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Introduction

Carbohydrates are commonly found in plants, animals, and microorganisms and have considerable applications in medicine
when bound to lipids, peptides, proteins, or even nucleic acids'?. Among classes of biomolecules, carbohydrates are the

most structurally diverse. This hetereogeneity makes isolation of pure samples in sufficient amounts, from biological sources
extremely difficult. Total synthesis of bioactive natural products, aminoglycoside antibiotics, glycodrugs, and glyco-conjugate
vaccines from carbohydrates have been of considerable interest in the medicinal field. Chemical synthesis offers the advantage
of producing structurally targeted oligosaccharides for drug discovery. The complex nature and diverse physiochemical
properties of carbohydrates, including their high polarity and lack of UV absorbance, translates to challenges in post synthesis
purification. However, recent advances in flash chromatography have simplified and facilitated the separation and access to
these molecules

This study identifies the specific challenges of carbohydrate isolations found during extraction from natural sources or synthetic
production. We explore overcoming the drawbacks to employing traditional flash chromatography for carbohydrate purification
resulting from the compound’s lack of UV absorbance. Flash chromatography equipped with integrated multi-signal detection
and signal processing is investigated to enable efficient separation and collection of carbohydrates and their conjugates.

Experimental and Results

Synthesis Products

Glycoconjugates, being diverse structures, require multiple step syntheses to produce. The number of monosaccharides, ring
size, the different anomeric stereochemistry, and the existence of the branched-chain sugars all contribute to the complexity of the
structures. Typical oligosaccarides are produced in four transformation stages: preparation of the glycosyl donors, preparation of
the glycosyl acceptors with a single unprotected hydroxyl group, the coupling of them, and the deprotection process.
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However, recent synthetic advances are demonstrating the ability to produce biologically interesting oligosaccarides in single-
pot conversions. The regioselective protection of hydroxyl groups and the stereoselective assembly of glycosidic bonds
present a number of challenges for synthetic chemists, including adding to the complexity of the crude reaction mixture. The
purification challenge becomes to successfully separate the complex cabohydrates from their simple sugar building blocks,
reagents, and by-products.

Flash chromatography is commonly favored by chemists since it is viewed as a very rapid and reliable technique for
purification. Traditional approaches involve utilizing flash chromatographic systems equipped with ultraviolet (UV) detection,
which fails to detect carbohydrates and their impurities. Consequently, chemists rely on time-based fraction collection and
tedious post fraction analysis, including TLC plate staining in order to detect components in the reaction mixture, which slows
isolation and subsequent downstream testing. Undoubtedly, this contradicts the perception that flash is an efficient method for
purification and wastes precious research time.

The Reveleris® Flash Chromatography System




Case Studies

Acarbose

Acarbose, an inhibitor of a-glucosidase, is used in the treatment of diabetic patients to lower blood glucose. The reversed-phase
separation of a pseudo-reaction mixture containing 25mg of acarbose and other sugar components was evaluated using an
advanced flash chromatography system with an amino bonded silica cartridge.

The Reveleris® iES flash chromatography system isolates the aminosugar, Acarbose, from

its sugar components

Cartridge: Reveleris® amino 12g
Flow Rate: 36mL/min
Equilibration: 10.0 min

Run Length: 15.0 min

UV1 Wavelength: 220nm

UV2 Wavelength: 254nm

ELSD Carrier: Iso-propanol
Solvent A: Water with 0.1% TFA
Solvent B: Acetonitrile
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The acarbose was isolated in approximately 10 minutes from its simpler sugars using a gradient of water and acetonitrile
modified with 0.1% TFA. The Reveleris® flash chromatography system included integrated dual wavelength UV and
evaporative light scattering (ELSD) detection which enabled a visible response from both the simple and complex sugars.
Neither the glucose and maltose exhibited UV absorbance and the acarbose UV response was minimal at 220nm which
would have lead to little to no recovered product.

Rutin

The flavanol glycoside Rutin,used in dietary supplements as Vitamin P, was examined. Besides its antioxidant property, this
bioflavonoid works with vitamin C in reducing pain and intraocular pressure. It has been synthesized from the conjugation of

carbohydrates such as rhamnose and glucose with the flavonoid quercetin. A post synthesis reaction mixture containing Rutin was

purified using the Reveleris® flash system in less than 5 minutes.

Purification of conjugated Quercetin with Rutinose using the Reveleris® flash
chromatography system is fast and efficient

Cartridge: Reveleris® amino 12g Gradient Table
Flow Rate: 36mL/min Step Time (min.)  %B
Equilibration: 10.0 min 1 0.0 99
Run Length: 9.0 min 2 1.0 99
UV1 Wavelength: 265nm 3 3.0 70
UV2 Wavelength: 220nm 4 5.0 70
ELSD Carrier: Iso-propanol _
Solvent A: Water Rutin
Solvent B: Acetonitrile with 0.5% TFA
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The amino bonded silica provided sufficient retention of all carbohydrate components which would have co-eluted on C18
or other bondings. The Rutin, eluting just after 3 minutes, was fractionated separately from the flavonoid quercetin and the
closely eluting rhamnose and glucose to help improve recovery.




Amikacin

Bacterial resistance to aminoglycoside antibiotics has been a problem leading to clinical failures. Present as a mixture of
aminoglycosides, Kanamycin A has been used as a precursor to its semi-synthetic acyl derivative, amikacin. The latter, when modified
with 4-amino-2-hydroxybutyryl group, helps to protect against enzymic deactivation in the body while maintaining its activity.

Isolation of Aminoglycoside Antibiotics in the Synthesis of Amikacin is simplified with dual
detection in the Reveleris® flash chromatography system

Cartridge: Reveleris® C18 12g
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The semi-synthetic acyl derivative amikacin mixture is separated in under 8 minutes using reverse phase C18 bonded silica
on the Reveleris® flash chromatography system. The amikacin is easily detected with the ELSD, well retained and separated
from glucose and its precursor, Kanamycin A. A HILIC gradient method was employed to enhance the separation in which the
aqueous concentration, as opposed to the organic, increases with time.

Neohesperidin

Neohesperidin, naturally derived from bitter orange, is an intensely bitter flavanone glycoside used for producing the non-sugar
sweetening agent neohesperidin dihydrochalcones for diabetes related therapies. It is known to have a strong synergistic effect in
combination with other sweeteners like aspartame, xylitol, and saccharin, for controlling sugar uptake in human body.

The Reveleris® flash chromatography system helps improve purification of flavanone glycosides

Cartridge: Reveleris® amino media 40g

Flow Rate: 40mL/min Step | Time (min.) %B
Equilibration: 10.0 min 1 0.0 99
Run Length: 25.0 min 2 2.0 99
UV1 Wavelength: 220nm 3 10.0 70
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UV2 Wavelength: 254nm
ELSD Carrier: Iso-propanol
Solvent A: Water

Solvent B: Acetonitrile
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The Reveleris® flash chromatography system was used with an amino bonded phase and operated in a HILIC gradient mode.
Unreacted hesperitin and degraded reagents yielding glucose were undetected at one or both UV wavelengths, but were
isolated separatedly by relying on ELS detection triggering. The neohesperitin was well retained and separated from the earlier
eluting hesperitin and glucose.

Conclusion

This work shows that polar sugar compounds can be rapidly separated from their reaction mixtures using a Reveleris® flash
chromatography system combined with amino or C18 bonded silicas.

Purification bottlenecks encountered when using traditional flash chromatography with UV detection can be eliminated by using mutli-
signal detection which independently triggers fraction collection from UV and ELSD. Relying on multi-signal fraction triggering saves
time and effort by foregoing the need to perform time-based collection (collect peaks only) and extensive post fractionation workup
(including TLC plating/staining). The Reveleris® flash system isolates target compound fast with high purity and recovery.
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