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ABSTRACT

Stereoselective Control by the 1,3-Dithiane 1-Oxide
Asymmetric Building Block.

Mark Purdie

The mechanism of reaction, frontier molecular orbital theory and the
stereochemistry of the 1,3-dipolar cycloaddition reaction are considered.
Dipoles including nitrones, nitrile oxides and azomethine ylides are
considered individually with emphasis on their preparation, reaction and
use in natural product chemistry. A short review on the recent advances
in the preparation of o-hydroxy ketones, especially with respect to their
asymmetric formation, is appended.

The potential of the 1,3-dithiane 1-oxide as an asymmetric building block
has been examined in several different reaction types.

The 1,3-dipolar cycloaddition reaction of a range of dipoles with 2-alkyl-2-
crotyl-1,3-dithiane 1-oxide dipolarophiles has been studied. Cycloaddition
reactions with these dipolarophiles show exclusive regiocontrol with
nitrile oxides and stereoselectivities of up to 5 : 1. The effect on the
stereoselectivity of carrying out the reaction in the presence of a Lewis acid
has also been investigated. The preparation of dithiane 1-oxide dipoles is
discussed.

The manipulation of isoxazoline cycloadducts, derived from a
cycloaddition reaction between a nitrile oxide and our dipolarophiles, was
investigated. The dithiane 1-oxide unit can be effectively removed from
the cycloaddition products to give the corresponding 1,2-diketones.
Alternatively, the carbonyl group within the cycloadduct can be
stereoselectively reduced with L-selectride, and again the dithiane 1-oxide
unit hydrolysed to give the a-hydroxy ketone isoxazoline.

The preparation of optically enriched o-hydroxy ketones is described.
Selective reduction of 2-acyl-2-alkyl-1,3-dithiane 1-oxides by either di-
isobutyl aluminium hydride or di-isobutyl aluminium hydride/zinc
chloride is followed by removal of the dithiane 1-oxide unit, without
racemization or oxidation at the hydroxyl group, to provide the optically
enriched o-hydroxy ketones.
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CHAPTER 1

1,3-DIPOLAR CYCLOADDITION CHEMISTRY



1.1. Introduction

The first 1,3-dipolar cycloaddition was reported by Buchner in 1888.1 The
1,3-cycloaddition of diazoacetic acid (1) and fumaric acid (2) was described
to give the five membered tricarboxylic acid ring system (3) (Scheme 1). A
whole series of 1,3-dipoles have now been characterized, with the
reactivity and mechanism having been studied.?

CO,H N-_COH
HO,CHC=N, + E — N
COH Bl R O
(1) (2) (3)
Scheme 1

The reaction has now developed into a common and reliable method of
preparing a wide range of five membered ring systems. The reactions are
bimolecular with the addition of a 1,3-dipole (4) to a n—bond system (5) to
give the five membered heterocycle (6) (Scheme 2). 1,3-Dipolar
cycloadditions, like the Diels-Alder reaction, are stereospecific, with the
configuration of the dipolarophile being retained in the cycloadduct. The
reaction is therefore synthetically useful in the preparation of five
membered heterocycles, with up to four new chiral centres created in the
reaction.

g LB
SRS + d—== e
a \c ? \d e/

(4) (5) (6)
Scheme 2

The dipolarophiles are usually alkenes and, to a lesser extent alkynes.
There are various examples of heteroatom dipolarophiles, such as the
carbon-nitrogen bonds of imines and nitriles, the carbon-sulphur bonds of
thioketones, carbon-phosphorus bonds of phosphofanes, nitrogen-sulphur
bonds of N-sulphinoyl compounds and the nitrogen-phosphorus bonds of
iminophosphoranes. This section will discuss areas of interest within the
field including the nature of the dipole and the reaction mechanism. The



various types of 1,3-dipole, including nitrones, nitrile oxides and
azomethine ylides will then be reviewed.

1.1.1. The nature of the dipole

A 1,3-dipole is defined as a species that is represented by a zwitterionic
octet structure. It may undergo cycloaddition to a multiple © bond system,
the dipolarophile. The 1,3-dipole is a three atom system over which are
distributed four m electrons, as found in an allyl anion species. There are
two distinct classes of 1,3-dipole, the allyl type and the propargyl-allenyl
type. The allyl type most easily shows the similarity between a 1,3-dipole
and an allyl anion species. The allyl 1,3-dipole can be written as various
resonance forms (Figure 1). The octet resonance illustrates the allyl anion
character, while the sextet resonance shows the electrophilic and
nucleophilic properties at the termini. The allyl type 1,3-dipoles are
generally regarded as non linear. The propargyl-allenyl 1,3-dipole contains
an additional © bond in the plane perpendicular to the 7 allyl anion
molecular orbital. The propargyl-allenyl dipoles are considered to be

linear.
Allyl type
octet b, l:t+
structure a’7 \.é 'é./ \\c
Q/Q\@
] 5/ 0\8
sextet b b 4n
structure 5/ \.E‘, e et
Propargyl-allenyl -
; c X b H&
g=b—¢ A =+ 8a=Db—C

4n
Figure 1



The most studied dipoles are composed of carbon, nitrogen and oxygen. If
the 1,3-dipoles are limited to these elements then there are eighteen
different dipoles, twelve of the allyl type and six of the propargyl-allenyl
type. These dipoles are shown overleaf (Table 1).

1.1.2. Mechanism of cycloaddition

When considering 1,3-dipolar cycloadditions there are three possible
mechanisms that can be postulated, two of these mechanisms are stepwise
whilst the other is a concerted process. The two stepwise processes occur
either via a biradical or a zwitterionic intermediate.

Huisgen has studied the mechanism of 1,3-dipolar cycloadditions in
depth.3 There are two key points to remember when considering the
reaction mechanism. First, in the majority of reactions the rate is not
influenced by the polarity of the solvent. This fact suggests that the
reaction does not proceed through charged intermediates as is the case for
the zwitterionic mechanism. Secondly, the cycloadditions are
stereospecific, the stereochemistry of the dipolarophile being retained in
the cycloadducts. This very high stereospecifity of the reaction may be
considered to exclude the radical mechanism, as radical intermediates can
undergo rotation leading to a loss of stereochemistry. The radical
mechanism can however still be stereospecific if the rate of closure of the
radical intermediate is much faster than the rate of rotation (Scheme 3).

-_— = IY\
BZ=Y—X R=Z X. Path a H_ZIY\X
 SEmmamma o . ——
- R' . R? R R2
¢Pathb
IY\ /Y\

Path a : rate of cyclisation Fl1} >
faster than rate of rotation

Path b: rate of rotation faster ¢
than rate of closure Y Y

Scheme 3
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In some cases the radical mechanism can be discounted due to the very
high degree of stereospecificity, as if the degree of stereospecifity is known,
then calculations can be made for the relative energy barriers to each
process. The reaction of 4-nitrobenzonitrile oxide and trans-
dideuterioethylene has been studied and the reaction is 298%
stereospecific, the configuration of the dipolarophile being retained.
Calculations therefore predict that the barrier to rotation would have to be
2.3 kcal mol! higher than that of ring closure.4 The size of the rotational
barriers in this type of radical are known and are generally <0.4 kcal mol-1.
Other calculations of this type, on other dipoles and dipolarophiles, have
shown similar results and the biradical intermediate reaction is therefore a
highly unlikely pathway.

The mechanism that is generally accepted is one of a concerted process.
Huisgen also studied the reaction kinetics and activation parameters of
several cycloadditions and found that these were also consistent with a
concerted process. Frontier molecular orbital theory suggests that this is an
"allowed" process.

1.1.3. Frontier Molecular Orbital Theory

Frontier molecular orbital (FMO) theory considers the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) of the two reacting species. 1,3-Dipolar cycloadditions, like the
Diels-Alder reaction, are a (n4s + n2s) process. The HOMO and LUMO of
the dipole and dipolarophile are shown below (Figure 2).

HOMO 8/\2 Dipole 9/8\'9 LUMO

LUMO H Dipolarophile 8—8 HOMO
Figure 2

Huisgen in the 1960's studied the regiochemistry of 1,3-dipolar
cycloadditions by identifying the reaction products.> FMO theory has
expanded from simply showing that a reaction is "allowed" to explaining
the regiochemistry, reactivity and the effect of substituents.



The reaction is controlled by the interaction of the HOMO and LUMO of
the dipole and dipolarophile. According to second order perturbation
theory, the smaller the energy difference between the HOMO and LUMO
the better the orbital interaction, and the stability of the bonding orbital
(HOMO) is increased while the stability of the non-bonding orbital
(LUMO) is decreased. The overall result is to stabilize the whole system,
since both the electrons enter the lowered energy orbital of the HOMO.
Sustmann has characterized 1,3-dipolar cycloadditions into three types
dependent upon the orbital interaction involved.® Type 1 involves the
interaction of the dipole HOMO and the dipolarophile LUMO. Type 3
involves the interaction of the dipole LUMO and the dipolarophile
HOMO while type 2 is a combination of types 1 and 3 due to the similarity
of the dipole and dipolarophile HOMO and LUMO orbitals (Figure 3).

A
E :
Dipole Dipolarophile
LUMO : : : . . .
Dipolarophile Dipole Dipolarophile Dipole
HOMO
Type 1 Type 2 Type 3
Figure 3

1.14. Regiochemistry of cycloaddition reactions

In order to determine the regioselectivity of a reaction it is necessary to
know the energy values and orbital coefficients of the HOMO and LUMO
of both the dipole and dipolarophile.” The energy value of the HOMO is
determined from the ionization potential while the LUMO value is
derived from the electron affinity. The orbital coefficients have been
calculated for a wide range of dipoles and dipolarophiles. Generally the
class of reaction according to Sustmann notation, type 1 or 3, leads to a
specific regioisomer. The expected regioisomer can be predicted if the
orbital energies and the orbital coefficients are known. The most



satisfactory way to demonstrate this is by example: the reaction of the two
dipoles, diazomethane and formonitrile oxide, and the dipolarophile
methyl acrylate are discussed. The orbital energies of both HOMO and
LUMO for the three species are known as are the orbital coefficients
(Figure 4).

A Diazomethane Methyl acrylate Formonitrile
E oxide
0—.
Lomol %56 0.66 HG—N~— % -0.5
A COQMe
.64 0.44
1.18 0.17
A =102
=425 11
Y
HOMO O
'—'N_ H2-90
-10- 5 é 8—8\
-10.7
—N—0 -11
0.85 1.57 CO,Me %
0.40 0.30
0.81 1.24
COQMB COQMG
N Sty G
/
N7 N~
(7) (8)
Figure 4

From figure 4, it can be seen that for diazomethane the favoured
interaction is between dipole HOMO/dipolarophile LUMO. It is only
necessary to consider the terminal orbital coefficients to determine the
regiochemistry of addition. In a reaction, the orbital coefficients are aligned
large-large and small-small, and therefore the carbon atom of the
diazomethane will add at the unsubstituted end of the dipolarophile to
give the regioisomer (7) as shown. Using the same principle for
formonitrile oxide, the dipole LUMO/dipolarophile HOMO is the



predominant interaction, and considering the orbital coefficients gives the
regioisomer (8) as shown. These theoretical predictions show complete
correlation with the observed experimental regioisomers.8

The HOMO and LUMO orbital energies and orbital coefficients are altered
by substituents on the 1,3-dipole.” The change in values is dependent upon
the type of substituent. Although the effect of substituents is known for
the orbital energies, the overall effect on the orbital coefficients is more
difficult to predict and will not be discussed here. There are three general
types of substituents. An electron withdrawing group lowers the energy of
the HOMO and LUMO, the effect being more pronounced in the LUMO.
An electron donating group raises the HOMO and the LUMO energy. A
conjugating substituent raises the HOMO and lowers the LUMO energy,
the effect being more enhanced in the HOMO.

The most studied dipolarophiles for FMO theory are the mono-substituted
alkenes.” The nature of the substituent alters the orbital energies and
coefficients of the dipolarophile relative to ethylene. The change of the
orbital energies follows a similar pattern to the substituent effects in the
dipole. An electron withdrawing group lowers the HOMO and LUMO
energies, the greatest effect being in the LUMO. The orbital coefficients are
the largest on the unsubstituted carbon atom of the alkene. An electron
donating group raises both the orbitals with the effect being greatest in the
HOMO, the largest orbital coefficients are found on the unsubstituted
carbon atom in the HOMO and the substituted carbon in the LUMO. A
conjugating system raises the HOMO and lowers the LUMO orbital
energies. The largest orbital coefficients are found on the unsubstituted
carbon atom of the alkene. For the more substituted alkenes, the
interactions of the various groups makes the overall effect difficult to
predict.

1.1.5. Stereochemistry of cycloaddition reactions

The issue of regiochemistry has already been considered. The next
consideration is one of stereochemistry. This discussion, for reasons of
clarity, focuses on the exclusive formation of one regioisomer.
Considering the propargyl-allenyl type dipole, there are only two
possibilities from a reaction in the creation of the two new chiral centres.
The stereochemistry is dependent upon the orientation of the



dipolarophile as it approaches the dipole. It can easily be seen therefore
that there are two different possible outcomes (Figure 5).

‘g,')_-( Y t‘,?_f
Z’/, ' R=Z" X R=Z* X 214. 2':
i “‘. )—R? R R2 R R RN
H1_/_ "7
H1
Figure 5

For allyl type dipoles the overall stereochemistry is more complicated. In
these cases, as in Diels-Alder reactions, it is necessary to consider the
exo/endo approach of the dipolarophile. In the Diels-Alder reaction the
endo approach is favoured due to stabilisation from secondary orbital
interactions. However, the endo approach does not offer stabilization in
1,3-dipolar cycloadditions so mixtures of endo and exo stereoisomers are
commonly found. Again, approach of the dipole/dipolarophile can occur
from above or below and therefore gives rise to four possible different
diastereoisomers (Figure 6). It can be seen from figures (5) and (6) that the
stereochemistry of the dipolarophile is always retained in the product.

RS A 4 R?
} Y =2Z-H Y=2Z2-H
- N \‘
MeQ,C -5/ b N R N coMm
oo - RERHY RIS A
;,._:-__z,',/ “R2, ‘ J—R? Y{-‘-?"H
\ 4" H A :X«.
H‘;X'H MeO,C Q7 co,Me R'""TH
endo exo
7 : 3 ;
2 o7 Lz 2
\l( Rz Y|\) (11} R2 ] Hz ;\)u. H2
n"x o' / F{1.‘x R
CO,Me CO,Me CO,Me CO,Me

Figure 6



1.1.6. Summary

This chapter so far has been a general introduction to 1,3-dipolar
cycloadditions. The mechanism of cycloaddition and the regio- and
stereochemical outcome of the reaction have been discussed. The
individual 1,3-dipoles; nitrones, nitrile oxides and azomethine ylides will
now be reviewed separately. Areas under consideration include
preparation, methods of controlling the stereochemistry of reaction and
their applications in natural product chemistry.

1.2. Nitrones

1.2.1. Introduction

Nitrones are valuable synthetic intermediates,? excellent spin trapping
reagents10 and 1,3-dipoles which can be used for the construction of
nitrogen heterocycles.ll The cycloaddition of nitrone dipoles (9) with
alkenes (10) leads to the five membered heterocyclic isoxazolidines (11)
(Scheme 4). Nitrones are believed to be Type 2 dipoles according to
Sustmann notation,® the reaction may be controlled by the interaction of
the dipole HOMO/dipolarophile LUMO or dipole LUMO/dipolarophile
HOMO. Therefore the regiochemistry of their reaction depends upon the
structure of the particular dipole and dipolarophile involved.

i
- R
RI _+,0 o O’N HZ
n2'c NS H4/—-\H5
R* RS
9) (10) (11)

Scheme 4

Altnough five and six membered cyclic nitrones have a fixed
configuration, the corresponding acyclic nitrones can exist as the E or Z
isomer or as a mixture of the two. Generally however acyclic nitrones
occur in the Z form, and temperatures above 100 °C are usually required to
cause isomerisation to the E form.

10



11

1,3-Dipolar cycloaddition to alkenes provides isoxazolidines. A useful
transformation of the isoxazolidine heterocycle can be achieved by
cleavage of the nitrogen-oxygen bond to give the synthetically useful
substituted amino alcohol, the stereochemistry being retained in the
cleavage step (Scheme 5).

R NHR
N H
e "3 e
H1 R2 R1 H2
Scheme 5

Nitrones, in addition to dipolar cycloaddition reactions, can undergo
nucleophilic attack at the electrophilic carbon atom. The reaction is quite
common in natural product chemistry, and is illustrated in the key step of
a synthesis of the natural product lincosamine (14) (Scheme 6).12 The
carbon atom of (12) in this case is sufficiently elecrophilic to undergo attack
by a range of 2-thiazolyl organometallic reagents. Tailoring of the reaction
conditions gave a selectivity of 91 : 9 for the desired anti isomer in 90%
yield. The product (13) was then transformed to lincosamine (14) in nine
steps.

it = .

O Et,ClAl Et,0, —  (OH )»OH

210°C,2h Q &
)r OH

(13) (14)

Scheme 6

1.2.2. Preparation

The majority of nitrones can undergo dimerization, and are therefore
usually generated in situ. Nitrones with large substituents can however be
stable at room temperature, for example N-methyl C-phenyl nitrone.



There are two classical methods for the generation of nitrones. One
method is the condensation of N-alkylhydroxylamines with aldehydes or
ketones.13 The reaction is easy to perform and high yielding, especially if
the substituents on the carbonyl group are not sterically demanding. The
other classical method of generating nitrones is through oxidation of a
N,N-disubstituted hydroxylamine. A wide range of oxidants have been
used, with the most common being yellow mercuric oxide.l4 A more
recent oxidation procedure involves the use of catalytic amounts of tetra-
N-propylammonium perruthenate, which is reoxidized by N-
methylmorpholine N-oxide.l5 Such a reaction is a cheaper and safer
alternative to the use of mercury salts.

Another commonly used method of nitrone preparation is the direct
oxidation of secondary amines to the corresponding nitrone. The first
reported oxidant was hydrogen peroxide, and although this preparation
has limitations, other simple oxidizing reagents such as dimethyldioxirane
and the Davis sulfonyloxaziridine were subsequently reported.1¢ In the
more recent literature, the use of catalytic oxidants has become more
common, the reoxidant usually being hydrogen peroxide. Murahashi has
used selenium dioxide and sodium tungstate, and another group has
reported the use of tris-cetyl-pyridinium tetrakis oxodiperoxotungsto-
phosphate as the catalytic oxidant.17 All the reactions are proposed to take
place via the hydroxylamine. Indeed, with dimethyldioxirane as the
oxidant, if one equivalent of oxidant is used, then hydroxylamine is the
major product, a second equivalent of oxidant giving the nitrone.

Grigg has reported the elegant preparation of cyclic nitrones from alkene
oximes in tandem reactions by several routes. One preparation involves
the use of an unactivated alkene which can undergo an intramolecular
ene reaction to generate the cyclic nitrone (Scheme 7).18

Scheme 7

12



A second approach involves a palladium catalysed nitrone formation
from an alkenyl oxime (15), and subsequent cycloaddition, the
intermediate nitrone (16) adding to N-methylmaleimide in 81% overall
yield as a 10 : 1 mixture of exo- and endo-isomers (Scheme 8).19 A further
method of access to the nitrone involves phenylselenyl halide induced
cyclization of an alkenyl oxime.20 The phenyl selenyl halide (17) is formed
from the corresponding diene, the nitrone (18) being formed by treatment
of (17) with potassium carbonate. The single spirocyclic cycloadduct (19) is
obtained in 65% yield after heating under reflux (Scheme 9).

A f>: 10 mol% PdCl,
I s °C 6h
N0 . thf, 60 °C, 6h Neg

Me »

(15) / (16)
Me
0 N‘O Scheme 8
H H
O N 0]
Me
OH SePh
N Br
| ~N.
/\/\)\/\/K/ = et =40
17) )
SePh
N, 0 Scheme 9
(19)

There are several miscellaneous methods of generation of nitrones. The
treatment of hydroxylamines with ethyl cyanoformate offers a route to the
preparation of amino-nitrones (Scheme 10).21 The regiocontrolled
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generation of nitrones by a tungstate catalysed decarboxylative oxidation of
N-alkyl a-amino acids has been published by Murahashi (Scheme 11).22
The reaction can be performed on a wide range of substrates to give either
cyclic or acyclic nitrones in high yields. This method was also shown to be
successful for the preparation of chiral nitrones derived from substituted
chiral proline derivatives.

O.. NH;
EtO,C-C=EN + RNHOH *N=C Scheme 10
H CO,Et
¢ R
LdlgH 5 H,0,, Na,WO, cat. O\I'tI: c Scheme 11
R A 4 EtNCl (cat.), K;CO;  R?
H

The addition of benzyl or allyl Grignard reagents to alkyl nitro compounds
provides a further route to nitrones,23 however, the reaction in the
majority of cases suffers from a lack of regiocontrol, mixtures of the
regioisomers (20) and (21) tending to be formed (Scheme 12). However, in
some cases the regioisomeric mixtures can be converted into the more
stable isomers by heating under reflux in ethanol.

R3 c-)\ + :Ha = R\2 - 16
4 ,N o C‘ 4 1 o= N\
R* R'R2HC R* R CHR3R*
(20) (21)

Scheme 12

R
R

1
2}—No2 + XMg—

1.2.3 Stereocontrolled nitrone cycloadditions

There are three general methods of controlling the steric course of a 1,3-
dipolar cycloaddition reaction. The most common is through the use of a
chiral nitrone. The preparation of chiral dipolarophiles has also been
investigated, and a more recent area of research involves metal mediated
reactions. The regiocontrol in the following discussion, unless stated
otherwise, should be taken as exclusive.
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1.2.3.1. Dipole controlled reactions

Chiral nitrones can have the chiral substituent on the carbon or nitrogen
atom of the dipole. An example of an N-substituted chiral nitrone has
been reported by Belzecki.24 Several nitrones are used, prepared by
condensation of a chiral hydroxylamine and benzaldehyde. The
cycloaddition reactions show high yields and good facial selectivity for
both the endo and exo isomers (Scheme 13). The same paper reports the use
of C-substituted chiral nitrones, which generally exhibited better
selectivities, due to the easy preparation of sterically hindered nitrones.

H)’ M 8 ﬁ * M ﬁ *

o e o
" I'{I Styrene 3_7, » 0 : Me
H *’ o) ‘|

O Ph Ph"
Me endo exo
Hu.),%’ = R* 76 :11 8:5
Ph
Scheme 13

An intramolecular cycloaddition of a N-substituted chiral nitrone (22) has
successfully been used in the divergent syntheses of L-acosamine (23) and
L-daunosamine (24) (Scheme 14).25 The major product from the
cycloaddition was converted to either of the desired natural products in a
series of steps.

B :
¥ e
N U H

By g

0
o)
(22)
OH OH
0 0
Me*" “NH, Me™" Y “NH,
OH OH
(23) (24)

Scheme 14
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The use of C-substituted chiral nitrones is more common, and they can be
easily be prepared from chiral aldehydes and hydroxylamines. The most
commonly used chiral substituents are chiral vicinal diols. DeShong has
shown that the cycloaddition of nitrones (25) and (26) display excellent
facial selectivity upon reaction with vinyl ethers and silane derivatives.26
Saito has used the chiral nitrones (27) and (28) in dipolar cycloadditions.2?
The results are somewhat mixed, the reaction with dipolarophiles
occuring in up to exclusive facial selectivity, but often without selectivity
between the exo and endo transition states.

’ R' OR
H»_"ZLO TBDMSO. "
e A
B G TBDMSO™ 7" Bn
(25) R= H, R'= Me (27) R=Bn
(28) R= PMB

(26) R= Me, R'= 2,5-(OMe)-Ph

Brandi has reported the cycloaddition of a chiral nitrone with a chiral
phosphorus dipolarophile (Scheme 15).28 The reaction gave excellent
selectivities with one cycloadduct being predominantly formed. The
kinetic resolution of racemic phosphorus dipolarophiles by reaction with
chiral nitrones was also discussed. It was found that a chiral nitrone of the
type shown in scheme 15 reacted predominantly with the (R)-phosphorus
dipolarophile.

2 N 5
H?_I-Me
N
Bn~ O
endo exo endo exo
(R-C5) (S-C5) (§-C5) (R-C5)
93 3 2 2

Scheme 15
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1.2.3.2. Dipolarophile controlled reactions

There are few reports of chiral dipolarophiles in the literature for the
control of nitrone cycloadditions. However, 5-Menthoxy-2 (5H)-furanones
(29) have been shown to control the stereochemistry with various classes
of dipoles including nitrones.2? The reaction with C-phenyl N-phenyl
nitrone occurs in 95% yield to give a 2 : 1 mixture of diastereoisomers, the
isomers being epimeric at the C3-position of the newly formed
isoxazolidine ring.

Chiral sulfinylethenes have been shown to undergo cycloaddition with
cyclic and acyclic nitrones. The (R)-(+)-p-tolyl vinyl sulfoxide (30) gives
diastereomeric excesses of >80% with acyclic nitrones but in only moderate
yields.30 The reactions of a series of more reactive sulfinylethenes (31) and
(32) with cyclic nitrones were also achieved in good yields but with only
moderate selectivity.31

H
H
+S.,
-tolyl
O p-toly
(29) (30)
OH OH
@)

+S--C-) "'S"O L W

= o
MeO,C  CO,Me :2_>:

(31) (32) (33)

The chiral acrylate dipolarophile (33) has been utilized in the
stereocontrolled cycloadditions of nitrones.32 The reaction with a nitrone
derived from pyrrolidine is facially selective, two of the four products
being obtained in much higher yield. The reactions of chiral crotonic acid
derivatives with cyclic nitrones have been studied in a synthesis of
optically active B-amino acids.33 Chiral allyl derivatives have been used as
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dipolarophiles, the reaction showing only moderate yields and asymmetric
induction.34 Vicinal diols have also been used as dipolarophiles, but with
less success than the vicinal diols found in the chiral dipoles described
above.35

1.2.3.3. Metal mediated reactions

Metal mediated reactions have been used to control stereo- and
regiochemistry of 1,3-dipolar cycloadditions and to accelerate the rate of
reaction. The metal can form a complex with either the dipole or the
dipolarophile. The stereoselectivity of the reaction is generally increased
due to a sterically hindered/ordered transition state. The other two
phenomena can be explained by considering frontier molecular theory. Co-
ordination of a metal lowers the energy of both the HOMO and LUMO
orbitals. As indicated above (Figure 3), the regiochemistry of a reaction is
controlled by the difference in energy between the HOMO/LUMO or
LUMO/HOMO of the respective dipole and dipolarophile. The energy
difference between the interacting dipole and dipolarophile molecular
orbitals controls the reaction rate. Therefore, as shown in figure 7, the
regiochemistry and rate of a reaction can be controlled by co-ordination of
a metal through a more favourable orbital interaction. A similar analysis
applies if the metal is co-ordinated to the dipolarophile.

A Uncomplexed
E dipole Dipolarophile
Complexed
dipole
LUMO
HOMO

Figure 7

Kanemasa has used Lewis acid co-ordination to control the
stereochemistry of nitrone cycloadditions. Although Lewis acid co-
ordination is common for the Diels-Alder reaction, it is not so prevalent
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in 1,3-dipolar cycloadditions. This is because the 1,3-dipoles are much
stronger Lewis bases than dienes and can form unreactive dipole/Lewis
acid complexes. Kanemasa first described the cycloaddition to bidentate
and tridentate o, unsaturated ketones,3¢ the dipolarophiles having strong
Lewis acid co-ordination. The effect of the addition of one equivalent of a
zinc or titanium Lewis acid to the reaction was investigated (Scheme 16).
The presence of a Lewis acid accelerated the rate of reaction and improved
the selectivity. The reaction of monodentate ketones (R=H) showed poorer
selectivities than the bidentate and tridentate ketones due to the lower co-
ordinating ability of the dipolarophile (Table 2).

: Ph\:ﬁ:O F{CH200,’_‘ Me HCHac}{‘Me
e, el
Ly Ph O + Ph 0
Me Me
endo €xo
Scheme 16

Table 2: Nitrone Cycloadditions to Mono-, Bi-, and Tridentate Enone

Dipolarophiles.
R Catalyst Temp. Time Yield endo:exo
(°C) (hours) (%)

H - 80 20 30 40: 60

H ZnCly 25 6 days 39 20: 80

PhCH0 - 80 8 76 40: 60

PhCH20 ZnClp 25 52 77 87:23

PhCH20 Ti(OiPr)2Cl2 0 32 50 >99:1

PhSCH>;CH;0 - 80 9 64 35:65

PhSCH,CHO ZnCly 25 6 days 40 23: 77

PhSCH2CH20  Ti(OiPr),Cla 0 17 65 >99:1

(EtO)2P(O) - 110 21 73 83:17

(EtORP(O)  Ti(OiPr)Cl 25 21 45 83:17

The same author has also investigated the use of allylic alcohols as the
dipolarophiles.37 This reaction is easy to perform, the Lewis acid being
added to the alcohol to form the alkoxide, followed by the nitrone. The
reactions show high rate acceleration and excellent stereocontrol, a single
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