
 

 
Case Study: Route Selection and Scale-up 

Answers 

 

Part A) Analysis of the Discovery Route 

 

1. What are the advantages of the Medicinal Chemistry route for a discovery team? 

 Most reactions are fairly standard, well understood and work.  

 Most reagents are (reasonably) cheap and available –at least on the gram scale. 

 Ability to introduce structural diversity to explore SAR (structure-activity relationship) e.g. different 

amino acids to vary the stereochemistry at C-2; different alkyl groups can be employed at N-3 via 

varying the amine used after the bromination; the amide group at C-7 can be varied. 

 One relatively simple set of reactions can give a large number of closely related compounds for 

biological screening. 

 

2. A key problematic step is the intra molecular cyclisation to give SB-218093.   

a. On scale-up this step gave poor to moderate yields of product – assuming the worst case yield at 

this stage of 30% SB-218093, how much bromofluorotoluene would be needed to make 3,000kg 

of SB-214857?   

Calculating a 7% overall yield, 19,000 kg of bromofluorotoluene would be needed 

b. Assuming a cost for bromofluorotoluene of £500/kg (estimated) what would the cost of the 

starting material to prepare 3,000 kg of SB-214857 using the medicinal chemistry route? 

£9.5 million 

 

3. Another undesirable feature of this step is the erratic quality of the SB-218096 produced.   

a. The ee (enantiomeric excess) could vary between 100 and 91% - does this matter?  

b. What is the possible quality impact on the drug substance? 

 The racemisation is caused by the HF by-product, and gets worse as the scale increases.  In a 

manufacturing route to a pharmaceutical, this would be unacceptable – see GMP module. The 

process is not under control and could produce out of specification drug substance. 

 

4. 3Å molecular sieves were added to try to suppress the racemisation process.  The charge was 5 kg/ 1 kg 

of input material.   

a. What weight of 3Å sieves would be needed to make 3,000 kg SB-214857 (assume a yield of 30% 

for SB-218096)?  

At a 7% overall yield, 73,200 kg of molecular sieves would be needed. Typically in a stirred 

reactor, these tend to grind to a paste and cannot be reused. 

 

b. What would you do with these after the reaction?  

They would have to be disposed of as a contaminated solid waste, which would need to be 

landfilled. 



 

 
 

c. How much waste would be generated if 200 tonnes SB-214857 was manufactured and at what 

cost for disposal (assuming landfill tax at £80 per tonne)? 

If 200 tonnes per year of SB 214857 were to be manufactured by this route, this would need 

4,880,000 kg sieves and @£80 tonne in landfill tax, this would incur a charge of £400,000 just to 

dispose of this waste. 

 

5. Looking at the efficiency of making the 4,4’-bipiperidine synthon, how much 4,4’-bipyridine would be 

needed for 3,000 kg of SB-214857? 

 At 75% overall yield, 8,700 kg of 4,4’bipyridine would be needed. Apart from feeding into a very 

inefficient process, the reaction to make the mono BOC 4,4’- bipiperidine is a very low yielding 

reaction, adding to the mass inefficiency of the whole process. 

 

Part B) Analysis of the Manufacturing Route 

 

1. What attributes of the manufacturing route are more attractive for use on scale? 

 More convergent –much higher mass intensity (efficient), all reactions high yielding and scalable. 

 

2. Given a 24% yield overall yield of SB-214857: 

a. How much 2-nitrobenzylalcohol is needed to make 3,000 kg SB-214857? 

This would need 4468 kg 2-nitrobenzyl alcohol  

b. What would this cost at £70/kg (estimated) for 2-nitrobenzyl alcohol = using the manufacturing 

route? route? 

Cost = £313,000 

 

3. How much 4,4’-bipiperidine is required to make 3,000 kg SB-214857 via the manufacturing route? 

 1,420 kg. This is a much more mass efficient route and using 4’pyridylpiperidine as a mono protected 

4,4,-bipiperidine synthon avoids the very low yielding mono protection reaction. 

 

4. The lipase resolution works with many 1,4-benzodiazepines and can be successfully positioned later in the 

synthesis e.g. on racemic methyl esters of SB-270051 or esters of SB-214857 – what are the benefits and 

disadvantages of an early vs late stage resolution? 

 Generally if a resolution is to be used, the most efficient place to site is as early in the reaction 

sequence as possible – it minimises the amount of material needed. A resolution in the final step is 

very wasteful if the wrong enantiomer cannot be recycled. 

 

 

 

 



 

 
Part C) Stereochemistry 

 

1. Apart from l-aspartic acid and bioresolution, suggest some alternative bio/chemo routes to set the S-

stereochemistry at C-2 of the 1,4 –benzodiazipine ring (the R enantiomer is inactive).   

a. What would be the advantages and disadvantages of the different approaches? 

 Medicinal chemistry route used a natural product – S aspartic acid and the manufacturing route a 

bio resolution. Other strategies could be a catalysed amination with aspartic acid or chiral reduction 

of the exocyclic unsaturated benzodiazepine . 

 

2. A number of other biocatalytic routes to make chiral intermediates used in the manufacturing route 

exist – what would be the benefits and drawbacks of using a chiral metal catalyst to reduce SB 235348 

compared to a whole cell bioreduction? 

 Both would be an attractive option since they would take a prochiral intermediate through to a 

single enantiomer, hence more efficient than a resolution. Comparing the two methods, a 

bioreduction if feasible would avoid metals and maybe some solvents, but an enzyme reduction may 

be much more dilute which would damage throughput and co-factor recycling would add 

complication and cost. 

 

Part D) Process Development - Consider the manufacturing route 

 

1. Your plant has the capacity to convert 300 kg of starting material per week through to SB-214857 – 

Comment on the throughput of both routes. 

 Medicinal chemistry route 63 weeks, Manufacturing route 15 weeks 

 

2. Are there any reagents/transformations that would give rise to safety concerns/need special handling on 

scale? 

 For example, acetylene, CO, H2, hydrogenation of aromatic nitro groups, handling 2-nitrobenzyl 

mesylate. One the plus side, biocatalysis is generally a very safe unit operation in terms of running at 

or near room temperature, no exotherm or gas evolution. Metal catalysts can be pyrophoric. 

 

3. What potential safety and quality issues do you envisage as a consequence of the reagent choices 

(transfer hydrogenation with Pd/cyclohexene vs hydrogenation with Raney nickel) to reduce the 

aromatic nitro group? 

 We need to reduce the nitro group to the aniline and leave the double bond. Cyclohexene and Pd on 

carbon do this but have the negative attribute of generating benzene. This reaction was later 

changed to Raney Ni and hydrogen which are just as selective. Ni is quite a toxic metal, and its 

absence in the final product would need to be demonstrated. Raney Ni is also very pyrophoric and 

would need special consideration in the manufacturing plant. 

 

4. What are the benefits of recycling the R enantiomer? What quality issues could this give rise to? 



 

 
 This might have the potential to introduce new impurities into the synthesis if the racemisation 

reaction generated side products. 

 

 

5. What other potential impurities would you look for in the API? 

For example: 

 Metal residues from catalysts. 

 Enzyme residues from biocatalyst. 

 Solvents. 

 R enantiomer. 

 Late stage process intermediates. 

 Potential genotoxic impurities used in the synthesis. One could be the mesylate of 2-nitrobenzyl 

alcohol. 

 Maybe benzene. 

 For several impurities like benzene, if you can demonstrate that they are purged to negligible levels 

early in the synthesis, you do not have to analyse and set a specification in the final product. 
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