© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)

Synthesis of Diquats Their Resolution and
Derivatization

Harish R. Talele,®™ Anil G. Sarode,” Anil K. Patil,”™ Dilip B. Tayade,™ Milind E. Chaudhari, Paul E. Reyes-
Gutiérrez,™ Dusan Koval,™and Filip Teply™*

[a] Department of Chemistry, TVES’s D. N. College, Faizpur, affiliated with KBC N. M. U., Jalgaon, Maharashtra - 425503,
India
[b] Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Flemingovo n. 2, 166 10 Prague, Czech
Republic
[c] TVES’s Honble Loksevak Madhukarrao Chaudhari College of Pharmacy, Faizpur, Jalgaon,
Email: harishtalele@gmail.com

Abstract: Diquats have helical geometry and robust configurational stability to allow studies of the two
separate enantiomers with opposite helicity. We synthesized the various diquats having an active methyl
group to help to increase the racemization barrier and derivatized by Knoevenagel condensation reaction
towards the helical/helicene like diquat dyes. The synthesized diquats and their derivatives were
characterized by Mass, IR and *H/**C-NMR analysis.

Index Terms — Helical Diquat, Resolution, Chiral anions, N-heterocyclic cations, Diquat Dyes.

. INTRODUCTION

As powerful herbicides, dicationic molecules were (diquats) introduced by Imperial Chemical Industry in
1958.[1] After the invention of diquat its attracted the attention of scientific community due to the its
applications and fascinating properties such as electron deficient systems, building blocks in supramolecular
systems,[2] and in the designing of electron transfer systems.[3] Diquat exhibit the other interesting
properties such as electron acceptors in the light harvesting chromopher-quencher system,[4] for the
construction of ion-pair transfer complexes,[5] and a diquat dyes in a nonlinear optics.[6] Diquat exhibit the
other interesting properties such as electron acceptors in the light harvesting chromopher-quencher system,

for the construction of ion-pair transfer complexes,[5] and a racemic diquat dyes in a nonlinear optics.[6]

A non-planar twisted structure towards the stereo-chemical assignment in the diquat with the dihydral
angle between two pridinium ring is 19.7° was reported in 1969 by Hamor and Derry.[1b] The twist in the
system well studied by Vogtle with substituted 2,2’-bipyridine and 1,1’-biisoquinoline and studies their
enantiomers and confirmation by H-NMR analysis of the coalescence of the AB system could be

determined, electronic as well as oxidation-redox potentials for the further applications (Scheme 1A).[7]

Recently, the Lacour group revisited some of these dications and reported the resolution and
determination of racemization barriers. This elegant study found the barriers of the selected example diquats
to be relatively low (DGY46 =106-112 kJmol? at 208°C).[8] The seven membered tricyclic diquat
derivatives and a chiral anion mediated asymmetric induction of the configurationally stable atropisomeric
diguat was established by using the anions TRISPHAT, HYPHAT and the most effective BINPHAT.[9]
After this preliminary studies of the configurational stability experiment later they successfully resolved the
enantiopure diquats using the BINPHAT and TRISPHAT and studied the ECD properties as well as the
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thermal stability of the molecules and they found the half lives of (R = H, 13 days), (R = CHs, 127 days)

and (R ='Bu, 9.5 days) at 20 °C (Scheme 1B).
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Scheme 1: Diquats with low and high resolution barrier suitable for the further study

In our recent work we introduced the configurationally robust diquats, the resolution was achieved by the
simple crystallization method with the help of monosodium salt of (R,R)-dibenzoyltartrate [Na][R,R-DBT]
and the other enantiomer with the (S,S)-dibenzoyltartrate [Na][S,S-DBT] (Scheme 1C) and used for the
potential applications as chiral selectors in capillary electrophoresis as well as synthesis of the first non-

racemic diquat dyes.[9]

Inspired from the previous simple resolution by crystallization methodology we synthesized the another
tetramethyldiquats 3,3',6,6'-tetramethyl-2,2'-bipyridine 10 with the 3,3°,4,4’-tetramethyl-2,2’-bipyridine 4
by reported method using 2-bromo-3,4-dimethylpyridine 8 and 2-chloro-3,6-dimethylpyridine 9 as a
starting material respectively. The homocoupling of substituted halopyridine [10] using zinc powder,
NiCl2*6H20 and triphenylphosphine in N,N-dimethylformamide under argon atmosphere gives the

tetramethyl-bipyridines in good to excellent yields.
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Scheme 2: Synthesis of racemic [rac-7][Br]z and [rac-12][l]. diquats

The substituted tricyclic diquats were synthesized by using substituted bipyridine and o,o’-dibromo-
ortho-xylene in anhydrous acetonitrile at 110 °C under pressure in pressure tube. The racemic diquat [rac-
7][Br]2 synthesized in good to excellent yield (Scheme 2A), but the reaction of 3,3',6,6'-tetramethyl-2,2'-
bipyridine 10 was failed due to the steric hindrance by the methyl groups at the 6,6'-position. Then the a,o.’-
dibromo-ortho-xylene was converted to the a,o’-diiodo-ortho-xylene [11] (Scheme 2B) and its reaction
with 3,3',6,6'-tetramethyl-2,2"-bipyridine 10 in the 1,2-dichloromethane under pressure to obtained the [rac-
12][1]2 (Scheme 2C).

The chiral anions play an important role in the resolution of diquat [8, 9] by exchanging them to the
achiral anions such as Br , I , TfO etc. Using the same strategy from our previous results we try to resolve
the [rac-12][l]> by exchanging the iodide anions with the dibenzoyltartarate anions. Unfortunately the
method didn’t work with the [Na][R,R-DBT] and [Na][S,S-DBT] and observe the decomposition of the
diquat. To solve this problem developed a new method for the resolution, instead of the [Na][R,R-DBT] and
[Na][S,S-DBT] salt used the sodium salt of borate anions with enantiopure mandelic acid Na*[Bs(R-Man)z]
and Na*[Br(S-Man).] [12] (Scheme 3) and tried the resolution in methanol. Again the attempt was failed
due to the some decomposition of diquat, then the iodide anions was exchanged with the triflate anions

using the simple anion exchange method (Scheme 4).

OH i |
Na,COs .| On-0 0-°
COOH Na™ | Ph, | B, Ph
Water, 60 °C, 2 h H O O H
95% - -
(R)-(-)-Mandelic acid Na+[Bs(R-Man),]
OH i 1"
H Na,COs O;\:o\ \oz/lio
Na* | Ph B, “Ph
©/\COOH Water, 60 °C, 2 h L= o,
94% - o
(S)-(+)-Mandelic acid Na+[Br(S-Man),]

Scheme 3: Synthesis of Na*[Bs(R-Man),] and Na*[Br(S-Man),]
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Scheme 4: Synthesis of racemic [12][OTf]. diquats
The preliminary result of successful resolution of synthesized diquat [12][OTf]. with Na*[Bs(R-Man).]

and Na*[Br(S-Man),] are discussed and reports the chiral borate anions to be suitable for the resolution of
diquat or the quaternary nitrogen heterocyclic compounds [12c].
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Scheme 5: Successful conversion of [12][OTf]. diquat to its pure diastereomeric compound

The anion exchange from triflate to borate was analysed by capillary electrophoresis analysis shows
that there is 96% de for [(-)-(Sa/P)-12][Bs/R-Man):]. and [(+)-(Ra/M)-12][Bs/R-Man).]. (recrystallized
twice with ethanol — the crude sample contains the excess of Na'[Bs/R-Man).].) salt) shows 87% de
(Figure 1).
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Figure 1. CE charts from the individual enantiomeric composition analyses of and [rac-12][Bs/R-Man)2]> (upper chart),
[(-)-(Sa/P)-12][Bs/R-Man)z]2 (middle chart), and [(+)-(Ra/M)-12][Bs/R-Man)z]> (lower chart).
The two active methyl groups in the diquat system [rac-7][Br]2, [rac-12][l]2, [rac-12][OTf]. to used for

derivatization methods established for pyridinium type systems.[10,13] Synthesis of helical diquat dyes has
addressed [10, 14], towards this approach we converted the diquats to diquat dyes with substituted
benzaldehyde derivative through Knoevenagel condensation in the presence of pyrrolidine catalyst. To our
delight, the desired dye can be successfully prepared in the absence of pyrrolidine and characterized

(Scheme 5).

JETIRAO06023 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 142


http://www.jetir.org/

© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)

[rac-15][TfO],

Ar atm, (48%)

\
N _N B
H H
0 X X; 0
N* N >
MeOH, 70°C, 72 h 7N\ MeOH, 70 °C, 72 h
Ar atm, (82%) — — Ar atm, (57%)

< }\s
N/JWH MeOH, 70 °C, 72 h
o

X =Br, |, TfO
TfO"
[rac-13][l], / [rac-14][1],
N* CH4CN, Et3N,
@[ »—s 2h, RT
S 97%

@[3 Tfo(< >7Tf0 S:@
N N®  N* N
NN

[rac-16][TfO],

Scheme 5: Synthesis of racemic diquat dyes [rac-13][l]., [rac-14][l]., [rac-15][I]. and [rac-16][OTf].

The synthesized diguat dyes have a various applications as non linear optics in materials as well as
relating to biology or bio-chemistry. The biochemical applications of these dyes for the G-quadruplex
stabilization are under screening.

Il EXPERIMENTAL SECTION

1) General information

Liquids and solutions were transferred via needle and syringe under inert atmosphere unless stated
otherwise. Melting points were determined on a Wagner & Munz PolyTherm A micro melting point
apparatus and on a Stuart melting point SMP30 apparatus, and are uncorrected. Thin-layer chromatography
(TLC) analysis was performed on silica gel plates (Silica gel 60 F254-coated aluminium sheets, Merck, cat.
no. 1.05554.0001) and visualized by UV (UV lamp 254/365 nm, Spectroline® Model ENF-240C/FE)
and/or chemical staining with KMnO4 [KMnO4 (1% ag.), Na2COz (2% aq.)]. TLC analysis of dications was
achieved using Stoddart’s magic mixturel (MeOH : NH4Cl ag. (2M) : MeNO2 7 : 2 : 1) as eluent on silica
gel plates. NMR spectra were measured on a Bruker Avance 600 (600 MHz for 1H, 151 MHz for 13C) or
Bruker Avance 500 (500 MHz for 1H, 125.7 MHz for 13C) or Bruker Avance 400 (400 MHz for 1H, 101
MHz for 13C) NMR spectrometer. In *H and **C NMR spectra, chemical shifts are referenced as follows
(ppm): in DMSO-d6 the peaks were referenced relative to the solvent peak 6H = 2.50 ppm and 6C = 39.52
ppm; in CDCls relative to Me4Si signals 6H = 0.00 ppm or the solvent peak dH = 7.26 ppm and 6C = 77.00
ppm and acetonitrile-ds relative to the solvent peak 6H = 1.94 ppm and 8C = 118.26 ppm. Chemical shifts
are given in d-Scale as parts per million (ppm); coupling constants (J) are given in Hertz. IR spectra were
recorded on a Bruker EQUINOXS55 (IFS55) spectrometer in KBr pellets. Mass spectral data were obtained
at the Mass Spectrometry Facility operated by the Institute of Organic Chemistry and Biochemistry of the
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Czech Academy of Sciences (I0CB, CAS), Electrospray ionization (ESI) mass spectra were recorded using

a Thermo Scientific LCQ Fleet mass spectrometer equipped with an electrospray ion source and controlled
by Xcalibur software. For capillary electrophoresis: The mobile phase consisted of MeOH:water (9:1), flow
rate of 200 puL.min-1. The sample was dissolved, diluted with the mobile phase and injected using a 5 pL
loop. Spray voltage, capillary voltage, tube lens voltage and capillary temperature were 5.5 kV, 5V, 80 V
and 275°C, respectively. High resolution mass spectra (HR MS) were obtained with the ESI instrument. For
general information about capillary electrophoresis (CE), see Figure 1.

2) Materials and abbreviations

MeOH was distilled from Mg/l. as follows. MeOH (100 mL) was charged into a 1 L round bottom flask.
Then, 5 g of Mg was added followed by addition of I> (500 mg). The mixture was heated to reflux under Ar
atmosphere for 15 min. Then, more 1> (500 mg) and MeOH (500 mL) were added and the mixture was
refluxed under Ar atmosphere for 2 h. Degassed solvents were obtained via the freeze-pump-thaw method.
The solvent was frozen under argon, and then thawed under vacuum. This process was repeated (3x).
Finally the thawed solvent was purged with argon. DMSO-d6 was dried over 4 A molecular sieves. Unless
otherwise stated, all other starting materials and reagents were obtained from commercial suppliers and used
without further purification.

Stoddart’s magic mixturel = MeOH : 2M aq NH4Cl : MeNO2,=7:2:1

a,0’-Dibromo-o-xylene (Aldrich, 97%, D44405)

Zinc Powder (Sigma-Aldrich, 14409, CAS. No. 7440-66-6)

Acetonitrile (Aldrich, > 99.5%, 360457)

EtaN (Alfa Aesar, 99%, 121-44-8)

N,N-Dimethylformamide (Aldrich, 99.8%, 319937)

DMSO (Aldrich, 99%, 67-68-5)

NaOH (Penta, 1310-73-2)

4-(Dimethylamino)benzaldehyde (ACS reagent, 99%, 156477 or Aldrich, 99%, 100-10-7)
2-(Methylthio)benzo[d]thiazole (Sigma-Aldrich, 97%, 168653, CAS No. 615-22-5)

Piperidine (ReagentPlus®, Sigma-Aldrich, 99%, 10409-4)

Pyrrolidine (99%, Aldrich, P73803)

Ethanol (Merck, > 99.9%, K42555180)

Acetone, CH2Cl,, Et,0, ethanol, 2-propanol, EtOAc, and MeOH were purchased from PENTA, Czech
Republic (www.pentachemicals.eu).

Ethanol (Merck, Uvasol®, 100980)

Acetone-d6 (Merck, 99.9%, 100021)

DMSO-d6 (Euriso-Top, C.E. Saclay, H20<0.02%, 99.80% D, DO10H Z0331, 100 mL; with 4 A molecular
sieves added)

CDCls (Merck, 99.8%, 102450)

Acetonitrile-ds (water < 0.05%, Euriso-Top, D021P)

Methanol-d4 (99.8 atom% D, Aldrich, 151947)

CaH: (Alfa Aesar, coarse powder, 7789-78-8)
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Universal pH paper strips for pH 0-12 (Lachner)

MeOH for ECD measurements (Lachner)
Synthesis of 2-bromo-3,4,-dimethylpyridine (8) [CAS No. 33204-85-2]:[15,16]

Powdered 2-amino-3,4-dimethylpyridine (5.80 g, 47.4 mmol) was added under vigorous stirring in
portions to aqueous 48% HBr solution (30 mL) at 20 to 30 °C in 500 mL three neck round bottom flask.
After all of compound was dissolved the mixture was cooled to -20 °C. To this suspension pre-cooled
bromine (11.38 g, 3.66 mL, 142 mmol, 3 equiv.) was added drop-wise over 30 min maintain the temperature
at -20 °C. The resulting paste was stirred for 90 min at this temperature. The sodium nitrite (9.171 g, 133
mmol, 2.8 equiv.) in water (20 mL) was added drop-wise. The reaction mixture was warm to 15 °C and
stirred continuous for 2 h. Then the solution cooled to -20 °C and added cooled NaOH (34.18 g, 854 mmol,
18 equiv.) solution (50 mL) drop-wise for 30 min. Then the extracted with ethylacetate (2x200 mL) dried
over magnesium sulphate and concentrated under reduced pressure to obtained brown sticky mass. The
crude product purified by column chromatography to obtained the 2-bromo-3,4-dimethylpyridine (5.150 g,
27.7mmol, 58%) (eluted with 3:7, ethylacetate:hexane).

AN m.p. 39-40°C. *H NMR (400 MHz, Chlorofom-d): § 2.33 (s, 3H), 2.36 (s, 3H), 7.01 (d, J = 4.8
| N Hz, 1H), 8.05 (d, J = 4.8 Hz, 1H).
Br 13C NMR (100 MHz, Chloroform-d): & 18.55, 20.90, 124.83, 133.84, 145.25, 146.79, 148.50.
(8) IR (KBr): v (cm-1) 508, 537, 620, 730, 799, 837, 988, 1018, 1089, 1170, 1201, 1235, 1368,
1381, 1455, 1548, 1583, 1637, 2860, 2923, 2952, 2980, 3012, 3050, 3434.
MS (ESI) m/z (%): 187 (95), 185 (98), 107 (10), 106 (100), 79 (25), 77 (20).
HRMS (ESI) m/z: [(M-2)]" (C7HsBrN-2) calc.184.9840:, found 184.9836.
Synthesis of 3,3",4,4'-tetramethyl-2,2'-bipyridine (4) [CAS No. 865074-48-2]:[16]

Zinc powder (1.7524 g, 26.8 mmol, 1 equiv.) was added to a stirred, deep blue solution of
nickel(Il)chloride hexahydrate (NiClz-6H20, 6.3877 g, 26.8 mmol, 1 equiv.) and triphenylphosphine
(28.1688 g, 107.4 mmol, 4 equiv.) in dimethylformamide (160 mL) under argon atmosphere at 50 °C. After
2 h, the color of the mixture changed to red brown and the solution of 2-bromo-3,4-dimethylpyridine (5.00
g, 26.8 mmol) in dried dimethylformamide (40 mL) was added under argon atmosphere. After stirring at 50
°C for 24 h, the progress of the reaction was monitored by TLC analysis. After completion of the reaction
mixture was poured into dilute ammonia solution and stirred under a stream of air for an additional 30 min
until the mixture turned blue and the solid was precipitate out. The reaction mixture was extracted by
CH2Cl, (2x400 mL), the organic layer was washed with water, brine and dried over MgSO4 and
chromatographed through a silica gel column chromatography. After large amounts of triphenylphosphine
(eluted with 2:8, ethylacetate:hexane) and a small amount of triphenylphosphine oxide (eluted with 1:1,
ethylacetate:hexane), the 3,3',4,4'-tetramethyl-2,2"-bipyridine 4 (2.058 g, 9.69 mmol, 86%) (eluted with 2:8,
MeOH:EtOAc) were obtained.
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Xy M.p. 112-114°C. *H NMR (400 MHz, Acetonitrile-ds): § 1.95 (s, 6H), 2.34 (s, 6H), 7.17 (d, J =
| ~.N 4.8Hz, 2H), 8.29 (d, J = 5.2 Hz, 2H).
N 13C NMR (100 MHz, Acetonitrile-ds): § 15.10, 19.82, 125.09, 131.43, 146.88, 147.80, 159.10.
S | IR (KBr): v (cm-1) 510, 589, 830, 840, 986, 1014, 1084, 1192, 1234, 1368, 1382, 1452, 1554,
(4) 1581, 1665, 1918, 2466, 2990, 3053.
MS (ESI) m/z (%): 213 (100), 214 (30).
HRMS (ESI) m/z: [(M)] (C1aH17N2) calc.212.1313:, found 212.1315.
Elem. Anal. calc. for C14H16N2¢0.5H20: C, 75.98; H, 7.74; N, 12.66. Found: C, 75.61; H, 7.75; N, 12.41.
Synthesis of 1,2,15,16-tetramethyl-6,11-dihydrobenzo[f]dipyrido[1,2-a:2",1'-c][1,4]diazocine-5,12-

diium bromide, [rac-7][Br]:

In a sealed tube 3,3’,4,4’-tetramethyl-2,2’-bipyridine (4) (1.00 g, 4.71 mmol) and o,a-dibromo-o-
xylene (1.3677 g, 5.18 mmol, 1.1 equiv.) was added in the dried acetonitrile (30 mL) under argon
atmosphere. The reaction mixture was heated to 110 °C for 72 h with continuous stirring under argon
atmosphere. The progress of the reaction was monitored by TLC analysis. After the completion of the
reaction, reaction mixture was cooled to room temperature and Et,O (50 mL) for the complete precipitation
sonicated, centrifuged the reaction mixture and decants the solvent. The white solid was washed with
CH3CN (2x25 mL) sonicated, centrifuged and decant the solution. Then the solid was washed with Et>O
(3x50 mL) sonicated, centrifuged and decant the solution. The solid was dried under vacuum to obtained
white solid (1.8983 g, 3.98 mmol, 84%) as product [rac-7][Br]..

| N g m.p. 319-320°C. *H NMR (500 MHz, DMSO-ds): & 2.28 (s, 6H), 2.68 (s, 6H), 5.41 (d,
_N* J = 15.9 Hz, 2H), 5.86 (d, J = 15.9 Hz, 2H), 7.51-7.56 (m, 2H), 7.60-7.65 (m, 2H),
_ N*Jij 8.35 (bd, J= 6.3 Hz, 2H), 9.30 (d, J = 6.3 Hz, 2H).
S | Br 13C NMR (125.7 MHz, DMSO-ds): & 16.11, 21.12, 60.88, 129.84, 130.89, 131.00,
[rac-T][Br], 131.98, 138.92, 140.68, 145.38, 161.73.
IR (KBr): v (cm-1) 436, 521, 590, 599, 639, 727, 746, 767, 805, 846, 873, 936, 965, 976, 1023, 1058, 1161,
1172, 1226, 1259, 1289, 1327, 1380, 1392, 1453, 1463, 1481, 1498, 1569, 1614, 1637, 1960, 2044, 2740,
2877, 2966, 2994, 3024, 3254, 3400, 3456.
MS (ESI) m/z (%): 316 (25), 315 (100), 213 (40).
HRMS (ESI) m/z: [(M-Brz)] (C22H23Nz2) calc.315.18558:, found 315.18540.
Elem. Anal. calc. for C22H24Br2N2: C, 55.48; H, 5.08; Br, 33.56; N, 5.88. Found: C, 54.90; H, 5.05; Br,
33.56; N, 5.60.
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Synthesis of 1,2,15,16-tetramethyl-6,11-dihydrobenzo[f]dipyrido[1,2-a:2",1'-c][1,4]diazocine-5,12-

diium trifluoromethanesulfonate, [rac-7][TfO].:
A mixture of TFOH:Et.O 1:50 (25 mL) was added to solution of diquat [rac-7][Br]> (0.200 g, 0.419
mmol) in MeOH (2 mL) and then the mixture sonicated for 10 min. Then centrifuged the suspension and

decanted the solvent and repeated the same procedure again one more time to obtained beige powder. Then
the solid was suspended in Et2O (25 mL) sonicated, centrifuged and decanted the solvent and repeated again
this procedure one more time to obtained off-white solid (0.230 g, 0.374 mmol, 89%) as a product [rac-
7][TfO]..
| N 1o m.p. 267-268°C. *H NMR (400 MHz, DMSO-ds): & 2.27 (s, 6H), 2.67 (s, 6H), 5.38 (d,
_N* J =15.6 Hz, 2H), 5.76 (d, J = 16.4 Hz, 2H), 7.52-7.60 (m, 4H), 8.33 (d, J = 6.4 Hz,
_ N’Jij 2H), 9.20 (d, J = 6.4 Hz, 2H).
S | TfO" F NMR (400 MHz, DMSO-ds): & 77.75.
[rac-T][TfO], 13C NMR (100 MHz, DMSO-ds): & 16.01, 21.07, 61.02, 119.06, 122.26, 129.90,
130.92, 130.99, 131.93, 138.89, 140.68, 145.42, 161.74.
IR (KBr): v (cm?) 458, 518, 574, 638, 727, 748, 769, 805, 844, 937, 974, 1031, 1166, 1227, 1260, 1274,
1327, 1392, 1464, 1482, 1617, 2739, 2928, 2967, 3018, 3452.
MS (ESI) m/z (%): 315 (15), 158 (100).
HRMS (ESI) m/z: [(M-TfO)] (C23H2403N2F3S) calc.465.14542:, found 465.14508.
Elem. Anal. calc. for Co4H24FsN206S2: C, 46.90; H, 3.94; N, 4.56. Found: C, 46.70; H, 3.84; N, 4.42,
Synthesis of 3,3",6,6'-tetramethyl-2,2'-bipyridine (10):

Zinc powder (1.3849 g, 21.18 mmol) was added to a stirred, deep blue solution of nickel(ll)chloride
hexahydrate (NiClz-6H.0, 5.036 g, 21.18 mmol) and triphenylphosphane (22.220 g, 84.72 mmol) in dry
DMF (100 mL) under argon atmosphere at 50 °C. After 2 h, the colour of the mixture changed to red brown
and then 2-chloro-3,6-dimethylpyridine (3.00 g, 21.18 mmol) was added under argon atmosphere. After
stirring at 50 °C for 24 h, the progress of the reaction was monitored by TLC analysis. After completion of
the reaction mixture was poured into dilute ammonia solution and stirred under a stream of air for an
additional 30 min until the mixture turned blue and the solid was precipitate out. The reaction mixture was
extracted by CH2Clz (2 x 500 mL), the organic layer was washed with water, brine and dried over Na;CO3
and chromatographed through a silica gel column chromatography. After large amounts of
triphenylphosphine (eluted with 2:8, EtOAc:CH2Cl2) and a small amount of triphenylphosphine oxide
(eluted with 1:1, EtOAc:CH2Cly), the 3,3',6,6'-tetramethyl-2,2"-bipyridine (1.844 g, 8.68 mmol, 82%)
(eluted with EtOAC) were obtained as viscous pale yellow oil.

| X 'H NMR (400 MHz, Chlorofom-d): § 2.07 (s, 6H), 2.55 (s, 6H), 7.08 (d, J = 7.6 Hz, 2H), 7.49
=N (d,J=7.6 Hz, 2H).
Z>N 13C NMR (100 MHz, Chloroform-ds): & 18.07, 24.08, 122.77, 128.41, 138.91, 155.34.
X 'H NMR (400 MHz, Methanol-da): & 2.03 (s, 6H), 2.52 (s, 6H), 7.29 (d, J = 8.0 Hz, 1H), 7.70
(d, J=8.0 Hz, 2H).
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IR (KBr): v (cm-1) 510, 589, 763, 830, 840, 989, 1014, 1045, 1085, 1192, 1234, 1261, 1368, 1382, 1452,

1554, 1581, 1725, 1918, 2921, 3054.
MS (ESI) m/z (%): 213 (10), 212 (50), 211 (25), 198 (18), 197 (100), 182 (20).
HRMS (ESI) m/z: [(M)] (C1aH1sN2) calc.212.1313:, found 212.1314.

Synthesis of a,a’-diiodo-o0-xylene (11):
A mixture of a,a’-dibromo-o-xylene (10.00 g, 38.1 mmol) and Nal (34.33 g, 22.9 mmol) in acetone
200 mL was refluxed for 12 h. After cooling to room temperature then the solvent was removed on rotary
evaporator. To the resulting solid water (200 mL) was added and mixture was stirred for 30 min. The
resulting precipitated was filtered and was with 10% Na»S203 solution, water and methanol. The solid was
dried in vacuum to afforded the pale yellow solid (12.1110 g, 33.83 mmol).
©C| m.p. 103-104 °C. 'H NMR (400 MHz, Chloroform-d): § 4.58 (s, 4H), 7.20-7.24 (m, 2H),
' 7.28-7.33 (m, 2H).
(1) 13C NMR (100 MHz, Chloroform—d): § 1.72, 129.00, 130.79, 137.40.
IR (KBr): v (cm-1) 439, 520, 563, 574, 588, 601, 732, 764, 816, 950, 979, 1054, 1139, 1149, 1159, 1165,
1200, 1224, 1298, 1426, 1453, 1487, 1576, 1599, 1638, 1927, 2969, 3021, 3038, 3058, 3066.
MS (ESI) m/z (%): 358 (25), 254 (80), 231 (100), 127 (25), 104 (40).
HRMS (ESI) m/z: [(M-1)] (C22H24N2l) calc. 357.8716:, found 357.8720.
Synthesis of 1,2,15,16-tetramethyl-6,11-dihydrobenzo[f]dipyrido[1,2-a:2",1'-c][1,4]diazocine-5,12-
diium bromide [rac-12][]2:
In a sealed tube 3,3°,6,6’-tetramethyl-2,2’-bipyridine (1.84 g, 8.667 mmol) and o,a-diiodo-0-xylene
(6.204 g, 17.3 mmol) was added in the 1,2-dichlorobenzene (40 mL) under argon atmosphere. The reaction
mixture was heated to 120 °C for 72 h with continuous stirring under argon atmosphere. The progress of the
reaction was monitored by TLC analysis. After the completion of the reaction, reaction mixture was cooled
to room temperature and Et2O (50 mL) for the complete precipitation sonicated, centrifuged the reaction
mixture and decants the solvent. The white solid was washed with CH3CN (2x5 mL) sonicated, centrifuged
and decanted the solution. Then the solid was washed with diethyl ether (2x50 mL) sonicated, centrifuged
and decant the solution. The solid was dried under vacuum to obtained yellow solid (2.585 g, 4.533 mmol,
52%) as product.
| N m.p. decomposed 248-252 °C. *H NMR (600 MHz, DMSO-ds): § 2.40 (s, 6H), 3.31 (s,
_N* 6H), 5.22 (d, J = 16.7 Hz, 2H), 5.73 (d, J = 16.7 Hz, 2H), 7.55-7.59 (m, 2H), 7.83-7.87
% Nﬁ (m, 2H), 8.31 (bd, J = 8.4 Hz, 2H), 8.68 (d, J = 8.4 Hz, 2H).
U 13C NMR (151 MHz, DMSO-ds): & 18.04, 20.79, 57.69, 129.79, 130.83, 132.07,
[rac-1211 132.80, 136.54, 142.64, 148.37, 157.56.
'H NMR (400 MHz, MeOH-d4): § 2.53 (d, J = 7.2 Hz, 6H), 2.96 (d, J = 6.8 Hz, 6H), 5.35 (d, J = 16.8 Hz,
2H), 5.85 (d, J = 16.8 Hz, 2H), 7.60-7.62 (m, 2H), 7.78-7.80 (m, 2H), 8.27 (d, J = 8.4 Hz, 2H), 8.66 (d, J =
8.4 Hz, 2H).
13C NMR (125.7 MHz, MeOH-d4): § 19.10, 21.84, 59.89, 131.74, 131.76, 133.65, 134.58, 139.04, 144.49,
150.27, 159.81.
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IR (KBr): v (cm-1) 458, 486, 510, 557, 584, 620, 656, 733, 770, 804, 834, 857, 927, 949, 971, 1030, 1041,

1054, 1131, 1198, 1213, 1237, 1273, 1311, 1342, 1374, 1448, 1476, 1497, 1540, 1570, 1617, 1684, 1719,
2913, 2993, 3021, 3437.

MS (ESI) m/z (%): 315 (20), 158 (100).

HRMS (ESI) m/z: [(M-1)] (C22H22Nal) calc.443.09787:, found 443.09776.

Synthesis of 1,4,13,16-tetramethyl-6,11-dihydrobenzo[f]dipyrido[1,2-a:2",1'-c][1,4]diazocine-5,12-
diium trifluoromethanesulfonate [rac-12][TfO].:

To a suspension of diquat (1.50 g, 2.63 mmol) in dry dichloromethane (40 mL) was added dropwise
methytrifluromethane sulfonate (1.942 g/1.294 mL, 11.83 mmol) at 0 °C. The mixture was brought to room
temperature and left to stir for overnight. The progress of the reaction was monitored by TLC analysis. After
completion Et2O (80 mL) was added for the complete precipitation to obtained white solid. Then the solid
was suspended in CH3CN (10 mL) and repecipitated with Et>O (50 mL) sonicated, centrifuged and decanted
the solvent. This procedure was repeated two more times. Then the EtoO (50 mL) was added sonicated,
centrifuged and decanted the solvent, repeated one more time and the solid pellet was dried under vacuum to
obtained beige solid (1.4159 g, 2.30 mmol, 88%) as product.

| N 10 m.p. decomposed (288-294 °C)/ > 315 °C. *H NMR (600 MHz, DMSO-ds): § 2.38 (s,
2 6H), 2.85 (s, 6H), 5.21 (d, J = 16.7 Hz, 2H), 5.71 (d, J = 16.7 Hz, 2H), 7.55-7.59 (m,

~ N)@ 2H), 7.81-7.85 (m, 2H), 8.30 (d, J = 8.4 Hz, 2H), 8.66 (dg, J = 3 x 0.6, 8.4 Hz, 2H).

DS L o 13C NMR (151 MHz, DMSO-ds): & 17.91, 20.68, 57.63, 129.80, 130.84, 132.06,

[rac-12][TFOl; 137 79, 136.55, 142.63, 148.38, 157.56.

19F NMR (400 MHz, DMSO-ds): & 77.74.

IR (KBr): v (em-1): 519, 575, 640, 734, 763, 804, 857, 929, 950, 975, 1032, 1168, 1227, 1262, 1344, 1385,
1449, 1481, 1573, 1621, 2926, 3064, 3435.

MS (ESI) m/z (%): 465 (10), 315 (20), 158 (100).

HRMS (ESI) m/z; [(M-TfO)] (CasH240sN2FsS) calc.465.14542;, found 465.14554. [(M-TfO)+1]
(CasH2403N2FsS +1) calc.466.14542:, found 465.14963.

Synthesis of Na*[Bs(R-Man)]:
(R)-(-)-Mandellic acid (1.52 g, 10.0 mmol) was added to an aqueous solution of sodium carbonate (0.265 g,

2.5 mmol) and boric acid (0.309 g, 5.0 mmol) dissolved in distilled water (10 mL). The solution was stirred
for 2 h at 60 °C. Then the solvent was evaporated under reduced pressure to obtained white beige powder.
The solid was dried under reduced pressure to obtained the white solid Na*[Bs(R-Man),]" (1.5830 g, 4.738
mmol, 95%).

O« 0 0.0 " [a]®® = -111.5 (c 0.294, H,0). m.p. 318-320 °C. H-NMR (400 MHz,
Na* Ph,j: :B‘: :/EPh DMSO-ds): 6 5.13 (s, 2H), 7.25-7.29 (m, 2H), 7.32-7.37 (m, 4H), 7.46-7.49

HT O 0T (m, 4H).

Na*[B(R-Man),I 13C NMR (100 MHz, DMSO-ds): & 77.24, 126.08, 126.16, 127.18, 127.90,

140.46, 176.57.
1B NMR (400 MHz, DMSO-ds): & 11.14.

JETIRAO06023 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 149


http://www.jetir.org/

© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)

IR (KBr): v (cm-1) 462, 486, 520, 540, 606, 616, 650, 697, 709, 738, 769, 862, 941, 985, 1027, 1053, 1116,
1201, 1255, 1294, 1311, 1349, 1454, 1496, 1590, 1603, 1622, 1736, 2909, 3034, 3065, 3090, 3438.
MS (ESI) m/z (%): 847 (10), 673 (22), 499 (32), 493 (18), 326 (20), 325 990), 311 (100), 310 (34).
HRMS (ESI) m/z: [(M-Na)] (C16H1206B) calc. 311.07324:, found 311.07333.
Elem. Anal. calc. for CisH12BNaOgs*1.25H20 (C16H145BNaO725): C, 53.89; H, 4.10. Found: C, 53.74; H,
3.91.
Synthesis of Na*[Br(S-Man)]:

(S)-(+)-Mandelic acid (1.52 g, 10.0 mmol) was added to an aqueous solution of sodium carbonate
(0.265 g, 2.5 mmol) and boric acid (0.309 g, 5.0 mmol) dissolved in distilled water (10 mL). The solution
was stirred for 2 h at 60 °C. Then the solvent was evaporated under reduced pressure to obtained white
beige powder. The solid was dried under reduced pressure to obtained the white solid Na'[Br(S-Man)2]
(1.5103 g, 4.521 mmol, 94%).

O« 0 0.0 ~ HT-820: [a]%’ = +113.2 (c 0.301, H20). m.p. 318-320 °C. 'H-NMR (400
Na* Ph;\: B :/E\\Ph MHz, DMSO-ds): & 5.13 (bs, 2H), 7.25-7.29 (m, 2H), 7.32-7.37 (m, 4H),
HT O 9T M | 5 46.7.40 (m, 4H).

Na+[Br(S-Man)I" 130 NMR (100 MHz, DMSO-ds): & 77.25, 126.08, 127.19, 127.91, 140.46,
176.58.
1B NMR (400 MHz, DMSO-ds): 6 11.25.
IR (KBr): v (cm-1) 462, 486, 520, 539, 606, 616, 650, 697, 709, 738, 769, 832, 862, 941, 984, 1027, 1054,
1116, 1201, 1256, 1294, 1311, 1349, 1454, 1496, 1590, 1604, 1619, 1736, 2915, 3033, 3065, 3090, 3439.
MS (ESI) m/z (%): 673 (18), 499 (24), 493 (10), 326 (20), 325 (100), 311 (40).
HRMS (ESI) m/z: [(M-Na)] (C16H1206B) calc. 311.07324:, found 311.07333.
Elem. Anal. calc. for CisH12BNaOs*1.25H20 (CisH145BNaO7.25): C, 53.89; H, 4.10. Found: C, 53.96; H,
4.03.
Resolution of [rac-12][TfO]. by direct precipitation method with Na*[Bs(R-Man)2] :

A solution of Na*[Bs(R-Man)2] (0.652 g, 1.952 mmol) and tetramethyldiquat [rac-12][TfO]. (0.500
g, 0.813 mmol) in methanol (20 mL) was stirred overnight at room temperature. Then the methanol was
evaporated to obtain the white solid as a mixture of diastereomers (1.078 g, 93.57%). Then the solid was
suspended in ethanol (3 mL) sonicated, centrifuged and decanted the solid. This procedure repeated three
more times with ethanol (3 mL) sonicated, centrifuged and decanted the solvent. Then the solid was dried
under reduced pressure to obtained beige powder as [(-)-(Sa/P)-12][Bs(R-Man).]- (0.1928 g, 0.205 mmol,
25.24%, 96.1% de, CE). The washings (ethanol) were combined and remove the volatilities on rotary
evaporator under reduced pressure to obtain beige powder as enantioenriched [(+)-(Ra/M)-12] [Bs(R-
Man)2]. (0.352 g, 47.28% de, CE) with excess of Na*[Bs(R-Man),] and NaOTf.
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o0 m.p. 249-251 °C. 'H NMR (400 MHz, DMSO-ds): & 2.37 (s, 6H), 2.84 (s, 6H),

O O
P“j: jPh 5.12 (s, 4H), 5.20 (d, J = 16.8 Hz, 2H), 5.71 (d, J = 16.8 Hz, 2H), 7.18-7.58 (m,

+ 20H), 7.55-7.58 (m, 2H), 7.81-7.84 (m, 2H), 8.29 (d, J = 8.4 Hz, 2H), 8.65 (d, J
J@ = 8.4 Hz, 2H).

0 0 1B NMR (400 MHz, DMSO-de): & 11.20.
Phji j"h IR (KBr): v (cm-1) 487, 519, 578, 604, 617, 641, 698, 738, 762, 836, 863, 949,

[(i)-12][Bs(R Man),], 1002, 1034, 1110, 1177, 1259, 1352, 1384, 1452, 1479, 1496, 1618, 1740,
2929, 2978, 3033, 3064, 3088, 3434.
MS (ESI) m/z (%): 628 (08), 627 (20), 316 (27), 315 (100).
HRMS (ESI) m/z: [(M)]" (C3sH3sN206B) calc. 627.26609:, found 627.26626.
HRMS (ESI) m/z:z=2 [(M/2)]+ (C22H24N2/2) calc. 158.09643:, found 158.09643.
[(-)-(Sa/P)-12][Bs(R-Man)z]-:
[a]Z® =-221.1 (c 0.236, DMSO). [a]Z® = -243.2 (c 0.314, MeOH).
m.p. 256-260 °C.
IR (KBr): v (cm-1) 488, 517, 602, 616, 657, 697, 711, 735, 759, 767, 804, 828,
859, 930, 949, 962, 1029, 1061, 1109, 1176, 1197, 1276, 1349, 1384, 1453,
1496, 1574, 1617, 1744, 2889, 2928, 3008, 3030, 3061, 3085, 3438.
[(-)-(Sa/P)- 12][BS(R Man)2]2 MS (ESI) m/z (%): 628 (15), 627 (40), 626 (10), 316 (25), 315 (100).
HRMS (ESI) m/z: [(M)]" (C3sHzsN206B) calc. 627.26609:, found 627.26630.

HRMS (ESI) ml/z:z=2 [(M/2)]+ (C22H24N2/2) calc. 158.09643:, found 158.09650.
[(+)-(Ra/M)-12] [Bs(R-Man):]:
[a]Z® =-18.1 (c 0.270, DMSO). [a]3° = -26.8 (¢ 0.358, MeOH).
m.p. 165-169 °C.
IR (KBr): v (cm-1) 519, 580, 606, 618, 643, 698, 737, 762, 836, 862, 948,
987, 1003, 1036, 1112, 1177, 1232, 1257, 1384, 1452, 1496, 1586, 1604,
1619, 1706, 1723, 2927, 2975, 3035, 3066, 3090, 3434.
MS (ESI) m/z (%): 637 (08), 627 (12), 465 (08), 316 (28), 315 (100), 269

enantioenriched
[(+)-(Ro/M)-12][B4(R-Man),], (12)
HRMS (ESI) m/z: [(M)]® (CssH3sN20¢B) calc. 627.26609:, found

627.26638.

HRMS (ESI) m/z: z = 2 [(M/2)]* (C22H24N2/2) calc. 158.09643:, found 158.09649.

Synthesis of 1,16-dimethyl-4,13-bis((E)-2-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ijJquinolin-9-yl)-
vinyl)-6,11-dihydrobenzo[f]dipyrido[1,2-a:2",1'-c][1,4]diazocine-5,12-diium iodide [rac-13][l].:

In a sealed tube the diquat [rac-12][1]. (0.030 g, 0.0528 mmol) and 9-julolidinecarboxaldehyde
(0.1588 g, 0.0789 mmol) was taken and dry MeOH (1.0 mL) was added under argon atmosphere. The
reaction mixture was heated at 70 °C for 48 h under argon atmosphere with stirring. The progress of the
reaction was monitored by TLC analysis. After completion of the reaction, reaction mixture was cooled to

room temperature and Et.O (10 mL) was added for the complete precipitation of the product. The mixture
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was sonicated, centrifuged and decanted the solvent to obtain purple colour solid. Then the solid was

dissolved in MeOH (1.0 mL) sonicated and added the Et.O (10 mL) again sonicated, centrifuged and
decanted the solvent. This procedure repeated two more times with MeOH as well as with CH3CN:Et,O (1.0
mL:10 mL). Then washed the solid with Et>O (2x10 mL) and dried under reduced pressure to obtained blue
solid (0.0402 g = 40.2 mg, 0.0429 mmol, 82%) as product.
m.p. 226-229 °C. 'H NMR (600 MHz, DMSO-ds): & 1.87-1.93 (m, 8H), 2.37 (s,
6H), 2.70-2.78 (m, 8H), 3.30-3.34 (m, 8H), 5.19 (d, J = 16.7 Hz, 2H), 5.87 (d, J =
16.7 Hz, 2H), 7.13 (d, J = 15.3 Hz, 2H), 7.22 (s, 4H), 7.53-7.58 (m, 2H), 7.93 (d, J
= 15.3 Hz, 2H), 8.08-8.13 (m, 2H), 8.36 (d, J = 9.0 Hz, 2H), 8.63 (d, J = 9.0 Hz,
2H).
13C NMR (151 MHz, DMSO-ds): & 17.86, 20.66, 26.97, 49.29, 55.56, 107.95,
120.78, 120.99, 126.14, 128.75, 129.38, 131.23, 132.62, 132.66, 141.03, 144.74,
146.28, 146.58, 153.90.
'H NMR (400 MHz, MeOH—ds): § 1.95-2.01 (m, 8H), 2.43 (s, 6H), 2.77-2.80 (m,

[rac-13]01l, 8H), 3.35-3.39 (m 8H), 5.27 (d, J = 16.0 Hz, 2H), 5.79 (d, J = 16.0 Hz, 2H), 7.085
(d, J=12.0 Hz, 2H), 7.18 (s, 4H), 7.63-7.65 (m, 2H), 7.87 (d, J = 16.0 Hz, 2H), 7.94-7.96 (m, 2H), 8.225 (d,
J=12.0 Hz, 2H), 8.515 (d, J = 12.0 Hz, 2H).
IR (KBr): v (cm-1): 412, 466, 533, 886, 929, 989, 1081, 1153, 1232, 1251, 1299, 1450, 1492, 1523, 1633,
2343, 2931, 3437.
MS (ESI) m/z (%): 809 (10), 341 (100).
HRMS (ESI) m/z: [(M-1)] (CasHsolN4) calc. 809.30747:, found 809.30781; [(M-1)+1] (CasHsolN4+1) calc.
810.30747:, found 810.31105; [(M-1)+2] (CasHs0IN4+2) calc. 811.30747:, found 811.31425.
Synthesis of 4,13-bis((E)-4-(dimethylamino)styryl)-1,16-dimethyl-6,11-dihydrobenzo[f]dipyrido[1,2-
a:2',1'-c][1,4]diazocine-5,12-diium iodide [rac-14][I].:

In a sealed tube the diquat [rac-12][l]. (0.030 g, 0.0528 mmol) and N,N-dimethyl-p-

aminobenzaldehyde (0.1177 g, 0.0789 mmol) was taken and dry MeOH (1.0 mL) was added under argon
atmosphere. The reaction mixture was heated at 70 °C for 72 h under argon atmosphere with stirring. The
progress of the reaction was monitored by TLC analysis. After completion of the reaction, reaction mixture
was cooled to room temperature and Et.O (10 mL) was added for the complete precipitation of the product.
The mixture was sonicated, centrifuged and decanted the solvent to obtain blue colour solid. Then the solid
was dissolved in MeOH (1.0 mL) sonicated and added the Et.O (10 mL) again sonicated, centrifuged and
decanted the solvent. This procedure repeated two more times with methanol as well as with CH3CN: Et,O
(1.0 mL:10 mL). Then washed the solid with Et>O (2x10 mL) and dried under reduced pressure to obtained
blue solid (0.250 g = 25.0 mg, 0.030 mmol, 57%) as product.
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| m.p. 242-244 °C. TH NMR (600 MHz, DMSO-ds): & 2.39 (s, 6H), 3.06 (s, 12H),
5.22 (d, J = 16.7 Hz, 2H), 5.99 (d, J = 16.7 Hz, 2H), 6.80-6.84 (m, 4H), 7.32 (d, J =
15.4 Hz, 2H), 7.51-7.55 (m, 2H), 7.67-7.72 (m, 4H), 8.05 (d, J = 15.4 Hz, 2H), 8.07-
8.11 (m, 2H), 8.47 (d, J = 9.0 Hz, 2H), 8.71 (d, J = 9.0 Hz, 2H).
13C NMR (151 MHz, DMSO-ds): & 18.03, 39.50, 55.79, 109.82, 111.96, 122.07,
126.80, 129.60, 131.24, 131.27, 132.66, 133.77, 144.44, 145.56, 146.45, 152.60,
154.18.

N IR (KBr): v (cm-1): 489, 512, 535, 581, 627, 728, 748, 812, 825, 875, 929, 943,

[rac14lM> | 9121, 1158, 1187, 1226, 1284, 1299, 1322, 1372, 1438, 1491, 1528, 1578, 1612,

2805, 2855, 2906, 2988, 3028, 3436.

MS (ESI) m/z (%): 705 (35), 289 (100).

HRMS (ESI) m/z: [(M-1)] (CaoHa2INs) calc.705.24487:, found 705.24487; [(M-1)+1] (CaoHa2INa+1)

calc.706.24487:, found 706.24813; [(M-1)+2] (CaoH421N4+2) calc.707.24487:, found 707.25134.

Synthesis of 4,13-bis((E)-2-(benzo[d]thiazol-2-yl)vinyl)-1,16-dimethyl-6,11-dihydrobenzo[f]dipyrido-

[1,2-a:2",1'-c][1,4]diazocine-5,12-diium iodide [rac-15][1].:

In a sealed tube the diquat [rac-12][I]> (0.030 g, 0.053 mmol) and Benzothiazole-2-carboxaldehyde
(0.129 g, 0.789 mmol) was taken and dry MeOH (1.5 mL) was added under argon atmosphere. The reaction
mixture was heated at 70 °C for 72 h under argon atmosphere with stirring. The progress of the reaction was
monitored by TLC analysis. After completion of the reaction, reaction mixture was cooled to room
temperature and Et,O (10 mL) was added for the complete precipitation of the product. The mixture was
sonicated, centrifuged and decanted the solvent to obtain purple colour solid. Then the solid was dissolved
in MeOH (1.0 mL) sonicated and added the Et;O (10 mL) again sonicated, centrifuged and decanted the
solvent. This procedure repeated two more times with methanol as well as with CH3CN: Et,O (1 mL:10
mL). Then washed the solid with Et;O (2x10 mL) and dried under reduced pressure to obtained solid
(0.0214 g = 21.4 mg, 00.0248 mmol, 47%) as product.
'H NMR (600 MHz, DMSO-ds): & 2.53 (s, 6H), 5.43 (d, J = 16.9 Hz, 2H), 6.20 (d, J =
16.9 Hz, 2H), 7.59 (ddd, J = 1.3, 7.2, 8.3 Hz, 2H), 7.61-7.65 (m, 2H), 7.64 (ddd, J =
1.3, 7.2, 8.2 Hz, 2H), 8.01-8.05 (m, 2H), 8.05 (d, J = 15.6 Hz, 2H), 8.16 (ddd, J = 0.7,
1.3, 8.2 Hz, 2H), 8.28 (d, J = 15.6 Hz, 2H), 8.28 (ddd, J = 0.7, 1.3, 8.3 Hz, 2H), 8.85
(d, J=8.7 Hz, 2H), 8.94 (d, J = 8.7 Hz, 2H).
13C NMR (125.7 MHz, DMSO-ds): & 18.45, 57.64, 122.73, 123.76, 124.81, 127.09,
127.35, 129.72, 130.13, 131.26, 132.07, 135.23, 136.05, 138.44, 142.56, 148.46,

[rac-13](Ml2 152.16, 153.35, 163.48.

IR (KBr): v (cm-1): 435, 443, 466, 571, 583, 595, 668, 707, 731, 765, 829, 868, 917, 930, 953, 986, 1016,
1038, 1118, 1180, 1192, 1214, 1243, 1262, 1287, 1315, 1384, 1424, 1455, 1475, 1497, 1559, 1607, 1624,
2342, 3052, 3437.
MS (ESI+) m/z (%): 734 (50), 733 (100), 606 (40)353 (30).
HRMS (ESI+) m/z: [(M-1)] (CssHs0IN4S2) calc. 733.09511:, found 733.09533:, [(M-1)+1] (CsgHs0lN4S2)
calc. 734.09511:, found 734.09874.
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Synthesis of 1,16-dimethyl-4,13-bis((Z)-(3-methylbenzo[d]thiazol-2(3H)-ylidene)methyl)-6,11-dihydro-
benzo[f]dipyrido[1,2-a:2',1'-c][1,4]diazocine-5,12-diium trifluoromethanesulfonate [rac-16][OTf].:

Racemic diquat [rac-12][OTf]. and benzothiazolium triflate salt (8.13 equiv.) were placed in a 10
mL glass-vial equipped with a stirring bar and a teflon cap. The mixture was dissolved in CH3CN (0.5 mL)
and then EtzN (8.13 equiv.) was added. The resulting mixture was stirred for 2 h at RT while protected from
ambient light using aluminum foil cover. A color change to red was observed immediately after the EtsN
was added. Progress of the reaction was monitored by TLC (mobile phase Stoddart’s magic mixture). After
the indicated time, crude product was precipitated from the reaction mixture by addition of Et>O (8 mL).
The suspension was sonicated, centrifuged, and the liquids were separated from the solid pellet. To remove
the excess of benzothiazolium triflate salt, a solution of CH3zCN:piperidine (60:40, 0.5 mL) was added to the
solid pellets. The resulting emulsion was sonicated for 30 seconds, and then Et,O (8 mL) was added. The
resulting suspension was sonicated, centrifuged, and the liquid was separated from the solid pellet. The
addition of CHsCN:piperidine solution (60:40, 0.5 mL), sonication, centrifugation, and decantation
procedure was repeated six more times until the absence of the starting benzothiazolium triflate salt
(monitored by TLC). Finally, Et>O (8 mL) was added to the solid and the suspension was sonicated and then
centrifuged. Removal of the liquid, and drying of the solid under vacuum of an oil pump (3.0 mbar) led to
pure dye products. Compound [rac-16][OTf]. was isolated as a light-red solid (0.014 g, 0.015 mmol, 92%
yield) from diquat (0.010 g, 0.0163 mmol) and benzothiazol triflate salt (0.045 g, 0.130 mmol), with
addition of EtsN (18 uL, 0.130 mmol) and following the procedure described above.
m.p. 300-305 °C. *H NMR (400 MHz, DMSO-ds): & 2.30 (s, 6H), 3.75 (s, 6H), 5.18 (d, J
= 16.8 Hz, 2H), 5.51 (d, J = 16.8 Hz, 2H), 5.86 (s, 2H), 7.38 (t, J = 8.0 Hz, 2H), 7.55-7.62
| (m, 4H), 7.73 (d, J = 8.4 Hz, 2H), 7.98 (d, J = 8.0 Hz, 2H), 8.07-8.09 (m, 2H), 8.12 (d, J =
| e TfO" 9.2 Hz, 2H), 8.18 (d, J = 9.2 Hz, 2H).
J@ 13C NMR (101 MHz, DMSO-ds): & 17.78, 33.39, 55.25, 83.06, 112.65, 122.84, 122.94,
< i tio- 123.43, 124.37, 127.15, 128.01, 129.44, 132.01, 132.51, 140.60, 141.03, 143.76, 151.39,
| 159.32.
IR (KBr): v (cm-1) 450, 508, 517, 540, 581, 636, 715, 751, 801, 820, 859, 892, 932, 952,
@ 976, 1028, 1066, 1101, 1166, 1190, 1232, 1273, 1318, 1371, 1476, 1503, 1589, 1626,
[rac1810TAz 3011, 3068.
MS (ESI) m/z (%): 760 (10), 759 (20), 305 (100).
HRMS (ESI) m/z: [(M-TfO)] (CsaH34N4O3F3S3) calc. 759.17396,; found 759.17410.
Synthesis of 2,15-bis((E)-2-(benzo[d]thiazol-2-yl)vinyl)-1,16-dimethyl-6,11-dihydrobenzo[f]dipyrido-
[1,2-a:2',1'-c][1,4]diazocine-5,12-diium bromide [rac-17][Br]z:
In a sealed tube the diquat [rac-7][Br]> (0.030 g, 0.063 mmol) and Benzothiazole-2-carboxaldehyde (0.150
g, 0.9448 mmol) was taken and dry MeOH (1.5 mL) was added under argon atmosphere. The reaction
mixture was heated at 70 °C for 72 h under argon atmosphere with stirring. The progress of the reaction was
monitored by TLC analysis. After completion of the reaction, reaction mixture was cooled to room
temperature and Et2O (10 mL) was added for the complete precipitation of the product. The mixture was
sonicated, centrifuged and decanted the solvent to obtain purple colour solid. Then the solid was dissolved
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in MeOH (1.0 mL) sonicated and added the EtcO (10 mL) again sonicated, centrifuged and decanted the

solvent. This procedure repeated two more times with MeOH as well as with CHzCN: Et2O (1 mL:10 mL).
Then washed the solid with Et2O (2x10 mL) and dried under reduced pressure to obtained solid (0.295 g =
29.50 mg) as product.

IH NMR (400 MHz, MeOH-ds): & 2.68 (s, 6H), 5.61 (d, J = 15.6 Hz, 2H), 5.91
(d, J = 15.6 Hz, 2H), 7.54-7.68 (m, 12 H), 8.05-8.13 (m, 6H), 8.23 (d, J = 16.0
Hz, 2H), 8.83 (d, J = 6.4 Hz, 2H), 9.32 (d, J = 6.8 Hz, 2H).

IR (KBr): v (cm-1): 438, 580, 708, 732, 765, 873, 918, 954, 974, 1015, 1117,
@\s 1166, 1223, 1290, 1317, 1334, 1381, 1453, 1481, 1555, 1605, 2343, 3056,

[rac-17][Br], 3435,

MS (ESI+) m/z (%): 303 (100). HRMS (ESI+) m/z: [(M-Br)] (CssHsoBraNsS,) calc.685.10898:, found
685.10926; [(M-Br)+1] (CssHz0BraNsS;+1) calc.686.10926:, found 686.11298:, [(M-Br)+2]
(CagH30BraN4S»+2) calc.687.10926:, found 687.10719.
111 CONCLUSION

In summary, 1) The manuscript introduces detailed experimental procedures for the synthesis of diquats

their resolution with chiral borate anions by making its diastereomers by simple crystallization method.

2) The chiral anionic salts were synthesized by the simple method in good to excellent yield in pure form
and characterized by usual analysis. The presence of boron in the sodium salt of chiral borate anion was
confirmed by the *!B-NMR analysis.

3) The diasteromeric excess (% de) or chiral purity of the diasteromeric diquat was analyzed by chiral
electrophoresis analysis.

4) Synthesis of racemic diquat dyes is described.

5) Overall results show diquats as a class of attractive chiral dicationic scaffolds, which constitute useful
platforms for chiral application studies.

IV ACKNOWLEDGEMENTS

This work supported by the Czech Science Foundation, the Czech Academy of Sciences, Prague, Czech
Republic. We thank Prof. P. R. Chaudhari, Principal, TVES’s Dhanaji Nana Mahavidyalaya, Faizpur for the
facilities and encouragement.

V CONFLICT OF INTEREST

The authors declare no conflict of interest.

JETIRAO06023 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 155


http://www.jetir.org/

© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)
VI REFERENCES

[1] a) R. C. Brian, R. F. Homer, J. Stubbs, R. L. Jones, 1958. A New Herbicides:1,1’-ethylene-2,2’-
Dipyridylium dibromide, Nature, 181 (4607): 446-447. b) J. E. Derry, T. A. Hamor, 1969.
Stereochemistry of the diquat ion in the crystalline dibromide salt, Nature, 221 (5181): 464-465. c) L. A.
Summers, 1980. The Bipyridinium Herbicides, Academic Press, New York. d) R. F. Homer, T. E.

Tomlinson, 1959. Redox properties of some dipyridyl quaternary salts, Nature. 184 (4704): 2012—2013.

[2] a) H. M. Colquhoun, E. P. Goodings, J. M. Maud, J. F. Stoddart, D. J. Williams, J. B. Wolstenholme,
Complex Formation between Dibenzo-3n-crown-n Ethers and the Diquat Dication J. Chem. Soc. Chem.
Commun. 1983, 1140-1142; b) Moody, G. J., Owusu, R. K., Slawin, A. M. Z., Spencer, N., Stoddart, J.
F., Thomas, J. D. R., Williams, D. J., 1987. Changes of Stereoselectivity in Diels—Alder Reactions by
Hydrophobic Solvent Effects and by B-Cyclodextrin. Angew. Chem. Int. Ed. Engl. 26 (9): 890-892;
Angew. Chem. 1987, 99, 939-941; ¢) Q. H. Guo, L. Zhao, M. X. Wang, Synthesis and Molecular
Recognition of Water-Soluble Se-Corona[3]arene[3]pyridazines Angew. Chem. Int. Ed. 2015, 54(29):
8386-8389; Angew. Chem. 2015, 127, 8506-8509; d) X. Chi, M. Xue, Y. Ma, X. Yan, F. Huang, A
pillar[6]arene with mono(ethylene oxide) substituents: synthesis and complexation with diquat Chem.
Commun. 2013, 49 (74), 8175-8177; €) M. Xue, Y. Yang, X. Chi, X. Yan, F. Huang, 2015. Development
of Pseudorotaxanes and Rotaxanes: From Synthesis to Stimuli-Responsive Motions to Applications
Chem. Rev. 115(15): 7398-7501.

[3] a) C. D. Clark, J. D. Debad, E. H. Yonemoto, T. E. Mallouk, A. J. Bard, 1997. Effect of oxygen on
linked ru(bpy)s®*—viologen species and methylviologen: A reinterpretation of the electrogenerated
chemiluminescence, J. Am. Chem. Soc., 119(43): 10525-10531. b) A. Harriman, M. Hissler, O.
Trompette, R. Ziessel, 1999. Energy transfer in molecular dyads comprising metalloporphyrin and
ruthenium(ii)tris(2,2°-bipyridyl) terminals. Competition between internal conversion and energy transfer
in the upper excited singlet state of the porphyrin, J. Am. Chem. Soc. 121(11): 2516-2525; c) T. Klumpp,
M. Linsenmann, S. L. Larson, B. R. Limoges, D. Burssner, E. B. Krissinel, C. M. Elliott, U. E. Steiner,
1999. Spin Chemical Control of Photoinduced Electron-Transfer Processes in Ruthenium(ll)-
Trisbipyridine-Based Supramolecular Triad. J. Am. Chem. Soc., 121(5): 1076-1087.

[4] @) Klumpp, T.; Linsenmann, M.; Larson, S. L.; Limoges, B. R.; Burssner, D.; Krissinel, E. B.; Elliott, C.
M.; Steiner, U. E. J. Am. Chem. Soc.1999, 121, 1076-1087.; b) Vitale, M.; Castagnola, N. B.; Ortins, N.
J.; Brooke, J. A.; Vaidyalingam, A.; Dutta, P. K. J. Phys. Chem. B 1999, 103, 2408-2416; c) Kim, Y.;
Lee, H.; Dutta, P. K.; Das, A. Inorg. Chem. 2003, 42, 4215-4222; d) Kim, Y.-H.; Das, A.; Zhang, H.-Y.;
Dutta, P. K. J. Phys. Chem. B 2005, 109, 6929-6932.

[5] a) Nunn, 1., Eisen, B.; Benedix, R.; Kisch, H. Inorg. Chem. 1994, 33, 5079-5085; b) Unamuno, I.;
Gutierrez-Zorrilla, J. M.; Luque, A.; Roman, P.; Lezama, L.; Calvo, R.; Rojo, T. Inorg. Chem. 1998, 37,
6452-6460.; ¢) Vitoria, P.; Beitia, J. I.; Gutierrez-Zorrilla, J. M.; Saiz, E. R.; Luque, A.; Insausti, M.;
Blanco, J. J. Inorg. Chem. 2002, 41, 4396-4404.

[6] a) Coe, B. J.; Jones, L. A.; Harris, J. A.; Asselberghs, I.; Wostyn, K., Clays, K. J.; Persoons, A. P.;
Brunschwig, B. S.; Garin, J.; Orduna, J. Proc.SPIE-Int. Soc. Opt. Eng. 2003, 5212, 122-136.; b) Harris, J.

A.; Coe, B. J.; Jones, L. A.; Brunschwig, B. S.; Asselberghs, I.; Clays, K.; Persoons. A. J. Proc.SPIE-Int.
JETIRAO06023

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 156



http://www.jetir.org/

© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)
Soc. Opt. Eng. 2003, 5212, 341-350. ¢) Coe, B. J.; Harris, J. A.; Brunschwig, B. S.; Garin, J.; Orduna, J.

J. Am. Chem. Soc. 2005, 127, 3284-3285.

[7] &) Vogtle, F.; Forster, H. Chemiker-Ztg. 1973, 97, 386-387. b) Vogtle, F.; Brombach, D. Chem. Ber.
1975, 108, 1682-1693.

[8] J. Vachon, G. Bernardinelli, J. Lacour, Resolution of the First Nonracemic Diquats Chem. Eur. J. 2010,

16, 2797-2805. For studies with related low-barrier systems, see: a) R. F. Homer, T. E. Tomlinson, J.
Chem. Soc. 1960, 2498-2503; b) C. Pasquini, V. Desvergnes- Breuil, J. J. Jodry, A. Dalla Cort, J.
Lacour, Tetrahedron Lett. 2002, 43, 423-426; c) R. P. Thummel, F. Lefoulon, R. Mahadevan, J. Org.
Chem. 1985, 50, 3824-3828; d) C. Campa, J. Camps, J. Font, P. De March, J. Org. Chem. 1987, 52, 521—
525.

[9] Talele, H. R., Koval, D., Severa, L., Reyes-Gutiérrez, P. E., Cisafova, |., Sazelova, P., Saman, D.,
Bednérova, L., Kasic¢ka, V., Teply, F., 2018. Diquats with Robust Chirality and Assessment of Their
Notably High Racemization Barriers: Synthesis, Facile Resolution, Derivatization and Application as
Selectors in Chiral Analysis” Chemistry: A European Journal, 24 (30): 7601-7604.

[10] Kammer, S., Kelling, A., Baier, H., Mickler, W., Dosche, C., Rurack, K., Kapp, A., Lisdat, F., Holdt
H-J., 2009. 2,11-Dialkylated 1,12-Diazaperylene Copper(l) Complexes: First Supramolecular Column
Assemblies by n-n Stacking between Homoleptic Tetrahedral Metal Complexes, Exhibiting Low-Energy
MLCT Transitions. Eur. J. Inorg. Chem. (31): 4648-4659.

[11] Tamotsu Takahashi, Shi Li, Wenying Huang, Fanzhi Kong, Kiyohiko Nakajima, Baojian
Shen, Takahiro Ohe, and Ken-ichiro Kanno,2006. Homologation Method for Preparation of Substituted
Pentacenes and Naphthacenes J. Org. Chem., 71 (21): 7967-7977.

[12] (a) Taher, M., Shah, F. U., Filippov, A., Baets, P. de., Glavatskih, S., Antzutkin O. N. 2014, Halogen-
free pyrrolidinium bis(mandelato)borate ionic liquids: some physicochemical properties and lubrication
performance as additives to polyethylene glycol RSC Adv. 4 (58): 30617-30623. (b) Gausepohl, R.,
Buskens, P., Kleinen, J., Bruckmann, A., Lehmann, C. W., Klankermayer, J., Leitner, W., 2006. Highly
Enantioselective Aza-Baylis—Hillman Reaction in a Chiral Reaction Medium Angew. Chem. Int. Ed.
45(22): 3689-3692. (c) Wong, L. W-Y., Kan, J. W-H., Nguyen, T-ha., Sung, H. H-Y., Li, D., Alex S-F,,
Yeung, A., Sharma, R., Lin, Z., Williams, I. D. 2015. Bis(mandelato)borate: an effective, inexpensive
spiroborate anion for chiral resolution Chem. Commun. 51(87): 15760-15763.

[13] Racemic diquat dyes: Coe, B. J., Fielden, J., Foxon, S. P., Harris, J. A., Helliwell, M., Brunschwig, B.
S., Asselberghs, 1., Clays, K., Garin, J., Orduna, J., 2010. Diquat Derivatives: Highly Active, Two-
Dimensional Nonlinear Optical Chromophores with Potential Redox Switchability. J. Am. Chem. Soc.
132(30): 10498-10512.

[14] Reyes-Gutiérrez, P. E., Jirasek, M., Severa, L., Novotna, P., Koval, d., Sazelova, P., Vavra, J., Meyer, A.,
Cisarova, 1., Saman, D., Pohl, R., Stepanek, P., Slavicek, P., Coe, B. J., Hajek, M., Kasicka, Urbanova, M.,
Teply, F., 2015. Functional helquats: helical cationic dyes with marked, switchable chiroptical properties in the
visible region Chem. Commun. 51, 1583-1586.

JETIRAO06023 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 157


http://www.jetir.org/
https://pubs.acs.org/author/Brunschwig%2C+Bruce+S
https://pubs.acs.org/author/Asselberghs%2C+Inge
https://pubs.rsc.org/en/results?searchtext=Author%3APavl%C3%ADna%20Novotn%C3%A1
https://pubs.rsc.org/en/results?searchtext=Author%3ADu%C5%A1an%20Koval
https://pubs.rsc.org/en/results?searchtext=Author%3AIvana%20C%C3%ADsa%C5%99ov%C3%A1
https://pubs.rsc.org/en/results?searchtext=Author%3ARadek%20Pohl
https://pubs.rsc.org/en/results?searchtext=Author%3AFilip%20Tepl%C3%BD

© 2019 JETIR March 2019, Volume 6, Issue 3 www.jetir.org (ISSN-2349-5162)
[15] (a) Thyagarajan, G.; May, E. L, 1971. Improved synthesis of 2-benzyl-1,2,5,6-tetrahydropyridines,

precursors of analgetic 6,7-benzomorphans J. Heterocyclic chem., 8(3): 465-468. (b) Schubert, U. S.;
Eschbaumer, C.; Heller, M. 2000. Stille-Type Cross-Coupling - An Efficient Way to Various
Symmetrically and Unsymmetrically Substituted Methyl-Bipyridines: Toward New ATRP Catalysts
Org. Lett. 2(21): 3373-3376.; (c) Kiselev, E.; Agama, Keli.; Pommier, Y.; Cushman, M.
Azaindenoisoquinolines as Topoisomerase | Inhibitors and Potential Anticancer Agents: A Systematic
Study of Structure—Activity Relationships. 2012. J. Med. Chem., 55 (4): 1682-1697.

[16] Kwong,R.; Xia, C.; Brooks, J.; Alleyne, B.; Ma, B.; Fiordeliso, J.; Wu, Y. Assignee: Universal Display
Corporation, Ewing, NJ (US) US Patent (US 8,778,508 B2 Jul. 15, 2014; Prior Publication Data US
2009/0108737 Al Apr. 30, 20009.

JETIRAO06023 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 158


http://www.jetir.org/

