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ABSTRACT

The oxidation of 1,4-dihydropyridines (DHPs) to the corresponding pyridine derivatives constitutes the principle
metabolic routein biological systems, aswell asafacile accessto the corresponding pyridine derivatives. Herein, we
report a new method for the oxidative aromatization of 1,4-DHPs using the combination of NaBrO, and NaHSO..
Againthein situ generated HOBr from the reaction of NaBrO, and NaHSO, is expected to induce the dehydrogena-

tionof 1,4-DHPs.

INTRODUCTION

Hantzsch 1,4-dihydropyridine (DHP) structural
subunit iscontai ned in agrowing number of synthetic
and natural productswith awiderange of biological
properties!. For example, the 1,4-DHP derived drugs
such asnifedipine (1), anlodipine (1), felodipine (3),
nicardipine (4), nimodipine (5) and nitrendipine (6) are
frequently used ascardiovascul ar agents (Ca?* channel
blockers) for thetreatment of hypertension and angina
pectorisdiseases?. The metabolism of thesedrugsin-
volvesan oxidativearomatization of 1,4-DHP nucleus
to corresponding pyridinederivatives, whichiscata-
lyzedintheliver by cytochrome P-450. The pyridine
derivativesarethen further metabolized leading to the
cleavage of theester groupd™. In thisrespect, aconve-
nient preparation of pyridinesfrom 1,4-DHPsisim-
portant for theidentification of metabolites®.

RESULTSAND DISCUSSION
Owingtothegreat biologica and syntheticimpor-

tanceof 1,4-DHP, aplethoraof protocolsareavailable
intheliteraturefor the oxidative aromatization of 1,4-
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DHP derivatives. Thereoxidantsare broadly classified
into threecategories: (a) trangtion meta based oxidants,
(b) hal ogen derived oxidants, (c) other oxidants. Vari-
oustransition metal based oxidants® reportedinthe
literatureincludes CrQO,, CrQ,, Pyridinium chlorochro
mate (PCC), KMnO,, Mn(OAC),, MnO,, Mn(TPP)
Cl/NalO,, Mn (ll)- salophen/ NalO,, Fe(ClO,)./
AcOH, RuCl/O,, Zr(NO,),, (NH,), Ce&(NQ,),, Cu
(NO,),, Bi(NO,)..5H,0, Pb(OAC),, Co(OAC),/H,0,,
Pd/C/AcOH. Theha ogen derived oxidantsfor the oxi-
dativearomatization of 1,4-DHParehypervaentiodine
(1) reagents and 1 /MeOH!". The other oxidantsare
elemental sulfur under microwareconditions®, HNO,,
nitric oxide, SeO,[*, N,O,™, and DDQM.

Present work

Oxidative aromatization of Hantzsch 1,4-
dihydropyridineto the corresponding pyridinederiva:
tiveisrdevant tothebiol ogica NADH redox processes.
Thisfact prompted usto examinethisinteresting oxida:
tivearomatization of 1,4-DHP. Herein, wewishtore-
port anovel combination of NaBrO, with NaHSO, for
an efficient oxidative aromatization of Hantzsch 1,4-
DHP (SCHEME 1)
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TABLE 1: Optimizing thereaction conditions

O Ph O
w%&dm Etowoa
Z

solvent
v (1a) N (29)

Reaction Yield of

Entry (1la) NaBrO;NaHSO; Solvent time (h)® (2a) (%)"

1 1mmol 1mmol CH5CN 10 00
2  1mmol 1mmol |_(|:2 238\‘2) 10 00
3 1mmol 3mmol I—(|:2|(_|)3§:3N2) 10 23
4 1mmol 1 mmol 1 mmol |_(|:2 gaéNz) 8 57
5 1mmol 3mmol 3 mmol |_(|:2 gaéNz) 7 84

aRefluxing conditions, °Isolated yields
TABLE 2: Oxidativear omatization of 1,4-dihydropyridines
using NaBr O,/ NaH SO, combinationin CH,CN-H,O system

O R O

NaBrOs (3 equiv.)
EtO | | OEt NaH SO3 (3 equiv.)
N CHZCN-H,0
| reflux
H O R O
(1(a-1))
EtO | N OEt
=
N
(2@@1)
> . .
e Reaction Yield M. p.(°C) M. p.(°C)
= R Product ;e h) (%) observed literature
a CgHs 2a 8 83 6062 6364°
b 4MeOCH, 2b 1 81 5153 51-538
¢ 4-MeCgH, 2c 10 74 72-713  72-738
34-
d ’ 2d 13 78 8991 -
(MeO)ZCGHS
e 4-CICeH, 2e 10 83 6668 6567
f 3NOGCeH,  2f 12 80 61-63  62-641
g 4NOCH, 29 13 76 112-114 114-115%
h 2 furyl 2h 09 79 4043 40-42V
[ H 2i 12 71 6970  69-70"
i CgHsCH, 2 10 75 7071 70-718
k  nCzH; 2k 1 72 Oil Oil®
| n-CgHis 2l 13 77 QOil oil*

3 solated yields after chromatography

Theoxidativearomatization of diethyl 2,6-dimethyl-
4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (1a)
was chosenasamodel substrate. The optimized reac-
tion conditionswereinvestigated by varying the quan-
tity of oxidantsaswell asthe solventsand theresults

Etowoa NaBrOs, NaHSO;
CH3CN/H,O
'}‘ Feflux -

H o ar o

EtO |\ OEt

—

N
SCHEME1

aresummarizedinTABLE 1.

When 1 equivaent of (1a) was refluxed with 1
equivaent NaBrO, in CH,CN (15mL), the oxidation
of (1a) did not occur and all the starting material was
quantitatively recovered. Thisresultisin contrast with
thewell known oxidizing capacity of NaBrO, in vari-
ousoxidationreactions. Theabovefalurewaspartialy
attributed to the completeinsolubility of NaBrQO, in
CH_CN. Therefore, weagain examined the oxidation
of (1a) (1 mmol) with NaBrO, (1 mmol) in CH_CN-
H,O systemin 3:2 v/v proportion. However, the oxi-
dation of (1a) wasagain failed to produce (2a) in any
gppreciableyield. Excessof NaBrO, (3 equiv. withre-
spect to (1a) also did not influence the out come of
oxidative aromatization of (1a). Thus, NaBrO, alone
does not induce oxidative aromatization of 1,4-DHP.
Based upon theliterature report of NaBrO, in combi-
nationwith NaHSO, for avariety of oxidativetransfor-
mations, we then examined the samefor oxidation of
(1a). It was observed that the addition of NaHSO, (1
mmol) tothesolution of (1a) (1 mmol) and NaBrO, (1
mmol) in CH,CN- H,O (3:2v/v proportion) resulted
intheformation of (2a) in 57% yield. However, the
addition of excessof NaBrO, (3mmol) and NaHSO,
(3mmol) to (1a) (L mmoal) in CH,CN-H,Oincreased
theoxidationyield of (1a) to 84%. These experiments
proved that NaBrO, in combination with NaHSO, in
CH,CN-H,0O solvent systemtransforms 1,4-DHPto
thecorresponding pyridinederivativesinexcelentyid ds.

Thepotentid scopeof thismethod wasinvestigated
by subjecting various akyl, aryl and heterocyclic
Hantzsch 1,4-DHP under the above reaction condi-
tionsand theresultsaresummarizedinTABLE 2. 1,4
DHPwith both aiphatic and aromatic substituents at 4-
position underwent smooth oxidativearométizetion. The
aryl moiety a 4-position having different groupsat dif-
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NaBrOz+NaHSO; — HOBr + Na,SO3 + 0,
D %) ©)
O Ar O

O Ar H} (@]
EtO OEt
| | “H,0 Etowoa
N N
) ®)
(@] Ar O
EtO | N OEt
~
N
(6)
SCHEME2

ferent positionsdid not show much differencesinthe
yieldsof the products. Heterocyclic moiety such asfu-
ran at 4-position of 1,4-DHP aso underwent thefacile
transformation.

Reaction mechanism

Thetentative mechanism of thereactionisdepicted
in SCHEME 2. Thereaction of NaBrO, withNaHSO,
will generate hypobromousacid (HOBr) (3) whichis
an active source of electrophilic bromine. Hantzsch 1,
4-DHP (4) will thenreact with e ectrophilic hypobro-
mousacid toform theintermediate (5) involving N-Br
bond formation. Findly, the concomitant oxidativearo-
matization of (5) will take place by the elimination of
hydrogen at 4-position to form the product (6).

Spectral analysis

IR spectrawere recorded on a Shimadzu FTIR-
1710 spectrophotometer.

The'H NMR spectrawererecorded on 400 MHz
instrument and the chemical shiftswerereported with
TMSasaninterna standard. Therepresentative spec-
tral analysisfor few of the productsisgiven below:

(i) Diethyl 2,6-dimethyl-4-phenylpyridine-3,5-
dicarboxylate (2a)

Yellow solid, M. p. 60-62°C (Lit.}?** M. p. 63-64°C);
IR (KBr,cmt): 3026, 2983, 2937, 1735, 1701, 1685,
1556, 1290, 862, 754, 700; '"H NMR (CDCl,): 5 =
0.82 (t, J=7.12 Hz, 6H, 2CH,), 2.53 (s, 6H, 2CH,),
3.92(q, J=7.16 Hz, 4H, 20CH,), 7.18 (m, 2H,ArH),
7.29(m, 3H,ArH); LCMS(M + 1): m/z = 328.

—= Pyl Peper
(ii) Diethyl 2,6-dimethyl-4-(3,4-dimethoxyphenyl)
pyridine-3,5-dicar boxylate(2d)

Yellow solid, M. p. 89-91°C; IR (KBr, cm™) : 3004,
2985, 2902, 2833, 1721, 1560, 1508, 1255, 1143,
1028, 862, 755, 669; *H NMR (CDCIl.): 6 = 1.02(t,
J=7.16Hz, 6H, 2CH,), 2.61 (s, 6H, 2CH,), 3.84 (s,
3H, OCH,), 3.91 (s, 3H, OCH,), 4.05(q, J=7.12
Hz, 4H, 20CH,), 6.81-6.87 (M, 3H, ArH); LCMS
(M +1): m/z=388.

(iii) Diethyl 2,6-dimethyl-4-p-tolylpyridine-3,5-
dicarboxylate (2c)

Yellow solid, M. p. 72-73°C (Lit.** M. p. 72-73°C);
IR (KBr,cm?) : 3022, 2982, 2872, 1732, 1560, 1236,
1107, 1043, 756, 667; *H NMR (CDCI.): 5= 0.96 (t,
J=7.12Hz,6H,2CH,), 2.17 (s, 3H,ArCH,), 2.60 (s,
6H, 2CH,), 4.03 (g, J=7.16 Hz, 4H, 2CH,), 7.13(d,
J=8.44 Hz, 2H, ArH), 7.17 (d, J = 8.24 Hz, 2H,
ArH); LCMS(M +1): m/z=342

(iv) Diethyl 2,6-dimethyl-4-(4-chlorophenyl)
pyridine-3,5-dicar boxylate (2€)

Yellow solid, M. p. 66-68°C (Lit.1>* M. p. 65-67°C);
IR (KBr, cmr?) : 3007, 2983, 2938, 1732, 1643, 1561,
1236, 1107, 758, 669; *H NMR (CDCI ): 5=0.98(t, J
=7.12Hz,6H, 2CH,), 2.60 (s, 6H, 2CH,), 4.04 (q, J=
7.12Hz, 4H,2CH,) 7.20 (d, J=8.44 Hz, 2H, ArH),
7.31(d, J=8.52Hz, 2H, ArH); LCMS(M +1): m/z =364

(v) Diethyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-
3,5-dicarboxylate (2f)

Yellow solid, M. p. 61-63°C (Lit.** M. p. 62-64°C);
IR (KBr,cm): 3084, 2985, 2935, 1734, 1716, 1558,
1236, 1047, 860, 738; '"H NMR (CDCl,): 6 =1.01t,
J=8Hz,6H, 2CH,), 2.63 (s, 6H, 2CH,), 4.07 (g, J=
7.04Hz, 4H, 2CH,), 7.61 (m, 2H,ArH), 8.19 (s, 1H,
ArH), 8.26 (m, 1H,ArH); LCMS(M +1): m/z=373

EXPERIMENTAL

Generd procedurefor the oxidative aromatization
of 1,4-DHP using NaBrO,/NaHSO, reagent:

To asolution of NaBrO, (6 mmol) in water (12
mL) wasadded the 1,4-DHP (2 mmol) in acetonitrile
(20 mL) followed by the drop wise addition of asolu-
tion of NaHSO, (6 mmol) over aperiod of about 15-
30 min. Themixturewasthen refluxed for 7-20 hours.
Thereaction mixturewaspouredinto40mL of CH,CL..
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After separation of theorganic phase, the aqueouslayer
was extracted twicewith CH,CI,. The combined or-
ganic layer waswashed with anhydrousNa,S,O, solu-
tion and dried over anhydrous sodium sul phate. After
filtration, the dichloromethanewasremoved invacuum
and theresidue was purified by column chromatogra-
phy (slicagd, petroleum ether: ethyl acetate=10:1) to
givearomatized pyridineproduct.

CONCLUSION

Theoxidativearomatization of 1,4-dihydropyridines
using NaBrO_/NaHSO, reagent of fersfoll owing no-
table advantages: (a) atransition-metal free protocol,
(b) utilization of agueous mediumin combinationwith
CH,CN, (c) lesstoxic effect, (d) nodea kylation at 4-
position of 1,4-DHPin case of alkyl substituents, (€)
good yields of the products, (f) an added entry inthe
novel applications of NaBrO,/NaHSO, reagent. In
conclusion, atransition metal free oxidative aromatiza-
tion of Hantzsch 1, 4-DHPswas achieved efficiently
under almost neutral conditions, by using NaBrQ,in
combinationwith NaHSO,,
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