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ABSTRACT
DEVELOPMENT OF NEW SYNTHETIC ROUTES TO CHIRAL
INTERMEDIATES AND SYNTHESIS, CHARACTERIZATION OF NOVEL
MEMBRANE BASED ADVANCED MATERIALS
By

Guijun Wang

The main objective of this dissertation is to develop chiral technology for the synthesis of
chiral building blocks especially for use in the pharmaceutical and advanced material
industries. The two major thrusts are carbohydrate and amino acid based asymmetric
synthesis and the design and synthesis of novel, stabilized, membrane lipid based systems
which have potential applications in the fabrication of molecular photonic-electronic

devices, biosensors, and drug delivery systems.

There are two parts in this dissertation. The first part (chapters 2, 3) describe about the
development of new asymmetric synthetic routes to chiral building blocks and chiral drugs
for the pharmaceutical industry. This includes the development of new synthetic routes to
chiral 3-carbon synthons which are key building blocks for many important compounds such
as antiviral drugs, cardivasicular agents, chiral membrane lipids and other glycerol
derivatives. It is also describes the development of new asymmetric synthesis of important
drugs such as L-carnitine, R-y-amino-f-hydroxybutyrate (GABOB) and S-beta blockers.
New synthetic routes to chiral cis-1-amino-2-indanols, key building block for HIV protease
inhibitors and important catalysts in asymmetric synthesis are also demonstrated. These new

routes have significant advantages over the existing routes, giving high yields and high



optical purity and by simple processes that are highly efficient and applicable to industry.
The chirality of the products are conserved from the chiral starting carbohydrate and amino

acids.

The second part of the dissertation (chapters 5, 6 &7) is about the design, synthesis and
properties of new advanced materials based on membrane mimics. These include stabilized
phospholipid analogs and liposomes, chiral multifunctional self assembled 2-dimensional
polydiacetylene containing systems, 2-dimensional conducting polyamide conducting thin
films and other advanced materials. A tail-to-tail dimer of phosphatidyl ethanolamine was
prepared and shown to readily form very uniformly flat self assembled lamellar
supramolecular arrays and liposome that are stable at temperatures up to 80°C. This
extremely stable and readily functionalizable dimeric phospholipid has potential uses in the
fabrication of biomaterials, stable membrane models and liposome drug delivery systems.
In chapter 6, two new, very accessible, chiral, self-assembling phospholipid analogs
containing diacetylenic units in the middle of their acyl chains were prepared by very simple
and highly efficient routes. They formed very uniform, extremely flat, thin films which are
readily polymerized to give extensively conjugated systems which absorbed well out into the
near infrared region unlike typical polydiacetylenes. The results indicate that this is an
excellent approach for preparing ordered polydiacetylene systems for use in designing
advanced materials. The last chapter introduces a new approach for obtaining long range
order and perfect alignment of long chain polydiacetylene by anchoring them along a

polymer backbone.
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Chapter 1

Introduction for Synthesis of Chiral Building Blocks



Abstract
Chirality or handedness is an important property of many molecules. It has significant
impact in biological systems, pharmaceutical industry and advanced materials science.
It is of great interest to develop simple and efficient methods to obtain these chiral
compounds. Many methods to chiral molecules have been developed including
asymmetric synthesis and racemate resolution. In recent years asymmetric synthesis to
chiral compounds have been developed rapidly. Several approaches include the use of '
chiral auxiliaries to induce chirality, biotransformation using fermentation, enzymes, and
chiral pool approaches which use optical active raw materials as the chirality source for the
desired products. In this chapter, these methods of obtaining chirality especially the chiral
pool approaches are discussed. Chiral 3-carbon, 4-carbon molecules are pivotal building
blocks of many biological important compounds. Chiral amino indanols are important
chiral molecules for drug design and catalysts for asymmetric synthesis. The importance
of these chiral compounds have long been recognized, however their syntheses are not
very straightforward, the application and synthesis of some of these compounds are

reviewed.
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1.1. About chirality
Handedness or chirality is an interesting feature of the structure of some molecules

including many drug substances. Such molecules are structurally identical but are actually

mirror images of each other. They have the relationship that the left hand has to the right -

hand. They look identical but cannot be interchanged in the same way that a glove that is
made for one hand cannot fit the other. There are many molecules that we are familiar with
share this left hand / right hand relationship. They have the same molecular weights,
densities, boiling points, crystal structure etc and are therefore very difficult to separate.
However, they smell differently and taste differently. This is because they impact very
differently on living systems. Most biomolecules are chiral or handed, existing in two
mirror image forms called enantiomers. Non living systems normally contain equal

numbers of the left (L) and right (D) handed forms of a given molecule. Biological

systems are sensitive to handedness or chirality, a characteristic hallmark of life is its high

degree of homochirality. Hence amino acids are predominately in the L-form and sugars
are predominately of the D-form. The designation D or L is based on a set of rules
proposed by Fischer at 1919 [1]. There is a set of general rules stiputated by the Cahn-
Ingold-Prelog convention which is the currently used nomenclature to describe the
stereogenic center in a molecule. It is also known as the sequence rule or the R and S rule
[2,3 ]. This rule can be used to designate configurations rapidly and unambiguously. Chiral
molecules are very common in our everyday lives. They are the active constituents not
only of many pharmaceuticals but of vitamins, flavours and fragrances, and herbicides and

pesticides. One very familiar pair of chiral substances is the right and left handed versions
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(mirror images) of carvone. The right hand version smell like spearmint but the left hand

version smells like caraway (a spice used in cooking).

The impact of the different chiral forms of chiral molecules often goes far beyond the
senses of taste and smell. The consequence of having the wrong chiral form present can be
tragic. One well documented case of the awful consequences of this is the story of the use
and eventual ban of the drug thalidomide in the early 1960s [4]. The use of a mixture of
both left and right handed versions of this drug (it was too costly to separate them) led to
severe birth defects in over 10,000 children. It was later found that the left handed
molecule was the cause. Another well known case is Ritalin, a drug prescribed for millions
of children, and some adults, with attention-deficit hyperactivity disorder (ADHD). ADHD -
occurs in 3 to S percent of school-aged children, it is the most common psychiatric disorder
in childhood. The present form of Ritalin is racemic and with side effects such as stomach
aches, nervousness, loss of appetite, insomnia and a temporary slowing of growth. It has
been found that 50% of the Ritalin in each pill has no effect on ADHD and may cause the
above side effects [5S]. The importance of optically pure drugs is being realized more and
more as it is demonstrated that only one enantiomer accounts for the drug activity and
the other form is either inactive or may cause side effects which sometimes are serious.
There is increased evidence that the chiral or single -isomer form of the drug often has a
better therapeutic profile. Because of tragedies such as the thalidomide one, finding a way
of making only one chiral form of a drug or drug intermediate is now one of the most

important, challenging and competitive areas for research in chemistry. Nowadays, drugs

4



in preclinical and clinical development are dominated by chiral compounds. It has been
estimated that 80% of all drugs in development are single isomer versions of chiral drugs
[6]. Pharmaceutical companies are being forced to take notice of the importance of chiral

technology.

Besides its importance in chiral drugs production, chirality is becoming more and more
an issue in material science too. Researchers at Molecular OptoElectronics Corporation
have reported on developments based on chiral molecules at ACS meeting [7]. It has been .
found that enantiomerically pure chiral molecules can produce polymers with optical
properties four times as stable as those made using conventional precursors. The
development of polymers with nonlinear optical (NLO) properties has been hampered by
the fact that such properties tend to fade over time, this has made it impractical to make
certain fiber optic devices, light source or optical signal processing device out of plastic,
it has been proposed that chirality may offer a solution. Some carbon nanotubes have
chirality in their atomic arrangements. The chirality may influence the tubule conductivity
[8]. In liquid crystal science, chirality is also an important aspect which being utilized
more and more by material scientists [9]. In the area of materials related to biomembrane
mimics, it has been found that chiral fatty acid vesicles are more stable and able to self
reproduce, but the racemic vesicles destabilized during hydrolysis, causing phase
separation [10]. Many long chain phospholipids self assemble into spherical bilayer
structures, known as liposomes or vesicles, however in one study, researchers found that

one class of synthetic phospholipids with polymerizable diacetylenic moieties in the acyl
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chains can self assemble into hollow, cylindrical structures, known as tubules [11]. Such
tubules have potential for long term release applications such as marine antifouling.
Several theories based on molecular chirality have been developed to explain the

formation of tubules. They are all based on the principle that chiral interactions cause the

molecules to pack at a nonzero angle with respect to their nearest neighbors. This chiral

packing induces a twist in the bilayer, which results in the formation of a cylindrical
structure [11]. Chirality is an important factor in the assemblies of surfactant too. A long
chain L-histidine derivative can lead to a stereo dependent expression of molecular

chirality at the supramolecular level [12].

1.2. Methods for obtaining chirality
Given the importance of chirality, the big issue now is how to obtain it. The challenges
here are cost and technology. Optical pure molecules are extremely difficult to make thus

making the development of some drugs virtually impossible. In one recent case the cost

of manufacture of a particular AIDS drug was so high and the manufacturing process so |

complicated that the price was outside of the reach of most people and the quantities were
limited. The company eventually could not keep up with demand and many people had to
go without the drug. This is tragic and is a direct result of the cost and difficulty in making

chiral drugs. There is a tremendous need for methods and expertise that make this possible.

There are a number of different methods for producing chiral chemicals. The first one is

by enantiomer separation. This includes classical resolution, which uses a resolving agent

6



such as tartaric acid to precipitate salts containing only one isomer. Other methods are
crystallization, kinetic resolution, chiral chromatography, etc. Another general way to
chirality is by asymmetric chemical synthesis. This includes enantioselective reactions |
using optically active agents, or catalysts, or by diastereoselective reactions involving
chiral auxiliaries. The third strategy is to employ biological agents. This includes
biocatalysis, enzymatic and microbial assimilation. The fourth approach is the use of
compounds from the natural pool of readily available optically active compounds (such
as amino acids, carbohydrates, lactic acids etc) as starting points for synthesis. This last
method in which simple chemical reactions are performed on molecules with existing
chiral centers to generate optically active building blocks is becoming more and more

important and is the most straightforward one.

Racemate resolution still constitutes the main method for the industry synthesis of pure
enantiomers. There are three methods for the racemate resolution, direct preferential
crystallization, crystallization of diastereoisomeric salts and kinetic resolution. Direct
preferential crystallization is a crystallization-induced asymmetric transformation of a
racemate or deracemization under suitable conditions which include the type of solvent,
temperatures and concentration, one enantiomer will preferentially crystallize while the
other remain in solution. If a racemate is a homogeneous solid phase of the two
enantiomers that coexist in the same unit cell, then it cannot be separated by the above
crystallization method but diastereomer crystallization can be used instead. In this case,

the pair of enantiomers are allowed to interact with a pure enantiomer which act as a
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resolving agent that allows the formation of a mixture of diastereomers that can be
separated by crystallization. The most commonly used resolving agents are based on
natural products available from the chirality pool. These include such as L-tartaric acid, D-
camphorsulfonic acid and various alkaloid bases. The theoretical yields is 50% unless the
diastereomeric salt remaining in solution can epimerize in what is called a crystallization
induced asymmetric transformation. In kinetic resolution, the success of which depends
on the fact that the two enantiomers react at different rates with a chiral entity. The chiral
entity is usually used only in catalytic amounts and can be either a biocatalyst or system
such as an enzyme or a microorganism or a chemocatalyst such as a chiral acid or base or
a chiral metal complex. The separation of enantiomers by chiral chromatography-chiral
HPLC columns is a well established technique. The principle is similar to the above
mentioned crystallization methods, which all use the different physical properties of the

two isomers to separate them.

Asymmetric synthesis. The asymmetric synthesis strategy for obtaining optical pure
materials involve chemical synthesis utilizing enantioselective reactions employing
optically active agents, or catalysts, and diastereoselective reactions involving chiral
auxiliaries. Catalytic asymmetric synthesis has virtually become synonymous with
asymmetric synthesis catalyzed by chiral transition metal complexes [13]. This is a very
active field in organic chemistry. Many stereospecific reactions have been developed and
many catalysts have been found or designed. Many types of reactions have been explored

in this field. These include asymmetric hydrogenation of olefins, carbonyl compounds, and
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prochiral ketimines by rhodium complexes or chiral phosphines [14,15] and asymmetric
oxidation. One well known example is the Sharpless epoxidation. In this reaction, an
allylic alcohol is oxidized to a chiral epoxide with reagents made from ruthenium ions,
enantiopure tartaric acid and tert-butoxyl peroxide. There are some other reagents for the
Sharpless asymmetric dihydroxylation (AD) based on rhodium complexes with pseudo-

enantiomeric ligand [16, 17].  Jacobsen’s catalayst, is another well documented one. This

catalyst is a cobalt complex of (salen) ligands and can be used for the hydrolytic kinetic |

resolution of terminal epoxides and for the enantioselective catalytic ring opening of meso
epoxides [18,19]. Gregory Fu at MIT has developed a new type of chiral transition metal
complex that contains planar dimethylamino pyridine or related structures. The DMAP
which can catalyze the kinetic resolution of secondary alcohols [20], the asymmetric
synthesis of amino acids [21], and the asymmetric hydrogenation of dehydroamino acids
[22]. The catalytic asymmetric aldol reaction is a very useful type of organic reactions

effecting enantioselective C-C bond formation [23].

Chiral auxiliaries. The use of auxiliaries is an alternative way towards chirality. One

common class of chiral auxiliaries is chiral oxazolidinones (Evans’ chiral auxiliaries).
They have been used as auxiliaries for a wide range of asymmetric transformations [24].
The use of chiral auxiliaries is different from catalytic reactions in one fundamental way.
At least stoichiometric quantities are used. Chiral auxiliaries modify the properties of the
reactants such that preferably one diastereomeric product which give an enantiomerically

-

pure entry on removal of the auxiliary is formed. An auxiliary must be inexpensive, easily
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removed at the end of the reaction. There are a few chiral auxiliaries that can meet the
above four necessary requirements. Even so, the methodology has been highly successful
in the stereoselective construction of a number of natural products, antibiotics and other

compounds.

Biocatalysis, fermentation, enzyme catalyzed synthesis. A third general strategy for
obtaining optically pure compounds is by biocatalysis. This includes enzymatic
transformations and microbial assimilation. The use of microorganisms in the preparation
of optically active compounds is a promising field with several advantages. One of these
advantages is the availability of a diversity of inexpensive raw materials that can be used
as substrates for microbial transformations . These range from petroleum hydrocarbons
to agricultural waste products. Generally, very high regio and stereo selectivity is
obtained. The major limitation to this method is the low product concentration and the

large amount of waste biomass produced. The productivity of fermentation methods is
considerably low compared to chemical or enzymatic processes. Enzymatic
transformations are also a very promising area. Enzymes are very efficient catalysts and
no organic solvents are required. The reaction conditions are usually very mild. Most
enzymes show high substrate selectivity and very high chemo-, regio- and
stereoselectivity. Two widely developed families of enzymes that are used in asymmetric
organic synthesis are aldolases and lipases [25-28]. The former one can catalyze
asymmetric C-C bond forming reactions and the latter can catalyze the enantioselective

of hydrolysis of esters to achieve racemate resolution. Enzymes have been used more and
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more in organic synthesis but their availability and stability are still problems. Because
of the specificity, they lack general utility in a broad range of organic transformations.
These drawbacks limit their applications in industry synthesis of optically pure

compounds.

Chiral pool approaches. The easiest and most straightforward approach to the synthesis
of optically active compounds is to use an optically active raw material available from the
chiral pool. The most abundant source of optically pure compounds in nature is
carbohydrates which generally have the D-configuration. Other candidates of the chiral
pool are amino acids and a- or B- hydroxy acids such as lactic acid and malic acid.
Although carbohydrates have been widely used as chiral building blocks in organic
synthesis, very few methods have found industrial applications. This is mainly due to the
fact that carbohydrates are over-functionalized with many hydroxyl groups with simjl_m
chemical reactivities and many chiral centers, thus making it difficult to use them for
synthesis. Natural amino acids are the most important class of compounds in the chiral
pool [29]. They have a relative simple structure with one or two chiral centers amenable
to variety of chemical transformations. They are readily available in bulk from
fermentation and other process. L-Glutamic acid is the least expensive of all the amino
acids, and both L and D forms of it is available. Because of the versatility as chiral
synthons and its availability, it is the most useful one of the amino acids. L-phenylalanine A
and L-glutamine are readily available starting material for many organic synthesis as chiral

synthons.
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Figure 1.1. The structures of some 3-carbon chiral synthons.

There is an increasing interest in the use of 3-carbon chiral molecules (C3-chiral synthons)

that have an asymmetric center at the central carbon atom (Figure 1.1.) for the synthesis

of optically active, biologically important compounds. Protected glycerol, glycidol and

glyceraldehyde are versatile building blocks to a variety of synthetic transformations.

There are many known applications in drug synthesis for R-isopropylidene glycerol. It can

be used for the preparation of L-carnitine, S-beta-blockers, phospholipids, antiviral agents

etc. Because of its high price, several of these routes are not economically viable. Scheme

1.1 shows some examples of the synthesis of these C3-chiral synthons. One elegant method

for [30] for obtaining C3-synthons is from protected D-mannitol. Cleavage between the

12



Scheme 1.1. The synthesis of C-3 chiral synthons in literatures.
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C-3 and C- 4 carbons affords two identical chiral molecules-glyceric acid (5). However,
the reaction require at least stoichiometric quantities of sodium periodate or lead
tetraacetate [31] to give the R-IPG. Another way to chiral C3 synthon from the chiral pool
is the oxidation of protected d-or L-ascorbic acids to D-or L- protected glyceraldehyde (4).
The method has some potential for replacing the above conventional methods but it also
has some limitations. The overall yield is moderate (around 60%), it utilizes a Ru
catalyst and the reduction of the aldehyde involves the use of either Rw/C or Pd/C
catalysts. This approach is inferior to enantiospecific microbial oxidation o other enzymatic
transformation methods. Another approach is to degrade unprotected carbohydrates
directly to unprotected C-3 chiral synthons. The degradation of glucose to D- glyceric acid
in basic media, by sodium anthraquinone-2-sulfonate (AMS) in three steps is an elegant

method. The overall yield is about 60% [32].

Though there is abundant research in this area, little of which is applicable to large scale
industry synthesis because either the reagents are toxic or expensive, reaction conditions
are not mild or the overall yield is too low. In recent years, Hollingsworth has developed
a route to obtain chiral 4-carbon synthons from raw carbohydrate feed stock. This is a one
step degradation of maltose, lactose, or other 1,4-linked sugar to give optically pure (S)-3-
hydroxy butyrolactone (6) in high yield [33, 34]. The lactone is a very valuable 4-carbon
chiral building blocks, leading to a variety of important chiral intermediates. This
approach (Scheme 1.2) has many advantages over the other methods discussed above and

it has been adopted by industry on the multi ton scale. The advantages include the low
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Scheme 1.2. The direct conversion of carbohydrate to S-3-hydroxy-y-butyrolactone.
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price of reagents, and the carbohydrate raw materials, ease of implementation and

simplicity of isolation of the products.

1.3. Chiral 3 and 4-carbon building blocks and their applications.

There is an increasing interest in chiral 3-carbon molecules such as glycidol (1),
epichlorohydrin (2), glycerol protected as the 1,2-O-isopropylidene acetal (3) because
they are the key intermediates for the synthesis of many biological important compounds |
such as carnitine, y-amino-B-hydroxybutyric acid (GABOB), beta-blockers, antiviral
agents etc (Figure 1.2). Many methods have been developed for the synthesis of these
small chiral molecules. The uses of chiral glycidols were reviewed in 1991 by Hanson
[35]. The uses of (R) and (S)-2,3-O-isopropylidene glyceraldehyde (4) in stereoselective
organic synthesis were reviewed a few years earlier [36]. The C3-synthons can be
obtained by oxidative degradation of mannitol, by transformation of serine and also by
catalytic asymmetric reactions. Many of the current methods to these 3- carbon
compounds currently being practiced require the use of expensive catalysts containing
metals such as cobalt, platinum, rhodium or manganese. These metals are either toxic or -
expensive or both. The two leading technologies were developed in the United States at
Scripps (37) and Harvard (38, 39) Both technologies use heavy metals that are harmful

to the environment and their use involves expensive metal recovery and / or clean up.

C-3 chiral synthons such as 3-amino-1,2-dihydroxy propane, glycidyl chloride, 1-chloro-

2,3-dihydroxy propane have been used in several routes to carnitine. L-carnitine is a
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Figure 1.2. The important compounds that can be derived from chiral C-3 synthons.
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naturally occurring carrier molecule that transports fatty acids into cellular mitochondria .
for their conversion into cellular energy. It is also used for the shuttling of acyl groups
that are potentially toxic to the cell. Diseases resulting from lack of camitine lead to severe
neurological disorders. Carnitine and its derivatives are therefore very important drugs.
Carnitine is also used as a nutrient for life enhancement. The naturally occurring (correct)
(L) form is difficult to synthesize. Gamma amino-f-hydroxybutyrate (GABOB) has a very
similar structure to carnitine and itself is an important neural transmitter. Many routes to
L- camitine, GABOB and f3-blockers are related as they all involve the same C3 synthons
as key building blocks. Interestingly, many methods towards the synthesis of L-carnitine
start with carbohydrates. For example, there are syntheses from D-ascorbic acid (vitamin
C) [40], D-arabinose [41], D-galactono-1,4-lactone [42]. Other chiral pool methods use |
B-pinene [43], D-malic acids [44]. These routes are not very efficient. They are lengthy
and also the starting material is expensive usually despite some improvement over recent
years. As noted earlier, many catalytic asymmetric methods have been developed for the
preparation of C3-synthons. They include asymmetric epoxidation, selective
dihydroxylation of alkenes ( Scheme 1.3 ) [37], kinetically-controlled enantioselective
opening of epoxide rings (Jacobson’s methods) and asymmetric hydrogenation of a-amino
ketone derivative ( Scheme 1.4 ) [45]. There are some other methods involving resolution
of precursors of R-camnitine such as resolution of epichlorohydrin by Jocobsen’s catalyst
[46] and resolution of trimethyl ammonium chloro alcohol intermediate [47]. The -
Sharpless asymmetric epoxidation is the best known of these methods and provides a

viable route to glycidols, but the product optical purity is usually low and recrystallization
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Scheme 1.3. The synthesis of L-carnitine and R-GABOB by asymmetric dihydroxylation.

[48] or HPLC methods [49] are usually necessary for further purification of the product.
dichloropropanol and the other S-dichloropropanol as the single source of carbon. If the

Daiso Co. developed routes to afford optically active 3-carbon molecules such as

epichlorohydrin, glycidol, 2,3-dichloro-1-propanol etc by bioassimilation methods

(Scheme 1.5). They use two types of bacteria one of which preferentially assimilates R-
dichloropropanol and the other S-dichloropropanol as the single source of carbon. If the
bacteria are fed racemic chlorodiols, they utilize one and leave the other stereoisomer as

an enantiopure compound [50, 51]. The optical purity is usually very high. This approach
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Scheme 1.5. The stereoselective bio-assimilation of C3 building units.
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based on microbial resolution has much promise [52]. Despite the number of routes to L-
carnitine that have been explored, currently, there are only two commercial routes to L-
carnitine [S3]. Although many C3- chiral synthons are suitable precursors for R- carnitine,
none of them can compete with the existing commercial routes yet. The reasons are either
the synthetic route is too lengthy, low optical purity, low yield and or involve the use of
toxic heavy metal and the chiral synthons are too expensive. So the production of R-
carnitine is dominated by classical resolution and fermentation route. One route is owned
by an Italian company called Sigma Tau (Scheme 1.6). Another route is owned by a
Swedish concern called Lonza (Scheme 1.6). As the major producer of L-carnitine, Sigma
Tau uses racemic epichlorohydrin as the starting material and a classical resolution of
racemic carnitinamide as the key step. This key step is very efficient, however it produces
equal amounts of the D-enantiomer as a waste material. They have developed some
methods for recycling the D-camnitine, including dehydration of the D-carnitine to give
intermediate alkene and then camnitine hydrolyse mediated hydroxylation of the
intermediate to give the correct product, and also by chemical synthesis to invert the
stereocenter in D-carnitine through a B-lactone intermediate to give the correct isomer
[54,55).However these need more steps and are obviously not very economic.
Alternatively, Lonza commercialized a route based on microbial oxidation of
butyrobetaine. There is only one step in the transformation, but the problem they have is
the low productivity of the microorganism though they devoted much effort to improving

it [56].
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Beta-blockers are a type of drug for the treatment of hypertension and heart diseases. They -
have the general structure shown in Figure 1.3. They reduce the symptoms connected with
hypertension, cardiac arrhythmias, migranine headaches, and other disorders related to the
sympathetic nervous system. Well recognized trade names are atenolol, metroprolol and
propranolol (Figure 1.3). These are currently used as a mixture of both forms (D and L) but
there has always been a great interest in the development of methods for preparing only
one form. It has been found that the S-form is more than 100 times more effective than the
R-form of the drug. The biological active form is the S-form which can be derived from
the corresponding 3-carbon synthon. Although many routes [S7] have been developed for
chiral intermediates of beta-blockers (which are similar as those involved in the synthesis .
of camitine) an efficient and economic one is elusive. They are not competitive enough to
allow the replacement of the racemate product. The synthesis of racemic beta-blockers
is by treatment of racemic epichlorohydrin with substituted aromatic phenoxide. At the
beginning, people tried the same route as the racemate process by using optically pure
epichlorohydrin, but it didn’t give optical pure product because of the activity of
epichlorohydrin. There are two paths to opening the epoxide ring leading to a mixture of
enantiomer. Certain modifications to the epichlorohydrin had to be made. The chiral
intermediates leading to optical pure beta-blockers can be obtained via circuitous routes
from D-mannitol [S8] and many enzymatic processes including benzylpenicillin acylase
and Baker’s yeast [59,60] and other routes including biochemical and chemical synthesis |
[61-63]. Many studies have been devoted to obtain optical pure S-beta-blockers. These

include lipase catalyzed reactions [6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>