Chiral Technologies and ChiroSolv™  
Chiral Technologies 
The niche field of chiral technologies has hugely impacted the routes to discovery and the means of production of pharmaceuticals and other chemical compounds. It is concerned with the stereoselective production and analysis of specific chiral isomers.

Primarily chiral technologies fall into one of the following categories:

1. Separation of enantiomers out of racemic mixtures

2. Introducing chirality in the synthetic route


1. Chiral Separation

These techniques are used to simultaneously produce both enantiomers (to develop chiral intermediates) or to generate only one enantiomer (to develop end-use chemicals). There are two primary methods of separation:

a. Chromatographic separation: This includes the use of gas chromatography (GC), supercritical fluid chromatography (SFC), capillary electrophoresis (CE) and high performance liquid chromatography (HPLC). A pair of enantiomers is considered to be resolvable if alpha > 1.1. Here one enantiomer is retarded in its passage through the column because of its preferential binding to the chiral stationary phase. Because of this, the two enantiomers of a racemate emerge from the column at different times and with different volume fractions of eluent. Unfortunately, most chiral resolutions involve only small difference in eluent fractions. 

b. Resolution

· Diastereomeric crystallization: This method chemically separates enantiomers from racemic mixture by producing a salt. This is done by adding an enantiopure acid or base to the mixture so that the resulting salts are not mirror images of each other. Instead they are diastereomers with different chemical and physical properties that allow their separation. Note that not all compounds will form complexes and therefore crystallize, but because of its easy adoption for manufacturing purposes, most companies first try this method and use the other methods only if this method does not work. Today 65% chiral products are made using the technique.
· Kinetic resolution which may involve selective derivatisation of one of the enantiomers in preference to the other. But they are not always possible.
· Enzymatic resolution: 

2. Chiral Synthesis

The best possible way of introducing chirality in a synthetic sequence would be to use a natural product with the desired chiral characteristics. However under most circumstances, this is not possible due to economic and technical reasons. The techniques for chiral synthesis have been highly complex, sophisticated and specialized; and the technology platforms developed for the purpose need to be adapted for each product. This makes the adoption of the technique for manufacturing purposes very expensive and difficult.

a. Chiral Pool: Raw material is largely incorporated into the product.  However this process needs special precautions and carefully chosen conditions and is prone to inconsistent results. 
b. Asymmetric synthesis: It involves the introduction of chirality through selective chemical transformation such as hydrogenation, oxidation, etc., have the advantage that the conversions can result in better yields with little loss of material, since the unwanted isomer is not involved. But the number of steps involved and tedious nature of those steps makes this solution very costly.
c. Asymmetric Catalysis: This technique uses the metals known for their catalytic activities and includes the transition metals like titanium, or noble metals such as osmium, palladium, rhodium. The organic component is an enantiomeric compound, known as chiral ligand. It allows stereospecific reaction to take place and therefore avoids the formation of racemates.  However, the efficiency and availability of the catalyst, the cost of the starting material and the reaction condition requirements such as very low temperature or high pressure can make this an impractical choice. Other factors to consider are the volumetric productivity and the ease of removing the catalyst.

Diastereomeric crystallization technique 

Chirally-pure isomers can be obtained through a variety of techniques. The most commonly used one is the classic resolution by Diastereomeric Crystallization. Because of its easy adoption in manufacturing environment, most companies try this approach first; and use the other approaches only if this one fails. Currently, 65% of all chiral products are developed using this technique. ChiroSolv™ helps researchers that are using the resolution by Diastereomeric crystallization. 

The main reasons for preferring Diastereomeric Crystallization in manufacturing are economic.  

· It is easier and therefore cheaper to build up the racemate needed for Resolution methods than it is to create pure isomers using the Synthetic technologies.  
· Among the resolution techniques available, Resolution by Diastereomeric Crystallization is less time and temperature sensitive and less complex
· The equipment for doing Diastereomeric Crystallization is more likely to already exist in manufacturing installations.  

· Racemization in connection with Diastereomeric Crystallization ultimately produces a high yield of the enantiomer much more cheaply than the other Resolution or Synthetic procedures.  (Racemization is the process of repeatedly reprocessing the “waste” portion of the resulting products; each subsequent pass yielding additional good product)
· Resolution by Diastereomeric Crystallization is also generally superior to Enzymatic Resolution in that it usually yields product of higher enantiomeric purity
Resolving Agents 
A classical resolving agent is a chiral acid or base which has a propensity to form crystalline diastereomer when combined with racemic bases or acids. Requirements of an ideal resolving agent are:

1. Proximity of stereogenic centers

2. Rigid structure

3. Must be a strong acid or base

4. Must have chemical and optical stability

5. Both enantiomers must be available and recyclable

6. Must be availability in bulk quantities at low price
Amines and cinchonal alkaloids in natural products typically meet these requirements and are used most often.

Resolution of different materials 
For resolving carboxylic acids one usually forms salts with optically active amines. On the other hand, for resolving amine: one uses enantiopure acids like tartaric acid, malic acid and mandelic acid. 

To resolve neutral compounds, one prepares covalent diastereomeric derivatives. E.g. with alcohols, one can form monophthalate, succinate or ester; while with ketones, one can form hydrazones.

Resolution of amino acids (amphoteric racemates)
Amphoteric racemates have both acidic and basic characteristics.  E.g. in aspartic acid, there are two carboxylate groups for one amine group. The compound can be resolved as a simple acid or base. For compounds having one carboxyl and amino group each, one of the functional group must be masked.
Resolution of neutral compounds

If resolution of a neutral compound by salt formation is intended, the compound must be transformed to a derivative containing an acidic or basic group. Resolution by derivatization is typical for alcohols, aldehydes and ketones. Alcohols are almost exclusively transformed to their monophthaletes or succinates. Usually phthalates (phthalic or 3-nitrophthalic anhydride) or succinic anhydride for succinates are used.
The inherent low yields of resolution can be increased to nearly 100% using various tricks. The best resolutions are those in which the undesirable enantiomer can be racemized and recycled to yields approximating 100%.  
Chirally-pure isomers can be obtained using a variety of chiral technologies. The most commonly used is the classic resolution by Diastereomeric Crystallization. Because of its easy adoption in manufacturing environment, most companies try this approach first; and use the other approaches only if this one fails. Currently, 65% of all chiral products are developed using this technique. ChiroSolv™ helps researchers that are using the resolution by Diastereomeric crystallization. 

The main challenge facing the companies involved in chiral research using diastereomeric crystallization is the selection of an optimum combination of resolving agents and solvents. This is a time consuming, labor intensive and error-prone process. There are hundreds of combinations to choose from and having consistent research environment is critical to the success of the research. 

ChiroSolv™  by ChiroSolve Inc. allows scientists to quickly screen resolving agents and solvents to find the most optimum combination and to optimize reaction conditions in order to separate a racemic mixture (acids, bases, alcohols, amino acids, aldehydes/ketones) into its constituent enantiomers. By providing pre-measured quantities of 576 combinations of resolving agents and solvents, ChiroSolv™ offers:

· Ability to do research in parallel, reducing the research time by up to 90%. Effectively, experiments can be finished in days rather than months

· Technology know-how; resolving agents and the solvents and their proportions are selected with full understanding of the solubility diagram and through years of experience in developing chirally pure compounds by the chief technologist

· Consistent research environment and accurate results

· Resolving agents are chosen with manufacturing in mind; are relatively inexpensive and readily recoverable in high yield after completion of the resolution

· Optimized use of the skilled staff time by avoiding mundane mechanical work of measuring

· Elimination of human errors. Kits are designed to be used with auto-station; each vial and kit has identification barcode for easier tracking
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Resolving agents are chosen with manufacturing use in mind. They are relatively inexpensive and readily recoverable in high yield after completion of the resolution. In industrial practice, the quantity of resolving agent is often less than the stoichiometric amount, which allows for better separation of the desired enantiomer at a lower cost. 
ChiroSolv™ Kits 

Each disposable kit is equipped with 96 plastic vials that bear unique barcode markings and are held in a rack designed for robotic manipulation. Vials are 1.4 ml in size, requiring very small amount of the unknown sample. Both vials as well as the rack are heat and chemical resistant and can withstand temperatures of -20º to +120ºC. This unique design allows the scientists to perform the entire experiment without having to take the vials out of the rack.

· 6 types of ready-to-use disposable kits providing 576 combinations of solvents and resolving agents 

· Very little amount of racemate needed (<3mmol per kit)

· The vials and the racks are both made of polypropoline material which is heat and chemical resistant and able to withstand temperatures of -20º to +120ºC. The entire experiment can be done within the rack.

· Easy to follow, step-by-step instructions and results charts

· Conveniently designed for easy robotic manipulations to eliminate human errors

· The kits and the vials have unique identification (barcode or alphanumeric) for cross-referencing

· Long shelf life (2 years)
[image: image2.png]sl catans uriqm cmbiin
resbing gt ypes f s e
e suencamsnsins

Paste st 0
Vs age v e
ey oo Borak

Rack, s & spetms am
ol ne oo
i B 6 290





Types of Kits

ChiroSolv™ kits are based on a simple acid-base neutralization technique; followed by re-crystallization in suitable solvent. The goal is to determine the most optimum combination of resolving agent and solvent that allows quick crystallization of the chirally pure compound and to stipulate the conditions permitting maximal recovery of the pure enantiomer.  Kits are primarily of two types: 

· Acid kits (A1, A2, A3): Include a group of chirally pure acids. They are used to resolve racemic bases and Amino acids (some preprocessing required for latter).  Each kit includes 8 types of acids and twelve types of solvents. Most of the acids used in these kits are easily available in bulk quantities and are commonly used in manufacturing processes.

· Base kits (B1, B2, and B3): Include a group of chirally pure bases (or amines). They are used to resolve racemic acids, alcohols, aldehydes and ketones ((some preprocessing required for latter three).  Each kit includes 8 types of amines and twelve types of solvents. Most of the bases used in these kits are easily available in bulk quantities and are commonly used in manufacturing processes.
How to use ChiroSolv™
1. Choose the right type of kit (A1, A2, A3 or B1, B2, B3) depending on whether the unknown racemate is base or acid respectively.  
2. If the racemate is of type alcohol, amino acid, aldehyde or ketone, you may need to pre-process the racemate (refer to http://www.chirosolve.com/typesofkit.html for details)
3. Add 0.3 mmol of your racemate to each of 96 vials. Depending on the availability of the dispensing autostation and the racemate type (liquid or powder), you may need to remove the vial caps. Note that the caps are pierce-able to accommodate direct injection of racemate by an autostation.
4. Heat the rack along with its vials to 80º C (the optimum temperature for most of these experiments) or until the mixture becomes homogeneous.
5. Allow the kit to cool to ambient temperature.  Then, if required, further cool it to 4º C and finally to 0º C and observe any crystallization. Vials with crystals are considered positive tests and need further investigation, 
6. Using crystal initiation techniques see if you can get more vials with crystals. Vials with no crystals even after this effort are considered negative tests.
7. Separate out the vials with crystals (positive tests) note down their barcode identification

8. Analyze each of the crystals separately after liberating enantiomers from it’s' diastereomeric salts for specific rotation.
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All vials with crystals are indicators of success; while the rest of the vials need to be examined for quick excess solvent test (lack of crystals may be due to excess quantity of solvent).  Typically, only one or two vials will show maximum optical purity. One would be dextro (+) and other laevo (-) rotatory. Out of these only one vial with desired enantiomer will have to be investigated further along with its' mother liquor for scale-up condition optimization.
Some of the resolving agents included in the kits:

Acids

 (-)-Camphoric acid

(+)(-)-CamphorSulphonic acid

(+)(-)-Dibenzoyl-l-tartaric acid 

(+)(-)-Malic acid

(+)(-)-Mandelic acid 

 (+)(-)-Lactic acid                                               

(+)(-)-Tartaric acid                                                    


Bases

(+)(-)-2-Aminobutanol

(-)-Brucine

(-)-Cinchonidine

(+)-Cinchonine

(+)-Dehydroabietylamine

(+)(-)-Methylbenzylamine 

(+)-Quinidine

(-)-Quinine

Examples of the use of ChiroSolv™  kits 

ChiroSolv™ Kits have been used by several pharmaceutical, fine chemical, and contract research and development companies to reduce their development times and increase speed to market. Two examples of the application of this technology for determining the ideal solvent/resolving agent combination for the resolution of key compounds are shown below. 

[image: image4.emf]
In the first case, a key advanced intermediate in the synthesis of S-(-)-cetrizine, a non-sedative histamine H-1 receptor antagonist used for the treatment of allergies was screened against the A1, A2 and A3 kits. The combination of (+)-tartaric acid in methanol was determined to provide the maximum optical purity for a classical resolution. 

In the second example, (-)-ephedrine in isobutanol was determined to be the ideal combination for resolving S-(-)-indoline-2-carboxylic acid, an intermediate for ACE inhibitors such as trandolapril and perindopril. For this compound, the racemic mixture was screened against ChiroSolv™ Kits B1, B2 and B3. 

In most cases, the combinations of common resolving agents and solvents included in the ChiroSolv™ Kits will lead to the identification of a system that will enable the classical resolution of racemic mixtures that afford products of very high optical purity. However, there are cases where custom-designed resolving agents are necessary. ChiroSolve Inc. can develop custom kits based on specialized resolving agents that are either commercially available or synthesized in-house. We work closely with customers to gather as much data as possible about the solubility and phase behavior of the racemate in question to make educated recommendations as to which resolving agents should be included. 

For those companies not set up to conduct high throughput evaluations of classical resolution processes, ChiroSolve Inc. can carry out the experiments. We not only will help identify the ideal combination of resolving agent and solvent, but will provide assistance in chiral enhancement. ChiroSolve Inc. is also equipped to produce research quantities (up to 10 mg) of enantiomers and specializes in developing chiral intermediates. Because we have had extensive experience in contract manufacturing of fine chemicals for the pharmaceutical industry, we are fully aware of the need for flexibility and fast turnaround times for projects. 

References:

Market related information was obtained from Frost & Sulliven’s report (#B105-39) “Developments in Global Chiral Technology Markets” published in April 2003.
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