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SUMMARY

S WoR™TH.
Part 1.

-

3
The synthesis of the heterocyclic nitrone, éﬂ\-dihydro-l,4—oxazine

4-oxide, by the oxidation of solutions of 4~hydroxymorpholine is
described. The UV and IR spectra of the solutions were consistent
with the structure proposed. Removal of the solvent gave linear
polymers with the N-0-C repeating uhit.

Typical nitrone~reducing agents have been shown to be effective
towards the heterocyclic nitrone. Arylhydrazines oxidised the
heterocyclic nitrone with cleavage of the ether band, yielding glyoxal
osazones. The same nitrone was very rapidly oxidised to 4-hydroxy-
Z.morpholone by ferric chloride. This cyclic hydroxamic acid underwent
further oxidation at a slower rate, ultimately ylelding diglycollic
acid and nitrous oxide. |

1,3-Cyclosddition products were formed when the heterécyclic
nitrone was heated together with cyélohexene,_with phenylisocyanate
and with ethyl acrylate. All the products incorporated the fused
bicyclic skeleton of morpholino-isoxazolidine.and were each character-
ised by analysis, IR and p.m.r. spectra.

Part 2..

Cyclic aldonitrones and some related cyclic hydroxylamines have
beeh shown to undergo oxidation by ferric chloride to cyclic hydroxamic
acids. TFor exsiple, the 2-unsubstituted l-pyrroline l-oxides gave
l#hyaroxy-z-pyrrolidanes , and l-piperideine l-oxide gave 1-hydroxy-

2-piperidone. The reaction could be followed titrimetrically or



spectrophotometrically, The former involved the determination of the
ferrous ion released, whereas the latter technique entailed observing
the increase in the intensity of the colour of the solution,

Cyclic ketonitrones, the 2-methyl-l-pyrroline l-oxides, were
also pbserved to undergo oxidation by ferric chloride but at much
slower rates than the cyclic aldonitrones. Moreover no character-
istic colours resulted and the products were the result of oxidative
c¢leavage of the nitrone group. Nitrpus oxide and ketonic compounds
were products. Preliminary gas-liduid chromatdgraphic examination
of the products would suggest that a radical mechanism resulting in
gome C~C fragmentation was operative. A mechanism for the oxidation
of these cyclic ketonitrones has been tentatively advanced.

The oxidation of 4,5,5-trimethyl-l-pyrroline l-oxide by ferric
chloride has been examined in detall to ascertain the overall
mechanism. Kinetic studies involved the determination spectrophoto-
metrically of pseudo~first order rate constants in the presence of
large excesses of ferric chloride. From the studies on the effects
of ionic strength and of acid concentration, it was deduced that the
active oxidant ion was FeCL(OH)(OHp),". Spectral and kinetic studies
showed that a cyclic 1 : 1 ferric-nitrone complex was formed in a two-
step mechanism, the actual cyclization being the rate-determining step
for the whole reaction. The nitrone within the complex, by rapidly
losing two electrons yia the N-O bond, gave a 1 : 1 ferric-hydroxamate
complex absorbing near 540 mAd and having a stability constant,

9

K = 3,7 x 10° 1it. mole™l, The entropy of activation { - 6.6 e..)



and éomparative studies on the pseudo-first order rate constants for
related cyclic nitrones and cyclic hydroxylemines provide further

evidence in support of the mechanism postulated.
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SUMMARY

Part 1. ' _

The synthe51s of the heterocycllo nitrone, lﬁ:idihydro—l,4—oxazine
4-ox1de, by the ox1datlon of solutlons of 4A-hydroxymorpholine is
degeribed. The UV and IR spectra of the solutlons were consistent
with the structure prOposed. Removal_of,the solvent gave linear
polymers with the N-0-C repeatiné unit. |

Typical nitfone-reducing_agents ﬁave been shewn to be effective
towards the heterocyclie-nitrone;*“ Arylhydrazines oxidised the
heterocycllc nlwmone with cleavage of the ether bond, yielding glyoxal
osazones. Tlie ‘same nltrone was very rapidly oxidised to 4-hydroxy-
Z-morpholone by ferrie‘chloride. This cyclic hydroxamic acid underwent
further oxidaﬁion et a slower rate, ultimately yielding diglycollice
acid and nitrous oxide.

1,5-Gycloéaaition productsiwere formed when the heterocyclic
nitrone was heeteq:tggether with cyclohexene, with phenylisocyanate
and withyethyliacfglate. A11 the products incorporated the fused
bicyclic ekeleton of morpholino-isoxazolidine and were each character-
ised by analysis, IR and p.m.?;:spectra;

Part 2.

Gyclic aldonitrones and some related ‘cyclic hydroxylamines have
been shown to undergo oxidation by ferric chloride to cyclic hydroxamic
acids. For ex=inle, the Q—unsubstituted l-pyrroline l-oxides gave
l-hydrexyea—pyrrolidanes , and l-piperideine l-oxide gave l-hydroxy-

Zepiperidone. The reaction could be followed titrimetrically or



spectrorhotometrically, The former”inv01Ved the determination of the
ferrous ion released, vhereas the latter technique entailed observing
the increase in the intensity of the colouf of the solution,

Cyclic ketonitrones, the 2-methyl-l-pyrroline l-oxides, were
also obéervéd to undergo oxidation by ferric chloride but at much
slower xates than the cyclic aldonitrones. Moreover no character-
istic colours resulted and the products were the result of oxldative
~cleavage of the nitrone group. Nitrous oxidé and ketonic compounds
were products. Preliminary gas-liquid chromatographic examination
of the pfoducts would suggest that a radical mechanism resulting in.
some C--C fragmentation wangperative;f A mechanism for the oxidation
, of these cyclic ketonitrones has been tentatively advahced.

- The oxidatidg of'4,5;S—trimethy1-1~pyrroline'1—oxide by ferric
‘chloride has been examined in detail to asceftain the overall
mechaniém.- Kinetic studies involved the determination spectrophoto~
_metrically of pseudo~first order rate constants in the presence of
large excesses of ferric chloride. From the studies on the effects
of”ibnic strength. and of ‘acid éoncentration; it was deduced that the
active oxident ion waS'Fgcl(OH)(OH2)4+,;1 Spectral and kinetic studies
showed'that e cyclic 1 : 1 ferric-nitrone complex was formed in a two-
step mechanism, the actual cyglization beipg the réte—determining step
for the whole reaction. The nitrone within the complex, by rapidly
losing two electrons ﬁlg the N-0 bond, gave a 1 : lpfer;ic-heroxamate
complex absorbing near 540 mAL and»having a stability constant,

K=3,7% 10? 1it. mole“l. ‘The entropy of activation ( -~ 6.6 eolle)



end comarative studies on the pseudo-first order rate constants for
related cyclic nitrones and cyclic hydroxylamines provide further

evidence in support of the mechanism postulated.
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AEBREVIATTONS

The follcwing abbreviations are used in the course of

this thesis.

2,4-D.N.D, 2,4~dinitrophenylhydrazone
45 eTw glectron spin resonance
G.L.C. gas-liquid chromatography
IR irnfrared

DeSele pounds per £q. in.

T.L.C. thin layer chromatography

w ultraviolet



PART 1.

HETEROCYCLTIGC NITRONES.




PART T.

HETEROCYCLIC _NITRONES.

1. Introduction.

Increasing attention has been accorded to the nitrones during the
last decade. This may well be attributed in the main to the Cambridge

' !
research school under Sir Alexander {now Lord) Todd in 1957 which

‘published a serles of papers some two years later f
s : l
on the preparation and reactions of the l-~pyrroline N
2,3, 850,17 ) |
l-oxides (I). These compounds, which o—

were the first nitrones to be isolated in the
~monomeric state, were répdrted to undergo a wide (1)
range of interesting and potentially useful reactions., While new and
novel methods for the preparatlon of nitrones have since been reported,
it is the wide dlver31ty of thelr chemical reactions that has attraeted
more interest. This field encompasses so broad a spectrum of reactions,
such as additions ananéyéi;ééditibné, éxidations, condensations and
rearrangements“(both thermal and photolyﬁic) that two comprehensive
fé%ieﬁsg}? ﬁé;é éﬁpeared_in the last four years.

The author's interest has been directed towards those cyclic
structures incorporating both a nitrone function and an electronegative

atom other than nitrogen in the same ring in order to determine what

influence, if any, an atom with one or more lone electron paifé may




exert upon the reactivity of the nitrone group. The Author proposes to
adopt the term "heterocyclic nitrones" to deScribe'such compounds. The
term "eyclic nitrone” is accepted as the commetation for cyclic systems
incorpurating the nitrone groupg’é e.ge (I). It would therefore follow
logically that the term "heterocyclic nitrone" would accord with the
autﬁor‘s definition given above.

Tt is important to distinguish between a true heterocyclicunitrone.

and other heterocyclic N-oxides. The term "nitrone" describes those

azomethine N—oxides which react in one of the canonical forms (IIa; b or c)

with no further delocalisation of the positive charge.’

‘ ‘ — a ‘ ' f__ b ' '
: Y -
a
(71v) (11a) (11c)

In both the oxazole
10 "
Neoxide (III) and the thiazole N-oxide (IV), the positive charge can
be delocalised as shown, and therefore these compounds are best described

as hetercaromatic N-oxides.

Me E—&: 92 | {msg PhCO { Ph
Me\_*~ N CMe Mo}~ Fh (C\+j

1; {‘_ (A
i 4 -
(111) (1v) (V)

The 2-isoxazoline 2-oxides, e.g. (V),.prepared and studied fully by

. ) 2
Kohler and his collaborators over 40 years ago,’ were regarded as cyclic

3
nitrones by Smith in his review thirty years ago. However, delecalis-

ation of the positive charge can occur by the eléctronicgshifts shown and



3.
for this reason these compounds are not regarded as niﬁrones.q Moreover
their reactions are not typical of nitrones(3 but ;'ather confirm that
structure (V) is equivalent to an internal ester of the aci-form of a

5 -nitroalcohol:

PhCO -~ CHOH - CHPh
CH
BN

l
o~

- H20

N
~—~

<
~—r

As far as the author is aware, the only heterocyclic nitrone which
has been reported is the naphthoxazine-thia-N-oxide (VI).W It wes
prepared by the Krohnke method of synthesis of nitrones by base-catalysed
condensation of aromatic nitroso compounds on pyridinium salts.l;"a The
preperation of this particular compound is of interest because the nitrone
group was first formed by reacting «-nitroso -—/J’—naphthol with the

pyridinium betaine of dithioacetic esters. The subsequent elimination of

methanthiol resulted in cyclization to the heterocyclic nitrone (VI).

PN 0 , N’f \\ f //'\l 9-

i| ] fi / MeOH ‘

! N » e

\;4, \T . ) ?H \______.__/ CSH - > u\/\x'/ 1}}: =

‘\. - =S 5 k%./'k()
H |
SMe
MeSH
i 11\1\‘
OAS (vi)

No reference is made, however, to its chemical behaviour in order to

I

establish it as a typical nitrone.|  The structure (VI) finds its
17 tl—,‘g
analogues in the isatogens (VII) and the 3 -oxo-nitrones (vIIz).



While the isatogens hzave been reported to undergo 1 S—cycloaddltlons

/3 9
typical of nitrones, 1,u—cycloadd1tions to the}ﬁg-oxo-nltrones (VITI)
have nct been recorded. It may bz that delocalisation of the neéative

charge may occur as shown, with reduction iIn the activity of the mucleo-

philic site of the nitrone.

0 |

O 0

(VII) (vIIz)

The guthor aimed to synthesise eyclic nitrones in which no double
bonded system would be conjugated with the nitrone group. The structures
(IX) - (XIII) represent potentizl heterocyclic nitrones incorporating .

oxygen in 5- and 6~membered rings.

—0 ¢ — ; pl
“S\/é Kbé) @2 | O@ L;VJ

|
0

-

] P [
0~ 0 0

(1x) x) _ (x1) (X11) (317)

Exemination of the structures shows that the 2-oxazoline 3-oxide
system (IX) as well as its ring homologue (XI) would be excluded from the
definition of nitrones owing to delocalisation of the pesitive charge.

It is hlghly questlonable as to whether compounds represented by the ring-
homologous structures (X) and (XII), 1f they could be preoared, would be
'stable as they 1ncorporate an acetal-type functlon whlch could render them

lublle to Hydroljtic agents'

al

O*""—CEz"'OH CH,OH
SE — =0+ |F

A 7 = NOH

OV -

A et



The preparation, too, would present problems for the reason that a search
of the literature for alcohols and ethers containing either a nitro- or
hydroxylamino- group on the same carbon atom proved fruitless, except
where a compound may be a transient intermediate, as, for example, in the

well~known formation of oximes:

{ OH )
i .
RoC=0 + NHpOH — | Rel | ——) RoC=NOH + HgO
i
t NHOH | .

(XIV)
In this reaction the hydroxylamino—alcohol (XIV) has but 2 short-lived

existence.

Structure (XIII) which has the oxygen atom in a position where its
lone electron pairs cannot directly interact with the nitréne system,
appeared most feasible. In Part I of this thesis, the preparation,
characterisation and some reactions of the heterocyclic nitrone (X111)

are described.



3 K
2. Zﬁ&-Dihydro-l,4—Oxazine 4-Oxides  __ Synthesis and Reactions,

In this work, it was considered that the gimplest route to the

desired heterocyclic nitrone (XIII) would be by oxlidation of the known
4-hydroxymorpholine. (¥V).
| g (WI)R=H

7 - (0) o~ ~ \ .
U‘-OH ‘\;[T!\ - L\ly (XVII) R = Ph

0
(xv) (XI11)

It was further considered that comparative studies between the
heterocyclic nitrone (XIIT) and the related cyclic nitrone (XVI) should
reveal what influence the ring oxygen atom may exert upon the nitrone

A0
system, For example, the six-membered cyclic nitrones (XVI) and

1 a0, 2 26 .-
(XVII) were only isolable as dimers (e.ge XVIII) or a trimer

(XIX)f' The dimerisation of (XVI) has been suggested to occur as follows:

6\ _{ NN ~ N
g:pT\m\/Ej | L/\'/ I ( \C b
ol
(¥vI) (xVIII) : (x1x)

If the repulsive field due to the lone pairs of electrons on the
ring-oxygen atom in (XTII) were sufficient to prevent the nucleophilic
attack by the exocyclic oxygen atom‘of a neighbouring nitrone molecule
analogous to the process shown above, there would be a possibility that

_ the heterocyclic nitrone (XIII) could be iselated in its monomeric state.

Synthesis. At the commencement, difficulties were initially experienced
in obtaining pure 4—hydroxjﬁorpholine. The‘éimpler method involving the

23
direct oxidation of morpholine with 30% hydrogen peroxidelz' resulted



in very low (< 5%) yields of (XV). Moureover the product was never
entirely free of morpholine, even after repeated refrgcﬁionation.v Very
small amounts of morpholine in the 4—hydroxymorpholine gave misleading
results in subsequent studies and this may be the reason why the further
oxidation of this secondary hydroxylamine has not been reported before.
The pure hydroxylamine (XV) was obtainable in 35 - 40% yield from

a4 ‘
morpholine by the indirect method of Rogers  as outlined below.

‘:;'?"\\‘I/C%H

l
— CHy=CH. COpEL —\ | 7 00RH
o M | > Q §.CHp.CHg.COBE = —+> °
j (o) . 2 e 2 2.Ev't
7 2 |  Bt,0, 0°
(xx)
/-—-\/CHQ.CHg.COQE‘b -
0+ copn  WHaOH Bq. /Y
N - 2% e———> § J-0H + CH,=CH.COgEY
0. PN reflux
CooH
(¥x1) | (xv)

- +
. <’lco2 NH,
COE NH4+

Ethyl 4-morpholinopropionate (X%), obtained in high yield by the Michael-
type addition of ethyl acrylate to morpholine,zf‘ was oxidised quantitat-
jively to the ether-insoluble cerystalline salt, (¥x1), an N-oxide phthalate,
which, on refluxing with ammonium hydroxide underwent a reverse Michael- -
reaction. 4-Hydroxymorpholine could be recovered in 40 - 45%.yield, ard,

on redistillation, the colourless oil crystallised in the refrigerator.

After 2 years storage in such conditions, thin layer chromatography (T.L.C.)



showed but a trace of higher oxidation products. Morpholine was com-
pletely absent. The hydrogen-integrated proton magnetic resonance
spectrum was complex (Fig. 2, Aop. 1). Since methylene protons adjacent
to an oxygen atom are deshielded more than when adjacent to a nitrogen
atom due to the greater electronegativity of the oxygen.atom;%q'it is
reasonable to assign the lower field multiplet, centred at £76.2 to the
protons in the -CHy-O-CHo~ moiety, and the higher field multiplet centred
at about T 7.0 to the protons in the ~CH,-N-CH,- moiety. The elucidation
of later structures which incorporate this 1ing system is facilitated when
the signals due to these ring protons cén be recognised., For this reason
the p.m.r. spectrum of 4-hydroxymorpholine has been introduced at this
atage.,

4-Hydroxymorpholine was observed to undergo facile oxdidation in a
variety of solvents under a variety of conditions. Thus after aeration
of an aqueous solution containing ammonia and a catalytic amount of copper
sulphate, the resulting solution on paper chromatography or T.L.C. showed,
in addition to some starting compound (XV), a second elongntel, slower
moving spot. Both spots could be revealed either by isdine vapour or by
spraying with 5% ferric chloride solution when, in the latter.instance,

the compounds gave wine-red colours, Similar colours have been reported

: 2
previously for the action of ferric chloride on the nitrone dimer (XVIIT) ’

and on the peroxidic material reported to be formed when N,N'-di-iso-
propylhydroxylamine wos catalytically oxidised.47 i%ee also Part 2.1
Under more controlled pH conditions, the oxalate of (V) was found to
absorb repidly about 4 mole of oxygen per mole of the hydroxylamine.

On catalytic hydrogenation over 5% palladised charcoal under quantitative



conditions; the resulting solution after oxidation was observed to take
up 2 moles of hydrogen per initial mdle of (XV) and morpholine was
recovered from the resulting solutiony From these results it can be

inferred that the following sequence occurreds:-

2+

Q J-0H + 30 LRI y-0" NN
= sU2 +h= + HoO
NHy Pd-C R 27
(+ HoO)

(xv) (XIII)

and that the heterocyclic nitrone (XIII) was probably present in the
solution of oxidised hydroxymorppoline. An attempt was made to isolate ©
the nitrone (XIII) by continuous aseration on a preparative scale until
no more hydroxylamine remained. After several hours, only about half of
the hydroxylamine had undergone oxidation, as observed on T.L.G.
| A thick, viscous gum, which on standing over phosphorus pentoxlde
under high vacuum slowly became a glass, was isolated. Because of the
contamination with starting material, this route to the nitrone (XITI)
was not pursued further,

Yellow mercuric oxide has been used with much success in oxidiéing

292 q"soin a variety of solvents and it

secondary hydroxylamines to nitrones
was natural to investigate its use in these studies. Both aqueous and
chloroform solutions of 4-hydroxymorpholine were obéerved to reduce

yellow mercury oxide fapidly to grey—bléck mercury exothermically., The
reaction proceeded more slowlyﬂat temperatures betweeh 5 - 10° and reguired

a much longer period for the complete oxidation of the hydroxylamine, as

revealed by T.L.C, studies. Agqueous solutions after shaking with



10.
mercuric oxide for 15 mimutes showed but a single spot (T.L.C.) which

travelled more slowly than the parent hydroxylamine (XV).

Spectral studies.

The centrifuged aqueous solution on appropriate dilution with 95%
ethanol in one instance and with water in 2 second instance, shoﬁed a
single strong ultraviolet absorption band in ench case, at 238 q/&

(25 6800) in ethanol and 232 g}¢(?§ 7900) in water. These values closely
agfee with those cited for the mononocyclic nitrones, the l-pyrroline |
lfoxides (I) which in 954 ethanol absorb near 234 rrlx/lC(g':"-"SOO(})'L but in
water absorb near 227 q¢¢(£§ 8000) . This evidence points to the
presence in soliition of a compound containing the nitrone chromophore,
~G=N(07)-, |

Further spectral evidence was adduced from the infrared spectrum of
a freshly prepared dry chloroform solution of the compound, obtained by
mercuric oxide oxidation of 4-hydroxymorpholine in A.R. chloroform,
filtration and drying over anhydrous magnesium sulphate. The IR spectrum
showed strong absorption bands at 3300, 1628 and 1100 cm.mt Since a six-
membered cyclic system is less strained than a five-membered ring struct-
ure, and because a given chromophore will absorb in the IR at higher
frequencies in less strained ring systems,au~ 1t follows that a nitrone
group in a s ix-membered ring would be expected to absorb at a frequency
higher than 1570 - 1580 eml”! , the range reported for the five-membered
eyclic nitrones (I, R' = H).® 1In addition, the strong band at 1100 cm.

is attributed to the C-0-C deformation™’

R°R* - R°R®
for the reason that both 4-hydroxymorpholine RyRQ[_q.ﬁJRj
~N
and morpholine showed similar strong absorptions 6~

(1)



2t 1100 on>' wherens a chloroform solution of the cyclic mitrone (XVI),
prepared by the action of mercuric oxide on 1~hydrox§piperidine in
chloroform (experimental section) showed only two strong bands at 3300
end 1625 on: and no band at 1100 ca’’

The strong broad band at 3300 om.! (~0H) merits some discussion for-
it suggests the presence of some N-hydroxy-tautomer (XXII). The literat-
ure containszconflicting evidence as to whether the N-hydroxy~tautomeric
form of nitfones has any existence. In support of this, it has been
claimed on the basis of n.m.r. evidence ‘that the tautomer (XXITIb) is the
predominant form of the indolene MN-oxide (¥XITIa) ,3 X while, in contrast
n.m.r. studies on some of the l-pyrroline l-oxides (I) point to the
absence of the tautomeric species?* The author himself has examined

IR spectra of chloroferm solutions of the cyclic nitrones

4 ; 4
(In, &' = B> = Me, Pt =r=r%=R"=1H) and
(1b, &' = R7 = Me, R™= R2=g¥=RrI=3%=1). These also showed

strong absorption bands at 3300 cm:‘ which would also support the exist-

ence of the N-hydroxy tautomeric species.

(XX11Ia) (CXIIIL)

11.
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The following observation on the offect ‘of deuteration of the
carboxynitrone (X¥IV) in which the protons at C-3 appeared to be exchange-
able, can only be explained by a mechanism invoking the amor)lol(gf)' the
N~hydroxytautomer f’\ ‘as an Intermediate in the exchange process.

The author, in repeating recent work of Lord Todd and his co-workers on
the preparation of the deuterated nitrone (Ic, R' = R&'= Ra = Me,

gt = Rs = Réﬂ‘H, n = D) ,35 obtained a product which, on mass spectral
analysis contained significant proportions of di- and tri-deuterated
nitrone (Ic) in addition to the desired mono-deuterated product

[see Experimental section, 2 11(d)] The following mechenism in which
deuterium exchange could have occurred at C=3 via the anion (xxXv) to

yield, ultimately, the tri-deuterated carboxynitrone (XXVI), is consistent

with the results.

+

D

Mo -.———-S(J -t Me 1 D20 Me [—(HD) (D)
Me i +ﬂ/\3 ' L ":\\‘l > l\ + |
2 ~ ‘N OZH Me2 > I\’I GOzH Me2 N &OZD
.
0~ v 0

0]
ﬁ‘j—”ﬂ)(Dz)
| )
Q"

(Te)

-

The spectral evidence therefore would suggest that the solut-
ions prepared above contain the heterocyciic nitrone (XIII) in its mono-
meric form. Tt is apposite and of interest to mention that the aqueous
solution of the cyclic nitrone (XVI) also showed strong ultraviolet
absorption at 229 m/[ ( e 8400). This, coupled with the infrared spectrum

of its chloroform solution mentioned above, is strogg evidence for



pelieving thet the nitrone (XVI) has monomeric exlstence in solution.
Moreover it must be presumed t§ have transient existence when its dimer
(XVIII) was observed to undergo l,5—cycloadditions;%’ reactions which are
typical of the monomeric cyclic nitrones (I). The author's observation
conflicts with & recent report37 that the dimer (XVIII) showed no ultra-
yiolet absorption in aqueous solution. | It was suggested that the
structure was 2 hydrated di~N-oxide of (XVIII) with the three canonical

forms (XVIIIa, b, c) contributing to a resonance hybridf7

¢ o
!./"\ro\ N o ) - W f\j /\’_“’ ‘T\T
P ] «— L P N
T N\o /'\_/ e’ ' N ~ }\ "~
) ol c
(XVITITa) (XVITIIb) (ZVITIc)

Evidence has been accumulatedy to show there is no marked lowering
of the intensity of the UV absorbance of cyclic nitrones in aqueous
gsolutions, thus demonstrating that "hydrated nitrones" if they exist
cannot have the structure -é(OH).N(OH)—. The author believes that the
deliquescent character of many cyclic nitrones originates in the highly
polar character of the nitrone group tending to associate with the polar

water molecules without addition to the nitrone group.
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Attemots to isolate the heterocyelic nitrone (XIT1):

S
Polymers of £ -dihydro-1,4-oxazine 4-oxide,

With strong evidence that the nitrone (XIII) was indeed present in
golutions of 4-hydroxymorpholine treated with yelloﬁ mercufic'oxidé, the
obvious course was to remove the solvent and recover the nitrone, Freeze-
drying .of aqueous solutions gave a white, sticky, extfemely hygroscopic
solid which showed a weak absorption band at 1830 cm7! It dissolved
readily in polar solvents such as water, alcohol or acetone, the solutions
showing UV absorption bands at 232 qgc(water) and 238 q}{(alcohol) due to
the nitrone chromophore., When the alcoholic $olutions were tréa£ed with
ether, the same hygroscopic solid was precipitated out as a floc.

The evaporation of dry chloroform solutions yielded pale yellow,
viscous liguids whiéh, on drying under high vacuum over phosphorus pent-
oxide, became a glass. On removal of the unchanged 4-hydroxymorpholine
by trituration with dry ether, a pale cream-coloured resinous solid was
obtained. This non-hygroscopic solid was insoluble in all solvents,
analysed satisfactorily for (C4H7N02)n, melted over a wide temperature
range, 156 - 165° with decomposition, and showed no significant bands in
the IR spectrum above 1480 emy! This polymer, while only sparingly
soluble in water, dissolved readily in Mthdrbchlbric acid in which
~solution it rapidly absorbed 1 mole of hydrogen in the presence of Adam's
catalyst to yield 4-hydroxymorpholine, The polymer; like the hygroscopic
- form, also dissolved readily in 5% ferric chloride to yield a deep wine-

red solution.
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As‘this ingoluble polymer wes observed to dissolve slowly in chloro-
form under prolonged reflux, an attempt wés made to determine its molecular
weight by an ebullioscopic method. The temperature rise was irregulax(Fig.l
ippend. ). Two temperatures which remsined steady for brief periods
could be assccinted with a dimer and monomer of the nitrone (XIII) but
the final temperature suggested that the polymer had undergone further
changes and decomposition. Both T.L.C. and IR studies on ths resulting
solubion indicated the presence of the monomeric nitrone tegether with
other products containing C=0 and C=N systems. Thus the IR spectrum
showed absorption bands at 1755 and 1670 omr' as well as at>l630 em:!

On the basis of the foregoing facts one can exclude the aldol-type
of dimerisation (l) which 1is displayed by certain acyclic nitrones éuch
as C,C—dimethyl-—N—phenylnitrone.38 This would result in the formation.
of an intramolecular C-C bond giving, for example, (FXVII). It would

be difficult to explain the ease of dissociation of such a structurs.

0
N\/k/ﬂ@j > _O/Q;i’li?] ceenndfl)
OH '

(XXVIT)
The IR spectrum of the resinous polymer showed a strong absorption
band et 1120 em:'  (C-8-C of the morpholine ring) with shoulders at
1140, 1130, 1115 and 1100 om." In accordance with Bergman'!s assignment
of bends near 116C, 1120 and 1105 cmi' to the 0-C-N group,”’ this would
suggest the same grouping to be present in the polymers. The hygroscopic
32¢ -

solid, which also showed absorption near 1630 en?t {c=n ?) is thus

tentatively assigned the open dimeric structure (XXVITI) rather than the
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cyclised structure (XXIX) analogous to the dimer (XVIII) of the nitrone

(xv1).
oy 9 0~
S NG Oa v 0™y O
+ hRY f
Mo/ Ko_/’ — \O._) (Oi/ I\/N“O/\/ oo (2)
(XXVIII) (XXIX)

The insoluble resinous polymer is considered to have the chain-
structure (XX¥) arising by extension of the dimerisation proeess

represented in (2).

5 B

\f-N/ \w.N'Oz—N’O(\)
< A) (B "

(XX

The skeletal -N-O-C— repeating unit in (XXX) has also been proposed
for the white resins of high molecular weight and ill-defined melting
points resulting from the polymerisation of fluoroni’c.rone.s.k-o The chain-
like structure (XXX) can now account for the insoluble nature of the resin,
Moreover 1ts slow dissociation into dimer and monomer on prolonged reflux
is readily explained by the electron shifts shown in (XXX). Thus ring
A wouid yield the monomer (XIII) while rings B and C would yield the open
chain dimer (XXVIII). The dissociation would clearly be hastened if the
linking oxygen atoms were to be protonated; and hence the solubility

in acids is explained (3).
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An interesting aspect of this mechanism of dissociation is that
it becomes possible to accouﬁt for the observed decomposition of the

polymer on prolonged reflux conditions.

2 /’5£7 fﬁp\ 0‘§#'

el 3 0\ ,OH"

/r—— + \ & + ? 000-00(4)

0—; o~/ __5 | )
(XT11) (xxxT) (XXHLI)

Here is depicted disproportionation to yield three products, the nitrone

(XIIT), the dihydro-oxazine (XXXI) and hydroxymorpholone (XXXII).

However no attempt was made to separate and identify the products.

Picrate of Zfl—dlhydro—l 4-oxazine 4-oxide,

Because of their basic character, cyclic nitrones give rise to salts
with acids and an attempt to isolate the picrate of the heterocyclic
nitrone (XIII) was made. The picrate obtained by evaporation of an
aqueous solution of picric acid and the nitrone (XTII) had a higher
melting point (94°) than that obtained from chloroform solutions of the

same mixture (89°). Their identity was confirmed by comparison of their
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infrared spectra and X-ray scatter patterns of the powders. Both samples
decomposed extengively on attempts to recrystallise for analysis. For
this reason the preparation and isolation were performed under conditions
preventing contamination with undesirable solids. Analysis and equival-
ent weight, as determined spectrophofoﬁetrically in ethanolic solutions,“’
were satisfactory for a 1 : 1 salt, viz., C4H7N02.G6H%N307. The picrates
slowly decomposed, even on storage in a desiccator, to dark oils. The
heterocyclic nitrone (XITT) could be recovered by passing an aqueous
solution of the picrate over a short alumina column. Paper chromatograms
of the eluate revealed the presence of the heterocyclic nitrone (XITI).

Reactions.

‘3 .
Beduction of ~ék—dihvdro—l,4—oxazine 4d—oxide.

In general nitrones can be reduced in one or more steps as shown

below:

o 28] Q)
~C=N0™ —_— s

) = -GH-N-OH o {_H]
-f] N —CH-NH
(b) j

T 1 d
~C=N

Path'(a) can be effected by hydride agents e.g. sodium borohydride, on
golutions of a nitrone, and the production of a sscondary hydroxylamine

by these reductants has been suggested as being diagnostic for a nitronefm
The re-formation of 4-hydroxymorpholine by the action of sodium borohydride
on aqueous solutlons of 4-hydroxymorpholine previously trected with yellow
mercuric oxide would therefore provide chemical corroboration for the
spectral evidence that the heterocyclic nitrone (XITI) wes indeed present

in the above solutions.
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Nitrones are capable of being reduced further to secondary amines
{path ¢) under more vigorous.reducing conditions. . Thus the l-pyrroline
l~oxides (I) were reduced to pyrrolidines by zinc 2nd dilute hydrochloric
acidl'whereas milder reagents such as zinc-acetic acid?, sulphur dioxide™
and triphenylphosphine43 reduced the same cyclic nitrones (I) to the
l~pyrroline compounds, corresponding with pathway (b). The heterocyclic
nitrone (XIII), however, was reduced to morpholine by the action of zinc
on acetic acid. Catalytic reduétion over 5% palladium-charcoal using
hydrogen at pressures of the order of 35 p.s.i; to give morpholine has
been referred to earlier, It is interesting to compare this result with
the hydrogenation of the polymer in M-HCl over Adam's catalyst which
yielded 4-hydroxymorpholine, 1In none of these cases was the dihydro-
oxazine (¥XXI) observed, i.e, corresponding with pathway (b) in the
scheme ab§ve.

From a preliminary examination of the action of sulphur dioxide en
dfy chloroform solutions of the heterocyclic nitrone (XIIT), the only
conclusions that couid be drawn were that reduction had indeed occurred
as sulphate ilon was present in the solid product isolated, and that in
the mixture of products obtained by Aissolving the ebove solid in aeueous
ammonia and extracting into chloroform, neither morpholine nor 4-hydroxy-
morpholine were observable on thin layer chromatograms. At this stage
onz can only tentatively suggest that reduction to the dihydrooxazine

(XXXI) had occurred by de-oxygenation ef the nitrones-

N 7\ ,
0 +§—0 + 80, T2 0 ,y + 303 

(XxxT)
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However, it has been reported that dehydrohalogenation of 4~chloro~
morphéline under basic conditions gave not the compound (XXXI) but a
polymeric solid (XXXIV), resultingrby polymerisation of the tautomeric

oxazine (XOXIII):-

0 N —3 10 wije—1lo NH 0 NH
\—_":j ) >—-——< n

(XXXT) (XXXIIT) o (XxxXIV)

Tt may well be, therefore, that the solid material in the mixture
referred to above contained this polymer. Further detailed studies on
the mixture are required, however, pefore drawing definite conclusions

as to the course of the reduction.

Cycloadditions of olefins to Zhrdihydro—l,4—oxazine d—oxide.

The rapidly growing interest in nitrones during the last decade
' © add to
stems essentially from the ease with which reactive olefing yield 1,3~

cyclic adducts incorporating essentially the isoxazolidine ring (xxxvI).

R R%C \ d - N R R
i —— b
R C v +N CR'R*
&N\ /Q/\
(so0v) l (T1a) (1Ic) \L ()
\(l}~—--—~R' R% . gt
L] (]
/N\OJR‘R‘* | o 7 B

(Xvia) (XXXVIb)
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Fuséd bicyclic systems incorporating a bridgehead nitrogen atom have been
shown to form when cyclic nitrones, e.g. (1), add to olefins.’  Fused
tricyclic systems arise when the olefin itself forms part of & ring such as

n cyclohexene.ae

Tt is obvious, however, that two structural adducts
arc possible when an unsymmetrical olefin (XXXV, I#Iflyé R?Rq) adds to a
nitrone since the nitrone may react in the one polar form (IIa) to yield
the adduct (XXXVIa), or it may react in its "back polar" state (TIc) to
yield the isomeric isoxazolidine (XxXVIb). Delpierre and Lamchenf4* who
examined the products obtained by the addition of ethyl acrylate to
5,5-dimethyl-l-pyrroline l-oxide (Ia), unquestionably established the

orientation of the adducts.

(Ia)
_— ' (e]
— r"o 100 —CO,Et
g U s
Vg 0.5t tem"’ . ¥<o
Mez M82 0 Me2
+
CH,=CH.COgEt
(XXxVIla) (XXXVIIDb)

In this elegant classical work they were able to show that at
ogdinary temperatures the isoxazolidine (XXVIIa) was formed whereas at
elevated temperatures, the isomer (XXXVIIb) was the product. They were
able to conclude that the nitrone reacted in its "back polar" canorical
form at room temperature, but reacted in its "normal” polar.state at
100°. The use of pe.m.r. studies has assisted not only in confirming
the orientdtion of these and other similar adducts but also, to a limited
extent, the stereochemistry of the ring substituents. Thus methyl
methdcrylate was shown to 2dd in the cold to the cyclic nitrone (1a) to

. kg
to yield the expected adduct (OXXVIII), as established by p.m.r.
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In contrast however, it has been reported that methyl methacrylate as a
nitrone trapping agent yielded the adduct (XOXTX) with the nitrone formed
in situ by the oxidation of N,N-diethylhydroxylamine by t-butyl hydro-
pcroxide.+¢ Moreover it ié ¢laimed that the C-4 epimers were separable:$é
The p.m.r. spectra of the adduets upon which the evidence was based were,
however, not reported. P.m;r. has proved to be a valudble tool in con-:
formational amalysis in this field, Thus from the isexazolidine (XL)
four conformers were iselated by preparative gas-liquid chromatography
(G.L.C.) and the configuration of the two rings and the geometrical
relationship 5etween the tertiary hydrogen HCLand the N- substituent R
in each cenformer were determined bylp.m.r. studiésf7

The heterocyclic nitrone (XIII) as prepared in situ in chloroform
solutions was ebserved to behave as a typical nitrone towards reactive
T_bond systems, what Huisgen has termed "dipolarophileo";%#gand the
1,5-cycloadducts were showrt to be the expected fused N-bridged isoxazol-
idines. The adduct in each case was prepared by adding the dipolarophile
to a dry chloroferm selution of the freshly prepared nitrone {(XIIT) and
evaporating off most of the solvent. TIn this way, cyclohexene, phenyl-
isocyanate and ethyl acrylate were observed to add to the dihydrogkazine

oxide (XTTI).
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Additien of cyclohexene

Cyclohéxene wes observed to give a colourless crystallire base
having 2 penetrating mouse-like odour, The direct purification of this
by distillation and recrystallisation failed to give an amalytically pure
product. However it readily formed a picrate whose analysis and equiv-
alent weight, as determined spectrophotometrically,“' were in satisfactery
agreement with CqoHy7N0g.CalzNz07. From the pure picrate the base was
recovered as a low melting (29 -~ 30°) crystalline solid analysing for
C10H17N0g, and showing no absorption bands sbove 1480 cm:! , thus
establishing the absence of both (=N and C=C in the adduct. The fused
tricyclic structure (XLI) assigned to the adduct was confirmed on the

basis of the p.m.r. spectrum.. The spectrum consisted of a series of
/w AN 0 '/,\\'
b‘ + ﬁ _ \ ————-————'—') { 3 2]
N T

Co (xL.1)
complex multiplets in which 5 distinct greups were recognisable (Fig. 2c¢,
Appendix 1).  The broad band centred near 8.4 is assigned to the
protons on 4 methylene groups at C-8 to C-11. The multiplet centered
ot T7.4 (1H) is assigned to the tertiary hydrogen at ¢-12. The multi-
plets at T7.0 (3H) and 6.2 (4H) are due to the 7 protons on the morph-
oline moiety of the adduct. Finally the remaining low field multiplet
centered at 5.6 (1H) is assigned to the tertiary proton at C~7 since a
hydrogen in this position, adjacent to an oxygen atom which in turn is
bonded to a nitrogen atom, should be least shiclded and hence would be

e
expected to give a signal at a field lower than any of the other protons.



Reaction with phenylisocyanate.

The nitrone (XIIT) with phenylisocyanate gave 2 colourless, cryst-—
alline solid, m. pt. 117 - 118°, which analysed for a 1 : 1 adduct.
The fused bicyclic oxadiazolidinone structure (XLII) is assigned to this
product on the following grounds: |
(1) The addition of phenylisocyanate to nitrones to give oxadiazo-
1idinones is well attested, having been reported initially by
Beckmann+7and investigated more fully by Staudingerfv
(i1) +the IR spectrum of the above product showed strong absorption
at 1770 cm.! (75-1actone§béut no absorptién due to C=C and C=N.
(431) The signals in the p.m.r. spectrum were assigned without diffic-
ulty as follows: the multiplet at Z°6.58 to the methylene
protons at C-4, the multiplet at ?Ts.og to the four methylene
protons at C-1 and C-3, and the multiplet at T 4,95 to the
tertiary proton at C-8, the low resonance signal of this proton
being expected owing to'the de-shielding effect of the two
adjacent nitrogen atoms.zM The splitting in this last signal
is probably due to the non-equivalence of the C-1 protons in
which case their coupling constants with the C-9 pfoton would
be different. The five aromatic protons gave rise to a multiplet

at T2.65. The reaction may therefore be represented by the

equation:
Ph
N
P 1 TN e N e
U + G —_— @‘7 gph
N~ ~& N\\O/, 0

0

(XI11) (XLII)
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Reaction with ethylacrylate.

An oily addﬁct, analysing for CgH5NOsz, was obtained when the
dihydro-oxazine 4-oxide (XITI) was refluxed with ethyl acrylate for ons
day at 100°, | Tt resembled related isoxazolidines in that it failed to
yield-a picrate but readily gave a picrolonate%4'whosevanalysis and
molecular weight (determined spectrOphotometrically5') were consistent
for C1gHpzN5Og. The isoxazolidine structure (XLIIT ) together with the
orientation of the ethoxycarbonyl group shown 1s assigned to the adduct
on the following groundsi ’

(1) Ethyl acrylate has been shown beyond all reasonable doubt
vto add 1, 3 to the nitrone system.*y
(i1) The IR spectrum showed significant absorption bands at
1745 (C=0 ester) and 1128 cm:t (C;O—C,,morpholine moiety)
‘but no bands due to C=C or C=N.  The addﬁct can therefore

be only one of the isoxazolidines, (xLI1I) or (XLIV).

. ? t g . "

0 (A :
L:i;§ + CHg=CH-COoEt

~o~ N“-;§L . B
?‘ W ..71‘ COoEL ()

N
(1i1) In the p.m.r.~3pectrum (Fig. 2b, App. 1) the triplet at ?féﬁgg'and
quartet at ?:g;gg are characteristic for the ethyl ester
while the multiplet bands ranging from T5.8 - 7.2 are
assigned to the protons at ¢~1, C-3, C=4 and C-9. The
twio multiplet bands at ‘Z7.48 (2H) and 5.28 (1H) are
assigned respectively .to the methyleﬁe protons at C-8 énd

" the methine proton at C-7 in (ELITI). The C-7 proton being
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adjacent'to both the ring oxygen and an ethoxycarbonyl
group would be expected to give a low fielid signalfbba’
The multiplet appearance of the low field signal is due
to spin-spin coupling with the non-equivalent methylene
protons at C-8, the non-equivalence of these protons
being the result of the 2 rings lying folded along the
C-N junction, so that the axial and equatoriel protons at
08 would be endo- and exo-orientated respectively.

(5v) The isomeric structure (XLIV )} is excluded for the
_reason that the protons giving rise to the multiplets at
T7.48 (2H) ard T5.28 (1H) in the p.m.r. spectrum

cannot be assigned to this particular structure.

A careful examination of the p.m.r. spectrum of the isoxazolidine ester
{Fig.2Db, App. 1) reveals that each of the signals due to the ethyl ester
protons is accompanied by a very weak, but neverthelesé significant
signal at a slightly higher field, i.e. a quartet at ©5.76 (T = 7 CepoSo)
and a triplét at TB8.72 (T =7 c.p.s.). This suggested that two C-7
epimers were present, the mixture containing‘a greater preponderance of
the one. This hypothesis appears to find support in the further
observation that, after extending the reflux period of the reaction
batween the heterocyclic nitrone (XTTI) and ethyl acrylate to 4 days at
100° in the hope of obtaining the isomer (XI.IV ) analogous with the ester
(YXXVIIh), only the same isoxazolidine (XLITI.) was recovered and the
p.m.r. spectrum of this product was identical with that shown in Figure? b.

However the relative intensity of the above—mentioned weak ester signals
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had markedly increased. Thisbcap only be explained by assuming that
the proportion of the less abundant épimer hed increésed. The epimer-
isation may well eccur through the Q—O cleavage in the isoxazolidine
ring cn heating, followed by reclosure with inversion a2t C-7.
hY - ] :

g A I

/‘l\‘“\ 0% ’Gf;o —= /g GT)EH ez ’:}7\ /‘3{:’“m RNY
< oEt Yl 05Et s~ 0 “H

An examination of the structure of the isoxazolidine (xLIII) leads

one to conclude that the nitrone (XI1T) has reacted via a "back polaris-
ation" mechanism, the addition possibly occurring by initial nucleophilie
attack on the ﬁ3~carbon of the acrylic ester, to form the intermediate

switterion (¥LV) which then cyclises in the manner shown {Mechanism 1.).

N A %Pv /\[— :
J ,L..._./ / 0 - (H '
LN —> I % !72 —_—> ?/ﬁ\w [
~ \ O—- \4-*! N —” A :-I \/l\r
¢ =0 D AS : ¥ .0~ COEL
CEt OEt
(XTIT) (xv) (XL1IT)

Mechanism 1.

On the other hand the cyclisation may involve a concerted process with
cis oidition af the olefin to the nitrone reacting in its "bsck polar”

form (XTITz) {(Mechanism 2.).

Ve QD//750F2
07 e 7 k '
L ;\{‘1,\{1 <« 9 g{t) { cx —>  (XLIIT)
- Yo oY
COoEt
(Xita)

Mechanism 2.
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Huisgen, in a very comprehensive review on l,5—cycloadditions;t

favoured & single step concerted proceéS‘aS'represented by Mechanism 2.

Stereochenical and Conformational Considerations.

An attempt to determine the most probable stereochemistry and conform-—
ation of the morpholinoisoxazolidine ester (XLIII) by examining Drieding
models of the intermediate and final structures and correlating these with
the limited information from the p.m.r. spectra was not entirely fruitless.
The foilowing observations and deductions drawn therefrom are noted:

(i) Meximum charge separation between the lone electron pairs on
the cyclic and exocyclic oxygen atoms of the heterocyclic
nitrone would occur when the structure (¥IIIa) adopted a
chair conformation (¥ITIb &+c). The exocyclic oxygen atom
would be pseudo-equatorial due to spz-hybridisation of the
nitrogen atom and therefore would not lie in the plane of

. the ‘ring (Chart l)

(i1) & thermodynamlcally more stable bicyclic structure would be
in (XLIII)

““expected to result when the two r1nga/are least inclined to
:one another. ThlS is observed when the r1ngs are trans-fused,
as in (XLIIIa) ‘ The_ax;al lone palrfon;the nltrogenﬁle seen
to be trans to the ax1al methlne hydrogen at C-9 dis—fuslonr

'__ would result in structure (XIJIIb) whlch, since it 1s folded, _
| mlght be expected to_be thermodynam;cally lese favoured._l.;.
Whlle the complex character of the P MmeTs spectrum precludes
a detalled analy81s to ascertaln the geometry of the r1ng
fu81on, the ester proton 31gnals (next paragraph) tend to

support the expectatlon that the rings should be trans-fused.
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(111) TIn the trans—fused structure (XLITTa: R'= COoEt, R¥= H) (Chart 1),

the ester protons on the ethoxyﬁqrbonyl group can approach

the lone-elzctron pair on the nitrogen atom more closely

than the same protons in the epimer (XLIIIa: R! = H,

r% = COoEt). Thus one would expect small magnetic resonance

differences between the ester protons‘in the.two epimersigéa'

In céntrast,‘an examination of the eﬁimeric esters

derived from the cis-fused structure showed that in one case
(XLIIIB: .R'-=‘H, rR¥= CO5Et) the ethoxycarbonyl group was
orientated into the fold, i.e. endo~ orientated, . whereas in

a==H), the same ester group

the epimer (XLIIIb: R'= COsEt, R
was exo--orientated with respect to the ring fold. One would
therefore expect more marked differences in the magnetic
properties of the ester protons of these two epimers.

In fhe absence of suitable data on comparable structures,
clearly one cannot assign a definite value to %19?, the chemical
shift difference between the ester proton_signais for the two
trans-epimers, and 8@{, for the two gigfepimers; However
since the actual observed value (&ﬂjz 0.0%3 p.p.m.) was very
small, the author would tentatively suggest that thiS'correlafes
more closely with a trans-fused structure (XLITIa). Further-
more, in view of the closer proximity of the ethyl ester protons

in (XLITIa: R' = comt, r%

= H) to the axial lone pair on the
nitrogen atom, these protons would be expected to experience a
slightly greater de-shielding effect and would therefore be

expected to give resonance signals at slightly lower field than inthe
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case of the epimer (XLIITas r! = 1, RQ':VCOZEt),

If this agsumption were correct, it would imply that since

the downfield ester proton signals largely‘predominate in the

‘p.m.r, spectrum,-the jsoxagzolidine ester produced contained

2 ‘high proportion of the conformer (XLIITa: R' = COpEt,

rd = H).  Both Mechanism 1 and Mechanism 2 can account for

this formation (paragraph vi below).

(iv) For trans-fusion of the rings to occur, the nucleophilic carbon

atom generated in the back polar state in (XIITa) must have the
electron-pair located in an. equatorial Sp54orbita1, while the

hydrogen atom on the same carbon becomes axial (XIIIb).

(v) Since the two chair conformers (XTIIb) and (XIIIc) of the

(vi)

nitrone in its back polar form would be expected to be present
in equal amounts, the_absence of optical activity in the cyclo-
addition product would indicate that the enantiomeric esters

X
(XLIIIas ol 4, R'= COoEtL) and (XLIIIc: R = H, R’

= COgEt),
of the more abundant. adduct are present in equal amounts, i.e.
a. racemic mixture is formed. ~Similarly fhe less abundant

adduct must also be present as & racemic mixture of its enant-

i

‘Somers (XLIITa: R' =H, R%= 00, Et) and (XLIITc: R'= H,

RY = cogEt).
A cdnsequence of the conclusions arrived at in paragraphs (1ii)
and (v) is that the nett result of the addition of ethyl acrylate
cannot be random but stéreospecific.

If the esterv(XLIiIaz r! = COoEt, Rg'ﬁ H) were formed by

a concerted cyclization (Me¢hanism 2 ), then the orientation of



352.

the olefinic ester would bé such that the ethoxycarbonyl

group was directed to the same side of the plane of the nitrone
ring as the exocyclic oxygen. Moreover, since the above epi~
meric ester, together withits enantiomer, was the most abundant
stereoisomer, the implication follows that this orientation

of the ethyl acrylate is preferréd to the alternative where

the ester group is directed away from the side of the ring
plane on which the exocyclic oxygen lies.

If the reaction were considered as avtwo-step process
(Mechanism 1 ), the initial.step would be nucleophilic attack
by the equatorial electron pair at C-3 in the nitrone (X11IB)
on to the {8—cafbon atom of the olefin., In the intermediate
(XLV) the ethoxycarbonyl group can only be directed to the same
side of the nitrone ring plane as the exocyclic oxygen or to
the opposite side prior to the second step, i.e. prior to
nucleophilic aftack by the ofl-carbon atom on the éxocyclic

- oxygen atom. (Chert 1)

An aspect of these cyclpadditions requiring comment arises from the
observation that the heterocyclic nitrone (XITII) gave only the one ester
(XLIII) with ethyl acrylate and none of ’;he structural isomer (XLIV) even
at elevated temperatﬁreé. This means that the nitrone (XITI) reacts only
in its "back-polar" form which would appear, even at elevated temperatureé,
to be thermodynamically favoured over the "normal" polar structure (XIII)
in these cyclo-additions. This is in contrast to the nitrone (Ia) which
can react in either of the canonical forms shown, depending upon the

reaction temperature,44'as discussed earlier.
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(1a)
The addition of the heterocyclic nitrone (XIIT) to cyclohexene can
now Be formulated as 2 single step process (Equationfs) or a two-~step
process (Equation 7). In the former case, the nitrone must be "prepared"

in its "back-polar" state (XTITa) prior to cyclization with the olefin.

O‘r\\_-,, ~ '
(X11Ta) *\,,V57¢(/~[:::] ) L\~/$-O \\v:] veeed(B)
I T ¥I)

(XLVI)

In the two-step process (eéuation 7), the exocyclic oxygen atom in (XIII)
provides the driving force for the reaction, resulting in nucleophilic
attack by -3 on the olefin to yield the intermediate zwitterion (XILVI)
as shown. The positive charge on the nitrogen atom in (¥LVI) provides
the driving force which completes the cyclization process.

In the same way, the addition of phenyl-isocyanate to (XIII) can be

formulated by equatlon 8, a concerted process, or 9, a two step process.
Ph Ph

/"\g -
(XIITa) 0/\‘ \{ i 0/\‘"“/
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In equation 9, an intermediate carbene-containing zwitterion (XLVII)

is suggosted which can cyclize in the manner shown to yield the morpholino—
oxadiazolidinone (XLII).
It should be stressed that it may be incorrect to suggest that the

"back polar" mechanism which operates in the cyclo-addition of (XIIT) with

ethyi acrylate must also be the modus operandi in all other cyelo-edditions,
for it is reported that under different conditions and with different
reagents, different mechanisms for the cyclo-addition of olefins to nitrones
méy be operative.q

It is clear that the present evidence is insufficient to deduce whether
the foregoing cyclo-additions occurred in one or two steps. Reference has
been made to Huisgen's report in a review article on kinetic data which
support his argument for a one-step mechanism.” It is unfortunate that
his results are not yet available. 1Indeed kinetic studies in this part-
iculer field are scant,’®  and the author intends upon completing the
present work to examine the kinetics of the above cyclo-additions since the
mechanistic path can really only be decided on the basis of entropy of
activation measurements.q

In concluding this discussion, the author admits to having taken undue
liberty to speculate on the detailed structures of certain cyclo~adducts
and drawing inferences from rather limited experimental data and from

models which, although helpful in understanding the steric course of a



38,
reaction, may yet mislead one's judgment. While wild speculastion can
rerely be justified, the speculation which lies within the bcunds of
resson and logic and leads to results which can ultimaetely be tested is
a necessary adjunct of every research student for it is this speculation

which provides the stimulus to advance his understanding in his partic-

vlar field.

3
Oxidations of Zl-dihvdro-—lgl--cxazine 4d-oxide.

Reaction with phenylhydrazines,

Nitrones are cleaved by reacting with the usual carbonyl reagents
' 15, 16,52, 55
and the products are derivatives of the parent carbonyl compound. -
The mechanism of this reaction is uncertain. Initisl nucleophilic attack
by the carbonyl reagent on the nitrone-carbon atom is considered as one

possibility.q The intermediate adduct (XLVIII), which has not been

isolated, is then considered to lose the hydroxylemino-residue.

N /'(X/R !‘ N "/R 1 ~H*
¢=x_n —> | G 1 Mg N~R' + RNHOH
/.? 0" H+ /,} k‘ \C.H ”~
H - N, - H L Hin2H
7! L é/ /
(XLVIII)

Tnitial hvdrolysis of the nitrone to the parent carbonyl and N-sub-
stituted hydroxylamine hos been suggested as an alternative mechanism,
The carbonyl compound cen then react with the reagent.

While acyclic nitrones react readily with carbonyl reagents,q cyclic
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nitrones appear to be less reactive. Thus the l-pyrroline l-oxides have

not been reported'to yield derivatives with acidic solutions of 2,4-

dinitrophenylhydrazine. Piperideine l-oxide (XV1I) and its higher

homologue (XLIX), however, are reported to yield 2,4~dinitrophenyl-
7

3
hydrazones (D.N.P.s) with the same reagent.

)

~o-

(xvI) (XLIX)

Aqueous solutions of the dihydrooxazine 4-oxide (XIII) were observed
to react rapidly with either a hot aqueous solution of phenylhydrazine
hydrochloride containing sodium acetate or a hot aeidic solution of
2,4-dinitrophenylhydrazine in ethanol to form the corresponding glyoxal
phenylosazone (LIV) in ﬁearly quantitative yields. From the phenyl-
hydrazine reaction mixture were recovered both aniline and the equivalent
of 1 mole of ammonia per mole of nitrone. Ammonia was also recovered
from the reaction with 2,4-dinitrophenylhydrazine, but in much smaller
yield (about 0.2 mole per mole nitrohe). Clearly oxidative cleavage
of the nitrone‘ring occurred in both cases and a mechanism for the

reaction is suggested in the scheme overleaf (Chart 2).
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H
(XI111) (L)
(.'NHz—NHAr I
: N i H _ _ 2|
N i i+ \.BSVN\NH/AI' CHo -GNH - NH - Ar
‘ NHOH L HOH ? (o= N+ NH - Ar ==
~ N A
+
(L.1) HOCH,»CH, . NHOH
(L11)
H H Hi‘
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CHo - N - NH - Ar - Jj:H-N-—NH-—Ar N CH =N - NH = Ar
—> - ATNH
I & | e ] .
CH=0N - NH - Ar GﬂNH.-NH-Ar > -CH=/NH\‘H+.“9‘
wH* . -‘
(LIIT) i ’ NH, ~ NH - Ar
CH=N - NH - Ar
} CH=0N - NH - Ar
CH = NHp s
§iq CH=N-NH - ir + NH,
N L E |
“ (LIv)
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&
g
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5

CHART 2.
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Initial nucleophilic addition to the nitrone (XIII) is shown to yield
the substituted 4-hydroxymorpholine (L) which undergoes prototropic rearr-
angement to the phenylhydrazone (LI). This glycolaldehyde derivative
would now be expected to undergo oxidation by more of the carbonyl reagent,
a reaction well known to glycolaldehydes, aldoses and ketoses, to form
phenyl- and substituted-phenylosazones. This oxidation could occur by
the mechonism showngin Chart 2.

Protonation of the ether oxygen atom facilitates nucleophilic displace-
meﬁt of this atom by a second molecule of the substituted hydrazine to
yield ,5‘-hydroxyazninoe’ghanol (LII) and the hydrazino-hydrazone (LIII).
Oxidative rearrangement of the intermediate (LIII) following the mechanism
postulated by Weygand for the formation of sugar §xazones, involving
successively the loss of arylamine, nucleophilic attack by a third
“molecule of the substitutéd hydrazine and loss of ammonium ion,leads to
the corresponding osazone of glyoxal (LIV)., Attempts to isolate the
hydroxylamine (LII) were.unsuc¢essful owing to the formation of tarry
products, Further, the fact that the reaction mixture readily reduced
‘alkaline friphenyltetrazolium chloride (TTC) to the red formazan, was
not satisfactory evidence for the presence of this hydroxylamine,fT since
it was observed that phenylhydrazines also behave similarly towerds
alkaline TTC. It is worthy of mention that the reactlion with either
phenylhydragine or the 2,4~dinitro compound proceeded equally readily in
the absence of air so that an alternative mechanism postulated for the
formation of sugar osazones in which air is required to effect oxidation
of an intermediete cnol form of the sugar phenylhydrazone‘v would not

apply in this case, The author is unable to account for the consistently



low yield of ammonia recovered from the reaction between (XIII) and
2,4~dinitrophenylhydrazine, although the 2,4-D.N.P.-osazone was obtained

in almost quantitative yields.

Reaction with ferric ehloride.

Aqueous solutions of ﬁfg—dihydro—l,4—oxazine 4—oxide, of its polymer
and of 4-hydroxymorpholine were ail observed to give intense wine-red
colours upon treatment with ferric chloride. This parallels the reports
of the action of ferrie chloride upén the dimer (XVIII) of l=piperideine
l—oxide,ao and the products formed when secondary hydroxylamines were

) 2
subjected to catalytic aerial oxidation. 1 ‘The author observed that the

intensity of the colour increased to a limiting value as the conecentration

of the ferric ion inereased. The visible spectrum showed a maximum near
500 gﬁg(fﬁ 740). - The solutions gave a positive qualitative test for.
ferrous ion. Furthermore, stoichiometric studies showed that 2 moles of
ferric ion were reduced very rapidly per mole of nitrone, while 4 moles
of ferrous ion were formed equally rapidly by each mole of 4-hydroxy-
“morpholines
It would therefore appear that since the heterocyclic nitrone (XIIT)

is ‘an oxidatioh product of 4—hydroxymorpholine; Qiéiﬁfboth these compounds
urdergo further oxidation by ferric ions to the same product.

From nditrone (XIII) was isolated a product, analysing for,04H7NO5 to

which the author assigns the structure of the cyclic hydroxamic acid,

4-hydroxy-3-morpholone  (LV) on the following grounds:

39.
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\\gfw%m ‘- ‘\V/N\OH
(XTII) : (Lv) (xV)

_(i\ The stoichiometric proportions reguire.a product having the
same oxidation state as that of a hydroxamic acia grouping,

as determined by the partial equations (10) end (1m):

i 1

+ A ’ R + -
R-CH=N_ + H,0 —— BR-CO—=N] + 2H + 2 .....(10)
o~ o '

{ [

R
R-CHZ-Ni + HZO i ‘R—CO—N(R + 4H + 4e” eee. (1)
OH ' - O0H

(ii) Hydroxemic acids have long been known to yield coloured

complexes with ferric ions, absorbing in the visible
5q 50,61 55
spectrum over the range 480 - 540 nya '

(i1i) PFinally the isolation of the l-~hydroxy-2-pyrrolidones
(IVI a, b, and ¢) fromithe oxidation of the corresponding
cyclic nitrones (Ia), (Ib) and (Ic) by ferric chloride
lends conclusive support to the hydroxamic acid structure
(LV) assigned. (This work, which resulted in a publicatiop63

. is diseussed more fully in Part 2 of this Thesis.)

R, \”

&
\/ + 2Fe5+ + H20 | — R' \r R R”
+N :
=" o~ :

o LY
Meo O a: H H
Me 2
7 b Me H
(1) (Iv1)
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The IR spectrum of (LV) revealed the following bands some of which
are repcrted to be characteristic for hydroxamic acids:éqir
30B0 and 279C (honded OH), 1670 (C=0), 1518, 1106 (C—O—C)f

994 and 880 cmy' (N-O stretch). | )

It was noticed that further oxidation of the hydroxamic acigygontin—
ued when the solution either was allowed to stand for a prolonged period
or was heated on a steam bath., The amounts of ferric ion reduced per
mole of the heterocyclic nitrone (XIII) and of 4-hydroxymorpholine were

8 and 10 moles respectively. 1In addition, nitrous oxide gas was isolated

from the solutions and characterised by the IR absorption spectrum having

—~f 312’ “

miltiple bands at 2220 and 1290 cm. (1it. 2220 and 1290 cm:W.FTom the
solution of (XIII), after removal of the iron as insoluble hydroxides,
was recovered a colourless crystalline solid, identified as diglycollic

5%
acid (IVII). These facts are consistent with the stoichiometric reg-

.
uirements represented in the following equation:

o - | HO 000l
B 340 > A X 50 + 8E"

(LVII)
veeesn(12)

The reaction most probably passes through the intermediate diketo-
compound (LVIII) which upon oxidation and hydrolysis would yield the

products shown.

o 0 . /\
0 \\f’ + MFST 4+ H0 T + aH
7L N R N\

>~ Yy INIII) 7// o

5+
0 C0,H

oo * (e

NZO + HZO

, 2H50
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This reaction demonstrates that a methylene group adjacent to the

¥-0 group is capable of undergoing facile oxidation by ferric ion.
While the mechanism of the oxidation of a carbon atom adjoining a N-O
group will be discussed more fully in Part 2, there is an interesting
biogenetic aspect of this reaction in relation to those members of the
Aspergillaceae which yield metabolites termed "fungal sideroch:c'orﬂes".‘;7
These contain hydroxamic acid systems derived from 8-4Lhydroxyornithine
(LTX). In particular the structure of ferrichrome has been e1u01dataiéyg

The N-hydroxy group is acetylated and three such hydroxamic acid residues

are co-ordinated octahedrally around a central ferric ion (Ix).

c/Me
S d¢‘Nm%
HOL -~ CO,H N0 i
g” ~ \?// 2 g -
NHo C 6" ‘Q@Qm
(LX) e O‘N'C‘Wz
LIX
(Lx) ,CHz

Since a methylene group adjoins the N-O group of each hydroxamate residue,
it becomes apparent from the following equation that further ox1dat10n by

excess of ferric ion followed by hydrclysis would yield glutamic acid (IXI)s

1 . T ] T 5+
Me.co.g.CHz.cﬂz.Cdg.CH(NHz).coga + 4Fe”" + Ho0
OH !
WV
2+ +

}bCO.N.CTJ.QHziCHz.CH(NHZ).COZH + 4Fe + 4H

¢
OH
\ngo

MeCO.NH +  HOoC.CHyp.CHp .CH(NHg) .COoH (1x1)
P
OH

Ferrochrome may thus serve as a source of glutamic acid in the organism,

its release being controlled by the ferric ion available.
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"PART 2

OXIDATIONS COF CYCLIC NITRONES BY FERRIC  CHLORIDE.

1. Introduction.

The tautomeric expression (equationri) demonstrates that the
oxidation level of the nitrone group is equivalent to the oxime O-ether
yo, Tl
group. In fact, nitrones have been referred to as "oxime N-ethers", '

although not for this reason.

R
N ________? N ~+,
=N _R : N ceeeea(l)
0 0
oxime O-ether nitrone (oxime N-ether)

The oxidation level is intermediate between substituted hydroxylamines
(1) at a lower oxidation state, and hydroxamic acids (II) at a higher

oxidation state. The relationships are shown in the following two

equations:
/R /R + -
—CHo-N —_— -CH=R + 2H + Re ceeese(2)
AN N
CH 0
(1)
+ R : /R + -
—cu=Y  + Ho0 —3> -CO0-N + 2H + 2e veens-(3)
N - ~
0 OH
(11)

The oxidation level of the hydroxamic acid group (II) camnot be raised

without rupturing the C-N bond.
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In a discussion on the oxidation of nitrones it will be necessary
to refer to these allied structures. For this reason it is considered
apposite to review at the outset the literature relating to oxidations

of cyclic nitrones and related secondary hydroxylamines.

Review on Oxidations of Secondary Hydroxylamines.

Tt is a well attested fact that one of the important methods for
preparing nitrones is by the use of mild oxidising agents on correspond-
ing secondary hydroxylamines:&?. Thus aeration of ammoniacal solutions
of secondary hydroxylamines containing catalytic amounts of cupfic
ion leads to‘high yields of nitroneswith few side products.2’27’£’
Rogers and his co-workers, in a study of the mechanism by polarographic
anzlysis of the resulting solutions, identified peroxidic products
though only in small yield_.z7 In their mechanism it was postulated
that through an auto-oxidation process, the radical ion (I11) together
with peroxide radical was generated. The subsequent behaviour of the
radical ion (III) depended upon its stability. Unstable radicals

yielded nitrones (IV) on further oxidation (4) while more stable

radicals gave both nitrones and peroxidic products (v) (5).
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R X R + R
om’ =HS  —cpaw’ —¥H o _epy”  + HoO®

R R
~CHo-N + —CH-N
OH °m
(111)
. AR s R
_GH—N\o‘ > -CH—N + e~ ceveedl(d)
~o”
. (1V)
—éH—N: L+ HOO: ——p ~QH-NQ (V) | ceeess(5)
0 0-OH

t

The author would suggest that the reason for the products giving intense
colours with ferric chloride may be due to the facile hydrolysis of the
peroxidic ion (V) to yield hydroxamate ion (VI) (6) which would yield

. . Nt 59
the intense red colours with ferric ion.

925 ,R | R

HeC-N, ——> H0 + -C0-N] _ + OH censes(6)
bl o o~
0 - OH W)
VI
()
This reaction finds its parallel in the bage-catalysed carbonyl-forming
elimination reactions via peroxide intermediates;ﬂi
' ' 1
B:/:L 5200 ffg -R ——> BH* # (©=0 + RO”
: 1

The silver 1on, Ag , is also capable of catalysing the aerial
' 55
oxidation of secondary hydroxylamines to nitrones though less eff1c1ent1yj

Metallic oxides and salts in a high state of oxidation are effective



in oxidising secondary hydroxylamines to nitrones. Thus yellow mercuric

af 2530 .
oxide,d' " lead dioxide,73 cupric acetate,' K

potassium permanganute75
and potassium ferricyanidff'éhave been employed in this reaction. The
"products,vhowever, may depend upon the experimental conditions. For
example l-hydroxypiperidine with cupric acetate yielded the nitrone

e
dimer (VII) whereas the same hydroxylamine with potassium ferricyanide

{
yielded the nitrone trimer (VIII)?

\x

)
A (Ohe), &MCN i ’
O™ (\f R

L
Y (VIII)

(VII)
Furthermore the site of formation of the nitrone C=N bond may be electron—
jeally and sterically influenced by the substituents present. Thus,
2-phenyl-l-hydroxypyrrolidine (IX) and N-hydroxy-tetrahydroisoquinoline
(XI) on treatment with mercuric oxide yielded the respective cyclic
nitrones (X)% and (x11)*! in which the C=N system is in conjugation

with the aromatic ring.

(x1) (XT1)

46.



l-Hydroxyezephenylepiperidipe_(XIII) however, on similar oxidation yielded
the dimer of cycliclpitrqnef(XIV).in»which latter compound the nitrone

sl
system .is isolated from the aromatic ring_':2

1,,/‘-}7’,;% o0 r (\ P _ L \N/w
]

e P 0H ~ 0N

Ph
(XT11) {X1IV)

The eXplanation;foeredzl is that, whereas conjugation of the C=N bond
wi?h the arqmatic ring is favoured on electronic grounds, only an equator-
ial hydrogen_atom oL the carbon adjacent to the nitrogen atom is capable
of beipg removed . In Structure {X1II) the thermodynamically stable con-
fo;mation would be a chair form with the phenyl and hydroxyl substituents
equatprial, ansequently the hydrogen at C~2 would be axizl, This
~ situation does pot arise in the former two hydroxylamines (IX) and (XI).
Peroxides have iimited use in the oxidation of secondary hydroxyl-
amines to nitrones. The use of hydrogen peroxide in the preparation of
secbndary hydrgxylamines from secondary amineszmﬂﬂ# would neturally pre-
qlude its use in the further oxidation to nitrones. However, hydrogen
peroxide is reported to effect the oxidation of an aldéhyd—amine hemi-
acetal to the nitrone’r as follows:
YR o, | /\-CP=NR] . (""~~CH=§(R gﬁButyl
Y | LN 0~ CHp .CHy .OEt
A better peroxidic reagent is tertiary butyl hydroperoxide. Thus unstable

nitrones have been prepared and trapped in situ by a reactive olefin such

as methyl methacrylate.46

Me
*Mex COOH + Bt CHo=C-COsMe
CHz .CHo- N _.-25_*__ lcHz. CH-N : 2 2
“oH o~

> cyclo-addition.
product

47 .



Amdng organic oxidising agents, high-potential quinones have been

3178
used. ‘1 The nitrone product, however, may complex with the hydro-

3
quinone formed as in the following example: !

- . CH
O\_+/(CH2)%H b P
: — i
N CH +N
OH \(CHz)( \9 S

It was suggested37 that the monomeric nitrone intermediate in this
oxidation dimerised and that the dimer rearranged by the mechahism
referred to earlier (page 13) to the macrocyclic dinitrone structure shown.

‘Diethylazodicarboxylate hes recently been reported to be effective

T
in the following oxidation:

CHoPh + CHgPh. .
PhCHp—N + Et0o0-N=N.COgEt =3 Ph-CH=N] + Et0oC - NH.NH-COoBt
OH | om '

The literature contains many more references to oxidations of hydroxyl-
emino compounds by other reagents in which the products are not nitronmes.

These fall outside the scope of this discussion.

_Review on Oxidations of Nitrones.

Barly work on the oxidations of nitrones was directed to a study of
the products of oxidative cleavage using vigorous oxidising conditions.
Chromic acid oxidised the nitrone (XV) to acetophenone and benzaldehydeaa
while ozone oxidised C,C,N—ﬁriphenylnitrone (XVI) to acetophenone and

(]
nitrobenzene:

48,
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Prgo=N ] S S Ph,C=0 + OCH-Ph
O"
(xv)
+ Ih ' 0z
Ph2(3=N - >  PhoC=0 + PhNO, + Op
o
(xv1)
A more detailed study of the latter reaction has shown " that the

mechanism involved the formation of an intermediate nitroso compound

which was then oxidised further to the n:'Lt:cocompound:"?2’7"3

H - H ~ H
t v O ) /O
Ph —(C = N\\ -3 Ph - Ce; N\\ PhC + PhNO + Oo
: Ph : . Ph
- -0 l) _(S 6 lov.’)
] |
! A 5 PhNO,

115
Periodate has been shown to cleave the G=N bond in cyclic nltrones.

5,5~-Dimethyl-l~pyrroline l-oxide (XVIIb) has been shown» to y:l,eld the
nitroso acid (XIX). The mechanism is assumed to proceed via the

75
intermediate hydroxamic acid (XVIII).

P ) S
7N
Meg( ; Me2'\ Meg CO2H

(XVIIb) - (xviIo) (XIX)



Periodate is also capable of oxidising a secondary hydroxylaomine to a
nitrone prior to further oxidation aswas observed in the following

sequence.

\

/
-t
-/ ]

=

'/

r-4
;—\-l
b{—\

0 OH
() (xx1)
ox
IO; : i IOA
e N I ! /‘  (2T%)
/’\\ ,/
0 oq
(1) (rviTr

The nitrpneahydroxylamine 000 wae initially oxidised to the dinitrone

(xx1). Further oxidation of the ed-tertiary carbon resultsd in cleavage

into two fragments (XXII) and (XVIIT ). The hydroxamic ~cid underweﬁév

further exidative cleavage to the nitroso acid (x17) as'before.
Selenium dioxide, known to yield ol-dicarbonyl compounds by the

oxidation of o{-methylene groups in aldehydes =2nd ketones,gshoxidises

the nitrone (XVIIb)to the keto-nitrone (XXII)* in which the earbonyl

group is conjugnted with the nitrone system. The same compound is ons

of the fission products resulting from the action of periodate on thé

dinitrone (XXI) referred to ahove.

0
i"‘" Se0o g—"—]"’(
Ul T T t +
Megi Meo~ N7
‘ N1
o 4

(z V’IIh) (X7IT)

50.




5}.
From 2,4,4~trimethyl~l-pyrroline l-oxide, however, the B-ring keto- |
nitrone (XXITI) and not the expected nitrone-aldehyde (X¥IV) was the
productf} It has been suggested that the ring-expanded product is an

?
artefact resulting from acid treatment of the reaction mixture.

s 3 ,

Meg, Se0y Moo, . Megr”
1 + J , — ' L+ ;LCHO — ] ’

\\§T/"IL’ N N.’ +

! é— , NN
- | Lo 1
(X)) (¥XIII)

From the foregoing review, the following facts emerge:-

(1) Mild oxidants can effect oxidation either of a nitrone group
to a3 hydroxamic acid grouping, or of a reactive site on the
nitrone to a higher oxidation level without eleaving the
C-N bond,

(1i) More powerful oxidising agents cleave the C-N bond and yield
fisaion products. | |

(1i1) Vhereas the oxidising actiom of high potential transition
metnl ions such as cobalt(lll), cerium(lv) and vanadium(v)
on a wide range of oxygen-containing organic compounds has
been examined in detail, the mechanisms in mz2ny cases having
been elucidated chiefly by the research sidhool under waters,86¢'
the nitfones however, hove not becn included in these studies.

(iv) None of the oxidations of the nitronss has as yet hssn
examined kineticnlly. Clearly this approach could prove

extremely fruitful in providing =2 cleorer understanding of the

mechanismg involved.



The author has selected the ferric ion for the present studies,
It is a milder oxidiéing agent than the above-mentioned ions, having
a lower oxidation potential (Fed* + e éﬁZE'Fe2+ ,  0.J7% volts).
Tn this Part are presented the results of both product and kinetic
studies on the oxidation of cyclic nitrones and related compounds

by ferric chloride and a general mechanism is deduced therefrom.

9. Product Studies on the Oxidation of Cyclic Aldonitrones by

Ferric Chloride.

The present work had its origin in the author's observation that
the heterocyclic nitrone (XXV) and its related hydroxylamine (xxvT)
gave inténse wine colours with dilute agueous ferric chloride solutions
(Part 1). Mentlon has already been made of the report that the dimer
of the nitrone (XXVII) gave a red colour with the same reagent, with
no further ccmmen‘t.ao Arising from this observation, the author found
that a 5% aqueous ferric chloride solution served as a very suitable
spray reagent for detecting cyclic nitrones on both thin layer and
paper chromatograms., Thus the l-pyrroline l-oxices (XVIIb, ¢ and d)
immediately gave intense mauve spots, though the 2-methy1—1—pyrroline
]-oxides (XXVITIa, b and ¢) gave less characteristic brown or yellow--

trown spots.



) T ()

: §
Ho- L\ N“mi RN
(xxV) (¥xVI) (xxvII)
, -
r’ r* ®° g r? g
> e as H H H ] a: Me H H
R;{i::& b: Me H H | % (j:?E"Me b: Me Me H
+ N R R.‘L \!/
: ! ce Me Me H No- cc H H Me
ds Me H Me
- (XVII) | (XXVIII)

The reagent, however, was not specific since secondary hydroxylamines
often gave similar colours. Nevertheless in the golvent systems
employed, the parent cyclic hydroxylamines were observed to move faster
on chromatograms than the corresponding nitrones. . Ferric chloriae was
found to be a more sensitive chromatographic reagent for most of the
nitrones used than p-dimethylaminocinnamaldehyde, a reagent reported to
be successful for a wide range of aryl-substituted nitrones?7
Qualitative tests on solutions of cyclic aldonitrones, both
5- and 6-membered rings incorporating the group: —CH=ﬁfb_ , after
treatment with ferric chloride showed the presence of ferrous ion.
This indicated that the nitrone system had undergone oxidation. The
treated solutions rapidly developed purple colours, having a brecad
absorption band near 540 Q/L, or wine-red colours, absorbing near
500 qﬂt. The former colours were produced by those cyclic nitrones

‘CMe Sy
having the partial structure —CH=N\ ., e.ge. (XVIIb), (XVIIc) and
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(XVI1d), whereas the wine-red CO162€§ arose from those cyclic nitrones
having the partial structure -CH=§<5_2, e.g. (XVITa), (XXV) end (XXVII).
When the colours had reached maximum intensity, titrimetric examination
of the solutions established that two moles of ferric ion had been

reduced per mole of nitrone. These results are consistent with oxidat-

jon of the cyclic nitrone to a cyclic hydroxamic acid structure (¥XIX)

adcording to equation 73 3
. ng R2 0
R \ ﬁ + 2Fe + HZO “_‘_—'e’ \\ N/ + 2Fe + 2H aes .(7)
4 R
Ré Nl Ro “OH.
(xvD) , . Em)
R’ R R

be Me H H
ce Me Ne H

de: Me H Me

The resulting colours and absorption bands also point to the
formation of ferric hydroxsmate complexes which absorb in the range
480 - 525 Q/(, depending on the nature of the ligand, pH and solvent
used.égéhéz

The inferences were confirmed by isolating the known l-hydroxy-
g-pyrrolidones (XXIXb) and (XXIXc)aés colourless crystalline solids
from the oxidation of the respective nitrones (XVITb) and (XVIIc) by
ferric .chloride and characterising them by analysis, melting points and
IR spectra.vr'In addition the pyrrolidone (XXIXb) was synthesised by a

o
standard method for comparison and its identity with the oxidation

product from (XVIIb) was established. From the tetramethylepyrroline
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oxide (XVITd) was isolated the new cyclic hydroxamic acid (XX1Xd) as
a colourless, soft, crystalline solid, characterised by analysis and
its IR spectrum as compared with those of (XXIXb) and (XXIXc) .

The isolation and characterisation of the cyclic hydroiamic acid
(XXX) from the heterocyclic nitrone (XXV) has already been referred
to in Part 1, and the analogous B~membered cyclic hydroxamic acid
(XXXIthas been isolated by treating the cyclic nitrone (XXViI)"wifh

2 moles of ferric ion,

‘ 0
+
S o N N A N o
{(xxv) (Xxx) (X3 TI) (XXX1)

Because the complex ferric salt, potassium ferricyanide (redox
potential + 0.49 volt) has been used to oxidise cyclic hydroxylamines
to nitrones,at?b one would expect that ferric ions (Fe5+ + e"-——}-Fe2+,
redox potential + 0.74 volt) should oxidise secondary hydréxylamines
to the corresponding hydroxamic acids‘either.directly or via nitrone
intermediates., This expectation has been demonstrated in the followings
(1) The cyclic hydroxylamines (xxv1), (XXII), (XXXIIIa) and
(XXXIITH) on treatment with ferric chloride solutions gave
colours identical with those obtained from their'reépectiVe
nitrones (XXV), (XXVII), (XVIIa) and (XVIIQ).
- AN
Y] 3
k\\.//VNI\OH \\u/’N\‘OH ! A ™ 0H

Meg

(XXVT) (XXXTT) (FXITIa) (XXXTTID)
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(ii) A solution of the tetramet’hyl—hydroxypyrrolidine (XXXTITb)

reduced 4 moles of ferric ion per mole of the substrate to

yield the same cyclic hydroxamic (XXIXd) isolated from the

nitrone (XVIId). Hence a 4-electron transfer had occurred,

i.e. equations (2) and (3) (Page 43) have occurred together,

This clearly indicates the difference between the oxidising

powers of the aquocomplexed ferric ion and the cyano-

complexed species towards hydroxylamines.

The oxidation of hydroxylamines to hydroxamic acids by ferric ions
appears to pass through a nitrone intermediate because a solution of
4-hydroxymorpholine (XXVI) on treatment with the equivalent of 2 moles
ferric ion per mole substrate, showed the presence of both the hetero-
cyclic nitrone (XXV) ard hydroxamic acid (XXX) as well as unchanged
hydroxylamine (XXVI) on T.L.C. examination of the crude product.

Since two oxidation products are formed, this result also leads to the
inference that the second step as represented by equation (3) occurs
more rapidly than the first step, equation (2). Rate studies, however,
show that hydroxylamines are oxidised to hydroxamic acids at almost the
same rate as the corresponding nitrones (see Experimental gsection).

This will be discussed in more detail (see Section 4 of this Part).

The following example presents a striking illustration of the
difference in the ease of oxidation of hydroxylamines and ketonitrones
(2-substituted nitrones). 2,4,4-Trimethyl-l-pyrroline l-oxide (XXVIIIc)
undergoes slow, spontaneous dimerisation to form a colourless, crystall-
ine solid for which the nitrone-hydroxylamine structure (XXXIV) had been

<
tentatively assigned. The dimer was obsgerved to reduce very rapidly



four moles of ferrie ion and produce the characteristic colour of the
ferric hydroxamate ¢omplex. A colourless crystalline solid,
m.p. 171 = 172° and ‘avialysing for Cq4HosNoOz, wés isolateds The
nitrone-hydroxamic acid structure (xxxv) is assigned to this compound
on the following factss
The IR spectrum showed absorption bands at 3360 (hydrogen
bonded OH), 1688 (hydroxamic C=0) and 1620 em! (2-substituted
‘nitrone®). In the UV region it showed the E-band absorption

of monocyclic mitrones, 4\ 257 mu (£ 9700) 3 Finanty,

maxe
the hydrogen ihtegrated p.msre Spectrum revealed singlets at
T'8.82 ( >CMe,), 8.76 (:ZGMeg) ; 8460 (Me at C-5') and 8,11
(:;CHz at C-4! in the pyrrolidone moiety) together with one
unresolved band centred at ‘€ 7.35 (two methylene groups at o’
and C-3) and a second multiplet band at 2&6.2 (methylene.
group at G=5)s The assignment of the multiplets to the
pyrroline moiety is consistent with the p.m.r. data available .

* and in particular for the nitrone

for l-pyrroline l—o_xides3
(XXVIIIc), in which the methylene protons at C-3 and C-5

3
gave rise to multiplets at T 7.4 and 6.5 4, and the

R-methyl group also appears as at multiplet at 7Cf8.2.y+
Mez{"'""“‘} ———— Meg AFeOF ‘Megi—:——ﬂ/”o"\.w 3_.M92 or
| ! J "o 54 2 ‘5’\ /LO + 4Fe
L+ /\'\N + H20 \\ﬁ y Na.
Nl Me K | Me | + 4H
o - QH o~ Q'I
(TOIIV) Meo (XX )
1
&~

5H‘
i e




Characterisation of this compound (XXXV) provides confirmation of
structure (XXXIV) spggestedslfor the dimer of nitrone (XXVIIIc) and it
indicates that it is possible to oxidise the hydroxylamine residue of
the molecule without affecting the 2-substituted nitrone group.

(See, however, Section 3 of this Part.)

Since the hydroxylamine system, —CHz-N:; g2 is capable of
‘oxidation to the hydroxamic acid system, -CO.N:gH , it seems grobable
that those hydroxamic acids which possess the system —GH2—N\OH- should
undergo further oxidation to the partial structure ~C0.N.CO-.  That
this in fact apﬁears to happen has been observed in theogase of the
heterocyclic nitrone (xxv). On prolonged oxidation or on heating
with ferric chloride it reduced 8 moles of ferric ion tolyield
diglycollic acid (X¥XXVI) and nitrous oxide (sée Part 1). Clearly
the nitrous oxide resulted from the ferric oxidation of hydroxylamine
by the known reaction%q
PNH,OH + 4FeB* —— N0 + Hp0 + 4Fe?* + 4,
the hydroxylamine originating from the hydrolysis of an intermediate

N-hydroxy-digiycollic imide (XXXVII) which was not isolated.

58.

0 . O
Ve 3+ 3+
| 2re’ 4re®”, \t 2Fe® >HOZC\/ _C0gH
+ k N
Ny 0’ SN0 (00T
- : bH oH .
1
(XxV) (xxx) (XXXVIT) 20
o Thus the cyclic hydroxamic acids having the partial structure
-CHg.Ni indeed do undergo further oxidation and this may well account
CH

for the observation that the colour and visible spectra of solutions of

the cyclic nitrones (XVITa), (XXV) and (XXVII) with ferric chloride are
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different from those of the nitrones (XVII‘p), (XVIIc) and (XVIId) which,
having a gem-dimethyl group at C-5, cannot undergo such further oxidation.

Tt is of interest to note that the hydroxylamine (XXXITIc) which
possesses two oxidisable positions adjacent to the hydroxylamine grouping,
én treating with ferric chloride gave no colour characteristic of the
hydroxamic acids. It was thought that it might give rise to the cyclic
hydroxamic acid (XXIXe), whereas in fact thé cyclic hydroxylamine (XXXIIIc)

rapidly reduced two moles of ferric ion and the nitrone (XXVIIIc) was

recovered.
- e Me ; ;: _____ e Me
Me5 1‘\L M l —‘;I : Me "&ﬁ
2\!/ O o Meg™ o oH N
:0 .
- (XXTXe) (XXXI1Ic) (XVITIc)

Aerial oxidation of the same hydroxylamine (¥XXXIITc) was reported
to givé the same resulﬁ& and a parallel result was observed in the action
0
of mercuric oxide on l-hydroxy—Z—phenylpyrrolidine:3

Ph Ph
—— HgO

~NNOH ~_ O™
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3,  Product Studies on the Oxidation of Cyclic Ketonitrones by

Ferric Chloride.

Whereas cyclic aldonitrones undergo facile oxidation with ferric
chloride to yield eyclic hydroxamic acids, the cyclic ketonitrones
(XXVIII) are not expected to undergo oxidation at C-2 since the methyl

group blocks this position. To attempt to raise the oxidation level

3
fer— gl »2 g3
R AMe _
R RO : (a) Me H H
% ,
0~ (v) Me M H
(XXVIII) (c) H H Me

of the nitrone system can only lead to its cleavage. This may be

represented by the equations

. + -
Me /C=N\0_' + H20

1
y MeC=0 + O=N- + 28 + 2¢” ....(9)

and the final products will depend on the behaviour of the resultant
nitroso-ketone.

The cyclic ketonitrohes (¥XVIII) do in fact undergo this mode of
 oxidative cleavage with ferric chloride. However the rate of oxidation,
which can be followed by the titrimetric determination of ferrous ion,

is very slow, requiring several days to weeks, at ordinary temperatures



for complete oxidation. The reactions however can be completed in a
matter of hours by heating solutions. At no stage did the solutions
acquire any characteristic intense colour. A1l these ketonitrones

(XXVIIIa), (XXVIIIb) and (XXVIIIc) on complete oxidation gave nitrous
oxide as one product.

2,5-Dimethyl-l-pyrroline l-oxide (XXVIIIa). The cyclic

nitrone (XXVIIIa), in addition gave, after reducing 4 moles of ferric

ion, 2,5-hexanedione (XXXVIII), characterised by comparison of its IR

spectrum and bis-2,4-DNP with those of the authentic material available.

The reaction may be represented as follows:

3+

i Fe” ag. N - i Me
Me + /‘—'Me S 4 Me’l\ gé/\(a‘}—H
- 5
5 o+ FeS;g,——; Fe'"'
(XXVITIa) ~2Fe (XXXTIX)
T
0 &«
Me

0 e
Me
\\\//’\xv//ﬂ‘\. + NHZOH
i Me
Y JFFe5+
 JN20 + 2Fe®t + 2HY + 1H,0
(TXVIII)

CHART 1.

8.
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The first step is probably the formation of a nitrone~-ferric
complex (¥XXTX). (Evidence that this type of fomﬁtion with the aldo-
nitrones is a slow step will be presented in Section % of this Part.)

A two-electron abstraction followed by cleavage of the C-N bond as shown
would yield the nitros¢ ketone (X)) which on tautomerisation to the
monoxime of hexane-2,5-dione (XLI) followed by hydrolyéis would yield
the dione (XXXVIII) and free hydroxylamine. Oxidation of the latter
would account for the production of nitrous oxide?7-

G.L.C. examination of theethereal extract containing the oxidation
products showed, in addition to the dione (XXXVIII) the presence of
acetaldehyde and methanol and two further components, unidentified as yet.

These results require a modification of the scheme ih Chart 1 and
would suggest that a radical mechanism resulting in fragmentation of the

molecules is operative. Such a mechanism 1s proposed in the follewing

Chart.
Me 0 Me 0
> ! 2+ .
_ s ~ Fe
=X s A
%X;]\/o\’le 5 b R\ A
0) . (XL) FBT
Fe3* / ’Ci) (XLIT)
R. + RY R N
¢ e— —> 0{
]i] § N
R'OH # Foo! + H' or J,
(XLITI) % ®
N
G + [HNO]
Cleavage il
path Products 0 3
11,0 + $H,0
a. H' + CHz.C0.CHp.CHp.CO.CHy (XXAVIIT) 2 =
b.  MeOH + OHC.CH,.CHo.CO.CHg (XLIV)
CHART 2.

¢.  Me.CHO + HOCH,.CHp.CO.CHz (XLV)



In the above chart the abstractioﬁ of one electron from the nitroso
ketone (XL)(formed as in Chart 1) would yield the iminoxy ion (xz11).
Similar iminoxy radicals have been observed by é.s.r. studies on the
oxidation of oximes by ceric aalts.qo Tt is suggested that the radical
jon (XLIT) rearranges with concomitant homolysis by any one of the steps
a, b and ¢ to yield a radical, R and the cation (XLIII). Oxidation of
the radical, R+, followed by hydroxylation would yield an alcohol r'oH,
Thus the formation of methanol, via the homolytic sfep b, is accounted
for. At the same time the pentanonal (XLIV) should be 2 product.
Although not yet proved this may well be one of the unidentified
components.,

Homolysis via @ is seen to yleld acetonylacetone (XTVITI) as
jdentified, while homolysis via C would yield acetaldehyde, a product
observed by G.L.C. analysis, together with the butanonol (XLV), as yet
unidentified.

Rearrangement of the primery radical (XLVI) formed by path €, 1o
a secondary radical (XLVII) prior to oxidation also requires consider-
ation. The subsequent reactions may be represented by the equations

(10) and (11):-

{CHyCHy-CO-Me ~ —>  CHig-CH-CO-Me ceeses(10)
(XLVI) (XLVIT)

CHy 0H-COMe + Fe®* + Hp0 ——> il *CH(OH)-CO-Me + Fe¥¥ + H' ...(11)

(XLVIII)

Thus two butanonols, (XLV) and (¥LVIII) could both be present in.the

oxidation products.



The nett stoichiometry of the reactions in Chart 2 requires 4 moles
of ferric ion per mole of the nitrone (XXVIIIa). This accords with the
experimental facts.

In support of the suggestion that fregmentation had occurred, G.L.C.
examination of the product from the oxidation of acetoxime by two moles
of ferric chloride showed that, in addition to nitrous oxide, methanol
- and acetaldehyde were the mein products wlth only a very small proportion
of ccetone, Clearly the reaction cammot be represented by the simple

stoichiometric equation (12):

Mo G=NOH + 2Fed* + 3,0 ——3 Me 00 + 4,0 + 2H + 2P ......(12)

The following mechanism is therefore suggested:-

Me Me 0
\CzN/O SEo+ Fett e * R+

I'4
Me !
- / / (zw1x)

’ +
Me - cj“ / Q; 0 mmemel,  Me® . MeCH=N=0
! , )
B (1) Feot| H,0
(1) oy
hd

MeOH + H* + Fe?*  MeCHO + 3NoO + $HoO

BHART 3,

It is suggested that the iminoxy radical (XLIX) formed by the
abstraction of one electron from the oxime adds a proton to form an

iminoxy ion (L) which fragments in the mamner shown. Oxidation of the

64.

methyl radical would yield methanol and from hydrolysis of the cation (rI)
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aéetaldehyde and nitrous oxide would result. The mechanism here closely
parallels that presented in Chart 2 sand therefore lends support to the

fragmentation mechanism suggested in that scheme.

2,4,4-Trimethyl-l-pyrroline l-oxide. One mole of the cyclic

nitrone (XXVIIIc) was observed to reduce 6 moles of ferric ion. From
the final mixture both mesitonic acid (LII) and nitrous oxide were
sgolated. Since the attempts to isolate the acid (LII) from the dark
oily product failed, it was isolated as its 2,4-DNP and semicarbazone.
The identity of these was established by analysis and by comparison of
the melting points and IR spectra with those of authentic samples
prepared by known methods.qh?l The oxidation product was not examined
by G.L.C.

The formation of the products is readily accounted for by an lonic
mechanism (Chart 4) although a free radical mechanism similar to that in
Chart 2 could equally well be employed.

In Chart 4 the initial step would probably require hydroxylation ef
the nitrone to form the structure (LIII) similar to (¥ZXTX) but with
the coordinated metal ligend omitted . Oxidative cleavage would yield
the nitroso-ketone (LIV) which is then showm to isomerise to the oxime
(V). Since the oxidction level of oximes is the same as that of
nitrones (Section 1 of this Part), the further oxidation of the oxime
group in (LV) is possible. The resulting nitroso-ketonol (LVI) is shown
to tautoﬁerise to the hydroximic structure (LVII). Furthér oxidation
of (ILVII) by a process identical with the previous step would yield the
analogue of an ortho-carboxylic structure (LVIII) which brecks down to

yield mesitonic acid (LII) and nitrous oxide.
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CHART 4.
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An alternative mechanism in which it is suggested that the oxime
(LV) suffered acid hydrolysis to mesitonaldehyde (LIX) and hydroxylamine
with the subsequent oxidation of these two products occurring separately
(Chart 5) is ruled out as the author has observed that aqueous solutions
of aldehydes, e.g. formaldehyde, acetaldehyde and butyraldehyde failed

to reduce ferric ion, even after many days.

0 Me
SN (V)

Me Me 8]
H',Ho0
HONH + HCO Me
2 /A\\v///
| (LX)
2Fe3iL ;;><;é 0

oFeSt, Ho0

'3

HOzc Me ‘
N LIT
>y

Me

3,0 + 0

CHART 5.

Semi—quantitative rate studies showed that the reduction of the
first_two moles of ferric ion was noticeably faster than for the sub-
sequent steps. An attempt was therefore made to isolate the intermediate
aldoxime~ketone (LV)(Chart 4) by stopping the reaction éfter two moles of
ferric ion had been reduced by the nitrone (ZXVIIIc). A colourless,
crystalline solid analysing for C7H15N02 was isolated. The UV spectrum
of the compound in ethanol hed a single strong absorption band at
231 mAt (£ 10,000), typical of the nitrone chromophore .‘Q'q The IR

| saf

spectrum showed a broad band at 2730 cm.” (chelately bonded -OH )



and a moderately strong band at 1635 em?!

There was no =0 absorption.
These results are inconsistent with the expected oximino-ketone structure
TVa) but they can be reconciled with an alternstive canonical form, the

novel hydroxy-nitrone structure (LVb).

Me Me Me2

2 . &—s ° Me .

B ﬁiﬁ q/\\+ Co
et O I T 0 I\I

N ] | e
O r‘ - 0
ﬁ{ 'O ...... H
(Lva) (LVb) (xviid)

A Drieding model of the structure {IVb) showed considerable strain
in the ~OH bonded ring. While increased strain in the ring of which
the nitrone chromovhore forms a part is known to lower the stretching
frequency,'azq it is uncertain how the strain in the fused "ring" with
hydrogen bonding would affect the C=N stretch absorption. The author
has not been able to find a parallel in the literature. The typical
examples involve hydrogen bonding and double bond formation within the
same cyclic system-as, for exomple, in the /S—diketones.szj In such
cases the C=C sﬁretching mode is loxnue:r'ed.h‘J The author would suggest
that in structure.(LVb) the strain in the nitrone ring would be somewhab
alleviated by the exocyclic intramolecular hydrogen bond and hence the
absorption signal due to the (=N stretching mode should be raised
with a possible decrease in its intensity. Thus, by comparison, the
cyclic nitrone (XVIId) which involves no hydrogen-bonding showed the

i

nitrone-stretching frequency at 1575 emy' as the most intense band in

1,9 .
the spectrum. The absorption band at 1835 ems! in (LVDb)

68.
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however was only moderate in comparison with other bands in the
spectrum, the strongest occurring at 1150 ems”! (tertiary OH32 ).

The p.m.r, spectrum of the product can account equally well
for both structures. Thus the singlets at T 8.85 (6H) and 7.55
(2H) are readily assigned respectively to ::CMez and ~CHo- groups
in sither structure and the broad singlet at T 4.92 (1H) to either
the aldoxime proton in (IVa) or the aldonitrone protoh in (LVb).
This signal, however, though high when compared with the corresponding

, 3
signal of U 3.5% for the aldonitrone (XVIId), ¥ s yet very much

higher than 15»2.55, the resonance signal assigned to the aldehydic

LE)
proton in n~butanaldoxime (IX). The low field signal (0.8H) at
HON Me
§§C,//\\\\///
H/"
(Lx)

?f‘—O.ZSIis assigned to the intramolecularly bonded OH protoﬁ?bé in
either structure. Tt is difficult to explain the appearance of the
quartet at T 7.94 (3.5H, J = 1.5 c.p.s.). While the single methyl
'group in either structure would be expected to giVé a resgonance signal
near ?5_8;056H3$ it should be a singlet in either case as there are
no protons on the adjacent carbon atom for spin-coupling. The
magnituderf the coupling cbnstant wonld suggest that lbng range
coupling of the kind fdund associated with aromatic rings24z had
possibly occurred. This would infer some délocalisation'of the charge

in the hydrogen-bonded ring and wsuld therefore favour structure (LVb)

for vhich various canonical forms can be writteni-
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Me
1 Me
@) > L K Q > (wva)
t
o -/ o.‘ H

While a resonance hybrid would appear to be the most likely
structure for the intermediate oxime (LV), it can only be regarded as

tentative until model compounds have been prepared and examined.

o .5,5-Trimethyl-l-pyrroline l-oxide. It was anticipated that the

third cyclic keto—nitrone (XXVIIIb) would reduce only two moles of ferrib
ion and yield only the nitroso ketone (LXI) in the 1igh£ of the foregoing
mechanism, since the nitroso group, being attached to a tertiary carbon
atom, could not tautomerise to an oxime structure. The isolation of
such a compound would provide strong evidence for the nitroso intermed-
jates postulated in the earlier.charts. It was surprising, therefore,
to observe that four moles of fefgic ions were reduced per mole of the

nitrone (XXVIIIb).
Mo O

Mez{\jh Me . Mez@ \M‘r\ N ﬁevkw -
Arl + 2Fe

: 2F65+
(XXVIITH) - (IXT1)

Nitrous oxide was isolated and characterised as before. The iron-
free solution after working up consistently yielded dark oils which on
'7.,1.C. examination were observed to consist of a mixture of products.

Attempts at both distillation of, and isolation of 2,4-DNP's from the
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oils were unsuccessful. The reaction mixture, after removal of the
iron salts, was subjectéd to ether extraction. G.L.C. examination of
the concentrated extract revealed some ten to twelve products among
which were recognised acetaldehyde, methanol and acetone. Hexane-
2,5-dione (XXXVIIT) was absent.

These facts are interesting because, as far as the author is
aware, the oxidation of tertiary aliphatic nitroso compounds by trans-~
ition metal ions has not been reported. Aromatic nitroso compounds,
on the other hand, can be prepared and isolated by the action of ferric
chloride on aromatic hydroxylamines.q¢ Furthermore the oxidation of

tertiary carhon atoms is difficult and leads to fragmentation. Waters

_ 95,9 97
has shown, for example, that tertiary alcohols, ketones and carboxylic

7
aclds can be oxidised by high potential transition metal ions such as

the cobaltic ion.*

His school has shown by kinetic and product
studies that radicals are produced as intermediates. |

An ionic mechanism (Chart 6 below), could account for the formation
of acetone by oxidafion ofithg,nitrosgfketone (Lx3) which would require
the reduction of a totél of four moles of ferric ion. . The butanonol
.(XLV) would alsolﬁe a product though yet unproven, of this oxidation.
- It should be mentioned that oxidation resulting in C~methyl
fragmentation at the tertiary carbon atom in the nitroso-ketone (LXI)

can be disregarded because the hexane-dione (XXXVIII), a product

expected by thie oxidation, was not detected by G.L.C.
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M 0
Me e
A (X1 o
0 Me 1)
oFest \\n//ﬁ\\v//A\\Me
~172F62+ 0 |
(XXLVIII)
MeoCO e _* a 0
€2 + CH o
+ & 11?* \2\/ l!\Me
0
[HBEO] O~
W N
#,0 + 30 HOCH /8\
Me
(xLv)
CHART _ 8.,

The mechanism represented in Chart 6, however, cannot account for
" the large number of products obtained in this oxidation and for this
reason a radical mechanism is to be preferred. One such mechanism,

analogous to that outlined earlier in Chart 2 is offered in Chart 7.



Me 0 0

X\\/\M -Fe?“+ Me
Mo N e —> v Mo
\ -
D.+\1\‘;.)
I
0

) Me
0 (1X1) < ()
F85+ \
b
9 \/ 0
Me +
*CH
Mes + \\\W//“\\,//L\\ MeoC=Nx + 2 I
{ ) Me ~v ~7 Mo
B 1.0 1;{4. (IXTIT)
v s Ho d i Oy~ (XLVI )
MeOH + Feo' O v
MeoC=0 /
N, 1. », products.
- 0 * gN20 + 2Ho0 (gee Chart 2
M 1 and equationg
\\\gf/h\\V//ﬂ\\Me 10 and 11)
(XXVITI)

Abstraction of one electron from the nitroso-ketone (1T ) (Chart 7)
would yield the radical ion (1XII) which could fragment by the homolytic
steps O or b. The former mode of fragmentation would be expected to
yield the hexane—dione (XXYVIII) and since this was not observed in the
products by G.L.C., this path need not be considered. Fragmentation
by path b would yield acetone and the radical (XLVI) which, as shown
carlier (Chart 2, equations 10 and 11) could give rise to two butanonols,

HOGHq - CHp -C0-CHg (XLV) and CHg-CH(OH).CO+CHz (XLVITI).
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In order to account for the appearance of acetaldehyde and methanol,
a possible modification of the mechanism in Chart.7 incorporating an
earlier suggestion (Chart 3) for the fragmentation of acetoxime is

shown below.

Me 0 M Q
h L\\ . ————> MeOH + © 4//&\ﬁm
Me H*“Z:]r/ﬁ\\ o

OI-I"Q']VIG"a

5 (LxT) Bb
0 Qe
' Me %
:>>{/A\\‘//ﬁ\\Me
CHART _8. B >B{
! (xLI1)

The nett result in this process is electrophilic substitution by a
proton and the resulting iminoxy jon (XLII) could then fragment according
to the method shown in Chart 2. The above scheme, however, would
require that hexane-2,5-dione (YXXVIIT) be one of the products. Since
this was not observed on G.L.C. examination this scheme cannot be

seriously considered.

An alternative approach is to consider the following unusual mode

of hydrolysis of the ion (LXITI) formed by path b in Chart 7.

- OH% ¥ Mo
Me 0 Me e
c=n" —> >c=ﬁ{,~\—~——-—+ Me - G ¥ N<O
Me ve” ¢ St g Qo
d L
(IXI1I) MeOH

CHART 9. MoCHO + 50 + 3Ho0



The charge on the ion (LXIIT) could be stabilised partly by
delocalisation over the N-O bond and partly by hydration. The steps
suggested involve electrophilic substitution as in Chart 8. Hydrolysis
of the resulting ion would then yield acetaldehyde and nitrous oxide.

The nett stoichiometry of the above reactions would require four
moles of ferric ion to be reduced per mole of nitrone (XXVIIIb).

The observation that 4.2 moles F65+

were reduced suggested that some
further oxidation of one or more of the products had occurred. Until
a more thorough investigation of this reaction has been carried out, an

explanation for this is not possible.

Conclusions .

While it must be stressed that the inferences drawn are the result
of only preliminary G.L.C. studies so far and hence some of the
mechanisms advanced must be viewed with some scepticism, nevertheless

the following facts clearly emerge from these studies:-

(1) Cyclic ketonitrones are oxidised by ferric ion to give open
chain intermediate nitroso-ketones as represented by

equation 9 {page 60).

(ii) The N-O group plays an important role in raising the
oxidation level of the carbon atom to which it is attached.
This is probably due to the stability of the intermediate
radical formed when one electron has been abstracted by

. . go, (@l ~ -
an oxidant 1on.?°ﬂqﬂ !
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(1ii) Subsequent to the step (ii) is fragmentation with the

production of a radical. This is in keeping with Waters!

5 0b
observation that the oxidation of tertiary alcohols,qa‘q

/ . . 8 .
ketones;¥7and carboxylic acidsq by cobaltic salts

leads to radical production through homolysis of C-C

bonds. These radicals yield alcohols according to the

general equation

Re + H0 + Fed*

> ROH + H* + Felt ceeeeo(13)

{(iv) The N-0 group is finally eliminated as the hypothetical hypo-
- nitrous acid, (HNO)s, which breaks down to nitrous

oxide and water.

Finally it may be added that a project is planned to utilise
Preparative G.L.C. to determine the relative proportions of the
oxidation products from the cyclic nitrones (XXVIITa) and (XXVIIIDb)
and to isolate and characterise the components. The results of these
projected studies will be used either to confirm the mechanisms proposed

or to lead to some modification of them.

76.
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4, The Mechanism for the Oxidétion of €yclic Aldonitrones by

Ferric Chloride.

Since the producté of oxidation of the l-pyrroline l;oxides (XVII),,
give coloured complexes with ferric ions, it follows that if the struct-
ure and behaﬁiour of the resulting ferric'hydroxamate complex can be
determined, then the rate of formatioﬁ of this complex should bé measur-
able spectrophotometrically. Furthermore rate measurements under a
variety of controlled conditions may provide valuable information as to
the mechanlsm of oxidatioh of aldonitrones by one-electron abstracting
oxidants. While this field has not yet been examined from the kinetic
angle, the mechanism of oxidation of the closely related hydroxylamines
and oximes by one-electron abstractors has been the subject of several
papers during the last two yeans?chquoﬁoi The findings, which are
based mainly on‘the results of the application of electron spin resonance
(eus.rs) SpéctrOSCOpy, all point to thé formation of short-lived radical

ion intermediates containing the resonance structures (LXIV)‘or related

protonated species.

@ i S L ,@‘ . /
=N =0+ £ -N-— 0 -CH-N\O_
(IxIVv) (11D

This would appear to support the ion-radical mechanism proposed for
the autoaxidation of secondafy hydroxylamines in which the radical ion
with the partial structure (III) was proposed as an intermediate.

(See page45.)aﬁ Waters, in recognising the unique behaviour of such
systems, concluded a review as follows:
"The whole mechanism of oxidation, reduction and coupling together of

nitrogen compounds needs reconsideration, but for this detailed kinetic
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studies will be required."

TIn the overall reaction for the oxidation of the cyclic nitrones to

cyclic hydroxamic acids clearly two processes occur. They ares

(2) the oxidation step, the stoichiometry of which has been shown
earlier to accord with the partial equation (14):
g B 4 H,0 —3 O _ + gFe? + 21 (18)
—CH—N\O_ + ZF‘e 2 -C "l\kOH e LR IS I Y

(b)  the formation of a coloured ferric hydroxamate complex.

To formulate a mechanism for the whole reaction it is necessary to

78.

establish whether formation of the complex precedes or follows the oxid-

ation step and what the structure of this complex is. Evidence obtained
from both spectral and kinetic studies has enabled the author to postul-
ate a mechanism for the oxidation. Most of the spectral and kinetic
studied were carried out on 4,5,5~trimethyl-l-pyrroline l-oxide (XVIlc)
and its related hydroxamic acid (XXIX c) for the reason that the nitrone
itself was readily prepared by the zinc-ammonium chloride reduction of
thé nitro-aldehyde (IXV) obtained from base-catalysed condensation of

2-nitropropane with crotonaldehyde.g‘

Me -CH=CH-CHO

NaOEt Mey | Zn, Mei . )
* | Megn o, CH0  NHCL 7 Meg~y
e i
MeoCHNO2 ' 0
(LxV) (xvTic)

Kinetic studies on other cyclic nitrones, hydroxylamines and related

compounds were carried out for comparative purposes.
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Spectralvstudies.

The ferric--hydroxamate complex (hereaftér referred to by the
abbreviation Felll.Am) was first ewamined to determine both its structure
and stability. The complex appeared to possess a 1 ¢ 1 structure for

the following reasons:

(a) Howsmonaﬂ has examined the structures of various Felll am complexes
and has found tﬁem to be dependeﬁt on pH. At low pH (1 -2), 121
complexes were formed and gave rise to purple solutions. The purple
solutions of the hydroxamic acid (XXIX.C) with ferric ion wefé found

to have a oH between 1 - 2 {(measured electrometrically).

(h) A series of solutions of the nitrone (XVIIc) and ferric chloride
having various initially fixed molar compositions were examined spectr-
ally at intervals over a period of €4 days. The pattern of the change
in absorbance of these solutions is shown in Fig.3 (App.l). After 5/4 hr.
the solution corresponding to 1 s 1 proportions was obgerved to have
the greatest absorbance, thus pointing to the initial formation of a

1 : 1 complex between the nitrone and ferric ion.  With the passing

of time, however, the colour intensity slowly diminished in those
solutions having less thanv75 mole~% ferric lon, and it had disappeared
altogether after 8 days in solutions having less than 40 mole-% ferric
jon. -In the case of those solutions having more than 75 mole-% ferric
jon, the intensity continued to increase with time. After 24 days,
the highest absorption corresponded with 76 mole-% Fe5+. For compar-
json, a series of solutions of the cyclic hydroxamic acid (XXIX c)

with ferric ion was prepared so that the composition of each of the
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solutions with respect both to hydroxamic acid and to ferric ion would
correspond with the composition of each of the nitrone (XVIIc)~ferric
solutions exemined above, assuming oxidation to be complete in the
latter solutions, In this series, the solution having maximum absorb-
ance corresponded with the solution above, obtained from the nitrone.

This maximum at 76% lay close to the stoichiometric 75 mole~% Fe5+y

required by equation (15) in which a 1 : 1 ferric-hydroxamate complex

(LXVI) is formed:

\ ~ )//O“‘ 2+
CH $ Pelll .
. RS + B0 —> | N/ + 2Fe®t 4 3EY ,....(15)
/N‘o*'
(1xvI)

The final ferric-~hydroxamate complex could not comprise 2 or 3
hydroxamate residues co-ordinated to the ferric ion as the corresponding
maximum absorbance would have occurred at 71.4 or 70.0 mole-% Fe5+
respectively, and not at 75%4. The reason for the maximum absorbance
oceurring near 76 mole-% Feg+, i.e. with the ferric concentration in
sliéht excess of stoichiometric requirements, is due to the fact that
when [FeSf] ?tﬁ‘ﬁﬂhd , the solutions do not obey the Beer-Lambert Law
and the effect of a small increase in [Fesf] on raising the absorbance
is greater than the depressing gffect of a small reduction in [?Aﬁ].
(See Table 5; page 174.) | ‘Indeed in Table 5 the calculated
l;’égééfbanée values are shown to have a maximum at 76 mole~% Fe5+, which
is in good agreement with the observed value.

The diminution of the colour intensity in those solutions having



less than 75 mole-% Fe5+ wﬁuld be expected if the nitrone were oxidised -
initially by non-complexed or‘"freé" ferric ions. On depletion of this
oxidising source, the ferric ions which are bound up in the coloured
complex, Felll.Am must then continue the oxidation of the excess of
nitrone with consequent 1oss_of colour sincé the author has observed
that ferrous salts gave no colﬁur with either the cyclic nitrone (XVIIc)
or the corresponding hydroxamic acid (XIXIX ¢c).

The evidence from kinetic studies (next section) péiﬁts to the
formation of an initial 1 : 1 nitrone-ferric complex in é slow, fate—

determining step, and this may now be represehted by the reversible

eguations
H
}
v 7 v FF ag. > M /ﬁf'o"flll
e x * Z e 8
\}-\T\O— €—_‘ K/N"*O}‘ *e .g‘(lo)
Meg Meo
(IXVII)

The ferric-nitrone complex (IXVII) (which will be abbreviated for
.convenience to Felll.Nn) appears to be colourless for the reason that

5% as determined titrimetrically approximate—

the rate of reduction of Fe
ly paralleled the rate of increase in colour_intenéity i.e. the rate of
formation of Felll, am. Moreover, the ketonitrones (XXVIII) which have
also been shown to undergo oxidation by ferric ions;'althdugh at a much
slover rate, gave no characteristic colours with ferric chloride.

111

Therefore any initial complex of the type Fe Nn formed in this

reaction must be colourless. It is important to establish this fact

8,
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that the intermediate complex (LXVIT) is colcurless, since kinetic
studies involved the measurement of the rate of increase in intensity
of the colour which is attributed entirely to the final product, Felll.an.

Before rate measurements could be made, it was first necessary to
ascertain the conditions under which solutions of the hydroxamic acid
(XXTX c) obeyed the Beer-Lambert Law and to determine the stability constaut,
Figure 5 (Append. 1) shows that for solutions of constant Him concentré-

+ . s
5 is increased, the absorbance, as

tion, as the concentration of Fe

measured at the maximum 540 m,(( increased to a congtant value. In

general it was found that the Beer-Lambert Law was obeyed when [Fn }>10

times the maximum [HAm} under investigation. (Figure 5, Appendix 1)
The stability of the ferric-hydroxomate complexes in general is

dependent on the pH. This may be represented by the reversible

equation 17 in which the nett charge on the complex Felll Am is omitted

111

pelllam + H Z=—= Him + Fe veees.(17)

for clarity. Clearly the extent of dissociation would increase at
lower pH's with consequent diminution in the colour intensity. In the
particular system under investigation, the colour could be completely
discharged by addition of $trong mineral acid. The stabif].ity constant,

K, for the complex Felll.Am, ig defined by the equations: /03a

K = [FelllAn;l/[Fesﬂ{Am'] L veren(18)

where ‘[Fe5+] and {Am"‘] are the equilibrium molar co*icentratlons of the

uncomplexed ferrlc ion and hydroxamate anion reSpectlvoJ.y. From the

results obtalned (Table 4, page 171) the value of 5.7 x 10 1. mole™T
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was found., This is comparable to the 1 : 1 complex formed between

103b
ferric ion and the acetylacetone anion (K = 2 x 10° 1. mole'l).

The molar absorbances,&i , of the hydroxy~pyrrolidones (XXIX'b,‘
c and d) as obtained from the constant absorbance values for solutions
of the respective nitrones (XVIIb, ¢ and d) treated with a large excess
of ferric chloride, were very similar at 1075, 1070 and 940 respectively
(Table 3, page 169). This similarity would be expected since the
skeletal structures of the Felll.Am complex in the three cases only
differ in their substituents. The much lowér value of &= 203 which
tended to decrease slowly in the case of the unsubstituted‘nitrsne
(XVIIa) corroborates the earlier suggestion that the resulting hydrox-
amic acid (X{IXa) is capable of further oxidation and hence the Felll an
complex would.be different., The results presented in Table 3 {page 169)
also show that since the molar absorbances of cyclic nitrones and their |
corresponding hydroxylamines are in reasonable agreement (within 5%),
the products of oxidation of corresponding pairs are the same.
Confirmation of this by the isolation of the same cyclic hydroxamic acid
from the nitrone (XVIId) and its hydroxylamine has been mentioned
earlier (page 56).

The dihydroxylamine (LXVIII),a colourless, crystalline, water-
insoluble solid isolated by the action of sodium borohydride on th@
nitrone-hydroxylamine (¥XXIV),on treatment with ferric chloride gave a
solution whose spectrum was similar to that resulting from the nitrone-
hydroxylemine (XXXIV) on identical treatment. This would imply oxidat-

ion of one of the pyrrolidine rings to a cyclic hydroxamic acid structure

and the other ring to a nitrone, with the nitrone system forming on the



substituted carbon atom= to the N atom, as shown in equation 19,

‘ ' eot D <
h@/ S | > /{-D/BC;‘;E NN 2

N t
\ i
OH ~ OH 0~ OH

(LXVIII) _ (XXXV)

This would be agreement with the earlier observation that the‘nitfbne
double bond tends to form on the more substituted carbon atom (page 59)
If the dihydroxamic system (ILXIX) had formed in this reaction instead,.
the molar absorbance would be expected to be much higher than 1000,

due to the presence of two hydroxamic moieties.

e
(LXVIIT) %'} O/J‘\,N/L/\/i\ I\T/L“O
i )
OH OH
(LXIX)

The product of this reaction, however, was not isolated.

Kinetic Studies.

In the previous section it was shown that the Beer-Lambert Law
applied ip»those solutions when the ratio of the molar concentrations of
ferric ion to hydroxamic acid was at least 10 : 1. Thus it was feasible

rate of
to use the measurement of the/increase of intensity of colour of a
reaction mixture as a measure of the rate of reaction, provided [FeS*ﬁ

.
was never less than 10 x HAm] formed. Now since the oxidation of

1 mole of nitrone, Nn, to HAm has been shown to require 2 moles of



ferric ions, in order to minimise or eliminate the effect of the partial

reduction of [Fe5+] on rate studies, two courses were available:

_ (a) by using relatively large molar proportions in those

reactions to be followed to compleﬁion, the ferric ion
r

concentration {FeSJ} may be assumed to remain constant

v 130
and a pseudo-~first order rate constant can be measured,

oha.
(b)  the determination of initial rates could be applied.'q

This method would have to be used in those reactions where
the molar ratios of ferric ion : nitrone are less than
10 ¢ 1 in which case the disappearance of ferric ion

would influence the rate.
Both these methods were adopted and will be discussed.

Consider a reacting solution containing nitrone, Nn, and a
relatively very large excess of E?e5{}. Readings of the absorbance A
at 540 %ﬁ& are recorded at frequent intervals of time until the

reaction is complete, Then at any instant of time, t,

g?élll.Am oL (A - A) caeese(20)

H

where {Felll.Aﬁ}t molar concentration of ferric hydroxamate,

Felll.Am, at time t, and

H

absorbance at times = + and o respectively.

Ay g

When the oxidation is complete, then

i:Felll .Am] 0 OC (A(‘/D - AO) cedece (21) )
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Because the stoichiometry requires that the disappearance of 1 mole
of nitrone, Nn, yields 1 mole of the hydroxamic acid in its complex,

Felll.Am, this may be expressed in the equation:

-

o = [rad,

Therefore at any time t, the molarity of the nitrone will be given

by the expression

Thus [Nn]t “C (hea - Ay) - (Ay - Ay), which simplifies tos
[-Nn]-b 0": (AOO - A—t) n.o-og(%)

Thus the rate of increase in absorbance will be proportional to
fhe rate of disappearance of nitrone. This will be true provided that
the final reading, 4, is not unduly delayed, for it was observed in
practice that over a period of days, solutions slowly became turbid,
This was particularly noticeable in those reactions carried out at
temperatures of 38° and above. All rate measurements were therefore ‘
completed within a period of 10 - 20 half lives.

The evaluation of the rate constants from the results is discussed

in the Experimental Part, Section 2.32(page 175).
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Discussion of Results.

A1l rate measurements were carried out at constant ionic strength
due to the influence of this factor upon'the first order rate constant.
(Figure 8; Appendix 1.) Constant ionic strength was maintained by the
addition of potassium chloride., This avoided introducing other anions
which themselves might introduce other undésirable effects.

At the outset of mechanistic studies of this kind, it was necessary

3+

to attempt to identify the species of Fe° involved in complex formation

with the nitrone. 1In ferric chloride agueous solutions, three equil-

1085a
ibria have to be considered with their respective equilibrium constants:

Fe(OH,) 0" + 017 &—= FeCL(OHg)s** + Hy0 , K~ 50  auus..(25)
FeCL(OHo) 2% + Cl= Z==2 FeClg(OHp),* + Hg0 , K~5  ......(24)

FeClo(OHo)y + Cl= &2 FeClz(OHo)z + Ho0 , K~v 0.1 .e....(25)

Since an increase in [91’1 was observed to raise the first order ratg
constant, in all probability either the FeCl2+ or the F6012+ species
will be the active oxidant in this reaction.. Usinghthe equilibrium
constants quoted,’oséélculations show that if the ionic strength/AR were
» increased from 0,197 to 0,460, the molar percentage chagge in each of
the species present wéﬁid be that shown in the table below:

[Fel11 species], x 103

Species ££= 0.197 /4= 0.460 % agsliiange
Fedt 0.500 0.118 - 76
FeC1%* 2,16 L 137 =37
FeCl," | 1.56 | . 2.65 + 70

FeClgz 0.02 0.106 + 430
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. \ pseudo-
For the same increase in the total ionic strength‘thq/first order rate
constant k' (as calcuiéﬁed from the data in Figure.S, Appendix 1)
actually increased from 6.0628 to 0.0790 minTl representing a 26%
increase, This would suggest that both the mono- and dichloro-ferric
_complexes probably participate equally in this reaction. For convenience
ard practical purposes, however, only the monoc¢hloero~ferric complex
Fei1101(0H2}52+, (IXX) will be used in the ensuing discussion and all
| 109h

ionic strength values,/ll,.due to ferric solutions will be based on this

ionic species, i.e.

SpeBt
or /QFeclg = 3{Fecyy].

H

slret] .22, = 2lre?d cress.(26)

It may be assumed that the ionic strength remained unchanged
throughout the reaction since the amount of oxidant reduced in the
course of the reaction would be negligible in comparison wifh the
large excess of ferric chloride used initially.

An increase in the acid coﬁcentration initially increased the
rate to a maximum value ét gbout 0.08 M-HC1 (FPigure 10, Appendix 1),
but at higher acid concentrations the rate decreased again to an
approximately cgnsténtnvalue.A The following equilibria applied to
the ionic species (LXX)‘must be considered in the interpretation of

these resultss
{Felllcl(OHz)gf* {——-———-_f‘————;"{FeulCl(OH‘)(OHZ) g5 B (@)

(LXX) . - (1xXT)
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iFeulCl(O‘{)(OH )\2 A -LFelllQl oH)z(oqz)% veeers(28)

(LXXT) © (mxxII)

/ 3
Z{F Me(om))* &= (B,0)501Fet (OB Fet 01 (0B, )5 ** + 2"

(IXx) (LXXIIT) - cereas(29)

Each of these equilibria has its parallel in the ionisation of chloride-
free aquoferric complexes, derived from Felll(OHz) 63*' , for which
ionigation constants are known.“JSa'Since data on the ionisation
constants for the equilibria (2’7), (28) and (29) are not available,
one can only offer a qualitative irberpretation at this stage for the
change in rate as a result of increasing the acid concentration.
Tnitially, the pH (as measured) of the reacting solutions was about 2,
In such solutions it is possible that there was a significant proport-
ion of thé inactive dimuclear species (IXXIII), This suggestion is
advanced on the report that the analogous non-chloro-dinuclear species
| ?(H_go) Feltl(om)y Fett(H,0) 4754" is formed jn solutions at pH>>2 - 5,195
Now if the main effect of the addition of small amounts of acid was

the reversal of the equilibrium (29), then the concentration of the
non-hydroxylated species (IXX) would be increased, Since the

equivalent non-chloro-species, Felll(OHz) 65+’ undergoes extensive
hydrolysis at pH ~ 2,/ ™t is reasc.)nable‘to assume that the species

(1XX) would also suffer signific;ahi_; hydrolysis (equation27). Thus

if an increase in [_H*J were to reverse the equilibrium (29) to a

greater extent than eguilibrium (27 ), the nett result of a small -
increase in the acid concentration would be an increase in concentration

of the ionic species (IXXI),
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Further hydrolysis of (LXXI) to the uncharged dihydroxylated
species (IXXII) is also expected, but if the ionisation constants for
equilibria (27) and (28) are of the same order as those for the

losa
following parallel equilibria (30) and (31), viz.,

§Fe(0m)gl®*  Zm—> {Fe(om) (0B Y%+ B 5 K, 10505 (50)

~

{Fo(om) (0mp)s}?* Zm————> {Fe(om), (0m)}" + u"; X, 10526 . .(51)

one is led to infer that the proportion of the complex (IXXII) in
the solutions investigated would be insignificant.

Tt is realised that the foregoing hypothesis is very liable to
error since it has been assumed that the equilibrium constants for the
hydrolysis of the monochloro-ferric.Species, for which no data are
available as yet, would closely parallel the known data for the hydrolysis
of the non-chloro ferric species. Nevertheless it can explain why
~ the addition of a small amount of acid increased the first order rate
constant., As a result it also points to the complex ion (ILXXI) as
being the oxidant species in this reaction.

Moreover the above treatment can account for the effect of
increasing the acid concentration. As a result, a state would be
~_reached when the dinuclear species (LXXIIT) was reduced to insignificant
préportions iﬁ‘which case continued increase'in the concentration of the
acid would reverse equilibrium (27) and so reduce the concentration of

the ion (LXXI) and hence the rate constant would be retarded.

From the foregoing discussion it would therefore appear that the

monohydroxylated complex ion (ILXXI) was most likely the active oxidant



ion in this reaction. The suthor, however, would stress the point
that the inference drawn can only be regarded as tentative because a
possibly over-simplified treatment has been accorded here to the ferric
chloride system which is known to contain a wide range of complex

{o5a, (0§
! Nevertheless

structures which complicate the equilibrium picture.
it would appear that the rate determining step is governed by the
concentration of ﬁhe monohydroxviated species (LYXI) and this finds
close parallels in the non-chloro complex, iFelll(OH)(OH2)5%2+,
(L¥XIV), the oxidising species in redox reactions of inorganic ions,m7
and in the cobaltic ion, {Golll(OH)(OH2)5§2+, which has been shown to
be the active ion in the oxidation of organi§ molecules by cobaltic
perchlorate?chq;HOZLIt should be obvious that the aguocomplex (LXXIV)
cannot be considered to be the oxidising ion in the reaction under
discussion since, from its structure, it cannot bé reconciled with the
observation that the measured rate constant increased with increase in
jonic strength, i.e. chloride concentration.

The results of rate measurements, both initial and overall,
(Tables 10 and 11, pages 183, 184 ) showed that the rate determining
step was first order in nitrone and first ordér in ferric ion. This

would be consistent with a slow stage in one of the steps (32), (34)

and (35) belows:

3+

Fe . > Felll yn

+ N"n «G—-—-—-——-—-—— ......(52)

in which the 1 ¢ 1 ferric-nitrone complex, cf. (IXVII), was formed.
This would be expected to be followed by a very rapid step (33) in

which an electron was transferred intramolecularly from the nitrone

9l.



molecule to the ferric ion to form a ferrous-nitrone radical complex,

. represented as Fell.N's

relllan  —fast 5 wellim: e (®)

The subsequent steps (34) and® (35) “would complete ‘the oxidation:

Fell];Nn ! + F65+ M} Fell oAIn + Fez+ XXX X (54)
Fe ll'Am + FeS+ _"—"""—-—-% Felll ..Anl + F62+ se0 s e (55)
(coloured)

92,

Identification of the slow step was possible from a comparative stﬁdy

of the pseudo~first order rate constants for a series of nitrones under

identical conditions. If equation (32) represented the slow step and

the subsequent oxidation steps were fast, then the inductive and steric

effects of substituents on the pyrroline fing would be expected to alter

the rate of formation of the nitrone-ferric complex, Felll

on the substitution pattern. The results contained in Table 15

(page 188) show that this was indeed the case and therefore merit closer

examination.
Now the formation of the nitrone-ferric complex (IXVII) may be

represented more fully by the equation:

i H
~ /H . o ~ U 10 !
g A0y G Fe 1101 (0Hy )5
N LY p 11l @) i
<o~ ¥ Fe'C1(0H)(0Hs)y / ‘lo
) 4
. - O . ~N / 5"._.
fa T~ Fello1(on,),
N ,/’
/0!

ceeess(35)
(LxviI)

.1, depending



The formation of the ferric-nitrone complex (LXVII) may occur in
a single step by a concerted cyclic pfocesé (¢), but the two step
scheme shown (Q-,b ) is preferred on the evidence considered as a whole,

If we start with the assumption that the second step (b) in
equation (36) was the slow or rate-determining step, all other steps
being very much faster, then it should follow that eléctron—repelling
substituents at C-5, e.g. a gem-dimethyl group at C-5, would tend to
oppose the shift of the T-electrons on to the nitrogen atom and would

therefore reduce the observed rate constant. Thus the substituted

10%"
R R’ RY R? (1. mole tsec.™)
H
2 a: H H H 22,4
g N Me
R’ O~ b: Me H H 3.1 -sz
i
c: Me Me H 3.0 <<»’€N\o-
d: Me H Me 0.22
(Xv1I) (XXVIII)

# Rate constants measured at 500,

nitrones (XVIIb) and (XVIIc) have similar rate constants as expected,
which are much smaller than that for the unsubstituted nitrone (XVIla).
The effect of electron-repelling substituents on the carbon atom of
the nitrone system, while enhancing the W -electron shift on to the
nitrogen atom, will at the same time reduce the electrophilicity Qf

fhe carbon atom fgwards the attacking nucleophilic hydroxyl ligand,

as shown in the second step (B) of equation (36). Tt is prébably-for
this reason that the 2-methyl-l-pyrroline l-oxides (XXVIII) undergo
very much slower oxidation (Table 17, page 191). The ggmrdimethyl

group at G-3 in the nitrone (XVIId), due to its inductive effect would.

93.



be expected to exert a similar but much weaker effect on the nitrone-
carbon atom and this would account for the rate constant being much
smaller than that for the nitrone (XVIIb). An examination of a model
of (xViId) showed that the spatial airangement of the gem-dimethyl
groups at C-3 should not sterically hinder a nucleophilic hydroxyl
group attacking C-2, so that the observed slower rate could only be
the resulf of an inductive effect.
The moderate decrease observed in the entropy of activation,

~ 8.6 e.u. (Table 13, page 186) would appear to indicate that the
second step (b) in equation (36) was the rate-determining step in
‘the reaction since it would involve a loss of rotational freedom in
the intermediate complex. If the slow step were either the first
step (O) in equation (36) or a concerted cyélization (€), then the
loss of translational and rotational freedom of the uniting pairs
would be expected to lead to a lower entropy of activation relative

to the second step (b) in equation (56).‘Cis Tt is possible, however,
that a moderate gain in entropy resulting by the expulsion of a
solvent molecule from the ferric ion may offset the lower entropy
expected so that the actual observed entropy could be attributed to
any one of the three possible steps. The entropy criterion alone,
therefore, éannot predict a particular mechanism but must be viewed
alongside the other experimental data.'o8
Tt now follows that the subsequent oxidation of the nitrome

within the complex is a very fast reaction. This behaviour is the

opposite of the results reported for the oxidation of oxygen-containing .

organic compounds by cobaltic galts where the oxidation step, the

o4,



abstraction of an eleetron from the orgaﬁlc molecule, is the slow step

. . . . 6a, 102 b
which follows the formation of an intermediate complex.

The oxidation of nitrones must therefore occur by a different mechanism.
Tr. the oxidation of the partial complex (LXVII) the first step
envisaged is the transfer of an electron to the metal ion, the fast

reaction referred to earlier as equation (33):
H

H
\s 0.

L1 \E/CS---.

A

‘ Fell 0.0..‘.(57)

//N ///ﬂ N , -
\0/ . . //,. \'O'/
(1XVII) | (IXxV)

The resulting radical ion complex (LXXV) would have the same
charge as the initial complex (IXVII). Re-oxidation of the co-ordin-
ated ferrous ion by free solvated ferric ions would follow and the

radical intermediate (IXXVI) would transfer a second electron to the

i n ¥ ]
~p-0-. - 0~
f/’ Fe5+aq.-———-—5 ] 11% Fe aq.
/ \o/ /}\I Bé
. Ve (LXXVI)
(Lxxv) i VE '
\t/o “pett creees(38)
"’-N\-"/"/ . v
/ N
(LXXVIT)

ferric ion to form the complex (IXXVII). The first step in equation

(38) would be expected to be a rapid step since the following exchange

107
is known to occur very rapidly:
3# 3
Fe2+ + Fe5+ — Fe5+ + Fe2+

(¥ indicates a radioisotope.)



The inter-ionic transfer of the electron in (38) may proceed by
any one of the three mechanisms postulated for ﬁransfer from a ferric
to a ferrous ion:~lo7“"oqq'

(i) an inner-sphere mechanism involving a water molecule bridging
the two metal ions by participation in both hydration shells;

(ii) an outer sphere mechanism involving the interpenetration of
the orbitals of two water molecules, one liganded to the free
metallic ion; the other to the complexed ion.

(iii) hydrogen transfer mechanism in which a hydrogen atom is trans-
ferred from the hydration shell of the ferrous ion to the
hydration shell of the oxidising ion.

The organic moiety of the complex (LXXVII) has the same oxidation
Jevel as thevhydroxamic acid., By the loss of two protons in the
mechanism shown (39) and re-oxidation of the co-Qrdinated ferrous ion

by a rapid step as before, the final coloured ferric-hydroxamate struct-

ure (LXVI) is formed:

gl ,\E
- 4 0
I \b/ 1 -H Y
:}f/f Fe > ! Fell
>~ +
e, 0 A
( 11) E’Fe5+aq.,— Fe +aq;
N
pelll . B9)
/N\O/ asdbe
(1xvT)

Two possible alternative mechanisms for the oxidation of the

nitrone-ferric complex (IXVII) are presented for considerations
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0. .. + |
\\14? “pell ___§§E§:_€> (LxvI) ...(40)

3+

‘i} H+‘ :011,?“ +
\f \W/O S e e

Fe

O—--II.‘

" (IXXIX)

The author considers both of these to be unlikely for two reasons:-
(i) in the oxidation of alcohols by high potential transition
metai ions, e.g. 005+, the abstraction of an electron from
a C-H bond constitutes the rate determining step.“o
Hence one would expect the formation of the radical (IXXIX)
~in (41) to be the slow step.

(11) reference has been made earlier to the results of e.s.r.
studies on the oxidation of hydroxylamines and oximes by
ceric salts, in which it has been shown that the first

q¢,99,100, 104
electron is abstracted from the N-O bond. The

resulting radical is stabilised by sharing of the electron



between the N and O atoms. Such stabiiisation cammot
occur in the C-0 radical system. Hence the removal of
an electron from the oxygen atom attached to the nitrogen
50 yield the radical complex (IXXV) in (38) should be
thermodynamically more favourable than the formation of

cither of the radical complexes (LXXVIII) and (ILXXIX).

For kinetic isotope studies, the deuterated nitrone (LXXX) was
35
prepared from the nitrone (XVIIc). Deuterium exchange was carried
out on the intermediate carboxynitrone (IXX¥I) which was then pyrolysed

5
to yield (IXXX) N

o A _COgH(D) 5
Me{ ' ‘_____j>bb .__éé_% Me ¢ + CO
- + + N 2
M ~0 ~0- . N

62 M82 M62 0
(XVIIc) (1XxxXT) (LXxX)

Mass spectral analysis of the deuterated nitrone (ILXXX) showed the
presence of considerable amounts of di- and tri-deuterated nitrone,
The significance of this has been discussed elsewhere (page 12).
For réte studies in aqueous solvents it was reasonable to suppose that
any influence on the rate constant would be due to the D-atom at C-2
in (IX¥XX) since the one or two D-atoms at C-3 would be expected to
exchange out with protons from the équeous medium by the tautomeric

process belows:

Meg:j—:;iz s Me D g0 Me HD HgOs Me

Meb ¥ & ! D : > . L\+ !D L l + JD 
Meg™ N Meg. 7 Meo~ ™
o- | |

0D o~
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The fact that & sigdificant secondary isotope effect !

in the fitst ofder Téte constants was observed (Table 18, page 189
shows kH/kD = 0,88) is inconsistent with_C—H(D) fission as being the
rate determining step. Primary isotope effects in which kH/kD values

have been reported
are very much greater than unity/for the oxidation of alcohols and

aldehydes by cobaltic ions o, u3 and are regarded as evidence for
C-H(D) fission. The secondary isotope effect observed in the nitrones
(XVIic) and (LXXX) can be reconciled more satisfactorily with the
formation of the complex (IXVII) as being the slow step. The.hiéher

rate constant observed for the deuterated nitrone (LXXX) may possibly

i
arise from the stronger +I effect of the C-D bond, * and this effect

in assisting the shift of the fl-electrons on to the N-atom in equation.

(36) may be greater than its effect in reducing the susceptibility of
the carbonbatom to nucleophilic attack, thus enhancing the cyclization
process in equation.(SG).

The foregoing mechanism for the oxidation of cyclic aldonitrones
to hydroxamic acids can, with slight modification, readily explain the
-ease of §xidation of cyclic secondary hydroxylamines to-hydroxamic
acids. Table 15 (page 180) shows that corresponding hydroxylamines
and nitrones haVerclosely similar rates of oxidation and hence the
manner of formation of fhe complex,'the slow stép in each case, must be

similar, This mey be represented in the scheme below:

99,
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X A T i 1
.(:N ,/Fe IJ SESLENS é Felll + Pt ,...(42)
S NA 3+ -~
0 Fe 0
etc.

The slow step would be the cyclization step, while the preceding
steps i.e. the formation of the N-O to metal bond andthe oxidation of
the C-N bond to the nitrone level by abstraction of 2 electrons, would
all.b?‘fast.steps for the reasons advanced earlier in the discussion
on the oxidation process in nitrones. It should be mentioned, however,
that detailed kinetic studles on hydroxylamines in order to determine
entropy of activation data have not been carried out yet. If such
studies were to show that the entropy of activation was of the same
order as that for the nitrones, this could be taken as conclusive proof

that the same mechanism operated in the oxidation of both classes of

lob,
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compounds, and thet the slow step was the completion of the cyclization
to yield the nitrone ferric complex (LXVII). |

It is of interest to note that the 6-membered cyclic nitrones
(XXv) and (XXVII) and thelr respective hydroxylamines (XXVI) and (XXXIT)
have immeasurably fast rate constants as compared W1th the unsubstituted
S-membered nitrone {(XVITa) and its hydroxylamlne (XXXIIIa)(Table 15,

page 188).

0/\“2 Y 0/\L
? +_t l —!-:ﬂT ‘\/ "

~_ Ny \\\’/’"D‘

,/\i /\‘
\/4.lil N o~ \\)\I N OB

(xxv) (XXVII) (XXVI) (XXXII) (XV1IIa) (XIXXITIa)

An explanation can be found in a study of the mode 1 of the nitrone

ferric complex (IXVII) using Drieding models. The cyclic system

incorporating the ferric ion showed H
' l
strain due to the long Fe-O bond ~—0 -
A J11
(2.0 8) and the small O-Fe-O angle N\\\ ﬁy?F
(90°) in the octahedral complex. The
(LXVII)

strain, however, was noticeably less
in the complex formed on a 6-membered ring than on a S5-membered ring
and hence cyélization, the rate determining step, would be expected to
occur more readily, as observed, with the 6-membered rather than with
the 5-membered cyclic nitrones.

A modification of this same explanation can account for the
nitrone-hydroxylaﬁing (XXXIV) having a rate constant not only much

larger than that of the hydroxylamine (XXXIITb) but also larger than
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those of the pyrroline l-oxides (XVIIb), (XVIIc) and (XVIId).

I's - Me Me
SN "
+ . M ~.,
0" OH OH

(XXX IV) (XXXIIIb)
The author would suggest that both oxygen atoms of the structure
(XXXTV) can, and do, enter the co-ordination shells of two aquoferric
'ions. When the oxidation level of the hydroxypyrrolidine ring B in
(XXXIV) has been raised to that of a nitrone, nucleophilic attack on
the newly-formed nitrone system in ring B by a hydroxyl ion liganded
to the ferric lon attached to the original nitrone ring A would occur

preferentially since models show that no ring strain will oceur in

the resulting 9-membered ring complex (LYXXII).
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The structure (LXXXII) can only be regarded as tenfative for the
present as it is unsupported by entropy of activation data. An
argument which may be levelled against it is that the visible spectrum
of the resulting ferric-hydroxamate complex (LXXXIII) should be
differeht from the spectrum of the complex (1xv1), whereas in fact

their solution spectra are identical, both structures absorbing

gtrongly near 540 ma. and having molar +
4 . /0 7
absorbances of the same order, The \\E:" \\‘Eelll
| A Ng
colour, however, may be attributed to 0
. . . ' . _105b 15
d-orbital splitting in the ferric ion - (1xvI)

by the hydroxamate Iigand and not delocalisation

of the charge within the complex. This postulate, however, is advaticad
with caution because no theory for the colour of ferric—hydroxamafe
complexes has yet been advanced.  Should the above be true then the
resulting spectrum would not be influenced by the size of the fing’
incorporating the complex.

In conclusion, it may be addéd thet while much of the kinetic
data presented may be empirically useful, what is of value is the
establishment that the rate determining step is the formation of a
cyclic structure and that the cyclization is aceompanied by a moderate
negative entropy'of activation (approx. - 7 e.u.). This cyclization
may be compared with the addition of reactive olefins to nitrones to

yieid igoxazolidiness

. . tod,
: + H ———} b JR‘)-
+ : -~ 0

¥
~o- R R
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The mechanism of the cyclo-addition has not been elucidated fully.
In fact opinions as to whether the additien is a l-step or 2-step
process are at vari:a.ncc—z.q“l‘g Though thermddynamic data on these
cycloadditions is scanty, the high negative entropy of"activatioﬁ .
observed by Huisgéﬁlfor the l,S-additioﬁ\of méthy1~methacry1ate to
C-phenyl-N-methyl nitrone ( - 32 e,u.) would support his argument in
favour of a concerted mechanism;48 It would appear therefore that it
may be an easy matter to distinguish between the two mechanisms since
the activation entropies are widely different. Further extensive
kinetic studies in this field would be justified and the results could

shed much light on what at present is largely speculation.



PART 3.

EXPERIMENTAL.



A1l melting points, which are uncorrected, were recorded on a
Fischer melting point stage unless otherwise stated. Ultraviolet
_spectra were obtained on a Beckman DB self-recording spectrophoto-
meter coupled with a scale expander. This latter apparatus was
used to determine more precisely the position of maximum absorption
in solutiong absorbing iﬁ the visible range. Solutions for UV"
examination were contained in cuvettes of 1 cm. path 1ength.
Infrared spectra wefe obtained on a Perkin-Elmer IR 237 Infracord.
Proton magnetic resonance (p.m,r.) spectra were recorded in the
National Cheﬁical Research Laboratory of the Cbﬁncil for Scientific
and Industrial Reééarch, Pretoria, on a Varian A 60 N.M.R.
_Spectrometer, Samples were dissolved in deuteriochloroform with
tetfamethyl—silane (TMS) as internal reference for p.m.r. spectra,
Mass spectrg were also recorded in the same laboratory on an Atlas
.MS 9 mass spectirometer. | Micro-analyses were performea in this
laboratory.

For G.L.C:‘Studieé; use was made of an Aerograph Autoprep Model
700, containing a 4 metre column packed with polyethyleneglycol-
guccinate, 20M, oﬁ Chromasorb B with‘hydrogén as carrier-gas flowing

1

at approximately 200 ml. aec.” Retention times were measured from

the instant the sample was injected on to the column.
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W
SECTION 1: STUDIES ON ‘ZQB—DIHYDRO—114-OXAZINE 4-CXTDE .

5
4

1.1, Preparation of ﬁfléDihydro—l,4-oxazine 4-oxide (IV).

1.11. Preparation of 4-Hydroxymorpholine (III).
o o S v QQ‘Q}
The direct oxidation of morpholine using 30% hydrogen peroxide
gave very low yields of (II1). Repeated fractionation of the product

. failed to remove last traces of morpholine. The following methed was

found to give better results:

: co,H 2
Y NH40H

\\' CHg—CH COgEt | COZH (/ 3
7 /J reflux
. TN

e, 1 : o CHO'C 12 ‘COgE't
L +I1 ] ' (:() I

L\,/LCOZH

The method of Adamsongswas modified sllghtly by the use of 207

(111)

molar excess of ethyl acrylate, and shorter reflux tlme (4 hr.) on a
steam bath. This resulted in an 1mproved yield (93%) of ethyl
4—morph011nopr9plonate (1), b.p. 76 - 78%/0.5 mm. 11+ 11816 mm. )
The plcrate had m. p . 107 - 108° (ex n—butanol).

. The morphol1noprop1on1c ester (I) was oxidised to the 4-oxide
,phthalate'(ll):using monoperphthalic acid followleg‘the method of
Rogers:; o - |

Ethyl 4;morphollnopropionate (42.6 g, 0.23 mole) in diethyl ether

(100 ml.) was cooled in an ice bath. To the vigorously-stirred

golution was added an ice-cold, dry, ethereal solution (1 1.)

1086,
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containing monoperphthalic acid (41.2 g, 0123 mole) (prepared according
to_a standard procedure”b and incorporating Roger's modificatioﬂzk).
The.crude N-oxide phthalate settled out as a syrup. -Stirring was
continued for 5 - 10 minutes after the addition was complete. The
ether layer was decanted off and the syrup was washed with ether
(3 x 200 m1.). During this washing the syrup suddenly crystallised
exothermically as beautiful white needles of the N-oxide phthalate (11),
the yield being almost quantitative. This product was used in thé
next stage without further purification; A small sample on recryst-

allisation, (from ethanol), had m. p . 126 - 1280 (lit.ah 129 - 130°).

The N-oxide phthalate obtained above was treated with 2N-ammonium

hydroxide (445 ml.) and heated under reflux for 5% hr. in a fume
cupboard owing to the release of ethyl acrylate. After cooling,
 the dark solution was acidified (conc."HCI),'and concentrated in a
rotary vacuum evaporator to approx. 200 ml. The solution was then
basified (25% ammonium hydroxide) and subjected to contimious chloroform
extraction (2 days). After this time the aqueous layer gave only a
very weak red cclour when a drop was added to an alkaline solution
of triphenyltetrezolium chloride. The organic phase was separated
off, dried (MgSO4), and the residue, after removal of the éolvent, on
fractional distillatlon, gave ‘pure 4-hydroxymorpholine (13.60 g, 58%
yield based on the esfer (1)), b.p. 54°/0.6 mm. The hydrogen oxalate
was obtained as colourless needles (ex 95% ethanol), m. p. 237 - 138°

a3

(1it.*” 136 - 137°) [94H9N02.H20204 requires C, 37.73 H, 5.70;

N, 7.25. Found: C, 37.3; H, 5.69; N, 7.14%].



1.12

108.

Oxidation of 4-Hydroxymorpholine,

1,121 Aerial catalysed oxidation.

(2)

(b)

0. 2+ 0

i S S (

t NHg L+

\\N‘, / . \‘N; (N)
) 0~

4-Hydroxymorpholine (464 mg, 4.50 mmole) dissolved in a
buffer solution of pH 9 (7.5 ml.) with crystalline copper sulphate
10 mg) was shaken in a 50 ml. flask in the presence of oxygen at
room temperature (24°). The oxygen uptake was recorded. After
22 hr,59.3 ml. oxygen was absorbed. (The equivalent of j-mole
oxygen per mole of 4-hydroxymorpholine at 24° and 754 mm. was
57.0 ml.).

Paper chromatography of thé resulting solution (Whatman No. 4
in butanol-ethanol-water, 4 ¢ 1 ¢ 5, followed by drying and spray-
ing with a 5% aqueous ferricAchloride solution) showed only a
trace of the hydroxylamine (RF 0.69) ard an intense purple spot at
Ry 0.38 tending to streak to Ry 0.58, attributed to the hetero-

eyclic nitrone (IV).

In a second approach, a solution containing 4-hydroxymorph-
oline (1.05 g, 10.2 mmole), copper sulphate (45 mg) and 25%
ammonia (5 ml.) in water (30 ml.) was aerated for 4 hr. During
the period of aeration, ammonia solution was added (1 - 2 mi.)
at approxiﬁately hourly intervals. The solution, spotted on a

chromatoplate (silice gel) and eluted with a chloroform-isoe



propanol-acetic acid (4 ¢+ 4 ¢ 1) solvent, showed an elongated spot
(RF 0.38), attributed to the heterocyclic nitrone (IV), and omly &
trace of the hydroxymorpholine (R, 0.,69) upon development in iodine
vapour.

The bulk of the solvent was removed by freeze drying and the
residue was saturated with anhydrous potassium' carbonate, extracted
into chloyoforn and dried (Na2804).

The yield of nitrone recovered was estimated by the following
procedure:

A portion of the solution (0.123 g)(total wt, of dry chloroform

solution: 325.8 g) was transferred to a 200 ml; volumetric

flusk with distilled water and the chloroform was removed by
subjecting the contents to water vacuum (15 mm.) with vigorous
shaking for 15 min. The aqueous solution containing the
nitrone, on dilution to volume, exhibited a peak at“?\max.

(water) 232 g/é, absorbance 0.080.  Using the value of

85252 = 7900 (section 1.122 b),_the yield of the nitronse

recovered in the chloroform solution was 53%.

The dry chloroform solution, on removal of thé desiccant
and solvent at room temperature, yielded an oil which, when left
over P,0gand evacuated (1 - 2 mm.), puffed ﬂ? be yield a white,
gummy, extremely hygroscopic resin whicly dissolved readily in
polar solvents (water, ethanol) but was insoluble in dry ether
and other non-polar solvents. The addition éf any of these
latter solvents to an ethanolic solution of the resin precipit-

ated the latter as a floe.

109.



i . . 110.

1,122, Oxidation by yellow mercuric oxide.

ey

o/ Yeon = > § o
N/ \_2/
(111) (1v)

(2) In chloroform.

To a solution of 4-hydroxymorpholine (4.12 g, 41 mmole) in A.R.
chloroform (160 ml.) was added yellow mercuric oxide (17.3 g) and fhe .
mixture was shaken mechanically. The solution rapidly became green,
and then darksned to grey-black. The temperature tended to rise
initially. After one hour, TLC of the resulting solution eluted in
chloroform-iso-propanol-acetic acid (4 : 4 : 1) on spraying with 5%
ferric chloride solution, showed the presence of a small proportion
of the parent hydroxy compound (III) (RF 0.70) with mainly a purple
spot‘(RF 0.36) attributed to the cyclic nitrone (Iv). The insoluble
material was filtered off using a thick pad of cellulose powder, and
was washed with A.R. chloroform (4 x 20 ml,) and the combined washings
and filtrate were dried (MgSO4), The infra-red spectrum of the
solution showed bands at T/ . (CHClz) 3350, 1628, 1155, 1109, 986 and

874 cm.' (cf. the cyclic nitrone (XXXI), Section 2.11(1)).

(b) In water.

A stock aqueous solution of 4-hydroxymorpholine (0.1006 g, 0.977
mmole/100 ml.) was prepared. Into a clean, dry stoppered flask was
pipetted the solution (25 ml., 0.244 mmole) and yellow mercuric oxide

(119 mg, 0.55 mmole) was added. The mixture on shaking rapidly turned
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grey-green and finally grey-black. After shaking for 4 hr the mixture

was centrifuged., The centrifugate was examined as follows:—

(i) TLC (in chloroform-iso-propanol-scetic acid, 4 s 4 ¢ 1),

(ii)

showed a single spot'on spraying with 5% ferric chloride;
the parent hydroxylamine (III) was absent; |

in order to ascertain the extent of recovery for further
spectral studies, a 1.272 x 10 M- solution was prepafed

hy pipetting the above solution (3.26 ml.) into a 25 ml.
stoppered flask and diluting to mark. 1Into a clean; dry
cuvette was pipetted this prepared solution (2.00 ml.),

and 0.0763 M-FeClz (2,00 ml.) and the solution carefully
mixed. At the same time into a second cuvette was pipetted

-3

1,272 x 10 M~4-hydroxymorpholine solution {Prepared from

the stock solution«aboveJ (1.0 m1.) and 0.0763 M—F9015

(2,00 ml.). After 1/4 nr. the visible spectrum of each

solution was examined with the aid of the scale expander
against a reference cell containing water (l.OO_ml.) and
0.0763 M-FeClz (2,00 ml.). Both solutions showed a broad

band at A___ 506 - 508 mf. The absorbance at this wave-

Ko

length for each solution was as follows:

Solution . o Absorbance*
4-hydroxymorpholine , 0.312

) A .
zf&—dihydro—l,4—oxazine_4—oxide o 0.313

* Corrected for cuvette blank.
These figures confirm that the cyclic nitrone (IV) was

completely regovered. Since the concentration of the



nitrone in the cuvette was 4.24 x 10'4M, the molar absorbance

£ = 8.

(iii) +he 1.272 x 10~ M-nitrone solution EPrepared as described
in (ii) above}(l.o ml.) was diluted to 50 ml., The solution
showed & single UV absorption band at 7\max.252 %/(,

absorbance 0.205, i.e. molar absorbance = 7900.

Preparstion of ‘the picrate.

Method 1.

e dry chloroform solution from 4~hydroxymorpholine (0.5 g) and
yellow mercuric oxide (2.2 g) was concentrated to approx. 20 ml. in a
rotary vacuum evaporator at rocm temperature. To this was added a
Gry chloroform solution (50 ml.) saturated with picric acid. The

: 3
deep yellow solution soon deposited 4N _3ihydro-1l,4—oxazine 4-oxide

picrate (0.8 g) as fine, dark yellow needles, m. p. 87.5 - 880
(decomp.) after washing with dry chloroform and vacuum drying
(Found: C, 36.7; H, 3.13 N, 17.05. Calc. for C4HyNOp.CgHzNzOy7:
C, 56.4; H, 3.03; N, 17.0%). Equivalent wt. (determined

Spectrophotometricallyhj)z found, 334, Calc., 330.

Method 2.

The chloroform solution from 4~hydroxymorpholine (1.0 g) and
yellow mercuric oxide (4.3 g) was concentrated as in the previous method
to about 5 ml. and was treated with a saturated aqueous solution of

picric acid (150 ml.). The residual chloroform was removed under

112.



water vacuum and-the aqueous solution, on leaving in the refrigerator
overnight, deposited the picrate (1.06 g) as bright yellow needles,
m. p.. 94 - 94,5° (decomp.)(Found: C, 36.4; H, 3.1; N, 17.0.
Calc. for G H,NOp.Cglisllz0s2 G, 36.45 H, 3.08; N, 17.0%).
Equivalent wt. (determined Spectrophotometrica11j$)s found, 335.
Calec., 330.
Mixed m. p . of the two picrates: 89 - 89.5° (decomp.).
The IR spectra of the two picrates were identical and both samples gave

jdentical J-ray poder diffraction diagrams.

113,.

Both picrates dissoclated extensively on attempting to recrystallise

them from alcchol, water or chloroform, and they were insoluble in
benzene and other non-polar solvents.. On storage they slowly changed

to tarry products.

1.193. Oxidation by potagssium ferricyanide. = = *

‘To & vigorously stirred solution of 4—hydr6xymorph61ine (2.06 g,
20 mmole) and potaésium<hydroxide (5.6 g, 100 mmole) in water (45 ml.)
at room temperature was added a solution of A.R. potassium ferricyanide
(1%.2 g, 40 mmole) in watér (40 ml.) over 45 min. T.L.C. examination
(silica gel chromatoplate in chloroformfgggrprOpanol-acetic acid
4: 421, developed in icdine vapour) indicated that approx. 50% of
the starting compound (Rp 0.64) had undergone oxidation‘to-fhé nitrone
(RF = 0,32). Lfter stirring for a furfher 2% hr., T.L.C. examination
indicated the above two.compounds pfesent in foughly equal proportions,

with e third uynidentified spot at Rp 0.20, present in e significant
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amount, -
This route to the nitrone (IV) wag not followed further as it

appeared to be unsatisfactory.

3
1.153. Polymeric ZX-dihydro-ll4~oxazine 4-oxide.

Preparation, 4-Hydroxymorpholine (1.82 g, 17.7 mmole) in A.R. chloro-

form (20 ml.) was shaken together with yellow mercuric oxide (8;6 g,

%7 mmole) for 4 hr. The insoluble mercury compounds were filﬁered of £
aﬁd the fiitrate dried (Na2804). Removal of the desiccant and evapor-
ation of the solvent left a clear yellow-brown gam.- T.L.C. showed the
nitrone (IV) to be the méjor component, %ogether with some unchanged
4-hydroxymorpholine, Trituration of the gum with dry ether with discard
of the supernatant left a cream yellow solid (1.17 g) insoluble in all
solvents, but readily solublg in dil. hydrochloric acid and agueous
ferric chloride, With the latter solution it gave an intense wine~red
colour. After careful washing with small amounts of water and drying
under high vacuum over Py0g, the polymer had m. p'. 156 - 165° (decomp.)
(Found: C, 47.4; H, 7.1; N, 13.5. -Calec. for (C,H,NO5) s -G, 47.5;
H, 6.93; N, 15.86%)‘1/;ax.(K61) 1270, 1120, 1022, 930 and 872 em:!

- Y
Shoulders at 1140, 1130, 1115 and 1100 cms' (N-C~0). 1

Attempf to determine molecular weight.

Bécause it was observed to dissolve slowly in chloroform, attempts
were made to determine the molecular weight by an.ebullioscopic method.
The apparatus and metﬁod employed was that of Sucharda, Bobranski

end Schmidt.'’
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58.29 mg polymer refluxed with 8.90 g A.R. chloroform raised the
b p . irreguiarly to a maximum value of 0.240°. This corresponded
with a.mol. wt. of 106, '[galc. for G H,NOp: 1dij.‘ In & second run
52.64 mg polymer in 8,90 g chloroform raised the boiling point again
irregularly@&g. 1, App.l) to a maximum value of 0.304, corresponding
with a moi. wt. of 77. Two inflexions were observed at approximately
0.112° and 0.242° elevation, corresponding with the mol. wts. of 205
[calc. for (C4H,NOp) s 202] and 99 .calc..for C4HoNOg 2 10%] ?espectively.
The IR spectram of the resulting solution after drying (MgSO,)
showed absorption bands at 19max.(CHCIS) 1754, 1680 and 1630 cm.'

Paper chromatography (cf. 1.121) showed a mixture of products.

Hydrogenation of polymer, The polymer (0.353 g) was édded to a mixture

‘of platinum black (from 90 mg Hzptclslezo) in M-HC1 (20 ml.) and hydro-
gehated at room temperature and atmoépheric pressure. Within 20 hr.
5.66.mmole hydrogen had been absofbed_(Theory for 1 mole: 3.48 mmole).
The catalyst was filteredioff and the filtrate concentrated to 16w
volume,.saturated with ahhydrous potassium carbonate and extracted with
ether. The dry (Na2804)extract gave, on removal of the solvent an oil
(0.336 g) which gave an intense red colour with alkaline triphenyltetra-
zolium chloride.

T.L.C. examination showed it to be almost entirely 4-hydroxymorphol-
ine with a trace »f morpholine. The oil distilled in a short path still

at oil bath temp. 120%/16 mm. The distillate with oxalic acid in
ethanol gave 4~hydroxymorpholine oxalate (from absolute ethanol)

m.p. 136 - 137°, uﬁdepressed by admixture with an authentic sample.
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1.2. Reductions of 4N-Dihydro-1,4-oxezine 4-oxide,

I, . \

1.21. BReduction by sodium borohydride.
/N NaBH, /N
N-0" = > 0 - N-OH

A A

(Iv) .
A solution of the cyclic nitrone (IV) (2.0 g) in chloroform (80 ml.)

was evaporated under water vacuum at room temp. in the presence:of a 1%
aqueous solution o sodium hydrogen carbonate (10 ml.). By this method
the organic soivent was removed and the nitrone extracted completely
into the agueous phase, The latter was treated with sodium borohydride
(0,5 g). After 2 days at room temperature, the excess borohydride was
carefully destroyed by addition of a slight excess of acetic acid. The
solution‘was safurated with anhydrous potassium cérbénate and extracfed
with chloroform {4 x 20 ml,). The organic phase was dried (MgSO4) and
after removal of both desiccant and solvent, the reéidual dark oil

(1.20 g) was distilled in a shoft pAth still. 4-Hydroiymorpholine (1.0, g)
distilled as a colourless, slightly viscous liquid at a bath temp.

50 - 70%18 mu.  The picrate formed readily from piéric acid~benzene
and gave bright yellow needles (from grbﬁtanol), m. p . 138 - 139°,
undepressed by admixture with an authentic sample of 4;hydroxymorpholine

picrate.
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1.22., Gatalytic reduction.

VAR Hp /,.~w\
o N0~ ——=—3 0 H
N/ Pd-C \ 5

(V)

The aqueous solution of the cyclic nitrone (IV) obtained by the
aerial catalysed oxidation of 4-hydroxymorpholine (464 mg)[%rom section
1.121] was transferred to a pressure bottle using approx. 30 ml. water
for rinsing. 5%-Palladium-charcoal catalyst (approx. 0.2 g) was added
and the solution was hydrogenated at 32 p.s.i. on a Parr hydrogenator.
When no further fall in pressure was observed, the solution was filtered
free of the catalyst. Two paper chromatograms (Whatman No. 4)
were run: P.C, 1 (in p-butanol-ethanol-water, 4 s 1 : 5) on drying

and spraylng with 5% FeClg solution gave no reaction,
indicating the absence of both 4-hydroxymorpholine and
the cyclic nitrone (IV).

P.C, 2 (in n-butamol-scetic acid-water, 4 : 1 : 5) on drying
and spraying with 0.5% ninhydrin in n-butanol revealed
a single pink spot at Rp 0.27 correspording with
morpholine,

The filtrate was steam~distilled until the distillate no longer
gave an alkaline reaction with litmus (épprox. 700 ml. distillate were
collected). To the distillate was added picric acid (1 g). The
solution was evaporated in a rotary vacuum evaporator below 40° to
approx. 30 ml. \On standing and scratching morpholine picrate (0.89 g)
crystallised out. It was obtained as bright yellow needles (2 recryst-
allisations from n-butanol-cyclohexane), m. p . 148 - 149.5°C, undepressed

by admixture with an authentic sample of morpholine picrate.
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1.23. Reduction by Zinc - Acetic Acid,

N Zn/ Cit5 000K /T

7

~

4—Hydr§xymorpholine (0.50 g, 4.9 mmole) in water (16 ml.) was
shaken mechanically with yellow mercuric oxide (R.4C g, 11 mmole) for
1 hr., After filtering off the insoluble material and washing the same
With water (total of 80 ml.), the combined filtrates were refluxed
together with zinc dust (5 g) and glacial acetic acid (4 ml,)'dférnight.
The mixture was busified with NaOH and steam distilled. The steam
distillate (600 ml.) was neutralised with an aqueous picric acid and the
solution was evaporated to low volume and allowed to crystallise. The
picrate on two recrystallisations from n-butanol gave bright yellow
rhombs, m. p . 146 - 1470, undepressed by admixture with morpholine
picrate. The IR spectrum of the picrate recovered was also identical

with that of morpholine picrate .

1.24. Reduciion by Sulphur Dioxide,

-

/N . .
4 -0 + S0p 0 N ~———3 Tarry produe
__/ N4
+ SOS‘
4-Hydroxymorpholine (0.51 g, 5.0 mmole) in dry A.R. chloroform (20 mlx)
was mechanically shaken together with yellow mercuric oxide (2.38 g,
11 mmole) at room temp. for 1 hr. The insoluble material was filtered

off over a cellulose pad and washed with small amounts of chloroform
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(50 ml.). The combined filtrates were dried (NayS0,), freed of desicc-
ant and then saturated with a slow stream of sulphur dioxide., The sol-
ution became warm and turbid after 5 min. and a white flocculant
precipitate began to form. After one hour the floc. was rapidly
filtered off at the filter pump, washed with dry ether and transferred
immediately to a deéiccator where it was kept over.PZOSat 0.5 mm. pressure.
Freshly isolated the solid proved to be extremely hygroscopic, butvén
keeping this characteristic disappeared. On heating, the solid slowly
darkened from about 70° and was a charred mass at 100°, The solid
dissolved readily in water, its aqueous solution showing weak absorbance
in the far OV, A (water)215 mu { Ei%cm., 8.9) ¥ . (nujol) 3390,
1625 weak, broad (C=C ?), 1190 em:! (C-0-C).

The agueous solution on treatment with hot, dilute hydrochlpric
acid and barium chloride gave a white precipitate of barium sulphate.
Aqueous solutions of the solid gave no red colour with alkaline triphenyl-
tetrazolium chloride and no wine-red colour with ferric chloride solution.

On bagifying and extracting into chloroform, the dry (Na2804),m
extract gave only a tarry product in which neither morpholine nor

4-hydroxymorpholine was detected.
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1.5.  Oxidations of {d-Dihydro-1,4-Oxazine 4-Oxide.

1.31. Reaction with Phenylhydrazine.

e e,

\  PhuHNH  CHI=N.NH-Ph
6/ Moo~ AN i + NHz + PhiH,
\__/ | CH=NNH-Ph
(V1)

4~Hydroxymorpholine (0.50 g, 4.8 mmole) in water (20 ml.)'w;; shaken
with yellow mercuric oxide (2.40 g, 11.1 mmole) for 40 min. at'rbém
temperature. The mixture was filtered through a cellulose pad and the
insoluble matevial was washed with water (80 ml.). = To the filtrate
and washings were added freshly recrystallised phenylhydrazine hydro-
chloride (5.1 g) and crystalline A.R. sodium acetate (7.7 g) and the
solution under nitrogen was heated by immersion in a boiling water
bath for 5 hr.  Yellow glyoxal phenylosazone precipitated out. The
mixture after cooling was filtered and the osazone washed with small
amounts of cold water (0.82 g, 54% theory). Three recrystallisations
from dilute ethanol gave glyoxal phenylosazonev(VI) as yellow needles,

110
”, 1768 - 177° ), identical

m. p . 166 - 1670 (1it. 169 = 171°"®, 1750’
with an authenﬁic sample by mixed m. p . and comparison of the infrared
spectra. |CygHiN requires N, 23.5. Found N, 25.5%.

" The filtrate from above was cautiously basified and steam distilled
quantitatively into 0,245 M-hydrochloric acid (35.0 ml.). The residual
hydrochloric acid requifed 41,4 ml. 0,101 M-sodium hydroxide (electro;

metric titration). Hence ammonia produced = 4.4]1 mmole (91% theory

for 1 mole ammonia/mole nitrone). Aniline is reported to have no
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. . . 1
effect upon this determination.
The titration solution was treated with 5M-NaOH (20 ml.), extracted
with ether {2 x 150 ml.) and the organic phase was dried (CaCl,).
Removal of the ether gave aniline (crude wt. 0.5 g) which was distilled
off in a short path still and converted under Schotten-Baumann conditions

. ' a
to benzanilide, white needles (from ethanol)m. p . 162 - 1659 (11t 162°).

1,32, Reaction with 2,4 -Din1tropheny1hvdraz1ne.

HOZ
6/'_ ——;N-O" + OpN —~/< \<\§-\'NH-NH2 — ( CH=N+ NH—/—‘\\-{«]OZ
\ Y/ ' :::/ \ | -
Yo * 2
2 (VID)

4-Hydroxymorpholine (0.2193 g, 2.13 mmoié3 in water (16 ml.) was
mechanically agitated with yellow mercuric oxide (1.0 g) for half an
hour. The solution of Zﬁf-dihydro;1,4—oxazine 4-oxide thus formed was
filtered through a cellulose pad. The turbid flltrate with the washings
(95% ethanol, 80 ml.) was clarified by a second filtration. The
filtrate was added to a mixture of A.R. 2;4-dinitropheny1hydrazine
(3.5 g) in 95% ethanol (175 ml.) and the whole was just brought to the
boil and allowed to cool slightly before adding concentfatea hydrochiOrid
acid (10 ml.). The mixture was magnetically stirred and allowed to boil
gently under reflux overnight. An orange-red precipitate formed very
- rapidly soon after the addition of the acid. This was filtered off
after cooling the reaction flask. (2.97 g crude, dry wt.). After

2 - 3 recrystallisations from dimethylformamide, glyoxal-2,4-dinitro-
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phenylosazone (VII) was obtained as red needles, m. p . 328 - 224°

R 133 25
(decomp.) (1it. 318° %3522 - 5249/ 556 _ 526°.% 529 - 531°," ) unde-

pressed by admixture with an authentic sample. requires

[_014 107
C, 40.2; H, 2.39; N, 26.8, Founds C, 40.6; H, 2.58; N, 26.45%].
The IR spectrum was féund to be identical with that of authentic
glyoxal-his-2,4-dinitrophenylhydrazone.

The filtrate from above was basified (20 ml. 50% sodium hydroxide)
and steam distilled quantitatively into 0,245 M-hydrochloric acid
(30.0 ml.). The residual acid required 68.35 ml. 0.102 M-sodium
hydroxide for neutralisation (electrometric titration), This was
equivalent to 0.16 mole ammonis per mole Qitrone,

In a repeat experiment, Of20 mole ammonia per mole nitrone was
recovered. A

4-Hydroxymorpholine on treatment with 2!47d§nitr§pheny1hydrazine

as above failed to show any reaction.

1,33, Reaction with Ferric Chloride.

(a) Reacion with 2 moles ferric chloride.

/T \

0 A-0-+ W+ HyO

/4

S
/
—y 0 NeOH+ 2FPeR's 2

(vIIo)

4-Hydroxymorpholine (1,294 g, 12.6 mmole) in water (20 ml.) was
sheken together with yellow mercuric oxide (5.7 g) for % hr, and the
mixture was filtered through a cellulose pad. The insoluble residue

was washed with water (100 ml.) and the combined filtrates were treated



with 0535 M-PeCly (112.5 ml., 37.8 mole). The solution, which
immediately became intensely purple on mixing', was allowed to stand
for 2 hr with stirring. After this time 1.0 ml. of the solution
(total vol. 350 ml.) was found to require 0.072 ml. 0.1000 N-K,Cr,0,
for complete oxidation of ‘the ferrous ion, 1i.e. total ferrous ion

3+

in the solution = 25.2 mmole (2 mole Fe”  reduced per mole nitrone).

The residual solution was treated with 5N-NaOH (25 ﬁl.) and the'iron
‘hydroxides were removed by centrifugation and washed with O.SN;NAOﬁ
‘<5 x 70 ml.), each washing being fqllowed by centrifugation. ~Phe
combined centrifugates were brought to pH 6, vacuum evaporated nearly
%o dryness, acidified with SN-HC1 (30 ml.) and the acidic solution
was finally subjected to continuous éhloroform extraction., The dry
’(Na2804) organic extract on evaporation gave a dark oil (0.43 g)
which slowly formed clusters of needles when the flask was left in
the refrigerator. The residual oil was soaked up on a porous plate

and the crystalline solid on two sublimations (60 - 70% 25 mn.) gave

A-hydroxy-3-morpholone  (VIII) as colourless, waxy needles, me. D' .

120 - 121° . (Found: C, 41.13 H, 6.2; N, 11.74. O HNOz requives:
C, 41.0; H. 5.98; N, 11.96%.) T/ .. (nujol) 3350 (bonded OH), 1670

' The

(hydroxsmic G=0), 1645, 1138, 1106 (C-0-C), 994 and 880 om
solid gave an intense wine-red colour with 5% ferric chloride solution.
Visible spectrum of the ferric chloride solution contained a broad band

at Amax.sos miL.
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(b)  Reaction with Excess of Ferric Chloride.

O +N-0" + gFet *

7 HOC OpH. ‘
SHo0 -7 W0+ 2 \\/,CL\N/Q 2% 4 gre?ts ant

2

(IX)

4-Hydroxymorpholine (1.217 g, 11.8 mmole) in water (25 ml.) was
mechanically sheken together with yellow mercuric oxide (5.8 g) for
4 hr. The filtered solution was treated with 60% A.R. ferric chloride
solution (80 ml., 216 mmole), diluted to 500 ml. end heated on & steam
bath., 1 ml. aliquots were removed at intervals and titrated against
26r207 for Fe** content.
After 6 hr at 94°, 1 ml. required 1.83 ml. (corrected for temp.)

0.1000N-K

of the K26r207 solution, hence [Fezﬂ = 0,183 M, (Calculated [Fez;J for
[Fezﬂ,/initial (Iv) = 8, 0.189M).

Gas which wes extracted from the hot solution (for method of
extraction, see App. 2) was dried over CaCls and transferred to a gas
cell (NaCl plates, path length 10 cm.}. The IR spectrum showed
absorption bands at 2230 and 1275 cm ! (1\120)::’3?"61J

The cooled solution was treated with 50% sodium hydroxide solution
(45 ml.) and the precipitated iron salts were centrifuged down and
washed several times with 0.2M-sodium hydroxide (500 ml. in all). The
combined centrifugates were adjusted to pH 2 {conc. hydrochloric acid),
evaporated <<50° to low volume and extracted continuously into ether
for 2 days. The dry (NapgSOy) extract gave crude diglycollic acid
(1%) (0.40 g) as pale yellow needles.  On heating with pure aniline

(1 g) 180 - 200° for 2 hrs., from the mixture was isolated
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diglyeollic acid dienilide, as colourless needles {ex ethanol - light
&4

pet. ether), m. p. 152 - 1580 (1it. = 152°) {0163161\1205 requires

I‘I, 9.86. Found: N, 9.8‘00/;]0

1,34. Reaction of 4-Hydroxymorpholine with 2 moles of Ferric Chloride,

0
/TN orest | SN / \
Q Non ‘“"“"”‘f> CL +N-0" + M-OH
_/ | AW
(111) (1v) (VIIT)

To 4--hydroxﬁorpholine (1.093 g, 10.6 mmole) was added 0.331M-FeCls
(64.2 ml., 21.2 mmole). The purple solution after % hr was basified
with 5N-NaOH (25 ml.) and the iron hydroxides were centrifuged off and
washed with O.3N-NaOH (24 ml.) as before. The combined céntrifugates
were adjusted to pH 4 (conc. HC1l), evaporated < 60° to low volume and
extracted overnight into chlorcform. T.L.C. of the solution showed
5 spots in iodine vapour. Three of the spots gave purple colours on
spraying with 5% ferric chléride. These corresponded with the nitrone

(IV), the cyclic hydroxamic acid (VIII) and unchanged (111).
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1.4,  Cyclosdditions of Olefins to Z\-Dihydro-1,4-Oxazine 4-Oxide.

1.,41. Reaction with cyclohexene,

(%)

A chloroform solution (90 ml.) containing ZQE—dihydro-1,4-oxazine
4-oxide {prepared from 4-hydroxymorpholine (2.08, 20 mmole) by the
method deseribed in section 1.122 and dried over MgSO%], wes treated
with cyclohexene [previously treated to remove peroxides, dried (CaCl,)
and redistilled] (20 ml.) and the mixture was evaporated to low volume
(approx. 20 ml.) in a rotary vacuum evaporator at a temperature below
40°. A further quantity of cyclohexene (20 ml.) was added, followed
by evaporation as before. By this process, much of the chloroform was
removed. A third quantity of cyelohexene (20 ml.) was now added and
the solution was heated on a steam bath under reflux for 36 hr. The
yellow supern=iant was decanted off and on evaporation gave a crude oil
(1.75 g) which was distilled in a short path still. A colourless,
0ily 1liquid (1.55 g) passed over at a bath temp. of 80 - 90%/0.3 mm.
The liquid crystallised in the micro-receivers, m. b . 13 - 18°, and
had & strong mouse-like odour. Further direct purificaﬁion of the free
base was unsguccessful.

The picrate formed readily from ethanol-picric acid, giving bright

yellow crystals m. p . 180 - 181° (from butanol-cyclohexane).

126,



[Found: G, 46,%; H, 4.56; N, 13.5, Calc. for C10H17N02'06H5N507‘
G, 46.6; H, 4.85; N, 15.6%]. Equivalent wt. (determined spectro-
photometrically™ ) 418. Calc. for CpgHpgll,0gt 412

The free base was obtained in a pure form by decomposition of the
picrate‘.m"g The above picrate (1.05 g) in a 50 ml, flask was treated
with liquid ammonia (10 ml.) and dry A.R. chlorofofm (10 ml.). The
ammonia was allowed to evaporate at room temperature, after which the
chloroform solution was filtered free of the*ihédluble ammonium picrate,
and dried (Na2804). Removal of first the desiceant then the solvent
. gave o basic oil (0.62 g) which on distillation gave pure

2,G—dioxa—B—aza—trieyclo[7,4105’8] tridecane (X), b.p. 96 - 98%/1 mm.

(0.50 g) Lgound: G, 65.5; H, 9.5; N, 7.41. Cale. for Cyohy,NOp:
C, 65.6; H, 9.29; N, 7.65%}1;)max.(fi1m) 1462, 1273, 1129 aﬁd 861 cm;'
The free base solidified, m. p. 29 ;H36°. The p.m.r. spectrum (Figure
2¢, Appendix 1) showed five unresolved mﬁlﬁiplets centred at T 8.4

(8H), 7.4 (1H), 7.0 (3H), 6.2 (2H) and 5;6 (1H).

1,42, Reactionvwith phenylisocyanate.

0/\ N-Ph A~ y _,N/Ph

oL e |

1 +N G g ,é:o
-~ ~0~ il ~N~o0

0

(z1)

. 3 . . : .
To a chloroform solution (80 ml.) containing sz-dihydro—1,4~,
~oxazine 4-oxide (2.2 g) [prepared by the method described in section

1.122 (a) and dried (MgSO4)] was added phenylisocyanate (2.2 g) in dry
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A.R.'chloroforﬁ (17 ml.) and the mixture was gently refluxed for 3 hr.
on a hot wafervbath. The chloroform and unreacted phenylisocyanate
were removed by initially evaporating thé ﬁixture in the rotary vacuum
: ‘evaporator (=<"40°) and finally under high vacuunm (< 1 mm.). A
yellow-brown oil (3.68 g) remained. The 0il was dissolved in dry

ether which, on spontaneous evaporation, slowly deposited a crystalline

mass. The supernatant ether was filtered off and the mass on recryst---

allisation from 96% ethanol gave 7-phenyl-4,9~dioxa-1,7~diaza-bicyclo

[4,5.Cﬂnonanf8—oné (x1) (1,95 g) as colourless needles, m. P 117 - 118°

[Found: C, 59.6; H, 5.67; X, 12.72, Calc. for OyFoNa0s:

c, 60.0; H, 5.45; N, 12.72%]1:) (CHC1z) 1770 (¥ -lactone), 1600

max.
(phenyl ring), 1496, 1149 (C-0-C), 1097 and 866 ems' The p.m.r.
spectrum revealed signals at € 2.65 (5 aromatic H), 4.90 triplet
(3 = 1.5 c.p.s.)(1H), and complex unresolved multiplets in the range

5,8 - 6.8 (6H).

1.43. Reaction with ethyl acrylate.

7
O I A i
o | _
U‘o‘ CH-COoEt l\/I\Y\O/\COQE‘G
(X11)
Ethyl acrylate (10 ml.) was added to a dry chloroform solution
3

(160 m1.) containing /N-dihydro-l,4-oxazine 4-oxide (4.1 g) prepared
as described in Section l.léz(a) . The mixture, which became slightly

warm, was allowed ©to drop élowly into a distilling flask containing a

further quantity of ethyl acrylate (20 ml.) heated on a steam bath.

128.
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Most of the chloroform distilled off and carried off some of the acrylic
ester, At the endﬁéf“the addition, a third quantity of ethyl acrylate
(20 ml.) was édded andrﬁge mixtare was heated on a stegg_bath under
reflux fp; 12 hr. | ?he'fééidﬁalnééiéent and eiééss of‘ethyl acrylate
were remo§ed at room temperature, first under moderate vacuun and
finally vnder nigh vacuum. Distillation of the residual oil yielded

8-ethoxycarbony1-557«dioxa—6—aza—bicycloE4,5,dlnonane (x11) (4.50 g)

as a colourless oil, b. p . 118%1 mm. [Found: C, 53.5; H, 7.65;
N, 6.77. Cale. for GgHygNO,: G, 53.7; H, 7.46; N, 6.96]
’C)max.(film) 1745 (C=0 ester), 1210 (0=-0~C ester),1128, 1116 (C-0-C),
862 cm.! ~ Pun.r. spectrum (Figure 2b, Appendix 1) showed the ethyl
ester signals st "L 5,75 (quartet, J = 7.0 ¢/s) and 8.69 (triplet,
J=7.0 ¢/s). cher‘signals wépe multiplets at ?ﬁ»5;25 (1H) and
7.48 (2H); together Qith a complex éérieé in tﬁe ranééZS.S -~ 7.2 (7H).
Weak ethyl ester signals at T-5.78 (quartet, J = 7.0 ¢/s) and 8,72
(triplet, J = 7,0 o/s) became relatively more intense when the reflux
conditions used in the preparation above were extended over 4 days.
The bicyclic morpholino-isoxazolidine (XIT) on treatment with an
ethanolic solution of picrolonic acid immediately precipitated.the
picrolonate as dull yellow needles (from ethanol), m, p., 148 - 149°
LFound: G, 49.2; H, 4.8: N, 15.0. ‘Calc. for CigHNOq: C, 49.0;
H, 4.95; W, 15.:05%.].

Thé equivalent wt of the picrolonate was measured spectrophoto-

1,127 . . . . R
51,137 For ethanolic solutions of a series of picrolonates,

metrically.
the moléf absorbances at 370 g/t gave o mean value of 19,970 ¥ 2%,

An ethanolic solution of the picrolonate of the bhicyclic isoxazolidine
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(XII) at the same wavelength exhibited an absorbance of 0,339 for a

concentration of 7.99 mg/l. Hence equivalen‘b wt.: Found, 471,

Cale. for 019H25N509 s 4865,
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SECTION 2: _OXIDATION STUDIES.

531, .. .. Preparstion of _i;ﬁflgm(‘)ompouﬁas' Reguifé?i,_.

2.11.°  Preparation of Cyclic Nitrones.

9,11 (a) 1-Pyrroline 1-Oxide (XIIT).

0y . Na0C1 | "HoS0, L\ HO
(n-C ig) ol sy (n-C,Hy) ,NC1 23 4 q_fjiii.,
: CHZCchHchS
140° . i‘*‘ N Hgo [::':j
S ; — | ; +
EN\/’ - CH,=CH. CH2 CH \Nj »N/
0 CHoCHoCHsCHg on o
(x1v) (xv) (‘xm)

l—Butyl-ovrrolldlne, prepared by the method of Goleman and hlS collabor-
128

ators ,118 was obtalned in 65% yleld, b. p.. 154 - 155° (1it.

154 - 155°),

I-Butyipyffc{Iidine 1l-oxide (XIV)’.. >A homogeneous mixture containihg :
1-butyl pyrrolidine (6.35 g, 50 mmole), water (5 ml.) and 96% ¢thanol
(15 ml.) was cooled in ice. Vigorous stirring was applied while 30%
hydrbgén péroxide (11.2 ml., 100 mmole) was added dropwise, the temper=
ature being maintsined at about 6°. The ice~bath was removed at the
end of the addition. and stirring was conﬁinued for l hr, at room temp¥

erature and for & further 16 hr. at 60°. The excess of hydrogen
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peroxide was decomposed with platinum black (50 mg. prepared from
H2Pt016.xH20‘a3) added as an aqueous suspension (2 ml.). After 15 min,
the cloudy mixture, which gave a negative test with starch-iodide paper,
was evaporated to a syrup to remove all the alcohol, diluted to approx.

110 ml, with water and extracted with éther (200 ml,) to remove un-—
changed amine.

The agueous phase {1 ml.) on treatment with saturated aqueous
picric acid (7.3 ml.) gave.a bright yéllow precipitate of crude

picrate (117 mg, 69% yield of amine-oxide). Pure l-butylpyrrolidine

l-oxide picrate was obtained as prisms (from butanol) m. P .96~ 97°
LFound: Cc, 45.1; H, 5.,61; N, 14,70. -Calc. for 08H17N0.06H5N507:

C, 45.2; H, 5.38; N, 15.05%].

1-Hydroxypyrrolidine., The aqueous solution of the l-butylpyrrolidine

1-oxide from above was concenmtrated in a rotary vacuum evaporator to a
syrup, which was then transferred to a vacuum distillation flask arrang-
ed so that dry nitrogen entered the apparatus via the capillary bleed.
The distillation flask was immersed in an oil bath whose temperature
‘was maintained from 60- 75°%, Most of the water was removed at a
pressure of 25 mm. The pressure was then lowered to 14 mm. and the
bath temp. slowly raised (at a rate of ebout 29/min.). At & bath
temp, of 115° the amine oxide solidified in the flask. When the
external temperature rose fo apprdx;f155~—'140°, the solid melted and

" decomposed, with i-hydroxypyrrolidine-{XV) distilling over at about
43° initially. When the bath temp. was 145°, pyrolysis oceurred more

“rapidly with the hydroxylamine distilling over-“as a colourless liguid,
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be p» 59 = 62914 mm.  The heating wes stopped when, near the end,
the residue started to bump. The crude distillate (2.3 g, 53%) was
dissolved in ether (50 ml.), dried (Na2804) and distilled after removal
of both the desiccant and solvent. The hydroxylamine distilled at

30 65 - 65.5%/12 mn.) as a colourless liquid

75 - 76%/20 mm. (1it.
(1.66 g, 55%) having a strong mouse~like odour. The hydrogen oxalate,
obtained fiom acetone~ether solution of anhydrous oxalic acid, had

30

me p o 123 = 124°(from methanol)(lit. 123 - 124°) €C4H§NO C.H.O

2274
requires: O, 40.67; H, 6.26; N, 7.90. Found: C, 41.0; H; 6.5;

N, 7.6%]. Addition of 1 drop of l-hydroxypyrrolidine to a dry,
saturdted ethereal solution of picric acid (5 ml.) immediately gave the
plcrate as yeliow needles which were filtered off and washed with dry
ether, m. p . 142 - 142.5° (decomp.) after sintering at about 136°
(1it.36 146°). The hydroxypyrrolidine gave a deep red colour with

alkaline triphenyltetrazolium chloride.51

1-Pyrroline 1-0xide. (XIII). Following the method of Thesing and
a4

Slrrenberg, ~hydroxypyrrolidine (1.85 g) with yellow mercuric oxide
gave l-pyrroline l-oxide (0.53 g, 30%), as & colourless oil (disfilled
in a short path still at a bath temp. 80 - 90%/0.3 mm.) which crystalls
ised when 1eft in the refrigerator, the solid, ﬁ. p’.lCD - 101%,(sealed
tube) being extremely hygroscopic. The picrate formed readily from
pleric acid in ether and was obtalned as dull yellow needles (from

n- butanol-cyclohexane), m. p-. 123.5 ~ 124,5° (11t 124.,5 - 125.5°).
{C4H7No.06H5N507 requires: G, 38.2; H, 3.24; N, 17.85. Found:

C, 38.4; H, 3.6; N, 17.8%] A oy, (iater) 225 et (£ 8500).
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2.11 {(b) 5,5-Dimethyl-1-Pyrroline 1-Oxide., (XVI).

The compound was available in this laboratory. The author is

grateful to Prof. Lamchen for providing *_;J

this. Tt was redistilled (b. p. Mez\l\{

78 - 80%/0.7 mn.) before uses The picrate o

after recrystallisation (n-butanol) had & m. p. (1)

81 - 820 (1it 2 820).

2.11 (c)  4,5,5-Trimethyl-1-Pyrroline 1-Oxide.  (XVII).

ChS.CH:CH.ChO e CHS.CIIH.CHZ.CHO AR Mel +)
(GHg ) oCHNO, - (cHy) C-0, , Me?““-l\é_

(XVII)
The method described by Sir A. Todd and his co-workers was used.

3 ,4~dimethyl-4~nitropentanal was obtained in 46% yield, b. p . 669/0.2 mm.
(1it.a 80%/0.5 mm.). From this, 4,5,5-trimethyl-l-pyrroline l-oxide

was obtained as a colourless, hygroscopic oil in 51% yield, b. p .

70°/0.6 mm. (lit.a'BSQ/l mm.); the picrate (from n~butanol) was

obtained as yellow needles, m. p . 111 - 112° (lit:a 1120).

2.11. (d)  2-3-4,5,5~-Trimethyl-1-Pyrroline 1-Oxide. _ (XVITI).

0
— 2+ ~ ~
Me<<;’ —§g§ﬁ> M //\\7’ 9@193.ﬁ>M o Me //r 7
o= o LN o - ~oH
Moo Meo Meg Me,
(xx) (xx1) s (XFIT)
, L er0 , COsD D00 /v ~COoH
a 155 /’\g/ 0 /Y
Me \\\/ﬂ%\ o - COs M \ o THF e NG o
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4,5, 5-Trimethyl-2-carboxy-l-pyrroline l-oxide. (XIX).

Bonnett, Brown, Clark, Sutherland and Sir A. Todd.a'

The yield of cyanohydroxylamine (XX) was improved when sodium
carbonate instead of sodium hydroxide was used to bagify the mixture
after the addition of hydrochloric acid was complete. The product
was obtained in 89% yield, m. p . 108 -~ 109° (ex ether ~ light petrol
ether)(lit.g 109°), ferial oxidation gave the cyanonitrone (XXI)
which recrystallised as plates more readily from cyclohexane than from
ethyl acetate-pet. ether,® m. p . 86 - 87° (1it.® 86 - 87°) in 72%
yield. Alkaline hydrolysis of the latter cyanonitrone gave, by the
methmig'described, the cyclic hydroxamic acid (XXII) (Section 2.132)
in 58% yield as needles (ex cyclohexane), m. p . 101 ~ 102° (lit.a'
101 - 102°) and the carboxynitrone (XIX) as needles (ex cyclohexane)

me P . 40 = 41° (1it.%* 40 - 41°) in 39% yield.

2-Deutero-4,5,5-Trimethyl-1-pyrroline l-oxide. (XVIII).

Brown, Clark and Lord Todd.as

The carboxynitrone (XIX)(1.3 g) dried by azeotropic distillation
with benzene, was treated with 99.54 deuterium oxide (7.5 g) in anhydrous
tetrahydrofuran (20 ml.) added in 7 portions to the acid and evaporated
slowly in a rotary vacuum evaporetor at 16 mm. pressure while being
heated with an infrared lamp. After removal of excess of solvent and
exchange reagent, the residual oil was decarboxylated by placing in an
oil bath at 155° for 10 mins. It was then twice distilled in a micro-
distillation set at an oilbath temperature 80 - 100%/0.2 mm. (1it.35

78 - 80%/0.8 mn.) T . (£ilm) 1570, 1370 and 1250 cm. , A . (water)



227 q/L ( £ 8400). Analysis of the mass spectrum gave the percentage
incorporation of deuterium as followss:

D, 28.7; "Dl,"sz.é; Dy, 16475 Dy, 2.5 (2)%

2.11 (e) 3,3,5,5-Tetramethyl-1-Pyrroline l-oxide. (XXIII).

Bonnett, Brown, Clark, Sutherland and Sir A. Todd.a'
. 04
I + .
\N,ﬂe Bit20 \Ii; = Mezl'\;;
- ~ ' : !
0 H o~
(xxv) (XXIII)

2,2,4,4JTetrgmethyl—l—hydroxypyrro1idine (XXIV) was obtained in
87% yield as colourless needles, m. p . 61 - 62° (13t.* 62°) on
sublimation, by the action of ethereal magnesium iodide upon
2,4,4-trimethyl-l-pyrroline l-<oxide [Section 2.11 (f)}. The freshly
sublimed product gave an immediate deep red colour with alkaline
triphenyltetrazolium chloridefyéhowed a weak absorption band at t)max.
(nujol) 1570 em:' and, in‘aqueous solution, absorbed at )Lmax. 226 mA
(& 2170). These facts indicate that the compound contained about 20%
of the nitrone (XXIII).

Aerial oxidation of an ammoniacal solution of the hydroxylamine
in the presence of copper sulphate gave 5,3,5,S—tetrémethyl—l—pyrroiine
1-oxide (XXIII) as & colourless oil (50%) which crystallised on
standing, m. p. 4€ - 47° (1it. 32 - 540,3'47 - 48053).» The picrate,
recrystallised from n-butanol, had a m. p. 140 - 140.5° (lit.qk

140 - 140.5°).

1%8.



o.11 (£) - 2,4,4~Trimethyl-1-Pyrroline 1-Oxide,  (XXV).

(CHz ) pC=CH+CO+CHg | (CHg)z?—?Hz — Meg
; NaOMe ~ | CO.CHz Zr/NH,C1 [\\
+ — > + M
weon - 2l . 3 '§’¢ °
CHzNO, NO, o~
(Xxv1) | (xxV)

4,4—Dimethy1-5—nitropentanone_(XXVI) was obtained by the method
130
of Smith and Engelhard in 60% yield as a colourless oil, b. p.
3
84 - 85%/2 mn. (1it.’ 209 - 110%11mm)which became pale yellow on

standing. The 2,4-DNP had a m. p. 111 - 112° (from dil. ethanol).

The nitropentanone (XXVI) upon reduction by the method of Bonnett,
Brown, Clark, Sutherland and Todd yielded 2,4,4-trimethyl~l-pyrroline
1-oxide, b. p. 70°/0.4 mm. (lit.3'72%/0.4 mm. ) in 72% yield.

The picrate (ex n-butanol) had m. p. 110 - 111°(1it.” 111°).

2.11 (¢) 2,5-Dimethyl-l=Pyrroline 1-Oxide. _(XXVII).

CHy=CH.CO.Me , . CHy+CHy+COMe L
_ NaCEt [ Zn |
. r————  Sph—" .—-‘——_-_-—‘9‘ g
4+ e : +
EtOH - NH,C1 L\__;]Me
Me +CH + O, 40 HeNa
Me .CHy .NOp _ o-

(XAVIIT) ‘ ‘ Cxxvzi)

137
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Following the method of Schechter, Ley and Zeldin, S5-nitro-R-
hexanone (XXVIII) was obtained in 38% yield as an almost colourless

3!

liquid, b. p . 112 - 114%/6 mn., 82%/1 m. (1it.'>' 115 - 117.5%10 mm.).

The 2,4-DNP (recrystallised from 96% ethanol) had & m. p .« 96.5 ~ 97.5°

3 95,5 - 98°).

(11t.’
The nitro-hexanone (20.3 g, 0.14 mole)_an_d ammonium chloride
(6.1 g) in water (180 ml.) were vigorously stirred with external cooling
while zinc dust (30.4 g) was added over a period of 2 hr, the férﬁperat-—
ure being kept below 159,  After stirring for a further 2 hr, the zinc
oxide was filtered off and washed with warm water (200 ml.). The
combined filtrates were concentrated in a rotary vacuum evaporator
below 40° to a pale yellow oil. This laetter oil was taken up in

chloroform (100 ml.) and dried (Na2304). After removing both desiccant

and solvent, fractional distillation yielded 2,5«dimethyl~l-pyrroline-

l-oxide as 2 pale yellow oil (9.98 g, 65%) b. p. 72%/0.7 mn,

[Found: C, 63.3; H, 9.9; N, 11.9. Calc. for CgHy;NO: G, 83.33

H, 9.7; N, 12.4%|A e, (ethanol) 229 :9,«(8 9000 ),/ . (film)
1610, 1231 cm:* The most satisfactory method for preparing the
picrate was by treating the nitrone (0.90 g) with a saturated aqueous
picric acid solution (113 ml., 1 mole equivalent) and evaporating to

dryness <<Z40°.  The dark oil on trituration with p-butanol crystall-
ised. Several recrystallisations from the same solvent gave the
icrate, m. p'. 58 = 58,5°. [Found: C, 42.4; H, 4.3; N, 16.1.

Calcs for GgHyyNO.CafallsOp G, 42.1; H, 415 N, 16.4%].



0.11 (h). 2,5,5-Trimethyl-1-Pyrroline 1-Oxide,. (XXIX).

CH=CH+CO-Me CHy *CHy »CO-Me
. +
ot
. C4HoNMeg OH™ 7n N #‘ '
‘ 7 Mes +;)Me
, MeoC-NO, - NH,CL N
Me,CHNG) -
(XXX (XX1IX)

5-Methyl-5-nitro-2-hexanone (¥XX) wasvoﬁtained in 75% yield follow-
int the method of Shechter and his co-workers'sl as a pale yellow
liquid, b. p. 65 - 66.52/0.5 mn., from methyl vinyl ketone (redistilled
before use and collecting the fraction boiling at 36 - 28°/160 mm.) and
9-nitropropane (b. p. 118 - 118.5°). The R,4-DNP (recrystallised from

134

ethanol) had m. p. 128 = 129° (1it. 130.5 -~ 131.5°).

Reduction of the nitro-hexanone (XXX) according to the procedure
of Delpierre and Lamchen‘“*gavc 2,5 5—tr1methy1-lpyrrollne l~oxide
(¥X1X), b. p. 58 - 60°/0.4 mm. (lit., 71~ 72%/2 mm.) in 81% yield.
The picrate, from aqueous picric acid and recrystallised from

n-butanol-cyclohexane, had a ms p. 99.5 - 1C0.5° (lit.44 98°),

- |
011 (i), 2N 3,4.5 6-Tetrahydropyridine 1-Oxide. (XXXI1).

(== = )

OH

(¥XXTII) (xxxT)

139.
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1-Hydroxypiperidine, b. p. 58 ~ 559/1 mm., was obtained in 9%
yield from piperidine (170 g) and 30% hydrogen perﬁxide (227 ml.))ga'
This was purified by converting to the hydrogen oxalate (m. p. 74 - 76°),
decomposing the latter with excess of sodium hydroxide and subjecting.
the equeous solution to continuous ether extréction for 24 hr after
which time the aqueous phase gave no red colour with alkaline
triphenyltetrazolium chloride reagen't:;7 The dried (anhyd. K5COz)
ether solution on evaporation yielded pure 1-hydroxypiperidine (5.6 g,
'%4) as a cclourless oil, b. p. 80 - 81915 mm. (11t. 9515 am, 13
899/25 mm2® ), which crystallised to & white solid, m. p. 38 = 39°

(13£.2% 29 - 40°).

Oxidation of 1-Hydroxypiperidine.

(i) 1In chloroform.
An A.R. chloroform solution (40 ml.) containing l-hydroxypiperidine
(1.00 g, 10 mmole) was treated with yellow mercuric oxide (4.50 g,
91 mmole) and mechanically agitated. After 30 minutes, the insoluble
material was filtered off and washed with A.R. chloroform and the
IR Spectfum of the dried (MgSO,) solution showed bands at 3320, 1624,
1100, 992 and 886 em>! (of. the heterocyclic nitrone (IV), Section

1.122).

(ii) In water,
An aqueous solution containing redistilled 1-hydroxypiperidine

(55.5 mg, 0.528 miole/100 ml.) was prepared, i.e. 5.28 x 1070

molar.
Tnto a dry stoppered flask was pipetted the solution (50 ml.,

0.264 mmole) and yellow mercuric oxide (0,120 g, 0.56 mmole) was added.



After mechanicélly agitating the mixture for 2 hr, the grey-green
mercury compounds were centrifuged out.

Thin layer chromatography of the clear supernatant [éee Section
1,122 (b)] showed the oxidation to be complete, The clear supernatant
was pipetted (8.69 ml.) into a 25.0 ml. flask and diluted to mark with
waters This soiutioh was examined as follows:

(¢} Percentage recovery.

Into a clean, dry cuvette were pipetted the solution | |
(1.00 ml.) and 0.0382 M-FeCly solution (2,00 ml.).
At the same time, into a secomd cuvette was pipetted

=5 M1-hydroxypiperidine solution obtained

1.272 x 10
from {ii) above (1.0 ml.) and 0.0382 M-FeCly solution
(2,00 ml.). Each solution was carefully mixed and
after half an hour the visible spectrum of each was
examined with the aid of -the scale expander against a
reference cell chtaining.water,(i.OAml.) and 0.0382
M-FeCL, (z.oo’ml;). }Bofh‘solutioﬁs showed a broad
bgnd at }\max.SOO Q/Q; The absorbance at SOOIyQ

for each solution was as follows:

Solution: o Absorbance¥
l-hydroxypiperidine 0.362

U
O\ -tetrahydropiperidine l-oxide 0.363

# Corrected for cuvette blank.’
These figures indicated 100% recovery of the cyclic
nitrone (XXXI), and the second value gives the molar

absorbance at 500 qu as 85(86).
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() UV spectrum of the cyclic nitrone (XXXI) alone.
1.00 ml. of the solution was diluted to 50 ml.
- The solution showed a single absorption band at
Moy, 229 mi, (absorbance 0,215, whence

E = 8400). |

L8 |
2.11 ({). Dihydro-l,4-Oxazine 4-Oxide. (IV).
Aqueous solutions of the heterocyclic nitrone (IV) were prepared

as described in section 1.122 (b).

2,12, Preparastion of Cyclic hydroxylamines.
The preparations of the following eyclic hydroxylamiﬁés have been
referred to in the sections indicated:-

1-Hydroxyoyrrolidine (XV), see section 2.11 (a).

2,2,4,4-Tetramethyl—l~hvdroxypyrrolidine (XXIV), see section 2,11 (e).

1-Hydroxypiperidine (XXXII), see section 2.11 (i).

4-Hydroxymorpholine (III), see section 1.1l.

2,4,4-Trimethyl-1-hydroxypyrrolidine.  (XXXIII).

Bonnett, Brown, Clark, Sutherland and Sir A, Todd ¥

Meg Na BHg Méz@
+ =
. # Me : N e

o S s

YV o ' (XXXIIT)
9,4,4-Trimethyl-l-pyrroline l-oxide (2.0 g) in water (10 ml.) was

treated with sodium borohydride (0.8 g). After 2 days at room temp.
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the excess sodium borohydride was destroyed by chilling the golution.
in an ice bath and adding glacial acetic acid dropwise. The solution
was saturated with anhydrous potassium carbonate and extracted with
ether. The dried (Na2804) ether extract gave an oil (1.6 g) from
which 3 fractions were collected in a short path still, over an oil
bath temperature range 65 - 75%0.% mm. The fractions each gave a
deep red colour with alkaline TTGC reagentf;1 The second fraction was
redistilled before use. The cyclic nitrone (XXV) was shown to be
absent by T.L.C. on silica gel in chloroform~igopropanol-acetic acid

(4 : 41 1) and exposing the chromatoplate to iodine vapour.,

2—(1~Hvdroxy:2.4,4—trimethylpyrrolidin—2-ylmethyl)-4.4—dimethy1—

1-pyrroline l-oxide.  (XXXIV).

T T
\m§¢¢&e! ’ E” ,

P
6‘ oH

(xav)

The nitrone~hydroxylamine (XXXIV) was isolated from an old sample of
2,4,4—trimethyi—l—pyrroline 1-oxide which had largely undergone
gpontaneous dimerisationf by filtering off the crystalline solid and
washing with a 1 ¢ 1 solution of benzene—pet. ether (b. p. 40 - 60°),
Recrystallisation from the same solvent gave needles, m. p.llO - 111°

5

(1it.Y 1159).



2(1-Hydroxy-2 ,54 ,4=trimethylpyrrolidin-2ylmethyl Y=4,4-dimet hyl-l~

hydroxprrrolidine. - (XXX .
, NaBHa Mep — oy tee
(XXXTV) N k“ P 9\
' ' Me '
81‘1 . OH

(XxXxXV)

The nitréne—hydroxylamine (xxx1v)(1.00 g, 4 mmole) in water (30 ml.)
was treated with sodium borohydride (1,00 g). The crystalline
dihydroxylamine separated out of solution‘after,z hr. After 4 days,
the crystalline material (0.55 g, 55%) was filtered off and washed with
ice cold water. From several recrystallisations (pet. ether, 40 - 60°)
ﬁas obtained the dihydroxylamine (XXXV) as a mixture of diastereo-
isomers, m, p. 151 - 155°,  |Found: C, 65.7; H, 11.0; N, 10.7.

Gal. for Gy fpglp0pt G, 65,6 H, 10.9; 1, 109%].

©.1%, Preparation of cyclic hydroxamic acids.

o ————

2:131, 1-Hydroxy-=5,5-dimethyl-2-pyrrolidone.. (XL,

CH,=6H.COE CHo.CH,COSE GH,~CH,-
2 DA o . g2
. BN 1 Zn/NHiCL | 7 GOgEt
Me,C-NO, 4 Moo C—NH
Me_.CHNO }
oo : OH
‘ (XXXVII) J«
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(ef. Bonnett Brown, Clarﬁ, Sutherland and Sir A Todd.a')

U51ng ethyl acrylate 1nstead of the methyl ester, ethyl 4-methyl-
4~nitro-pentancate (XXXVII) was isolated in 80% yield (b. p. 96 - 98Y%
1.5 mm.). Reduction of this nitro-ester by zinc dust in aqueous
golution buffered with ammonium chloride gave'the cyclic hydroxamic
acid (XXvi), m..p. 81 - 82° (from benzene-cyclohexane)(litFL 83°) in
359 yield [06H11N02 requires N, 10,9. Found: N, 10.85%q1a’max.(nujol)
3375, 1705, 1667 ens! ; the compound gave a deep red colour with 5%

agueous ferric chloride.

2.132.  1-Hydroxy=4,5,5~trimethyl-2-pyrrolidone. (XXII).

| /
Me \ v o} Me ‘ v - Me ~
- Vim —
Me! N | Mebh Ao | ST Meps\ R0
| |
0— : \ 6-‘ ' B oy é)H

(Xx1) (XX11)

Alkaline hydrolysis of the cyano-nitrone (XXI) resulted in some
nucleophilié displacehent of the cyano group, yielding the cyclic
hydroxamic acid (XXII) [;ection 2.11’(d)] as plates (from benzene-
eyclohexane) m. p. 101 - 102° (1it.% 101 - 102°) ) . aujol) 3370,
1707 and 1667 cm:' , which gave a deep red colour with 5% aqueous

ferric chloride.
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2.2, Oxidation of Cyclic Nitrones and Related Compounds by Ferric

Chloride: Stoichiometric and Product Studies.

In this section reagent grade ferric chloride hexshydrate was
used in all oxidations, and the extent of oxidation of each compound
was determined by titrating a suitable aliquot of the reacting solution
for ferrous ion concentration. The colour of the solutions in all
cases disappeared on adding to 20% sulphuric acid, and the solution
was titrated against 0.1000N-KoCry0; solution (prepared from oyénT
dried, reagent grade potassium dichromate), using barium diphenylemine
sulphonéte as indica’c,orv.'33 Titration figures quoted have been
corrected for a blank titration of the ferric chloride solution alone,

63
2s21, Oxidation of Cyclic Addonitrones by Ferric Chloride,

2,211, _ 5,5-Dimethyl-1-Pyrroline 1-Oxide. (XVI),

Mo [ L) st en0 ——s + 2Fe?* + 2H*
]_\lT Me2 \’F :
0~ OH
(xvI) (XXxvI)

5,5-Dimethyl-l-pyrroline l~oxide (0.313 g, 2.7? mmole) and 60%
ferric chloride (7.5 ml,, 27.7 mpole) were diluted to 100 ml. and
heated at 60° on a water bath for lrhr. A 5 ml. aliquot wﬁs titrated
for Fe*, [Fe5+ reduceds Found, 5.71 mmole; Theory, 5.54 mmole].
The intense b}ué—green solution,(;{max. 543 g/@) was cooled and treated
with an excess of 5N=NaOH and the'precipitatéd‘iron hydroxides were

centrifuged off. The insoluble material was washed with 0.4N-NaOH

.

1486.
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(6 x 25,m1.), each washing being followed by further centrifugation.
The combined centrifugatés wér; conééntfated ‘::600 (rotary vacuum
evaporator) to approx. 30 ml., acidified (conc. HC1) and continuouslj
extracted with chloroform overnight, after which time the aqueous phase
gave no blue colour with ferric chloride. The dried (Na2804) chloro~
form extract on removal of the desiccant and solvent yielded a dark
0il which crystallised out on leaving in the refrigerafor. The crude -
mass was transferred to a porous plate to soak up oily materlal, and,
on recrystallisation from p-hexane, gave‘1-hydroxy-5,5-dimethy1—2—
pyrrolidone (0.286 g, 80%), m. p. 85 - 86°, undepressed by admixture
with an authentic samplea(section 2.1%32). The IR spectrum, T/ .,
(mjol) 3375, 1703 and 1667 cm.”!, was identical with that of the

authentic material.

2,212, 4,5,5-Trimethyl-1-Pyrroline 1-Oxide. (XVII).

Me Me :
B4 24 .
Meg ‘;/j" Fe” + H0 7 yweb A, * P + 2
0~ \ o
(XVII) | (XXTI)

A solution of 4,5,5-trimethyl-l-pyrroline l-oxide (1.52 g,
12 mmole) and ferric chloride (120 mmole) diluted to 500 ml. rapidly
became intensely blue. The solution was left 1} hr. at room temp.
'{Fe5+ reduced: - ¥ound, 24.0 mmole. Theory, 24.0 mmolel
The solution, on working up As described in section 2.211, yielded a

dark oil which crystallised overnight in the refrigerator.



Recrystallisation (pet. ether, b. p. 40 - 60°) gave l-hydroxy-

4,5, 5=trimethyl-2-pyrrolidone (0.93 g, 68%), m. p. 101 - 102°,
[07ByzM0, requirest C, 58.9; H, 9.10; N, 9.80. Found: G, 58.7;
H, 9.32; N, 9,5%]z;>max. (mujol) 3370, 1707 and 1667 cms'  The
product was shown to be identical with the authentic méteriala'

(section 2.132) by mixed melting point and by comparison of IR spectra.

2,218, 3,3,5,5-Tetramethyl-1-Pyrroline 1-Oxide., (XXIII).

. Me 2 ) Me 2 o4 o
. + 27t + Hg0 ——> ] g * T+
Me2 N T Meg\ i -

o | oH

(XX1I1I) (XXXVIII)

4,3 5,5-Tetramethyl-l-pyrroline l-oxide (0.56 g, 4.0 mmole) and
ferric chloride (40 mmole) were diluted to 250 ml. The solution w_aé
left overnight at room temperature, [Fe5+ reduced: Found, 8.0 mmole.
Theory, 8.0 mmole ] Upon working up the solution as before '[secti‘Qn

2. 211] s pure l-hydroxy-3,3,5,5-tetramethyl~2-pyrrolidone (XXXV II1)

was obtained (0.39 g, 69%) as prisms (from n~hexane) which change to
feather-like crystals at 90 - 95°, finally melting 111 - 112°,
[Found: C, 61.3; H, 9.5; N, 8.7. Calc. for CgHygNOp: C, 61.2;
H, 9.5; N, 8.9%]?:/max.(nujol) 2720, 2670, 2615 (bonded —OH?af and
1680 cem.t  (hydroxamic C=0) .‘l’; e The compound gave an immediate

intense purple cclour with ferric chloride,
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]
2.214, Z—,:5-6,4,5,6--'1‘e‘l:rta.hydrop:y'r:‘Lc'iine 1-Oxide.

—~‘\ - 5+ | /’ - 4
+N-0" + e+ H0 > N-OH + SFect + 2

o
(XxXT) (XXXIX)

1-Hydroxypiperidine (1.238 g, 12.3 mmole) in water (50 ml.) was
shaken with yellow mercuric oxide (5.5 g) for hr. The insoluble
material was filtered off and washed with water (50 ml.). The
combined filtrates were treated with 60% FeCl5 (35 ml., 123 mmole).
The imtensely purple solution was stirred for 1 hr. The resulting
golution was treated with 5N-NaOH (80 ml.) and the iron hydroxides
removed by centrifugation and washed with 0.5N-NaOH (3 x 50 ml.).
The combined centrifugates were neutralised (HC1) and vacuum evaporated
nearly to dryness. BSN-HCL was added (to pH 2) and the solution
extracted overnight into chloroform. The dried (NagS0y) extract
yielded a dark oil (0.84 g) which deposited crystals after several
weeks when the flask was left in the refrigerator. The crude mass
was transferred to a porous plate and the crystalline solid was re-
sublimed twice (60%/20 mm.) to give l-hydroxy-2-piperidene (XXXIX)
as colourless needles, m. p. 57 = 58° (lit.88 55 - 57°).
[GSHQNOZ requires G 52.2; H, 7.85; N, 12.2. Found: G, 52.4;

H, 7.9; N, 12.1%]19 (nujol) 3340, 3120, 1635, 1332, 1160, 1090,

maxe.

920 ems”' The compound gave an intense wine-red colour with 5% ferric

chloride golution.
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3
2.215. 4N _Dihydro-l,4-Oxazine 4-Oxide.

0
- 5+ 2+ +
0 #-0" + e + HO —> O N-OH + @2Fe*" + 2H
(1v) - (vi).

(see section 1.33 of this Part),

-

2.22, Cyclic Seccndary Hydroxylamines.

2,221, _ 1-Hydroxy-2,4,4~trimethylpyrrolidine.

Hogy—— | Meg —n
Lo v o —— T, oo
b &
(Rarv) (xxV)
l—Hydroxy-Z,4,4—trimethy1pyrrolidine (0,1947 g, 1.55 mmole) and
60% A.R. ferric chloride solution (5 ml.) weré diluted together to
25 ml., and left at room temperature. {[Fé5+'reduced: Found, (5 min.),
2.88; (25 min.) 3.06 mmoles. Theory, 3.06 mmoleé]. The solution,
‘which had a slight green colour, was treated with 25% ammonia solution
(9 ml.) and the precipitated iron hydréxides were centrifuged off and
washed once with SNQNH4OH:(20 nl.). The cémbined centfifugafeS’wefe
concentrated to about 10 ml., saturated with potassium carbonate
(anhydroué) and extracted with chloroform for 2 days. The dried
(Na2304) extract on evaporation gave a dark oil which on distillation

in a short path still yielded 2,4,4-trimethyl-l-pyrroline l-oxide
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(0.10 g)(oil bath temp. 120%/0.2 mm.), characterised as its picrate,

me p. and mixed m. p. 110 - 111°, which gave an IR spectrum (nujol)

identicel with the authentic picrate of (XxV).

2.222, l-Hydroxy-z,2,4,4—tetramethylpvrrolidine. (xxTV).

Me Me
l R4 rBt v B0 —— 2+ gFe® + 4wt
Me Me N0
N ' \
OH ,

o

(XxX1IV) (RVIII)

1-Hydroxy-2,2,4,4-tetramethylpyrrolidine (6.7697 g, 5.38 mmole)
suspended in water (50 ml.) was warmed to 70° with ferric chloride
(107 mmole) in water (22 ml.) for 3 hr. The blue green golution
was diluted to 100 ml. [Pe®* reduced: Fousd, 21.2 mmols.
Theory, 2;.5-mmole]. The iron salte were precipitated as their
hydroxides and removed, and the solution worked up as described
earlier [Section 2.212]. 1-Hydroxy-3 ,3 ,5,5~tetramethyl-2-pyrrolidone
(xxxvII1)(0.50 g) was obtained as prisms (from n-hexane) m. p.
lil - 1129, undepressed by admixture with the cyclic hydroxamic acid
obtained from the similar oxidation of 3,3,5,5-tetramethyl-l-pyrroline
1-oxide [section 2.215] T ax, (nujol) 2720, 2670 and 2620 (bonded -OH),
1680 cm=!  The IR spectra of the two samples of (XXXVIIL) were

identical.,

2,223, l-Hydroxypiperidine (xxII).

' 3+ / ' o4 +
N~OH + 4Fe + HO ——> N-OH + 4Fe~" + 2H
0

(XXXII) (xXxIX)
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1-Hydroxypiperidine (1.279 g, 12.7 mmole) and ferric chloride
(127 mmole) were diluted to 500 ml. and left at room temperature.
The solution rapidly developed a reddish-purple colour, t?e5+
reduced after 1 hr.: Found, 49.3 mmole. Theory, 50.8 mmole].

The product of the oxidation, presumed to be the hydroxypiperidone

(XXX1X) was not isolated.

5.904, 4-Hydroxymorpholine.  (III),

[See section 1.55.].

2,225, 2(1—Hvdroxy—2,4,4-t£imethv1pyrrolidin—2-vlmethvl)-4,4—

dimethyl-l-pyrroline l-oxide. (XXXIV).

Me Meg Me Mey
2 2+ e 5 2t +
v + 4Fe" + H20 — + B + 4Fe” + 4H
2 MeTNN . MENT0
6~ bu 5‘ OH

(XXXIV) (x1)

The nitrone-hydroxylamine (XXXIV)(1.089 g, 4.29 mmole) and ferric
chloride (83.8 mmole) were diluted to 500 ml. and left at room temper-
ature. A purple colour developed rapialy. [_Fe5+ redueeds Found,
11.5 mmole (% hr.), 18.0 muole (26 hr.). Theory, 17.2 mmole] The
solution (235 ml.) was worked up as before (section 2.212) and the dry
{as80,) chloroform extract yielded on vacuum evaporation en oil (0.52 g)
which slowly crystallised in the refrigerator. The oily crystalline
mass was transferred to a piece of porous plate. The solid residue
on recrystallisation (from ethyl acetate) yielded 2(1-hydroxy~2,4,4~

trimethyl=5-oxopyrrolidin~2-ylmethyl)-4,4-dimethyl-l-pyrroline l-oxide
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(%L) as plates, m. p. 171 - 172° [Founds C, 62.8; H, 8.7; N, 10.4.
Cale. for OygiogiaOs: O 62.7; H, 8,955 I, 10,445 [rol. wt.s
(Sucharda-Bobranski-Schmidt ebullioscopic method " ) 13.00 mg in A.R.
chloroform (8,94 g) raised the b, p. 0.022°, Found: 256, Calc. for
C14H04No0z: zesj A oy, (95% ethanol) 27 mi (€ 9700) T .y (mujol)
3360 (intramolecular bonded —OH) f 1698 (hydroxamic acid C—O)’ Jf'
and 1620 cm." (nitrone C=N§T). ;? Proton magnetic resonance spectrum

showed singlets at T 8.82 (6-H), 8,76 (6-H), 8.60 (3-H), and 8.11 (2-H),

and two unresolved multiplets centred at T 7,35 (4-H) and 6.2 (2-H).

2226, 2(1—Hydro;y-2,4,4—Trimethylpyrrolidin—2vlmethyl)-4,4—Dimethy1—

1-Hydroxypyrrolidine. (XxxV).

Meo
! /’ jJ i + 4Fe5++ Ho0 ———32[:Ti:]/’\;J\\ l + 4Fe te H
Me

Hm

(XXxXV) - (XL1)

The dThydroxylamine (¥XXXV){51.30 mg, 0.201 mmole) was shaken with
A.R. ethenol (200 ml.) until the solid had dissolved, and the solution
diluted to 500 ml. Aliquots (25 ml.) of the églution were pipetted
into flasks together with 0.30 M-FeClz (3.26 ml.) and water (5.0 ml.),
the time of addition being recorded in each case., After intervals of
time, 20% sulphuric acid (about 20 md.) and 85% phosphoric acid (l‘mlm)
were added to each flask and the contents were rapidly titrated against

0.1000 N—K3Gr207 as bafore., In each case the solution rapidly turned



blue after addition of the oxidant., The reésults from the titrations
obtained were as follows:-

Tnitial (XXXV) in each flask, 0.0100 mmoles.
Time (min.)s « « « « « o » 1 2 5 10 60 120 (18 nr.)
Fe3* reduced, 10° x mmoles: 2.8 3.6 3.8 3.9 3.9 4.4 4.9
’ Theory for equation above, 0,040 mmoles Fed*.
A total of 0.0803 umoles Fedt would be required for complete oxidation
to the nitrone-hydroxamic acid (¥XL)(Section 2,225). '

The oxidation product was not isolated.

2.25, Cyclic_Ketohitrones and Related Compounds.

5.931. 2,5-Dimethyl-1-Pyrroline 1-Oxide, (XXVII).

Me[ }“e+ 4FeB* + 13Hp0 —3 Me.CO.CHp.CHp.COMe + aFe®*
, (XL.I1)

=+

o~

+ INo0 + 4H'

(XXVII)

2,5-Dimethyl-l-pyrroline l-oxide (5.32 g, 47.1 mmole) and ferric
chloride (370 mmole) were diluted (1 1.), mixed and left at 30°.
5 ml. aliquots were titrated at intervals. The results are shown in

the table below.
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Initial [nitrons] = 0.0471M

Time: o Eﬁ'eg"] formed [Fezﬂ/ initial
(hr.) o Initrong)
i 0.021 | 0.46
2.5 - 0.038 © 0.80
18 0.096 , T 2.04
44 0.119 | 2,52
(6 days) 0.142 _ 502
(16 days) 0.160 | 13';86 (Theory: 4.00)

;§01a£ion‘bf nitrous oxide:

From the solution which showed gas bubbles was extracted a sample
of the gas (see Appendix 2 for experimental details). This ﬁas dried
over anhydrous calcium chloride. The dry samplevwas then dfawn into
a highly evacuated IR gas cell (10 cm) fitted with sodium chloride

~1

33e b0
plates. The IR spectrum showed bands at 2230 and 1270 on. g

The spectrum of an authentic gample of nitrous oxide in the same gas

cell had identical bands.

Isolation of hexane—2,5-dioney  (XLII).

The solution (775 ml.) after removal of the nitrous oxide was
treated witi 5N-sodium hydroxide and the precipitated iron hydroxideé-_'
were centrifuged and washed. The combined centrifugates were subjecféd
to continuous ether extraction for 2 days. The dried (Na2804) ethei.
extract on evaporation yielded a dark oil from which was recovered by
eractional distillstion hexane-2,5-dione (1.54 g), b. p. 78 = 80715 mm.

13
(11t. % 78 - 799/15 mm.).  The bis-2,4-DNP had m. p. 256 = 257°



(from dimethylformamide~ethanol) undepressed on admixture with the
big-2,4-DNP from an authentic sample of hexane-2,5-dione. The IR
spectra {nujol) of the two bis-2,4-DNP- samples were also shown to

be identical.

Examination of the products by Gas Liguid Chromatography KG.L.G.)

] In e second similar experiment in which the reaction soliition

was kept at 50 - 559, the equivalent of 4,05 mole Fe?”+ had been

reduced per initial mole of nitrone (XXVII). The solution was worked
up as before and the dried ether extract was concentrated to 3 ml. by
distilling off the ether through a 10" fractionating column packed
with-porcélain "saddles". = A sample of the concentrate was examined
cursorily by G.L.C. analysis on the column described earlier (page 105)
at two different temperatures. The retention times of the significant
peaks aré Shown,btogether with assignmeﬂts made by comparison with the
reténtion times of the authentic samples obtained on the saﬁe column

under identical conditions.

G e mtares g e oo
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I Colum témﬁ. 55° Column teﬁp. 150°

etention tine. |Asslgmment |  Retemtion time.| Assignment
2. 4 Gl GHO
5 . 40 (v.wk.)] CHg.CO.CHg 6.3 Me +CO+CHy + Gl -00-Ma
5. 25 | CH OH - 7.s7 R
2. 28 % 7 |

(vowk.) = very weak signal.




2.2%2.  2,4,4-Trimethyl-1-Pyrroline 1-Oxide. (XXV).

+

‘o | ‘
l ]Me + 6PeS* + 23H20 —— Me,0.CH, . COLCly + HNz0 + EFeS™ + 6Hf'

N .
- B COoH
(xxv) - ; (XLIII)

A solution containing 2;4,4-trimethy1;1—pyrroline l-oxide (XXV)V
(3.8 g, 30 mmole) and ferric chloride (200 mmole) diluted to 250 ml.
was heated on a steam bath. Aliquots (1 ml.) were withdrawn at occas-
ional intervals and were titrated for ferrous jon concentration.

The results are shown in the table below.

Initial [nitrond] = 0.120M
Time o [Fe5"} reduced -{Fezﬂ Ani‘tial _Exitrone}
(e _ () e
0.5 - . 0.360 3.0
1.0 0.456 348
2'.0 0,576 4.8
3.5 0.672 5.8
5.0 0.720 8.0
.'6.0 o 0,752 - | 6.1 (Theory, 6.0)

After 6 hr. gas isolated from the solution (see Appendix 2 for
details) after drying (CaCls) was introduced into a gas cell (MaCl
plates) having a 10 cm. path length. The IR spectrum showed bands atv
2220 and 1275 cm. !, characteristic for nitrous oxide .3%’ be The
solution was concentrated in a rotary vacuum evaporator to approx.

40 ml., basified with 5N-godium hydroxide and centrifuged.

P
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The centrifugates and washings were finally clarified by filtration
through a cellulose pad. The filtrate was extracted with ether

(3 x 80 ml.) to remove organic basic products; the aqueous phase acid-
ified (cone. hydrochloric acid)}, vacuum evaporated to approx. 50 ml.
and subjected to comtinuous ether extraction. overnight. The dry
(Na2804) ethereal extract yielded a dark oil on evaporation which
failed to crystallise when left in the refrigerator and on trituration.
A portion of the oil (approx. 0.5 g) on heating with an ethanolic
solution of 2,4-dinitrophenylhydrazine containing hydrochloric acid,
deposited a crude 2,4-DNP on cooling. On recrystallisation from

dimethylformemide~ethanol, mesitonic acid-2,4-DNP was obtained as

orange needles, m. p. 214 - 215°, | Its identity
was established by the melting point of the admixture with the 2,4-DNP
of an authentic sample of mesitonic acid (XLIII;ﬂﬂl'which showed no
depression, and by the comparison of the IR spectra of the two samples.
Furthermore, the oil (0.25 g) on addition to a solution of semicarbazide
hydrochloride (0.5 g) and crystalline sodium acetate (0.75 g) in water
(5 ml.), followed by heating qnd cooling deposited the semicarbazore

of mesitonic acid, which gaveJneedles (from 96% ethanol), m. p.

191 - 1¢2°, undepressed when mixed with an authentic specimen. h
[08H1§N505 requires N, 20.9%. Found: N, 20.7%]. The IR spectrum
of the isolated semicarbazone was identical with that of synthetic '

. mesitonic acid semicarbazone. ' '




Isolation of the intermedigte oxime,

Meo , %+ Meo M
i !Me + 2Fe” + HZO"'__% ‘ | Me S eZK.F l 1\046
~_ .‘\ e_....._—
N ? H
(SH o~

N
i
(xxV) » . ome? 4 gt (XLIV)

2,4,4-Trimethyl-l-pyrroline l-oxide (2.88 g, 22.7 mmole) and
ferric chloride hexahydrate (63 g,23 mmole) were dissolved in water
(100 ml.) and diluted to 250 ml. at 40°, 1 ml. aliquots were titrated
at intervals for ferrous ion concentration.m The results obtained
are shown below:

Initial {kxxv)] = 0,0908M

Time [Fe'{"} reduced [Fe2+1/ initial [(XXV)]
(nr.) ()
2 0.004 0.48
21 0.1”1 1.33
46 , 0.165 ' 1.82
55 0.178 1.96 (Theory, 2.00)

The reaction was stopped by adding 5SM-ammonium hydroxide in excess of
that required to precipitate all the iron salts as hydroxides (170 ml.).
The insoluble hydroxides were centrifuged off and washed with O,5M-NH4OH
(total 1 1.). The combined centrifugates were concentrated (130 ml.)
in a rotary vacuum evaporator and extracted with chloroform (200 ml.).
The dried (Na2804) organic phase on evaporation gave a yellow-brown

0il (1.96 g) which on cooling crystallised as needles spontaneously

and exothermically. The cooled mass was transferred to a porous plate.
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The white solid on recrystallisation (from ethyl acetate~light pet.

ether, b. p. 40 - 80°) gave 5 ~hydroxy-3,3,5-trimethyl-l-pyrroline

l-oxide (XLIV) as colourless rhombs, m. p. 136 - 137° [Found:- C, 58.9;

H, 9.2; N, 9.96. GCalc. for CyHyslNOp : G, 58.75; H, 9.09; N, 9.79%]

_dmax (mujol) 2730 broad (chelated —OH) ;30} 1635 cms' (hydrogen bonded?
é:ﬁ-o‘) A (95% ethanol) 231 (€ 10,000) P.m.r. Spectrum

v — ) 9 max. /O* ry‘ » » eolilel o p

showed signals at T 8.85. (6H), 7.94 quartet (J = 1.5 c.p.s., 3.5H),

7.55 m (2H), 4.92 (H), and 0.75 (0.6H).

2,933, 2,5,5-trimethyl-l-pyrroline l-oxide. (XXIX).

. v . Me + 4Fe5+ [ S %‘Nzo + MegCO» + HOCH</Oﬂ\ 9
2[:IJ;J CHS

o + 4Fe®* + MeOH'+ MeCHO

2,5,5~Trimethyl-l-pyrroline l-oxide (xx1%)(1.086 g, 8.55 mmole)
and 60% ferric chloride solution (48 ml., 170 mmole) were diluted
together to 250 ml. and the solution was placed in a water bath main-
tained between 50 and 55°, The course of the reaction was followed

titrimetrically” and the results obfained gre reported bslow.

Initial L(XXTX)] = 0.0542M

Time @‘eSH reduced [Fezﬂ/initial [nitrone}"-
(hr.) (M)

22 0.067 1.96

69 0.087 2.56

117 0.116 2.4

141 0.127 3.7

165 0.145 4,25
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After 7 days, a sample of gas was isolated from the solution
(method described in Appendix 2), dried (CaCl,) and introduced into an
evacuated IR gas cell (NaCl plates) of path length 10 cm. Absorption
bands at 2220 and 1275 cms' confirmed the presence of Nzo.?’%?“’

The residual solution was treated with 25% ammonium hydroxide
(50 ml.) and centrifuged. The supernatant was subjected to continuous
ether extraction for 2 days. The dried (Na2304) extract was concentr-
ated by distilling off the ether via a 10" fractionating column packed
with porcelain "saddles". The concentrate (4 ml.) was examined by
G.L.C. (for deﬁails, gee page 105) at two different temperatures. The
retention times of the significant peaks obtained are recorded below.

Assignments were made by comparisom of retention times of the known

samples on the same column under identical conditions.

Column temps 55° - Column temps 150°

;Retention time. Asgignment Retention tiﬁe. | Assignment
min. sec. | min. sec.

l.. 53 , ? 1.6 CHg ,CO.CHg

R « 3 : CHz CHO g .19 ?

3 4 42 CHz .CO .CHz 4 ., 35 ' ?

. 5 .42 . CHgOH 7.0 ?

; 12 . 48 ? 12 . 56 ?
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2,234, Oxidation of Acetoxime by Ferric Chleride.

Acetoxime (o.7e'g, 10.4 mmole) and 60% A.R. ferric chloride
(29 ml., 104 mmolej were mixed and diluted to 250 ml. and placed in a
water bath at 40°. After 3 hr. the equivalent of 2 moles ferric ion
had been reduced ﬁer mole of oxime. Nitrous oxide gas,'zjmax.,
(10 cm. gas cell, NaCl_plates) 2220 cm.! was isolated from the solution
which showed considerable gasification. The solution was treated with
25% ammonium hydroxide (40 ml.) and the iron hydroxides were removed
by centrifugation. The supernatant was extracted overnight with
ether. The crganic layer was dried (Na2804) and concentrated to 3 ml,
by distilling pff the ether via a 10" fractionating column packed with
porcelain "saddles". |

A sample of fhe concentrate wgsAexamined qualitatively by G.L.C.
analysis (see page 105 for detailéj;. The retention times of the
significant peaks together with preliminary assignments were as

follows:

Columm temps 559

Retention time. Assignment
min.sec.
2 .4 CHz . CHO
3 . 35 (very Clz . CO. CHg
, small)
5 24 CHz OH

12 . 3%4 ?




2.5,  Oxidation of Cyclic Nitrones and Related Compounds by Ferric

Chloride: Spectral énd Kinetic Studies.

Symbols and Abbreviations used.,

In this and the subsequent sections the compounds having the

formulae below will be referred to by the Romen numerals shown:-

R % r® ®* R° &t

(1) 'H H H H H H

4 5 II) Me Me H H H H
e RZ (11)

R‘R&‘ . /]Ru (III) M Me Me H H H

o (Iv) Me Me Me H H D

(V) M Me H H Me H

(VI) Me H H H H Me

(VII) Me Me H H H Me

(VIII) H H Me Me H Me

Meo

E;—qj Mez[j

& o 3

(IX) X (X1)
/\ / N\ /N <—‘\
0 +1-0~ +N-0" N-OH N-OH
\_/ \_7 N i,
(xI1) (XITI) (xIv) (xv)
Megy i ‘Mez | Meo Meo
+ N .
_‘\1}7'/ 7w \1\‘1/ l\m Mg ™ 1‘\1)
o~ OH o OH

(XV1) (XVIT)
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'Mé : L | 'Mé A
e :~N: 0 o MeZ\N: o+
bH_ _ 6§$Félll
| (XVIII) | (x1x)
The following abbreviations will be used:

Nitrone « « o o ¢ 0 o 0 o s oo Nn
Hydroxamic acid . + « . . . . . . Him
Hydroxamate anion « « . « « o o o Am
Ferric-nitrone complex . . « . . Felll.n

Ferric-hydroxamate complex . . . Felll,am

Preparziion of Standard Solutions and Apparatus used.

Al liquids were redistilled before use, while solids were recryst-
allised to constant melting point from éppropriate solvents. Stock
aqueous solutions of the compounds were prepared by weighing out a
suitable quantity of the compound and diluting to a given volume using.
water which had been redistilled in pyrex glassware. Solutions of
the cyclic nitrones (XII) and (XIII) had to be prepared according to
the procedure outlined in sections 1.122 and 2,11 (i). Solutions of
all the nitrones showed little change in absorbance after several months
storage in a cool, dark cupboard. Since solutions of hydroxylamines
tended to oxidise over a long period of time, they were prepared as
required in freshly boiled redistilled water and stored under nitrogen.

A stock soluvion of approx. 5% A.R. ferric chloride was prepared
from the B.D.H. GQ% A.R. ferric chloride solution. The dilute solution

was standardised at intervals by reducing an aliquot (5;0 ml.) using
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the Jones' reductor method,‘as end determining the resultant ferrous
jon concentration titrimetrically using O.lOOO‘N—potassium dichromate
solution,'33 the determination being carried out in duplicate.

1.000 M-potassium chloride (A.R.) solution was used in studies on
the influence of ionic strength, and 1,000 N-hydrochloric acid was
used to determine the effect of acid concentration on rate of
oxidations.,

Solutions were prepared in Grade B volumetric pyrex ware.
Pipettes were checked for errors. 1 ml; graduated pipettes tended to
deliver 0.5 — 0.9% in excess. All other graduated pipettes tended to
over-deliver by less than 0.3%. Ali glasswafe, including cuvettes,
was cleaned in chromic acid, well rinsed with distilled water and
dried at room temperature before use.

Solution spectra were recorded on a Beckman DB self-recording
spectrophotometer fitted with a scale expander to facilitate the
determination of the position of maximum absorption, the solutions
being contained in matched cuvettes having a path length of 1 cm.

Rate measurements were obtained manually on a Unicam SP 500 spectro-

165.

photometer fitted with an Adkins thermostatted cell-holder and controller

capable of maintaining the temperature within a range of £ 0.1°.
Temperatures were recorded using a Grade A (N.P.L. certificated)

thermometer.
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2.31. Specetral Studies,

2,811, Variation in Absorbance of solutions of ferric chloride with

h;zdrg}_c_amic acids Conditions for obedience to the Beer-Lambert

Law.

A-stock aqueous solution of the cyclic hydroxamic acid»(XVIII)
was prepared. From this wﬁs prepared a series of solutions the
molarity of which ranged from 1.5 to 7.5 x 104 M~-HAm; in similar
manner was prepared a series of ferric chloride solutions ranging in
molarity from 0.75 to 15 x 107 M-FeClz. Into a dry cuvette were
pipetted one of the solutions of the hydroxamic acid (1,00 ml.) and
one of the ferric chloride solutions (2,00 ml.). The solutions were
well mixed using a micro-stirrer (made from a melting point capillary
tube, sealed and bent into a suitable shape by heating in a flame) and
after 5 - 10 min., the absorbance at 540 q/t was recorded against a
ﬁatched reference cell containing the seme ferric chloride solution
(2.00 ml.) in water (1.00 ml.).

A straight line passing through the origin was obtained for each
series of ferric chloride solutions when the absorbance, A, was plotted
against the molar concentration of the hydroxamic acid (Table 1).

(See also Figure 4, Appendix 1.) From the slope of each line the
"apparent” molar absorbance,i?, was calculated and Table 2 shows that
with increase in [?eCLﬂ s these values of E; increase to a maximum
constant value, 1070, which represents the true molar.absorbance,éi,
(Figure 5, Appendix 1.) Tt follows, therefore, that in a given
SOIutibn under examination containing ferric and either hydroxamic .acid
or potential hydroxamate substréte such as aldonitrone, when

[FéClg] > 0,008 then total [HAm]oC ghsorbance.




TABLE 1.
Variation in absorbance for solutions of the cyclic hydroxamic

acid (XVIII) with ferric chloride at 540 Q/L.

Series 1. Initial [FeClg}, Mx 10° = 1.00.
[HAJH}, M X 104 eeseeresvon e 0050 1.00 1.50 2.00 2.50
Absorbance {540 @/4)....... 0,043 .085 .126 .165 .206

t
Apparent molar absorbance,£:54o (calculated from slope) = 815,

Series 2. Initial [FeCly], M x 10° = 5.00.

[HAm], Mx10% viveeevieess 050  1.00  1.50 2,00 2,50
Absorbance (540 mgt)....... 0.078 0.105 0.131  0.208 0,233
Apparent molar absorbance,55!54o = 1055,

(See Figure 4, Appendix 1, for plot of each series.)

TARIE 2.

Solutions of the hydroxamic acid (XVIII) with ferric chloride:
relationship between apparent molar absorbance, fy, and ferric ion
concentration.

[Hﬂm], Mx 104 eseesessenes range 0.50 to 2.50
Tnitial [Fe015], Mx10°... 0.50 1.00 2,50  5.00  10.00

¢
&540 Sesenssescecsecens o 620 815 970 1055 1070

The variation of the apparent molar absorbance, éf, with [FeGlS]
ié shown graphically in Figure & (Appendix 1). - From the graph was
evaluated the mole-fraction of the total HAm present as the complexed
(coloured) species, Felll am. For example Table 2 shows that at

[recrs ]

- {
= 5x10°%,& = 620 and henoe the mole-fraction of Him
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present as the complex Felll,Am is 620/1070 = 0.58. It therefore
becomes possible to evaluate the stability constant, X, for the form-

ation of the coloured complex, Felll, am. (Section 2.313.)

2.332, Visible spectra of solutions of cyclic nitrones and related
compounds wibth ferric chloride,

Sﬁitable aliquots of standerd stock solutions of the various cyclic
nitrones or hydroxylamines were measured each into a 20 ml. volumetric
flask together with a fixed quantity of ferric chloride added in large
excess. When the colour reached a maximum value, representing
completion 6fioxidation, the visible épectrum was recorded. Since all
golutions of the éompdunds.capable of oxidation to cyelic hydroxamate
gsystems showed very bfoad absorption bands, a more precise value for
;\max. was obtained by using the scale expander. The reference cell
contained ferric chloride solution alone, having the same molarity as

that initially present in each solution. The results are tabulated

in Table 3.
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TABLE 3,
Initial \
Substrate Concentration “max. Absorbance ol
(M x 10%) (m )
Cyclic aldonitrone  (I) 6.36 520 0.120(°) 208
do. (1I) 3.18 544 0342 1075
do. (iiI) %.18 544 0,340 1070
do. (v) 3.18 - 543 0.542 1075
do. (V) .18 544 0.200(¢) 940
do. (X11) 3.18 500 0.2%8 750
do. (X111) 3.18 508 0.295 930
Cyclic ketonitrone (VI) 15.7 540 0.011(0) 7
do. (VII) 15.7 560 0.006(¢) 3.5
do. (VIII) 15.7 525 ~ 535 0.057¢¢) 36
Cyclic hydroxylamine (IX) 6.36 523 0.32(®) 207
do. (XI) 5.85 556 0.079(¢) 135
do. (x) 3.18 544 0.289(¢) 910
do. (XIV) 3.18 500 0.248 780
do. (xv) 3.18 508 0.295 930
'Nitfone-hydrcxylamine (xVI) %.18 540 0.308 970
Dihydroxylauine (XVII) 1.60(8) 545 0.157 980
Cyclic aldonitrone  (III) 5,18(2) 547 0.270 850

Notes. (a) Since the dihydroxylamine (XVII) was only spéringly soluble
in water, the original stock solution was prepared by adéing 200
ml. ethanol and diluting with water to 500 ml. The final
solution contained 16% ethanol. For the purpose of comparison,

a solution of the cyclic nitrone (IIT) in 16% ethanol was used.



() These values decrease by 10 ~ R0 absorbance units after
4 - 5 hr.

(¢) After 30 hr.

2513 Effect of acid concentration on the absorbance of solutions of

the cyclic nitrone (II1) with ferric chlorides Calculation of

the stability constant for the ferric-hydroxamate complex (XIX).

The expefimental conditions were those described in section 2,523,
The absorbance at the end of the reaction for each solution is recorded
in Table 4. The variation in the absorbance with added I?Gq (Figure
B8, Apperdix 1) shows that the coloured ferric-hydroxamate complex,
FelléAm, the final product of oxidation of the cyclic nitrone, is acid-
lablle and the dissociation may be represented by the reversible
equations

Fellliam + o' P Feo' + HAm

where HAm represents the free, colourless specles of the hydroxamie

acid., The formation of the complex is represented by the reversible

equation
_Fe§+ + Am™ z::::::? Felll.A

for whlch the stablllty constant K, is given by the expression. .%L:,
¥ = [Fe111 m] [Fe?"j[Am-] “ o o ......(1)

The ionisation constant, XK,, for the hydroxamic acid under dlscussion

5 C
is reported to bz 1.4 x 10'9,.whence___

] = nafed /¥

and substitution of this term in equation”(l)_ gives the equstion’for
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the stability constant:
K = 109 .[_H+] [f‘elll .'Am]/l'.4 &IAm] {Fe3 +] . vesss.(R)

Each of these quantitiés is caléulable. Thus-the third row in
Table 4 below represents the mole~fraction of the hydroxamic acid
present in the complexed state (coloured), based on the reasonable
assumption that the absorbance of 0.519 in the first column reprasents
all the hydroxamic acid, HAm, as being fully complexed. - From these
mole fractions, the actual molar concentration of the coloured spe cies,

elll.Am, is given by [Felll.Am] = mole-fraction x (initial [Fn]) and

F
the values are shown in the fourth row. The fifth row gives the molar
concentration of the free, uncomplexed hydroxamic acid, HAm and the
sixth row, the molar concentration of the residual free Fe5+,'given by
[F65+} residual = [F65+]1nitia1 - (% [N ]vinitial - {Felll-*“m]

since.Z moles Fe?* are reduced by each mole of nitrone, ¥n, and 1 mole
Fed* is bound up in each mole of the.complex. In the seventh row, for
| practical purposes, [H+}is taken a8 being the same as [ﬁCl] added.

The stability constant K has been calculated by substituting the data
from each column in equation (2).

TABIE 4.
Initial '[Nn] = 4.28 x 1074 initial [_FaCl} = 0.042M.

[hc1] added, M x 102......0 0 [6& [8 |10 {12 {14 16 ;18
Final absorbance ........-}.5191.396} 377 [.356{.554 .520;.505£.276

100{Fe! 1L, am}/initial {Nn]. {100 [76.5|72.6(68.664.4161.658.4 55.2
[Fellliam?, M x 10% ......[4.28(3.27|5.11|2.94|2.76{2.64|2.50|2.28

L
lHan], ¥ x 10% ...........[0.001.,01/1.17|1.34|1.52 |1.641.78}2.00
)

iFedt : 2 3 ' '
P ianes Mx 103 [2.12 (8,120 4,151 4,15 14,15 14,15 14.15 4.1
T10E K wpeveenvnessesennaas| = [9.55)9,5719,5819.58(9.5919,5919.55

s aapmsaesen
e

Mean log K = 9,57, or K = 3.7 X 0? 1.Vmole"1.'
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2,814, Variation in absorbance for solutions of eyclic nitrone (IIT)

with ferric chloride: Determination of_optimum molar

proportions.

(a). |

Stock solutions of the cyclic nitrone (III) and of ferric chloride,
both having the same molarity, 1l.43 x 10°2M, were prepared. Into each
of a series of 50 ml, flasks were pipetted the ferric chloride solution
(W ml.) and the nitrone solution, (10 - Vv* ml.), where V had the
values: v = 1, 2, 3, 4, 5, 6, 7, 7.14, 7.5, 8 and 9. |

It followed that the molar-percentage composition with resPect-td

ferric lon in each solution = 10 v initially, and that the total
molarity is given by [Fe?*] + [mn] = 2.86 x 1070,
where [Nn} = 1initial molar concentration of the nitrone.

The time of mixing of the two solutions was noted and each solution,
after diluting to mark and thoroughly mixing, was allowed to stand at
room temperature, After approximately the same time lapse, samples
were transferred to cuvettes and the absorbance at 540 ny“ in each
case was measured againgt water as refereﬁce. The absorbance of each
solution was noted after 9/, hr, 3 hr, 21 hr, and 24 days. The
change in absorbance of the solutions with time is shown graphically
in Figure S’(Appendix 1).
(b).

In a second allied study, in order to determine more precisely the
optimum composition for complete reaction, a series (4) of solutions of
the cyclic nitrone (III) and ferric chloride were prepared in similar

manner, the initial composition of the solutions ranging from



70 ~ 90 nole— Fo®*, and the total molarity being 2.54(4) x 1073,
The abggybg@ce at 540 Q/L for these solutions was then measured after
8 days,v‘ |

In-parailel with the above, a second series (B) of solutions of
the corresponding cyclic hydroxsmic acid (XVIIT) with ferric chloride
was prepared in such concentrations as to correspond with those finally
expected in series (A) (above) at the completion of the oxidation.
For cxample, the initial concentration of each species in the solution
in Series A having the initial composition 70 mole-% Fe5+ vas

calculated as:

] = 7.65 x 107% and [Fe®*] = 1.781 x 1070,

At the completion of the oxidatjon, since 1 mole of Nn would be oxidised
by 2 moles of ferric ion to yield 1 mole of HAm, (Section 2.212), it
follows that the final molar concentrations of each species would be
[fam} = 7.6 x 1074; residual [Fe®*] = 2.55 x 1074
These latter values were then used in preparing the corresponding
solution in series B above.
The compogition of the pairs of corresponding solutions for
Series A and Series B is shown in Table 5, together with the ﬁbsprbance
values fur the Series A solutions after 8 ans, and the Series B
solutions. A graphical representation.of these values gave the

maximum absorbance at 77 mole-% Feo¥,
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TABLE 5.

174,

Comparison of Absorbance values at 540 T/Q‘of solutions of the nitrone

(III) and ferric chloride after 8 days (Series A), with solutions of

the hydroxamic acid (XVIII) and ferric chloride (Series B).

Series A:— |
Init, compstn.,Mole-% Febt,.0 70 71.3
Initial [Nn], Mx 10% ..... 7.68  7.27
Tnitisl [FeS*], Mx 10%.... 17.81 18.17
Lbsorbance, 8 days seseses. 0,291 0,316
Series Bs-
{Im}, M x 10% siiireneness 7,65 7.25
[Fe5], 1 x 10% ..ceeeiees 2055 5,89
Absorbance (observed) .seeees. 0.295 0,353
(a) ~ (b) (v)

~Absorbance (calculated)

(a2) The absorbance was calculated by first

75 7745 80 90
6.36 5.72 5,09 2.54
19.08 19.72 20.35 22.90

0.370 0.387 0,380 0.233

6,36 5.73 5.09 2.54
.36 8.25 10,17 17.81
0.430 0.432 0.420 0.242

0.456(02).4'55 012 (b

obtaining the apparent molar

. ]
absorbance, E , for the value of [Feg"ﬂ in each solution by inter-

polation in the values in Table 2, whence

Absorbance (calculated)

.
&x[mm].

' - £
(b) Calculated values are unreliable since the wvalues of EL are

unrelisble at low iFe5+].

(¢) Absorbance values calculated to correspond with Series A solutions

of 76 and 77 mole-~% Feo* are 0,440 and 0.433 respectively.



2,52, Oxidation of Cyelie Nitrones by Ferric Chloride:

Kinetic Studies.

General Procedure.

For all rateAméasurements, freshly prepared solutions of a nitrone
(or other substrate) and ferric chloride of appropriate concentrations
were used. Into a cuvette was pipetted a solution of the reductant
(1,00 m1.) and diluent (water or potassium chloride solution of appropr—
iate molarity or hydrochloric acid of appropriate molarity)(1.00 ml.),
and the cuvette was placed in the thermostattéd cell holder supported
in the Unicam SP 500 spectrophotometer and previously set to a given
temperature. After 15 - 20 mins. had elapsed (sufficient time to.allow
the cuvette and its contents to equilibrate to the selected temperature),
the small microstirrer (described in séction 2.311)was introduced into
the solution énd the appropriate ferricjchloride solution (1.00 ml.)
previously equilibrated in a water bath whose temperature was 0.k -
0.2° above that of the cuvette temperature, was rapidly introduced
using a 1 ml. pipette graduated to the tip, the pipette itself having
also been previously warmed to the same temperature in the same water
bath. When approximately half of the ferric chloride solution had
run in, = stop-watch was started. At appropriate intervals of time
the absorbance (At) at 540 m/Q was recorded, using water in the
reference cell. The final reading (L. ) was taken after a period
equal to 10 - 20 half-lives. In most cases, measurements were perform—

ed in duplicate to obtain concordant results.
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Bvaluation of rate constants'from the results.

The rate equation for the oxidation of nitrone to hydroxamic acid

may be represented as

Vo= d(Felll,Am]/dt. = —d[Nn]/dt = k[Fe5+Jr[Nn]s ceesss(?)

where \T(mole.l.‘lmin.'l) = rate of formation of the coloured complex,
Felll_.Am
and = rate of disappearance of the nitrone, Nn,

molarity of species X,

~
-

Nt
1t

k = rate constant for the reaction,
r, 8 = reaction order with respect to the species

Fe5+ and Nn respectively.

If initlially [Be5f] 5> (i), then equation (3) simplifies to

(a)

N k'[NhJS, | ceeeso(4)
where k! = k[FeSer. RN ¢:9)
Evaluation of the pseudo-first order rate constant,mé ik,
Earlier it was shown (page 86 ) that
| (i), o< (4 - ), | cereen-{8)
where At = agbsorbance at time t,
and A, = absorbance at completion of reaction.

Henze the pseudo-~first order rate constant k' may be evaluated
directly by plotting log (A, ~ Ay) against t when a straight line
should be obtained if s = 1, whence k! = - 2.303 x slope (Figure A).
Fig.7 {App.1) shows the result for the nitrone (ITI) with ferric
chloride in a typical run over two half-lives. k' will have the
units min,"l if r=s8 =1, i.e. if the slow step is first order in

nitrone and in ferric iom, This will be demonstrated (Section 2.324).
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cosps 104 b
(b) Evaluation of k' from initial rate measurements.
k! may also be evaluated from the plot of absorbance, A,against
t, which gives a curve flattening out to a constant value, A,

lll.Am at any particular

(Figure B). The rate of formation of Fe
instant, g, will be proportional to the slope of the tangent to
the curve gt that_pa;ticular instant, W'y, and it will have the
units: absorbance. min."t

i.e, V”t < vy

orbq\rtt = \rt

where q (mole.l.~Ll absorbance~l) is a conversion factor.

If the tangent is constructed to the curve at t = O, then
its slops, W'y, will be proportional to the initial rate of the
reaction V@

v'o = Vo s
But from equation (4
v, o= k'[Nn]o,
where [F@O = molarity of Nn at the commencement of
reaction, whence k'[NnJO = qv'y- cesees(?)

Thus the conversion factor, g, can be evaluated by plotting the

results of a series of runs in two-ﬁays:

(i) by evaluating k! using the first method outlined above,

(i1) by plotting absorbance A against time and measuring the slope
V! of the tangent drawm at t = 0. The mean value of q so
obtained may then be applied to thosge systems in which
[Fezfj(\J [yn where only initial rate measurements qgn.tm

considered valid.
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Figure 11 (Appendix 1) shows a typical curve used for

evaluating initial rates.

Fig. A Fig. B

—

slope = - k'/2.30%

Log (A~ At)
~ Absorbance, A

Time, t > o Time, t ——>

2,321, Oxidation of 4,515—trimethyl—l-pyrroline l-oxide by ferric

, pseudo~
chlorides/ Ffirst order rate constant, k', at 30°,

The general procedure (section 2.52)was followed using 0.00045M-
nitrone (2,00 ml.) and 0.0BOOMéFeCls (1.0 ml.). No potassium chloride
was added as the aim of the experiment was only to establish that the
rate of formation of the hydroxamic acid, as determined by the rate of
production of colour, in the presence of a large molar exces7kf ferric
jon, gave a first order plot. ~The results of a typical run are shown
'in Table 6. The plot of log (A& - A‘t) against time t, in which A,
and Ay are the absorbances at times =0 and t respectively, is seen to
give a straight‘line (Figure 7, Appendix 1) of slope -0.0166, whence

pseudo~-
the/first order rate constant, k' = =2,305 x slope = 0.0582 min."1
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TABLE 6.

Initial [nitrone] = 3,00 x 10°4, initial [Fecl5:[ = 3,00 x 1072
temperature = 30.0°.

Time (min.) 1 2 8 g 12 15 18 &M =24
Absorbance, A L35 .059 .093 .123 .150 .174 .195 .213 .230
log lO(Aw-At) 522 ,490 .439 389 .,338 .288 .238 ,190 .140

530 40
L58 290 .36l

0411.892 -

0.%522, Tnfluence of ionic strength on the rate of oxidation of the

cyelic nitrone (III).

The total ionic strength, /Q, was calculated from the expression:
M= Mrany * Muo
Since the ferric ion in the aqueous chloride solution contains essent-
ially the species {FeCl(OH2)5§2+ (see page 88 ), in which the ionic
charge is 2+, then |
— [ 3+ R - 2
Hopacr, (fFed+).2% + (017).1%)

= 3[Feciz).

Into a cuve*u’i:e' were pipetted 0.0127M-nitrone (1.0 ml.), KC1 solution

109 b

(W ml.), and water (1 - v ml.). 1In the first series MXCl was used,
whereas 0.6984-KCl was used in the second series., 0.1272-FeClz (1.0 ml.)
was added to each cuvette and the rate constant measured in the usual
way. The results of each series are tabulated below and the plot of

1 .
log k! (from both series) against A& ® gave a straight line of positive



slope (Figure 8, Appendix 1).  Application of the method of least

squares gave the equation of the slope ass

e
log k' = 0.432(M)= - 1.29.
TARLE 7.
Initial pitrone] = 4.2¢ % 10744 initial (Fecig = 0.0tz

£ - . o
/ﬁ‘eclg = 0,127; temp. 30.07.

Series A: M-KCl added.
Vol, K61 (v mlu)eevee.e 0.00  0.30
M(total)veineananenaess 0,127 0.227

k' x 10° (min.™ ) .ve.... 5.78  6.47

Series B: 0,896 M-KCl added.
Vol. K01 (V" ml.)eeesses 0.00 0.30
/#g(tot&l).----.--o..-o.- 00127 00197

Kt x 10° (min."1)usvees. 571 631

2,023 _Influence of acidJconcentration on rate of oxidation of the

0.60
0,327

7.19

0.60
0.268

6.72

0.75
0.377

7.51

0.75
0.301

7.01

1.00
0.460

7.88

cyclic nitrone (111).

180.

Into a series of 20 ml, flasks were pipetted O 00857M-nitrone (1.5 ml.)

M~HC (v*ml.); M-XC1l (6 - wrl.) and water was sdded to the mark. Rate
measurements were obtained for each solution (2.0 ml.) mixed with
0.127M4FeGi5 (1.0 ml.) in the usual way. The first order ploté gave
straight lines, but in those solutions having higher concentration of
acid, there was aisignificant decrease in the rate after a shbrt time

lapse (Figure 9, Appendix 1). The values of the first order rate
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constant, k!, given in Table 8 are those calculated from the initial
slope. The variation of k' with added [gc;] is shown in Figure 10
(Appendix 1). The effect of the acid concentration on the absorbance

at the end of the reaction has been referred to (Table 4),

TABLE 8,

It

Initial {nitrone] = 4,28 x 107%M; initial [FeCls] 0.042M;
ionic strength = 0,327; temperature = 30.0°.

M=-HC1 dild. to 0.0 1.8 2.4 3.0 3.6 4,2 4,8 5.4
20 ml.(v ml.)

Added{HC]} in 0.0 0.06 0.08 0,10 0.12 0.14 0.1 0.18
reaction, (M)

k! x 10°, (min.~1) 7.28 9,58 10.04 9.74 8.84 8.77 8.80 8.57

2,524, Tnitial rate measurements on the oxidation of the cyclic

nitrone (III).

To determine the relationship between the pseudo-first order

rate constent, k', and the initial slopeof the tangent, W',

in equation (7},

For a series of rate measurements, a plot of the absorbance against
time was made in each case, and the tangent to the curve at t = 0 min.
was constructed by a visual method. (Figure 11, Appendix 1).. The
glope of this tanzent, V7', (absorbances mi‘n.'l'li) was proportional to
the initial rate of reaction. Each was compared with the value of

the first order rate constant, k', obtained from the same set of results,




as degcribed ihisectiqn 2.%32, Table 9 shows a constant relationship
between \r'o and k'.
TABLE 9.

Initial (ni'trone] = 4.24 x 100%; temperature = 30.0°.

Run (Fec1s) 102 v, 102! K/ v,

M x 10%) (Absorbance (min.~1)

units. min,™)

1. 2,54 2.12 4.54 .14
2. 3.39 2.75 5,80 2.11
3. 4424 35.26 7.15 2.19
4. 5.30 3.87 8.38 2.17
5. 6.36 5.07 10.92 2.15
The last column gives a mean value for k'/\r'o = 2,15,

By substituting this value together with the original concentration of

182,

the nitrone in equation (7} the conversion factor, q, can be calculated:

[}

q = M)k v,

4.24 x 1074 x 2.15;

H

9.12 x 10_4 mole. lit.~1 absorbance'l.

i

i.e. g
The expression for converting the slope of a tangent at time t = O
for any ran into a fiist order rate constant thus becomes:

k! = 9.12x10"‘4U"C/[Nn)O eeend(8)

wﬁere [Nglo is the initial molar concentration of nitrone in a given run.




Lpplidation of initinsl rate measurements to determine the

effect of concentration of nitrone on the oxidation rate,

Two aqueous solutions were yrepared:-

0,01272 M-nitrone (IIT) and a solution containing both ferric chloride
(0.01272M) and potassium chloride (0.800M).

Into a cuvette were pipetted the nitrone solution (V' ml.) and
water (2 - ¥'ml.). - The mixed solution containing the oxidant was
added (1.0 ml.) and the rate was measured in the usual manner. The
results are tabulated below, the initial pseudo-first order rate
cénstant k! being calculated from \F'o, the tangent slope at time== o,
using equation (8) above. The plot log V! egainst logr[Nh] gave a
straight line for which the method of least squares gave the slope

= 0,92, i.e. the reaction is first order in nitrone.

| TABLE _10. _
Initial [FeCISJ = 4.24 x 10°M; ionic strength = 0,279
tempsrature = 30.0°. \

Initial [Nitrome], Mx 10°.......c.ccv. 2,14 4,24 636 8.48
Tnitial slope, V'q x 10°(absorb.minil). 1.45 2.88 4.25 5.78
Rate constant, k' x 100(min.™)eeeer... 6.27 6.22 6.12 6.24

The values given in the third row give a mean value to the first

i

order rate constant, k! 6.22 x 10~ min.“l, from whencg
k = k'(FeCly) o
= 6.22 x 10°5/4.24 x 107°
= 1.46 l.mole."Imin.=1
= 0,0244 l.mole.'lSQc,“l
Thig latter agrees'reasonably with the value of 0.0278 obtained elsewhere

(Section 2.2%5) where rates were measured at higher ionic strengths.
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2,525, Effect of concentration of oxidant on the oxlidation rate of

the cyclic nitrone (ITI).

In addition to the 0,00127M-nitrone solution, a complementary series
of ferric chloride and potassium.chloride solutions was prepared having
such concontrations that 1.0 ml., of the one when mixed with 1.0 ml. of
the second gave a sclution of constant ionic strength. The molarities
of these solutiqns are shown in Table 11, The rate of oxidation of the
nitrone solutioh (1.0 ml.) mixed with the appropriate potassium chloride
solution (1.0 ml.) and ferric chloride sclution (1.0 ml.) was determined
as before (section 232). The pseudo-first brder rate constants obtained

for eacl: run are presented in the Table below.

TABLE 11.
Initial [?itrone] = 4,24 x 10744  ionic strength = 0.326;
temperature = 30.0°,
Solutions prépared:

FeClz, (M) vvvivviviiveiiinenes. 0.0765 0.1018 0.1272 0.1590 0.1908

KCl, (M) 0.750 0.872 0.597 0.501 0.405

e s s e r0 o bsebracsssapens

Reaction: InitialﬁFeclg],(M x 10%) 2,54 3.39 4.24 5.30 6.36

k' % 10°(mine™ ) s eeieerennneene. 4,19 5,55 7,19 8,91 10.40

~The plot of log k' against lqg.[FeCIS](Figure 12, Appendix i) gave
a straight Iine of slope = 1,0, i.e. the reaction was first order in
ferric ion. he second order rate constant, k, calculated by applying
the method of leas’ squares, was found to be: 1.61 l.mole ~Imin.~l or

~1

0.0278 1.mole ~lsec.™! (¢f. section 2.524).
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o508, Oxldation of 4,5,5~trimethyl-l-pyrroline l-oxide by ferric

chloride: influence of temperature on the rate constants:

the derivation of thermodynamic data.

The method described in section £725to obtain kinetic data at
20.0°C. was followed using the identical solutions at different temper-
atures, viz. 26°, 34°, 38°, and 42°, It was noticed that the reacting
solutions at temperatures of %80 and higher, after several hours, became
turbid, due to an increase in the rate of hydrolysis of ferric ion.

At these temperatures, therefore, the final absorbance, A s wes taken
after a lapse of 10 - 12 half-lives. The plots éf log k! against log
F@Cls] for each temperature are shon graphically in Figure 12

(Appendix 1). The Least Squares method was used to caleulate the

185,

second order rate constant, k, for each temperature and the slope (= order

in ferric ion), the values of which are shown in the Table below,

IABLE 12,
Tnitial [nitrone] = 4.24 x 107%; total ionic strength = 0.326.
Temperature (°C) .eeeevesoses 26.0 80.0 34,0 B88.0 42.0
Temperature (T°K) seeeseess.. 299 303 307 311 315
10% (Lomole~leocT) vevnenen  1.75 2.78 4,16 5.95  9.06
Order in Feo*(= slope) .e.... 0.98 1.00 1.00 0.99 1.00

The plot of log k against 10°/T gave a stroight line (Figure 13,
Lppendix 1) whose slope and intercept were evaluated using the method

of lcast squares. From these were evaluated the Lrrhenius parameters,

the activation energy, E, (= - 4.57 x slope) and the frequency factor A

oLb

)
(log £ = intercept). These values are shown in Table 13. The



entropy of activation AS:-t was evaluated from the rate équation for a

iD4C

bimolecular reaction:-

K = e ﬁg.eAs*/R.e-Ea/RT',

h
‘and the free energy of activation, dﬁG*, was calculated from the
‘equation/o*a'
; ¥

TABLE- 13,
Energy of activation, By . ... . e .
Leg A (L.mele~lsec.™ ) v v v v v v v oo . 12.21 % 0.01
Free emergy of activation, AG#

Enmtropy of activation, ZSS#: e e e e e e e e . =B.B €U

e o e &+ s =+ o 19.8 kcal.mole'

... 19.1% 0,2 keal.mole~l

1

The plots of log k! against lO%/T for each solution gave paréllel

lines of negative slepe (Figure 14, Appendix 1). A mean value of the

activation energy, Ea’ could also be caleulated from the slopes of the

lines. The values are shown in Table 14 and the mean value for E,

shows satisfaetory agreement with the value in Table 13.

TABLE 14.

Tnitial E;Ii} = 4.04 x 10~ total ionic strength = 0.326.
Temperature (%K)  eosseesasess 299 30% 507 511
E, (koal.mole™ )  wesseseeesss 18.6 18.9 1.1 18.7

Mean E, = 18.8 % 0.2 kcal.mole™

315

18.8

186,
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2.527. Comparison of Pseudo -First Order Rate Constants, k', of cyclic

Aldonitrones and some Hydroxylamines by Ferric Chloride.

Since it had been shown thatvin large excess of the oxidant the pseudo-
first order rate constant, k', was independent of the concentration of
the nitrone, it followed that comparative studies could be made using
ferric chloride of given molarity (0.,1272M), and solutions of the
reductant of suitable molarity in order to give a value for the final
absorbance {A.) in the range 0.3 - 0.5. 1In most cases where the
molar absorbances of the resulting hydroxamic acids were of the same
order, equimolar solutions of the nitrones and.related compounds were
used (see Table 15)., 1In the case of the nitrone (I) and its related
 hydroxylamine (IX), higher molarities were employed.

All measurements were performed on solutions having the same ionic
strength,‘/“, at the same temperature and at a wave-length corresponding
with.>\max. for each solution (see Table 3). In each case, the pseudo-
first order rate constant, k', was evaluated as before. The results
are presented in TaEle 15,

Since the reaction has been showun to be first order in ferric
chloride and nitrone, it follows that the true rate constant, k, can
be calculated using equation (5) , i.e.

k

H

kY (Fe'b’*] , 1. mole~lmin,~1

I

or k = k%/60 {Fe5+], 1. mole"'lseq."l
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TABIE 15,

Pseudo-first order rate constante for cyclic nitrones and related compounds .

Initial [FeCl5] = 4,24 x 10“2M; jonic strength = 0.359; temperature = 30°C

Initial [reductanﬁ] 10% !
Reductant (10%¢) : (min.'l)
Pyrroline oxide (1) 13.6 57(1)
Hydroxypyrrolige (1x} 1%5.6 52(1)
Dimethylpyrroline oxide (11) 4.24 7.95
Trimethylpyrroline oxide (111) 4.24 7.37
9.9-Trimethylpyrroline oxide (V) 4,24 | 8.38
Tetramethylpyrroline oxide (V) 4,24 0.57
Hydroxytetramethylpyrrolidine (x) 4.24 _ 0.45
Tetrahydropyridine oxide  (XIIT) 4.24 very fast(?)
Hydroxypiperidine (xv) 4,24 very rast(?)
Piperidine : - 0.0
Dihydrodxazine oxide (x11, 4.24 very fast(s)
Hydroxymorpholine (XIV) 4,24 very fast(z)
Morpholine - 0.0
¥itrone~hydroxylamine (xv1) 4.24 41.7

) —

Notes: (1) the reaction showed a retardation after ca.3 mins, i.e.
about 2 - 3 half-lives. k' was cvaluated from the initial
portion of the plot which was a straight line.

(2) and (3): these reacttions, too rapid for measurement, were
respectively approximately 85% and 98% complete after

min.

o

o
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2,528, Kinetic isotope effect in the rate of oxidation of

4,5,5-trimethvl-l-pyrroline l-oxide.

0.00127A4-- solutions of the cyclic nitrone (III) and of
2-d-4,5,5-trimethyl—l-pyr?oline l-oxide (IV) were preparcd. Each
solution (1.0 ml.) was tréated with 0.1272M-FeCly (1.0 ml.) and
0.750M-5C1 (1.C ml.) and the rate of reaction Wwas followed in the usual
way, ot two different temperatures. From the first order rate

constants (Table 16), the ratio kfp/k'n was calculated for each

temperature.
TABLE 186,
Initial [nitrone] = 0.0004244; initial (Fecls) = O.0s204
ionic strength = 0.377.
30,00 § 35.0°
Nitrone 10%% ! 5 k!, [kt 10%! k', /k*
. =1 s H D ] H D
(min.,=%) | (min.”™) :
i
i
(111) 7.21 { 12.44 _
| 0.860 : 0,869
(1) 8.38 I 14.22




190,

2,99 Semi~guantitative rates of oxidation of some cyclic

ketonitrones and related compounds by ferric chloride.

Genera). Procedure.

Loueous solutions of the given compounds were prepared with known
molarities. An aliquot of one solution was measured into a volumetric
flask, together with an appropriate aliquot of 80% ferric chloride
solution, the molarity of which had been determined. The mixed
solution was diluted to volume and left in é constant temperature water
gath. . Convenient aliquots were withdrawn and titrated for théir'
ferrous ion content (section 2.2).v A blank correction was subtracted
from each titration value. TFor each titrationzthe ratio:

{Fe2+] formed / initial (reductant}
was calculated, and from the plot of these values against time, the
approximate time teken for 1, 2, 3, ... etc. moles of ferric ion to
be reduced per mole of nitrone was estimated. The results are
recorded in the table below.  In order to draw comparable conclusions,
the solutions examined were all initially of the same concentration.
Furthermore, since in some cases the SOlutions were kept for several
weeks, the air in each flask was displaced with nitrogen after removing
a semple for each titration.

In order to compare these results with the oxidation rate of the
cyclic aldonitrones, 4,5,5-trimethyl-l-pyrroline l-oxide was examined

in the same way.
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TABLE 17.

Tnitiel [reductant} 0.00500M; initial {FeClz)] = 0.504;

temperature, 30.0°.

*
Reductant Time taken to form n moles Fezf/mole nitrone

n= 1 2 -3 4 5 6

Dimethylpyrroline 0.08 4. 0.23 4. 0.63 d. 8.3 d. - -
oxide (VI)

Trimethylpyrroline 0.3 d. 0.95d. 2d. 4,2 4, 12-13 d.~
oxide (VIII)

Trimethylpyrroline 1.14. 3.44. 84d. - - -
oxide (VII)

Hydroxylamine 3 min. 5 min. - - - -

Acetoxime 4 min., 28 min. - - - -

Trimethylpyrroline 1 min. 30 min. - - - -

oxide (ITII)

d = day(s).
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Figure 3. Effect of Molar Composition of Solutions of Cyclic
Nitrone (III) and Ferric Chloride on the Change in Absorbance

with Time. (Section 2.314).
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" ABSORBANCE

Figlire 4.._ Plots of Absorbance. against [HAm] , the concentration
of cyclic hydroxamic acid (XVIII), using aifferen{: concentrations
of ferric chloride. (Section 2.311).
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"Figure 5. Plot of Apparent Molar Extinction, 8 , &gainst
[FeCl;].  (Section 2.312).
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Figure 6. Effect of [HCIL]. on Absorbance of -a Solution of Cyclic

Nitrore (II1I) on Completion of Oxidation by Ferric Chleride.
(Section 2.313). : '
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Flgure 7. Plot of Log (A«; - At) agalnst Time to obtain the Pseudo-First
Order Ra.te Constant k', at 309, for the Oxida.tlon of CyclJ.c Nitrone (III)

hy Ferric Chloride. (Section 2.321).
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Figure 8., Effect of Tonic Strength, , on the Pseudo-First
Order Rate Constant, k! (min."l), for the Oxidation of Cyclic
Nitrone (III)} by Ferric Chloride at 30°. (Section 2.322).
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Figure 10. Effect of [HCl] on the Pseudo-
First Order Rate Constant, k', for the
Oxidation of Cyclic Nitrone (III) by Ferric
Chloride at Constant Ionic Strenmgth ard 30°.
(Section 2.322).
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Figure 11. Plot of Absorbance against Time to measure Initial
Rate for Oxidation of Cyclic Nitrome (III) by Ferric Chloride,
(Section 2.324).

Initial (III) = 6.36 x 10°M; initial [Fe013] 4e24 x 107y

M =0.279; temperature = 30.0°.
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" Figure 12, 1Influence of [_FeCls] on_Pseudo-

First Order Rate Constant, k' (min.-1l), for \7/4;20'

Oxidation of Cyclic Witrone (III) at

constant Ionic Strength and different :
Temperatures. N
(Sections 2.325 and 2.326). :
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Figure 13. Plot of log k {k, lit. mole~l min.=l)

- against lO%/T to determine Arrhenius! Parameters
1.0 for Oxidation of Cyclic Nitrone {III) by Ferric
: Chloride. {(Section 2.328).
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: Figure 14, Influence of Temperature on Pseudo-First Order
P ‘ Rate Constants, k' (min.™t), for Oxidation of Cyclic Nitrone

(III) by different Concentrations of Ferric Chloride at

I‘5_>\\\\q7' . constant ionic strength. (Section 2.323). :
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Figure 15. Apparatus for isolation of nitrous oxide'

from reaction solution.



APPENDIX 2.

Method used to isolate nitrous oxide from solutions of

cyclic nitrones oxidised by ferric chloride.

The apparatus is that shown in Figure 15 (Appendix 1).

The solution was intrbduced into the lower flask into which a
fine "bleed" passed. Taps 1 and 2 were opened and the apparatus was
carefully evacuated at the water pump via Tap 2. When the solution
began to "boil" vigorously, Tap 1 was closed and the upper flask wes
evacuated as completely as possible at the water pump (15 mm. Hg).

Tap 2 was then closed and Tap 1 was cautiously opened. As the vigour
of the air stream decreased, Tap 1 was gradually fully opened. The
apparatus was left until oniy a small stream of air bubbles passed
through the solution. Tap 1 was then shut and the upper flask removed
together with Tap 1. This flask would contain a mixture of nitrous
oxide and air.

The socket carrying Tap 1 was removed, anhydrous calcium chloride
(10 - 20 g) was rapidly introduced and a ground-glass stopper was
inserted. The gas in the flask, after drying overnight, was then
transferred to an IR gas cell using standard equipment.

A blank run, in which ferric chloride solution alggg s present
in the lower flask, showed, upon IR examination, that it was not

necessary to remove possible impurities in the air entering the bleed.
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