuric acid.

The acid (0.8g.) was converted to the acid chloride using thionyl ch1oric1e235.

The crude acíd chloride was allowed to condense with benzene by the Friedel

-Craft reaction2as to yield the labelled desoxybenzoin (1.19., 80%) which

was nitrated2a 3 at roorn temperature. The resulting solid (I.2g.) was

extracted with cold diethyl ether (25 m1), the o-nitro conpound dissolving,

and the p-nitro conpound remaining. The o-derivative (43) rvas purì.fied by

crystallizatíon first from benzene-light petroleum (b.p. 60-800) (1:1)

and tlren from ethanol, to yield pale yellow needles (0.5g., 42%), m.p. 72-740

(ttc = 65.4e").
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6.4 PART III IVork desc.ribed in Chapter 4

The follolving compounds were prepared. by reported plocedures:

o-nitrocinnanaldehyde (49)'46, cx-methyl o-nitrocinnamaldehyde (s0)'o n,

n-nitrocinnamaldehyde (51)'s0, g-nitrocinnamaldehyde (s2)' s1, o-nitrobenzyl-

ideneacetone (53)"', o-nethyl o-nitrobenzylidene-acetone (54)'on,

n-nitrobenzylideneacetone (55)" 2, g-nitrobenzylideneactone (S6)2s 2,

1-o-nitrophenyl-3-p-tolyl propenone-3 (58)"t, 4-nitrochalcone (60)"0,

m-nitrocinnamylideneacetaldehyde (68)" s, m-nitrocinnamylideneacetone ('l l)" u,

g-nitrocinnamylideneacetone (72)' to, m-nitrocinnamylideneacetophenone (76)tt' ,

and p-nitrocinnamylideneacetophenone (77)"'

2-Nitrochalcone (57)

A solution of o-nitrobenzaldehyde (3.029., 0.02 mole) and

acetophenone (2.49., 0.02 nole) in acetic acid (50 ml) containing

concentrated sulphuric acid (7.59.,0.08 mole) was allowed to stir for 24

hours at room ternperature. The reaction nixture was diluted with water

(100 nl) and neutraltzed with sodium carbonate. The crude product was

filtered and then crystallized from methânol aS pale yeJlow needles

(4.0 g. , B0%) , m.p. I2s-I26o (Lit3 s 8 t2s0 ) .

3-Nitrochalcone (59)

This was prepared by the sarne method used for (57). Treatment of

m-nitrobenzaldehyde (3.02g., 0.02 mole) and acetophenone (2.4g., 0.02 mole)

in acetic acid (50 mI) containing concentrated sulphuric acici (7.59., 0.08 moi,

gave (59) which crystallized from ethanol as pale yeliow needles

(4.0g., BOe") n.p. 14s-1460 (Li.t.2se 14s-1460).

o-Nitrocinnamylacrolein (67)

A solution of forn),lmethylenetriphenylptrosphorane tuo (0.610g.,

0.002 mole) and o-nitrocinnamaldchyde (0.3549., 0.002 mole) in dry benzene

(2C ml) was heated' under reflux for 25 hours. The solvent was reurovecl, the
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residue adsorbed fron dichlorornethane solution on-to siljca gel and then

chromatographed over silica gel using ethyl acetate - light petroleun ether

(5-20%) as eluant, to yield (67) rvhich crystallized from ethyl acetate

as yellow needles (0.2ag. , 60eo), fl.p. 152-1S30 ¡Lit ." t 15S-lS4o )

o-Nitrocinnanyl i deneacetone ( 70)

A solution of triphenylphosphineacetylnethylene'ot (0.6S8g.)

and o-nitrocinnamaldehyde (0.3549.) in tetrahydrofuran- (25 ml) was heated

trnder reflux for 24 hours. The solvent was removed, the residue was pre-

adsorbed fron dichloronethane solution on-to silica gel and chromatographed

over silica gel using ethyl acetate-1ight petroleum 5-20e" as eluant.

Compound (i0) (0.25g.,60eo) crystallized from ethyl acetate as pale yellorr'

needles m. p. 72-7 so (Lit .2 
6 2 7s. 50 ) .

o -Nitrocinnarnyl ideneacetophenone (7 3)

This was prepared by the same method as used for (67) using

triphenylphosphinebenzoyl methylenez 6 r (0.762g.) and o-nitrocinnamaldeirycle

(0.3549.). Compound (73) (0.3759. , 65%) crystallized from ethyl acetate

as pale yellow needles, il.p. 138-1sgo (Lít .26x 1s90 ) .

1- (2-Nitrophenyl) -5- (4-totyl)penta-l, 5-dien -5-one (74)

To a rnixture of o-nitrocinnamaldehyde (0.8g.) and p-rnethylaceto-

phenone (0.8g.) in ethanol (25 ml) rvas added aq.ueous sodiun hydroxide (L0%)

dropwise until the colour changed frorn yellow to dark brown. The nixture

was then allowed to stand at 20o for 8 hours, the product (S2) (0.7g.,

60e") filtered off and crystallízed from ethanol as yellorv needles, m.p.

l1B-119o . Found: C, 73,86i H, 5.29; N , 4.4L%i Cl eHr 5N03 reeuires:

C, 73,7; H, 5.2; N, 4,8%; f .R., vCO = 1655 cm-l , N.M.R.,(CDCIs) ô 6.95-7.95

IBH and 4lì, m, atyl, -[CH=CH)2-], 2.22 (3H, s, -CHs).
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1-(2-Nitrophenyl) octa-1,3,5-trien -7-one (77)

This was prepared from 5-(2-nitrophenyl) penta-2,4-dienal (67)

(0.a0g.) and acetone (1.0 rnl) by the nethod outlined above for (74).

The product was crystallized from ethanol as yellow needles (0.34g., 70%),

rn.p. LI2-Ilso . Foundt C,69.0; H, 5.5; N, 5.5%; CrqHiaNO¡ requires:

C, 69.1; H, 5.4; N, 5.ïeoi I.R. vC' = 1680 cm-r.

o-Carboxyb en za1 acetophenone (79)

A solution of triphenylphosphinebenzoylnethylene "t (I.2g.) ancl

g-phthaladehydric acid (0.5g.) in dry benzene (50 n1), under nitrogen, was

heated under reflux for 24 hours. Removal of the solvent, follor^red by

extraction of the residue with diethyl ether (2 x 50 mI), and removal of the

ether solvent, gave the crude product, which was purified over sorbsil, using

diethyl ether: light petroleum (1:a) as eluant. (79) was crystalli.zed from

this solvent as colourless needles, m.p. 140- I4Io , (yield 0.50g., 6Ie")

Found: C, 76.6; H, 4.Beoi ClsHl203 requires: C, 76.2; H, 4.leo.

LABELLED COIvÍPOUNDS

A t t o-Labelled compounds

o-Nitrocinnamaldehyde-1 I 0 t65)

A solution of o-nitrocinnamaldehyde (50 mg) in dry dioxan (2 nI)

containing Hzt*0 çr80=24.2%,25 mg.) and trifluoracetic acid (1 drop) was

allorved to stir at 25o for 48 hours. Removal of the solvent in vacuo

yielded (65) (50 mg., tt0 = L2%) which crystallized from ethanol as yellow

needles, il.p. L26-I27o .

o-Nitrobenzalacetophenone-1 8 0 (66)

Treatment of o-nitrocinnamoyl chloride (200 mg. ) rvith Hzt t 0

(50 mg., t t 0 = 2.4.2%) in dry dimetho4Fethane (5 ml) gave the labelled
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o-nitrocinnamic acid (180 mg. )', which was reconverted to the 1abe1led

acid chloride (190 mg., tt0 = 12.Ie") using thionyl chloride23s. The

Friedel-Crafts reaction2as betrveen the acid chloride and benzene yielded (66)

[175 ng.,(75%), tt0 = L2.I%f which crystallized from ethanol as yellow

needles m.p. I24-I25o .

1- (2-Nitrophenyl) -5-phenylpenta-1,3-dien -5-one-1 8 0 (7S)

Ethyl ß- (2-nitrostyryl) acrylate was prepared as for (67), using

ethoxycarbonylmethylidenetriphenylphosphoranez-e '0" (L. 585g. , 0. 005 mole)

and o-nitrocinnarnaldehyde (0.895g., 0.005 mole). ß-[2-Nitrostyryl] acrylic

acid was obtained by hydrolysis26t of the ester product in 85% yield.

Conrpound (78) (tt0 = 12.I%)rvas then prepared by the method used for (66).

Treatrnent of ß-[2-nitrostyryl] acrylic acid chloride (0.SSg.) rvith Hztt0

(0.25g.,tt0 = 24.2%) in dry dinethoxyethane (15 ml) garre the labelled

ß- [2-nitrostyryl] acrylic acid in a quantitative yie1d, which was reconverted

to the labelled acid chloride using thionyl ch1oride23t. The Friedel-

Crafts reaction2as between the acid chloride (0.8g., tt0 = 12.I%) and

benzene yielded (78) whì-ch was crystallized from ethanol as yel1ow needles

(1.0g., 75%), m.p. 140-1.410 (tt0 = L2.2%).

B. 'H-Labelled Compounds

1- (2-Nitrophenyl) prop-I-en-3a1-l-2 Hr (61)

A solution of benzaldehyde- c,-2H!2u6 (0.659 . , 'H, = 100%) ancl

formylnethylenetriphenylphosphor?ne2oo (2.0g.) in dry benzene (50 rnl) was

heated urder reflux for Q4 hours. Removal of the solvent, followed by

extraction of the residue with diethyl ether (2 x 25 nl) gave the labelled

cinnamal.dehyde (0 .7 g. , 53%) which rvas nitrated]3 E to yield (61) (0 .4g. ,

45%), rvhich crystallized from ethanol as yel1ow needles, m.p. I26-I2f

('Ht = I00%) .
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1- (2-Nitrophenyl ) pïo',r- 1- en- S-al - S-2 H 62)r(

Cinnanaldehyde-a-2H1 vras preparecl from the dithiane by the sane

method 266 as that used for benzaldehyde-o-2H1. Nitration2aB gave (62)

(40e" yierd), which crystallized fron ethanol as yellow needles, m.p.

L26-I27o (tH, = 100%).

1- (2 -Nitrophenyl ) - 3-phenyl -1-en- 5-one-1-2 Hr (63)

Benzaldehyde-a-2Hl ',uu (t.79.) was converted to the 1abelled

cinnamic acid261 rvhich was nitrated 2a8 by the same method used for

cinnamaldehyde, to yi.eld the labeIled o-nitrocinnamj-c acid (2.2g., 72% yield).
The Friidel--Crafts reaction2as betrveen the acid chloride and benzene yielded

(63) (2.2c., 75% yield), which crysrallized fron erhanot as pare yettow

needles, m.p. 123-I24o ('Ht = I00%).

l- (2-Nitrophenyl ) -3-phenyloro en-3-one- 2-'Ht (64)Þ= 1-

This was prepared by the sane method 2ta used for chalcone.

Treatment of o-nitrobenzaldehyde (I.Sg., 0.01 nole)ãn.d methyl (rH,) phenyl

ketone 268. (I.2g., 'H:" = 68%) gave (64) (2.Ig., gOe;) which hras crystallized

from ethanol. as pale ye11ow needles, n.p. I24-L2S0 (,Ho = 52, rHr = 68%).
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6.5 PART IV lVork desciibed in Chapter S

The following compounds were synthesized by reported nethods:

isonitrosoacetophenone (80¡ ?oe, isonitrosopropiophenone (81) "0,
a-benzilrnonoxime (82) "' , g-benzílmonoxime (gs) "t , y-nitrobenzaldehyde

oxirne (s9) '7 
2 , m-nitrobenzaldehyde oxime (g0)"' , o-nitrobenzaldehyde

oxime (gr) "" , g-nitroacetophenone oxime (g2) ' ?3, m-nitroacetophenone

oxine (93) t7a, o-nitroacetophenone oxime (g4) ' ?3, g-nitrobenzophenone

oxime (95) '?s, m-nitrobenzophenone oxime (96) '7s, g-nitrobenzophenone-ds

oxirne (98) "u , y-nrtrophenylacetone oxime (9g) '7? , o-nitrophenylacetone

oxime (100)'??8, g-nitrophenylacetophenone oxime (10r) "" , y-nítrobenzyl-

acetone oxime (103) "u, o-nitrobenzylacetone oxime (104) '36, o-nitro-
cinnamaldehyde oxime (108) '7e, m-nitrocinnamaldehyde (109) ,rn , and

cr-methyl o-nitrocinnamaldehyde oxime (110) 2te 
.

p-Nitrobenzylacetophenone oxine (10S)

p-Nitrobenzylacetophenone (0.6g.) was prepared by the reported

nethod ?31' and hlas converted to cornpound (105) using hydroxylamine

hydrochloride2so. The crude product ìvas crystallized from ethanol as pal-e

yellow needles (0.569. , 86%), m.p. 1SO-1S1. . Fourd: C, 66.67; H, 5.19;

N, I0.42eo; Cr sHr,*NzOg requir:es: C, 66.65; H, 5.22; N, I0.57e".

o-Nitrobenzylacetophenone oxime (106)

o-NitrobenzyLacetophenone (0.6g. )" t r,rras converted to conpound

(106) by the standard method 28o. Crystallization of the crude product

from ethanol ga.ve (r06) (0.519. , 8re;) as pale yellow need1es,. n.p. r2s-r26o

Fourd: C, 66.64; H,5.22; N, I0.37%; Ctsllr+NzOs requires: C, 66.65; H,

5.22; N, I0.37e".
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o-Nitrocinnamyl methyl ketone oxime ( 111)

o-Nitrocinnamyl nethyl ketone (1.0g.)"' was converted to

conpound (111) by the standard method280. The crude product was

crystallized from ethanol' to yield (111) (0.98g. , Bs%) as pale yettow

needles, m.p. 160-1610. Found: C, 58.10; FI, 4.95; N, 13.69e"; CrollroNz0a

requires: C, 58.25i H, 4.89; N, 1S.Sg%.

ci-Methyl o-nitrccinnamyl nethyt ketone oxime (rL2)

cl-Methyl o-nitrocinnanyl methyl ketone (r.0g.)'on was converted

to compound (112) by the standard method 28o. The product hras crystallized

from ethanol as yellow needres (0.9g. , B0%), m.p. 1ss-1s49 : Fotrnd: c, 59.96;

H,5.48; N, 12.95! CrrHrzNz0¡ requires: C,59.99; H,5.49; N, 12.95%.

p-Nitrocinnamyl methyl ketone oxime (1 r5)

g-Nitrocinnanyl nethyl ketone (1.0g.)tt' was converted to

compound (115) by the standard method2E0. The product was crystallized

fron ethanol as pale yellow needles (1.0g., 86%), n.p. 199-2000.

For:nd: C,58.36; H,4.87; N, 13.55%! CloHroNz03 requires: C,58.25;

H, 4 .89; N, 13. 5 Beo.

LABELLED COMPOI.JNDS

Isonitrosoacetophenone-ds (84)

Acetophenone-ds('Hr= L\Oe") h/as prepar.ed in 40% yield from

bromobenzene-ds (0.01 mole), magnesium trË.nings (0.01 mole) and acetonitrile

(0.009 mole)'6r Acetophenone-ds was alloled to react with isoamylnitrite

(2.0g.) and dry hydrogen chloride gas'" e to yield'isonitrosoacetophenone-ds

(0.4g.,26%) ('Hr = Io\e") which crystallized from ethanol as pale pink

needles, m.p , I27-1280 .
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Isonitrosopropiophenone-ds (85)

Propiophenorte-d5 ('Hu = 100e,) rvas pïepared in B0% yield from

bromobenzene-ds (0. 01 mole) , magnesium turnir-rgs (0. 0f mole) and

propionitrile (0.009 mole)." 1 Propiophenone-d5, wâs allowed to react witi'r

isoamylnitrite (2.0g) and dry hydrogen chloride gas" 0 to yield

isonitrosopropiophenone-d5 (0.6g., 38% yield), rvhich crystailized from

ethanol as a colourless powder, il.p. 113-1140. (tH, = f00%).

cr-Benzj-lmonoxime-d5 (86)

Benzoic acid-d5 ('Hs = 100%) was prepared in 85% yielcl from

brom obenzene-ds (0.03 mole) , magnesium turning-s (0.0S mole) in ctiethl.l

ether (50 ml) follotr'ed by addition of solid carbon dioxide.282 Benzoic

acid-ds was converted to benzoyl chloride-ds in quantitative yield by

reaction with thionyl chloride.t3s Benzoyl chloride was then converted to

benzanide-ds in B0% yield by reaction with concentrated amrnonia solution.283

The reactiontso between benzamide-d5 (1.89g., 0.01s note) ancl benzyl

magnesium chloride (0.0ó mole) yielded desoxybenzoin-d5 (I.6g., 76e") which

crystallized from diethyl ether as pale yel1ow needles, m.p. 55-560. A

solrrtion of dry ethanol (15 m1) containing sodium metal (0.23g.) rvas added

to a solution of desoxybenzoin-ds (0.5g.), isoanylnitrite (1.0g.) and dr1,

ethanol (15 ml), ancl the mixture was allowed to stir at room temperature

for six hours. Diethyl ether (50 ml) was added to the reaction mixture

which was then extracted with aqueous sodíum hydroxide (2%, 2 x 25 rnl) .

The combined sodium hydroxide extract rvas acidified with hydrochloric. acid

(10%) and extracted with diethyl ether (2 x 30 m1) to yield the crude oxime,

rvhich rvas purified by thick layer chromatography on Kiesel gel G/HF 254,

using diethyJ. ether: petroleum ether (30-400 ) G:6) as eluant. o,-Benzil-

nonoxime-ds which crystallized from cliethyl ether as pale yellorv needles

(0 . 4g. , 7le") n . p. 137- 1380 (' IIr = rcl%) .
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ß-Benzilmonoxime-d5 (87)

Activated charcoal (0.2g.) was added to a refluxing solution

of cr-benzilnonoxime-d5 (0.4g.) and dry benzene (10 m1'). The solution was

filtered to yield the ß-isoner (87) (0.16g., 80%) which crystallized from

benzene as pale yellow needles rn.p. 111-1120 ('Hu = 100%).

q.-Benzilmonoxime-2,4,6-d3 (88)

Aniline was treated 2 8 s with deuteriun oxide to yield aniline-2,

4,6-dg ('H, = 3,'Hz = 97eo) in quantitative yield, whicÌ'r was converted to

benzonitríle-2-.4,6-d3 (65% yield) using the Sandneyer reaction2s6 .

Hydrolysis2 I 7 of-benzonitri Ie-2,4,6-dg gave benzanide-2 ,4,6,-d3 (50% yield) ,

which hras converted 284 into desoxybenzoin-2,4,6-ds, and then to

o-benzilmonoxime-2,4,6-de as described above for (86). o-Benzilmonoxime-2,

4,6-d, crystalltzed from diethyl ether as pale yellow needles, m.p. 137-1580

(overall yield from benzanide-2,4,6-dz = 70%).

m-Nitrobenzaldehyde-cr-d1 oxime (97)

Nitration2 I 8 of benzaldehyde-o- d1.' 
u' gave n-nitrobenzaldehyde-o-d r

ín 82eo yield, which was converted to the labelled oxine (97) by treatment rr'ith

hydroxylamine hydrochloride 280 (yield 76%). m-Nitrobenzaldehyde-o-dr-oxirne

(97) crystallized fron ethanol as yellow needles, n.p.l20-I2Io

('Ht = loo%) .

o.Nitrocinnamaldehyde-cr-2 H, oxime (114)

Cinnamaldehyde-o-tH1 r^râs prepared frorn the dithiane in 78% yield

by the sanre method 26u as that used for benzaldehyde-cr-2l{¡ (40r" yield),

wliich was converted to the oxime (114) with hydroxylamine hycirochloride.26o

The crude product tvas crystallized from ethanol to yield (LI4) as pale ye11.orr

needles, m.p. 140-1410 ('Ht = 100%) , (85% yield).
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- Nitroben hen I d ketone oxime (10I

p-Nitrobenzyl phenyl - ds ketone was prepared by thê F'riedel-

crafts reaction2as, using g-nitrophenylacetyl chloride (0.69., 0.00s mole),

benzene - de (0.3g., 0.003 mole) and anhydrous alurninium trichloride

(0.69., 0.004 mole). The'crude produce hras crystalLízed. fron ethanol as

pale yetlow needles (7L% yield), m.p. 140-1410. The ketone was

converted to the oxime (107) with hydroxylamine hydrochloride."o

The crude produce was crystarrízed from ethanol to yield (107) as pale

ye1low needles m.p. 105-1060.

|'H, -- 12, 2Hs= 33, 'Llu= 37, 'H, 1 B%l
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