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Nucleosides and Bases Separation Comparison in 50% Chiral Separation in Polar Organic Liquid Chromatography
PPC, 30% DMC, and 85% ACN

High-performance liquid chromatography (HPLC) is a powerful technique used to — oh — ) h y | | Method Conditions

separate different drug molecules from a mixture, which is critical for drug discovery and _ ciency: Chromatographic efriciency Is a measure of how well a column separates analytes, Column: Whelko (150x4.6 mm, 2.7 um)
) ) : . : — Dimethyl Carbonate —— Dimethyl Carbonate typically expressed as the number of theoretical plates (N). :
Impurity analy3|s. Reversed—phase |IC|UId Chromatography (RPLC) and mixed-mode Propylene Garbon Propyione Carbon Mobile Phase 1: 60/40/0.3/0.2 ACN/Methanol/Acetic acid/Triethylamine

chromatography (MMC) are widely used chromatographic methods in pharmaceutical , aesione aesione” 0 A
industries and analytical chemistry research labs. Normal-phase liquid chromatography
(NPLC) and polar organic liquid chromatography (POLC) are also employed for the
separation of some polar drugs and chiral compounds. RPLC, POLC, and MMC typically
require large volumes of acetonitrile (ACN), while NPLC largely depends on hexane.
However, both solvents are toxic to humans and pose significant environmental risks. As a
result, considerable efforts are being made to develop greener alternatives for
chromatographic separations. The aim of our study is to identify environmentally friendly

substitutes for the toxic solvents ACN and hexane. This research explores unconventional

UV: 256 nm
30% DMC
Z 15000
carbonate ester solvents—specifically dimethyl carbonate (DMC), diethyl carbonate (DEC), ' ' | | ' '
and propylene carbonate (PPC)—as potential green alternatives. Our findings suggest that : 85% ACN
in MMC, POLC, and RPLC, up to 50% of ACN can be replaced with PPC, and up to 60% R ' oo o o0 - _ _ |

Introduction E.(30) Values of Solvents

Chromatographic Efficiency (N) Comparison Mobile Phase 2: 60/40/0.3/0.2, DMC/ Methanol/Acetic acid/Triethylamine
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with DMC, without compromising chromatographic performance. This substitution reduces wavelength (nm) Wavelength (nm) Time (min)
toxicity and environmental impact, promoting greener and safer practices in both analytical | - _ . n .
and preparatlve Separatlons . Reichardt's Dye Absorption in DiffeimDismoelt‘l:;'lt:b(osngg-(g[)?\llocl)"(:\nrzax:743_0nm,ET30:38_5kcaI/mo|) ET(3O) Values ; . : : . | Uracil Uridine  Adenosine  Cytosine Cytidine  Guanosine

—— Diethyl Carbonate (DEC) (Amax: 668.0 nm, ET30; 42.8 kcal/mol) . H85% ACN m30% DMC 50% PPC
g ——Propylene Carbonate (PPC) (Amax: 618.5 nm, ET30: 46.2 kcal/mol) Minute
——Acetone (Amax: 670.0 nm, ET30: 42.7 kcal/mol)
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Basic HPLC Parts (Block Diagram) | —
*Solvent Bottle: Holds the liquid that carries the ‘ ; Jmixing
sample. ' | . I
-Pump: Pushes the liquid through the system. ; —

.Injector: Where th le is added. . : : : — —
njector: Where the sample is adde o N 1) 7 z)ﬁ 3)O/Nlrw Functionalized Phenols Separation in Reversed-Phase Liquid
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Functionalized Nucleosides and Bases Separation in
Mixed-Mode Chromatography
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*Column: Separates the sample into parts. k o 5 PN )\
Detector: Senses and shows the results. RS - ' ) T : Chromatography

L X . .
750 800 850 900 R 1,3 Dimethyl Uracil 5-Nitro Uracil

«Computer: Displays a graph of what's in the - R T e
etector
sample.

o Z O, N o o, NH,
. . > HO
‘Waste: Collects used liquid. et 4))%);\)\ ) m 6) Y\( " o 2) 3)
S8 LA N(4)':‘Acetyl Cytosine 5-HydroxymethylUracil \H/ O/

Stability of Solvents in Mixed-Mode Chromatography Resmremol oo, e

Demand and Toxicity of Solvents 7) ﬂ o .
=
Acet0n|tr||e H ° S—meth)’/\jlCytosineNH2 /©/ 6) j@\/\
. . " ] 3 HeN N © “ 4-Chlorophenol \O /
« ACN can affect the liver, kidneys, and central nervous system , HQJ\ , | - > 6-Dimethylphenol Isoeugenol
: § o N~ Method Conditions

 Market size volume in 2022: 180 thousand tonnes ,
Isocytosine Column: FructoShell-N (150x4.6 mm, 2.7 pm)

5-Fluoro Uracil
Salicyluric acid

» Expected market size volume by 2032: 270 thousand tonnes (compound annual growth rate of Mobile Phase: 20 mM tetrabutylammonium perchlorate in X% )

4.08%) Method Conditions Green Solvent: (85-X)% ACN: 15% Water 2,4,6-Trimethylphenol

Hexane Column: Silica (100x4.6 mm, 2.7 um) Flow Rate:1.0 mL/min Method Conditions

. . : _ _ Temperature: Ambient
Hexane Is neurotoxic Mobile Phase: 20 mM tetrabutylammonium emperature: Ambie Column: C18 (150%4.6 mm, 5 um)

: - : UV: 256 nm
* Market size volume in 2022: 1300,000 tonnes perchlorate in X% DEC: (85-X)% ACN: 15% Water Mobile Phase 1: 30% PPC, 50% Methanol, and 20% Water

Mobile Phase 2: 20% PPC, 30% Methanol, and 50% Water

Expected market size volume by 2032: 1800 thousand tonnes (compound annual growth rate Flow Rate: 0.4 mL/min

of 3.24%)
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UV: 256 nm

https://www.chemanalyst.com/industry-report/acetonitrile-market-721

Carbonate Esters as Green Alternatives UV: 256 nm
Time (min)

Parameters Acetonitrile Hexane PPC DMC DMC
@) I — Injection 1 i — Injection 1

N— /\/\/ O%O | —Injection 2 —Injection 2
—_— - —Injection 3 — Injecti
= I N | e - S

—In!action 5 —Injection 5
Price (LC Grade, 41) $416.37 $260.92 $255.02 $176.36 [ ation? ' njection?
Viscosity (mPa.s) 0.314m 2.8 0.664 0.827 Injction o injection 9
Q
_ At20 C Injection 11 Injection 11
Boiling point at 760 mm . 68.70 241.6 90-91 126 Injection 12 Injection 12 PPC
Hg (UC) F Injection 13 F Injection 13 I I
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Injection 15 Injection 15
—Injection 16 Injection 16
—Injection 17 ——Injection 17

Solubility in Water 95 1.75%10° 1.39%10° 1.88x10°
(mg/L)
UV Cut Off (nm) ( ( 219.5 217 215.7
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—Injection 18 —Injection 18

4 ° 7 -
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s |—Injection 19 . ' : ' ‘ » | —Injection 19 A | Time (min)

2 3 —Injection 20 2 3 —Injection 20| DMC
Polarity on Et (30) scale 46.2 38.5 42.8 Time (min) Time (min) 3 4 .

(Kcal/mol) Time (min)
Dielectric Constant at . ; 64.9 3.2
—Injection 3 —Injection 3

25°C
— Injection 4 — Injection 4

Flash Point (°C) . 116.0 18.0 25.0 ~— Injection 5 - — Injection 5
—Injection 6 —Injection 6

Relative Hazard/Toxicity ; 0.13 0.13 0.09  Injection 7 —Injection 7
on ChlorTox Scale Injection 8 Injection 8

Injection 9 Injection 9 .

Injection 10 Injection 10

Injection 11 Injection 11 . . .

- Injection 12 r Injection 12 , L

UV Cut-Off and Solvent Polarity : , ecion et : m

. ' I 2 Time (min)

Injection 15 Injection 15
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Injection 16 I\ Injection 16 OH
—Injection 17 ‘ |\ . —Injection 17 L . Pyridoxine
— Injection 18 | f '*M —Injection 18 Nicotinamide
" Ay Lb i |[—Injection 19
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Solvent cutoff & polarity study is essential to:  imetyl carbonat ' ' ' ' ' — injection20 2 4 — injection 20 C :
. . onclusions
‘Ensure solvent doesn’t interfere with UV Diethy| carbonate rimemn e
. Acetone
detection (low UV cutoff). . . . — Pharmaceutical research and development, analytical chemistry research labs, and
*Select solvents with the right polarity to optimize Concentration Study-Nucleosides and Nitrogenous Bases Method Conditions other research institutions use large volumes of acetonitrile, hexane, and other toxic
separation and peak shape. Separation in Mixed-Mode Chromatography Column: Fructoshell-N (150x4.6 mm, 2.7 um) solvents in separation processes.
Mobile Phase: 20 mM tetrabutylammonium perchlorate in X% Green These solvents harm human health and disrupt the ecosystem, highlighting the
o Solvent: (85-X)% ACN: 15% Water need for green alternatives.
H HO, = N . ) ; ;
OYL\le oY N@Q Flow Rate:1.0 mL/min (for DMC) and 0.8 mL/min (for PPC) DMC and PPC can replace these.harmful solvents in large volumes, making liquid
TN~ f e ’Q _ chromatography greener than traditional methods.
07 NS0 HO . _oH Temperature: 25°C . . . . ..

H W _ Evaluations of solvent polarity, UV cut-off, stability, and chromatographic efficiency

UV cutoff of the carbonate ester solvents: UV: 256 nm confirm their suitability for use in chromatography.

DEC DMC PPC ACN | Acetone | ' o ' «10* In MMC, RPLC, and Polar Organic Mode, we successfully substituted up to 50%,
| 4) Cytosine 5) Cytidine 6) Guanosine " 30%, and 60% of toxic ACN, respectively.

215.7nm  217nm 219.5nm  190nm  328.5nm 200 280 300 30 400 450 OYE(NHZ Ho. " ﬁI> Stabjlity_ studies confirm that these solvents are stable for chromatographic
Wavelength (nm) HN_ _~ HaN™ ONT apphcatlons.
_ ol Overall, our approach makes chromatographic methods cheaper, less toxic for
Solvatochromism - . ' human health, and more environmentally friendly.

25

Method Conditions ' ' Time (min)

What is solvatochromism? Column: FructoShell-N (150x4.6 mm, 2.7 um)
*The ability of a molecule to change its absorption or emission color based on solvent

polarity.
*Used to study solvent-solute interactions and molecular environments.
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Cut-off: The wavelength at which the solvent 1) Uracil 2) Uridine 3) Adenosine

absorbance in a 1 cm path length cell is equal to
1 using water in the reference cell.
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Row o Cetelllate ET(3O): Amax = Maximum absorption wavelength (nm) from UV-Vis spectrum
* E;(30)= h.c.Na/ Amax = 28591 / Amax (in kcal/mol) h= Planck’s constant
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c= speed of light l L 4 Sg
Na = Avogadro’s constant — A AA M
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