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Abstract: The biological activities of flavanone and hesperetin were enhanced by synthesizing
Schiff base types molecules (bis-imino-flavans; BHF4, BHF8 and BHF 10) by combining
flavanone and hesperetin. These molecules were characterized by spectroscopic
studies. The four enantiomers of these molecules were separated by HPLC due to the
presence of two chiral centers in these molecules. The best separation was achieved
with Chiralcel ® OD-H column under normal mobile phase mode. BHF4 and BHF8
racemates separated completely withk 1 ,k 2 ,k 3 &k 4 ;a1 ,a 2 &a 3 and
Rs 1 ,Rs 2 &Rs 3 values of 3.00, 3.55, 3.80 & 4.25; 1.18, 1.07 & 1.12 and 1.26,
1.10 & 1.00 for BHF4 while these values were 5.70, 6.30, 9.08 & 9.83; 1.11, 1.44 &
1.08 and 1.08, 1.37, 6.35 and 1.71. On the other hand, BHF10 could not separate
completely. The free energy (AG) was calculated for the best separation conditions,
and the correlation accurately shows the favorable range of the intercalated length.
The chiral mechanism was proposed based on the carbon lengths between flavanone
and hesperetin molecules in bis-imino-flavans. The modeling results confirmed the
binding order of the enantiomers in BHF4 > BHF8 > BHF 10; with maximum bing of SR-
enantiomers. The synthesized and separated Schiff base types bis-imino-flavans were
evaluated in urine samples with satisfactory results.
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Title: Chiral HPLC separation and simulation studies of two chiral centered bis-imino
flavans (Schiff base)

Again, | would like to thank Professor Justyna Ptotka-Wasylka, the learned Editor to
give us a chance for revising this manuscript. Besides, thanks are also the scholarly reviewers
to give fruitful suggestions. Really, the incorporation of all the suggestions made this
manuscript more useful and attractive to the readers. The point-wise replies to the comments
of reviewers are given below.

Editor and Reviewer comments:

Reviewer 2: | don't think the authors understand the problem that the peak areas of the two
peaks of the enantiomer are equal. According to the literature (Journal of Chromatographic
Science, 2014; 52:1051-1058) provided by the author, the drug Nebivolol has four
enantiomeric pairs that include Isomers 1 and 2 (RSSR,SRRS), Isomers 4 and 5 (SRRR,
RSSS), Isomers 6 and 8 (RSRR,SRSS) and Isomers 7 and 10 (RRRR, SSSS). In Figure 2
(Journal of Chromatographic Science, 2014; 52:1051-1058), we can see that the peak areas of
two enantiomers for each enantiomeric pair are basically equal, namely, RSSR and SRRS,
SRRR and RSSS, RSRR and SRSS, RRRR and SSSS, respectively. In this manuscript, the
BHF4, BHF8 and BHF10 possess two enantiomeric pairs including RR and SS, RS and SR.
That is to say, the peak areas of RR and SS, RS and SR should be equal, respectively. Based
on the elution order (SS- > RS- > RR- > SR-) for BHF4 according to the simulation study, the
areas of the first peak and the third peak should be equal, while the areas of the second peak
and the fourth peak should be equal. However, as can be seen from Figure 2 in this
manuscript, their peak areas are very different. Why? Besides, the authors did not provide the
chromatograms for the purity analysis of these compounds.

Reply:

Once again a great thanks to this reviewer for his/her appreciation of our work in the
sense that he/she did not reject.

Also, thanks for sparing his/her valuable time reviewing this manuscript and giving
fruitful suggestions.

We have already submitted the following.
The statement of “the peak areas of the two enantiomers corresponding to each chiral

center should be equal” IS NOT TRUE BECAUSE ENANTIOMER MAY BE IN
DIFFERENT PROPRTIONS. The enantiomers may or may not be in equal amounts.



There are many examples in the literature where enantiomers have different amounts.
For example. We already gave one example of nebivolol where 1 and 2 enantiomers are not of
equal concentrations (Journal of Chromatographic Science, 2014; 52:1051-1058).

ONCE AGAIN, WE ARE CITING BELOW SOME REFRENCES WHERE
ENANTIOMERS ARE NOT IN EQUAL AMOUNTS. Therefore, the presence of enantiomers
in EQUAL AMOUNT IS NOT UNIVERSAL PHENOMENON.

- Journal of Chromatography A, 799 (1998) 301-307; Please see Fig 1.

- Advanced Materials Research Vols. 706-708 (2013) pp 36-39, Please see Fig 2.

- Egyptian Pharmaceutical Journal 2016, 15:88-97 Please see Fig 2-9.

- Scientific Reports volume 5, Article number: 11523 (2015); please see Fig 4 (7-
Hydrofyflovanone) and Fig. 7.

Besides, there are other papers describing unequal amounts of the enantiomers.

We have also included the purity peak in the Supplementary information.
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Chiral HPLC separation and simulation studies of two chiral
centered bis-imino flavans (Schiff base)
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Abstract:

The biological activities of flavanone and hesperetin were enhanced by synthesizing
Schiff base types molecules (bis-imino-flavans; BHF4, BHF8 and BHF10) by combining
flavanone and hesperetin. These molecules were characterized by spectroscopic studies. The four
enantiomers of these molecules were separated by HPLC due to the presence of two chiral
centers in these molecules. The best separation was achieved with Chiralcel®OD-H column
under normal mobile phase mode. BFH4 and BFH8 racemates separated completely with ki, ko,
ks & ks; a1, a2 & az and Rsi, Rs2 & Rss values of 3.00, 3.55, 3.80 & 4.25; 1.18, 1.07 & 1.12 and
1.26, 1.10 & 1.00 for BFH4 while these values were 5.70, 6.30, 9.08 & 9.83; 1.11, 1.44 & 1.08
and 1.08, 1.37, 6.35 and 1.71. On the other hand, BHF10 could not separate completely. The free
energy (AG) was calculated for the best separation conditions, and the correlation accurately
shows the favorable range of the intercalated length. The chiral mechanism was proposed based
on the carbon lengths between flavanone and hesperetin molecules in bis-imino-flavans. The
modeling results confirmed the binding order of the enantiomers in BHF4 > BHF8 > BHF10;
with maximum bing of SR-enantiomers. The synthesized and separated Schiff base types bis-
imino-flavans were evaluated in urine samples with satisfactory results.

Keywords: Schiff base (bis-imino-flavans), Flavone and hesperetin, Chiral-HPLC separation,
Chiral recognition mechanism.
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1. Introduction:

The flavonoids are a very significant group of molecules and appeal considerable
devotion because of their pharmacological and physiological impact [1,2]. Hesperetin is
identified to have strong chemo-preventive and antitumor possessions against abdominal
carcinoma in the treatment of a diversity of vascular and cancers diseases [3-5]. As a vital
bioactive Chinese traditional medication, hesperetin has manifold pharmacological and
biological activities. It is an antibacterial, anticancer, antioxidant, antiallergenic and anti-
inflammatory agent since it stimulates or inhibits a wide diversity of enzyme systems as a
pharmacological agent including inhibition of cancer development, effects on the blood-brain
barrier, signal transduction pathways, etc. [6-9]. These properties strongly depend on the
chemical structure; especially the presence and location of hydroxyl groups [3]. The reactivity of
the flavonoids with reagents at C4 carbonyl group has been getting growing interest and led to
interesting new synthetic compounds [10-11]. The flavanones having 2-aryl chroman-4-one
skeleton embedded chemical structures are extensively distributed in plants [12] and synthesized
as well [13-18]. Thus, the chemical modification through synthetic routes is a new direction in
flavanone research [19]. Belboukhari et al. [20,21] synthesized flavanone derivatives such as 4-
iminoflavan [22] and imino-4-hesperidin [23-25] derivatives. The modification of such types of
molecules is always encouraged to enhance biological activities. Therefore, it was considered
worthwhile to synthesize two chiral centers bis-imino flavans by using flavanone and hesperetin
molecules; with varying lengths of the carbon chain of intercalations. It is important to mention
here that the resulting bis-imino flavans were Schiff base. Therefore, it is assumed that the
reported molecules will be of high biological values having properties of flavanone, hesperetin

and Schiff bases.
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As mentioned above, the synthesized bis-imino flavans are having two chiral centers and
exist with four enantiomers in each molecule. This made these molecules more important than
the other flavonoids [4,26]. The chiral separation has been of great significance, particularly in
the pharmacological industry. This attention is because of the dissimilar pharmacological and
pharmacokinetic activities of the enantiomers [27]. The compounds with more than one
asymmetric center are now a challenge in chiral separation to have all possible enantiomers
because of the complex structure of these analytes and that the chiral selectors must have the
ability to differentiate the chiral centers simultaneously [28-31], especially under isocratic
conditions [32]. Polysaccharide-based CSPs are the most widespread, among various chiral
stationary phases [33-38]. The benzoate ester, acetate ester, or phenyl carbamate derivatives of
cellulose and amylose have revealed extensive enantio-selectivity and resolution abilities [39].
They are effective under normal-phase and reversed-phase conditions. Most commonly used
chiral separation techniques are High-Performance Liquid Chromatography (HPLC) and
Capillary Electrophoresis (CE). It is important to mention that HPLC is better than CE because
of the high reproducibility of HPLC in comparison to CE. Moreover, chiral separation is
achieved on Chiral Stationary Phases (CSPs) in HPLC while CE needs addition of chiral selector
in background electrolytes. This made the method costly in CE because everytime costly chiral
selectors are added, which is wastage. Besides, the separated enantiomers in HPLC are pure
while in the case of CE the separated enantiomers are the diastereomers formed with chiral
selector [40,41]. In this way, HPLC is much better than CE in chiral separation. Therefore,
HPLC was used as the separation technique in this article. Therefore, efforts are made to resolve
four enantiomers of the reported bis-imino flavans by using a variety of chiral columns and
mobile phases. Finally, the developed chiral HPLC methods were applied in urine samples for
enantiomeric resolution of the reported molecules

3
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2. Experimental:
The chemicals, reagents, and instruments are given in supplementary information.

2.1 Synthesis of bis-imino flavans

To synthesize the asymmetric compounds, 0.5 mmol of flavanone was dissolved in methanol
and added to an acetic acid/ethanol (1.5 mL/25mL) hot stirring solution. The solutions of 5 mmol
of each appropriate primary diamine dissolved in ethanol were added to the mixture. Then, 0.5
mmol of hesperetin dissolved in methanol was added dropwise to the reactional medium. After
24 hours, the mixture was concerted, chilled and the solid was separated out. The precipitate was
filtered, washed with water, and recrystallized from methanol to give the desired products
(Figure 1). The synthesized molecules were characterized by UV-Visb., FT-IR, *H NMR and *C

NMR methods.
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Figure 1: The synthesis of bis-imino flavans (Schiff base).

2.3 Sample preparation

A very small amount of each compound was accurately weighed and dissolved with 5.0
mL methanol with 10° M concentration.
2.4 Analysis in biological samples

To check the applicability of the established chiral HPLC methods, the racemates

of BHF4 and BHF8 were examined in urine samples. 50 mL urine was sampled and the
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BHF4 and BHF8 molecules were added discretely and correspondingly to get 10° M
concentration. The pointed urine trials were conceded through the multi-walled carbon
nanotubes (MWCNTS) solid-phase extraction unit as developed in our lab. [42].

3. Results and discussion

3.1 Synthesis of bis-imino flavans

As clear from Figure 1 that total 3 compounds were synthesized. The synthesized
compounds were 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-
ylidene)amino)butyl)imino)chromane-5,7-diol (BHF4), 2-(3-hydroxy-4-methoxyphenyl)-4-((8-
(2-phenylchroman-4-ylidene)amino)octyl)imino)chroman-5,7-diol (BHF8) and 2-(3-hydroxy-4-
methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene)amino)decyl)imino)chroman-5,7-diol
(BHF10). By the structural point of view, BHF4, BHF8 and BHF10 represents bis-hesperetin-
flavanone at -(CH2)- equal to 4, 6 and 10.

The reported bis-imino flavans (Schiff base) were synthesized by a typical procedure
described by Bouanini et al. [43]. The synthesis of imino-flavans was performed by refluxing
several flavanone with the suitable different primary diamines in methanol in attendance of a few
drops of acetic acid. The results showed that the yields depend on the nature of primary diamine,
the carbon bridge length and the nature of flavanes (the presence or not of hydroxyl groups). The
reactions yields ranged between 69 to 89%. The formation of Schiff bases took place under acid
or base catalysis and preference with heat. A Schiff base acts as a flexi-dentate ligand and
generally coordinates via the O atom of the deprotonated phenolic group and the N atom of the
azomethine group. The Schiff bases formation is actually an arrangement of two types of
reactions i.e. addition followed by elimination. Ther Schiff bases syntheses are best performed at
mildly acidic pH. The Schiff base formation mechanism is another difference on the theme of
nucleophile addition to the carbonyl group. In this case, the nucleophile is the diamine. Firstly,

6
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the diamine reacted with ketone or aldehyde to give an unsteady addition compound termed
carbinol diamine. The carbinol diamine loosed water either by base or acid catalyzed pathways.
Since the carbinol amine is an alcohol, it went acid-catalyzed dehydration [44]. The reactions
could be achieved only with carbon bridge length superior to four (CH) groups of the diamine,
but are not successful with carbon bridge length less than that because of the steric gene which
prohibits the diamine's end to reach the carbonyl site.
3.2 Characterization of the compounds

The above-reported compounds were characterized by different techniques. The structures of
the products have been established by spectral studies as UV-Visb., FT-IR, *H NMR and *C
NMR methods. Their characterization is discussed below.

3.2.1 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-ylidene) amino) butyl)
imino) chromane-5,7-diol (BHF4)

CasH3sN20e , Dark Brown powder; yield: 77%; M-P: 246-247°C; UVmax (MeOH, nm):
283 (band 1); 333 (band I1); IR (neat, cm™): 3378 (-OH), 3065 (-CH arom.), 2823 and 2956
(CH2, CH3), 1593 (C=C arom.),1377(OH), 1279 and 1120 (C-O) , 721 (CH2), 675(0OH) , 650
(CH arom).

IH NMR (400 MHz, DMSO-d6, ppm) :7.55(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,
Hes : H-2’, 3.1Hz) , 7.41(m, 3H, H-2’, H-4’ H-6"), 7.36 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,
OH-5), 7.24 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.06 (td, 1H, H-6, 5.7, 2.9 Hz), 6.97 (dd, 1H, F: H-8,
5.7, 2.9 Hz), 6.81 (dd, 1H, Hes: H-2", 5.7, 2.9 Hz), 6.74(d, 1H, Hes: H-6’, 5.6 Hz), 6.04 (d,
1H, Hes: H-5’, 5.6Hz), 6.01(d, 1H, Hes: H-8, 2.9Hz), 5.85(d, 1H, H-6, 2.9Hz), 5.33(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.79(s, 3H, OCH3), 3.75(t, 2H, CH2-N),
3.69(t, 2H, CH2-N), 3.64(s, 1H, OH-3"), 3.23(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.87(dd, 1H, H-

3a, 11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz),
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1.78(m, 4H, CH-CHy), 0.61 (s, 1H, OH-7). 3C NMR (75 MHz, DMSO-d6, ppm) & 166.86,
163.81, 163.23, 159.13, 147.70, 147.04, 140.62, 132.00, 128.87, 128.45 — 128.01 (m), 127.43 —
127.02 (m), 123.09, 119.99, 118.49, 117.55, 113.72, 112.79, 101.22, 97.80, 95.93, 78.64, 56.98 —
56.47 (m), 35.65, 27.06 — 26.65 (m).

3.2.2 2-(3-hydroxy-4-methoxyphenyl)-4-((8-(2-phenylchroman-4-ylidene) amino)
octyl)imino) chroman-5,7-diol (BHF8)

CazoH42N206 ; Brown powder; yield: 69%; M-P: 259-260°C; UVmax (MeOH, nm): 285
(band 1); 331 (band I1); IR (neat, cm™): 3380 (-OH), 3061 (-CH arom.), 2852 and 2957 (CH: ,
CHs), 1590 (C=C arom.),1377(OH), 1273 and 1120 (C-O) , 719 (CH2), 670(OH) , 655 (CH
arom).

IH NMR (400 MHz, DMSO-d6, ppm) : 7.53(t, 2H, F: H-3’, H-5’, 5.6Hz), 7.41(d, 1H,
Hes: H-2’, 3.1Hz) , 7.39(m, 3H, H-2’, H-4’,H-6"), 7.33 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,
OH-5), 7.21 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.03 (td, 1H, H-6, 5.7, 2.9 Hz), 6.94 (dd, 1H, F: H-8,
5.7, 2.9 Hz), 6.76 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6’, 5.6 Hz), 6.0 (d, 1H,
Hes: H-5°, 5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.29(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.78(s, 3H, OCH3), 3.70(m, 8H, CHa-
CHa-N), 3.64(s, 1H, OH-3’), 3.25(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.84(dd, 1H, H-3a,
11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.77-
1.29 (m, 8H, CH2-CHy), 0.91 (s, 1H, OH-7). ¥C NMR (75 MHz, DMSO-d6, ppm) & 163.21,
161.35, 156.34, 144.83, 143.17, 138.41, 130.13, 128.17, 127.00, 125.22 — 124.93 (m), 122.13 —
121.21 (m), 120.54, 117.76, 115.12, 113.76, 110.16, 108.14, 107.08, 93.12, 91.15, 73.31, 53.92 —
52.40 (M), 32.12, 29.20 — 28.19 (m), 27.65 — 26.11 (M), 25.83 — 24.21 (m).

3.2.3 2-(3-hydroxy-4-methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene) amino) decyl)
imino) chroman-5,7-diol (BHF10)
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Ca1H4sN20g; Dark Orange powder: yield: 73%; M-P: 265-266 °C; UVmax (MeOH, nm):
286 (band 1); 338 (band II); IR (neat, cm™): 3258 (-OH), 3061 (-CH arom.), 2824 and 2957
(CH2, CHs3), 1578 (C=C arom.),1377(OH), 1278 and 1100 (C-O) , 723 (CH2), 673(0OH) , 654
(CH arom).

'H NMR (400 MHz, DMSO-d6, ppm) : 7.61(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,
Hes : H-2, 3.1Hz) , 7.39(m, 3H, H-2’, H-4.H-6"), 7.29 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.11 (dd,
1H, F: H-5, 5.7, 2.9 Hz), 7.01 (td, 1H, H-6, 5.7, 2.9 Hz), 6.85 (dd, 1H, F: H-8, 5.7, 2.9 Hz),
6.78 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6’, 5.6 Hz), 6.0 (d, 1H, Hes: H-5",
5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.38(dd, 1H, H-2,6.01Hz,
5.7Hz), 5.03(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.86(s, 3H, OCH3), 3.73(m, 8H, CH2-CH2-N),
3.62(s, 1H, OH-3"), 3.27(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.89(dd, 1H, H-3a, 11.8Hz,5.9Hz),
2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.60(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.84-1.32 (m, 12H, CH-
CH), 0.87 (s, 1H, OH-7). 3C NMR (75 MHz, DMSO-d6, ppm) & 168.87, 167.12, 166.01,
160.42, 148.21, 146.10, 141.04, 135.16, 131.11, 126.23 — 125.10 (m), 123.33 — 122.32 (m),
122.12, 120.14, 119.42, 115.76, 113.23, 107.35, 97.15, 92.11, 81.98, 59.87 — 58.45 (m), 45.39,
43.39, 32.12 — 29.93 (m), 27.13 — 25.19 (M), 24.79 — 23.19 (m).

3.3 Chiral Separation:

In this work, we used two chiral separation approaches i.e. normal and polar organic
mobile phase modes under isocratic or gradient elution system. The chiral columns used were
Chiralpak®AD, Chiralpak®IA, Chiralpak®IB, Chiralcel®0J, Chiralcel®0Z and Chiralcel®OD,
Chiralcel®OD-H. The chiral separation of BHF4, BHF8 and BHF10 is given in Table 1 and the
chromatograms are shown in Figure 2. It is clear from Table 1 and Figure 2 that BHF4 got
resolved completely with four sharp peaks using Chiralcel®OD-H and Chiralpak®IB with
70%HEX-30%ISP mobile phase. The retention times were in the range of 6.01 to 19.66 minutes.
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The values of retention factors, separation factors and resolution factors of BHF4 with
Chiralcel®OD-H column were 2.01, 2.56, 2.98 & 4.27; 1.27, 1.16 & 1.43 and 4.20, 2.73 & 1.78
while these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59,
1.09 & 2.38. These values clearly showed better resolution with Chiralcel®OD-H in comparison
to Chiralpak®IB column. BHF8 could only be got resolved with Chiralcel®OD-H column by
using 65%HEX-35%ISP mobile phase. The values of retention factors, separation factors and
resolution factors were 1.79, 2.16, 3.54 & 3.92; 1.21, 1.64 & 1.11 and 2.68, 9.99 & 2.68 while
these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59, 1.09
& 2.38. On the other hand, BHF10 could not get resolved with any chiral column and mobile
phases used. The maximum three peaks could be obtained with both Chiralcel®OD-H and
Chiralpak®IB columns by using 70%HEX-30%ISP and 75%HEX-25%ISP mobile phases,
respectively. All the separated compounds were almost always baseline separated (Rs> 1.0) on
cellulose-based CSPs i.e. Chiralcel®OD-H and Chiralpak®IB; showing good chiral recognition.
Chiralpak®IB and Chiralcel®OD-H have a similar chiral selector with the former having
polysaccharides immobilized onto silica. The retention times and separation factors of
enantiomers were different on both columns under the same conditions. The immobilization of
the cellulose tris-(3, 5- dimethyl phenyl carbamate) on silica affected the chiral recognition
capability may be because of the change in configuration of polysaccharide during the
immobilization procedure; showing lower resolving capability than coated column [7]. It is
important to mention here that the best chiral separation was on Chiralcel OD-H and Chiralcel IB
columns. The reason is this the side chains in both cases have phenyl group with two methyl
constituents. The methyl group have increased the electronic density on phenyl ring; facilitating
n-7 interactions. And 7-7 interactions are the most important ones in the chiral separations [40-
42].
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Table 1: HPLC parameters of BHF4, BHF8 and BHF10 with different CSPs and mobile

phases.
Racemates CSPs Mobile FR| Ki | K2 | Ks | Ka | 01 | 02 | 03 | Rs1 | Rs2 | Rss
phases
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH | 0.5 |4.45 [5.23 | - - 1118 | - - |2.77 - -
Chiralcel®0Z - - - - - - - - - - - -
BHF4 Chiralcel®0OD 70%HEX- 0.5 [257 |5.24 | - - 204 | - - 13.30 - -
30%ISP
Chiralcel®0D- 70%HEX- 0.3 (3.00 |3.55 |3.80 (4.25 |1.18 [1.07 |1.12 |1.26 |1.10 |1.00
H 30%ISP
Chiralpak®IB 70%HEX- 0.5 |2.30 |2.87 |3.87 |4.19 |1.25 [1.35 |1.08 |1.50 |1.00 |1.00
30%ISP
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH | 0.5 |4.50 |5.26 | - - 117 | - - 1268 | - -
Chiralcel®0z 30%HEX- 0.5 [6.52 9.13 | - - 1140 | - - 13.15 - -
BHF8 70%ISP
Chiralcel®0OD 100%MeOH | 0.5 |2.60 [5.17 | - - 276 | - - |4.45 - -
Chiralcel®0OD- 70%HEX- 0.3 [5.70 |6.30 |9.08 [9.83 |1.11 [1.44 |1.08 |1.37 |6.35 |1.71
H 30%ISP
Chiralpak®IB 70%HEX- 0.4 (397 |464 |576 | - |1.17 (1.24 | - |1.69 |1.67 -
30%ISP
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 30%HEX- 0.5 [2.56 |3.00 | - - 117 | - - |3.06 - -
70%ISP
BHF10 Chiralcel®0Z - - - - - - - - - - - -
Chiralcel®OD | 100%MeOH | 0.5 (3.62 [4.56 | - - 1126 | - - 255 - -
Chiralcel®0D- 70%HEX- 0.5 [5.25 |5.65 |6.05 | - |1.08 [1.07 | - ]0.85 |0.71 -
H 30%ISP
Chiralpak®IB 75%HEX- 05 (431 |4.70 |5.09 | - |1.09 [1.08 | - |0.80 |0.65 -
25%ISP
FR: Flow rate (mL/min)
11
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Figure 2: Chiral separation of BHF4, BHF8 and BHF10 with Chiralcel®OD-H column by
using 70%HEX-30%EtOH mobile at 0.3 mL/min flow.
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3.3.1 Optimization of chiral separation

For optimization purposes, many mobile phases with different combinations were
examined by varying the nature and percentage of alcohol (from 5% to 95%). The various CSPs
such as Chiralcel®0J, Chiralcel®0Z, Chiralcel®OD, Chiralcel®OD-H, Chiralpak®IB,
Chiralpak®AD and Chiralpak®IA were tried to optimize the chiral separations. To streamline the
procedure, merely the chromatographic results attained by the optimum mobile phase
composition and/or the situations that gave the best resolution on dissimilar columns are offered
in this article.
3.4. Thermodynamic study

Thermodynamics is a very crucial study to get data around the recognition mechanism. It
depends on the types of both stationary and mobile phases and the type of the enantiomers. The
diastereomers formation or transitory complexes is controlled by several parameters including
free energy. The change in free energy (AG) accompanying the separation of two enantiomers is
directly related to the selectivity factor (a) and is given by (AG) = -RT Ina; where R is the gas
constant, T is the absolute temperature and o is the selectivity factor [45,46]. Free energy values
of the best separations on CSPs (Chiralcel®OD-H, Chiralcel®IB) were calculated. The values of
free energy for BHF4 with Chiralcel®OD-H were -0.141, -0.088 and -0.0212 Kcal/mol
corresponding to a1 a2 and az separation factors while these values were -0.113, -0.134 and -
0.062 Kcal/mol for BHF8 racemate (Table 2). The values of free energy for BHF10 with
Chiralcel®OD-H were -0.45 and -0.51 Kcal/mol corresponding to a1 and a, separation factors.
The values of free energy for BHF4 with Chiralcel®IB were -0.127, -0.177 and -0.141 Kcal/mol
corresponding to a1 a2 and oz separation factors. The values of free energies of BHF8 were -

0.093 and -0.127 Kcal/mol while these values were -0.051 and -0.045 for BHF10. The values of
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free energy were negative and these signs are a suggestion of good interactions of the
enantiomers with CSPs.

Table 2. A comparison of free energies values on Chiralcel®OD-H column.

Compounds CSP o AG
a1=1.27 AG1=-0.141 Kcal/mol
BHF4 Chiralcel°OD-H 2= 1.16 AG2= -0.088 Kcal/mol
o3=1.43 AG3=-0.212 Kcal/mol
a1=1.21 AG1=-0.113 Kcal/mol
BHF8 Chiralcel°OD-H 2= 1.64 AG2= -0.134 Kcal/mol
os=1.11 AG3=-0.062 Kcal/mol
BHF10 Chiralcel®0OD-H a1=1.08 AG1= -0.045 Kcal/mol
o= 1.09 AG2=-0.051 Kcal/mol

3.5 Thermodynamics, carbon-chain and molar masses of the enantiomers

The free energy (AG) permits determining if a chemical reaction can occur due to its
enthalpy (AH) and entropy (AS) changes under specific conditions of pressure and temperature
[47]. It has almost a linear correlation with the carbon chain length and the molar mass of the
three bis asymmetric compounds (BHF4, BHF8 and BHF10) on both Chiralcel®OD-H and
Chiralcel®IB columns, with a linear correlation coefficient RZ = 1 (0.92 to 0.99). With this study,
we can observe the minimum free energy needed to have a separation and the maximum free
energy so the last separation could be done with the CSP. On Chiralcel®OD-H, when the free
energy tends towards zero AG = 0 kcal/mol (when o = 1), which means there is no separation
and with an extrapolation, we can notice that this value coincided with a carbon chain length
equal to n=16.56 = 17 (Figure 3) so (CH2)17, which is confirmed by the correlation between the
free energy and the molar mass (Figure 4) with AG = 0 kcal (when o = 1) which was equal to
M=760 g/mol, and if we omit the molar mass of the compound form the total mass of the carbon

chain length we can remark that the molar mass of the carbon chain length was about
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238.26g/mol, after divided it on 14 which is equivalent to CH2 we can found n (number of carbon
chain length) = 17.01 so (CH>)17. We remark that the number of carbon chain length or the molar
mass is inversely proportional to the free energy (AG), the augmentation of carbon chain length
or the molar mass means the diminution of free energy (AG), the chiral separation is still can be
done when free energy (AG) begins from -7648.10° Kcal and stoped when it reached -0.1169
Kcal so between n=1 to n=16; The separations were impossible out this range (under n=1 so
M<536.34 g/mol and above n=16 so M>746.34 g/mol), which was confirmed also by the

correlation between the free energy( AG) the molar mass.
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Figure 3: The correlation between the free energy (AG) and the carbon chain length with
Chiralcel®OD-H column.
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Figure 4: The correlation between the free energy (AG) and the molar mass with
Chiralcel®OD-H column.

On Chiralcel®IB when AG = 0 kcal (when a=1), the carbon chain length n=14.20 =~ 15
(Figure 5) so (CH2)1s; which was confirmed by the correlation between the free energy and the
molar mass (Figure 6) so when AG = 0, M=738.56 g/mol, and if we neglect the molar mass of
the compound form the total mass of the carbon chain length, we can remark that the molar mass
of the carbon chain length was about 216.22g/mol, after divided it on 14 which is equivalent to
CHa we can found n (number of carbon chain length) = 15.44 so (CH2)1s. The chiral separation
still could be done when free energy (AG) began from -0.007648 Kcal and stoped when it
reached -0.1831 Kcal; so between n=1 to n=14; The separations were impossible out this range
(under n=1 so M<536.34 g/mol and above n=14 so M>746.34 g/mol), which coincided also with

the correlation between the free energy (AG) the molar mass.
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3.6 Mechanism of chiral separation

The discernment control of these polysaccharide-based phases stemmed from complex
relations with the solutes. The chiral selector has chiral grooves offering a stereoselective
situation to the enantiomers. The enantiomers fit in these chiral grooves to dissimilar degrees as
per the lock and key arrangement. These polysaccharides comprise a large number of optically
active sites and, thus, have a relatively high chance of interaction with the solute, giving the
separation of the stereoisomers. The hydrophobic interactions combination, attractive forces
(e.g., hydrogen bonding), charge transfer (m—m) formation and dipole-dipole interactions were
supposed to clarify the molecule recognition process [28,48]. From the point of view of the
mobile phase, we notice that the normal organic phase is more efficient than the polar organic
phase for the separation of the majority of our compounds. It appears that the hydrogen bonding
and m—m interactions are playing a separation role among aromatic moieties of the CSPs and the
enantiomers [4,33-36]. The carbon chain length of the compounds also affected the separation of
polysaccharide CSPs. A comparison of the separation was carried out on Chiralcel®OD-H
column. It was observed that the order of the separation was the racemates BHF4 and BHF8
were resolved while racemate BHF10 could not be separated. Further, it was observed that BHF4
had good separation than BHF8. It may be concluded that the carbon chain length a playing
crucial role in chiral recognition mechanism. The carbon chain n = 4 provides the ideal size to
the racemates to fit sufficiently on the chiral grooves on the CSPs. Contrarily, the molecular size
of BHF8 provided fair chances of fitting the enantiomers on the chiral groove. Moreover, the
molecular size of BHF10 provided poor chances of fitting the enantiomers on the chiral groove.
This is the reason that BHF4 could be resolved better than BHF8 while BHF10 could not be

separated.
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3.7 Simulation study

The modeling of all 12 enantiomers (4 enantiomers of each molecule) was carried out on
the polysaccharide-based chiral stationary phases as per the procedure described in the
experimental part. It was observed that each enantiomers of BHF4 interacted with CSP in
different fashions with different binding energies. For example, the binding energies of the four
enantiomers of BHF4 were -5.9, -5.4, -6.0 and -5.3 kcal/mol for RR-, RS-, SR- and SS-
enantiomers (Table 3). It was also observed that the hydrogen bondings were 1 in RR-, RS-, and
SS-enantiomers while it was 2 in SR-enantiomers (Figure 7). It is clear from these results that the
binding order was SR- > RR- > RS- > SS. The same the trend was observed with enantiomers of
BHF8 and BHF10 molecules. For example, the binding energies were -5.0, -4.8, -5.1 and -5.8
kcal/mol for RR-, RS-, SR- and SS-enantiomers with 1 hydrogen bonding in RR-, RS- and SS-
enantiomers while 2 hydrogen bonds were observed in SR-enantiomers. In the case of BHF10,
the binding energies were -3.6, -4.6, -4.1 and -4.8 kcal/mol for RR-, RS-, SR- and SS-
enantiomers with 1 hydrogen bonding in RR-, RS- and SS-enantiomers while 2 hydrogen bonds
were observed in SR-enantiomers. A comparison of the overall bondings was carried out among
all 12 enantiomers and it was observed that the binding order was BHF4 enantiomers > BHF8
enantiomers > BHF10 enantiomers. It may be due to the fact that by increasing the carbon chain
in these enantiomers the bonding is become weak due to the large size effect. Therefore, the
enantiomers of BHF4 were bonded to the CSP strongly. These results are in agreement with the
findings of the above mention chiral recognition mechanism. Only the models of the maximum
bonded SR-enantiomers of all the three molecules (BHF4, BHF8 and BHF10) are given in

Figure. 7.

19



OCoO~NOUTAWNE

373

374

375
376

377
378

Table 3. Modeling data of enantiomers with CSP.

Enantiomers Binding affinity Number of hydrogen
(kcal/mol) bonds
n Enantiomers

RR -5.9 1

RS -5.4 1

BHF4 SR 6.0 2
SS -5.3 1

RR -5.0 1

RS -4.8 1

BHF 8 SR 5.1 2
SS -5.8 1

RR -3.6 1

RS -4.6 1

BHF SR 41 2
SS -4.8 1

SR-Enantiomer of BHF8 molecule.
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SR-Enantiomer of BHF10 molecule.

Figure 7. The models of the maximum bonded SR-enantiomers of all the three molecules
(BHF4, BHF8 and BHF10).

3.8 Application biological samples

The utility of the defined chiral HPLC methods was verified in urine bio-samples. 50 mL
urine samples were obtained and the BHF4 and BHF8 molecules were added independently and
correspondingly to get 10° M concentrations. The so obtained urine samples were allowed to
pass through MWCNTSs solid-phase extraction, which was developed in our lab. These urine
samples were examined by the reported chiral HPLC methods. It was seen that the peaks were
alike as in the standard solutions. The regainings of the BHF4 and BHF8 molecules were in the
range of 89.5 to 91.7%. No extra peak was gotten in the chromatograms; approving the
appropriateness of the described chiral HPLC methods. The analytical data was authenticated
and the degrees of standard deviation were ranging from 0.66 to + 0.81 while the correlation
values coefficients values and confidence levels values were 0.9994 to 0.9995 and 93.4 to 94.5.
These values established the utility of the stated method.
4. Conclusion

The novelty of this work lies in the fact that almost all the papers in chiral separations

reported the simple HPLC method development of one chiral centered racemates, which were
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obtained from different suppliers. In the present paper, we described first the synthesis,
characterization and chiral separations. The resolved enantiomers will have different potencies
and will be highly useful in pharmacological and physiological applications. Besides, most of the
papers are describing the separation of one chiral centered racemates i.e. a separation of only two
enantiomers while this article describes the chiral separation of four enantiomers of a single
racemate. Definitely, it is an innovative work and will be useful in future research.

The expected most pharmaceutical active Schiff base type three new imino-flavans were
well synthesized starting from commercially available materials in acceptable yields. Chiral
HPLC investigation was then used to separate the diastereomer by using seven CSPs in normal
and polar organic mobile phases. Out of 3 two racemates i.e. BHF4 and BHF8 were resolved
successfully. The thermodynamics and the length of the carbon chain were studied for chiral
resolution. The study of the relationship between the free energy (AG) and the carbon chain
length enabled us to know the possible domain of separation. The chiral recognition mechanism
was also developed and it was found that BHF4 fitted the best in chiral groves of CSP following
BHF8 and BHF10. The modeling results confirmed the binding order of the enantiomers in
BHF4 > BHF8 > BHF10; with maximum bing of SR-enantiomers. The synthesized and
separated Schiff’s base types bis-imino-flavans were evaluated in urine samples with satisfactory
results. Therefore, the developed HPLC methods may be applied for the enantiomeric resolution
of BHF4 and BHF8 racemates.
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Abstract:

The biological activities of flavanone and hesperetin were enhanced by synthesizing
Schiff base types molecules (bis-imino-flavans; BHF4, BHF8 and BHF10) by combining
flavanone and hesperetin. These molecules were characterized by spectroscopic studies. The four
enantiomers of these molecules were separated by HPLC due to the presence of two chiral
centers in these molecules. The best separation was achieved with Chiralcel®OD-H column
under normal mobile phase mode. BHF4 and BHF8 racemates separated completely with ki, ko,
ks & ks; a1, a2 & az and Rsi, Rs2 & Rss values of 3.00, 3.55, 3.80 & 4.25; 1.18, 1.07 & 1.12 and
1.26, 1.10 & 1.00 for BHF4 while these values were 5.70, 6.30, 9.08 & 9.83; 1.11, 1.44 & 1.08
and 1.08, 1.37, 6.35 and 1.71. On the other hand, BHF10 could not separate completely. The free
energy (AG) was calculated for the best separation conditions, and the correlation accurately
shows the favorable range of the intercalated length. The chiral mechanism was proposed based
on the carbon lengths between flavanone and hesperetin molecules in bis-imino-flavans. The
modeling results confirmed the binding order of the enantiomers in BHF4 > BHF8 > BHF10;
with maximum bing of SR-enantiomers. The synthesized and separated Schiff base types bis-
imino-flavans were evaluated in urine samples with satisfactory results.

Keywords: Schiff base (bis-imino-flavans), Flavone and hesperetin, Chiral-HPLC separation,
Chiral recognition mechanism.

*Correspondence: drimran.chiral@gmail.com; drimran_ali@yahoo.com

Click here to view linked References 2


mailto:drimran.chiral@gmail.com
mailto:drimran_ali@yahoo.co
https://www.editorialmanager.com/microc/viewRCResults.aspx?pdf=1&docID=15378&rev=3&fileID=306789&msid=3029d5a2-cfb4-44f4-97b0-be7991ea2cb1
https://www.editorialmanager.com/microc/viewRCResults.aspx?pdf=1&docID=15378&rev=3&fileID=306789&msid=3029d5a2-cfb4-44f4-97b0-be7991ea2cb1

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

1. Introduction:

The flavonoids are a very significant group of molecules and appeal considerable
devotion because of their pharmacological and physiological impact [1,2]. Hesperetin is
identified to have strong chemo-preventive and antitumor possessions against abdominal
carcinoma in the treatment of a diversity of vascular and cancers diseases [3-5]. As a vital
bioactive Chinese traditional medication, hesperetin has manifold pharmacological and
biological activities. It is an antibacterial, anticancer, antioxidant, antiallergenic and anti-
inflammatory agent since it stimulates or inhibits a wide diversity of enzyme systems as a
pharmacological agent including inhibition of cancer development, effects on the blood-brain
barrier, signal transduction pathways, etc. [6-9]. These properties strongly depend on the
chemical structure; especially the presence and location of hydroxyl groups [3]. The reactivity of
the flavonoids with reagents at C4 carbonyl group has been getting growing interest and led to
interesting new synthetic compounds [10-11]. The flavanones having 2-aryl chroman-4-one
skeleton embedded chemical structures are extensively distributed in plants [12] and synthesized
as well [13-18]. Thus, the chemical modification through synthetic routes is a new direction in
flavanone research [19]. Belboukhari et al. [20,21] synthesized flavanone derivatives such as 4-
iminoflavan [22] and imino-4-hesperidin [23-25] derivatives. The modification of such types of
molecules is always encouraged to enhance biological activities. Therefore, it was considered
worthwhile to synthesize two chiral centers bis-imino flavans by using flavanone and hesperetin
molecules; with varying lengths of the carbon chain of intercalations. It is important to mention
here that the resulting bis-imino flavans were Schiff base. Therefore, it is assumed that the
reported molecules will be of high biological values having properties of flavanone, hesperetin

and Schiff bases.
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As mentioned above, the synthesized bis-imino flavans are having two chiral centers and
exist with four enantiomers in each molecule. This made these molecules more important than
the other flavonoids [4,26]. The chiral separation has been of great significance, particularly in
the pharmacological industry. This attention is because of the dissimilar pharmacological and
pharmacokinetic activities of the enantiomers [27]. The compounds with more than one
asymmetric center are now a challenge in chiral separation to have all possible enantiomers
because of the complex structure of these analytes and that the chiral selectors must have the
ability to differentiate the chiral centers simultaneously [28-31], especially under isocratic
conditions [32]. Polysaccharide-based CSPs are the most widespread, among various chiral
stationary phases [33-38]. The benzoate ester, acetate ester, or phenyl carbamate derivatives of
cellulose and amylose have revealed extensive enantio-selectivity and resolution abilities [39].
They are effective under normal-phase and reversed-phase conditions. The most commonly used
chiral separation techniques are High-Performance Liquid Chromatography (HPLC) and
Capillary Electrophoresis (CE). It is important to mention that HPLC is better than CE because
of the high reproducibility of HPLC in comparison to CE. Moreover, chiral separation is
achieved on Chiral Stationary Phases (CSPs) in HPLC while CE needs the addition of chiral
selector in background electrolytes. This made the method costly in CE because every time-
costly chiral selectors are added, which is wastage. Besides, the separated enantiomers in HPLC
are pure while in the case of CE the separated enantiomers are the diastereomers formed with
chiral selectors [40,41]. In this way, HPLC is much better than CE in chiral separation.
Therefore, HPLC was used as the separation technique in this article. Therefore, efforts are made
to resolve four enantiomers of the reported bis-imino flavans by using a variety of chiral columns
and mobile phases. Finally, the developed chiral HPLC methods were applied in urine samples
for enantiomeric resolution of the reported molecules

3
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2. Experimental:
The chemicals, reagents, and instruments are given in supplementary information.

2.1 Synthesis of bis-imino flavans

To synthesize the asymmetric compounds, 0.5 mmol of flavanone was dissolved in methanol
and added to an acetic acid/ethanol (1.5 mL/25mL) hot stirring solution. The solutions of 5 mmol
of each appropriate primary diamine dissolved in ethanol were added to the mixture. Then, 0.5
mmol of hesperetin dissolved in methanol was added dropwise to the reactional medium. After
24 hours, the mixture was concerted, chilled and the solid was separated. The precipitate was
filtered, washed with water, and recrystallized from methanol to give the desired products
(Figure 1). The synthesized molecules were characterized by UV-Visb., FT-IR, *H NMR and *C

NMR methods.

0 O HoN—(CH,),—NH, ‘ |
CH,COOH / 24h /A N +

\
(CHy)q
(0] /
N OH
Flavanone OCH3
OH ! o O
OH O
OH Hesperetin
OCH;
HO. I 0 O
|
OH N n=4
\
(CHy), n=8
/ n;=10

BHF4, BHF8 and BHF 10 represents bis-hesperitin-flavanone
at -(CH;)- equal to 4, 6 and 10

Figure 1: The synthesis of bis-imino flavans (Schiff base).
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2.3 Sample preparation

A very small amount of each compound was accurately weighed and dissolved with 5.0
mL methanol with 10° M concentration.

2.4 Analysis in biological samples

To check the applicability of the established chiral HPLC methods, the racemates
of BHF4 and BHF8 were examined in urine samples. 50 mL urine was sampled and the
BHF4 and BHF8 molecules were added discretely and correspondingly to get 10° M
concentration. The pointed urine trials were conceded through the multi-walled carbon
nanotubes (MWCNTS) solid-phase extraction unit as developed in our lab. [42].

3. Results and discussion
3.1 Synthesis of bis-imino flavans

As clear from Figure 1 that total 3 compounds were synthesized. The synthesized
compounds were 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-
ylidene)amino)butyl)imino)chromane-5,7-diol (BHF4), 2-(3-hydroxy-4-methoxyphenyl)-4-((8-
(2-phenylchroman-4-ylidene)amino)octyl)imino)chroman-5,7-diol (BHF8) and 2-(3-hydroxy-4-
methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene)amino)decyl)imino)chroman-5,7-diol
(BHF10). By the structural point of view, BHF4, BHF8 and BHF10 represents bis-hesperetin-
flavanone at -(CH2)- equal to 4, 6 and 10.

The reported bis-imino flavans (Schiff base) were synthesized by a typical procedure
described by Bouanini et al. [43]. The synthesis of imino-flavans was performed by refluxing
several flavanone with the suitable different primary diamines in methanol in attendance of a few
drops of acetic acid. The results showed that the yields depend on the nature of primary diamine,
the carbon bridge length and the nature of flavanes (the presence or not of hydroxyl groups). The
reactions yields ranged between 69 to 89%. The formation of Schiff bases took place under acid

5
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or base catalysis and preference with heat. A Schiff base acts as a flexi-dentate ligand and
generally coordinates via the O atom of the deprotonated phenolic group and the N atom of the
azomethine group. The Schiff bases formation is actually an arrangement of two types of
reactions i.e. addition followed by elimination. Ther Schiff bases syntheses are best performed at
mildly acidic pH. The Schiff base formation mechanism is another difference on the theme of
nucleophile addition to the carbonyl group. In this case, the nucleophile is the diamine. Firstly,
the diamine reacted with ketone or aldehyde to give an unsteady addition compound termed
carbinol diamine. The carbinol diamine loosed water either by base or acid-catalyzed pathways.
Since the carbinol amine is an alcohol, it went acid-catalyzed dehydration [44]. The reactions
could be achieved only with carbon bridge length superior to four (CH2) groups of the diamine,
but are not successful with carbon bridge length less than that because of the steric gene which
prohibits the diamine's end to reach the carbonyl site.
3.2 Characterization of the compounds

The above-reported compounds were characterized by different techniques. The structures of
the products have been established by spectral studies as UV-Visb., FT-IR, *H NMR and *C
NMR methods. Their characterization is discussed below.

3.2.1 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-ylidene) amino) butyl)
imino) chromane-5,7-diol (BHF4)

CasH3sN20Oe , Dark Brown powder; yield: 77%; M-P: 246-247°C; UVmax (MeOH, nm):
283 (band 1); 333 (band I1); IR (neat, cm™): 3378 (-OH), 3065 (-CH arom.), 2823 and 2956
(CH2, CHa3), 1593 (C=C arom.),1377(OH), 1279 and 1120 (C-O) , 721 (CH2), 675(0H) , 650
(CH arom).

IH NMR (400 MHz, DMSO-d6, ppm) :7.55(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,

Hes : H-2’, 3.1Hz) , 7.41(m, 3H, H-2", H-4’,H-6), 7.36 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

OH-5), 7.24 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.06 (td, 1H, H-6, 5.7, 2.9 Hz), 6.97 (dd, 1H, F: H-8,
5.7, 2.9 Hz), 6.81 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.74(d, 1H, Hes: H-6", 5.6 Hz), 6.04 (d,
1H, Hes: H-5’, 5.6Hz), 6.01(d, 1H, Hes: H-8, 2.9Hz), 5.85(d, 1H, H-6, 2.9Hz), 5.33(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.79(s, 3H, OCH3), 3.75(t, 2H, CH2-N),
3.69(t, 2H, CH2-N), 3.64(s, 1H, OH-3), 3.23(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.87(dd, 1H, H-
3a, 11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz),
1.78(m, 4H, CH2-CHz), 0.61 (s, 1H, OH-7). C NMR (75 MHz, DMSO-d6, ppm) & 166.86,
163.81, 163.23, 159.13, 147.70, 147.04, 140.62, 132.00, 128.87, 128.45 — 128.01 (m), 127.43 —
127.02 (m), 123.09, 119.99, 118.49, 117.55, 113.72, 112.79, 101.22, 97.80, 95.93, 78.64, 56.98 —
56.47 (m), 35.65, 27.06 — 26.65 ().

3.2.2 2-(3-hydroxy-4-methoxyphenyl)-4-((8-(2-phenylchroman-4-ylidene) amino)
octyl)imino) chroman-5,7-diol (BHF8)

CazoH42N206 ; Brown powder; yield: 69%; M-P: 259-260°C; UVmax (MeOH, nm): 285
(band 1); 331 (band I1); IR (neat, cm™): 3380 (-OH), 3061 (-CH arom.), 2852 and 2957 (CH: ,
CHs), 1590 (C=C arom.),1377(OH), 1273 and 1120 (C-O) , 719 (CH2), 670(OH) , 655 (CH
arom).

IH NMR (400 MHz, DMSO-d6, ppm) : 7.53(t, 2H, F: H-3’, H-5", 5.6Hz), 7.41(d, 1H,
Hes : H-2°, 3.1Hz) , 7.39(m, 3H, H-2’, H-4’,H-6"), 7.33 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,
OH-5), 7.21 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.03 (td, 1H, H-6, 5.7, 2.9 Hz), 6.94 (dd, 1H, F: H-8,
5.7,2.9 Hz), 6.76 (dd, 1H, Hes: H-2", 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6’, 5.6 Hz), 6.0 (d, 1H,
Hes: H-5°, 5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.29(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.78(s, 3H, OCH3), 3.70(m, 8H, CH.-
CHa-N), 3.64(s, 1H, OH-3’), 3.25(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.84(dd, 1H, H-3a,

11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.77-
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1.29 (m, 8H, CH2-CHy), 0.91 (s, 1H, OH-7). ¥C NMR (75 MHz, DMSO-d6, ppm) & 163.21,
161.35, 156.34, 144.83, 143.17, 138.41, 130.13, 128.17, 127.00, 125.22 — 124.93 (m), 122.13 —
121.21 (m), 120.54, 117.76, 115.12, 113.76, 110.16, 108.14, 107.08, 93.12, 91.15, 73.31, 53.92 —
52.40 (M), 32.12, 29.20 — 28.19 (M), 27.65 — 26.11 (M), 25.83 — 24.21 (m).
3.2.3 2-(3-hydroxy-4-methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene) amino) decyl)
imino) chroman-5,7-diol (BHF10)

Ca1H46N20g; Dark Orange powder: yield: 73%; M-P: 265-266 °C; UVmax (MeOH, nm):
286 (band I); 338 (band 11); IR (neat, cm™): 3258 (-OH), 3061 (-CH arom.), 2824 and 2957
(CH2, CH3), 1578 (C=C arom.),1377(0OH), 1278 and 1100 (C-O) , 723 (CH2), 673(0OH) , 654
(CH arom).

'H NMR (400 MHz, DMSO-d6, ppm) : 7.61(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,
Hes: H-2’, 3.1Hz) , 7.39(m, 3H, H-2’, H-4’,H-6"), 7.29 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.11 (dd,
1H, F: H-5, 5.7, 2.9 Hz), 7.01 (td, 1H, H-6, 5.7, 2.9 Hz), 6.85 (dd, 1H, F: H-8, 5.7, 2.9 Hz),
6.78 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6", 5.6 Hz), 6.0 (d, 1H, Hes: H-5",
5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.38(dd, 1H, H-2,6.01Hz,
5.7Hz), 5.03(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.86(s, 3H, OCH3), 3.73(m, 8H, CHx-CH2-N),
3.62(s, 1H, OH-3"), 3.27(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.89(dd, 1H, H-3a, 11.8Hz,5.9Hz),
2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.60(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.84-1.32 (m, 12H, CH-
CH), 0.87 (s, 1H, OH-7). 13C NMR (75 MHz, DMSO-d6, ppm) & 168.87, 167.12, 166.01,
160.42, 148.21, 146.10, 141.04, 135.16, 131.11, 126.23 — 125.10 (m), 123.33 — 122.32 (m),
122.12, 120.14, 119.42, 115.76, 113.23, 107.35, 97.15, 92.11, 81.98, 59.87 — 58.45 (m), 45.39,

43.39, 32.12 - 29.93 (m), 27.13 — 25.19 (m), 24.79 — 23.19 (m).
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3.3 Chiral Separation:

In this work, we used two chiral separation approaches i.e. normal and polar organic
mobile phase modes under isocratic or gradient elution system. The chiral columns used were
Chiralpak®AD, Chiralpak®IA, Chiralpak®IB, Chiralcel®0J, Chiralcel®0Z and Chiralcel®OD,
Chiralcel®OD-H. The chiral separation of BHF4, BHF8 and BHF10 is given in Table 1 and the
chromatograms are shown in Figure 2. It is clear from Table 1 and Figures 2 that BHF4 got
resolved completely with four sharp peaks using Chiralcel®OD-H and Chiralpak®IB with
70%HEX-30%ISP mobile phase. The retention times were in the range of 6.01 to 19.66 minutes.
The values of retention factors, separation factors and resolution factors of BHF4 with
Chiralcel®OD-H column were 2.01, 2.56, 2.98 & 4.27; 1.27,1.16 & 1.43 and 4.20, 2.73 & 1.78
while these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59,
1.09 & 2.38. These values clearly showed better resolution with Chiralcel®OD-H in comparison
to Chiralpak®IB column. BHF8 could only be got resolved with Chiralcel®OD-H column by
using 65%HEX-35%ISP mobile phase. The values of retention factors, separation factors and
resolution factors were 1.79, 2.16, 3.54 & 3.92; 1.21, 1.64 & 1.11 and 2.68, 9.99 & 2.68 while
these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59, 1.09
& 2.38. On the other hand, BHF10 could not get resolved with any chiral column and mobile
phases used. The maximum three peaks could be obtained with both Chiralcel®OD-H and
Chiralpak®IB columns by using 70%HEX-30%ISP and 75%HEX-25%ISP mobile phases,
respectively. All the separated compounds were almost always baseline separated (Rs> 1.0) on
cellulose-based CSPs i.e. Chiralcel®OD-H and Chiralpak®IB; showing good chiral recognition.
Chiralpak®IB and Chiralcel®OD-H have a similar chiral selector with the former having
polysaccharides immobilized onto silica. The retention times and separation factors of
enantiomers were different on both columns under the same conditions. The immobilization of
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the cellulose tris-(3, 5- dimethyl phenyl carbamate) on silica affected the chiral recognition

capability may be because of the change in configuration of polysaccharide during the

immobilization procedure; showing lower resolving capability than coated column [7]. It is

important to mention here that the best chiral separation was on Chiralcel OD-H and Chiralcel IB

columns. The reason is this the side chains in both cases have a phenyl group with two methyl

constituents. The methyl group has increased the electronic density on the phenyl ring;

facilitating m-m interactions. And n-m interactions are the most important ones in the chiral

separations [40-42].

Table 1: HPLC parameters of BHF4, BHF8 and BHF10 with different CSPs and mobile

phases.

Racemates CSPs Mobile FR| K1 | Ka | Ks | Ks | u | 02 | a3 | Rs1 | Rs2 | Rss

phases
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH |[0.5 [4.45 |5.23 | - - 1118 | - - 2.77 - -
Chiralcel®0Z - - - - - - - - - - - -
BHF4 Chiralcel®0D 70%HEX- |05 |2.57 [5.24 | - - 204 | - - 1330 | - -

30%ISP
Chiralcel®0D- 70%HEX- |0.3 |3.00 |3.55 |3.80 [4.25 |1.18 |1.07 |1.12 (1.26 |1.10 {1.00

H 30%ISP
Chiralpak®IB 70%HEX- |0.5 |2.30 |2.87 |3.87 [4.19 |1.25 |1.35 |1.08 [1.50 |{1.00 {1.00

30%ISP
Chiralpak® AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH | 0.5 [4.50 [5.26 | - - 117 | - - 1268 | - -
Chiralcel®0Zz 30%HEX- |05 |6.52 |9.13 | - - (140 | - - 1315 | - -

BHF8 70%ISP
Chiralcel®0OD 100%MeOH | 0.5 [2.60 [5.17 | - - 276 | - - 445 | - -
Chiralcel®0D- 70%HEX- |0.3 |5.70 |6.30 |9.08 [9.83 |1.11 |1.44 |1.08 [1.37 |6.35 [1.71

H 30%ISP
Chiralpak®IB 70%HEX- |04 |3.97 (464 |5.76 | - |1.17 |1.24 | - |1.69 [1.67 | -

30%ISP
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 30%HEX- |05 |2.56 [3.00 | - - 117 | - - |3.06 | - -

70%ISP
BHF10 Chiralcel®0Z - - - - - - - - - - - -
Chiralcel®OD | 100%MeOH | 0.5 |3.62 |4.56 | - - 1126 | - - |255 | - -
Chiralcel®0D- 70%HEX- |05 |5.25 |[5.65 |6.05 | - |[1.08 |1.07 | - |0.85 [0.71 | -

H 30%ISP
Chiralpak®IB 75%HEX- |05 |4.31 [4.70 |5.09 | - |[1.09 |1.08 | - |0.80 [0.65 | -

25%ISP
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Figure 2: Chiral separation of BHF4, BHF8 and BHF10 with Chiralcel®OD-H column by
using 70%HEX-30%EtOH mobile at 0.3 mL/min flow.
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3.3.1 Optimization of chiral separation

For optimization purposes, many mobile phases with different combinations were
examined by varying the nature and percentage of alcohol (from 5% to 95%). The various CSPs
such as Chiralcel®0J, Chiralcel®0Z, Chiralcel®OD, Chiralcel®OD-H, Chiralpak®IB,
Chiralpak®AD and Chiralpak®IA were tried to optimize the chiral separations. To streamline the
procedure, merely the chromatographic results attained by the optimum mobile phase
composition and/or the situations that gave the best resolution on dissimilar columns are offered
in this article.
3.4. Thermodynamic study

Thermodynamics is a very crucial study to get data around the recognition mechanism. It
depends on the types of both stationary and mobile phases and the type of the enantiomers. The
diastereomers formation or transitory complexes is controlled by several parameters including
free energy. The change in free energy (AG) accompanying the separation of two enantiomers is
directly related to the selectivity factor (a) and is given by (AG) = -RT Ina; where R is the gas
constant, T is the absolute temperature and a is the selectivity factor [45,46]. Free energy values
of the best separations on CSPs (Chiralcel®OD-H, Chiralcel®IB) were calculated. The values of
free energy for BHF4 with Chiralcel®OD-H were -0.141, -0.088 and -0.0212 Kcal/mol
corresponding to a1 a2 and az separation factors while these values were -0.113, -0.134 and -
0.062 Kcal/mol for BHF8 racemate (Table 2). The values of free energy for BHF10 with
Chiralcel®OD-H were -0.45 and -0.51 Kcal/mol corresponding to a1 and ay separation factors.
The values of free energy for BHF4 with Chiralcel®IB were -0.127, -0.177 and -0.141 Kcal/mol
corresponding to a1 a2 and o3z separation factors. The values of free energies of BHF8 were -

0.093 and -0.127 Kcal/mol while these values were -0.051 and -0.045 for BHF10. The values of
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free energy were negative and these signs are a suggestion of good interactions of the
enantiomers with CSPs.

Table 2. A comparison of free energies values on Chiralcel®OD-H column.

Compounds CSP o AG
a1=1.27 AG1=-0.141 Kcal/mol
BHF4 Chiralcel°OD-H 2= 1.16 AGg= -0.088 Kcal/mol
o3=1.43 AG3=-0.212 Kcal/mol
a1=1.21 AG1=-0.113 Kcal/mol
BHF8 Chiralcel°OD-H 2= 1.64 AG2= -0.134 Kcal/mol
os=1.11 AG3=-0.062 Kcal/mol
BHF10 Chiralcel®0OD-H a1=1.08 AG1= -0.045 Kcal/mol
o= 1.09 AG2=-0.051 Kcal/mol

3.5 Thermodynamics, carbon-chain and molar masses of the enantiomers

The free energy (AG) permits determining if a chemical reaction can occur due to its
enthalpy (AH) and entropy (AS) changes under specific conditions of pressure and temperature
[47]. It has almost a linear correlation with the carbon chain length and the molar mass of the
three bis asymmetric compounds (BHF4, BHF8 and BHF10) on both Chiralcel®OD-H and
Chiralcel®IB columns, with a linear correlation coefficient RZ = 1 (0.92 to 0.99). With this study,
we can observe the minimum free energy needed to have a separation and the maximum free
energy so the last separation could be done with the CSP. On Chiralcel®OD-H, when the free
energy tends towards zero AG = 0 kcal/mol (when o = 1), which means there is no separation
and with an extrapolation, we can notice that this value coincided with a carbon chain length
equal to n=16.56 = 17 (Figure 3) so (CH2)17, which is confirmed by the correlation between the
free energy and the molar mass (Figure 4) with AG = 0 kcal (when o = 1) which was equal to
M=760 g/mol, and if we omit the molar mass of the compound form the total mass of the carbon

chain length we can remark that the molar mass of the carbon chain length was about
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238.26g/mol, after divided it on 14 which is equivalent to CH2 we can found n (number of carbon
chain length) = 17.01 so (CH>)17. We remark that the number of carbon chain length or the molar
mass is inversely proportional to the free energy (AG), the augmentation of carbon chain length
or the molar mass means the diminution of free energy (AG), the chiral separation is still can be
done when free energy (AG) begins from -7648.10° Kcal and stoped when it reached -0.1169
Kcal so between n=1 to n=16; The separations were impossible out this range (under n=1 so
M<536.34 g/mol and above n=16 so M>746.34 g/mol), which was confirmed also by the

correlation between the free energy( AG) the molar mass.

0.02 - Chiralcel”OD-H

[en]
0
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Figure 3: The correlation between the free energy (AG) and the carbon chain length with
Chiralcel®OD-H column.
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Figure 4: The correlation between the free energy (AG) and the molar mass with
Chiralcel®OD-H column.

On Chiralcel®IB when AG = 0 kcal (when a=1), the carbon chain length n=14.20 = 15
(Figure 5) so (CH2)1s; which was confirmed by the correlation between the free energy and the
molar mass (Figure 6) so when AG = 0, M=738.56 g/mol, and if we neglect the molar mass of
the compound form the total mass of the carbon chain length, we can remark that the molar mass
of the carbon chain length was about 216.22g/mol, after divided it on 14 which is equivalent to
CHa we can found n (number of carbon chain length) = 15.44 so (CH2)1s. The chiral separation
still could be done when free energy (AG) began from -0.007648 Kcal and stopped when it
reached -0.1831 Kcal; so between n=1 to n=14; The separations were impossible out this range
(under n=1 so M<536.34 g/mol and above n=14 so M>746.34 g/mol), which coincided also with

the correlation between the free energy (AG) the molar mass.
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3.6 Mechanism of chiral separation

The discernment control of these polysaccharide-based phases stemmed from complex
relations with the solutes. The chiral selector has chiral grooves offering a stereoselective
situation to the enantiomers. The enantiomers fit in these chiral grooves to dissimilar degrees as
per the lock and key arrangement. These polysaccharides comprise a large number of optically
active sites and, thus, have a relatively high chance of interaction with the solute, giving the
separation of the stereoisomers. The hydrophobic interactions combination, attractive forces
(e.g., hydrogen bonding), charge transfer (m—m) formation and dipole-dipole interactions were
supposed to clarify the molecule recognition process [28,48]. From the point of view of the
mobile phase, we notice that the normal organic phase is more efficient than the polar organic
phase for the separation of the majority of our compounds. It appears that the hydrogen bonding
and m—m interactions are playing a separation role among aromatic moieties of the CSPs and the
enantiomers [4,33-36]. The carbon chain length of the compounds also affected the separation of
polysaccharide CSPs. A comparison of the separation was carried out on Chiralcel®OD-H
column. It was observed that the order of the separation was the racemates BHF4 and BHF8
were resolved while racemate BHF10 could not be separated. Further, it was observed that BHF4
had good separation than BHF8. It may be concluded that the carbon chain length a playing
crucial role in chiral recognition mechanism. The carbon chain n = 4 provides the ideal size to
the racemates to fit sufficiently on the chiral grooves on the CSPs. Contrarily, the molecular size
of BHF8 provided fair chances of fitting the enantiomers on the chiral groove. Moreover, the
molecular size of BHF10 provided poor chances of fitting the enantiomers on the chiral groove.
This is the reason that BHF4 could be resolved better than BHF8 while BHF10 could not be

separated.
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3.7 Simulation study

The modeling of all 12 enantiomers (4 enantiomers of each molecule) was carried out on
the polysaccharide-based chiral stationary phases as per the procedure described in the
experimental part. It was observed that each enantiomer of BHF4 interacted with CSP in
different fashions with different binding energies. For example, the binding energies of the four
enantiomers of BHF4 were -5.5, -5.4, -5.0 and -4.8 kcal/mol for SR-, SS-, RS- and RR-
enantiomers (Table 3). Consequently, the elution order may be considered as RR- > RS- > SS- >
SR- enantiomers. It was also observed that the hydrogen bondings were 1 in RR-, RS- and SS-
enantiomers while 2 hydrogen bonds were observed in SR-enantiomers (Figure 7). The same
trend was observed with enantiomers of BHF8 and BHF10 molecules. For example, the binding
energies in the enantiomers of BHF8 were -6.0, -5.9, -5.4 and -5.3 kcal/mol for SR-, SS-, RS-
and RR- enantiomers with 1 hydrogen bonding in RR-, RS- and SS-enantiomers while 2
hydrogen bonds were observed in SR-enantiomers. In the case of BHF10, the binding energies
were -5.6, -5.5, -5.2 and -5.1 kcal/mol for SR-, SS-, RS- and RR- enantiomers with 1 hydrogen
bonding in RR-, RS- and SS-enantiomers while 2 hydrogen bonds were observed in SR-
enantiomers. A comparison of the overall bondings was carried out among all 12 enantiomers
and it was observed that the binding order was BHF4 enantiomers > BHF10 enantiomers >
BHF8 enantiomers. These results are in agreement with the findings of the above mention chiral
recognition mechanism. Only the models of the maximum bonded SR-enantiomers of all the

three molecules (BHF4, BHF8 and BHF10) are given in Figure. 7.
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Table 3. Modeling data of enantiomers with CSP.

Compounds/Enantiomers Binding affinity Number of hydrogen
(kcal/mol) bonds
Compounds Enantiomers

SR -5.5 1

SS -5.4 1

BHF4 RS 5.0 1
SR -4.8 2

SR -6.0 1

SS -5.9 1

BHF 8 RS -5.4 1
SR -5.3 2

SR -5.6 1

SS -5.5 1

BHF RS -5.2 1
SR -5.1 2

SR-Enantiomer of BHF8 molecule.
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SR-Enantiomer of BHF10 molecule.

Figure 7. The models of the maximum bonded SR-enantiomers of all the three molecules
(BHF4, BHF8 and BHF10).

3.8 Application biological samples

The utility of the defined chiral HPLC methods was verified in urine bio-samples. 50 mL
urine samples were obtained and the BHF4 and BHF8 molecules were added independently and
correspondingly to get 10° M concentrations. The so obtained urine samples were allowed to
pass through MWCNTSs solid-phase extraction, which was developed in our lab. These urine
samples were examined by the reported chiral HPLC methods. It was seen that the peaks were
alike as in the standard solutions. The regainings of the BHF4 and BHF8 molecules were in the
range of 89.5 to 91.7%. No extra peak was gotten in the chromatograms; approving the
appropriateness of the described chiral HPLC methods. The analytical data was authenticated
and the degrees of standard deviation were ranging from 0.66 to + 0.81 while the correlation
values coefficients values and confidence levels values were 0.9994 to 0.9995 and 93.4 to 94.5.
These values established the utility of the stated method.
4. Conclusion

The novelty of this work lies in the fact that almost all the papers in chiral separations

reported the simple HPLC method development of one chiral-centered racemates, which was

20



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

obtained from different suppliers. In the present paper, we described first the synthesis,
characterization and chiral separations. The resolved enantiomers will have different potencies
and will be highly useful in pharmacological and physiological applications. Besides, most of the
papers are describing the separation of one chiral-centered racemates i.e. separation of only two
enantiomers while this article describes the chiral separation of four enantiomers of a single
racemate. Definitely, it is an innovative work and will be useful in future research.

The expected most pharmaceutical active Schiff base type three new imino-flavans were
well synthesized starting from commercially available materials in acceptable yields. Chiral
HPLC investigation was then used to separate the diastereomer by using seven CSPs in normal
and polar organic mobile phases. Out of 3 two racemates i.e. BHF4 and BHF8 were resolved
successfully. The thermodynamics and the length of the carbon chain were studied for chiral
resolution. The study of the relationship between the free energy (AG) and the carbon chain
length enabled us to know the possible domain of separation. The chiral recognition mechanism
was also developed and it was found that BHF4 fitted the best in chiral groves of CSP following
BHF8 and BHF10. The modeling results confirmed the binding order of the enantiomers in
BHF4 > BHF8 > BHF10; with maximum binding of SR-enantiomers. The synthesized and
separated Schiff’s base types bis-imino-flavans were evaluated in urine samples with satisfactory
results. Therefore, the developed HPLC methods may be applied for the enantiomeric resolution
of BHF4 and BHF8 racemates.

5. Acknowledgment:

The authors gratefully acknowledge the financial support of the Algerian MESRS, PRFU
Project agreement No. BOOLO1UNO080120190004. This work was also funded by the
Researchers Supporting Project Number (RSP-2021/293) King Saud University, Riyadh, Saudi
Arabia.

21



422

423

424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

6. Conflict of interest:

The authors declare no conflict of interest.

References:

1.

10.

Patil S.G., Utale P.S., Gholse S.B., Thakur S.D., Pande S.V., Synthesis, characterization
and antimicrobial activity of 6-bromo-4-methoxy-4-(substituted phenyl) iminoflavone, J.
Chem. & Pharm. Res., 4, 501-507 (2012).

Li Y., Zheng Y., DNA binding affinity and antioxidative activity of copper (I1) and zinc
(11) complexes with a novel hesperetin Schiff base ligand, Inorg. Chim. Acta., 13, 4823-
4831 (2009).

Kostrzewa-Sustow E., Dmochowska-Gtadysz J., Bialonska A., Ciunik Z., and Rymowicz
W., Microbial transformations of flavanone and 6-hydroxyflavanone by Aspergillus niger
strains, J. Mol. Catal. B Enzym., 39, 18-23 (2006).

Wistuba D., Trapp O., Gel-Moreto N., Galensa R., and Schurig V., Stereoisomeric
separation of flavanones and flavanone-7-O-glycosides by capillary electrophoresis and
determination of interconversion barriers, Anal. Chem., 78, 3424-3433 (2006).

Jung K. Y., Park J.,, Han Y. S., Lee Y. H., Shin S. Y., and Lim Y., Synthesis and
biological evaluation of hesperetin derivatives as agents inducing apoptosis, Bioorg.
Med. Chem., 25, 397-407 (2017).

Janeczko T., Dymarska M., Siepka M., Gnitka R., Les$niak A., Poptonski J., and
Kostrzewa-Sustow E., Enantioselective reduction of flavanone and oxidation of cis-and
trans-flavan-4-ol by selected yeast cultures, J. Mol. Catal. B Enzym., 109 47-52 (2014).

Rahou 1., Belboukhari N., Sekkoum K., Cheriti A., and Aboul-Enein H. Y., Chiral
separation of 4-iminoflavan derivatives on several polysaccharide-based chiral stationary
phases by HPLC, Chromatographia., 18, 1195-1201 (2014).

Yéafez J. A., Teng X. W., Roupe K. A., and Davies N. M., Stereospecific high-
performance liquid chromatographic analysis of hesperetin in biological matrices, J.
Pharm. Biomed. Anal., 37, 591-595 (2005).

Laoufi A., Belboukhari N., Sekkoum K., and Aboul-Enein H. Y. Synthesis and chiral
separation of atropisomers of 4, 5- Di methylA 4 N- phenyl N- aryl
imidazoline- 2- thione derivatives, Chirality., 33, 264-273 (2021).

Kally F., Janzso G., and Koczor |1, The reaction of flavanone with
hydrazine, Tetrahedron., 21, 19-24 (1965).

22



465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jodeh S., Shawarb N., Jaradat N., Warad I., Hussein F., EI-Masri M., and Salghi R.,
Synthesis and biological activities of a novel naringin based heterocyclic
derivatives, Mor. J. Chem., 4, 3- 17 (2016).

Reddy M.V.B., Kishore P.H., Rao C.V., Gunasekar D., Caux C., Bodo B., New 2'-
oxygenated flavonoids from Andrographisaffinis, J. Nat. Prod., 66, 295-297 (2003).

Albogami S.A., Alkhathlan H.Z., Saleh T.S., Elazzazy A.M., Microwave-assisted
synthesis of potent antimicrobial agents of flavanone derivatives, Orient. J. Chem., 30,
435-443 (2014).

Eshghi H., Rahimizadeh M., Mousavi S.M., Fe(HSO4)3/SiO2: an efficient and
heterogeneous catalyst for one-pot synthesis of 2-aryl-chromene-4-ones (flavanones),
Nat. Prod. Res., 28, 438-443 (2014).

Dar B.A., Ahmad N., Patial J., Sharma P., Bindu and K., Maity S., Sulfated zirconia as an
efficient heterogeneous and reusable catalyst for one pot synthesis of flavanones, J. Saudi
Chem. Soc., 18, 464-468 (2014).

Chandrasekhar S., Vijeender K., Reddy K.V., New synthesis of flavanones catalyzed by
L-proline, Tetrahedron Lett., 46, 6991-6993 (2005).

Choudary B.M., Ranganath K.V.S., Yadav J., Kantam M.L., Synthesis of flavanones
using nanocrystalline MgO, Tetrahedron Lett., 46, 1369-1371 (2005).

Albogami S.A., Karama U., Mousa A.A., Khan M.S., Almazroa A., Alkhathlan H.Z.,
Simple and efficient one step synthesis of functionalized flavanones and chalcones
Oriental Journal of Chemistry., 28, 619-626(2012).

Shi L., Feng X.E., Cui J.R., Fang L.H., Du G.H., and Li Q.S., Synthesis and biological
activity of flavanone derivatives, Bioorg. Med. Chem. Lett., 20, 5466-5468 (2010).

Belboukhari N., Cheriti A., Roussel C., and Vanthuyne N.; Chiral separation of
hesperidin and naringin and its analysis in a butanol extract of Launeaearborescens, Nat.
Prod. Res., 247, 669-681(2010).

Lahmer N., Belboukhari N., and Cheriti A., Méthodes et techniques de la séparation
chirale des flavanones ; PhytoChem. & BioSub. J., 5, 1-4 (2011).

Rahou 1., Belboukhari N., Sekkoum K., Cheriti A., and Aboul-Enein H.Y.; Chiral
separation of 4-iminoflavan derivatives on several polysaccharidebased chiral stationary
phases by HPLC, Chromatographia., 77, 17-18 (2014).

Belboukhari N., Rahou 1., Cheriti A., Benmiloud A., Cheikh N., and Fandougouma O.,

Chiral separation of imino-4-hesperidin derivatives by thin layer chromathography;
PhytoChem. & BiolSub. J., 5, 170-173 (2011).

23



512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535

536
537

538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Fandougouma O., Cheikh N., Belboukhari N., Cheriti A., Antioxidant activity of Imino-
Hesperidin derivatives, PhytoChem. & BioSub. J., 8, 45-50 (2014).

Sekkoum K., Belboukhari N., Cheriti A., Lahmer N., and Naas A., In vitro effect of
hesperidin & hesperetin on calcium oxalate crystallization: the chiral impact, PhytoChem.
& BioSub. J., 8, 51-60 (2014).

Belboukhari N., Lahmar N., Sekkoum K., Cheriti A., and Aboul-Enein H.Y., Chiral
separation of several flavanones by liquid chromatography, Curr. Pharm. Anal. 11, 201-
209 (2015).

Al Arsh Basheer, Igbal Hussain, Marcus T. Scotti, Luciana Scotti, Imran Ali, Advances
in chiral separations at nano level, Curr. Anal. Chem., 16, 351-368 (2020).

Zhang L., Zhang J., Li Z. J., Qin Y.Y., Lin Q.P., and Yao Y.G., Breaking the Mirror:
pH- Controlled Chirality Generation from a meso Ligand to a Racemic Ligand, Chem.
Eur. J. 15, 989-1000 (2009).

Wang B.D., Yang Z.Y. Wang Q. Cai T.K., and Crewdson P., Synthesis,
characterization, cytotoxic activities, and DNA-binding properties of the La (111) complex
with Naringenin Schiff-base, Bioorg. Med. Chem. 14, 1880-1888 (2006).

Ali 1., Aboul-Enein H.Y., Ghanem A., Enantioselective toxicities and carcinogenesis,
Curr. Pharm. Anal., 1, 109-125 (2005).

Ali |., Prashant Singh, Aboul-Enein H.Y., Sharma B., Chiral analysis of ibuprofen
residues in water and sediment, Anal. Lett., 42, 1747- 1760 (2009).

Xavier A., and Srividhya N., Synthesis and study of Schiff base ligands, J. Appl.
Chem., 7, 06-15 (2014).

Aboul-Enein H.Y. and Imran A., Optimization strategies for HPLC enantio-separation of
racemic drugs using polysaccharides and macrocyclic glycopeptide antibiotic chiral
stationary phases, IL Farmaco., 57, 513-529 (2002).

Aboul-Enein H.Y. and Imran A., Studies on the effect of alcohol on the chiral
discrimination mechanisms of amylose stationary phase on the enantio-separation of
nebivolol by HPLC, J. Biochem. & Biophys. Methods., 48, 175-188 (2001).

Aboul-Enein H.Y. and Imran A., HPLC Enantiomeric resolution of nebivolol on normal
and reversed amylose based chiral phases, Pharmazie., 56, 214-216 (2001).

Al-Othman Z. A., Al-Warthan A., and | Ali., Advances in enantiomeric resolution on

chiral monolithic phases in liquid chromatography and electrochromatography, J. Sep.
Sci., 37, 1033-1057 (2014).

24



556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571

572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

I. Ali., Gupta V.K., and Aboul-Enein H.Y., Chirality: A challenge to the environmental
scientists, Curr. Sci., 84, 152-156 (2003).

Basheer A. and Imran A., Stereoselective uptake and degradation of (%)-o,p-DDD
pesticide stereomers in the water-sediment system, Chirality., 30, 1088-1095 (2018).

Welch, C.J. Chiral chromatography in support of pharmaceutical process research, Prep.
Enan. Chromato., 1, 1-18 (2005).

Ali 1., Al-Othman Z.A., Al-Warthan A., Asnin L., Chudinov A., Advances in chiral
separations of small peptides by capillary electrophoresis and chromatography, J. Sep.
Sci., 37, 2447-2466 (2014).

Aboul-Enein H.Y., Ali 1., Simons C., Gubitz G., Enantiomeric resolution of the novel
aromatase inhibitors by HPLC on cellulose and amylose based reversed and chiral
stationary phases, Chirality, 12, 727-733 (2000).

Al-Shaalan N.H., Ali 1., Al Othman Z.A., Al-Wahaibi L.H., and Al abdulmonem H.,
Capillary electrophoresis and CNTs solid-phase extraction of p-nitro-phenol in water
with modeling study, Sep. Sci. Technol., 56, 1095-1101 (2021).

Bouanini M., Belboukhari N., Menéndez J. C., Sekkoum K., Cheriti A., and
Aboul- Enein, H.Y. Chiral separation of novel iminonaringenin
derivatives, Chirality., 30, 484-490. (2018).

Rebizi M.N., Sekkoum K., Belboukhari N., Cheriti A., and Aboul-Enein, H.Y. Chiral
separation and determination of enantiomeric purity of the pharmaceutical formulation of
cefadroxil using coated and immobilized amylose-derived and cellulose-derived chiral
stationary phases, Egypt. Pharm. J., 15, 88-96 (2016).

ALOthman, Z.A., Badjah, A.Y., Alsheetan, K.M., Suhail, M., and Ali, 1., Enantiomeric
resolution of quinolones on crown ether CSP: Thermodynamics, chiral discrimination
mechanism and application in biological samples, J. Chromatogr. B., 1166, 122550
(2021).

Xu H., Zhu L., Nan Y., Xie Y., and Cheng D., Revisit the Role of Metal Dopants in
Enhancing the Selectivity of Ag-Catalyzed Ethylene Epoxidation: Optimizing
Oxophilicity of Reaction Site via Cocatalytic Mechanism, ACS Catal., 11, 3371-3383
(2021).

Marques J.G., Antonella L.., and Claubia P., Gibbs free energy (AG) analysis for the

NaOH (sodium-oxygen-hydrogen) thermochemical water splitting cycle, Int, J. Hydrog.
Energy., 44, 14536-14549 (2019).

25



600 48. Aboul-Enein H.Y., Ali I., A comparison of chiral resolution of econazole, miconazole

601 and sulconazole by HPLC using normal phase amylose CSPs, Fresenius J. Anal. Chem.,
602 370, 951-955 (2001).
603

26



Revised Manuscript (Text with Changes marked)

oo NOYTULPE, W N -

A D WWWWWWWWWWNRNNNNNNNNRNRRRREPRRRERERERPR
PO WLV DNWNROOVLONADUTDNWNRO OONOOAULDNWRINLERO

N
N

& b
H W

Chiral HPLC separation and simulation studies of two chiral
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Abstract:

The biological activities of flavanone and hesperetin were enhanced by synthesizing
Schiff base types molecules (bis-imino-flavans; BHF4, BHF8 and BHF10) by combining
flavanone and hesperetin. These molecules were characterized by spectroscopic studies. The four
enantiomers of these molecules were separated by HPLC due to the presence of two chiral
centers in these molecules. The best separation was achieved with Chiralcel®OD-H column
under normal mobile phase mode. BHF4 and BHF8 racemates separated completely with ki, ko,
ks & ks; a1, a2 & az and Rsi, Rs2 & Rss values of 3.00, 3.55, 3.80 & 4.25; 1.18, 1.07 & 1.12 and
1.26, 1.10 & 1.00 for BHF4 while these values were 5.70, 6.30, 9.08 & 9.83; 1.11, 1.44 & 1.08
and 1.08, 1.37, 6.35 and 1.71. On the other hand, BHF10 could not separate completely. The free
energy (AG) was calculated for the best separation conditions, and the correlation accurately
shows the favorable range of the intercalated length. The chiral mechanism was proposed based
on the carbon lengths between flavanone and hesperetin molecules in bis-imino-flavans. The
modeling results confirmed the binding order of the enantiomers in BHF4 > BHF8 > BHF10;
with maximum bing of SR-enantiomers. The synthesized and separated Schiff base types bis-
imino-flavans were evaluated in urine samples with satisfactory results.

Keywords: Schiff base (bis-imino-flavans), Flavone and hesperetin, Chiral-HPLC separation,
Chiral recognition mechanism.
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1. Introduction:

The flavonoids are a very significant group of molecules and appeal considerable
devotion because of their pharmacological and physiological impact [1,2]. Hesperetin is
identified to have strong chemo-preventive and antitumor possessions against abdominal
carcinoma in the treatment of a diversity of vascular and cancers diseases [3-5]. As a vital
bioactive Chinese traditional medication, hesperetin has manifold pharmacological and
biological activities. It is an antibacterial, anticancer, antioxidant, antiallergenic and anti-
inflammatory agent since it stimulates or inhibits a wide diversity of enzyme systems as a
pharmacological agent including inhibition of cancer development, effects on the blood-brain
barrier, signal transduction pathways, etc. [6-9]. These properties strongly depend on the
chemical structure; especially the presence and location of hydroxyl groups [3]. The reactivity of
the flavonoids with reagents at C4 carbonyl group has been getting growing interest and led to
interesting new synthetic compounds [10-11]. The flavanones having 2-aryl chroman-4-one
skeleton embedded chemical structures are extensively distributed in plants [12] and synthesized
as well [13-18]. Thus, the chemical modification through synthetic routes is a new direction in
flavanone research [19]. Belboukhari et al. [20,21] synthesized flavanone derivatives such as 4-
iminoflavan [22] and imino-4-hesperidin [23-25] derivatives. The modification of such types of
molecules is always encouraged to enhance biological activities. Therefore, it was considered
worthwhile to synthesize two chiral centers bis-imino flavans by using flavanone and hesperetin
molecules; with varying lengths of the carbon chain of intercalations. It is important to mention
here that the resulting bis-imino flavans were Schiff base. Therefore, it is assumed that the
reported molecules will be of high biological values having properties of flavanone, hesperetin

and Schiff bases.
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As mentioned above, the synthesized bis-imino flavans are having two chiral centers and
exist with four enantiomers in each molecule. This made these molecules more important than
the other flavonoids [4,26]. The chiral separation has been of great significance, particularly in
the pharmacological industry. This attention is because of the dissimilar pharmacological and
pharmacokinetic activities of the enantiomers [27]. The compounds with more than one
asymmetric center are now a challenge in chiral separation to have all possible enantiomers
because of the complex structure of these analytes and that the chiral selectors must have the
ability to differentiate the chiral centers simultaneously [28-31], especially under isocratic
conditions [32]. Polysaccharide-based CSPs are the most widespread, among various chiral
stationary phases [33-38]. The benzoate ester, acetate ester, or phenyl carbamate derivatives of
cellulose and amylose have revealed extensive enantio-selectivity and resolution abilities [39].
They are effective under normal-phase and reversed-phase conditions. The most commonly used
chiral separation techniques are High-Performance Liquid Chromatography (HPLC) and
Capillary Electrophoresis (CE). It is important to mention that HPLC is better than CE because
of the high reproducibility of HPLC in comparison to CE. Moreover, chiral separation is
achieved on Chiral Stationary Phases (CSPs) in HPLC while CE needs the addition of chiral
selector in background electrolytes. This made the method costly in CE because every time-
costly chiral selectors are added, which is wastage. Besides, the separated enantiomers in HPLC
are pure while in the case of CE the separated enantiomers are the diastereomers formed with
chiral selectors [40,41]. In this way, HPLC is much better than CE in chiral separation.
Therefore, HPLC was used as the separation technique in this article. Therefore, efforts are made
to resolve four enantiomers of the reported bis-imino flavans by using a variety of chiral columns
and mobile phases. Finally, the developed chiral HPLC methods were applied in urine samples
for enantiomeric resolution of the reported molecules

3
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2. Experimental:
The chemicals, reagents, and instruments are given in supplementary information.

2.1 Synthesis of bis-imino flavans

To synthesize the asymmetric compounds, 0.5 mmol of flavanone was dissolved in methanol
and added to an acetic acid/ethanol (1.5 mL/25mL) hot stirring solution. The solutions of 5 mmol
of each appropriate primary diamine dissolved in ethanol were added to the mixture. Then, 0.5
mmol of hesperetin dissolved in methanol was added dropwise to the reactional medium. After
24 hours, the mixture was concerted, chilled and the solid was separated. The precipitate was
filtered, washed with water, and recrystallized from methanol to give the desired products
(Figure 1). The synthesized molecules were characterized by UV-Visb., FT-IR, *H NMR and *C

NMR methods.

0 O HoN—(CH,),—NH, ‘ |
CH,COOH / 24h /A N +

\
(CHy),
(0] /
N OH
Flavanone
OCH3
OH O o O
OH O
OH Hesperetin
OCH;
HO. I 0 O
|
OH N n=4
\
(CHy), =8
/

BHF4, BHF8 and BHF 10 represents bis-hesperitin-flavanone
at -(CH;)- equal to 4, 6 and 10

Figure 1: The synthesis of bis-imino flavans (Schiff base).
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2.3 Sample preparation

A very small amount of each compound was accurately weighed and dissolved with 5.0
mL methanol with 10° M concentration.

2.4 Analysis in biological samples

To check the applicability of the established chiral HPLC methods, the racemates
of BHF4 and BHF8 were examined in urine samples. 50 mL urine was sampled and the
BHF4 and BHF8 molecules were added discretely and correspondingly to get 10° M
concentration. The pointed urine trials were conceded through the multi-walled carbon
nanotubes (MWCNTS) solid-phase extraction unit as developed in our lab. [42].

3. Results and discussion
3.1 Synthesis of bis-imino flavans

As clear from Figure 1 that total 3 compounds were synthesized. The synthesized
compounds were 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-
ylidene)amino)butyl)imino)chromane-5,7-diol (BHF4), 2-(3-hydroxy-4-methoxyphenyl)-4-((8-
(2-phenylchroman-4-ylidene)amino)octyl)imino)chroman-5,7-diol (BHF8) and 2-(3-hydroxy-4-
methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene)amino)decyl)imino)chroman-5,7-diol
(BHF10). By the structural point of view, BHF4, BHF8 and BHF10 represents bis-hesperetin-
flavanone at -(CH2)- equal to 4, 6 and 10.

The reported bis-imino flavans (Schiff base) were synthesized by a typical procedure
described by Bouanini et al. [43]. The synthesis of imino-flavans was performed by refluxing
several flavanone with the suitable different primary diamines in methanol in attendance of a few
drops of acetic acid. The results showed that the yields depend on the nature of primary diamine,
the carbon bridge length and the nature of flavanes (the presence or not of hydroxyl groups). The
reactions yields ranged between 69 to 89%. The formation of Schiff bases took place under acid

5
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or base catalysis and preference with heat. A Schiff base acts as a flexi-dentate ligand and
generally coordinates via the O atom of the deprotonated phenolic group and the N atom of the
azomethine group. The Schiff bases formation is actually an arrangement of two types of
reactions i.e. addition followed by elimination. Ther Schiff bases syntheses are best performed at
mildly acidic pH. The Schiff base formation mechanism is another difference on the theme of
nucleophile addition to the carbonyl group. In this case, the nucleophile is the diamine. Firstly,
the diamine reacted with ketone or aldehyde to give an unsteady addition compound termed
carbinol diamine. The carbinol diamine loosed water either by base or acid-catalyzed pathways.
Since the carbinol amine is an alcohol, it went acid-catalyzed dehydration [44]. The reactions
could be achieved only with carbon bridge length superior to four (CH2) groups of the diamine,
but are not successful with carbon bridge length less than that because of the steric gene which
prohibits the diamine's end to reach the carbonyl site.
3.2 Characterization of the compounds

The above-reported compounds were characterized by different techniques. The structures of
the products have been established by spectral studies as UV-Visb., FT-IR, *H NMR and *C
NMR methods. Their characterization is discussed below.

3.2.1 2-(3-hydroxy-4-methoxyphenyl)-4-((4-(2-phenylchroman-4-ylidene) amino) butyl)
imino) chromane-5,7-diol (BHF4)

CasH3sN20Oe , Dark Brown powder; yield: 77%; M-P: 246-247°C; UVmax (MeOH, nm):
283 (band 1); 333 (band I1); IR (neat, cm™): 3378 (-OH), 3065 (-CH arom.), 2823 and 2956
(CH2, CHa3), 1593 (C=C arom.),1377(OH), 1279 and 1120 (C-O) , 721 (CH2), 675(0H) , 650
(CH arom).

IH NMR (400 MHz, DMSO-d6, ppm) :7.55(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,

Hes : H-2°, 3.1Hz) , 7.41(m, 3H, H-2’, H-4,H-6"), 7.36 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,
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OH-5), 7.24 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.06 (td, 1H, H-6, 5.7, 2.9 Hz), 6.97 (dd, 1H, F: H-8,
5.7,2.9 Hz), 6.81 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.74(d, 1H, Hes: H-6, 5.6 Hz), 6.04 (d,
1H, Hes: H-5°, 5.6Hz), 6.01(d, 1H, Hes: H-8, 2.9Hz), 5.85(d, 1H, H-6, 2.9Hz), 5.33(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.79(s, 3H, OCH3), 3.75(t, 2H, CH2-N),
3.69(t, 2H, CHo-N), 3.64(s, 1H, OH-3"), 3.23(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.87(dd, 1H, H-
3a, 11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz),
1.78(m, 4H, CH2-CHz), 0.61 (s, 1H, OH-7). C NMR (75 MHz, DMSO-d6, ppm) & 166.86,
163.81, 163.23, 159.13, 147.70, 147.04, 140.62, 132.00, 128.87, 128.45 — 128.01 (m), 127.43 —
127.02 (m), 123.09, 119.99, 118.49, 117.55, 113.72, 112.79, 101.22, 97.80, 95.93, 78.64, 56.98 —
56.47 (m), 35.65, 27.06 — 26.65 ().

3.2.2 2-(3-hydroxy-4-methoxyphenyl)-4-((8-(2-phenylchroman-4-ylidene) amino)
octyl)imino) chroman-5,7-diol (BHF8)

CazoH42N206 ; Brown powder; yield: 69%; M-P: 259-260°C; UVmax (MeOH, nm): 285
(band 1); 331 (band I1); IR (neat, cm™): 3380 (-OH), 3061 (-CH arom.), 2852 and 2957 (CH: ,
CHs), 1590 (C=C arom.),1377(OH), 1273 and 1120 (C-O) , 719 (CH2), 670(OH) , 655 (CH
arom).

IH NMR (400 MHz, DMSO-d6, ppm) : 7.53(t, 2H, F: H-3’, H-5", 5.6Hz), 7.41(d, 1H,
Hes : H-2’, 3.1Hz) , 7.39(m, 3H, H-2’, H-4’,H-6"), 7.33 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.20(s,
OH-5), 7.21 (dd, 1H, F: H-5, 5.7, 2.9 Hz), 7.03 (td, 1H, H-6, 5.7, 2.9 Hz), 6.94 (dd, 1H, F: H-8,
5.7,2.9 Hz), 6.76 (dd, 1H, Hes: H-2", 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6’, 5.6 Hz), 6.0 (d, 1H,
Hes: H-5, 5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.29(dd, 1H, H-
2,6.01Hz, 5.7Hz), 4.99(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.78(s, 3H, OCH3), 3.70(m, 8H, CH,-
CHa-N), 3.64(s, 1H, OH-3’), 3.25(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.84(dd, 1H, H-3a,

11.8Hz,5.9Hz), 2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.61(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.77-
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1.29 (m, 8H, CH2-CHy), 0.91 (s, 1H, OH-7). ¥C NMR (75 MHz, DMSO-d6, ppm) & 163.21,
161.35, 156.34, 144.83, 143.17, 138.41, 130.13, 128.17, 127.00, 125.22 — 124.93 (m), 122.13 —
121.21 (m), 120.54, 117.76, 115.12, 113.76, 110.16, 108.14, 107.08, 93.12, 91.15, 73.31, 53.92 —
52.40 (M), 32.12, 29.20 — 28.19 (M), 27.65 — 26.11 (M), 25.83 — 24.21 (m).
3.2.3 2-(3-hydroxy-4-methoxyphenyl)-4-((10-(2-phenylchroman-4-ylidene) amino) decyl)
imino) chroman-5,7-diol (BHF10)

Ca1H46N20g; Dark Orange powder: yield: 73%; M-P: 265-266 °C; UVmax (MeOH, nm):
286 (band I); 338 (band 11); IR (neat, cm™): 3258 (-OH), 3061 (-CH arom.), 2824 and 2957
(CH2, CH3), 1578 (C=C arom.),1377(0OH), 1278 and 1100 (C-O) , 723 (CH2), 673(OH) , 654
(CH arom).

'H NMR (400 MHz, DMSO-d6, ppm) : 7.61(t, 2H, F: H-3’, H-5", 5.6Hz), 7.45(d, 1H,
Hes: H-2’, 3.1Hz) , 7.39(m, 3H, H-2’, H-4’,H-6"), 7.29 (td, 1H, F: H-7, 5.7, 2.9 Hz), 7.11 (dd,
1H, F: H-5, 5.7, 2.9 Hz), 7.01 (td, 1H, H-6, 5.7, 2.9 Hz), 6.85 (dd, 1H, F: H-8, 5.7, 2.9 Hz),
6.78 (dd, 1H, Hes: H-2’, 5.7, 2.9 Hz), 6.70(d, 1H, Hes: H-6", 5.6 Hz), 6.0 (d, 1H, Hes: H-5",
5.6Hz), 5.95(d, 1H, Hes: H-8, 2.9Hz), 5.84(d, 1H, H-6, 2.9Hz), 5.38(dd, 1H, H-2,6.01Hz,
5.7Hz), 5.03(dd, 1H, F: H-2, 5.9Hz, 5.4Hz), 3.86(s, 3H, OCH3), 3.73(m, 8H, CH2-CH2-N),
3.62(s, 1H, OH-3"), 3.27(dd, 1H, H-3a, 12.3Hz, 6.01Hz), 2.89(dd, 1H, H-3a, 11.8Hz,5.9Hz),
2.75(dd, 1H, H-3b, 12.3Hz, 5.7Hz), 2.60(dd, 1H, H-3b, 11.8Hz,5.4Hz), 1.84-1.32 (m, 12H, CH-
CH), 0.87 (s, 1H, OH-7). 13C NMR (75 MHz, DMSO-d6, ppm) & 168.87, 167.12, 166.01,
160.42, 148.21, 146.10, 141.04, 135.16, 131.11, 126.23 — 125.10 (m), 123.33 — 122.32 (m),
122.12, 120.14, 119.42, 115.76, 113.23, 107.35, 97.15, 92.11, 81.98, 59.87 — 58.45 (m), 45.39,

43.39, 32.12 - 29.93 (m), 27.13 — 25.19 (m), 24.79 — 23.19 (m).
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3.3 Chiral Separation:

In this work, we used two chiral separation approaches i.e. normal and polar organic
mobile phase modes under isocratic or gradient elution system. The chiral columns used were
Chiralpak®AD, Chiralpak®IA, Chiralpak®IB, Chiralcel®0J, Chiralcel®0Z and Chiralcel®OD,
Chiralcel®OD-H. The chiral separation of BHF4, BHF8 and BHF10 is given in Table 1 and the
chromatograms are shown in Figure 2. It is clear from Table 1 and Figures 2 that BHF4 got
resolved completely with four sharp peaks using Chiralcel®OD-H and Chiralpak®IB with
70%HEX-30%ISP mobile phase. The retention times were in the range of 6.01 to 19.66 minutes.
The values of retention factors, separation factors and resolution factors of BHF4 with
Chiralcel®OD-H column were 2.01, 2.56, 2.98 & 4.27; 1.27,1.16 & 1.43 and 4.20, 2.73 & 1.78
while these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59,
1.09 & 2.38. These values clearly showed better resolution with Chiralcel®OD-H in comparison
to Chiralpak®IB column. BHF8 could only be got resolved with Chiralcel®OD-H column by
using 65%HEX-35%ISP mobile phase. The values of retention factors, separation factors and
resolution factors were 1.79, 2.16, 3.54 & 3.92; 1.21, 1.64 & 1.11 and 2.68, 9.99 & 2.68 while
these values with Chiralpak®IB were 2.30, 2.87, 3.87 & 4.19; 1.24, 1.35 & 1.27 and 0.59, 1.09
& 2.38. On the other hand, BHF10 could not get resolved with any chiral column and mobile
phases used. The maximum three peaks could be obtained with both Chiralcel®OD-H and
Chiralpak®IB columns by using 70%HEX-30%ISP and 75%HEX-25%ISP mobile phases,
respectively. All the separated compounds were almost always baseline separated (Rs> 1.0) on
cellulose-based CSPs i.e. Chiralcel®OD-H and Chiralpak®IB; showing good chiral recognition.
Chiralpak®IB and Chiralcel®OD-H have a similar chiral selector with the former having
polysaccharides immobilized onto silica. The retention times and separation factors of
enantiomers were different on both columns under the same conditions. The immobilization of
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the cellulose tris-(3, 5- dimethyl phenyl carbamate) on silica affected the chiral recognition

capability may be because of the change in configuration of polysaccharide during the

immobilization procedure; showing lower resolving capability than coated column [7]. It is

important to mention here that the best chiral separation was on Chiralcel OD-H and Chiralcel IB

columns. The reason is this the side chains in both cases have a phenyl group with two methyl

constituents. The methyl group has increased the electronic density on the phenyl ring;

facilitating m-m interactions. And m-m interactions are the most important ones in the chiral

separations [40-42].

Table 1: HPLC parameters of BHF4, BHF8 and BHF10 with different CSPs and mobile

phases.

Racemates CSPs Mobile FR| K1 | Ka | Ks | Ks | u | 02 | a3 | Rs1 | Rs2 | Rss

phases
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH |[0.5 [4.45 |5.23 | - - 1118 | - - 2.77 - -
Chiralcel®0Z - - - - - - - - - - - -
BHF4 Chiralcel®0D 70%HEX- |05 |2.57 [5.24 | - - 204 | - - 1330 | - -

30%ISP
Chiralcel®0D- 70%HEX- |0.3 |3.00 |3.55 |3.80 [4.25 |1.18 |1.07 |1.12 (1.26 |1.10 {1.00

H 30%ISP
Chiralpak®IB 70%HEX- |0.5 |2.30 |2.87 |3.87 [4.19 |1.25 |1.35 |1.08 [1.50 |{1.00 {1.00

30%ISP
Chiralpak® AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 100%MeOH | 0.5 [4.50 [5.26 | - - 117 | - - 1268 | - -
Chiralcel®0Zz 30%HEX- |05 |6.52 |9.13 | - - (140 | - - 1315 | - -

BHF8 70%ISP
Chiralcel®0OD 100%MeOH | 0.5 [2.60 [5.17 | - - 276 | - - 445 | - -
Chiralcel®0D- 70%HEX- |0.3 |5.70 |6.30 |9.08 [9.83 |1.11 |1.44 |1.08 [1.37 |6.35 [1.71

H 30%ISP
Chiralpak®IB 70%HEX- |04 |3.97 (464 |5.76 | - |1.17 |1.24 | - |1.69 [1.67 | -

30%ISP
Chiralpak®AD - - - - - - - - - - - -
Chiralpak®IA - - - - - - - - - - - -
Chiralcel®0J 30%HEX- |05 |2.56 [3.00 | - - 117 | - - |3.06 | - -

70%ISP
BHF10 Chiralcel®0Z - - - - - - - - - - - -
Chiralcel®OD | 100%MeOH | 0.5 |3.62 |4.56 | - - 1126 | - - |255 | - -
Chiralcel®0D- 70%HEX- |05 |5.25 |[5.65 |6.05 | - |[1.08 |1.07 | - |0.85 [0.71 | -

H 30%ISP
Chiralpak®IB 75%HEX- |05 |4.31 [4.70 |5.09 | - |[1.09 |1.08 | - |0.80 [0.65 | -

25%ISP
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Figure 2: Chiral separation of BHF4, BHF8 and BHF10 with Chiralcel®OD-H column by
using 70%HEX-30%EtOH mobile at 0.3 mL/min flow.
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3.3.1 Optimization of chiral separation

For optimization purposes, many mobile phases with different combinations were
examined by varying the nature and percentage of alcohol (from 5% to 95%). The various CSPs
such as Chiralcel®0J, Chiralcel®0Z, Chiralcel®OD, Chiralcel®OD-H, Chiralpak®IB,
Chiralpak®AD and Chiralpak®IA were tried to optimize the chiral separations. To streamline the
procedure, merely the chromatographic results attained by the optimum mobile phase
composition and/or the situations that gave the best resolution on dissimilar columns are offered
in this article.
3.4. Thermodynamic study

Thermodynamics is a very crucial study to get data around the recognition mechanism. It
depends on the types of both stationary and mobile phases and the type of the enantiomers. The
diastereomers formation or transitory complexes is controlled by several parameters including
free energy. The change in free energy (AG) accompanying the separation of two enantiomers is
directly related to the selectivity factor (a) and is given by (AG) = -RT Ina; where R is the gas
constant, T is the absolute temperature and a is the selectivity factor [45,46]. Free energy values
of the best separations on CSPs (Chiralcel®OD-H, Chiralcel®IB) were calculated. The values of
free energy for BHF4 with Chiralcel®OD-H were -0.141, -0.088 and -0.0212 Kcal/mol
corresponding to a1 a2 and az separation factors while these values were -0.113, -0.134 and -
0.062 Kcal/mol for BHF8 racemate (Table 2). The values of free energy for BHF10 with
Chiralcel®OD-H were -0.45 and -0.51 Kcal/mol corresponding to a1 and ay separation factors.
The values of free energy for BHF4 with Chiralcel®IB were -0.127, -0.177 and -0.141 Kcal/mol
corresponding to a1 a2 and o3z separation factors. The values of free energies of BHF8 were -

0.093 and -0.127 Kcal/mol while these values were -0.051 and -0.045 for BHF10. The values of
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free energy were negative and these signs are a suggestion of good interactions of the
enantiomers with CSPs.

Table 2. A comparison of free energies values on Chiralcel®OD-H column.

Compounds CSP o AG
a1=1.27 AG1=-0.141 Kcal/mol
BHF4 Chiralcel°OD-H 2= 1.16 AGg= -0.088 Kcal/mol
o3=1.43 AG3=-0.212 Kcal/mol
a1=1.21 AG1=-0.113 Kcal/mol
BHF8 Chiralcel°OD-H 2= 1.64 AG2= -0.134 Kcal/mol
os=1.11 AG3=-0.062 Kcal/mol
BHF10 Chiralcel®0OD-H a1=1.08 AG1= -0.045 Kcal/mol
o= 1.09 AG2=-0.051 Kcal/mol

3.5 Thermodynamics, carbon-chain and molar masses of the enantiomers

The free energy (AG) permits determining if a chemical reaction can occur due to its
enthalpy (AH) and entropy (AS) changes under specific conditions of pressure and temperature
[47]. It has almost a linear correlation with the carbon chain length and the molar mass of the
three bis asymmetric compounds (BHF4, BHF8 and BHF10) on both Chiralcel®OD-H and
Chiralcel®IB columns, with a linear correlation coefficient RZ = 1 (0.92 to 0.99). With this study,
we can observe the minimum free energy needed to have a separation and the maximum free
energy so the last separation could be done with the CSP. On Chiralcel®OD-H, when the free
energy tends towards zero AG = 0 kcal/mol (when o = 1), which means there is no separation
and with an extrapolation, we can notice that this value coincided with a carbon chain length
equal to n=16.56 = 17 (Figure 3) so (CH2)17, which is confirmed by the correlation between the
free energy and the molar mass (Figure 4) with AG = 0 kcal (when o = 1) which was equal to
M=760 g/mol, and if we omit the molar mass of the compound form the total mass of the carbon

chain length we can remark that the molar mass of the carbon chain length was about
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238.26g/mol, after divided it on 14 which is equivalent to CH2 we can found n (number of carbon
chain length) = 17.01 so (CH>)17. We remark that the number of carbon chain length or the molar
mass is inversely proportional to the free energy (AG), the augmentation of carbon chain length
or the molar mass means the diminution of free energy (AG), the chiral separation is still can be
done when free energy (AG) begins from -7648.10° Kcal and stoped when it reached -0.1169
Kcal so between n=1 to n=16; The separations were impossible out this range (under n=1 so
M<536.34 g/mol and above n=16 so M>746.34 g/mol), which was confirmed also by the

correlation between the free energy( AG) the molar mass.

0.02 - Chiralcel”OD-H

[en]
0

-0.02 *

-0.04 o’

-0.06

-0.08

y = 0.0071x - 0.1169
. R? = 0.9951

Free energy (Kcal)

-0.1 - o

_0_1.2.-_

-0.14

Corbon chain lengh (CH,),

Figure 3: The correlation between the free energy (AG) and the carbon chain length with
Chiralcel®OD-H column.
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Figure 4: The correlation between the free energy (AG) and the molar mass with
Chiralcel®OD-H column.

On Chiralcel®IB when AG = 0 kcal (when a=1), the carbon chain length n=14.20 =~ 15
(Figure 5) so (CH2)1s; which was confirmed by the correlation between the free energy and the
molar mass (Figure 6) so when AG = 0, M=738.56 g/mol, and if we neglect the molar mass of
the compound form the total mass of the carbon chain length, we can remark that the molar mass
of the carbon chain length was about 216.22g/mol, after divided it on 14 which is equivalent to
CHa we can found n (number of carbon chain length) = 15.44 so (CH2)1s. The chiral separation
still could be done when free energy (AG) began from -0.007648 Kcal and stopped when it
reached -0.1831 Kcal; so between n=1 to n=14; The separations were impossible out this range
(under n=1 so M<536.34 g/mol and above n=14 so M>746.34 g/mol), which coincided also with

the correlation between the free energy (AG) the molar mass.
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3.6 Mechanism of chiral separation

The discernment control of these polysaccharide-based phases stemmed from complex
relations with the solutes. The chiral selector has chiral grooves offering a stereoselective
situation to the enantiomers. The enantiomers fit in these chiral grooves to dissimilar degrees as
per the lock and key arrangement. These polysaccharides comprise a large number of optically
active sites and, thus, have a relatively high chance of interaction with the solute, giving the
separation of the stereoisomers. The hydrophobic interactions combination, attractive forces
(e.g., hydrogen bonding), charge transfer (m—m) formation and dipole-dipole interactions were
supposed to clarify the molecule recognition process [28,48]. From the point of view of the
mobile phase, we notice that the normal organic phase is more efficient than the polar organic
phase for the separation of the majority of our compounds. It appears that the hydrogen bonding
and m—m interactions are playing a separation role among aromatic moieties of the CSPs and the
enantiomers [4,33-36]. The carbon chain length of the compounds also affected the separation of
polysaccharide CSPs. A comparison of the separation was carried out on Chiralcel®OD-H
column. It was observed that the order of the separation was the racemates BHF4 and BHF8
were resolved while racemate BHF10 could not be separated. Further, it was observed that BHF4
had good separation than BHF8. It may be concluded that the carbon chain length a playing
crucial role in chiral recognition mechanism. The carbon chain n = 4 provides the ideal size to
the racemates to fit sufficiently on the chiral grooves on the CSPs. Contrarily, the molecular size
of BHF8 provided fair chances of fitting the enantiomers on the chiral groove. Moreover, the
molecular size of BHF10 provided poor chances of fitting the enantiomers on the chiral groove.
This is the reason that BHF4 could be resolved better than BHF8 while BHF10 could not be

separated.
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3.7 Simulation study

The modeling of all 12 enantiomers (4 enantiomers of each molecule) was carried out on
the polysaccharide-based chiral stationary phases as per the procedure described in the
experimental part. It was observed that each enantiomer of BHF4 interacted with CSP in
different fashions with different binding energies. For example, the binding energies of the four
enantiomers of BHF4 were -5.5, -5.4, -5.0 and -4.8 kcal/mol for SR-, SS-, RS- and RR-
enantiomers (Table 3). Consequently, the elution order may be considered as RR- > RS- > SS- >
SR- enantiomers. It was also observed that the hydrogen bondings were 1 in RR-, RS- and SS-
enantiomers while 2 hydrogen bonds were observed in SR-enantiomers (Figure 7). The same
trend was observed with enantiomers of BHF8 and BHF10 molecules. For example, the binding
energies in the enantiomers of BHF8 were -6.0, -5.9, -5.4 and -5.3 kcal/mol for SR-, SS-, RS-
and RR- enantiomers with 1 hydrogen bonding in RR-, RS- and SS-enantiomers while 2
hydrogen bonds were observed in SR-enantiomers. In the case of BHF10, the binding energies
were -5.6, -5.5, -5.2 and -5.1 kcal/mol for SR-, SS-, RS- and RR- enantiomers with 1 hydrogen
bonding in RR-, RS- and SS-enantiomers while 2 hydrogen bonds were observed in SR-
enantiomers. A comparison of the overall bondings was carried out among all 12 enantiomers
and it was observed that the binding order was BHF4 enantiomers > BHF10 enantiomers >
BHF8 enantiomers. These results are in agreement with the findings of the above mention chiral
recognition mechanism. Only the models of the maximum bonded SR-enantiomers of all the

three molecules (BHF4, BHF8 and BHF10) are given in Figure. 7.
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Table 3. Modeling data of enantiomers with CSP.

Compounds/Enantiomers Binding affinity Number of hydrogen
(kcal/mol) bonds
Compounds Enantiomers

SR -5.5 1

SS -5.4 1

BHF4 RS 5.0 1
SR -4.8 2

SR -6.0 1

SS -5.9 1

BHF 8 RS -5.4 1
SR -5.3 2

SR -5.6 1

SS -5.5 1

BHF RS -5.2 1
SR -5.1 2

SR-Enantiomer of BHF8 molecule.
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SR-Enantiomer of BHF10 molecule.

Figure 7. The models of the maximum bonded SR-enantiomers of all the three molecules
(BHF4, BHF8 and BHF10).

3.8 Application biological samples

The utility of the defined chiral HPLC methods was verified in urine bio-samples. 50 mL
urine samples were obtained and the BHF4 and BHF8 molecules were added independently and
correspondingly to get 10° M concentrations. The so obtained urine samples were allowed to
pass through MWCNTSs solid-phase extraction, which was developed in our lab. These urine
samples were examined by the reported chiral HPLC methods. It was seen that the peaks were
alike as in the standard solutions. The regainings of the BHF4 and BHF8 molecules were in the
range of 89.5 to 91.7%. No extra peak was gotten in the chromatograms; approving the
appropriateness of the described chiral HPLC methods. The analytical data was authenticated
and the degrees of standard deviation were ranging from 0.66 to + 0.81 while the correlation
values coefficients values and confidence levels values were 0.9994 to 0.9995 and 93.4 to 94.5.
These values established the utility of the stated method.
4. Conclusion

The novelty of this work lies in the fact that almost all the papers in chiral separations

reported the simple HPLC method development of one chiral-centered racemates, which was

20



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

obtained from different suppliers. In the present paper, we described first the synthesis,
characterization and chiral separations. The resolved enantiomers will have different potencies
and will be highly useful in pharmacological and physiological applications. Besides, most of the
papers are describing the separation of one chiral-centered racemates i.e. separation of only two
enantiomers while this article describes the chiral separation of four enantiomers of a single
racemate. Definitely, it is an innovative work and will be useful in future research.

The expected most pharmaceutical active Schiff base type three new imino-flavans were
well synthesized starting from commercially available materials in acceptable yields. Chiral
HPLC investigation was then used to separate the diastereomer by using seven CSPs in normal
and polar organic mobile phases. Out of 3 two racemates i.e. BHF4 and BHF8 were resolved
successfully. The thermodynamics and the length of the carbon chain were studied for chiral
resolution. The study of the relationship between the free energy (AG) and the carbon chain
length enabled us to know the possible domain of separation. The chiral recognition mechanism
was also developed and it was found that BHF4 fitted the best in chiral groves of CSP following
BHF8 and BHF10. The modeling results confirmed the binding order of the enantiomers in
BHF4 > BHF8 > BHF10; with maximum binding of SR-enantiomers. The synthesized and
separated Schiff’s base types bis-imino-flavans were evaluated in urine samples with satisfactory
results. Therefore, the developed HPLC methods may be applied for the enantiomeric resolution
of BHF4 and BHF8 racemates.
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