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INTRODUCTION




INTRODUCTION

In 1956, Thesing and I‘/J'a.ye:.':L reported the synthesis of the dimer (II)
of l-piperideine 1l-oxide (I), and they confirmed ' that by analogy to the
previously lmown non=cyclic n:i.tronesa s the nitrone function, (albeit some-
what masked in the dimeric state), behaved as a very reactive electrophile,

o
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Shortly afterwards, Sir Alexander Todd end his co-workers were

successful in preparing monomeric derivatives of l-pyrroline l-oxide (ITI) s
whose d.:n.verse and faseinating propert:.es have been made the object of a

8,748,0,10
deta:l.led study by the Cambridge School, 8989728455

- Although these developments arise from very recent work, it should not
be imagined that nitrones are by any means a novel class of substances,
Fven before the' turn of the century, the so-called "N-ethers" of aldoximes
and ketoximes were known and had attracted a certain amount of interest,
culminating eventually in a review wr:.tten with the collaboration of no
'less a person than Beckmann h:tmself

The present author 'became interested in nitrone chemistry in 1958,
when he undertook a brief sd:t.tdy12 of the reasction of Grignard reagents on
5,5-dimethyl~l-~pyrroline l-oxide (IV), The objeot in view was the pre-
paration of isoxazolidines such as (VI) by cyclization of a reactive group



Y with the hydroxyl group of the N-hydroxy-pyrrolidine (V)s
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Although the addition of the Grignard reagents followed the expected course,
the cyclizetions which were attempted did not yield satisfactory results,
From this preliminary work however, the author was convinced that the
peculiarly reactive nature of the nitrone system could be utilized in

novel general heterocyelic syntheses, '

The problem studied in this thesis ean be broadly divided into two

parts:

(2) the use of nitrones in the synthesis of N-bridged polycyclic

systems was to be investigated, and

(v) should novel heterocycles be synthesized, some of their more
fundamental properties were to be examined,

However, the exact course of a protracted investigation cannot be
predetermined, * As events turned out, several authors reported results
clogely related to, and in some cases almost embodying work which was
currently undertaken by the author, In the wain, it can be emphatically
stated that the nitrone function is admirsbly suited to form heterocycles
of a novel type namely N-bridged
isoxazolidines, (VII, n = 3, 4).

The synthesis of such compounds, (C,ITI:);\
as well as degradative work lead=- N N
,_..___“/' O

ing up to the nroof of their
structures, will form the main ) (vII)



topic of this thesis,

For convenience, the work reported here will be subdivided into four
sections, In section I, the reactions which lead up to the formation of
the new heterocycles will be introduced, followed by Section II, where
degradative proof of their structure will be presented, In Seotion IIT,
synthetic work relating to the degradation will be elaborated, and

finally in Section IV the author will discuss theoretical implications

raised by his results.

In addition, the author has thought fit to write what he hopes is
a fairly comprehensive review of the chemistry of nitrones in general,
This can be considered Justified in the light of the fact that the last
review on the subject is now more than twenty years out of datela, in
spite of the not inconsiderable amount of interest that these compounds

have attracted in recent years,



THE CHEMISTRY OF

THE  NITRONES




NOMENCLATURE s

Tor the purpose of this thesis, nitrones are considered to be
C~ and N-derivatives of the hypothetical substance "nitrone" (VIIT).

+ Et--\ + \ |
=N-H C=N~Meo '
- 5 m’ \f}; O
. (l)-
(VIIT) (IX) (x) |

The carbon substituents are named without prefixes, but nitrogen substit-
uents are indicated by the prefix =-"N"-, Thus, (IX) is named ethyl-
phenyl-N-methyl-nitrone, In the literature reference is occasionally
made to aldonitrones, which have only one substituent on the carbon atom,
and ketonitrones, which have two, Cyclic nitrones are named as oxides of
the appropriate unsaturated heterocycle. For example, (X) is 2,4,4-tri-
methyl-l-pyrroline l-oxide, '

Then the azomethine N~oxide system >c = I.;l.' - 5 is part of a cyclic
fully conjugated system, the author prefers not to classify such compounds
as true nitrones, Hetero-aromatic compcsunds14 such as pyridine N~oxide
(XT) have the azomethine linkage delocalized by resonance between Kekulé
forms, Such compounds do not undergo general reactions of nitrones s
although analogies based on the presence of an N-oxide link may be found,

(xT)



S:i.milarlyl,s isatogeris (xII),Jla and the mianamed "cyclic nitrones" (XIIT)
of K8hler are not considered to be nitrones, Chem:.oally they are related
to quinonesu. Derivatives of isoxazoline 2-oxide (XIV ) and furoxan |
(XV) have certain properties similer to nitrones, but are strictly speaking

not derivatives of (VIII).
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THE STRUCTURE OF NITRONES:

The early workers on nitrones formulated these com-
pounds with a three-membered rmg structure (XVI), This is more properly
assigned to the newly d:.scmrered oxeziranes, since no real evidence was
led to substantiate such a structure in the nitrones, The chemistry of
nitrones, which will be outlined in this review, more readily suggests the
azomethine N-oxide structure (XVII),

R0 R,

>C/-\N-Ra )}:171-}1_,
Ry RZ O
(XVI) | (xv1T)

On stereochemical grounds alone, the oxazirane structure is untenable,
Iindemarm and Tso:sh':\.ng19 failed to resolve the bromocamphorsulphonate of
"N-me thyl~p~dimethylaminobenzaldoxime” (XvVii, R, = p-dimethylaminophenyl,
R, = H, Ry = lie), which, on the basis of an oxazirane structure, should
have an agymmetrio carbon atom, The optical isomerigm of the true
oxaziranes has recently been es’ca.blished by the resolution of 3-isobutyl-



‘3-methyl-2-propyl-oxazirene (XVI, R, = Me, R, = isoBu, Ry = Pr),

The azomethine N-oxide group has an oxygen atom linked to nitrogen by
a dative covalent bond, and this can be expected to lead to a considerable
degree of pollar:.ty in the N-O link, The modern tendency is to write such
N~oxide structures as = N O and this will be adopted throughout this
work, as opposed to the older = N » O formulation,

The polarity of the N-0 link can be expected to be transmitted to the
azomethine C = N bond, Indeed, the general reactions of nitrones suggest
that the azomethine N~oxide system is a resonance hybrid of the two
canonical extremes A and B, the mesomeric effect in the group tending to
restore a lone pair of electrons on the nitrogen atoms

~ lﬂi/ - <t - N /’\d/ + -
. ~N
SC=N-0 >c - 1\‘1 0 >C=0 e SC=~0
A B

There is a formal sinilarity between this effect and that which is found

in the carbonyl group. Both the nitrone and carbonyl systems having, in

the extreme, an electrophilic carbon atom, and a negatively charged oxygen
atom, The lone pair of electrons on the nitrogen atam acts as an "electronic
bridge" between the carbon and oxygen atoms, and the nitrone group may be
regarded as an "extended carbonyl group", This gimilarity is not only
formal, for as we shall see later, nitrones and aldehydes and ketones
undergo closely analogous addition reactions,

Certain reactions of nitrones have indicated that another kind of
polarisat:.on may take place, analogous to & "back-polarisation” which has
been observed in pyridine oxides, Thus, electron distribution calculat:i.ons
have shown that pyridine N-oxide (XI) is a resonance hybrid of the following
structures (omitting obvious Kekule variations):



Similar conclusions have been reached by Katritzky and his co-workers as
22

a result of dipole moment measurcments on various pyridine N~oxides ,

Thus, we can never exclude the possibility of nitrones reacting in
two extreme forms, each of which a result of distinetly different
mesomeric effectss

/\L ™ (h
+ - + .o [ L \l/n -
O=N-D o >c—17‘-o SC=N=0 &> >C-
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THE SYNTHESIS OF NITRONES:

No account of the chemistry of nitrones would be
complete without a summery of the princimal reactions which are used in
their preparation, However, since the chemical behaviour of the nitrone
function is remarkably dependent on the groups which may be attached to
it, wide generalisations are not always possible, In many cases the
monomeric nitrones are not obtained, as they may spontaneously polymerise
under even the mildest conditions, Bearing this in mind, some of the more
important methods of nitrone synthesis are described below,

1, Condensation of Monogubstituted Hydroxylamines with Aldehydes and
Ketoness |

A considerable nunber of nitrones have been synthesised by the
reaction of various hydroxylamines with aldehydes and ketones, The general



reaction may be fomﬁated:

B By
>C =0 + RGgNHOH =~ ~
R, .

C=Ne«Rg

2+

It is analogous to the well-lmown formation of oximes from aldehydes and
ketones by their condensation with hydroxylamine, Thus, N-gubstituted
oximes are obtained from N-substituted hydroxylamines, The reaction how-
ever does not lead itself to general applications, For example, although
both phenylhydcoxylamine and methylhydroxylamine readily condense with
aromatic aldehydes to form stable, monomeric n:i.‘lrrones23 s arylhydroxyl=
amines generally react with acetone to give dimeric productsu . Banfield
and Kenyon% have formulated the product of the condensation of phenyl-
hydroxylamine and acetone as (XVIII),

?He CH, CH, and similar conclusions have been
/ .
Ph c e Fh reached as to the structure of the
\+ ,/,// ™~ / ~N.L. 7 ’ . 2
N CH, N compound obtained from n-butyraldehyde
& | 25
0 OH and phenylhydroxylamine , A dimer

of a different type is formed by the
reaction of pheny]hydroxylanu.ne and
formaldehyde .

The facile condemsation of arylhydroxylamines and aldehydes is not
generally duplicated with ketones, except as we have seen, with acetone,
Beckinann and Scheiber failed to obtain products from phenylhydroxylamine
and various aliphatic ketonesn. Recently however, unstable nitrones
have been prepared by the condensation of ketones or ke‘bals with methyl-
hydrosylamine hydrochloride under anhydrous cond:r.tlons " It must ba
pointed out that as far as a large number of nitrones is concerned,
neither molecular weight dJdeterminations nor absorption specira are avail-
able, thus leaving us in the dark as to the validity of a simple nitrone
structure for these compounds,



2, Reduction of a Nitro Compound in the Presence of an Aldehyde or a
Ketone: '

This method can be considered as an experimental variation of
the reaction described above, since the reduction is carried out in such
a manner as to generate the hydroxylamine, which is the active inter-
mediaten .

Of particular interest is the extension of this reaction, which
involves the cyclization of Y-hydroxylaminocarbonyl compounds (XX), ob-
tained by reduction of Y-nitrocarbonyl compounds (XIX),

i b B
R R e
¢ CO-Rs ™~ -Rg > +J --Rg
R "o, R i 1’;
L.
(x1x) (xx) (xx1)

The products of such reductive cyclizatinns are the l-pyrroline l-oxides
(}DCI'), which can be obtained in good yields by reducing the nitrocarbonyl
compound with zinc dust and aqueous ammonium chloride solu‘t:ion2 9’5. The
reduction should be carried out at temperatures preferably not exceeding
15°C,, or high proportions of l-pyrrolines may result « Reduction of

Y-nitroketones to l~pyrroline l-oxide has also been achieved by the use

of hydrazine in the presence of Raney nickelzg. ‘

The l-pyrroline l-oxides are the most convenient substances awvailable
to study the behaviowr of the nitrone system in an isolated state, since
the monomeric forms are stable, In addition, the Y-nitrocarbonyl com-
pounds from which these cyclic nitrones are derived are readily available
by lMichael addition of nitroalkanes and af-ethylenic aldehydes and ketones,
or even from nitro-olefines and aldehydes and ke'tones”. :
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3 Oxidation of N,N-Dialkylhydroxylaminess

The oxidation of secondary
aleohols to ketones has a parallel in the conversion of N,N-dialkyl-
hydroxylamines to nitrones by a variety of oxidizing agents:

. +
R~ O -N=-CH -R = R-CH,,1;£=-CPR'
OH o

84 265236 938
Mercuric oxide lead d:.oxl.d.e ’ potass:v.um ferricyanide

37
potagsium pemanga.nate y cupric acetate and hydrogen peroxide have
all been found to be effective, If more gentle conditions are required,

the oxidation may also be carried out using atmospheric oxygen, catalysed
by Ag(),* or Cu(, )y tons e

Oxidation of eyclic hydroxylamines results in the formation of cyclic
‘nitrones, For example, l-hydroxypyrrolidines (XXII) mey be converted to
1~pyrroline l-oxides (XXITI) in excellent yields by copper catalysed
serial oxidation or by mercuric oxide .

S R
- 5

ol )

(xxTI) (XXTIT)

If there are no hydrogen atoms on the carbon atoms adjacent to the hydroxyl-
amino group, then C - C links may be broken, Thus, both 1,1'~6:‘.hydro:qr-
2,555,255 '-hexamethyl-2,2'~bipyrrolidinyl (XXIV) and 1,5-dihydroxy-
2,2,44,6,6,8a~hexamethyl-1,5~diazadecalin (XXV) gave the same nitrone -
(XXVI) on oxiglation with atmospheric oxygen in the presence of cupr-

ammonium ions ,
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?H
E—“} T N N\,{
> o o ~;\_..:; ~ )

e i ~ I;r': . AN \/

OH OH OH
(XxXTV) (xxv)
l +/J .
o
I
(XxVI)

In the six membered ring series, oxidation by various means does
not generally give monomeric nitrones, and the product may to a certain
extent depend on the nature of the reagent used to effect the oxidation,
1-Hydroxypiperidine (XXVII) gave the dimeric nitrone (II) on oxidation
with cupric acetatel s but oxidation with potassium feJL‘z:':i.c.zymfxid:e22 gave a
trimer which has been formulated as (XXVITI). .

(XXVIT) (11) - ’(IOCVIII)
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Unsymmetrical dialkylhydroxylemines with hydrogen atoms on both
adjacent carbon atoms, can theoretically give rise to two isomeric
nitrones, Few studies have been carried out in order to determine the
factors influencing the orientation of the double bond, but Thesing and
Mayer s in their work on the oxidation of l-hydroxy-z-phenyl-p:.per:.dlne
(XX1X), have shown that the double bond did not enter into conjugation

with the aromatic ring,
Fh @..
-
0

g o ~ 1J\;r
é)H , 0
(XX1X) (XKX) (xxxT)

Thus, the product of the oxidation was the dimer of (XXX), and not (XXXI)
.as expected, The results are different when l-hydroxy~2~phenyl-pyrrolidine
(XXXIT) is oxidisedM, as in that case, the double bond enters into con-
Jugation with the phenyl group to form monomerie 2Z2-phenyl-l-pyrroline
l-oxide (XXXTIT).

o , -
' 0

N
om ,
(TXIT) - (¥XXIII)

The difference 'between these results has been explained by Thesing and
2540
hig co~workers as being due to conformational cffoets dn five and six
membered rings, 2-Hydroxy-1,2,3,4~tetrahydro-igo-quinoline (XXXIV) has
2

been oxidized with mercuric oxide to the monomeric 3y4~dihydro-iso-
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quinoline 2-oxide (XXXV), thus providing us with yet another example of
a stable cyclic nitrone:

The oxidation method for the synthesis of nitrones is limited in

its usefulness by the availability of the parent hydroxylamines, It
will not be out of place to list briefly here a few methods for their
preparations

(1) Direct oxidation of secondary amines with hydrogen peroxide of

(41)

4] 342

various oconcentrations gives only low yields of hydroxylamines .
43
The oxidation may be carried out by the agency of benzoyl peroxide ,

which affords moderate yields of O-benzoylhydroxylaminess

R - N-.[m t (H’-CO. O. )2 .

R~ 1\’1 ~ R?

OCOFh
Another method makes use of hydrogen peroxide in the presence of
othyl formate“. Good yields have been claimed in the oxidation
of pyrrolidine and piperidine to the corresponding N-hydroxy
heterocycles, but the author has unfortunately not been able to
duplicate these resul;cg. , an experience which is shared by other

workers in this field .

Certain tertiary amine oxides undergo pyrolysis to give olefins
45
and hydroxylamines in varying yields



14.

+ A
R ~ N - R? —»’R-q~R*+ CyHso

Et O OH
: \

(iii) N-oxides of cysnoethylated or carhethoxyethylated secondary amines
are alkali labile, and clea.ve to form hydro:wlam:.nes and acrylo-
nitrile or ethyl acrylate .

' CH, = CH - CN Peracid 9
R~ N - R! > R-N=-R' ——> R} =R!

8 om, O, QY /////&u%m

(iv) The addition of Grignard reagents to nitrones, which results in
the formation of more highly substituted hydroxylamines, often in
very high yields, will be discussed later,

4, Reaction of Pyridinium Halides with Aromatic Nitroso Compounds:

Certain pyridinium halides, obtained from pyridine and reactive
halogen compounds, react with aromatic nitroso compounds in the presence
of alk:al:., to form N-aryl nitrones in good yields, This was first noticed
by Krbhnke , who reacted phenacyl pyridinium bromide (XXXVI) with nitroso+
benzene, and obtained benzoyl-N-phenyl nitrone (XXXVII):

CsHs N




The halogen compounds which are suitably reactive include ¢-halo-
carbonyl compowunds, bengyl halides a’ and allyl halides, The use of
the latter type may be suitably illustrated by the preparat:.on of the
highly conjugated dinitrone (XXXIX, Ar = p-dimethylaminophenyl) from the
dibromide (XXXVIII): |

+4
(FrOm,CH=CH-), + ArNO = (Arl:I = CH~CH=CH-=),
0

(XXXVITT) (XxXIX)

5. The Alkylation of Oximes:
The éarly nomenclature, which designated
nitrones as N~ethers of aldoximes and ketoximes tried to differentiate
between these and the isomeric O-ethers (XL), which are both produced
by the alkylation of oximes,

R'
\C=§-R"
s / 7 0
C = NOH .
® \ NGaN-0-r
e

(xx)

The formation of a particular isomer, or its preponderance in a
mixture containing both, is largely dependent on both experimental con-
ditions and the nature of the alkylating agent. In general, the O-ethers
are obtained exclusively when an oxime is alkylated with an alkyl iodide
in the presence of silver oxide”’so. Aldoximes, on prolonged contact
(about 5 months) with methyl iodide or da.methyl sulphate, have yielded

hydriodides and nethosulphates of n:.trones .

When the allkylation is carried out under alkaline conditions, such as

15,
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are met when the oxime is dissolved in a golution of sodium hydroxide,
mixtures of O-ethers and nitrones are obtained, There appears to be a
definite relationghip between the acidity of the parent oxime, and the
compogition of the product mixture., Broadly, the higher the dissociation

. 628658
constant of the oxime, the higher the proportion of the O-ether .

The alkylation procedure, in spite of its obwvious shortcomings, is
of some preparative use, as witnessed by the synthesis of phenyl-N-(1-
carboxyethyl) nitrone (XLI) from potassium bromopropionate and benzald-
oxime in an alkaline mediwn54:

m O

: | OH" + e
PhOH = NOH + BrOHCOK —2— hoH = N - O
0 ™ coox
(XLT)

6, Miscellaneous Methodss

In the following discussion we will consider a
number of reactions which have led to the formation of nitrones or modi-
fied nitrones, but which have not been developed sufficiently for general
use, or which have only limited applications,

Under alkaline conditions, nitrobenzyl chlorides, which have a very

reactive chloromethyl group, will react with aromatic nitroso compounds
66 256 ‘
to yield nitrones H
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This reaction is clearly related to that which was discussed under 4, In
& similar way, a-cyano-nitrones are readily obtained from o&-—chloro:phenyl-
acetonitrile (XTII) and aroma.t:.c nitrogo compounds in the presence of
alcoholic potassium hydro:a.de :

o 0~
ThCH 4+ PANO > ThC =N ~TFh -
~ { o F
o cN

(xzrT)

Aramatic nitro compounds which have an activated methyl group, can condense
with nitroso compounds to form nitrones, Thus, 2,4~dinitrotoluene and
nitrosobenzene give 2,4-dinitrophenyl-N-phenyl-nitrone (XIIII), together
with the anilide (XTIV), formed by isomerisation of the nitrone under the

NO, T NO,

(XLIII) (x3Iv)

. 6&
alkaline conditions necessary for the condemnsation (see p, 37) , Similar
69
results were obtained by other authors .,

9-Methyl-acridine (XIV) and its derivatives have been observed to

condense with aromatic nitroso compound to form nitrones such as (XLVI),
8081

together with varying amounts of the related anils H

(XIvT)
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Aliphatic diazo-compounds are found to react with aromatic nitroso
campounds to yield ni’cronesss. This is exemplified by the reaction of
phenyldiazomethane (XIVII) and nitroscbenzene to produce phenyl-N-phenyl
nitrone (XIVIII), identical with the mtrons resulting £rom the condensatlon

of benzaldehyde and phenylhydroxylamme :

FhCH,N, + FhNO PhCHO «+ FhNHOH
(XTNTT) \ + &«
PaCH = N - Ph
O.‘-‘
(XIVIIT)

Aromatic nitrogo compounds have also been found to undergo addition
reactions with p-quinones, For example, the product of the addition of
e3
p~benzoquinone and nitrosobenzene is the highly conjugated nitrone

(X1IX)«

=0
o

(xrrx)

The reduction of 3-methyl-3-nitrobutyl cyanide (L) with zinc dust
and ammonium chloride solution has given 2-amino-5,5-~dimethyl l-pyrroline
l-oxide (II), an amino-nitrone, which is in tautomeric equilibrium with

64

. the imino-hydroxylamine (TIT)

e L, - L
CHS 7~ -1';]- = \NHQ / N// “SNH
=

o, «
\ OH
(L) ‘ (LI) (LII)
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Y ,
Griffiths and Ingold have made a study of the tautomeric system
arising from the cyclisation of phthalaldehyde monoxime (LITI):

: /\N /CH=NOH /\\+ -
! ! e 2 N-0
L 0 < ‘
R \_\CHO » \/
OH OH ,
- (mv) A (LIII) . (V)

Either l-hydroxy-2,3-benzoxazine (LIV) or l-hydroxy-isoindolenine 2-oxide
(IV) could be obtained, There was strong evidence to suggest that the
latter compound was itself a tautomer, the hydroxynitrone being inter-
convertible with the hydroxamic acid (IVI):

~ s N
AN - 07 = f N - OH
/ /

;(tj

CH OH

(TvI)

Another example of the intramolecular cyclisation of an oximino and
carbonyl group concerns the monoxime of cis-dibenzoyl-phenylethylene 56 507
b
(LVII), which is reversibly convertible into the cyclic hydroxy-nitrone

(IVIII):

1 ' ,
FROOC = CHG - Fh - | om
# ——
NOH LB N

(IvII) , (LVIIT)



The azomethine group C = N of N-substituted imines is susceptible to

18220
oxidation by peracids, which results in the formation of oxaziranes H
v . ' 0 '
llE Peracid R N/ N\ A R\ +
R*"-C=N~R' ———> R~C=~N~-R*Y —= C=I;I-R"
. R / 5

The nitrone is not obtained by such a procedwre. However, it is somstimes
possible to convert the oxazirans to the nitrones by heating, such changes
being somet:.mes quanh:’iatlve » On the other hand, amides may also be

formed .

GENERAT, COMMENTS ON THE CHEMICAT: BEHAVIOUR OF NITRONES

It is in their general chemistry that the close similarity between the
carbonyl and nitrone groups may be observed, The parallel that can be
drawn between these groups is two-folds
(&) The electromeric effects which are found result in the formation of

an electrophilic carbon atoms

i

t t
H=C = C=
l

(b) The electrophilic carbon atom exerts in both cases a ~I effect in
neighbouring links, for example between C and H atams,

The reader will easily be convinced of this astonishing similarity
~ as he examines the main reactions in detail,
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REDUCTION ¢

The nitrone group represents a high state of oxidation of the
nitrogen atom, and it should thus be capsable of stepwise reduction to less
highly oxidized functional groups, In fact, a reduction sequence depicted
below can be theoretically expected:

The above steps can be obtained by a judicious use of appropriate reducing .
agents, and such a sequence may be considered analogous to the reduction of
the carbonyl group of ketones to secondary alcoholsa}.:y various methods, or
to paraffins by the well-known Clemmensen reduction .

In view of the electrophilic character of the nitrone system, it is
hardly surprising to find that, like the carbonyl group, it will be vulner-
able to attack by complex hydride reagents, Exner70 appears to have been
the first to have tried out such a reduction, and he reported than non-
eyelic nitrones such as (IIX) were amoothly converted to the corrassponding
hydroxylamine (IX) by lithium aluminium hydrides

Th . Th
>c=1‘\{~-cnzm > ~eH - N - CHPh,
Th o m” on
(T.Ix) (IX)

In the field of cyclic nitrones, this reagent behaves in a eimilar
manner, 1~Pyrroline l-oxide (IXI) can be reduced to l-hydroxypyrrolidine
(IXTT) by lithium eluminium hydride in tetrahydrofuran:



220

: _ C/O\N

[ . [j [

(\ﬁ') N /N‘\o
oH

(IXT) (IXTT) (11)

In gpite of the fact that a relatively large excess of reagent was used,
and that the time of react:.on wos fairly prolonged, the reduction did not
appear to proceed further . The dimeric nitrone (II) could not be
reduced by lithium aluminium hydride in diethyl ether

Sodium or potagsium borohydrides afford a excellent method of convert-
599
ing nrl:r'ones to hydroxylamines ., For example, the dinitrone (IXIII) was

reduced to the dihydroxylamine (IXIV) by sodium borohydride in agueous

9
solution :

LGk - -0

!
CH

(IXIII) | (IXTV)

The reduction of nitrones to hydroxylamines may also be effected by
catalytic hydrogenation at pressures near atmospheric. The dimer (IT) and
123
trimer (XXVIII) were thus converted to l-hydroxypiperidine (XXVIT)

Both platinum and palladium deposited on a barium sulphate support were
found to be effective catalysts,



O-
.0 +

II\I { - « OE\ . iL+
~o~" .N KN\/ v
6H ; 0

(11) (XXVII) - (XXVIII)

The only recorded example of a nitrone system being fully reduced
under conditions of catalytic hydrogenation occurred when 1,2,3,4-tetra-
hydro=3,3-dinethyl~5-oxopyridine l-oxide (IXV) was hydrogenated in the
preseﬁce of platinum, The product, 3-hydroxy-5,5~dimethylpiperidine
(IXVI) was formed by total reduction of the nitrgne to a secondary amine,
with concomitant reduction of the ketonic system :

o NP

I-\?///l ) N~
5 | !
(1xv) ' (IXVT)

This unusual behaviour may well be ascribed to a mitual activation of the
reducible groups,

In the field of acyclic nitrones, reduction by deoxygenation to the
azonethine has been accamplished by the use of zinc and ammonium chloride.
Fhenyl-N-phenyl nitrone (XIVIII) was thus reduced to benzalaniline
(IKVII)'H .

23,
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+ : -
PhCH:l'\I,-Hl =+ ThCH =N ~Fh
¥

(XIVIII) (IXVII)

Such a reduction may also be carried out by the action of sulphur dioxide,
Yields however are low, as in the reduc’tions of 2,4,4~trimethyl-l-pyrroline
l-oxide (X) to 2,4,4~trimethyl l~pyrroline (IXVIII), Reduction to the
pyrrsol:‘ne occurs more readily Egr the agency of zinc dust and glacial acetic

acid , or with zine dust alone ,

S

5 _ H
(x) (IXVIII) (1X1X)

Complete reduction of the nitrone system proceeds readily by the action
of metals dissolving in strong acids, Tin and hydrochloric acid is a con~
venient medium for such a reduction, There is strong evidence that such a
reduction prooeéds via the intermediate azomethine, as witnessed by the
fact that both the pyrrolidine (IXIX) and the pyrroline (IXVIII) are cb-
tained by the reduction of the nitrone (x)s.

OXTDATION:

The nitrone function, being the highest state of oxidation of a
secondary nitrogen atom, cannot be oxidized further :u;nl'.thou'b causing a
breakdown of the molecule, Early work in this field demonstrated that
diphenyl-N-benzyl nitrone (LIX) was oxidized by chromic acid to a mixture
of bengorhenone and benzaldeh.yde;

Fh . h_
e = N - CHFh 0o + OHC,Fh
m-~ 0 Fh
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82
Ozonization of nitrones was carried out by Staudinger and Miescher , who
showed that diphenyl-N-phenyl nitrone (IXX) gave benzophenone and nitro-
benzene s

Ph . Ph
\G=1’\T-Ph - >co + 0,NFh
m” 0 Fh
(1xx)

However, the nitrone group may influence ‘the behaﬁour of neiglalﬁour:i.ng
atoms towards oxidizing agents, with the formation of various more complex
intermediate products, In general, it must be pointed out that conmaratn.v ~ly
little work has been carried cut on this topic. Brown, Clark and 'l‘odd
found that treatment of 2,4,4-trimethyl-l-pyrroline l-oxide (X) with
seleniun dioxide resulted in the formation of a dark oily material, which
in the presence of dilute acid gave 1,2,3,4-tetrahydro=-3,3-dinethyl-5-
oxopyridine l-oxide (IXV), evidently produced by ring enlargement of the
intermediate nitrone-aldehyde (IXXT):

-

SN :E— 0
K;I/LCHG - g N
) &

(x) (TxT) (1xV)

On the other hand, 5,5-dimethyl-l-pyrroline l-oxide (IXXTI) behaved normally
when oxidized with selenium dioxide, to yield the cyclic a-ketonitrone

(m111)1°.

(TXXTT) - (IXxTII)
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It ig clear that the reaction is analogous to the formation of a~dicarbonyl
72
compounds by the oxidation of active methylene groups with selenium dioxide: .

Interesting results were obtained by Clark, Sklarz and Toddlo in the:‘::f
study of the action of periodate on cyclic nitrones, These authors found, :
for example, that the dinitrone (IXXV) was comverted to the nitroso acid .
(IXXVII). The nitrone hydroxylamine (IXXIV) also gave the same nitroso acid,
but in this instance the keto nitrone (IXXTIT) was also isolated, The
course of the reaction is consistent with the following sequence where
oxidative cleavage of the moleculs ocours, followed by ring fission of the
cyclic hydroxamic acid (IXXVI).

: (ucxv)
(1xxTV)
| oH
| .
iwie
SN o
5
1-\?///‘ OJ\N: S (TxvE)
) OH
grocusy | !
I"“’ —
HOOC “/\
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HYDROLYSIS:

Acyelic nitrones are readily susceptible to hydrolysis to yield
a hydroxylamine and a carbonyl compound, This is a reversal of the réactiop
between carbonyl compounds and hydroxylamines which is used to synthesize
nitrones (see page 7 ), It is stated.13 that acyclic nitrones are instantly
hydrolysed by cold concentrated hydrochloric acid, while the reaction pro-
ceeds more slowly with cold dilute acids, and rapidly if warmed, The
facile hydrolysis of some nitrones has been employed in the last step of
thé Kr8hnke synthesis of aldehydes via the pyridinium holides (see page 14 ).
A number of more inaccessible aldehydes may be synthesised by this method,
such as, for example, 2,6-disubstituted 'laenza.l&ehydes7:3 :

N, NO, NO, g
+
| o o, - NCsH, OF = ¥ = 4r
C BN  ARNO |
BN X |
- Br By
NO, /

CHO
“Br

Many examples of this useful synthesis can be found in the literature,

The hydrolysié of cyclic nitrones does not appear to have been reported,
Generally speaking, they seem to be much more stable than their acyclic
counterparts, 5,5-Dimethyl~l-pyrroline l-oxide (IXXII) is prepared by
heating the hydroxylamino dioxolane (IXXVITI) in normal hydrochloric acid,
and does not suffer apprecisble hydrolysis during a prolonged evaporation
under acid conditions,

; { /O —_— T
NHOH 0 : &
(IXXVIII) | (LxxIT)
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Alkalis effect J.samerz.satz.on of some acyelic nitrones to amides (see .
page 37) while others are hyarolysed « On the other hand, 1l-pyrroline
l-oxides are resistant to alkaline hydrolysis s as evidenced by the fact
that ester and cyano groups on the pyrroline ring are hydrolysed in the
usual way without attack of the nitrone ﬁmctions. : |

REACTION WITH NUCIECPHILIC REAGENTS:

(1) Grignard reagents
The behaviour of nitrones towards Grignard reagents

is closely analogous to the well kmovmn addition reactions of these organo-
metallic substances with carblonyl compounds, The reaction .proceeds by a
nucleophilic attack of a carbanion on the carbon atom, with the formation .
of a magnesium halide complex, wh:u.ch 1s readily hydrolysed to a hydroxyl=

amine:
i + - ' (R | ’
-C=N=0 »-?~N-on@c->—?~i\fem{
| : I
> 'R R
.-
R

o S m
Early workers on this reaction reacted phenyl-N-phenyl nitrone
(XIVIII) with both methylmagnesium iodide and phenylmegnesium bromide, and
obtained in each case the hydroxylamine:

Th
t
PaCH = N - Ph H]MgBI‘PhCH—I;r—Ph
o OH

Cyclic nitrones react readily with Grignard reagents to form more highly ‘
substituted hetefocycles. Thig is a powerful methed for the synthesis of '
substituted pyrrolidines and piperidines, since virtually any group capeble
of funct:.onmg as the organ:.q moiety of a Grlgnard reagent may be added to

122
the nitrones, somet:unes in excellent yields, - Thesing and lMayer for
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example, obtained phenyl piperidines by the action of phenylmagnesiim
bromide on dimeric l-piperideine l-oxides:

L

Addition of alkyl-. and arylmagnesium halides to l-pyrroline l-oxides is
Boi2
also generally successful ° The r_eaci:ion scems restricted only in the

availability of the Grignard reagent,

The Reformatski reaction, which is akin to the Grignard reaction, is
the condensation of a-bromoesters with carbonyl compounds under the
influence of metallic zine, An organozinc compound is first produced,
and this adds to the carbonyl group in a nucleophilic manner, to yield
ultimately a B«hydrox;;res'l:.er74 H

- OH
R,CO + BrCH,000Et 2% R,C - CH,OCOOEt

Only one example of an attempt at carrying out this reaction with nitrones
. 25
appears to have been published, Utzinger and Regenass found that the

condensation between ethyl bromoacetate and styryl-N-phenyl nitrone
(TXxIX) did not occur, and recovered

]_:hf\f = CH - CH = CHFh the unchanged nitrone as the zino bromide
lee
0 double salt, The present author has

observed that 5,5-dimethyl-l-pyrroline
1-oxide and ethyl bromoacetate did not

12
give stable products under Reformatski conditions .

(TxxTx)

(11) Other nucleophiles

Hydrogen cyanide has been found to react with

5
l-pyrroline l-oxides to yield l-hydroxy-2~cyanopyrrolidines in good yields ,

v
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Y

a reaction which is clearly analogous to the formation of cyanohydrinss

| + HON s l o
\ ﬁ_/ N/-_—GN
{ .

-
o ' _ OH

Cyanohydroxylamines have not been reported as a result of the add:n.'tn.on
of hydrogen cyanide on acyclic nitrones., However, Bellav:.ta has
- reacted potassium cyanidé with p-nitrophenyl-N-phenyl nitrone (IXXX) to
give a €-oyano substituted anil (LXXXII), which evidently has been pro-
duced Via an intermediaté such as (IXXXI), which was not isolated,
. CN
+ KCN {
R - NO;GeHCH =N - Fn — poNO, GgH, = CH =~ N -
- 0 ' OK

(1XXX) o - AH | (LXXKT)
{ s

Water is a nucleophilic reagent, but it is well known that the hydrated
carbonyl group is unstable, tending to lose water with extreme ease, The
presence of electron attracting groups to some extent sgtabilizes the-

OH | | - A 0 OH

] \
- C~-0H = = (43 =0 ' C<
(IXXXTIT)

hydrated carbonyl group, as in chloral hydrate and ninhydrin (I¥XXIII).
Similarly, nitrone hydrates are unstable and lose water readily., When
electron attracting groups are present, the nitirone hydrate system is
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stabilized, Thus , benzoyl-N-phenyl nitrone | (IXXXV) ‘is obtained as a stable
hydrate (LXXXIV) by the reaction of phenylhydroxylamine on the hydrate of

78 ‘
phenylglyoxal .

OH
o +
_ PhOOCH - N - Fh @ PnCOCH =T - Fh + H,0
| OH | )
(LXXKTV) (LXOCKV)

Heating in vacuo converts the hydrate into the anhydrous nitrone,
1-Pyrroline l-oxides are generally very hygroscopic, and the presence of
hydrates has been alluded to in explaining the weak OH a'bsorpc:x.on band
in the infrared spectrum of l-pyrroline ]-ox:r.de 1tse11 . The compound
(LXXVI) has been obtained as a monohydra‘be .. '

PR
N
i °
O.

| (LXxVvI)

Phenjr]lwdrazﬁme , which readily reacts with aldehydes and ketones, also
reacts with acyclic nitrones, with cleavage of the nitrone system. Thus, '
diphenyl~N-phenyl nitrone (IXXI) and phenylhydrazine form benzophenone
phenylhydrazone -and phenylhydroxylamine s :

Fh
N

Fa

. .
. \C"-‘II\T-BI+I‘72M\THP11"> C =N~ Nath + FhVHOH
m’ & |
(IXXT)
Nitroalkanes are known to react with aldehydes and ketones under basic
conditions to form @-nitroalcohols, The andlogue of this reaction has been
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&
observed with l-pyrroline l~oxides, which form adducts with nitromethane :

>j\ . + CHyNO, i >l\ J__

’ y; - .~ CHaNO
- (
0 . OH

Malonic acid also reacts with some nitrones, as expected on grounds of
analogy to the EKnoevenagel reaction, tyryl-N~phenyl nitéone (IXXTX) and
malonic acid gave phenylhydroxylamine and 4-phenyl-buta~1,3-diene-1,1=
dicarboxylic acid (IXXXVII), by C - N cleavage »f the intermediate
(LooevT) e - |

CO0H
FhCH = GH-CH::?EL-Hl - HlCH:CH'-(;J‘H—CI/‘I
0 N COOH
(IXXIX) oH
(LT )
COOH
EnCH =CH =~ CH = C
CO0H

(IX0XVII)

POLVMERISATION AND BAST-CATATYSED CONDENSATIONS OF NTTRONES, V

The analogy between carﬁonyl compounds and nitrones does not end at
the reactions of the functional group, but extend over a series of base

catalysed reactions,

— Qi
J
AY
+
- Q
"~
¢
H
Sy
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The electron attracting character of both nitrone and carbonyl groups cause
- an inductive effect in neighbouring linkages, with the result that a-
methylene groups become protogenic, In the case of nitrones, (and carbonyl
compounds), loss of a proton results in the formation of a resonating anion
(IXXVIII) which may behave as a mucleophile in the presence of suitable

reagents:

1
—Qt
!
-Q
‘i
—z+
=1
1
—Q
i
—_C
'
= H
i
Oy

(IXXXVIIT)

Certain nitrones condense with aromatic aldehydes in a manner remines=
cent of the Claisen-Schmidt reaction, This occurs when there is a methyl k
group directly attached to the nitrone system, as in the reaction of benz~ -
aldehyde and substituted benzaldehydes with methyl-N-phenyl nitrone
(LXXXIX) to give derivatives of styryl-N-phenyl nitrone (]Z.XXZD{)Q5

PhCHO+CHaCH=N Ph -+ FhCH = CH - CHI'\TPh

0
(IXXXIX) (TXXIX)

This reaction is not confined to acyclic nltrones as,2,4,4-trimethyl-
1-pyrroline l-oxide (X) has also been observed to react with aromatic '
aldehydes, to form 4,4-dimethyl=2-styryl-l-pyrroline l-oxide (XC):



It appears that only the methyl group is reactive enough to wmdergo such
condensations, since both 5,5-dimethyl-l-pyrroline l-oxide (LXXII)

and 2-ethyl-5,5~-dimethyl~1-pyrroline l-oxide (XCI) failed to give con-
densation products with 'benzaldehydes.

(l)-.
(rxxrI) - | (xcT)

The base catalysed aldol condensation of aldehydes and ketones is
duplicated by a variety of nitrones, Thus, the anion which is generated
by iéss of a proton from the ~CH gystem is capable of nucleophilic
attack on the nitrone group of another molecule:

__-(',_CH=;< R
<—> _+H+ JTCT-?: b
+/' —i ; H

—~CH=N
NN |

The products of such aldol-type additions are P-hydroxylamino-nitrones,
As expected, bases catalyse the reaction, but are not always essential,
Thus, the product of the condensation of phenylhydroxylamine and acetone
is not dimethyl-N-phenyl nitrone (XCIT), but the aldol dimer (XVIII )

Phenylhydroxylmnme and n—butyraldehyde react in a sgimilar wayl ’25.,
. e Ph\+/°'\ SN /Ph
Ph-N=C o N CH, N
) \CH,, & O

(xcrT) | | (XvIin)
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The mechanism of this condensation is not yet fully understood, but it is
believed that the nitrone group in its back-polarised form 3G - N = 0
may play an important partg, In trimethylamine as solvent s sodamide gives '
rise to both aldol and benzoin type dimersg’”, while a reductive dimeris~
ation of (IXXII.) to (XCVI), akin to ths formation of pinacols, ocours

1
with sodium~potassium alloy in diglyme .,

When formaldehyde is reacted with phenylhydroxylamine, the expected
N-phenyl nitrone (XCVII) is not isolated, Instead, the dinitrone (XCIX)
is ob'l;a.:i.ned1 . This has been explained on the basis of an oxidation of
the benzoin-type dimer (XCVIII),

4

+ + o+

Fn-ll\T=UHg *Ph—N-CIizCI{=1‘\I-Ph'>( -N:CH—)
]

- ’ O" 2

d OH
(xcvrz) (XCVIII) (xerx)

. 1
Thesing and Mayer entertain the view that this dimerisation occurs by a

. +
cyclic addition mechanism, implying that the canonical form - 1\{ - C =

Qt

of the nitrone may be taking part:

C'J:I:Iz .?HzPh [ +
N+ ¥ +N~ - : - -+ (XCIX)
7 < e A ; -
m 0 So m~ o7 o

1-Piperideine l-oxide (I) is unknown in the monomeric state, although
a dimer (IXI) exists, This is most probably formed by mutual addition of
extreme polar monomeric formsl. A trimer slso exists, and it is believed
to be ( XXVIII) o

= -0,

\\/O \N/\

) Ll PV
N7 N N | _N/\!
] " i k/

(1) (I1) (3cvTII)

+
N
e

o

N
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ISOMERISATION OF NITRONES

Nitrones as a class are found to be subject to
isomerisations, although relatively few examples are known, Certain
different types of isomerisations will be discussed in turn,

The action of certain substances cause some nitrones to "rearrange”
to N-substituted amides » a reaction which is reminescent of the well-known
78
Beclmann rearrangement of oximes , Thus, phenyl-N-methyl nitrone (C)
28

yields N-methylbenzamide on hesating with phosphorus pentachloride @

+
PhOH = N - CH, - PhOONHCH,.
)

(c)
Such a reaction proceeds very smoothly under the influence of acetic
asamdridevg, In contrast to the Beckmann rearrangment, which converts
ketoximes into amides by trans-migration of groups undergoing rearrange-
mentvs s the rearrangement of nitrones to amides involves no 'migration of

A}

R R! HO Rt 0 R!
N S ~ . , ~
c . o o
f - i & i
N N . NHR

so
carbon atoms, ZXr8hnke has reviewed this topic; and he has proposed a
mechanism for the acetic anhydride catalysed isomerisation of nitrones
to amides: ' '

a AN
Acg D -AcCH

RoH = {f - R? RCH - I = R! R-G=N-R' » ROOVR.
0 . OAo OAo Qhc
Similarly, the isomerisation of some n:n.trones into amides under alkaline
EB8 369

conditicns takes place by the intermediate formation of nitrone

hydrates, which lose water to form lactims, tautomeric with amides:




CYCLO-ADDITION REACTTONS
Cyclo-addition reactions of nitrones will be
discussed in detail in the next section of this thesis,

39,
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SECTION 1

The Cyclo-Addition Reactions of 1-Pyxe—oline 1-Oxides

The work described in this thesis was originally undertaken with the
aim of developing a route to N-bridged bicyclic heterocycles, by making
use of what was hoped wouldbeanovel reaction of i-pyrroline i-oxides,
namely a Michael addition of an af-unsaturated carbonyl compound on a
reactive methyl group, to give a y-nitrone carbonyl compound, whose
oyclisation by various means was +» be tried: .

[‘ ﬁ./j‘ﬂt Lﬁ)—%%c}gcox - k .
- ' - N
6 4 '

The addition of the uﬁsaturatéd campound. on a protogenic 2-methyl-
1=pyrroline 1~oxide could be expected to follow a mechanism analogous to
that which is generally believed ~ to take place in base catalysed
Michael additions: ' -



a1,

—
g8
] o

. Fa
— 2 ‘

T
z/——‘
\T_.

&

-'_/“'\ _/—\\ 4/1\ I ’ 0
— l’ .-:.: \}-C/\J e o C'H:C/
O ¥ O = CHG § #ama =0

Oo—=+

Eﬁ/LcmcHacﬂzcm
{a
0]

. One might expect that the presence of strong bases which are necessary to
catalyse Michael additions might well promote the base catalysed aldol~
type dimerisations of pyrroline 1-oxides (see page 33), and low yields of
Michael adducts might thus be expeoted, ;
Preliminary investigations on the possibility or otherwise of the pro-
jected reaction was made with 2,4,4~trimethyl-1-pyrroline i-oxide (II) as
the Michael pseudo-acid, a choice based on its ready availability by
reduction of 4,4—-dimethyl-5-nitropentanones (I), which in turn ca.gsl’)ga
synthesised by the condensation of nitromethane and mesityl oxide .

T | | |
NO;CH,C = CH,00CH = 52 Ol
CI'IG A O"'

(1) (@)
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Furthermore, the nitrone (II) has a 2-methyl group of pu:'oved reactivity,
since it is known to condense with aromat:.c aldehyd.es , and to undergo
ready d:uner:.satlon by aldol-type rea.ctions e Ethyl acrylate was chosen
~ as the unsaturated component in view of its volatility, and hence its

ready removal from completed reactions if an excess was used, and also on
account of its comparative freedom fron polymerisation ‘under normel con-
ditions,

Tt was found that when 2,4,4-trimethyl=i-pyrroline 1-oxide (II) was
heated for a day with ethyl aorylate » without any added catalysts, an oil
was obtained by vacuum fractionation of the reaction mixture which was
partially miscible with water, and completely soluble in excess 5 N '
hydrochloric acid, but separated ocut again on making the solution alkaline,
The basic nature of this oil was further shown by the formation of a
crystalline picrolonate, This salt analysed correctly for the picrolonate
of a 1:1 nitrone-acrylate adduct. A picrate could not be formed,

Combustion analyses for the oil were umsatisfactory, as well as the
saponification equivalent, which was too high, The infra-red absorption
spectrumn indicated the presence of a nitrone group, since there was a
maximun at 1610 cm ™ ) and a strong absorptn.on at 1745 em™ , attributsble
to the presence of an ester group,was a.lso present. Repeated vacuum
digtillation brought no appreciable change in the infra~red a‘bsofption
spectrum. ' | : '

On the above evidence, in spite of .the unsatisfactory analysis of
the o0il, one might be tempted to believe that Michael addition to form
the Y-nitrone-ester (ITI) had in fact taken place:

™~

. [ l - CH, COCEt ] ]
. % = > a— CH, CH, CH, COUEt

(mm) <m>

o2+
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However, there was the questionsble purity of the oil itself, which could
be contaminated with unchanged nitrone, the latter co-distilling with the '
product, and so clouding the evidence at hand, Consequently, the author
get about finding a method whereby the material could be purified further
without having recourse to distillation, Having observed that the nitrone
-(IT) was virtually insoluble in low boiling petroleum ether, whereas the
addition product was readily soluble, partition between petroleum ether
and water was tried. An oily residue was obtained on evaporation of the
dried petroleum, and its infra-red a.'bsorption speotrum showed no absorption
in the region where nitrones are knom to absorb, This cast very strong
doubts on the validity of a nitrone structure in the adduct, Combustion
analyses a.nd saponification equivalents for this purified substance were
however in excellent agreement with the values theoretically required for
a 1:1 nitrone-acrylate adduct, " ‘

Methyl methacrylate reacted with (II) under similar conditions to give
an analogous product, as shom by combustion analysis, saponification
equivalent, formation and analysis of picrolonate, and infra-red spectrum.

It was observed that vacuum distillation of the adduct restored the
nitrone absorption, and in one experiment, the adduct was partly decomposed
into the parent nitrone (identified as its picmaLte), and ethyl acrylate
(identified by its boiling point and infra-red spectrum)., This clearly
indicated the reversible nature of the reaction, and explained the presence
. of nitrone in the product, even after repeated attempts at fraotiohation.
Rap:ui distillations of small quantities of material without noticeable
decanposit:.on could be carried out in a modified shagt-path stitl (see

append:.x )-

The Structure of the Adduct:

A variety of products may feasibly occur on reacting 2 y 4y t-trimothyl-
" 1-pyrroline l-oxide with ethyl acrylate, Some of these may be considered.
unlikely, but some camnot be dismissed out of hand, Structurally they
may be broadly divided into two types.



A iichael-type aducts:

+ —CH, CH, CH, COGEt [ fﬁ”l - .

& 5
(Iv) , (V)
‘ o
(V1)

i

'(IV) can be regarded as the most probable of this group, and would ocour
by Michael addition of ethyl acrylate on the reactive 2-methyl group, by
the mechanism discussed above, (V) must be considered less lilely than
(IV), in view of the known comparative reactivities of the methylene .
group at position 3 of the pyrroline ring and of the 2-methyl substituent ,
The mechanism of addition would be similar to that proposed for (IV).
The hydrogen atom in position 5 of the 1-pyrroline 1-oxide system is not -
known to be particularly activated, nor do the non-cyolic nitrones possess
protogenic activity at a corresponding site, Structure (VI) can therefore
be safely ruled out, .

B, OCyolo-addition Products:

N COEt
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]]\I 0
O, _()_ Bt
x)

Structure (VII) could be expected to arise by a cyclo-addlt:.on reaction
:anolv:.ng the nitroné system in its extreme dipolar form = C -X - O
’ | |

and the polarigsed double bond of ethyl acrylate:

+c//' - /‘<
. . COOES
57 A cacomt It d
a >
0 CH,

This reaction is analogous to the Diels-~Alder reaction”
However, if the nitrone system undergoes an electromeric eff'ect to give,
at the instant of attack, the "back-polarised" extreme, -~ C N =0
then cyclo-addition of ethyl acrylate would yield structure (VIII)

- _/ [ | l/
l - > N -
| g /’ 7 Gl ’ i
NG i N b
Lo GHO T COCEt
(VIII)

o

Structure (IX) must be considered unlikely, since it represents a cyclo-

addition involving the C=N system of the nitrone., As discussed earlier,
. 18
addition reactions of nitrones are generally 1,3 additions , - The

/



_compound (X)could arise by cyclo-addition of the extreme polar form of
ethyl acrylate to the 1,3-dipolar nitrone system:
P |

|
+.— e ‘e /\
~ i\f’J* N T o

| c-CEt = !

- + V - 0 A —Et

g cH, ~ CH —

(x)

Exclusion of Michael-type additions:

As pointed out previously, the nitrone (II) possesses three positions
where base~catalysed additions might concéivgbly take place, These are
labelled A, B and C in the accompanying f0nuuia, in decreasing order of

reactivity. - In order to ascertain
withcut doubt the necessity or other-

. B .
: A \visq of protogenic positions, it was
k7 Ol decided to synthesise a monomeric

I;\I_ - cyclic nitrone which was devoid of -
0 hydrogen atoms which might be con-
(11) sidered activated by the nitrone

- fanction,

This requirement is met by 3,3,5,5-tetramethyl-i-pyrroline 1-oxide
(XIT), which has positions B and C blocked by gem~dimethyl systems, and
which has no protogenic function A at position 2, This con@oﬁnd is
readily Synthes;izgd from (II) by the sequence of steps shown below, in

i\*’]‘ - ’ \ N N ﬁ/—-H
b i ) :
) , OH : (’)’

(11) (x1) | (XIT)
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which the hydroxylamine (XI) is oxidized by atmospheric oxygen in the
[

presence of cuprammonium jons ,

The nitrone (XII) may be considered as eminently suitable, but for
the fact that it has a hydrogen atom at position 2, that is to say an
aldonitrone hydrogen atom, It may well be arpued that this raises an
objection to the choice of (XII) as model compound,since we now have the
possibility, which was previously absent,of an addition taking place to
form a B-nitrone ester (XIII), Strongly basic cond:.t:.ons are, however,
required for proton abstraction at this pos:.tion » and although the
possibility of this occurring under non-basic conditions can never be

B -5
/[g; —E *ﬁ%%%co@t
| J
0]

0
(X11) (XT11)

totally excluded, it must be considered reasgonably m’xl:.kely,

" When 3,3,5,5-tetramethyl-1-pyrroline i-oxide (XII) was heated with
ethyl acrylate, the product had similar properties to the adducts obtained
from 2 ;4,4—trimethyl-1-pyrroline i-oxide., It analysed correctly for a
1:1 nitrone-acrylate adduct, and this was confirmed by analysis of its
picrolonate, ‘The infra-red spectrum was remarkably similar to that ob-
tained from the adduct of ethyl acrylate on (II), any differences being

_centred in the "fingerprint region', In particular, the spectra showed
. the following features:

(2) There was no absorption maxima in the region 1570 = 1;5?90::111"1 which
is generally assigned to the C = N system of nitrones o Thig also
rules out the presence of C = C systems, On the basis of this
evidence, all structures resulting from a Michael-type addition
(which all contain a ni‘l_:rbne system), and structure (X) (which

possesses a C = C system), can be excluded,
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'('b) Strong maxima at 1745 em™ werc presband these may be safely attributed
to the C = O stretching vibrations of esters, There seemed little
doubt that the ethoxycarbonyl group of ethyl acrylate survived the
addition,

(e) No max:ma were observed in the region 950 -~ 970 em™, which is
e@ected from tertiary aliphatic N-oxides. This would. rule out
structure (IX), which is a saturated N-oxide,

On spectral evidénce therefore, it would appear that the adducts of
ethyl acrylate and cyclic nitrones of the 1-pyrroline i-oxide type are
cyoio—agidition products, More specifically, since in the formation of
- the adduct, the nitrone system and the ethylenic double bond of the
unsaturated ester disappeared, they can be assumed to be involved.' The
three adducts should thus have the partial structures (A) or (B), which

Sy COCE Sy
o 00— Et
(a) | (B)

are recognised to be isoxmzolidines,

Cyclo--Additions of Nitrones: The state of the literature at the time of
commencement of this Thesiss '

References to cyclo-additions of nitrones were very limited prior to
the author's ﬁvestigation. Staudinger and M:i.eschersz« had reacted diphenyl
ketene (XTv) with diphenyl-N-phenyl nitrone (XV), and they obtained a .1i:1
add;\.tion product which they formulated as a cyclo-ad.d:l.tion product (XVI),
without any plausi'ble Justnficata.on.

Ph Ph\ . h I,’h/Ph
\C=C=0+ C=ﬁ'-Ph > \C=N-C~\
/ S e PR

Fh 5ol 0 h 0~ CO
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These workers also isolated a product formed by addition of two moles of (
diphenyl ketene on (XV), . '

As 'bhe pentavalent formulation of certain nitrogen compounds generally
fell into disfavour, the need far a reinvestigation into the nature of the
reaction was clearly indicated, Consequently, Taylor, Owen and muttalaer
 proposed a structure (XVIIT) for the reaction product of diphenyl ketene
and phenyl-N-phenyl nitrone, (XVII)

i

=
O,—"Z-!-

5

(xvII) | (xIv) (XVILI)
o ' 20
'COOH Finally, Hassall and Lipmarm  put
C - Fh, - paid to the cyclo-~addition hypothesis,
" by demonstrating, on the basis of
N = CHPh degr‘a.dative s‘hldiGs, that this
‘ substance was wrongly formulated
(x1x) o and was in fact (XIX).

However, a true cyclo-addition reaction takes place with nitrones ang. o

2991

isocyanates, which give rise to derivatives of 5-keto-1-oxa-2;4~diazoline ¢
Thus, ;éhenyl-N-phenyl nitrone (XVII) and phenyl isocyenate form the compound

(Xx):

. | B pmat
"PThCH=N-Ph +Ph «-N=C=0 -> N

- ~ AN

5 - 0 =0

)

(XVII) (xx) /
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This rea.ct:Lon appears o be qu:r.te general, and has been observed to take
place with cyolic mtrones .

Although the llterature on nitrone cyclo-additions was very scanty,
an :mvestlgat:.on into the literature of a related f‘:.eld. namely the nitrile
oxides R - C = I\s - O s proved to be most revealing, Thus, ‘benzonitrile

oxide (XXT) reacted  with methyl methacrylate to give an isoxazoline (XXIT):~

o CHe . o _ ,
HzG_N-O+C}12 ¢ - coocH, - | J< |
N
. \ *

(xxx) . \

(Xx11) :

This reaction was later applied %o other gB-unsaturated esters, in all cases

forming 1soxazol.mes "+ lore interesting still, benzonitrile oxide (XXI)
was f_'ound to react with a variety of olefinic systems, including ethylene

1tself H
e - . ,
PhC=N-0+CH =CH = . \E ’
f \o

(2xx)

Although the authors concerned with this wark carried out several inter-
conversions of their adducts, positions of substituents on thegg'ing appear
to have been arbitrarily assigned, Thus, it was clearly shown  that both
acrylonitrile and allyl alcohol reacted with benzonitrile oxide to give
adducts with the same orientation of substituents, since both could be |
converted to the same isoxazoline carboxylic a.c::‘uil.92 oWt the substituent

assigned to position 5, Similarly, reaction of (XXI) with allyl
chloride, bromide, and iodid395 , propylene, isobutylene, pent-l-ene®¢ and
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' Fh
+ -
- = CHCN !
- - - O Gﬂ.ﬂ w4 ¢
Ph-C=EN ’ N
_ ) ~0
CH, = CHCH,OH ' _ /

Fh

Fh_ _;.“ - | -
T :L o, [ } B
N_ o CH, OH N\'o GOOH ,

styrene%, are all supposed to give S5-substituted isoxazolines. The
present author was unfortunately not able, at the tims of writing, of
obtaining, the original references to the work mentioned, and so is not
competent to judge the val:?,dity cf the orientations. |

Cyclo-Additions of 5,5-Dimethyl-1i-pyrroline i1~oxide:

At this juncture, the author became convinced that nitrones would also
-duplicate the above series of reactions, In order to put this hypothesis
to the test, he synthesised a somewhat simpler nitrone than those he had
previously used, namely 5,5~dimethyl-~i-pyrroline i-oxide (XXIV), prepared
by reduction of 2~(3-methyl-3-nitrobutyl)-1i,3~dioxolan (mx:t) witgx zine
- dust and ammonium chloride, followed by cyclisation in acid medium :

i

\ ‘ CH, CHy

T o > \ 0
NO, C}{ ‘7 . - - NHOH C'\Hj
‘0 . 0.
(xx:cII) /
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This nitrone was chosen on account of the ease of its preparation, .
freedom from asymmetric centres, and comparative structural simplicity,
an important factor as far as possible degradation of products was concerned,

It was found that acrylonitrile reacted with (L), 4o pro- - .
duce a solid compound with a.cheracteristic infra-red absorption band
attributable to a CN éystem. A picrolonate was readily formed by this
.compound, Similar results were obtained with ethyl acrylate, which ga.ve
ana.loéous results to thoge previously obtained, More interesting however
was the reaction of acrolein diethyl acetal on (XXIV), which formed a
liguid, formulated as a 1:1 adduct on the basis of analy'tlcal data obtained
from the adduct itself and its picrate, :

This was most encouraging, as it provided a. clear indication that a
double bond unconjugated with a strong polarising function such as ~COCEt
or -C=N, could in fact tale part in the addition, This was immediately
followed up by the synthesis of an adduct from (XXIV) and allyl alcohol,
This adduct proved to be stable 'i;q heat, in contradistinction to the ethyl
acrylate adducts, since it could be distilled in vacuo at 100°, the
. distillate readily crystallising to a nitrone free solid., This adduct

formed a picrate,

The results above, although constituting only a preliminary investi-
gation into the problem of nitrone cyclo-addition, clearly foreshadowed
the general feasibility of the rsaction,  Tittle objections could be raised
against the formulations (XXV), (XXVI), (XXVII) and (XXVIII) for the
acrylonitrile, ethyl acrylate, ccrolein dlethyl a.cetal and allyl alcohol

adducts respectively.

N N
| —cn 1 —t— COCEt —1 CH(@Bt),
O

0t 0

(xx7) | (XXVI) | | (XXVII')
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!

+:

P

N .
| CH, OH
O.

(XXVIII)

.Recent Published Work on Nitrone chlo—Additimsg

The auvthor's view that the reaction between ole.finsAand ﬁitrones would
prove to be generai was borne outby' the publicetion of Rogers and his
collaborators” , which in some aspects paralleled the author's investigaticns,
and narrowly forestalled publication of his own woi‘k. The above workers
found that isoxazolidines were produced by the reaction of olefins and
nitrones. Thus, they reactiecd 4,5,5-trimethyl-1-pyrroline i~oxide (XXIX)

.with cyclohexene, and obtained the tricyclic base (XiX):

N/

T

(XIX) - , | (x00x) |
More clegant still, they discovered that the nitrones could readily be
generated in situ, as in the case of the reaction between cyclohexene,
paraformaldehyde and ethylhydroxylamine, which gave the isoxazolidine
(XXXIT), undoubtedly by way of the unstable N-ethyl-nitrone (XXXT):

, EtN = CH, CeH, o |
EtNHOH + CH,0 - 1 —— Et - N__
‘ o ‘ .

0
(¥xxT) ' (¥oKxIT)
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Another point of interest in their paper, was the report that the reaction
was probably reversible, but that their isoxazolidines could be distilled
without decomposition,. '

With regard. to the orientation of the substituents, these authors may
be quoted:~ ",.. In no case have we established the orientation of the
adducts; e.g., that from the nitrene (X¥IX) and acrylonitrilé is thought
to have structure (XXXITI), but (XXXIV) is not eliminated; other formuilae
in this commmnication are subject to the same qualification", (The

mmbering quoted is that following this thesis).

(XXXLIT) ‘ ‘. (XXXIV)

This interesting report was shortly followed by another communication ,
in which Huisgen and his co-workers amnounced further examples of cyclo- |
© addition between nitrones and olefinic substances, and stressed the high
yields which are frequently obtainable, These authors indicated some
reactions in which they had degraded their adducts, but, they pointed out,
in the case‘of the adduct of propyl=N~-cyclohexyl nitrone (XXXV) and methyl -
methacrylate, the orientation of the adduct (xxxvT) awaited confirmation,

+ ' CSH‘I»—‘ N ~CSH;I.1
GHCH=N=~GH, = o ]
° | COOMe
(xxxv) : (xxxvx)

Proféssor Huisgen very kindly sent the author the reprint of a most inform-
99

~ative lecture on cyclo-additioh reactions , embodying results of a
monunmental piece of investigation on reactions of little~known systems,
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' -.- 100
Pricr to the two .commmications mentioned above, Le Bel and Whang
announced the formation of an isoxzazolidine (XXXIX), by oxidation of
N-methyl-N-5-hexenyl-hydroxylemine (XXXVII), presunsbly formed by way of
 the intermediate nitrone (XCO(VIII): |

m | > |

CHy - N = CH,CH,CH,CH,CH = CH, * CH, - N = GHOH, CF; OB, OH = C1,

- (oxvIT) / (XXXVIIT)

L. - {XxTx)

Degradative svidence substantiated this claim,

Further York on 5,5-Dimethyl-1-pyrroline 1-oxides

As soon as the ebove publications became known, it became obvious that
the excellent work carried out by Rogers, Huisgen, and their collaborators 3
made any further investigation into the generality of the reaction gquite
superfluous, However, a point of major importance remainsd, Both Huisgen
and Rogers assuned that in the reaction between nitrones and clefins, the
addition of the olefin was most likely to take place across the ends of the
nitrone system polarised in its =~ '5 - (iﬁ -~ 0 form, That this must occg:g
in many cases cannot be denied, and indeed, degradative work by Huisgen
has shown this to be so, However, the fact remains that there must be
many cases where the direction of polarisation of an unsymmetrical olefin
itself must be regarded as anbiguous., Furthermore, one cammot rule out the
: possibility of the nitrone functioning as its back-polarised extreme
>C - ff:x = 0, which would give a different orientation of substituents in

the adducts.
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The present author decided to investigate fully tﬁe direction of addition.'
of ethyl acrylate and allyl alcohol on to 5,5-dimethyl=i-pyrroline i-oxide,
In order to achieve this, degradative methods had to be developed, and the
structure of key substances proved by synthesis. As events turned out; the
whole problem belied its apparent simplicity, The sequence of events |
leading up to the elucidation of the problem will be elaborated further,
as ‘thig is more properly discussed in the next two sections, However,
in order to make this section more camplete, it will suffice to indicate
the results which have been obtained, 5,5-Dimethyl~1~pyrroline i-oxide can
react with ethyl acrylate to give iwo isomeric products, (XL) and (XLI),
A m:.xture of these two campounds is obtained when the nitrone and an excess
of ethyl acn'ylate are heated at 100°C for twenty four hours. The two
isomers, although almost indistinguishable, having closely similar infraf
red absorption curves, and refractive indices almost within experimental
error, can nevertheless be obtained in a pure form, and their purity
demonstrated, Further more, their formation takes place quantitatively

>-L N COE+

(xz.) | = o

under suitable ex_perimenfal conditions.
, . | ‘
For example, (XI) is formed exclusively when the nitrone and an excess

of ethyl acrylate are allowed to react for a day at room temperature, On
the other hand, if the reactantsvare allowed to react for about four days
at 100°C, then (XLI) is the only product, As expected from these results,
(XL) is comvertible into (XII), by the simple expedient of allowing it to |
react at 100° with an excess of ethyl acrylate for a suitable period of

time,
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In addition to this, every indication points to the fact that (XL) is
itself a mixture of the two possible racemates arising from asymmetry at
the carbon atoms marked with an asterisk, (XLI), prepared by prolonged

heating, seems to be a single raccmate,

These results are the culmination of extensive degradative and synthetie
work, Tt follows that the adducts of ethyl acrylate on 2,4,4~-trimethyl-1-
pyrroline 1-oxide and 3,3,5,5-tetramethyl-1~pyrroline i-oxide, prepared
before the above facts came to light, and whose syntheses were describéd
eérlier in this section, are probably mixtures of the two possible posj.tion
isomers, The same can probably be said ghout the acrolein diethyl a.cei::al
adduct on 5,5-dimethyl-i~pyrroline i-oxide., In the experimental section,
the orientation of the substituent in these compounds is left purposely
~ ambiguous, '

In the case of the allyl alcohol adduct on 5 ,5—denethy1~1-pyIToli_iie
1-oxide, degradation has shown it to be pure (XTIT) ,

AL

N
|

Q :
OH

(xxIT)
The acrylonitrile adduct, being a solid i'ecrystallised to a constant melting

point, is undoubtedly a pure position isomer, but the arientation of the

cyano group hag not been establisghed,
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SECTION TI

The Degradation of the Ethyl-Acrylate and Allyl Alcohol Adducts on 5,5-
Dimethyl-1~Pyxrroline 1-joxide

Preliminary Considerations

The isoxazolidines produced by the >
cyclo-addition reactions described

. .8 in the previous section are derivatives
8'\ s " of the saturated heterocyclic system
& s 2~oxa~1~azabicyclo[3,3,0]Joctane (I),
(‘)z s with nurbering as shown in the ac~

companying formula, Before degradative
(1) ' - experiments were undertaken, it seemed
desirsble to study in some detail the
chemigtry of compounds structurally
related to (I), in order to obtain some insight ‘into the best method of
~attack,

However, the fact soon came to light that comparatively little was
known about the chemistry of non-aromatic heterocycles containing the
N « 0 « C gystem, Representative of such substances are the derivative;
of isoxazolidine (II), Ae-a.soxazolme (1I1), and tetrahydro-1,2,2 H-
oxazine (IV)

0 0 HN
N A ' ~N0
H-

(II) (111) (1v)
Pr:n.or to the cormnencemnt of the work described in this thesis, only

10
- two mmcazol:.dines had been reported, Thus, King prepared isoxazolidine
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(II) and tetrahydro-1,2,2H-oxazine (IV) by condensation of terminal di-
bromides and N-hydroxyurethan (V) in the presence of 10% alcoholic
potassium hydroxides '

(CH )n /N - COBt -—2, CH, N - COOEt
Br HO | \0 /S
(V) : (v1)
HOL
CHz\ /NH n = .1or 2
0
(viI)

The intermediate urethan (VI) could be isolated, and was subsequently
hydrolysed to the heterocycles (VII) with hydrochloric acid. These substances
were reported as being strong bases, and were capable of being quaternized
with methyl iodide., In view of their methods of synthesis, it is clear

that the ring systems must be resistant to the action of both acids and .

bases,

A somewhat larger body of evidence is available Qonceming the stabilitj
of A%-isoxazolines, They sare stable bases whose ring structure is retained
during the hydrolysis of substituent cyano or'carbalkoxy g:c'oups95 s OT
during the oxidation of certain substituents, Oxidation to the isoxazoles

o8
may sometimes occur .

In contrast to this, 2~phenyl~tetrahydro-1,2,2H-oxazine (VIIL) can be
converted . into 4~ (p-hydroxyphenylamino )=butanol (X), evidently by acid
catalysed rearrangment of an intermediate hydroxylamine (IX), upon treat-
ment with cold 20% phosphoric acids



o (vimm) (mX) o (X)

The reductive cleavage of tetrahydro-i,2,2H-oxazines and 3,6-dihydro-
1,2,2H~oxazines (XI) is perhaps the most 'thorbuglﬂy investigated reaction
of these bases, It is known for example
that the hydrogenated oxazine ring is '
readily cleaved by the agency of zine
and glacial acetic acid, even at room
temperamre;' As examples of this may
be quoted the reduction of 3,6-dihydro- (x1)
1,2,2H-0xazine (XIT, R = H, R! = H),
and 2-ethyl-3, 6—dzh,ydro-1 225 2H~oxazine
(XII, R = Et, R' = H) to the corresponding 4-amino-butenols (XIII) .

\\

>0

-+ RNHCH, CH = CH(FHR'
' oH

(XIT) ‘ | (X1IT)

This has also been observed with the 6-pheny1 derivative (XII, R = H,
R! = Fh) =, and the saturated bases behave in an analogous manner,

Reductive cleavage may also be accampanied by cyclization of the
product if the zinc-acetic acid reduction is carried out at a higher
temperature, say on the water-bath, This has been found to be the case
in the reduction of 2-pheny1-5 6~dihydro=1, 2, 2H-oxazine (XII, R = Fh,

= H), which was conver‘bed to 1-phenyl-A®-pyrroline (XIV), When



| PENHCH, CH = CH - CH
S -

Ph
- (XTV) ~ | (xv)

the 3,6-dihydro-1,2,2H-oxazines are subjected to the action of sodium in
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ethanol, reductive cleavage occurs with loss of oxygen, but with retention

10683107

of the olefinic double bond, Arbuzov has shown this by converting

both 2-phenyl- (XTI, R = Ph, R' = H) and 2-(p~tolyl)-3,6-dihydro-1,2,2H-"

oxazine (XII, R = p~tolyl, R! = H) to the corresponding secondary amines
(XV). | '

Projectéd Degradation of the Ethyl Acrylate Adduct on 5,5-Dimethyl-i-
Pyrroline 1~Oxide . '

On the basis of the brief survey summarized above, it became clear

that a reductive degradation was the answer to ‘the author's structural

- problem, Thus, in the case of the adduct from ethyl acrylate and 5,5~
dimethyl-i-~pyrroline 1-oxide, which can be indicated by the formulae
(XVI) or (XXI), reduction could give a variety of products, depending
on both the exact nature of the isoxazolidine, and the extent and course
of the reduction, the latter two factors being 'dependen‘t on the nature
of the reducing agent, ‘

‘The alcohols (XVII) and (XXII) would arise by reduction of the
ester groups without reduotion of the ring, If ring cleavage at the
N =~ O link were to occur, then (assuming reduction of the ester group),
the amino-glycols (XIX) and (XXIV) would be thenproduced, If, on the
other hand, the.O ~ C link were to be cleaved, then.the hydroxylamino-
alcohols (XVIII) or (XXIII) would result, Since it is conceivable that
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*?ﬁ” Lk - LT

l (xvT) J o (vIm)
(xv1) '
v e iy 1 &
\CH,,,OH
(XIX)
N ' I\ .
| ' > | i (¥xTII)
0 0 g
odzt CR, OH '
(xx) (soccr)
v i}
>[ J‘CI%CHCHaOH >[N ~ GH, CH, CH, OH
H H
(xxIV) (xxv)

further reduction of the hydroxylamino function nu.;_.,ht be possible, the
amino-alcchols (XX) or (XXV) might also be obtained, The amino-glycols
and the hydroxylamino-alcohols are isomeric, and so would not be differ-
entiated by analysis, Identification can be expected however on tﬁe bagis
of the test for hydroxylamines with 2,3,5~triphenyl-tetrazolium chloride“.



Preliminary ﬁegradation:

The adduct used in the first experiments was that from ethyl acrylate
and 5,5-dimethyl-1-~pyrroline 1-oxide, obtained by heating the nitrone and
ethyl acrylate on the water-bath for twenty four hours, As described in
the experimental section, (page 119), analyses were in good agreement for
a 1:1 adduct, and the material could however be disfilled without decom-
position to a constant refractive index in a short path still, The infra~
red spectrum indicated the absence of any nitrone;, and the author had thus

no reason to question its purity..

As a preliminary experiment, in vhich it was hoped to reduce both the
ester group and the isoxazolidine ring by the agency of sodiuvm in ethanol-

toluene, did not give any results, it was decided, in view of the tremend-
’ 1084

ous versatility of lithium aluminium hydride , to employ this reagent,
97398 31 00
As confirmed subsequently by other authors , the choice proved to

be a good one,

When the adduct was heated with an excess of lithium aluminium hydride
in tetrahydrofuran, a good yield of a highly viscous hygroscopic base was
obtained, This material failed to give a positive test for hydroxylamines
with 2,3,5-triphenyl-tetrazolium chloride., A erystalline picrate of melt-
ing point 165 - 166° was obtained, Analysis of the picrate indicated on
empirical formula CyH ¢NO, for the base. Analyses of the base itself,
although in agreement with this, were rather unsatisfactory due to the -
hygroscopic nature of the substance, These results pointed out that there.
could be little doubt that the base was one of the two possible amino-
glycols (XIX) or (XXIV).

At first glance, it would appear that the easiest way of establishing

4 the correct structure for the amino-glycols would be a guantitative periodate
uptake estimation, The glycol (XXIV), being a B-amino-a-glycol, should
theoretically consume one mole of periodate, while (XIX), being a B-amino-
B-glycol, should remain unaffected by this reagent, Ihforhmatel—y, when

the periodate consumption of the degradation product was determined,
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results were cbtained which gave no indjoation as to its possible structure, -
Tater, when the pure campound (XIX) was at hand, it was observed that it
reacted with periodate, It would appear that the presence of the amino
group introduces side-effects which are as yet not understood,  Uptake of
per:z.odatc by dipyrrolidines, giving resultlsogzot reconcilable with theoretical
expectations, has been observed previously . It is not unlikely that the
periocdate may partly oxidize the secondary emine to the hydroxylamine, which
in turn may undergo oxidation by some sequence as outl:i.ned on page 26, .
Periodic acid has been successfully used to cleave the glycol (XXVIa) to
hydrocirmamaldehyde.' The above-mentioned glycol, which does not contain
nitrogen, was obtained by catalytic reduction of the isoxazolidine ()ocvx)”

on-

Fh
!/ ~ B0, PhCH, CH, GHCH, OF. + PHNE,
LR |

HOCH, ~
(XXVIa)

- (xxvI)

Further Structural Irwestig_ations :

Since the identification of the amino-glycols proved to be more complex
than it had appeared, it was decided to convert them to the corresponding

pyrrolidines: _ '
>L)—-/°H2°H‘ o T
, N :
cm,on | H S, ' /
(XDc) - (o)
S e S
X —CH,, CHCH, OH , N CH, CE, CH,
H H

(xv) o (JXVIII)



The compound (XIX) should be ultimately capable of conversion to the iso
propylpyrrolidine (XXVIT), while the isomer (XXIV) should be convertible
to the n-propyl-pyrrolidine (XXVIII), The last two named compounds were
not previously desm'lbed in the literature, a.nd thus it was necessaty to
synthesize 'bhem 'both by unamb:.guous means.,

Since it was known that 5,5-dimethyl-i-pyrroline i-oxide (XXIX) reacted

readily with Grignard reagents (see page 28 ) to form cyclic hydroxylemines,

and that these N-hydroxy heterocycles could be readily reduced to the
secondary am:mes s the author decided to react the nitrone (XXIX) with the
- appropriate propylmagnesium bromides, and to reduce the resulting hyaroxyl—
amines to the required bases:

. oK S ® o
. ‘ ho'ed XXVIT
‘. \ (Xxx) ( )
R N |
/Lcﬂacf%% N~ CH, CH, CHg
(xxxxx) i _ H
. - , | |
Co(xxxT) . .  (XXVIII)

These projected syntheses were completely successful, Thus, treatment
of (XXaX) with igcpropylmagnesium bromide gave the hydroxylamine (XXX), an
unstable solid, which formed an oxalate, and which, upon reduction with zinc
and hydrochloric acid, gave 2-isopropyl~5,5-dimethyl-pyrrolidine (XXVII),
This substance could be converted into a picrate, picrolonate, and oxalate,
Similarly, (XXIX) and n-propylmagnesium bromide gave the hydroxylamine
(XXX1) (which could be converted to its oxalate), and from which 2,2-di- -
methyl-5-n-propyl-pyrrolidine (XXVIII) was obtained by zine-hydrochloric
acid reduction, This base gave a picrolonate, and an oxalate, but did
not form a picrate. The differences in melting points between the two
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above-mentioned oxalates, and between the picrolonates were sufficiently
great to settle beyond question the identity of the projected degrada‘bion"
products by comparison of their derivetives with those of the synthetic
pyrrolidines, '

Of the methods which could be used to convert the amino-glycols to the
pyrrol:.dn_%es (these would include the reducticn of p-toluene~gulphonyl
esters ), the author decided to make use of the well known reduction of
alcohols by the agency of red phosphorus and hydriodic acid, This reagent
converts the alcohol into the alkyl iodide, which in turn may be partially
or totally reduced to the hydrocarbon, Any iodo compound formed is reduced
to completion with zine and hydréchloric acid.

rog /L, gy 4+ pr 2L |

This procedure has met with considerable success in the field of hydroxy-
bases related to piperidine and pyrrolidine, Hess and Wel'l:zien11° , for
example, were able to convert 3-(2-piperidyl)-propan-2-ol (XXXII) to coniine
(XXXIIT) in good yields; the first step in the reaction was carried out by

(1) B/
(i1) zZn/HCL
N CH, CH, CH,
| H
(xoxTT) ' | (200CTIT)

heating (XXXII) at 150° - 170° for six hours in a sealed tube with fuming
hydriodic acid (d 1.96) and a small quantity of red phosphorus.

Glycols appesred to be similarly amensble to such a treatment, - The
so-called "hydroscopoline" (XXXIV) yielded tropane (XXXV) by the action of
hydrlodlc acid, in the presence of phosphon:.wn iodide, at temperatures

111
near 200° for several hours .
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(XXXTV) | _ : (XxXV)

112 . ' v '
Koenigs obtained a substance G ;1 3NO, by the reaction between

quinald:ine and formaldehyde. Upon heating at 150° - 160° for nine hours
with hydriodic acid in the presence of red phosphorus, he ‘obtained a base
G 2K N, from which a picrate, nelting at 155° - 157°, was obtained, 'This
picrate was apparently identical with that of 2~isopropylquinoline (XXXVI),
previously obtained by Doe‘bneru3 by the decarboxylation of 2-isopropyl-
quinonic acid (XXXVII):

) N N CH, Y | CHy
G 2l N0 ‘E@"O\/J—m/ ek />CH/
| - ’ TN | N,
- (300vT) (XXXVIL)

Hence the compound G ,H sNO, was formulated as 2-(2'-quinolyl)-propan—1,5-
diol (XTTUVIII), This structure was further confirmed by the fact that
2-n—propy1~qu:mol:|.ne (XUXIX) has been synthesized by a var:.ety of

' 11491153118
routes » and its picrate has a melting po:Lnt reported as 162 - 164°

/] o CH2 OH
\N CH

C'HQ ont

(mcvn:r_)
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Similerly  , 2-(4-quinolyl)-propan-i,3-diol, (from lepidine and .
formaldehyde), reacted with phosphdrus and hydriodic a¢id to a propyl-
quinoline giving a picrate of melting point 172 - 173°, This compound
mist be 4-isopropylquinoline, - since é—n-propquumolme forms
a picrate melting with decamposition at 200° .

The above results indicated to the author not only that the projected
reactions were perfectly feasible, but that there was no reason to fear
that 2 rearrangewent might occcur on account of the rather drastic reaction
conditions, The way seemed clear for the further degradation of the amino-
glycol obtained from the ethyl acrylate adduct. Consequently, this
material was heated with phosphorus and hydriodic acid, followed by zine
and hydrochloric acid reduction, to form a base in good yield, The oxalate
and picrolonate of the base were identical with the corresponding derivatives
of 2 2—6.1methy1—5—n—prqy1—pyrrola,6.1ne (XXVITI), whose synthesis was des-
cribed earlier, '

\ . [ . ————— OH rem—————nm e )

N ! |
N > 1,CHGHC(H - CH, CH, CHy
! N~ N

(o) o @w (o)

The author had therefore no hesitation in formulating the adduct of ethyl
acrylate and 5,5-dimethyl-1~pyrroline 1-oxide as (XX1), end the reduction
product ag the a.m:mo—glycol (XXIV). A preliminary comxmm:.cat:.on of this
work was publ 1shed .

Degradation of the Allyl Alcohol Adduct on 5,5-Dimethyl-i-pyrroline i-oxide,

In view of the ease of degredation of the isoxazolidine ester (XXI),
the author decid.ed to apply the same sequence to the adduct obtained from
allyl alcohol and the nitrone (XXIX). This had an added interest in that,
were the orientation of the substituent placed in position 4, the parallel

A}
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degradation sequence would be obtained,

When the adduct was reduced with lithium aluminium hydride in tetra-
hydrofuran, an amino-glycol was cbtained which was different from that
farmulated as (XXIV), obtained from the ethyl acrylate adduct (XXI), It
was a low melting very hygroscopic solid, and secondly, it formed a picrate
of melting poinf 125 - 126°, Reduction of the adduct with zinc and hydro= .
~ chloric acid gave low yields of the same compound, whereas sodium borohydride
~ had no effect. The possibility of this campound being a hydroxylaming-
alcohol was eliminated on the grounds of its failure to reduce alkaline
. 2,3,5-triphenyl~tetrazolium chloride,

If the author's deductions concerning the structure of the ethyl
acrylate adduct were correct, then, the new amino-glycol should have had
structure (XIX), Reduction with phosphorus and hydriocdic acid, followed
by zinc and hydrochloric acid should then have given the isopropylpyzrolidipe
(xxvII), |

To the author's amazement, the n-propyl pyrrolidine (XXVIII) was ob-
tained, identified beyond doubt by direct comparison of :i.té. oxalate with

/ N

o
l CHQOH/ R O
GH 4
_ (Xxv1I)
1 cHQOH\

(x1x) - >[ 1%%%

(RXVILL)

. As a working hypothesis, the author cor»qidered that, With the &vidénce
at hand, the anomaly could be best explained by assuming & rearrangement of
the isopropyl side-chain in the glycol, which would résult in an tnisual
unbranching of the isopropyl group., To complicste matters, theé presénce of



such a postulated rearrangement now made invalid any conclusions as to the
structure of both the allyl alcohol and ethyl acrylaté' adducts, since these
were formulated on the 'ba.sis of their conversion to the respective propyl-
pyrrolidines. Clearly, a means of identifying the glycols had to be sought
elsewhere, and thus it was decided to settle the 'pro’blem by an unambiguous
"synthesis of both the glycols,

The work relating to the synthesis of these compounds will be fully
described in Section ITI, For the purpose of the present discussion, the
conclusions reached there will be mentioned here,

L .
DN O G, OF

\CHzOH H
(XTx) | | (xxv)

Synthesis of the glycol (XIX) showed that this structure should have
been assigned to the compound obtained by reduction of the ethyl acrylate
adduct, as discussed on page 63,  The reduction of the allyl alcchol
adduct gave the only other possible alternative (XXIV), which was also
successfully synthesised.

However, with this last named compound; a certain discrepancy must be
mentioned. Although the synthetic substance, obtained as & viscous oil by
 distillation, solidified to a solid of low and indefinite melting point
upon seeding with the material obtained by degradation, it could not be
recrystallized, The picrate of the synthetic material melted at 116 - 119°
after one recrystallisation from n-butanol , but this melting point was not
depressed by admixture with the picrate of melting point 125 - 126°, from
the degradation product. Several recrystallizations of the low-melting
picrate raised its melting point to 123 - 125°, again undepressed by
admixture with the higher melting picrate, This phenomenon is ascribed to
different proportions of the two possible racemates of the amino-glycol

e A e A e e e —————— et e Y
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proportions,

Infro-red absorption spectra gave no clue to the answer, and even
confused the issue, for the "cold" ester had a double absorption masimm,
both peaks being of almost equal intensity, and with both absorption
positions attributable to the C = O stretching vibrations of saturated
esters, The one absorption maximm ats 3;715:0%"1 was just outside the
commonly quoted range for such esters, while the other, at 1740 cm. ™%,
was well within the range (1735 - 1750 cm,? ), The so-called "hot" ester
had a virtually identical spectrum, with the only significant difference
being noticeable in the C = 0 stretching vibrations, which now gave rise
to a main peak with a shoulder,

On the above evidence, one might easily be led to believe that both
the "hot" and the "cold" esters were in fact mixtures of the two position
isomers, with varying composition, Consecuently, attempts were made at
separating the two ester components of the "cold" ester, Chromatography
on magnef.g.;ng silicate, which has been useful in the separation of ester
mixtures s did not result in either separation of ,or enrichment of the
components, A similar failure was experienced with acid-washed alumina,
Partition between petroleum ether and water, (in which the esters are
appreciably soluble), resulted in neither separationrnor enrichment, _
Digtillation, was out of the question, in view of the thermal instability
of the compounds, even if appreciable differences in boiling points

exist to permit fractionation,

The above failures at separation led the author to the conclusion
that the split ester infra-red absorption pezk was due principally not
to the presence of a mixture of the two position isomers, but to a mixture,
in approximately equal proportions, of the two racemates ai‘ising from
‘agymmetry at the carbon atoms marked with an asterisk, As discussed
in Section IV of this thesis, tﬁe steric emvironment of the carbonyl
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grouping of the iwo racemates is quite
different; and will be expected to

cauge an apprecigble shift in ihe

COCEt
absorption maximum,

(cx)

/

An Analyticzl Method for the Determination of the Presence of Indiwvidual
Position Isomers in a Mixture.

In order to ascertain with certainty the p'i*esence of individual
position digomers in a mixture, 4the author decided that the best method
resided in the reduction of the esters to the amino-glycols (XIX) and
(XxX1iv),and to secparate these compounds by paper chromatography, .

ST
Ay~ O, CHOH, OF
CHQOH ’ H
(X1x) ' (xx1V)

Initially, the "cold" ester was reduced with lithium aluminium
hydride in tetrahydrofuran, the time of reaction being about 5 - 6 hours,
- The product, obtained by vacuum distillation, was shown to consist of two
components capable of separation by pé.per .chromatogréphy in an acidic
solvent, The solvent, a mixture of butanol. and aqueous acetic acid, was
chosen in view of the fact that it has been shown to effect separation of

121D
amino~alcochols obtained by reduction of amino-acids .

The slower moving component moved at the same rate as the amino-
glycol (XXiV),obtained as mentioned previously by reduction of the allyl
alcohol adduct on 5,5~-dimethyl~i-pyrroline i-oxide, The faster moving
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component was isolated by column chromatography on cellulcose, and was puri-’
fied by vacuum distillation, It was a viscous o0il, which solidified to 2

low melting solid uiaon seceding with a sample of the pure zllyl-~alcchol

adduct (XL), The picrate, of mslting point 154 - 155° was not depressed

" by admixture with the picrate of melting point 151 - 152° obtained from

the ailyl alcohol adduct, and had the same analytical camposition, In
addition, reduction of this material with lithium aluminium hydride in
tetrahydrofuran gave the amino glycol (XXIV), of picrate melting point‘

116 - 1199, : ' . C -

- SR . . - - - i ?H
J : > . NG~ ~CH, CHCH, OH
0 X
OB+t “\CH, OH

1\!I :
0

o) () (o)

| Thus, in spite of the small discrepancy in the melting points of the
picrates, the material obtained by column 6hromatography must be regarded
as being virtually identical %6 the allyl alcohoi adduct, the differences
in properties being most probably due to varying racemate compositions,
This clearly shows that the orientation of the hydroxymethyl group in the
allyl alicohol ad.duc-‘b and the ethoxycarbonyl group of one of the componenfs
of the "cold" ester, (still considering at this stage that it could be a
mixture of the two possible position isomers), was identical, Since the
amino-glycols were by then unambiguously synthesised, the: sequence
(XXT) = (X1) » (XOV) was established,

At this juncture, it seemed highly likely that the "cold" ester W;ls
a pure position isomer, although of éourse, proof of this still awaited
confirmation, In order to achieve this, it was essential to determine
whether the solvent used effected separation of the isomeric amino-glycols \

+



by paper chromatographic methods; A small sample of the undoubtedly jgw:ve
amino-glycol (XIX) was obtained on a micro-gscale by treating a amall
quantity of the pure picrate with alkali, and extracting the base into
ether, which was directly applied to the paper. It :‘nmmediately became
apparent that the solvent used was ineffective in separating the two

- glycols, However, a basic solvent (butanol-ammonia) readily effected

a good separation, The time was now ripe for the investigation into the

compogition of +the adducts,

The Preparation of the Pure Position Isomers:

‘Red.uction of the so-called "cold" ester to the corresponding amino-
glycol, as described earlier, followed. by peper chromatography in the
manner elaborated. above, revealed that only the amino-glycol (xuv) was
present, No traces of the isomer (XIX) could be detected, and so it must
be concluded that, within the limitations of the experimental technique,
reaction of 5,5~dimethyl~1-pyrroline i-oxide ( XXIX) with ethyl acrylate
at room temperature gives, after about twenty four hours reaction time,

a quantitative yield of pure 3-ethoxycarbonyl-8,8-dimethyl-2-oxa-1-
azabicyclo [3,3,0]octane (XXT) '

“:>!  $ 471 + CH, = CHOOCE® » :;l ) (xT)
a0 _5“ :
CoOEt
(X | o

On the other hand, the so-called "hot" ester, prepared by heating .
the nitrone and ethyl acrylate at 100° for a day, was found to give on
reduction, a mixture, in ap?ro:d.ma’cely equal proportions, of the two
amino-glycols (XIX) and (XXIV), Then the heating was carried out for
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- four days, reduction of the adduct, which is formed in quantitative yield,
showed that only the amino-glyeol (XIX) was present, and 80, again wi.thin
the limitations of the analytical technique, it can be said that the

reaction gives the pure isomer (XVI):

@ 1000 >["“‘°

4 _ - 4 days _

_ / I.t_r Z - CHQ = CHCOQEt ‘ N /COQE't
- ' |
0 : 0

(¥xIX) | (xv1)

On a preparative scale, the adduct gave on reduction with lithium
aluminium hydride, a 73% yield of pure (XIX), o very hygroscopic viscous
liquid, forming a picrate of melting point 165 - 166°,  This material,
although being a amino-glycol, reacted with periodic acid in a mammer
not reconcilable with theory, thus showing that this reagent must be. used
with considerable caution in structural investigations of substances
related to the amino-glycols here described,

The compound (XVI), 4-ethoxycarbonyl~8,8-dimethyl-2~oxa-i~azebicyclo
[3,3,0]Joctane, had an infra-red absorption spectrum closely similar to that
of the isomer (XXI), the only significant difference residing in the
absorption characteristics of the ester group. Only a single, slightly
unsymmetrical peak at 1742 em. ™t attributable to the C = O stretching
vibrations was present. It is advanced as a working hypothesis that this

compound is a single, or at least a very enriched racemate, Two racemates
of this compound can theoretically exist, arising from asymmetry at the
carbon atoms marked with an asterisk, This will again be discussed in.

Section IV of this thesis,
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COCEt

(XXI)‘ | , | (XvT)

-In order to determine whether the ester (XXI) was convertible into
the isomer (XVI), a small sample was heated for about twelve hours with |
ethyl acrylate, The ethyl acrylate was added in order to displace the
probable decomposition equilibrium: (XXI) ¢ nitrone + acrylate = (XVI)
to the ester sides, a displacement which might not -occur to the desired
extent if the compound (XXI) alone was heated; as small quantities of
. ethyl acrylate produced by its deconrpoﬂt:.on would be present extens:wely
in a vapour phase at 100°, '

Reduction of the product af'ter the heating ireatment showed that the
amino~glycols corresponding to the reduction of both (XVI) and (XXI) were
present, clearly showing the partial intercorversion of (XXI) into (XVI)

under even the limited time of reaction,

The Reaxrangement of the Amino-Glycol (}UDQ:

On page 69, the author mentioned how he was led to consider the possi-
bility of a rearrangement of the amino-glycol (XIX) to the n-propyl-
pyrrolidine (XXVIII) by the action of hot, fuming hydriodic acid, In the
© light of further work it was shown that the reaction was carried out on
the reduction product of the so-called "hot" ester, which was in fact a
mixture of the glycol (XIX), and the isomer (XXIV), Since the latter
compound could alone be responsible for the formation of the pyrrolidine,
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(xmx) (xx1v)

any conclusiong as to the existence of the suspected rearrangement had to.

be éonsidered invalid,

In order to determine whether such a rearrangement did in fact occur,
a sample of the pure glycol (XIX) was heated with hydriodic acid, and thé
reaction mixture reduced with zinc and hydrochloric acid. The basic
product of the series of reaction gave an oxalate, identical with the -
oxalate of 2,2-dimethyl-2-propyl-pyrrolidine (XXVIi) as well as a small

& CH - _TN\N. CH, CH, CHy :
H

27NN
H \CHa

(xxvrT) | _ ‘ (XxvIIT)

quantity of a picrolonate identical with the picrolonate of 5,5-dimethyl-
273§9propy1;pyrrolidine (XXVII). This must be regarded as clear evidence , A
that the rearrangement formulated above does in fact occur, Iack of time
. unfortunately prevented the author's further investigations into this
wusual reaction. However, in order to provide a reasonsble explanation
| for this, the author would like to advance the following hyfothesis,

At some stage in the reaction, the glycol may well be converted to
the species (XII), an intermediate in the formation of the di-iodo campound
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(X1IT), which can be expected to be eventually converted to (XXVII), The

, Me ~ L ’
+ R = /‘[ - ,
. Me 7 N

GH . .
Protonated i
\GILOH ~ Ch, ~ 1 - acgdoxdimm
(xax) (X1X)
I~ 4
c?g /\ CH, - I
. \\\ ,/ -
R~ L\{ (.\,«...\ . / - R - CH . . (X'LII) .
\\C'Hz -I71 ' \‘CHQ -T
‘ ~L Zn/Hc1
\W ‘ \/
T P
R-cd | (aIr)  R-CH (XxXVII)
\CHz : CI'L,
lm
R - GHCH, Cly /MOl | Row,CH,CH | (XXVIII)
I .
(xTIv)

The ion (XILI), under the influence of iodide ion, or by some othexr mechanism,
could conceivably lose iodine as an I' ion, (combining with I” to form




. 8L

as for example the one described below,

J > \[ | CH,CH,0H - >{ | _J—afzcﬁzcﬁs
SN - N/Lcﬂ, : _ N : :
C ] : H H

o1 | N
~COMmt

(1) | - (oorTTT).

To this end, the ester (XXI) vfas hydrogenated for a prolonged period
of time at elevated temperatures and pressures, using copper chromite as
catalyst, and dioxan as solvent, A basic product was obtained, purified
by distillation wnder poduced pressure, and analysed for CoH g— oN. A
picrate was obtained from this base,.and analyses corresponded closely to _
the picrate of a base CoH, 4N, This compound was not one of the two
pyrrolidines (XXVII) or ()OCVIII ). |

Formation of the pyrrolizidine (XIVI)ring system is known to take
plade by catalytic hydrogenation of Y-nitropimelic esters, using copper
chromite in dioxan, This reaction is believed to occur ‘By way of the

, . 128
intermediate imide (XLV)

NG, ‘ B | ‘

- T o
- S~V
' " (XLvT) |
If one carried the analogy to the isoxazolidine ester (XXTI), it seemed

not unlikely that the hydrogenation would have given the pyrrolizidine ’ .
(XINII), by the following sequence:

1+00C, CH, CH, c*rlxc;g CH, COCEt | ->' | ‘\/ b \\\/‘ |
b
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OH
‘ COCE+
(xLIx) (XIVIII) N
0 (L1)

Reaction of this nitrone trimer with ethyl acrylate at roam temperature
gave a 1:1 nitrone-acrylate adduct, which was not degraded, and whose exact
structure is therefore wnknown, It is terpting to assign to this compound
the structure (L), on'grotmds of analogy ‘to the corresponding compound pre-
pared in the same way from ethyl acrylate and §5,5~dimethyl~i-pyrroline
1~oxide, Sufficient differences between the properties of five- and
six-membered ring n.{trones do however .exist (see introductory review), to
indicate the exercise of caution, and not to disregard entirely the
possibility of the struoture (II).

If the author's conjectures regarding the pyrrolizidine structure
(XLVII) for the base CoH, ,N obtained by hydrogenation of (XXI) were
correct,then hydrogenation under the same conditions would yield (assuming
structure (L) for the,adduct) the known compound indolizidine (LII) .

On the other hand, should the structure of the adduct have been (II), then
hydrogenation could yield, as an initial product, the 1cggrpox:md (rI11),
3-methyl-conidine, which-has been previously described , This material
would not be expected to survive the severe hydrogenation conditions used,
and would undergo hydrogenolytic cleavage of the four-membered ring, to
give one or more of the bases (LIV), (IV), (LVI) or (IVII), which were
either known, or could be fairly readily synthesised,

l/

|| e
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| P .
N N CH\ ' g e i
yonon, 0B s o H
(TIV) - (V) (V1) (LvIT)

However, when the adduct was hydrogenated :Ln dioxan over copper chromite,
a substance analysingvery closely for GgHj ¢N was obtained, It formed a
picrate which analysed for the picrate of a base with the above empirical
formila, This nicrate had a melting point which did not correspond to the
melting points of the ¥nown picrates of either (LII) or (LIII), although
it definitely is isomeric with these compounds, A substance CuH zN, pre-
pared by catalytic hydrogenation, can be no other compound than a saturated
bicyclic amine,

This work is obviously far from complete, but as can be readily real-
ized, a more thorough investigation lay rather beyond the scope of this
thesis. It is highly likely that the severe conditions used in the hydro-
vgenation resulted in some deep-seated rearrangement of the molecule, A
detailed structural investigation of the bicycl:.c bases is under consider-

ation,

The Reaction of 5~Ethomarbom:l—8.8-dime§3xl—2-oxa—1—azab1cxclo] 3.5, |

octane with FPhenyvlmammesium Bromide,

Since the author had shown that the isoxazolidine ring underwent N - O
cleavage under the influence of the nucleophilic hyd.ride ion from lithium
aluminium hydride, he became interested in determining whether the ring
" might also not be cleaved by nucleophilic Grignard reagents,

Consequently, the ester (XXI) was treated with an excess (somewhat more
than 3 moles) of phenylmagnesium bromide, The compound isolated corresponded
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’

to (LVIII), and not (LIX) or (IX), expected if the isomazolidine ring had

COCEt o CPh,

(xx)
(TvrII)

taken part in the reaction., It can be conciuded therefore that the isoxazol-

idine ring appears to be stable to Grignard reagents, and in any case is fax

less reactive than the ester group, This is in agreement with the fact that

the ester group is the first point of reduction of (XXT) with lithium .

eluminium hydride. (See page 74 ). -

A - — OH
) S ) i
. /\[ N}C}afgﬁgm ._ )[ N,/L ity G,

OHOH
(LX) (1X)

This failure of the isoxazolidine ring to react with phenylmagnesium
bromide is by no means claimed to form a basis for generalisations, as more
vigorous conditions, or a more reactive organometallic compound may achieve -

a ring cleavage,
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SECTION IIX

The Synthesis of the Amino-Glycols

The amino-glycols (XIX) and (XXIV) were found to present a number of
interesting synthetic problems, It appeared desirable to employ known
pyrrolidine synthesés , but the gem~dimethyl system present in both compounds -
a.ff‘orf.l.ed.1 gl;xaimpasse to any sirmple sequence based on the reduction of
pyrroles - , while the complexity of the side-chain at position 2 of the
pyrrolidine ring clearly introduced difficulty should it have been desirec

. 127b
to synthesise the ring by the more usual cyclisation methods R

| . _CcHoH | ' o
\E —GH/ /LCHL('}HGILOH
N G >[ ,
g ™ oH, 0B | §

- (xIX) SRR (XXTV)

It was the author's opinion that the route to the desired compounds
lay in the introduction or modification of side-chains on
the pyrrolidine ring, Obviously, in order to achieve this, a suitably
altered pyrrolidine system had to be utilised, and the author decided to
make use of the reactive properties of the nitrone system, hoping thereby
not only to synthesise the required amino-glycols, but also to demonstrate
the suitability of eyclic nitrones for syntheses in the heterocyclic field,

Amino-Glycol (3C{IV)

The first attempted route to the campound (XXIV) was as follows, The
nitrone 5,5~dinethyl~1-pyrroline i-oxide (XIIX), prepared as described
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earliér (page 51), was to be reacted with the Grignerd reagent (1X1), to
give, it was hoped, the hydroxylamino-ketal (IXII), The hydroxylamino
group of this compound was to be reduced to the secondary amine by the
action of zinc and hydrochloric acid, the ketal wndergoing hydrolysis
under these conditiéns to give ultimately, the desired amino-glycol (XXIV):

o < >(
>LN) L CEL \k )""w &

& | - : (1xTT)

 The iodo-compound (IXIII), required to form the Grignard’ reagént (1XT)
was prepared by the reaction of ‘trlpheny'lp’losphl'be meth:.oa:.de on
~ap-propylidene glycerol (LXIV) , which in turn was prepared from glycerol

and acetone by a Xnown method .

OH OH HCl ?(é ‘
cnacncxhon (@) oy, cHon, o (1X1V)
(¥h0),FlisI
07 0
t i

Ch, - CHCHI - (1X1II)

Unfortunately, the iodo-compound (IXIII) could not be converted to the
Grignard reagent, in spite of repeated attempts using activated magnesium
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1381 : . 122
powder , tetrahydrofuran as "forcing” solvent , or a promising new
188
method wh:.ch makes.use of e‘bhylene dibromide as entraining agent

’.Ehe next line of ap sroach was entirely different,  2-Nitropropane was
184

condenséd with methyl vinyl ketone” to give S5-methyl-5-nitro-mentan-2-one
{IXV), This was then reduced with zinc dust and ammonium chloride, to the

CHNO, + CH, = CHCOCH, = » ' /L
a” >‘ COCH, £f\? CHs
N | )
(1V) | (1xvI)

" nitrone 2,5,5- 'lz'methyl-:l.-—pyrrollne 1~-oxide (IXVI), :Ldentlca.. with that
prepared by Todd and his co-workers ’ 'by oxidation of the corresponding !
hydroxylamine (IXVII), in turn prepared from 5 5—dmethyl—-1—-pyrrol:|.ne
1~oxide (X.}CEX) and methylmagnes:.m iodide:

\E—;] ellgT - > {T‘ |
G ot

(XKTX) : (IXVII) | o (IXVI)

The chemical properties of the 2-methyl group of 2-methyl-l-pyrroline
1-oxides are analogous to those of methyl ketones, (see page 33 ), and this
methyl group ¢an also be considered to be sctivated in a manner not unlike
the methyl group of nitromethane, ' '

L85 .o

Since Pictet and Barbier successfully mansged to effect an aldol-
type addition between glycoilaldehyde and nitromethane, to yield initially,
the nitro-glycol (LXIVIII), the present author attempted the aldol addition



89,

?H

NO,CH; + CHO,CH,0H = NO,CH,CHCH,O0H (IXVIIT)
1482149
of glycollaldehyde (prepared from dihydroxymaleic acid ) to the

nitrone (IXVI).

— | CHO, CH, OH _ L
S CH, Base / CHQCHCHQ OH
& . (11X)
(1XVI) | ﬁ/}m |

>k CHGH2 oH

(xxTV)

The intermediate nitrone-glycol (IXIX) was not to be isolated, but reduced
with zinc and hydrochloric acid to the amino-glycol (X}C[V de

However, since the next, ancl evantually succéssful synthes;Ls was
simultaneously concluded, only a preliminary attempt at reacting glycol-
laldehyde with (IXVI) was carried out, It was found that the basic
catalyst used (sodium bicarbonate), caused the partial polymerisation of
the glycollaldchyde to a mixture of sugars, and no compounds corresponding
to an addition to the nitrone were isolated.

The successful synthesis made use of a compound prev:.ously synthesized
by the author in a previous work » This key substance was 2-allyl~1—
hydroxy-5,5-dinethyl-pyrrolidine (IXX), which can be prepared by the
addition of allylmagnesium chloride or bromide on the nitrone (XXIX).



|
OH

) T =.0.H \ -> \l\ /#t— CH=C ’
>[ IFA + CH, = OHOH,MgBr A S = O
0

(Xx1X) (IXx)

The steric course of the reaction must be commented onj the compound (TXX) s
' possesses only one asymmetric carbon atom (marked with an asterisk), and its
method of synthesis from symmetrical precursors cannot be regarded as be:.ng

'stereospecifn.c. Thus, (IXX) must be a mixture of two ensntiomorpha,

Tt was deeided to hydroxylate the double bond of (IXX) with performioc
acid, hydrolyse the resulting hydroxy-formyloxy hydroxylamine (IXXT) to
the hydroxylemino-glycol (IXXII), and reduce the latter with zinc and hydro-
chloric acid to the amino-glycol (XXIV), The interinediates (IXXT) and

— ogocH0 L OH
(mxx) - >[ )»GHQCI’?&"Q T \k /LCHQCHCHQOH
/NN ' :
' 6H
(£xxT) (IxxX1T)
ZnAHOL R
- A Ao, Crom, O



,91‘.

(IXXIT) did not need to be isolated, This projected sequence was successfully
carried out, The product was a viscous liquid, which slowly crystallised on
"seeding” with traces of -the amino-glycols obtained by reduction (as des~
cribed in the previous Section) of the "cold" ester and the allyl alcohol
adduct on 5,5-dimethyl-1-pyrroline i-oxide, The solid could not be re-
crystallised, but formed a picrate, of melting point 116 - 119°' which was
not depressed by admixture with the picrate, of melting point 116 - 119°,
from the glycol obtained by reduction of the so-called "cold-ester". A
mixed melting point with the picrate, of melting point 125 -~ 126°, from

the glycol obtained by reduction of the allyl alcohol adduct, was not
depressed below 116°. The low melting "synthetic" picrate could be re-
erystallised to a melting point 123 - 125°, which was not depressed on-
admixture with the picrate of melting point 125 - 126°,

Again, the gteric course of the reaction sequence nust be discﬁésed_
The formation of the second asymmetric carbon atom, (i.e., the carbon atom
2 in the glycollic side-chain) is not stereospecifioc, Although it is |
fairly well established that hydroxylation with peracids is a trans~
hydro;quationtsgzhm' such a reaction is carried out on the’isolated ally]:
group, it must be a random process, and give eventually both the enantio-
morphs‘ of the asymmetric carbon atom bearing the hydroxyl group, Further,
the reactions do not ihvolve the carbon atom 2 of the pyrrolidine ring,
which; as was pointed out, is asynmetric, and present in both enantiomorphic
formsin the compound (IXX), Thus, "the synthetic amino-~glycol. (XXIV) must be
a mixture in nearly, if not totally, equal amounts of the two possible
racemates ai'ising from asymmetry at the carbon atoms marked with an

agterisk,

Ami:mo—Glyéol (XIX)

As in the case of the former amino-glycol, (XXIV), a syntheéis based
on Grignard reagents was first attempted, It was hoped to react the
Grignard reagent (LXXIII) with 5,5-dimethyl-i-pyrroline i-oxide (XXIX),
to yield the dibenzyl ether (TXXIV), - This compound was then to be
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converted either to the desired amino~glycol (XIX), or the corresponding
hydroxylemine (IXXV) by catalytic hydrogenolysis, This hydroxylamine was
expected to reduce easily to the amjno-gljco:l (XIX) by the agency of zinec
and hydrochloric acid,

—— 'gfgocxagm | /cegocrxgm
ﬂ\*‘/, + CligCH * /L |

/ ’g_ . CH, OCH, Fh CHgoohzvh
} (XxIX) (IXXTIT) (IXXIV)
\[ P | | "1 TR
> J - CH —_— PN CcH
L oo : H “cn, 08
OoH
(1XxXV) . j S (xIX)

'The chloro~compound required to form \IDQ(III) was prepared by reactin§
glycerol 1,3—di-0—benzyl ether (IX{VI) with thlonyl chloride in pyridine .
However, the conversion of this chloro-

OH
PhCH, OCK, CHCE, OCH, Fh compound to the Grignard reagent failed,
» although especially forcing conditions
( ) ‘ were used, '

A novel approach was obviously called for, As discussed in the
introductory review, (page 34 ) , nitrones undergo a series of base catalysed-
reactions akin to the aldol addition, It was argued that 5,5-dimethyl-is .
pyrroline i~oxide (XXTX) should then react with diethyl malonate under
basic conditions to form the hydroxylemino-dlester (LXXVII). |
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T - 000Et - OMB I L COME
/ + + CHQ
N ™~

_.(l) : COCEt ‘GOOEt
(o) . | | -@‘X"“)
Tz, \J\ /L OB \L /L Céc}leH
TNy g
™ o, on - " CH,H
(zoxv) . (xrx)

This compound. was then' to be reduced with lithium aluminium hydride to the
hydroxylamino~-glycol (IXXV), and hence to (XIX).

Then the nitrone (XXIX) and diethyl malonate were reacted in the
presénce of sodium ethoxide, a water insoluble oil was obtained, Th:"l.s
material gave a positive test for hydroxylarﬁines when treated with 2,3,5-
triphenyl~tetrazolium chloride, and showed a somewhat coﬁzplex infra-red
absorption spectrum in the region between 1600 and 1800 em,™t  Analysis
of this oil indicated an empirical formula G oI} 40, and not G ¢H,sNOs,
as required by the structure (LXVII), Speculations as to the possible
structure of this material must talte into account that the analytical
data cannot be cons:.dered reliable, in view of the fact that the substance-
was probably J.mpure; this statement is based on the fact that the oil gave,
upon treatment with oxalic acid, a substance analysing for the hydrogen
oxalate of a base G, H,, NO,

In addition to this;, when piperidine was used instead of sodium

~ ethoxide as the basic catalyst, in addition to the oil described above, a
very small quantity of a solid was also obtained, This substance gave~ |
analytical values corresponding to a formula Coolrg Ny 07, which is difficult

to reconcile with a siimple reaction sequence.
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In view of the above, the author prefers not to speculate. wupon the
exact nature of the wnidentified materials mentioned, but would however
like to point out that the subject definitely merits further work,

The eventually successful attempt had its origin when the author
noticed a possible gimilarity between the reactivity of the 2- and 4-
methyl substituents in the pyridine and quinoline systems, which are knowm
to be protogenic, and the 2-met1vl group of 2-methy1-1—pyrr011ne 1-oxides,
It was well known for example, 'bhat 2-picoline (IXXVIII) underwent aldol-
type additions with formaldehyde , to yield 2-(2-pyridyl)-propan~1,3-
diol (LXXIX)s

o)
| L, HCHO
4/
N
(IXXVITI) (1LXXIX)
' ‘ 11217 )
Quinaldine and lepidine react in an entirely analogous manner s and

all indications are that this is a general reaction., With this observation
_in mind, it was not considered impossible that 2,5,5~trimethyl-i-pyrroline
1-oxide (ILXVI) should undergo a similar reaction, to form the nitrone-
glycol (IXXX). This was then to be converted to the amino~glycol (XIX).

l T - rn CH, OH
. . /
+)—-CHQ 4 I-’\i'/[_q{

N | ' oo
-0 | 6
(1XvI) , - (zxx)

When (LXVI) was reacted with two moles of formélin, in the presence
of aqueous alkali, and the product reduced, without prior isolation, a
gmall quantity of a base was obtained, whose picrate did not give an



entirely satisfactory analysis. The results indicated however that the
reaction had yielded either the pyrrolidine (IXX(TI) or the pyrroline
(IXXXIT), showing that only one mole of formaldehyde had reacted with

— o
S oo /£N)~CHNH20H

H
(o) | (100K

“the nitrone,

Bearing this in mind, somewhat more vigdroqs reaction conditions were
applied, The nitrone (IXVI) was heated with paraformaldehyde, and the
product reduced directly with lithium aluminium hydride to the hydroxyl-
amino-diol (7XXV), which again was not isolated,

R W ey

CHQOH . CHQOH
b : '

() | (moocm)_

The object Behind this reduction step, which would appear unnecessary,
since nitrones can be reduced ‘directly to the amine with tin and hydrochloric
acid, was to prevent the possibility of a reductive alkylation to the .
N—methyl—pyrrolidine (L)QQ{III), such a reaction taling place on account of
the presence of unreacted formaldehyde, ' ‘

Reductn.on of the hydroxylamino-glycol (IXXV) with zinc and hydrochloric
acid gave the desired amino~glycol, in a somewhat impure form, but from
which could be obtained a picrate, m,p, 165 - 166° identical with the
picrate of the amino-glycol obtained by reduct:.on of the ethyl acryla.te
adduct as described on page 63, '

.
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.

Preliminary considerations.

In attemptiing to formulate plausivie mechanisms for the cyclo;-addition

reactions of 5,5-dimethyl-1-pyrroline 1-oxide (XXIX) involving ethyl
. acrylate and allyl alcochol, it will not

be out of place to review the facts which e
. transpire from the experimental work, , \[\ J
These facts will be insufficient as far NN

_ constituting an exhaustive study of 6-
:2action, This however, must be the (XXX
C, 9 s’ as the author was primarily con-

cerned with the complete proof of orientation of the adducts, and not with

more subtle details of their formation,

(i) When ethyl acrylate reacts with 5,5-dimethyl~i-pyrroline 1-oxide
(X¥XTX), an exothermic reaction takes place, with the exclusive and
quantitative formation of the adduct (XXI),

(i) Vhen ethyl acrylate and (XXIX) react at 100°, a mixture of (XXT)
and (XVI) occurs,the concentration of (XVI) increasing with time,

until eventually it is formed quantitatively,

> : N COCEt
COCEt

(3XT) | (xXvI)

(iv) The adduct (XXI) can be converted to (XVI) by heating it at 100°
with ethyl acrylate,



Points (iii) and (iv) thus clearly indicate that the adduet (XXI) is
thermally less stable than the isomer (XVI).. Furthermore, the fact that
the latter is formed quantitatively under conditions where (XXI) is
decomposed indicates that at 100°, the conversion of (XVI) into the
nitrone and ethyl acrylate must either not oceur, or be very slow with

regpect to its formation.,

(v) VWhen allyl alcohol is heated at 100° with the nitrone (XXIX), the
adduct (XL) is the only product obtained, in 84% yield, It is not
Xnown whether the reaction proceeds ‘

quantitatively, in view of possible
loss of material during its pre- N ‘
. i '
0

paration, No reaction between -
(XXTX) and allyl alcohol appearé
to take place at room temperature. (x1.)

CH, OH

(vi) The adduct (XL) can be distilled without decamposition under con-

97.

ditions resulting in decomposition of (XXI), It is therefore clear

that (XL) must be thermally more stable than (XXI),

(vii) All evidence points to the fact that the adduct (XXI) is a mixture

- of the two possibie racemates _

ariging from asymmetry at the - :
carbon atoms marked with an ‘ )[ . :]'*
asterisk in the gcconmanying o | \*L :
formila (XXI), This evidence - 0- COCE+
can be summarised as follows, | ' (xxT)

(2) The infra-red absorption spectrum of (¥XI) shows two carbonyl
absorption bands, at 1740 and 1757 cm™, Although 1ittle mention appears
to have been made in the literature with regards to the relationship
between steric environment and frequency shifts of certain groups, a
recent paper on the subject may be mentioned.
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Brooks, Eglington and 1Toi1nan13?, in their study on the infra-red spectra
of carboxylic acids and their esters, ocbserved that certain ortho-sub-
stituted methyl benzoates exhibited split carbonyl absorption bands in
the infra-red, They asecribed this phenomenon to conformationsl isomerism,
_For example, o-methoxy methyl benzoate has two carbonyl bands. The one at
1723 cn™ 4is assigned to the conformation A, while the other, at 1745 cm™

is assigned to B
Me

O
\o/

/
\

oF
Q

B | (L}QOCEV)

2,6~Dimethoxy methyl benzoate (IXXXIV) shows only one carbonyl absorption
band, as expected, since corresponding conformations A or 3B are identical,
The difference between A and B (22 an™ ) is of the same order as that notea.

for the adduct (XXT) (17 em™ )

The compound (XXI), (the following discussion applies equally well to
(XVI) ), can exist in four stereocisomeric forms, represented below by the

formulee (XXIa) - (X1d),
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(XxTe) | | (xx1d)

The isomers (XXIz) and (XXIb) are enantiomerphs, end together they will,
if present in equal amounts, constitute one racemic pair, The other two,
(XXTc) and (XXId) will in the same way constitute the other racemate.
Models clearly show that in the pair of isomers (XXIa) and (XXTb), the
ethoxycarbonyl group is placed in such 2 way as to be partly included
in the fold of the two five-membered rings, and this group experiences

a totally different steric environment te that of the other pair of
isomers. The models indicate that (XXIa) and (X{Ib) have a sterically
more compressed environment s and it may well be that this racemate is the
least stable of the two, It is advanced by the author that the different
steric enviromment found in the two racemates is responsible for the

observed carbonyl frequency shift.

By & similar argument, it is most likely that (XVI), which exhibits
a single absorption band (albeit unsymmetrical) even under conditions of
high resolution, must be a pure racemate, or at least very enriched in one
of the two possible racemates,

(b) e allyl-alechol adduct is probably a pure or highly enriched
racemate, in view of its readiness to solidify after vacuum distillation,
to a low-melting solid of sharp melting point,

(¢) Reduotion of (XXT) gives an amino-glycol (XXIV), which is a
solid of low and indefinite melting point, and which can be converted to
a picrate of melting point 116 ~ 119°, analyses ccrrsctly for the picrats
of the glycol, and yet can have its melting point raised by successive
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recrystallisations to 123 ~ 125°, 'The synthetic amino-glycol (XXIV), which
cannot, in view of its method of synthesis, be anything else but a mixture
of the two possible racemates, behaves siunilarly,

, Reduction of the allyl aleohol adduct, which is probably a pure
racemate, gives an amino-glycol (XXIV), which has a sharp melting point,
and which gives a picrate of melting point 125 - 126°, which again
analyses correctly as the picrate of (XXIV). This value is very close
to the value to which the piérates of melting point 116 - 119° can be
raised by successive recrystallisation,

The above evidence does not conclusively and finally prove the presence
in closely similar, if not equal amounts of the two possible racemates of
(XXT), the single racemste of (XL), and the single, or at least highly
enriched racemate of (XVI), The muthor is acutely aware of this, and
considers that a final proof must be sought in the separation and complete
characterisation of the four stereoisomers of (XXI), as well as the four
stereoisomers of (XXIV), The suspected single raceamates of both (XL) and
(XVI) should be separated into only two, enantiomorphic components. How-
ever, it cannot be gainsaid that the evidence is sufficiently strong to
give the author a reasonably secure basis for further stereochemical
speculations,

Proposed mechanism for the reaction of ethyl-acrylate and 5,5-dimethyl-
l-pyrroline i-oxide:

The cyclo-addition of ethyl acrylate and 5,5-dimethyl-i-pyrroline
i-oxide, to form, at room temperature, exclusively (XXI), bears a formsl
similarity to the well lmovn Diels-Alder reaction, which has heen the
subjJect of extensive investigations, and no small amownt of mechanistical

873040
controversy - °
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. ™~
~ I'\'i// , N/ |
N L R o
0 | | “CoEt

The restoration of the lone pair of electrons on the nitrogen atom of the

- isoxazolidine has its paralilel in the formation of the double bond of the |
Diels-Alder adduct, Without going into details of the various possible
mechaniams proposed for the Diels-Alder reaction, (recent work in this
field include the contributions of Walling and Pe:.sach “ , Woodward and
Ka.‘l:zllt,2 and, Nevmzan ) it may be mentioned that the so-called ionie,

two-step mechanism outlined below, is not generally favoured, as it fails

.WR

to account satisfactorily for the é‘&m:*eospecificity of the reaction, and
the constancy of the observed rates, in both gaseous phase reactions and
in solvents of widely differing po_.ar:.tyl a « The present author however
considers that the formation of (XXI) involves an ionic mechanism, which
must be the easiest path of reaction between two highly polar substances
such as the nitrone (XXIX) and ethyl acrylate, and also on account of the

suspected non-stereospecificity of the reaction.
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The mechanism proposed is -entirely speculative, and will have to stand up
to rigid physico-chemical studies, and conformational analysis,

The reactions of ethyl acrylate involve the polar extreme (B), which
in view of the known general properties of ap-unsaturated carbonyl compounds,

N '
- .0 0"
Y -
CHz.-;-CH-C{ e C'!Hz-C':I=G/
CEt " Vg
(4) ' . : (B)

144 :
should generally hehave as an electrophile , The nitrone on the other

hand, can polarise in two ways, to give the extremes (XXIXa) or (XXIXb).

i i e
0 0 0

(0TX2.) _ (o)

ik

The known elecirophilic behaviour of nitrones is in accordance with the
agsumption that the nitrone should undergo an electromeric shift to
(JDCDQ)) at the moment of attack by such species as Grignard reagents.
There cen be little doubt, in view of the close sinmilarly between the
nitrone and carbonyl groups, that the structure (XXTXb) contributes most
to the actual structure of the hybrid, Nevertheless, to accommodate the
fact that (XXxIX)reacts spontaneously with ethyl acrylate to form only (XXI),
- one must take into account the possibility of an electromeric shift to
(XXTXa) at the moment of attack by the ethyl acrylate in its polarised
form. The nitrone would then react in the form that contributes least
to the structure of the hybrid,

The above phencmenon should in no way be congidered abnormal, It is
well known, for example, that the ion derived from f-dicarbanyl compounds
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undergoes the Michael reaction with af~unsaturated carbonyl compounds ,
The ion from diethyl malonate can resonate between the following canonical
forms, in which the last two (which are identical) must contribute to the

: . 0
[
C - OBt C - CEt C - OBt
A e ~
- CI P cH > G[i\
\g-afﬂt \CH!-(IEt \>?-m3t
0 0 0

greater extent to the actual structure of the hybrid, Yet, when diethyl
malonate and its derivatives are reacted with electrophilic ‘ccﬁ-unsaturatefi
esters, ketones, and nitriles, the products isolated are derived from the
first canonical form, In en example more closely related to nitrones, the
ion derived by proton abstraction from a nitro-paraffin must be a resonance
hybrid of the two forms below, where again, the last form is considered to

. 148
be the most important .,

R R R R
Ng g /
_ i+ A > e
/N;.\\ N\ v
“0- >0 , X 0"

) ’ : 84
The structure which is operative in Michael reasctions is the first one .,

The first step in the reaction between the ethyl acrylate and the
nitrone (XXIX) probably involves the formation of the zwitterionic inter-
mediate (IXXV): '
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This intermediate then ring closes to the adduect (XXT), A mechanism such
as the one above accounts for the probable non-steréospecificity of the
reaction; the two asymmetric centres are formed at different times, and
the first step cannot be conceived as having stereogpecificity. In the
second step, ring closure can take place by movement of the electrons
equally well from either side of {he plane of the "nascent” isoxazolidine
ring, This would account for the random conformation of the carbon atom
bearing the ester group, ’

As far as the formation of the ester (XVI) is concerned, an analogous

mechanism can be postulated, involving, at the moment of initial attack, the
nitrone polarised in the extreme (XXIXb):

C - GE’b
'y
-7 cx,
'\,/" +
(Db )

(XvIb)

The zwitterionic intermediate (ILXXIVI) undergccs ring closure to give
(XvI), It must be noted here that both carbon atoms 4 and 5 are rendered
asymietric simultaneously, and the bond formation could well be expected
to possess stereochemical requirements which would make the formation of
one racemate more likely than the other, Investigations with models seem
to indicate that the formation of the racemic pair (XVIa) and (XVIb)
would be favoured, but that has not been investigated by conforumational
studies, nor is the author certain, for that matter, that (XVI), as

AN
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prepared, is a pure racemate, although, as mentioned earlier, this is a
distinct possibility, | ‘

The fact that (XXI) only forins in the cold rather than (XVI) is
expected in view of the fact that tho: compound (XXI) is formed by C
coordinating oo C+, which process is attendant with a greater overall
energy release than the rival process 0 on G', By an application of
Ie Chatelier's Principle, the exothermic character of the reaction leads
one to expect its thermal reversal, That the adduct should be unstable
at temperatures as low as 100° is however surprising, The author con-
siders likely that (XVI), which slcwly forms at 100°, does so by initial
break-up of (XXI), and recombination of the liberated nitrone and ethyl
acrylate, by the mechanism outlined above. The higher energy conditions
which prevail at 100° allowing coordination of 0 on c*,

Whether the reversal of the cyclo-addition, i.e. the thermal decom-
position of (XXI), takes place by a reversal of its formation mechanism,
is not established, -

As far as the reaction of 5,5-dimethyl-i-pyrroline l-oxide and allyl
alcohol is concerned, the author prefers to envisage a mechanism d.iff‘erent'
to that of the ethyl acrylate additions, The reason for that is that the
steric course of the reaction appears to be different, in that a single
racemate is probably produced, As mentioned earlier, the ester (XXI),
with identical group orientation, is a mixture of racemates. Péssibly a
mechanigm gimilar to the reaction of cyclopontadiene with allyl alcohol,

146
which is stereospecific , might operatas

I
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Allyl elcoheol is generally accepted to polarise in such a manner as
to be open to attack by elec't:rophilesl” on the terminal carbon atom of
the double bond, There lies the major difference between it and ethyl
acrylate, which is open to attack by nucleophiles on its terminal olefinie
carbon atam, Furthermore, in allyl alcohcl, the absence of conjugation
such as is found in ethyl acrylate' mist result in a less extensive polar-
isation, and hence the difference in reactivity towards the nitrone,

The demends of ethyl acrylate as an electrophilic reagent are suffic-
iently powerful to cause the nitrone to react in its least predominant
extreme at room temperature, The demands of allyl alcohol, if at all
significant, would be a nitrone polarised as (XXIXb), The polarisations
of both nitrone aﬁd allyl alcohol are thus in such a mutually acceptable
way as to allow dipole interactions to ‘lower the energy of activation
leading up to the transition state (IXXXII), Such an approach can be
expected not only to determine the orientation of the addition, but; as
in the case of Diels-Alder additions, to determine the stereochemistry of
the adduct,

| ; | &+
J . +] oL, - J\) - = >1\ j
-N +(‘JH o u " CHy ' N |
o \\C‘HQOH (‘)’ AI-I (')
, N OH
| 8= 8" o om - CH
(XXTXb ) ' (IX0XTT) | (xw.)

In the absence of further information, the mechanisms suggested above
mist be congldered as mere conjectures, Should they however stimulate
further investigations into the kinetic ,thermodynamic, and stereochemical
aspects of nitrone cyclo-additions, the author will feel amply rewarded, '
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« SECTION I =

A, CYCIO-ATDTTIONS OF 234,4-TRIVETHYT~1-PYRROLING 1-OXTDE

(1) 4.,4-Dimsthyl-5-nitropentan-2-one:

Kloetzel, J,A.C,S., (1947), 69, 2271,
Smith and Engelhart,d.A.C.S., (1549), 74, 2676,

T . .
No,GHy +  C=CGHOO.CH —"s NO, - O - C - OH,COCHK

oo Klostzel's method, which makes use of diethylamine
as the basic catalyst, gave the author a 507 yield of produst., The use of
sodium ethoxide, as advocated by Smith and Engelhardt, gave a 687 yield,

in a shorter reaction time, with the added advantage of being free from
basic by-products. '

4 ,4=-Dime thyl-5~nitro~pentan~-2-one had b.ps, 68° - 70°/0,4 mm,, and
100° - 105°/9 mm, The semicarbazone had a m,p, 165° - 186° (deccmp. ).
‘Kloetzel reports a m,p, 165° ~ 166° (decomp, ) for the semicarbazone of -
4y4~dimethyl-S-nitro~pentan-2-one,

s

(41) 2,4.4-Trimethyl-l-pyrroline l-oxide:
Bormett, Brown, Clark, Sutherland snd Todd, J., (1959), 2094,

Gty | o
NO,CH, = C ~ GH,GOCHe —r R [‘ ‘ L
: ¢ O
CHy : ‘
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2,444-Trimethyl-l-pyrroline l~oxide, b.p. 74°/0,4 mm, was obtained
in 72% yield, The piorate had a m,p, 116° = 117° from butanol, The
methiodide had a m,p, 105° - 106° (decomp, ) from ethanol-ether, Bonnett
et al reported m.ps. 111° for the picrate, and 106° (decomp, ) for the
| methiod:.de of 2,4 4-12':‘.methyl~l-pyrrolme l-dede.

(111) 3. or 4-Bthoxycarbonyl-5,7,7~trimethyl-2~oxa-l-azabioyelo[3,3,0]octanss

.

T T
4-/) : 100° Nk
g + m‘lz = CHCOUEt N é ——~COoE%

O

2,4,4~Trimethyl-l-pyrroline-l-oxide (2,00 g.) and ethyl acrylate
(10 ml.) were heated on a steam bath for 24 hr. The wireacted ethyl
acrylate was removed in vacuo at 100° bath temperature, and the residual
0il shaken with water (10 ml,), Petroleum ether (b,p. 40° = 60°, 5 ml, ).
. was added, the mixture shaken, and the aqueous layer discarded, The
petroleum ether layer was washed with water (5 x 10 ml,), dried with
" anhydrous sodium sulphate, and evaporated, Rapid vacuum distillation
(0,2 -'0,3 mm, ) of the residual oil in a short path still, at a bath
temperature of 100°C gave 3 or 4-ethoxycarbonyl<5,7,7-trincthyl-2-oxa=1-
azabicyclo[3,3,0]octane as en almost colouwrless oil, nl® 1,4559, The
yield was 2,19 g., (61%). Voax 1745 cm. 2 (ester >00), No absorption
at 1610 om, ™ ’ ‘
Distillation of larger quantities (10 g. or more) of product through
a conventional vacuum distillation app'aratus, leads to appreciable
decomposition, with the formation of ethyl acrylate and 2,4,4-trimethyl-~
1-pyrroline-l-oxide. |

To purify the product which may contain nitrone as o result of such
' decomposition, it was found adventageous to dissolve it in low boiling
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petroleum ether (b,p, 30° - 50°), and wash the solution with water to remove
the nitrone, After drying and ewraporatlon of the solvent, the residual oil
had a refractive index identical with pure distilled material,

When 2,4,4-tfimeﬂw1-1-pmoline l-oxide and cthyl acrylate were reacted
together in the presence of bases suoh as sodium ethoxide, either in
pyridine or ethanol, highly viscous by-products were formed, and low
yields of cyclo-addition product were ohtained,

Apalysis
©Caloulated for G ,H,, NO, Found
C 63,4% C 63.4%
H 9,31% H 8,95%

N 6167 N 676k

The saponification equivalent was determined by refluxing a known weight
of ester with excess ethanolic potassium hydroxide, followed by titration
of the remaining alkali with standard hydrochloric acid, Calculated for
Gl N0y, 227, Found, 252, '

The picrate could not be obtained from sa.turated so]ntions .of pioric
acid in ethanol or benzeme. The picrolonate formed slowly from a saturated
solution of picrolenic acid in ethanol, to which petroleum ether (b.p. 100°
« 120°) was added, Recrystallisation from butanol gave yellow crystals,

m.p. 154° - 156°,

‘ Analysis
Caloulated for CpoHheNsOp Found
¢ 53.8% C 53.8%
H 5,95% ' H 5,96%
N 14,3% N 13, 7%

This picrolonate must be the picrolonate of a pure position isomer, The
~o0il itself could be a mixbture of the two pogition isomers, The same
obgservation applies to other similar esters prepared in this section,
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(iv) 3 or 4-—Metho:grcar’bony1f-5 or 4,5 *7,V—té'trmnethybz-om—l-ambiqyclo

[343,0}octane
N | N\ i
J_ . G, = : "‘"‘/"—
: .
~&7 T o =0 - comne 22 E g |
I . If —}-CO0Me

2,4 ,4~Trimethyl-l-pyrroline l-oxide (2,13 g, ), and methyl methacrylate
(stabilized with hydroguinone, 10 ml.) were heated on a steam bath for ~
24 hr, The unreacted methyl methacrylate was removed in vacuo, leaving -
a clear dark yellow oil, which appeared to be completely free from poly-
merized methyl methacrylate, Water (10 ml.) was added, and the mixture
shaken, Petroleum ether (B.,p-. 30° « 50°, 5 ml,) was added, the mixture
shaken again, end the aquéous layer discarded, The petroleum ether
extract was washed by shaking with water (4 x 5 nl.) dried with
anhydrous sodium sulphate, and evaporated. Short-path distillation in
vacuo at a bath temperature of about 100° gave 3 or Lemsthoxyortaylssais t,%~
tetramethyl~2-oxn~l-azabioyclo-[3,3,0]-octane as a almost colourless oil,
n%" 1.4548., The yield was 2,07 g, (54,05%). L. 1750 em,2, (ester

C =0), No absorption at 1610 am,~2, A

Analysis |
Caloulated for G ,H,, NO f Found
C 63.4% 0 65,4%
H 9,31% ‘ H 9,42%
N 6.16% | N 6. 25

The saponification equivalent, daterm:med as in tle previous experiment
was 228, Calculated for G ,H,, NOs, 227. ’
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.The .Eicn'olona.te formed readily from a solut_ibn of picrolonic acid in
ethanol /petroleum ether (b,p, 100° ~ 120°), Recrystallisation from
butanol gave pale yellow fiuffy needles, m,p. 169° - 170° (decomp, ),

Analysis

AN

Calculated for G,,HyoNgOy Found
C 53.8% " C 53.6%
H 5,95% ' H 5,95%
N 14,3% N 13, 7

(v) Thermal decomposition of 3 or 4 cthoxyeerbonyls, 7.7-1z~inn£hyl-2-on~;

azabicgglo | 3, Sagootane.

+ CH, = CH - COCEt

:N: . 130° /30 mm,
o { — —O00CEt
0

3 or 4-Ethoxjoarbonyl-5,7, 7-tringthyl-2-oxa~l-azebicyclo[3,5,0]octane
(5.0 g.) was placed in a 50 o.c, two-necked flask fitted with a reflux
condenséi'; The top of the condenser was connected to a filter pump by
. way of a dry-ice/aoetone trap, 'The contents of the flask were heated to
120° = 130° while dry nitrogen was siowly led ‘through the flask, The
apparatus was thus kept under vacuum (about 2 = 3 mm, ) for 1 hr,

The residual oil was dissolved in petroleum ether (b,p, 30° - 50°,
20 ml.) and shaken with water (20 wl.) to extract water-soluble materials,
The water extract was evaporated in vacuo at a bath temperature of 70° to
as low a volume as possible, and the remaining oil dissolved in absolute
ethariol (5 ml, ), = A saturated solution of ploric acid 4n ethanol (10 ml,)
was added, and the precipitated crystals filtered, ' :
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After one recrys’eallimﬁon Txrom n-butenol, they had m,p, 116° ~ 117°,
undepressed by admixture to the p:.crate of 2 4,4-‘&‘1methyl—1-pyrrolme
l~-oxide,

The liquid which had condensed in the dry-ice/acetone trap hed a
strong smell of ethyl acrylate and had b,p, 98° = 999, Its infraved
gpectrum in the range 650 - 3650 ecm,™ was identical to the spectrum of

pure ethyl acrylate, | -

B, CYCIO= TIONS OF 33,5 ,5-TETRAMETHYL~1~FYRROLINE 1

1) 1= 2,244 4~ tetramethyl idine

Bonnett, Brown, Clark, Sutherland and Todd, J.,v (1959), 2101,

Sa,

« |
[§/%(£;Wy l x/l<

)

CH

Sy

1-Hydroxy-2, 2,4-,4-tetramethy1pyrrolidineg mPe 59 ~ 61° woas o‘btajned in -
95% yleld, Bormett et al report m.p, 62° for this campound,

(41) 3,3,5,5-Tetramethyl-l-pyrroline l-oxide:
Bonnett, Brown, Clark, Sutherland end Todd, J., (1959), 2101,

\/

_ J Oa/ou(u ) >J\$-/f
0
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3,545,5~Tetranethyl-1l-pyrroline 1-oxide, m.p.47-&® was obtained in
50% yield, The picrate had m,p, 140~142° from butanol, Bommett et al
report meps., 32°= 34° for 3,3,5 5-teu'amethy1-1-pyrrolme l-oxide and
13P - 138° for the picrate,

(441) 3.0r 4-Ethoxycarbonyl=6,6,8,8-tetramethyl-2~gxa~l-azabicyclo[3.5,0loctans

_ /
> l ! + CH, = CHOOCEt - L 1
¥

84335 5-Tetramethyl-1-pyrroline l-oxide (2.68 g, ) and ethyl acrylate
(20 ml,) were heated on a steam bath for 26 hr, The unreacted ethyl
acrylate was removed under reduced pressure, and the residual oil shaken
with water (10ml.). Petroleum ether (b,p. 50° - 50°, 10 ml,) was
edded, the mixture shaken, and the aqueous layer discerded, -The petroleum
ether layer was washed by shaking it with water (4 x 10 nul, ), dried with
anhydrous sodium sulphate, and evaporated, Distillation of the residual

24+

. COEt

©i

dark oil in a short-path still at 100° ~ 110°/0,2 ~ 0,3 mm, gave 3 o 4-cthaxy~

carbonyl~6,6,8,8-tetramethyl~2~oxa~l-azabicyclo[3,3,0]octane as a colour-
less oil, n2° 1,4600, The yield was 2,89 g., (€5%)s v 1745 am ™
(ester C = 0), No absorption at 1575 cm,-2,

 Analysis -
Calculated for G, 3H,,NO, Found
C 64,7h - C 64.3%
H 9.61% E 9.61%

N 5.81% . N 6,220
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P

The: icrolonato' was proporod by odding the ester 4o a saturated solution
-~ of picrolonic acid in ethanol, followed by addition of peh*oléum ether
(beps 100° = 120°), Recrystallisation from butanol gave yellow crystals,

‘mep, 162° ~ 163° (decomps )s

Analysis
Calculated for C,zHs, NgOa Found
C 54,60 C 54,7 _ \
N 13,9% N 13,%

C. CYCIO-ADDITIONS OF 5,5-DRMETHYI~1-PYRROLINE 1-OXTE

(1) 4-Methyl-4-nitropentangl:
| Iamchen, private conmmication,

CH,

Ch, _,__‘
jcmoa + CH = CH-co 20 0 Nozé-ai,c}gaao

4~lothyl-4-nitropentennl, b,p, 65° - 68°/0,02 mm, was obtained. in
52% yield,

(11) 2-(3-lethyl-3-nitrobutyl)-1,3-dioxolans
Bonnett, Brown, Clark, Giddey and Todd, J., (1959), 2090,
. CH,OH ‘ 0 ~ CH,
! T OH ?Hq 4
N - C - CHOH, - CHD + 8% No, - G - CH, OB, CH ]
Crly CHROE by No - ox,
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\

2~(3-Methyl-3-nitrobutyl)~1,3-dioxolan, b.p, 86° ~ 92°/0.2 mm, was
obtained in 91% yield,

(141) 5,5-Dimethyl-1-pyrroline l-oxide:
Bonnett, Brown, Clark, Sutherland and Todd, J., (1959), 2095,

CH, - CH, o 0 - CH,
) | ya ! e
N0yC - GO0 | =M, HONEC - CHy B, CH_ |
H, o-cm OB, | 0 - CH,

Fw)

fo

. 0. o _

,5-Dimethy1—1—pyrroline 1-oxide s ’b.p. 668° - 68°/0,2 mm, s Was o'bmd
in 83% yield, The piorate had a m.p. 81° - 82° from butanol, Bomnett et -
al report o mp. 81° for the pic'rate of 5,5-ai.met1w1-1-pyrroline 1-oxide,

(iv) 3 or 4-Di ethoxymethyl-8, 8-dime thyl-2-oxa-1-azabicyclo[3,3,0] octanes

D CH, CHc:H/OEt >l:—~j -
2 + = g
N 4 \GE'b A N \ /QEt
i CH
0 ™~

=+

S

EL

5,5-Dimethylei-pyrroline i-oxide (2,5 g;) and acrolein diethyl acetal
(prepared by the method of VenAllan, Org, Synth., (1952), 32, 5; 5.0 ml,)
were heated for 24 hrs., on the water bath., The excess of acrolein diethyl}
acetal was rapidly removed in vacuo, and water (10 ml, ) added, The
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- insoluble oil was vdissol‘l.ved in petroleum ether (b.p, 30 = 50°, 10 ml, ) and
washed with water (3 x 10 ml,). The petroleum ether extract was dried with
anhydrous magnesium sulphate, evaporated, and distilled in vacuo in a short-
path still, at a pressure of 0,5 mm, and 100 - 110° bath temperature,

n%‘“ = 1,4485, The yield was 2,81 g

Analysisg:
Calculated for G gHygNOs Found
C 64,2% C 64,4%
H 10,45 H 10,3%
N 576% | N 5807

The picrate formed readily from a saturated solution of picric acid
in ethanol, Recrystallisation from butanol gave bright yellow needles,
tho 102 - 10500 '

: Mzs:i_._g:
Calculated for G oHaeNsQ,q Found
C 48,3% C 48,9%
H 5,97 H 6.21%
N 11.9% : N 12,0%

(v) 3% or 4-Cyano-8,8-dimethyl-2~oxa-i-azabicyclo[3,3,0]octane:

Sl meee - S
- TN

: . ! N
. © 0

o e et

5,5-Dimethyl-1-pyrroline-1-oxide (2.0 g.) and acrylonitrile (10 ml,)
were allowed to stand at room temperature for 24 hrs, The unreacted
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a.cryloniﬁ'ile was removed in vacuo at room temperafur_e. Upon scratching
and cooling, the residual oil solidified, Yield, 3,30 g., (100%), A
sample, recrystallized from petroleum ether, (b,p, 100 = 120°) had m.p, 57 ~
58°, '

Analysise
Calculated for Col 4Ny  Found
c 65,07 C 64,6%
H 8,47% H 8,81%
N 16,8% N 16,5%

The picrolonate readily separated from a saturated solution of picrolonic
acid in ethanol, Recrystallisation from butanol gave dirty yellow
crystals, m,p, 14'7°. ‘

Analysiss
Calculated for C gHy,Ne0, Found
¢ 53, 0% C 52, 7%

H 5,12% H . 5.,49%

(vi) S-Hydroxymethyl-8,8-dimethyl-2-oxa-1-azabicyclo[3,3,0]octane:

> : %=1?£&OH"’ | |
st | 7NN |
. ‘ |
| | .0 :
1, OH

&

5,5-Dimethyl~1-pyrroline i-oxide (22 g.) and snhydrous allyl alcohol
(100 ml, ) were heated at 100° overnight, The unreacted allyl alcohol was
removed in wacuo, and the regidual oil dissolved in ether (50 ml,). The
. ether solution was washed with aqueous potassium carbonate, (30%, § x 25 ml, ),
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dried with sodium sulphate, and evaporated, The residual oil was distilled
in vacuo at 100 - 103° and 3 ~ 4 mn, The distillate solidified and weighed
28 g, (84%). A sample recrystallized from petroleum ether had a m.p, 43 -
449, The material is highly hygroscopic. :

- Analysiss
Caleculated for CoH oNO, ' Found
C 63,1% C 61,4, 60,9%
H 9,99% H 9,65, 10,5%
N 8.18% N 7,93%

The picrate formed from a solution of picric acid in ethanol, Recrystallis-
ation from butanol gave bright yellow needles, m,p, 150 = 1529,

Analysis:

Calculated for C gH,qlN;0s - Found -
c 45,0 v C 45,1%
H 5,04% H 5.13%
N 14,0% N 14, 7%

B, Wk, 400 399

(vii) Reaction of 5,5-dimethylepyrroline i-oxide with ethyl acrylate:

(1) Preliminery invesj‘i_.gatidn Formation of a mixture of 3-ethoxy-
carbonyl- and 4-ethoxycarbony1~8 ’ &Metlwl-'-?—om—azabicyéio [3 33,0 Joctanes

5,5-Dinethyl-i-pyrroline i-oxide (26 g.) and ethyl acrylate (150 ml,)
were heated on a boiling water bath for 24 hr, The unreacted ethyl
acrylate was removed in vacuo, and the residuval oil shaken with water

(50 ml, ), . Petroleun ether (b,p, 30 - 50°, 50 ml,) was added to dissolve

the water insoluble oil, The aqueous layer was discarded, and the
petroléum ether layer washed with water (30 ml,), The infra-red spectrum
of a dried sample of the extract showed no maximum at 1575 cm, s thus
showing that the washing process had removed all unchanged nitrone, if
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y
any was present,  The bulk of the extract was dried with anhydrous magnesium
sulphate, and the solvent removed in vacuo, Distillation by conventional
vacuum-distillation gave 37,3 g., (76%) of product, b.,p, 76 - 80° at 0,005 -
0,01 mm, This material was found to contain apprecisble quantities of
nitrone (peak at 1575 coy? in the I.R. absorption spectrum). This nitrons
was removed by dissolving in a amall quantity of petroleum ether, (b,p,
30 ~ 50°), washing with water, followed by drying and eveporating, The
product could be distilled in a short-path still without noticeable decom-
position, as witnessed by the constancy o;f' the infra-red spectrum, which
showed no nitrone absorption at 1575 am, ™

In the preliminary stages of this work; the infra-red absorption curves
were determined on a Perkin-Zlmsr "Infracord" instrument, which had a low
resolution; only one ester carbonyl band (1746 cme ™ ) was registered,
Iater, the gpectrum was determined on a Unieam S,P, 100 ms'lz‘mnent, which
had a much higher resolution, The speomm showed a peak at 1740 cm.
and a shoulder at 1%55 om,*?

The refractive index of this compound was constant in several fractions
obtained by short-path distillation, :

Analysd :
Calculated for G 5 oNO; Found
C 61,9% C 61,2%
H 8.98% H 9,13%
N 6,57% N 8,74%

The saponificatim equivalent was found to be 21Y, The calculated value
‘ is 2150

The above material was degraded, and found to be a mixture of the |
3=ethoxycarbonyl and 4~-ethoxycarbonyl cormpounds in aporoximately equal
quantities (see page 138). |

A picrolonate séparated after a period of several weeks from & solution
of picrolonic acid in ethanol/petroleum ether (b.p, 100 - 120°C),
Recrystallisation from butanol gave yellow crystals, decamposing at
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SECTICN IT

Attempted Reduction of Ethyl Acrylate Adduct Prepared on page 118

The adduct (5,03 g) in a mixture of absolute eibanol (9,5 ml,) and
dry toluene (15 ml,) was added to a stirred suspension of powdered sodium
(3.5 g.) in dry toluene (75 ml,), The reaction mixture was stirred and
heated at 85° - 95° during the addition (SO mins, ), and refluxed for %
hrs, after, Water (5 ml,) was added, and the mixture stirred and refluxed
for an additional 15 mins, Hydrochloric acid (5N, 75 ml,) was added, and
af'ter thorough shaking, the toluene layer was removed. The aqueous layer
was evaporated in vacuo, saturated with anhydrous potassiim carbonate, and
extracted into chloroform, After drying and eveporating, a black tar
remained, which could not be distilled. ‘

Reduction of Ethyl Acrylate Adduct Prepared on page 118

The adduct (5,41 g.) in dry tetrahydrofuran (25 ml,) was added during
40 mins, to a well stirred suspension of lithium aluminium hydride (6.5 g.)
in dry tetrahydrofuran, TWhen the addition was complete, the mixture was
refluxed for 10 hrs, The wreacted hydride was destroyed by cautious
addition of dry methenol (25 ml,) and the tetrahydrofuran and methanol
removed in vacuo, A saturated solution of sodium potassium tartrate
(200 ml, ) was then added, followed by a solution of potassium hydroxide
(20 g.) in water (100 ml, ). This solution was extracted continuously with
ether for three days. The ethereal extract was dried with anhydrous sodium
sulpl'iate s evaporated, and the viscous residue distilled in a _sinort-path
8till, at a bath temperature of 150 = 160° and presswre 2 - 3 mm, There
wes obtained 3,54 gm, of product, (80%), which failed to give a positive
reaction for hydroxylamines when treated with an alkaline solution of
2,3,5-triphenyl-tetrazolium chloride.‘

The material is very hygroscopic. . Periodic acid consumption was
determined as described on page 142, and found to be .53 moles periodio
acid per mole GyH oNO,,
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Analysis:
Calculated for CoH ¢NO, .. Found
G 62,4% ¢ 60,9%
“H 11,1% c H 10, 7%
N. 8,09% . N 8.44%

A picrate separated out from benzenz-picric acid. Recrystallisation from -
n-butanol gave yellow-orange needles, m,p. 165 - 166°, ' '

Analysiss '
Calculated for G GIizaN409 ' Found. -
C 44,8% | C 45.1%
H 5,51% _ 4 5,61%
0 35,8% . 0 35,5%
Equivalent weight 402 - 402

As described on page 138, the free base is 2 mixture of 3-(5,5-dimethyl-
pyrrolidin-2-yl)-propan-1,2-dicl and 2-(5,5-dimethylpyrrolidin-b-y1)-
propan-1,3-diol, The picrate described above is the picrate of 2-(5,5+
dimethylpyrrolidin-2-yl )~propan-~1,3~diol.

Synthesis of 2-isopropyl=5,5~dimethyl-pyrrolidine

(2) 1-Hydroxy-2-isopropyl-5,5-dimethyl-pyrrolidines:
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5,5-Dimethyl~1-pyrroline i~oxide (il.7 g,) in dry ether (50 ml.) was
added during 45 mins, to a stirred solution of i_s_gpropylma@esitm bromide,
prepared in the usual way from nra.gnes:.mn (2.5 8. ), 1sopropyl bromide (13 g.),
“and ether (75 ml. ).

The mixture was stirred and refluxed for 5 hrs., and hydrolysed by
addition of ammonium chloride (5N, 25 ml. Je The ether layef was removed,
and the agueous layer extracted with ether (50 ml, ). The combined ether
layers were dried with anhydrous magnesium sulphate, evaiaorated, and the
residual 0il vacuum-distilled. There was obtained 7,42 g, (4-6%) of a
colourless oil, b.p, 56 - 58° at O,7 mm,, which soon solidified in the
receiver, This material gave a positive reaction for hydroxylamines upon
treatment with alkaline 2,3,5-triphenyl-tetrazolium chloride,

" A small sample was sublimed in vacuo, and had m,p., 36 ~ 38°C., It
soon liquefied on standing in a desicecator, and turned yellow, This same
phenomenon was observed with small samples icep*b in sealed tubes under dry
nitrogen,

Analysis:
Calculated for CgH gNO Found
C 68.7% - er.8%h
H 12,2% . 12, 3%
N 8,91 9, 9%,

- The oxalate was prepared by adding the base to a saturated
‘solution of anhydrous oxalic acid in dry ether, Recrystallisation from
butanol-dibutyl ether gave small white needles; m.p. 124 - 126°, |

Analysiss )

Calculated for C,, Hp, NOg Found
C 53,4% C 53.5%
H 8,56% ’ H  8,55%

N. 5,67% N 5,60%,
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(b) 2-isoPropyl-5,5-dimethyl-pyrrolidines

i
/
1

] | T mpm g™
T Do, . 0O
OH . '

1-}Iydrom-2-__i°§;qpi‘opyl-5 y5=dimethyl-pyrrolidine (6.95 g, ) and zinc
dust (25 g,) in hydrochloric acid (20%, 75 ml,) were heated for 15 hrs.
on a steam bath., The mixture was made strongly é.lkaline by addition of
sodium hydroxide solution, and steam distilled, The steam distillate
(150 ml, ) was acidified with concentrated hydrochloric acid, and evaporated -
to dryness in vacuo, The solid hydrochloride was treated with enough con-
centrated sodium hydroxide solution to liberate the free base, and the
resulting solution (about 10 ml,) was ether extracted, (2 x 50 ml, ). The
* ether extract was dried with anhydrous calcium sulphate, and evaporateds
Vacuun distillation gave the product as a colourless oil, b, p. 62 = 64°C
at 23 mm, The yield was 4.54 g, (75%). ,

Analysist ,
Calculated for CoH 4N Found
C 76.5% C 77.1%
H 13.6% ’ H 13.8%
N 9,92% N 10.1%

The picrate was prepared by “adaing the base to a hot solution of picric
acid in benzene, Recrystallisation from benzene/petroleum ether (b.p.
100 - 120°C) gave yellow needles, m, p. 152 - 1549C, :
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Analysiss
Calculated for C gH,,N.0, Found
C 48,6% ' c 48,7%
H 5.,99% H . 6,06%
- N 15,1% N 14,5%
Eqg, Wt 370 370

The picrolonate formed immediately from a saturated solution of picrolonic

acid in ethanol, Reorystallisation from n-butanol gave yellow needles,
decomposing at 245°, '

Analysis: ,
Calculated for G oH,9N50s Found
C 56, 3% C 56, 6%
H 6.71% . H  6.84%
N 17.3% ) N 17.%%

The oxalate formed readily as a:white precipitate when the base was added
to an ethereal solution of oxalic acid, Recrystallisation from butanol
gave white fluffy needles, m,p. 221 - 222°C (dec.)

Analysiss ‘
Calculated for G, Hy, NO, Found
- C 57.1% c 57,1%
H 9,15% , q  9.16%

N 6,064 | , N 6,08%

/

Synthesis of 2,2-dimethyl-5~propyl-pyrrolidine

© (a) 1-Hydroxy-2,2~dimethyl-5-propyl-pyrrolidines

> ﬁj +  CHCHCH,Mghr = > - > N%‘%%%
I c{f o ('JH .



126,

5,5-Dimethyl-i~pyrroline i-oxide (11.8 @) in dry ether (50 ml.) was
added to a solution of n-pa‘opy]magnesimn‘brémidé , Prepared in the usual way
from n-propyl bromide (13 g, ) and ma.gnesiwn (2.5 g.) in dry ether (75 ml,).
The mixture was stirred and refluxed for 4 hrs,, after which it was decom-
posed by the addition of a solution of ammonium chloride (10 g.) in water
(30 ml. ), " The ether layer was separated, the aqueous lay‘er extracted with
ether, (50 ml, ), and the combined extracts dried with anhydrous sodium
sﬁlphate. The ether was evaporated, and the residual oil distilled in vacuo,
There was obtained 8,1 g, of a colourless oil b, p. 64 ~ 68°C at 3 = 4 mm,
(49%). This material gave a positive test for hydro;ﬁs'rla.mines upon treat-
ment with an alkaline slution of 2,3,5-triphenyltetrazolium chloride,

Analysiss

Galculated for CeH gNO © Found
C 68.7% C 68,2%
H 12.2% H 11,8%
N 8,91% N 8,63%

The oxalate formed 'readily from a saturated solution -of anhydrorﬁs oxalio
acid in ether, Recrystallisation from di-n-butyl ether gave white needles,

m,p. 116 - 117°C,

Analysiss
Calculated for G H,, NOs Found
C 55.4% - ¢ 53.8%
H 8,56% . H  8,46%
N 5.67% , N 5.43% .

(b) 2,2-Dimzthyl-5-propyl-pyrrolidines

\l ’ _ . Za/HCL I I |
s N CH?CHQCHG oo N _%%%
o

B
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1~Hydroxy~2,2-dimethyl-5-propyl-pyrrolidine, (5,84 g,) in hydrochlorie

acid (20%, 75 ml,) was heated on a steam bath with zinec dust (25 g,) for

9 hrs, The reaction mixture was made alkaline by addition of sodium
hydroxide, (5 N, 400 ml, ), and steam distilled, The steam distillate
~ (about 250 ml, ) was acidified with hydrochloric acid (30 ml,), and evapor~
ated to dryness in vacuo, The solid hydrochloride was treated with a
solution of sodium hydroxide (4 g.) in water {10 ml, ), and extracted with
ether (50 ml,). The solution was dried with anhydrous sodium sulphate,
 then with anhydrous calcium sulphate and evaporated, The residual oil was
distilled in vacuo, There was obtained 3,79 g. (73%) of product, a
colourless liquid b, p, 58~ 60° at 20 um,

Analysiss
Calculated for GoH ¢N Found
c 76,5% c 76, 5%
H 13,66 - H 13.5%
N 9,92% N 10, 6%

The picrate could not be formed by any of the usual methods. The picrolonate
formed 'rea.dily from ethanol. Recrystallisation from n-butanol gave yellow
wode, m. 2, 2-1,8. - 9249°C, ’

Analysiss ,
Calculated for C oHaqllz05 = Found
C 56,53% ' C 56,2%
H 6,71% H 6,80%
N 17,3% ' N 17,3%

The oxalate formed readily as a white prec:Lp-Ltate when the base was added
to an ethereal solution of anhydrous oxalic acid, Recrystallisation from
n-butanol gave white fluffy needles, m, pt, 201 - 202°C (dec.)
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Analysiss
Calculated for G,H,,NO; ~  ~  Found
C 57,1% S C 57.5%
H 9,15% H 9.23%
N 6,06% N 6,08%

Reduection of the suggected amino nglycol to the pyrroline:

The product from page 121, (1.68 g,) in hyar:l.odlc acid (d, 1.96, 8 ml,)

and red phsophorus (0,1 g, ) were kept for 15 hrs, in a sealed tube at 170°C,

The tube was then caut:l.ously opened, the contents washed out by rinsing with
ethanol, and. filtered, The ethanol and hydriodic acid were removed by
evaporation in vacuo, and the residual dark oil refluxed with hydrochlorie
acid (20%, 60 ml, ) and zinc dust (2,5 g.). The mixture was then made
strongly alkaline by the addition of sodium hydroxide (50 g.) in water (50
ml, ) and steam distilled, The distillate (about 100 ml,) was acidified by

the addition of concentrated hyd:c"ochloric‘ acid, and the resulting solution

evaporated to dryness in vacuo, The solid was dried overnight in vacuc
over solid potassium hydroxide, The crude hydrochloride (1,04 g,) was
treated with a solution of sodium hydroxide (1 g.) in water (2 ml.), '
extracted with ether (25 ml.), dried with anhydrous sodium sulphate and |
evaporated. The residual, strongly basic oil gave a picrolonate from a
saturated solution of picrolonic acid in ethanol, as yellow needles, m, p,
218 - 219°C, from ethanol. This m, p., wWas undepressed when the picrolonate
was mixed with the picrolonate m. p. 218 - 219°C of 2,2~dimethyl~5-propyl

pyrrolidine,

The oxalate formed readily from a saturated scluticn of oxalic acid in
ether, recrystallising from n-butanol as fluffy white needles, m, p. 201 -
202°C (dec. ), This m, p. was undepressed on admixture with -
the oxalate of 2,2-dimethyl-5-propyl pyrrolidine m. p, 201 - 202°C (dec, )a
The infra-red adsorption spectra of these two oxalates were identical over
the range 650 - 3650 em, ™, but the spectrum of the oxalate of 2-isdpropyl-
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5 ,5-dimethyl-pyrrolidine showed major differences,

Tdentical results were obtained without the addition of red phosphorus, '
but with all other experimental conditions unaltered, ‘

Reductions of 3~ ,Xdrpmthzl—&&djmeth 1-2-0xa-~1~azabicycloi3,3.0 loctane:

Preparations of 3-(5, 5-d:imefhyl—pyrrolidin—2—y1 )=propan-1, 2-diol. 7

S ;
N B .~ CH; CHCH, OH
P - H
0 A A

(2) Fith lithium aluminium hydride:

3-Hydroxyme thyl~8,8~dimethyl-2-oxa~1-azabicyclo-[5,3,0]octane
(6444 g, ) in dry tetrahydrofuran (25 ml,) was added during 30 minutes to a
stirred slurry of lithium aluminium hydride (6,5 g.) in tetrahydrofuran
(75 ml, ). The mixture was stirred under reflux for about 1 hr., then re-
fluxed for an additional 10 hrs, The cxeess hydride was decomposed
by the addition of dry methanol (50 ml.), and the solvent removed in vacuo,
_The residual paste was dissolved in a mixture of potassium hydroxide (50 g.)
and sodium potasgium tartrate (50 g.) in water (200 ml,), and subjected to
continuous ether extraction for 3 days, The extract was dried over anhydrous
potassium carbonate, evaporated, and the residual viscous oil distilled in a
.short-path still at a pressure of 0,4 mm,, and a bath temperature of 170 -
180°C,  The viscous distillate soon solidified. Yield 4,91 g, (76%).. A ,
sample recfystallis_ed from petroleum ether (b, p. 100 = 120°C) had a m. p.
64 - 66°, and did not give a positive testfor hydroxylamines with. a]ltaljné
2,3 ,5~ﬁriphenyl-tétrazolimn chloride, The material is hygroscopic.



Analysise

Calculated for CoH ¢NO,

G 62,4%
H 11,1%

Found

C 61,8%
H 11,0%
N 8,00%

The picrate readily formed f‘rom a saturated solution of picric acid in

~ethanol, Recrystallisation from n-butanol gave bright yellow crystals,
‘m, pt, 125 - 126°,

Analysiss

" Calculated for CeHaNy0s -
¢ 4.8

0 35,8%

(b) With zinc and hydrochloric acids

FPound

C A5.1%
H 5,54%

0 56,2%
402

3~Hydroxymethyl-~8, 8-dime thyl-2-oxa~1-azabicyclo[3,3,0]octane

(2,67 g.) was dissolved in water (5 ml.) and zinc dust (4 g, ) was added,
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This mixture was stirred while concentrated hydrochloric acid (25 ml, ) was

slowly run in over a period of 3 hrs, A solution made up by dissolving

potassium hydroxide (10 g,) and ammonium citrate (10 g.) in water (30 ml,)

was added, and the re’sulting solution extracted continuously with ether
for 48 hrs, The ether extract was dried with anhydrous sodium sulphate,
evaporated, and the residue distilled in vacuo at 0,2 mm, and 150° (bath

temperature) to give 0.17 g. of a viscous oil, which readily solidified on
seeding with a small sample of the amino-glycol prepared above, The

picrate, prepared from benzene, and recrystallized from n-butanol, had

m,p. 124 - 1259,
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(¢) Attempted reduction with sodium borohydride:

5-Hydroxymethyl-8,8-dime thyl~2-oxa~1-azabicyclo[5,5,0]octane
(2,0 g, ) was dissolved in sodium hydrogen carbonate solution (2%, 15 ml, ),
and sodium borohydride (0,4 g.) was subsequently added, The mixture was
allowed to stand for about 36 hrs,, and then was acidified with glacial
acetic acid, Af‘tgr a2ll the borohydride had roacted, the solution was made
strongly alkaline with sodium hydroxide, and then evaporated to a paste,
Chloroform (50 ml, ) was added, followed by & few lumps of dry ice, (to
neutralize the sodium hydroxide).

After filtering, the chloroform layer waes dried with anhydrous
magnesium. sulphate, and after evaporation, the remaining oil was distilled
in a short-path still at about 1 mm, , using a free flame. Paper chromato-
graphy (Whatman No, 1, BuOH ¢ 3 N NHy; 1 t 1) showed this product to be
only unchanged starting material, '

CONVERSION OF 3~(5,5-DIMETHYI~ PYRROIIDIN-2YT)~FROPAN~1 , 2-DIOL, INTO
2, 2-DINETHY T ~5~PROPYL-PYRROLIDINE : =

(1

>]\ | OH '(ug /L | /L
Ot CHCE OF B, CH (g

(a) 3-(5,5-Dimethyl-pyrrolidin-g-yl)-propan-i,2-diol (0,89 g.) in hydriodic’
acid (4 1,95,5 ml.) and red phsophorus (0,05 g, ) were heated at 170°C
for 16 hrs. in a sealed tube, The contents of the tube were washed out .
with ethanol and the volume of the resulting solution reduced in bulk '
by evaporation in vacuo, The remaining dark material was heated on a
water bath for 2 hrs, with zinc dust (10 g.,) and hydrochloric acid
(20%, 30 ml, ). The mixture was made alknline by addition of sodium
hydroxide (25 g.) in water (50 ml.), and steam distilled, The
distillate (150 ml.) was acidified by addition of hydrochloric acid



(b

/
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'(5 ml, ), and evaporated in vacuo, The reé,idue was dried overnight in a
vacuun desiccator over potassium hydroxide, The yield was 0,86 g, of
crude hydrochloride, The base was liberated by addition of sodium

hydroxide (1 g.) in water (¢ ml,), extracted with ether (25 ml, ), dried
with anhydrous sodium sulphate and efvabora.ted. '

The base thus obtained was converted to the oxalate by addition

- to a saturated solution of oxalic acid in ether, The oxalate m., p.

200 ~ 201° (dec, ) after one recrystalllsatlon from n-butanol, showed .
no m, p., depression on adm1xture with 2 5 2~dimethyl~5~propyl
pyrrolidine oxalate, m, p. 201 ~ 202° (dec, ).

3-(5,5-Dimethyl-pyrrolidin-2-yl)-propan=1,2-diol (1,0 g, ) in a mixturs
of hydrobramic acid (48%, 5 ml,) and concenirated smlphuric acid (4 ml.)
were kept at room temperature for 24 hr, Water, (15 ml,) was added,

and the mixture was kept on a boiling water bath while zinc filings
(5 g. ) were added in small portions over 1 hr, The solution was made
alkaline with sodium hydroxide, and worked up as in (a)., 2,2-Dimethyl~
5-propyl pyrrolidine oxalate m,p. and mixed m,p, 201 - 202° dec. was .
obtained, :

Pre'paratlon of Adducts from Ethyl Acrylate and 5, -Dmethvl—i-pvrroln.ne )

1=-oxide.

(i) 3-Ethoxycarbonyl-8,8-dimethyl-2-oxa-1-azabicyclo[3,3,0)octane,

>L. ‘ GH, = CHOOCEt _ \[\
. (o) '
1:\;. 20 Ny

o ) ’
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5,5-Dime thyl-1-pyrroline 1-oxide (2. 0 g. ) and ethyl acrylate (10 ml.)
~ were mixed and allowed to stand for 24 hr, at room temperature, 16°- 23°,
The excess of ethyl acrylate was removed in vacuo at room temperature, to
give 3,8 g. of product (100%), which was free from nitrone, as witnessed
by the absence of absorption in the infra-red at 1575 em™, A small
sample was distilled in a short path still at 0,5 nm, and 110 - 120° bath
temperature, without any noticeable decomposition, nQD1 = 1. {1—6’71.

 If the material was allowed to reflux at 110° in vacuo for about 1 hr,,

a strong nitrone absorption in the infra-red at 1575 cm™ was observed.

The oil is appreciably solubie in water, and is also hygroscopic,
No observable optical rotation was noticed when the optical rotation was

determined on the pure liquid,

Analysises
Calculated for O, H ¢NO, Found,
C 61.9% | . 60,2%
H 8,98% 8, 94%
N  6.57% . 6, 22%

‘The infra-red absorption spectrum showed two sirong peaks of almost equal .
intensity at 1740 and 1757 cm™ , attributeble to the carbonyl absorption
of the two possible racemates, Unsuccessful attempts at separation of the
two racemates were carrled out as follows:

() Chromatography on magnesium silicate, using petroleum ether (A.R. ’
- b.p. 60 ~ 80°) as solvent., No appreciable adsorption occurred, and '
the various eluate f‘rac’clons P when evaporated, left almost a
quantitative recovery of the esters. These fractions (8 x 20 ml. )s
left residues of identical infra-red spectra, which was also
identical with the spectrum of the distilled material,

('b) Chromatography on acid wasghed aluminium, us:mb petroleum ether (A.R.
b.p. 60 ~ 80° ) gave results as above,



134,

(¢) Paper chromatography on Whatman No, 1 paper, using (i) butanol-acetic
acid-water (77 ¢ 6 : 17), and (ii) butanol-ethanol-water (4 : 1 : 5)
showed only a single component revealed by & rinhydrin dip, followed
by heating at 100° for about 5 minutes,

(@) About 2 gm. of the ester was dissolved in petroleun ether (b,p, 30 -
50°, 25 ml, ), and shalen with water (25 ml, ). The petroleum ether
layer was dried (MgSO,) and cveporated. The aqueous layer was
saturated with sodium sulphate, and extracted into petroleum ether,
which was dried and evaporated, The oil left in both cases showed
identical infra-red spectra,

When the reaction between the nitrone and ethyl acrylate was carried
out in the presence of small quantities of triethylamine or agueous acetic
acid; the direction and extent of‘ the reaction did not appear to be
affected, In one experiment, the nitrone (2.0 g.) and ethyl acrylate
(3.0 ml, ) were mixed at room temperature, The temperature rose to 55°
within 5 mins. The reaction was allowed 1o stand 20 hr, at room temmer-
ature, petroleum ether (b,p. 30 - 50° 15 ml,) added, the extract washed
with water (3 ml,), dried with anhydrous magnesium sulphate, and evaporated

to give 3,4 g. of adduct,
The picrolonate was prepared from a saturated solution of picrolonic
acid in ethanol-ether, Recrystallisation from butanol gave yellow crystals

at mp. 140 - 141°%,

Analysiss ‘ ' \
Calculated for C,, Hy,N;Og Found
C 52.6% . C 52,9%
H 5,69% H 5.71%

N 14, 7% N 14, 7%
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(i) 4-Ethoxvcarbonj;l-8, 8~dimethyl-2-oxa~1-azabicyvelo[3,3.,0loctane

I CH, = CHOOGEt ' |
1000 for 4 day = COCE+

N

S

 5,5-Dimethyl~1-pyrroline 1-oxide, (10 g, ) and ethyl acrylate (60 ml. )
were heated for 96 hr. at 100°, The excess ethyl acrylate was removed in
vacuo on the water bath, and the residual oil.dissolved in petroleum ether
(beps 30 ~ 650, 60 ml,), This solution was washed with water (10 ml.) to '
remove any traces of nitrone which may have been present, dried with
anhydrous magnesium sulphate, and evaporated to yield 18,5 g. (98%) of
product, A small sample was distilled in a sheort path still at 0,5 mm,
and 105 - 110° (bath temperature) to give a colourless oil, n"l’)l = 1,4676,

- Analysis:

Calculated for G,H oNO, . Found
C 6L.9% | C 61.4%
H 8,98% H 9,00%
N 6,57% N 6,39

The in.ﬁ:'a-red spectrum exhibited a single | strong unsymmetrical peak at
1742 cm™ , attributable to the C = O stretching vibration of the ester
A 30% solution of the adduct in ethanol showed no detectable optical
rotation,

Analytical lMethod for the Detection of the Pregence of Isomeric 3 and 4-
Ethoxycarbonyl 8,8-Dimethyl-2~oxa~1-azabicyclo [3,3,0loctanes in a mixtures:

(a) Initial Experiment:

The "cold” ester, (3-ethoxycarbonyl isomer, prepared as'de'scribed :
on page 133 (1 g.) was dissolved in anhydrous tetrahydrofuran (10 ml, ) and '
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thus prepared had dimensions 38 x 160 mm,

A mixture of the two components obtained from the "cold" ester, as
described before, (2.4 g.) was dissolved in the above-mentioned solvent
(5 ml, ) and introduced on the columm, Flution was carried out using the
same solvent, The presence or otherwise of ninhydrin-active substances
in the cluate fractions was revealed by paper chromatography as described
before, using the known 1,2-glycol as reference,  Fractions I, II and III
(each 50 mls, ) showed no ninhydrin-activity, Fractions IV, V, VI, and VII
contained only the fastermpving component, Fractions VIII, IX and X were
not nir&xydrin-aétive. The elution was discontinued at this stage,

Fractions IV to VII inclusive were evaporated in vacuo, and the
residue mixed with a paste of anhydrous potassium carbonate (3 g.) and
water (2 g.)s Chloroform (30 ml,) was added, and the mixture stirred
under reflux on the water bath for about 30 min, The chloroform extract
was dried with anhydrous magnesium sulphate, evaporated, and the residue
distilled in vacuo at O,1 mm, in a short path still, using a free flame,
The yield was 1.6 g, This material solidified on seeding with 3-hydroxy=
methyl~8,8-dimethyl-2~oxa~1~azabicyclo[3,3,0]octane (page 117). | '

The picrate was prepared from a satuwrated solution of picric acid in
benzene, Recrystallisation from n-bﬁtanol gave yellow needles, m,p. 154 =
155°, Mixed m,p, with picrate, (m.p. 151 - 152°) of 3~hydroxymethyl-8,8-
dimethyl~-2-oxa-1-azabicyclo[3,5,0]octane, 151 - 152°,

Analvysiss
Calculated for G gH,oNyOs Found
C 45,0% - C 45, 4%
H 5.04% H 5,12%
N 14,0% N 13.9%

Eq, Wt. 400 399
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Reduction of the above material

The above suspected isoxazolidine (1,0 g, ) in tetrahydrofuran (25 ml, ).
was briskly refluxed with lithium aluminium hydride (1.0 g.) for 14 hr.
The reaction mixture was worked up as déscribed on page 136, There was
obtained 0,42 g, of a viscous oil, which solidified upon seeding with 3-
(5,5-dimethyl-pyrrolidin~2-~yl )~propan~1,2-dicl, The picrate, m,p, 116 -
119°%, was prepared from bénzene-picric acid solution, and recrystallized
from butanol. A mixed m,p. Wifh the picrate (116 - 119°) from 5-_(5 g0~ '
dirﬁethyl-pyrrolid'in—z-yl)—proPan-1,2-diol, was not depressed,

(b) Further experiments

Reduction of the esters from 5,5-dimethyl-1-pyrroline 1l-oxide and

ethyl acrylate was carried out as described on page 136, except that the time
of reduction was extended to 14 hr, '

In the case of the "cold" ester (page 133), paper chrométogr'aphy on
Whatmen No, 1 paper, using BuOH : AcOH : H,0 (77 3 6 : 17) showed the
presence of a single component, corres?ondjng to 3-(5 ,5-d:i_methyl-pjrrolidin-
2-y1)-propan-1,2-diol,

To determine whether the two compounds 3-(5,5~-dime thyl-pyrrolidin~2-yl)-
propan-1,2-&iol and 2-(5,5-dimethyl-pyrrolidin-2-yl)-propan~1,3-diol were
separated by the BuOH : AcOH : H,0 solvent, a sample of pure 1,3-diol was

obtained as follows:

The picrate (m,p, 165 ~ 166°) of 2-(5,5-dimethyl-pyrrolidin-2-yl)~
propan-1,3-diol (page 162), (About 5 mgm, ) was dissolved in a solution of
potassiuxﬁ hydroxide (about 0.5 g.) in water .(1 ml, ), The resulting '
solution was shalken with ether (5 ml,) dried (1gSO,), and this stock
solution applied to the paper as required, BuOH : AcOH : H,0 (77 : 6 : 17)
solvent did not separate the two gly‘cols.‘ Using BuCH : 3 N NHj (1 1) 2
2-(5,5-dimethyl—pyrrolidin-2-y1)-propan-—j_ ,9=dio) had R‘i’ 0,71, and 3- (5,5—
dimethyl-pyrrolidin-2-yl)-propan~1,2-diol Rp 0,61, The reduction product
prepared as described on page 121 was shown to consist of a mixture of the

two amino-glycols in about 'equal proportions,
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Reduction of 5-—ethoxycarbor;y1 ~8, 8~dimethyl~2-oxa~1-azabicyclo[3,3,0]octane: '
Preparation of 3-(5,5-dimethyl-pyrrolidin-2-vl)-propan=1,2-diol

S, m
NN CH,, CHCH, OH
o

3-Ethoxycarbonyl=8,8-dimethyl-2~oxa~-1-azabicyclo[53,53,0]octane (10 g. )
in dry tetrahydrofuran (50 ml.) was added slowly with stirring to a
suspension of lithium aluminium hydride (8 g.) in dry tetrashydrofuran
(50 ml, )» The mixture was stirred and refluxed for abovt 14 hr., after
which the excess of lithium aluminium hydride was destroyed by the cautioug
~ addition of methanol (50 mL. ).

The tetrahydrofuran and methanol were removed in vacuo, and the
residual paste triturated with sodium potassium tartrate solution(saturated, '
40 ml, ), (If larger quantities of tartrate solutionare employed, a slimy .
product is obtained which makes subsequent filtration extremely tedious).
The granular solid was broken up with a spa'hﬂa, and extracted with hot
chloroform (5 x 25 mi, batches, under reflux for sbout 20 mins, ). The
chloroform extracts were combined, dried with anhydrous magnesium sulphate,
evaporated and distilled in a short-path still at 150 - 180%, 0,5 = 1.0 mm,
Yield 5,7 g, (70%), This compound solidified to a solid of indefinite |
melting point, about 125 - 150°, | Paper chromatography on Whatman No. 1
paper, using BuOH : 3 N NH; (1 : 1) showed after treatment with ninhydrin,
that this material was pure 3~(5 ,5—dimethyl—pyrrolic"tin—2-yl)-propan—1,2-
| diol., No traces of the 1,3-glycol were detected. The material is highly-
| hygroscopic and this accounts for the unsatisfactory carbon values })elow,
Attempts at recrjstallisation, using petroleum ether (b.p. 100 - 120°,
viz. vpage 129), were unsuccessful, in that only a slimy solid was obtained,
The‘ synthetic amino~glycol, page 156, behaves similarly,
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Analysis: -
 Calculated for CoH, ¢NO, Found
C 62,4% | C 60,8%, b1.0%
H 11,1% H 11,0%, 10.8%
N 8,09% N 7,54%

The picrate was prepared from benzene-picric acid solution, and reci'ystallized
from butanol, Yellow needles, m,p. 116 - 119°, |

Analysiss
Caleculated for G gH,,N,05 - Found
C 44,8% C 45,2%
H 5,51% : H 5.67%
0 35,8% 0 36, 7%
Bq. W, 402 403

The melting point of this picrate was not denressed when mixed with the
picrate, (meps 116 - 119°) from synthetic 3-(5,5~-dimethyl~pyrrolidin-2-yl)-
propan~1,2-diol, Mixed m,p, with the picrate (m.p. 125 ~ 126°) from the
product obtained by reduction of allyl alcohol adduct (see page 130).

116 ~ 120°, Several recrystallizations from butanol raised the m,p, of

the picrate to 123 - 125°, undepressed when mixed with the picrate 125 -
126°,

The Eicrolonate was prepared from a saturated solution of picrolonic
acid in ethanol., Recrystallisation from butanol gave dingy-yellow needles,
m,p. 160 - 1625 undepressed when mixed with the picrolonate of the synthetic
amino~-glycol, prepared on page 156, of m,p. 160 - 162°.

Analysis:

| Caleulated for G oH,,NsO, Found
C 52,1% C 51.2%
H 6,17% H 6,04%

N 16.0% N 15,6%



A tri-p-toluenesulphonyl derivative was prepared in the usual way from

p~toluenesulphonyl chloride in pyridine, followed by recrystallisdtion
from butanol-cyclohexane, White fluffy needles were obtained, of m,p.
155 - 15400 '

Analysis: ,
Calculated for C;oHs,NS30p Found
C 56,7% ¢ 57.1%
H 5,885 H 5,16%

. S 15,1% S 14.9%
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Reduction of 4-ethoxycarbonyl-8,8-dimethyl-2-oxa~1-azabicyclo [l5 ;30 Jloctane

‘Preparation of 2-(5,5-dimethyl-_pvrrolidin—2-yl) ~propan-i B=-diol

| LAATH \l:“j CH0H
§ “ag,0n

L4

N N
{ , H
0 -

4-Bthoxycarbonyl=-8,8<dimethyl-2~oxas1~azabicyclo[3,3,0]octane (10 gq)
wag reduced and subsequently worked up under- conditions identical to those

described on page 139, Distillation at 0.1 mm,, 150 - 180° gave 5,9 g.

(75%) of a highly viscous liquid. The hyproscopic nature of this material

d4id hot allow satisfadfory analysis.

Analysisge-
Calculated for GoH, oNO Found
C 62,4% C 60,5%
H 11.1% H 10,5%
N 8,09% N 7,63%

The above amino~-glycol was chromatographed on Wnatman No, 1 paper, using

butanol ¢ 3 N NH; (1 : 1) as solvent, and its presence revealed by a
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ninhydrin dip, It moved at a rate identical to the amino-glycol obtained
"~ from the picrate, m,p, 165 - 166, as described on page 128 No traces
of the isomeric glycol were observed,

Periodate uptake estimation:

The above a.minb~g1ycol (1,144 g, ) was dissolved in water, and made up |
to 100 ml, 10 ML, aliguots were treated with 20 ml, of periodic acid
(C 0,05 1), and allowed to stand for 1 hr,, 134 hr., and 2 hr, Vater was
added (20 ml, ), and sufficient solid sodium hydrogen carbonate added to
saturate the solution, N/10 sodium arsenite solution was added (20 ml.)
followed by potassium iodide solution (20%, 10 ml, ), The mixture was
then titrated with N/50 iodine, The titres weres after 1 hr,, 7,80 ml,;
1% e» 7.80 ml.; 2hr,, 7,90 ml, A blank titration had titre 2,65 ml,
This corresponds to an uptake of 0,16 moles of periodic acid per mole of
glycol, The mixture of isomeric glycols described on page 121 under the
same cond:r.t:.ons, took up 0, 53 moles periodic acid per mole of CsH; oNO,,

_ Reagtlon of 2-(5 5-d:1methy1~;pyrr011dm-2-yl)—propa.n—i 3-diol W:Lth hydriodic

acid .
2-(5 5—-D:imethyl-pyrrolidin-2-yl)—propan-j_,.'fu—diol (1,06 g, ), was dis~-

solved in :f‘uming hyﬂrlodlc acid (d. 1,96, 8 ml, ) and heated at 165 - 175°

for 14 hr,, in a sealed tube., After cooliug, the tube was cautiously

opened, and the contents heated for 4 hr, irvith an excess of zinc and 20%

hydrochloric acid, The mixture was cooled, made strongly alkaline with

- gsodium hydroxide, and steam distilled, The steam distillate (c. 150 ml. )

was acidified with hydrochloric acid, and evaporated to dryness in a

- tared flask, which was then kept 36 hr, in a vacuuvm desiccator over

phosphorus pentoxide. The yield of hydrochloride was 0,93 g,

The hydrochloride was converted to the base by addition of sodium
hydroxide (2 g.) in water (3 ml.,), and extracted into ether (50 ml,) which
was dried with anhydrous magnesium sulphate, and evaporated,

A portion of the base was treated with anhydrous oxalic acid in ether,
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to form an oxalate, m.p, 201 - 202 &zc, (from butanol) undepressed when
mixed with the oxalate m.p, 200 - 202 dec, of 2 s 2-Gimethyl-5-n-propyl-
-pyrrolidine. '

Another portion of the base s upon ireatment with a saturated solution
of picrolonic acid in ethanol, gave a picrolonate ,. dec, 244 - 246°, A
mixture of this picrolonate and the picrolonate, (dec. 245°) of 5,5-
dimethyl~2-isopropyl-pyrrolidine, decomposed at 244 - _?AG°,

Conversion of 3-ethoxycarbonyl-8,8-dimethyl-2-oxa~1~azabicyclo[3,3,0 ]octar;e
into 4-ethoxycarbonyl-8,8-dimethyl-2-oxa~1~azabicyelo[3,3,0)octane

>L CH, = CHOOGE® i |
N 100° N)W/GOOE;G
} | ’ |
™ cocmt |

The 3-ethoxycarbonyl isomer [shown to be homogeneous,(1 g.)]was dis-
solved in ethyl acrylate (10 ml,) and heated 12 hr, at 100°, The excess
of ethyl acrylate was removed in vacuo, the residue dissolved in petroleum
ether (b,p. 30 - 50°, 10 ml, ), shaken with water, (5 ml,), and dried with
anhydrous magnesium sulphate, . Tvaporation of the solvent gave a 67%
recovery of the esters, Reduction, followed by paper chromatography as
described on page 136 showed the presence of 2-(5,5-dimethyl-pyrrolidin-
2=yl )-propan=1,3-diol and 3-(5,5-dimethyl-pyrrolidin~2~-yl )-propan~1,2-diol,

the latter compound appearing to be in the largest amount,

Catalytic hydrogenation of 3-ethoxycarbonyl-8,8-dinsthyl-2-oxa~1~aza-
bicyelo[3,3,0 loctans:

3<Ethoxycarbonyl-8,8-dimethyl~-2-oxa~1~azabicyclo[3,3,0]octans
(10.3 g. ) ,in anhydrous, peroxide~free dioxane (100 ml,), was hydrogenated -
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in a Baskerville and Iindsay bomb hydrogena‘cor; over activated copper
chromite, The initial temperature was 25°, and this was raised during
about four hours to 230°, The pressure of the hydrogen, initially at
125 atms,, rose to about 180 atms. The reaction mixture was meintained
at 230° and 125 atms, for four hours, and then allowed to cool overnight
under pressure, Mechanical agitation was maintained throughout the

experiment.

The reaction mixture was filtered, acidified, and evaporated in vacuo
on the steam bath, The viscous residue was then made alkaline, and steam
distilled, The steam distillate was acidified, evaporated, and the residual
syrup made strongly alkaline by the addition of sodium hydroxide solution
(50% w/v, 25 ml.), The liberated base was extracted into ether, the
extract dried with sodium sulphate, and evaporated,  The residual oil was
distilled to give 2.2 g, of product b,p. 65 - 69°at 25 mm, A forerun
(1.2 g ) boiling below this range was collected, The main fraction was
redistilled,

Calculated for Coly oN;  CoH oN Found
c 77,6% 76, 5% C 76, 7%
H 12.2% 13, 6% | H 12,9%
N 10.1% 9, 927% | N 10,1%

A quantitative acylation was carried out as described in Vogel's
"Elementary Practical Organic Chemistry", Part 3, p. 697 (Longmans 1958).
The material above consumed an amount of acetic anhydride-pyridine reagent

corresponding to 0,38 moles of acetic anhydride per mole of base (assuming
‘a molecular formula CgH, ,N), Under identical conditions, 2,2-dimethyl-5~
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propyl-pyr::olid:ine (prepared and purified as described on page 127) consumed
an a.mount of acetic anhydride~pyridine reagent correspondn_ng to 1 02 moles
of acetic anhydride per mole of base. ' ‘

ﬂue picrate prec‘.’qﬁ.tated readily from an ethanolic solution of picrie
acid, and recrystallized from butanol, to give yellow needles, decomp, at
240 - 248°,

~ Analysis:
Caleulated for G gHyoNyO-, Found
C 49.0% C 48,8%
'H  5,46% H 5,43% '
N 15.2% N 15, 0%

Eq, Wt, 368 ' : B3RS

(2) i-Hydroxypiperidine

Wolffenstein, Ber., (1892), 25, 2777, '~ . ' s

- 0, , :
~ o -
. I\II )
' OH ' : ‘

o=

1-Hydroxypiperidine, b,p, €L 63°at 2 mm, was obtained in 25% yield.
The oxalate, prepared from a solution of oxalic acid in acetone, and

Rogers, J., (1955) s
. 769, reports a mPp. 104 - 106° for the oxalate of i-hydroxypiperidine,

(b) Trimer of i-piperideine g—oxide

Thesing and Mayer, Amn,, (1957), 609, 49,
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A quantitative yield was obtained,

(¢) 3 or 4-Ethoxycarbonyl-2~-oxa~i-azabicyclol4,3,0]-nonane

— -1

' CH, = CHOOCEt

N
{ —i—COCEL

o2+

1-Piperideine i~oxide trimer (5,0.g.), and ethyl acrylate (50 ml,)
were mixed and allowed to stand for 24 hrs, The excess ethyl acrylate

was removed in vacuo, and the residual oil dissolved in petroleum ether
(50 - 50°, 50 ml,), The petroleum ether extract was washed with water

(25 ml, ), dried with magnesium sulphate, and evaporated., Yield 4.0 g.

A sample was distilled in vacuo in a short-path still, '

Analzsis:'
Calculated for G ol 4NO; Found
C 60.3% c 60,5%
H 8,580 i 8,81%
N 7,03% N  6,75%

The picrolonate separated out from a saturated 's:olution of picrolonic

acid in ethanol. Recrystallization from n-butanol gave yellow needles,

. MeDe 161 - 16200

.
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Analysis:
Calculated for C,oH.gNgOa ' Found
¢ 51,8% ¢ 53,00
H 5,44% "H 5,69%

N 15,1% | N 14,9%

Catalytic hydrogenation of 3 or 4-sthoxycarbonyl=2-oxa=-1-azebicyelo{4,3,0]
nonane o

3 or 4~Ethoxycarbonyl-2-oxa~1-azabicyclol4,3,0]nonane (17 g, ) in
snhydrous, peroxide~free dioxan, (150 ml, ) were hydrogenated in a
Baskerville and Iindsay bomb hydrogenator over activated copper chromite,
The initial temperature was 20°, and was raised to about 250° in about
4 hrs, The pressure of the hydrogen rose during this heating process from
120 atms, to about 200 atms, The reaction mixture was maintained at 200
atms, and 250° for about 4 hrs,, and then allowed to cool overnight under
pfessure. Mechanical agitation was maintained throughout the experiment,

The reaction mixture was worked up in the same manner as described
on page 144; except that the final product, (10 g.) was purified by
distillation at atmospheric pressure, and had b, pt. 158 - 1619,

Analysis: v
Calculated for GuH gN o Found

c v6,8% c 76,8%
H 12,1% o H 12,4%
N 11,26 N 11,9%

The picrate separated readily from ethanolic picric acid, Recrystallization
from n-butanol gave yellow crystals, decomp, 201 - 203°.

'/\ has a picrate m,p. 226°

- N (I8ffler and Kain, Ber,, (1909, 42, 105)

L
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has a picrate m,p, 194 ~ 195°
(Ioffler and Grosse, Ber,, 1907, 40, 1533)

Analysis:
Calculated for G oH aN,0p Pound
C 47.5% C 47.5%
H 5,10% H F£,07%
N 15,9% . N 15,8%
Eq. Wt, 354 ' - 352

Reaction of 3~Ethoxycarbonyl-8, &dmethﬂ-Z—oxa-l-azablcxclo [3,3,0]octane
with Phenvlmaenesium Bromide

8,8=Dimethyl~53~({hydroxy-di; Jghenll-methyl 2~9~om—1—aza.blcyclo (3,3 ol

octane

comt 0 \Gphg

3-Ethoxycarbonyl~8,8-dimethyl-2-oxa~1-azabicyclo(3,3,0]octane, (11,2 g.)
in ether (50 ml,) was slowly added with stirring to a solution of phenyl-
magnesium bromide (from magnesium, 3.9 g., snd bromobenzene, 23,5 g., and
ether, 100 ml, ) prepared in the usual .way. A highly viscous gum immediately
precipitated, and this made stirring impracticable. The mixture was gently- '
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refluxed for 24 hr,, and a solution of ammwonium chloride (25 g.) in
water (75 ml,) was added, The ether layer was separated, dried with
anhydrous sodium sulphate, and evaporated, The solid residue was
recrystallized from petroleum ether (b, p. 60 - 80°), and had m,p, 134 -
135°%,  Yield 4.6 g, '

. Analysisse
Calculated for Gy, H,gNO, Found
¢ 78.0% | C 77,45%
H 7.79% H 7.80%
N 4,34% N 4,27%

A }2‘ icrate separated from ethanblic picric acid, Recrystallization from -
n-butanol gave pale yellow needlés, decomp, 214 - 215°, with previous
darkening, = '

Analysis:
Calculated for Gy, H,el,Os  Found
C. 58, 7% : C 58.5%
H 5,10% H 4.97%

N 10,1% _ N 9,75%
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SECTION THREE

A: SYNTHESIS OF 3=(5,5-DIHETHYI~FYPR07 (TI-2-7])~PROPAN=1 , 2=DIOL

(1) Pirst attemt
(a) Triphenylphosphite methicdides:

Tandaver and Rydon, J,, (1953), 2224,
(Fh0)sP + MeI - (Fh0)zPMel.

78 g, of crude triphenylphosphite methiodide were obtained from
75 g. triphenylphosphite, This crvde material was used without

further purification.

(v) @B-Propylidene glycerols

Malkin and Shwrbagy, J,, (1936), 1628,

CHa CHs

C
OH OH ' 0 - ¢

CHm,CHOR,OH + CHCOCH, %% (i, - CHOH,OH

\/I
~

af=Propylidene glycerol, b, pt. 49° at 0,2 mm,, was obtained in
40% yield. ‘

(e) 2,2-Dimethyl—4~iodomethyl-1,3~dioxolans

Bevan and Malkin, J,, (1955), 1383,

‘ Cr
CH‘\g/ & CH“xc /e
’- /N
0 ¢ 0
- OH- CcHon O)MTE oy m . omI.
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This compound had b,p, 70° at 0,2 mm, and was obtained in 55%
yield,

(d) Attempted oonversion of 3 5-dimethvl—4—10domethyl~1,_§~dloxolan
into the Grig'zard reagent:

LN Ol CH,
C c
0/ \0 O/ N
. ' | .
‘o~ CromI * 8 T - cHomel.

(1) 3,3-Dimethyl-4~iodomethyl-1,3-dioxolan (5,0 g, ) in absolue
tetrahydrofuran (50 ml,) was added to magnesium powder
(0s6 g. ) which had been activated by grinding and heating
with powdered resublimed iodine (0,3 g,). No solution of
the magnesium was obserwed, even on repeated heating and
stirring, Eventually the reaction mixture was stirred and
refluxed overnight without effecting the desired conversion,

(1) 3,3-Dimethyl-4~iodomethyl-1,3-dioxolan (5,0 g. ), magnesium
turnings (0,5 g.) in ether (25 ml,) were refluxed and
stirred while ethylene dibromide (4.1 g.) was slowly added
during 14 hrs, During that time, the magnesium had dis-
solved, 5,5-Dimethyl-i~pyrroline i-oxide (2.34 g.) in
ether (25 ml,) was slowly added, A brown precipitate formed,
Stirring and refluxing was continued for 2 hrs, The reaction
mixture was decomposed by addition of excess ammonium
chloride solution, Neither the aqueous or ethereal layers
gave a posgitive test far hydroxylamine with triphenyl
tetrazolium chloride,

(34) Second attempt

(a) Dihydroxymaleic aoids

Fischer and Feldmann, Ber., (1929), 62, 865,



(b)

NS
(o] .
HO - CHCOOH R 7
i M‘» ¢ - COoH
HO ~ CHCOCH .S
HO

A 16% yield of crude dihydroxymaleic aéid was obtained, This compound
was used without further purification for the next preparation, ’

Glycollaldehyde:

Fischer and Taube, Ber,, (1927), 60, 1707.

W : o
% : G N : Cd;:)OH + 2 CO,

HO

' c

 Glycollaldehyde, meps 97 — 983 Was Obtained in 42% yield, Heilbron's

Dictionary of Organic Compounds report m,p, 96 ~ 97° for this com-

: pound,

(e}

5~Me‘_bhv1-5-nitm-hem-2-one s

Schechter, Ley snd Zeldin, J, Amer., Chem, Soc. (1952), 74, 3664,

. CHy CH, . R CHo o,
N N S
o + CH, = CHOOCH, - ¢ = O, OF, 00CH,

No, . NO,

5-iethyl-5-nitro-hexan-2-one, b. pt. 76 = 78° at 0,4 mm, was obtained

in 60%4 yield, The 2,4-dinitrophenylhydrazone had a m, p. 130 - 1319,

Schechter et al, (loc, cit.) quote am, p. 130,5 - 131,5° for this
compound, '



153,

(@) 2,5,5-Trimethyl~1-pyrroline-l-oxide:

oo, 0008 ;
O,

A A O

O;"Z-l-

5=ilgthyl-5-nitro-hexan~2-one (94 g, ) was stirred with a solution of
ammonium chloride (26 g, ) in water (710 ml, ), while zinc dust (130 g.)
was added over a period of two bours. The temperature was kept below
15° by maintaining the reaction in an ice bath, and occasional
addition of crushed ice, After filtration, the residual cake of

zine oxide was well washed with hot water, and the combined washings
and filtrate evaporated in vacuo at 70° - 75°, The residual viscous
0il was saturated with potassiun carbonate, and extracted with chloro-
form (4 x 100 ml, ). After drying (Na,80,), the chloroform was removed
in vacuo, and the residue distilled, There was obtained 58 g, (77%)
of product bip, 71 - 72° at 2 nm, '

The picrate readily formed from a saturated solution of picrie
acid in benzene or waters Recrystallization from butanol gave yelloﬁr
needles m, p. 99° - 100°, Bonnett, Brown, Clark, Sutherland, and
Todd, J., (1959), 2101, report a m, p. 98° for the picrate of 2,5,5-
trimethyl-1~pyrroline 1-oxide, obtaines. 'by o;d.dat:l.on of i-hydroxy-

2,24 5=trimethylpyrrolidine,

(e) Preliminary attempt st reaction of slycollaldehyde with 2,5,5-trimethyl-
i-pyrroline 1-oxide:

l el ’ OH
i i\i-r)“'CHs + OHC, CH, OH e R >[1-\*i/ CHQC‘THCHQOH
b I
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2,5,5-Trimethyl-i-pyrroline i-oxide (2,0 g.) in water (5 ml,)
and a solution of glycollaldehyde (0,60 g.) in water (5 ml.) were
mixed. Sodium hydroxide solution (0.1 ml. N NaOH) was added, and
the solution heated for 2%, hrs. at 50%°- 55°, Paper chromato-
graphy on Whatman No., 1 paper in butanol-ethanol-water (4:1:5)
followed by a p-anisidine hydrochloride spray revealed spots
indicative of a sugar mixture, most likely corresponding to
tetroses and hexoses, and unchanged glycollaldehyde. No -
desired product was isolated,

(iii) Third and successful attempt

(a) 2-A11yl-1i-hydroxy-5,5-dimethyl-pyrrolidine:

Improved preparation adapted from Delpierre, B.Sc. (Hons. )
Research Report, University of Cape Town, 1958,

G = OH - CHBr + Mg - CH,-= OH ~ CHlghr

CH; = CH - CHMgBr + J: ﬁ/) ” >[ ;I/LCHQCH*:CHa
, I I
0 0

' Allyl bromide, (42 g.) in dry ether was added during 2 hrs.
to a well stirred suspension of magnesium powder (50,5 g.) in
dry ether (70 ml.). The reaction, which was quite vigorous,
was completed by stirring for an additional 30 mins; at room
temperature, The solution of allyl magnesium bromide was
rapidly filtered from the excess magnesium, and transferred to
another flask,

5,5-Dimethyl~-1-pyrroline i-oxide (32 g.), in dry ether
(50 ml.), was added slowly to the allyl magnesium bromide,
vigorous stirring being maintained throughout. A gummy white.
precipitate immediately formed. When the addition was complete
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(30 mins. ), the mixture was stirred under reflux for an additional
two hours, '

The camplex was decomposzd by the addition of aJmnonJ.um chloride
solution (5 N, 100 ml,), The ether layer was separated, and the
agueous layer extracted with a further quantity of ether (2 x 500 ml, ).
Drying the combined ether extracts with anhydrous sodium sulphate,
followed by removal of the ether and vecuun distillation gave 16 g.,
(36%)of product, b, p, 80 - 82° at 5 mm,

This material has previously been correctly analysed, (Delpierre,

loc, cit, ).

(b) 3-(5,5-Dimethyl-pyrrolidin=2-yl)-propan-~1,2-diols

~OH, =0, CHO
l /L : HOOOH, B, 05 l | T
Ot - O = B, N O O,
! |
CH : oH

LD e 2 S
J : CH OO OH  ———=- N\~ "CH,CHCH,OH
OH H
2-A11yl~1-hydroxy-5,5-dimethyl pyrrolidine (6,5 g.) in AR, formic

acid (99%, 50 ml, ) was cooled in ice,and hydrogen peroxide (100 vols.,
5,5 ml, ) was added, The mixture was allowed to stand in ice for 10
mins,, and then heated for 16 hrs, in a water bath thermostatically
controlled at 40°, The formic acid was evaporated in vacuo, and

ethyl alcohol (96%, 50 ml, ) was added, followed by evaporation in
vacuo, :

A solution of potassium hydroxide (14 g.,) in ethyl aleohol
(967%, 80 ml,) was added, and the mixture refluxed for 1 hr, on the
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water bath, Glacial acetic acid (25 ml,) was added, and the mixture
evaporated to a paste,

The paste, (which gave a positive tetrazolium test for hydroxyl-~
amines) was dissolved in hydrochloric acid (20%, 75 ml.) and heated
overnight on the water bath with zinc dust (30 g.). The reaction
mixture was filtered from the unreacted zine, and rendered strongly
alkoline by the addition of sodium hydroxide (100 g.) in water
(100 ml, ), followed by sodium potassium tartrate solution (saturated,
100 ml, ), The clear solution was then extracted with ether con-
timously for four days,

The ether extract was dried with anhydrous potassium carbonate,
and. evaporated, The derk viscous residue was distilled in vacuo in
a short path still to give 3,4 g, of a viscous liquid, which soon
crystallized to a low melting solid upon seeding with suspected
3-(5,5~-dimethyl-pyrrolidin-2-y1) propan-1,2-diol from reduction of
the allyl alcohol adducton 5,5~dimethyl-1-pyrroline l~-oxide,

The picrate was prepared from a saturated solution of picric
acid in benzene, and when recrystallized from butanol had m, p,-
116 - 119° undepressed by admixture with the picrate, m.p, 116 -
119° obtained from the aminoglycol prepared on p, 140, Several
recrystallisations from n-butanol raised the melting point to 123 -
125°, undepressed by admixture with the picrate m,p, 125-120° cbtained
by reduction of the allyl alcohol adduct (see page 129). The
picrolonate was prepared from ethanol/ether, and recrystallized from
n~butanol had m, p. 160 - 162°, which showed no depression when
mixed with the picrolonate m, p, 160 -~ 162°, prepared from the
amino~-glycol mentioned above,

Be: SYNTHESIS OF 2~(5 4 5~-DIMATHYI~PYRROLIDIN-~2-YL, ) ~PROPAN~1 , 3~-DIOL

1. First attempt

(a) 1,8-Di=-O-benzyl-glycerol
Tsatsas, Ann, Fharm, Franc., (1950), 8, 281,
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FhCH,0H + - Phom,ond

CLCH,CHOH,CL + 2 PhCH,ONa - FiaCH, OCH, CHCH, OCH, Fh
OH ' ‘ OH

A 43% yield of product was obtained, b, p. 180 - 182°at 1 mm,

1,3=Dibenzylozy=2~chloro~propanes

Tsatsas, Arm, Fharm, Franc., (1950), 8, 282,

SOCL,

PO, OCH,CHCH, OCE,Fh G, PhCPIsz}IQ?HCIIQOCPLzHI

OH Cl ‘
A 52% yield of product was obtained, b, p, 160 - 162° at 0,2 mm,

Attempted conversion of 1 43~dibenzyloxy~2-chloro~propane into the
Grignard reagent: .

:éhcrreqmggﬁczgocrgm ' ffE . PhCH, 00H, GHOH, OCH, P -
1 | | NgCL

1,5~155.benzyloxy~2-chloropropane (20 g.) in a mixture of dry
ether (60 ml,) and dry tetrahydrofuran (40 ml, ) was added to activated .
magnesium powder, (prepared by grinding megnesium powder (2.4 g, ) and
resublimed iodine (1.2 g. ), and heating the mixture),

Since no observable reaction was taking place, even on inter-
mittenfly raising the temperature, a few drops of methyl iodide were
introduced, and although these immediately reacted, the reaction soon
ceased, The mixture was stirred and refluxed overnight, but no
magnesium was cbnsumed, Virtually all the chloro-compound was

recovered,

Second atbempt

(a) Attempt at condensation of dietlyl mdonate and 5,5-dimethyl~i-
pyrroline l-oxide:
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=+

/l /J ) cﬂa/coom ‘ Base l /’ /ooamt
' ~~

COEt ™ COMEt

O'l—

(1) Diethyl malonate, (40 g.) was added to a solution of sodium ethoxide,
from sodium (5,8 g, ) and absolute ethanol (400 ml,). The mixture
was refluxed for 30 mins., and, after cooling, 5,5-dimethyl-1i-
pyrroline 1-oxide (24 g,) in absolute ethanol (100 ml,) was added.
The solution was allowed to stand overnight at room temperature,

Glacial acetic scid (15 ml, ) was added, and the ethanol removed
on the water bath in vacuo, The residual paste was dissolved in an
excess of water, and the precipitated oil dissolved in a mixbure of
petroleun ether (b, p. 60 ~ 80°) and ether, (11, 50 ml.).

After drying, with anhydrous sodium sulphate, and evaporation
of the solvent, repeated fractionation in vacuo gave about 10 g,
of a colourless, basic oil; b, p. 65 - 68° at 0,2 mm, This oil
gave a positive test for hydroxylamines with triphenyl tetrazolium

chloride. Vv .. 1595, (8)) 1610 (s), 1665 (s), 1740 (m), 1778 (w)
-] ) .

cm “ .
Analysiss
Calculated for C oH,3NOs; G, ol 4NO, Found
| ¢ 57.1% '65.6% C 65.2%
H 8,48% - 9,30% H 9,29%

N  5.13% 7. 65% N  7.41%
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On treating the above oil with a saturated solution of oxalic
acid in butanol, a white solid separated, which, upon recrystallization
from butanol had m, p. 112 - 113° (with decamposition),

Analyg,j." s
Calculated for C gH,, NO, Found.
Cc  48.9 ¢ 48,4, 48,5
H 6, 64 H 6,39, 6,38
N 4,39 N 427

(11) 5,5-Dimethyl-i-pyrroline 1-oxide (6,0 g.), and diethyl malonate (10 ml. )
were dissolved in anhydrous pyridine (25 ml,) and piperidine (0,5 ml,)
was added, The mixture was heated for 14%/ hrs, on a boiling water
bath, and the pyridine then removed in vacuo, The yellow residual
0il was shaken with an excess of water, dissolved in petroleum ether
(bepe 40 - 60°, 25 ml.), and shaken with water (2 x 25 ml,). After
drying, the oil was distilled in vacuo, and appeared to be identical
with that obtained above under (i) (comparison of infra-red spectra),
The yield was of the same order as in the previous experiment, A
oerystalline residue remained in the distilling flask, and this, after
recrystallisation from cyclohexane, had m. p. 97 - 98°, The yield
of this mterial amounted to about 15 mg, '

Analysiss
Calculated for G, H;gN,0, Found
c 58,8% ¢ 58,6, 59,0%
H 6,86% H 6,69, 7,030
N 6,86% N 6,81%

A1l the above materials were not investigated further,



160.

3.  Third Attempt.

(a) Attempt at addition of formaldehyde on 2,5,5-trimethyl-1-pyrroline
l-oxide, followed by reduction to 2~{5,5~dimethyl-pyrrolidin~2-yl)
propan~1,3-diol, '

2,5,5~Trimethyl-1~pyrroline i-oxide (2,0 g,) was dissolved in
saturated sodium hydrogen carbonate solution (10 ml, ), and the solution
adjusted to pH 10 by addition of sodium hydroxide, Formaldehyde (40%
aqueous solution, 10 ml, ) was added, and the mixture allowed to stand over-
night at room temperattn'e.' The solution was neutralized by the addition of

glacial acetic acid, and evaporated in vacuo to about 5 mi,

Concentrated hydrochloric acid (15 ml.) and zinc dust (5 g.) were added,
and the mixture heated for 6 hr, on the water bath, After making alkaline
by adding concentrated ammonia, the zinc was precipitated as sulphide by
passing hydrogen sulphide through the solution, After filtration, the
,solution' was evaporated in vacuo under alkaline conditions (to remove any
9,2,5~trimethyl-pyrrolidine and 2,5,5-trinethyl-1-pyrroline obtained by
reduction of the unreacted nitrone), and the residual paste extracted with
chloroform (50 ml, ) The chloroform solution was dried with anhydroils
magnesium sulphate to give a small qﬁantity of a brom oil, which was con-

- verted directly to the picrate by addition of a saturated solution of picric
acid in benzene, 4n oil initially precipitated, and this solidified after
decanting the benhzene, and triturating with cyclohexane, Recrystallization
of the resulting solid from n~butanol gave dark yellow rods, m.p. 99 - 100°,
The yield of the pure picrate was 0,52 g,

Analysise
Calculated for G 4HaeN;0p Found
C 45.%% - C 44,1%
H  5.43% 4 H 5.13%
0 54.4% 0 35,8%

Fq, Wt 372 370, 376
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(This analysis could fit G H gN,0s. The picrate then most likely
corresponds to either 2-(5,5-dimethyl-pyrrolidin-2-yl)-ethanol (A) or
2~(5,5-dimethyl-1~pyrrolin=2~yl)~ethanol (B),

/l\ N/L C, OF, OH >LN/I— Gl G, OF

(4) (B)

(b) 2-(5,5~Dimethyl-pyrrolidin=2-y1)=propan-1,3-diol,

T — CH, OH
HCHO L2 TAATH,
)l\ + 7~~CH - \,L +_#—CH —
(

Y Dagom
0"
o OH OH
N I e l /Lm/GHz
_// N \\ ‘
OH 0H
o % e,

Freshly distilled 2,5,5-trimethyl«i~pyrroline i-oxide (20 g, ), and
paraformaldehyde (9,2 g.) were heated for 18 hrs, at 100°, The thick
brown gum was dissolved in anhydrous tetrahydrofuran (100 ml, ), and this
solution was slowly added to a suspension of lithium aluminium hydride
(10 g.) in tetrahydrofuran (100 ml,). The reaction mixture was stirred
and refluxed for 6 hrs, The unreacted lithium aluminium hydride was
destroyed by the addition of anhydrbus methanol, and the mixture evaporated
in vacuo to a paste, Hydrochloric acid (20, 100 ml, ) was added, followed
by zinc dust (50 g. ), and the mixture heated overnight at 100°,
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The unreacted zinc was fil’cered, and the solution made strongly
alkaline by addition of potassium hydroxide (50 g.) in water (50 ml, )
and sodium potassium tartrate (sa‘curafed, 100 ml, ). The liberated bases.
were éx’a‘acted continuously with ether for sbout four dayss The ether.
extract was dried with anhydrous magnesium sulphate, and evaporated, The
thick, viscous, brown oil which remained was distilled through a short-
path still, at a pressure of about 4 mm., and a bath temperature 120 - 180°,
A viscous liquid was obtained (6,88, ). This was shown by paper chromato-
graphy on Thatman No, 1 paper using butenol-scetic acid-water (77 : 6 : 17)
as solvent, to consist mainly of 2-(5,5-dimethyl-pyrrolidin-2-yl)-propan~
1,3-diol, although there were appreciable quantities of a faster moving, |

unidentified component,

Treatment of the product with a saturated solution of picric acid in
- benzene gave a picrate, mp, 165 ~ 166°, after three recrystallizations
fran n-butanol, The melting pbint of this picrate was not depressed when
mixed with the picrate mep, 165 - 166°, obteined from the amino-glycol
whose preparation is described on pages 122 and 142,
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APPENDIX

S

A Modified Short-Path Still

Mg, I

While carrying out the experimental work reported in this thesis,
the author was often faced with the problem of distilling in vacuo small
quantities of liquids, which were either too viscous to handle in con-
ventional apparatus, or apt to decompose if heated for an appreciable time,
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Very of'ten, the scale of materials to be distilled was in the
range 0,3-6 g., and there was a great need for a versatile piece of -
Qaésware. The author consequently designed a modified vacuum short~path
still, which has proved itself invaluablé not only to him, but also to
his collecagucs, |

The most obvious requirements of a small~scale distillation apparatus

are as follows:

(1} Tt must be capable of operation both at atmospheric and under low

pressures,

(i1) The loss of materials by hold-up should be as small as possible.
This implies that the sweface of glass in contact with the liquid
mist be as small as possible,

(1ii) Some means of determining the temperature of the vapour is useful,
but - not essential,

(iv) Iiquids falling within a wide range of boiling points and
viscosities must be capable of being handled,

(v) Some means of collecting a number of fractions must be included,

The apparatus is illustrated in Fig, I, The details of its
congtruction are described below, All glass parts are made of borosilicate

glass,
The apparatus consists of the follcwing parts:

(&) A chamber A, made from a tube about 200 rm., long, 32 mm, O,D.,
carrying at one end a B29 standard socket. A vacuum connection
is provided about 20 mm, from the open, unground end, A tube,
(about 12 mm, 0,D,, and about 60 mm, in length, joint included) is
fused into the chamber about 30 mm, from the B29 joint, in such a 1
manner that the tube protrudes 8 mm, into the chamber, The external -
end of the small tube ends in a Bi4 standard cone,
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(b) A receiver holder B, made from a tube (about 28 mm, 0,D.) carrying

a B29 cone, The tube is closed at its unground end, and into this

is sealed a centre rod (6 mm,), The whole length of the receiver

is not critical., The author used a receiver about 100 mm, in length,

Joint included, The centre rod should not protrude beyond the open
mouth of the tube, '
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(c) A cold finger condenser, fitted with a rubber bung to enable it to
be insertesd into the unground end of the chamber A, The tip of the
condenser is drawn to a "beak!, aé shorn in the diagram, The
length of the condenser which is inserted into the chamber is about
150 mm, , but it can be adjusied at will by altering the position '
of the rubber bung, The condenser tube is about 9 mm, 0,D,

(d) The receivers are small tubes, about 7 mm, 0.D,, cut to various
suitable lengths, and conveniently have a capacity of about 1 ml,
The open end is ground at an angle, as illustrated in the diagram
below, These tubes may be etched with some distinguishing mark,
and are conveniently weighed before and after filling, thus pro-
viding a measure of the yield of each fraction, Five such tubes

. fit into the receiver holder B,
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Mode of Operation,

The 1liquid to be distilled is placed in a small Bi4 flask (5 - 25 ml.),
a few chips of pumice added, followed by a small wad of glass wool, The
Joint is lubricated, and comnected to the Bi4 joint of the chamber A,

The receiver tubes are
placed in the holder B, and held
in place by a wad of glass or
cotton wool, The ground ends of
the tubes are oriented in such a
way that the lowest end of the
bevel is directed towards the
centre rod, The photograph (Fig.
II) clearly indicates this., The
Fig, IT B29 joint is lubricated, and
inserted into the chamber,

The rubber bung on the cold finger condenser is adjusted so that when
it is ingerted into the chamber, the "beak" overhangs directly over the
open mouths of the receivers., The whole apparatus is inclined in such a
way that the bevel of the lowest tube is horizontal, The photograph (Fig.
ITI) shows the arrengement just before a fraction is collected,

Fig, TIIT
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‘The water and vacuum are commected, The flask can be heated By water
or oil 'baLths, or by a free flame, as desired, If "oumping" occurs, the
: glass wool prevents spattering onto _ the ‘coid finger, One observes a’
"ring" of condensed vapour rising in the tube, A dew usually appears on
the cold finger at this stage, and it is advisable to gently heat the
chanber A with a free fiame, to avoid condensation on it, As the dise
tillation proceeds, drops of liguid formed on the cold finger fall into
the recéiver 3 when the tube is full, or another fraction must be collected,
the receiver holder B is rotated so as to orient the next receiver tube in

the operative position,

The apparatus described above was fouha fo operate sé.tisfactorily
both at atmospheric pressure, and at pressures as low as 0.1 mm,
Quantities of material of the order of 0.5 g., cen be distilled with only
a small logs, Purification of ligquids for cambustion analysis can readily
be carried out with as little as three drops although of course, the loss is

-relatively greater,

No means of observing boiling points are included, However, this is
of li't:.’cle consequence, as exact boiling pointé at low pressures on a snall
sé:ale are of little significance, The author used the bath temperature as
a rough guide, but preferred to rsly on refractive index ineasurements, ,
infra~red spectra, or paper chromatography, to establish the identity or
otherwise of random fractions, In a typical experiment, when an
isoxazolidine was distilled, on the five gram scale, five randdm fractions
with a range of refractive indicés falling wifhin the limits 10,0002 were
obtained.; The same material, under the sesune conditions of temperature and
pressure (0.1 mm,, 110 - 120° bath tenperature) decomposed appreciably in

a distillation carried out in a conventional apparatus,
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SUMMARY

When af-unsaturated esters reacted with nitrones of the 1-pyrroline
1-~oxide type, & cyclo-addition reaction tock place, with formation of
bicyclic, N-bridged isoxazolidines, Thus, ethyl acrylate and 5,5-dimethyl-
1-pyrroline 1l~oxide reacted at room temperature to give a quantitative
yield of 3-ethoxycarbonyl-8,8-dimethyl-2-oxa~-1~azabicyclo[3,3,0]Joctane,
whose structure was proved by reduction to 3-(5 ,S-dimethyl—pyrrolidin—z-yl)-
propan—~1,2-diol, also obtained by an unambiguous synthefic route, If the
nitrone and ethyl acrylate were heated at 100° for four days, a quanti-
tative yield of 4-ethoxycarbonyl-8,8-dimethyl~2-oxa~1~azabicyclo[3,5,0]
octane was obtained, The structure of this compound was established by
reduction to 2-(5,5-dimethyl-pyrrolidin-2-yl)-propan~1,3-diol, whose
gtructure was proved by synthesis,

If thé nitrone and ethyl acrylate were heated for only one day, then
a mixture of the isomeric esters was formed, The 3-ethoxycarbonyl compound
could be converted into the 4-ethoxycarbonyl isomer by heating with ethyl
acrylute, Evidenoce regarding the thermal insgtability of some of the adducts
was obtained,

Acrylonitrile, acrolein diethyl acetal, and allyl alcohol were also
found to react with 5,5-dimethyl-i-pyrroline 1-oxide to form isoxazolidines,
The allyl alcohol adduct was proved to be S~hydroxymethyl-8,8-dimethyl=-2-
oxa-1-azabicyclo[3,3,0]octane, since it could also be produced by the

partiel reduction of 3-ethoxycarbonyl-8,8-dimethyl-2-oxa-1-azabicyclo
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[3,3,0]Joctane, and also by its reduction to 3-(5,5-dimethyl-pyrrolidin-
2=yl )~propan-1,2~diol, |

3=(5 go~dimethyl=pyrrolidin-2~yl )=propan=1 s2~diol reacted with
phosphorus and hydriodic acid to give, after further reduction with zine
and hydrochloric acid, a base showmn to be 2,2~dimethyl~5-propyl-pyrrolidine,

A similar treatment of the isameric amino-glycol, 2-(5,5-dimethyl-
pyrrolidin-2-yl)~propan~1,3-dicl, unexpectedly gave rise to a rearrangement,
as 2,2~-dimethyl-S-~propyl-pyrrolidine was also obtained, as the major
product, Only a small quentity of the expected base, 2-isopropyl-5,5~
dimethyl-pyrrolidine was formed, The structures of the two

propylpyrrolidines were establiched by umequivocal synthetic paths,
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