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Summary
WIS NS

In aqueous solution (pH 9) containing N,O, the unsaturated
acids trans-FcCH=CH(CH,)nCO,H (n = O and 1) and FcC=CCO,H
each undergo photo-oxidation, upon illumination with u.v. light
of wavelength 240-250 mnm, giving dipolar ferricenium species
which may be chemically reduced back to the original acids.
The‘mechanism of photo-oxidation, which is inhibited by ethanol,
appears to be similar to that previously proposed for saturated

w—ferrocenylalkanoic acids.

Previous studies.[l—3]‘of the photochemistry of
m-ferrccényialkénoaté1anionsch(CHz)ncoz- (nv= 0-4) have
demonétrated that an electron may be readily transferred from
a phofc-eiciféd ctate; présﬁmably a triplet, whose lifetime
excééas-i'uS.v As prodﬁct, one obtains the corresponding dipolar
ions FE(CHz)ncoz whicﬁ‘éhcw considerable stability when n = 2.

For such systems ‘where n = 1—4; the‘ferrocehyl and
carbdkyiaﬁérgroups:are sééafatcd'by anialkyi chain which

insulates the -groups from direct electronic interaction but
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‘whose‘conformational” flexibility.-'allows the ‘carboxylate group:
to attain-‘a-range:of positions:relative to/the metal-atom;’
1nql'uaq.ng,;tncsejxot}5close»app;oaehzljInid:aef}tdjésse'ss'th'el
;mgofiéhcé?orﬁdtherﬁise’éfftheseffactbrSIin‘thetphoto—dxidation
reaction, an.investigation has been ‘carried out of the behaviour
of substrates for which the'ferrocenyl'and carbokylate groups
are separated by a carbon-carbon multiple bond [v1z.
trans-FcCH—CHCOZH () and FccC= CCO,H - “(IT)1 which 1ntroduces'
r-con;ugatlop,oﬁfthe groups while szmultaneously_preventlng'
‘their cleee;ihtiamelecﬁiar~approach. A study has also: been
made of the propertles of trans-FcCH*CHCHzcozﬂ (III) for which
neither conjugation nor close approach of the terminal groups
obtaihs. :

‘The. ferrocenyl-substituted acrylic (I) and propiolic (ITj
acids wereusynthesiseﬂ by literature methods and the bﬁtenoic
acid,(III) was obtained by,base-iﬁduced hydrolysis of its

known methyI ester (see Experimental).

RESULTS AND DISCUSSION

trané-3—Fetrocenyipropenoic acid (I)

When a solution of the acid (I) in aqueous borax buffer
solution (pH 9) containing N,0 was illuminated by 254 nm
radiation, N, was produced with a quantum yield, in the
unstirred solution, of ca. 0.02, but there was very little change
in the electronic spectrum over 220-700 ﬁm.

Flash-photolysis stuﬁies of degaséed solutions of (I) in
agqueous borax buffer indieated thaé small transient absorntions,,
1asting a few milliseconds, were seen lmmedlately after the
flash, over the range 500—700 nm. Using very dllute solutlons

of (I), so that a 20 cm path 1engtn was sufflClently’transparent

to the analysing 1lght 1n the near u. v., it ‘was 90551b1e to
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Tshdﬁﬁihatiabga;ptigpsfof'simila:'du:aﬁion5and of greater
fmaép;tﬁéé} cé;tﬁriea:&éfi the range 320-500 mm, with a maximum-
aﬁsb£§#igﬁ*at:ca;'33o nm and a smaller peak at ca. 400 nm.
Av;Using.éimiléf-sets of solutions with N,0 added, absoxptions
were . also found at the same wavelength ranges. These comprised
both a transieht'part,.lasting a few milliseconds and of
ggméa:ablé'magnitude to that seen in the absence of N,0, and
a persisting eiement, present for at least a second, of
magnitude approximately one-third of the total absorption
detected at 100 us after the onset of the flash. ILike the
transient portion, the persistent part also showed maxima at,;
ca. 330 nm and 400 nm.

These experiments led to the conclusions that (a) photo-
-oxidation of the anion was taking place in the presence of
N,O and that (b) as for the other acids studied previously
{1-31, the mechanism did not involve photo-ejection, since
the flash photolysis of degassed solutions yielded no indication
of the presence of the solvated electron. Thus it is very
likely that the photo-oxidation occurred by electron transfer
to N,O from a photo-excited state of the acid, in a manner
analogous to that postulated previously [1-31].

To isolate the possibly numerous products of the u.v.
irradiation of (I) under these conditions, a stirred 1072 M
aqueous solution in borax buffer containing N,O was irradiated
with light of 254 nm for 24 hours. Firstly, it was then
extracted (still at pH 9) with dichloromethane to remové any
non-polar products. This gave a pale yellow extract, but t.l.c.
analysis showed that it contained only the acid (I). To
remove the remainder of the unused acid, the solution was
acidified and égain extractéd three times with dichloromethane.
This left a pale green solution, whose electronic spectrum

showed very weak absorption throughout the visible region up



speetrum of the flnal product ln a known volume of aqueous*

7 borax w1th that of a- solutlon of known COncentratlon._lt was:
calculated, assumlng quantltatlve reductlon by tltanlum(III)
chlorlde, that the decadlc extlnction coeff1c1ent of the.
dlpolar 1on at 255 nm-was. 3.45 <. 10* -1. cmtl, whlch,lsg,*
con51derab1y more- than the value of:l1.2.x 10‘*'M‘>1,-cm'1
reported [a1 for the ferrlcenlum ion at 250 nm.
Further flash—photoly51s experlments were - conducted in
. .which the fllter compartment of the: cell was filled Wlth
7 solutwons other than dlStllled ‘water. . For degassed solutlone
of (I), the use of tbe 15% agueous: acetlc acid solution caused
a'cons;derable,decrease in the transient absorption at 330 nm,
but ﬁedflittle‘effecttonrthat at 400 nm. -A filter solution
of 5 x'lb‘3:M aqﬁeous~benzoic acid resulted. in no absorption
being.detected at- 330 -nm, but a decreased transient absorption
_was seen at 400 rm. Thus it may be concluded that these
tran51ents are not, or .not ehtirely,'attributable to the
. same species and that the specves absorbing: at 400 nm, but

'not that'absorbing'at*330 nm, may be-generated by light of

wavelength greater than 29G nm.
Using: solutlons contalnlng N,0, the results were found to:
be ﬁery'similar_in'regard to the,tran51ent part of the
Vabsorptiop,:bﬁt‘kithfthe“benzoic acid filter, no persistent:
absorption has eeen'at’eitﬁer ﬁavelength and only a very |
small per51stent absorptlon at- 330 nm was  found using the

acetlc acid fxlter.‘ Thus’ the- per51stent absorptions produced



'ihi£§é:pf¢5énce‘6f N,0 may, unlike fhe transient absorptions,
;gé'aﬁ21;9 a2§ingle species.

:_lFﬁrthervflash—photolysis.experiments showed that the
_a&dition o.f:'.lo‘i M-ethanol to the buffered agqueous solutions
had no effect'oh the transient absorptions, either in the-
absence or:presence of N;O. However, the presence of ethanol
was founa-to eliminate the permanent absorptions otherwise
seen when.NZO was added.

In summary, these experiments show that the excitation
of the anion of (I) with u.v. light produces two transient
species, visible for a few milliseconds and unaffected by N,O
or by ethanol. One requires light of wavelength less than
245 nm but the other can be produced by light of wavelength
greater than 290 nm, which probably means that excitation
within the absorption band centred at 294 nm is effective.
Neither of these species is capable of the electron-transfer
to N2O, as shown by their detection with ethanol present,
under which conditions no photo-oxidation is found to occur.

In any case, one would expect, by analogy with the prewvious

work [1-33, that the species which engages in electron—tragsfer
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with N,0 would have a lifetime of only a few microseconds, thus _

ruling out these entities with millisecond lifetimes.

It is difficult to be categorical as to whether there
is any change éfter 1 second in the absorption produced on
flashing in the presence of N,0. It is not clear that the
magnitude of the persistent absorptions seen by flash
photolysis corresponds exactly with the absorbance of the
ionic oxidation product in the visible region, but both seem

attributable to:the ferricenium dipoliar ion, FECH=CHC02_.
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_trans—4-Ferrocenylbut=3zencidiacid - (LIT)

‘A’ solutiom of (ITI)"in 10-2 M borax: buffer was degasscd’
'aﬁdg5after:additioh?ofgnzo,:vasfiLIuminatedgwithf254?nm‘
radiation with continual stirring. The yield of N"g ‘was
?collected and - 1t was calculated that ¢(N2)~0 02.i After
?ac1dification and extractlon of the unused acld, a: green
;aqueous 1ayer was obtained whose electronlc spectrum showed
_an intense peak at 255 nm and a weak absorptlon at 600—700 nm.
Thls ionlc compound was readlly reduced to the orlginal acid
and so was taken to. be the: correspondlng ferrlcenium .species.

By flasb-photoly51s studles, ‘using- degassed: solutlons of
(III) in aqueous borax burfer,.only very slight. traﬁslent
Vabsorptions were>detected 1n»the'v151b1e reglon.~ When“Nzo
Was added, small per51stent absorptlons were Found over the
i‘range 550 -to 800 nm, but with no definite maximum. These
absorptlons were not seen when light of wavelength less than
290 nm ‘was flltered out of the light -fram the flash using
5 x 10 M ‘aqueous ben201c acid in the filter: compartment and
were reduced—ln intensity by about half when 15% aqueous acetic
acid wasfused.llalso,zthey were very appriceciably -diminished
by the addition:of 10~! M ethanol.

For analogous reasons, a-mechanism similar to that
proposed for the acrylic acid (I) would appear to be operative
in this case also. Since the per51stent absorptions were
rather small, probably through a comblnation of a rather small:
quantum yleld and a_low extinction coefficient, it,was not
cbnsidered~feasib1e4to‘elucidate detaIls of the kinetic -

- processes involved by finding how their magnitudeldepended»

on certain Variable:experimental'parameters.m
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’Feirddénilpfopynoic'acid (II)

blMllar experlments w1th aqueous solutions of (II) gave
a quantum y:.eld of N, of approx. 0.005 and the pale green
solutlon of therferricenium'compound was found to have broad
absotption peaks at 260 and. 290 nm,- but very little absorption
over the range 550-700 nm. .

When-degassed solutions were flashed, a transient
absorption was &etected,at 425 nm, with a lifetime of just less
than I millisecond. With N,O present, very small persistent

absorptions were detected over the range 450-700 nm.

Thus it has been demonstratedrthat the aﬁions of all three
acids undergo photo-oxidation in a manner analogous to those
of the fully saturated acids, Fc(CH;)},CO» . In all cases,
accurate gquantum-yield measurements are difficult to obtain
since one of the products absorbs'strongly at the wavelength
of excitation, but it appears that the quantum yields are-
appreciablyrless for these acids with unsaturated side-chains.
Also, the ferricenium species obtained as the prodﬁct of
oxidation have much smaller absorptions in the visible region
that had those [1-3] from the saturated acids. In all three
céses, the mechanism must involve eléctron—transfer to N,O
rather than phdto;ejection éince, in the absence of N,O,
no intense transient is seen at around 700 nm attributable
to the solvated electron. As in the case of the acids with
saturated side-chains, photo-oxidation is inhibited by ethanol,
but the elucidation of further details of the process is
precluded'because of the difficulty in monitoring the yields
of prodﬁc#s obtained in flash-photolysis experiments, on

account of the low quantum yields and low extinction coefficients.



 thyl trans—4—ferrocenylbut—3—enoaterwhose

ifvTheAmagnltudes

‘establlsbed that each compound contalned a: trans-substltuted

'double bond

»Photochemlcal procedures . ) o

Tr:.ply-dlstllled water o was used in all 'wbrktand all.
‘apparatus was cleaned w1th Decoa and careFully rlnsed.: Ther'
%nltrous 0x1de was Durlfled by trap—to—trap dlStlllathn and
‘was degassed 1mmed1ately before use. rptherjchemleals_were
jof AnalaR,grade.iigl' 7 7 ' 7 » >h/

. The flash-photoly51s apparatus has been prev1ously
‘descrlbed [8].' For steady 111um1nat10n, a. 1ow—pressure
;mercury ramp was used with the 1nterp051tlon of. 2 cm of

trlled water to fllter out the 185 nm 11ne from the main

/resonance 11ne at 254 ‘nm..
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