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Ths wess snectra of complexes derived from
reactions of substituted 2zobenzenes, benzophenoneszines,
phenyl hydrszones and benzalenilines with iron cearbonyls
are aiscussced snd structures proposed. The sbility of
iron cerbonyls to clegve nitrogen - nitrogen bends and,
in scme cesess, to produce moleculer resrrangements
within srometic nitrogen systems is demonstrested.
Deuterium labelling st chosen sites within the complexes
derived from substituted benzelanilines hes elucidsted
the mechenism of formetion end the nosition from which
the hydrogen 2tom, which is transferred, originetes.
Liscussion is elso made on the effect of substitution
upon the msss spectrel decomposition of these complexes.

In other sections the electron impect induced
dissocietion cf cyclopcntsdienyl,i-mercantido, fi -
581K0X0C endfgdielkyl smido binucleer metel complexes of
chromium, ircn e#nd nickel are compered according to the
effect of the ligend system and the metsl atom involved
end 2rguments ere proposed which tske sccount of S and
1 donor and scceptor 2bilities of the ligsnds. Deuterium

lebelling studies sre slso included to differentiate
sites of hydrogen trensfer in eliminetion of cyclopentadiene,
benzene and mercantans from these systems. The formation

of the corrcsnonding metellocenes under electron impact



is s#lso delibsrsted uvon 2nd effects of the ligend
system upon its formstion t2ken into consideration.
Finally resrrengement ions occurring in the
mass snectrs of some polyfunctionsl cyclopronene
systems are compared w~ith known resrrangement processes
in relsted eliphstic compounds snd the differences
noted sre discussced in terms of structure and ion
stebilities. In sddition reesrrsngement processes
having no nrscedent in related a2liphetic compounds are

discussede.

FRaNX J. PRESTON




CHAPTER ONE

INTRODUCTION
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A mass snectrometer is 2n instfument designed
to nroduce avbeam of ions, .+hich are sepsreted sccording
their mess co charge ratios; so as to form & spectrum in
which the relative sbundance of eéch species presenﬁ can

be meesured.

Although the beginnings of mess spectros:omy
can be traced beck to 1886 Jhen;Goldstein discrvered
"canal vays*g the first spparatus shich aliowed 8 s.udy
sna seperestion of wositive ibn beams was cohstructed [
J.J. Thomson in 1310 (1). The spectrum cbtsined from
this first mess spectroscepe which wes recorded on g
ﬁhotogrephic Dléte, wes é series of psrsbolic curves,
esch curve corresnonding te an ion species of a
perticulsr mess/charge ratie, and it wes with this
instvumentAthat Thomson‘géVe the first direct exverimental
eviﬁence thet steble elements qonsisted of & number of
isotopes of c¢ifferent hasses. |

The next me jor advahce in instrumentstion took
plece in 1318 vhen Aston (2) and‘Dembster (3) indenendently -
completed their first mass spectroscopes. Aston's instrument

wes en improvement over Thomson's in that ions of the seme



ness/cherge »etio vere refocused along a short streaight
line imegs, regerdless of their initisl energiss, i.e. it
nossesss3u the pronerty of velocity focusing. This
instrunent, Jhich hed 2 resolution ef 130, wes used by
Aston to study the isotopic constifution of = large
number of cheamicel zlements.

vemnster's instrument 6id not mnossess the
pronsrty of velcecity focusing but emnloyed instesd s
orinciple first used by Clessen in 1907 in his study.ef
the mess/chergs retio of electrons, nsmely thst cherged
varticles of = given mess snd energy diverging from &
slit in & megnetic field cress egain forming an image
of tnis slit efter deflexion through 180°. Tsssantislly
mono-energetic beams of ions were nroducéd #ithin the ion
gun by meking use of e collimeting system of slits, the
lest of which wes situsted within the homegeneous
megneiic fisld. The ions were refocused sfter
trevelling through & semi-civcle, st a nmosition slong
the nlene contsining the ion entrsnce slit, end at right
angles to vhe dai-sction of motion of che ions at this
antrence slit. Lemosier els: introduced the use of an

electromnster in orcer o messure the intensity of the ion



currents vith grester nrecision then cculd be echieved
#ith ?}bhononlste, and thus mece the instrument more
suiteble for the messurement of isotonic sbundences then
for sccurete uess cetermination. The Demnster
instruimsnt, mossessing sangular or airection focusing
nronarties wves the first of a2 large series o2f so-~called
'singls focusing' w~ss spectromsters.

97he focusing nromnartiss of mess spnectrometers
can be suwunerizec ss follows. Velocity focusing is the
focusing of = beesw of ions, hemogeneous in msss, moving
in the seme initisl directiqn at different speeds, while
anguler or dirvection focusing is the focusing af & beam
of' ons, howogenous in mess ﬁoving ot the s=2me speed but
with aifrsrent initisl directions. Aston's snactrogrenh
and vemmster's snectromster, hed only single-focusing
nronarities, the former heving vel®scity, but not snguler
focusing; the lstte™ had angulsr, but not velocity
focusing of the ion beam.

Instrunents nossessing the nromerties of both
velocity ena enguler focusing sre seid te be double
focusing, the theory of which was first develoned bty
H=rzog (4). ilodern double focusing instrumsnts, bssed

on the designs of ilftsuch end Herzog (5) snd Johnson-
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Nier (9), ensure, by & suitable combination .ef
electrosetic ond megnetic field selectors, thet the
nosition of the rinsl imege is inrependent ef both
engulsr snc velocity daivergence of the ions emerging
from the source. 'jith such instruments, vary high
regolving nosers cen be obterined by the use of very
ﬁPPw04 £lits, but 2t the secrifice of sensitivity.

;1081 of the wess snectrometers that heve been
constructer to study the mess snectra of organic
comnounds utilise the Nier (7) electron bombsrdment
soumce which gives = deg“ée of velocity szlection
4ithin the ion gun itself, end is therefore suitstle
for use in enguler focusing instruments. Thess need not
necasserily bas of the Le mpster design which is s
perticulsr csse of the focusing =2ction of any wedge-
shened megnetic field, ond mey utilise a sector moagnetic
fi=ld (3).

Ionizetion of orgsnic comnounds csn elso be
efrected by »hoton iuwmect (J), field ionizstion (10, 11,
1<) ond high vcltege snerk (13). In genersl the snectre
nroauced by cech of these methods differs in neture

L
from the others, but bz=ing ¢?nsistent ¥#ithin themselves,
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21l =re utaeful techiigues within the liwmits of their

Y

?qnlicetion;' In sadition, the asctusl sevpsrstion of
ion besms nos bien ~ccomplished by use of:-

(a) redio frequsncy fields es in Bennett-
Redhesd instruments (14), the mess
synchrometzr (15), ths omegetron (16),
the farvitron (17), end the gqusdrunole
mess sna3ctrometer (18).

(b) time of flight of the ions (19).

Befors the 2nd 'Jorld '/er, censtruction ef
mess snasctrometers wes limited to s few research greuvs
snd, #lthough Thomson hed reslised the notentiaslities of
mess spectrometry in chemicsl snslysis, the "home mede
neture of most msss spectrometers hindered their
sdention for this nurnoss. However, the nesd for
relieble msthods of esnelysis of petroleum fractiJns and
the sdvencss in elz=ctronics design, after the 2nd 'Jorld
Wsr, rc-swakensa intverest in the msss spectrometer ss
en efnslyticel tool. Anslyticel methods (20, 21) were
deQised vhich relied on thr:e criteris:-

(1) the mess spectrum of & given compsund

is feirly reoroducible under fixed ovnersting

conditions.
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(ii) th: mess snectrum of & mixture is » linesr

cortbin~tion of ths mess snectre of the
commonents of the mikture. |

(iitT the ion sbundenee of = chosen veference
nack of 2 given cocmwonent is diréctly
nronortionsl te the pertisrl mressure af

thet cwmvonent-in the mixture, ‘

The introduction (23) ?fca he~ted inlet
systemm ellowed tns detevmination.of the mess spectra
of orgenic commounds of lower voletility which asere
steble to high:z:r tempersturcs»rovided =11 metal
nerys were excluaed from the semole inlet system.

"he commound to be exrmined is vol<tilized =nd
éxnended into # hseted reservoir which sdmits the
semole into the ionizeti¥on chember through g leek.

The wm2ss spectra of involetile solid semmles
~€né thermelly instsble gomnounds still vosed = serious
‘problem =nd, in ord?r te obviste this difficulty, the
“direct introduction of semmle wevours by sublimation

from @ probe wes aeveloned (23). Leter Veﬂsi%pé of

this system, employing e vecuum leck, howe, the



gdventege thst the mess spectrum of orscticelly every
kind of orgsnic comnound cen be determined rapidly
'with gs little as 1 p g, #nd are now standard sttach-
ments to most cominercisl instruments.

lMore recently the technique of counling
mess snectrometers with ges-1liquid chrom?tognenhic
seperation (24) hes sllowed the seperatien snd
identificeation of meny commonent mixtures. The
pregsure difficulties encountered in e~rlier cilemors
due to the large conccntrrt%cns ef cerrier gas heve
now been leorgely elimineted by the development cof
molecule severstors" by Ryhage (25) and Biem“nﬁifES:)

As more snd more dsta wes collected rin the

so~cnlled mess svectrel cracking peiterns of molscul:

[

it becrcme obvious thet a basic theory of ion
decomowosition wes necessary. Two diverse spnrc=ches
to the subject iere mede. The methemsticsl emnr~ach
of the guesi-equilibrium theory (27) rests on s-me
besic sssumptions regsrding the ionizaticn of

molecules by electron bomberdaent. In the cese where
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the interetomic distsnce is the seme frr the

molsculer ion #nd the neutrel molecule then thes
spnearance notentiel will be the seme 2s thé ionizaticn
notentisl, i.e. this is & verticsl Franck-Condrn
trensition. In the nolyestomic icn, hfwevsr, it is
sgaumed thet sny excess energy immerted to the

molecule hes sufficient time to be distributed sos
vibrstionel energy over the whole molecule, hut thet

if meny vibr-tionsl modes are excited or 2 few sre
excited to high quentum numbers dissocietion cen mccur
in those bonds +with high vibrestionel gquents. This
dissocistion nrocess is considered &s a series of
comneting, consecutive, unimoleculer rersctions which
can be celculsted by en avpronriste form of the sbsolute
rete theory.

Before the actusl theory csn be spnlied to
speclfic cases, complete informatien on 8ll the
decomposition nrocesses from the nerent ion together
with experimentel messurement of the ectivetion energies
end energy trensfer functions of these processes must be
known. Using certein refinements, such ss in the cs=se
of Morrison's messurements (28) of the second derivative

of the totsl ionizetion as a function of electron energy,



informstion c=n be gleened regarding the distribution of

energy trensfe~red by electron immact. A brecise

[A]

estimste of these energy distribution functions me=rks
ms jor stem in providing one of the critic~l niecass of
informection rsauired for the totslc@lculsticn of the mess
spectre.

In conclusion, it may be said thst the theory
nostuletes & certain form for reteeguations, dzsviscs =
certsin rerction sequence, inserts velues of pnerematers
like ths ectivetion energy, freauency fsctors etc., end
fins1lly, using the nromer energy distribution functicn,
enebles the celculstion of the mess snectrum of o
molecule. In snite of the difficulties involved, such
celculetions heve been mede for sme2ll molecules, which
cgrze ressoncbly wall with the exverimental values. The
nroblens encountered, housever, in espplicstion to lsrger
molecules hsave precluded calculntions in the bulk of
orgenic comnounds. Criticel assessments of the future of
the theory heve been mede (29, 30).

:The other msin spproesch relies on the
considerstion of the ionized molecule in the serme light es

orgenic solution chemistry, i.e. in terms of concepts
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such 28 reson~nce; incuctive effects; stebilities =T
cerboniuin, oionium ions, transition stetes, etc.
LcLefferty hos nostuleted thet the foctors which
determine the formetion of sbundsnt irns in mess snsctrs
esre the relative stebilities of:-

(i) the ion 2nd neutrsl frogment.
(1i) the bonds of the decomposing ion.
(1ii) the possibility of fregmentstion through
#2 cyclic trsnsition stete (31). The seme

suthor hes elso dcemonstreted mess snectral festures
releted to knovn "solution effects”, in the aurntitetive
relationshin of ion sbunc snces >»f substituted besnz=yl
comnounds to the Hsumett 'sigme" constents ¢f thsse
substituents (52). Successful spplicrtion (33) of this
relstionship hes been mede in the estimrtIidh of comneting
nrocesses in retro-bLiels Alder dissociati;ns of orgenic
ions in the m~ss spectrometer. Arguing elmost entirely
from theriocheinicel dsta, Mecoll (34) hes slso equsated
the behaviour- of cerbonium ions in solutien #nd in the
1ness soect?ometer. Such evidence lends more weight to
the theory that mess spectrel resactions ﬁi;ellel those af
solution chemistry.

The theory, however, requires that the chsrge
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be locelized =t f2voured nositions in the molecule,
noriiclly on hetero-stons or other functionsl groups, by
removel of en electron from £ non-bonded lone neir.
deesurausnt of the ioniestien notentiels of ketones (35)
nerallel f=irly Jell the estimfted energy 9f the non-
bonded npsirs on oxygeh, end must lend some weight to the
ides. However, deficiences in the locrlized chsrge
concent havs been nointed eut (36) =2nd heve limited its
sccentence by meny workers.

Biemsnn {(37), using e nhysicsl—brganic anpresch
without the locelized chsrge theory, hes given = sef of
empirics=l rules, which sttempt to summerize knoan
fregmentation nrocesses.

One of the schools which has msde extensive
use of the localizasd cherge coIncent, or rsther its
develomiient in the redicel-ion concept (38), is that of.
Ljeressi sna his associates (39). As sn aid te the
understanding of mess spectrometry nrocesses; the same
group hass, by the use of compounds suitebly lebelled
with heesvy isotones, elucidsted the mechsnisms of meny
hydrogen resrrengements which sre 9ften observed in the

mess svectre of orgenic molecules. In more recent work (40)
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they hsave tried to demonstrate the specificity or non-
svecificity of hydrogen migrastion in even snd odd
glectron systaus, end 2lthough cleiming success in the
me jority of ceses, hsve encountersd some exceptions to
their theories.

Utilizing the ssine kind of apnrosch
licLeff:rty (41) hes aiscussed 8 gznerslized mechenism
for wess snectral reesctions, in shich the mositive
cherge 2nd ummeirea electron of an odd electron ion
cen be nositioreda st different sites in the ion, esch
exerting o senerate influence on the course of
fregmnentetion of the ion.

within the field of msss svectrometry in its
enplicetion to orgsnoietellic compounds, vary little
reseerch wes done before 1964, Investigstions had been
mede on the elkyls of mercury ~nd lesd (42); the metsel
cerbonyls of iron end nickel (43) #nd some orgsnic
substituted iron csrbonyls (44); and seversl pepers,
hed been published (+5) on the mass snectrs of
metellocene comnounds. The major difficulty in desling
#ith orgenometellic compounds is their thermsl instesbility

on gless ond metsal surfeces, this being esvecislly true of

1
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the metel cerbonyl complexes snd it wes not until the
agvent of the ai~sct insertion probe thet the utility
of mess snectrometry in this fisld wes reslised. Since
1264, the literatur:s hes steadlily incressed te include
TI- bonded orgenomctsellics such s metallocenes snd
ietsl cyclonmentedienyls (46); orgsnometellic cerbonyls
enc nitrosyls (47); binuclesr metsl comnlexes (48);
pthelocyenins #nd metel chelstes (49).

Shennon (50) has nostuleted theories of ion
aecommosition besed on the vnramise thst the oxidetien
stete of the mets2l eatom should direct the fwngment?tfon
snd, in leter nepers (48a) (49b), he hes sttempted to
show thst the even or odd electron nature of the
moleculsr end fregment iens is inter-relsted with the
oxidetion stete of the metal atom snd the nature of the
fregment lost,

Probsbly the most stimulsting idea to the
progress of mess snectrometry in its modern form wes the
rerlization by Beynon (51) thet differences in the nucleer
necking fractions of the elements (52) mede it vessible to

distinguish ions of the same nominel msss but differing

-
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chemicsl constitution, and if instruments of high
enough r=solving nowar could be built then the
necessery sencration in msss could be achieved. The
gevelonment of this iades not only meent thet the
moleculsr formulse of commounds could be determined,
but 2lso gooa avidence for their structure could be
obteined by sccurste mess measuremént of their fregment
ions.

The methods of nrecise mess memsurement
aepend on the geometry of the mass spectrometer.' In
instrunents of nerttauch-Herzeg ggometry the high
resolution snectre of the sempiéﬁ?nd of 2 celibrstion
comnound, novaclly s vnerfluorinsted hydrecerbon, sre
recorded simulteneously on s nhotographic plate.
Distesnces betveen the lines corresvonding to ions of
unknown constitution =and those of the calibretion
caimound can then be relsted to differences in mess.
This technigue hes been extended by Biémenn (52) to the
eputometic determinetion of the mess ef »11 the iens in
the snectrum snd, using » suitebly programmed computer,
'element meps' heve been prepered in shich the

gonstitution of the ions sre errenged in increesing
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order of thzir elements. HMore recently this technique
hes bs2n snsaded un (53) at the sctusl ion commarison
stege snd comnlate dets vrocessing for element mep
preparstion cen be =chieved in twelve minutes.

In instruments of Nier-Johnson geometry, mass
meesurement is effected by the "peak-matchingé technique
(54). The time tsken to mske messurements on a complete
snectrum by this method is exceptionslly time consuming
and in normel conaitions only svecific "key" iens in
the snectrum are destermined. A system suitable for use
in mess spectromesters of this design, which 21lews the
complete spectrun of semple and celibreation caimpeund to
be recorded in ten seconds ot e resolution of ten thousand,
hes bsen described (55). 1In this system the spectre is
r3acorded on megnetic tepe in digital ferm ond the time
intervel between the ions is relsted to the mess
difference of the ions.

‘“The obvious develooment from this ebility te
derl with msss spectra in en sutumeted feshion hes been
its #vnlicetion to sutometic structure #nslysis. This
hes bzen #pplied +ith considerable success to the

determinetion of the eminu 2cid sequence Wf meptides
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(56, 57), where the preferved fission of CO-NH ~nd CO-R
bonds lesas to & vary lerge number of combinetions of the
smino £cid units, end 2lso where there sre the minimum
nuinber of resrrengement ions. The comnuter sided
correletion of metestebles in high resolution mess
snectrometry (58) hes 21so made & greet contribution te
these snflyses.

The grest disadvsntage, howsever, in the
epnlicetion of sutometic digitsl methods te structursl
snolyses lies in 21kyl end vphenyl migratiens of ions which
heve been discovered recently (59) 2nd their prediction for
other structursl tynes. As & step tawsrds this solution
Biemenn (60) hes =dooted the idez eof "ier tybes" for
structurel enclysis of totally unknoywn comoﬂunds.

Obviously there is still room for 2 greet desl
of reseerch into the rsessons for electron impsct
dissocietion befire 211 the eveilsble infarmftion can be
co-ordinsted =2nd meximum use mesde of fost, relisble dets

processing fecilities.
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CHAPTTR 1T'WO

THE STRUCTUR/L ELUCIUATION OF IRON CARBONYL COMPLEXES OF

ORG/NIC NITROGEN COM~QUNLS.

INTROLUCTION

The reection of iron c2rbonyls with nitrogen
cont2ining commounds hes been the subject of severel
investigetions, (1-6). For exemple (4), it hes been
demonstrted thet the trestment of iren pentscerbonyl
with pyrrolidine et low temmerstures gives Fe(CO)5
(pyrrolidine),. “hese sre primerily substitution
reactions end the pert pleyed by mess snectrometry in
the structurel elucidetion of compounds formed by
substitution #nd/o» reerrengement resctions will be
discussed. 4s meny of these compounds were formed by
photochemicel reection, a brief synopsis will be given
of the photochamicsl reections of metsl cerbonyls.

The reection of e metsl cerbonyl M(CO)y or
its derivetive RM(CO)y, (M = metal, R = ligsnd) with sn
glectron donor D cen lead either t» the substitution of
® cerbonyl groun by the donor D, er the metel cerbonyl
¢en undergo disproportionetion to form metel corbonyletes,

(7-3).
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i.e. RM(CO), = RM(CO)y_7 + GO
RE(CO)x_7 + D —> Rf(CO)x-1 D
or e.g. 3Mny(CO0)yq + 12D — 2 [MnD6'|[Mn(co)5] e + 10C0

In 2 photochemical reesction, the unsteble
intermediete scceptor RM(CO)x-1 1is produced ot or
below room temoersture on sccount of the high energy
supnlied by irredistion. This ensbles the isolstion of
products which ere thermodynsmically unstable with respect
to further thermelly induced trsnsformestion. Thus
cyclonentadienyl mengsnese tricarbonyl does not react
with triphenyl phosphine even at 200°C, but gives both
mono end disubstituted products photolytieslly (10-11).
Normelly photochemicsl substitution occurs by an Syl
mechesnism. The process cen be visuslised es follows: -

Ri(co) -bd_ [Ru(00)4) * —— R(00)x-1 + €O

The existence of the electron scceptor es an
unsteble intermediate with a half-life of & few minutes
hes been demonstreted spectroscopicslily (12-15). For
instence photolysis of M(CO)g compounds (M = Cr, Mo, W)
et low temperetures snd exeminetion of the product by infre-

red spectroscony in the carbonyl region heas demonstrated
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the existence of ¥4(CO)s. It hes 21lso been srgued, on
this evidence, thet Ko(CO)s undergoes trensition from

squasre pyrsmidel symmetry to thst of & trigonsal
bipyremid st -155°C. The substitution oroduct is then
tormed by the 2duition of ad- or TI-electron donor into
the vecent orbitel of the scceptor.

With this informetion in mind snd the knowledge
thet orgenic commounds themselves could undergo some
surnrising reerrangements upon photolysis, sn
investigation into the possibilities of msss spectrometry

es & structursl tool in this field wes undertsken.
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(#) THE RL/CTIONS OF AZOBENZENE /ND SUBSTITUTED

AZOBENZLNES JITH IRON C/RBONYLS

when this work wes begun no transition metal
corbonyl comnlexes contsining =2zobenzene or substituted
ezobenzenas hsd been reported, e#lthough it hess since
been shown thet the related diazocompnlexes (I) are
formed from diszonium tetrefluoro-borates and
cyclopentedienyl molybdenum sodium (16).

There existed e wide renge of compounds of
meny of the trensition metels having ligends stteched
through ¢ = C, C = C, C = 0, snd C = N groups, but no
revort h2d been mesde on the influence of meto=l carbonyls
on ezo- end diszo- compounds. As the first of 8 series
of experiments, ezobenzene snd iron pentecerbonyl were
irrsdieted in benzene. 4 red-brown nitrogen contsining
metel cerbonyl complex wes isolsted, anaelysing for
(ezobenzene) Fepy(C0)g, which, however, wss discordent
Wwith the evidence of both the infra-red snd mess spectr-,
Absorption in the infra-red st 3362 cm~1 indicsted an
N - H stretching snd ulthough- the mass spectrum showed

the moleculer weight to be 462 conteining two irons
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(isotone 2bundence pettern) end six cerbonyls which .
were lost consecutively from the pesrent ion further
fregmentetion showved loss of one iron stom followed by
either sumonis (to give m/e 221) or hydrogen cysnide
(to give m/e <11).

These two fregmentetion stevs =t leost asere
enough to auestion on 2zobenzene structure s 2nart
from the difficulty of finding suiteble bonding srrengs-
ments mrss  up=ctrel fregmentertion of ions contsining
two vhenyl rings linked by one or two stoms show
eliminstion of the centrsl etom or =stoms together with
two hydrogens (17), thus forming the very steble ion
m/e 152 (IT).

Chemic-=1 degredetion of the complex with
lithium eluminium hydride gave s metrl-free compound
conteining nitrogsn (i.r.N- H)with a2 moleculsr ion st
m/e 184, and which precise mess messurement showed to
be CygHjgNg. +£dditionelly, fregment ions corresponding
to the eliminetion of H, 2, 3H, NH, NH + H, NH + 2H, end
hydrogen cyenide from the perent ion were observed.
Divhenylemine (17) is known to produce resrrengement ions

with loss of 15, 16 and 17 mess units from the perent ion,
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end it has 21so long been known that primsry sromstic
emines (18) eliminete hydrogen cyenide from the pmsrent
ion. This led us to believe thet the degradstion product
wes en sminodiphenylesmine #nd indeed compsrison with on
suthentic ssmnle of o-sminodivhenylsmine showed identicel
melting point, infra-red snd mass spectra.

/s it had been reported (19) thet szobenzene
could be isoleted by lithium 2luminium hydride reduction
of the comnlex (IIT), #nd thet no resrrasngement wes known
involving ezobenzene and lithium sluminium hydride, it
wes concluded thet the skeleton of o-aminodiphenylamine
wes present in the complex.

Re-exeminstion of the mess soectrum, together
with considerstion of possible bonding srreongements
produced a structure (IV) whichrseemed to satisfy all
the necessery informstion esvailsble.

Very strong chemical supnort was geined for
this structure when it wss shown (20) thst o-
eminodiphenylemine 2nd di-iron ennescerbonyl reect =t
room tempmersture in benzene yielding the ssme complex.

Recently X-rey crystsllogrephic studies have been made
on this comnlex (21) which heve confirmed the esrlier

structure.
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Both nitrogen 2toms bridge the two Fe(GO)5
grouns which =re themselves arrsnged in on eclinsed
configurstion. The complete bridging group N-CgHy-N lies
pernandiculsr to the Fe-Fe vector (2,37R)the shortest yet
reported). The centrsl group of six stoms CpNoFeg forms
2 bicyclo (2, 1, 1) system end & 36 electrcn structure
cen be retionslized on the supposition that esch nitrogen
scts 8s 2 3 ¢lectrorn donor.

/i more deteiled account of the mass spectral
fregmentstion cen now be given (Fig. 3). It has slready
been steted that 211 six cerbonyl groups sre lost
consecutively from the psrent ion, the base pesk ¢f the
spectrum being the (P-6C0)* ion. Further fragmentation
occurs by either of two possible routes as shown. Loss
of hydrogen cyenide from the(P—60O---Fe)+ joncen be retionalized
on the model of eniline (18) with consequent five membered
ring formetion 2nd ITT bonding to iron. Wheress the
elininetion of smmonis poses some little difficulty,
it cen, however, be visualized to occur in 2 similer
menner to the climinetion of smmonis from the parent ion of
diphenylsmine (17), except that in this cese it is

probsble that the other nitrogen atom is involved and
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that the cerbrzols type ligand is doubly bonded to iron
8s in A.

m/e 221 (A) cen be formed by either of the two
decommosition nrocesses shown; that vis m/e 238 being
the mein psathwey =2s borne out by the ebundences of
metesteble ions for these trensitions. Additionsl
evidence for o-1T type ions like m/e 211 and the
formetion of & cyclopentedienyl ring is to be found st
m/e 121 which is esttributed to the cyclopenteriznyl
iron ion. Suvport for the decompositions shown was gained
from use of metestsble ions and by precise mess measure-
ment wherever necesssry. Details of these meossurements
ere given in Teble 1.

Teble 1

i .
m/e  Obsarved kess Formulation  rheoreticel  p....

Velue
238 238.01932 012H10N2F62 238.01852 +0. 0008
221 220, 32277 012H7NFe 220.99192 +0.00085
211  211.00842 C11HoNFe 211.00743  +0.0010

147 146. 976960 CgHgNFe 146.97712 -0.0008
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This study wes next extended to include 4, 4'—
disubstituted szobenzenes. 4, 4 - Limethoxy =zobenzene
furnished two metel cerbonyl comnounds. One complex wes
snelogous to thet obteined from szobenzene ss it followed
the ssme charecteristic fragmentetion psttern; the other
complex did not show sny NH absorption in the infrea-red
end showed only two fundamentsl ebsorption bands in the
metel cerbonyl stretching region.

liess spectrometry (Fig. 4) geve e moleculer ion
2t m/e 534, snd from the isotone ebundence pattern of the
perent ions, it wes deduced thet only one iron atom wes
prasent. Mess neasurements proved the ions m/e 566 and
538 to be formed by losses of carbonyl groups from the
moleculer ion, 2nd thet the moleculesr formula wss in fact
Csol2N40plke.

The ion m/e 538 (determined es CogHagFeNgO4)
decomnosed by two routes; one by eliminstion of sn iron
etom to give m/e 482 (determined s CpgHogN404) =nd
supoorted by = metestable ion 2t m/e 413.8, the other by
€liminstion of # nitrogen molecule to »mroduce the ion
m/e 510 (determined es CpgHpgFeNpy0y). The letter process

wes remerkebly like the frsgmentetion orocesses of
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substituted ezobenzenes themselves and suggested thet =
dimethoxyrzobznzene residue or residues might be »nresent
in the commlex. It w#es further erguecd thet the stev
involving eliminstion of iron to give m/e 482 could be
the removel of en iron stom from two dimethoxyaszobenzene
skeletons, which were atteched to it by 6'bonds, together
Wwith consecutive condensetion between the dimethoxyszobenzene
redicels formed. This wes thought more likely then the
existence of 8 dimerised dimethoxyeszobenzene form within
the complex, &s m/e 482 represented & very smell ion in
the spectrum couperad with m/e 240 and 241.

From ¢ consideration of these #nd other ions in
the mess spectrum, it wes concluded thet the complex might
heve one of the two structures. V or VI (R = OMs ).

The ultrevioclet spectra of 4, 4" dimethoxyszobengsne
end the complex are so similer as to suggest thet VI(e) is the
more probeble, since psrticipation of the 47 electrons of
the 820 groups in deloceslized bunding with the iron would
tend to cheange the absorption frequencies of the system,
more then would the »nerticipstion of the lone pair of
electrons on nitrogen.

The flo. sheet opposite (Fig. 6) shows the

me jor route of the msss spectrsl fragmentation of the
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complex. It is worthwhile noting here that unlike the

corresnonding non-metzllic ions, eliminetion of a
nitrogen molecule from m/e 538 is not followed by loss

of two hyarogens (17) to form =2 completely cyclic system.
This c2n be interpreted as the formetion either of = bond
between the two rings on either side of the eliminsted
nitrogens, or of the two resdicel centres formed in the
eliminstion forming bonds to iron ss in m/e 510. Further,
eliminstion firstly of CgHyOlle, Fe, snd then sgein
C6H4OMe seems to sumport the latter ides, the diresdical
m/e 240 cyclising to form e compnletely stsble sromstic
ion. & teble of mess meosurcecments mede to determine the
constitution of ions in the spectrum is shown below.

T/BLE 2

Qb served Theoreticel
m/e Mess rFormulstion Value Error

566  566.12584  CpyHgeFeN4lp  566.125237  +0.00061
538 538.15053 C,gHpgFeNg0,  538.130327  +0.0002
510 510.12420 CygHpgFeN,0,  510.12418 -

482  482.19542  C,gHaN404 482.19539 -
467  467.1021  CygH,zFeN,05  467.1028 -0.0007
408 403.0749  C,1HpyN;0zFe  403.0745 +0.0004
847 347.13956 G, Hp N0z 347.13956 -
240 240.0909  Cj,HquNg0g 240.08987  4+0.0011
197 197.07117 Gy HgN,0 197.0714 +0.0003

16
9 160.0653 012H90 169.0653 -
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4, 4’ Dimethyleszolenzene snd iron pentecsrbonyl
on irredietion geve two complexes both snslogous to those
obteined from 4, a’ dimethoxyazobenzene snd structures Vv
snd VI (R = Me) srs pronosed.

It is worthwhile noting here thst the re-
srrengement of szobenzene to o- semidene does not
necesserily tske plece specificelly under irredistion
conditions, but rather it is considered thst the oresence
of iron cerbonyls 1s necessary to ect s = reducing agent,
the =sctusl "scinidene' resrrsngement being sccelereted by
the ultra violet rsdistion. It has in fect been shown
(22) thet nitrosobenzzne snd azobenzene both resct with
di-iron ennescsrbonyl under thermal conditions te give
the commlex IV in extremely low yield.

/s is confirmed by the X-ray structure
determinstion (21) no bonding occurs between the phenyl
ring and iron, 211 bonding being considered to tske plece
through three electron dvnsetion from the nitrogens. It
wes, therefore, not surprising thet the reasction of iron
ventecerbonyl with c-phenylene dismine (20) produced o

comnlex which we considered to be Af the seme basic
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structure s IV with R = H.

The mess spectrum of this complex follows the
seme fregmentstion pattern ss that obssrved for the
other» dinhenylemine compnlexes, the mein features of
which csn b2 seen in Fig. 7. However, further
fregmentetion obviously depends on the nature of
substitution on N .

As yet, no cert2ain mechenism is known whereby
the ezobenzene nucleus is first of sll reduced then re-
errenged to its finel form. Reactions =2re known where
certsin cyclic hydrocerbons (23) sasre resrrenged to
bicyeclic systems,e.écyclohexi!l’ll diene reasrranges on the
surfece of iron cerbonyl to give cyclohexa - 1, 3 - diene.
These resctions seem to persllel certsin features of scid
cetelysed rerrrengement, and in this sense the re-
errengement of ezobenzene to o- seamidene on the surface of
iron cerbonyls is similer t» the scid catalysed re-
errangement. The usu2l course of this resction, the
trensformetion of hydrazobenzenes to derivstives of 4, 4
- disminobiphenyl, tends to predominste with ortho - =nd
mete - substituted hydrazobenzenes snd mey also occur with

certein pera-substituted hydrezobenzenes if the para
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substituent is resdily subject to elecirophilic
displscement. liore generally, however, pere substituents
divert the resrrongement into one or more alternste
courses. Hydrszobenzenes having osre substituents on
both rings ere commonly transformed to derivetives of 2
eminodinhenyleunine (ortho-semidenes); wheress hydrezobenzenes
with single psre substituents mey be converted to derivatives
of 2, 4 aisminobinhenyl (divhenylenes), to m=ra semidenes,
or to mixtures of these products. Obviously sny mechenism
pronosed for the ben-idene rearrsngements must =ccount for
formation of esch of these products.

The resrrengements of hydreozozenzenes to benzidines
(24, 25, 26) to diphenylenes (27) snd to c-semidenes (28) =re
third-order rerctions; first order in substrete 2=nd sec:nd
order in hydrogen ion. The resrrengements sre subject to
specific hydronium ion, rether then general =cid cetslysis
snd proceed more venidly in D0 then in Hy0, (28). It,
therefore, enppeers likely thst the rste-determining stevo
involves only the "double c¢enjugste scid” of the substrate -
thet is the cetion (4r - NHy - NHg - Ar)®*. It hes slso

been found thet pera - gautersted hydrozokénzene undergoes
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the bhenzidene resrrengement =2t very nearly the seme rste
»g does non-deuter-ted hydrazobenzene (29) suggesting thet
the nera-hydrogens become detsched frem the ring sfter,
rether then during, the rste determing step. The
available d=2te on the benzidene £nd o-semidene re-
arrangenents then points to the cyclic mechsnism shown
onnosite,Fig. 8. Here it may be assumed thet the es=sy
clesvege of the N-N bond is largely due to the electro-
stetic renulsion betsesen the two positively cherged
nitrogen stoms.

It is not suggested thet the iron cerbonyl
cetelysed resction necesssrily follows thst of =cid
catelysis: nevertheless it may be possible thet
hydrogenetion 2nd nrotonoclysis of =2zobenzene mey teke
nlace on the surfesce of the metsl cerbonyl to form
o-semidene vis VIII — X. o-Semidene will then resct
with iron ennescerbonyl in solution to give the complex
IV. It msy well be thst protonolysis is not necesssry
and thet the rearresngement to o~semidene occurs by the
formetion of 2 transition stete involving & metel-arene

TT-comnlex.
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It is relevent here to note theat the rerction
of nitromethene with di-iron ennercerbonyl yields two
products XI =nd XII (¥Fig. 3), 2nd it is thought thst
the resction may procesed vie szomethsne snd hydre=zomethsne
by # mechesnism sinilcr to that of szobenzene vithout
the possibility of nitrogen to cerbon migretion.
Structurss Jere nronosed on the bssis of the mess spectrel
evidence, the m~in features of which sre shown in Figures
10 #nd 11l. Commound XII is 2nelogous to the compound
SpFes(C0), (80), rformed in the resction betwsen 2-
merceptobenzo-thiszole and tri-iron duodecsecsrbonyl, the
sulnhur nositions being replzsced by NMe groups. It would
then be exnected thet the relsted di-iron complex would
exist #s XIII heving snslogies with both SzFeg(CO)6 end
(NaHz)Fez(CO)6 (31, 32). The moleculsr weight of 340,
however, regquires sn esaditionsl two hydrogens, one on eech
nitrogen, #nd hence the structure XI is provosed for this
compound. As the mess spectrs sre guite strsightforwerd,
discussion will be limited to the visusl representetion of

the crecking prtterns in figures 10 snd 1ll. The importent

i,

of metsl carbonyl surfeces to reduce end clesve nitrogen-
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nitrogen bonds to form one or seversl products with which
they themselves reect yielding stsble products.

A leter discussion on the form~tion of
complexes involving the clesvage of nitrogen -~ nitrogen
bonas in ezines end nhenyl hydrezones, will show the
generslity of = reection the mechesnism of which is yet
unknown end which pnoses » problem of considersble
chemicel intersst.

(b) Resction of Azines sith Iron Cerbonyls

In the course of @& related investigetion it
wes found thet benzophenone szine hed Yeen formed during
the irrsaiation of dinhenyl dieszomethsne end iroen
pentecerbonyl, =nd investigetions were cerried out on
the reecctivity of this ezine with iron csrbonyls. No
comnlex, hovever, wes formed by irredistion of
benzonhenoneszine in the oresence of iron nentscerbonyl,
wherees the resction cerried out sith di-iron
enneecearbonyl in benzene under reflux yielded & steble
orasnge complex which snslysed ss (benzophenoneszine)
Fey(CO)ge

The mess spectrum showed s psrent moleculer ion

et m/e 640 (5°Fe) 2nd ¢ precise mess messurement of the
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(P-6 CO)* ion gave the formuls as CggHgoNgFegz, which
wes consistent with the chemicel enalysis. Mess
meesurement of the two most sbundsnt ions m/e 266 end
m/e 133 yielded the formulse (C6H5)2Fe2 snd CgHgFe
respectively. The former ion wes formed by two
successive eliminetions of benzonitrile from the
(P-6CO)+ ion, m/e 472, end supported hy metastsble
trensitions st m/e 268.4 and 191.7% In sadition the
ion m/e 210, which corresponded to (CgHg)goFe, hed two
modes of formetion, one by eliminestion of benzonitriie
folloved by en iron =tom from m/e 369, the other showed
eliminstion of iron followed by benzonitrile. One further
fregmentstion nrocess occurred from m/e 266, accodnting
for the formstion of m/e 183 Yy loss of benzene and m/e 132
by e further loss of iron.

It hed been noticed in the spectrum of b:anzoohenone-
szine itself, thet sn ion of low sbundsnce occurred ot
m/e 257, formed by eliminstion of benzonitrile from the
perent ion snd eccompanied by = phenyl migretion. Studies
of the mess snectrs of certsin alkyl end sryl sulphonyl
hydrazones ($3) heve elso smply demonstreted this seme

vhenyl migrestion end eliminstion of & RGN unit. Therefore
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on the bzsis of this informstion two structures were
nronosed XIV (&) =znd (b) (Fig. 12) which scemed to
setisfy most of the evidence eveileble; the pronosed
fregmentetion pnettern is shown in Fig. 13.

Yurther X-rey crystellogrephic work on this
comnound (34), hes very recently shown thet this
originel structure contsined one fundsmentel error:-
thet of o nitrogen - nitrogen bond. The structure is in
fect #s shown in Fig. 12 (XIV (c)), contsining two
berizophenoniminsto groups bridging two Fe(CO)s units.
These ligends bridge through the nitrogen stoms snd the
resction oroduct is thus di—f;-(benzophenoniminsto) bis
(tricerbonyl iron). Hence it is clesr that rupturs of
the nitrogen - nitrogen bond occurs in benzophenoneszine.
Splitting of the N - N bond e£1s0o occurs in the resction
of szobenzene +ith iron cerbonyls, but wherees in the
latter csce reerrengement occurs to form the o -
semidene skeleton, here both moieties 2sre bonded
senrrately in the complex.

The molecule hes ideslised 2-fold symmetry.

The tricerbonyl groups sre eclipsed snd the nitrogen



snd iron stoms form 2 tetreshedron. The centresl portion
of the molecule is thus similesr in shepe to thet of
Co,(CO)ge The Fe-ie distsnce of 2.404 is short when
coimnered with cerbon - bridged binuclesr commlexes 2nd
cen be comprred with the velue 2.37A found in the o -
seimidene comlex. The 2veresge Fe - N distence is 1.944,
which is shorter then those reported in previous structures
(21), ®#lloving the nitrogen atoms to be considered es
being in the s»n® hybridised stete, wherees in the
semidene end t benzelPniline structures with Fe - N
distences of 1.37 - 3.003 the hybridisstion would be sp5.
In =11 ceses the nitrogen atoms csn be regerded ss three
electron donors.

The mechonism of electron impm2ct induced
dissocistion of the comnlex must now be slightly modified
to tzke sccount of structure. It is no longer necessery
to consider the eliminstion of benzonitrile from m/e 472
end 369 in the light of 8 phenyl migrestion to nitrogen es
has elresdy bzen nostuleated for the comnlex 2nd which must

operste in benzophenoneszine itself, but reother we cen

consider the nhenyl ring migretion s involving - bonding

'fSee complexes from Schiff's beses.
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to one iron stom end ¢-bonding to the other, e&s shown
in Fig. 14.

The concent of metsl »toms bonding by both &
end Tr bonds secms to be feirly common in the spectrs of
binuclesr metel complexes (see Chapter 3) and may reflect
the stebility of en lon of this type relstive to the
uncoumon neutrel species of the ssme type.

Table 3.

Precise mess massurzments in the spectrum of the

benzophenoneszine complex,

Observed Theoreticel
m/@ Mess Formulstion Velue Error

472 472.05354 CogHopNoFey 472.03354 -

369  368.23036 CygHigNFep  368.99030 -

813  313.05557 ClngsNFe 313.05537 +0.0002
266 265. 34830 CiHy0Fe 265.94810 +0.0002
210 210.01321 CqHyoFe 210.01317 -
188 187.30112 CgllgFegp 187.30115 -
133 138.97412 06H5Fe 132.97405 -

(¢) Resctions of Aromstie phenylhydrszones with iron
carbonyls

In view of the fect that nitrogen - nitrogen

cleavage hed been shown to océur in both szobenzene ond

#nd benzophenoneszine during their .reection with iron



L 2 - 2 dr . ~pt
oLy o o‘u z6¢
4

.‘_‘.ﬂ "

0.0]1

A

oS

[ -~ - 1 A U A A - 2

SASM BN
&

+00L

BUOZDIPAQAUIYG -g wioay xo;dtic)

JONVANNEGY 3IAILVIIY



- 45 -

cerbonyls, it wss decided to determine whether or not
such beheviour could srise in other systemsunder similsr
resction conditions. TFor this purpose sromstic
phenylhydrezones sere chosen, s structurslly they ere
intermedieste betwsen szobenzenes ond benzophenoneszines.
Resction of benzsldehyde phenylhydrezone with
iron enneecsrbonyl nroduced sn orsnge red comnlex which
geve = moleculer ion at m/e 476 (line disgrsm opposite).
Moss messurement esteblished its formuls ss CqygHppNgOgFeq
end as it eliminsted six cerbonyl groups in consecutive
decomposition to form m/e 308, the complex wes Judged
to heve the stoichiometry of (benzeldehyde phenylhydreszone)
Fez(co)a. 4 benzeldehyde phenylhydrazone ligend system,
however, wes thought unlikely efter considerstion of the
decomposition orocesses of the (P—6CO) *ion. This
perticulsr ion showed fregmentstion by three possible

routes:

(8) Eliminstion of hydrogen cysnide to form
m/e 281.

(b) Eliminstion of benzonitrile to form
m/e 205.

(c) Eliminetion of FeH to form m/e 251.
Process (®) wes followed by either loss of iron
giving m/e 225 which in turn showed fragmentetion by loss

of CgHsNH to give m/e 133 (06H5Fe); or by eliminstion of
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Cgllg to form m/e 203 (C6H5NFez). All formulertions were
confirmed by nrecise mrss messurement. 1i/e 203 was formed
in sdaition in nrocess (b) by elimination of 2 hydrogens
from m/e 205.

It will be recollected thet the comnlex XIV (c)
demonstr~ted sither two consecutive losses of benzonitrile
from the (P-6C0) * followed by elimination of iron; or
eliminstion in the order benzonitrile, iron, ond
benzonitrile to give the sesme fregment ion m/e 210
(C6H5)2Fe for which 2 double & - 1T bonded system wes
pronosed.

On this besis, therefore, it wes difficult to
retionelize the mass spectral crecking of the (P-6C0) *
in the benzaldehyde phenyl hydrszine complex unless &8
relsted structure XV (#) was postulsted in which the two
moieties formed by dissociation of the nitrogen - nitrogen
bond sre bonded sensrately to the iron atoms.

Process (2) cen then be visualised ss forming
8 & - 1 bonding system to iron, @s in the fregment ion
m/e 369 of XIV(c), followed by elimination of iron snd
the other ligend PrNH. Similerly process (b) forms s
hydrogenbridge structure to iron followed by resrrengement

end the elimin~tion of two hydrogens to form m/e 203.
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Thz full crecking pattern for this commlex
on the besis of structure XV (2) is shown in Fig. 16.

In eddition to the resrrengement vprocesses 2lresdy
discussed, severel other interesting fe=tures of the

mess spectrum sre Worthwhile mentioning. The ion

m/e 127 (FeyNH), for exsmple, is formed by s process
suppnorted by #n smpropriste metssteble ion which involves
eliminetion of (CgHg), from m/s 28l. The reverse process
i.e. formetion of (06H5)2 * is common in sromstic
systems like benzaleniline, azobenzene, etc. (17),

but in m/e 127 the positive chorge remsins within the
met~l system.

In sddition m/e 281 demonstretes the eliminstion
of CgHg to form m/e 203, which necesserily involves
hydrogen trasnsfer from the opposite ligsnd system. This
is to be compered with the eliminstion of benzene from
the (P-6C0)* =nd (P-6C0 - Fe)+ ions of the compmlex
from benzelsniline #nd iron ennescerbonyl discussed
lster in this chevpter.

In & further study, scetophenone phenyl-
hydrezone wes rzected with iron ennescsrbonyl »nd o
complex of similer structure XV (L) was isolsted. 1In

generel the seme charecteristic crecking pesttern of
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Xv (a) wrs obscrved except thrt process (b) wrs very

minor in commsrison to process (a). This is no doult

due to the low ~bility of methyl groups to rct s

bridges in metal - mstal systems. Hydrogen, however, is

well known to bridge in electron deficient compounds

such s bor-nes, nd rlso in first row tr~nsition

met~l systems (35), ~nd ~dditioncl evidence hrs been

found for the existence of hydrogen bridges in the

fregment ions of binucle~r metnl complexes (see Chapter 3).
Th~t the structures provosed for complexes

XV (p) =nd X¥ (b) -re correct h-s Leen verified ty X-r-y

cryst-llogr-phy (%6), and thus nrovides more evidence

for the ~bility of iron c-rlonyls to cle~ve nitrogen -

nitrogen bonds. The mech~nism of these re~ctions ﬁrg not

only of considerrble academic interest, but it mry ke

nossible to use such organometallic complexes &s

intermediates in synthetic schemes. Trbles of meoss

mersurenents nerformed on the complexes ~re given in
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T/.BLE 4
Observed Theoreticrl

m/e 1T S8 Hormuls V-olue

476 475, 23926 CIQHIZNZOGFSZ 475.33938
308  307.96972  CqgHp,NoFey 507. 96990
281  280.95890 Gy gHy Nfe, 280. 95890
251 261.02622 CISHllNzFe 251.02714
225 225.02475 CIZHllNFe 225.02407
<05 204, 326835 C6H7NF82 204.92770
176 175.20112 C5H4F82 175,901158
147 146.97652 C6H5NF3 146.97712
133 132. 97403 C6H5Fe 132.97405
127 126.88104 NHF62 126. 88075
121 120, 374056 C Pe 120.97405

sHs
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(d) Recctions of Schiff Brses with Iron C-rbonyls.

In acaition to investigetions in dinitrogen
lignnd systems it was decided to rerct N-benzylidene
aniline with di-iron ennerc~rbonyl in benzene to
dztermine whethesr or not sny bonding could occur in mono
nitrogen systems.

& commlex was indeed isolfted which h~d no
rel~tionshin whatsosver to the previous crses. The
commound gcve & moleculrsr ion rt m/e 461 corresponding
to a molecular formuls of Cq9H11Fe,NOg Six successive
stepaise lossess of corbon monoxide sunported by the
~nmnropricte metrsst~ble trernsitions estoblished tha
complex rs of the type, (ligrnd) Fe (CO)G' The N.M.R.,
however, hrd =lre~dy suggested th~=t there wrs =n
objection to » structure of the type (benzrlsniline)
Fez(CO)6 8 there wsere only nine cromrtic protons
(t = 2.45) end two methylene protons (t = 5.59).

Benzelenilins itself shows » (P - HON)* ion in
the mrss spectrum (17), #s did the (P - 6CO)* ion of the
complex. Ths comnlex, however, elimin-~ted benzene from
(P - 6C0)* which reauired hydrogen migration to phenyl
Sunnorted the idsc thet methylene protons were present.
The structurs nronosed wrs rs shown( XVl Fig. 17), ~nd in

order thrt both irons attein the electronic configur~tion
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of the next inert grs, one must visurlize the don~tion
of one prir of cslectrons from the ~romstic ring to one
iron. 4lthough the complex ~ppecred to be dirmesgnetic
(pem.r) # structure without ¥ - don~tion from the
sromctic ring to one iron would require this iron ctom
heve only sixteen outer electrons.

Further degresdrtive chemicrl work wrs performed
on this complex. Rerction with FeCl5 produced » white,
crystrlline compound which gave = molecul~sr ion =t
m/e 209 =nd wshich merss me~surement showed to he
CléHllNO' It wos deduced from the mr~ss spectrum thsat
this compmound hed the structure XVII, the psrent
@oleculsr ion demonstrating loss of cerbon monoxide
followed by hydrogen cyrnide to give the very steble ion
m/e 152 (II) =1lrerdy mentioned. Compsrison with s
syntheticrlly prepered semple of XVII estsblished its
identity, =£nd suggested thet iron had been konded
between nitrogen »nd one benzene ring. In sddition
lithium 2luminium d:uteride reduction of the complex
geve & mixture of XVIII ond XIX cont~ining 81% deuterium.
Thst the iron hrd been bonded to one benzene ring wrs
deiaonstrrted by the incornmoreotion of one deuterium on

the benzene ring in XVIII. Further synthetic work



- 52 =

estrblishea certein reguirements for complex form~tion.
Only those Schiff's bsses derived from ~n srometic
sldehyde or ketone would reesct with di-iron
ennarcerbonyl. Thus ccetone o2nil ond sceteldehyde enil
friled to give comnlexes, But ncetophenone snil rescted
in the exnected menner. The neture of the ~mine used

for Schiff bese form~ation with the srometic msldehyde or
ketome 21lso fonerred to be unimportsnt, end N benzylidene
methyleuine geve o complex, £lbkeit in low yield. It wes
further observed thet the sromstic sldehyde or ketone
should contsin #t lerst one proton ortho to the cerbonyl
function. Therefore, =21lthough the Schiff's bsse from o -
chlorobenzsldshyde rescted with di-iron enne=scerbonyl;
thst from 2, 6 - dichlorobenzeldehyde would not recct.

It should be noted, however, thet this
sssummtion mry not now be vslid. Very recent work on the
mechenism of formetion of the compmlex hes indiceted theat
pentefluoro N-benzylidene sniline forms & coimplex of the
seme brsic structure =2s the other snils. This reesction
broceedas with the eliminetion of a fluorine stom =nd hydrogen
attachment to the carben bridge. The origin of the hydrogen

wel asgumed to be the solvent ond so the reccticn with N-

benzylidene eniline wes repested in hexsdeuterobenzene =s
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solvent. The mess spectrum of this commound, however,
showed no incormorstion of deuterium on the methylene
bridge. Simil=rly the complex prepared from N -
banzylidsne nentrdeutero 2niline in hexsdeuterobenzene
showed no incormnorstion of deuterium. This evidence wes
in conflict w#ith th~t obtained from N - pentafluoro
banzylidene #niline 2nd it wess decided thet either two
seperete mechenisms were in opzretion or thet some kind
of diswronortionstion resction wes teking plece.

In sn attempt to clsrify the voroblem, the snil
of oL deuterobznzeldehyde (37) wes synthesised contsining
667, dsuterium. Reection then with iron ennescerbonyl
in benzene nroauced 2 complex which contained the some
isotonic purity of monodeutersted comnlex, indicAating
thet no disnronortionction resction hed teken place =nd
thet the mech-enism of the risction h=d teken plece by
hydride trensfer from the 0 position of the ~nil. Further
supvorting cvidence wes obtsined when the snil prepsred
from o dsutsrobenzeldehyde snd Dy-2niline conteining 100%
on the N - phenyl ring snd = commosition of 6:3 deuterium
to hydrogesn on the cerbon bridge wes vescted with iron
enneecerbonyl in hex=dsuterobenzene. The comnlex obteined

showed only incorvorstion of hydrcgen frum the o - position
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of theringsnd ro incorporstion of deuterium from the
solvent.

/s no other site of hydrogen wes present it
#es concluaed thet this wes the correct mechenism.

Thesae fects provided edditionsl strong
chemicel evidence for bonding between the benzens ring
snd en iron etom, ond convincing physicel evidence for
tha bonuing in this type of complex wes obteined from
the Mossbeusr spectrs, which indiceted s difference in
the clectronic enviromment of esch iron stom, 2nd hence
excluded sny symmstricel structure. Finelly X-ray
crystellogrephic determinetions (21) heve shown the
structure to be correct. sAlthough the cerbons of the
phenyl ring shich form osrt of the ring are equidistent
from one iron (3.53), the methylene group which cannot
perticipete in bonding with the metsl is bent sway (2.6;),
whilst the nitrogsn moves towsrds the iron so that it
lies equiaistent from both iron stoms (1.963). If we
£8sume thet the nitrogen acts #s & 3 electron donor, then
simmle velence bond structurss cen be written which

eccount for the symmetrical bridging by nitrogen.
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Liscussion of liess Speetrel Festurésof Related Anil

Couplexes

/8 hes slreedy been mentioned, the commlex
formed from N - banzylidenes #niline =nd di-iron
ennescarbonyl climinetes o benzene molecule from the
(P - 6C0)* ion. ©Normelly the most immortsnt nrimsry
process resulting from electron impret on =2liphetic
eiines involves simmle clesvege of the c2rbon - carbon
bond edjscent to the nitrogen etom (38) end it wes
unon this basis that the degredstion product obt=ined
by thelithium ~luminium deuteride reduction of the
comnlex ies deduced to be 2 mixture of XVIII snd XIX
es shown in Fig. 18.

The ion formed by primery B fregmentrtion of
fmines norm=lly undergoes further fregmentetion end
hydrogen resrrengement with eliminstion of = neutrel
molscule, (38). The site of hydrogen trensfer wes
formsrly consid:red to be the B cerbon involving =
four wembered trensition stete but Djersssi et ~1(39)
heve shon thet four, five and six membered trensition
8tates ere possible in the hydrogen migretion snd thst
the hydrogen trensferred is non specific.

Some emphesis hes been pleced on the fect that

this non specific migretion of hydrogen is o secondery
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process occurring in en even electron system. In the
cese of thz benzeleniline complex hydrogen migration
with elimin=tion of benzene is 21lso = secondsry nrocess
shiech occurs in both the (P - 6C0)* =nd (P - 6CO - Fe)*
ions. If then se sre to discuss the specificity or non
specificity of this reerrsngement process in the light
of the odd or even clectron nature of the complex
some little aifficulty erises owing to the smbiguity in
consideretion of the oxidetion stete of the metel ~toms.
Recently Shennon has attempted to show (40,
41, 42) thet o0dd elsctron ions cen be changed to even
electron systems by = change of nxidstion stete of the
metel stom. This is cleimed #s, in the compounds
studied, nerks duec to loss of even electron fragments
from e redicsl ion sre sm~ll in comoverison with those
due to loss of odd - clectron freogments. _For exsmnle,
(43) odd clsctrons ions of the type Meta% (acac)n +
where scac = scetyl scetone typicslly lose the odd
electron fregments CHé when n = 1 or 2 or scac when
D=3 or 4, whilec even electron ions of this structure
l.e. ions formed from the parent or other odd electron
ions by loss of redical fragments, eliminste 2n even -
electron fregment of mess 82 as shown for the cese of

La(ecec), in Fig. 19. The srgument is then extended to
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suggest thet zliminstion of even electron fregments,
from whst on: might pnresume to be odd electron syst:ams,
cen be retionelised by first incressing the oxidetion
stete of the mstel by one, ceusing the metel orbitel
system to becoms £n even electron veriety, =nd hences the
grester orobsbility of eliminsting 2an even eleciron
fregment. The ceose of VO(acec)z is shown in Fig. 19.
Such srguments seem very superficisl indeed, in =2s much
8s it is very oftan on srbitary choice es to which
oxidetion stete ons considers the metsl complex to be in;
evéen in the verent ion.

Somz of the difficulties c=2n, however, be
remcved if clessificetion is Lesed upon the donor
cherecteristics of marticuler ligends, assuming these to
be redicel snecizs fttechesd to 2 metel atom in itslowest
oxidestion stete. For metsl complexes it is usurlly
convenient to consider the mete®l =2s zero-velent, or if
the complex is chesrged, then the metel ~tom will carry
the totsl charge.

It mey be srgued thet it 1s unreslistic to
consider two cyclopentrdienyl radicels ss esch donsting

five ecleztrons to s zero-valent iron stom in ferrocene,
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since the chemicel resctior seems to suggest resction
of two cycloment=sdizniel snions with ferrous iron (44).
Thesz srguments ere merely teutologicsl if one simply
considers ths nsture of the product rether then its
origin. The c¢xemple of cyclopentadienyl tricerbonyl
molybdenum vhic@/is shown ooposite Fig. 20, cleerly
demonstretes th; confusion which results if one does
not resort to s radicel system involving the metal in
8 zero-velent system.

Thus one electron donors include elkyl, sryl
#snd eoyl groups end hydrogen snd helogen stoms. Alkyl
end evryl derivetives of Zn (45) end Pb (46) sre the
gerliest known compounds contsining one electron donor
ligends. ©For 211 the derivetives of one electron
donors their stebilities ususlly incresse within e
group e.g. W, MO, Cr, nd 21so when cerbonyls ere
repleced by phosphines ecc. A lerge number of groups
renging from CO, PPS, st (R = 2lkyl #nd aryl) to smines
#nd olefins sre known to function as two electron
donors. The bonding in metesl cerbonyl systems is
discussed in the Apnendix to this chspter.

If this argument is then applied to the anil
complex under considerstion the unionized molecule cen

be considered 28 en unsymmetricsel bimetellic comvlex,
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with the metsl etoms in the zero-valent stete o2nd bonded
by single electron donstion from the srometic ring, two
elecctron donetion from esch cearbonyl grouvning, #nd 38
electron donstion from nitrogen. The ionigation
potentisl of the molecule is of the same order of
megnitute os iron itselr end ce#n be considared ss the
removel of en electron from one of the highest occuvied
moleculesr orbitels (ng) which are in fect those metel
orbitsls involved in TV bonding to the entibonding
orbitels of the csrbonyl groups. These orbitels sre
almost totelly metsellic in cherscter, osnd it is therefore
useful to consider the ionization process s occurring
within the metel orbitel system.

On the besis of this srgument the perent ion
eXists with one metel stom still in the zero-vslent
stete, =nd the other in the +1 oxidstion state. The
eliminstion of the cerbonyl groups, therefore, from the
parcent ion does not involve o chenge in the oxidsation
stete of the meta2l s these sre purely two electron
donor bonds fnd #e ere eble to view the (P - 6CO)* ion
28 hsving both iron stoms in the seme oxidstion states
28 the perent ion. Loss of iron is the major
5fP8gmentetiqn nrocess occurring from this ion, =2lthough

benzene is elimineted to m moderate extent, i.e. both
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even °nd odd electron neutresl fragments sre lost.

This result of course hrs been obt=ined by
sn ergwiznt beginning vith considerstion of ionizstion
Jithin the molzculer orbitel system rrther then the
nurely srbitrsry method =mploysd by Shennon et =2l.

Now it c¢#n rzs~dily be seen thet it is not =
cut end dried ides to consider fregment~tion in the light
of even or odd electron systems. Even the intensive
investigstions of Djersssi °nd his co-workers (47 - 58)
into the snecificity of hydrogen trensfer in even or odd
electron systems hsve disclosed certesin excepntions to
their vroposed theories (56, 57).

Therefore, heving regerd to the guestionnble -
ncture of mess s»nectrometric theory in these sress of
investigetion it w#es decided to exsmine the eliminrction
of benzene 4ith the ~id of lebelling technigues. For this
purpose the complex yos synthesised from benzrldehyde snd
Lp-rniline to give Lg lobelling on the N-phenyl ring.

ii2ss spectrometry then demonstroated thet the
prineinal trensition from (P - 6C0)* with eliminstion of
benzene involved the 1l=belled ring =sccording to route A,
Fig. 21, with conseguentisl N-phenyl fregmentetion =nd
hydrogen trensfer from the methylene bridge. Benzene

could =180 be elimineted to & smell extent from the
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disubstituted ring to give s wesk ion at m/e 220.

The seme process from (P - 6C0 - Fe)™, however,
involved the disubstituted benzene ring entirely with the
necessesry trensfer of two hydrogens from the methylene
bridge, =sccoraing to route B,(Fig. 21). It is difficult
to find eny reeson why there should be = chenge in
mechenism in chenging from the bimetellic to mono-metellic
stets. It is probsble, however, that the eliminsation of
iron from (P - 6C0)* raturns the nitrogen to its normel
valency with 2 lone peir of electrons. As hes elresdy been
strted, the dissocistion of smines does not normelly show
clzevage of the nitrogen - csrbon bond rsther/g clesvage
occurs, Thet,é cleevege does in frct occur must lend sonie
support to the nresent suggestion, 2lthough no firm
mechenism cen bs found for this elimincotion of benzene.

The comnlete mess spectrometric fregmentetion
prttern is shown in Fig. 22. In 211 the spectre of
substituted commlexes of this type, ions exist both for
the dihydro snd psrent orgenic nuclei. Spnectre run ot low
¢lectron voltegss sho# thet these ions do not originste by
ion impect induced dissocistion of the metallic comnlex,

but ere formed thermslly on the surfece of the direct

insertion nrobe,
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Effccts of Substitution

/psrt from the chswicel evidence collected by
verying the nsture of the substituents Rl’ R2, R3 on the
besic skeleton of the Schiff's beses XX (Fig. 21), @on
onnortunity wes nresentesd for studying the mess
spectrometric beheviour of the derived complexes XVI(a)-
(h) . Vsrious importent festures observed rs &
consegquence of these structurel alterations fre worthy
of sttention.

(1) The neture of Ryp.

(#) Ry = iethyl (XVIb)

Substitutlion of one methylene hydrogen by methyl
leeves the two mein fregmentetion routes unsffected,
hydrogen cysnide ¢liminetion being replsced of course by
thet of methyl cyenide. Two sdditionsl psthways of
dissocistion, however, sre incorporated in the moss
spectrum (see Fig. 23). M/e 266, for instsnce, occurs
directly by sbstirasction of methyl cysnide from the (P - 60c0)%
ion. This ion occurs to =n extent of 2.0%, whilst the ion
from eliminrtion of bemzene is slightly more nrbundent (6.3%),

both being even electron fregments.

The sbunusnce of m/e 173, (P - 6CO - Fe - benzene)?

is, however, wuch smeller then the corresponding ion in the
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spectrum of the benzelendine complex, due possibly to
the grester number of commeting fregmentetion processes
which ce2n occur from m/e 307,

The other route is more surprising. It
involves the loss of tuenty six mess units from the
(P - 6C0)* ion £nd is not es wes first supposed the
aliminstion of C®2§, but of esccetylene, 28 determined by
precise mess meesurement of the ions m/e 307 2nd m/e 281.
Further mess adeterminations 2t high resolution on the
ions m/e 203 snd m/¢ 147 esteblished their formuletion
s shown. This second route from m/e 281 onwerds is, in
fect, en integrel nert of the electron imprct
dissocistion of the phenyl hydrezone commlexes which hes
been aiscussed.

In order to investigete,2 little more fully,
the fregmentetion nrocess of scetylene ~bstrsction it
ves decided to try end differentiste between s mechanism
which involved the cerbon - methyl bridge system end thet
of 2 possible loss from one of the benzene rings. No
renort hes yet been mede of eny substituted benzenes
existing in the butedienyl scetylene form (59) in the
ionic stete, And this possibility h-~d obviously, to be
investigeted. 4An cxperiment wes then devised which would

not only differentiste between these two routes but st the
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geme time give inforu~tion ss to whether or not the
hydrogens of the methyl group took pert in any migrstion
process during the =liminetion of benzene from m/e 307.
This involved ths synthesis of the complex from the
condensetion »roduct of Dz ecetophenone (60) =nd

N - D, - eniline (61).

Unfeortunetely difficultics were encountered in
obteining the labelled snil in good isotopic vnurity. The
best which could be obteined on the bridging methyl by
thlis wmethod wes #n =nil which mess spectrometry showed to
be s follows CHz = 33%, CHgD = 33%, CHDg = 23%, CD; = 12%.
No chenge in isotopic concentration wes observed in the
preparation of the corresponding complex with iron
ennescsrbonyl.

Celculetions mede on the besis of these isotopic
concentretions ~nd meking no ellowences for isotonic
effects showsed thet the expected retio of the abundences
of m/e 281l: 282: 233 should hsve been 2.00: 1.20: 1
sssuming thet scetylene was being eliminsted from the
methyl bridge system with concomitent trensfer of either
%H, DH or Dy to the remeining dsughter ion. In fact in
the experimentel messurement of these sbundencies (meking
corrections for 130, 54Fe end 57Fe contributions) velues

of 1.939: 1.25: 1 were obtained, thus msking quite clesr
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the neture of the ra2srrengement process.

Similerly in the »rocess involving eliminetion
of baenzene from the (P - 6CO) ions of the lsbelled
comolex, ions were observed st m/e 229 end 230
corresponding both to hydrogen 2nd deuterium trensfer.
Celculstions besed on the sssumption thet e11 hydrogen
snd deuterium trensferred ceme from the methyl group
predicted thet the ratio m/e 223/m/e 230 be 1.63: 1.
Exnerimente]l observetion showed this velue to be 1.59:
1l, which is very good egreement, #nd lesves very little
doubt =bout the peorticipestion of the methyl group in
hydrogen trensfer to the phenyl ring.

(b) Ry, = Phenyl. (XVI c.)

The mein effect of phenyl substitution, ss might
be expected, is to chenge the stebilities of vericus ions
relative to the ions of the bssic bhenzsleniline complex.
For instence ths bese peek is now m/e 369, (P - 6C0)% as
compsred with banzeleniline m/e 237, (P - 6C0 - Fe)T The
ebunisncies of ths ions formed by stepwise losses of
cerbon monoxide from the perent ion sre not chesnged to
8ny greet extent, nor are their percentagefx\values (see
/onendix to chepter 2) =nd we mey assume thet the initisl
ionizetion #nd dissocistion processes differ very little

from thet of the bsnzelsniline complex. The stability,
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however, of the (P - 6C0)* ion is such thet it
dissocirtes to 2 very smell extent. This it con do in
gither of two weys, onae by elimin=tion of iron, #nd the
me jor proczss; the other by loss of phenyl =2s opposed
to the more normel benzene (See Fige 24). The loss of
benzene in the step from the (P - 6C0)* ion, we heave
elre~dy shown to involve the N-phenyl ring, #nd
obviously the preszance of enother phenyl group et R2
ceusaes a gresat deel of steric crowding for sny sttempted
hydrogen migretion.

The (P - 8C0 - Fe)* ion, however, does show
eliminetion of bénzenc, no doubt due to the change in
symunetry =nd fl=axaibility in the neighbourhood of the
nitrogen sztomn. If, #s we hsve shown for the cese of the
D5 benzelrnilinze complex the s2rometic ring involved in
this decommosition is the disubstituted one, hydrogen
must not only be trensferred from the substituted
methylene bridge but slso from one, or both phenyl rings
since this route requires 2 double hydrogen trensfer.

Within the rest of the spectrum there exist
ions for ths (P - 6C0 - Fe - HCN)* decommosition process
end et m/e 210 (diphenyl iron) - sn ion common to 21l the

nen srometic substituted complexes, though these fore smell
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in comperison w#ith the ions due to thermal degredation
end electron impoct dissocistion of benzophenone snil
(perent ion =2t m/e 255) on the surfsce of the direct
insertion probez.

(ii) The Neturs of R;.

(#) Ry = o - chloro phenylene (XVI 4)

The mess spectrum of most s2rometic chlorine
comoounds normelly displeys a (P - Cl)* ion =s bese pesk
for substitucnts bigger than methyl (62). The mess
spectrum of the commlex derived from o - chlorobenzelaniline
edinirebly demonstretes the felleey in extending known
fregmentstion routes of orgenic compounds to the
orgenometellic systems derived from them. Orgenometellic
comnounds, s hes glresdy been discussed in some deteil,
cennot merely be considered as orgenic nuclei etteched by
week bonds to metsllic units, dissocistion under electron
impect of which should show eliminstion of the weskly
bonded metsl, followsd by normel fragmentetion of the
orgenic ligend. Metel 2toms hsve obviously = grest effect,
not only on ths raectivity and chemicel neture of the
complex, but slsc on their physico - chemicel properties.

Siinilerly, substitution within the orgenic
ligend elso effects these properties. In the comnlex

under consiaeretion, the bssic "benzalsniline comnlex
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type" breskdown 2lmost completely diseppesrs; thet is
to sfy no eliminetion of %“enzene occurs at £11 and
instesd 2 prcocess involving loss of PhGHzN is observed
from the (P -6C0)* icn et m/e 327. Even the systemetic
stepwise fragmentetion of cerbonyl groups from the perent
ion is chenged since there is evidence (m*= 334.1 and
m*= 279.2) for simultencsous elimination of two cerbonyl
groups betwsen m/e 439 =nd m/e 383 ond between m/e 383
end m/¢ 327. Thot these effects sre not evident in any
other comnlexes of a similer type must be due to the
influence of o - chlorcsubstitution (see Fig. 25).

It is 2 commonly observed festure that the
st=bility of the neutrsl fragment eliminsted, together
with the stsbility of the fregment ion formed, ere important
consideretions in ths feesibility of 2 decompositiocn
process toking plesce. Hence m/e 222, which is sn
ebundent ion(22%)showing no further decomposition must be
exceptionally steble relstive to the neutrel frsgment
PhCH_N elimineted during its formation from m/e 327.

This negtrsl frasgment. howsver, need not be 2 single
radicesl end if it c7n be considered es the concomitant
¢liminetion of benzene and hydrogen cysnide then the
thermodynsmic belence of the decommosition becomes doubly

fsvoursble. Such simultonecous eliminstions ere not without .
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precegent (63, 64) though they comperatively seldom
occur, which mekes the dissociation of the comnlex ell
the nore unususel.

Metesteble ions ot m/e 168.8 =nd 170.3
represent climinstion of Fe/HC1 ond Fe/Cl from m/s 327.
The letter is, however, nrobsably the eliminstion of
FPeCl #s s complete unit. This is possible if we =ssume
homolysis of the bond between iron end chloro-
substituted ring,followed Wy rotation sbout the bond es
showsn in Fig. 26. 4n sccurate thres dimensionsl model
of the commnound using X-rsy dete from the corresponding
benzalrniline commlex (21) snd # cerbon - chlorine bond
length of 1.752 shows iron-chlorine ovarlen to be
unevoideble if such rotation occurs. Beynon (65) who
hes studied the mess spectre of verious mono snd & -
dibesic sromstic ecids (Fig. 264) hes shown that deutero
benzoic scid demonstretes OH end OD 1losses snd (5)
is postuleted =s sn intermediate rotetion of the C - C
bond nroducing sn equilibrium exchenge of hydrogen
between the o - position snd the cerhonyl. The molecule
ion of 4 however only climinstes OD since stericslly the
rotertion is restricted by the o - cerboxylic =scid group.

Howvever, efter o loss of cerhon dioxide the molscule 1is no
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longer stericslly hindered end there is the possibility
of both OH #nd OD loss such &s occurs in benzoic =cid.

Thet such rotetionnl intermedistes do exist is
f=ir evidence in summort of the eliminstion of FeCl #s en
gntity. Furthar sumport is to be found in the spmectrum
2t m/e J1 which precise mess messurement hes shown to
be (FsC1)*.

The fveg@entation step which involves the
formetion of m/2 565 By concomitent =liminetion of iron
end hycrogen chloride cen be visuelised ss forming =
substituted benzyne ion which further dissociestes by
¢liminstion of 103 mess units to give the ion m/e 132,
comnon to e11 the soectres of the Schiff's bese comnlexes.
This lstter process is supported By a metastable
trensition ot m/s 74.1.

It should 21so be noted here thst slthough o -
chloro benzeleniline is liberated on pyrolysis within the
mess spectrometer 2nd thet the electron impsct induced
dissocistion of this compound produces the ions m/e 180
and m/e 152 (II ) os expected, the complex shows no
eliminstion of chlorine os such, either in the psrent or
its fregment ions, nor ere there present eny ions relsted

to m/e 210, (C6H5)2Fe, in the spectrum of the benzslaniline
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complex. & teble of mess messursments performed on this

comnlex is shown balow.

I/BLE 5
. —
Obscrved | . Theoreticsl |
m/e iless ; Formulsn Value }
{ i .
b ! |
bRl 270, 98482 C1gHjoNC1Fe 270. 98510 }
| 236 236.01618 ,  CqgH;N¥Fe 236.01625 |
i : i : '
| 222 221.86110 |  CgHgClFe, |  221.86118 f
L 132 131596633 |  CgHyFe - 181.96622 |
| 131 130.36892 |  CgH,Fe ! 130.95840 |
: | : |
;91 J0.90432 :  FeCl i 90.90378

(b) The Comnlexss from N - 4 Banzylidene Anilin=(XVIe)

rnd N banzylidene p - Toluidine (XVI f)

Although the commlex from N benzylidene p -
Toluidine is essentislly =2 vsriestion in the substituent
R3, it is worthwhile to discuss its mess spectral
festures together 4ith its isomeric complex XVIe as the
spnectre of the two compmounds fre s1lmost identicel.

Both show the mein features alresdy observed
for the comnlex from benzeleniline; -thet is stepwise

loss of =211 six cerbonyl groups forming the ion m/e 307,



- N-4Methyl Benzylidene Anitine

H H
—6CO0 .
stepwise Ni— Ph
Fe——-Fc M Fe—Fe
(Co) (cal,
m/fe 475 mg 307
A
mfe 229
2052 Fe Toluene
/@ mye 251 m/e 217
* —Benzcne
% —-HCN
m/e 159 mfe 173
Me Fe
m/e 224
=-2H
Me F
mfe 222

Fig. 27




- 72 -

followed by loss or iron to give the ion m/e 351, =2nd in
the cese of XVIe eliminestion of benzene to yield
m/e 224. ‘whet wes surprising, however, was thet
fregmentetion of the ion m/e 251 geve identicel
products in the ions m/e 224, 222, 173 snd 159. M/e 224
snd 222, of course, could be retionslised as eliminetion
of hyarogen cysnide from the (P - 6CO0 - Fe)* ion
followed by two hyurogens, @ process quite femilisar
elready in the benzeleniline complex; wherees the
formstion of th: ions m/e 173 2nd 159 supvorted by
snpronrisrte metestesble ions, could only be formed by
elimin=tion of benzene snd toluene respectively. In
XVie m/¢ 159 wes the more sbundant of the two ions, whilst
in XVIf m/e 173 wes the mejor ion. These fertures were,
of course, observed before the lsbelling studies with Dg
benzeliniline hesd been carried out and were then
difficult to retionelize.

Now, of courses, with prior knowledge of the
mechenism of loss of benzene from the (P - 6CO)* and
(P - 600 - Fe)' ions of the lebelled compled it is quite
rerdily scen thet the two compmlexes XVIe snd XVIf both
fit rigorously with this mechenism.

The mess snectresl breskdown of XVIe is shown

in Pig. 27.
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(c) Complex from Pentefluoro N Benzylidene #niline

SXVIg}.

/pert from the breskdown of the perent ion of this

commlex by successive eliminetion of cerbon monoxide to form
m/e 365 (the bsse pesk of the spectrum), further crecking is
totelly unlike £ny of the other substituted anils. The

(P - 6CO)* is exceotionslly stable snd shows very little
fregmentaticon. Ions of very low abundence, however, are to
be found which correspvond to successive removel of all four
fluorine e2toms, #nd except for ions corresvonding to
decomposition otf the uncomplexed ligend, this emounts to

the tctel fregmsntetion exhibited by the complex.

(iii) Neture of R, (XVIh)

The only complex so far prepared other then sryl
substituted groups in the Rz position is thet of Rz = methyl.
The preliminsry loss of benzene from the (P - 6C0)* ion
observed in the benzalaniline complex is not psrslleled by
9 loss of methene from the methyl substituted complex, nor
is therceliminstion from the (P - 6CO - Fe)* ion. Where
similerities do occur, however, ere in the eliminstion of
hydrogen cysnide from both m/e 231 (P - 6C0)* snd m/e 175
(P - 6C0 - Fe)* to form the ions m/c 204 snd m/e 148. The
latter nrocsss is compesreble with the formstion of m/e 154
in szobenzens ond benzeleniline, the more so since the

Succeeding nrocess involves elimination of two hydrogens. This is
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surnrising since benzylidene methylsmine itself shows
no tendency to eliminste the central hydrogen cysnide
molecule, once more emply demonstrsting the effect of
the met2l orbitel system upon the nature of
decomposition of the orgsnic ligand, and the need to
study structure e#s 2n entity. The mass spectrel btresk-

down of XVIh is shown in Fig. 28.
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Conclusions:

The mess snectre of complexes derived from
resctions of substituted szobenzenes, benzophenonezines,
phenyl hydrezones, ond bsnzelenilines with iron cerbonyls
heve shown the existence end structursl feestures of
compounds hitherto unreportsd end novel in constitution.
The ebility of iron cerbonyls to clesve nitrogen -
nitrogen bonds end, in some casses, to produce moleculsr
reerrengements within erometic systems has elso been
demonstretzd. In sdaition isotopic lebelling and msass
spectrometry hsve elucidated the mechenism of formstion
of metal complexes derived from substituted benzaelsnilines.

Several wesknesses in the mass spectrometric
method of structure determinstion have been uncovered.
Notebly in the complex derived from benzophenoneszine snd
iron snnescarbonyl, relisnce on the snalogy of existing
known resrrsngements sllowed a misinterpretetion of
structure to be mede, o2nd underlines the greet difficulty
wpich ion reesrrsngements can cause in structursl

essignments.
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EXPERIMENTAL

Ths mess snectrs were determined using an
J2eT.I. 1l.S.9 double-focussing mass spectrometer et g
source tempersture of 180°C snd sn ionizing voltege of
70eV. 4 dircct inlet system was used to introduce the
ssmplese.

The deteils of experimentsl methods used to
synthesisec lebaslled commounds are shown overlesf,
followed by tebulstion of the mass spectrs of the
compounds exemined.

The suthor grstefully acknowledges the co-
oneration end advice afforded by Professor Pauson,

Dr. G.R. Kncx, Dr. K.:. Bagga end Mr. W. Flennigan of
the University of Strstheclyde, Glasgow, during the

course of this work.
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Preperetion of Deuterium Labelled Complexes

sor less Spectrel ,inslysis

Pransretion ofe-Dsutero benzeldeshyde

-Deutero benzaldehyde was prepsred according
to the method of Bennett, Kirby and ioss (37). Only 66%
incorvoration of deuterium wses obteined as opnosed to
the 97% vslue guotsd. Corresnondence with Prof. Kirby
hes shown thest the lsst stage in preparstion should
involve hydrolysis with 4N HCl (equeous), 1 hour at
reflux, and not 2N sgusous/alcoholic HC1l es published.

Prepsretion of o, o, o4 Trideutero acetophenone

The preparstion wses carried out eccording to
the method of Noyce, Woodward, esnd Jorgensen (60). Five
exchenges were carried out to give 97.6% 4,5t , &>
tridautero ecetophenone ty low voltege M.S.

Preperstion of N-Benzylidene 2, 3, 4, 5, 6 pentadentero

snilins

1.06g (0.0l mole) redistilled benzeldehyde snd
1.00g. (0.01 mole) Dy - sniline (66) were stirred
together for 15 minutes. 20 ml of ethsnol wers then edded,

cooled in ice snd the anil precivitated by droowise
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sddition of wester. Filtrstion and recrystsllizstion
from ethsnol geve N-benzylidesne 2, 3, 4, 5, 6
pentedeutero eniline, 31.7% (1.66g). Isotopic Purity
5% Dk by low voltege k. S.

Preperstion of N-(x dsutero benzylidene) - 2, 3, 4, 5, 6

nentadauterc sniline

0.7g (0.006 mole) ./ -deutero benzaldehyde
0.654g (0.006 mole), Dn - sniline
/s for N-Benzylidene 2, 3, 4, 5, 6 pentadeutero
eniline. Yizsld 91% (1.10g) Isotopic Purity 66% Dg» 33%
D5H by low voltege MM.S.

A, o/, 4 Tridesutero acctophenons enil

2.4g (0.002 mole) of scetophenone - Dz &nd
2.738g (0,025 mole) of formamide acetal hydrochloride
(67) were stirred in ethanol (7.5 ml) for 4 dsys gave a
97% yield of Dy scetophenone diethyl ketel (67b). 2.5g
of the Kstsl were then stirred with l.2g of aniline -
Dz, th: ethenol removed by distillation, andDL,aLﬁJ'
trideutsro scetonhienone snil 25% (0:;72g). Isotopic

Purity CDg (12%), OLpH (23%), CDH, (33%), CHy (33%).
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354 1.5
355 5542
356 11.1



Me
357
358
381
382
383
384
385
386
409
411
412
413
437
438
439
k4o
Yl
2
465
- 466
467
468

%Abund.
18.2
3.9
4,2
140
32.1
75
11.8
2.5
Ok
3.0
0.7
1.2
4.5
1.1
33.8
749
11.2
2.1
1.0
0.3
4.0
1.2

Mass Spectrum of XV1(d).{Cont'd.

M/e
469
493
4oL
495
496
497
498

%Abund. M/e %Abund.
1.8
1.5
0.5
8+.2(P).
2.1
3.0
0.8

M/e

%Abymd ,



Me
50
51
52
53
ol
55
56
57
61
62

63
6l
65
66
67
68
69
70
71
73
VA
75

%Abund .
4,2
21.k4
3¢5
1.2
1.1
1.2
5.1
1.6
0.3
1.1
ko2
1.7
8.0
2.l
0.5
0.2
0.7
0.2
0.5
0.2
1.2

105

Mass Spectrum of XV1(e).

M/e %Abgnd.
76 2.9
77 61.5
78 10.5
79 3.0
80 0.3
81 0.8
82 0.5
2%.5 hob
8L 0.8
85 0.3
86 0.3
87 O.4
88 Ok
89 4.0
90 33
91 19.6
92 746
93 8.3
9L 0.6
95 0.4
07 513
96.5 8.0
97 14.3

M/e
98

101
102
103
104
105
106
107
112

113 -

114
115
116
117
118
119
120
121
125
126
127
128

%Abund.
0.4
Ool
1.1
k.1

13.0

39.0
6.9
0.5
2.9
0.3
0.3
1.1
2.5
1.9
2.0
0.8
0.k
0.5
1.6
0.k
0.8

0.7

M/e %Abgnd.
129 0.k
1300,., 0.3
131 0.
132 0.9
133 0.8
134 1.0
137 0.6
138 0.5
138 0¢5
139 0.6
140 Ol
141 0.6
146 2.3
147 0.6
148 1.3
151 0.8
152 1.8
153 1.0
153.5 10.1
15% 1.8
159 1.7
160 Okt
161 0.3



Me
162
163
164
165
166
167
168
171
172
173
174
178
179
180
181
182
183

190

191
192
193
194

%Abund.
0.k
0.5
Okt
3.2
1.8
1.6
0.9
0.3
0.2
1.2
0.6
1.6
2.0
7.0
2.8
1.5
0.9
0.5
1.0
1.7
5elt

100.0

Mass Spectrum of XV1(e).Cont'd.

M/e
195
196
197
198
199
200
213
21k
215
216
217
218
219
222
223
224
225
247
248
249

250.

251

%Abund.

84,

88.0
22.0
19.4
2.6
0.3
0.2
0.2
0.3
0.7
0.5
1.3
Ol
0.9
0.9
0.5
2.1
0.5
0.5
0.9
3¢9
l.1
15.5

M/e
252
253
254
303
30k
305
306
307
308
309

333 -

33k
335
336
337
417
418
419
420
421
447
448

%Abund.
2.6
0.3
0.2
0.2
0.5
6.0
1.9

40.0
8¢5
1.1
2.8
1.1

23.0
4.8
0.8
1.4
0.4

12.0
2.7
0.6
0.7

0.2

M/e
475
476
477
478

ZAbund.
0.5
6.1
3e2(P)s
0.8



Mass Spectrum of XV1l(g).

M/e %Abund. M/e &Abund, M/e %Abund. M/e %Abund.
50 11.0 234 31.0 477 11.5

51 36.5 235 39.0 505 1.1

52 8.5 236 7.5 533 2.8

65 16.5 237 5.5

66 9.0 251 3¢3

77  100.0 252 . 27.0

78 13.0 253 48.0
92 14.0 254 17.5

93 20.0 255 32.0
29 ko3 256 4,7
103 3.5 270 30.0
10k 32.5 288 1.7
105 7.3 289 2.1
106 18.0 290 1.5
143 5.6 363 3.7
145 7.8 364 0.2
150 545 365 30.0
163 29.0 390 1.6
176 4.5 393 1%.0
177 54 394 2.6
216 k.6 421 6.5

217 5.0 449 2.7



M/e

51
52
53

55
61
62

63

65
66
75
76
77
78
79
81
82
83
8
85

%Abund.
15.1
28.3

8.0
2.2
3.0
1.2
2.1
5e2
12,7
4.0
13.4
242
4.6
9.9
4543
35.3
362
43
1.8
2.0
4.8
1.0

Mass Spectrum of XV1i(h).

M/e
89
90
91
92
97

102

103

104

110

111

112

113

117

118

119

120

121

131

132

133

134

135

%Abund.
8.9
762

67.1
7.8
4.8
1.8

12.0
5,8
4.1
0.2

31l.2
3.1
9.9

100.0

9.3

22.3
4,1
1.2
848
5e2
2.1
0.2

Me
136
137
138
146
147
148
149
153
173
174
175
176
187
188
189
200
201
202
203

20k
205
227

%ZAbund.
2.0
3.2
1.8
7.0
1.8

25.7
2.7
1.2
4e3
3.8

15.1
2,0
0e5
0.8
0.2
1.2
0.7
2.5
1.0
3.5
1.0
el

M/e
228
229
230
231
232
333
257
258
259
260
261
285
285
286
287
288
289
313
314
315
316
397

%Abund .
1.2
2746
4ol
6ol
9.1
1.1
11.1
1.9
8341
10.9
1.5
3.0
3.0
0.8
28.1
449
1.0
1.2
0.3
9.0
2.0
2.9



398
399
400

Mass Spectrum of XV1(h).Cont'd.

%Abund.
1.0

21.2(P).
5.0

M/e

%Abundo

M/e

%A bund.

M/e

%Abund.
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Abnéndix to Chapter Two

The weys in which the neture of o psrticulsr

ligend system sffect the electronic energy levels of o

metel ion heave been studied in three mein directions (1).

Thess sre s fcllows: -~

(1)

(i1)

(1i1)

T"he electrostetic crystel field theory first
developed by Bethe (2), which is unsuitsble

fcr meny clesses of commlex, #nd sssumes th~t
211 intersctions between the metesl ion #2nd its
surroundings may be trested ss purely
glectrostetic effects between point cherges.

The fundament2l moleculsr orbitel theory which
sssumes 211 bonding results from en overlapping
of the orbitels of the met2l with the eppropriste
symmetry orbitels erising from & lineer
combinstion of the ligend moleculsr orbitslsa.
The ligend field theory which uses the symmetry
considerstions of Bethe's method but combines
with the electroststic spprocsch one which

21lows the existence of chemicel bonding between
the metsl ion #2nd the ligend system.

It is useful here to shos hov the moleculsr

orbitel smnrosch cen be spnlied to obtein = set of energy
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levels in a metal commlex. Firstly one must determine
which orbitel overlens are, and are not, possible becouse
of the inherent symmetry requirements of the problem.
This method is most eesily spplied in octahedral
comnlexes, which we shell now consider.

In coimmlexes of metels of the first tronsit n
series the moleculsr orbitsls most commonly used in
bonding w#ith ligends esre the 4s, 4p end 34 orbitsis.
issuming thet esch ligend of the six in sn octshodral:
system mossesses one & orbitsl, these must be combined
into six "symmetry" orbitels, each constructed so as to
"overlen" with o particuler one of the six orbitels in
the metsl which sre sveilsble for & - bonding. If, in
eddition, the ligsnds 2l1lso possess 1% Orbitals these too
must be combined so 8s to overlsp effectively with the
metel ion T orbitels.

For comnlexes without 77 overlesp the six &
symmetry orbitels are the Alg (s), Eg (dzz, dxg_yg), and
Tlu(px’ Dy snd DZ) orbitsels. Alg represents s single
orbitel which hes the full symmetry of the moleculsr
system, Eg renressnts 2 pair of orbitsls which ere
equivealent except for their orientestions in svece. The
finel sten is to sllow each metal orbitsl to overlsp with

the eppronriste symmetry orbitel of the ligend system.
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Two combinstions sre to be considered: one in which

the matched orbitels unite with meximum vpositive overlsp,
thus giving e bonding moleculsr orbital #nd the other

in which they unite with m2ximum negetive overlep to

give the corresvnonding sntibonding moleculsr orbitel.

"he moleculsr orbitels of the same symmetry cless which
differ only in orientation heve the seme energies,
wherees orbitels of different symmetry clessses do not.
The energy level diegrsm for purely & bonded

octehedresl complexes is shown in Fig 1(s).

Generally spesking, in diesgrerms of this type,
it may be essumed thet if a moleculer orbitel is much
nerrer in energy to one of the atomic orbitasls used to
construct it than the other, it hss much more the
choracter of the first thsn the second. On this bssis,
theresfore, the six bonding moleculer orbitels, nemely
three T,, the Alg and two Eg hsve more ligand chersacter
then they heve metel cherecter. It csan then be s2id
thet electrons occupying these orbitsls will be meinly
"ligend electrons! rather then '"metel electrons", thougha:
they will vosssss significeant metsl ion cherscter.

Conversely clectrons occunying any of the T2g orbitels

fre to be considered as predominently metel electrons.
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If the ligends possess 17 orbitels, filled
or unfilled, it is necessery to consider their
intersctions sith the Tpgdorbitels, i.e. dxy, dyz, #nd
d,x orbitsls. The e¢ffects of 147 bonding through

orbitesls of symmetry T must now be considered. These

2g
effects will very dsnmending on the energy of the
orbitels of the ligend rel~tive to the energy of the
ng orbitels of the metel snd the extent to which the
71 orbitels of the ligend are filled.

Wwhere there sre empty 717 orbitels of higher

energy then the T, system of the metel, the result is

g
to stebilize (i.e. lower the energy) the metel Tog
orbitsls relstive to the Eg* orbitels, scquiring some
ligend charecter in the »nrocess. Where there are
orbitrls of loier energy thsn the ng orbitals of the
metel, the intersction reises the energy of the ng
orbitals velstive to the Eg* system.

Thus in metel cerbonyl bonding thetre is
competitive intersction between the sntibonding (41 7)
end bonding (Trb) orbitels of the carbonyl ligend =nd
further the degree to which the metal ng orbitels =ssume
ligend chsrecter is s function of the extent of the
interection between the TT* ligend =nd ng moleculsr

ofbitels;
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Fig. 1(b) shows the energy disgrem which hes
been celculstad for the complex Cr(GO)G(S). The pure

7' moleculsr orbitesls er: composed of the dyps @y, ond

b

Yy

d_ _ met2l orbit~ls snd the T, _ combinetions of T1

yz °g
end 77 ¥ ligend moleculsr orbitels. The combining

crbitels in order of decrecsing stability is slwsysTTb
(1igend), 4T (metsl), snd T ° (ligend). Thus there sre
formzd three (degensrete) T moleculsr orbitels meinly
locelized on the cerbonyls; three weekly bonding (or
non-bonding) -7 moleculsr orbitels formed by overlsp of

the 77 * =nd ng orbitels meinly locelized on the metel;

snd threce strongly gsntibonding molecular orbitsels meinly
loeslized on the corbonyls.

The trensition from considerestion of a purely
octehedral 211 - cerbonyl system to structures of the type
(Lnl) Fe,(CO0), which heve been the mein consideretion
of Chespter 2 is quentitetively very difficult end at this
stege no full cenergy disgram cen be drawn for these
systems. The mein symmetry cless(czv) is now much lower
but the besic »nrinciples develoned in the preceeding
dicussion will hold good. Both iron =toms in these complexes
ere in en Szd6 sterte snd hence the six ortitsls of‘![‘gg
symmetry,2lthough not necesserily degenerate con contain

81l twelve d electrons. If we then consider the orimery
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ionizetion orocess to tske plaece by removel of one
electron from the highest occupied moleculsr orbitsl
then the synergic nsture of 11 bonding between the 1r*
orbitels of the cerbonyl ligends and the met=l ng
orbitels will be disrupted. This idee hsas besn
substentieted in the octeshedrsl Cr(CO)é system (4) end
very recently hes shown fo be velid in ﬁon ovctehedrel
systems conteining ohosvhorus snd cerbonyl ligends (5).

The stebility of the psrent ion formed, therefore,
will be denmendent on ho.s successfully the meteol ng orbitels
cen stsbilize themselves. It is likely, however, thet
the slrercdy weskly bonding ng orbital system will
becomes pertielly entibonding =nd ceuse destebilization of
the metsl-cerbonyl moleculsr orbitsl system. This is
presumsbly the resson why cerbonyl ligends sre eliminrted
preferentislly in the electron impect induced dissocistion
in thess systeis.

It cen, therefore, be seen thet successive
eliminstion of csrbon monoxide from the meleculsr ion will
be followed by resrrsngement of energy levels within the
moleculsr orbitel system in order thet meximum orbitsl
overlen of =211l ligands snd the metsl ion cecur, i.e. the
system will chsange shepe. The nature of these processes

will obviously be denendent upon the bonding
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cherectaristics of Ll #nd L with the metsl ion, 2nd
hence the stebilities of the fregment ions formed
during these successive eliminstions will be demendent
upon the neture of L #nd Ll 2nd the energy of the
ionizing electrons.

It hes been shown thot the ¢ donor sbilities
of =2 series of ligends have s merked effect on the
ionizetion notentisl of the metel cerbonyl or nitrosyl .
comnlexas derived from them (5) #nd in consideration
together sith th: thecry pcstul~ted rbove it seemed likely
thet # veristion in the nsture of L snd L1 would nroduce
recogniseble chrnges in the abundences of the ions
derived from successive eliminstion of cerbon monoxide
from the nerent ion.

It wes, thercfore, decided to study the msss
snectrel decommosition of the verious substituted
complexes of o - samidenes, benzeclenilines #nd phenyl
hydrezones +hich sere cof the type (LL1) Fe2(00)6 , more
closely. Structursl dicgrems of these complexes sare
shown omposite. It vill be noted that only in the
0 - scemidene crse is the complex of true sz symmetry
(L = Ll) snd the only 71T bonds which sre oresent in the
complex ere thoss of the metsl cerbonyl systems. All

other bonding tskes plefce through & orbitels. In
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benzeleniline, however, en intrinsic psrt of the ligand
bonding is the perticinetion of the 1 system of the
benzene ring end in the phenyl hydrszone comnlexes

although the mejority of bonding with L and L1 occurs by

¢ bonding through the nitrogen satoms it is possible that
some intersction tekes place between the T or < * orbitsls

of the sp2

hybridised nitrogen.
It has alreedy been stated that the complexes of
the tyvoe (LLl) Fe2(00)6 lose the metal cer“onyl groups in
2 consecutive menner upon electron impact. Whet kecame
immedistely obvious when g large number of spectra of s
perticuler structursl type hsd been studied wss the fact
that the ebunasncies of the pesrent ion snd those ions
corresponding to the successive elimination of cesrbon
moncxide demonstreted 2 remarkaeble similsrity to one snother
yet differed from the ion sbundsncies encountered in the
fregmentaticn of other structural types. Thus complexes
derived from substituted benzalsnilines showed fesatures
similar tc one enother yet differed from those complexes
derived from substituted o - semidenes end phenylhydrazones.
It wes found, for exemple, that if the section
of the mess spectrum from the parent ion (56Fe monoisotopic)

down to the (P - 6C0)* ion was considered epart from the

rest of ths spectrum, snd if sbundencies of these ions



() Wwere expresssd in t:rms of vpercentege totsl

jonizetion within the section (iemQ then grephs of

am/Zam ("£") egrinst the number of cerbonyl groups lost

(m) geve & "fingerprint" of the particular ligend type.

Teble 1 shows 9 comparison of "A'" vslues at

70eV for the perent snd fregment ions(m) for ten relsted

benzslrniline comnlexes.

Mesn veslues hsve also been

celculeted and stenderd deviations found as shown in

Teble <.
Tsble 1
2
am/g_am x 10
1
Complex P+ {(P-COJ| (P-2C0 Y| (P-3C0)H (P-4C0)| (-5C0)* (P—sco)*f
1- R1=C6H4’RZ=H’ 5.1 0.5 11‘2 609 1105 2800 44-0
R3=Cgig-
2¢ Ri=C.H ,R=H, | 3 ¢l 0.5 11.2| 7.0 |11.5 ! 22.8 | 43.1
R1=C°DL
5=-6"5
3. Ry=CgHysRp=CHz | 3, g 0.7 15.2 1 6.8 |12.5 | 25.7 | 41.2
R =G H ]
3605
—_ Z’C H R‘ =H
4 §%;8§ﬁ5§ 3’727 s.7 0.7 16.1| 6.6 {10.7 | 24.4 | 42.0
Rg=CgHgrue 3.910.7 10.1 | 9.60 {10.6 | 24.8 | 40.0.
)
6. R.=oCl C H !
1 3’ 3.5((L5 14.7 | ¢1. !
RgiH,R5586H5 (1. 5) (1.3) |14.2  24.3 | 39.2
. = I =H
7. Ry=Cgify, Ry 3.8{(L4) | 15.0 | 4.9 |11.0 | 20.0 | 43.5
Ry=CgHs.
8. R =C ; -
Rl_06§4’R"C6H5 (1.0)}0.20 7.4 | 5.7 9.1 | 24.3 (52.9)”
3=-6"5"
J. R.=C H S, 3.4)(25) | 14.2 | 4.6 8.4 | 27.1 | 39.7
157402
R =H3R°=C H .
2 3 65
D. R1=C6H4,R.=H, “8)0.80 | 13.5 |(3.2) {10.5 | 27.4 | 39.8 ]
Rq:Me
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Tcble 2

(e) ilesn veluesof "4" for comnlexes 1-— 10

m liesn A
pt 3.5 + 0.9
P - CO)* 0.9 + 0.6
P - 2C0)* 12.8 + 2.7
P - 3C0O)+ 5.7 ¥ 1.7
P - 4C0)+ 10.9 ¥ 1.6
EP - 5C0)* 24.4 4+ 2.2
P - 6CO)+ 42.4 + 4.19

(b) Mern velues of /' for complexes 1— 5

m Mesn A
P+ 5.7 _-t 0004
(p - co)* 0.6 + 0.1
p - 200)* 12.8 1 2.6
P - 3C0)* 7.4 + 0.4
P - 4C0)* 11.3 + 0.7
P - 5C0)* 24.1 ¢+ 1.2
P - 6CO)* 42.1 + 1.6

In order to mske these observations velid, =211
snectre were recorded‘at en ion source temper=sture of
15000 2nd ©» constant Tﬁonitor reading. In genersl, esch
Observetion of pesk height wes consistent within + 5%
except in the (P - CO)* ion, which is of very low intensity

fnd geve veriations es much as ¢+ 10%.

It is worthwhile noting thet in the compounds
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studied grzeest veristion in the nsture of Rl’ R2 end Rs:
occurs (see XVI Che». 2) 2nd it would, therefore, b=
expected thet any substituents which sre likely to

ceuse 2 chenge in the neture of the moleculsar orbitsl
system of the complex would ceuse 2 chenge in the
sbundencies of the ions under consideretion ss compsred
with the stenderd benzelasniline complex spectrum. Some
veristion does occur (results in brackets) but it is
apparent thet the generel chsrsctaristics of the spectre
do not cheange. The "A" velue of parent ions is
remerkebly constsnt excent for Rz = Ph e&nd R8 = Me;
minims do occur in 1l ceses &t the (P - CO)* snd

(P - 3C0)* ions wth on intervening mesximum st (P - 2C0)*,
The remsining thrse ions incresse in intensity to o
meximum £t (P - 6CO)*.

It is useful to view the problem 2lso in terms
of those substituents which are least likely to sffect
the matsl - ligend orbitel system by inductive 2nd
mesomeric effects, therefore complexes 1 - 5 were
s2lected. Commlex 6 was omitted as it had been
observed thet multinle losses of cerbon monoxide could
occur in the dissocistion process which wes reflected in
the ebnormelly low minimum of the (P - 3C0)* ion.

Calculetions on the standsrd deviations from the mesn
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veluss showed remoarkesbly good sgreement ss in Teble 2.
Figure .. 21lso shows the grevhicel compsrison of the
"stenderd" comnlex (Rl = C6H4’ R8 = H, R5 = Ph) with the
meesn of 1 - 5 end with the mesn velues from 1 - 10,

Figures B 2nd C show ths results obtesined for
these commlexes ot 20 eV and 12 eV respectively. The
immeaiete effect of lowering the electron voltage to
12 eV is to incresse the "A" velue of the (P - 2c0)*
ion which becomes the bese pesk of the spectrum. It csn
easily be seen thet eliminetion of two cerbon monoxide
grouns is snergeticelly a very favourable vnrocess. This
.is "mirrored" in the behaviour of all venzeleniline tyve
complaxes.

Thet the stebilities of the lons corresponding
to cons=cutive ¢limin=tion of cerbon monoxide from
(LLl) ¥z, (CO)g complexes is a function of the ligend
type is borne out by the fect that similer experiments
with comnlexes derived from substituted o - semidenes snd
phenyl hyurszones gove "4'" values which were consistent
within the structurel type yet differed from one =nother
end from thosz of the benzslsniline complexes.

¥Migures L, E and F show respectively the
results obteined from substituted phenylhydreszones, o -

semidenes, snd 2 comn2rison of these with the results
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from benzelsniline.

It is, therefore, possitle to distinguish
between complexes of these structural types with only
the limited knowledge of the sbundsncies of the ions (m),
g fersture which hes elready proved useful in deciding
thet the comnounds 7(Ry = CgF,, Rg = H, Rz = CgHg) and
8(Ry = C4HpS, Ry = H, Rz = CgHg) belonged to the
benzelsniline structurel type; clthough these were
formed by perticuler rether then the usual reactioﬁs.

At this stege it is not possible to produce eny
further concrete evidence tor the thébries outlined Prut
it is honed thst they will prove the hssis for further
exnariments into the snergetics of ionization snd

decomposition within these systems.
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Introduction:

The discussion of the mass spectre of
orgenometellic commounds in the litersture (1) hss been
limited tc the pthelocyenins, porphyrins, T cyclonentedienyl
comnlexes,metel cerbonyls, binuclesr metal compwlexes #nd
metel chelestes. ‘Jithout eny doubt the fector which held
up the enplic=ticn of mess spectrometry to this field wss
the notorious thermel instebility of the compounds
involved, but with the advent of direct insertion
techniques (2) this difficulty hes lorgely been overcome.
Occesionelly commounds ere found which do not give parent
ions but these sre the exception rether then the rule, 2nd
it hes bzen found during the course of this work thet
chenging the insertion probe meterial often helps in
strbilization of the commound. Probes gre normelly mede
of "pyrophilite! or alwains,the lstter materisl being
entirely unsuit~ble for experiments with orgenometelic
thxwlFndnitpgsylcompounds.’ It has been found, however,
thet the use of qusrtz orobes improves the thermel
stebility of most iron chronium, meangsnese #nd nickel
cerbonyl complexaes.

Thermel decomposition cen #lso be minimized by
correct choice of ion chamber temperastures as reising

the tempereture bayond sn optimum volstilization level
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only dccrerses the sbundence of the psrent ion (3) due
to o2n increesce in the rete constants of its mass svectral
decomnosition reections, but also increases the r=te of
thermel decommosition of the complex.

In the following section the mess spectral
festurss of 2 numbaer of cyclopentadienyl TL— marcaptido,
pr-21K0X0, £nd - dislkylemido derivetives of chromium,
ircn and nioke{ (Fig. 1) will be discussed in terms of
their crescking nstterns end rearrsngements. Mechsnisms
will be clucidsted by mesns of labelling techniques.
bLiscussion

It is convcecnient to discuss the m2ss spectral
characteristics of the compounds in terms of the metel
atoms invclved and vsristion of the bridging groups.

The mass svectre of seversl metel nitrosyl
comnlexes with bridgedthiol systems heve been reported
very recently (4). These workers found the metal -
sulvhur ring structurec to be the most stable grouping
with »rimery loss of nitric oxide occurring in both the
lron #nd cobelt s:eries studied. Those complexes which
conteinad rL- #lkyl merceptido grouvs, howsever, did not
demonstrate complete removel of 211 nitrosyl groups
before other frfgmbntgtlons occurved, as is geneﬁnlly

¢ . 3 . - -

observed in met91 carbonyl comnlexes (5) In the cese
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of bridaging sromstic mercaptide groums, however, no
comnetitive fregiazntetion of metal - nitrosyl end
mercentide bonds took mnlece and, in genersl, they
found thet th: d3commosition pattern is more dependent
on the neture of the side chain of the mercevntide unit
then the metel etom.

It is worthwhile to compere these results with
those obtesined from mercsntide bridged cyclomentsdienyl
chromium nitrosyls.

(8) Cyclonentsdienyl w - mercaptido,elkoxo snd smido

Coammlexes of Chromium

/1lthougn the nitric oxide group is e 3 electron
donor believed to bond to the metsl stom by first
donating its oud clectron, thus reducing the velency
stete of thes metesl by one unit (6) and allowing NOY to
bond in 2 menner 2nerlogous Lo carbonyls, the concentration
of cherge aznsity on the metsl leesds to the form=tion of

a polsr structure Lot

=0, but by =2nslogy with the metal -
cerbonyl bond, stability is echiceved by back scceptence of
cherge by the T ¥ antibonding NO orbitels from the filled
hybrid orbitesls of the metel. Other evidence also
indicetes better +T eccepnting properties of nitrosyl

groups as comparcd with carbonyls (7).

It hes #lso been shown (8) thet the ¢ - donor

2bility end 4T scceptor sbility of ligends must be
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considered together in eveluasting their influence

on vronerties like ionizstion votentiels s#nd vibretion
frequencics of commlexes in which they participete.
Gznerelly spegring, in metal carbonyls end nitrosyls
(9) increesed beck donestion to the ligend system from
metel cousss e stiffening of the metel nitrosyl or
cerbonyl bond &s is #lso the cose in mixed nitrosyl -
crrbonyl systzms (38). It wes, therefore, expected thst
the nsture of the‘}wligsnd in the chromium comnlexes
studied should show some influence unon the reletive
stebility of the metesl - nitrosyl snd metel - fuligand
bonas. |

I. X = Y = Siie

In ths mess snectrsl decommosition of this
comnlex (Fig. 2) the first two steps involve stepwise
loss of unitrosyl grouns es hed elready been experienced
in metel cerbonyl systems. The P* 2nd (P - NQ)+ =t
m/e 383 =nd m/e 558 rzaspectively ere of high sbundence
end hence reflecting the stebility of the ligend system,
slthough m/e 328 (P - 2NO)* ion is lower in sbundence
owing to the commeting nrocess of simulteneous
eliminstion of nitrosyl and methyl groupns from m/= 358

and sumnorted by s metesteble ion st m/e 300.5 (10).
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It should be notsd, however, thet the doubly charged

ion of.the sgme molzaculer constitution s m/e 328, =t
m/e'164 is of high sbundence (25%).

Unliks the bridged nitrosyl complexes discussed
by Lewis (4), hosever, the base pesk of the snmectrum is
et m/e¢ 238 the (P - 2NO - 2iMe)* ion, further
fregmentetion teking pleoce from this ion by competitive
losses of cycloventedienyl end/or sulphur grouns, thus
evidence cen be found in the spectrum for Cr*, Crgt,
Crpst, Crysy,t, Cr,seyp*, CrySgeypt, ions.

Therz are seversl ions of feirly high sbundence,
ho#ever, which do not fit into this simple ordered
fregmentation scheme. These are notably the ions
m/e 264, m/e <52 =2nd m/e 182, Precise mass measurement
of m/e¢ 264 ¢stablished its moleculer formuls s CqnHgCrgS
end 2lthough no metestsble is present in the spectrum for
its formetion it wes suspected to heve origins in
eliminstion of hyarogen sulphide from m/e 298, the base
peek of the snectrum. Such 2 process requires the
migretion of two hydrogen eotoms to sulvhur which must
necesserily be from the cyclonentedienyl rings 2s no
other source of hydrogen is aveilsble. In order to test
this theory en isotonicelly lsbelled semple of the

commound I wes synthesised (X = Y = SCDg) from the sodium
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selt of trideuteromethyl mercoepten by the ﬁethod of
shined end fnox (11).  The labelled stsrting meteriel
used wes trideutero methyl bromide (12), the mercspten
being meds by sn =2deption of 2 previously published
method (13).

The results of the mess spectrum nroved the
originsl postulste of H,5 elimin~tion to be corresct =s
the ion m/e¢ 264 remeined 28 such in the spect»um of the
lebelled comnlex ond on the besis of this evidence two
possible structurss (XI =nd XII) =re postulsted for this
ion (sse Fig. 3).

M/e 232 wss first suspected to be s
rearrangament ion shen closer exsminetion of the ion
sbundsncies revesled it to be some 4.2% grester in
intensity thesn would be expected from isotovic
contributions besed on the intensities of the m/e 231
snd m/e¢ 233 ions. No change in the sbundences of the
ions m/e 231, 232 =nd 233 were recorded in the spectrum
of the lsbellzd complex and it wes therefore concluded
that m/ec 232 wes formed by eliminetion of =& cyclo-
pentadiene molaecule from the most sbundent ion m/e 298.
The eliminftion of C5H6 from metel cycloventsdienyl
systems is not unknown (14) snd es the only hydrogens

eveileble for trensfer sre situasted on the cyclonentadienyl
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rings, = & -717 bonding system to the remeining
cyclooentsaicenyl ring is postul=ated 2s in XIII (Fig. 3).
Thz third, =nd perheps the most spectsculer
reerrengement, tekes plece in the formetion of the ion
m/e 132. lLifss mersurament geve its formule ss ClOHloCr
which is sttributed to the positively chsrged ion of
chroiaoccens, 2s further fragmentetion supported by
enpronriste metcstable trrnsitions, occurs to yield ions
at m/c 117, 65 =nd 52 (15). The formetion of this ion
wes initislly belisved to be a thermel process, but o
metestsble ion £t m/e 111.1 proves, in fect, that m/e 182
is formed by the clectron impsct dissocisation of m/e 298

with climinetion

o]

bif CPSZ. Such a2 fregmentation involves
the bresking of one chromium - chromium bond end two
chromiuin - sulnhur bonds together with the simultsneous
trensfer of 2 cyclopentsdienyl ring. The driving force
for this resction is doubly favoursble, &s not only is
the chromocene  ion particulerly stable but =lso
eliminetion of & steble neutrsl is accomplished. Tt is
proncsed theat sn ion intermediste such as XIV occurs

during the resrrengement process.

/8 in I the two primery processes of

fragmentetion from the parent loil m/e 512 involve
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eliminetion of two nitric oxide molecules in stepwise
feshion (¥ig. 4}. Unlike the cesc of methyl substitution,
hosaver, the bes: pnesk of the spectrum is m/e 482 the
(P - NO )+ ion. This is no doubt due to the
particinction of the phenyl groups in indirect tending
tc the metel stoms through sulphur orbitels. The
(P - 2NO)* ion is only of modereste abundence (20%) but is
the origin of severel modes of fregmentstion, thus not
only =re the ions from simmle fragment~tions involving
comoetitive loss of phenyl, cycloventadienyl, or sulphur
groupns nresant in the smectrum but there is evidence thst
a lerge number of guite unusual resrrongement processes
ere toking plece.

/s in (I) ions corresvonding to Cr', Crg*,
Crgs+, CPZSZ+’ CPZScyD+, Crzszcypz+ sre to be found which
con be e=slly eoccounted for by simple eliminetions
beginning from the (P - 2NO)* ion. The ions m/e 386,
874, s42, 201 =nd 182 =nd ions sorising from them,
however, must be formed by resrrangement snd hydrogen
trensfer vrocesses. /e 386 considered to be formed by
elimingtion of =z cyclonentediene molecule from the
(P - 2NO)* ion, 2nd supnmorted by o metestsble ion ot
329.5" nust involve hydrogen trsnsfer from either of the

two phenyl rings or the ommosite cyclopentedienyl ring.
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In order to fecilitete the interpretstion of
the spectrum #nd tc discover the sitzs of hydrogen
trenst'er #n isctonicelly l#bélled moleculs of II
with X = Y = SC6D5 #es synthesised.. (D5)
wes nrevered from (D5) bromobenzene (14) by =n =dsption

Thicphenol

of Teboury's method (17), =2nd the 1lsbelled complex
synthesised in the normel fashion (11). (Ses Fig. 5.)

A compericon of the spectre obtsined for the
l#balled end unlebelled compounds is shown in Fig. 4.
This mathod of lebelling is perticulerly useful in that
not only cen the number of phenyl rings remsining in
en ion snecies be seen 2t & glence, but also hydrogen
trensfers from the vhenyl snd cyclopentadienyl rings
cen be reedily distinguished.

For instence, it cen be ersily seen thet the
ion m/s ©$86 in the spectrum of the unlsbelled comvlex
hes now given rise to two ions m/e 396 and 395 in the
snectrum of the labelled complex. This meens that a
cyclonentediene molecule cen be eliminsted from the
(P - 2NA)* ion in two possible weys, either by hydrogen
transfer from ths cther cyclopentadienyl ring, or from
one or other of the two pheﬁyl rings. Isotopic sbundsnce
mersurements show that 72% of the hydrogen is transferred

from cyclopentedienyl =nd 28% from phenyl.
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These figures, of course, do not take any
sccount of possible isotcne effects or of the fact that
only the o - hydrcgens on phenyl ars stericslly suited

for trsnsfer, thus giving » meximum of four possible

A

origins of hydfogen, wherees 211 five positions on the
cyclonentadienyl ring cen be regarded es equivslent,
end therefore must be regesrded ss e purely quelitetive
picture of the fregmentetion process. The sctual ion
rearrengements thamselves cen be visuelized as forming =
Cr - benzene bond #na e cyclopentsdienyl - Cr bond
resvectively in the veceted sites. The structures
pronosed for the two forms of m/e 386 ore shown in

Fig. 6.

The ions m/e 375 snd 374 of the unlsbelled
complex corresnond to the eliminstion of = phenyl
redicsl snd 2 benzene molecule respectively from the
(p - 2NO)+ ion, the latter process necessitsting
hydrogen transfer to 2 phenyl ring during fregmenfétion.
It cen be resdily observed from the spectrum of the
l=2belled commlex that the hydrogen migration occurs
entirely from cne or other of the cyclopent=dienyl
rings ss the deuterium content is unaffected by benzene

eliminetion =and stebilisstion of the ion occurring by



—CgHs m/e 386(396,395)
m/e 512 — mye 452 W‘
(522) 4537 (462)

423-8*
<Benzene
—Phenyl! [3111* *
' m/e 374(379)
mye 375(380) .
. ‘ lcsﬂs
-GHs
m/e 310(313) o \Ph m/e 309(314)
CrS
» |-Cr ]
l m/e 226(231)
m/e 258(263) : mfe 298
’ \
r ‘1‘#5
| mye 161,160066,164) { =CrSy|w m/e 233
m/e 193(198)
:l mfe 266 mfe 182 lt
mje 168
m/e 192(196) c e o n
-s 1
mje 200,201 mfke 117 m/e 136
——— —— comm—



- 107 -

form=stion of e sulvhur to cyclopentsdiens bond =s shown
in Fig. 6.

Siamilsrly, the ions m/e 342 =snd m/e 233 ere
formed by eliminstion of SH from m/e 375 ~nd m/ec 266
rasvectively, the hyarogen originéting entirely from a
cycloventedicenyl ring sccompenied Ly § -~ bond formetion
to chromium.

/i commlete flow disgrem of the fregmentation
procecsses of the comnlex c2an be seen in Fig. 7.
N.B. 1Ions in bracksts represent the corresvonding ions
from the lebzlled complex.

This comnound wes originelly studied =s an
un<«nown formed in the seme reaction =2s the methyl
merceptide compmlex (I). Mass messurement of the parent
ion m/e 358 gave its formuls #s C11H,408SNoCry and from
the cracking pettern its structure wes deducad to hsve
on hydroxyl snd #n SMe bridge. This wss further
verified by equilibrsting e solution of the complex in
tetrahydrofuran with a potassium cerhonate DZO solution.
'¥6% exchenga cf the hydroxyl hydrogen took plece, os
shown by mess snectrometry, end not only did this verify

the presence of =n hydroxyl bridge, but slso geve s greot
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de2l of help in clucideting the structures of & number
of reesrrengement ions.

The varasnt ion of the complex which is of
fzirly high 2bundsnce (13%), 2s in all the bridged
nitrosyls, gives two stepwise eliminstions of nitric
oxide to yield the ion m/e 298 (See Fig. 8).
Fregmentestion then tekes plece either by loss of =
methyl r=aic2l to yield the bese peak in the spectrum,
m/e 283. It should be noted here in comparison thst
the bese nezk of the spectrum of (I) wss the
(P - 2NO - 2uMe)t ion, o reflexion on the extrs ion
stebility geined on fission of the sulvhur - methyl
bond.

4Lfter this point in the fregmentetion process,
2ll fissions invclve the ssme kind of resrrongement
process, 2nd it is in this respect thet deuterium
proves reslly useful. For exsmple, the form2tion of
m/e 250, by elimin=tion of methyl mercspten from m/e 298
nzcesserily involves hydrogen trensfer from e
cyclonmentadienyl ring #s retention of deuterium occurs
in the corresnonding ion of the labelled complex.

Similerly the eliminstion of & cyclonentediene
molecule from m/¢ 283 involves perticination of the

other cyclopentsdienyl ring in hydrogen trensfer with
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the concomitent formestion of a cerbon - chromium
§ - bond 2s hes 2lready been discussed in II =nd III.
In fect it cen by seid thet, apart from the formstion
of m/e 152 where dsuterium wes found to be
trsnsferred from the hydroxyl bridge to the multiply
bonded cyclopentadienyl ring in its eliminstion, the
tendency for the hydroxyl bridge to remein ss such is
very grest.

Lsst, but not lesst, it should be noted theat
the bese pesk of the svectrum m/e 283 eliminstes a
CrSOH frogment to form the exceptionally steble
chromocene ion. This is consistent with the beheviour
cf I #2nd II whefe the precursor of the reesrrsngement
is the ion m/e 293 2nd the fragment eliminsted GrSzf
4 full diegremotic representation of the mess spectfal
decomposition is shown in Fig. 9.

IV 2nd V. X =Y =0te, X =Y = O?t)n

It is useful to discuss the spectra of
both these compounds under the ssme heesding of oxygen
bridging.

The immediste observetion which one cen mske
osbout the sftect of oxygen bridging is on the stability
of the moleculesr ion (Fig. 10). 1In bdoth complexes the

perent ion is cf very low sbundsnce (.{3%) which is no
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doubt due to the wesker bond which must be formed
between chromium snd oxygen, because of the poor +17 -
acceptor vproverties of the latter. This is also
reflected in the chemistry of these compounds as the
elkyloxo - bridges sppeer to be capsble of enasy
displecement by merceptide enion (18).

Eliminstion of one nitrosyl group, however,
stebilizes the ion to 2 lsrge extent due to the
greater 2veilsbility of metel orbitels for bonding to
oxygen. & second celimination of nitrosyl results in
a steble ion of even grester abundence (IV = 86%,

V = 60%) =nd in this case reflects a stability grester
then the (P - 2NO)* ion of II.

There exists, however, & mode of
fregmentetion from the P* snd (P - NO)* ionsg in IV,
however, which hss no precedent in either I, II or III
nor in the spectrum of published dbridged nitrosyl
complexss(4). This involves the eliminstion of 16 mass
units in the formetion of the ions m/e 340 snd m/e 310.
Precise mess me?sufement of these ions showed, in fsct,
that this corrcsponds to loss of & methsne molecule in
eech ce2se which cen only orise by fission of the

sulnhur methyl bond together with trensference of
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hydrogen from one of the cyclopentsdienyl rings, once
more demonstreting the extrasordinesry driving force
towerds formstion of # ¢ - 7T bonded cyclopentsdienyl
aystem. It is difficult to find s resson why this
should hennen snecificelly in this molecule, but it
may be thet such sn elimination tends to increese the
st2bility of the oxygen bridge system by 2llowing
better 17 eccentance through the cyclopentsdienyl ring.
This mnrocess, of course, does not occur from the
(P - 2NO)* ion where = grester stebility hes been
assumed.

The neture of fragmentation of both IV and
V from the (P - 2NO)* ion is summsrized in Fig. 11. The
chromccene ion, which in the case of slkoxo bridging, is
slways the bsse neesk of the spectrum, is formed directly
from the (P - 2N0)' ion by elimination of » neutrsl
CP(OR)B fregment. This feature smply demonstretes the
fect thet substituted oxygen bridges tend to retain the
elkyl groun during the formetion of chromocene. This is
to be commaraed with'the/;-mePCPptido comolexes I end II
where e1lkyl ond eryl suwstituents on sulphur were
eliminated snd the intermediete cese of the mixedfx—

hydroxo mercaptido bridged complek III where the methyl
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substituent on sulphur wes lost #nd the hydroxyl
retesined before chromocene formestion.

Two other frsgmentstion routes sre possible
from the ( P - 2NO)* ion. The first process involves
hydarogen trensfer to chromium from the =slkoxo group
during its <liminetion, 2nd has precedent in neither
I, II or III, nor in the spectre of other published
bridged nitroso comnlexes (4). Eliminstion of the elkyl
group from this ion thus produces m/e 251 »n ion ccmmon
to the snectrs of both IV #2nd V. By the reverse
procass m/e 251 can be formed by prelimincry
eliminstion of the elkyl group from the (P - 2NO)* ion
followed by eliminstionand hydrogen reesrrsngement.

The ions m/e 134 snd m/e 185, which =re
cominon to both swmectra and which it should be remembered
sre decomposition nroducts of III, sre given the
structures depicted in Fig. 11 on #n en2logy with their
known constitution in the spectrum of III.

/o teble of precise mess meesurements mede on
these compounds to distinguish the verious different

possible contitutions of the ions is shown in Teble 1.
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Teble 1

m/e Meeosured Mess Formuls
o040 3339.36038 CllH12N204CP2
32 325, 929372

6 ClBHleNOSCvz
310 309.96248 CllHIZNOSCPZ
296 295.99538 012H16020P2
266 265.98504 C__H_ OCr

11 14 2

185 184.91480 05H500P2
134 143.99204 C5H6OCr

It is worthwhile to mention here theat the
elucidetion of the decomposition pethwey of IV mede it
nossible to d=termine the structure of V. Compound V
wes obtsined s 2n unknown compound frbm 2 resction
between cyclonzntedicnyl chromium dinitrosyl chloride
snd excess lithium dinhenylemide, whilst sttempting to
introduce & dinhenyl @&mide ligend on to chromium. The
reaction, however, was performed in diethyl ether which
no doubt rescted w+ith the phenyl lithium present to
nroduce ethoxyl roadicels ond hence the bridged complex V.

V' X = Y = va{ezo

Neither nitrogen nor oxygen possesses d

orbitels for beck don~ticn from the metal stom but
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nitrogen is known to be & better donor, #nd in this
sense, is intermediste in type between sulphur and
oxygen. The effzsct of this on the nsture of the mess
spectral d:scomoosition of VI is quite striking.

The me jor route of fragmentetion stems, in
fact, from the (P - NO)¥ ion (See Figs. 12 snd 13) end
not s hes bzen the cese previously from the (P - 2N0)*
ion. In addition, the perent ion and the (P - NO)* both
eliminste fregments of mass 16 which precise mess
meesurcment hess identified ss methane.

It will be recollected thet IV =21so
demonstrsted hydrogen reerrsngement sand eliminetion of
methene which wes considered as formetion of e bond
between oxygen snd the cyclonentsdienyl rings. Although
no l=belling studiss h=sve been mede on VI, however, it is
more likely thet the hydrogen treansferred originstes
from the gem - dimethyl forming = four membered
trensition state os shown in Fig. 14A.

/s hes been noted in the msss swnectra of
othsr commlexss with dimethyl amido ligends (19), there
exists a *drean; force to eliminate 43 msss units, i.e.
the dimethyl =smido group minus one hydrogen =s opposed

to the entire ligend. This is undoubtedly due to the
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stebilizetion introduced by the "make =nd bhreak"
nrocess of hydrogen trensfer 2nd ligend eliminstion,
25 well as the e¢liminetion of 2 stsble imine.

Thus the (P - 2NO)+ ion of VI decmonstrates
the succzssive sliminetion of two imine nuclei to
form the ions m/e 279 snd m/e 236, whilst the (P - NO)*
ion shows the concomitent eliminstion of two imine
groups as £ mess loss of 86 in the formetion of
m/e 266, os shown in Fig. 14B. This double eliminetion,
which hes been noted oreviously in Chepter 2 p. 68
is suppnorted by 2 metestable ion et m/e 201.0 and by
the sppropriste mess messurements.

/1lthough the formetion of the chromocene
ion hes bezsn demonstreted to occur in =211 previously
mentioned commounds of this group, in 211 csses
evidence could bz found only for one decomposition
route for its formetion. The mess spectrum of VI,
howevar, is somewhest of 2n enigms in thet there sre
three sctusl routes followed.

The first snd mein route occurs from m/e 266
by eliminetion of a fregment of constitution CrH2N0
end sunported by o metastshle ion ot m/e 124.5, whilst
the other two routes which ere very similer to thst

observed in the previous complexes involve the
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eliminstion of CrH, #nd Cr from m/e 2ZA and m/e 234
respectively.

Within the remeinder of the spectrum
scverel ions cccur which do not heve precedent:
nemely, m/e 200, m/e 169 snd m/c 95 ond for which the
structures in Fig. 14 =re proposed. The lestter ion,
which precise mess messurement hes shown to be of
formuls CgHgNCr originetes by disvormortionstion of
(P - 2N0 - 2H)* =2nd in this respect is unpsrsllelled in
osny known fragmentstion for the bridged chromium
comnlexes.

The origins of the other two ions sere
obscure, #s no metasteble ions can te found for their
formetion but it is likely that m/e 200 at lea=st is
forthed directly or indirectly from m/e 266, by
eliminstion of c¢ynCr - H.

It should be noted thst the spectre of both
isomeric forms of'this complex with cis snd trens
nitrosyl groups Jere exemined end no observsble
difference could ke found in either the nsture of
the crscking pattern or the intensities of individusl
ions. It is likely, however, thet es primery fission
occurs in o chromium nitrosyl bond, =2ny steric

differcences presznt in the parent ion are lost end
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hence the (P - NO)* ion of both isomers cen be considered

as identicsl species.

Teble 2
m/e Experimentel Mess Formula
% ' . H
566 366.02354 015m18N4020r2
336 336.02552 cl5H18NSOCP2
279 2739.01006 012H17NCP2
266 265. 969633 ClOngNOCP2
200 199.92563 C5H6NOCP2
162 168.91989 05H50r2

In Conclusion

In cen now be seen in the oversll picture of
fregmentetion in the e bridged chromium complexes sBtudied
thet the effect of the bridging stom is perticulsrly
noticesrble in the relstive strengths of the ligsnd - metal
snd metel - nitrosyl bonds. ‘here s lsrge smount of{heck
donetion cen occur,es in the sulphur bridged complexes,
fregmentation takes place preferentially in the metal
nitrosyl bonds fcllowed by fission of the sulphur -

elkyl or aryl end/or metel cyclopentedienyl wonds. Lack
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cf beck donetion to the bridgirg heterostom, however,
produces o reletive strengthening of the metsl -
nitrosyl bond; 1less empercent in oxygen which shows s
small smount of commstitive fission of the metsl -
nitrosyl £nd oxygen - alkyl bonds in addition to =
reedy szcondery fission of the metal - oxygen bond, but
resdily observsble in nitrogen where the ion current
cerried by fragments ions conteining o nitrosyl group
is greeter then 7%ofthe total ionizstion current.

The effect of the bridging group is very
noticeeble elso in decomposition to the chromocene ion.
In both nitrogen =nd oxygen bridged structures, the
m/e 182 ion is the bese pesk of the spectrum, whilst in

the methyl mercentide bridge it smounts to only 35% the

W

sbundence of the lergest ion and the mixed}A alkoxo
mercentido complex being intermediete with =2n ion of
40%. 4 collective disgrsm of the routes of formetion

is showr in PFig. 18.

(b) Cyclopentadienyl merceptide comnlexes of iron.

The compounds to e discussed in this section,
nemely VII end VIII, ere isoelesyronic with the
corresponding bridged nitrosyl chromium compnlexes but

differ in the fect thet there is no metal - metel bond.
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At first sight the mechsnisms of fregmentetion
of VII emnesr to be very similer to those of I. Not
only do »nrimery fregmentstions occur by fission of the
metel cerbonyl bonds, but also simple eliminestions of
methyl end cyclopentedienyl groups occur as in I.
However,on closer exeminatlion, seversl asdditionel routes
anpesr possible snd mess messursments heve shown thst
sever=sl ions heve constitutions at verisnce with whet
might be pronosed on this simple fregmentstion
mechenism (Fig. 17).

For ex~rmple, m/e 288 is formed by eliminstion
of MeSH from the (P - 2C0)* ion 2nd is supported by =
metasteble trensition et m/e 246.8. Such =#n eliminstion
necesserily involves hydrogen trensfer from s
cyclopentedienyl ring to form a & -1 bonded system to
iron, which hess meny precedents in the spectrs of the
bridged chromium complexes #nd which is further supported
by eliminestion of MeS =nd o cyclopentedienyl ring to
give the ions m/e 241 »nd m/e 176. The letter ion, it
mey be noted, wes originelly thought to be Fezsz, but =2

precise mess messurement end observation of a metsstable
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jon st m/e 128.5" for its formetion from m/e 241
esteblished its identity end position in the sbove
fregmentetion (Fig. 17).

/dditionelly, elimination of & cyclovnentadiene
molecule occurs from the ions m/e 336, 321 snd 306, the
hydrogen trensfer process being sssumed to occur by the same
uechenism ns heg been Postulated in the chromium bridged
comnlexes. It mey be segid here thet all attempts to
prepsre the comnlex VII from CD5SH by @ similsr method to
thet used in the preparation of the lsbelled complex of I
feiled to give the correct product end therefore verificstion
of the mechenisms could not be mede. The resson thet this
2liminsation is much more facile and occurs in a grester
number of ions then in the corresponding chromium complex
could be duc to the sbsence of # metel - met=l bond,
end hence greeter flexibility of the ring system.

Finally, the base peek of the spectrum m/e 186,
which is attributed to the positively charged ion of
ferrocsne ss it decomnosas further to m/e 121 by
eliminetion of & cycloncntadienyl rsdicsl (15), is thought
to be of thermel origin ss no metastable ions csn be found
for its formestion. This is consistent with the known

chemistry of bridged iron cerbonyl comnounds and their use
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in the preoveration of ferrocenes (20).

VIII. X = Y = SPh,

The thermel stebility of this compound in
the mess snectromester is very smoll snd it wss found
thst & suitsbls spectrwa could only be obtsined when o
guertz insertion probe wes used. Even so, there are a
lerge number of ions which cen have therm2l origin
only. These are notably m/e 218 diphenyl disulphide
end its releted fragments m/e 141 snd m/e 109; m/e 129

CeH:S

sHg 2; m/e 174 C, H,~S; end m/¢ 186 the ferrocene ion.

1110
It wes noted, however, that electron impsct
dissocistion did occur in such & way s to make it
necessery thet some lebelling exveriments be coarried
out. Thus the complex VIII with X = Y = SC6D5 wes
synthesisad by 2 method similsr to thet of the lsbelled
complex of II.

The ressults of this labelling experiment are
very interesting in thet the (P - 2C0)* ion, which
originastes by stepwise eliminstion of carbon monoxide
from the psrent ion, fragments with loss of
cyclopentediene to give en ion which hss shown no

deuterium trensf2r to the neutrsl frsgment. Thus,

unlike the corresnonding chromium complex II, 211 the
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hydrogen trensferred originstes from s cyclopentedienyl
ring.

It cen slsc be seen from Fig. 18 that no
fregmentetion of the sulphur phenyl bond .ccurs st sny
time 2nd thst 06H5S fregments ere preferentially
elimineted. It is &lso worthwhile mentioning that the
stebility of ths Fezsgiis not s driving force in the
fragmentetion nrocess, #2nd thst the grestsr number of
ions contein metel cyclopentadienyl bonds. In this
resnect, both VII snd VIII are to be compered with the

corresvonding complexes in the chromium series 2lrerdy

discussed.

(e) Cyclopentadienle% mercaptide Complexes of Nickel.

Unlike the comﬁlexes of chromium 2nd iron
slresdy discussed, the msss spectre of IX snd X are not
of svecisl interest.

It is worthwhile, however, to compere both
complexes with their iscelectronic esnelogues in the
chromium snd iron series studied.

Preliminsry fragmentetion in both IX and X
tekes mleace by fission of the sulphur - 2lkyl bond end
successive z2liminetion of two methyl or ethyl grouvps are
observea in the sonropriste complexes. X, however, in a

similsr menner to the/x ethyl merceptido complexes studied
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by Lewis (4) shows eliminstion with trsnsfer of hydrogen
to the metel =tom except thet in this case the sulvhur
stom is elimineted slso, i.e. loss of (CHy)oS from the
(P - ife)* ion.

/1s0 unliks the chromium - sulphur ring
system of comnlexes I ¢nd II the nickel - sulphur
ring system is unstable, end the driving force scems
to be towsrds the formstion of the ion m/e 246 CypgNip

Fin=slly, only in 2 single fragmentation
process is eliminstion of = C5H6 unit observed, thst
being from the (P - MeS)* ion of IX to form the ion
m/e 227.

4 summery of the fragmentetion processes

observed from IX ond X is shown in Fig. 19.
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Expaerimental

/11l mess spzacire were run et 2 resolution of
spproxiwstely 1000, on an A.E.I. i.S.9 mess
spactromester, st o source temmersture of 15OOC and using
s direct inscertion nrobe technigque. Precise mess
meesurements wsere performed st a resclution of 10,000.

Reeoctions were carried out in sn stmosphere of
"oxygen free'" nitrogen, further purified snd dried by
possing through Fieser's solution and concemtrated
sulphuric scid.

411 reactions were performed in dried solvents

and thz oroducts chromatographed on neutrsl slumins.
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Preperstion of DgBromobenzene (16)

/. solution of mercuric oxybromide in 500 ml.
weter, prepsred from promine (53g., 0.66 mole) end
mercuric oxide (160g., 0.55 mole) by the method of
Houben (21) wes shesken for 16 hours with Dg benzene
(8g., 0.09 mole). The lower layer wes sepsrsted end
dissolved in ether, snd the resulting solution shaken
with sodium cerbonste solution to remove mercuric
oxybromide. The solution was dried snd distilled under
vecuum to give Dy Bromobenzene (10.39g., 60%).
Isotopic Purity es determined by low voltege mess
snectrometry 23% Dg.-

Preperetion of Dg Thiophenol

Magnesium (1.8g., 0.04 mole) and & crystal of
lodine were hested in & 500 ml. flesk fitted with =
condenser, dronping funnel snd & geas inlet. The flesk
wes then cooled, flushed out with dry nitrogen snd
15 ml. sodium dried ether and Dg bromobenzene
(10.2g., 0.06 mcle) added. ‘hen the reaction wss
initieted 2n a2dditionel 40 ml. ether wes added end the
flesk ccoled in en ice bfth to svoid too vigorous

reection. When the reaction had subsided, the solution

wes gently refluxed for a further 30 minutes until the
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megnesium hed been totelly dispersed and the solution
sssumed 2 dork brown colourstion. The solution wses
then filterz=d into =n ice cooled flesk fitted with a
condenser snd oulverised sulphur (l.7g., 0.05 moles)
added in smell portions. The reaction wss completed by
gently refluxing for 30 minutes end the cooled solution
hydrolysed by & mixture of 100 ml. 5% sulphuric acid
end 25g. ice.

The ether solution was then dried and
distilletion gsve Dg Thiophenol b.p. 168° (3.5g., 50%).
Isotopic ﬁurity as determined by low voltage mass
spectromstry 91% D5.
Prenaration of Di - u - (D5)pheny1thio - bis (ecyclo-

pentedienylnitrosyl chromium).

D. Thioohenol (1.1 ml. 0.0l mole) in

5
tetrahydrofuren (10 ml.) suspended in THF (10 ml.).
ifter the resction hed subsided, cyclop=antadienyl
chrowium dinitrosyl chloride (2.12g., ).01 mole) in

THF (100 ml.) wes sdded. The colour of cyclonentedienyl
chromium dinitrosyl chloride chsnged from greenish -
yellow to brown - red, snd the rcaction mixture wss
filtered sfter stirring for 5 minutes. The solvent was

aveporeted, the residue dissolved in chloroform snd

chrometographed on neutral slumins.
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On develoning the column with petrol -
cther (5:1), thrse bonds sepersted. The upper two
bends wz2re the two isomers of di -y - D5 phenylthio -
bis (cyclopentedienylnitrosyl - chromium) =nd mess
spectrometry samnles of esch were prepered by
crystellisestion from methylene chloride end petrol
vield (532 mg., 20.3%).

premzretion of Di - p - Dg phenylthio - bis ( cyclo-

pentadienyl esrbonyl iron).

Thionhenol (0.46g., 0.004 mole) wes converted
into its sc”ium s=1t in TEF (10 ml.) using 50% sodium
hydride dispzrsion (0.2g., 0.005 mole). Cyclopentadienyl
iron dicsrbonyl bromide (1.03g., 0.004 mole) in: THF
(10 ml.) was addcd dropwise ernd the mixture stirred for
13 hours at room temnereture. Evaporstion of the solvent
end hzeting the residue in refluxing benzene solution for
6 hours yielded di - M - Dg phonylthic - bis (cyclo-
pzntedienyl - cerbonyl iron). (0.7g., 80%). Moss
snectrometry ssmmles were prepared by recrystellisation
from petrol - ether solution.

Prepsration cof Da mathyl mercentan.

4 mixture of Dz methyl bromide (4 ml., 0.06 mole)

snd thicursas (4.5g., 0.075 mole) in 10 ml. water were
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hested in » nres8urebottle under a nitrogen stmosphere
for 10 hours et 60°C. The bottle wes cooled in solid
cerbon diocxide end the bottle opened. The thewed
solution wes then trensferred to s threec necked flask
fitted with & nitrogen inlet, dropning funnel condenser
with & teke off to 2 drying tube contsining CaSO4 and
oend thence to & liguid nitrogen cold trsp.

Hydrolysis of the thiouronium bromide was
effectzd by aropwise sddition of 1M NeOH and heeting
the hydroclysced solution drove the liberated mercsptsn
intc the cold trev. The cold trap was stoppered and
ramoved from the svoperetus, snd sllowed to werm up
slowly. The evolved ges wes sllowed to bubble through
e stirred suswension of sodium hydride in THF end the
Dy methyl mercenten wes thus isolsted as the sodium selt.

Prensretion of di ;¢ - Dg methylthio - bis (cyclo-

pentadienyl nitrosyl chromium)

Cyclonentadienyl chromium dinitrosyl chloride
(0.4g., 0.006 mcle) in THF (50 ml.) wss sdded to a
stirred suspsension of h»2lf the quantity of sodium
maercantide selt isolated as sbove, and the reaction
stirred for 5 minutes. The solution was filtered sasnd
eveporsated under vecuum and the residue chromstogresphed

on neutrael 2lumine. Purple crystals of di -] -]35



- 129 -

methylthic bis (cyclcooentedicnyl nitrosyl chromium)
(70 mg., 13%) wers obtsined by recrystsllisstion from
methylene chloridz and petrol.

Prenerstion of w-deuteroxo - & methylthio - bis (cyclo-
7
/

pentedienyl nitrosyl chromium,

1 mg of the mixed complex III wes
dissolved in & inl. dry THF, and stirred for 24 hours
with s solution of potessium csrbonste (10 mg.) in
5 ml. 99.7% Dy0. Severstion snd eveporaticn of the THF
solution yiclded a 20% isotopically pure semple of ¢

/

i« methylthio - bis (cyclopentadienylnitrosyl

dsuteroxo -/

chromium).
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Stuaiss of Rearrangement Ions in Organic Commounds
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The M?SS.SDeCtPS of Some Polyfunctional Cyclonropane

Lerivetives.

l{ess Spectrometric studies of/f keto - zsters
(1 - 3), diethyl melonates (4), and cysnoscetstes (5)
hsve recently been mede. Skeletel resrrengement fragment
ions have been obsarveu in these compounds snd in sddition
occur in:x,ﬁg unssturated csters (1), < diMetones (6)
and in other grouns of compounds containing csrbonyl
functions (7 - 10). The imvortsnce of such fregments in
the mess spactre of simmle compounds is not only of
immortences in th=s understending of frsgmentstion modes, but
is =21so of cbvious rzlevence in the conzwuckiox of element
meps (11) for sutom=tic structurel snalysis.

In order to investigate the possibility thet
similsr reerrengements might occur in other relsted systems,
s study of the commounds I(2 - f) was undertaken. Tebles
of novnelized spectra of these compounds sre included =t
the resr of this chenter and Teble 1 shows the precise
mass meesurements made to determino the nsture of the

fregmentetion routes.
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Teble 1

Precise lifss sesurem2nt of ions in the spectra of

gycloonronene Leriveivives

/e Obscrved Mass  Formuls Theoretical
) 184 184.06042 08H10N04 184.06092
167 167. 05372 ¢, Pon0,  167.05377
166 166.05071 CBHBNOS 166.05041
1338 138.01824 C6H4NO5 138.01911
111 111.03202 05H5N02 111.03202
93 95.02132 05H5NO 93.02146
66 65.03442 C4H4N 66.03437
(o)
154 154.956000 CVHBNOB 154.05041
154 154.06279 CSHlOOS 154.06298
153 155.0426? C7H7N05 153.04258
141 141.05481 C7H905 141.056516
135 136.032365 C7H6N02 136.03985
111 /s observed in (a)
113 113,02386 C5H5O5 113,02386
(a)

136 /s obssrved in (b)



Scheme A

O H ® R =O0OEt

R @ R=Me



m/e Observed less rformula Theoreticel
_) . D
124 1:24.05204 CVHBOZ 124.05240
111 111.04480 06H702 111.04460
109 103.05<5% C6H7KO 109.05276
109 109.02354 G6H50 109.02895
24 94.02906 C5H4NO 94.02920
(e) |
123 123.03<213 C6H502N 123.0320%2
105 105.04478 06H5N2 105.04520
80 80.01363 C4H2NO 80.01363
64 64.01841 C4H2N 64.01872
(f)
137 157.03558 06H5N202 137.03509
136 136.02734 CHNO 136.02721
6 4 22
113 119.02491 06H3N20 119.02453
118 118.01645 C6H2N2O 118.01671
91 91.02981 C5H3N2 91.02962
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¥ BSignifies the ion of grester abundancé in the
doublect.
In the spsctrs of Ib and Id, loss of ket@ne
from the molecular ion to form enoclic fregment ions by
the trensfer of hydrogen from methyl by Scheme A is s

me jor nrocess es is the cese in ethyl ascetoscetate (7)



Scheme B

(@ R= COOQEt
(b) R= COMe
© R=CN

l‘csz

W N\R

(f)only \420
ZH +
0O
m/le ]36 - \/\<”l
-H20 _i.
6% H/ R .

cN CN 0
J-co o N
S OH
/\ ' \ef
N+
CN CN k

m/e 90
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and acz2tyl scstone (6), wheress in Ic, the sbundance of
the corrssponding ion Is{ 2% of the bsse pesk. This is
nc doubt duc to the fasct thet greater stebilizstion in
Ic is stteined by removel of & methyl group from the
tertisry butyl caentre to form en oxonium ion.

Elimineation of 27 msss units occurs from the
perent ion of I(s), (b), (d), (e) end (f), but only in
those cegses where there is no csrboxyethyl group as in
(d) =nd (e) does this correspond to the eliminstion
of hydrogen cyenide. In all the other ceses
eglimineticn of GaH5 with concomitant double hydrogen
transfer to form en ion of siructure h occurs, as per
scheme B. Loss of water from h then follows in each
cese - 2 festure comaon to most esters grester then
methyl. I(f), howsver, in sadition to these
decomnosition nrocessss demonstrates eliminstion of =
hydrogen stom from h Tollcwed by elimination of wster.
The driving forc: for this mode of decomposition is
regarded 2s being the formation of the highly conjugsted
di - cysno cyclobutenone system 4 which further
deccmmosss by sbstrrction of csrbon monoxide.

I(2) behaves in & like menner to diethyl
melonate but differs in that loss of CzHé cen 21s0 occur

from the ion i to form k, which it is postulsted may have



Scheme C

/ o / ~CN
‘!L- Me O/— /ﬁ
NJ N“' n'l/e 104
il
0 i
H R H
—
C 0]
c J/O i
i NH
pr/ CH, H H
t‘C2H2N
! CH; R

H Y ———F
H or
H>h£~

R H
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8 non-clessicel oxonium ion structure. It is possible
thet the greater rigidity of the ring system vpermits
such #n ion form to exist, wheress in the corresponding
eliphetic compound grester flexibility is sllowed.

It wes expected thoat the ¢~ cyano esters
I(e) #nd I(f) would show elkyl migrations similer to
those observed in maethyl £#nd ethyl cyenoecetoete (E).
Howevsr, high resolution mess messurements hsve shown
thet onl, in I(e) is there an ion corresponding to
(p - HCOZ)+ ag ner schizme C. No such migration occurs
in (f).

/. resrrangement nrocess, however, which had

not been snticinsted occurs in I(b), I(c) =nd I(4).

o

/111 heve scetyl groups ~ to cyeno substituents and with
no excentions show rzmoval of a fregment of 40 m=ss units
from ¢ither the psrent ion or 2 fragment ion, or both
(s in I{b)). This corrssnonds to & formuls CoHoN which
is either CHBCN or CH = C = NHs Either wey, it involves
hydrogen trensfer from the methyl group of the scetyl
residue with possibly siinmultanceous formetion of s
cyclobutencne system 1 es in 3cheme C.

There is no doubt that the esctive group is the
ecetyl substitusnt es not only does the process not occur

for substituents other then scetyl, but also evidence ts



Scheme D

0]
1 /\
(i) +e O
CN CN ICHz _— CN
H 0O C
o/ H [\
m/e 150 m/e 92 NH
Cii)
CN CN
- CN CN
[ ] _O+

-7

5 %. / H_ M
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present in the spectra that fregmentstion of the other
substituents occurg. normelly sfter the eliminstion

and trsnsfer heve taken plece. Thus in I(b) removal of
CszN betwsen m/e¢ 181 2nd m/e 141 is closely followed by
loss of 02H4 from the ethyl group of the ester.

Two further rearrangement mechenisms which tske
plece only from the moleculsr ion of I(e) are worthy of
mention. The first involves fregmenteation with loss of
COOCH2 in the formetion of m/e 92, end therefore involves
hydrogen transfer from the methyl of the ester group.
This is visurlized &s in Scheme D.

/dditionelly resrrengement cen occur in the
onncsite wenner by elimination of methenol from the
parent ion. This is not e common reasrrsngement nrocess

in methyl ssters and it is postulasted thst re-
srrongement occurs es in Scheme D, with formetion of a
highly conjugetad dicysno cyclobutenone system. The
origin of this ion is to be compared sith the formetion
of 1, wohomo B,in the decomposition of the other

dicyeno substitutesd comoound I(f).

Ccnclusions.

The moss spectra of the polyfunctional cyclo-
provene systems studied show festures similer to related

eliphetic snecies. Exnected resrrangement ions involving
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alkyl migrztions, present in the spectra of releted
cysnoesters occur only in the methyl ester of the
cyclonronene comnounds which are:&,gj dicysno substituted,
due to the mor:s encrgeticelly favoursble formetion of a
highly conjugated dicyano - cyclobutenone system.

In addition, however, reesrrsngement ions sre
observed in the cyclopronsne systems with cysno groups
;?to scetyl substituents where hydrogen trensfer snd

reerrengenient ere obscrved with eliminstion of CQH2N°
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BExperimentel

,11 mass spectre were obteined on an A,E.I.
1iS2 double - focusing msss spectromasiver at en ionizing
voltege of 70V . Sesmnlcs were admitted through the
hot inlzt system ot = temperature of 120°C =nd =
source tempesrsturs cf 150°C. Mess meesurements ware
performed 2t 2 resolution of 10,000 on the 10% valley
definition. Tasbles of mess spectrs are shown overlesf.

The author would like to acknowledge the
provision of semmles by Drs. S.0. Lewesson snd

P. lM2dszn of the University of sAsrhus, Denmork.
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M/e %Abund.
43 1100.0
55 46,2
56 94.0
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66 99.0
67 17.0
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95 10.0
96 1.0
97 2.0

109 76.0

110 10.0

111 349

136 37.0

137 3¢5

153 2.0
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19% 4,2

195 1.0
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Mass Spectrum of I(c).
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M/e %Abund.



Mass Spectrum of I(d).

M/e %Abund. M/e %Abund. M/e %Abund. M/e %Abund.
43 .100.0 |
Lkt 15.0
58 10.5
64 540
65 k5
66 4845
67 4.0
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151 23.2(P).
152 2.0
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