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Yuncsa, artmEBO!

Yuucs, autuHo, 60 BuMTHCH Tpebal,
yuucs, roxy6xo, xaif po3yM He CiuTs,
xa#t cepie 1 BoasA i Ayx pocre B cHay,
IS YKMTTS, AN CBITAAa Tpeba Bac yYHTE.

Yyncs, autuHo, 60 JOaS He MaTH,
wykath 11 Tpeba, cama He mpuiize;

a To¥ 11 Mae, TOH II 3a3Hae,

KOMY pO3yM COHlLeM B Troxosui 3iiizel

Yuncs, autrHO, 60 CBIT 1elt He 6aTbkO —
WHPOKHH, PO3XOTHIL, MOB Noxe B cTemyl
3HaHTH B HIM JOpPOry TOH JHIIe 3yMiE,
XTO NpHABGaB HayKy, XTO BYHBCA B KHTTIOl

Yyucst, autrHo, bor 6yae 3 Toboro,
YIaHYIOTH JIOAH, cBIT 6yze moburs,

1 cisTy BuMCcs 206po moMix JoamM,

a BIYHO >KMTb Oyxew, He 3rHHe TBI cxizl

Yuucst, antuHo, 60 BuHTHCSA Tpeba;

mykail cBiTJAa NpaBAH, Xail pO3yM He CIHTb,
4Oro Hay4uumcs — Boza He 3abepe,

He Bi3bMe pO36IHHMK, BOIOHb He CIATHTH]

Boxozumup Macasx.



YYITECH, BPATU MOI!

Vuirecs, 6patu moi!
Hymafite, unranre,

I yyxomy nayuatiTech, —
Csoro He nypafitech:

Tapac IlleBuenxo, B'rognma, 1845,
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(R)-(+)-Limonene

Et

g /\/NI"-

g H
HO

S,S-Ethambutol
Tuberculostat

S-(-)-Propranolol

B-Blocker

2\

(S)-(-)-Limonene

Lemon

Et

'

HO H

R,R-Ethambutol
Causes Blindness

07 3 ONHPA
g oH

R-(+)-Propranolol
Contraceptive

C. The optically pure compound may be more than twice as active as the racemate

because of antagonism. One example is the pheromone of the Japanese beetle’ 6

where as little as 1% of one isomer (S,Z) inhibits the other isomer (R,Z).



R.Z)

S.2)

D. The production of materials and compounds as the required enantiomer is how a
question of law in certain countries. The pharmaceutical industry has requirements for
the administration of racemic mixtures of drugs to be phased out and these to be
replaced by dosages containing only the active form of the compound.

This is why enantiomeric purity is highly important in the synthesis of new drugs.

There are two general ways to obtain enantiomeric purity:

1. By making a racemate or mixture of isomers and separating it.

2. By synthesising the pure enantiomer.

1.1 Separation Methods

1.1.1 Resolution

Resolution is the term given to the separation of enantiomers in a racemic mixture and

was first performed by Pasteur’ in 1848.



1.1.1.1 Crystallisation

The majority of resolutions™ rely on the fact that diastereomers, unlike enantiomers
have different physical properties. Generally a racemic compound is derivatised by

reaction with a naturally occurring enantiomerically pure compound.

The overall process is illustrated below where the racemic mixture is represented by E

and the resolving agent by A*.

%
(H)-E —+—A—> (+H)-EA* + (-)-EA* (diastereomers)
Separate
-A* A%
(+)E <«—— (+H)}-EA* (-)-E.A* A, (-)>-E

The resolving agent is recovered and can be used repeatedly.

Organic bases can be resolved by formation of salts; for example the separation of
phenyl glycine derivatives’ can be accomplished by using equimolar amounts of R,R~

tartaric acid 7 in different solvents. The salt of the S-enantiomer crystallises out.

HOI:I":-__ COZH
H COH



Organic acids can be resolved with bases such as quinine 8 and cinch.onine 9.

CH=CH2

CHOH

CH;07 8

Resolution of alcohols® poses a special problem since alcohols are neither appreciably
basic nor acidic. They cannot be resolved by direct formation of salts, but they can be
resolved by attaching an “acidic” handle which permits the formation of salts and when
it is no longer needed can be removed. Compounds other than organic bases, acids or

alcohols can be resolved by the same principles just described.

1.1.1.2 Chromatography

Chromatography may also be used in the separation of a racemic mixture.

A. Conventional chromatography
It is necessary to make a derivative with a chiral reagent so that diastereomers may be
formed. As diastereomers have different physical properties, in this case Rf values,

they can be separated using chromatography.



Enantiomers + Chiral Reagent ——>»  Diastereomers

R +'8S) + S* —_— RS* + SS*

SS*

N

The two compounds elute at different times.

One specific example can be seen in scheme I where mandelic acid’ 10 is used as the

chiral reagent.
)\OH )I"OH
() OMe
H“I.. 10
Ph
HO,C
j\ H OMe j H OMe
= ’10 -
S 0O © ® 5 ©®
Scheme 1

Once separated the derivatising group can then be removed by treatment with

hydroxide (in this case) to regenerate the initial enantiomers, scheme 2



OMe OMe
HII., H||l>\
)\ I>\ Ph "y = Ph
OH  ©0,C OH 0,C

&)

Scheme 2

B. Chiral Chromatography
There are several different chromatographic techniques and chiral HPLC® is one of
them. Separation can be carried out either by using a chiral stationary phase or by

adding a chiral compound to the mobile phase.

In the first case a chiral agent is attached to the silica. As the racemic mixture passes
down the column each enantiomer forms a different interaction with the chiral agent
and complexes with different stabilities are formed. The enantiomer forming the most

stable complex will be the most strongly retained and hence will elute last.

Alternatively by adding a chiral agent to the mobile phase (containing the racemic
mixture) transient diastereomeric species are formed. These have different distribution
properties between the mobile and stationary phases. The same interactive

mechanisms are involved and different enantiomers are eluted separately.

9



One disadvantage is that chiral HPLC is an expensive method but it is slowly becoming

more widely used on a preparative scale.

1.2 _Synthetic Methods

1.2.1 The Chiral Template

The chiral pool’ is the term given to chirally pure starting materials such as
carbohydrates, amino acids, hydroxy acids and terpenes. By using these compounds in
organic synthesis there is the least risk of obtaining an enantiomerically impure
product. The major disadvantages of this method are that the original chiral molecule
is consumed in the synthesis and the range of easily accessed compounds is relatively

limited.

Schemes 3 and 4 show examples of how the building blocks are used in natural

product synthesis.

10



Carbohydrates

I
C6H5CH20(”3
0]

i
H
on CHsCH0m) 1 p0CCHs
CGHSCH20| 1 I& ,
*

(H—Cet OCH; N

| = “CH,CeH/OCH;

-lllm

E—

Z

O=A—

0
Il

HOI 11y, < OCCH3
*
Anisomycin -

CH,C¢H,;0CH;
SCheme 3
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Amino Acids

0
H I
CH3| " ‘C*/NHz e s CI—I?»l " ‘O(OCCHB—_’_>
| |
COOH . COOH
0
A olcH N_on
CHyn g 0003 CHy e CHOCH,),
PN VN AN
0" Cx o7 "
“CH(OCH;), H

Methyl o-L -mycaminoside

Scheme 4

In deciding to use these chiral building blocks to introduce chirality some major
considerations® should be taken into account.

A. Cost and bulk availability of the chiral building block.

B. Need for both enantiomers. For a number of materials both enantiomers are

available. There are, however, cases where only one enantiomer is available. For

12
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1.2.2 The Chiral Auxiliary

An alternative to the chiral template is to use a “chiral auxililary’”®. This is a compound
which is optically active (chiral) but does not become an integral part of the final
compound compared to chiral building blocks which do. The “chiral auxiliary” induces
chirality giving largely one enantiomer, and once the auxiliary has reacted it may be
cleaved and then recycled. There follow two examples of this approach to asymmetric

synthesis.

The incorporation of a chelating group into a “chiral auxiliary” has been observed to be
the most useful way of obtaining stereoselection. An example of this can be seen in the
use of oxazolidinone'® 15, scheme 5, where deprotonation with LDA and acylation
with an acid chloride, and further LDA deprotonation forms a chelating group. The
conformation is locked due to the lithium preventing rotation about the nitrogen-
carbon bond and so attack by an electrophile is favoured from the front, which is the

less sterically hindered side.

14



WSS ¢
/lk N \)\ Jk
HN" "0 pa P LDA N 0 g
—_— H —_ —_
H 2. CH;CH,COCI H: l e.g RI
15

-]
o
an
=
s

Scheme 5

The “chiral auxiliary” is then removed, for example by hydrolysis, and recycled.

Another example'' can be seen in the asymmetric synthesis of aldehydes where the
amine, (S) a-phenylethylamine 16 is used as the chiral auxiliary, scheme 6. The
propanaldimine precursor is deprotonated with LDA in THF and either alkylated at
-78°C or treated with an additive (MgBr,) before alkylation at -78°C. After alkylation,
hydrolysis predominantly yields the S-product because the chiral auxiliary forces the
cation to reside primarily on the less hindered Si-face leading to electrophilic attack on

the opposite Re-face.

15




i
1
Ph NS H
/L LDA/THF CH, RX
ELNT: H  — — >
LN
CH, 0 IFI H
16 H—C —(IE—CH3 CH,
H
Ph 0
H,
CH3 R H ",
H H CH;
'CH,

Scheme 6

1.3 Chiral Reagents

The chiral templates and chiral auxiliaries have proved to be very useful methods in the
synthesis and isolation of chirally pure compounds. An alternative method uses chiral
reagents to directly convert an achiral substrate to a chiral product. There are two

types of chiral reagent, a synthetic one and a naturally occurring one,

1.3.1 Synthetic Reagents

The Sharpless epoxidation uses a synthetic reagent for the synthesis of

epoxy alcohols, which are obtained in very high enantiomeric excess with predictable

absolute configuration, scheme 7.

16



R.R-(+)-DET

R R2
R3 ButOOH/Ti(OP1l),
OH
\ R R2
S,S-(-)-DET 0
R3
OH
S,S-(-)-DET
Scheme 7

The reaction is normally carried out at low temperatures (-30°C to 0°C) in
dichloromethane and the chiral component, diethyl or diisopropyl tartrate (DET or
DIPT) and titanium tetra-isopropoxide, are present in a catalytic amount. Both
enantiomers of tartaric acid are commercially available, allowing the synthesis of either
enantidmer of the epoxyalcohol. The remarkable enzyme-like selectivity is due to the

complex 17 formed from the titanium salt and the tartrate.

17
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H COOH  Aspartase

H
%% NH,~_' -CH,COOH
NH.
HOOC H 3 COOH
(95% Yield)

The most useful enzymes for organic chemical application are those which accept a

broad structural range of substrates while retaining the ability to operate
stereospecifically in every case.
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Chapter 2

INTRODUCTION TO 1.3-DIPOLAR

CYCLOADDITION REACTIONS




2.0 Introduction to 1.3-dipolar cvcloaddition reactions

1,3-Dipolar cycloaddition reactions” are [r 4s + 1 2s] reactions and proceed through a
6 electron “aromatic” transition state. The 47 electron component, contains only
three atoms, at least one of which is a heteroatom. Cycloaddition to a double or triple

bond leads to a five membered heterocyclic compound.

QQg\% a” b\c
PP

o

The 47 electron component, called the 1,3-dipole, is of such a nature that the stabilised
all-octet structure can only be represented by zwitterionic forms in which the positive
charge is located on the central atom and the negative charge is distributed over the

two terminal atoms. The 27 electron component is called the dipolarophile.
A considerable number of 1,3-dipoles containing various combinations of carbon and

hetero-atoms is theoretically possible, and many have been made, for example nitrile

oxides 20, nitrones 21 and azimes 22.

21



® © e @
>C=ITI—O <«—> >C—N= 21

@ ©o e e
—N=N—N— <«—>» —N—N=N— 22

Nitrile oxides have a triple bond in one canonical form and they contain an additional
w-orbital orthogonal to the allyl-anion type molecular orbital and have a linear

structure whereas allyl-type 1,3-dipoles are bent.

The majority of my research has concentrated on nitrile oxides and nitrones and these

will now be discussed.
2.1 Nitrile oxides

Nitrile oxides are usually prepared “in situ” and not isolated, although some are stable,
for example 2.4,6-trimethylbenzonitrile oxide'*. Two general methods for their
preparation have been used, namely the dehydration of primary nitro compounds with
an isocyanate’ and the halogenation/dehydrohalogenation of aldoximes', scheme 9.
Typical reagents used for this reaction are sodium hypochlorite’® and N-

bromosuccinimide'* (NBS).

22



RNCO ® ©
R_CHZ—N02 e R— CEN—O

® ©

R—CH=NOH
NBS\ ® ©
R—C=N—0

Scheme 9

The cycloaddition of nitrile oxides to acetylenic dipolarophiles leads directly to

isoxazoles and a reaction with alkenes leads to A’-isoxazolines, scheme 10.

N N
R R

Scheme 10

The above reactions, in theory, could each give two isomers, scheme 11, eg. 23 and

24,

23



® ©
R—C=N—0 N N

R Z \O R Z \O :
+ —_— +
i 23 R R 24

Rl

Scheme 11

12 17 and will preferentially give product 23 as the

but the reaction is regioselective
reaction is largely governed by atomic orbital coefficients at the ends of the conjugated
system and attack will occur at the end with the larger coefficient. Caramella®
observed the effect of heteroatoms on regioselectivity and found that, for example, the
cycloaddition of vinyl ethers and nitrile oxides took place with high regioselectivity due
to the presence of the oxygen. The systems that we will be looking at (see later)
contain an oxygen atom (dihydrofuran or dihydropyran ring systems) so isolation of
predominantly one isomer in high yield could be possible. The other contributing
factor to the isolation of one isomer is that an intramolecular 1,3-dipolar cycloaddition
reaction will be employed that will dictate which face of the molecule the cycloaddition
might take place. In general the 1,3-dipolar cycloaddition reaction is also highly

stereoselective’™® as the substituents on the double bond retain their stereochemistry.

This can be seen in scheme 12.

24



e O
R—C=N—0 Ao
+ _—
R R R R
@ ©
R—C=N—0

Scheme 12

2.2 Nitrones

Nitrones are also generally produced “in situ” and not isolated, although some can be.

A commonly used route to nitrones is from an aldehyde or ketone and a

monosubstituted hydroxylamine.

MeNHOH ® o
R—CHO —_— R—CH=I\|I —0

Me

The following example, scheme 13, shows an intramolecular route to obtaining

nitrones’ >,

25



2M HCI
0O —_— CHO —»

0
k) NHOH A

Scheme 13

G-

Nitrones are reactive 1,3-dipoles and with alkene and acetylenic dipolarophiles they

form isoxazolidines and A’-isoxazolines respectively, scheme 14.

Rl
CH, R2
4 Il B — N
CHX R N0 X
Rl 2
\ /R
J
NP
1
R ‘0P X R X
C R
+ g _— N
| R T07 Y
Y
Scheme 14

The stereochemistry of nitrone cycloadditions has been the subject of several studies™*.
Reactions with alkene dipolarophiles are stereospecific as regards the disposition of
substituents on the alkene bond, but with acyclic nitrones, it is not always easy to
predict the relative stereochemistry in the product and the degree of stereoselectivity

may not be high. Reactions appear sometimes to favour an endo and sometimes an exo
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transition state due to a complex interplay of secondary orbital interactions and steric

effects.

There is also the possibility of interconversion of E and Z forms of the nitrone under
the conditions of the reaction before cycloaddition takes place. An example of the |
effect of the endo and exo transition forms combined with the E and Z forms of the
nitrone can be seen in the reaction of N-methyl-C-phenylnitrone 25 with acrylonitrile
which gives mainly the trans product 26, but with nitroethylene the cis-isomer 27

predominates’, scheme 15.

27



Me

e |
Ph N‘o Phae NN o
/\ CN —_— L + 1(
K CN

+ CN
6
e * e
25 M
+ I\I/[e I\II ¢
N Ph \
/N0, .y P Lo
ON 57 O,N
2:1)
Scheme 15

2.3 Cleavage of cycloadducts obtained from the 1.3-dipolar cycloaddition

reaction.

Syntheses involving nitrile oxides and nitrones are valuable because the N-O bonds of
cycloadducts are normally easily cleaved and, since the initial cycloadditions are usually
stereoselective, the sequence of cycloaddition followed by ring cleavage provides a
route for the stereocontrolled synthesis of a variety of acyclic and substituted cyclic
compounds. There are several methods for cleavage; some reagents reduce the N-O
bond first but there are some which reduce the C=N bond in isoxazolines first and
lithium aluminium hydride is believed to be one of these. A few cleavage methods are

illustrated in scheme 16.
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A specific example'® for each type of system follows. The preparation of a-
stereochemically pure B-hydroxy-carboxylic acid from cyclopentene and a nitrile oxide
is an example of how an isoxazoline can be cleaved. Deprotection followed by
hydrogenolysis of the isoxazoline ring and oxidative cleavage of the ketone obtained

yields the product, scheme 17.
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The isoxazolidines obtained from the cycloaddition reaction may be cleaved to form

1,3-amino-alcohols which have been widely used in the synthesis of natural products,

scheme 18.
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The objective of this research was to investigate the synthesis of novel enantiomerically

pure heterocyclic ring structures obtained via an intramolecular 1,3-dipolar

cycloaddition reaction.
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X =0, NHetc :Y =0 or NH,/H

R,, R; = functionalised side chains

Scheme 19

The chiral template approach mentioned in chapter 1 was to be used to form suitable
nitrile oxide or nitrone precursors for the intramolecular 1,3-dipolar cycloaddition
reaction. Investigations into the reactions with the template aspartic acid will be
discussed in chapter 3 and methyl a-D-glucopyranoside is the carbohydrate template
which was used as the starting point in chapter 4. The precursors formed in both these
chapters contain a vinyl ether functionality [dihydrofuran or dihydropyran] which is
required for the regioselectivity of the intramolecular cycloaddition. The synthesis of
the cycloadducts was to be followed by exploration into possible cleavage methods
which could lead to a range of functionalised enantiomerically pure heterocyclic

compounds.
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H)N NaOH CbzNH

_
PhCH,0C(0)Cl
HO,C CO,H (@zC) HO,C CO,H
28 29
Scheme 21

This was used in the conversion to the anhydride 30, where problems were
encountered when N,N-dicyclohexylcarbodiimide® (DCC) was used as the dehydrating

reagent and tetrahydrofuran (THF)was the solvent, scheme 22.

CbzZNH
CbzNH DEC
HO,C Cco,H THF o
29 30

Scheme 22

The DCC is a coupling agent and forms N,N-dicyclohexylurea (DCU) as the by-
product, and the main problem with this reaction was due to the fact that the solubility
of DCU resembles that of the anhydride 30 in THF and the isolation of the pure

anhydride from DCU was therefore difficult.

An alternative method” was tried using acetic anhydride as the dehydrating agent.
This was more successful but the final step of this conversion involved freeze drying,
which was not very efficient, so the remaining traces of water were azeotropically
removed using toluene, and the crude anhydride 30 from this procedure was used in
the next step. This involved regiospecific reduction with sodium borohydride®?, where

the hydride attack takes place principally at the carbonyl group adjacent to the more
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CbzNH CbzNCH,CH=CHj

NaH / Br CH,CH=CHy,
—_——
0 THF 0]
(0]

(0]
31 33

Scheme 25

The failure of both alkylations was believed to be due to the N-hydrogen not being
acidic enough. In order to make the N-hydrogen more acidic, the carbobenzyloxy
protecting group was removed to give 3(S)-amino-y-butyrolactone hydrobromide?® 34
which was converted to the sulphonamide®® 35, scheme 26. It was hoped that the
more electron withdrawing sulphonyl group would increase the chances of removal of

the hydrogen and promote alkylation of the sulphonamide 35.

CbzINH NH, HBr PhSO,NH
—_— —_—
O Ether O Pyridine 0
O 0) 0
31 34 35
Scheme 26

The alkylations employing 1,2-dibromoethane and allyl bromide with sodium hydride,
and using THF and DMF as the solvents, were repeated. There was no reaction at
room temperature but on refluxing the reaction mixtures in THF, and on heating the
reaction mixtures in DMF to 40°C, p-elimination occurred giving benzene

sulphonamide, which was confirmed by spectral data, (NMR, IR), scheme 27.
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Scheme 27

The alkylation of the sulphonamide was attempted using potassium hydride with 1,2-
dibromoethane in THF but this also gave no reaction at room temperature since f3-
elimination occurred yielding benzene sulphonamide on heating. The alkylation with
allyl bromide and potassium hydride gave a different elimination product from the
previous alkylation attempts and spectral data confirmed this to be di-allylated benzene

sulphonamide 36, scheme 28.

PhSO,NH y
KH/ BrCH,CH=CH;
Py, e e
o THF/ 25°C N\
35 36

Scheme 28
Two possible explanations for this are:-
a) benzene sulphonamide was produced via fB-elimination and then excess potassium

hydride acted as the base in the di-alkylation of the benzene sulphonamide.
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O DIBAL 1M Soln
0 E— NO REACTION
~700C Ether

quenched in methanol

DIBAL 1M Soln
—0 >  NO REACTION

0) -70°C  Ether
acid work-up
NH,.HBr
DIBAL IM Soln
———>  NO REACTION
o) -70°C  Ether
Rochelle salt work-up

Scheme 30

This bottle of DIBAL solution also turned out to be substandard, even though it had
only recently been purchased, so a further new bottle was opened and positive results
were obtained for the model reaction, scheme 31.

TBPSO DIBAL 15MSoln  TBPSO
—
L*(—>=O 0°C DM L‘[_>—OH

0 o
39 40

Scheme 31

The reaction was then repeated on the sulphonamide 35 and after a few attempts the
lactol 41 was produced in 18% yield by using three molar equivalents of the DIBAL

solution, scheme 32.
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Scheme 32

The dehydration of the lactol 41 was tried once with molecular sieves but this method
was unsuccessful. This pathway was put to one side as the yield for the reduction of

lactone 35 to lactol 41 was low.

It was thought that N-alkylation of a secondary amine might be more successful than
that of an amide, so steps were taken to try and synthesise the N-benzylated lactone.
Further alkylation of this product might then lead to a nitro derivative from which a
nitrile oxide could be synthesised. It was hoped that this in turn would undergo an
intramolecular 1,3-dipolar cycloaddition reaction with the dihydrofuran ring structure
which would be obtained from the lactone functionality as previously discussed,

scheme 33.
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A number of methods for the synthesis of the N-benzylated lactone are discussed here.
Initially direct benzylation®* of the hydrobromide salt 35 was attempted using benzyl
bromide and potassium carbonate in acetone but this resulted in a dibenzylated product
42, scheme 34. Then the reductive benzylation® using sodium cyanoborohydride and
benzaldehyde in methanol was also investigated, scheme 34. Spectral data showed that

some impurities were present as well as the required product.
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> 0]
CH,OH/ 250C (6]

Scheme 34

Another approach towards 43 was to synthesise the trifluoroacetamide”® 44 [which
contains a group with strong electron withdrawing powers] in order to make the
remaining hydrogen more acidic and therefore allow N-benzylation to take place. The
trifluoroacetamide protecting group could then be removed leaving the N-benzylated
secondary amine ready for further alkylation, scheme 35. The trifluoroacetamide was

obtained in good yield (68%) but the N-alkylation was unsuccessful as starting material

remained.
NH,. HBr CF;C(O)NH CF;C(O)N—CH,Ph
(CF,C0),0
O —> 0O ----- > 0)
0] (0] (0)
34 44 45
P hCHz—NI'I I’I
¥
Further alkylaton ~ <€~~~~~ 0
(0)
43
Scheme 35
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An alternative route to the N-benzyl lactone 43 would be via selective reduction of the
benzamide 46, a possible pathway involving production of the imidoyl chloride 47

followed by mild reduction with sodium borohydride” or zinc dust® in ethanol,

scheme 36.
NH,.HBr PhC(O)NH
Benzoyl Chloride PCl5
O
0 Et;N  pyridine 0 orPOCl
0 toluene
34 46
(Ill
PhC=N PhCH,—NH
NaBH,
—
- > 0} or 0O
0 Zn/BOH 0
47 43
Scheme 36

The reduction with sodium borohydride*” did not give the required product, but it was
not clear whether failure of the reaction was due to incorrect formation of the imidoyl
chloride or due to the unsuccessful reduction of this intermediate. Another method”®
was chosen with phosphorus oxy-chloride (POCl;) as the reagent for the formation for
imidoyl chloride and the reduction was carried out with zinc dust in ethanol. This
yielded the N-benzyl lactone 43 as well as many impurities one of which was
PO(OEt);. Difficulties were encountered in the separation of the required product
from the impurities, especially PO(OEt);. After initial purification using column

chromatography, (ethyl acetate:petrol, 8:2), the crude mixture was reacted with
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trifluoroacetic anhydride”® and the resulting N-benzyl trifluoroacetamide 45 was
y

isolated in a yield of 20%, scheme 37.

PhCH,—NH CF;C(O)N—CH,Ph
(CF;00),0
0 —> 0
o) (0]
43 45
Crude Form

Scheme 37

This now requires hydrolysis back to the N-benzyl lactone and because this pathway is
a long and time consuming method it was not pursued any further. Due to the large
number of stages left to complete in this synthetic route and also the fact that an
alternative synthesis of pyrrolidines discussed in chapter 4.2 was more promising,

further work on this approach was not continued.

3.2 Summary and future work

Different protecting groups were used with the lactone in the hope of one of the
alkylation methods succeeding. Any future work in this area would include obtaining a
greater yield from the DIBAL reduction of the lactone and pursuing different methods
for the dehydration of the lactol. The other area of interest to follow up would be to
optimize the yield for the reduction of the N-benzoyl lactone 46 to the N-benzylated
lactone 43 and to try to further alkylate this compound in an attempt to eventually

synthesise a functionalised pyrrolidine.
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Scheme 39

On cleaving the resulting cycloadducts, fuctionalised pyrrolidines and piperidenes

would be formed depending on the length of the alcohol used initially.
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Five membered oxygen heterocyclic adducts
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4.1.1 Five membered oxygen heterocyclic adducts

The simple sugar, methyl a-D-glucopyranoside 51 was used as the initial building
block and was protected as the acetal with benzaldehyde, scheme 41. Initially some
difficulties were encountered with this reaction resulting in low yields and quite often
only starting material was recovered. The problem seemed to lie in the recrystallisation
of the crude material on a large scale since this often resulted in decomposition. As a
result of this the crude product, methyl 4,6-O-benzylidene-o-D-glucopyranoside®' 52,
which was obtained in a yield of 56%, comparable to the literature value, was used for

subsequent reactions.

HOCHE.
PhCHO
.
HO ZnCl,

Scheme 41

The next step involved the conversion of the diol 52 into a ditosylate to give methyl
4,6-O-benzylidene-2,3-di-O-toluene-p-sulphonyl (::L-D-Slu(opyranoside3 ! 53 from which
the formation of the epoxide, methyl 2, 3-anhydro-4,6-O-benzylidene o-D-

allopyranoside® 54 was carried out with no problems (93% vield) scheme 42.
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Scheme 42

Literature® describes the conversion of the epoxide 54 to 4,6-O-benzylidene-1,2-
dideoxy-D-ribo-hexapyranose, (4,6-O-benzylidene-D-allal) 55 by using lithium iodide
and butyl lithium or methyl lithium in ether. Our initial attempts to repeat this reaction
resulted in a complex mixture and poor yields of the desired product. Closer
inspection of the literature showed that a major product when using commercial alkyl
lithiums is 56 and that more success could be achieved by preparing methyl lithium
according to the directions of Feast et al*> and using it immediately. This gave the

required compound 55 in 96% yield, scheme 43.

Spectral data for 55 (‘"H NMR) showed characteristic peaks for the double bond. A
doublet (6.5 &) was observed for the C-1 proton and an apparent triplet (5.1 8) was
seen for the other alkene proton. This distinctive pattern was to be useful in further

work in deciding whether or not cycloaddition had taken place.
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Scheme 43

In order to obtain a precursor for the 1,3-dipolar cycloaddition reaction, a chain with a
functional group was required. Alkylations carried out on the alcohol functionality of
4,6-O-benzylidene-D-allal, followed by further manipulation to form a compound 57
with a good leaving group X, would make the conversion to a nifro derivative possible
and hence a nitrile oxide could be obtained. As an alternative to a good leaving group
the formation of an aldehyde could lead to further conversion to a nitrile oxide or a

nitrone.

Scheme 44

Previous experience®® in attempting to alkylate the glycal 58 with o-dibromoalkanes
suggested that related alkylations with the alcohol 55 would also fail. The anion of the
glycal 58 had preferred to behave as a base rather than a nucleophile. We hoped to get
round this problem by using methyl bromoacetate for the alkylation followed by

manipulation of the ester group.
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Using sodium hydride the desired ester was obtained, impure in 26% yield even after
chromatography. A cleaner reaction was observed using potassium hydride instead of
sodium hydride and the required product was obtained after column chromatography
in 68% yield, scheme 45. The structure of the ester 59 was confirmed by the
observation of a carbonyl peak at 1750cm™ and the lack of a hydroxy group between
3600-3300cm™in its infra red spectrum, as well as by its nuclear magnetic resonance

spectrum which showed the presence of the methoxy group as a singlet at 3.4 4.

The ester 59 was reduced to the alcohol 60, (88.5% yield), using lithium aluminium
hydride in ether” and, in order not to lose the benzylidene protecting group, acid
conditions were avoided and the reaction mixture was worked up using an aqueous
solution of Rochelle salt (sodium potassium tartrate) scheme 45. Evidence for the
successful preparation of the alcohol 60 was obtained by spectral data which showed

the disappearance of the ester group and the gain of a hydroxyl group.
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Scheme 45

The hydroxyl group is a poor leaving group so it was converted to the mesylate 61
using methane sulphonyl chloride and triethylamine in DCM but 61 was only obtained
in 8% yield, scheme 46. Literature methods® for the synthesis of mesylates and
tosylates, usually use triethylamine as the base for mesylates and pyridine as the base
for tosylates. The conversion to a mesylate was chosen as triethylamine is volatile and
easier to remove than pyridine which is normally removed by an acid wash. As
mentioned earlier acid is to be avoided as the molecule is acid labile due to the acetal
protecting group. Having prepared the mesylate, the conversion to the iodide®® 62 was
attempted, scheme 30. Difficulties occurred here as the double bond character was
lost (no instantaneous colouration with KMnO, spray on a TLC plate), and spectral
data (‘"H NMR) confirmed this by loss of the doublet at 6.5 & and the triplet at 5.0 §,
but it also indicated the replacement of the mesyl group with an iodide group by

observation of a peak at 3.3 § and disappearance of the methyl peak at 3.6 6.
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Scheme 46

As an alternative the tosylate 63 was prepared, scheme 46, but as mentioned
previously pyridine is not an ideal reagent, therefore triethylamine was used again but a
small amount of pyridine was also necessary, as the reaction was unsuccessful with
triethylamine alone. The work-up required plenty of water washes to remove the
pyridine. The tosylate 63 (52% yield) was used in a crude form in the conversion to
the iodide 62, scheme 46, which was purified by column chromatography (27% yield).

As the yield was quite low a direct route®” from the alcohol 60 was attempted, scheme
47. Spectral data ('"H NMR) indicated that the iodide 62 had been prepared, as the

singlet at 2.4 8, which was due to -OH, had disappeared and a peak corresponding to
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triethylamine was thought to have caused the decomposition by abstracting the proton
next to the nitro group, because of its acidic nature, resulting in the production of

nitroethene, scheme 49, and observation (TLC) of 4, 6-O-benzylidene-D-allal.

WA WA WA

N0 E6N (é)ﬁ/\/NOZ —> 50 N N0

Scheme 49

Due to the sensitive nature of the nitro derivative and the inability to successfully

purify it, alternative methods of production of nitro substituted derivatives of 4,6-O-

benzylidene-D-allal 55 were investigated.

One such method involved preparing f-nitroethers from nitroalkenes and alkoxides. It
was suggested from literature®® that this Michael addition would deliver B-nitroethers
in only poor to moderate yield but it has recently been reported®® that although the
reaction of lithioalkoxides with nitroalkenes, which requires six equivalents of the
alkoxide, produces complex reaction mixtures, potassio- and sodioalkoxides deliver
essentially pure B-nitroethers in substantial yields with only two equivalents of
alkoxides. The nitroalkene which was used in our investigation was B-nitrostyrene
with potassium hydride, dry THF and 4,6-O-benzylidene-D-allal. Although this would
form a nitro derivative which could be further converted to a nitrile oxide for the 1,3-
dipolar cycloaddition reaction it would also add another chiral centre and therefore
produce another stereoisomer of the product. This would result in lower yields and

also would make the interpretation of the spectra quite difficult.
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In order to gain practical experience and to investigate the reaction the alkylation was

carried out with cyclohexanol, scheme 50.

O OO

Scheme 50

Spectral data ("H NMR) showed the addition of the aromatic protons by the peaks at
7.3-8.0 8, also the doublet at 3.9 & showed the presence of CH,-NO, and the multiplet
at 5.1 & was characteristic of protons adjacent to the oxygen (CH-O). A successful
reaction was indicated by this data so the alkylation was tried on 4,6-O-benzylidene-D-

allal 57, scheme 51.

Scheme 51

The major disadvantage of this reaction was that 4,6-O-benzylidene-D-allal 55 was
required in excess (as mentioned previously two equivalents of alkoxide were required
for the reaction) and had to be recovered so as not to waste it. After purification by

column chromatography the desired product 65 was obtained but in very low yield
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