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A multitude of nitrones are prepared by the condensation of aldehydes and hydroxylamines,
which on reduction with NaBH4 gave the required hydroxylamines. The barriers to
inversion in these acyclic di- and tri- substituted hydroxylamines are determined by 1H
NMR bandshape analysis. The barriers range from 49.1 to 66.8 kJ mol-l. The magnitude
of the barriers are discussed in terms of a conformational process which involves nitrogen
inversion and rotation around N-O bond. The N-benzyl group with an ortho hydroxy
substituent increases the nitrogen inversion barrier by 10 kJ mol-!, which indicates the
requirement of breaking of the intramolecular hydrogen bond prior to inversion. In several
series of compounds, having XCgH4CH, substituents arttached to nitrogen, Hammet free
energy correlations are obtained with positive p values, indicating increased electron density
at the transition state for the inversion process. To shed more light on the nitrogen inversion
process and anomeric effect a series of isoxazolidines are also synthesized, and their 'H and
13C NMR spectra recorded over a range of temperatures. Hammet plots were obtained to
quantify the reaction constant p. Isoxazolidines with C(5) ethoxy substituents demonstrate a
strong anomeric effect. Kinetic studies involving HgO and para benzoquinone oxidation of
hydroxylamines to nitrones provided an insight to the mechanistic pathway the oxidation
process traversss. The formation of E nitrones which quickly isomerize to the Z nitrone was

also observed. This isomerization appears to be a bimolecular process.
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INTRODUCTION

1.1 Introduction

A trivalent nitrogen cannot maintain its chiral nature because of nitrogen inversion.!
While the elec ronegative substituents on nitrogen increase the inversion barrier by their ¢
inductive electron withdrawing ability and & repulsive character due to the lone pairs, the
relative contribution of these two effects still remains a challenging question.
Hydroxylamine, owing to its unique properties, have acquired a place of distinction in
conformational analysis. Barrier to nitrogen inversion is considered as a useful probe for
understanding structural effects in organic molecules.

In hydroxylamines nitrogen inversion is also accompanied by N-O bond rotational
process. The barrier of nitrogen inversion and N-O rotation in acyclic systems is of
comparable magnitude (~50 kJ/mol). This has given rise to nitrogen inversion and N-O
bond rotation dichotomy. It is quite often difficult to distinguish bet veen the two processes
as far as the determination of the rate limiting step is concerned. Rotation about an N-O
bond may be eliminated by incorporation into a ring (3-, 4- or 5- membered) or into a

bicyclic frame work.



1.2 Objectives

The main objectives of this work can be divided into three main parts.

1.2.1 Part A

A multitude of nitrones will be prepared by the condensation of aldehyde and
hydroxylamines. The nitrone on reduction is expected to give the rejuired hydroxylamines
which will be converted to acetyl and silyl derivatives. Variable temperature 1H NMR
spectra of the hydroxylamines will be recorded and by using the NMR simulation programs
the barriers will be determined. The effects of size and nature of various groups on the
inversion (or rotation) barrier will be studied in great depth.

It would indeed be interesting if the proposed study can demarcate between the two
processes using judicicus selection of the substituents attached to nitrogen. The sensitivity
of the barrier to the ortho, para, and meta substituents in the aromatic molecules will be
closely monitored. Hammett plot of the free energies of activation with substituent constant
¢ would shed light on the electronic requirements in the transition state. Close attention will
be paid to the particular hydroxylamine to study the effects of hydrogen bonding on the
inversion - rotation process. While the nitrogen inversion process is expected to slow
down, the effect of hydrogen bonding on the N-O rotation will presumably be marginal. X-
ray structure of hydroxylamine will be determined to find out the strength and extent of the

hydrogen bonding (if any).

1.2.2 Part B

The objective in this part is to completely freeze the N-O rotation process by
inserting both N and O in a ring skeleton. The ring should not be six-membered since ring
inversion will compete and complicate the study of nitrogen inversion. Several nitrone

cycloaddition products will be synthesized. Dynamic NMR study would help us to



3

determine nitrogen inversion barrier without any contribution from N-O torsion. The study
would help us to identify or even find out the relative contribution of nitrogen inversion and
N-O rotation processes (as described in part A) in a common transition state. The study
would also shed light on the conformational stability of the axial versus equatorially
oriented nitrogen substituent in the diastereomers. Crystalline compound (if any) will be

studied by X-ray crystallography.

1.2.3 Part C

Inversion of the nitrogen and its oxidation are closely related in the sense that both
the processes go through a sp? transition state. Therefore the structural effects that make
the inversion easier should also make the oxidation process easy. A kinetic study of the
oxidation process in hydroxylamines would help us to determine the mechanistic pathway
this synthetically versatile prdcess traverses. Among the plethor:. of functional groups
nitrone functic nality has etched an important place in the organic s;nthesis. The sterically
favoured Z nitrone are reported to be formed in the oxidation process. It is possible that the
initial product >f the oxidation may not be the thermodynamic product alone. Using various
oxidants the original composition of the product mixture will be analyzed. A kinetic study
of E-Z isomerization will be undertaken. Successful isolation of the less stable E isomer

would pave the way of better utilization of the nitrone cycloaddition reaction.



HISTORICAL

2.1 Nitrogen Inversion

As early as 1924, it was suggested ! that an inversion process was responsible for

the inability of the trivalent nitrogen to sustain optical activity (Scheme 2.1).

3 3
H X H , g ¥

N inv R N- Cmt

H

R2 A R2
Rl R R Rl

Scheme 2.1: Nitrogen inversion followed by N-C rotation.

The first thoroughly documented case of atomic inversion in ammonia is explained
in terms of quantum mechanical tunneling through the barrier rather than by a classical
traversal over it 23. Quantum mechanical tunneling is important only for cases with very

light substituent atoms, such as protons.

An sp3 hybridized nitrogen atom with a pyramidal geometry la is capable of
inverting its configuration. The transition state has an sp2 hybridiz=d nitrogen with the
lone pair in an unhybridized p orbital. The rate of nitrogen inversion depends on the

steric, conjugative, inductive and angle constraints effects of substituents 4-7.
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Electronegative heteroatoms attached to nitrogen increase the barriers to nitrogen

inversion. The higher the electronegativity the higher is the barrier to inversion.

v, , R

N . R2 = RS
Rl_.-"'/ gy T \1-\1/
R? L U 3 Q
1a N —R 1b
270

Transition State

Scheme 2.2: Nitrogen inversion.

Amines with pyramidal geometry are expected to invert via the planar transition
state. The rates of inversion of this type vary over a considerable range and depend on
the nature of the substituents attached to nitrogen; while the elect-onegative and n-donor
substituents raise the inversion barrier, the r-acceptor substituents lower the barrier.

An analysis using molecular orbitals describes the effect of various types of
substituents on the inversion barrier of the seven molecular orbitals that describe NH3 8.
Three orbitals, all having the same three fold rotation axis, are shown in Figure 2.1.
These orbitals are responsible for the energy changes associated with the pyramidal
inversion of the sp3 hybridized nitrogen through planar traasition state with sp2
hybridized nitrogen. Energy changes of four other orbitals do not control the inversion
process and are not shown in the figure. As the hydrogen atoms are moved out of the
plane (at the left), three orbitals interact with each other and their relative energies
change. The strongest interaction is between the HOMO ap, and LUMO a”* since these
two have the smaller energy gap. The nonbonding orbital a, gains a bonding interaction
from the central p orbital and the antibonding orbital a* gains an antibonding contribution

from the central p orbital. There is a smaller interaction between a and aj,.



a*
LUMO a* _
90
HOMO a, —H—
—H—
075\0

‘oo  T—
> o e
A

Figure 2.1: MO diagram of the three orbitals involved in the inversion process.



The most dominant interaction between ag and a” lowers the energy of the ag
considerably. The pyramidal structure is more stable than the planar structure as a result
of energy decrease of a; molecular orbital in going from the pyramidal to the planar
geometry.

A m-donor substituent as in 2 can interact through its x-orb:tals but cannot interact

with a* molecular orbital because of symmetry mismatch.

QY

N

e 0 0

The interaction between the filled orbitals of the w-donor and ap will raise the

energy of the planar structure by raising the energy of the ap ( Figure 2.2). Decreased

~#

an 44—
—}— = donor

4 /
Figure 2.2: Energy changes due to the interaction of ap and filled orbital of a %t donor.
energy gap between a, and a* would lead to enhanced interacticn which would in tum

lead to larger stabilization as there is a change towards the pyramidal structure. In the

pyramidal structure the unfavourable ap-t donor interaction would be diminished due to
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the p character and increased s character of the a, orbital. A n-donor, therefore,
destabilzes the planar structure and stabilizes pyramidal geometry hence increases the
inversion barrier.

A m-acceptor substituent in 3 lowers the energy of ap in the planar structure hence

increases the energy gap between ap and a®.

V2 L S
/O ~N H/ N~

3

Strongly stabilizing filled (a;) -unfilled (r*) interaction which is maximum for
maximum p character of ap diminishes ap-a* interaction and hence favours the planar
geometry and lowers the inversion barrier (Figure 2.3). The acceptor argument put
forward by molecular orbital (MO) treatment can be understood using the familiar

resonance argument for planarity in such systems.

—— x* acceptor
an

O

Figure 2.3: Energy changes during the interaction of ap and an empty orbital of a &

acceptor.

The effect of electronegative substituent on nitrogen can be understood in the

following way. Inductive electron withdrawal through & orbitals will lower the energy of
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a and a* orbital but the energy of the a, orbital will not be affected to the same extent due
to the n-symmetry of the a, orbital. The energy gap between a, and a* is reduced in
planar geometry and change to a pyramidal structure is strongly favoured and the
inversion barrier is raised. The converse is true for the inductive electron donating
substituent. Electronegativity of the central atom also affects the inversion barrier but in
the opposite sense of the electronegative substituents. Thus increasing the
electronegativity of the central atom lowering the inversion barrier.

The inversion rate of amines is usually so high that resolution of racemic mixtures
of optcally active amines cannot be achieved. The inversion rate is usually measured by
NMR spectroscopy. Asymmetric amines having a benzyl group would display
methylene protons as AB quartet at low temperature but will coalesce at temperature
where inversion is sufficiently rapid 9. If the inversion is too rapid even at low
temperatures, it can be effectively slowed down by use of approp-iate amounts of acid to
convert a large fraction of the amine to ammonium ion which cannot invert at ail 10,

Experimental evidence reveals that the inversion rates are influenced by various
factors. If one or more substituents is hydrogen, the inversion rates are too fast to be
seen by NMR. The rapid inversion in the gas phase is attributed to tunneling 11
Inversion in solution is complicated by proton exchange.

Tertiary amines with bulky substituents are expected to be crowded more severely
in pyramidal geometry than in the planar transition state. Hence, amines with larger
groups tend to undergo faster inversion.

Small cyclic amines are expected to invert slowly. In the pyramidal geometry, at
least two bend angles are normal but in planar geometry all the three bond angles at the
nitrogen deviate greatly from their normal values. From the temperature dependence of
the NMR spectrum of 1,2,2-trimethyl aziridine 4 the barrier to nitrogen inversion has
been found to be 83.7 kJ/mol, whereas that for N-methyl pyrrolidine § is only 29.3
kJ/mol 12,
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Amides are, as a rule, characterized by planar nitrogen due to resonance. No
temperature dependence has been noted for N-acetyl aziridine 6 even though the planar

geometry introduces severe angular constraints 13.

+_ /CH3

CH; DB —C\O -

N\u/
0

Substitution by atoms other than hydrogen and carbon tend to lower the inversion

rates and hence increase the inversion barrier. The cis and trans-N-chloro aziridine 7

HCo_ /\“/Cl Hs‘/\::

N ~
a

7 8

and 8, respectively, have very high inversion barriers and have infact been separated.
This is the first example of a non bridgehead amine stable to inversion at room
temperature 14, If the central nitrogen atom is attached to two hetero atoms, even the
three-membered ring is no longer a requirement for slowing down the nitrogen inversion
rate. The isoxazolidines 9 and 10 can be separated; the activation energy of inter

conversion is found to be 125.5 kJ/mol 15,
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2-Methyl-3,3-diphenyloxaziridine 11 in which a pyramidal nitrogen atom is the

chiral centre, has been isolated 16.

11 12

The N-silylamines and several N-sulfuramines are found to be planar 17.
Availability of low lying vacant d orbitals, presumably makes the planar geometry more

attractive due to dr-pr bonding (Figure 2.4).

QO
T O

Figure 2.4: dr-pr bonding in N-Silylamines.

However, the sulfuramine 12 is found to exhibit inversion as indicated by
coalescence of the NMR spectrum. Both nitro and methoxy groups lead to a barrier of

52.3 kJ/mol indicating the insensitivity of the inversion rate to the nature of X 18,
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The presence of electronegative hetero atoms attached to the central nitrogen slows
down the rate of inversion. This is at present best explained by the statement that the
planar transition state has maximum s character in the bonds to the nitrogen atom and an
electronegative substituent is least likely to tolerate that situation.

In phosphines and arsines, with bond angle lower than those of ammonia,
inversion is very slow. Silicon attached to these atoms lowers the energy of the planar
transition state, hence lowers the inversion bam'ef. In many phosphines the inversion
barrier is about 146 kJ/mol, however the barrier is decreased to about 83.7 kJ/mol if one
of the substitvents is silicon 19. For the tris silylphosphene 13 no resolution of the

SiMe signal was observed even at -80°C and AG¥# must be less than 41.8 kJ/mol 20.

13

The inversion barrier of phosphorus and arsenic atoms can be lowered by making
it a part of an aromatic system. The barrier in acyclic arsenes is as high as 188 kJ/mol,
however in arsoles 14 it is only about 146 kJ/mol. In spite of the difference in size, the
planar state is stabilized by 4p-2p conjugation 21

Inversion at oxygen can also be monitored by NMR spectroscopy. The methyl
oxonium salt of oxirane 15 has an inversion barrier of 41.8 kJ/mol. However, the

analogous salt 16 with six-membered ring does not show this phenomenon 22.
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Related to pyramidal atomic inversion are interconversion exemplified by methyl
phenyl ether 17, acetone oxime 18 etc. 23 In atomic inversion, one of the most subtle of
molecular processes, only a reversal of configuration results; no bonds are broken and
no second chemical reactant is required. The two processes shown may occur either by a
"lateral shift" or by a simple bond rotation. In the lateral shift mechanism the central
atom and its two substituent atoms remain in the same plane when passing through the
sp-hybridized transition state. This mechanism is a two dimensional analog of the
pyramidal atomic inversion. Divalent oxygen RO may invert through linear sp or sp2
transition state. The later process is similar to bond rotation. However linear inversion
has been found to be relatively high energy process (about 142 kJ/mol in H,0) 23
compared with almost negligible barrier to pyramidal inversion in H3O*. Therefore the
process depicted below must occur by a torsional mechanism rather than by a linear
inversion 23,

CI)/ CHj3 H3C\(|)

Q—0©

17
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Geometric constraints, however, do not permit nitrogen inversion in amines where

nitrogen atom occupies bridgehead position in such compounds as exemplified by 19.

50

19

H;

The rate of inversion varies over a considerable range as discussed before. To give
an idea of such variation, several compounds are listed below along with their inversion
barriers.

In ammonia, primary and secondary amines, the rates of inversion are too fast to
be seen by NMR scale. For ammonia, there are 2 x 1011 inversions per second in gas
phase and this rapid inversion has been attributed to tunneling 11. The inversion is less

rapid in substituted ammonia (amines).
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NH3 CH3NH> NF;3
20 21 22
24 kJ/mol 20 kJ/mol 209 kJ/mol

U. O NG

\CH3 CH3 CH3
9
23 24
29 kJ/mol 44 KJ/mol 126 kJ/mol
'
A N /\\/AC
25 26 2
65 kJ/mol 62 kI/mol 57 kJ/mol

Nitrogen trifluoride has an exceptionally high inversion barrier 17 of 209 kJ/mol.
While N-methy! pyrrolidine 23 has an inversion barrier of 29 kJ/mol 12, N-
methylisoxazolidine 25 in contrast, has a considerably higher barrier of 65 kJ/mol 24.
The inversion barrier increases considerably when the nitrogen is a part of a three

membered ring such as 1,2,2-trimethyl aziridine 24 12
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2.1.1 N-O Rotation
There is a three-fold barrier to rotation in ethane with staggered and eclipsed

conformations occupying the energy minima and maxima positions, respectively.
Methylamine, methanol, and their higher homologous also show three fold periodicity in
their bond rotation behaviour. Both MO calculations and experimental evidence on
hydroxylamines and its derivatives point toward a completely different picture of the
conformational behaviour. Hydroxylamine has two maxima and two minima on its
potential function for N-O bond rotation and the barrier to rotation is huge, several times
larger than in ethane and related compounds.

The results of MO caiculations 25 on the conformational behaviour of
hydroxylamine 28 is presented in Figure 2.5 which shows the variation of molecular
energy with N-O bond rotation. The barriers to rotation were calculated to be 50 kJ/mol

and 4.85 kJ/mol. The two stable conformers 28a and 28d were thus calculated to be

28
45.15 kJ/mol apart. In complete contrast to the conformational stability of ethane,
methanol and methylamine the stable conformation of hydroxylamine was determined to
be 28a with the lone pairs and bonds formally eclipsed. The less stable conformation
28d has the formal bonds and lone pairs staggered. The other staggered conformation
28b does not occupy a potential energy minimum.
Pople et al 26 have also reported the results of molecular orbital calculation on

hydroxylamine and monoethyl derivatives. The calculations agree with those of the
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Figure 2.5 Energy changes involved in rotation around the N -0 bond of hydroxylamines.
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earlier workers. While the higher barrier to rotation was calculated to be 49 kJ/mol the
energy difference between the stable conformers 28a and 28d was calculated to be 33.5
kJ/mol. Calculations on the methyl derivatives 29 and 30 revealed an almost identical

rotational barrier but the energy difference is almost 4.18 kJ /mol lower.

H OH
N—0cH, N—cH,
H H

29 30

Experimental evidence 27 accumulated from IR study and microwave investigation
on hydroxylamine strongly support the results of molecular orbital calculations that the
trans conformer 28a is the strongly preferred conformation.

For methylated derivatives 31 dipole moment data 28 and an electron diffraction
study 29 reveals the presence of two conformations for the N-O dimethyl and trimethyl
derivatives with the trans form 31a as the major conformer. For the compound 31 the
energy difference is found to be about 2.5 kJ/mol which is rather lower than that

proposed from molecular orbital calculations 26.

é 9
(H) HyC CH;  (MHC T

CH,

31a 31b

2.1.2 Nitrogen Inversion and N-O Bond Rotation Dichotomy
NMR spectra of many hydroxylamine derivatives show temperature dependence
attributed either to inversion at nitrogen or N-O bond rotation. Griffith and Roberts 30

studied the process in 32 and the barrier to the process was attributed to the nitrogen
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inversion. Thcy reached this conclusion based on the evidence that the barrier decreased
as the polarity of the solvent is increased. The sp2? hybridized planar transition state
should be more polar than the ground state and as such polar solvents should stabilize

the transition states, thus lowering the energy barrier.

AX'H2C\
N TOCH;
CH;,

32

However, other investigators 3! questioned the view presented above. They found
out that by ircreasing the bulk around nitrogen in a series of compounds like 32, a small
steric retardation of the process 30 was observed which is consistent with N-O bond
rotation being the rate limiting process.

Fletcher and Sutherland 32 however supported the view that nitrogen inversion is
the origin of the observed process since changing the size of the O-substituent in 32
from alkyl to acyl to hydrogen the observed barrier changed very little. The variation in
the size of the substituents should have caused a substantial variation in the observed
barrier, were the N-O bond rotation be the rate limiting process.

Works on compound 32, with aromatic rings having ortho substituents, firmly
suggest nitrogen inversion as the rate limiting process 33. Ortho substituents were found
to cause a steric acceleration which is consistent with the nitrogen inversion being the
rate limiting process.

Attachment of nitrogen to a ® acceptor substituent, however, makes the nitrogen
inversion an easy process. The rate limiting process in compounds 33-36 was ascribed

to the N-O bond rotation 34.
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Inclusion of N-O bond in the ring skeleton removes the possibility of bond rotation as
the rate limiting process 33. The inclusion of both N and O in a 3-membered ring 37
slows down the inversion process with a AH¥ of 142.7 kJ/mol for R = CH3 and 116
kJ/mol for R = tertiary butyl. A barrier (AG¥) of 41.8 kJ/mol was found 36 for the 4
membered ring compound 38. The presence of fluoro alkyl groups tend to increase the

rate of nitrogen inversion and lower the barrier.

N

S

37 ' 38
The inversion barrier (AG¥) in 5-membered isoxazolidine 39 was determined to be
65.3 kJ/mol 37. The energy barrier is observed to decrease when the methyl in 39 is
replaced by bulkier iso- propyl group 30. The barrier is also decreased by the 8-O atom
in 40 (AG¥= 43.1 kJ/mol).
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2.1.3 Application of NMR Spectroscopy in the Study of
Inversion-Rotation Process
~ The stereochemistry of the chiral nitrogen centre cannot be developed using
classical methods based on chiroptical properties that are used for the investigation of
stereostable configuration of enantiomers having chiral carbon. NMR technique is a
convenient tool to study the stereolabile chiral units with asymmetric nitrogen 39. While
the stereomutations in chiral carbon usually require the breaking and making of & bonds
catalytically or photochemically, stereomutation in asymmetric nitrogen occurs thermally
(uncatalyzed). NMR spectroscopy can probe stereochemical relationships between
individual groups in the same molecule. The stereochemical relationships between paired
groups can be described as homotopic (indistinguishable), enantiotopic, and
diastereotopic. Incorporation of a prochiral 40 group of the form —CX2Y (e.g.,
—CH2CH3, —CH(CH3)2, —CH>Ph etc.) in a molecule RCX3Y 42 can serve as a
probe for the chirality or lack of chirality of the group R.
For instance the molecule 43, where 'R’ in 42 is achiral (CH3);N, symmetry G is
in the plane of the paper containing N—C—Y. Reflection through the plane interchanges

the two X substituents and as such these groups are enantiotopic and will have the



22

3 CH3 Y Cl
Achiral Chiral
43 44

identical chemical shifis. However when R in 42 is chiral as exemplified by compound
44, the plane of the paper is no longer the symmetry plane and as a result the X groups
are diastereotopic and will exhibit chemical shift nonequivalence. Chemical shift
nonequivalence of the X groups confirms the chirality of the R group but the opposite,
i.e., chemical shift equivalence of the X groups does not necessarily confirm the lack of
chirality of the R group. Accidental degeneracy or too small a difference in chemical
shifts might lead to incorrect conclusions.

If R is a chiral group in 42 it does not mean that the molecule must be chiral. The
compound 45 is achiral even though the group CCI3SNCH7Ph (R) is chiral. The
molecule has a & plare perpendicular to the plane of the paper (containing CSN) which
interchanges the benzyl group as a whole thus making them enantictopic. However, the
plane does not interchange the two methylene protons Ha, Hp in each benzy! group thus
making Ha and Hp diastereotopic and the NMR spectrum displays the simple AB

quartet 41,
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In compound 46 with a G plane (the plane of the paper) the two hydrogen atoms in
each benzyl group are enantiotopic (reflection through the plane exchanges the
hydrogen), however the benzyl groups, as a whole, are not exchangeable hence
diastereotopic and as such benzyl protons appear as two singlets in the NMR
spectrum 42,

The spectral characteristics in 45 and 46 are observed when the rate of N—S or
N—C bond rotations are slower relative to the NMR time scale (bond angles do not
change but dihedral angle changes in the transition state). However increasing the
temperature the rate of Ha becoming Hp and vice versa after rotation becomes faster on
the NMR time scale. As such the NMR spectrum of 45 reveals the time average signal of
methylene protons, which gradually changes with increasing temperature from AB
quartet (diastereotopic protons) to a singlet (enantiomeric protons). This averaging of
stereochemical relationship or the exchange phenomenon is termed topomerization 43,
During the process the topomerization of benzyl groups is also affected. On time average

the whole benzyl groups become homotopic rather than enantiotopic.
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In the topomerization of compound 46 rapid rotation around the amide bond
changes the diastereotopic benzyl groups to homotopic on time average. The
stereochemical relationship between methylene protons in each benzyl group however
remain enantiotopic and the benzyl protons coalesce into one singlet. It may be noted that
only topomerization which transforms diastereo groups to either enantiotopic or
homotopic, lead to coalescence and can be studied by the NMR techrique.
Stereomutation of nitrogen and other stereolabile configurational units involve
geometry changes rather than bond breaking or making at the transition state (Scheme
2.3). Changes in bond angles in 1a having a chiral nitrogen configurational unit from
pyramidal ground state to planar transition state leads to interconversion of enantiomers
la, 1b. However stereomutation of an achiral N-O configurational unit (rather
conformational unit) causes changes in dihedral angles (torsion) in the transition state
and stereomutation inyerconven the diastereomers 47a and 47b.
The presence of both chiral nitrogen and achiral N—O unit in the same molecule
(as exemplified by hydroxylamine derivative) provided a long, lively, and still
continuing debate on the inversion and torsion mechanistic dichotomy. The

interconversion of one ground structure la to its enantiomer 1b (degenerate
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racemization) requires both inversion at nitrogen (to give the diastereomer 47a) followed

by N—O bond rotation.

l" R3 —~—— e
R v d
22 7”0 )
la 1b
Rl"'lg 3 — RI"'!(IZ\ — Rl"llg\o
\ P ———— ——
R R® 23 R3
47a 47b

Scheme 2.3: Stereomutation of N & N-O configurational unit.

Most likely the inversion and torsion happen in sequence. Combined composite of
the two processes in a complex single step would require a higher energy transition state
(corresponding to direct a «— b interconversion). If the two processes were
independent the energy of activation for the combined process will be the sum of energy
requirements for the two individual processes. Experimental and theoretical evidence 44,
however, indicate that the torsional barrier is increased at the inversion transition state
and that the inversion barrier is increased at the torsional transition state. In such a
situation, the two processes are not quite independent of each other and become more
dependent as the energy of activation increases.

With sequential inversion and torsion, the process with the higher energy of
activation represents the rate determining step for stereomutation, 48 (Scheme 2.4).
Barriers measured from the coalescence of the NMR signals due only to degenerate

racemization (A = A*) of the prochiral probe shed light on the slower process but failed
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to provide information about the faster process. However, if the minor diastereomer (B
and B*) is populated sufficiently to permit detection by NMR, the ccalescence associated
with interconversion of the diastereomers (A,A* B,B*) would provide the energy
barrier for the second of the two first order interconversions. Experimentally this
situation has aot so far arisen in the study of hydroxylamines, sulfenamides, and
hydrazines so far. The inability to observe the minor diastereomer may arise from any of
the following reasons:

An unfavourable equilibrium constant (K=[A}/[B]>>10) or a small free energy of
activation (AG* < 21 kJ/mol) for the fast process below the lower limit of the dynamic
NMR method or accidental degeneracy of the signals due to two diastereomers. Where
the rate determining step is nitrogen inversion the process is called inversion dominant
and if N—O rotation is the limiting step the process is called rotation dominant.

Experimental evidence indicates that comparable barriers have been measured for
both inversion and the rotation processes. There is a long literature controversy over the
dominance of the barrier in hydroxylamines 43.

In some casés the slower step can be unambiguously assigned. In compounds
(33, 35, 49, 50) 46 attachment of the m-acceptor substituent to nitrogen makes the
nitrogen planar or nearly planar and as such the inversion process will be faster. In these
molecules the NOC piane is perpendicular to the plane of containing NCC and as such
have N—O chiral axis (much like the chiral axis in allenes) as shown in compound 35.
The nonequivalence of the diastereotopic groups can be attributed to the axial chirality at
the nitrogen-oxygen bond and the observed energy barrier can be confidently assigned to

N—O torsiona' process leading to degenerate racemization.
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Scheme 2.4: Interconversion of the diastercomers.
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Incorporation of N and O into a small ring (3, 4, S-membered) increases the
inversion barrier and at the same time fixes the CONC dihedral angle at (~0°) or near the
geometry of N—O rotational transition state. In compounds 37, 41, 51 the barrier
must be due to inversion process and nonequivalence of diastereotopic groups is due to

chirality at nitrogen 47,48,

52

The situation in simple trialkyl hydroxyl amines like 52 is more complicated. The
rotation-inversion dichotomy in simple N,N-dialkyl and acyclic trialkyl hydroxylamines
has been the subject of considerable controversy in the literature. The torsional barriers
in 49 and 33 are in the range 50-63 kJ/mol which are comparable to those of normal
trialkyl hydroxylamines. The torsional barriers, thus, cannot be ignored. The steric
effects and solvent effects are often used to differentiate between the two processes.
Steric effects take into account the fact that increasing bulk around N and O would crowd
the pyramidal ground state (109°) and for the inversion process this crowding would be
relieved in the planar transition state (120°) due to an increase in the distances between
substituents on nitrogen. The transition state for the torsional process on the other hand

requires eclipsing of the nitrogen and O substituents. Thus any increase in the steric
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hindrance in the ground state would lead to steric acceleration 24 of the process if it is
inversion dominated and to steric deceleration if it is rotation dominated. However the
application of this factor has led to conflicting results from various authors 24:43.
Solvent effects on barriers have been neither extensively studied nor well understood 3.
In some cases an increase in polarity leads to rate acceleration and in some cases to rate
deceleraticn. The evidence so far indicates that the magnitude of both the inversion and
rotation are similar and substantial. While the presence of conjugative interactions with
the N make the process rotation dominated, in absence of conjugative interactions
substituents and solvent effects can change the shape of the energy surface in acyclic
system and as such can shift the mechanism for topomerization from inversion to
rotation or vice versa.

The presence of intramolecular H-bonding has been shown 49 to increase the
nitrogen inversion barrier. The nitrogen inversion in amine 53 has been shown to
require a preliminary stage of intramolecular H-bond breaking prior to nitrogen inversion
and the barrier AG¥ of the total process was determined to be 54.7 kJ/mol (compared to
29-34 kJ/mol for Me3N).
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Restriction of the CNN angle of 54 causes the nitrogen to be pyramidal and the
low temperature 13C NMR spectrum of 54 reveals two CH2 signals when double
nitrogen inversion is slow on NMR time scale. The inversion barrier (AG#) has been

shown 50 1o be 36.4 kJ/mol at -72°C.
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N-substituted dialkylamines of general formula RpN-X exhibit parallel behaviour
for cation radical formation and kinetics for nitrogen inversion 31. Changes in the
structure of "R" that raise the nitrogen inversion barrier also make the electron removal
to form a cation radical more difficult. Even though the two processes appear to be quite
different they are similar in the sense that flattening at nitrogen occurs in both of them.

The relationship between the nitrogen inversion barrier and the ease of electron
loss for the haloamines S5 has been determined.

The phosphinoy! oxaziridines 56 have much lower barriers 52 to inversion at
nitrogen (AG¥ 52.7-55.6 kJ/mol) than that in 2-sulphonyl oxaziridines 53 (AG# 84-88
kJ/mol) and N-alkyl oxaziridines (AG¥ 105-142 kJ/mol), and this is attributed to a much
stronger conjugative interaction between nitrogen and phosphorous than between

nitrogen and sulphur in the trigonal state for nitrogen inversion.

0
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56 57
The barrier to double nitrogen inversion in 57 is determined to be 113 kJ/mol. 3¢
The o-inductive effect of electronegative substituents increases the barrier to nitrogen
inversion. The presence of a lone pair on an atom adjacent to nitrogen also raises the
barrier since the lone pair repulsion is maximum in the sp2-hybridized transition state
where the overlap with a pure 'p' orbital is maximum. According to simple rules of
hybridization as the electronegativity of the atom (attached to nittogen) increases the
nitrogen orbital directed towards the electronegative orbital will have higher p character
resulting in the higher 's' character in the nitrogen lone pair which i1 the transition state
must occupy a pure p orbital. The ¢-inductive effect of an electronegative substituent
therefore increases the barrier to inversion. The relative contribution of these two effects

to the inversion barrier is still a long standing question and many researchers despaired
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addressing this challenge 55. MO calculations can reproduce the trends observed
experimentally but they cannot distinguish the origin 3. A quantum mechanical study
describes the effect of through-bond electron donor-acceptor interaction on nitrogen
inversion in p-pipridine derivatives 57. A recent study 38 uses nitrogen inversion to

describe the molecular flexibility in the anti-depressant drug trimipramine maleate 58.
\/NH
N
7\
58
Restricted nitrogen inversion in the bicyclic amine 89 gave a very high barrier of
59 kJ/mol 39 . The origin of this bicyclic effect is attributed to the extreme rigidity of the

framework which prevents the highly strained internal C-N-C bond angle (96°) from

opening in the quasitrigonal transition state.
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A rotation dominated inversion process 60 has been found to be the case in the

piperidine derivative 60.
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Recent studies 60-64 on nitrogen inversion processes in several classes of

isoxazolidines 61-65 shed valuable light on the conformation. Effects of ring size and

{ /
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61 62 63
AG# 5960 Ki/mol AG* 65.2-69.0 kJ/mol
l/"\ :[ ~o
64 65
AG# 66.3-72.9 kJ/mol AG# 53-56 kJ/mol

substituents on the inversion have been studied at great length. Because of geometric
constraints the isoxazolidines 62 cannot undergo nitrogen inversion and cis geometry is
the only stable isomer. However in 63-65 the nitrogen inversion processes have been
studied by DNMR method. Recently, the nitrogen inversion process has been used to

unlock one interesting mechanism 63.
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2.2 Anomeric Effect

It is well known in carbohydrate chemistry that pyranose sugars having electron
withdrawing substituents (like halogen, alkoxy and acetoxy) at the anomeric carbon (i.e. C-
1) are very often more stable when the C-1 substituent is in the axial orientation (o-
anomers) rather than the equatorial orientation. Anomers are stereoisomers differing in their
configuration only at the anomeric carbon.

This axial preference of the substituents is not limited to carbohydrates only but also
observed in 2-substituted pyrans. This phenomenon is known as anomeric effect 8, since
it involves the anomeric carbon in the carbohydrate pyranose ring.

All the equilibria between diastereomers 66c, 668 67; 67a, 67p 68; 68 o, 69p 69
reveal that the major isomers are those with axially oriented substituents at the anomeric
carbon, thus the a-anomers are more stable in each case. For a conformationally mobile
system the compound 69 with all axially oriented substituents reveals the powerful
demonstration of the anomeric effect 70,

The nature of the substituent at C-1 and the dielectric constant determines the
magnitude of the anomeric effect. The 2-chloro substituent 70 exhibit greater preference for
axial orientation than C-2 methoxy 71. The magnitude of the anomeric effect decreases with
increasing dielectric constant of the solvent.

Several structural factors have been considered to put forward a plausible explanation
of the anomeric effect. In the valence bond approach the P anomer experiences
unfavourable dipole-dipole interaction between the polar bonds at the anomeric carbon. This

interaction is reduced in the & anomer. The B-anomer, with higher dipole moment is

expected to be stabilized in solvents with higher dielectric constant.
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From MO view point 71, the axial lone pair on ring oxygen is antiperiplanar to the C-
Cl1 (or C-OR) bond and such delocalization of the ring lone pair by interaction with the o*
of exocylic C-X stabilizes the anomer. With increased electronegativity of the C-2
substituents such interaction also increases. This interaction is expected to shorten the C-O

bond and lengthen the exocylic C-X bond.
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71

The anomeric effect can also operate in acyclic system in which a particular
conformation is stabilized by antiperiplanar arrangement of a lone pair orbital on a
heteroatom with C-X bond. For the donation of the lone pair the anomeric effect increases
in the order F <O < N and for accepting the lone pair the effect increases with the increase
in the electronegativity of the C-X system.

Acyclic acetals can possess various conformations among which 72 is the preferred
conformation where the number of antiperiplanar arrangements between nonbonded

electron pairs and C-O bonds is maximum.

T H H
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The molecular orbital approach is indeed very useful in identifying the rotational
barriers in fluoromethanol 73 72. The conformation A (with gauche F, H) is calculated to
be more stable than B (with anti F, H) by 52.7 kJ/mol. This is an example of the anomeric
effect; one of the oxygen lone pair is anti to F in conformation A.

The conformational properties of monosubstituted tetrahydropyrans have been
summarized by Eliel and coworkers 73 with special attention to electron-withdrawing
substituents at C-2 which prefer the axial orientation 74 as a result of the anomeric effect’s.
Nonpolar substituents prefer equatorial orientation at C-2; the axial substituents experiences
unfavourable 1,3-diaxial interactions which is further aggravated due to shorter C-O bond
distances 76.

With electronegative substituents at C-Z; the axial preference increases in less polar
solvents 77. In MO terms 78 mixing of the lone pair orbital at oxygen and the antiperiplanar
C-X antibonding orbital in the axial form is responsible for the observed anomeric effect.

The discovery 72 of the anomeric effect in 1955 and subsequent experiments and
theoretical calculations demonstrated the powerful effect of lone electron pairs in
determining conformational preferences. The origin of the anomeric effect has been the
cause of considerable debate. The cause of the anomeric effect has been explained in terms
of following models: '

1)  Unfavourable dipole-dipole interactions (Electrostatic Model).
2) n-c” interactio®t (Negative Hyperconjugaticn Model).
3) "Principle of least nuclear motion" model.

4) Lone pair interaction model.

The stabilizing n-6* interaction is inversely proportional to the energy difference

between the interacting orbitals.
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In the language of valence bond theory, the negative hyperconjugation model is expressed
as two resonance structures (double bond - no bond resonance). In molecular orbital terms,
the axial form is energetically preferred because it gains stabilization from a two-electron

interaction ( n-6™) between an occupied high energy donor orbital and an empty low energy

unoccupied orbital 80 (Figure 2.6).
E
‘ - \
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Figure 2.6: Energy level diagram showing n -6* interaction.

For the correct understanding of the electron pairs Kirby 81 has presented evidence

which suggests that the nonbonding electrons in oxygen are directionally nonequivalent and
should be in canonical ng and np orbital rather than in localized sp3 orbitals in tetrahedral

centres (Figure 2.7).



Figure 2.7: ng, np and sp3 orbitals in oxygen.

The photoelectron spectrum of water 82 affords four well defined bands at 12.6,
13.7, 17.2 and 32 eV which were assigned to the p-type lone pairs, two bonding molecular
orbitals and-s-type lone pairs respectively. By contrast the sp3 model of water will have two
bands one for the bond pairs and the other for the lone pair. It has been shown 83. 84 that

the anomeric effect is much stronger in the S-membered furanose ring 74 (95% axial) than

in the 6-membered pyranose ring 75 (56%).
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The stereoelectronic effect is expected to be strongest with the C-O-C-X torsional

angle of 90" in which the np and the 6*C-x will be eclipsed. In the sp2-hybrid model of the
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endocyclic ox-ygen a torsion angle of 90° allows maximum np -> o' cx overlap for the 5-
membered system. Had it been the sp3-hybrid model (in which torsion of 60° is the
requirement for maximum ngp3 -> o”* c.x overlap) six membered systems should show the
maximum anomeric effect. In the sp2-hybrid model np being the higher energy orbital than
the nsp3 becomes a better donor. Stereoelectronic effects also influence the orientation of
the aglycon (exo anomeric effect). Exo anomeric effect delocalizes electron density from the
exocyclic substituent which is maximum when the p-type orbital is antiperiplanar to the
ring C-O bond. Rotomeric behavior of 2-methoxytetrahydropyran 76 has been studied 85.
Of the six staggered conformation a3 is discarded on steric grounds. Of the remaining five
rotamers, three rotamers aj, €1 and e3 make important contributions for having np orbital

antiperiplanar to the ring C-O bond. In aj, both exo- and endo-anomeric effect compete for

o el 35
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electron delocalization towards carbon whereas in e; and e3 only exo anomeric effect

operate.
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The overall anomeric effect (AE), which determines the preference of the axial (or
equatorial) conformer should be the difference of the anomeric effect in the equatorial and
the axial conformer 86 [AE = exo-AEeq - (ex0-AEax + endo-AEgx)]. Since the axial
conformer is strongly favoured, the term exo-AEeq must be less stabilizing than (exo-AEax
+ endo-AEzy), giving a positive anomeric effect. In the following example 77 the anomeric
effect is negative 87- Here nitrogen is a better donor, thus, exhibiting strong ex0-AEeq
which should then be greater than exo-AE;x and may even be greater than (exo-AEax +
endo-AEax).

In spite of the evidence pointing towards nonequivalent lone pair orbitals many
theoreticians advise that the partitioning of the lone pair density is difficult. Several reports
disclose examples of the compounds where the axial anomer is preferentially stabilized in

more polar solvents 38 contrary to the understanding presented by the electrostatic model.

HN-
;ﬁ —= E—QN
CH,

77
A major failure of the negative hyperconjugation model is the example of several
compounds which show an unexpected "Reverse anomeric effect” 81.89. The opponents of
the frontier orbital interactions put forward and alternative model the "principle of least
molecular deformation” %0 to rationalize the anomeric effect. There are cases of molecules
which do not support the n-6* model of the anomeric effect, and a new model based on
dominant n-n interaction through space is proposed 91. Hence even to date the lively debate

on how to rationalize the anomeric effect continues.
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2.3 E-Z Isomerization in Nitrones

The barrier to E-Z isomerization about the C=N double bond is very sensitive to the
nature of the substituents 92. The barrier is usually high (780 kJ/mol) in simple N-

alkylimines and can be conveniently followed by NMR techniques.
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Usually ketimines exist as a mixture of E, Z isomers, however, normal aldimines tend
to exist completely (>99%) in the E configuration. N-methylimines 78 and 79 derived
from benzaldehyde or o-methyl benzaldehyde exist as E isomer. Surprisingly however, in
imines with both ortho position substituted 80, a considerable portion exist as the Z
isomer. The N-methyl proton signals of the Z isomer appear upfield due to increased
deshielding by the proximate benzene ring. The HC+NCH coupling constants for the £ and
Z isomer were found to be 1.6 and 2.2 Hz respectively. Imines 82 from alkylaldehydes
exist exclusively in the E form and classical nonbonded interaction between alkyl
substituents preclude the presence of the Z isomer. However the effective size of the aryl

group is strongly conformation dependent. Substituents at ortho position exert unfavorable

~N
. . R
- —N/ ~ - EN/
¥ O\,
ECp - Z-Cp

!
L

: H/ g
E-nCp

82

Scheme 2.5: Dynamic stereochemistry of imines.
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steric interactions with the vinyl "H" and N-alkyl substituents. The steric interactions, thus
force the aryl group to twist out of the imino-plane to adopt a noncoplanar (ncp)
arrangement as depicted in Scheme 2.5. However the conjugate stabilization of the coplanar
(cp) conformation opposes the twisting out of the imino-plane. It is suggested that n-p
repulsion between the nitrogen lone pair and the aromatic %-cleud in E -"ncp” would
destabilize this conformation in comparison to Z -"ncp". Increasing orthogonality will
decrease the proportion of the E isomer. The "buttressing” effect of meta and para
substituents along with increased n-electron density increases the orthogonality. Another
contributing factor is suggested to be attractive non-bonded interactions between the aryl
and N-aryl groups to stabilize the Z form. The presence of small amounts of acid catalyst
increases the rate of isomerization whereas the presence of base suppresses the
isomerization process.

E, Z isomers of ketimine and ketonitrones are known and easily separable. N-
alkylketimines have been shown by NMR spectroscopy to have AG¥ values of 110-120
kJ/mol at 200°C in biphenyl solution 93. However the aldimine 81 is shown 92 to have a
free energy of activation of 89 kJ/mol (mean of the forward and reverse reactions).

The aldonitrones, like aldimines, is known to exist in the preferred Z form.
However, aldonitrones 83 with both ortho positions substituted exist in both Z and E
forms at equilibrium 94. The NMR signal of 83b appeared at upfield due to the shielding
influence of the proximate aryl group (Table 2.1).

The aldehyde-hydroxylamine condensation leading to the formation of the nitrone,
was found to be kinetically controlled. The nitrone 83b was formed in the unstable "E”
form with a stereo preference to a Z:E ratio of 83:17. The interconversion rate and barrier
of the E and Z isomers of 83b obtained by thermal stereomutation in diphenyl ether at
147°C were found to be kf =5.3 x 10-5 s-1 AG¢* = 138.5 kJ/mol; kr = 0.9 x 10-5 s°1,
AG# = 144.8 kJ/mol respectively. With traces of benzoic acid increasing the rate of

interconversioa drastically (at 64°C, kf=2.1 x 10-3 s-1, AG¢¥* = 100 kJ/mol;
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kr =2.6 x 104 s-1, AG{* = 106 kJ/mol). The presence of trace amounts of bases
decelerates the rate of isomerization. A consistent downfield shift 94 of the methine (CH=N)
proton signal in the 83E nitrone is attributed to the fact that proton is adjacent to the

negatively charged oxygen atom of the N-oxide. The conformation of the aryl ring which
Ar, ;\/R Ar, ;\/O
a /
H o H R
E VA

83
Table 2.1: 'H NMR chemical shifts of £ and Z nitrones.

Nitrone Ar R %EatEq SER OECcH=N 0Zp dZcu=N

83

a 2,6 Me 9 3.40 7.87 3.82 7.52
Me,CeH3

b CeMes Me 17 3.40 7.90 3.89 7.59

¢ CeMes Et 12 1.32 7.88 1.58 7.64

d CeMes iPr 8 1.29 7.83 1.49 7.63

e CeMes 'Bu <1 - - 1.62 7.67
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is almost orthogonal for both E- and Z- isomers of 83 will also affect the methine proton
chemical shift. While the resonance stabilization would prefer 83 E and Z coplanar (cp)
conformation (Scheme 2.6), the presence of non-bonded steric interactions between ortho
substituents and N-alkyl group in Z (cp) and between ortho substituents and methine
proton in both E (cp) and Z (cp) will favour the orthogonal (non coplanar, ncp) conformers.
Non-bonded attraction between Ar and N-alkyl will also favour E (ncp). However
repulsion between the aromatic x-cloud and oxygen lone pair would destabilize Z (ncp).
The net effect of all these factors would decide the equilibrium ratios of the isomer and also
the magnitude of twisting out of the imino-plane. Oxygen also exerts non-bonded

interaction (this interaction is less severe in the corresponding imine).
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Scheme 2.6: Dynamic stereochemistry of nitrones (the extreme conformations).
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The free energy of activation for the rotational barrier of the nitrone 84 at 180°C in

nitrobenzene solution has been determined 95 to be 97 kJ/mol.

NC )
S 5 o
84

For the stereoisomeric ketonitrone 85 the energy of activation was found 96 to be 103

kJ/mol at 117°C.

Ne o P NO_ ¢
Z E
85

The energy barriers for the Z, E isomerization in nitrones are found to be

considerably lower than the barriers observed in alkenes 86 and 87.

b__H )
N Ny
E 272 kJl/mol 176 kJ/mol

86 87



47

Interconersion in imines can take place by rotation through 180° around the double
bond by nitingen inversion (planar inversion, lateral shift) or by imine-enamine
tautomerism 8. In the case of nitrones the inversion mechanisn: is not available. MO
calculations 99 tried to shed light on the E, Z isomerization process. The structure of
nitrones is usually represented as a hybrid 90 between the valence bond structures 88 and
89. The calculation on the ground state indicates a high charge density at oxygen and a CN
nt-bond order of 0.8€ a1d a NO x-bond ord=r of J.50.

The trar sition state 90 places a high charge density at the czrbon with a tetrahedral
geometry at carbon and a NO n-bond order of 0.94. The calculated rotational barrier in 88
was estimated to be 251 kJ/mol (by CNDO/2) and 335 kJ/mol (by INDO). These barriers

are clearly higher than the experimentally observed barriers in several nitrones (96-146

kJ/mol).
H C 0
N N H\ . +4
= <> N
H/C g 0 g
38 89
H }g + //)
H g
90

Conjugting substituents, however, might be expected to lower the energy barrier of
rotation aroui'd the CN bond. The anomalous behavior of orth:-disubstituted C-aryl
nitrones whic:: show a significant proportion of the E isomer at equilibrium %4 has been
accounted for, in molecular orbital terms 99. The potential energy difference between the
orthogonal Z and E at the ground state has been estimated to be 0.6 (CNDO) and 5.44
kJ/mol (INDO) corresponding to an equilibrium proportion of 25 or 10% E at equilibrium.
These estimates are cu.prisingly close to the obszrved isomeric distribution 94. However,

the observed I-arrier for the isomerization of the nitrone 83b was : >und to be 145 kJ/mol
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even though the free energy barrier was estimated to be 213 (CNDO) or 285 kJ/mol
(INDQ). It wauld appear that either the MO calculations overestimates the CN rotational
barrier or the E-Z isomerization occurs via anot;\et route. It is difficult to rationalize why
the rotational barrier in the case of nitrone 84 (97 kJ/mol) 95 is agout 41.8 kJ/mol lower
than in 83b (145 kJ/mol) 96. It should also be noted that traces of benzoic acid lower the
energy barrier by about 38 kJ/mol 94. It has been suggested that the isomers may inter
convert via an intermediate with a CN single bond where rapid rotation around CN is
possible 100. First order thermal isomerization is expected to have an entropy of activation
close to zero,!01.102 whereas acid catalyzed second order isomerization should have large
negative entropy of activation 100,

The energy barrier for the Z-E isomerization of nitrone 91 under acid free conditions
in CDCl3 is measursd 99 to be 134 kJ/mol. Near zero entropy of activation (AS¥, -10.5

kJ/mol) is quite consistent with an intermolecular bond rotational forces.

QQQ

X4
H/C \CH3 H g
91 92

CNOR2 éalculati_ons on methyleneamine 92 have given a CN rotational barrier of 255
kJ/mol and a barrier to nitrogen inversion of 130 kJ/mol.103 Measured E-Z isomerization
barriers in N-alkylimines in the range of 105-117 kJ/mol supported the view that the
interconversion might be happening via planar nitrogen inversion. A sample of 93 in acid-
free diphenyl ether undergoes isomerization at 35°C with a half life of 35 h. The rate of
isomerization is considered to be that of an uncatalyzed intramolecular process (probably

nitrogen inversion). However the presence of benzoic acid (1 mg per 15 mg of 93 in
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diphenyl ether (0.5 ml) reduced the half life to < 1 min. Half lives depend on the amount of
acid added.

The AH#f of the non catalyzed isomerization 100 determined to be 107.5 kJ/mol and

the near zero entropy of activation (AS#f = -4.18 J/mol K) is quite consistent with planar

o NO,
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inversion forces. However in the presence of benzoic acid as catalyst, AS#f was found to
be -126 J/mol K. It was suggested that a small fraction of the imine will be protonated
reversibly to give the immonium salt which on reversible nucleophilic addition would afford

97 where the rotation around CN will be much faster.
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The activation parameters 104 for the E-Z isomerization of ketonitrones 97 were

determined to be 141 ki/mol (Ea) and AS# of -16.7 cal / mol K, indicates the process as a

intramolecular one.
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BANDSHAPE ANALYSIS

Dynamic NMR (DNMR) deals with the effects of chemical exchange processes on
the NMR spectra. The most important kind of information that can be obtained is the rate
constant for the processes studied. The first order, or pseudo first order, rate constants in
the range 10-1-105 or 106 s-1 can be measured. This desired kinetic information is
obtained by the analysis of exchange broadened spectra, the so-called band shape analysis
technique.

When the bandshape at a known temperature has bécn secured the corresponding
rate constant can be derived. With the aid of the known parameters; the chemical shift
difference &v, the coupling constant J, the transverse relaxation time T2, and by the
systematic variation of the rate constant, theoretical band shapes are calculated. The best
curve with the best rate constant is found by comparison with the experimental curve,
either by a visual inspection or by a computerized least-squares adaptation.

When rate constants are obtained at several temperatures, it is possible to calculate

thermodynamic parameters such as enthalpies, entropies and free energy of activation.

3.1 Band Shape Equations

There are two approaches to the bandshape equations, the classical and quantum

mechanical approaches. For the study of exchange between uncoupled sites, the simpler
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classical bandshape theory based on suitably modified Bloch equations can be applied.

For deriving bandshape equations for second order coupled systems the quantum

mechanical approach must be used.

3.1.1 The Bandshape Equation for the Exchange Between Two
Uncoupled Sites
The suitable forms of the Bloch equations for the consideration of the effect of

chemical exchange upon the bandshape are:

aG _ . . G
— = i(w, ~w)G - iyBM, T, (3.1)
a T, '

where G is the complex magnetization in the xy plane and M, is the macroscopic
magnetization in the z direction.
Consider the exchange between two sites A and B

A_kA..B
kg

with site populations p, and pg. The kinetics of the process may be described in terms of
two first order rate constants, k, for transfer from site A to site B and kg for the transfer

from site B to site A. At equilibrium
kapa = ksps 3.3)

The lifetime of nuclei at each site is given by the reciprocal rate constant. i.e.

't'A = —; 'tB = — (34)
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The effect of the exchange process on the NMR spectrum can be considered using
the approach described by Hahn, Maxwell and McConnell (HMM) 105.106_[t is assumed
that jumps of nuclei between sites are fast so that no nuclear precession occurs during the
jump. For the two-site case there are two independent transverse magnetizations, Ga and
Gp. The effect of exchange between the two sites is to decrease the transverse
magnetization of site A at a rate equal to kg Ga and increase it at a rate kg Gg . The

changes may be incorporated into the Bloch equation (3.1) to give,

dG,

-_d—t-_-{- 0y, GA = —i}BleA + kBGB - kAGA (3.5a)
dG
d_:Bm” Gg = —iB M3 + kG, ~ kpGp (3.5b)
where
O.'A —}1—"" ZM(VA it V)

i“ (3.5¢)
aB -_——— 27ti(VB - V)

Thp

Generally NMR spectra are measured under ‘steady state’' conditions, i.e. the
spectra are swept slowly so that dG, / dt and dGg / dt may be set equal to zero. Hence the
two equations (3.5a) and (3.5b) can be solved to give G and Gg. The absorption
intensity at an angular frequency w is proportional to the imaginary component of G. For
the exchange between two unequally populated sites having equal transverse relaxation

time, T2, the imaginary part of G is given by Eq. (3.6).

-8 M, (1+%2 )P+QR
07 R’

Im(G) = (3.6)
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where
TAT

T = _AB (3.62)
T, +7Tp

0= T{(WA ';'WB )—w _((pA'pB)Z(WA "WB) } (3.6b)

R :{(——WA;WB ~w)(1+?]+((p4_p8?2(w,q—w3) }(3.6d)
2

M, is the equilibrium value of the z component of the magnetization, w is the frequency
in radians pel.' second, and w, and wpg are the resonant frequencies corresponding to the
sites A and B.

Equation (3.6) can be simplified in the two limiting cases; the slow exchange limit
i.e. k <<vap and the fast exchange i.e. k >> vop. The simplified expressions are subject
to serious systematic errors in the region of intermediate exchange rates. Eq. (3.6) can be
extended to allow for unequal transverse relaxation times i.e. T2 # T2p.

For pa =pp =0.5, the exchange rate, kc, at the coalescence is given by,

u(VA“VB?

2

The coalescence point is defined as that point where there no longer exists a

ke = 3.7

minimum between the two peak maxima, and the bandshape is that of one flat-topped
peak. Eq. (3.7) is applicable only when the line-widths are smaller than V A — Vg -
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When the populations are unequal, e.g. pa > pg, the smaller peak B shifts more as

well as broadens more rapidly as the exchange rate increases. The coalescence point in
these cases is the disappearance of the B peak. The expression for the rate at coalescence
is given by 107,

Dg 2T Av

kA = Dp k =——X—-— (3-8)

where X is the solution of

2 ,\32
X 2) 39)

Ap=ps—ps =( 3

1
X

3.1.2 The Bandshape Equations for Exchange in the Presence
of Coupling
The system studied in this work include intramolecular exchange between two

coupled nuclei

AB =~<———BA

The presence of coupling requires the use of the quantum mechanical approach to
calculate the bandshapes. This has been carried out successfully using density matrix
methods 108,109,

3.2 Computer Programs

The computer programs used in this work were obtained from Science &
Engineering Research Council, UK 110, These main frame programs were modified into

PC versions before use.
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3.2.1 The "NCSHAPE" Program

This program deals with the exchange between two non-coupled sites of unequal
populations, but with equal transverse relaxation times T>. The equation used is that of
HMM given as Eq. (3.6). The intensity of the absorption spectrum is calculated over a
required number of points (e.g. S00). The intensities calculated are then normalized, so
that the spectrum can be plotted in the required dimensions for direct comparison with the
observed spectrum. The parameters required for the computation arz, the peak separation
(chemical shift difference), the width at half height of a non-exchange line (w), initial
final and incremental lifetimes (TT, TF and TT), initial, final, and incremental populations
of the high frequency site (PI, PF, PP) and the plot parameters. The plot of the computer
spectrum is compared directly with the observed spectrum by superposition using a light
box. The mean lifetime is varied to give the best fit of the computer to the observed

spectrum by eye.

3.2.2 The "CSHAPE" Program

For first order spectra showing couplings, we modified the library NCSHAPE
program described above. The first order couplings of the protons was simply assumed
as giving overlapping two-site exchanges, with same population ratios and equal rates of
exchanges. Th.e intensity at each point was calculated by applying HMM equation for
two-site exchange, for each of the overlapping cases, which were displaced from one
another by certain frequencies corresponding to coupling constant, and then the intensities
were summed to give band shape at that point. For cases of coupling to two and three

equivalent protons, appropriate intensity ratios were taken into account.

[
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3.2.3 The "ABSHAPE" Program
This calculates the band shape for mutually exchanging AB = BA system where at
low temperature we observe the AB pattern and at high temperature it is a single line.

Program employs density matrix method for the simulation of band shape.

3.2.4 The "ABEX" Program

This program calculates the band shapes for the system of two exchanging AB spin

system with unequal populations
AB

A'B’

So the low temperature spectrum shows two AB quartets and at high temperature

they coalesce to give one average AB quartet.

3.2.5 The "AXEX" Program
This program deals with the exchange between two non-coupled sites of unequal
populations, but with equal transverse relaxation time T,. The equation used is that of

HMM given as equation 3.6.

3.3 Calculation of the Activation Parameters

The measurement of exchange rate constants as a function of temperature offers the
possibility of calculating the activation parameters for the underlying process. A free
energy of activation may be calculated from a rate constant at a single temperature by

means of the Eyring equation.
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)
k=x(kgT/h)e T (3.10)
where K is the transition coefficient and kg is the Boltzmann constant.

Rate constants measured over a range of temperatures may be converted to
Arrhenius activation energies (E,) and frequency factor (A) or to enthalpies and entropies

of activation by formulae given below:

-E,
k=Ae(RT) (3.11)
=) (%)
k=k(kg T /h)er T /& &T (3.12)
AG* =AH* —-TAS* (3.13)

The Eyring equation was originally developed as an approximation for bimolecular
processes in the gas phase, but it has been argued that it is valid for unimolecular
processes as well 111 It has been shown 112 that it is advantageous to discuss the results
in terms of the free energy of activation AG¥ because it is accepted that AG¥ is far less
influenced by systematic errors than the Arrhenius activation energy E,. Moreover, in the
discussion of barriers to C-N internal rotation in amides, a comparison of E; values may
obscure the true situation 112 because E, is easily influenced by entropy effects. The use
of Eyring equation to obtain AH¥ and AS¥ has also been favoured 13 because this has
the advantage of assumption with clear-cut thermodynamic implications e.g. that AH¥
and AS¥ are temperature independent.

The activation- -parametcrs AH¥ and AS# obtained from NMR bandshapes are
subject to large systerﬁatic errors, unless very accurate rate constants and temperature
measurements are made. Since the temperature measurements in the NMR probe are made

in the gas steam they are not very accurate (£0.5°C). Also for simple exchanging spin
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systems the .precision of the rate constants decreases with the distance from the
coalescence region.

Further systematic errors are introduced by incorrect use of chemical shift
difference (6v) and line width in the absence of exchange (T7) values. We have taken care
to minimize these errors by extrapolating low temperature dv values to higher
temperatures and using the non-exchanging signal line width (e.g. TMS) to estimate T>.
Major systematic errors could also arise due to the small dv observed in some of the
systems, which allow only a small temperature range to be studied (~50°C)

Even though AH# and AS# have large errors, the AG# at the coalescence
temperature, T¢, (AGc# ) is usually more accurate. It is clear that discrepancies in the
value of AH¥ and AS# have a tendency to be mutually compensating; for example a AH¥
that is too small tends to be associated with a AS¥ that is too negative and too large AH#
with a AS# too positive etc. Small errors involved in AG# are shown by analyzing the
Eyring equation (3.10). The formula for the linearized relative statistical error in AG# is

given by:

(2] o] () (D)

LRIONC

For a typical case with T = 300°C and k = 100 s! a relative statistical error of 100%
in the rate constant introduces a relative error of 4% in AG¥ . A temperature error of 6°,

introduces an error of 2% in AG¥ , which adds up to a total standard deviation of 4.5%;
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or for a typicaﬁ AGH* 5f 62.76 kl/mol to + 2.9 kJ/mol. Similarly errors in k and T of 25%
and 3% respectively yield a AG* with a precision of 0.8 kJ/mol.
This czn also be discussed in terms of the covariance of AH# and AS¥. This
covariance measures the degree to which the values of the variables or parameters

depends on the values of other variables or parameters. It can be shown that
2 2 2
(GAG‘ ) - (GAH" ) +(T C as* ) ~2T O yu Oy

So it follows that contribution to Gag* from errors in AH¥ and AS¥ are compensated by
the covariance term. The correlation increases with increasing experimental errors. This
effect is amply demonstrated 114 by data from the DNMR literatures where different
authors report extremely different values for AH¥ and AS¥ but nearly the same AG# for
such processes as internal rotation in N, N- dimethylformamide.

Although the values of AH# and AS# were obtained by Eyring plots, little
significance was given on these, for reasons stated above and therefore they are not
reported and discussed. In the light of above, the attention was directed to the use of
bandshape fitting as a means of improving the accuracy of AG* (£ 0.3 kJ/mol) at near

coalescence temperature.
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EXPERIMENTAL

4.1 Instrumentation

4.1.1 Variable Temperature NMR Measurements

Variable temperature !H NMR spectra were recorded on a Varian XL 200 NMR
spectrometer operating at 200.05 MHz in the Fourier transform mode. The compounds
were examined in CDCI3 solutions at 0.15 M concentrations. Temperature control was
achieved using the XL-200 temperature controller and calibrated using standard chemical
shifts of methanol for low temperatures. The temperatures are accurate to 30.5°C.

Simulations of exchange affected NMR spectra were carried out using the library
program ABSHAPE !10 which calculates the band shapes for the mutually exchanging
spin system of AB going to BA. The matching of simulated and experimental spectra were
carried out by superposition of calculated and experimental spectra by eye. In the
isoxazolidines, the exchange of benzylic CH; protons can be depicted as AB<-> A'B’
(exchange between two AB systems with unequal populations). Computer program
ABEX 10 was used to calculate the rate constants.

Variable temperature 13C NMR spectra were recorded on the same Varian XL-200
NMR spectrometen:, operating in the Fourier transform mode, with a digital resolution of
0.31 Hz at 50.3 MHz. The isoxazolidines were studied as 25 mg ml-1 solutions in CDClI3
with TMS as internal standard. The spectra were obtained in the usual way with wide band
proton decoupling and off-resonance decoupling to determine multiplicities of signals.

Temperature control v/as achieved using the X1.-200 temperature controller and calibrated
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using standard chemical shifts of methanol and glycol for low and high temperatures
respectively. The temperature were accurate to +0.5°C.

Simulations of exchange affected 13C NMR spectra for 123b and 123c were
carried out using a computer program, AXEX !10, corresponding to a two non-coupled
sites exchange with unequal populations. At least three carbon resonances were utilized at
each temperature, and the matching of simulated and experimental spectra was carried out
by eye (by superposing calculated spectra over the experimental spectra). The rate constant
obtained at each temperature was an average of three calculated values.

4.1.2 Elemental and IR Analyses

Elemental analyses were performed on a Fisons Instruments Elemental Analyser
1108 and Carlo-Erba Elemental Analyser 1106. Elemental analyses are not provided for
the compounds 123a, 123b, and 123c due to their volatile nature; instead molecular ion
peaks are provided. IR spectra were recorded on a Nicolet S DXB FTIR and Shimadzu
instrument model IR-408, and are reported in wave numbers (cm™1).

Silica gel chromatographic separations were performed with flash silica gel (Baker
Chemicals Co). All melting points are uncorrected.

4.2 General Synthetic Procedures & Experimental
Parameters

4.2.1 The Hydroxylamines

Aldehvde (5.5 mmol) was added to a solution of the hydroxylamine (5.0 mmol) in
ethanol (10cm3) . The reaction mixture was stirred at 50-60°C for 5 h and TLC experiment
(silica, ether) was used to determine the complete formation of the nitrone. To this solution
was added NaBH4 (10 mmol) and the mixture was then stirred at 50°C for 5 h. Another

10 mmol of NaBH4 was added and the reaction mixture was stirred at 20°C for 24 h to
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ensure complete reduction of the nitrone (checked by TLC experiment). After removal of
the ethanol by a gentle stream of N2 the reaction mixture was taken up in H,O (15 cm3)
and extracted with CHCI3 (3 x 25 cm3). Removal of the solvent followed by passing
through a silica column using hexane-ether mixture (3:1) as eluent afforded the
hydroxylamines in 70-85% yield. While the hydroxylamines were used as their free bases,
N-methylhydroxylamine was introduced as its hydrochloride and the base was liberated
from its salt by adding 1.1 equivalent of sodium acetate in the reaction mixture. After
removal of the solvent by a gentle stream of N7 the residual mixture was taken up in H2O
(15 cm3) and extracted with CHCl3 (3 x 25 cm3 ). The organic layer was dried (Na2SO4),
concentrated, and reduced with NaBH4 in ethanol as described above.
Sodiumborohydride reduction of the nitrone derived from p- hydroxy
benzaldehyde and N-isopropylhydroxylamine was unsuccessful. The nitrone remained
unreacted and only minor amounts of the product hydroxylamine was obtained.
However, catalytic hydrogenation (latm, PtO», ethanol, 3 h, 20°C) afforded the

hydroxylamine after silica gel chromatography in 65% yield.

N-Benzyl-N-methyIigydroxylamine (108a). Purified by chromatography using 1:1
hexane - ether mixture as eluent. Colourless needles m.p. 40-41°C (ether-hexane) Found:
C, 70.6; H, 8.0; N, 10.2. CgH{1NO requires C, 70.05; H, 8.08; N, 10.21); vpax (KBr)
3175, 2850, 1458, 1365, 1192, 1081, 1058, 963, 831, 745 and 703 cm-}; 8y (CDCl3,
+22°C) 2.49 3 H, s), 3.70 2 H, s), 7.32 (5 H, s), OH proton signal was not observed;
Oy (-55°C) 2.36 (3 H, s), 3.60 (2 H, AB, J 12.5 Hz), 7.2-7.4 (5 H, m), 9.50 (1 H,
broad s).

N-p-Nitrobenzyl-N-methylhydroxylamine (108b). Purified by chromatography using 4:1
hexane - ether mixture as eluent . Pale yellow plates, m.p. 134-136°C (ether-hexane)

(Found: C, 52.8; H, 5.5; N, 15.6. CgHgN203 requires C, 52.75; H, 5.53; N, 15.38%);
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Vmax (KBr) 5‘3225, 2850, 1514, 1344, 1320, 1109, 1067, 972, 957, 861, 805, and 748
cml; 8y (CDCl3, +22°C) 2.62 (3 H, 5), 3.84 (2 H, 5), 7.52 (2 H, d, J 10.0 Hz), 8.23 (2
H, d, 10.0 Hz); OH proton signal was not observed; 8y (-40°C) 2.42 3 H, s), 3.72 (1 H,
d, J 13.0 Hz), 3.84 (1 H, d, J 13.0 Hz), 7.54 (2H, d, J 10.0 Hz ), 825 (2 H, d, J 10.0
Hz); 8.60 (1 H, broad s).

N-p-Chlorobenzyl-N-methylhydroxylamine (108c). Purified by chromatography using
1:1 hexane - ether mixture as eluent. White needles m.p. 88-90°C (ether-hexane) (Found:
C, 56.2; H, 5.9; N, 8.2. CgHoNOCI requires C, 55.98; H, 5.87; N, 8.16%); Vmax
(KBr) 3237, 3000, 2900, 1490, 1437, 1362, 1195, 1084, 1016, 969, 849 and 796 cm'l;
8yg (CDCl3, +20°C) 2.52 (3 H,5), 3.67 (2H,s), 725 (2QH,d, J8.0Hz), 7.34 2H,d, J
8.0 Hz), 7.52 (1 H, broad s); 8y (-50°C) 2.32 3 H, 5), 3.55 2 H, AB, J 123 Hz), 7.18
(2H,d,J 8.0Hz), 7.30 (2H,d, J 80 Hz), 824 (1 H, s).

N-p-Methoxybenzyl-N-methylhydroxylamine (108d). Purified by chromatography using
1:1 hexane - ether mixture as eluent. Colourless plates, m.p. 52-54°C (ether-hexane)
(Found: C, 64.7; H, 7.9; N, 8.5. CgH3NO3 requires C, 64.66; H, 7.84; N, 8.38%);
vmax (KBr) 3200, 2950, 2825, 1618, 1520, 1463, 1445, 1362, 1280, 1177, 1040, 960,
855, 802, and 748 cm-}; 8y (CDCl3, +22°C) 2.56 (3 H, s), 3.68 2 H, 5), 3.80 B3 H, s),
6.90 2 H, d, J 10.0 Hz), 7.27 (2 H, d, 10.0 Hz) ; OH proton signal not observed. 8y
(-40°C) 242 (3H,5),365(2H,s),3.83(3H,s5),693(2H,d, J 10.0Hz), 728 2 H,
d, J 10.0 Hz); 9.33 (1 H, broad ).

N—p-Methylbenzyl-N;methylhydroxylamine (108e). Purified by chromatography using
9:1 CH,Cl, - methanol mixture as eluent. White crystals m.p. 56-58°C (ether-hexane)
(Found: C, 71.6; H, 8.7; N, 9.3. CoH13NO requires C, 71.49; H, 8.66; N, 9.26%); Vmax
(KBr) 3225, 2863, 2825, 1517, 1350, 1144, 1067, 960, 852, 793, and 760 cm-l; 8y
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(CDCl3, +20°C) 2.30 (3H,s),2.60 3H,5s),3.70 2H,s), 7.15 2 H, d, ] 9.0 Hz),
7.22 (2 H, d, 9.0 Hz), OH proton signal was not observed; oy (-50°C) 2.30 (3 H, s),
2.44 3 H,s),3.64 2H, AB, J 12.2 Hz), 7.26 (4 H, s),9.18 (1 H, broad s).

N-p-N,N-dimethylbenzyl-N-methylhydroxylamine (108f). Purified by chromatography
using 1:1 hexane - ether mixture as eluent. White crystals m.p. 75-77°C (ether-hexane)
(Found: C, 66.6; H, 9.1; N, 15.65. CigH6N20 requires C, 66.64; H, 8.95; N, 15.54);
vmax (KBr) 3250, 3000, 2950, 2850, 1619, 1526, 1365, 1237, 1192, 1073, 972, 924,
808, and 733 cm-1; 8y (CDCl3, +20°C) 2.59 (3 H, 5), 299 (6 H, s5), 3.67 (2 H, 5), 6.70
(2H,d,J9.0Hz), 7.18 (2 H, d, J 9.0 Hz), OH proton signal was not observed ; 8y (-50
*‘C) 245 3 H,s),290 (6 H, s), 3.55 (1 H, d, J 12.1 Hz), 3.70 (1 H, d, J 12.1 Hz),
670 2H,d,79.0Hz),7.19 2 H, d, ] 9.0 Hz), 945 (1 H, ).

N-m-Nitrobenzyl-N-methylhydroxylamine (108g). Purified by chromatography using
1:1 hexane - ether mixture as eluent White crystals m.p. 88-90°C (ether-hexane) (Found:
C, 52.8; H, 5.5; N, 15.6. CgH1gN203 requires C, 52.75; H, 5.53; N, 15.38%); Vmax
(KBr) 3150, 2863, 1526, 1347, 1186, 1084, 984, 950, 805, 739, and 694 cml; 8y
(CDCl3, +20°C) 2.65 (3H, s5), 3.82 (2 H, s5), 5.60 (1 H, broad s), 7.5 (1 H, t, J 8.5 Hz),
7.65 (1 H, d, J 8.0 Hz), 8.14 (1 H, d, J 8.0 Hz), 8.24 (1 H, s); 8y (-50°C) 2.40 3 H,
s), 3.68 (1 H, d, J 12.5 Hz), 3.80 (1 H, d, J 12.5 Hz), 7.57 (1 H, t, J 8.0 Hz), 7.68 (1
H, d, J 8.0 Hz), 8.21 (1 H, d, J 8.0 Hz), 8.50 (1 H, s), OH proton signal was not
observed.

N-o-Hydroxybenzyl-N-methylhydroxylamine (108h). Colourless crystals, m.p. 108-
109°C (CH2Ciz-hexane) (Found: C, 62.7; H, 7.2; N, 9.1. CgH11NO2 requires C, 62.72;
H, 7.24; N, 9.15); vmax (KBr) 3256, 3060, 2995, 2873, 1598, 1465, 1378, 1357, 1273,
1248, 1109, 959, 812, 758 and 730 cm-1; 8y (CDCl3, +25°C) 2.72 3 H, s5), 4.01 2 H,
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s), 6.84-7.32 (4 H, m, 2 H, hydroxyl underneath); 8y (-50°C) 2.72 3 H, s), 3.94 (1 H,
d, J 14.0 Hz), 4.06 (1 H, d, J 14.0 Hz), 6.88-7.37 (4 H, m) , 8.87 (2 H, broad).

N-o-Methoxybenzyl-N-methylhydroxylamine (108i). Purified by chromatography using
1:1 hexane - ether mixture as eluent. White crystals, m.p. 88-90°C (ether-hexane) (Found:
C, 64.5; H, 7.7; N, 8.3. C9H|3NO3 requires C, 64.66; H, 7.84; N, 8.38%); Vmax (KBr)
3225, 3000, 2850, 1687, 1428, 1329, 1294, 1186, 939, 811, 712 and 670 cm-1; &y
(CDClI3, +20°C) 2.56 3 H, s), 3.81 (2 H, s), 3.83 3 H, 5), 6.86-741(4 H, m, 1 H,
hydroxyl underneath); o6y (-50°C) 2.33 3 H, s), 3.54 (1H,d,J 12.2 Hz), 3.80 (1 H, d,
J12.2 Hz), 3.81 (3H, s ), 6.82-6.98 (2 H, m), 7.22-7.38 (2 H, m), 8.84 (1 H, broad s).

N-Benzyl-N-etAylhydroxylamine (109). Purifiea by chromatography using 4:1 hexane -
ether mixture as eluent . Colourless liquid, (Found: C, 71.3; H, 8.8; N, 9.2. CoH;3NO
requires C, 71.49; H, 8.67; N, 9.26%); vmax (neat) 3222, 302¢, 2960, 2829, 1496,
1454, 1341, 1090, 1031, 983, 909, 825, 742, and 700 cm-!; 8y (CDCl3, +20°C) 1.12 (3
H, t,J 7.0 He), 2.80 (2 H, q, J 7.0 Hz), 3.84 (2 H, s), 7.45 (S H, s, 1 H, hydroxy!
proton underneath); 8y (-50°C) 1.10 3 H, t, ] 7.0 Hz), 2.55 (1 H, m), 2.76 (1 H, m),
3.66 (2H,s), 7.38 (5 H, s); 8.20 (1 H, s); mass spectrum: m/z 151 (M+ 28%).

N-p-Nitroben.;yI-N-isopropylhydroxylamine (110b). Purified by chromatography using
1:1 hexane - ether mixture as eluent .Colourless plates, m.p. 83-85°C (ether-hexane)
(Found: C, 57.0; H, 6.9; N, 13.4. C;gH14N203 requires C, 57.13; H, 6.71; N,
13.33%); vmax (KBr) 3200, 3069, 2971, 2873, 1069, 1529, 1347, 1174, 1117, 1019,
954, 879, 864, 817, and 745 cmrl; 8y (CDCl3, +24°C) 1.08 (6 H, d, J 6.0 Hz), 3.02 (1
H, hept, J 6.0 Hz), 3.89 (2 H, 5), 4.77 (1 H, 5), 7.58 2 H, d, ] 9.0 Hz), 8.24 2 H, d,J
9.0 Hz); 3y (;45‘C) 1.07 (6 H, d, J 6.0 Hz), 2.81 (1 H, hept, J 6.0 Hz), 3.68 (1 H,d, J
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13.0 Hz), 392 (1 H,d,J 130 Hz), 6.74 (1 H, broad s), 7.56 (2 H, d, J 9.0 Hz), 8.27
(2 H,d, J 9.0 Hz).

N-p-Chlorobenzyl-N-isopropylhydroxylamine (110c). Purified by chromatography
using 1:1 hexane - ether mixture as eluent. White crystals, m.p. 72-74°C (ether-hexane)
(Found: C, 60.1; H, 7.2; N, 7.0. C19H14NOCI requires C, 60.15; H, 7.07; N, 7.01%);
vmax (KBr) 3212, 2972, 2873, 1493, 1377, 1126, 1094, 1019, 936, 888, 843, 825, and
748 cm-l; 8y (CDCl3, +22°C) 1.13 (6 H, d, J 6.0 Hz), 2.97 (1 H, hept, J 6.0 Hz), 3.77
(2 H, s), 5.29 (1 H, broad s), 7.35 4 H, s); 3y (-40°C) 1.05 (6 H, d, J 6.0 Hz), 2.74 (1
H, hept, J 6.0 Hz), 348 (1H,d, J 13.0 Hz), 3.76 (1 H,d, J 13.0 Hz), 729 2 H, d, J
8.0 Hz), 7.37 (2 H, d, J 6.0 Hz), 7.90 (1 H, broad s).

N-p-Methoxybenzyl-N-isopropylhydroxylamine (110d). Purified by chromatography
using 1:1 hexane - ether mixture as eluent. White crystals m.p. 49-51°C (ether-hexane)
(Found: C, 67.6; H, 89 ; N, 7.2 C;1H7NO3 requires C, 67.66; H, 8.78; N, 7.17%),
vmax (KBr) 3212, 2839, 2835, 2829, 1517, 1371, 1255, 1186, 1040, 930, 799, and 754
cml; 3y (CDCl3, +20°C) 1.18 (6 H, d, J 7.0 Hz), 2.98 (1 H, hept, J 7.0 Hz), 3.76 2 H,
s), 3.82 (3 H,5),527 (1H,5),694 (2H, d, J 10.0 Hz), 7.36 2 H, d, 10.0 Hz) ; Oy (-
50°C) 1.08 3 H, d, J 7.0 Hz), 1.12 3 H, d, J 7.0 Hz), 2.83 (1 H, hept, J 7.0 Hz), 3.48
(1H,d,J13.0Hz),3.75 (1 H, d, J 13.0 Hz), 3.82 (3 H, s), 6.93 (2 H, d, J 10.0 Hz),
7.32(2H,d, J 10.0 Hz ), 8.26 (1 H, broad s).

N-p-Methylbenzyl-N-isopropylhydroxylamine (110e). Purified by chromatography
using 1:1 hexane - ether mixture as eluent. White plates, m.p. 79-81°C (ether-hexane)
(Found: C, 73.8; H, 9.7; N, 7.8. C11H17NO requires C, 73.70; H, 9.56; N, 7.81%);
vmax (KBr) 3222, 2971, 2002, 1517, 1457, 1362, 1121, 1082, 1028, 933, 882, 843,
817, and 745 cm-1; 3y (CDCl3, +23°C) 1.16 (6 H, d, J 7.0 Hz), 2.36 (3 H, s), 2.96 (1
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H, hept, J 7.0 Hz), 3.78 2 H, s), 5.29 (1 H, broad s), 7.18 (2 H, d, J 9.0 Hz), 7.30 (2
H, d, J 9.0 Hz); 8y (-40°C) 1.10 (6 H, d, J 7.0 Hz), 2.34 (3 H, s), 2.82 (1 H, hept, J
7.0 Hz), 3.53 (1 H, d, J 13.0 Hz), 3.77 (1 H, d, J 13.0 Hz), 7.20 2 H, d, J 9.0 H2),
7.28 2 H, d, J 9.0 Hz), 8.23 (1 H, broad s).

N-p-N,N-dimethylbenzyl-N-isopropylhydroxylamine (110f). Purified by chromatograp-
hy using 1:1 hexane - ether mixture as eluent. Yellow crystals, m.p. 66-68°C (ether-
hexane) (Found: C, 69.1; H, 9.8; N, 13.6. C;2H20N20 requires C, 69.19; H, 9.68; N,
13.45%); vmax (KBr) 3200, 2971, 2884, 1624, 1606, 1529,1443, 1353, 1129, 1064,
951, 882, 846, 820, and 751 cml; &y (+24°C) 1.16 (6 H, d, J 6.0 Hz), 297 (6 H, s,
and 1 H, hept, J 6.0 Hz underneath), 3.74 (2 H, s), 5.98 (1 H, broad s), 6.77 (2 H, d, J
8.0 Hz), 7.27 2 H, d, J 8.0 Hz); 8y (-50°C) 1.10 3 H, d, J 6.0 Hz), 1.14 3H, d, J 6.0
Hz), 2.84 (1 H, hept, J 6.0 Hz), 293 (6 H, s), 3.58 (1 H, d, ] 123 Hz), 3.66 (1 H, d, J
12.3 Hz), 6.75 (2 H, 4, J 9.0 Hz), 7.28 (2 H, d, J 9.0 Hz), 8.58 (1 H, broad s).

N-m-Nitrobenzyl-N-isopropylhydroxylamine (110g). Purified by chromatography using
9:1 hexane - ether mixture as eluent . Pale yellow crystals m.p. 79-81'C (ether-hexane)
(Found: C, 57.2; H, 6.8; N, 13.2. CjgH14N203 requires C, 57.13; H, 6.71; N,
13.33%); vmax (KBr) 3212, 2961, 2917, 1586, 1532, 1371, 1347, 1231, 1177, 1085,
1031, 954, 817, and 796 cm-L; 8y (CDCl3, +23°C) 1.17 (6 H, d, J 6.0 Hz), 3.02 (1 H,
hept, J 6.0 Hz), 3.87 (2 H, s), 4.80 (1 H, broad s), 7.46-8.38 (4 H, m); &y (-40°C) 1.07
(6 H, d, J 6.0 Hz), 2.80 (1 H, hept, J 6.0 Hz), 3.66 (1 H,d, J 13.0 Hz), 3.88 (1 H, d,J
13.0 Hz), 6.77 (1 H, broad s), 7.48-8.34 (4 H, m).

N-m-Bromobenzyl-N-isopropylhydroxylamine (110h). Purified by chromatography
using 1:1 hexane - ether mixture as eluent .White crystals, m.p. 78-80°C (ether- hexane)
(Found: C,491; H,59; N, 5.7. C;oH14NOBTr requires C, 49.2) ; H, 5.78 ; N, 5.74



69

%); Vmax (Kﬁr) 3189, 2971, 2895, 1576, 1478, 1427, 1368, 1177, 1129, 1073, 992,
957, 939, 894, 859,775, 697, and 673 cm!l; 8y (CDCl3, +23°C) 1.15 (6 H, d, J 7.0
Hz), 2.95 (1 H, hept, J 7.0 Hz), 3.73 (2 H, s), 5.08 (1 H, broad s), 7.13- 7.59 (4 H, m);
oy (-35°C) 1.07 (6 H, d, J 7.0 Hz), 2.75 (1 H, hept, J 7.0 Hz), 347 (1 H,d, J 13.0
Hz), 3.74 (1 H, d, J 13.0 Hz), 7.20- 7.60 (4 H, m), hydroxyl proton signal was not
observed.

N-p-Bromobenzyl-N-isopropylhydroxylamine (110i). Purified by chromatography using
1:1 hexane - ether mixture as eluent. White crystals, m.p. 76-78°C (ether-hexane) (Found:
C, 49.3; H, 5.8; N, 5.8. C;oH4NOBr reduires C, 49.20; H, 5.78; N, 5.74 %); Vmax
(KBr) 3233, 2960, 2906, 1490, 1368, 1174, 1073, 1016, 957, 807, and 784 cm-1; 8y
(CDCl3, +24°C) 1.11 (6 H, d, J 6.0 Hz), 2.00 (1 H, s), 2.95 (1 H, hept, J 6.0 Hz), 3.94
(2H,s),7.26 2 H, d, ] 10.0 Hz), 7.48 2 H, d, J 10.0 Hz); 8y (-50°C) 1.04 (6 H, d, J
6.0 Hz), 2.71 (1 H, hept, J 6.0 Hz), 3.44 (1 H, d, J 13.0 Hz), 3.73 (1 H, d, J 13.0 Hz),
723 (2H,d, J 10.0 Hz), 7.50 (2 H, d, J 10.0 Hz), 8.07 (1 H, s).

N-2,4,5-trimethoxybenzyl-N-isopropylhydroxylamine (110j). Purified by chromatograp-
hy using 2:1 hexane - ether mixture as eluent . White crystals m.p. 87-89°C (ether-hexane)
(Found: C, 61.0; H, 8.3; N, 5.5. Cj3H21NOg4 requires C, 61.16; H, 8.29; N, 5.49%);
vmax (KBr) 3222, 2961, 2851, 1612, 1526, 1469, 1407, 1308, 1216, 1180, 1040, 981,
885, 861, 817, and 754 cm-!; 8y (CDCl3, +22°C) 1.10 (6 H, d, ] 6.0 Hz), 2.83 (6 H, s),
376 2 H, s), 3.80 3 H, 5),3.85 (3H,s), 3.89 B H, s), 5.89 (1 H, 5), 6.58 (1 H, s),
6.99 (1 H, s); dyg (-40°C) 0.93 (6 H, broad, app. t), 2.38 (1 H, hent, J 7.0 Hz), 3.32 (1
H,d,J140Hz),3.83 (3H,5),3.89 3H,s), 396 3 H, s, and 1 H underneath), 6.57
(1H,s), 6.93 (1H, s), 8.16 (1 H, broad s).
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N~p-hydroxybenzyl-N—isopropylhydroxylamine (110k). White crystals, m.p. 147-
148.5°C (ether) (Found: C, 66.4; H, 8.3; N, 7.7. C10H15NO3 requires C, 66.27; H,
8.34; N, 7.73); vmax (KBr) 3305, 2969,1615, 1519, 1270, 1226, 1169 and 791 cm-1. 8y
(CDCl3, +23°C) 1.17 (6 H, d, J 140 Hz), 30 (1 H, m), 3.75 (2 H, 5),6.84 2 H,d, J
8.0 Hz), 7.29 (2 H, d, J 8.0 Hz), hydroxyl proton signal not observed; 8y (-30°C) 1.15
(6 H, broad), 3.0 (1 H, m), 3.54 (1 H,d, J 11.5 Hz), 3.86 (1 H, d, J 11.5 Hz), 6.0 (2
H, broad), 6.94 (2 H, d, J 8.0 Hz), 7.15 2 H, d, J 8.0 Hz).

N-o-hydroxybenzyl-N-isopropylhydroxylamine (110l). Colourless crystals, m.p. 140
-142°C (CH2Clz-ether) (Found: C, 66.5; H, 8.4; N, 7.5. C1gH5NO; requires C, 66.27;
H, 8.34; N, 7.73); Vmax (KBr) 3238, 2957, 2864, 1598, 1462, 1374, 1277, 1174, 1106,
987, 859, 752 and 726 cm-1; 8y (CDCl3, +25°C) 1.2 (6 H, d, J 12.0 Hz), 1.95 (1 H, s),
3.15 (1 H, m), 4.05 2 H, s), 6.70-7.35 (4 H, m), hydroxyl protons signal not observed;
OH (-40°C) 1.24 (6 H, q, J 8.0 Hz), 2.12 (1 H, 5), 3.17 (1 H, m), 4.02 (1 H, d, J 14.0
Hz), 4.23 (1 H, d, J 14.0 Hz), 6.82-7.38 (4 H, m), 7.48 (1 H, s).

N-o-methoxybenzyl-N-isopropylhydroxylamine (110m). Colourless crystals, m.p. 79 -
81°C (ether-hexane) (Found: C, 68.8 ; H, 8.9; N, 7.3. C11H7NO requires C, 67.66 ;
H, 8.78; N, 7.18) vmax (KBr) 3219, 2967, 2892, 2827, 1604, 1497, 1464, 1438, 1428,
1363, 1249, 1118, 1033, 751 and 724 cm-1; 8y (CDCl3, +17.6°C) 1.13 (6 H, d, J 6.0
Hz), 2.88 (1 H, m), 3.84 2 H, s), 3.87 3 H, 5), 6.02 (1 H, 5), 6.9-7.48 (4 H, m); dy
(-49°C) 0.97 (6 H, t, J 6.0 H2), 2.48 (1 H, m), 3.37 (1 H, d J 14.0 Hz), 386 3 H, s),
4.01 (1 H, d, J 14 .0 Hz), 6.9-7.44 (4 H, m), 8.45 (1 H, s).

N-Benzyl-N-tbutylhydroxylamine (111a). Purified by chromatography using 4:1 hexane
- ether mixture as eluent. White crystals m.p. 59-61°C (ether-hexanr:) (Found: C, 73.5; H,
9.8; N, 7.7. C11H17NO requires C, 73.70; H, 9.98; N, 7.81%); vmax (KBr) 3400, 2975,
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2925, 1362, i207, 1055, 910, 894, 820, 727, and 697 cm-1; 8y (+20°C); 1.24 9 H, s),
3.84 (2 H, 5), 7.32-7.52 (S H, m); 8y (-50°C) 1.21 (9 H, s), 3.60 (1 H, d, J 13.0 Hz),
4.02 (1 H,d, J 13.0 Hz), 475 (1 H, s), 7.40 (5 H, m).

N-o-Hydroxybenzyl-N-*butylhydroxylamine (111b). Colourless crystals, m.p. 101-
103°C (ether) (Found: C, 68.84; H, 8.88; N, 7.35. C;;H;7NO2 requires C, 67.66; H,
8.78; N, 7.18); vmax (KBr) 3349, 2985, 2967,1592, 1494,1481,1403,1387,1361, 1252,
1211, 918, 761, and 750 cm-! ; 8 (CDCl3, +24.2°C) 1.26 (9 H, 5), 2.54 (1 H, 5), 4.1(2
H, broad), 6.72-7.32 (4 H, m), hydroxyl proton signal not observed ; 8y (-39°C) 1.3 (9
H,s), 2.63 (1 H, s), 3.85 (1 H,d J 15.0 Hz), 442 (1 H, d, J 15.0 Hz), 6.5-7.36 (4 H,
m), 10.5 (1 H, broad).

4.2.2 The Acetyl Derivatives

Acetic anhydride (2.4 mmol) was added to a solution of the N-hydroxylamine (2.0
mmol) in CH,Cl3 (3 cm3) at 0°C and the mixture stirred at 0°C for 1 h. TLC (ether-
hexane) was taken to ensure the completion of the reaction. The reaction mixture was
taken up in 5% NaHCO3 solution (10 cm3) and extracted with CH,Cl, (3 x 20 cm3). The
organic layer was dried (NaSOy), filtered and the solvent was removed by a gentle
stream of N2 at 10°C to give the acetate which was further purified by crystallization.
However the acetate was purified by passing through a short column of silica using ether-
hexane as the eluant to give the acetate as colourless liquid.

The acetate solution should not be warmed since heating leads to decomposition.

These samples were kept in the freezer to eliminate any decomposition.

O-Acetyl-N-o-hydroxybenzyl-N-methylhydroxylamine (115). Colourless Plates, m.p.
73-74°C (ether-hexane) (Found: C, 62.6; H, 6.8; N, 7.2. C;oH13NO5 requires C, 61.52;
H, 6.71; N, 7.18); vmax (KBr) 3302, 3060, 2883, 1742, 1585, 1491, 1371, 1243, 1197,
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1081, 903 and 758 cm-l; Sy (CDClI3, +23°C) 2.1 3 H, s), 2.74 (3 H, 5), 4.08 (2 H,
broad), 6.80-7.38 (4 H, m), 9.01(1 H, s); 84 (-29°C) 2.14 3 H, s5), 2.74 (3 H, s), 3.76
(1 H,d,J 120 Hz), 442 (1 H, d, J 12.0 Hz), 6.82-7.4 (4 H, m), 9.2 (1 H, s).

O-Acetyl-N-p-nitrobenzyl-N-isopropylhydroxylamine (I116b). Purified by chromatogra-
phy using 9:1 hexane - ether mixture as eluent. White crystal m.p. 40.5-42°C (ether-
hexane) (Found: C, 57.2; H, 6.4; N, 11.2. Cy2H;§N204 requires T, 57.13; H, 6.39; N,
11.10%); vmax (KBr) 3075, 2975, 1771, 1612, 1526, 1350, 1201, 1118, 1001, 957,
903, 864, 819, and 754 cmrl; 8y (CDCl3, +23°C) 1.22 (6 H, d, J 7.0 Hz), 1.85 3 H, 5),
3.28 (1 H, hept, J 7.0 Hz), 4.12 (2 H, s), 7.64 2 H, d, J 10.0 Hz), 8.24 (2 H, d, J 10.0
Hz); 8y (-40°C) 1.27 (6 H, d, J 7.0 Hz), 1.78 (3 H, s), 3.33 (1 H, hept, J 7.0 Hz), 4.09
(1 H, broad), 4.23 (1 H, broad), 7.67 (2 H, d, J 10.0 Hz), 8.30 (2 H, d, J 10.0 Hz).

O-Acetyl-N-p-chlorobenzyl-N-isopropylhydroxylamine (116¢). Purified by chromatogr-
aphy using 1:1 hexane - ether mixture as eluent. Colourless liquid. (Found: C, 59.5; H,
6.7; N, 5.8. C12H16NO2Cl requires C, 59.63; H, 6.67; N, 5.8%); Vmax (neat) 2972,
1765, 1493, 1'385, 1368, 1210, 1091, 1016, 1001, 906, 804, and 756 cm-l; 8y (CDCl3,
+24°C) 1.20 (6 H, d, J 6.0 Hz), 1.84 (3 H, s), 3.21 (1 H, hept, J 6.0 Hz), 3.97 (2 H,
s), 735 4 H, AB, J 9.0 Hz); 84 (-50°C) 1.21 3 H,d, J 7.0 Hz), 1.26 3 H,d, J 7.0
Hz), 1.90 3 H, s), 3.24 (1 H, m), 3.85 (1 H, d, ] 13.0 Hz), 4.13 (1 H, d, ] 13.0 Hz),
7.36 (4 H, s).

O-Acetyl-N-p-methoxybenzyl-N-isopropylhydroxylamine (116d). Furified by chromato-
graphy using 1:1 hexane - ether mixture as eluent. Colourless liquid. (Found: C, 65.6; H,
8.1; N, 5.9. C;3H19NO3 requires C, 65.80; H, 8.07; N, 5.9%); Vmax (neat) 2972, 2829,
1762, 1615, 1517, 1368, 1262, 1207, 1177, 1034, 1001, 909, 825, and 808 cm-!; &y
(CDCl3, +18°C) 1.22 (6 H, d, J 6.0 Hz), 1.88 (3 H, 5), 3.22 (1 H, hept, J 6.0 Hz), 3.83
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(3 H,s),3.98 2 H, s), 692 (2 H, d, ] 10.0 Hz), 7.36 (2 H, d, 10.0 Hz) ; 3y (-50 "C)
1.17(3H, d, J 7.0 Hz), 1.23 3 H, d, J 7.0 Hz), 1.89 (3 H, s), 3.18 (1 H, hept, J 7.0
Hz),3.79 (1 H,d,J 125Hz),382(3H,5s),408 (1H,d, J125Hz),690 2 H,d, J
100Hz), 7.34 (2 H, d, J 10.0 Hz ); mass spectrum: m/z 237 (M+2%).

O-Acetyl-N-p-methylbenzyl-N-isopropylhydroxylamine (116e). Colourless liquid,
(Found: C, 70.4; H, 8.4; N, 6.4. C13H9NO3 requires C, 70.56; H, 8.65; N, 6.33%);
Vmax (neat) 2971, 1764, 1526, 1368, 1210, 998, 909, and 798 cm1; 8y (CDCl3, +23°C)
127 (6 H, d, ] 6.0 Hz), 1.73 (3 H, 5), 2.43 (3 H, s), 3.28 (1 H, hept, J 6.0 Hz), 4.07 (2
H, s), 7.26 (2 H, d, J 9.0 Hz), 7.40 2 H, d, J 9.0 Hz); &y (-45°C) 1.21 3 H, d, J 6.0
Hz), 1.27 3 H, d, J 6.0 Hz), 1.90 (3 H, s), 2.36 (3 H, s), 3.24 (1 H, hept, J 6.0 Hz),
388 (1 H,d,§13.0Hz),4.16 (1H,d, J 13.0 Hz), 7.21 (2 H, d, J 9.0 Hz), 7.33 2 H,
d, ] 9.0 Hz).

O-Acetyl-N-p-N,N-dimethylbenzyl-N-isopropylhydroxylamine (116f). Purified by
chromatograph){ using 1:1 hexane - ether mixture as eluent. Colourless liquid, (Found: C,
67.0; H, 8.7; N, 11.2. C14H22N20, requires C, 67.17; H, 8.86; N, 11.19%); Vmax
(neat) 2949, 2775, 1761, 1618, 1526, 1365, 1213, 1165, 1126, 998, 948, 903, and 811
cm-l; 8y (CDCl3, +24°C) 1.17 (6 H, d, J 6.0 Hz), 1.87 (3 H, 5), 2.94 (6 H, 5), 3.15 (1
H, hept, J 6.0 Hz), 3.92 (2 H, s), 6.70 (2 H, d, J 10.0 Hz), 7.24 2 H, d, J 10.0 Hz); 8y
(-40°C) 1.18 3 H, d, J 7.0 Hz), 203 3 H, d, J 7.0 Hz), 1.91 3 H, 5), 295 (6 H, ),
3.19 (1 H, hept, J 7.0 Hz), 3.83 (1 H, d, J 13.0 Hz), 4.09 (1 H, d, J 13.0 Hz), 6.73 (2
H, d, J 10.0 Hz), 7.27 (2 H, d, J 10.0 H2).

O-Acetyl-N-m-nitrobenzyl-N-isopropylhydroxylamine (116g). Purified by chromatogr-
aphy using 9:1 hexane - ether mixture as eluent . Colourless liquid, (Found: C, 5§7.0; H,
6.4; N, 11.1. C12H6N204 requires C, 57.13; H, 6.39; N, 11.10%); Vmax (neat) 2977,



74

1764, 1532, 1353, 1204, 1094, 998, 897, 810 and 736 cm-!; 8y (CDCl3, +20°C) 1.23 (6
H, d, J 6.0 Hz), 1.86 (3 H, s), 2.99 (1 H, hept, J 6.0 Hz), 4.10 (2 H, s), 7.47-8.35 (4
H, m) ; 8y (-50°C) 1.27 (6 H, broad), 1.92 (3 H, s), 3.33 (1 H, hept, J 7.0 Hz), 4.01 (1
H, d, J 13.0 Hz), 4.26 (1 H, d, J 13.0 Hz), 7.55-8.39 (4 H, m); mass spectrum: m/z 252
M+ 5%)

O-Acetyl-N-m- bromobenzyl - N- isopropylhydroxylamine (116h). Purified by chroma-
tography using 1:1 hexane - ether mixture as eluent . Colourless liquid, (Found: C, 50.2;
H, 5.6; N, 4.9. Cj2H16NO2Br requires C, 50.37; H, 5.64; N, 4.89 %); Vmax (neat)
2972, 2862, 1765, 1571, 1472, 1371, 1204, 1070, 998, 906, and 778 cm!; 8y (CDCl3,
+24°C) 1.22 (6 H, d, J 7.0 Hz), 1.90 (3 H, s), 3.24 (1 H, hept, J 7.0 Hz ), 3.98 (2 H,
s), 7.17-7.65 (4 H, m); 8y (-50°C) 1.24 (6 H, t, J 7.0 Hz), 1.94 (3 H, s), 3.24 (1H,
hept, J 7.0 Hz), 3.85 (1 H, d, J 13.0 Hz), 4.13 (1 H, d, J 13.0 Hz), 7.24-7.64 (4 H, m).

O-Acetyl-N-p-bromobenzyl-N-isopropylhydroxylamine (116i). Purified by chromato-
graphy using 1:1 hexane - ether mixture as eluent. Colourless crystals, m.p. 34-36°C
(ether-hexane) (Found: C, 50.2; H, 5.6; N, 4.9. C12H1NO2Br requires C, 50.37; H,
5.64; N, 4.89% ); vmax (KBr) 3000, 1765, 1490, 1368, 1210, 1174, 1070, 1013, 906,
and 799 cm-l; 8y ((iDC13, +24°C) 1.20 (6 H, d, J 7.0 Hz), 1.84 3 H, s), 3.21 (1 H,
hept, J 7.0 Hz), 3.95 2 H, 5), 7.31 2 H, d, J 10.0 Hz), 7.49 (2 H, d, J 10.0 Hz); 3y (-
40°C) 1.22 (6 H, broad s), 1.88 (3 H, s), 3.23 (1 H, hept, J 7.0 Hz), 3.84 (1 H,d, J
13.0 Hz), 4.12 (1 H, d, J 13.0 Hz), 7.32 (2 H, d, J 10.0 Hz), 7.51 (2 H, d, J 10.0 Hz).

O-Acetyl-N-2 4,5-trimethoxybenzyl-N-isopropylhydroxylamine (116j). Purified by chr-
omatography using 1.5:1 hexane - ether mixture as eluent .White crystals, m.p 39-41°C
(ether-hexane) (Found: C, 60.4; H, 7.8; N, 4.7. C;5H23NOs requires C, 60.59; H, 7.80;
N, 4.71%); vmax (KBr) 2975, 2925, 2825, 1768, 1615, 1517, 1466, 1434, 1311, 1257,
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1216, 1129, 1046, 989, 903, 861, 837, 810 and 751 cm-l; 3y (CDCl3, +23°C) 1.21 (6
H, d, J] 6.0 Hz), 1.88 (3 H, s5), 3.22 (1 H, hept, J 6.0 Hz), 3.84 (3 H, 5), 3.86 3 H, s),
3913 H,s),403 (2H,s),6.57 (1 H,5s),7.26 (1 H, s); 3y (-53°C) 1.26 (6 H,t,J 7.0
Hz), 1.96 B H, s), 3.24 (1 H, hept, J 7.0 Hz ), 3.89 (3 H, s, 1 H undemeath), 3.92 (3
H,s),397(3H,s),402(1H,d,J140Hz), 6.60 (1 H,s), 7.01 (1 H, s).

O-Acetyl-N-p-hydroxybenzyl-N-isopropylhydroxylamine (116k). Colourless crystals,
m.p. 92-93°C (ether-hexane) (Found: C, 65.5; H, 7.7; N, 6.3. C{2H7NOj3 requires C,
64.55; H, 7.68; N, 6.27); vmax (KBr) 3346, 2956, 2942, 2895, 1752, 1614, 1519,
1366, 1248, 1232, 1177 and 811 cm!; 8 (CDCl3, +22°C) 1.21 (6 H, d, J 8.0 Hz), 1.87
(3H,s),322(1H,m),396 2 H,s),6.79 (2H,d,J 8.0Hz), 728 (2H, d, J 8.0 Hz),
hydroxyl proton signal not observed; 8y (-39°C) 1.24 (6 H, t, J 4.0 Hz), 1.94 3 H, s),
329 (1 H, m),3.84 (1 H,d, J 12.0Hz), 4.11 (1 H,d, J 12.0 Hz), 6.77 2 H, d, J 8.0
Hz), 7.27 (2 H, d, J 8.0 Hz), hydroxyl proton signal not observed.

O-Acetyl-N-o-hydroxybenzyl-N-isopropylhydroxylamine (1161). Colourless plates,
m.p. 53.0-54.0°C (ether-hexane) (Found: C, 65.6; H, 7.8; N, 6.2. C12H17NO3 requires
C, 64.55; H, 7.67; N, 6.28); vmax (KBr) 3275, 3069, 2976, 2939, 2883, 1749, 1487,
1370, 1247, 1207, 999 and 763 cm-l; 8y (CDCl3, +27°C) 1.12 (6 H, d, J 8.0 Hz), 2.07
G H, 5),3.13 (1 H, m), 4.16 (2 H, 5), 6.79-7.33 (4 H, m), 9.33 (1 H, s); 8y (-20°C)
L.11(6 H, q, J 8.0 Hz), 2.12 3 H, s), 3.12 (1 H, m), 4.12 '(I H, d, J 140 Hz), 42 (1
H, d, J 14.0 Hz), 6.82-7.35 (4 H, m), 9.54 (1 H, s).

O-Acetyl-N-o-methoxybenzyl-N-isopropylhydroxylamine (116m). Colourless liquid,
C13H19NO3 requires C, 65.80 ; H, 8.07; N, 5.90 vmax (neat) 2976, 2939,1760, 1495,
1465, 1365, 1248,. 1211 and 756 cml; 8y (CDCl3, +18°C) 1.22 (6 H, d, J 6.0 Hz), 1.86
(3H, ), 3.26 (1 H, m), 3.84 (3 H, 5), 4.1 (2 H, 5), 6.96-7.50 (4 H, m); 8y (-49°C)
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1.28 (6 H,+,J 8.0 Hz), 198 (3 H,5),3.30(1 H, m), 390 B H,s,).398(1 H,d,J
13.0 Hz), 4.34 (1 H, d, J 13.0 Hz), 6.94-7.48 (4 H, m).

O-Acetyl-N-o-hydroxybenzyl-N-*butylhydroxylamine (117). White crystals, m.p. 87.5-
89.5°C (decomp) (Found: C, 66.8 ; H, 8.2; N, 5.8. C;3H19NOs3 requires C, 65.80; H,
8.07; N, 5.90); vmax (KBr) 3342, 2974, 2930, 1737, 1604, 1505, 1456, 1370, 1327,
1264, 1249, 1225, 1207, 1179, 1105, 756 and 732 cml; 8y (CDCl3, +24°C) 1.25 (9 H,

s), 1.92 (3 H, s), 4.17 (2 H, broad), 6.75-7.41(4 H, m), 9.24 (1 H, s).

4.2.3 The Isoxazolidines (123 and 124a)

A mixture of the hydroxylamine 100 (10.0 mmol), paraformaldehyde (15 mmol)
and ethyl vinyl ether (5 cm3) in ethanol (S cm3) was heated in a closed vessel at 70°C for 2
h. The reaction mixture was taken up in HoO (20 cm3) and extracted with ether (2x20
cm3). The organic layer was dried (Na;SO4) and concentrated by passing a gentle stream
of nitrogen at 20°C. The residual liquid was purified by chromatography using ether as the
eluent to give the isoxazolidines 123 as colourless liquid. In the preparation of the adduct
(123a) N-methylhydroxylamine hydrochloride instead of the free base was used. One
equivalent of KOH was added to the reaction mixture to liberate the free base. Care must

be taken to isolate the isoxazolidines (123a, b, ¢) since these are found to be volatile.

2-Methyl-5-ethoxyisoxazolidine (123a). (55%); Vmax (neat) 3010, 2943, 2908, 1450,
1435, 1364, 1335, 1297, 1142, 1095, 995, and 926 cm™1; 8y (CDCl3, -30°C) 1.25 (3 H,
a major and minor overlapping triplets, J 7.0 Hz), 2.18 -3.10 (3 H, m), 2.76 (0.76 x 3 H,
s), 2.90 (0.24 x 3 H, s), 3.44 (2 H, m) 3.90 (1 H, m), 5.20 (1 H, apparent dd, J 2.5, 6.0
Hz); 8y (+50°C) displéycd the signals of N-methyl atd 2.74 (s), OCH; at 3.47 (1 H, dq,
J 7.0, 10.0 Hz) and 3.81 (1 H, dq, J 7.0, 10.0 Hz), C(5) H at 5.16 (1 H, d, J 5.0 Hz).
In solvents CCls, pyridine-ds, CD30D and CD3CN at -30°C the N-methyl protons of the
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major isomer appeared at § 2.72, 2.83, 2.83, and 2.78 and the minor isomer at 2.55,
2.62,2.66 and 2.60, respectively. The C(5) H appeared as a multiplet except in CD3CN at
85.12 (1 H, dd, J 2.5, 6.0 Hz). The C(5)H of the major and minor isomer apparently
have same chemical shift values in all the solvents studied. m/z 131 (M+ 5.4%)

2-[soprapyl-S-ethoxyiso;'azoIidine (123b). (61%); Vmax (neat) 3012, 2937, 2905, 1471,
1445, 1371, 1342, 1300, 1096, 1030, and 995 cm-1; 6y (CDCl3, -30°C) 1.07, 1.12 (3
H, two overlapping d, the minor appearing upfield, J 7.0 Hz); 1.26 (6 H, m), 2.12 - 3.06
(4 H, m), 3.28 -3.58 (2 H, m), 3.86 (1 H, m), 5.12 (1 H, m); In solvents pyridine-ds,
CD30D, and CD3CN at -30°C the signal of one of the diastereotopic methyl of the iso
propyl group appeared upfield for the minor isomer and downfield for the major isomer.
The C(5) signal in pyridine and CD30D appeared as a multiplet and in CD3CN asa dd (J
2.5, 6.5 Hz). The C(5)H of the major and minor isomer apparently have same chemical

shift values in all the solvents studied. m/z 131 (M* 7.5%).

2-tert-Butyl-5-ethoxyisoxazolidine (123¢). (65%); Vmax (neat) 3005, 2927, 2895, 1472,
1437, 1358, 1337, 1228, 1198, 1100, 1036, 1012, and 988 cm-!; 8y (CDCl3, -30°C)
1.14 9 H, s), 1.27 3 H, t,J 7.0 Hz), 2.17 - 3.21 (4 H, m), 3.45 (2 H, m), 5.09 (0.42 x
1 H, d, J 4.5 Hz), and 5.15 (0.58 x 1 H, dd, J 2.3, 6.0 Hz). Spectrum at +50°C
displayed the signals of OCH3 at & 3.50 (1 H, dq, J 7.0, 10.0 Hz) , 3.80 (1 H, dq, J 7.0,
10.0 Hz), and C(5) Hat § 5.11 (1 H, d, J 5.5 Hz). In solvents pyridine-ds, CD30D and
CD3CN at -30°C the C(5)H of the major isomer appeared at d 5.04 (dd, J 3.0, 5.5 Hz),
5.18 (dd, J 2.0, 6.0 Hz), 5.05 (dd, J 2.5, 6.5 Hz), and for the minor isomer at 4.96 (d, J
4.5 Hz), 5.09 (d, J 4.0 Hz), and 4.98 (d, J 4.5 Hz), respectively.

2-Phenyl-5-ethoxyisoxazolidine (123d). (83%); (Found: C, 68.3; H, 7.7; N, 7.15.
C11H15NO2 requires C, 68.37; H, 7.82; N, 7.25%); vmax (neat) 3010, 2935, 2900,
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1601, 1488, 1449, 1438, 1366, 1337, 1280, 1184, 1090, 1017, 975, 732 and 671 cml;
81 (CDCl3, 20°C) 1.18 (3 H, t, J 6.0 Hz), 2.36 (2 H, m), 3.37 (1 H, dt, J 5.5, 9.0 Hz),
3.56 (1 H, dq, J 7.0, 10.0 Hz), 3.68 (1 H, apparent q, J 7.5 Hz), 3.87 (1 H, dq, ] 7.0,
10.0 Hz), 5.35 (1 H, dd, J 1.5, 5.5 Hz), and 6.90-7.40 (5 H, m). Identical spectrum at
-30°C.

2-Benzyl-5-ethoxyisoxazolidine (124a). (93%); (Found: C, 69.4; H, 8.3; N, 6.6.
C12H17NO3 requires C, 69.53; H, 8.27; N, 6.76%); vmax (neat) 3037, 2985, 2910,
2877, 1494, 1453, 1370, 1342, 1305, 1102, 1077, 1028, 982, 728, and 695 cm-l; 8y
(CDCl3, -30°C) 1.22, 1.27 (3 H, overlapping t, J 7.0 Hz, minor triplet appeared
downfield), 2.08 - 2.72 (3 H, m), 2.98 - 3.60 (2 H, m), 3.85 (1 H, m), 3.98 (0.53 x 1
H, d, J 12.0 Hz), 4.05 (0.47 x 1 H, d, J 12.0 Hz), 4.12 (0.53 x 1 H, d, J 12.0 Hz), 4.31
(0.47 x1 H, d, J 12.0 Hz), 5.24 (1 H, m), and 7.42 (5 H, m). Spectrum at +50°C
displayed the signéls of OCH; at § 3.48 (1 H, dq, J 7.0, 10.0 Hz) , 3.79 (1 H, dq, J 7.0,
10.0 Hz), and C(5) Hatd 5.20 (1 H, dd, J 2.0, 5.5 Hz). In solvents CD30D and CD3CN
at -30°C the C/(5)H appeared as multiplets and in pyridine-ds as add at 8 5.14 (J 2.5, 5.0
Hz). In all the solven.:s the minor triplets at 8~1.2 and a minor doublet at ~4.3 appeared
downfield relative to the respective signals for the major isomer. m/z 207 (M+ 15.5%).

4.2.4 The Isoxazolidines (124b-124i)

To a sclution of the hydroxylamine (3.0 mmol) in CH2Cl5 (10 cm3) at 0°C yellow
HgO (2.60 g, 12 mmol) was added . The reaction mixture was stirred at 0°C until the
formation of the nitrone and the disappearance of the hydroxylamine was complete (~1 h);
as indicated by TLC experiment (silica, ether). After passing through a bed of MgSO4 and
washing the bed with CH,Cl; the resultant nitrone solution was concentrated to ~10 cm3

and ethyl vinyl ether was added to it. After stirring the mixture at 30°C for 48 h, the
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solvent and excess alkane were removed and the residual mixture was chromatographed

over silica gel using appropriate eluent as detailed below.

2-(p-Nitrobenzyl)-5-ethoxyisoxazolidine (124b). Purified by chromatography using 4:1
hexane - ether mixture as eluent . Colourless liquid (18% yield); (Found: C, 57.1; H, 6.3;
N, 11.1. C2H6N204 requires C, 57.13; H, 6.39; N, 11.10%); vmax (neat) 2971, 2906,
1520, 1350, 1106, 1101, 935, and 745 cm-1; 8 (CDCl3, -30°C) 1.25 (0.60x 3 H, t, J
7.0 Hz), 1.29 (0.40 x 3 H, t, J 7.0 Hz), 2.22-2.80 (2.60 x 1 H, m), 3.18-3.32 (0.40 x 1
H, m), 3.34-3.60 (2 H, m), 3.77 (1 H, dq, J 7.0 Hz, J 10.0 Hz), 4.05 (0.60 x 1 H,d, J
15.0.Hz), 4.17 (040 x 1 H, d, J 14.0 Hz), 425 (0.60 x 1 H, d, J 15.0 Hz), 4.41 (0.40 x
1 H, d, J 14.0 Hz), 5.28 (1 H, broad m), 7.69 (2 H, two overlapping doublets, J 9.0
Hz), 8.33 (2 H, two overlapping doublets, J 9.0 Hz); dy (+50°C) 122 3 H,t,J 7.0
Hz), 2.44 (2 H, m), 3.0 (1 H, m), 3.27 (1 H, m), 3.50 (1 H, dq, J 7.0 Hz, J 10.0 Hz),
3.73 (1 H, dq, J 7.0 Hz, J 10.0 Hz), 4.07 (1 H, d, J 14.0 Hz), 4.27 (1 H, d, J 14.0 Hz),
5.24 (1 H, dd, J 2.3 Hz, J 5.75 Hz), 7.66 2 H, d, J 10.0 Hz), 8.27 (2 H, d, J 10.0 Hz).

2-p-(Chlorobenzyl)-5-ethoxyisoxazolidine (124c¢). Purified by chromatography using
4:1 hexane - ether rmxture as eluent . Colourless liquid (25% yield); (Found: C, 59.5; H,
6.7; N, 5.8. C12H16N02Cl requires C, 5§9.62; H, 6.67; N, 5.79%); vmax (neat) 2977,
2909, 1493, 1103, 1016, 933, and 811 cm-1; 8y (CDCl3, -40°C) 1.24 (0.58 x 3 H, t,J
7.0 Hz), 1.29 (042 x 3 H, t,J 7.0 Hz), 2.17-2.71 242 x 1 H, t.n), 3.11 (042 x 1 H,
app.q J 8.0 Hz), 3.41 (2.16 x 1 H, m), 3.81 (1 H, m), 4.02 (0.58 x 2 H, AB, J 13.8
Hz), 4.05 (042 x 1 H, d, J 12.5 H2), 4.25 (0.42 x 1 H, d, J 12.5 Hz), 5.25 (1 H, broad
m), 7.38 (4 H, s); 6y (+50 °C) 1.19 (3 H, ¢, J 7.0 Hz), 2.18-2.56 (2 H, m), 291 (1 H,
m), 3.17 (1 H, m), 3.48 (1 H, dq, J 7.0 Hz, J 9.5 Hz), 3.75 (1 H, dq, J 70 Hz, J 9.5
Hz),3.97 (1 H,d, J 140 Hz),4.10 (1 H,d, J 140 Hz), 522 (1 H,dd, J2.0HzJ 5.5
Hz), 7.36 (4 H, m); mass spectrum: myz 243(M* 24)
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2-(p-Methoxybenzyl)-5-ethoxyisoxazolidine (124d). Purified by chromatography using
1:1 hexane - ether mixture as eluent . Colourless liquid (32% yield); (Found: C, 65.6; H,
8.05; N, 5.9. C;3H|9NOj3 requires C, 65.80; H, 8.07; N, 5.90%); Vmax (neat) 2977,
2909, 1517, 1249, 1103, 1034, 984, and 820 cm-1; 8y (CDCl3, -30°C) 1.24 (0.60 x 3 H,
t,J 7.0 Hz), 1.29 (0.40 x 3 H, t, J 7.0 Hz), 2.13-2.69 (2.40 x 1 H, m), 3.09 (040 x 1
H, app.q J 8.0 Hz), 3.21-3.59 (2.20 x 1 H, m), 3.81 (1 H, m), 3.85 (3 H, s), 3.91 (0.60
x 1 H, d, J 12.5 Hz), 4.01 (040 x 1 H, d, J 12.5 Hz), 4.09 (0.60 x 1 H, d, J 12.5 Hz),
4.24 (040 x 1 H, d, J 12.5 Hz), 5.25 (1 H, broad m), 6.95 (2 H, m), 7.37 (2 H, m); dy
(+50°C) 1.22 (3 H, t, J 7.0 Hz), 2.15-2.51 (2 H, m), 2.89 (1 H, m), 3.13 (1 H, m), 3.49
(1H,dq,J7.0 Hz, J10.0 Hz), 3.77 (1 H, m), 3.79 G H, 5), 4.02 (2 H, broad s), 5.22
(1H,dd,J20Hz]J 5.54Hz), 6.90 (2 H, d, J 10.0 Hz), 7.34 (2 H, d, J 10.0 Hz); mass
spectrum: m/z 237 M+ 9%)

2-(p-Methylbenzyl)-5-ethoxyisoxazolidine (124e). Purified by chromatography using
4:1 hexane - ether mixture as eluent . Colourless liquid (33% yield); (Found: C, 70.6; H,
8.7; N, 6.5. C13H19NO> requires C, 70.56; H, 8.65; N, 6.33%); Vmax (neat) 2977,
2932, 1517, 1109, 1076, 1004. 935, and 802 cm-!; 8y (CDCl3, -40°C) 1.26 (0.59 x 3 H,
t,J 7.0 Hz), 1.31 (0.41 x 3 H, ¢, J 7.0 Hz), 2.12-2.72 (241 x 1 H, m), 2.39 3 H, s),
3.18 (0.41 x 1 H, app.q J 8.0 Hz), 3.22-3.58 (2.18 x 1 H, m), 3.86 (1 H, m), 3.94
(0.59x1H,d,J 13.5Hz), 404 (041 x 1 H,d, J 12.5 Hz), 411 (0.59x 1 H, d, J 13.5
Hz), 4.26 (041 x 1 H, d, J 12.5 Hz), 5.26 (1 H, broad m), 7.26 (2 H, m), 7.38(2 H,
m). 8y (+50°C) 1.22 (3 H, t, J 7.0 Hz), 2.16-2.52 (2 H, m), 2.34 (3 H, 5), 2.92 (1 H,
m), 3.14 (1 H, m ), 3.50 (1 H, dq, J 7.0 Hz, i 10.0 Hz), 3.80 (1 H, dq, J 7.0 Hz, J
10.0 Hz), 4.05 (2 H, broad s), 522 (1 H, dd, J 2.0 Hz, J 5.25 Hz), 7.16 2 H, d, J 8.0
Hz), 7.32 2 H, d, J 8.0 Hz); mas spectrum: m/z 221(M+ 52%)
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2-(p-N,N-dimethylbenzyl)-5 -ethoxyisoxazolidine (124f). Purified by chromatography
using 4:1 hexane - ether mixture as eluent. Colourless liquid (37% yield); (Found: C,
67.25; H, 8.8; N, 11.1.C14H22N201 requires C, 67.17; H, 8.86; N, 11.19); vmnax (neat)
2961, 2884, 1615, 1523, 1344, 1105, 1079, 1010, 984, 951, and 808 cm-1; 3y (CDCl3,
-40°C) 1.26 (0.62 x 3 H, t, J 7.0 Hz), 1.31(0.38 x 3 H, t, J 7.0 Hz), 2.12-2.71 (2.38 x
1 H, m), 2.94 (6 H, s), 3.06 (0.38 H, m), 3.27 (1.24 x H, m), 3.47 (1 H, m), 3.90 (1
H, m), 3.79 (0.62 x 1 H,d, J 12.5 Hz), 3.96 (0.38 x 1 H, d, J 12.5 Hz), 4.13 (0.62 x 1
H, d, J 12.5 Hz), 425 (0.38 x 1 H, d, J 12.5 Hz), 5.28 (1 H, broad m), 6.81 (2 H, m),
7.33 (2 H, m); 8y (+50°C) 1.13 (3 H, t, J 7.0 Hz), 2.12-2.52 (2 H, m), 2.86 (1 H, s),
2.94 (6 H, s), 3.08 (1 H, m), 3.52 (1 H, dq, J 7.0 Hz, J 10.0 Hz), 3.84 (1 H, dq, J 7.0
Hz, J 10.0 Hz), 4.02 (2 H, broad s), 5.24 (1 H, dd, J 2.0 Hz, J 5.25 Hz), 7.11 (2 H, d,
J 10.0 Hz), 7.65 (2 H, d, J 10.0 Hz).

2-(m-Nitrobenzyl)-5-ethoxyisoxazolidine (124g). Purified by chromatography using 4:1
hexane - ether mixture as eluent . Colourless liquid (12% yield); (Found: C, 57.0; H, 6.3;
N, 11.2. C)2H6N204 requires C, 57.13; H, 6.39; N, 11.10%); Vmax (neat) 2977, 2909,
1532, 1350, 1103, 1001, 948, 814, 730, and 677 cm1; 8y (CDCl3, -40°C) 1.29 (0.63 x
3H,t,J7.0 ﬁz), 1.33 (0.37 x3 H, t,J 7.0 Hz), 2.23 -3.13 (2.37 x 1 H, m), 3.21 (0.37
x 1 H, app. q, J 8.0 Hz), 3.50 (2.26 x 1 H, m), 3.82 (1 H, m), 4.06 (0.63x 1 H, d, J
15.5 Hz), 4.17 (0.37 x 1 H, d, J 13.8 Hz), 4.27 (0.63 x 1 H, d, J 15.5 Hz), 4.39 (0.37 x
1 H, d, J 13.8 Hz), 5.28 (1 H, broad m), 7.63 (1 H, m), 7.86 (1 H, m), 8.27 (1 H, m),
8.41(1 H, m); 8y (+50 °C) 1.21 (3 H, ¢, J 7.0 Hz), 2.21-2.63 (2 H, m), 2.98 (1 H, m),
3.27 (1 H, m), 3.50 (1 H, dq, J 7.0 Hz, J 10.0 Hz), 3.76 (1 H, dq, J 7.0 Hz, J 10.0
Hz), 407 (1 H, d, J 15.5 Hz), 427 (1 H, d, J 15.5 Hz), 524 (1 H,dd, J 2.2 Hz, J 5.5
Hz), 7.55 (1 H, , J 8.0 Hz), 7.81 (1 H, d, J 8.0 Hz), 8.19 (1 H, d, J 8.0 Hz), 8.36 (1
H, s); mass spectrum: m/z 252 (Mt 54%)
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2-(o-Hydroxybenzyl)-5-ethoxyisoxazolidine (124h). Purified by chromatography using
4:1 hexane - ether mixture as eluent . White crystal, m.p 47-49°C (ether-hexane) (27%
yield); (Found: C, 64.6; H, 7.55; N, 6.3. C;2H7NO3 requires C, 64.56; H, 7.67; N,
6.27%); vmax (KBr) 2975, 2913, 2875, 1592, 1490, 1266, 1258, 1099, 1076, 1040,
909, 948, and 760 cm-l; 8y (CDCl3, -40°C) 1.25 (0.52 x 3 H,t, J 7.0 Hz), 1.29 (0.48 x
3H,tJ7.0Hz),2.23-2.77 (2.48 x 1 H, m), 3.18 (0.48 x 1 H, app. q J 8.0 Hz), 3.31-
3.65 (2.04 x 1 H, m), 3.80 (1 H, m), 4.11 (0.52 x 1 H, d, J 14.7 Hz), 4.29 (048 x | H,
d,J 14.2 Hz), 439 (0.52 x 1 H, d, J 14.7 Hz), 4.50 (0.48 x 1 H, d, J 14.2 Hz), 5.29 (1
H, m), 6.96 (2 H, m), 7.10 (1 H, m), 7.31 (1 H, m), 10.2 (1 H, s); x4 (+50°C) 1.23 (3
H,t, J 7.0 Hz), 2.54 (2 H, m), 2.96-3.60 (3 H, m), 3.76 (1 H, dq, J 7.0 Hz, J 10.0 Hz),
4.08-4.56 (2 H, m), 5.26 (1 H, t, J 4.0 Hz), 6.81-7.15 (3 H, m), 7.27 (1 H, ¢, ] 8.0
Hz), 9.84 (1 H, s).

2-(o-Methoxybenzyl)-5-ethoxyisoxazolidine (124i). Purified by chromatography using
4:1 hexane - ether mixture as eluent . Colourless liquid (26% yield); (Found: C, 65.8 ; H,
8.0 ; N, 5.8. C13H19NO3 requires C, 65.80; H, 8.07; N, 5.90%); Vmax (neat) 2977,
2909, 1496, 1460, 1240, 1106, 1076, 1031, 1001, 945, and 757 cm-}; 8y (CDCl3,
-40°C) 1.61 (3 H, d, J 7.0 Hz), 2.29-2.71 (2 H, m), 2.76 (0.38 x 1 H, q, J 8.0 Hz),
3.16 (0.38 x 1 H, q, J 8.0 Hz), 3.29-3.63 (2.24 x 1 H, m), 3.89 (0.62 x 3 H, s), 3.92
(0.38x3H,s5),3.96 (1 H,m), 4.11 (0.62 x 2 H, AB, J 15.0 Hz), 4.17 (0.38 x 1 H, d,
J 13.0 Hz), 4.32 (0.38 x 1 H, d, J 13.0 Hz), 5.29 (1 H, broad m), 6.89-7.15 (2 H, m),
7.29 - 7.65 (2 H, m); &y (+50°C) 1.22 (3 H, t, J 7.0 Hz), 2.14-2.56 (2 H, m), 2.96 (1
H, m), 3.19 (1 H, m), 3.50 (1 H, dq, J 7.0 Hz, J 10.0 Hz), 3.83 (1 H, dq, J 7.0 Hz, J
10.0 Hz), 3.94 3 H, s), 4.15(2 H, 5), 523 (1 H, dd, J 2.0 Hz, J 5.5 Hz), 6.90 (1 H, d,
J80Hz), 698 (1 H,t,J80Hz), 7.28 (1 H, t,J 8.0 Hz), 7.53 (1 H, d, J 8.0 Hz);
mass spectrum: m/z 237 (M¥ 35%)
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4.2.5 The tertiary butyldimethylsilyl Derivatives (112-114)

To a solution of imidazole (6.0 mmol) in dry DMF (1.5 cm3) tertiary butyl
dimethylchlorosilane (2.0 mmol) at 0°C was added. To this mixture the corresponding
hydroxylamine (1 mmol) was added. The mixture was stirred at 50°C for 2 h. The
resulting mixture was taken up in ether (25 cm3 ) and washed with H20 (4 x 25 cm3). The
organic layer was dried (Na3SQOy4); excess solvent was removed by using a gentle stream
of N». The residual liquid was chromatographed using hexane-ether mixture (90:10) as

the eluent.

O-'Butyldimethylsilyl-N-benzyl-N-methylhydroxylamine (112). Furified by chromato-
graphy using hexane as eluent. Colourless liquid, (Found: C, 67.0; H, 10.2; N, 5.8.
Ci4H25NOSi requires C, 66.88; H, 10.02; N, 5.57%); Vmax (neat) 2928, 2851, 1255,
1087, 954, 915, 885, 843, 784, 703, and 671 cm-!; 8y (CDCl3, +20°C) -0.10 (3 H,
broad s), 0.16 (3 H, broad s), 0.87 (9 H, s), 2.49 (3 H, s), 3.61 (1 H. d, J 13.0 Ha),
3.96 (1 H, d, J 13.0 Hz), 7.33 (5 H, m); 8y (+50°C) 0.0 (6 H, s), 0.86 (9 H, ), 2.68 (3
H, s), 3.78 (2 H, broad s), 7.32 (5 H, m); mass spectrum: m/z 251 (M* 3%).

O-'Butyldimethylsilyl-N-benzyl-N-isopropylhydroxylamine (113). Purified by chromat-
ography using hexane as eluent. Colourless liquid, (Found: C, 68.6; H, 10.6; N, 5.0.
C16H29NOSi requires C, 68.76; H, 10.46; N, 5.01%); Vmax (neat) 2917, 2840, 1464,
1252, 939, 894, 840, 784, and 697 cm-1; 8y (CDCl3, +20°C) -0.10 (6 H, broad), 0.84 (9
H, s), 1.08 (6 H, d, J 7.0 Hz), 2.99 (1 H, hept, ] 7.0 Hz), 3.78 (2 H, s), 7.30 (5 H, m);
oy (-50°C) -0.05 (6 H,s),0.78 O H,s), 1.02 3 H,d, J 7.0 Hz), 1.04 3 H, d, J 7.0
Hz), 2.92 (1 H, hept, J 7.0 Hz), 3.64 (1 H, d, J 12.5 Hz), 3.77 (1 H, d, J 12.5 Hz),
7.32 (5 H, m); mass spectrum: m/z 279 (M+ 16%)
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O-'Butyldimethylsilyl-N-benzyl-N-tbutylhydroxylamine (114). Purified by chromato-
graphy using hexane as eluent. Colourless liquid, (Found: C, 69.3; H, 10.7; N, 4.8
C17H31NOSi requires C, 69.56; H, 10.65; N, 4.77%); Vmax (neat) 2954, 2931, 2841,
1359, 1258, 1207, 1025, 986, 867, 837, 808, 786, and 751 cm-1; 8y (CDCl3, +20°C)
-0.2 (6 H, broad s), 0.90 (9 H, s), 1.10 (9 H, s), 3.95 (2 H, broad s), 7.19-7.40 (5 H,
m); 84 (-50 °C) -0.60 3 H, s), 0.10 (3 H, 5), 0.83 (9 H, s), 1.17 9 H, s5), 3.70 (1 H, d,
J 15.5 Hz), 4.17 (1 H, d, J 15.5 Hz), 7.35 (5 H, m); mass spectrum: m/z 293 M* 30%)

4.2.6 The tertiary butyldimethylsilyl Derivatives (118-120)

To a solution of imidazole (408 mg, 6.0 mmol) in dry DMF (2.0 cm3) was added
tertiary butyldimethylchlorosilane (332 mg, 2.2 mmol) at 0°C. To this mixture was added
the hydroxylamine 108h (300 mg, 2.0 mmol) and then stirred at 50°C for 2 h. The
resulting reaction mixture was taken up in ether (30 cm3) and washed with H2O (5 x 25
cm3). The organic layer was dried (Na;SO4) evaporated and the residual liquid was
chromatographed using hexane - ether mixture (95:5) as the eluent. The first compound
isolated was compound 120 as a colourless liquid. Continued elution afforded a mixture
of compound 119 and 120 and then the pure compound 119 as a colourless liquid.

Further elution with kexane-ether (4:1) gave the compound 118 as colourless prisms.

N—o-’buryldimethylsiloxybenzyl-N-methylhydroxylamine (118). Colourless Plates, m.p.
78-79.5°C (Found: C, 64.0; H, 9.6; N, 5.4. C14H25NO3Si requires C, 62.87; H, 9.42;
N, 5.24); vmax (KBr) 3219, 2957, 2855, 1802, 1493, 1280, 1266, 1115, 957, 933, 925,
837, 781 and 753 cm"1; 8y (CDCl3, +24°C) 0.25 (6 H, s), 1.03 O H, s5), 2.63 3 H, s),
3.83 2 H, s), 5.19 (1 H, broad), 6.82-7.50 (4 H, m).

O-'Buryldimethylsilyl-N -0-hydroxybenzyl-N-methylhydroxylamine (119). Colourless
liquid, (Found: C, 63.1; H, 9.5; N, 5.4. C14H5NO3Si requires C, 62.87; H, 9.42; N,
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5.24); Vmax (neat) 2957, 2929, 2855, 1489, 1249, 883, 838, 782, and 754 cm!; 8y
(CDCI3, +24°C) 0.17 3 H, 5),025 3 H, 5), 093 (9 H, 5), 2.58 (3 H, 5), 3.90 (1 H, d,
J 13.0 Hz), 4.29 (1 H, d, J 130 Hz), 6.80-7.52 (4 H, m), 9.10 (1 H, s); dy (+60°C)
0.14 (6 H, s5), 0.92 (9 H, 5), 2.56 (3 H, 5), 4.04 (2 H, 5), 6.87-7.46 (4 H, m), 8.86 (1
H, s).

O-'Butyldimethylsilyl-N-tbutyldimethylsiloxybenzyl-N-methylhydroxyl-amine(120).
Colourless liquid, (Found: C, 64.2; H, 10.8; N, 3.8. Cy9H39NO>Si3 requires C, 62.93;
H, 10.30; N, 3.67); vmax (neat) 2957, 2929, 2864, 1493, 1267, 1255, 923, 886, 837,
and 780 cm-1; 8y (CDCl3, +45°C) 0.08 (6 H, s), 0.31 (6 H, 5), 0.53 (9 H, 5), 1.53 (9 H,
s), 2.61 3 H, s), 3.92 (2 H, broad), 6.83-7.57 (4 H, m).

4.2.7 The Nitrones

Aldehyde (5.5 mmo}) was added to a solution of the hydroxylamine (5.0 mmol) in
ethanol (10 cm3). The reaction mixture was stirred at 50-60°C for 5 h and TLC experiment
(silica, ether) was used to determine the complete formation of the nitrone. After removal
of the ethanol by a gentle stream of N3 the nitrones were recrystallized by using hexane-

ether mixture.

a-(2-hydroxy)phenyl-N-isopropyl nitrone (PIAH). (Found: C, 67.1, H, 7.3; N, 7.8.
C10H13NO3 requires C, 67.01; H, 7.31; N, 7.82%); Vmax (neat) 2990, 1590, 1480,
1420, 1284, 1144, 1062, 846 and 756 cm-!; 8y (CDCl3, +19°C) 1.55 (6 H, d, J 7.0 Hz),
435 (1 H, hept), 690 (1 H,t,J7.5Hz),702 (1 H,d,J75Hz),7.15(1 H,d,J 7.5
Hz), 744 (1 H,t, J 7.5 Hz), 7.71 (1 H, s5), 12.5 (1 H, broad s).

a-(2-hydroxy)phenyl-N-methyl nitrone (P3AH). White crystals, m.p. 130-132°C
(Found: C, 63.4; H, 6.1; N, 9.3. CgH9gNO1 requires C, 63.56; H, 6.00; N, 9.27%); Vmax
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(KBr) 2557, .1586, 1462, 1398, 1270, 1152, 946, and 778 cm-t; 8y (CDCl3, +19°C)
391 3H,s),691 (1 H,¢t,]80Hz),7.02(1H,d,J8.0Hz), 7.12 (1 H,d, J 8.0 Hz),
7.46 (1 H, t,J 8.0 Hz), 7.59 (1 H, s), 12.5 (1 H, broad s).

a-(2-hydroxy)phenyl-N-tertiary butylnitrone (PI11AH). Pale yellow crystals, m.p. 83-
84°C (Found: C, 68.3; H, 7.8; N, 7.2. C;1H15NO2 requires C, 68.37; H, 7.82; N,
7.25%); Vmax (KBr) 2972, 1580, 1456, 1362, 1286, 1006, and 762 cm-1; 8y (CDCls,
+19°C) 1.65(9 H, s), 690 (1 H,t,J80Hz), 703 (1 H,d,J80Hz),7.15(1 H,4d,J
8.0 Hz), 743 (1 H, ¢, J 8.0 Hz), 7.77 (1 H, s), 12.4 (1 H, broad s).

0-(4-hydroxy)phenyl-N-isopropyl nitrone (P14AH). Pale yellow needles, 220-222°C
(decomposed) (Found: C, 67.1; H, 7.3; N, 7.8. CoH|3NO requires C, 67.01; H, 7.31;
N, 7.82%); Vmax (KBr) 2977, 1604, 1510, 1288, 1168, 1138, 1074, and 874 cm-1; 3y
(CD30D, +19°C) 1.50 (6 H, d, J 7.0 Hz), 4.18 (1 H, hept), 4.95 (1 H, 5), 6.96 (2 H, d,
J 10.0 Hz), 7.88 (1 H, s), 8.09 (2 H, d, J 10.0 Hz).

o-(4-methyl)phenyl-N-isopropyl nitrone (P19AH). White plates, m.p. 43-45°C (Found:
C,74.6; H, 8.5; N, 7.9. C;1H;sNO requires C, 74.54; H, 8.53; N, 7.90%); Vmax (KBr)
2977, 1570, 1446, 1308, 1150, 1084 and 836 cm-1; 6y (CDCl3, +19°C) 1.55 (6 H, d, J
7.0 Hz), 2.42 (3 H, s), 4.26 (1 H, hept), 7.30 (2 H, d, J 8.0 Hz), 7.48 (1 H, 5), 8.24 2
H, d, J 8.0 Hz).

a-(4-dimethylamino)phenyl-N-isopropyl nitrone (P20AH).. White crystals, m.p. 120-
121.5°C (Found: C, 69.7; H, 8.8; N, 13.6. C;2HgNO> requires C, 69.65; H, 8.80; N,
13.58%); vmax (KBr) 2978, 1060, 1522, 1366, 1304, 1166, 1084, 948, and 840 cm-!;
dy (CDCl3, +19°C) 1.54 (6 H, d, J 7.0 Hz), 3.16 (6 H, s), 4.19 (1 H, hept), 6.76 2 H,
d,J9.0Hz), 7.35 (1 H, 5), 8.26 (2 H, d, J 9.0 H2).
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c-(3-Bromo)phenyl-N-isopropyl nitrone (P22AH). White needles, m.p. 82-83°C
(Found: C, 49.6; H, 5.1; N, 5.8. C;gH{2NOBr requires C, 49.61; H, 5.00; N, 5.79%);
vmax (KBr) 2988, 1570, 1462, 1326, 1152, 1092, 826, 766, and 678 cm"!; 8y (CDCl3,
+19°C) 1.54 (6 H, d, J 7.0 Hz), 4.27 (1 H, hept), 7.34 (1 H, t, J 8.0 Hz), 7.48 (1 H, 5),
7.70 (1 H,d, J 8.0 Hz), 8.11 (1 H, d, J 8.0 Hz), 8.68 (1 H, s).

a-(4-Chloro)phenyl-N-isopropyl nitrone (P27AH). White plates, m.p. 56-57.5°C
(Found: C, 60.8; H, 6.0; N, 7.1. C10H12NOCI requires C, 60.76; H, 6.12; N, 7.09%);
Vmax (KBr) 2978, 1578, 1454, 1308, 1150, 1086, and 842 cm-l; 8y (CDCl3, +19°C)
1.55 (6 H, d, J 7.0 Hz), 4.27 (1 H, hept), 745 (2H, d, J 8.0 Hz), 7.49 (1 H, 5), 8.30 (2
H, d, J 8.0 Hz).

c-(4-Bromo)phenyl-N-isopropyl nitrone (P28A H). White crystals, m.p. 53-55°C
(Found: C, 49.6; H, 5.1; N, 5.8. C;oH2NOBr requires C, 49.61; H, 5.00; N, 5.79%);
Vmax (KBr) 2958, 1578, 1458, 1320, 1154, 1092, and 832 cm-1: 8 (CDCl3, +19°C)
1.55 (6 H,d, J 7.0 Hz), 4.28 (1 H, hept), 7.50 (1 H, s), 7.62 (2 H, d, J 8.0 Hz), 8.23
(2H,d, ] 8.0 Hz).

a—(4~Nitro)pheny{-N-isopropy[ nitrone (P29AH). Yellow needles, m.p. 99-101°C
(Found: C, 57.6; H, 5.8; N, 13.5. C19oH12N203 requires C, 57.68; H, 5.81; N,
13.46%); Vmax (KBr) 2978, 1614, 1352, 1150, 1094, and 858 cm-1; 6y (CDCl3, +19°C)
1.58 (6 H, d, J 7.0 Hz), 4.38 (1 H , hept), 7.50 (1 H, 5), 7.62 (2 H, d, J 8.0 Hz), 8.23
(2 H, d, J 8.0 Hz).

a-(3-Nitro)phenyl-N-isopropy! nitrone (P37AH). Yellow needles, m.p. 134-136°C
(Found: C, 57.7; H, 5.8; N, 13.5. C1gH2N203 requires C, 57.68; H, 5.81; N,
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13.46%); sz;x (KBr) 2978, 1524, 1322, 1070, and 678 cm™L; 8y (CDCl3, +19°C) 1.58
(6 H,d, ] 7.0 Hz), 4.37 (1 H, hept), 769 (1 H, s, 1 H, t, J 8.0 Hz), 8.33 (1 H,d, J 8.0
Hz),8.74 (1 K, d, J 8.0 Hz), 9.18 (1 H, s).

a-(2,4,5-tri methoxy)phenyl-N-isopropyl nitrone (P40AH ). Light brown crystals, m.p.
114-116°C (Found: C. 61.7; H, 7.6; N, 5.5. C;3H}9NO4 requires C, 61.64; H, 7.56; N,
5.53%); Vmax (KBr) 2958, 1578, 1458, 1320, 1154, 1092, and 832 cm-!; 8y (CDCl3,
+19°C) 1.56 (6 H, d, J 7.0 Hz), 3.93 (3 H, s), 4.00 (6 H, s), 4.28 (1 H, 5), 6.59 (1 H,
$), 793 (1 H, s), 8.25 (1 H, 5).

0~(4-methoxy)phenyl-N-isopropyl nitrone (P45AH). (Found: C,_ 68.3, H, 7.8; N, 7.2.
C11H5NO3 requires C, 68.37; H, 7.82; N, 7.25%); Vmax (neat) 2990, 1604, 1506,
1452, 1302, 1264, 1170, 1148, 1086, 1030, and 842 cm™!; 8y (CDCI3, +19°C) 1.54 (6
H, d,J7.0Hz), 3.89 3 H, s), 425 (1 H, hept), 7.00 (2 H, d, J 8.5 Hz), 7.46 (1 H, s),
834 (2H,d, I 8.5 Hz).

a-(2-methoxy)phenyl-N-isopropyl nitrone (P46AH) (Found: C, 68.3, H, 7.8; N, 7.2.
C11H5NO3 requires C, 68.37; H, 7.82; N, 7.25%); Vmax (neat) 2980, 2943, 1594,
1560, 1466, 1436, 1308, 1284, 1246, 1150, 1026, and 766 cm~1; 8y (CDCl3, +19°C)
1.54 (6 H, d, J 7.0 Hz), 3.89 (3 H, s), 4.29 (1 H, hept), 6.94 (1 H, d, J 8.0 Hz), 7.09
(1 H,t,J8.0Hz),7.43 (1 H,t,J8.0Hz),801 (1 H,s),9.40 (1 H,d,J 8.0 Hz).

a-(4-methyl)phenyl-N-methyl nitrone (P72AH). White crystals, m.p. 117-119°C
(Found: C, 71.3; H, 8.7; N, 9.3. CoH3NO requires C, 71.49; H, 8.67; N, 9.27%); Vmax
(KBr) 2931, 1586, 1414, 1168, 944 and 838 cm-!; 8y (CDCl3, +19°C) 2.94 (3 H, s),
394 (3H,s),7.32(2H,d,78.0Hz), 742 (1 H,s), 8.22 (2 H, d, J 8.0 Ha).
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a-(4-dimeth);lamino)phenyl-N-methyl nitrone (P73AH). Yellow crystals, m.p. 133-
135°C (Found: C, 67.4; H, 7.9; N, 15.7. C;gH14N20 requires C, 67.38; H, 7.92; N,
15.72%); Vmax (KBr) 3359, 2889, 1612, 1528, 1374, 1188, 1146, 930, and 814 cm1;
dy (CDCl3, +19°C) 3.06 (3 H, s), 3.87 (6 H, 5), 6.76 (2 H, d, J 8.5 Hz), 7.37 (1 H, 5),
823 (2H,d, J 8.5 Hz).

a-(3-Nitro)phenyl-N-methyl nitrone (P74AH). Yellow crystals, m.p. 111-112°C
(Found: C, 53.3, H, 4.5; N, 15.5. CgHgN203 requires C, 53.33; H, 4.48; N, 15.55%);
vmax (KBr) 3113, 1586, 1522, 1416, 1354, 1174, 954, 910, and 826 cm-1; 8y (CDCl3,
+19°C) 4.0 3 H, s), 7.61 (1 H, s), 7.68 (1 H, t, J 8.0 Hz), 8.33 (1 H, d, J 8.0 Hz),
8.74 (1 H, d, J 8.0 Hz), 9.08 (1 H, s).

a-(2-methoxy)phenyl-N-methyl nitrone (P75AH ). White crystals, m.p. 79-81°C
(Found: C, 65.3, H, 6.7; N, 8.5. CgHNO3 requires C, 65.43; H, 6.71; N, 8.48%);
vmax (KBr) 2919, 1596, 1470, 1244, 1166, 1024, 946, 824, and 748 cm-1; 8y (CDCl3,
+19°C) 391 3 H, 5), 3.94 3 H, s), 6.94 (1 H, d, J 8.0 Hz), 7.10 (1 H, t, J 8.0 Hz),
744 (1H,1t,78.0 Hz), 791 (1 H, 5), 9.33 (1 H, d, J 8.0 Hz).

a-(4-Chloro)phenyl-N-methyl nitrone (P76AH). White crystals, m.p. 126-127°C
(Found: C, 56.6, H, 4.7; N, 8.3. CgHgNOCI requires C, 56.65; H, 4.75; N, 8.26%);
vmax (KBr) 3075, 3026, 2929, 1592, 1484, 1424, 1182, 1166, 1050, 948, 854, and 706
cm-1; 8y (CDCl3, +19°C) 3.95 3 H, 5), 7.45 (1 H, s), 748 (2 H, d, ] 8.5 Hz), 8.28 (2
H, d, ] 8.5 Hz).

a-phenyl-N-ethyl nitrone (P87AH). (Found: C, 72.3, H, 7.4; N, 94. CoH1NO
requires C, 72.45; H, 7.43; N, 9.39%); vmax (neat) 2980, 1582, 1446, 1164, and 692
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cm-l; 3y (Clel3, +19°C) 1.60 3 H, t, J 8.0 Hz), 4.00 (1 H, d, J 8.0 Hz), 4.08 (1 H, d,
1 8.0 Hz), 7.49 (S H, s), 8.34 (1 H, broad s).

4.3 The Kinetic Study

4.3.1 HgO Oxidation of the Hydroxylamines
4.3.1.1 General Procedure

To a solution of the hydroxylamine PhCH,NOHR (0.15 mmol) and X-
CgH4CH;NOHR (0.15 mmol) in CDCl3 (2.0 cm3 ) at 0°C was added yellow HgO (40.0
mg, 0.185 mmol) and the mixture was stirred for 30 min or until the mercury salt turned
greyish. The solution was passed through a tightly packed glass wool in a pipette to
remove the mercury salts. The IH NMR spectrum revealed the presence of starting
materials along with product nitrones. Careful analysis of the spectrtum helped to quantify
each product and starting material by the integration of several proton signals. The N-
alkyl protons of the nitrones and hydroxylamines are well separated and there are many
other non overlapping signals of the starting materials and products. (\H NMR data of the
individual nitrones and hydroxylamines are described in the experimental section). Before
the addition of the HgO, IH NMR spectra of the reaction mixture were taken in order to
check the quantities.of the starting materials by integration. After taking the spectra the
content in the NMR tube was quantitatively transferred into the reaction flask. At the end
of the oxidation and the quantification of the individual compounds, about 7 mg of the
hydroxylamine PhCH;NOHR was mixed with the contents in the NMR tube. Peak
enhancement 6f the unreacted PhnCH;NOHR assured the assignment of the signals to the
starting hydroxylamines. Using the rate equation of Ingold and Shaw 114 the relative rates

were determined.
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kx IOg %F
k, . H
" log (H];

' [H]; = Initial concentration of unsubstituted hydroxylamine.

[H]¢ = Final concentration of unsubstituted hydroxylamine.
[X]; = Initial concentration of substituted hydroxylamine.
[X]¢ = Final concentration of substituted hydroxylamine.
kx = Rate constant for the oxidation of substituted

_ hydroxylamine.
ki = Rate constant for the oxidation of unsubstituted

hydroxylamine.

4.3.1.2 Relative Rates for the Oxidation Process

Relative rates for the oxidation of 108a and 108b:

Initial amounts =i (mmol ) Final amounts = f (mmol)
i 108a 0.146; 108b 0.154; HgO: 0.185
f: 108a 0.0348; 108b 0.0795; nitrones: 0.173

kp-NO2kH = 0.461

Relative rates for the oxidation of 108a and 108c:

i:

f:

108a 0.146;_' 108¢c 0.146; HgO: 0.185
108a 0.0512; 108c 0.0568; nitrones: 0.184

kp-c/ku = 0.901



Relative rates for the oxidation of 108a and 108d:

i 108a 0.146; 108d 0.156;

£ 108a 0.0665; 108d 0.0605;
kp-oMe/kH = 1.21

Relative rates for the oxidation of 108a and 108e:

i: 108a 0.150; 108e 0.150;

£ 108a 0.0719; 108e 0.0631;
kp-Me/kH = 1.18

Relative rates for the oxidation of 108a and 108f:

i 108a 0.146; 108f 0.150;

f: 108a 0.0690; 108f 0.0450;
kp-NMe2kH = 1.61

Relative rates for the oxidation of 108a and 108g:

i: 108a 0.146; 108g 0.148;

f: 108a  0.0307; 108g 0.0778;
km-NOYKH = 0.412

Relative rates for the oxidation of 108a and 108h:

i: 108a 0.146; 108h 0.150;

f: 108a 0.0536; 108h 0.0614;
ko-on/kH = 0.892

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

0.185
0.175

0.171
0.165

0.185
0.182

0.185
0.186

0.185
0.181
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Relative rates for the oxidation of 108a and 108i:

i

f:

Relative rates for the oxidation of 110a and 110b:

i

f:

Relative rates for the oxidation of 110a and 110c:

i

f:

Relative rates for the oxidation of 110a and 110d:

i

f:

Relative rates for the oxidation of 110a and 110e:

i

f:

108a 0.146; 1081 0.150;
108a 0.0612; 108i 0.0438;
ko-oMe/kH = 1.42

110a  0.150;
110a  0.0477;

110b 0.150;
110b 0.074s;
kp-NoYkH = 0.610

110a 0.150; 110¢ 0.150;
110a 0.0587; 110c 0.0713;
kp-cvkyg = 0.794

110a  0.150;
110a 0.0717;

110d 0.150;
110d 0.0633;
kp-oMme/kH = 1.17

110a  0.0500;
110a  0.0233;

110e 0.0500;
110e 0.0165;
kp-Me/kH = 1.45

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

0.185
0.191

0.150
0.178

0.150
0.170

0.150
0.165

0.050
0.0602
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Relative rates for the oxidation of 110a and 110f:

I 110a 0.100; 110f 0.0691; HgO: 0.100

f 110a 0.0138; 110f 0.0488; nitrones: 0.106
kpNMekH = 2.25

Relative rates for the oxidation of 110a and 110g:

it 110a  0.150; 110g 0.150; HgO: 0.150

f: 110a 0.0505; 110g 0.0865; nitrones: 0.163
km-No2/kH = 0.505

Relative rates for the oxidation of 110a and 110h:

i 110a  0.150; 110h 0.150; HgO: 0.150

f: 110a 0.0714; 110h 0.0851; nitrones: 0.144
km-Br/kH = 0.767

Relative rates for the oxidation of 110a and 110i:

i 110a 0.150; 110i 0.150; HgO: 0.150
f: 10a 0.0734; 110i 0.0766; nitrones: 0.150
kp-BrkH = 0.942

Relative rates for the oxidation of 110a and 110j:

i: 110a 0.150; 1105 0.150; HgO: 0.150

f: 110a 0.0738; 110j 0.0602; nitrones: 0.166
kome)skd = 1.29



Relative rates for the oxidation of 108a and 109:

i 108a 0.150; 109 0.126;
f: 108a 0.0943; 109 0.053;
kevkMme = 0.902

Relative rates for the oxidation of 108a and 110:

i 108a 0.150; 110 0.150;

f: 108a 0.0732; 110 0.0548;
kipe kMe = 1.40

Relative rates for the oxidation of 108a and 111:

Ist Trial:

i 108a 0.150; 111 0.150;

f: 108a 0.0597; 111 0.0923;
k'okme = 0.528

2nd Trial:
Relative rates for the oxidation of 108a and 109:
i: 108a 0.150; 111 0.150;

f: 108a 0.0446; 111 0.0804:
k'sykMe = 0.514

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:

HgO:

nitrones:
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0.150
0.166

0.150
0.172

0.150
0.148

0.150
0.175
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4.3.2 p-Benzoquinone Oxidation of the Hydroxylamines
4.3.2.1 General Procedure

To a stirring solution of the hydroxylamine PhCH;NOHR (0.15 mmol) and X-
CeH4CH2NOHR (0.15 mmol) in CDCI3 (1.0 cm3) at 20°C was added dropwise a
solution of p-benzoquinone (0.15 mmol) in 1 cm3 CDCl3 over a period of 3-5 min. The
solution immediately turned dark blue and after 10-20 min it became colourless with the
separation of white crystals of hydroquinone. After passing through glass wool (tightly
packed in a pipette) to remove the hydroquinone the reaction mixture was analysed by 1H

NMR and relative rates are determined as described above in the case of HgO oxidation.
4.3.2.2 Relative Rates for the Oxidation Process

Relative rates for the oxidation of 108a and 108b:

i: 108a 0.150; 108b 0.150; p-Benzoquinone: 0.173

f: 108a 0.0429; 108b 0.0881; nitrones: 0.169
kp-NO2kH = 0.425

Relative rates for the oxidation of 108a and 108c:

it 108a 0.150; 108c 0.150; p-Benzoquinore: 0.150
f: 1082 0.0734; 108c 0.0826; nitrones: 0.144
kp-Cl/kyg = 0.835

Relative rates for the oxidation of 108a and 108d:

i 108a 0.150; 108d 0.150; p-Benzoquinone: 0.150

f: 108a  0.0885; 108d 0.0705 ; nitrones: 0.141
kp-oMe/kH = 1.43



Relative rates for the oxidation of 108a and 108e:

i 108a 0.150; 108e 0.150;
f: 108a 0.0792; 108e 0.0718;
kpMe/kH = 1.16

Relative r;ates Jfor the oxidation of 108a and 108f:

it 108a 0.150; 108f 0.150;

f: 108a 0.0896; 108f 0.0584;
kp-NMe2kH = 1.83

Relative rates for the oxidation of 108a and 108g:

i  108a 0.150; 108g 0.150;
£ 108a 0.0623; 108g 0.107;

km-NO2KH = 0.387

Relative rates for the oxidation of 108a and 108h:

i 108a 0.150; 108h 0.150;
f: 108a 0.0749; 108h 0.103;
ko-on/kH = 0.540

Relative rates for the oxidation of 108a and 108i:

i: 108a 0.150; 108i 0.150;

f: 108a 0.0938; 108i 0.0563;
ko-oMe/kH = 2.09

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

: 0.150
0.149

: 0.150
0.152

: 0.150
0.131

: 0.150
0.122

: 0.150
0.150
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Relative rates for the oxidation of 110a and 110b:

i: 110a 0.150; 110b 0.150; p-Benzoquinone: 0.150

f: 110a  0.0630; 110b 0.0870; nitrones: 0.150
kp-No2kH = 0.202

Relative rates for the oxidation of 110a and 110¢:

i 110a 0.150; 110c 0.150; p-Benzoquinone: 0.150
f: 110a 0.0799; 110c 0.0851; nitrones: 0.135
kp-c/kg = 0.901

Relative rates for the oxidation of 110a and 110d:

ic 110a 0.100; 110d 0.100; p-Benzoquinone: 0.100

f: 110a  0.0505; 110d 0.043s; nitrones: 0.106
kp-oMe/kH = 1.22

Relative rates for the ;indation of 110a and 110e:

i 110a  0.0500; 110e 0.0500; p-Benzoquinone: 0.0500

f: 110a  0.0307; 110e 0.0243; nitrones: 0.0450
kp-Mc/kH = 1.48

Relative rates for thg oxidation of 110a and 110f: _

i 112 0.100; 110f 0.0786; p-Benzoquinone: 0.150

f: 110a  0.0515; 110f 0.0181; nitrones: 0.1089
kp-NMe/kH = 2.22



Relative rates for the oxidation of 110a and 110g:

i

£

Relative rates for the oxidation of 110a and 110h:

i

f:

Relative rates for the oxidation of 110a and 110i:

i

f:

Relative rates for the oxidation of 110a agu_i 1105:

i

f:

Relative rates ,or the oxidation of 108a and 109:

i

f:

110a  0.150; 110g 0.150;
110a  0.0476; 110g 0.0904;
km-NOYKH = 0.442

110a 0.150; 110h 0.150;
110a 0.0692; 110h 0.0918;
km-B/kH = 0.634

110a 0.150; 110i 0.150;
110a 0.0750; 110i 0.0880;
kp-BrkH = 0.770

110a  0.150; 110j 0.150;
110a 0.0943; 110§ 0.0657;
koMe)3kH = 1.77

1ogg 0.100; 109 0.105;
1082 0.0618; 109 0.0547;
kevkMe = 1.35

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinone

nitrones:

p-Benzoquinore

nitrones:

: 0.150
0.162

: 0.150
0.139

: 0.150
0.137

: 0.150
0.140

: 0.100
0.189
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Relative rates for the oxidation of 108a and 110:

i: 108a 0.150; 110 0.150; p-Benzoquinone: 0.150
f: 108a 0.0854; 110 0.0406; nitrones: 0.174
kiprkme = 2.32

Relative rates for the oxidation of 110a and 111 :

i 108a 0.150; 111 0.150; p-Benzoquinone: 0.150
f: 108a 0.0863; 111 0.0777; nitrones: 0.136
kK'gukn = 1.20

4.4 The E -Z Isomerization
4.4.1 1H NMR Chemical Shifts of the E & Z Nitrones

Z-o-phenyl-N-methyl nitrone (Z-101a). 8y (CDCl3, -10°C) 3.93 3 H, d, J 0.5 Hz),
7.50 (4 H, m), 8.30 (2 H, m).
E-c-phenyl-N-methyl nitrone (E-101a). 3y (CDCl3, -10°C) 3.89 3 H, d, J 1.0 Hz),
7.50 (5 H, m), 8.04 (1 H, s).

Z-0c-(4-nitro)phenyl-N-methyl nitrone (Z-101b). 3y (CDCl3, -10°C) 3.99 (3 H, s),
7.63 (1 H, s), 8.34 2 H, d, ] 9.0 Hz), 8.46 (2 H, d, J 9.0 Hz).
E-o-(4-nitro)phenyl-N-methyl nitrone (E-101a). 8g (CDCl3, -10°C) 3.95 (3 H, s), 7.72
(2H,d,J 8.0 Hz), 8.05 (1 H, s), 8.35 2 H, d, J 8.0 Hz).
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Z-a-(4-Chloro)phenyl-N-methyl nitrone (Z-101¢). 8 (CDCI3, -10°C) 3.92 (3 H, s),
7.44 (2 H, d, J 9.0 Hz), 7.44 (1 H, overlapping s), 8.26 (2 H, d, J 9.0 Hz)
E-a-(4-Chloro)phenyl-N-methyl nitrone (E-101¢). 8y (CDCl3, -10°C) 3.87 (3 H,d,J
1.0 Hz), 7.33 2 H, d, J 9.0 H2), 7.50 2 H, d, ] 9.0 Hz), 7.98 (1 H, s).

Z-0a-(4-methoxy)phenyl-N-methyl nitrone (Z-101d). dy (CDCl3, -10°C) 3.87 (6 H, s),
6.98 (2 H, d, J 9.0 Hz), 7.37 (1 H, s), 8.28 (2 H, d, J 9.0 Hz).
E-a-(4-methoxy)phenyl-N-methyl nitrone (E-101d). dy (CDCIl3, -10°C) 3.84 (6 H, s),
7.02(2H,d,J9.0Hz), 728 2 H, d, J 9.0 Hz), 7.96 (1 H, s).

Z-0a-(4-methyl)phenyl-N-methyl nitrone (Z-101e). 8y (CDCl3, -10°C) 2.41 (3 H, s),
390(3H,s),7.28 (2H,d, J8.5Hz),7.42 (1H,s), 8.20 (2 H, d, J 8.5 Hz)
E-a-(4-methyl)phenyi-N-methyl nitrone (E-101e). 8y (CDCl3, -10°C) 2.41 3 H, s),
3.87 3 H, s), 7.30 (4 H, underneath other signals), 8.00 (1 H, s)

Z-a-(4-dimethylamino)phenyl-N-methyl nitrone (Z-101f). 8y (CDCl3, -10°C) 3.02 (6
H,s),3.84 3H,s),6.74 2H,d,J9.5Hz), 7.27 (1 H, s), 8.22 (2 H, d, ] 8.5 Hz)
E-a-(4-dimethylamino)phenyl-N-methyl nitrone (E-101f). 8g (CDCl3, -10°C) 2.99 (6
H, s), 3.89 3 H, d, J 1.0 Hz), 6.74 (2 H, overlapping doublet), 7.92 (1 H, s).

Z-0-(3-nitro)phenyl-N-methyl nitrone (Z-101g). 8y (CDCl3, -10°C) 4.04 3 H, s), 7.79
(1H,s),872(1H,d, J80Hz), 9.18 (1 H, s).

Z-a-(2-hydroxy)phenyl-N-methyl nitrone (Z-101h). 8y (CDCl3, -10°C) 3.94 (3 H, s),
6.88-7.58 (4 H, m), 7.66 (1 H, s), 12.40 (1 H, s).
E-a-(2-hydroxy)phenyl-N-methyl nitrone (E-101h). We couldn’t detect the presence of

E isomer.
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Z-a-(2-methoxy)phenyl-N-methyl nitrone (Z-101i). 8y (CDCl3, -10°C) 3.87 (3 H, s),
392(3H,5),694 (1 H,d, J8.0Hz), 7.08 (1 H, t, ] 8.0 Hz), 7.45 (1 H, t, ] 8.0 Hz),
792 (1 H,s),9.30 (1 H, d, J 8.0 Hz).

E-a-(2-methoxy)phenyl-N-methyl nitrone (E-101i) 8y (CDCl3, -10°C) 3.87 (6 H, s),
overlapping signals at § 6.92-7.12 and 7.45 (3 H), 7.28 (1 H, d, J 8.0 Hz), 8.02 (1 H,s).

Z-a-phenyl-N-ethyl nitrone (Z-103). 8y (CDCl3, +10°C) 1.58 3 H, t, ] 7.0 Hz), 4.00
(2H, q,77.0 Hz), 7.45 3 H, m), 7.49 (1 H, s), 8.30 (2 H, m)

E-a-phenyl-N-ethyl nitrone (E-103). 8y (CDCl3, +10°C) 1.56 (3 H, t, J 7.0 Hz), 4.05
(2H, q,J 7.0 Hz), 7.26-7.58 (5 H, m), 7.97 (1 H, s)

Z-a-phenyl-N-isopro‘pyl nitrone (Z-105). 3y (CDCl3, +10°C) 1.51 (6 H, d, J 7.0 Hz),
4.23 (1 H, hept, J 7.0 Hz) 7.50 (1 H, 5), 7.45 (3 H, m), 8.28 (2 H, m)
E-a-phenyl-N-isopropyl! nitrone (E-105). 8y (CDCl3, +10°C) 1.44 (6 H, d, J 7.0 Hz),
4.72 (1 H, hept, J 7.0 Hz) 7.32 (1 H, 5), 7.45 (3 H, m), 7.90 (1 H., s)

Z-a-phenyl-N-tertiarybutylnitrone (Z-107). 8y (CDCl3, +25°C) 1.60 9 H, 5), 743 (3
H, m), 7.58 (1 H, s), 8.33 (2 H, m).

4.4.2 IH NMR Chemical Shifts of the Non Conjugated Nitrones
a-methenyl-N-benzyl nitrone (102a). 8y (CDCl3, -10°C) 498 (2 H,5), 632 (1 H,d,J
8.0 Hz), 6.64 (1 H, d, J 8.0 H2), 7.5 (5 H, m).

a-methenyl-N-(4-nitro)benzyl nitrone (102b). 8y (CDCl3, -10°C) 5.10 (2 H, s), 6.56 (1

H,d,J7.0Hz), 6.68 (1 H,d, J 7.0 Hz), 7.60 (1 H, d, J 8.0 Hz), overlapping signal at
3.8.34 2 H).
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a-methenyl-N-(4-Chloro)benzyl nitrone (102¢). 8y (CDCl3, -10°C) 4.94 (2 H, s), 6.38
(1H,d,J7.0Hz),6.62 (1 H, d, ] 7.0 Hz), 7.44 (4 H, overlapping AB).

a-methenyl-N-(4-methoxy)benzyl nitrone (102d). 8y (CDCl3, -10°C) 3.84 (3 H, s),
488 (2 H,s),624 (1 H,d,J80Hz), 658 (1H,d,J8.0Hz),698@R2H,d J90
Hz).7.39 (2 H, d, ] 9.0 Hz).

a-methenyl-N-(4-methyl)benzyl nitrone (102e). 8y (CDCl3, -10°C) 2.39 (3 H, s), 4.94
(2H,s),626 (1 H,d, J 8.0Hz), 6.60 (1 H,d,J 8.0 Hz), 7.30 (4 H, underneath other

signals).

a-methenyl-N-(4-dimethylamino)benzyl nitrone (102f). 8g (CDCl3, -10°C) 2.99 (6 H,
s, underneath other signals), 4.85 (2 H, s), 6.19 (1 H, d, J 8.0 Hz), 6.60 (1 H, d, J 8.0
Hz),6.76 (2 H, d, J 9.0 Hz, underneath other signals), 7.30 (2 H, d, J 9.0 Hz,
underneath other signals).

a-methenyl-N-(3-nitro)benzyl nitrone (102g). g (CDCl3, -10°C) 5.14 (2 H, s), 6.67 (2
H, s),

a-methenyl-N-(2-hydroxy)benzyl nitrone (102h). 8y (CDCl3, -10°C) 5.10 (2 H, s),
6.70 (2 H, s), 6.68 -7.58 (4 H, m).

o-methenyl-N-(2-methoxy)benzyl nitrone (102i). 8y (CDCl3, -10°C) 3.87 (3 H, s),
5.00 (2 H, s), 6.27 (1 H, d, J 8.0 Hz), 6.60 (1 H, d, J 8.0 Hz), overlapping signals at §
6.92-7.12 and 7.45 (4 H).
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a-ethenyl-N-benzyl nitrone (104). 3y (CDCl3, +10°C) 2.02 (3 H, d, J 6.0 Hz), 4.92 (2
H, s) 6.77 (1 H, q, J 6.0 Hz), 7.50 (5 H, m)

a-isopropenyl-N-benzyl nitrone (106). 8y (CDCl3, +25°C) 2.14 3 H, 5), 2.19 3 H, s),
509 (2H,s),745 (5H, s).
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RESULTS AND DISCUSSION

5.1 Rotation Inversion Dichotomy

In acylic hydroxylamines 98 the diastereotopic methylene hydrogens appear as a
AB quartet in the [H NMR spectrum at low temperatures. At higher temperature the chiral
amine 98A (the most stable conformer with bonds and lone pairs formally eclipsed) would

undergo stereomutation to the enantiomer 98A* (Scheme 5.1) and when the rate process

1
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Scheme 5.1:  Stereomutation in acyclic hydroxylamines.
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becomes faster in the NMR time scale the methylene AB quartet coalesces and then
appears as a singlet 43.

Such a stereomutation requires two steps: nitrogen inversion and N-O bond
rotation, both of which have considerable and comparable energy barriers. As a
consequence there has been considerable discussion (and controversy) as to whether
nitrogen inversion 30 or N-O rotation 32:116 or even a complex composite of both (in an
energy saving pathway) is the rate limiting step 60. While solvent study provided
conflicting conclusion, numerous experimental evidences point out that steric acceleration
and deceleration of the rate is an indication of inversion and rotation controlled rate limiting
process respectively. Steric crowding raises the energy of the pyramidal ground state
whereas in the planar transition state for the inversion with extended CNC angle (120°C)
such crowding is relieved and as a consequence energy barrier decreases. Steric crowding
on the other hand would obviously raise the energy barrier for the rotational process 60,

It is well known that electronegative substitutents (O, N, halogens) on nitrogen
raises the inversion barrier by their ¢ inductive electron withdrawing ability and & repulsive
character due to the lone pairs. Both electronegativity and maximized lone pair repulsion
destablizes the planar transition state. The relative contribution of these two effects (which
are the origins of ‘hetero effect’) still remains a long-standing question which many most
researchers including theoreticians have been unable to answer 350

In order to study the substituent effects on the inversion and rotational behaviour a
multitude of hydroxylamine derivatives 108-117 and isoxazolidines 123, 124 have been
synthesized (Scheme 5.2). By locking at the N-O bond in the ring skeleton of S-membered
ring 123, 124 the rotational aspect will be precluded. Presence of ethoxy group at C5 in
isoxazolidines 123, 124 would also enable to study anomeric effect in 5 membered ring

system.
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Scheme 5.2: Synthetic routes to various hydroxylamine derivatives.

Nitrones 101,103,105,107 with a variety of alkyl (R) groups and substituents X
were prepared by condensation reaction of the corresponding aromatic aldehydes 99 and
hydroxylamines 100. The nitrones on reduction with sodium borohydride afforded the

hydroxylamines 108-111 required for the study of inversion and rotational energy
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barriers. A series of N-acetoxy derivatives 115,116,117 were obtained by treating the
hydroxylamines with acetic anhydride (Scheme 5.2).

The hydroxylamines 108a, 110a and 111a were silylated with tertiary
butyldimethylchlorosilane in the presence of imidazole to give the compounds 112, 113
and 114 respectively. The various compounds studied are included in Table 5.1-5.3.

With a series of di- and tri- substituted hydroxylamines in hand a study of the
inversion frotation process by 'H NMR spectroscopy. At ambient temperature benzylic
protons in most of the compounds appeared as broad singlets which on lowering the
temperature became AB quartets. The complete bandshape analysis yielded the rate
constants and the free energy of activation (AG# ) calculated using transition state theory:

k=(kgT/h) exp(-AG¥#/RT) 3.10

The activation parameters AH¥ and AS# were calculated from the plots of In (k/T)
vs I/T. It is well known 114 that NMR baﬁdshape fitting frequently gives mutually
compensating systematic errors in AH¥ and AS# (£0.8 kJ mol-! and +4 J mol-1 K-1
respectively) and are not reported here. However, the bandshape fitting is viewed as a
method of getting rather accurate values (probably to within * 0.5 kJ mol-1) for AG¥ in the
vicinity of the coalescence temperature (see Appendix). The AG¥ values calculated at 0°C
are reported in Table 5.1- 5.3.

For the hydroxylamines 109, 110a and 111a (Table 5.. 1) the barriers obtained fits
best with the nitrogen inversion as the rate determining step. The compound 111a with the
most crowded tertiary butyl group has the lowest energy barrier as a consequence of the
steric acceleration of the rate of inversion. However increased steric crowding in the
silylated derivatives 112, 113 and 114 caused steric deceleration of the rate of inversion
in comparison to their corresponding hydroxylamines (cf. 110a and 113; 111a and 114).
Incorporation of the silyl group increases the barrier by almost 8 kJ/mol and the barriers

observed fit best with the N-O rotation as the rate limiting process. Involvement of



Table 5.1: Compounds studied and their nitrogen inversion barriers in CDCl3

X R?

Compound No X Rl R2 AG#* (273K)
kJ/mol

108a H Me H 55.82
112 H Me SiMe;Bu 57.8
109 H Et H 55.3
110a H ipr H 51.6
113 H ipr SiMes'Bu 59.2
111 H Bu H 49.2
114 H Bu SiMe;!Bu 56.1
108b p- NO, Me H 52.3
108c p-Cl Me H -
108d p-OMe Me H -
108e p-Me Me H 56.6
108f p - N\Mez Me H 57.7
108¢g m-NOy Me H 54.1
108i o- OMe Me H 56.2

3 Extrapolated from the Hammett plot (Figure 5.1).
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Table 5.2: Energy barriers of various N-isopropyl hydroxylamine derivatives in CDCl3.

1

A
Compound No. X R AG# 273 kJ/mol
110a H H 51.6
116a H Ac 50.2
110b p-NO2 H 49.5
116b p-NO, Ac 48.7
110c p-Cl H 51.0
116c¢ p-Cl Ac 50.2
110d p-OMe H 52.0
116d p-OMe Ac 50.7
110e p-Me H 513
116e p-Me Ac 50.7
110f p-NMez H 52.1
116f p-NMep Ac 51.2
110g m-NO2 H 50.4
116g m-NO2 Ac 49.0
110h m-Br H 50.7
116h m-Br Ac 49.9
110i p-Br H 51.2
116i p-Br Ac 50.2
110 2,4,5-(OMe)3 H 543
116 2,4,5-(OMe)3 Ac 53.9
110k p-OH H 52.2
116k p-OH Ac 51.9
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Table 5.3 Compounds studied and their nitrogen inversion barriers in CDCl3

0%

Compound R! R2 R3 AG#(273 K)
kJ/mol

108h o -OH CH;3 H 61.2

115 o -OH CHj3 Ac 57.8

1101 0 -OH ipr H 59.8 (53.5)b
1161 o -OH iPr Ac 60.6

111b o0 -OH 1By H 58.8

117 o -OH tBu Ac 59.2

110k p-OH iPr H 522 (SL.7b
116k p -OH ipr Ac 51.9

110m o0 -OCH3 ipr H 51.0

116m o0 -OCHj3 ipr Ac 49.2

110a H iPr H 51.6

116a H ipr Ac 50.2

118 o -OSi(CH)3'Bu CH3 H 54.9

119 o -OH CH; Si(CH)3'Bu  66.8

120 0 -OSi(CH)3Bu CH3 Si(CH)3'Bu 62.8

3 Ac=CH3CO iPr=(CH3)2CH 'Bu=(CH3)3;C bin CD30D
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vacant d orbitals in silicon in bonding with the oxygen lone pair should decrease the
barriers for both the inversion and rotational processes in so far as the destabilization of the
transition state by lone pair repulsion is concerned. However steric encumbrance of the
silyl group forces the rotational process to play a dominant part in the overall process. In
the series 112, 113 and 114 changing the R’ group from methyl to isopropy! causes an
increase in the energy barrier in line with the rate limiting rotational process. However
changing to tertiary butyl groups (compound 114) makes the barrier lower than the iso
propy! 113 or even methyl derivative 112. Lowest energy pathway leading to inversion
follows sequential rotation 39 and inversion process as predicted by molecular orbital
calculations 44 on simpler related model compounds. However it is suggested in a recent
study that complex composite of the two processes with an energy saving pathway may
constitute a single process. It is tempting to contemplate that near or at the transition state
for the nitrogen inversion, the rotation around the extended C-N-C bond (with bond angle
of 120%) would be easier than when it is pyramidal. In such a complex process, however,
the substituent effects will also be complex.

In order to assess the importance of substituents on the nitrogen inversion process
we measured the energy barrier for hydroxylamines 108b, 108e-108g, 108i (Table
5.1). For compounds with X = H (108a), p -Cl (108¢) and p -OMe (108d) we did not
observe the usual AB quartet for the benzyl methylene protons at -40°C which is well
below the coalescence temperature of the other compounds in this series. This could be
attributed to accidental rather than real equivalence of the methylene protons. However, at
around -90°C the methylene proton signals of 108a did indeed split into an AB quartet (55
3.51 ppm, 1 H, J 12.0 Hz; 5 3.66 ppm, 1 H, J 12.0 Hz). Increasing the temperature did
not broaden the line width as is observed in the usual exchange process. However, the
chemical shift difference between the methylene protons decreases and finally it becomes a
singlet at around -40°C. A.t -90°C the separation of the inner peaks was 15.0 Hz. However
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at -70, -50 and -40°C this separation became 4.76, 2.5 and O Hz respectively. The similar
observation was made for the p -Cl (108¢) and p -OMe (108d) derivatives. This is
actually a temperature dependence of chemical shifts rather than an exchange phenomena.
Hammett plot of free energy of activation against substituent constant ¢ (Figure 5.1) and
using the free-energy form of the Hammett equation,

AG# = 2.3 RTpo + AGo#
a value of +0.648 for the reaction constant, p, is obtained. Transition state for the inversion
process is, thus, richer in electron density and perhaps through -space’ conjugate with the
aromatic ring or the inductive effect stabilizes the planar transition state.

Free energy of activation for the exchange process in the N-hydroxy and N-acetoxy
compounds in the isopropyl series 110 and 116 are included in Table 5.2 and the
Hammett plots are shown in Figures 5.2 and 5.3. The acetyl derivatives have barriers
approximately 1 kJ/mol lower than their parent hydroxylamines. While the acetoxy group
by virtue of being more electronegative than OH group should increase the inversion
barrier, depletion of the lone pair density in oxygen by delocalization into the acyl group
decreases the activation energy. However such a small lowering of activation energy,
presumably, reflects lesser dominance of nitrogen inversion; increase in the steric bulk
owing to the incorporation of acyl group moves the process more towards N-O rotation-
controlled process. Positive p values of 0.33 and 0.35 for the hydroxy 110 and acetoxy
116 series, respectively, again demonstrates the increased electron density in the planar

transition state.
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5.2 Effect of Hydrogen Bonding.

Hydroxylamines, owing to their unique conformational properties, have etched an
important place in the field of conformation analysis. 45 Both theoretical calculations 25 and
experimental discoveries 27 have surprised the chemists by the finding that the most stable
conformation 28a, in complete contrast to its organic counterparts (ethane, methanol,
methylamine), has the lone pairs and bonds formally eclipsed and N-O bond rotation has to
traverse a pathway leading to the less stable staggered conformation 28d, with a very high
barrier of ~50 kJ mol-l. The sp3 hybridized nitrogen atom in hydroxylamines with a

) N ()
/\/% H/N"'\'-EIQ§

H
28a 28d

pyramidal geometry is also capable of changing its conformation by inversion of its
configuration via sp2 hybridized planar transition state. The & inductive effect of
electronegative oxygen attached to nitrogen and = repulsive effect in the transition state,
quite interestingly, raises the barrier to nitrogen inversion to the similar magnitude as in the
rotational process 33,

Inability of the chiral hydroxylamine derivative 98 to sustain optical activity can be
attributed to the nitrogen inversion and N-O bond rotation 3! leading to the enantiomer
A*(Scheme 5.3). The benzylic protons in 98 are diastereotopic in either structure but
become non-equivalent when either nitrogen inversion or bond rotation or both become
slow on the NMR time scale 45. Thus the NMR spectra of these compounds show
temperature dependence and the methylene proton resonances, at lower temperatures appear

as AB quartets, which coalesce and become a singlet with the increase in the temperature.
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Whether bond rotation 32 116 or nitrogen inversion 30 or a complex composite of both is

the rate determining step (in the total inversion pathway as shown in Scheme 5.3) still

R3
\ R!C(H, R3
= Hy.y R?
RIC¢H, , Hy
/."/ R
H, H,
A B
\
N-Ope N-O.,
R!C.H
L& Hb ol 2
RIC(H,
H, Hb
B* A

98

Scheme 5.3: Interconversion of diastereomers.
remains a matter of controversy and speculation !2. Usually polar solvents and steric
crowding in the pyramid;ll ground state accelerate the nitrogen inversion process. The
transition state, which has a higher dipole moment than the ground state, is stabilized by
polar solvents thereby lowering the inversion barrier. On the other hand, steric crowding in
the ground state raises the energy of the ground state and hence lowers the barrier. The
transition state has more space with extended CNC and ONC angles (120°) to make room
for the bulky substituents 30. However, steric deceleration and solvent independency
would point toward bond rotation as the rate-limiting process in the total inversion
pathway 60.

While hydrogen bonding in solvents like methanol raise the nitrogen inversion

barrier in trialkylamines 117-119 by 4-8 kJ mol-L by stabilizing the staggered ground state
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conformers, protic solvent in contrast, lowers the barrier in acyclic dialkyl- and
trialkylhydroxylamines 32.120,121 byt increases the barrier in cyclic trialkylhydroxyl.
amines 6! (in which N-O bond is a part of ring skeleton). In acyclic system, however,
solvent interaction with lone pairs destabilizes the eclipsed ground state and hence lowers
both the nitrogen inversion and bond rotation barriers. In cyclic system, however,
geometric constraints do not permit N-O bond rotation or lone pair eclipsing with bonds
and the hydrogen bonding thus stabilizes the ground state. Site of hydrogen bonding (at N
or O) may also vary from compound to compound and as such the study of solvent effects
does not really add much to the knowledge of distinguishing inversion from rotation
process. 60

Condensation of aromatic aldehydes 99 with hydroxylamines 100 gave the
nitrones 101-107 which on reduction with sodiumborohydride afforded the
hydroxylamines 108, 110, 111 in good overall yield (Scheme 5.2). The hydroxylamines
on treatment with 1.1 equivalent of acetic anhydride led to the formation of monoacetyl
derivatives 115, 116, 117 selectively (Scheme 5.2, Table 5.3). Phenclic hydroxyl group
was found to be unreactive towards acetic anhydride under the reaction conditions. Quite
interestingly this was found not to be the case in the reaction with 1.1 equivalent of terriary-
butyldimethylchlorosilane. Thus, the hydroxylamine 108h afforded = mixture of mono-
(118, 119) and di-silylated derivatives 120 (Scheme 5.4). The difference in the selectivity
of the two hydroxyl groups towards acetic anhydride and the silylating agent could be
attributed to the differences in the nucleophilicity of the oxygens in phenolic OH and N-
OH. While oxygen attached to the nitrogen is more nucieophilic due to the lone pair
repulsion, the lone pair in phenolic hydroxyl group is appreciably delocalized. However, in
the presence of imidazole, presumably, the conjugate base (obtained by abstraction of the
more acidic phenolic proton ) in equilibrium with the hydroxylamine 1J8h can effectively

compete with the N-OH to give a mixture of compounds 118-120.
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Scheme 5.4: Synthetic route to silyl derivatives.

For the hydroxylamines (110, 116) a, k, m the barriers obtained (Table 5.3) fits
best with nitrogen inversion as the rate determining step. The acetyl d=rivatives 116 a, k,
m have lower barriers than their corresponding N-OH compounds 110 a, k, m. Acetyl
(CH3C=0) group with a strong conjugative interaction with the oxygen lone pair reduces
the lone pair repulsion in the transition state for the inversion process thus results in the
decrease in the barriers. Acetyl being bulkier than hydrogen also helps the inversion
process. A dominant contribution from N-O bond rotation would have resulted in an
increased barriers for the acetyl derivatives.

The compounds discussed so far have substantially lower barrizrs than the barriers
observed for the rest of the hydroxylamines in the table. Sterically, the pair 110m, 116m
is not much different from the pair 1101, 116l; however an increase of ~ 10 kJ mol-! in
the barrier is observed for the latter. This could be attributed t> the presence of

intramolecular hydrogen bonding which stabilizes the ground pyramidal state, and an
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additional amount of energy must be supplied to break the hydrogen bond in the inversion
pathway. In the series 108h, 1101 and 111b changing the R2 from methyl to iso propyl
to tertiary butyl group, a gradual decrease in the barrier reflects the dominance of inversion
rather than N-O bond rotation. In the acetyl derivatives 115, 116l and 117 no clear trend
is observed. Both iso propyl and tertiary butyl derivatives 1161 and 117 only have higher
barriers than their corresponding N-OH compounds 1101 and 111b and the acetyl
derivative 115. Repulsion between oxygen and nitrogen lone pairs in the transition state, is
reduced by electron withdrawing conjugating substituent acyl on the oxygen and as such
this electronic effect should lower both nitrogen inversion and rotational barriers. However
steric effect raises the rotational barriers but lowers the inversion barrier. In compound
1161 and 117 the dominant rotational contribution due to steric crowding of isopropyl
[tertiary butyl and acetyl groups increase the overall barrier of the inversion pathway.
Dominant rotational contribution should have imparted greater destabilization of the
transition state for the tertiary butyl derivative 111b than its iso propyl counterpart 1101.
However, this was found to be not the case. Steric and electronic effects give different
contributions to the barriers to inversion and rotation. Comparing the energy barriers in
compounds (110, 116) a, I, m it is evident that the breaking of hydrogen bond
contributes an additional ~10 kJ/mol of energy to the barrier.

Among the compounds presented in the Table 5.3 the monosilyl derivative 119
was found to have the highest barrier of 66.8 kJ mol-1. Involvement of vacant d orbitals in
silicon in bonding with the oxygen lone pair should decrease the barriers for both the
inversion and rotational processes in so far as the destabilization of the transition state by
lone pair repulsion is concerned. However steric encumbrance of the silyl group forces the
rotational process to play a dominant part in the overall process. Among the compounds
108h, 118-120 the disilylated derivative 120 is the most crowded around the N-O bond,
yet steric acceleration of the process is not observed. The compound 120 even has higher

barrier than that of 108h indicating that the additional difficulty in N-O bond rotation in the
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former is more than the difficulty in the nitrogen inversion due to hydrogen bonding in the
latter. While the nitrogen inversion is the rate controlling step in the monosilyl compound
118, the N-O bond rotation dictates the barrier in mono 119 and disilylated derivative
120.

While in methanol the inversion barrier is decreased noticeably for the ortho-
hydroxy compound 110i by an amount of 6.3 kJ/mol, the barrier remained virtually
similar for the para- hydroxy derivative 110k. This strongly suggests the involvement of
intramolecular hydrogen bonding in 1101 in CbCl3 but not in methanol which effectively
competes with the ortho - hydroxy substituent for hydrogen- bonding with the nitrogen
lone pair.

Intramolecular hydrogen bonding can be confirmed somewhat from the crystal
structure of the ccmpound 1161. As is evident from the ORTEP diagram (Figure 5.4) the
N1-O4 distance of 2.748A° indicates the presence of intramolecular hydrogen bonding. The
dihedral angles of C5-N1-02-C15 and C12-N1-02-C15 were found to be 105.97° and
129.46°, respectively. Assuming the nitrogen lone pair symmetrically located with respect
to the dialkyl substituents on nitrogen, the oxygen substituent is thus found to be within
12° of eclipsing thé nitrogen lone pair. The ORTEP diagram also demonstrates the expected

cis planar arrangement of the O-N and C=0 bonds 122 (the N1-02-C1§-O3 dihedral angle
was found to be 4.21°).

To the best of our knowledge, this study demonstrates for the first time the effect of
intramolecular hydrogen bonding (involving phenolic hydroxyl group) in nitrogen
inversion barrier i1 acyclic hydroxylamines. Increasing the bulk around the N-O bond, the
rate controlling step of the overall inversion pathway switches from nitrogen inversion to
N-O bond rotation. The X-ray structure substantiates the finding that the more stable form

has the eclipsed conformation.
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Figure 5.4 ORTEP diagram of the compound 1161.
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5.3 Anomeric Effect and Nitrogen Inversion in
Isoxazolidines

While the use of IH NMR coupling constants using Karplus equation is highly
successful in assigning configuration in six-membered rings, such applications often do not
work well with five-membered ring systems. This is not surprising in view of the fact that
the five-membered ring does not have a well-defined conformation as in six-membered
systems.123 Isoxazolidines, an important five-membered ring system, have been extensively
used as key intermediates in the synthesis of various natural products 124. Most of the NMR
studies on isoxazoldines centre around conformationally rigid compounds having alkoxy
group at either N or at C-5 position, where substituents by virtue of exerting strong
anomeric effect fixes the geometry with axially oriented alkoxy substituent 24. In one such
study 125 it has been shown that the trisubstituted isoxazolidine 121 in solution adopts the

conformation A with two 5ubstituents in an unfavourable 1,3-dipse1;doaxial orientation.
Absence of the conformer B was attributed 125 to the unfavourable electronic interaction
arising out of the antiperiplanar arrangement of the lone pairs on the ring heteroatoms. It

was argued 126 that the invertomer A like the hydrazine, hydroxlamines and hydroperoxides

SCASRa (A4

121-A 121-B

Figure 5.5. The two conformations of the trisubtituted isoxazolidine 121.

enjoys the favourable gauche relationship between the lone pairs on the adjacent

heteroatoms. However, the authors in justifying the adaptation of the conformer A
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overlooked the steric factors which destabilizes and thus excludes the presence of the
invertomer B with cis disposition of the 2,3-substituents. Trans -1,2- Dimethylcyclopentane
is more stable than its cis counterpart by an enthalpy difference of 7.2 - 8.7 kJ/mol. 123
Effects of substituents larger than methyl and shorter bond lengths due to presence of
heteroatoms in the ring skeleton are expected to increase the enthalpy difference to such an
extent that the invertomer B with cis disposition of the 2,3-substituents cannot be detected
by NMR. One has to consider the effects of three factors involved in the selection of the
favoured configuration. While the gauche orientation of the lone pair and the trans
disposition of the 2,3- substituents favours the invertomer A, the diaxial orientation of 2,5-
substituents is likely to disfavour it. It would be interesting to find out whether, in the
absence of any substituents at C-3, the gauche orientation of the lone pairs may alone impart
enough stability to make the invertomer of the type A as the sole isomer.

With this in mind, a series of isoxazolidines 123, which are devoid of any
substituent at C-3, were prepared to study the configurational and conformational aspects as
well as nitrogen ihversion process by NMR spectroscopy.

Dipolar cycloaddition of nitrone 122 and ethyl vinyl ether at 70°C for 1.5 h resulted
in regiospecific formation of the isoxazolidines 123. The NMR spectra of the crude and
purified adducts failed to detect the presence of regioisomeric adduct with ethoxy group at
the C-4 position. Similar regiospecificity was observed in various cycloaddition reactions
with vinyl ethers 24:127, The spectra of the adducts when measured in CDCl3 at 50°C
displayed either a doublet (J = ~5 Hz) or a doublet of doublets (J =~1.5, 5.5 Hz) at around

CH, u\oa 4
RNHOH + CHO —» I, —— N2

R/’N\\d- R (0) OEt

100 122 123
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d 5.2 assigned to ;he C-5 proton. The isoxazolidines 123 can, in principle, exist in several
puckered conformations with geometry of envelope and half-chair forms. Ring puckering
would lead to the relief of bond eclipsing strain and maximum puckering should occur at
such part of the ring so as to give the substituents favourable pseudoequatorial orientation.
Cis-1,3-Dimethicyclopentane is presumed to take diequatorially substituted envelope form
with the C-2 at the tip of the envelope 123. Nitrogen inversion process is expected to allow
the isoxazolidines 123 to remain either as cis- or trans- isomer or as a mixture of both with
the relative proportions depending on their thermodynamic stability. The pseudo-equatorial
-axial substituted rans-isoxazolidine is expected to exist in two forms B and C which are in
equilibrium by fast pseudorotation (Scheme 5.5).

Relatively slow nitrogen inversion (Nj) would transform the cis isomer A into the
trans isomer B which on pseudorotation (Pr) goes to conformer C. Nitrogen inversion of C
into D followed by pseudorotation to A completes the dynamic cycle of these conformers
/isomers. Small co;lpling constants of 0-1.5 Hz indicate that the isoxazolidines 123 at high
temperature (50°C) exist m an average conformation where the dihedral angle between the
C-5 proton and one of the C-4 protons is ~90°. Inspection of the Dreiding models indicated
that a dihedral angle of 90° is possible between Ha and H in conformations A and B with
pseudoaxially oriented ethoxy group. Presence of the conformers C and D with
pseudoequatorially oriented ethoxy group, is excluded since the dihedral angles between
Ha/Hp and Ha/Hc bemg nearly 0 and 180° would lead to much larger coupling constants.
On steric grounds the conformation B is expected to be more stable than the 2,5-
dipseudoaxially substituted isomer A. However, the isomer A has the advantage of having
the lone pairs in gauche relationship. Both cis and trans isomers adopt the pseudoaxial
orientation of ethoxy groﬁp in A and B to take advantage of the stabilization of an anomeric

effect between the axially oriented lone pair on the ring oxygen and the ethoxy group.
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Hp Hp
/ (g 4\ “Hc Ni R Hc
QNz/Q Ha ~ N /d) Ha
| 5
R OCH,CH; OCH,CHj
A ' B
Hy “ Hp .
a N; a
5 ~Hc — R ~Hc
X OCH,CH; L OCH;CH;
R \g & \0
D

Scheme 5.5: Nitrogen inversion and pseudorotation in isoxazolidines.

Relatively slow nitrogen inversion is observed in these isoxazolidines to give
broadened peaks in IH and 13C NMR spectra recorded at ambient temperature. On lowering
the temperature the spectral lines become sharper and show two distinct forms of the
compounds. The 13C NMR chemical shifts were assigned on the basis of general chemical
shifts arguments and consideration of substituent effects, and are given in Table 5.4. The
detailed !H chemical shift values are incorporated in the Experimental section.

Around -10°C, the 13C NMR spectra of these compounds show well separated
signals for the two isomers. Integration of the relevant peaks gives the population trends in
these systems. The calculated equilibrium constant K for the major <=> minor equilibrium
are given in Table 5.5. The 13C integration were found to be satisfactory when compared
with IH integration for the nonoverlapping proton signals of the two isomers.

The nitrogen inversion barrier is expected to be high where an oxygen atom is

directly attached to the nitrogen as in isoxazolidine 246162, As the nitrogen substituents is
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changed from methyl (in 123a) to iso propyl (in 123b) and rertiary butyl (in 123c), the
inversion barrier is decreased from 65.6 to 59.3 kJ/mol. In line with the earlier studies 2461
the bulky fertiary butyl group in sp3 hybridized nitrogen increases the ground state energy in
123c and the sp2 hybridized transition state (through which the nitrogen inversion occurs)
enjoys the relief of steric congestion and as such the activation barrier is less than that in
methyl and iso propyl substituted nitrogen. At high, ambient, or lower temperature (-60°C)

the adduct 123d showed virtually identical spectra with sharp and well defined spectral

*N At @N AH
@_-/j/ /;){'ost /:1

123d-A 123d-B

v

lines. This could be attributed to the delocalization of the nitrogen lone pair into the phenyl
ring and the nitrogen with substantial sp2 character will be very close to the transition state
and as such the lone pair inversion will have a very low energy barrier and we observe only
the average spectrum of the fast equilibrating isomers A and B even at -60°C. Here the
coupling constants of 1.5 and 5.5 Hz for the C-S proton indicates the pseudoaxial
orientation of the ethoxy group due to anomeric effect. :

The isoxazolidines 123 a-c, 124a all showed the presence of two isomers in
unequal proportioas. Unfortunately, the C-5 proton signals of the major and minor isomers
in various solvents (CCly4, CDCl3, Pyridine-ds, CD30D, and CD3CN) appeared at the same
chemical shifts (3 ~5. i) exéept in the case of 123c¢ which displayed- a major doublet of
doublets at 8~5.15 (J = 2.3, 6.0 Hz) and a minor doublet at 3~5.09 (J =4.5 Hz). Even
though the C-5 H chemicals shifts for the cis and trans isomers of 123a, 123b, and 124a
are identical in each case, the line widths of ~10-12 Hz at half heights indicate the small

coupling constant associated with the pseudoequatorial orientation of the C-5 proton.
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Table 5.5: Free Energy of activation(AG¥) for nitrogen inversion, Equilibrium Constant

(K) and Standard Free Energy Change (AG9) for major <==> minor isomerization in

CDCl3.

Compound R AGH# /(kJ/mol)a Kb  AGO(kJ/mol)b
123a Me 65.6 0.32 2.6
123b ipr 63.5 0.47 1.7
123¢ Bu 59.3 0.72 0.75
123d Ph - 0.00
124a Bz 61.5 0.89 0.26

2at298K; b a273K
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In some solvents the major isomers of 123 a-c displayed C-5 H as a doublet of doublets
with similar coupling constants as in the tertiary butyl compound.

The ratio of the major and minor isomers does not seem to vary to a meaningful
degree with the dielectric constants of the solvents (Table 5.6). The data indicate that both
major and minor isomers have the ethoxy group in the pseudoaxial orientation. Isomer with
pseudoequatorial ethoxy group as in (C) and (D) is expected to have higher dipole moment
and as such should be favoured in solvents with higher dielectric constants. Virtually
unchanged isomer ratio in several solvents indicates that both the isomers have similar
dipole moment and thus a fixed axial orientation of the C-S ethoxy group.

Now the problem remains in assigning the configuration of the major and minor
isomers. Assignment of conformation/configuration of the major and minor isomer of the
disubstitued isoxazolidines 123, a simple system as it may seem, is indeed a formidable
task 123, The 13C NMR spectra reveals almost similar trend in the chemfcal shifts between
the corresponding carbons of the major and minor isomers. While the C-3 carbon signal of
all the major isomers of the isoxazolidines 123 appeared downfield, the C-5 carbon
appeared upfield (except -in the case of 123¢). Similar trends are observed for the -OCHj-
carbon and the substituent carbon attached to the nitrogen. The 'H NMR spectra revealed
the C(5)H for all the major isomers as a doublet of doublets and as a doublet for the minor
isomer of 123c¢. The spectral data thus point towards similar configuration of all the major
isomers which was presumed to be the cis isomers from the following evidence. As the size
of the nitrogen substituent increases from methyl to iso propyl to tertiary butyl the relative
proportion of the minor isomer increases. For instance the major and minor isomers of 123
a, 123b, and 123c in CDCl3 at -30°C are found to be in the ratio of 3.2:1, 2.1:1, and
1.4:1, respectively. Due to anomeric effect the cis forms will have dipseudoaxial orientation
of the substituents in the envelope form and as such any increase in the steric encumbrance

should destabilize and hence decrease its relative preference. Still the question remains: why



132

Table 5.6. Composition of isoxazolidines (123) in various solvents at -30°C.

Solvent Composition of major and minor isomers

(123a) (123b) (123¢) (124a)
CDCl3 76 :242 68:32 58:42 53:47
Pyridine-ds 72:28 65:35 66:34 62:38
CD30D 70:30 58:42 61:39 58:42
CD3CN 77:23 70:30 58:42 60 : 40

366 :34in CCly at-30°C
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should the cis form with diaxially oriented substituents should prevail over pseudo
-equatorial , -axial substituted trans form in isomeric abundance? Presumably the cis form
has the advantage of having lone pairs in gauche orientation. We had anticipated, at least in
the case of isoxazolidine 123c the exclusive presence of the trans isomer since it is
energetically inconceivable to have pseudoaxially oriented tertiary butyl group in the cis
form let alone the disturbing 2,5-diaxial interactions. However inspection of Dreiding
models reveals that the cis isomer may exist in half-chair conformation in which the strong
anomeric effect (with one lone pair in ring oxygen and axial ethoxy group in antiperiplanar
arrangement) as well as Hy/Hc dihedral angle of ~90° can be maintained and at the same
time the nitrogen substituent is removed away from the C(5) ethoxy group as depicted

below, (Figure 5.6) to minimize steric congestion.

Hp
o) H
/ Ha ¢
N\/
r”
OCH,CH3

Figure 5.6: Half chair conformation of the cis isomer.

The presence of two invertomers complicates the 'H spectra due to signal overlap
and the pseudorotation process in the ring does not give a rigid structure and as such NOE
studies failed to shed light on the configuration or conformation of the isoxazolidines
studied.

While C(5) ethoxy group in the trans conformer B will occupy axial orientation in its
true sense, in the cis form A the group will move outside to the extent that it would not
seriously jeopardize the anomeric advantage. Coupling constants reflects this trend - the
C(5)H appeared as dd (J 3, 6 Hz) and the minor trans isomer as a doublet (J 4.5 Hz). Thus
Ha/Hc dihedral angle is greater than 90" indicates less staggering of C4-CS in the major cis
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isomer. The trans isomer B with axial orientation of ethoxy group is expected to shield the
C(3) due to the g-gauche interaction. Such a g-gauche interaction will be less in the cis
conformer A or D since the C(5) ethoxy group has moved outside from its actual axial
position. Carbons in “R” attached to nitrogen, and in OEt attached to oxygen, being in a
crowded environment in the cis isomer appear upfield as would be expected. The chemical
shift differences between the isomers for C-4 and C-5 is very small, indeed zero in many
cases. This is not surprising in view of the fact that the substituents attached to nitrogen in
the zrans as well as the half chair cis form does not give gauche interaction with C-4 or C-5.
It is thus found that the absence of C-3 substituent makes the isoxazolidines mobile and the
gauche interaction of the lone pairs favours the cis isomer.

A series of isoxazolidines with C(5) ethoxy substituent and several 0 -, m - and p -

substituted benzyl groups at N are prepared as shown in the Scheme 5.6.

o W
- N~ =
NNou /1:_‘\0 AR
HgO
— +
X X X
. 108 ., 101 02| |_
o~
LA
O
124
X

Scheme 5.6: Synthetic route to isoxazolidines 124
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The mercury (II) oxide oxidation of the hydroxylamines 108 afforded a mixture of
the nitrones 101 and 102. The monosubstituted mixture 102 is anticipated to be more
reactive than 101 towards dienophile. This is attributed to the steric encumbrance in
disubstituted nitrone 101. The mixture of the nitrones 101 and 102 on treatment with
ethyl vinyl ether at 30°C gave the cyclo adduct 124 regiospecifically. The nitrone 101 was
found to be unreactive under the reaction conditions.

TH proton spectra of all these isoxazolidines show the broadened signals as the
temperature is lowered below the ambient temperature and then distinct signals for two
different isomers (cis and trans) are displayed in the spectrum. The benzyl methylene
protons chemical shift for the major and minor isomers along with their ratios are listed in
the Table 5.7. Invariably the signals (AB or two dd) for the major isomers appear upfield in
all the derivatives. Further evidence that the major isomer in all these derivatives have the
same configuraticn come from the signal of the -CH3 protons. In almost all the cases the
major triplet appeared upfield. Unfortunately the signals for the C(5) He of the two isomers
appeared at the same chemical shifts (i.e. chemical shift equivalence) in all the derivatives at
around & 5.24-5.29 ppm as multiplets (at -40°C). The NMR spectra at +50°C revealed the
signal of the C(5) H as a dd in all the compound (with coupling constant, J~ 2.0, ~5.5) at )
5.22-5.26. The magnitude of coupling constants are indicative of the pseudo axial
orientation of the C(5) ethoxy group in both the isomers. The ratio of the isomers was
found to be 60:40 in all the cases except for X = o0 -OH where the ratio was found to be
almost 50:50. It is to be noted that the CH3 protons of the major isomer in (R= CH3) also
appeared upfield.

Nitrogen inversion barrier AG¥#(273K) is given for isoxazolidines 124 in Table
5.8. Hammett plot for the nitrogen inversion barrier for the isoxazolidines 124 is given in
Figure 5.7. The N-O bond is locked in the ring skeieton of the five membered ring, hence
the question of rotation around the bond does not arise. It is now purely a matter of

nitrogen inversion. Electronegative substituent X accelerate the rate of inversion by



Table 5.7: The IH NMR chemical shifts of benzyl methylene protons in CDCl3.
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N7
@ b9 .
Compound Temp°C  Major Minor Major/Minor
SHA 3Hp 8H'A SHB  ratio
124a H -30°C 3.98 4.12 4.05 431 53:47
124b p-NO, -30°C 4.05 4.25 4.17 441 60:40
124¢ p-Cl -40°C 4.02 4.05 4.25 58:42
124d p-OMe  -30°C 391 4.09 4.01 4.24 60:40
124e p-Me -40°C 3.94 4.11 4.04 4.26 59:41
124f p-NMe; -40°C 3.79 4.13 3.96 4.25 62:38
124g m-NOy -40°C 4.06 4.27 4.17 4.39 63:37
124h 0-OH -40°C 4.11 4.39 4.29 4.50 52:48
124i o-OMe -40°C 4.11 4.17 4.32 62:38
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Table 5.8: Nitrogen inversion barriers of various Isoxazolidines.

AN
“Hp OR
X
Compound No. X AG# (273K)
kJ/mol
124a H 59.6
124b p-NO, 574
124c¢ p-Cl 58.8
124d p-OMe 60.4
124e p -CH;3 60.0
124f p -NMe; 61.6
124¢ m -NO, 57.2
124h 0 -OH 66.3

124i 0 -OMe 59.4




AG* (kJ/mol)

61

59 +

56

y

= -2.6x + 59.547
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Figure 5.7 Hammett plot for the nitrogen inversion barrier in

isoxazolidines (124).
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stabilizing the transition state which has higher electron density than the ground state as
indicated by a p value of + 0.497.

In all the isoxazolidines studied a strong anomeric effect is demonstrated since the
TH NMR spectra did not re\;eal the presence of the isomers with equatorially oriented C(5)
ethoxy substituent. The effect of H-bonding is amply demonstrated in the inversion barrier
of the compound 124h with o -hydroxy substituent. The barrier is found to be 7 kJ/mol
higher than the barrier found for the corresponding o -methoxy de;'ivaﬁve 124i. The
nitrogen inversion require prior breaking of the H-bond. H-bonding is demonstrated by the
appearance of the proton signal at down field (8 10.2 ppm) as a singlet.

5.4 Oxidation of Hydroxylamines. A Mechanistic Study

5.4.1 Ease of Oxidation
The ease of oxidation of hydroxylamine 108-111 to the nitrones 101, 107

should reflect the ease of nitrogen inversion provided the oxidation process like nitrogen

Rl
P
' l
o
1082 X=H R=Me 10la R=Me 102a X=H R:: R2=2H
1092 X=H R=Et 103a R=E: 104a X=H R'=H R%-Me
110a X=H R='Pr 105a R='Pr 106a X=H R!=R2=Me

111a X=H R='Bu 107a R='Bu

Scheme 5.7: Oxidation of hydroxylamine derivatives to nitrones.
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inversion, involves planar transition state of the rate determining step (RDS) with sp2
character of nitrogen orbitals. Any crowding in the pyramidal ground state would be
relieved in the transition state with extended CNC bond angle (120°). The relative rates of
oxidation of the hydroxylamines 108-111 by HgO and p -benzoquinone (p -BQ) along
with the energy barrier for the nitrogen inversion process are listed in Table 5.9.

Relative rates of the oxidation were determined by reacting a solution of 108a
(0.150 mmol) and another hydroxylamine 109a or 110a or 111a (0.150 mmol) in CDCl3
with 0.150 mmol of the oxidant. Using rate equation of Ingold and Shaw 115 the relative

rates are determined as described in the experimental section. In case of oxidation with

Table 5.9: Relative rates of oxidation of various hydroxylamines using p- BQ and HgO.

Compound AG*y73% Relative rate of oxidation using
kJ/mol p -Benzoquinone? HgOb

108a Me 55.8 1.00 1.00

109a Et 5?.3 1.35 _ 0.902

110a ipr 51.6 2.32 1.40

llla  '‘Bu 49.2 1.20 ~0.528

a at20°C b at0°C

P - benzoquinone the reaction mixture turned deep blue within minutes, probably indicating
the formation of fiee radicals. It is evident from the table, that the rate of oxidation of 108a
or 109a or 110a using p -benzoquinone parallels the rate of nitrogen inversion. However,
while the rate of oxidation of the tertiary butyl derivative 111a is still higher than the
methyl derivative 108a, it is considerably lower than the isopropyl hydroxylamine 110a
reflecting the complex interplay of the steric encounter in the approach of the oxidant

toward 111a and is desire to relieve steric compression in the planar transition state. In the
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oxidation using HgO, the rertiary butylhydroxylamine 111a undergoes oxidation at slower
rate in comparison to both the methyl 108a and iso propyl derivative 110a.

D R
+ HONHR ———>» (I)
10la-d; R=Me
99a.d; 100 NaBD, 105a-d; R = Pr
107a.d; R=Bu
D
N—R
OH
108a-d2 R=Me
1[01 110a.d, R='Pr
111a.d, R='Bu
Rl
D
. |
0- o-
101a-d; R=Me 102a-d, R -R%:H
105a.dy R =Pr 106ad, R -R%=Me

107a.d; R =lBu

Scheme 5.8: Synthetic route to deuteriated hydroxylamine.

To shed more light on the oxidation process, the hydroxylamine deuteriated at the
benzyl position was prepared as shown in the scheme 5.8. Condensation of hydroxylamine
100 with PhCDO afforded the nitrone 101a-d; ,105a-d; , 107a-d; which on
reduction with NaBD4 gave the hydroxylamine 108a-d2 , 110a-d> , 111a-d> with
benzyl position dideuteriated. While the hydroxylamine 108a-d2 on oxidation with HgO
and p - benzoquinone gave a mixture of the nitrones 101a and 102a in a ratio of 57:43 and

65:35 respectively (Table 5.10), with either oxidant the regiochemistry of the oxidation is
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Table 5.10 : Regiochemistry and reactivity of hydroxylamines in oxidation using HgO
(0°C) and p - benzoquinone (20°C) in CDCl3.

Hydroxylamine Oxidant % Composition of nitrones  Rate ratio using
HgO p-BQ

PhCH,;N(OH)CH3 HgO 101a 57 102a 43 k 108a/k108a-d

108a p-BQ 10la 65 102a 35 1.34 1.15
PhCD,N(OH)CH3 HgO 101a-d; 17 102a-d» 83

108a-d; p-BQ  101a-d; 33 102a-d; 67
PhCHaN(OH)CH,CH3  HgO 103 50 104 50

109 p-BQ 103 46 104 54
PhCH;N(OH)CH(CH3); HgO 105a 93 106a 7 k 110a/k110a-d2

110a p-BQ 1052 93 106a 7 335 4.39
PhCD,N(OH)CH(CH3)2 HgO 105a-d; 68 106a-d; 32

110a-d; p-BQ  105a-d; 63 106a-d; 37 |
PhCHthOH)C(CH3)3 HgO 107 100 - k l‘lllklll-d

111 70 7.5
PhCDrN(OH)C(CH3); HgO 107-d; 100 -

111-d>
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reversed providing the nitrones 101a-d; , and 102a-d> in a respective ratio of 17:83.
Such isotope effect is also observed in the oxidation of 110a and 110a-d; . While 110a
gave a mixture of the nitrones 105a and 106a in a ratio of 93:7 respectively, the
corresponding ratio from the oxidation of the dideuteriated derivative 110a-d2 becomes
68:32. The most interesting regiochemistry is observed in the oxidation of the
hydroxylamine 109 which afforded the conjugated and nonconjugated nitrones 103 and
104 in a ratio of 1:1. Much high acidity of the benzylic protons in 109 is not reflected in
the formation of the conjugated nitrone 103. The isotope effect observed in these
oxidations does not confirm the involvement of C-H(D) bond breaking in the transition
state of the rate determining step. In a stepwise pathway isotope effect should be
manifested even if the C-H(ﬁ) bond breaking takes pliace in a fast step lsince we are talking
about breaking of C-H versus C-D bond breaking within the same molecule. To confirm
whether the C-H(D) bond breaking is happening in the rate determining step or not, a 1:1:1
mixture of 108a, 108a-d> and the oxidant was aliowed to undergo reaction.

Analysis of the 1H spectrum allowed to quantify the amounts of unreacted
hydroxylamines; and using rate equations of Ingold and Shaw 115 the following rate ratios
were obtained: k(108a)/k(108a-d3) = 1.34 (using HgO), 1.15 (using p -Benzoquinone);
k(110a) / k(110a-d;) = 3.35 (using HgO), 4.39 (using p -Benzoquinone) and k(111)
/k(111-d2) = 7.0 (using HgO), 7.5 (using p -Benzoquinone). Considerable isotope effect
in all three cases reveals the involvement of C-H bond breaking in the rate determining
step. The rate ratio decreases as the tertiary butyl group is switched to iso propyl 110a and
then to the methyl 108a group. This is expected since unlike the hydroxylamine (111) the
latter two hydroxylamines (108a) and 110a have terminal other than the PhCH3(D3) from
where the hydrogen can be abstracted. So the magnitude of the isotope effect can be
realized when th= rate constants for the abstraction of benzylic H (and D) alone are
considered. For the hydroxylamine 110a, the formation of the conjugate 105a and

nonconjugates nitrones 106a in a respective ratio of 93:7 reveals the rate ratio for the
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formation of conjugated and nonconjugated nitrones k(105a)/k(106a) to be approximately
93.7, whereas the corresponding rate ratio k(105a-d;)/k(106a-d5) for the oxidation of
hydroxylamine 110a-d2 was found to be 68:32. Since the formation of the non-

conjugated nitrones 106a and 106a-d; involves abstraction of hydrogen isotope in both

N/k \S}/k +/k
O — OO

110a 105a 106a
K 105a 93
K106a 7
D
D D
| —_— | + |
OH 0. -
110a 4, 105a.4d; 106a-d,
1
kiosa.qg 68  8%733 149
k106 2.4, 32 32x-L. 7
32
Klosa  kios ad, 93 7
X = X =6.24
Kio@  kiosayq 7 14.9
k105a + K106a 100
= = 4.6
klOSa-dI +Kk106a.d, 149 +70

cases, the rate constant k(106a) and k(106a-d;) should sense that secondary isotope

effect in the formation of 106a versus 106a-d; is not considered. The simple arithmetic
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leads to the rate ratio k(105a)/k(105a-d)) i.e. isotope effect of 6.24. If C-H(D) bond
breaking is indeed involved in the rate determining step then the rate ratio
{(k(1052a)+k(106a)]/[k(105a-dy)+k(106a-d2) should be equal to 4.6. The observed rate
ratio of 3.35 and 4.39 in the oxidation using HgO and p-benzoquinone respectively
certifies the involvement of C-H(D) bond breaking in the rate determining step. Similar
calculation in the oxidation of hydroxylamine 108a and 108a-d> using HgO and p-
benzoquinone led to the isotope effect of 6.5 and 7.4 respectively. This should translate
into a ratio k(108a)/k(108a-d;) of 1.93 and 2.29. The observed rate ratio of 1.34 and
1.15 in HgO and p -benzoquinone oxidation respectively is somewhat less indicating that
C-H(D) bond breaking is involved in the rate determining step but not to the same extent as
in the oxidation of isopropyl (110a) and tertiary butyl derivative (111).

Next, attention was focused on the oxidation 108 and 110 with various
substituents in the aromatic ring. The compound studied and their relative rate (kx/kg) of
oxidation using HgO and p -BQ are listed in Tables 5.11-5.14. As is evident from the

tables, the rate of oxidation increases with the electron donating ability of the substituents

N~ CHs N/k

OH OH

X
108 110

X. In the methyl series 108 the hydroxylamine 108f (X= p -NMe3) i§ found to be more
reactive than 108g (X= m-NOj) by factors of 3.86 and 4.73 using HgO and p-
benzoquinone respectively (Tables 5.11, 5.12). Similar rate enhancement is also observed
in the isopropyl series (Tables 5.13, 5.14). Thus 110f (X= p -NMe2) is more reactive than
110g (X=m- NO3) by a factor of 4.45 using HgO and 5.02 using p- benzoquinone.
Hammett plot for the oxidation of 108 and 110 are shown in Figures 5.8-5.11. A good

linear free energy relationship is obtained in all the cases with reaction constant p values of
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Table 5.11: Relative rates of oxidation of N-methyl hydroxylamine by HgO

o (o
| + |
0- o-

( Z)-101a 102
0 CDCI3 @/\;}/ V
I +
0- 0-
108a X
( Z)-101 102

Hydroxylamine kx/kH log (kx/ky)
108b p-NO, 0.461 -0.336
108¢ p -Cl 0.901 -0.0452
108d p -OMe 1.21 0.0811
108e p -Me 1.18 0.0714
108f p-NMey 1.61 0.207
108g m -NO; 0.412 -0.358
108h o -OH 0.892 -0.0496
108i o -OMe 1.415 0.151




Table 5.12: Relative rates of oxidation of N-methyl hydroxylamine by p -benzoquinone

ot

N Benz um (Z) -101a
Cl3 X e
20°C T
O-

147

N7
QT
o-

108a
(Z)-101 102
Hydroxylamine kx/kH log (kx/kH)
108b p-NO2 425 -0.372
108¢ p -Cl 0.835 -0.0781
108d p -OMe 1.43 0.156
108e p -Me 1.155 0.0627
108f p-NMe, 1.83 0.263
108g m -NO, 0.387 -0.412
108h o -OH 0.540 -0.267
108i o -OMe 0.479 0.320

v

O-
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Table 5.13: Relative rates of oxidation of N-isopropyl hydroxylamine by HgO.

@ﬁ%‘/
O-

N/k N/
@\ ©/\ c:|)c13

@NF

(Z) -105a

oL

106a

110a ¥
(Z ).105
Hydroxylamine kx/ky log (kx/kH)
110b p-NO, 0.610 -0.214
110c p -Cl1 0.794 -0.100
110d p -OMe 1.165 0.0653
110e p -Me 1.448 0.161
110f p-NMe2 2.245 0.351
110g m -NO, 0.505 -0.296
110h m-Br 0.767 -0.115
110i p-Br 0.942 -0.026
110j 2,4,5-(OMe);3 1.29 0.111

N

Y

@
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Table 5.14: Relative rates of oxidation of N-isopropyl hydroxylamine by p -benzoquinone.
*ﬁ/k N
QT O
©/\lf/|+\ bll/& in e(Z) -105a . k 106a . k
OH OH  CDCh N N7

X 20°C
110a 110 -+ O-
X

X
(Z)-105 106

Hydroxylamine kx/kH log (kx/kH)

110b p-NO, 0.629 -0.202

110c p -Cl 0.901 -0.0451

110d p-OMe 1.22 0.0859

110e p -Me 1.476 0.169

110f p-NMe;, 2.22 0.347

110g m -NO, 0.442 -0.355

110h m-Br 0.634 -0.198

110i p-Br 0.770 -0.113

110§ 2,4,5-(OMe)3 L772 0.248
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Figure 5.8 Hammett plot for the HgO oxidation of N-aryl-N-methyl

hydroxylamines (108).
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Figure 5.9 Hammett plot for the HgO oxidation of N-aryl-N-

isopropyl hydroxylamines (110).
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Figure 5.10 Hammett plot for the benzoquine oxidation of N-aryi-N-
methyl hydroxylamines (108).
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Figure 5.11 Hammett plot for the benzoquinone oxidation of N-aryl-N-
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isopropy! hydroxylamines (110).
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