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A study of the regiochemical and stereochemical behavior of the addition
reaction of a heterocyclic nitrone, 5.6-dihydro-1,4-oxazine 4-oxide with a series
of alkenes has been carried out. The high degree of regiochemical control in these
concerted reactions has been explained in terms of frontier molecular orbital
treatment. Stereoselectivity in these cycloadditions has been explained in terms
of steric factors and secondary orbital interactions.

Rate constants for the cycloaddition of the heterocyclic nitrone with
several alkenes have been determined at 36°C by !H NMR spectroscopy.
Differences in the rates of cycloadditions have been explained in terms of
combination of various factors such as torsional strain, bond angle bending strain,
and steric factors (non-bonded répulsion) in the transition state.

The barrier to nitrogen inversion in the nitrone cycloaddition products has
been determined by detailed band shape analysis of proton and carbon NMR
spectra and were in the range of 66.3 to 72.9 kJ/fmol. The chair inversion has been
slowed, in one case to show the presence of the two forms of the cis isomers. The
barrier to chair inversion is 41.5 kJ/mol as determined by proton NMR band shape
analysis. Except in one case, the major conformational isomer is shown to be the
cis conformer, which is in equilibrium with the minor 7ans conformer.

A mechanistic study of peracid induced ring opening of several
cycloadducts has been carried out. The orientation of the nitrogen lone pair
dictates the regioselectivity of the ring opening which involves an intramolecular
kinetic deprotonation of a nitroxonium ion intermediate.

Synthesis of several intermediates which can lead to the synthesis of
various heterocyclic nitrones has been made.
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CHAPTER 1

INTRODUCTION

Among a plethora of functional groups, nitrone functionality has eiched an
important place in organic chemistry. The nitrone cycloaddition reactions, the best
chemical template for constructing isoxazolidines, is extremely efficient in
incorporating multple stereocenters in a single step. The cycloadditions that are
used in key steps for the synthesis of several interesting natural products, was made
possible owing to the brilliant efforts of Huisgen,22-24 LeBel,25 and Tufariello??
who explored systematically the inter- and intra-molecular 1,3-dipolar cycloaddition
reactions. '

The regio-, stereo-chemical, and reactivity aspects of nitrone cycloadditions
‘involving both cyclic and acyclic nitrones have been explored in some detail.
However, the progress in the study of stereochemical details has been hampered in
most cases because of the difficulties associated with unambiguous assignment of
adduct configurations.

The frontier orbital treatment is remarkably successful in explaining the
regioselectivity and reactivity phenomena of 1,3-dipolar cycloadditions. According
to Sustmann's classification,’3 nitrone cycloaddition is a type II process, where
both HOMO(nitrone) - LUMO(alkene) and LUMO(nitrone) - HOMO(alkene)
interactions contribute to the stabilization of the transition state. Both electron-rich
and electron-deficient alkenes undergo addition faster than normal alkenes.

Even though the cycloadditions of several carbocyclic nitrones have been

studied in detail, the reactions of the corresponding heterocyclic nitrones have been

1
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scarcely mentioned in the literature. The addition reaction of 5,6-dihydro-1,4-
oxazine 4-oxide, a heterocyclic nitrone, would incorporate a morpholine moizty in
the cycloadducts. Compounds containing morpholine moiety are known to possess
biological as well as useful industrial properties. Analogs of biologically active
natural products containing piperidine nuclei can be prepared using the
cycloaddition reaction of 5,6-dihydro-1,4-oxazine 4-oxide. The resultant products
would have morpholine nuclei instead of piperidine. It would be interesting to
assess the biological activity of these analogs.

In light of the importance of this heterocyclic nitrone, our objectives in this
study were to undertake :
(i). a systematic study of the regio- and stereo-chemical details of the
cycloaddition of the heterocyclic nitrone (I) to several mono- and di-substituted
alkenes (II),
(ii). akinetic study of the additions of the nitrone to several alkenes (IT),
(iii). a study of nitrogen and chair-inversion in substituted perhydro-1,2-
oxazolo[3,2-c][1,4]Joxazines, the resultant cycloaddition products (ITI),
(iv). a study of the regiochemistry of the peracid induced ring opening of the
isoxazolidine (IH) to produce "second generation of nitrone (IV) and (V)" which
would be subjected to a second cycloaddition reaction,
(v). asynthesis of other heterocyclic nitrones of the type (VI) which could be
used in the synthesis of an important intermediate in synthesis of B-lactam

antibiotics.






CHAPTER 2

THE CHEMISTRY OF NITRONES

The condensation of carbonyl compounds (1), aldehydes and ketones with
primary hydroxylamines (2) gives azomethine oxides (3). Early researchers
coined the term "nitrones”l, which is a contraciion of the words "nitrogen” and
"ketone", to describe the newly discovered functionality (3). This was done in an
effort to emphasize the similarity between the newly discovered nitrone moiety and
the versatile chemistry of the carbonyl compounds. For example, nitrones, like
carbonyl compounds, are capable of undergoing reaction with various types of

carbanions.2-4

Rl Rl R3
3 /
>—=0 + HONHR —) +
R? Rz>=N\
o.

(1 ) 3

2.1 Preparation of the Nitrone

Preparation of nitrones has been reviewed in detail.3-7 An excellent method
of preparation of nitrone is the condensation of primary hydroxylamine with an
aldehyde or ketone. n-Butyraldehyde (5) and N-phenylhydroxylamine (6) afford

the Z isomer of the aldonitrone N-phenyl-C-(n-propyl) nitrone (7). However,
4



n-C3H;CHO + HONHCHs ——» >:N\
n-CsH, O
&) (6) @) )

nitrones (8) having a-methoxycarbonyl group have been found to exist to a

considerable extent in the E configuration.8

MeO,C R H R
P I W
H N Mo CT N
(E) (8) (Z) 3

The energy of activation, E,, for the isomerization of the ketonitrone (9a)
into (9b) has been determined to be 33.6 kcal/mole.? Aldonitrones also exhibit a

similar barrier to interconversion of (E) and (Z) isomers.10

p‘MeC6H4\ /0— p'MCC6H4 CH2Ph
SN T /SN
C6H5 CH2P h C6H5 O_
(9a) (9b)

Cyclic nitrones (12) are obtained by intramolecular condensation of

hydroxylamine (11) produced by reduction of y-nitroketones (10).



WR R

Zn/NH,Cl (_\]/

o [ zma, 1O
o

(10) (11) (12)

The conversion of secondary hydroxylamines to cyclic nitrones has been

achieved by a variety of oxidants, the most notable being yellow mercuric oxide.!!

HgO
N — N+

OH ~ Yo
(13) (14)

Cyclic nitrones (14)-(17) are similarly prepared by oxidation of the corresponding

hydroxylamines with yellow mercuric oxide. Facile preparation of these cyclic

(CHz)n HeO (CH,)n
I, — k/Ng-\
\OH O-
(15) n=1
(16) n=2
(17) n=3
OK,N HO OK,
- N+
\OH \O

(18) (19)
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nitronies and also acyclic nitrones (21) has been achieved by electrochemical

oxidation of N-hydroxyl secondary amines (e.g. 18) using halogen as a mediator.12

\/\N A - e \/\f{* AN
| KI (0.2 eq) |
OH 2.3 Ffmol 0
(20)

Formation of nitrones (23) from tertary nitroalkenes (22) in the presence of
K-2-BuO has been achieved.13

CO,Me
o) 0 o)
1. K-z-BuO
T
NO, . 2. H0 +1&) (/)
XCH,Y, XCHY, =~H
(22) (23)

Palladium catalyzed reactions of secondary hydroxylamines (both cyclic and

acyclic) give the corresponding nitrones with high efficiencies.14 Reaction of aryl

Pd
PhCH,N-CHiPh  ———» phcH =N-CH,Ph
OH 6
(24) (25)

and alky! nitro compounds (26) with 2-butenyl magnesium chloride afford a new

class of nitrones (27).15 Regioselective synthesis of substituted cyclic nitrones



O-
e T
- Mg(Cl —
Ph—NO, = » Ph—;l +——<—
-70 C |

(26)

(29) is achieved by electrophile-mediated cyclizations of allenic oximes (28).16

C-3, 4, -5, and -6-alkenyl oximes (e.g. 30) react with electron deficient alkenes at

/ ( /IZ)n BF (CH,)
AgBF,
_— n
N 4 \/Eﬁ&l

:

S b
(28) (29)
a, n=1
b, n=2

the nitrogen atom via Michael addition to give the corresponding C-alkenyl nitrones

(31).17



/ COZBU __/ B
k/ COzBll
(30) (31)

Heterocyclic nitrone (33) is prepared in excellent yield by isomerization of
oxaziridine (32) on silica gel.18 Condensation of hydroxylamino alcohol (34)

with wriethyl orthoacetate gives the five-membered heterocyclic nitrone (35).19

o Silica gel 0
= »
Nfl\ &L//]\
o |
_ o_
(32) (33)
OH o
1. RC(OEt);
+ 2EN > 7 SILJ\
NH,OH *-FB | CHs
- o
(34) (35)

Peracid induced oxidation of isoxazolidines!? (36) gives the nitrone (37)

regiospecifically. The 3-oxo derivatives of cyclic nitrones (40) and (41) are

H H
| | l Peracid
1\LO % R > /N+ " A
b \, OH H

(36) (—37)
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prepared-0 by selenium oxide oxidation of the corresponding nitrones (38) and

(16). respectively.

SeO F
MC>U 2 Mc>© H,0 Me>|\/j/
< /2 : _H0 Y
| CHs | CHO l
0
3 o O_
(38) (39) (40)
o
— +
| i
o 5
(16) (41)

2.2 1,3-Dipolar Cycloaddition Reactions

Although there are some similarities in the chemistry of "nitrone" and
"ketone", they differ in an important area of cycloaddition chemistry. The nitrone
functionality serves as 4m addends in cycloaddition reactions with an array of
dipolarophiles. The earliest description of a nitrone cycloaddition, reported by
Beckmann in 1890, involves the addition reaction of an aryl isocyanate (43) with a

nitrone to give the cycloadduct (44).21 However, itis only in the 1960s through
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N/ T Ar
[ 1 — X

N+ * C /N*o AN

/N I O
o} O

(42) {43) (44)

the pioneering work of Huisgen, nitrone functionality has etched an important place
in organic chemistry.?2-2# Brilliant efforts of LeBel?> led to an understanding of
intramolecular nitrone cycloadditions. Since the pioneering applications by
Tufariello26 in the synthesis of natural products, both inter- and intramolecular
additions involving nitrones and alkenes have culminated in the synthesis of several

interesting alkaloidal and non-alkaloidal natural products.27.28

2.2.1 itron 1 ition with n ity lken

Nitrones undergo addition onto mono-substituted normal, electron-rich and
aryl alkenes to give adduct regiospecifically with the oxygen terminal of the nitrone

attaching itself to the more substituted end of the alkene. However, with electron-
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«

0O = N O
M H Me/ Me Mc/
(46) C¥)) (48) 49)
a,R=Ph 67 33 0 0
b,R=COMe 77 4 15 4
¢,R=NO; 0 0 67 33

deficient alkene methyl acrylate, a mixture of regioisomers (46b), (47b) and
(48b), (49b) is obtained. A complete reversal of regioselection is observed in the
addition reaction of the nitrone (45) with strongly deactivated alkene nitroethylene

to give a mixture of the adducts (48c) and (49¢).30

2.2.2

The stereochemical details of nitrone cycloaddition reaction with 1,1-

disubstituted alkenes (50) have been reported.3! While the addition reactions of o-

methyl styrene (50a) onto the nitrone (16) are found to be regioselective, the
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g9 |
LA
+ 1 2
\0_ R
(16) (50)
\{
¥ H H Rl 2
) R
N, =R’ 4 N LR,
ETp ! N-o
R Rz
(51) (52) (53)
a,R!=Ph,R2=CH3 58 42 0
b, Rl = CHO,R2=CH; 100 ~0 0
¢,R1=R2=CO,Me 0 0 100

corresponding cycloaddition of methacrylaldehyde (50b) gives the adduct (S1b)

both regio- and stereo-specifically. For steric reasons and favourable secondary
orbital interactions, the smaller aldehyde group is assumed to have endo orientation
in (SIb). Complete reversal in regioselection is observed32 in the addition reaction
of dimethyl methylene malonate (50c) to give the sole adduct (53c).

The acyclic nitrone (54) undergoes regiospecific reaction with electron-rich
ketene acetal (50d) to give the adduct (55).33 The reaction of 1-fert-butylthio-1-
cyanoethylene (50e),34 1-acetamido acrylate (50f)35 and the enamine (50g)36
with the nitrone (54) afford the 2,2-disubstituted adducts (55) regiospecifically in

each case.
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Ph Ph
|( /[k 2 3
N + I N51 2 2
/ & Rl 2 : R
(54) 50) 33)
d,R1=R2=0Ft

e, Rl =CN; R2=S-1-Bu
f, Rl = NHCOCHj3; R2 = CO2Et
1 2
2R = QJ ,R =Ph
)

Same pattern of addition is observed in the addition reaction of the N-
methylnitrone (56) with 1-phenylacrylate (50h). The oxygen terminal of the
nitrone functionality attaches itself to the substituted end of the alkene to give the

adduct (57).37

CH, |
> CO,Et
lu+ + / k )I O ’
yARN Ph  CO.Et H3C Ph
CH3 O-
(56) {(50h) (37)

2.2.3

A range of stereo- and regio-selectivities has been observed in the addition
reaction of nitrones and trans-1,2-disubstituted alkenes. While the C-benzoyl-N-

phenyl nitrone (58) with methyl crotonate affords the adduct (59) exclusively, the
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C,N-diphenyl nitrone (54) gives a mixture of adducts (60) and (61) in a ratio of

87 : 13, respectively.38

(59

.

Ph MeO,C Ph +C0:Me Ph CO,Me
LE. + I > /N"O * N. ]
7/ \

o o Me Ph Me  ph “Me

(549) (60) (61)

The results of cycloaddition of cyclic nitrone (16) with crotonaldehyde and

cinnamaldehyde have been shown to be both regio- and stereo-selective to give the

adducts (62a) and (62b), respectively. The addition reaction of methyl cinnamate

R2 H H
SN Sue=e
N+ L

(16) (62)

(63)

a, R! = CH3; R2 = CHO
b, R! = Ph; R2 = CHO
¢, Rl = Ph; R2 = CO2Me

d, Rl = R2 = CO2Me
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and dimethyl fumarate, however, give a mixture of adducts (62¢), {63c) (87 : 13)
and (62d), (63d) (60 : 40), respectively.3!

In a recent study, the regiochemical effect of allyl silicon or oxygen atom in
nitrone cycloaddition has been studied.3% The nitrone (45) on reaction with aryl

vinyl silane (65) gives (66) regiospecifically.

Ph  Me;Si Ph “\\SiMeg,
|( | — ~
N oA
/N< Ph v Ph
Me O
45) (65) (66)

The regiochemical aspects of the reaction of nitrones with alkenes bearing
electron-deficient substituents at both ends (68)30 and normal substituents at both

ends (72)*0 have been studied and in each case a mixture of regioisomers

67) (63) (69) 70)

COPh COPh Me COPh
0 o
| + LvIie
N+ T ( N.g s, OMe 07

= %, 7,
7N\ Mc/ = Me Me

Me O_ OMe

(71) (72) (73) (74)
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is obtained. The cycloaddition reactions of nitrones with an array of cis-1,2-
disubstituted alkenes have been studied.*1#2 The results of the cycloadditions of
cyclic nitrone with dimethyl maleate, maleic anhydride and vinylene carbonate is
given below. Unlike the Diels-Alder reactions, the exo mode of attack is favoured
in most cases. Thus the steric factors overwhelm the favourable secondary orbital

interaction in deciding the stereochemical outcome of these addition reactions.

R2 PYI \‘\\Rz
R (— - )
O_ Rl (0] "/,R )
as) (75) (76)
a, RI=R2=CN 23 : 67
b, Rl =R2 = COMe 87 : 17
¢, RL,R2=-C0-0-CO- 67 : 30
d, R}, R2=.0-CO-O- 74 : 26

Addition of the nitrone (15) to 2,3-dihydrofuran (77) gives the tricyclic

compound (78) regioselectively. The oxygen terminal of the nitrone functionality

H H

O — O

0 H

(15) (77) (78)

thus favours attachment to the end of the alkene bearing the oxygen atom.43 If the
heteroatom in the alkene is electron-withdrawing as in (79), the reaction with C,N-

diphenyl nitrone (54) yields the regioisomeric adduct (80).44 However, when
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Ph 0 o
I Sl 6 Sz
L v 00 —
15 N ¢/N, o
54 (19) (80)

the dipolarophile does not posses a strongly activating or deactivating substituent, a
loss of regiochemical control is observed. Thus addition*> of the nitrone (45) onto

(81) affords a mixture of adducts (82) and (83) in a respective ratio of 85 : 15.

H

th"‘, Y
Ph Mol o e
| ME f 85%

N+ 4 ﬂ:() —> +

7/ N\ Ph H
Me (0]

- N (83)

45) 81 “O
Me/ A 15%

2.2.4 itron ¢l ition with Tri i lken

Regio- and stereochemical details of nitrone cycloaddition reaction with
trisubstituted alkenes have been studied. Thus, C,N-diphenyl nitrone (54) adds to
the alkene (84) to give the sole regiomer (85).46 The carbon terminal of the
nitrone attaches itself to the olefinic end bearing the electron-withdrawing
substituents. Likewise, the cyclic nitrone (17) on addition to tricarbomethoxy

ethylene (86) leads to the mixture of adducts (87) and (88) regiospecifically.47



Ph McO,C CO,Me

2 Ph COZMC
A ,
!
4 { — /N CO:Me
or” o CH; B CH;
(54) (84) (83)
MeO,C COMe H o COMe H COMe
i N/ : . CO-Me CO,Me
N\\ + Ik :\'I + N
O  “CoMe COMe " COMe
(17) (86) (87) (88)
64 : 36

However, regioselection is reversed in the addition reaction of nitrone with

trisubstituted alkenes of the type (89),*8 (92),%9 and (94).50 In each case oxygen

COMe B oM y  (COMe
l *
L& + I(——> Me + Me
7 A CNnﬁ CN~oj<
O_ R Me R R
(15) (89) (90) (91)
a, R=Me 50 50
b, R = CO;Me 100 0

terminal of the nitrone is attached to the more substituted end of the alkenes.
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Ph
( .
SN *
Me o O
45) (92)
Ph H
Ph
( /O N.
/
N+ F (\ N ——» Ph
Ph/ \0 ° [ j
- o)
(54) (94) (95)
2.2.5 Nitron vcl ition with Tetrasubsti Alken

There are very few examples of the cycloaddition of nitrones to
tetrasubstituted alkenes. The reaction of C,N-dipheny! nitrone (54) with dimethyl

ketene dimethyl acetal (96) affords product (97) regiospecifically. The oxygen

K’h Me Me Ph

Ilq.,. + - N_ IC\)/[I(\E/Ic
pr” O MO OMe P % \owe
(54) (96) 97

end of the nitrone, as expected, is bonded to the carbon of the alkene bearing the
electron-releasing substituents.49 The nitrone (45) reacts exclusively with

tetrasubstituted olefin (98) to give product (99).51
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(43) (98) (99)

2.2.6

The addition reaction of the nirrone (43) with methyl propiolate (100)
gives a mixture of adducts (101) and (102) in the respective ratio of 42 : 5852

Addition of cyanoacetylene (104) is also found to be non-regioselective.32

{Ph CO,Me
II\I+ + ——P /\I L Ii
7 o
M O COMe CO:Me Mé
(43) (100) (101) (102)
42 : 58
l r;n ]l
N+ + N‘O
)( O N )2\, X CN
(103) (104) (105) (106)
50 : 50

The nitrone (54) on addition to ethynylacridine (107) affords the adduct

(108).53 The reaction of phenylacetylene carboxylic acid (110) with nitrone
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;\f
N
f, +~ QU
/N |
Ph o c
i
CH
(59) (107) (108)

(109) has been explored. The addition reaction produces the isoxazoline (111)

CH; O_

(109) (110) (111)

regiospecifically.54 The nitrone (54) undergoes regiospecific addition to

phenylsulfonyl alkyne (112) to give the adduct (113).55 The trapping of benzyne

Ph SO,Ph Ph SO.Ph
P

Ph/ \0_ Me pp” O Me
(54) (112) (113)

by the nitrone (45) has been achieved to afford the bicyclic adduct (1 14).56 An
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Ph Ph
| | —_— li ! )
N, o+ Moz

M‘:/ \O Mg
(45) (114)

interesting reaction berween the nitrone and copper acetylide vields the azetidone

(116) via rearrangement of the initial adduct (115).57

Ph Ph
Ilf,, el
/7 \

Ph O Cu
(34)

N—] OH
S
Ph .
(116)
2.2.7 Vifron vl ition_with Coniuc ien
mulativ Itiple Bon Svstemns

Even though the addition reaction of the nitrone (56) with 1,3-
cyclohexadiene is capable of regiochemical complications, the mono adduct (118)

is formed regioselectively with the oxygen attached to the end of the diene.58
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O
C/

(36) (117) (118)

3

NS
N+ o+ —
ne” N\ H

The addition of nitrone (16) onto piperylene (119) is found to be both site-

specific and regiospecific to give the adduct (120).59 Addition of nitrone {34) to

@io + Lﬂ\ -_> N‘O
- Me

(16) (119) (120)

Me

allene (121) is found to be non-regioselective to give (122) and (123). The

unstable adduct {122) rearranges to a mixture of compounds (124) and (125) via

Ph Ph Ph CH,

‘(+ " —» Nl L + | /l
[ N\
VAN Ph” o cn, Ph”

Ph O

34) (@a2m (122) (123)

Nl L @(}O
Ph” o) N

Ph
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N-O bond fission.%0 The reaction of 1,1-dimethylallene (126), however,

undergoes regiospecific addition to give (128) viathe initial adduct (127).61

COPh “ - COPh
®
( _

N + k N Me
J/ Ph v
Ph O Me Me A Me

(38) (126) (127
PhOC
/N
Ph 0]
Me Me
(128)

Cycloaddition of phenylisothiocyanate gives the adduct (129) regioselectively.62

Ph Ph
Ph | N/P h
( N T—
T s /&
/ﬂ t ¢ M~ O S
mM* o Ul

(129)
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It has been shown that ketenimine (131) reacts with the cyclic nizone (130) to

cive (133) via the initial adduct (132).63

Ph
| : o
I P
NS Me
S (l:l e =0 \r
N C Me Me
M O- /N Me
Mo Me i |
(130) (131) {132
NP
N
M 0
© Me Me
{133)
2.2.8 mmetri¢c_In ion in_Nitron ¢l iti

Asymmetric 1,3-dipolar cycloaddition using a chiral dipole or a

dipolarophile has been reported. Thus, addition of nitrone (134) to styrene gives
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(Ph ) lk

{
I+
Ph N
Huw* o
60°C

Me

(134)
Ph Ph %, Ph Ph o
N\ + N~ w, N ] + '—;\
R -0 b R/ o~ ™y 0 ”//Ph R/ Ph
(136) (137) (138)
(5% or 8%) (8% or 5%)

(135)
(76% or 11%) (11% or 76%)

adducts with mild asymmetric induction.64 The chiral nitrone (139) with chiral

alkene (140) affords the optically active adduct (141) almost as the sole

product.63

CH,
R
—

O 0 §\0 l = /
;’WH =Y N.
H- \H+ N O —» R- O
o O J N\ H L,
CO,Me CO,Me
(141)

(139)
Asymmetric induction is also observed in the addition reaction of the chiral

nitrone (142) onto ethylene to give (143) which is subsequently converted to a

i

captopril analog.66



28

2.2.9 Intramolecular Nitron vel iti

Intramolecular nitrone cycloaddition reactions have been reviewed in
detail.6:,7 Product regiochemistry in these cyclizations is markedly influenced by
the number of carbon atoms between the nitrone functionality and the double bond.
The general rules of regiochemistry that apply in the intermolecular version of the
reaction are often reversed in the intramolecular version. While the nitrone (144)
affords only the adduct (145), the homologous nitrone (146) gives a mixture of

adducts (147) and (148) in a ratio of 2 : 1.67
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H
__-PJ//I) —
N\ hhT
Me  Me Me
(144) (145)
P H
=
o o~
:1/ ’ O+TL
[ + N~
/
Ve e Me | i M
Me
(146) (147) (148)
2 1

The nitrone (149) on thermolysis gives a single adduct (150).68

However, the nitrone (151) affords a mixture of regiomers (152) and (153).69

N
N7 —>
|+ e
N @
(149) (150)
./\

(151) (152) (153)
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2.2.10 Crcloreversion

Isoxazolidines on heating may undergo cycloreversion to the starting nitrone
and the alkene which on recombination under thermodynamic conditions may lead
to the thermodynamic adduct. Thus, the kinetic adduct (154) on thermolysis at

100°C affords the mixture of adducts (154) and (136) inal:1 rato.6.70

COZEt CO:)_EI
| 1ooc
E NI‘Ol — g;f"’ +|( N.
COEt 1f e - O
Me Me Mc  Me
(154) (155) (156)

At room temperature the nitrone (157) on reaction with methyl methacrylate gives a
mixture of (158) and (159) in a ratio of 94 : 6, which on heating (100°C) is

changed to a 50 : 50 ratio.”!

60 2 O

MeO,C CO,Me
(157) (158) (159)

Isoxazolidines having electron-withdrawing conjugated substituents
undergo cycloreversion with relative ease. Thus, the adduct (53¢) is changed at
80°C to a mixture of (53¢) and (160) in a ratio of 1 : 3, respectively.32 The

adduct (161) at 20°C was equilibrated to a mixture of (161) and (162) in a
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CO‘)- Me

80°C
O._jLCO;,Me ¢ [ 1] coMe
Yo Yo X s

respective ratio of 70 : 30 which at 75°C is converted to the sole isomer (163).47
The results thus demonstrate that the C-3 position of the isoxazolidine has more
crowded environment than C-2. Considerably more stringent conditions are
required to induce cycloreversion in isoxazolidines without such activating

substituents.

2.2.11 \atural Pr Svnthesis Bas n Nitrone-QOlefi

rcl ition R ion:

Nitrone-olefin [4+2] cycloadditions offer unique advantages in the total
synthesis of natural products. These 1,3-dipolar reactions® might be counted as
one of the most useful methods for the the synthesis of five-membered heterocyclic

ring systems containing one or more heteroatoms. The reactions involve the
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formation of both carbon-carbon and carborn-oxyvgen bonds, with the singular
ability to incorporate several stereochemical centers in a single step. Ring cleavage
of the formed isoxazolidines furnishes intermediates suitable for conversion to
traditional natural product target molecules.

Several pyrrolizidine, pyrrolidine, and piperidine alkaloids have been
synthesized using nitrone-based methodology. The Solenopsis alkaloid (165) is
synthesized from pyrroline-1-oxide (15) by double nitrone cycloaddition
sequence.87 The pyrrolidine (164) is obtained in a cis : trans ratio of 13 : 87.
Trans selectivity is increased to 7 : 93 when replacing 1-butene by butadiene in the

second cycloaddition step.

CsHp, OH

Eﬁ—/l/ L= > \LN—bk)\

| 2. mCPBA I CsHy

L~

2. LiAlHy, THF

OH H

o)
1. CH;S0,Cl, Et;N /k

S < Sl

. HsC, H

H;,C; 5 CHu 2. LiBEgH
3. NaAl(OR);H,
(163) (164)

CsHy,

Cyclization of the allene oxime (166) with silver tetrafluorborate produces
the nitrone (167). In a single step the nitrone is trapped by methyl vinyl ketone as

the isoxazolidine (168) and then reduced to (169).88  Jones oxidation,
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thioketalization, and Raney-Ni desulfuration give the pytrolizidine alkaloid (170),

a venom constituent from Solenopsis ants.

CH;,
(169)

In their cycloaddition reactions, cyclic nitrones exhibit high facial selectivity

(exo with respect to the ring, endo with respect to the allylanion system). Nitrone
(16), for instance, adds propene to give (171). The latter isoxazolidine serves as
a synthetic intermediate, which by hydrogenation is converted into the alkaloid

sedridine (172),78 with a perfect control over the difficult 1,3-stereorelationship.

< +>
N
H
NH

\
O —
(16) H,/Pd
. — OH
S
e Me
(172)
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Synthesis of a number of selected amino acids has been achieved through

ihe use of nitrone-based strategy. Acylamination of cyclic nitrones (173) with N-

phenylbenzimidoyl chloride in the presence of triethylamine provides a route to the
preparation of a-amino acids (174).89

O
PhCClI=NPh
>[{\"ré\/R

o)

> >[ R
B EiN N
O_

N\
| Ph
(173)

PhNCOPh

C,H;OH ? &
«— >[
R /k 8% H,SO, N//H/
COOC,H;

PhNCOPh
(174)

The synthesis of selected indolizidine alkaloids occuring in Elaeocarpus

mll" m

(175)
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species of the rain forests of New Guinea has been successfully achieved using
nitrone methodology. (%)-Elaeokanine-A (175) and (#)-elaeokanine-C (176) are
obtained from I-pentene and 1-pyrroline-1-oxide (15).90 A slightly different route
toward (¥)-elacokanine-A (173) and -C (176) using nitrone cycloaddition was
also reported.®!

The a-isospartein (177), found in several species of the Leguminosae
family has been stereoselectively synthesized through the addition of 2 moles of
nitrone (16) onto 4H-pyran.92 The natural product (177) is obtained by catalytic
reduction of the adduct (178).

Qe Q) —
(o)

(16)

(177)

Nitrone-based strategy provides routes to B-lactams, an essential
functionality to a number of potent antibiotics. Nitrones add to trans-1-cyano-2-
nitroethylene (68) to give a mixture of the regioisomers (179) and (180). Both

cis- and trans- B-lactams (181) and (182) can be obtained by thermally or

photochemically-induced ring contraction respectively.9394



—_ i \ 1N
o /O NC NC . ‘\\\\Ph O; . \‘\\Ph
—N + \_:.\ — U _N + L
H> X No, oat © X{ Nt © &
(68) (179) (180)
(major)
hv
2/cH.0H
NC N Ph NC N . &Ph
i hv
> N
Ve 72
o X N

(181) (182)

The methodology of intramolecular cyclization has been used efficiently as a
route to a variety of natural products. For example, it has been utilized in the

synthesis of (&)-pumiliotoxin-C (183), a venomous metabolite in the skin of

Columbian frogs.9>
PV

PhSO, \N + PhSO; ‘N

_o”~ Pr g Pr
[H]
OH
H H
, — ]
Pr#” °N Pr |l"' N ""//\/ SOzph
Hy H

(183)
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An efficient total synthesis of the anttumor antibiotic (-)-palocauline (184)
was carried out bv Roush.96 A key step in the synthesis was the use of an
inramolecular nitrone cyclization, which was also fruitful in the establishment of

the required stereochemistry of the anubiotic.

\+
Bu H N;
R/ .,

Me

(184)

The nitrone-olefin cyclization in compound (186) was featured as a key

step in the synthesis of the alkaloid (£)-chanoclavine (185).97
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(186) (187) 4 : 1 (188)

~NHMe

HN I
(183)

Daunamycin and related naturally occurring carbapenems possesses potent
and broad-spectrum antibacterial activities. The synthesis of one of the key
intermediates (189) of the 1B-methylcarbapenem antibiotic was investigated®8 by
way of inter- and intra-molecular nitrone 1,3-dipolar cycloaddition. The following

scheme shows the intramolecular cycloaddition approach.



39

Bn

NMe,

NH

CO,H
1p-methylcarbapenem

Bn =benzyl; TBS =t-butyldimethylsilyl

The isoxazolidine (191) obtained from nitrone (190) has been reduced to
the alkaloid (#)-nitramine (193),%9 which is structurally related to the
elecrophysiologically active histrionicotoxins, isolated from the skin of poisonous

Columbian frogs.

_.CH; Z) o
| — o t
o_

(190) (191) (192)
Pd,H,

H
N

=

(193)
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Anatoxin-a (194) is a highly toxic alkaloid produced by the bloom-forming
cyanophyte Anabaena flos aquae. A rouie!00 1o this alkaloid. which is known to
cause losses of cattle, employs both inter- and intramolecular cycloadditions of

nitrone moietes.

H
E?/ ’ /\/\( N-g s
OH 5
o H g
[OXJl
H! N—oO H
>\ S
Ck_ <« o OH b
OY\ ™oH
o

(194)

2.3 Mechanism

The frontier orbital reatment is remarkably successful in explaining the
regioselectivity and reactivity phenomena of 1,3-dipolar cycloadditions.23.72-77
According to Sustmann's classification,’3 the nitrone functionality is a type II
dipole where both HOMO - LUMO interactions contribute to the stabilization of the
transition state. Steric factors and secondary orbital interactions usually dictate the
stereochemical outcome of the cycloadditions.?3.76.78

The nitrone cycloaddition reaction with alkenes is a thermally allowed S +

n2S process. Accumulated evidence so far indicate the concerted nature of the

reaction. The low activation energy, large negative entropy of activation, and
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negligible solvent effect on rate constants are some of the necessary conditions for a
multicentered concerted cycloaddition reaction mechanisms.?2.75-83 The reaction of
N-methyl-C-phenylnitrone (45) with ethylacrylate exhibits only a 2.6 fold increase
on passing from dimethyl sulfoxide to toluene with dielectric constant of 48.9 and
2.4, respectively, at 25°C. The rate ratio of R(CH3CN) / R(cyclohexane) for the
addition of (195) to (196), which is known to proceed through a Zwitterionic

intermediate, 8485 is found to be 2600.

- + -
CH—O-n- Bu
J
CH,=CHO-n- By + TC(NE— | YO __ _CN
CN
(195) (196) CN
On- Bu
CN
NC \
NC CN

Through the application of frontier molecular orbital (FMO) theory, a
coherent picture of a mechanism based on a concerted nonsynchronous process has
emerged. In Type II of the cycloaddition reactions, both electron-rich and electron-
deficient alkene undergo addition reaction faster than normal alkene. Kinetic data
accumulated so far fit well into the U-shaped dipolarophile activity scale inherent in

Type II dipolar cycloadditions.23.36
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Because of the concerted nature of the nitrone cycloadditions, the stereo-
chemical integrity of the alkene is maintained as described before by Tufariello® and

Huisgen.22

N +
. R! / N\ o ,
R"O;,_C) - CO,R
RO.C RO,C
v
CO,R? LaCOR?
N ~ 2
Vi CO,R? R])r COR



CHAPTER 3

REGIO- AND STEREOCHEMISTRY OF
CYCLOADDITION REACTIONS OF
THE NITRONE (19)

3.1 Results

3.1.1 Polymerization of the Nitrone (19)

Before proceeding with the cycloaddidon reactions, behaviour of
concentrated solution of the nitrone (19) was examined. Concentrated solution
"(1 M) of the nitrone (19) and its carbocyclic counterparts behave quite-differently.
While the nitrone (15) is stable, the nitrone (16) dimerizes to (197), and the
nitrone (17) polymerizes to the polymeric nitrone (198).107 The heterocyclic
nitrone (19), on the other hand, polymerizes to (199) with a repeating skeletal
-N-O-C unit (Scheme 1).108 Reasons for this puzzling differences are not well
understood.

A solution of the nitrone (19) (0.2 M) in dichloromethane remained stable for more
than a week without any noticeable formation of the polymer (199). However, the
nitrone (19), after stripping of the solvent, immediately polymerizes. A solution of
the polymer (199) in deuterochloroform was found to contain the nitrone (19)
(~10%). After 1 day and 7 days at 20°C, the amount of the nitrone (19) increased

10 30% and 70%, respectively. A solution of the polymer and methyl methacrylate

A
LR
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in deuterochloroform at 20°C for 14 days afforded the cycloaddition products in
almost quantrative vield (see Experimental). Because of the problem associated
with the polymerization, the concentration of the nitrone (19) was kept low and the
alkenes were used in excess in the subsequent addition reactions. We did not notice

any unwanted polvmerization under the specified reaction conditions (see

Experimental).
o
(CHpn — Cr N —ECH=N-(CH,); F-
N N. L x
(15), n=1 N
(16), n=2 (197) (198)
(7, n=3

OK,N“\ = g,rl Q Ig: )

0- X
(19) (199)
Me CO,Me
cycloaddition products
Scheme 1
3.1.2 Addition of Styrene (200a) to Nitrone (19)

The cycloaddition reaction of the nitrone (19) with styrene (200a), carried

out at room temperature, afforded the sole adduct (201a) regiospecifically and
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stereo-selectively. The product was purified by silica gel chromatography. NMR
spectrum revealed the formation of only one adduct in 83% yvield. We were unable
to detect any minor isomer. The adduct was assigned the stereochemistry as

depicted in (201a) with exo orientation of the phenyl substituent (Scheme 2).

H ] H i
|J\ 20, 18 h 3 o/\Y-—/\
N_12 h .
k’ Ph K/\LO "4 Ph
(19) (200a) (201a) (202a)
Scheme 2

Even though the phenyl ring can stabilize the endo transition state by favourable
secondary orbital interactions, steric encumbrance dominates the stereoselection and

the endo product was not observed (Figure 1).

3 § H 4
J|I’ “u § |
Ph H
exo transition state endo transition state

Figure 1.
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3.1.3 Addition of Allyl Alcoligl (200b) 10 Nitone (19)

Allyl alcohol was allowed to react at room temperature (200C) with the
nitrone (19) as shown in Scheme 3. The overall vield of the reaction was 88%.
Chromatographic purification of the crude reaction mixture provided a non-
separable mixture of the two adducts (201b) and {202b} in a respective ratio of
88 : 12. The major isomer (201b) was crystallized and separated as colorless

crystals. The smong absorption band at 3200 cm? in the IR spectrum revealed

K/N+ + U\‘ _wC72h /\Y—_/l;

oo e
(19) (200b) (201b) (202b)
AcO
“\77»\ 47’
(201L) (202L)
Scheme 3

the presence of hydroxyl group in the two isoxazolidines (201b) and (202b).
The ratio of the two isomers (201a) and (202b) was determined by converting
them to the respective acetates (201L) and (202L). The ratio was estimated by

the integration of the acetyl protons' singlets (sce Experimental). The
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stereochemical outcome of this cyclozddidon reaction reflects the preference for the
cxo mansition state which is sterically favourable and hence gives (201b) as the
major stereoisomer. However, the sterically disfavoured endo transition state
leading to the formation of the minor isoxazolidine (202b) would enjoy the
stabilizing interaction between the oxygen lone pair of the alkene (HOMO) with the

nitrogen orbital of the nirone (LUMO) (Figure 2).

3.1.4 Addition _of Methyl Acrylate (200c) to Nitrone (19

Nitrone (19) cycloaddition reaction with methyl acrylate (200c), carried
out at room temperature (20°C), afforded a non-separable mixture of four isomers
(201c¢)-(204c) (Scheme 4). Column chromatographic purification of a portion of
the crude mixture gave the purified adducts (201¢)-(204c) (81% yield). The exo
approach of methyl acrylate to the nitrone (19) would give the isoxazolidines
(201¢) and (203c), while the regioisomers (202¢) and (204c) would result
from the endo approach. Though the endo transition state would gain a degree of
stabilization from the secondary orbital interaction, it suffers from steric

encumbrance. The strong band at 1741 cm-! in the IR spectrum of the purified
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mixture of the adducts is an indication of the presence of ester funcuonal groups in
the adducts. The assignment of the regiochemistry of the four isomers was based
on the proton NMR analysis. The ratio of the C-2 and C-3 substituted regiomers
was found to be 88 : 12. The adduct with cxc orientation was the major isomer in
both pairs of the regiomers. The C-2 proions of the major adducts (201c) and
(202¢) showed multiplet signals at § 4.50-5.85 with a major doublet at 8 4.80 (J
5.0, 9.0 Hz) being auributed to the exo zdduct (201c). Singlet at 3 3.78 was
assigned to the methoxycarbonyl protons. Minor signals at 8 4.0-4.5 were
attributed to the C-2 protons of the minor regiomers (203c¢) and (204c).

Upon reduction of a portion of the crude mixture of the cycloadducts
(201¢)-(204c) with lithium aluminium hydride, the alcohols (201b)-(204b}
were obtained. On acetylation with acetic anhydride, the later adducts gave the
acetates (201L)-(204L). The ratio of the acetates, hence that of the methyl
acrylate adducts was estimated by the integration of the acetyl protons’ singlets (see
Experimental). The approximate ratio of the isomers (201c)-(204c) was found

tobe 80 : 8 :7: 5, respectively.
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3.1.5 Addition of Acrylaldehvde (200d) to Nitrone (19)

The cycloaddition reaction of the nitrone (19) with acrylaldehyde (200d)
at 0°C afforded a mixture of four isomers (201d)-(204d) (Scheme 5). The crude
mixture of the adducts (201d)-(204d), because of their labile nature, was
immediately reduced with sodium borohydride in a methanolic solution to give a
mixture of the alcohols (201b)-(204b) which was then chromatographically
purified using ethyl acetate as the eluant (67% yield in two steps).

A portion of the isomers (201b)-(204b) was converted into the acetates
(201L)-(204L) by treating with acetic anhydride. The IR spectrum of (201L)-
(204L) had strong absorption at 1740 cmx'! due to the acetyl groups. The proton
NMR spectrum of the isoxazolidines (201L), (202L), (203L), (204L) showed
acetyl protons' singlets at 8 2.11, 2.13, 2.06, and 2.08, respectively. The ratio of
the adducts (201L)-(204L), hence that of (201d)-(204d) was approximated by
integration of these singlets, and was found to be 48 : 29 : 12 : 11, respectively.
The acetates obtained from the allyl alcohol adducts (201b) and (202b) revealed
the presence of the major and minor singlets at § 2.11 and 2.13 respectively. By
analogy,31:32 the major adduct was assigned the stereochemistry as depicted in
(201b) with exo hydroxymethyl substituent. While methyl acrylate (200c) gave
the C-2 endo oriented adduct (202c) in 8% of the total isolated yield, the
corresponding yield for the adduct (202d) from the addition of acrylaldehyde
(200d) was found to be 29%. The aldehyde group, being smaller than
methoxycarbonyl group, prefers to be in the endo orientation and thus an increased
amount of the endo oriented C-2 and C-3 regiomers were obtained in the former

case. This experimental findings confirm the assignment of the stereochemistry.
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3.1.6 Addition of Methvlalivl Alcohol (300e) to Nitrone {19)

Methyvlallyl alcohol (200e) underwent cycloaddition reaction with the
nitrone (19) at 20°C. Chromatographic purification of the crude reaction mixture
using 1 : 1 hexane-ethyl acetate mixture as eluant afforded a non-separable mixture
of the isoxazolidines (201e) and (202e) (Scheme 6). Bands at 3329 and 3238
cm-! in the IR spectrum are indications of hydroxyl functionality in the adducts.
The IH NMR spectrum showed two methyl singlets; a mzjor at 8 1.25 assigned to
(201e), and a minor at § 1.40 assigned to (202e). Integration of the C-2 methyl
singlets gave a ratio of 91 : 9 of the adducts (201e) and (202e), respectively.
Noticeably in this reaction, the major isomer (201e), has the endo orientation of
the bulkier substituent -CH,OH. We believe that the transition state with endo
CH,OH is stabilized due to the favourable interaction between the orbital of the
nitrogen LUMO of the nitrone with the oxygen lone pair of the alkene (see Figure
2). Stereochemistry of the adduct (201e) was correlated to methyl methacrylate
adduct (201f) by chemical conversion (see the subsequent section). Stereo-

chemistry of the major adduct is based on precedent literature.31

_20%C.72h /\Y—/\/Mc
K/N-;- + )H + OH

0" -OH O £
Me
(19) (200e) (201e) (202e)

Scheme 6
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3.1.7 Addition of Mertivi Methacrviate (2006 to Nitrone (19)

Chromatographic purificzdor (eluan: 1 : I hexane-ethyl acetate) of the crude
reaction mixrure resulting from the zddition of methyl methacrylate (200f) to the
nitrone (19), at room temperature. affordsd a non-separable mixture of isomers
(201f) and (202f) (Scheme 7). A vield of 86% was recovered frorr; this
regiospecific cvcloaddition reacdon. The absorption band at 1730 cm-! in the IR
spectrum is a clear indication of the presence of an ester functional group. The ratio
of (201f) and (202f) was determinad to be 95 : 5, respectively by integration of
the methyl singlets (see Experimenta!). The regiospecific and highly stereoselective
formation of the isomer (201f), with endo approach of CO2Me is atuibuted to the
favourable secondary orbital interaction by CO;Me group. The major adduct
(201f) was converted into the alcohol (201e) by reduction with lithium

aluminium hydride.
H H

20 C,3h _ O 0O
+ Me M
k/N'l* )\ K/N‘ + k/N‘O COMe

(19) (200f) (2011) (202f)

(201e)

Scheme 7
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3.1.8 Addition _of Methvl Crotonate (200¢) to Nitrone (19)

The room-temperature reaction of nitrone (19) with methyl crotonate
(200g) proceeded regiospecifically (Scheme 8). Chromatographic purification of
the crude reaction product using ethyl acetate as eluant gave a non-separable
mixture of the isoxazolidines (201g) and (202g) in a total vield of 84%. The
major adduct is assigned the siereochemistry as depicted in (201g). Studies of the
stereochemistry of nitrone-crotonate cycloadditions have amply demonstrated a
significant tendency of the methoxycarbonyl group to manifest secondary orbital
interactions.109.110 The absorption band at 1734 cm! in the IR spectrum revealed
the presence of ester functional group in the adducts. The protons of the C-2
methyl group of the major (201g) and the minor (202g) isomer appeared at &
1.36 and & 1.50, respectively in the NMR spectrum. The respective ratio was

determined to be 96 : 4.

(19) (200g) (201g) (202g)

Scheme 8

3.1.9 Additi Meth innamate (200h Nitrone (1

The product afforded by the addition of trans-methyl cinnamate (200h)
onto the nitrone (19) at 40°C was chromatographically purified with 1 : 1

dichloromethane-ethy!l acetate mixture as eluant. The reaction yielded 86% of the
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adducts (201h) and (202h) (Scheme 9). The mzjor isoxazolidine was assigned
the configuration as depicted in (201h) because of the significant tzndency of the
carbomethoxy group to be erdo orienied. due to the favourable secondary orbital
interaction.109.110 The absorption at 1734 cm-! in the IR spectrum is due to the
ester functional group. The TH NMR spactrum also revealed the presence of two
singlets at 8 3.78 and & 3.81, which were assigned to the methoxycarbonyl protons
of the mzjor and minor isomer, respectively. Based on the peak hight of the
methoxycarbonyl protons, the ratio of (201h) and (202h) was determined to be

94 : 6, respectively.

H
H MeO,C ' CO,Me
|
+ N\
K/Nf + k/:\O ph
O—
(19) (200h) (201h) (202h)
Scheme 9
3.1.10 Addition_of Dimethvl Fumarate (200i Nitrone (1

From the cycloaddition of dimethyl fumarate (200i) onto the nitrone (19),
at room temperature (20°C), a non-separable mixture of the isoxazolidines (201i)
and (202i) was obtained in 80% yield (Scheme 10). The prominent band at 1728
cm! in the IR spectrum is a clear indication of the presence of ester functional
group. Proton NMR analysis enabled us to determine the ratio of the two isomers
(see Experimental). The ratio of (201i) and (202i) was estimated by integration
of the C-2 protons, and was found to be 82 : 18, respectively. The major adduct

was separated by crystallization.
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co M
H MeO,C 2V COMe
/\( 70 °C, 30 min.
CO,Me Conc CO,Me
| 120 T
(19) (200i) (201i) (202i)

Scheme 10

The stereochemistry of the major adduct as depicted in (201i) is based on
the result of the thermal study. The adduct (201i) was thermally equilibrated to the
more stable product (202i) with exo oriented C-3 and endo oriented C-2
methoxycarbonyl groups. This is in line with the prediction that the C-2 position,
with a less crowded environment than C-3, can tolerate an endo substituent better
than C-3.111 When the pure adduct (201i) was thermolyzed at 120°C in
deuterobenzene, the ratio of the adducts (201i) and (202i) was found to be 15 :
85, respectively. This is an equilibrium ratio, since further heating did not change

the composition.

3.1.11 Addition of Dimethyl Malea 200j Nitrone (1

Nitrone (19) cycloaddition onto dimethyl maleate (200j) was carried out at
200C. Chromatographic purification of the product, using 1 : 1 hexane-ethyl acetate
mixture as an eluant, afforded the isoxazolidines (201j) and (202j) (Scheme 11).
The isolated yield was 82%. The IR spectrum exhibited absorption bands at 1761
and 1737 cm’! which were attributed to the ester functional groups. Assignment of

the stereochemistry of the major adduct (202j), as depicted in Scheme 11, was
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based on the assumption that the exo transition state, leading 1o (202j) would be
sterically favoured.*1*2 The ratio of the isomers (201j) and (202)) was
estimated by the integration of the C-2 proton signals and was found to be 4 : 96,
respectively. The reasons for assignment of the exe sucture to the major adduct

(202) are discussed in the following section.

H C02M€ ‘CO} ie
0™ 20°%C, 12h d CO-Me
(R + I 222U, + UK
o_ CO,Me 7c0.Me O NCOMe
(19) (200;) (201j) (202j)
Scheme 11

3.1.12 Addition of Maleic Anhydride (200k) to Nitrone (19)

The cycloaddition reaction of maleic anhydride (200k) with nitrone (19)
gave a mixture of adducts (201k) and (202k) in a ratio of 8 : 92 (Scheme 12).
The crude reaction mixture was divided into two portions, which were then treated
as follows. One portion of the crude adducts (201k) and (202Kk), on treatment
with methanolic HCI (5 : 3, w/w), was converted into a mixture of the adducts

(201j) and (202j). The major adduct (202k) would result from the exo mode of
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O
H
I + Ido
\O_ \})
(19) (200Kk)

20°C, 20 min.

(201k) (202k)
MeOH/HCl
(201j) + (202j)
Scheme 12

attack. We believe that the steric factor present in the endo transition state will
overcome the favorable secondary orbital interaction. The isolated yield (based on
that of the corresponding dimethyl maleate adduct) was 73%. The second portion
of the crude mixture was dissolved in dichloromethane and the insoluble material

was filtered off. On concentration, white crystals of the adduct (202k) was
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obtained. The assignment of the exo structure to the major adducts (202j) or
(202K) is based on the reasonable assumption that switching the alkene from
dimethyl maleate to sterically less demanding maleic anhydride brings about an
expected increase in the endo’exo rato. Thermolysis of the pure adduct (202f) in
deuterobenzene for 8 h at 130°C afforded the unchanged adduct. The result thus
confirms the stereochemistry assigned to the more stable adduct (202j) or (202k)

with the exo-oriented carbomethoxyl group.
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3.2 Discussion

The regio- and stereo-chemical dertails of the nitrone (19) - alkene (200)
cycloaddition along with isolated vields are reported in Table 1. Information about
the reaction conditions and isolated vields of these additions are also given in the
Table. The regiochemistry observed in these additions can be interpreted by the
HOMO-LUMO considerations of the interacting species. In fact, for
monosubstituted alkenes, the electronic nature of the substituents plays a major role
in the regiochemistry of their cycloadditions to nitrones. Bulkiness of the
substituent may also have some effect. The reaction of nitrone (19) with styrene
reveals a marked tendency of the oxygen terminal of the nitrone to become attached
regio- and stereo-selectively to the benzylic carbon to give the 2-substituted
isoxazolidine (201a) as the sole adduct. This can be rationalized by the
assumption that secondary orbital involvements in this case are not great enough to
overcome the steric factors. Similar to styrene, allyl alcohol (200b) appears to
undergo regiospecific addition to the nitrone (19) to give the adduct (201b) and
(202b) in a ratio of 88 : 12.

However, the regiochemistry of the [4+2] cycloaddition reaction of nitrone
(19) to monosubstituted alkenes with an electron-withdrawing substituent is more
complex. For instance, the reaction of nitrone (19) with methyl acrylate (200¢)
and acrylaldehyde (200d), each gave rise to four adducts, diastercomeric pairs of
both the 3-substituted and the 2-substituted isoxazolidines. The results discussed
above are in general agreement with frontier orbital treatment of the nitrone 1,3-
dipolar cycloaddition72-76 (Figure 3). In the case of normal alkenes both
HOMO(nitrone)-LUMO(alkene) and LUMO(nitrone)-HOMO(alkene) interactions

prefer the formation of 2-substituted regiomers by uniting the larger terminal



61

TABLE 1: Regio- and Stereo-chemistry of Cycloadditions of the Nitrone (19)

with Alkenes (200) in Dichloromethane.

Alkene Temperature Reaction time % Composition of adducts Isolated
(200) (°C) (h) (201) (202) (203) (204) yicld
a, Styrene 20 18 100 0 0 0 83 )
b, Allyl alcohol 20 72 88 12 0 0 88
¢, Methyl acrylate 20 0.17 80 8 7 5 81
d, Acrylaldehyde .0 0.17 48 29 12 11 67
e, Methylallyl alcohol 20 72 91 9 0 0 82
f, Methyl methacrylate 20 3 95 5 0 0 86
g, Methyl crotonate 20 18 96 4 0 0 84
h, Methyl cinnamate 40 3 94 6 0 0 86
i, Dimethyl fumarate 20 05 82 18 - - 80
J» Dimethyl maleate 20 02 4 96 - - 82
k, Maleic anhydride 20 0.3 8 92 - - 733

Asolated yield of the corresponding dimethyl maleate adduct.
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coefficients in the transition state (Figure 3). As the ionization potential and
electron affinity of the alkene increase (i.e. as the HOMO-LUMO levels decrease in
energy) there is an increasing tendency towards the production of a regioisomeric
mixture of products. For instance, with methyl acrylate or acrylaldehyde, nitrone
(19) gave both 2- and 3-substituted isoxazolidines. The LUMO(nitrone)-
HOMO(methyl acrylate) interaction dictates the formation of a 2-substituted
isoxazolidine with the other HOMO-LUMO interaction favouring the formation of

the 3-substituted regiomer.

v (LUMO} , 0 Meo.C Q

Figure 3 : A qualitative representation of the energies and orbital coefficients of

nitrone and alkenes.

In all of the four alkenes (200a)-(200d), the configuration of the major 2-
substituted stereoisomer is assumed to have the exo orientation of the C-2
substituent obtained via the favorable exo mode of attack. For 3-substituted
adducts, the major isomers were assigned the stereochemistry as depicted in
(203c) (in case of methyl acrylate) and (203d) (in case of acrylaldehyde). This
observation demonstrates that in these cycloadditions the favorable secondary

orbital interaction benefited from the endo transition state is not sufficient to
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override the steric compression associated with the interaction of the substwent R
in the incoming dipolarophile and the appropriate ring hydrogens of the niwone

(Figure 4). The influence of steric factors appears to dominate in these cases.

C /\\ c_/\\
oK T WG T

aH iR
H,C=— C’\ H.C— ¢ of
R \H
ex0 transition state endo transition state

(200a), R=Ph
(200b), R=CH,0H
(200c), R=CO,Me
(200d), R=CHO

Figure 4

There seem to be an excellent correlation between increased production of
the 3-substituted regioisomers with increasing sirength of the electron-withdrawing
power of the substituents. While nitrone (19) reacts with styrene and allyl alcohol
to yield 100% of the C-2 product. The C-3 substituted product is obtained 12%
with methyl acrylate, the amount of adduct increases to 23% with the relatively
stronger electron-withdrawing substituent, the aldehyde.

In our study, both methylallyl alcohol and methyl methacrylate gave 2-
substituted cycloadducts regiospecifically as would be predicted by the frontier
orbital theory. In case of methylallyl alcohol, this can be rationalized since both Me

and CH,OH substituents have a similar effect on the frontier orbital coefficients at
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both carbons in the alkene with substiteted end of alkene having smuaaller orbital
coefficient i HOMO and larger coefficient in LUMO. Thus both HOMO-LUMO
interactions favour the formation of C-2 disubstituted adducts by maximum overlap
of the orbitals. While the substituents methy! and methoxycarbony! have similar
effects on the size of the HOMO coefficients of the alkene, the LGMO orbitals are
affected in the opposing directions. Thus, the LUMO coefficients on both carbon
atoms are nearly the same. Thence, the regio-chemical outcome is determined by
nitrone(LUMO) - alkene(HOMO) interaction, which favours the transition state
leading to the 2-disubstituted regicisomer.

The stereochemistry, as depicted in (201f) for the major adduct in the
methyl methacrvlate (200f) addition is based on analogy.32 It can be confidently
assumed that the carbomethoxy group, for its ability to manifest secondary orbital
interaction, would be endo oriented in the major isomer (201f). Stereochemistry
of the methylallyl alcohol adduct (201e) was correlated to methyl methacrylate
adduct (201f) by chemical conversion.

The selectivity of symmetrical 1,2-disubstituted alkenes in nitrone
cycloaddition is obviously uncomplicated by regiochemical considerations, as in the
combination of nitrone (19) with dimethyl fumarate (200i), dimethyl maleate
(200j), and maleic anhydride (200k). Additionally, an important feature of the
[4+2] reaction of nitrones with olefins symmetrically substituted with electron-
withdrawing substituents has been established,5:22 namely the retention of
configurational relationship of the attached substituents. This stereospecificity was
important in the development of the concept of a concerted cycloaddition process.

However, the substitution patterns of unsymmetrical 1,2-disubstituted
olefins would play a role in regioselection in the reactions with nitrones. In
practice, however, addition reactions of this class of olefins proceed with an

exceptional degree of regio- and stereo-selectivity. Thus, the cycloadditions of
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nitone (19) to methyl crotonzate (200g) and methyl cinnamate (200h) produced
only regioisomers (201g, 202g) and (201h, 202h) respeciivaly, in which the
more potent elecron-withdrawing carbomethoxy substituent occupied the C-3
position. This tendency is well accommodated by the FMO weatmentS The
stereochemistry as depicted in (201) for the major adduct in the crotonate (200g)
and cinnamate (200h) addition reactions is based on analogy.*8 Transition state,

leading to these major products, is stabilized by favorable secondary orbital

interactions involving endo orienied methoxycarbonyl group (Figure 5).

Figure 5 : Depiction of Favorable Secondary Orbital Interaction in Nitrone

Cycloaddition.

In comparison to its carbocyclic counterpart (16), the heterocyclic nitrone
(19) was found to be more stereoselective. For instance, while the ratio of the
cycloadducts (201i)/(202i) was found to be 4.6 : 1, the corresponding ratio of
the nitrone (16) dimethyl fumarate adducts was 1.5 : 1.31 The presence of the
heteroatom oxygen in the ring skeleton, presumably, diminishes the steric crowding
at the carbon terminal of the nitrone functional group thus making this end more

tolerant to an endo oriented substituent at the transition state.
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Recently, the role of secondary orbital interactions as major endo orienting
factors are repeatedly being questioned.*2 In one such report’ it has even bee
concluded that secondary orbizal overlap involving the orbizals of the nirogen atom
of a nitrone and maleonitrile gives rise to a destzbilizaton of the endo transition
state with respect to the exo form. Closed-shell repulsions. persumably, outweigh
the favorable occupied-unoccupied interactions. For nirone cycloaddition reaction,
nitrone(HOMO)-maleic anhydride(LUMO) energy gap is much smaller than that of
the other HOMO-LUMO combination. In fact, nitrone(LUMO)-maleic
anhydride(HOMO) interaction could be considered negligible. It is our view that
the nitrogen atom in the nitone(HOMO) has a node or nzar node thus rendering it
almost ineffective in any secondary orbital interaction involving the LUMO of the
dipolarophile. The scenario is different in normal Diels-Alder reactions: where
favorable secondary orbital interaction overwhelmingly favours the endo mode of
attack. The addition reactions of the nitrone (19) with dimethyl maleate (200§) or
maleic anhydride (200Kk) represent examples of the highest exo selectivity found
among cycloadditions involving these two cis-disubstituted alkenes with
unsubstituted cyclic nitrones.31.32:47.48 An exo/endo ratio of 92:8 (see Table I) in
the nitrone (19)-maleic anhydride (200k) addition reaction clearly demonstrates
the prevalence of the steric encumbrance, closed-shell repulsions over the endo
orienting factors such as electrostatic attractions and favorable secondary orbital
interactions. In other words, steric encumbrance overrides the favorable secondary

orbital interaction inherent in the endo mode of attack.



CHAPTER 4

KINETICS OF CYCLOADDITION REACTIONS

Results and Discussion

The nitrone-olefin cycloaddition is a second order reaction; first order with
respect to each component of the reaction system. Determination of the second
order rate constants k> for the cycloadditions of nitrone (19) onto several mono-
and disubstimted alkenes in deuterated chloroform has been achieved at 36°C using
TH NMR spectroscopy. All reactions were carried out under conditions that would
reflect kinetdc rather than timrmodynamic factors. The nitrone, alkenes, and
cycloadducts were all stable under the mild reaction conditions.

Cycloadditions were monitored by proton NMR by following the change in
the intensity of the 1H NMR signals of 2-H of nitrone and a-H of alkene. The !H
NMR (CDCl3) signals of the 2-H and of the 3-H protons of the nitrone (19)
appeared at 6 7.15 and 4.42, respectively. The signals of the olefinic protons of the
alkenes were centered around 8y values as follows : allyl alcohol, 5.15, 5.36, 5.95;
methyl acrylate, 5.85, 6.18, 6.38; methyl methacrylate, 5.56, 6.10; methyl
crotonate, 5.87, 6.90; dimethyl fumarate, 6.88; and dimethyl maleate, 6.25. These
signals and in most cases C-2 H of the cycloadducts were free of overlapping
signals. Therefore, the ratio of the concentrations of the nitrone and alkene were
frequently determined during the kinetic runs by integrating the !H NMR signals of
the olefinic protons of the nitrone and the alkene. The second-order rate constants

were then determined by linear regression analysis of the data, and were

67
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reproducible within 5-10%. The additions were followed upto 40-90% chemical
conversion.

Kinetic results obtained for the cvcloaddition of the nitrone (19) with
different alkenes in CDCl3 at 36°C are represented in Table 2. Kinetic
measurements of k» for other nitrones (13)-(17), (43), and (§4) with the same
alkenes are also tabulated for the purpose of comparison. The ratio of rate
constants at 369C of nitrone (19) to those of the nitones (15)-(17) is also
presented in the Table. In order to avoid any possible polymerization, the
concentration of the nitrone (19) was kept low and the alkene was used in excess.
We did not notice any unwanted polymerization under the specified reaction
conditions. The nitrone (19) was found to be more reactive than the nitrones
(15)-(17), (45), and (54) towards all the alkenes studied (see Table 2). For
instance, the rate ratio for the addition reaction of the nitrones (19), (15), (16),
and (17) with methyl acrylaie in deutereochloroform at 36°C was found to be 39 :
1:5.5: 7.3, respectively.101

The methyl acrylate was found to be 5 times as reactive as methyl
methacrylate (Table 2). This observation can be related to the steric retardation
established by the introduction of the methyl group. It is also apparent that trans-
1,2-disubstituted alkenes are more reactive than their cis counterparts. Hence,
trans-dimethyl fumarate is 23 times more reactive than its cis isomer (200j). This
trend is also observed in the rate of the addition of acyclic nitrones.102 This
phenomena has been ascribedS to the increased steric compression between cis
substituents in the transition state resulting from a hybridization change at carbon
from sp? to sp3 during the course of the reaction.

According to Sustmann's classification’3 (Figure 6), the cycloaddition
reaction of nitrone onto alkene is Type II. In this type, the HOMO and LUMO

energies in dipole and dipolarophile are similar, and hence, both HOMO(nitrone)-



Table 2. Rate Constants (ko) for the Cycloaddition Reactions at 36 °C in Deutereochloroform.

0 Q_ \ ph 0-
Qe e, Qe O, ™
- - R

(19)
Alkene
Allyl alcohol 37.6
Methyl acrylate 2,400

Methyl methacrylate 453

Methyl crotonate 349
Dimethy! fumarate 13,900
Dimethyl maleate 605

(15)

ky X

62.0

234

1.85

178

13.8

(16)

(17)

105 1 mot-! gt

1.82

340

105

22.6

3,370

209

453

407

16.6

5,260

152

(45), R = Me
(54), R =Ph
ka(19)
- 20.7
- 38.7
- 19.4
55.42 189
72.5b 78.1
24,70 43.8

ka(15)

k2(16)

3.5

4.5

12.2

18.9

15.1

k2(17)

7.3

17.4

9.0

29.6

11.0

4(54), 100 9C, toluene.
b(45), 850C, toluene.
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LUMO(zlkene) and LUMO(nitrone)-HOMO(alkene) interaciions contribute
effecuvely to the stabilization of the transition state, and therefore may be important

in determining reactivity and regiochemistry. The interaction tha: dominates in

Dipole

LUMO Dipolarophile ~ Dipole Dipolarophile Dipolarophile

I Dipole

HOMO

Type I Type II Type III

HOMO-controled HOMO, LUMO-controled LUMO-controled

Figure 6 : Frontier molecular orbital classification23.73 of cycloaddition reactions.

a particular case will depend on the nature of both the dipole and the dipolarophile.
Figure 7 gives a representation of energies of HOMO and LUMO of the nitrone and
alkenes. Both electron-deficient and electron-rich, because of smaller energy gap,
would undergo additions faster than normal alkenes. As seen from Figure 7, the
LUMO(dipole) - HOMO(dipolarophile) interaction dominates in the case of
electron-rich alkenes, and the alternative HOMO(dipole)- LUMO(dipolarophile)

interaction is dominant for very electron-poor dipolarophiles.
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The explanadon of the differences in reactivity and regiochemistry observed
in the cvcloaddidon of nitrone (19) with the alkenes listed in Table 2 requires the
consideration of HOMO-LUMO energy ¢ap, orbital coefficients, substituents, steric
effects and other factors. The Perturbation Molecular Orbital theory of the frontier
orbital interaction offers a remarkably successful qualitative explanation of both

reactivity and regiochemisiry phenomena associated with the nitrone-olefin [4+2] -

dipolar cycloadditons.

LUMO
CO,Me
-+ - NCOMe-"
0.6
A
Eev)
) 9.8 —
HOMO 8 — 104
-10.7 110

Figure 7 : Depiction of energy of frontier molecular orbital in nitrone-alkene

cycloadditions.6

A qualitative explanation can be put forward using the crude equation (1)

obtained by applying MO perturbation theory to the frontier orbital interactions
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(Figure 8). The interaction or stabilization energy, AE. of the transition state is
determined by orbital coefficients (c and ¢’ of HOMO and LUMO, respectively),
resonance integral (B), and HOMO-LUMO energy gaps. The perturbation equation
(1) has been simplified and used by other workers by assuming that the numerators
of the two terms are equai and the substtuent changes the HOMO-LUMO energies
of the alkene by same amount. One can see that switching from allyl alcohol to
methyl acrylate approximately lowers the orbital energies by an equal amount.
Then a loss in the second term (due to an increase LUMO(nizone) - HOMO(alkene)
energy gap) will be more than compensated by a gain in the first term. Thus an
increased AE accelerates the addition reacton of methyl acrylate compared to that of

allyl alcohol.
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sz - E"B E‘VA

Figure 8

FMO theory simply states that the orbitals that overlap best and are closest
in energy will interact the most. That is, the larger the overlap, the greater the

interaction (Figure 9). Also the more proximate the orbitals are in energy, the more
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extensive the interaciion. Tne theory considers oaly the energy changes arising
from interactions from the highss: occupied molecular orbital (HOMO) of one of the
reactants and the lowest unoccupied molecular orbital (LUMO) of :the other, and
vice versa. Interactons of exma frontier orbitals, closed-shell repuisions, and

coulombic terms are towally ignored in the FMO zpproximation. 103

G .0 O .

< D C

L s
// \\ e//

2 ! .

0 ° ()
{a) (b)

Figure 9 : Depiction of greater stabilization of transition state (a) than (b) due to

different sizes of orbitals

According to second-order perturbation theory, the HOMO-LUMO
interaction process will stabilize the bonding orbital (HOMO) and destabilize the
antibonding orbital LUMO). When a filled (HOMO) orbital interacts with a vacant
(LUMO) orbital, both electrons will enter the orbital of lower energy,’3 and hence,
the interaction will stabilize the system as a whole. The extra stabilization of the
transition state by the decreased HOMO(nitrone)-LUMO(dimethyl fumarate) energy
gap makes the nitrone (19) react faster with dimethyl fumarate than with the other
alkenes (see Table 2).

As is evident from Table 2 that cyclic nitrones invariably react faster than the
acyclic nitrones. This is attributed to the fact that the cyclic nitrones exist in the E-

form because of geometric constraints, and the acyclic nitrones remain in the more
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stable Z-form. The cyclic nitrones (193. (16). and 117} are found to be more
reactive than their five-membered counterpa: 113}, Penurbation Molecular Orbital
theory accounts only for a fraction of activarion energy. Some consmaints (or its
relief) present in the reaction products mus: bs inmoduced 1o give = better picture of
the wansition state. The angular strain prasen: ir nirone (15) is more than offset
by the greater eclipsing strain (peculiar to cyciopen:zane systems? introduced in the
transition state due to a change in hybridization from sp° to sp°. The absence of
similar destabilizing strains in the transition states makes (19), (16) and (17)
more reactive than (15). Steric factors (non-bondzad repulsions) are expected to be
unfavorable in the ransition state leading to the 5-3 ring system in comparison to 6-
5 and 7-5 systems.

In order to understand the differences in the reactvity among the nitrones
(19), (16) and (17), factors such as torsional strain, bond-angle bending strain
and steric factors in the transition state must be considered, and also one has to take
a closer look at the type of conformational isomer that takes part in cycloaddition
reactions. However, the reactivity may depend on the type of conformational
isomer that takes part in the addition reactions. Differences in the rates of
cycloaddition of the cyclic nitrones may be due to a combination of various factors
such as torsional strains, bond angle bending strain, and steric factors (non-bonded
repulsions) in the transition state.104 Like cycloalkcnes,lo"' the cyclic nitrones
(19), (16), and (17) are expected to adopt the most stable flattened chair (or half-
chair) conformation (Scheme 13). A minor portion of the boat form is expected to
be in equilibrium with the chair form. The difference in energy between the halif-
chair and the half-boat conformations of cyclohexene has been approximated to be
2.7 kcal/mol.105 The cyclic nitrone (16), like cyclohexene, should have similar
energy difference between the two conformers. It is anticipated that the presence of

the heteroatom oxygen!05 in the ring skeleton of the nitrone (19) would make the
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energy difference beiween its chair and boa: form smaller than the corresponding
ensrgy difference for its carbocyclic counterpart (16). Thus. the proportion of the
boat form for the nitrone (19) should be considerably higher than that for the
nitrone (16).

It may be argued that the nizones (19) and (16) may not react via the chair
form alone, active participation by the corresponding boat form, especially in the
addidon of the nirone (19), is also expected. The torsional angle © is about 40°
and 150 (almost eclipsed) in the chair and boat form, respectively.106 While the
torsional strain in the chair form is expected to increase as the angle ¢ decreases in
the transition state, the transition state for the addition of the boat form acquires a
decreased torsional strain as the angle ¢ widens. Presumably, the nitrone (19)
undergoes cycloaddition mainly via its boat form as it is associated with a high
torsional strain which will be relieved as the reaction proceeds to the transition state.

This may account, in part, the greater reactivity of the heterocyclic nitrone (19).

16,X = CH,

AN\Z_ /. 19,X=0

O/ o~ +N
X
ot
H P
Q] H / gH
\ £
NV AN
Chair Transition State Boat Transition State

Scheme 13



CHAPTFR 3

NITROGEN INVERSION

5.1 Introduction

Secondary or tertiary amine (205) having three different groups attached 1o

nitrogen is expected to be chiral and thus resolvable (Scheme 14). Many attempts

to resolve such compounds were unsuccessful because of rapid interconversion

between the enandomers. This pyramidal inversion (also called umbrella effect)

happens via the planar wansition state (A); the unshared pair oscillate from one side

of the RIRZR3 plane to the other.!12 Geomerric constraints, however, do not

permit nitrogen inversion in amines where the nitrogen atom occupies a bridgehead,

"such as compound (206).

Rl Rl
AN CH
R%Iu--- N @N{.nuRz N?:@/ 3
(205) T (206)
R 3
(A)
Scheme 14

The rate of inversion varies over a considerable range depending on the

nature of the substituents attached to nitrogen. In ammonia, primary, and

secondary amines, the rates of inversion are too fast to be seen by NMR. For NH3

i ol
0
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there are 2 x 1011 inversions every szcong and this rapid inversion in gas phase has
been auribured to the tunneling.!!3 The inversion is less rapid in substituted

ammonias. 114

H3N H3CN H2 \F3
(207) (208) (209)
Inversion barrier 24 20 209
(kJ/mol)
H
Nrj H3C>A\r O\z
H,C” RN :
3 HSC CH3 l CH3
CH;
(210) (211) (212)
Inversion barrier 29 4 57
(kJ/mol)
COzMC
o]
\N N sze
g CH07 "0 %y
(213) (214)
a, R = CHj; b, R = [CH(CHj3),}
Inversion barrier 65 62 126
(kJ/mol)

Scheme 15

Nitrogen inversion barriers for several amines have been listed in Scheme
15. Nitrogen trifluoride!!5 has much higher inversion barrier than than that of
ammonia or methylamine.!16 While N-methylpyrrolidine (210) has an inversion
barrier of 29 kJ/mol,117 the N-methylisoxazolidine (213), in contrast, has a
considerable higher barrier of 65 kJ/mol.!18 Inversion barrier increases

considerably when the nitrogen is a part of 3-membered ring such as 1,2,2-
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wimethvlaziridine (211).117 Among the cyclic amine listed in the Scheme 15, the
isoxzzolidine (214), with two heteroatoms attached to nitrogen has the highest
inversion barrier and therefore the compound (214) and its invertomer has been
separated successfully.119

The effect of various types of substtuents and ring size has been explained
in molecular orbital terms.120.121 A g donor or an electronegative subsituent
smongly favours the pyramidal structure over the planar and thus inversion barrier
is raised. In the three-membered ring, the nirogen inversion occurs very slowly.
The bond angles at nitrogen in the planar mansition state deviate greatly from the
normal bond angles. The combined effects of small ring size and heteroatom
substituents are amply demonstrated in N-chloro-2,2-dimethylaziridine (215) and
(216). The cis- and rrans- isomers have been separated successfully and they have

been shown to have nonequivalent substituents at room temperature and even at

1200C.122
Me 1
/ ve o
N N
(215) (216)

If two heteroatoms are present, even the three-membered ring is no longer
necessary. Thus, cycloaddition of nitronic ester (217) and (218) with
acrylonitrile, under kinetic control, gave the adduct (219) and (220),

respectively (Scheme 16). Under the experimental conditions the adduct (219)
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does not interconvert to its nitrogen invertomer (220).123.12% Both enantiomers of
the oxaziridine (221), which is optically active solely because of an asymmetric

nitrogen atom, have been prepared.125

(221)

A w acceptor substituent strongly favours the planar geometry and lowers
the inversion barrier. Thus, no temperature dependence in NMR spectra is noted

for the compound (222) which prefers the planar geometry.126 Another aziridine

(223) with a © acceptor substituent has been found to have a relatively low

inversion barrier of 42 kJ/mol.127
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Nitrogen inversion barrier in the isoxazolidine (224), a nitrone
cycloaddition product, is large enough to be observable by dynamic nuclear
magnetic resonance spectroscopy. The isoxazolidine (224) interchanges between

the invertomers at a rate of ca. 10 s-! at 300C.128

(224)

The addition products of nitrone (19) with alkene (200) can, in principle,
exist in three different conformations, the rrans conformer (A) and the cis pair
(B) and (C) (Scheme 18). While the cis pair is in rapid equilibrium by chair
inversion (Cj), one of the cis conformers, (B), is converted into the trans

conformer by a relatively slow nitrogen inversion process (Nj). The study!36 on
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the cycloaddition products of nitrone (16), which lacks an oxygen atom in the ring
skeleton of the six-membered ring, indicated the overwhelming preference for the
trans conformer. The orientation of the lone pair of electrons on nitrogen holds the
key for the selection of regiochemical course in the peracid induced ring opening of
nitrone (16) cycloaddition products to generate a second generation of nitrones!37
(see Chapter 6). Conformational analysis of the cycloadducts (201) is of both
theoretical and practical importance. Hence, we undertook a systematic study to
determine the ¢cis < trans equilibrium constant (K) and nitrogen inversion barrier
for several cycloadducts (201) by NMR spectroscopy. The compounds studied

are shown in Table 3.
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TABLE 3 : Cycloadducts Studied for Conformational Analysis.

Isoxazolidine R1 R? R3 R4
(201a) H Ph H H
(201b) H CH-OH H H
(202b) CH,OH H H H
(201e) CH,0H CHj3 H H
(201f) CO,>CH3 CH3 H H
(201g) H CH3 CO,CH3 H
(201h) H Ph CO2CH3 H
(201i) H CO>CH3 CO»CH3 H
(202j) H CO,CH3 H CO,CH3
(201L) H CH,OCOCH3 H H
(201m) CH2,0COCH3 CHj3 H H
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5.2 Results and Discussion

The 13C NMR spectra of all compounds investigated, except (201b),
showed broad peaks slightly above ambient temperature. On lowering the
temperature, the spectral lines sharpened and showed the presence of two distinct
isomers. The 13C NMR chemical shifts of compounds (201) were assigned on the
basis of the data!36 on isoxazolidines obtained from nitrone (16) reactions, general
chemical shift arguments and consideration of substituent effects, and are given in
Table 4.

The 13C chemical shifts of C-2, C-3, C-4, and C-8 of isomers of (201) are
similar to those of the isomers obtained with nitrone (16) with corresponding
substituents. However, the major isomer in case of nitrone (19) adducts showed
similar chemical shifts to those of the minor isomer of nitrone (16) adducts, and
the minor isomer of nitrone (19) adducts showed similar chemical shifts to those of
the major isomer of nitrone (16) adducts. The major isomer of nitrone (16)
adducts was shown to be the trans isomer from X-ray diffraction*7 and chemical
shift data. So it follows that the major isomer of (201) should have the cis
conformation (B) and (C), whereas the minor isomer should have the trans
conformation (A). This assignment is further supported by low temperature 1H
NMR studies (see section 5.2.2). The chemical shifts are given in Table 4.

In any one compound, we studied, the carbons of the cis isomer are more
shielded than the corresponding carbons of the trans isomer, excepting the C-2
which is less shielded in the cis isomer. The axial oxygen substituent of the
morpholine ring in the cis conformer (B) will have y-gauche interactions with C-5
and C-7, whereas the axial -CHj- substituent of the cis conformer (C) will have %
gauche interaction with C-8, leading to shielding. This provides further evidence

that the major isomer is indeed the cis pair.



TABLE 4 : 13C NMR Chemical Shifis® of Adducts (201).

Componnd -2 C.3 C4 C.§ C-7 C-8 Other®
cis 7836 3730 59.62 65.00 6487 4956 114201 °128.16 P127.34 ™125.98

(201a)
trans 7732 38.60 64.90 69.67  69.52 5542 14053 °127.56 P127.34 ™126.48

(201h) 7795 3023 59.84 65.21 64,77 49,67 CH,- 63.78
civ 7995 31.58 5840 65.33 64.89 57.03

(202h) CHa,- 65.23
rans 7624 32.06 63.90 6991 65.23 55.53
ciy 8427 1716 58.60 68.32  64.07 51.10 Me- 2432

(201¢) CHj - 69.65
rrans 8046 3836 64.99 69.60 6557 55.48 Me. 2242
cis 8076  52.64 63.25 64,76  63.79 4933  1139.64 ©128.53 P128.11 ™12641 CO-172.56

(2010 OMe- 56.38
trans 7997 S5.78 65.04 68.16  67.06 5229 13848 °©128.38 P128.11 ™126.41 CO-170.93
civy 76,68 5242 60.90 62.86 6286 49.80 CO - 170.04, 170.68; Me 52.81

(201g)

i trany 76,10 56.15 64.62 68.32  65.21 51.75 CO- 169,70, 16.51; Me 52.63

cisy 7528 5247 62,67 6490  63.84 49.08 CO-173.16 Me-19.70

(201h) MeO - 54.23
tray 7473 55.66 64.80 68.03 66.62 52.11 C0O-17132  Me-19.12
civ. 7465 3145 59.15 65.70  65.09 49.78 CO. 170.75 ,

(2011.) CH; - 64.57 ,
trany 7335 3395 65.10 69.60 69,52 55.68 CHj - 20.70
vis 8200 3794 64.15 68.76  64.88 51.02 Me-24.79 cO - 17090

(20tm) CHa- 65.16
trans 18414 4012 61.67 6986  69.09 55.51 Me-24.84 CHy- 24.65

a, i ppin relative o interal TMS wt -25 oC,

b, i, 0, p, m, refers 0 ipso, ontho, para, metn carbons of the pheny! group,
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Where we observe only one isomer throughout the temperature range -30°C
to +50°C as in the (201b), the ring carbon shifis match those of the cis (major)
isomer. So we conclude that {(2061b) exists in the cis conformaztion 2lmost 100
percent, since the cis conformaron is generally preferred over the frasns in these
systems. The additiona! s:abiliry rendered by the intramolecular N:--H-O hydrogen
bonding, possible only in the cis conformation of (201b), compictely preciudes
the presence of any rrans conformer for this compound. Imporiance of the
intramolecular H-bonding is further demonswated in the methyl allv] zlcohol adduct
(201e), where the major isomer is found to be the zrans isomer from the chemical
shift data. The intramolecular H-bonding in (201e) is possible only in the trans
conformation and hence this conformer predominates. The corresponding
compound of (201e) in the isoxazolidine series of nimone (16), exists in solution
exclusively as the trans conformer, whereas the corresponding compound of
(201b) in the series of nitrone (16) adducts, showed the presence of two isomers.

While the adduct (201b) remains exclusively in the cis form because of the

stabilizing N:--H-O bonding, the corresponding acetyl derivative (201L) does not

H ocm,

N

(201b) (201e)

enjoy such stabilization, as such the trans form of (201L) exists to some extent.
Changing the methyl allyl alcohol adduct (201e) to its acetyl derivative (201m),
results in the cis/trans ratio changing from 18 : 82 to 50 : 50. The N:--H-O

bonding which is possible only in the trans form of (201¢) allows this adduct to be
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the predominant conformer. All th2sz evidences support the fact thar the cis
conformation of zll adducts (201}. with the exception of (201le), are
thermodvnamically more stable than the raxs conformation, whereas in the adducts

of nirone {16), the opposite 1s Tue.

5.2.1 Nitrocen Inversion

13C NMR spectra show well s2pzrz:2d signals for the two isomers; the rrans
conformer and the cis pair down to -30°C. Integradon of relevant peaks gives the
population wends in these systems. Iz the YH NMR spectrum, the C-2 proton
shows distinct peaks for the two isomers at low temperatures. Equilibrium
constants for the cis & rrans isomerizadon were calculated from the integration of
1H NMR and 13C NMR peaks and the values are reported along with the
corresponding AGP© values at 298 K in Table 5.

To measure the barrier to nitrogen inversion, the coalescence temperature
method could not be used as the populztons for the two exchanging sites are
widely different. Hence, a complete band-shape analysis, corresponding to 2 non-
coupled two-site exchange with unequal populations was employed. The C-2
protons offered convenient signals to study the band shapes with variable
temperatures, as these signals are away from any overlapping signals and show
only first order couplings. The methyl methacryvlate adduct (201f) does not have
C-2 protons, however, the methyl protons at C;Z were singlets and the band shape
of these were used in the analysis. The methy! allyl alcohol adduct (201e) also
does not have protons at C-2 and there were no well separated methyl proton
signals for the two isomers. In order to overcome this difficulty, the band shape of

the ring carbon resonances of (201e) were utilized. For this purpose three ring
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carbon signals were used at each temperature and the rate consianis obizined are an
average of three calculated values.

Ob:aining accurate exchange rate constants by fitting NMR band shape is
well known to be fraught with difficulties, and considzraple errors in
thermodynamic parameters AH* and AS* if Eyring plots are used. 138 In fact many
of the errors are systematic in nature, and those resultng for AH= 2nd AS® are often
mutually compensatory so that AG* is berter defined near e coalescence
temperature. Although AH™ and AS* were obtained, we put litde significance on
them for reasons stated above, and are not reported herzin. The AG® values
calculated for +25°C (near coalescence temperature) are reported in Table 5. (In
making use of Eyring plots, it was assumed that the wansmission cozificient was
unity).

The nitrogen inversion barrier is expecied to be high when an oxygen atom

is directly attached to the nitrogen as in isoxazolidines.!139 A high inversion barrier

of 65.3 kJ/mol has been reported140 for éHzCHgCHg O;\l’(Me) in
deuterochloroform. For the adducts of nitrone (16),136 the nitrogen inversion
barriers are in the range of 63.2 to 69.0 kJ/mol. The nitrogen inversion barriers
determined in this study are in the range of 66.3 to 72.9 kJ/mol. The dara indicate a
slight increase in barrier in going from nitrone (16) adducts to nitrone (19)
adducts. The structural change of introducing an oxygen atom in the six-membered
ring may lead to an increase in barrier. The similarity in the range of values further
confirms that we are indeed measuring the nirogen inversion barrier rather than the
chair inversion barrier, as the morpholine ring inversion barrier is much lower than

that of piperidine.141
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TABLE 5 : Free Energies of Activation for Nitrogen Inversion, Equilibrium

Constants, and Standard Free Energy Changss for cis == mrans

Isomerization of the Studied Cycloadducts ar 29§ K in CDCl3

Adduct AG#(kJ/mol) cis : trans K AGo(kJ/mol)
(201a) 68.6 80 20 0.25 +3.4
(201b) _ 100 0 0.0 -
(201e) 66.3 18 : 18 4.5 -3.8
(201f) 69.5 90 10 0.11 +5.4
(201g) 66.4 65 35 0.53 +1.5
(201h) 66.6 65 35 0.53 +1.5
(201i) 70.2 83 17 0.20 +3.9
(202j) 72.9 90 10 0.11 +5.4
(201L) NDa 90 10 0.11 +5.4
(201m) NDa 50 50 1.0 0.0

aND : Not Determined.
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3.2.2 Chair Inversion

The efforts136 1o slow down the chair inversion in the series of adducts of
nicone (16) had been unsuccessful even at temperature down to -110°C. This is
also twrue for all compounds studied here except for dimethyl fumarate adduct
(201i). The major isomer signals of (201i) started to broaden as the temperaiure
was taken below -60°C. Further lowering of the temperature resulted in further
broadening of the signal and then reappeared as two sets of peaks of unequal
intensity corresponding to the two cis isomers. The signals of the zrans isomer
remained sharp throughout the low temperature range (Figure 10). The two cis
isomers were in a ratio 1.6 : 1 ar -9350C in CD>Cl3 wherzas in toluene-dg at -95°C
the ratiowas 4.2 : 1.

Detailed band shape analysis of C-2 proton signals of the two cis isomers
was carried out over a temperature range of -80°C 10 -30°C. Using the Eyring's
plot, free energy of activation for the ring inversion from the major cis isomer to the
minor cis isomer was calculated to be 42.7 kJ/mol at -60°C. If we assume the chair
inversion goes through an intermediate twist-boat form, then a transmission
coefficient of 1/2 should be used in the Eyring equation. If we use a coefficient of
1/2, then the AG# has a value of 41.5 kJ/mol at -60°C. The chair inversion barrier
for morpholine has been determined!4! from coalescence temperature (-70°C) to be
41.2 kJ/mol. This further proves that the lower barrier is for the chair inversion
and the higher barrier is for the nitrogen inversion.

In most systems studied here and in the isoxazolidine series of nitrone
(16), chair inversion could not be slowed down in the temperatures accessible in
the NMR probe with common solvents. This may be due to the chemical shifts of
the two cis isomers being not sufficiently far apart and/or the amount of one of the

cis isomers is exceedingly small.
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Figure 10 :

5.2
J /oom

C-2 H signals of dimethyl fumarate adduct (201i) in toluene-dg at
three different temperatures. At -90°C, all three isomers show
distinct peaks; at +25°C, averaged cis isomers and the trars isomer;
at +900C, all three isomers are averaged out. * denotes peaks due to

1mpurities.
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Since the rate of nitrogen inversion is relatively slow at -100°C. we carried
out a study at this temperature using crysizls of the styrene adduct (201a), to
investigate the nature of the conformation in the solid state. To a pre-cooled sample
(-1509C) of CD>Cl3> in an NMR tube, a few crystals of (201a) were added. The
NMR tube was then quickly transfered to the probe maintained at -95°C, and the
spectra recorded at intervals of two minutes. Upto about 10 minutes, spectra
showed the presence of only one isomer; a broad quartet at 6 5.46 corresponding to
the major (cis) isomer, with no peaks at 8 5.04 for the minor isomer. After 10
minutes, the sample was warmed to room temperature and then returned to -93°C in
the probe. The spectrum recorded showed clearly the presence of the minor isomer

20%) (Figure 11). This experiment shows clearly that the styrene adduct (201a)
crystallizes solely in the cis conformation and at -95°C, the rate of interconversion
to trans is extremely slow due to high nitrogen inversion barrier. Since only one
quartet was evident around 8 5.46 for the 2-H, it is possible that only one form of
the cis isomers is present for (201a) or the other form is found only in trace
amounts. This may also explain the inability to slow the chair inversion in many of
the compounds studied here. We feel that the major of the two cis isomers has the
conformation (B), as an oxygen substituent is better tolerated in the axial position

than an alkyl substituent.
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Figure 11: Investgadon of the nature of the conformaton in the solid state of

ihe styrene adduct (201a) by *H INMR at low temperature.



CHAPTER 6

PERACID INDUCED RING OPENING
OF THE ISOXAZOLIDINE

6.1 Introduction

Nitrones generated by peracid induced ring opening of isoxazolidines

marked the beginning of the utilizarion of second generation of nitrones.19:129.130

For example, isoxazolidine (225) upon reatment with peracetic acid gave nitrone

I 7
+
—
(225) (226)

(226). While the cycloadduct (36) upon treatment with m-chloroperbenzoic acid
(m-CPBA) in dichloromethane afforded the less substituted nitrone (37) as the sole
product, !9 the corresponding 6-5 ring fused adduct (227a) gave the mixture of
less substituted (228a) and more substituted nitrone (229a) in a respective ratio of
35: 65.13L,132 However, the adduct (230) afforded the more substituted nitrone
(231) regiospecifically.132 Similar regiospecificity favouring the formation of less

substituted nitrone has been reported for the 5-5 system having various

g3
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substituents. The newly generated nirones have been exploited in the synthesis of

several narural products using a second cycloaddition reaction.19.87.133

m- CPBA
CH,Cl,
(227)
H
N -
/_'—
HO
(230) (231)
a, R=Ph

b, R=CH,0H

The progress in the application of the second generation nitrones in 6-5
series is hampered by the lack of regioselectivity observed in the ring opening

reaction.!31.134,135 Formation of the more substituted nitrone is found to be
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favoured in the 6-5 series. In another series of ring opexning reaction of the adduct
(232) obtained by intramolecular cycloadditon reactiorn, the N-hydroxy compound

(233b) (via the nitrone (233a)) is obtained in excellent vields.129.130

o OH /(l)
hlf ﬁﬁCHz ? N

I
H;C OH

(232) (233a) (233b)

In order to understand this difference in regiochemical behavior in the
peracid induced ring opening of the isoxazolidines, we undertook a study of the
ring opening of several cycloadducts (201) described in earlier sections. The
finding of our study sheds further light on the mechanistic aspects of this ring

opening reaction.
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6.2 Results and Discussion

Regiochemistry of the m-chloroperbenzoic acid ring opening of the
cycloadducts (201) in different solvents are included in Table 6. For the purpose
of comparison, the data for ring opening reactions!32 of the adducts (36) and
(227) (obtained from the corresponding carbocyclic nitrones (15) and (16),
respectively) are also incorporated in the Table.

As is evident from Table 6, the isoxazolidine (36) with 5-5 fused ring
system, upon treatment with m-CPBA in dichloromethane, affords the less
substituted nitrone (37) as the sole product. However, in acetic acid solvent, the
more substituted nitrone (234) becomes the exclusive product.

Quite interestingly, the adduct (227) with a 6-5 fused ring system, gave a
mixture of nitrones (228) and (229) both in dichloromethane and acetic acid. In
each case, the more substituted nitrone (229) becomes the predominant product.

In our study, the regiochemical analysis of the peracid induced ring opening
of the adduct (201a) was hampered due to some unexpected complication. While
the more substituted nitrone (237a) is stable, the less substituted nitrone (235a)
is in equilibrium with the bridged bicyclic hydroxylamine (236a) by
tautomerization (Scheme 19). The 1H NMR spectra of the crude reaction mixture
revealed the presence of three double doublets at 8 5.10, 5.85, and 5.18, assigned
to the benzylic protons of (235a), (236a), and (237a), respectively. The
alcohol proton of (236a) appeared at 8 4.67. Efforts to separate the bridged
tautomer (236a) from the nitrones (235a) and (237a) by rapid silica gel
chromatography were unsuccessful. Although there is a wide difference in Ry
values of (236a) and (235a), a nonseparable mixture of (235a) and (236a) are
eluted. Persumably the tautomerization happens during evaporation of eluted

solvents. Similar tautomerization has been observed in some acyclic nitrone



TABLE 6 : Regiochemistry of the m-Chloro

in Different Solvents.

perbenzoic Acid Induced Ring Opening of the Cycloadducts (201)

% Composition of

5-membered Nitrone

% Composition of
6-membered Nitrone

% Composition of
Heterocyclic nitrone

. S M. 8.b L. S, M. S. L. S. M. S.
(37) (234) (228) (229) (235 + 236) (237)
Solvent  Adduct
CilhCly 100 0 35 65 79 21
a2, R = Ph
HOAc 0 100 35 65 35 65
CHLClp 100 0 27 73 90 ~10
b, R = ClHOIl
HOAc¢ ~() 100 18 82 25 75

L. S. denotes Less Substituted,

bM. S. denotes More Substituted.
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systems.!29:130  The ratio of the isomers (235a + 236a) and (237a) are
approximaied using integration of the benzylic protons. The ratio of the tautomers
(235a) and (236a) was found 1o be 18 : 82, respectively.

To get around the problem associated with the tautomerization, we reated a
crude mixture of (233a). (236a), and (237a) with excess methyl methacrylate
(200f£) at 50°C for 24 h. The proion NMR spectrum of the reaction mixture
revezled the absence of eithier nitrone (2352) or the bridged tautomer (236a).
Instead, the spectrum revealed the presence of the adducts (238) and (239) along
with the unreacted more substituted nitrone (237a) which were then separated by
silica gel chromatography. Precedent literature87-131 and the present work revealed
that the more substituted nitrone remained unreactive under this mild experimental
conditions.

Likewise, the crude reaction mixture containing (235b), (236b), and
(237b), obtained by peracid treatment of the allyl alcohol adduct (201b), was
repeated with excess styrene at 50°C for 24 h. The NMR spectrum revealed the
presence of the single adduct (240) and the unreacted more substituted nitrone
(237b) (see Experimental section). We were able to assess the ratio of nitrones
from the isolated yields of the adducts. The results are included in Table 6.

The behavior of the adducts (201) differs from that of the isoxazolidine
(227). While in dichloromethane the less substituted nitrone is formed
regioselectively, the more substituted nitrone (237) becomes the predominant

isomer in acetic acid solvent.
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CO,Me = A
H H# Ph g —CH0H
(239) 0 -
a, R= Ph
b , R= CHon

Scheme 19
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It is interesting to note that the N-hydroxypyrrolidine (244) and piperidine
derivative (245) upon reatment with HgO in dichloromethane afforded a mixture

of nitrones in each case (Scheme 20). The mixture of nitrones (233a), (237a),

Ho” | >Ph
H
172 (234a)
\
Ko Ph
| HO"
(245) (228a) 72 : 28  (229a)

Scheme 20

and the bridged compound, obtained from peracid reaction of (201a) in methanol,
(236a), on NaBH4 reduction afforded a mixture of hydroxylamines (241) and
(242). While (235a) and (236a) gave (241), the more substituted nitrone
(237a) afforded a mixture of diasteromers (241) and (242). Mercuric oxide
oxidation of a mixture of (241) and (242) in dichloromethane gave a mixture of
nitrones (2352a), (243a), and (237a). While (241) gives (235a) and (237a),
the hydroxylamine (242) may lead to the formation of (243a) and (237a)

(Scheme 21). Initially, the product mixture did not contain the tautomer (236a).



Ph
HO

(237a)

(237a)

56%

Scheme 21

However, within two hours, the NMR spectrum revealed the formation of the
tautomer (236a) (5% of the total products). After 48 h, complete equilibration
took place, the ratio of (233a), (236a), (243a), and (237a) was found to be 6 :

31 : 7 : 56, respectively. The benzylic proton of the additional nitrone (243a)
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appeared at 8 4.93 as a dd. The ratio of the isomers was determined by integration
of the benzylic protons. The ratio of less substituted ((235a) + (236a) +
(243a)) and more substtuted nitrone (237a) was thus found to be 44 : 56,
respecavely.

Although, the peracid induced ring opening of isoxazolidines was known
for over three decades, yet the mechanistic pathway the reaction waverses is still a
matter of speculation.129.130 [t is widely presumed that both the peracid induced
ring opening and HgO oxidation involve the intermediacy of a nitrosonium ion

intermediate (246) (Figure 12) which then tautomerizes to the nitrones.

(CHy

NP
I

0HO

:I:uu>
2]
=

(246)

Figure 12

The difference in regiochemical behavior observed in the peracid induced
ring opening of the isoxazolidines (36) and (227) and (201) seems to be
puzzling. Very recently, a proposed mechanism!32 takes a closer look at the
orientation of the lone pair of electrons on nitrogen which probably holds the key
for a better understanding of the mechanism of peracid induced ring opening of the
isoxazolidine.

Geometric constraints do not permit nitrogen inversion in the isoxazolidine
(36), which must remain cis-fused. However, the 6-5 system as exemplified by
(227) and (201) can exist in three different conformations,!28.132 the trans

conformer (A) (‘ee’) and the cis pair (B) ('ea’) and (C) (ae') (a' and '¢'
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represent axial and equaterial substituents on the six membered ring). While the cis
pair are in rapid equilibrium by chair inversion (C;). one of the conformers (B) is
converied to the trans conformer (C) by a relatively slow nitrogen inversion
process (Nj). While the rrans compound (A) is the favoured conformer in the
piperidine derivative (227), the cis pair is the predominant conformer in the
morpholine series (201). It seems that amine oxide intermediate (36-A) obtained
by peracid oxidation of the adduct (36) would be converted 1o the nitroxonium salt
(36-B) in which the alkoxide ion finds H, in its immediate vicinity. Fast kinetic
deprotonation thus results in the formation of the less substituted nitrone (37) as
the sole product. Of the corresponding amine oxide from the adducts (201) and
(227) only the cis conformer leads to the less substituted nitrones (235 and 228,
respectively) and the corresponding rrans conformer leads to the more substituted
nitrones (237 and 229, respectively) (Scheme 22). As expected, the adduct
(230), which exists only in its trans conformation, leads to the exclusive formation

of the nitrone (231).

H
N o, N7
/ |
=:. O "l‘
/7 ~ HO
HO HO/
(230) (231)

It is evident from Table 7 that the population ratio of the adducts and the
regioisomeric nitrones are quite similar. The high barrier to nitrogen inversion and
the activation barrier for peracid oxidation may be of comparable magnitude. In
such cases, the Curtin-Hammet principle may not apply. As such the ratio of

products would depend on the population ratio of the starting conformers.



Ha H

| e |
3 i .
’4\4\7{\0\2‘//R2 Ni //M\>" . ,\/\

He ——=7 TNZ.

-9 R H 2|
C——R?

(227) '=2! (227) 1221 R

OO\ H
H 1
: Qa
i Re
(201-C)
4‘",*3' H
() e
HW H o
’%\& ‘O\z:/Rz /' b + N H N i
c | b H¢ W\ / \
(o) R -09—’;‘R2 HzQ O j®
R Iy
& w2
(237) (235)

Scheme 22



105

Interestingly, in protic solvents such as acetic acid, the more substituted
nitrones are formed either regiospecifically or regioselectively (see Table 6). This
could be atributed to the fact that the alkoxide ion intermediate (36-A) is
protonated fast and the acid-catalyzed tautomerization of the protonated (36-B)
results in the exclusive formation of the thermodynamic-controlled products, the

more substituted nitrone (234).
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TABLE 7 : Composition of conformers and regiochemisty of m-CPBA induced
ring opening of the isoxazolidines in dichloromethane.

% Composition

¢ Composition

of conformers? of ithe nitrones
Isoxazolidine
cis pair trans L.S.b M.Sc

(36a) 100 0 (37a) 100 (234a) 0
(36b) 100 0 (37b) 100 (234a) 0
(227a) 22 78 (228a) 35 (229b) 65
(227b) 42 58 (228b) 30 (229b) 70
(201a) 80 20 (2335a) 80 (237a) 20
(201b) 100 0 (235b) 90 (237b) .10
ain CDCl3 at 25°C,

bL. S. denotes Less Substituted,

CM. S. denotes More Substituted.



CHAPTER 7

SYNTHESIS OF SOME HETEROCYCLIC NITROXNES

7.1 Introduction

The cyclic nitrones not only undergo addition reactions faster than their
acyclic counterparts, also their cycloadditions are found to be more stereoselecive.
This is mainly attributed to the fact that whereas cyclic nitrones must remain in E-
form, the acyclic counterpart may undergo E = Z isomerization under the reaction
conditions. Such isomerizations lead 1o the stereochemical complication.

It would be interesting to design some special nitrones which would enjoy
the advantages inherent in cyclic system and at the same time the cycloaddition

.product could be changed to open form whenever desired. Keeping this view in
mind, we attempted synthesis of the following type of nitrones. For instance, the

heterocyclic nitrones (249) on addition reaction with methyl crotonate would lead

\q_/o

Z,

(@)
\+)<R
| R

O—

(247) (248) (249)

o
O

-

(@]
~J
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to the formation of the adduct (250) both regio- and stereoselectively. The adduct

would then be converted into (251). a valuable intermediate in the synthesis of B-

lactam antbiotics.6>7

CH,
H b, I;:I H
HO
/—N OH
O/
(251)
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7.2 Results and Discussion

Although the ketonitrone (41) known before is synthesized from the parent
nitrone (16) by SeO» oxidation,20 attempted synthesis of the ketonitrone (247) by
similar procedure from (19) was a complete failure. Repeated wials under different
reaction conditions afforded intractable materials. Then, we atempted to synthesise
2-morpholinone (254) which would then be converted into the desired ketonitrone
(247). Literature searchl43.146.147 revealed that it is indeed a difficult task to
synthesize 2-morpholinone (254). The percentage yield of reported procedures,
varies from 1 to 4% yield.

In our attempts, ethanolamine (252) upon treatment with ethyl
bromoacetate (253) afforded 3-morpholinone (255) (in low vield) instead of 2-
morpholinone (254). Similar results were obtained under several experimental
conditions. Mixture of ethanolamine (252), chloroacetic acid (256), and
concentrated HpSO4 again afforded the undesired 3-morpholinone (255).
Blocking the amino group as HCl salt,148 as in (257), followed by treatment with
chloroacetylchloride, met the same fate, again 3-morpholinone is obtained.

It was anticipated that diethanolamine (258) on oxidation should afford the
intermediate hemiacetal (259) which should give the compound (254) on further

oxidation. However, this turned out to be an unsuccessful venture.
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Next, we focussed our attention on the synthesis of (263) which could be
converted into the nitrone (248). Benzil (260) was converted 1o (262) via (261)
by a known procedure. However, (262) upon weatment with ethanolamine under
varying reaction conditions afforded (264) instead of (263). The result was
puzzling, since the similar reaction of (262) with (265) affords (266) in a

reasonably good yields.149

OH Br
0\"_"/4’ MeOH/MeO Q%COZM _@L,Qﬁ—OOZMe
00 ) ¢
(260) (261) (262)
o) NH/\/OH4 NH,
¢j:, -~ OH v 4
o NH v
0-_0O
(264) o :]
N
) H
(263)
o) OMe HO o) c%]
— F
d’g\: tony Iy
b B CH, CH;
(262) (265) (266)

Finally, we synthesized the amine (269) through the reaction of (267) and
(268). The secondary amine (269) on oxidation with m-CPBA gave the

hydroxylamine (270). Finally, the stage is set for HgO oxidation of the
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hydroxylamine (270) which is anticipated to give the nitrone (273). We

anticipate an exciting outcome of this reacton.

(\ OH OH
NH, = “ N—<—H
2 H ¢

267) (268) (269)
!
(o o
¢ HeO (\ 6
+ =)
s «—
| = o —CH
o ou ¢
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)
(zl\:; ¢  HO %ﬁ‘b
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CHAPTER 8

EXPERIMENTAL

All meltng points are uncorrected. Elemental analyses were performed on a
Carbo-Erba elemental analyser 1106. IR specra were recorded on a Nicholet 5
DBX FT IR and are reported in wave numbers (cm-!). The 1H NMR spectra were
recorded on a Brucker AC-80 NMR spsctrometer operating at a proton frequency of
80.0 MHz using deutereochloroform as =olvent and TMS as internal standard. A
Varian XL-200 NMR spectrometer operating at a proton frequency of 200.0 MHz
was also used to record 1H and 13C NMR spectra. Plastic TLC cards, coated with
silica gel, with fluorescent inciicator (Eastmnan, No. 6060) were used to monitor the
reaction progress, and to determine appropriate solvent system for elution. Silica

'gel chrmatographic separations were performed with flash silica. All solvents were
reagent grade. The 4-hydroxymorpholine and all the liquid alkenes were distilled
before use. The nitrone (19)'solution in dichloromethane was kept in the freezer in
order to avoid any polymerization . The formation of the nitrone was assumed to
be quantitative in the percentage yield calculations for the subsequent
cycloadditions. Cycloaddition reactions were carried out under a positive pressure

of nitrogen.
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8.1 Cycloaddition Reactions of the Nitrone (19)

with the Alkenes (200)

8.1.1 4-Hydroxymorpholine (18)

4-Hydroxymorpholine (18) was prepared by the oxidation of morpholine.
To a stirring sample (62.79 ml, 62.73 g) of morpholine cooled in an ice bath was
added 100 ml of 30% hydrogen peroxide. The addition was carried out over a
period of 25 minutes maintaining the temperature of the mixture below 10°C. After
complete addition of hydrogen peroxide (ca. 30 min), when the temperature
exceeded 500C, the flask was immediately immersed in the ice and H20. The
mixture temperature continued to raise to 90°C and the reaction mixture was slowly
brought to room temperature. An ample amount of anhydrous potassium carbonate
was added to the mixture in order to salt out the 4-hydroxymorpholine. In a
separatory funnel, the organic layer was collected, and the agueous layer was
extracted with dichloromethane (4 x 30 ml). The extracts were collected and dried
over anhydrous sodium sulfate. The organic layer and extracts were evaporated on
the steam bath. The product was then subjected to fractional distillation. Unreacted
morpholine distilled at 65-70°C and 65 mm Hg, and the 4-hydroxymorpholine
(18) was collected at 10 mm Hg over a boiling range of 78-100°C and was

redistilled to give 19 g (bag 90-93°C).

8.1.2 3.6-Dihydro-1.4-oxazine 4-oxide (19)

Preparation of the nitrone (19) was accomplished by the oxidation of 4-
hydroxymorpholine. The oxidant, yellow mercuric oxide (40.0 g, 185 mmol) was
added portion wise to a stirred solution of 4-hydroxymorpholine (18) (6.00 g,
58.2 mmol) in CH2Clj (200 ml) at 0°C under an N3 atmosphere. Within minutes

after HgO addition, the reaction mixture became grayish, presumably due to
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liberation oI Hg znd formation of mercuric salts. Stirring was continued for an
additional 0.3 it a: 0°C. Reacton completion was checked by TLC (silica gel, ethyl
acetate). Suificient amount of magnesium sulfate anhyvdrous was added to the
mixture after which it was filtered through a bed of MgS04. Cold (0°C) CH,Clh
was used to wash the bed and the filate was collected in an ice-cooled flask. The
nitrone (19) soiuion in dichloromethane was kept in the freezer in order to avoid
any polymerizzdon. The formation of the nitrone was assumed 1o be quantitative.
The percentage vield calculations for the subszquent cycloadditions were based on
this assumpuon.

The nitrone (19) for the kinetic runs was prepared by HgO oxidation of 4-
hydroxymorpholine (18) in CDCl; at 0°C. 6y (CDCl3) : 3.6-4.10 (4H, m), 4.42
(2H, m), 7.15 (1H, m); 8y (D20, DSS) : 3.85 (CH, m), 4.10 (2H, apparent t, J
6.0 Hz), 4.55 (2H, apparent q, J 2.5 Hz), 7.52 (1H, hept, J 1.5 Hz).

8.1.3 2-Phenylperhydro-1.2-0xazolo[3,2-cloxazine (201a)

A solution of the nitrone (19) (5.0 mmol) and styrene (3.0 cm3) in 25 cm3
of dichloromethane was stirred at room temperature (20°C) for 18 h. The progress
of reaction was monitored by TLC. After the completion of reaction, the solvent
and excess styrene were removed by a sweam of nitrogen. The crude residue was
purified by silica gel column chromatography using 1 : 1 hexane-ethyl acetate
mixture as the cluant to give the adduct (201a) (852 mg, 83%) as colorless
crystals, m.p. 100-101°C (dichloromethane-hexane). (Found : C, 70.39; H, 7.48;
N, 6.97. C12H5NO3 requires C, 70.22; H, 7.37; N, 6.83%); Vmax.(KBr) 2975,
2920, 2864, 1457, 1386, 1322, 1271, 1249, 1150, 1121, 1109, 1033, 963, 904,
859, 761, and 704 cm-!; 8y at 25°C : 2.13 (1H, ABMX, J 4.0, 7.0, 12.0 Hz),
2.25-4.20 (8H,m), 5.06 (0.2H, br), 5.41 (0.8H, dd, J 4.0 10.0 Hz), 7.40 (SH,

m).



8.1.4 Isomers of 2-Hydroxvmethviperkydro-1.2-0xazolo

[3.2c][1.4]loxazine  (201bhi-(2025)

Allvl aicohol (5.0 cm3) was added to 2 solution of the nitrone 119} {3.0
mmol) in 25 cm® of dichloromethane. The reaction mixture was stirred a: room
temperature (20°C) under a posidve pressure of nitrogen for 72 h. Trin layver
chromatography was used to monitor the reaction. Thereafter, a sweam of nizogen
removed the solvent and excess allyl zlcchol. Column chromatography of the crude
reaction mixture over silica gel using ethyl ace:ate as eluant gave a non-separzble
mixture (700 mg, 88%) of the two isoxazolidines (201b) and (202b)..
Crystallization of the chromatography product provided the major isomer (201b)
as colorless crystals, m.p. 67-68°C (dichloromethane-ether) (Found : C, 52.70; H,
8.36; N, 9.03. C7H13NO3 requires C, 52.80; H, 8.23; N, 8.80%; vmax.(KBr1)
3200, 2957, 2864, 1462, 1273, 1255, 1153, 1118, 1098, 1062, and 994 cm-1; 8y
at 220C : 2.16 (1H, m), 2.42 (1H, m), 3.02 (2H, m), 3.26-4.26 (8H, m), and
4.50 (1H, m). The ratio of the cycloadducts (201b) and (202b) was determined
by converting them into the corresponding acetates (201L) and (202L) (vide
infra). Estimation of the ratio was based on the integration of the acetyl protons'

signals.

8.1.5 Isomers of Methyl Perhydro-1.2-oxazolo[3.2-
[l.4loxazine-2- and -3-carboxylate (201c)-(204c)

To a stirred solution of nitrone (19) (5.0 mmol) in 25 cm3 of
dichloromethane, was added 3.0 cm3 of methyl acrylate (200c). Stirring
continued under a positive pressure of nitrogen and at room temperature for 10
minutes. Completion of the reaction was ensured by TLC. The crude reaction
mixture was freed from the solvent and excess methyl acrylate by a stream of

nitrogen. A portion of the crude mixture of the cycloadducts (201c)-(204c) was
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treated with hithium aluminium hydride. This reduction reacdon zfforded 2 mixtre
of the adducts (201b)-(204b). On acetrylation with ace:ic anhvdride the later
adducts gave the corresponding acetates (201L)-(204L).

Another portion of the adducts was purified by column chromatography
over silica gel. A mixture of 1 : 1 dichloromethane-ethyl aceiate was used as the
eluant. The process provided the adducts (201c)-(204c) from which the adduct
(201c) crystalized on long standing in the freezer, m.p. 39-40°C
(dichloromethane) (Found : C, 51.27; H, 7.07; N, 7.69. CgHj3NOz requires C,
51.33; H, 7.00; N, 7.48%). Following data describes IR and NMR spectrum of
the purified mixture of the adducts (201¢)-(204c¢) : vax (near) 2975, 2880,
1741, 1457, 1438, 1272, 1211, 1124, 1112, and 1081 cm-}; 8y at 229C : 2.02-
2.70 (2H, m), 2.96-3.30 (2H, m), 3.36-4.02 (8H, m, including methyl singlet at &
3.78), 4.50-4.85 (1 H, m, with a major dd at 6 4.80 (J 5.0, 9.0 Hz)). Minor
signals at 6 4.0-4.50 were atwributed to the C-2 protons of the minor regiomers

(203c) and (204c).

8.1.6 Isomers of Perhydro-1.2-oxazolo[3.2-c][1.4
oxazine-2- and -3-carbaldehyde (201d)-(204d)

To a solution of the nitrone (19) (5.0 mmol) in 25 cm3 being stirred at 0°C,
was added 1.5 cm3 of acrylaldehyde (200d). After 10 minutes, the
dichloromethane was evaporated from the reaction mixture with a stream of
nitrogen. Then, absolute methanol (15 cm3) was added to the reaction flask,
followed by addition of sodium borohydride (1 g, 26.4 mmol). A volume of 10
cm3 of distilled water was added to the above mixture, which was then saturated
with potassium carbonate and extracted with CHoCla. The extract was dried over
anhydrous NapSOg4 and the solvent was removed by a stream of Na. Afterward,

the product was purified by column chromatography over silica gel eluted by ethyl
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acetate. A sample (404.4 mg, 2.54 mmol) (67% yicld in two steps) of the alcohol
adducts (201b)-(204b) was recovered from the chromatographic purification.

A portion of the purified adducts (201b)-(204b) was treated with acetic
anhyvdride over one night at room temperature. This weatment gave the acetates
(201L)-(204L), vmax (KBr) 2960, 2865, 1740, 1675, 1450, 1365, 1235, 1125,
1087, 1035, 850, 788, and 727 cm-l; 8y at 22°C : 2.00 (1H, m), 2.06, 2.08,
2.11, 2.13 (3H, four singlets), 2.50 (1H, m). 3.08 (2H, m), 3.32-4.42 (7H, m),
4.62 (1H, m). The singlets at § 2.11, 2.13, 2.06, and 2.08 were assigned to the
C-2 acetyl protons of the adducts (201L)-(204L}) respectively. The ratio of the
adducts (201L)-(204L), hence that of (201d)-(204d) was approximated by

integration of these singlets, and was found to be 48 : 29:12: 11, respectively.

8.1.7 Isomers of 2-Hydroxymethyl-2-methylperhydro-1.2-

oxazolol3.2-c][1.4loxazine (201e)-(202¢)

A dichloromethane solution (25 cm3) containing the nitrone (19) (5.0
mmol) and methyl allyl alcohol (200e) (5.0 cm3) were mixed and stirred at room
temperature (20°C) for 72 h. Removal of the solvent and excess alkene was
achieved by a stream of nitrogen. The crude reaction mixture was chromatographed
using 1 : 1 hexane-ethyl acetate mixture as eluant to give a non-separable mixture of
the adducts (201e) and (202¢) (710 mg, 4.10 mmol, 82% yield) from which the
major adduct (20le) was obtained as colorless crystals, m.p. 70-71¢C
(dichloromethane-hexane) (Found : C, 55.39; H, 8.88; N, 8.23. CgH;5NO3
requires C, 55.47; H, 8.73; N, 8.09%); ¥max.(KBr) 3329, 3238, 2972, 2930,
2884, 1471, 1461, 1448, 1386, 1272, 1135, 1064, 1031, 899, 859, 773, and 702
cm-!; 8y at 26°C : 1.25 (3H, s), 1.80-2.84 (3H, m), 3.06-4.18 (SH, m). Minor

singlets at 8 1.40 was assigned to the minor isomer. The ratio of the adducts
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(201e) and (202e) was determined by integration of the C-2 methyl signals. and

was found to be 91 : 9.

8.1.8 Isomers of Methvl 2-methvilperhvdro-1,2-o0xazolo

[3.2-c][I 4]oxazine -2-carbaxvlate (201f)-(202f)

To a stirred solution of the nirrone (19) (5.0 mmol) in 25 cm3 of
dichloromethane, was added 3.0 cm3 of methvl methacrylate (200f) at 20°C. After
stirring for 3 h under a Ny atmosphere, the solvent and excess alkene were
evaporated by a sream of nirogen. Purification of the crude cycloadducts was
achieved by column chromatography over silica gel using 1 : 1 hexane-ethyl acetate
mixture as eluant. A non-separable mixture of the isomers (201f) and (202f) was
afforded , from which the major adduct (201f) was obtained as colorless needles,
m.p. 59-60°C (ether) (Found : C, 53.76; H, 7.72; N, 7.21. CgH15NO4 requires C,
53.72; H, 7.51; N, 6.96%); vmax.(KBr) 2975, 2845, 1730, 1480, 1467, 1448,
1437, 1304, 1253, 1183, 1138, 1078, 884, and 693 cm-1; 8y at -50C : 1.55 (0.9 x
3H, s), 1.86 (0.1 x 3H, s), 2.14 (1H, appeared. q, J 6.0 Hz), 2.48 (1H, m), 2.74-
3.22 (3H, m), 3.34-4.16 (4H, m), 3.83 (3H, s). The NMR spectrum of the crude
mixture revealed the C-2 methyl of the minor isomer at 8 1.62 (s). The ratio was

* determined tobe 95 : 5.

8.1.9 Isomers of Methyl 2-methylperhydro-1,2-oxazolo
[3.2-¢c]l[1.4]oxazine3-carboxylate (201g)-(202
A solution of nitrone (19) (5.0 mmol) in 25 cm3 of dichloromethane was
stirred at 20°C with 3.0 cm3 of methyl crotonate (200g) under Na-atmosphere for
18 h. A stream of nitrogen into the reaction mixture removed the solvent and excess
alkene. The residue was chromatographed with ethyl acetate as eluant, which gave a

non-separable mixture of the adducts (201g) and (202g). The major adduct was
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crystallized from the adduct mixture on standing in the freezer, m.p. 35-36°C
(dichloromethane-hexane) (Found : C, 33.82; H, 7.64; N, 7.10. CoH;5NO4
requires C, 53.72; H, 7.51; N, 6.96%); vmax. (KBr) 2954, 2859, 1734, 1458,
1396, 1286, 1218, 1202, 1128, 1025, 944, 847, and 728 cm-}; 8y at 20°C : 1.36
(3H, d, J 6.0 Hz), 2.50-4.24 (8H, m), the C-3 H appeared at 8 2.94 as a dd (J 6.0,
9.0 Hz), 3.76 (3H, s), 4.53 (0.35H, quint., J 6.0 Hz), 5.04 (0.65H, quint, J 6.0
Hz). The C-2 methyl of the minor isomer appeared at § 1.50 (d, J 6.0 Hz). The

ratio of the major and minor isomers was 96 : 4, respectively.

8.1.10 Isomer. Methyl 2-phenylperhydro-1.2-oxazol
3.2-c]f1.4]Joxazine3-carboxylate (201Ih)-(202h

Methyl cinnamate (8.0 mmol) was added to a stirring solution of the nitrone
(19) (5.0 mmol) in 25 cm3 of dichloromethane. The reaction was stirred at 40°C,
under a positive pressure of N» for a period of 72 h. The solvent and excess alkene
were removed by a stream of nitrogen. Chromatography using 1 : 1
dichloromethane-ethyl acetate mixture as eluant, gave the adducts (201h) and
(202h). Crystallization afforded the major adduct (201h) as colorless crystals,
m.p. 86-87°C (dichloromethane-hexane) (Found : C, 64.03; H, 6.61; N, 5.58.
C14H17NO4 requires C, 63.86; H, 6.51; N, 5.32%); Vmax.(KBr) 2985, 2957,
2883, 2864, 1734, 1455, 1263, 1208, 1179, 1088, 987, 852, 783, and 704 cm’};
dy at -309C : 2.85-4.45 (8H, m), 3.78 (3H, s), 5.52 (0.35H, d, J 5.0 Hz), 6.01
(0.65H, d, J 6.5 Hz), 7.45 (5H, m). The singlet at 8 3.81 was assigned to the
methoxycarbonyl protons of the minor isomer (202h). The ratio of (201h) and

(202h) was found to be 94 : 6, respectively.
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8.1.11 Isomers of trans-Dimethviperhvdro-1,2-oxazolo

[3,2-c][1.4]oxazine-2.3-dicarboxylate (201i}-(202¢)

Dimethyl fumarate (6.0 mmol) was added 10 a solution of nitrone (19) (5.0
mmol) in 25 cm3 of dichloromethane. The reaction mixture was stirred at room
temperature (20°C) under 2 positive pressure of N2- After 30 minutes, the solvent
and excess alkene were removed by a stream of Np. The non-separable mixture of
adducts (201i) and (202i) was purified by silica gel chromatography using 1 : 1
hexane-ethyl acetate mixture as the eluant. The major adduct (201i) was separated
by repeated crystallization, m.p. 69-70°C (dichloromethane-hexane) (Found : C,
49.13; H, 6.27; N, 6.01. CjoH1sNOgrequires C, 48.97; H, 6.17; N, 5.71%);
Vmax, (KBr) 2960, 1787, 1728, 1428, 1379, 1293, 1220, 1124, 1091, 1045, and
1027 cm-l; 8y at +220C : 2.60-4.35 (8H, m), 3.78 (3H, s), 5.06 (0.17H, 4, J 5.0
Hz), 5.24 (0.83H, d, J 5.0 Hz). The C-2 H of the minor isomer (202i) appeared
at 8 4.87 (0.25H, d, J 5.0 Hz) and 8 4.97 (0.75H, d, J 8.0 Hz). The ratio of the
adducts was determined by integration of the C-2 proton signals, and found to be

82: 18.

8.1.12 Isomers of cis-Dimethylperhydro-1,2-0xazolo
2-c][1.4]oxazine-2,3-dicarboxylate (201j)-(202j

A sample of 7.0 mmol of dimethyl maleate (200j) was added to 25 cm? of
dichloromethane containing 5.0 mmol of nitrone (19). Stirring of the reaction
mixture was continued at 20°C for 12 h. A stream of nitrogen, removed the solvent
and excess alkene from the reaction mixture. Chromatographic purification of the
product residue with 1 : 1 hexane-ethyl acetate as eluant yielded a non-separable
mixture of the adducts (201j) and (202j) in 82% yield, from which the major
adduct (202j) was obtained as colorless plates, m.p. 70-719C (dichloromethane-

hexane) (Found : C, 49.23; H, 6.28; N, 5.83. CjoH15NOg requires C, 48.97; H,
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6.17: N, 5.71%): vmax (KBr) 3013, 2985, 2948, 2873, 2843, 1761, 1737, 1437,
1331, 1222, 1125, 1088, 982, and 860 cm-1; 8y at -30°C : 2.90 (1H, m), 3.28
(1H, m), 3.40-4.20 {(6H, m), 3.76 (3H, s), 3.80 (3H, s). £.80 (0.10H, d, J 9.5
Hz), 5.13 (0.90H, d. J 10.0 Hz). C-2 H of the minor isomer (201j) appeared at
6 4.84 (0.8H, d, J 9.0 Hz) and 492 (0.2H, d, J 10.0 Hz). The ratio of the
conformers and diastereomers was determined by integrztion of the C-2 proton

signals.

To a stirred solution composed of nitrone (19) (5.0 mmol) dissolved in 25
cm3 of dichloromethane, was added 4.0 mmol of maleic anhydride (200k). The
reaction was performed in moisture-free condition under positive pressure of Nj.
Stirring was continued for 20 minutes. The crude reaction mixture was divided into
two portions. One portion Was stirred with methanolic HCI (5 : 3, w/w) (5 cm3).
After 12 hours of stirring at 20°C, the volume of the reaction mixture was reduced to
5 cm3 by removal of the solvent with a Na-stream. Ten cm3 of H20 was added to
the reaction flask, and the mixture was extracted (2 x 20 cm3) with 1 : 1 hexane-
ethyl acetate mixture. The aqueous layer was then saturated with K2CO3 and
extracted with CH2Cl; ( 3 x 20 cm3). The organic layer was dried over anhydrous
Na3S04. The solvent was removed by a stream of N» to give a mixture of adducts
(201j) and (202j), in the ratio of 8 : 92. The second portion of the crude mixture
was dissolved in dichloromethane and the insoluble material was filtered off. On
concentration, white crystals of the adduct (202k) were obtained, m.p, 137-1399C,
Vmax.(KBr) 2983, 2956, 2909, 2891, 2848, 1866, 1787, 1461, 1424, 1261, 1235,
1220, 1193, 1110, 1055, and 1013 cml; 8y at 35°C (80 MHz) : 3.25-4.10 (8H, m)
and 5.05 (1H, d, J 8.0 Hz). We were unable to obtain a satisfactory elemental

analysis for the adduct (202k), persumably due to its hygroscopic nature.
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8.1.14 Fsomers of 2-Acetoxvmethviperhvdro-1.2-oxazolo

[3.2-cl[1 4]oxazine (201L)-(2021)

A sample (160 mg, 1.0 mmol) of the crude mixture of isoxazolidines

(201b) and (202b) was heated in acetic anhydride (2 ml) at 60°C for 12 h. After
removal of excess acetic anhydride, the residue was purified by silica gel
chromatography using 1 : 1 ethyl acetate-hexane mixture as the eluant. This gave
the acetates (201L)-(202L) (181 mg, 90% yield) as colorless liquid (Found : C,
53.54; H, 7.40; N, 6.85. C9H5NO4 requires C, 53.72; H, 7.51; N, 6.96%);
Vmax.(neat) 2975, 2920, 2864, 1741, 1453, 1371, 1237, 1124, 1045, 974, and
849 cm-l; 8y (CDCl3 at 35°C) : 1.85 (2H, m), 2.11 (3H, s), 2.80-4.00 (7H, m),
4.15 (2H, m), and 4.60 (1H, m). A minor singlet appeared at § 2.13 (3H, s). The

ratio of the two singlets at § 2.11 and 2.13 was found to be 88 : 12.

8.1.15 Isomer 2-Acetoxymethyl-2-methvilperhydro-1,2-
xaz 2-c]f1.4loxazin 201m)-(202m

The isoxazolidines (201e)-(202e) were acetylated by heating a sample
(137 mg, 1.0 mmol) of the reaction mixture of (201e)-(202e) in acetic anhydride
(2 ml) at 60°C for 12 h. After the elapse time, excess acetic anhydride was
removed and the residue was chromatographed using 1 : 1 ethyl acetate-hexane
mixture as eluant to give the corresponding acetates (201m)-(202m) (194 mg,
90% yield) as colorless liquid (Found : C, 55.65; H, 7.83; N, 6.37. C1oH17NO4
requires C, 55.80; H, 7.96; N, 6.51%); Vmax.(neat) 2995, 2883, 1743, 1456,
1374, 1238, 1089, 1043, 902, and 851 cm1; 8 (CDCL3 at 35°C) : 1.32 (3H, s),
1.88 (2H, m), 2.10 (3H, s), and 3.05-4.25 (9H, m).
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8.1.16 Thermal Egquilibration of the Cyclodducts (201i} and (202))

A solution of the adduct (201i) (60 mg) and dimethyl fumarate (200i) (6
mg) in hexadeuterated benzene (0.7 cm3) in a sealed NMR tube was heated at
1200C for 5 h. The ratio of the adducts (2011) and (202i) was found to be 15 :
85. Fumher heating did not change the adduct ratio. Similar thermolysis of the
pure adduct (202j) (65 mg) in presence of dimethyl maleate (200j) (10 mg) in
CgDg for 8 h at 1300C afforded the unchanged adduct (202j). Careful analysis of

the NMR spectra revealed the absence of the minor isomer (201j).

8.1.17 Polymer of the Nitrone (19)

Polymer of the nitrone (19) was prepared as described in the literature!08
with slight modification. Solvent dichloromethane was removed by gently
blowing nitrogen into a solution of the nitrone. The residual gum was triturated
with ether to give the polymer (199) as white powder, m.p. 145-165°C
(decomp.) (1lit.108 m.p. 156-165°C). Unlike earlier report,108 the polymer was
found to be readily soluble in deutereochloroform; 8y 2.50-4.40 (6H, broad
signals), 4.65 (1H, broad signals). The polymer solution also contained minor
amount of the nitrone (19) (~ 10 %) as revealed in the NMR spectrum.

A solution of the polymer (200 mg), as prepared above, in potassium
carbonate-washed chloroform (4 cm3) was treated with methyl acrylate (100 mg)
to trap the nitrone (19). After 10 min, the mixture was added dropwise to ether
(50 cm3). The NMR spectrum of the resulting white polymer (140 mg), again
revealed the presence of the monomer (19) (~5%), thus, indicating the

equilibration between the mono- and poly-meric forms.
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8.1.18 Reaction of the Polviner with Mcthvl Methacrvlate

A solution of the polymer (199) (30 mg) in potassium carbonate-washed
CDCl3 (0.7 cm3) revealed the presence of the poly- and mono-mer in a respective
ratio of 90 : 10 . After 1 day and 7 days at 20°C, the corresponding ratios were
changed to 70 : 30 and 30 : 70, respectively. A solution of the polymer (30 mg)
and methyl methacrylate (200f) (65 mg) in CDCl;5 (0.7 cm3) at 20°C for 14 days
afforded the cycloadducts (201f) and (202f) in almost quanritative vield.



8.2 Kinetics of Cycloaddition Reactions

The !H NMR technique was used in the kinetic study of the cvcloadditions
of nirone (19) onto several alkenes. The NMR spectra for the kinetic runs were
recorded on a Brucker AC-80 spectrometer operating at a proton frequency of 80.0
MHz and in the pulse Fourier transform mode.

A known mass of the investigated alkene was placed in an NMR tube
purged with N3. A suitable volume of the nitrone solution was transfered to a vial
and completely freed from CH2Clz by blowing N2 at 0°C and the residue was then
dissolved in CDCI3. The nitrone in CDCl3 was then transfered to the NMR tube
and sealed immediately. The mixture was thoroughly mixed and quickly scanned
by the NMR spectrometer. The NMR tube was kept at 36 £0.5°C throughout the
kinetic measurements. The initial concentration of the nitrone was determined by
NMR integration and using the known concentration of the alkene. Concentration
of the nirone (19) was kept low to avoid polymerization. The ratio of the
concentrations of the nitrone, alkene, and cycloadducts was determined at various
time intervals by integration of the signals due to 2-H of the nitrone and the olefinic
protons of the alkene. In cases of overlap of signals due to 2-H nitrone and alkene,
other proton signals of the nitrone and cycloadducts were used to determine the
concentration ratio of the reactants. Measurements were continued upto 40-90%
chemical conversion of the alkene. The second-order rate constants kp were
determined by means of the least-mean squares analysis of the data, and was

reproducible within 5-10%.
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8.2.1 Addition of the Nitrone (19) to Allyl Alcohol (200b}

The initial concentration of alivl alcohol = (1) = 0.658 M, and that of the
nitrone = (b) = 0.177 M. The values of In [(a - x) /(b - x)] at various times were as
follows : O min, 1.32; 14 min, 1.48; 45 min, 1.79: 102 min, 2.43; 182 min, 3.29;
202 min, 3.51. The linear regression analysis of this data gives the following :
Correlation Coefficient = 1.00; Slope = 0.0109 min-}; Intercept = 1.32; kp =37.6 x

10-5 1 mol-1 s-L.

8.2.2 Addition of the Nitrone (19) to Methyl Acrylate (200c)

The initial concentration of methyl acrylate (a) was equal to that of the
nitrone (b) = 0.0931 M. The values of 1/[C], where [C] = [nitrone] = [methyl
acrylate}, at various times were as follows : 0 min, 10.7; 1 min, 12.1; 2.58 min,
15.5; 4.58 min, 16.1; 6.58 min, 23.4; 10.83 min, 24.8; 20.08 min, 40.3; 36.18
min, 63.2. The linear regression analysis of this data gives the following :
Correlation Coefficient = 0.997; Slope = 1.44 min-1; Intercept = 11.0; k2 = 2,400 x

10-51 mol-1 s-L.

8.2.3 Addition of the Nitrone (19) to Methyl Methacrylate (200f)

The initial concentration of the nitrone = (a) = 0.0943 M, and that of methyl
methacrylate = (b) = 0.0757 M. The values of In [(a - x) /(b - x)] at various times
were as follows : 0 min, 0.220; 3.50 min, 0.232; 10.67 min, 0.264; 25.50 min,
0.366; 59.83 min, 0.539; 95.67 min, 0.693. The linear regression analysis of this
data gives the following : Correlation Coefficient = 0.998; Slope = 0.00506 min-1;
Intercept = 0.221; ko =453 x 105 L mol't s-1.
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§.2.4 Addition of the Nitrone (19) ta Methyl Crotonate (200g)
The initial concentration of methyl crotonate = (a) = 0.285 M, and that of
the nitrone = (b) = 0.180 M. The values of In {(a - x) /(b - x)] at various times were
as follows : 0 min, 0.482; 45 min, 0.633; 78 min, 0.717; 137 min, 0.810; 198
min, 0.982; 330 min, 1.22. The linear regression analysis of this cdata gives the
following : Correlation Coefficient = 0.995; Slope = 0.00220 min-1; Intercept =

0.520; k2 = 34.9 x 105 1 mol-! s°L.

8.2.5 Addition of the Nitrone (19) to Dimethyl Fumarate (200i)
The initial concentration of dimethyl fumarate = () = 0.0453 M, and that of
the nitrone = (b} = 0.0151 M. The values of In [{a - x) /(b - x)] at various times
were as follows : 0 min, 1.10; 0.97 min, 1.43; 2.13 min, 1.61; 3.63 min, 1.99;
6.13 min, 2.50; 7.63 min, 3.15. The linear regression analysis of this data gives
the following : Correlation Coefficient = 0.992; Slope = 0.251 min!; Intercept =

1.10; ko = 13,900 x 10-5 I mol-1 s°1.

8.2.6 Addition of the Nitrone (19) to Dimethyl Maleate (200j)

The initial concentration of dimethyl maleate (a) was equal to that of the
nitrone (b) = 0.0675 M. The values of 1/[C], where [C] = [nitrone] = [dimethyl
maleate], at various times were as follows : 0 min, 14.8; 1 min, 15.5; 2.50 min,
15.8; 4.25 min, 16.4; 7.00 min, 17.4; 17.0 min, 21.8; 34.83 min, 27.5; 38.08
min, 29.4; 81.67 min, 44.39. The linear regression analysis of this data gives the
following : Correlation Coefficient = 0.999; Slope = 0.363 min-!; Intercept = 15.0;
kg = 605 x 10-5 1 mol-1 s-1,
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8.3 Conformational Analysis of Substituted Perhydro-

1,2-o0xazolo{3,2-c]{1,4]oxazines

The variable temperature 13C NMR spectra were recorded on a Varian XL-
200 NMR spectrometer, operating in the Fourier ransform mode, with digital
resolution of 0.31 Hz at 50.3 MHz. The investigated oxazines (201) were studied
as 50 mg/ml solution in CDCl3 with TMS as internal standard. The spectra were
obtained in the usual way with wide band proton decoupling and off-resonance
decoupling to determine multplicites of signals. Temperature control was achieved
using the XL-200 temperature controller and calibrated using standard chemical
shifts of methanol and glycol for low and high temperatures respectively. The
temperatures were accurate to £0.5°C. 1H NMR spectra were recorded at 200.05
MHz on the same instrurment.

Simulations of exchange-affected 13C NMR spectra were carried out using a
computer program,!42 corresponding 1o a two non-coupled sites exchange with
unequal populations. At least three ring carbon resonances were utilized at each
temperature, and 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.
Simulation of exchange-affected 'H NMR spectra were carried out by modifying
the library two-site exchange program used above. The first-order coupling of the
protons is simply assumed as giving overlapping two-site exchanges with same
population ratio and equal rates of exchange. The intensity at each point is
calculated applying the Hahn, Maxwell, 143 and McConnell (HMM) equation!** for
two-site exchange, for each of the overlapping cases, which are displaced from one

another by certain frequencies corresponding to the coupling constant, and then the
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intensities were summed to give the band shaps at that point. For cases of coupling
10 2 and 3 equivalent protons, approprizte intensity ratios were also taken into
account. Samples of experimental and cairulazad spectra done for determination of
nirogen inversion barrier of the studied zdducts (201) are shown in Figures 19-
24. Figure 25 shows the experimental z2nd simulated spectra of the C-2 H signals

of dimethyl fumarate adduct (201i) dozne ior determination of barrier to chair

inversion.
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the calculated spectra.
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8.4 Peracid Induced Ring Opening

of the Isoxazolidine

8.4.1 Reaction of the Stvrene Adduct (2013} with m-CPRA
and Cvcloaddition Reaction of the Resulfing Nitrones

with Methyvl Methacrvlate

8.4.1.1 Ring QOpening Reaction in CH>Clp

To a cold (-10°C) solurion of the styrene adduct (201a) (403 mg, 1.97
mmol) in CH2Cls (30 ml) was added m-CPBA (90% purity, 2.17 mmol). The
reaciion mixture wag stirrad at -100C under N3 for 30 minutes. The organic laye
was washed with 5% NaHCOj solution (3 x 15 ml). The combined aqueous layer
was extracted with dichloromethane (3 x 30 ml). The combined organic layer was
dried (Na3SO4) and evaporated to give a mixture of (235a), (236a), and (2372a)
in a respective ratio of 14 : 65 : 21 as determined by the integration of the benzylic
protons which appeared at § 5.10, 5.85 and 5.18, respectively. (In a separate
experiment, efforts to separate the bridged hydroxylamine (236a) by silica gel
chromatography using ethyl acetate as the eluant were unsuccessful. A mixture of
the tautomers (2352a) and (236a) were obtained due to equilibration. Extensive
decomposition occurred during chromatography).

To the above mixture of nitrones (obtained in almost quantitative yield) in
CH,Cls (10 ml), was added methyl methacrylate (200f) (1 ml) and six drops of
acetic acid. (It was persumed that the presence of acid would increase the rate of

conversion of the bridged hydroxylamine (236a) to the less substituted nitrone



(233a)). The reaction mixture was heated at 50°C in a closed vessel for 22 h.
After removal of the solvent and excess alkene, the crude reacuon mixiure was
chromatographed. Elution with ethyl acetate afforded the adduct (238) as white
crystals (396 mg, 62.8%); Vmax. (KBr) 3356, 3063, 3033, 2977, 2964. 2943,
2920, 2910, 1749, 1463, 1450, 1438, 1287, 1259, 1241, 1220, 1136, 1118,
1091, 1023, 1004, 912, 856, 768, 748, 738, and 796 c'l; dyat 200C: 1.73
(2H, m), 1.57 (3H, s), 2.14 (1H, dd, J 6.0, 12.0 Hz), 2.90 (1H, t, J 12.0 H2z),
3.00-4.15 (7H, m), 3.80 (3H, s), 5.15 (1H, t, J 7.0 Hz), and 7.30 (3H, m).
Continued elution afforded a mixture of diastereomers (239) (38 mg, 9.2%) as a
colorless oil. The proton NMR spectra revealed the presence of the following
major signals : 1.50 (3H, s), 3.75 (3H, s), 4.95 (IH, m). This was not analyzed
further.

Finally, the more substituted nitrone (237a) was eluted with a 5: 1 ethyl
acetate-methanol mixture to givc colorless crystals (25 mg, 6%); Vmax. (KBr) 3239,
2938, 2881, 2350, 2313, 1634, 1479, 1456, 1438, 1334, 1250, 1170, 1160,
1132, 1107, 1049, 1004, 884, 766, 744, 708, and 624 cm-1; 8y at 20°C : 2.63
(1H, dd, J 7.5, 14.0 Hz), 3.10 (1H, dd, J 3.5, 14.0 Hz), 3.50-4.33 (6H, m), 5.18
(1H, dd, J 3.5, 7.5 Hz), 6.05 (1H, br), and 7.30 (5H, m).

8.4.1.2 Ring Opening Reaction in Acetic _Acid

To a solution of the styrene adduct (201a) (453 mg, 2.21 mmol) in acetic
acid (8 ml), was added the m-CPBA (2.43 mmol). The reaction mixture was
stirred at 20°C for 1 h. After removal of acetic acid by a stream of nitrogen,
dichloromethane (10 ml) and methyl methacrylate (4 ml) were added to the residue.
After heating the reaction mixture at 50°C in a closed vessel for 24 h, solvent and

excess methyl methacrylate were removed. The residual mixture was taken up in
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CH-Cl2 (30 ml) and washed with 3% NzHCOj; solution (3 x 15 ml) to remove m-
chloroperbenzoic acid. The aqueous laver was extracted with CH2Cla (3 x 30 ml).
The combined organic layers were dried (N22SO;) and evaporated to give the crude
adducts (238), (239), and the unreacted niwone (237a). The mixture was
separated by chromatography as described zbove (under (8.4.1.1)) to give the
isomers (238), (239) (37%) and (237a) (48¢). (In a separate experiment, the
Ting opening reaction was run in aceric acid and the nitrone mixtre (235a),
(236a), and (237a) was isolated following procedure in the previous m-CPBA
reacton in CH2Cl» solvent. As before, the integration of the benzylic proton

signals gave the composition of the nitrone mixture (see Table 6)).

8.4.2

with Sodium Borohvdride and Mercurv(IT) Qxide

xidation of the Resultine Hvdroxvlamines (241) an

242

8.4.2.1 Preparation of the Nitrone Mixture and Reduction

with NaBH4
To a solution of the adduct (201a) (205 mg, 1.0 mmol) in methanol (15
ml) was added m-CPBA (1.10 mmol) at 0°C. After stirring the reaction mixture at
0°C for 30 minutes, excess sodium borohydride (200 mg, 5.3 mmol) was added.
Stirring was continued at 20°C for 1 h. After removal of methanol by a stream of
N2, the residual mixture was taken up in 25 ml of 10% HCI solution. The acid

layer was washed with ether (3 x 15 ml) to remove m-CPBA. The aqueous layer
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was saturated with anhydrous KoCOj3 and exwractad with CHACly (3 x 25 ml). The
organic layer was dried (Na3SOy) and evaporated. The resultant residue was
purified by chromatography using ether as the eluant to give a non-separable
mixture of hydroxvlamines (241) and (242) as white solid (190 mg, 85%), m.p.
124-1269C; vmax. (KBr) 3275, 2900, 2810. 1490, 1445, 1415, 1100, 1045, 977,
933, 8§38, 760, and 695 cm-1;.8y at 20°C (80 MHz) : 1.53-2.38 (2H, m), 2.55-
4.16 (7H, m), 4.57-5.09 (3H, br), 4.98 (1H. dd, J 4.0, §.0 Hz), 7.12-7.48 (3H,

m).

8.4.2.2 Mercury(ll) Oxide Oxidation of the
Hydroxylamines AMixture (241) and (242)

To a solution of the hydroxylamines (241) and (242) (50 mg) in
dichloromethane (3 ml) at O°C, was added excess yellow mercury(Il) oxide (250
mg). The reaction mixture was stirred for 30 minutes during which the yellow
mercury(Il) oxide turned to grayish precipitate. Filtering the reaction mixture
through a small bed of MgSOj4 and evaporation of the resultant solution afforded
the mixture of nitrones (235a), (243a), and (237a) (47 mg) as a colorless liquid.
Initially, the proton NMR spectrum failed to reveal the presence of the tautomer
(236a). However, the tautomer was present to the extent of approximate 5% after
2 h. After 48 h, complete equilibration took place and it accounted for 31% of the
total yield. The benzylic protons of (235a), (236a), (237a), and (243a)
appeared, respectively, at 6 5.10 (J 4.0, 8.0 Hz), 5.85 (J 4.0, 12.0 Hz), 4.93 (J
3.0, 10.0 Hz), and 5.10 (J 4.0, 8.0 Hz). The integration of these signals revealed
the presence of the isomers (235a), (236a), (237a), and (243a) in a respective

ratioof 6:31:56:7.
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§.4.3 Reaction of the Allvli Alcohol Adduct (201h) with
m-CPBA and Cvcloaddition Reaction of the Resulting

Nitrones (233h. 236b. 237h) with Stvrene

8.4.3.1 Ring Opening in CH2CI;

To a solution of the adduct (201b) (392 mg, 2.46 mmol) in CH-Cl- (30
ml) at -10 °C, was added m-CPBA (535 mg, 3.10 mmol). The reaction was ovar
within 30 minutes at -10°C as indicated by TLC (ethyl acetate). However, the
resulting nitrone mixture (235b), (236b), (237b) was not soluble in CH->Cl>
due to its very polar nature. It deposited on the walls of the flask. Addidon of
methanol (5 ml) made the reaction mixture homogeneous. To this was zdd=d
styrene (5 ml) and the reaction mixture was heated at 50°C in a closed vessel for 24
h. After removal of the solvents and excess styrene, the crude residue was taken up
in water (10 ml) and washed with CH>Clz (4 x 20 ml). The unreacted more
substituted nitrone (237b) remained in the aqueous layer and the organic layer

contained the adduct (240) and m-CPBA.

Organic Layer : The organic layer was stripped of the solve.nt and the
residue was taken up in 20 ml of 10% HCI solution. The aqueous acid layer was
washed with ether (3 x 20 ml) to remove the m-CPBA. The aqueous layer was
made basic and saturated with anhydrous K2CO3. Extraction with CH2Cl» (3 x 20
ml) followed by drying (N23SO4) and removal of the solvent afforded the clean

adduct (240) as a faint liquid (450 mg, 64.5%).
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Agueous Layer : The woter was removed under vacuum 10 give & clean

yellow rzsidue which containad the zizroane (237b) zlong with several minor

products.

8.4.3.2 Ring Opening in_Acetic Acid

Oxidation of the adduct (201b} was carried out in acztic acid with m-CPBA
using the procedure describzd for the similar reaction of the adduct (201a). Acetic
acid was removed with a gentle sweam of nitrogen and the residual mixture was
reacted with styrene. The remaining procedure is same as described above under
(8.4.3.1). The adduct (240) was ob:zined in 24% vield.

Agqueous Layer : As describad above under (8.4.3.1), the aqueous

layer afforded the unreacted nitrone (237b).
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8.5 Synthesis of Some Heterocyclic Nitrones

8.5.1 2.Oxo0-3.6-dihvdro-1.4-oxazine 4-oxide (247)

To a freshly prepared nitrone (19) (10 mmol) in methanol, was added
SeO2 (1.24 ¢. 11.2 mmol). The reaction mixture was stirred at room temperature
for 48 h. (In 2 separate experiment. oxidation of the nitrone (19) with SeO2 was
carried out in methanol under reflux (§0°C)). Reaction progress was monitored by
frequent checking of TLC (silica gel, ethyl acetate-methanol). Afier the elapsed
time, the red-brown mixture was mixed with silica gel and chromatographed using
ethyl acetate as eluant. In the two experiments, TLC (silica gel, ethyl acetate)
revealed formadon of several products with no well defined TLC spots. We could
not identify the products from NMR spectroscopy.

8.5.2 2-Morpholinone (254)

We attempted to synthesize 2-morpholinone (254) which would then be
converted into the desired ketonitrone (247). Ethyl bromoacetate (253) (8.02 g,
48.0 mmol) was mixed with 5.86 g (96.0 mmol) of ethanolamine (252) . The
reaction was exothermic. After 30 hours at room temperature, the highly sticky
yellowish reaction mixture was washed with 7 ml of a saturated solution of
K2CO03, and extracted with CH2Cl2 (6 x 20 ml). The organic layer was dried
(Na2S804) and evaporated. The reaction afforded 3-morpholinone (255) in low
yield (189 mg, 4%), 8H at 20°C (80 MHz) : 2.97 (1H, broad singlet), 3.48 (2H,
t), 3.72 (2H, triplet of doublets), and 4.07 (2H, s).

Similar results were obtained under various experimental conditions. In a
second experiment, ethyl bromoacetate (6.07 g, 36.3 mmol) was added dropwise to

precooled (0.0°C) ethanolamine (4.83 g, 79.0 mmol). The addition was carried
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ou: over z period of 2.3 k mainaining the temperuture telow 309C. Similar work
up as zbove afforded (225) in 6.8% vield. Same procedure was repeated with
2thanoizmine and ethyl bromoacertate in a respactive mmol rzuo of 4 : 1. However,
the rezcdon mixture was kepi in refrigerator at 2-3°C for 5 davs. To the sticky
mixrure which was insoluble in ether, water was added . and then extracted with
CH>Cia. Again, NMR specurz indicated formation of (255).

in a fourth trial, 2.30 g, (37.7 mmol) of ethanolzmine was added t0 5.8 ml

of cold concentrated sulfuric acid (0.0°C). To this highly viscous acidic mixture,

was addzd ethyl bromoacetate (3.90 g, 35.3 mmol). The reaction mixture was then
brought 10 room temperamre and stirred overnight. After the elapsed time, the
mixiure was added to a K2CO3-ice mixture, and filtered. Exmaction of the filtrate
with CH2Cl> afforded 421.7 mg (11.8%) of (255).

To a solution of ethanolamine (2.15 g, 353.2 mmol) in concentrated H2SO4
(3.6 ml) at 0.0°C, was added 3.38 g (35.7 mmol) of monochloroacetic acid
(256). After stirring the reaction mixture overnight at room temperature, it was
added to ice-K2CO3 mixture. The aqueous solution was then extracted with
CH2ClIa. The organic layer was dried (Na2SQO4) and evaporated with a stream of
N2 to give (235) (272.5 mg, 7.65% yield).

The amino group of ethanolamine (252) was blocked as HCI salt. Dry
HCI was bubbled under dry condition into a solution of ethanolamine (1.72 g, 28.2
mmol) in dry CH2CI2 (30 ml). To the prepared salt (257), was added 3.20 g
(28.3 mmol) of chloroacetylchloride under N2. The reaction mixture was kept over
a week stirring at 459C under N2. After removal of the solvent by a stream of N2,
the white solid residue was made basic with a solution of 10% K2CO3, and
extracted with CH2Cl2. The organic layer was dried (Na2SO4) and evaporated.

NMR spectroscopy showed that the isolated product was 3-morpholinone (255) .
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Jones rezgamt (16.6 mmol) was dropwise added 1o 2 soluton of 651 mg
(6.20 mmo!) of disthanolamine (238) in aceionz (S ml). After surming for 40 min
at room temperzure, the reacion mixture was extracted with CH2Cl2 (4 x 30 ml).
The organic layer was evaporated by z someam of nirogen. It was anticipated that
diethanolamine (2358) on oxidation should afford the intermadiate hemiaceral
(259) which should give the compound (254) on further oxidadon. However,

NMR spectrum of the reaction product (148 mg) was very complicated.

8.5.3 Methyl benzilate (261)

Benzil (260) was converted into mathyl benziiate (261) by two methods.
In one method, benzilic acid was first prepared via addidon of benzil (50.0 g, 237.8
mmol) in portons to a solution of KOH (1.41 mol} in 100 ml distilled H2O. The
mixture was stirred at 86-920C for 8.5 h, during which additional 90 ml of distilled
water was added. After the elapsed time, the mixture was diluted with 450 ml
distilled water and kept in refrigerator overnight. Thereafier, the unreacted benzil
(15.8 g) was removed by filtration. The filtrate was made acidic with 150 ml of
diluted H2SO4 (3H20 : 1H2S04). Then, the benzilic acid was filtered off, washed
with H20 and dried (44 g, m.p. 149-1520C). From the recently prepared benzilic
acid, 5.001 g (21.91 mmol) was dissolved in methanol (30 ml) and cooled in ice
bath. To this solution, 40 ml of concentrated H2SO4 was added in small portions
while maintaining the low temperature. The mixture became pink and was stirred at
room temperature for 1 day. After the elapsed time, the pink solution was slowly
damped into ice (350 ml) and extracted with ether. The organic layer was then
washed with 10% NaHCO3 and dried. Crystallization from hexane-ether afforded
methyl benzilate (261), m.p. 70-720C, 8y at 200C : 3.17 (3H, s), 3.88 (1H, s),
and 7.20-7.50 (10H, m).
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In a second experiment, methyl benzilate (261) was preparad through
rearrangement of benzil and sodium methoxide in methanol solution. Benzil (30 g,
237.8 mmol) was added to a freshly prepared sodium methoxide (470 mmol) in
1000 ml of methanol (dried by distillation from magnesium methoxide). The
reaction mixture was refluxed for 2 h and then stirred at room temperature for one
night under dry conditions. After the elapsed time, solveni was removed with a
stream of nitrogen. Ice was then added to the purple residue, and the solid product
was filtered off and washed with H2O. After several recrystallization, white needle
crystals of (261) were separated (15.7 g), m.p. 71-73°C (CH2Cl2-hexane); 8H at
22.60C (200 MHz) : 3.88 (3H, s), 4.25 (1H, s), and 7.32-7.58 (10H, m).

8.5.4 Methyl a-bromo-o.a—diphenylacetate (262)

Methy! benzilate (15.662 g, 64.65 mmol) prepared above was dissolved
completely in 100 ml of dry benzene. To this ester solution, was added
phosphorous tribromide (35.4 g, 131 mmol). After being stirred and refluxed for 8
hours under moisture-free condition, the reaction mixture was left to stand over
night at room temperature. Then, the mixture was poured into 350 ml of ice and the
benzene layer was separated and washed with H>O. The organic layer was dried
(Na2504) and evaporated. The product isolated (262) was then crystallized from
hexane (12.5 g), m.p. 37-399C, dY at 20°C (80 MHz) : 3.82 (3H, s), and 7.23-
7.48 (10H, m).

8.5.5 2-0xo0-3,3-diphenylmorpholine (263
In attempts to synthesize (263), methyl a-bromo-o,a-diphenylacetate
(262) (4.38 g, 14.4 mmol) was added in small portions to 3.51 g (57.4 mmol) of

ethanolamine and was stirred while maintaining the room temperature. The mixture
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was then cautiously warmed up to 400C until the solution was complete and then
was mainiained at 2-49C for 3 days. The crystals formad were filtered and washed
with cold methanol. These crystals were then dissolved in water and extracted with
CH2Cl2. The aqueous layer was made basic with N2aHCO3 and then extracted
with CH2Cl2. Evaporation of the organic layer afforded {264) which was soluble
in acetone but insoluble in H2O or cold CH2Cla, m.p. 142-1449C (methanol-
H20): vmax. (KBr) 3?;20, 3272, 2922, 2875, 1645. 1319, 1493, 1488, 1455,
1444, 1376, 1345, 1319, 1304, 1225, 1127, 1068, 1052, 949, 920, 888, 833,
778, 724, and 703 cml; 8 at 20°C (80 MHz) : 1.38-1.85 (2H, br), 2.33 (4H, 1),
3.43 (2H, m), 3.65 (4H, m), and 7.10-7.52 (10H, m).

A portion of (264) (205 mg) in 20 ml of dry benzene was refluxed for 4 h
(959C). TLC experiments did not indicate any progress. Therefore, 6 drops of
concentrated H2SO4 were added and the reaction mixture was further refluxed for
3.5 h. Then 150 ml of ice was added to the reaction mixture and neutralized with
10% NaHCO3 solution. Again, TLC test of the dried organic layer (Na2S04) did
not indicate any progress of the reaction.

Another portion of (264) (205 mg) was dissolved in 6 ml of methanolic
HCI(1 : 1). After 48 hours of standing at room temperature, the reaction mixture
was made basic with 30 ml of 10% K2COj3 solution, and extracted with CH2Cl).
The organic layer was dried (Na2SO4) and evaporated with a stream of N2. The
NMR spectrum revealed mostly the presence of unreacted materials along with
other unidentified products.

A third portion of (264) (101 mg) was added to 1 ml of concentrated
H2S04 and stirred at room temperature for 24 h. After the elapsed time, the
reaction mixture was mixed with ice, neutralized with 105z NaHCO3 and extracted

with CH2Cl12. The organic layer was dried (Na3SO4). Also here the NMR
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spectrum revealed mostly the presence of cnreacted materials along with other

unidentfied products.

8.5.6 N-(Diphenylmethvl}-N-kvdroxv-3-amino-1-propangl (270)

Chlorodiphenylmethane (268) (4 g. 20 mmol) was stirred with 3-zmino-1-
propanol (267) (15.0 g, 200 mmo!) for 3.3 & ar room temperature and for 15 min
at 500C. The reaction mixture was kep: in refrigerator over 2 dayvs. Then, the
mixture was extracted with CH2Cla. The organic layer was washed with H20,
neutralized with NapCO3, dried (Na3S04), and evaporated. Fractonal distllation
of the product afforded (269) at 160°C and 0.10 millibar (2.77 g, 37% vield), o4
at 200C (80 MHz) : 1.72 (2H, quint, J4.5 Hz), 2.8 (2H, t, J4.5 Hz), 3.0 (2H, b),
3.75 (2H, t, J4.5 Hz), 4.80 (1H, s), and 7.1-7.5 (10H, m). m-Chloroperbenzoic
acid (645 mg, 3.75 mmol) was added in portions to a solution of (269) (241 mg,
1 mmol) in 23 ml of CH2Cl2 at 0.0°C. TLC was used to monitor the reaction
progress. After 50 minutes of stirring, the reaction mixture was washed with a
saturated solution of NaHCO3. The organic layer was dried over anhydrous
Na2S04 and evaporated. Chromatographic purification of the product residue with
1 : 1 hexane-ethyl acetate as eluant afforded (270) in 80% yield, m.p 132-1330C,
Vmax. (KBr) 3250, 2847, 1595, 1490, 1448, 1420, 1365, 1295, 1060, 1028, 963,
920, 812, 745, and 700 cm1; 8y at 20°C : 1.45-2.08 (2H, m), 2.63-2.90 (2H,
m), 3.23-4.10 (3H, m), 4.73 (1H, d), 6.20 (1H, s), and 6.83-7.60 (10H, m).



powoe

W

10.

11.

12.

13.
14,

15.

REFERENCES

Smith, L. L., Chem. Rev. 1938, 23, 193.
Stamm, H. and Hoenicke, J. Justus Liebigs. Ann. Chem. 1971, 749, 146.
Steudl, H. and Stamm, H. Arch. Pkarm. 1976, 309, 935.

Thesing, J.; Meyer, H. Jusmus Liebigs. Ann. Chem. 1937, 609, 46.

(a) Hamer, J. and Macaluso, A., Chem. Rev. 1964, 64, 473;

(b) Murahashi, S. L. Pure & Appl. Chem. 1992, 64, 403.

Tufariello, J. 1. in ’1,3-Dipolar Cycloaddition Chemistry’, ed. A. Padwa,
Wiley - Interscience, New York, 1984, vol. 2, Ch. 9.

Confalone, P. N. and Huie, E. M. Organic Reactions, 1988, 36, 1.
Inouye, Y.; Takaya, K.; and Kakisawa, H. Magn. Res. Chem. 1985, 23,

101.

(a) Dobashi, T.; Goodrow, M. H.; and Grubbs, E. 1. J. Org. Chem.
1973, 38, 4440; (b) Tresselt, D. and W. Schulze, Pharma:ie, 1981, 36,
405.

Jenning, W.B.; Boyd, D. R.; and Waring, L. C. J. Chem. Soc., Perkin
Trans. 2, 1976, 610.

(a) Thesing, J. and Sirrenberg, W. Ann. Chem. 1957, 609, 46.

(b) Thesing, J. and Mayer, H. Chem. Ber. 1956, 89, 2159.

Shono, T.; Matsumura, Y.; and Inoue, K. J. Org. Chem. 1986, 51, 549-
551.

Huggenberg, W. and Hesse, M. Tetrahedron Leu. 1989, 30, 5119.
Murahashi, S. L; Mitsui, H.; Watanable, T.; and Zenki, S. 1. Tetrahedron
Lerr. 1983, 24, 1049.

Bartoli, G.; Marcantoni, E.; and Petrini, M. J. Org. Chem. 1990, 55,

4456,



16.

17.

18.

19.

22.

23.
24.

30.

157

Lamnbury. D. C.; Shaw, R. W.: Bates. P. A.; Hursthouse. M. B.; and
Gellagher, T. J. Chem. Soc. Perkin Trans. I, 1989, 2415.

Armstrong, P.; Grigg, R.; Heaney, F.: Surendrakumar, S.; and Wamock,
W. ). Terrahedron, 1991, 47, 4395.

(2) Ashburn, S. P. and Coates, R. M. J. Org. Chem. 1984, 49, 3127.
(b} ibid, 1985, 50, 3076.

Tufariello, J. J.; Mullen, G. B.: Tegeler, J. J.; Trvbulski. E. J.; Wong,
S. E.; and ALi. Sk. A.J. Am. Chem. Soc. 1979, 101, 2435.

(a) Brown, R. F. C.; Clark, V. M.; and Sir Todd, A. J. Chem. Soc.
1959, 2105. (b) Clark, V. M.; Sklarz, B.; Sir Todd, A. J. Chem. Soc.
1959, 2123.

Beckmann, E. Ber. Disch. Chem. Ges. 1890, 23, 1680, 3331.
Huisgen, R. Angew. Chem. Int. Ed., Eng. 1963, 2, 565, 633; 1968, 7,
321.

Huisgen, R. J. Org. Chem. 1976, 41, 403; 1968, 33, 2291.

Huisgen, R. Helv. Chim. Acta. 1967, 50, 2421.

(a) LeBel, N. A;; Post, M.E.; and Hwang, J. J. J. Am. Chem. Soc.
1964, 86, 3759. (b) LeBel, N. A. Trans. N. Y. Acad. Sci. 1965, 27,
858.

Tufariello, J. J. and Tette, J. P. J. Chem. Soc. Chem. Commun. 1971,
469.

Tufariello, J. J. Acc. Chem. Res. 1979, 12, 356.

Ida, H. and Kibayashi, C. Yuki Gosei Kagakn Kyokaishi, 1983, 41, 652.
Huisgen, R.; Grashey, R.; Hauck, H.; and Seidl, H. Chem. Ber. 1968,
101, 2548.

Padwa, A.; Fisera, L.; Koehler, K. F. Rodriguez, A.; and Wong, G. S.
K., J. Org. Chem. 1984, 49, 276.



36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

158

Ali, Sk. A_ and Wazeer. M. L. M. J. Criem. Soc. Perkin Trans. I. 1988,
597-605.

Ali, Sk. A; Khan, J. H.: and Wazeer. M. L. M. Terrafiedron, 1988, 44,
5911-5920.

Huisgen, R.; Grashey, R; Seidle, H.: and Hauck. H. Chem. Ber. 1968,
101, 2559.

Dopp, D. and Henseleit, M. Cizem. Ber. 1982, 113, 798.

Horikawa, H.; Nishitani, T.; Iwasalkd, T.; and Inoue, 1. Tetrahedron Lett.
1983, 24, 2193.

Tsuge, O.; Tashiro, M.; and Nishihara, Y. Terrahedron Lett. 1967, 3769.
Fornefeld, E. J. and Pike, A. 1. J. Org. Chem. 1979, 44, 835.

Joucla, M_; Tonnard, F.; Gree, D.; and Hamelin. J. J. Chem. Res. 1978,
(S), 240; (M), 2901.

Deshong, P.; Leginus, J. M.; and Lander, Jr. S. W. J. Org. Chem. 1986,
51, 574.

Hosomi, A.; Shoji, H.; and Sakurai, H. Chemistry Leus. 1985, 1049.
Ali, Sk. A.; Khan, J. H.; Wazeer, M. I. M_; and Perzanowski, H.
Tetrahedron, 1989, 45, 5979.

Burdisso, M.; Gandolfi, R.; and Grunanger, P. J. Org. Chem. 1990, 55,
3427-3429.

Iwashita, T.; Kusumi, T.; and Kakisawa, H. Chem. Lernt. 1979, 1337.
Santer, F. and Buyuk, G. Monatsh. Chem. 1974, 105, 254.

Bianchi, G.; DeMicheli, C.; and Gandolfi, R. J. Chem. Soc. Perkin Trans.
1, 1976, 1518.

Jovela, M.; Jammolin, J.; and Carrie, R. Bull. Soc. Chim. Fr. 1973,

3116.



49.

57.

58.

59.
60.

61.

62.

158

Ali, Sk. A; Wazeer, M. I. M.; and Ui-Haque, M. Terraiiedron. 1990, 46,
7207-7218.

Ali, Sk. A.; and Wazeer, M. 1. M. J. Clem. Soc. Perkin Trans. 2. 1990,
1035-1039.

Huisgen, R.; Hauck, H.; Grashey, R.; and Seidl, H. Chem. Ber. 1968,
101, 2568.

Singh, N. and Krishan, K. Indian J. Chem. 1973, 11, 1076.

Cristina, D.; DeAmici, C.; DeMicheli, C.: and Gandolfi, R. Tetrahedron,
1981, 37, 1349.

Joyner, S.; and Houk, K. N. J. Am. Chem. Soc. 1973, 95, 5798.

Tsuge, O. and Turii, A. Bull. Chem. Soc. Jpn. 1976, 49, 1138.
Damavandy, J. A. and Jones, R. A. Y. J. Chem. Soc. Perkin Trans. I,
1981, 712.

Parpani, P. and Zecchi, G. J. Org. Chem. 1987, 52, 1417.

Mason, J. C. and Tennant, G. J. Chem. Soc. Chem. Commun. 1972,
218.

Ding, L. K. and Irwin, W. J. J. Chem. Soc. Perkin Trans. I, 1976, 2382-
2386.

Bailey, J. T.; Berger, L; Friary, R.; and Rodriguez, A. J. Am. Chem. Soc.
1981, 103, 4974.

Tufariello, J. J. and Gatrone, R. C. Tetrahedron Lett. 1978, 2753.
Tufariello, J. J.; Ali, Sk. A; and Klingle, H. J. Org. Chem. 1979, 44,
4213,

Aversa, M. C; Cum, G.; and Uceella, N. J. Chem. Soc. Chem. Commun.
1971, 156.

Zinner, G. and Eghtessad, E. Arch. Pharm. 1979, 312, 907.



63.

64.

66.
67.
68.

69.
70.
71.
72.
73.
74.

75.

76.

717.

78.

79.

80.

81.

160

Tsuge, O.; Wauanzble. H.: Masuda. K.: and Yousif. M. M. J. Org. Chem.
1979, 44, 4543.

Belzeeki, C.; Paniil. 1. J. Chem. Soc. Chem. Commun. 1977, 303.
Mzengera, S.; Yang, C. M.: and Whitney, R. A. J. Am. Chem. Soc.
1987, 109, 276.

Vasella, A.; Voeffray, R. Helv. Chim. Acra. 1983, 66, 1241.

LeBel, N. A;; Banucci, E. G. J. Org. Chem. 1971, 36, 2440.

Tufariello, J. J; Trvbulski, E. J. J. Chem. Soc. Chem. Commun. 1973,
720.

Gossinger, R.; Imhof, R.; Wehrli, H. Helv. Chim. Acta. 1975, 58, 96.
Delpierre, G. R. and Lamchen, M. J. Chem. Soc. 1963, 4693.

LeBel, N. A. Trans N. Y. Acad. Sci. 1965, 27, 858.

Fukui, K. Acc. Chem. Res. 1971, 4, 57.

Sustmann, R. Pure Appl. Chem. 1974, 40, 569.

McDouall, J. J. W; Robb, M. A_; U. Niazi; Bernardi, F.; and Schlegel, H.
B. J. Am. Chem. Soc. 1987, 109, 4642.

Houk, K. N; Sims, J.; Duke, R. E.; Strozier, R. W.; and George, K. J.
Am. Chem. Soc. 1973, 95, 7287.

Houk, K. N.; Sims, J.; Watts, C. R.; and Luskus, L. J. J. Am. Chem.
Soc. 1973, 95, 7301.

Sims, J. and Houk, K. N. J. Am. Chem. Soc. 1973, 95, 5798.
Tufariello, J. J. and Ali, Sk. A. Tetrahedron Lert. 1978, 4647.

Huisgen, R.; Mobius, L.; Mullar, G.; Stangl, H.; Szeimies, G.; and
Vernon, J. M. Chem. Ber. 1965, 98, 3992.

Ali, Sk. A. and Wazeer, M. I. M. J. Chem. Soc. Perkin. Trans. 11, 1986,
1789-1792.

Huisgen, R.; Seidl, H; and Bruning, I. Chem. Ber. 1969, 102, 1102.



87.
88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

98.

99.

161

Woodward. R. B. and Hofimanxn. The Conservation of Orbital Sxmmerry,
Academic Press, New York. 1970. op. §7-89.

Huisgen, R: Sustmann, R: ané Bunge. K. Chem. Ber. 1972, 105, 1324.
Steiner, G. and Huisgen, R. J. Am. Ciiem. Soc. 1973, 95, 5056.
Huisgen, R. Acc. Chem. Res. 1977, 10, 117.

Fisera. L.; Gaplovski. A.; Temps. H. J.: and Kovac, J. Collect Czech.
Chem. Commun. 1981, 46, 1304,

Tufariello, J. J. and Puglis, J. M. Terrahedron Lernt. 1986, 1489.
Lathbury, D. and Gallagher, T. J. Chem. Soc. Chemn. Commun. 1986,
1017.

Abramovitch, D. A.; Abramovitch. R. A.; and Benecke, H. Hererocycles,
1985, 23, 25.

Tufariello, I. J. and Ali. Sk. A. Terrahedron Lent. 1979, 4445.

Otomasu, H.; Takatsil, N.; Honda, T.; and Kametani, T. Tetrahedron,
198238, 2627.

Oinuma, H.; Dan, S.; and Kakisawa, H. J. Chem. Soc. Chem. Commun.
1983, 654.

Padwa, A.; Koehler, K. F.; and Rodriguez, A. J. Am. Chem. Soc. 1981,
103, 4974.

Padwa, A.; Koehler, K. F;; and Rodriguez, A. J. Org. Chem. 1984, 49,
282.

Balasubramanian, N. Org. Prep. Proc. 1985, 17, 25.

Roush, W. R. and Walts, A. E. J. Am. Chem. Soc. 1984, 106, 721.
Oppolzer, W. and Gayson, J. 1. Helv. Chim. Acta. 1980, 63, 1706.
Thara, M.; Takahashi, M.; Fukumoto, K.; and Kametani, T. J. Chem. Soc.
Perkin. Trans. I, 1989, 12, 2215-2221.

Snider, B. B. and Cartaya-Marin, C. P. J. Org. Chem. 1984, 49, 1688.



162

100. Tufariello, J. J.; Meckler, H.; and Senaratne, K. P. A. Tetrakedron, 1983,
41, 3447.

101. AL, Sk. A. and Wazeer, M. . M. J. Chem. Res. (S), 1992, 62-63; (M} 1992,
0614-0630.

102. Yoshimura, Y.; Osugi, J.; and Nakahara, M. J. Am. Chem. Soc. 1983. 103,
5414.

103. Klopman, G. J. Am. Chem. Soc. 1968, 90, 223.

104. (@) Garbisch, E. W. Jr.; Schildcrout, S. M.; Patterson, D. B.: and Sprecher, C. M.
J. Am. Chem. Soc. 1965, 87, 2932-2944. (b) De Clerck, P. J. J. Org. Chem.
1981, 46, 667-675. (c) Pitea, D.; Moro, G.; and Fabini, G. J. Ckem. Soc.
Perkin Trans II, 1987, 313-317.

105. Eliel, E. L; Allinger, N. L.; Argyal, S. J.; and Morrison, G. A. Conformational
Analysis, Interscience, New York, 1965, Ch. 4.

106. Brown, H. C. and Moerikofer, A. W. J. Am. Chem. Soc. 1961, 83, 3417;
1963, 85, 2063-2065.

107. (a) Rogers, T. M. A. Nature, 1956, 177, 128-129. (b) Alford, E. J; Hall, J. A_;
and Rogers, T. M. A. J. Chem. Soc. (C), 1966, 1103-1107.

108. Elsworth, J. F. and Lamchen, M. J. Chem. Soc. (C), 1968, 2423-2427.

109. Tufarello, J. J.; Lee, G. E.; Senaratne, K. P. A.; and Al-Nuri, M. Tetrahedron
Lent. 1979, 4359.

110.  Joucla, M.; Tonnard, F.; Gree, D.; and Hamelin, J. J. Chem. Res. (S), 1978,
240; (M), 2901.

111, Ali, Sk. A. and Perzanowski, H. P. J. Chem. Res. (S) 1992, 146-147,and (M),
1992, 1074-1087.

112.  Prelog and Wieland, Helv. Chim. Acta. 1944, 27, 11217.

113.  Gordy, W.; Smith, W .V,; and Trambarulo, "Microwave Spectroscopy”
Wiley, New York, 1953,



116.
117.
118.

128.

129.
130.

131.

132.
133,

163

Stackhouse, Baechler, Mislow, Terrahedron Lemz. 1971, 3437, 3441.
Rouk, A.; Allen, L. C_; and Mislow, K. Angew. Chem. Int. Ed. Engl.
1970, 9, 400.

Kesseler, H. Angew. Chem. Int. Ed. Engl. 1970, 9, 219.

Lamber, J. B. and Oliver, W. L. J. Am. Ckem. Soc. 1969, 91. 7774,
Raban, M.; Jones, F. B. Jr.; Carlson, E. H.: Bannuci, E.; LeBel, N. A.
J. Org. Chem. 1970, 35, 1496.

Muller, K.; Eschenmoser, A. Helv. Chim. Acta. 1969, 52, 1823.
Levin, C. C. J. Am. Chem. Soc. 1975, 97, 1975.

Cherry, W.; Epiotis, N. J. Am. Chem. Soc. 1976, 98, 1135.

Brois, S. J. J. Am. Chem. Soc. 1968, 90, 506, 508.

Gree, R.; Tonnard, F.; Carrie, R. Tetrahedron, 1976, 32, 675.

Gree, R.; Tonnard, F.; Carrie, R. Tetrahedron Letr. 1973, 453.
Bjorgo and Boyd, J. Chem. Soc. Perkin. Trans. 2, 1973, 1575

Anet, F. A. L. and Osyany, J. M. J. Am. Chem. Soc. 1967, 89, 352.
Anet, F. A. L,; Trepka, R. D.; Cram, D. 1. J. Am. Chem. Soc. 1967, 89,
357.

Carruthers, W.; Moses, R. C. J. Chem. Soc. Perkin. Trans. I, 1988,
2251,

LeBel, N. A; Spurlock, L. A, J. Org. Chem. 1964, 29, 1337.
LeBel, N. A,; Post, M. E.; and Hwang, D. J. Org. Chem. 1979, 44,
1819.

Carruthers, W.; Coggins, P.; and Weston, J. B. J. Chem. Soc. Chem.
Commun. 1990, 91.

Ali, Sk. A. and Wazeer, M. L. M. Tetrahedron Lett. 1992, in press.
Adams, D. R.; Carruthers, W.; Williams, M. J.; and Crowley, P. J.

J. Chem. Soc. Perkin Trans. I, 1989, 1507.



138.

139.

140.

143.
144,
145.
146.
147.
148.

149.

-k
(o))
ry

Carruthers, W.; Coggins, P.: and Weston. J. B. J. Cher:. Soc. Perkin.
Trans I, 1990, 2323-2327.

Gossinger, E. Tetrahedron Lerr. 1980, 21, 2229-2232,

Wazeer, M. I. M,, and Alj, Sk. A, Magn. Resor. Ci:cm., 1992, accepted.
Al, Sk. A, and Wazeer, M. 1. M., Tetrahedron Less.. 1992, in press.
Harmis, R. K, Wazeer, M. L. M., Schlak, O., and Schmutzler, R,
Phosphorus  and Sulfur, 1981, 11, 221.

Ferguson, 1. J., Katritzky, A. R., and Read, D. M., J. Chem. Soc. Chem.
Commun., 1975, 255.

Reddell, F. G., and Labaziewicz, H., J. Chem. Soc. Chem. Commun.,
1975, 766.

Harms, R. K, and Spragg, R. A., J. Chem. Soc. (B), 1968, 684.

The NMR program library, The Science and Engineering Research Council,
Daresbury Lab., cheshire, U. K.

Hahn, E. L., and Maxwell, D. E., Phys. Rev., 1952, 88, 1070.
McConnell, H. M., J. Chem. Phys., 1958, 28, 430.

Vieles, P.; Seguin, J. Compt. rendu. 1954, 238, 1810.

Kiprianov, A. Chem. Zentr. 1927, 1, 2654.; C. A. 21, 2467.

Jankowski, K.; Berse, C. Can. J. Chem. 1968, 46, 1939.

Hancok, E. M.; Hardy, E. M,; Heyl, D.; Wright, M. E., Cope, A. C.

J. Am. Chem. Soc. 1966, 66, 1747.

Mosher, H,, S.; Frankel, M. B.; and Gregory, M., J. Am. Chem. Soc.,
1953, 75, 5326-5328.



VITA

1982-1985 College of Medicine, King Faisal University, Dammam,
Saudi Arabia
1989 Bachelor of Science in Chemistry, King Fahd University of

Petroleum and Minerals, Dhahren, Saudi Arabia.

1992 Master of Science in Chemisay, King Fahd University of
Petroleum and Minerals, Dhahran, Saudi Arabia.



