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Activation of acidic-H in C-H chemistry through imposition of proper electrode potential is a matter of concern among synthetic research |
community. In this study, our main aim is to get deeper insight into the dissociation constant (pK,) value perspective of -CH acid and its |
utilization in electro-catalytic transformation. Herein, a platinum cathode was being used to attract a covalently bonded electrons that
exist between C and active-H of CH-acid (dimedone) toward itself i.e. cathodic part to form acidic-H and thus, form in-situ tautomeric |
enol form that acts as electro-generated base. Utilization of this notability has been accomplished by electrochemical synthesis of 4H- |
chromene and its derivatives by performing cathodic reduction. Due to acidic property of dimedone, cathodic platinum electrode draw the |
potential switched to lower side that is being recorded through the potential-cum-galvanostat which facilitates the faster transfer of |
electrons from -CH acid to form enolate ion of dimedone that act as electro-generated base for the reaction media which simultaneously
undergoes cascade reaction (Michael addition/cyclization) on activated alkene (0-cyanocinnamonitrile derivatives). This approach offers |
several advantages such as good yield, mild reaction condition, easy accessible, simple work-up procedure and controlled potential |
selectivity at cathode. Use of no base is pivotal section of this methodology. Electro-generated base is used instead of chemical toxic |
bases, so the present protocol is green as electrons that acts as intrinsically sole reagent for the reaction media which is renewable, hence
sustainable for the safe future. I
|
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INTRODUCTION

In order to meet the notable criteria of cutting carbon foot-
print, synthetic chemist are nowadays searching such a method
which will decouple the toxic chemical product and reduce
emission of CO, [1] form the industry so that it may improve
the efficiency of organic synthetic, especially in terms of the
atom economy and cost effectiveness. For this reason, use of
renewable sources [2] is becoming igniting topic among resear-
chers of synthetic organic community. In view of this, electro-
chemical technologies [3] represents prototypical cleanest
technology for safe and sustainable future and can be used for
functional group interconversion and activation of C-H chemistry
through Michael addition reactions (MARS) by imposition of
a proper electrode potential is what lies behind organic electro-

synthesis processes. Thus, in situ electro-generated bases (EGBS)
are developed by imposing a proper electrode potential result
in selectivity for the organic C-C bond transformation.
Naturally occurring chromene moiety represent major
class of interest that show wide spectrum of biological activity
[4]. Conventional protocol involves the use of organic solvents
(e.g. DMF or acetic acid) [5], reagents (e.g. HMTAB, Na,SO,,
TBAF, Ca-SiO, TEBA, RE(PFO);, NaBr, (S)-proline, KF-basic
alumina) [6,7] under microwave activation [8] or ultrasonic
irradiation [9,10], which bears certain demerits such as prolonged
reaction times, stoichiometrically expensive reagents and toxic
solvents that result in moderate yields of the product. Present
protocol is somewhat different from reported electrochemical
synthesis that either involves three component in one pot having
different mechanistic pathway either (Knoevenagel/Michael/
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cyclization or Knoevenagel/cyclization) [11-13]. Present
protocol predominantly based on dissociation constant (pK,
value) perspective of —CH acid which involves two component
in one pot and follows Michael/cyclization reaction pathway.

EXPERIMENTAL

Method: The electrochemical synthesis was performed
in 100 mL three-electrode cell assembly [15-18] with platinum
plate (flattened sheet with dimension of 1 cm x 1 cm), counter
electrode and saturated calomel electrode as reference elec-
trode. IR spectra (KBr) were recorded on a Shimadzu 8201
PC IR spectrophotometer. "H & *C NMR spectra were recorded
on a Bruker, DRX 400 spectrometer (400 MHz) in CDCl; using
TMS as an internal standard. Chemical shift (3) is quoted in
ppm. All the chemicals used were of synthetic and AR grade
and procured from Standard Chemical companies. These chemi-
cals were used without further purification. All experiments
were carried out at room temperature.

General procedure: Here in, considering the dissociation
constant (pK,) value as perspective and compared with reported
literature [ 18]. Electrolysis was carried out at room temperature

in an undivided cell using platinum electrode. The dimedone
and cyano-functionalized activated alkene derivatives was
taken as substrate. Experimental procedure was carried out by
imposing a cathodic potential which is being recorded through
potential cum galvanostat as shown in Table-1 using a two-
component comprising dimedone (10 mmol, 1) and o-cyano-
cinnamonitrile derivatives (10 mmol, 2a-e) [18] in 40 mL
CH;CN as solvent and 0.1 M LiCIO, as supporting electrolyte
at room temperature with proper mixing by magnetic stirrer.
Reaction mixture was poured into ice water to precipitate a
solid and filtered off. The residue was recrystallized in ethanol
to obtain a desired product (Scheme-I). This protocol has easy
workup through solvent extraction.

Spectral data

Compound 6a: m.w.: 294; IR (KBr, Vu., cm™): 3280,
3250, 3040, 2990, 2980, 2245, 1650, 1600, 1480, 740, 700,
'HNMR (400 MHz, CDCl;): § = 1.01(3H, s, CHs), 1.10 (3H, s,
CH3), 2.21 (2H, s, CH»), 2.56 (2H, s, CH,), 3.06 (2H, br, s, NH.,),
428 (1H,s,CH), 7.27 (5H, s, Ar-H); *C NMR (400 MHz, CDCLy/
TMS): 8=197.6,176.6,160.8, 137.7,129.2, 128.4,125.5, 117,

TABLE-1
CURRENT POTENTIAL DATA OF 4H-CHROMENE AND ITS DERIVATIVES WITH
PUBLISHED MELTING POINT IN ACCORDANCE WITH LITERATURE

Entry R (alkyl group) Product (6) Potential (V) Current (A) Yield (%) Time (h) m.p. (°C) [Ref. 9]
(0]
a C¢H; CN 1.60 0.50 92 3.0 230-232
| |
O" NH,
Cl
b 4-CIC(H, O 1.45 0.52 94 2.5 209-211
CN
||
0" NH,
OMe
® 4-OMeCgH, (0] 1.65 0.48 88 3.5 199-200
CN
| |
0" NH,
NO,
(0]
d 4-NO,CH, CN 1.40 0.41 90 4.0 213-215
| |
0" NH,
Me
@ 4-MeCgH, o 1.75 0.32 84 4.5 213
CN
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Scheme-I: One pot two component syntheses of known 4H-chromene and its derivatives 6(a-e) through electro-catalytic transformation

108.8,57.4,54.3,47.1, 27.1, 15.9; MS found for C;sHsN,O,:
m/z 294.13.

Compound 6b: m.w.: 328; IR (KBTI, Vi, cm™): 3300,
3200, 3040, 2990, 2970, 2240, 1650, 1610, 1490, 850; 'H NMR
(400 MHz, CDCls): & = 1.01 (3H, s, CHs), 1.09 (3H, s, CH;),
2.22 (2H, s, CHy), 2.59 (2H, s, CH,), 3.07 (2H, br, s, NH»), 4.30
(1H, s, CH), 7.30 (4H, s, Ar-H); “C NMR (400 MHz, CDCL/
TMS): 6 197.6,176.6,160.8,130.6,117.2, 108.8, 128.0, 135.8,
130.6,57.4,54.3,47.1,27.1, 15.9; MS found for C,sH,7N,O,Cl:
m/z 328.09.

Compound 6¢: m.w.: 324; IR (KBr, Vi, cm™): 3400,
3300, 3040, 2990, 2980, 2970, 2240, 1680, 1610, 1510, 840;
'"HNMR (400 MHz, CDCl3): §=1.11 (3H, s, CHs), 1.02 (3H, s,
CHs), 2.23 (2H, s, CH,), 2.48 (2H, s, CH,), 3.28 (2H, br, s, NH,),
3.73 (3H, s, OCHs), 4.12 (1H, s, CH), 6.87-6.99 (4H, m, Ar-H);
BC NMR (400 MHz, CDCL/TMS): & = 197.6, 176.6, 160.8,
159.3, 130.6, 117.2, 114.6, 108.8; MS found for C;sH,N,Os:
m/z 324.14.

Compound 6d: m.w.: 339; IR (KBTI, Vi, cm™): 3300,
3200, 3040, 2990, 2970, 2240, 1650, 1610, 1490, 850; 'H NMR
(400 MHz, CDCl5): 6=1.01 (3H, s, CH3), 1.09 (3H, s, CH3),
1.86 (2H, s, CH,), 2.83 (2H, s, CH,), 3.07 (2H, br, s, NH,), 4.30

(1H, s, CH), 7.30-8.08 (4H, s, Ar-H); *C NMR (400 MHz, CDCl/
TMS): §=197.6, 176.6, 160.8, 145.2, 143.8, 130.6, 117.2, 108.8,
123.5,57.4,54.3,47.1, 27.1, 15.9; MS found for C;sH7N304:
m/z 339.12.

Compound 6e: m.w.: 308; IR (KB, Vi, cm™): 3300,
3200, 3040, 2990, 2970, 2240, 1650, 1610, 1490, 850; '"H NMR
(400 MHz, CDCl5): 6 = 1.01 (3H, s, CH3), 1.09 (3H, s, CH3),
1.86 (2H, s, CH,), 2.83 (2H, s, CH,), 3.07 (2H, br, s, NH,), 4.30
(1H, s, CH), 2.35 (3H, s, CH3), 6.94 (4H, s, Ar-H); "C NMR
(400 MHz, CDCL/TMS): 6= 197.6, 176.6, 160.8, 134.1, 129.2,
117.2, 108.8, 123.5, 57.4, 54.3, 47.1, 27.1, 20.9, 15.9; MS
found for C]gHz()N202: m/Z 30815

A plausible mechanism for the formation of functionalized
4H-chromene and its derivatives (6a-e) is outlined in Scheme-
II. Selective imposed potential on dimedone result in enolates
ion (3) formation through cathodic reduction (1) at the platinum
electrode that acted as electro-generated base for the reaction
media containing inert LiClO, as supporting electrolyte and
CH;CN as organic solvent. This electro-generated base (3) under-
goes Michael addition reaction (MARS) on cyanofunctionalized
activated alkene derivatives (2a-e) followed by proton tauto-
merization (4) and cyclization (5) to form desired product i.e.
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functionalized 4H-chromenes (6a-e) in good yields 84-94%.
All the isolated products give melting point and spectral data
in accordance those with published data [9,10].

RESULTS AND DISCUSSION

In present context, we focussed on the cyclic 1,3-diketone
i.e. dimedone, a versatile motif of —-CH acid which exhibits

tautomerization due to the presence of active methylene group
[14]. This physical property can be utilized in C-C bond transfor-
mation. As part of our current studies [15-17], an efficient two-
component electrosynthetic route was carried out to prepare
functionalized chromene and its derivatives, where dimedone
and o-cyanocinnamonitrile derivatives i.e. activated alkene as
model substrate were chosen in one pot and performed the
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electrolytic conditions using potential cum galvanostat. So
from this end, we encourage the involvement of electrosyn-
thetic organic research community to galvanize this field and
to unleash its huge potential. This imposed selectivity (C-C
bond formation) through cathodic potential was obtained
through controlled potential electrolysis, which depends upon
the behaviour and reactivity of the CH-acid of active methylene
group.

In order to understand notability of CH-acid and its form-
ation of tautomeric enolic form through electrochemically, the
perspective view of the pK, value have been taken into the
account [19]. Generally, the CH-acid that have low pK, value
show higher value of acidity. The polarographic acidity scale
for CH-acids in DMF was first tailored by Reutov et al. [20],
which involved the use of selected pK, data and the irreversible
reduction potentials of organo-mercuric compounds (R,Hg).
Later on Sawyer et al. [21] presented a voltammetry method
for determination of effective acidities of Brgnsted acids [21]
and the redox potentials of radical/carbanion couples were also
proposed [22]. Thermodynamic coupled with electrochemical
potentials have been applied for the determination of pK’s of
reactive intermediates [23-25]. Maran et al. [19,26] suggested
the formation of basic species, such as carbanions, radical
anions, and dianions through electrochemical reduction of
organic compounds.

From the literature, it is clearly understood that CH-acid
containing lower pK, value have higher tendency to convert
its active-H into acidic-H. So from the electrochemistry pers-
pective view of electrode, a very small electromotive force will
be given from potentiostat-cum-galvanostat to attract the bonded
electron that exist between C and active-H of CH-acid towards
itself i.e. cathodic part. Hence, lower cathodic potential is being
recorded from the potential-cum-galvanostat which needs of
hours in term of speedy reaction in perspective view of green
chemistry. In other word, pK, value has direct effect in the
formation of enolates-type base formation which is designated
as electro-generated base. Hence, use of base is avoided as elec-
trode acts as basic catalyst which utilized the physical nature
of CH-acid.

In previous study [27], malononitrile was used as one of
CH-acid whose pK, value was 11.2 and in present context,
dimedone whose pK, value is 11.6 [28-30]. Thus, based on
pK. value, acidity of dimedone will be lower than malononitrile
and hence, less electromotive force will be applied. Evans [31]
clarifies the versatility of synthetic electrochemical method to
unleash galvanize potential to form conjugate base and H, gas
during cathodic reduction of CH acid on the platinum cathode.
He described the formation of in-sifu generated electro-gene-
rated base at cathode under mild condition without addition
of chemical base. This prompted us to study the reactivity of
the CH-acid in CH;CN/LiClO; electrolyte system. In present
study, lithium perchlorate as supporting electrolyte was used
which is inert and gives good yield without formation of any
byproduct at the platinum electrode. Acetonitrile may conflict
one aspect of green chemistry (green solvent) but it have higher
value of acidity (pK.) [32] that may not interfere in the reaction
media result in proper imposed potential on dimedone.

Conclusion

Use of no base is pivotal section of this methodology that
depends on physical nature of dimedone i.e. tautomerization
that depend upon the pK, value perspective. Due to acidic
property of dimedone, cathodic electrode draw the potential
switched to lower side that is being recorded through the
potential-cum-galvanostat which facilitates the faster transfer
of electron from —CH acid to form enolate ion of dimedone that
act as electro-generated base, which simultaneously undergoes
cascade reaction (Michael addition/cyclization) on activated
alkene (0.-cyanocinnamonitrile derivatives). In other word, pK,
value has direct effect in formation of enolates-type base form-
ation which is known as electro-generated base. Thus, electro-
generated base is used instead of chemical toxic bases, so the
present protocol is green, as electron acts as intrinsically sole
reagent for the reaction media which is renewable, hence
sustainable for the safe future. Procedure involves low cost,
high yields and separation of products take place through
simple filtration method avoiding column chromatography in
a simple equipment and undivided cell.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. J.G.J.Olivier, G. Janssens-Maenhout, M. Muntean and J.A.H.W. Peters,
Trends in Global CO, Emissions: Report, Hague, The Netherlands (2016).

2. G.S.R. Renewables, REN21, Paris, France (2017).

3. A.Wiebe, T. Gieshoff, S. Mohle, E. Rodrigo, M. Zirbes and S.R. Waldvogel,
Angew. Chem. Int. Ed., 57, 5594 (2018);
https://doi.org/10.1002/anie.201711060

4. L. Bonsignore, G. Loy, D. Secci and A. Calignano, Eur. J. Med. Chem.,
28, 517 (1993);
https://doi.org/10.1016/0223-5234(93)90020-F

5. K. Singh, J. Singh and H. Singh, Tetrahedron, 52, 14273 (1996);
https://doi.org/10.1016/0040-4020(96)00879-4

6.  T.-S. Jin, L.-B. Liu, Y. Zhao and T.-S. Li, Synth. Commun., 35, 1859
(2005);
https://doi.org/10.1081/SCC-200064898

7. L Devi and PJ. Bhuyan, Tetrahedron Lett., 45, 8625 (2004);
https://doi.org/10.1016/j.tetlet.2004.09.158

8. S.Gao, C.H. Tsai, C. Tseng and C.-F. Yao, Tetrahedron, 64,9143 (2008);
https://doi.org/10.1016/j.tet.2008.06.06 1

9. X.S. Wang, D.Q. Shi, S.J. Tu and C.S. Yao, Synth. Commun., 33, 119
(2003);
https://doi.org/10.1081/SCC-120015567

10. T.-S. Jin, A.-Q. Wang, X. Wang, J.-S. Zhang and T.-S. Li, Synlett, 5,
871 (2004);
https://doi.org/10.1055/s-2004-820025

11. S. Makarem, A.A. Mohammadi and A.R. Fakhari, Tetrahedron Lett.,
49, 7194 (2008);
https://doi.org/10.1016/j.tetlet.2008.10.006

12. L. Fotouhi, M.M. Heravi, A. Fatehi and K. Bakhtiari, Tetrahedron Lett.,
48, 5379 (2007);
https://doi.org/10.1016/j.tetlet.2007.06.035

13. M.N. Elinson, A.S. Dorofeev, S.K. Feducovich, S.V. Gorbunov, R.F.
Nasybullin, N.O. Stepanov and G.I. Nikishin, Tetrahedron Lett., 47,
7629 (2006);
https://doi.org/10.1016/j.tetlet.2006.08.053

14.  A.M-Richa, G. Mendoza-Diaz and P. Joseph-Natham, Appl. Spectrosc.,
50, 1408 (1996).



https://doi.org/10.1016/0223-5234(93)90020-F
https://doi.org/10.1016/0040-4020(96)00879-4

1702 Saraswat et al.

Asian J. Chem.

15.

20.

21.

22.

23.

A. Saraswat, L.K. Sharma, S. Singh and R.K.P. Singh, Synth. Met., 167,
31 (2013);

https://doi.org/10.1016/j.synthmet.2013.01.010

S. Singh, L.K. Sharma, A. Saraswat, I.R. Siddiqui and R.K.P. Singh,
Res. Chem. Intermed., 40, 947 (2014);
https://doi.org/10.1007/s11164-012-1013-z

S. Singh, L.K. Sharma, A. Saraswat, M.K. Srivastava, .R. Siddiqui and
R.K.P. Singh, Chem. Heterocycl. Compd., 10, 1626 (2013).

A. Saraswat, L.K. Sharma and R.K.P. Singh, J. Indian Chem. Soc., 89,
111 (2012).

F. Maran, D. Celadon, M.G. Severin and E. Vianello, J. Am. Chem. Soc.,
113, 9320 (1991);

https://doi.org/10.1021/ja00024a041

A. Reutov, I.P. Beletskaya and K.P. Butin, CH-Acids; Pergamon: Oxford
(1978).

W.C. Barrette, H.-W. Johnson and D.T. Sawyer, Anal. Chem., 56, 1890
(1984);

https://doi.org/10.1021/ac00275a030

B. Jaun, J. Schwarz and R. Breslow, J. Am. Chem. Soc., 102, 5741 (1980);
https://doi.org/10.1021/ja00538a008

A.M.P. Nicholas and D.R. Arnold, Can. J. Chem., 60, 2165 (1982);
https://doi.org/10.1139/v82-310

24.

25.

26.

217.

28.

29.

30.

31.

32.

F.G. Bordwell and J.-P. Cheng, J. Am. Chem. Soc., 113, 1736 (1991);
https://doi.org/10.1021/ja000052042

V.D. Parker and M. Tilset, J. Am. Chem. Soc., 110, 1649 (1988);
https://doi.org/10.1021/ja002132062

C. Amatore, G. Capobianco, G. Farnia, G. Sandona, J.M. Saveant, M.G.
Severin and E. Vianello, J. Am. Chem. Soc., 107, 1815 (1985);
https://doi.org/10.1021/ja00293a003

R. Grigg, N. Kongathip, B. Kongathip, S. Luangkamin and H.A. Dondas,
Tetrahedron, 57, 9187 (2001);
https://doi.org/10.1016/S0040-4020(01)00924-3

E.M. Arnett and J.A. Harrelson Jr., J. Am. Chem. Soc., 109, 809 (1987);
https://doi.org/10.1021/ja00237a028

M.M. Baizer and H. Lund, Organic Electrosynthesis, Marcel Dekker:
New York, edn 3, p. 1265 (1991).

J.H.P. Utley, Electrogenerated Bases, In: Topics in Current Chemistry,
Springer-Verlag, Berlin, p. 131 (1987).

S.E. Treimer and D.H. Evans, J. Electroanal. Chem., 455, 19 (1998);
https://doi.org/10.1016/S0022-0728(98)00206-X

S. Tshepelevitsh, A. Kutt, M. Lokov, I. Kaljurnand, J. Saame, A. Heering,
P.G. Plieger, R. Vianello and I. Leito, Eur. J. Org. Chem., 2019, 6735
(2019);

https://doi.org/10.1002/ejoc.201900956



https://doi.org/10.1016/S0040-4020(01)00924-3
https://doi.org/10.1016/S0022-0728(98)00206-X

