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Synthetic possibilities

 Solution phase synthesis

 Solution phase polymerization

 Solution phase synthesis + fragment condensation

 Solid phase synthesis

 Solid phase synthesis + fragment condensation

 Solid phase synthesis + ligation

 Biotechnological synthesis



Solution phase synthesis

 Lisinopril (Lisopress) – angiotensin-converting enzyme (ACE) inhibitor class 

used primarily in treatment of high blood pressure, heart failure, and after 

heart attacks. It is also used for preventing kidney and eye complications in 

people with diabetes.



Synthesis of Lisinopril



Synthesis of aspartame

 Chemical synthesis

Enzymatic synthesis

Bacillus thermoproteolyticus



Solution phase polymerization

Glatiramer acetate (Copolymer-1; Copaxone)

 It is an immunomodulator medication currently used to treat multiple 
sclerosis (reducing the number of the sudden deriorating sections)

 Subcutaneous injection

 Linear polymer of L-glutamic acid, L-alanine, L-lysine and L-tyrozine – the
amino acids of myelin

 Myelin basic protein is the antigen in the myelin sheaths of the neurons that 
stimulates an autoimmune reaction in people with MS, so the peptide may work 
as a decoy for the attacking immune cells.

 Average molecular weight: 6.4 kDa (4.7 – 11 kDa)



Synthesis of Glatiramer acetate



Solution phase synthesis + fragment

condensation

 Desmopressin (1-deamino-8-D-Arginyl vasopressin)

 Used in: diabetes insipidus, bedwetting, hemophilia A, von Willebrand

disease, and high blood urea levels

 Was approved for medical use in the United States in 1978

 Typical monthly supply costs 100 – 200 USD

 Yearly production volume 10 – 100 kg



Synthesis of Desmopressin



Optimization of the synthesis of ABT-510

 Synthetic possibilities

 Stepwise solid phase synthesis

 Stepwise solution phase synthesis

 Solution phase fragment condenzation – 5+4

 Solution phase fragment condenzation – (2+4)+3 



SPPS of ABT-510

 Fmoc/tBu-strategy

 Purification by RP-HPLC

 Ion exchange chromatography

 Freeze-drying (Lyophilization)

It is not economical in a yearly ~500 kg production volume



Solution phase synthesis

Synthesis of the building blocks
• Ac-Sar-Gly-OH

• Raw materials: H-Sar-OH, H-Gly-OBzl*HCl

• 3 synthetic steps

• Very stable, well crystallized, pure substance (> 99,5%; MeOH-MTBE)

•Cbz-Val-D-allo-Ile-Thr-Nva-OMe

• Raw materials: Cbz-Val-OSu, Cbz-D-allo-Ile-OH*DCHA, Cbz-Thr-OH, H-

Nva-OMe*HCl

• 5 synthetic steps (3 couplings, 2 Hydrogenation)

• Very stable, well crystallized, pure substance(> 99,5%, DMF-THF-MTBE)

• H-Ile-Arg-Pro-NHEt * 2HCl

• Raw materials: Cbz-Ile-OSu, Boc-Arg(NO2)-OH, Cbz-Pro-OH

• 6 synthetic steps (3 couplings, 1 Boc deprotection, 2 Hydrogenation)

• Needed to be adjusted to reach an appropriate quality



Optimization of H-Ile-Arg-Pro-NHEt * 

2HCl synthesis

Original process:

NH4Cl removal by reverse

osmosis

Distillation

Precipitation EtOH/EtOAC

Purity: ~97%

Optimized process:

Alkalizing with NaOH (NH3 + NaCl

Removal of NH3 by distillation

pH adjustment (HCl)

Filtration of NaCl

Crystallization EtOH/EtOAc

Purity: >99%



Fragment condenzations I.

1. coupling

2. coupling



Fragment condensations II.

 1. coupling (batch size: 30 kg)

 Hydrogenation in N-methyl-pyrrolidone

 Coupling in NMP with EDC + HOBt

 Hydrolysis of the methyl ester without isolation

 Isolation after setting the isoelectric point

 Production time: ~ 2 days, Purity > 99%

 2. coupling(batch size: 10 kg)

 Coupling in DMF with EDC+HOBt+2,4,6-collidine

 Crystallization in 2-propanol (removal of DMF, EDU, HOBt, 
collidine, D-Nva-epimer)

 Ion exchange to form acetate

 Recrystallization(Water: IPA: IpOAc = 1.2: 2.5: 20)

 Production time ~1 day

 Yield ~ 90%, Purity > 99,7%



Solid phase synthesis 1.

Boc/Bzl strategy
 Carbetocin – an oxytocin analogue



Solid phase synthesis 2.

Fmoc/tBu strategy

 Degarelix (Firmagon)

 hormonal therapy used 

in the treatment of 

prostate cancer

 GnRH antagonist

 Suppress the testosteron

production



Synthesis of Degarelix

 Solid phase synthesis

 Fmoc/tBu-strategy

 Raw materials: Fmoc-D-2-Nal-OH, Fmoc-D-Phe(4-Cl)-OH, Fmoc-D-3-

Pal-OH, Fmoc-Ser(tBu)-OH, Fmoc-Aph(Hor), Fmoc-D-Aph(Cbm)-OH, 

Fmoc-Leu-OH, Fmoc-Ilys(Boc)-OH, Fmoc-Pro-OH, Fmoc-D-Ala-OH

 Fmoc-Knorr(Rink) linker

 Coupling agent: DIC-HOBt

 Cleavage/deprotection: TFA, water, ammonium-acetate

 Purification: RP-HPLC, ultra filtration



SPPS + Fragment condensation

 Enfuvirtide (T-20, Fuseon)

Ac-Tyr-Thr-Ser-Leu-Ile-His-Ser-Leu-Ile-Glu-Glu-Ser-Gln-Asn-Gln-

Gln-Glu-Lys-Asn-Glu-Gln-Glu-Leu-Leu-Glu-Leu-Asp-Tyr-Trp-Ala-

Ser-Leu-Trp-Asn-Trp-Phe-NH2

HIV fusion inhibitor, the first of a novel class of antiretroviral drugs used 

in combination therapy for the treatment of HIV-1 infection

History:

Duke University – Timeris (1996) – Hoffmann-La

Roche (1999) – FDA(2003)



Stepwise synthesis of Enfuvirtide

 Route 1: Linear Solid Phase Peptide Synthesis

 Fmoc SPPS conducted for the 36 residue sequence

 Greater than 2 equivalents of Fmoc-AA were used per coupling

 Furthermore, upon cleavage from the resin, the peptide was only ~30-40% 

pure

 This required difficult, low throughput chromatographic separation

 Overall yield was 6-8%

 This was an expensive and inefficient initial synthesis, but allowed access to 

enough material for clinical trials

Nat. Rev. Drug Disc., 2003, 2, 587-593



Fragment based synthesis of Enfuvirtide

 Three side chain protected fragments are constructed 

using a super acid sensitive resin, 2-chlorotrityl resin

 Resin is not patent protected and can be easily 

recycled, also attachment is racemization-free

 The three fragments were synthesized using HBTU/HOBt

and 1.5 eq of Fmoc protected amino acids, no re-

couple cycles were necessary

 Each fragment is isolated in >85% yield and >90% purity

 Each fragment can be synthesized in one week and in 

300-500 kg scales

 To make the process efficient solvent recycling must 

occur, while yields are >99% per coupling, the cost is 

75L of solvent per kilogram resin

 Five solution phase reactions complete the peptide 

which is then isolated in 30% overall yield

 The segment condensations were optimized to show 

less than 1% racemization

Nat. Rev. Drug Disc., 2003, 2, 587-593

Ac-Tyr-Thr-Ser-Leu-Ile-His-Ser-Leu-Ile-Glu-Glu-Ser-Gln-Asn-Gln-Gln-Glu-Lys-

Asn-Glu-Gln-Glu-Leu-Leu-Glu-Leu-Asp-Lys-Trp-Ala-Ser-Leu-Trp-Asn-Trp-Phe-NH2



Enfuvirtide production in numbers

 Yearly production volume: 3,700 kg

 106 synthetic steps

 The time demand of one batch is more than 6 

months

 45,000 kg raw material to produce 1,000 kg 

product

 Yearly cost of 1 treatment 25.000 USD



Industrial scale peptide synthesis

Peptide synthesizer in the

lab

SPPS reactor

HPLC column



Problems with SPPS in industrial scale

 High amount of raw material is needed

 Process optimization, raw material price

reduction

Huge solvent demand

 Recycling

Coupling agents

 Risk of explosion



Explosive risk of coupling agents

Dry HOBt

Koenen-test 10mm

50% wet HOBt

Koenen-test 2mm

TBTU

Koenen-test 2mm



Quality assurance (GMP)
 Good manufacturing practice guidelines provide guidance for manufacturing, testing, and 

quality assurance in order to ensure that a manufactured product is safe for human 
consumption or use

 Basic principles

 Manufacturing facilities must maintain a clean and hygienic manufacturing area.

 Manufacturing facilities must maintain controlled environmental conditions in order to prevent cross-contamination from 
adulterants and allergens that may render the product unsafe for human consumption or use.

 Manufacturing processes must be clearly defined and controlled. All critical processes are validated to ensure 
consistency and compliance with specifications.

 Manufacturing processes must be controlled, and any changes to the process must be evaluated. Changes that affect 
the quality of the drug are validated as necessary.

 Instructions and procedures must be written in clear and unambiguous language using good documentation practices.

 Operators must be trained to carry out and document procedures.

 Records must be made, manually or electronically, during manufacture that demonstrate that all the steps required by 
the defined procedures and instructions were in fact taken and that the quantity and quality of the food or drug was as 
expected. Deviations must be investigated and documented.

 Records of manufacture (including distribution) that enable the complete history of a batch to be traced must be 
retained in a comprehensible and accessible form.

 Any distribution of products must minimize any risk to their quality.

 A system must be in place for recalling any batch from sale or supply.

 Complaints about marketed products must be examined, the causes of quality defects must be investigated, and 
appropriate measures must be taken with respect to the defective products and to prevent recurrence

Source: wikipedia



Quality of the raw materials
Fmoc-Lys(Boc)-OH specification:

Test Result

Appearance White almost white powder

Identity (IR) Identical with standard

Assay (titration) 98.0 – 102.0 %

Solubility (0.5 mmol/ ml DMF) clear, max 150 Hazen

Optical rotation (c=1, DMF) -11.0o ~ -13.0o

Melting range 126.0 – 132.0 oC

Ash (SO4) max 0.2%

Water content (KF) max 1.0%

Chromatographic purity(TLC)

CHCl
3
:MeOH:AcOH=90:8:2 (V/V) min 99%

H-Lys(Boc)-OH (TLC) max 0.2%

Chromatographic purity (HPLC) min 98.5%

Fmoc-b-Ala-OH (HPLC) max 0.1%

Fmoc-b-Ala-Lys(Boc)-OH (HPLC) max 0.1%

D-enantiomer max 0.2%

Other amino acids max 0.2%

Residual solvents To be reported



Production documentation 1.

What should be documented

Performed production process steps, actions

Equipment cleaning processes and their inspection

In process control investigations and their check

Operation of the supporting facilities

Planned/sudden deviations and their evaluation

(change controll, deviation)



Production documentation 2.



Drug Master File



Requirements about the quality of 

the final APIs
ICH - The International Conference on Harmonization of Technical Requirements for

Registration of Pharmaceuticals for Human Use (1990 to present)

To achieve greater harmonization in the interpretation and application of technical

guidelines and requirements for product registration.

Q1: Stability(1992)

Q2: Analytical validation (1993)

Q3: Impurities (1994)

Q4: Pharmacopoeias

Q5: Quality of biotechnological products (1995)

Q6A: Specifications: test procedures and acceptance criteria for new drug

substances and new drug products: chemical substances (1999)

Q6B: Specifications: test procedures and acceptance criteria for

biotechnological/biological products (1998)

Q7A: Good Manufacturing Practice API (2000)

Q8: Pharmaceutical development (2004)

Q9: Quality risk management (2005)

Q10: Pharmaceutical quality system( Step 2 2007)

Q11: Development and manufacture of drug substances

Q12: Lifecycle management



Required data to register a peptide

drug

 Manufacturer (Name, address, responsibility status in each and every

production site, analysis location and the owner of the DMF)

 Documentation of the production process’ development

 Documentation of the used materials (amino acids, amino acid derivatives, 

reagents, solvents, resins)

 Product identification (Amino acid analysis, MS, Amino acid sequencing, 

disulfide bridges, spectroscopy, electrophoresis, NMR, X-ray diffraction)

 Physicochemical identification (isoelectric point, solubility, coefficient of 

extinction, spectral characterization, pH of the solution)

 Biological characterization (biological effect, strength, immunogenity, in

vitro, in vivo effects)



Purity requirements

Detection limit of impurities: 0.03%

 Identification limit of impurities: 0.05%

Quantification limit of impurities: 0.05%

Potential impurities:

Peptide related impurities (racemic, deficient, truncated, 
side produc, isomers, oxidized derivatives, mixed-up
disulfide bridges, aggregates

Non-peptide related impurities (residual solvents, coupling
agent residuals, protecting group residuals, inorganic
asalts)



b-Alanine impurity

 > 20 AA containing peptide was prepared for clinical study. A new

impurity was appeared in one of the batches wiht a 0.84 RRT 

compared to the main product (0.49%)

 It can be purified, but with extreme losses (~50%)

 The impurity was identified: Chromatography, MS/MS, amino acid

analysis, sequencing and structure proving by synthesis

 The impurity was b-alanine and it was originated by the used

protected amino acids

Where did it come from?

Hlebowicz et al, J.Pept.Res, 2005



„Formation” of b-Alanine impurity

Izidoro et al Biopolymers, 2007



Continuos Flow synthesis



What is flow chemistry?

 Performing a reaction continuously, typically on small 

scale,

 through either a coil or fixed bed reactor.

OR

Pump
Reactor Collection



Continuous flow „environment”



Batch and flow

 Fundamental differences between batch and flow reactions: 

 stoichiometry vs. flow rates, 

 reaction time vs. residence time,  

 reaction completion - „reaction window” depends on time in 

batch, while time and space (distance) in flow, 

 Temperature control is different for batch and flow (particularly

for fast reactions, mixing etc.)



Where is flow chemistry applied best?

Exothermic Reactions

• Very good temperature control

• Accurate residence time control

• Efficient mixing

• Less chance for thermal run-away

• Higher productivity per volume

• High selectivity

Endothermic Reactions

•Control over T, p and residence time

•High selectivity

•Accessing new chemistry

•Higher productivity per volume

•High atom efficiency

Reactions with gases

• Accurate gas flow regulation

• Increased safety

• Easy catalyst recycling

• High selectivity

• Higher productivity per volume

Scale up

• Increased safety

• Higher productivity per volume

• Selectivity

• Reproducibility



Miniaturization: Enhanced temperature control
Large surface/volume rate
 Microreactors have higher surface-to-volume ratio than 

macroreactors, heat transfer occurs rapidly in a flow microreactor, 

enabling precise temperature control.

Yoshida, Green and Sustainable Chemical Synthesis Using Flow

Microreactors, ChemSusChem, 2010



Heating Control

Batch Flow

- Lower reaction volume. 
- Closer and uniform temperature control

Outcome:

- Safer chemistry.
- Lower possibility of exotherm.

- Larger solvent volume. 
- Lower temperature control.

Outcome:

-More difficult reaction control. 
- Higher possibility of exotherm.



Flow reactors can achieve homogeneous mixing and uniform 
heating in microseconds (suitable for fast reactions)

Improved Mixing Compared to Batch



First trials

Lukas et al.

PNAS 1981

78(5) 2791



Current trends (low amino acid excess)

TentaGel resin

50 – 70oC, 60bar, 6.7min cycletime

Mándity et al. ChemSusChem 2014, 7(11) 3172

Sequence 23: ACP 65-74 

(H-Val-Gln-Ala-Ala-Ile-Asp-Tyr-Ile-Asn-Gly-NH2)

Sequence 24: CD8 fragment

(H-Gly-Leu-Ile-Thr-Val-Ser-Val-Ala-Val-NH2)



Current trends (low cycle time)

Fmoc-Rink-MBHA resin

6 eqv Fmoc-AA-OH, HBTU

Simon et al. ChemBioChem 2014, 15(5) 713



Automated flow SPPS

Source: Vapourtec



Results of the synthesis
 ACP 65-74 was synthesized (H2N-VQAAIDYING-CONH2) on Rink-amide resin

Source: Vapourtec



Results of the synthesis

Source: Vapourtec
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