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A simple and efficient Morita-Baylis-Hillman (MBH) reaction of bipyridine carbaldehydes and
unexplored activated alkenes afforded highly functionalized bipyridyl ligands. Particularly, one-pot
MBH reaction of 2,2’-bipyridine-4,4'-dicarbaldehyde and 2,2’-bipyridine-4-methyl-4'-carbaldehyde with
1,6-hexanediol diacrylate afforded a twenty membered bipyridyl macrocycle and bis MBH adducts,
respectively. Synthetic transformations of mono and bis MBH adducts thus obtained have been demon-
strated by preparing bipyridyl N-oxide and [3+2]-cycloadduct of azomethine ylide derived from isatin

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Bipyridine' derivatives are key synthons in synthetic and mate-
rial chemistry owing to their redox stability.? Bipyridyl based orga-
nometallics have led to various synthetic methods® as asymmetric
catalysis.” Metal complexes with nitrogen ligands offer for the
design of anticancer drugs,” tissue engineering® and in drug deliv-
ery.” In addition, oligopyridine-based heterocycles exhibit a high
chemical stability, long-lived excited-state lifetime, reversible
electrochemical behavior for their optoelectronic property.® Fur-
thermore, these compounds have also shown potential applica-
tions in bio-sensing, assembly of catenanes and rotaxanes.’ Bis
arm pyridine receptors have been utilized for anion'® and chiral
molecular recognition.'" Bipyridine based polymers could lead to
the electrochromism and electroluminescent display devices.!?
Lack of general and efficient methods to manipulate bipyridine
functionalization, most of the existing methods suffer arsenal
strategies such as multi-step and stringent reaction conditions,'®
use of expensive and hazardous catalyst/reagents,'* and prolonged
reaction times are generally required.'”

In view of the difficulty and importance for the functionaliza-
tion of 2,2’-bipyridine, development of a simple, efficient, and
expedient method for the functionalization of 2,2'-bipyridine is
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still in demand. The Morita-Baylis—Hillman (MBH) reaction'® has
been utilized as a synthetic tool in generating complex frameworks
and has been used as building blocks in synthetic chemistry and
bioactive molecules.'” The versatility of the reaction has been
demonstrated in the implementation of the MBH adducts.'® We
have studied the synthetic transformation of B-substituted MBH
ester'? derived from electrophiles such as aryl aldehydes, isatin,
ferrocene carboxaldehyde, heteroaldehydes, and ninhydrin. How-
ever, to the best of our knowledge, there is no report on the synthe-
sis of MBH adducts of 2,2’-bipyridine with unexplored Micheal
acceptors, thus, functionalization of bipyridine via MBH reaction
has been studied and the preliminary results are presented in this
communication.

Initially, substrate 2,2’-bipyridine-4-methyl-4'-carbaldehyde 2
was prepared from 4,4’-dimethyl-2,2’-bipyridine 1 following a lit-
erature procedure,’® while substrate 2,2’-bipyridine-4,4’'-dicar-
baldehyde 3! was prepared from the treatment of compound
1 with 2.2 equiv of SeO, in 1,4-dioxane at reflux afforded dialde-
hyde 3 in 45% yield (Scheme 1). Significantly, the oxidation of 1
has been selectively achieved with SeO, which avoids the forma-
tion of corresponding bipyridine N-oxides.

Subsequently, MBH reaction of 2 with 1.2 equiv of classical acti-
vated alkene viz. ethyl acrylate 4a and catalytic amount of 1,4-di-
azabicyclo[2.2.2]octane (DABCO) under neat condition at rt for
14 h afforded the MBH adduct 5a in 52% yield. On the other hand,
under similar condition, MBH reaction of 3 with 2.3 equiv of 4a
provided bis MBH adduct 6a in 35% yield (Scheme 1). Thus, to
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1,4-dioxane, reflux DABCO (20 mol%)
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Z= CO,Et

6a (35%
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Scheme 1. Preparation of 2,2’-bipyridine-4-methyl-4'-carbaldehyde 2 and 2,2'-
bipyridine-4,4'-dicarbaldehyde 3 and MBH reaction of 2 and 3 with ethyl acrylate
4a.

obtain pure and optimum yield of MBH adducts 5a and 6a, opti-
mization studies have been undertaken wherein mol % of catalyst,
solvents, and reaction time are the variables considered. Thus, in
THF as solvent, aldehydes 2 and 3 were found partially soluble
with 20 mol % DABCO as catalyst, the reaction afforded MBH
adducts 5a and 6a along with inseparable impurity (Table 1, entry
2) as evidenced from proton NMR spectrum. Use of methanol and
20 mol % DABCO, yielded products 5a or 6a with improved yields
of 82% and 78%, respectively but still with impurities (Table 1,
entry 3). Finally, among the various parameters tested (Table 1,
entries 1-8), 10 mol % of DABCO in methanol for 10/12 h at rt
was found to be an ideal condition for the MBH products 5a and
6a in 84% and 85% yields, respectively (Table 1, entry 7) without
any impurity. Decreasing the time reduces the yields (Table 1,
entry 8) and decreasing mol % of the catalyst took longer time for
completion of the reaction (Table 1, entry 9). The structure of the
mono MBH adduct 5a and bis MBH adduct 6a was assigned based
on spectroscopic analysis such as FT-IR, 'H NMR, '>C NMR, DEPT-
135, and mass spectrum.

To demonstrate the scope and limitation of the MBH reaction of
mono aldehyde 2, various activated alkenes 4a-m were used
(Table 2). Thus, reaction of monoaldehyde 2 with unexplored acry-
lates 4a-f and acrylonitrile 4g afforded corresponding MBH
adducts 5a-g in very good yield (Table 2, entries 1-7). A little more
time required for completing the reaction with lauryl acrylate 4e
and isobornyl acrylate 4f (Table 2, entries 5 and 6). To our dismay,
under optimized conditions, the reaction of bipyridine aldehyde 2
with activated alkenes 4h-1 failed to provide corresponding MBH
adducts (Table 2, entries 8-12). Propargyl esters*> are known as
protecting group in organic synthesis. The reaction of unexplored

Table 1
Optimization of synthesis of MBH adducts 5a/6a®

Entry  Substrate  Solvent Time (h)  Catalyst (mol %) Yield” (%)
5a 6a
1 2/3 Neat 14 20 52 35°
2 2/3 THF 14 20 65 541
3 2/3 MeOH 14 20 82 78
4 2/3 Toluene 14 20 72 754
5 2/3 DCM 14 20 65 60
6 2/3 MeOH 10/12 20 83 81
7 2/3 MeOH 10/12 10 84 85°
8 2/3 MeOH 7 10 70 60
9 2/3 MeOH 24/36 5 7279

2 Reactions were performed at rt, 1.1/2.2 equiv of 4a was used for substrates 2
and 3, respectively.

b Isolated yield.

¢ Performed without solvent and with 5% impurity.

4 Aldehyde is partially soluble and afforded product along with 10% impurity.

€ Optimized condition.

Table 2
Synthesis of MBH adducts 5a-g of compound 2

Activated Alkenes
o) o o o 0
_nBu
ﬁoa ﬁov\ne ﬁo ﬁj\o/\% ﬁo/ﬁ}
4a ab 4c 4d de
0 o)
i AS g I
cN & o

ﬁo M7 5@ é I
af 4g 4h 4i 4 4k 4

Mono MBH Adducts

OH O OH O
nBu
g\’ﬁk ﬁOMe EY\ B
OH O OH
= =
Entry Activated alkene Time (h) Product™¢ Yield” (%)
1 4a 10 5a 83
2 4b 10 5b 80
3 4c 10 5¢ 83
4 4ad 10.5 5d 65°¢
5 4e 13 5e 78
6 af 124 5f 72
7 4g 13 5g 88
8 4h 14 - -
9 4i 14 —
10 4j 14 - -
11 4k 14 — —
12 41 14 - -

2 Reactions were performed using 10% of DABCO in MeOH at rt.
b Isolated yield.

¢ Toluene at rt.

4 Products were semisolid except 5g.

activated alkene propargyl acrylate 4d as Michael acceptor with
bipyridine aldehyde 2 in methanol and a catalytic amount of
DABCO, the propargyl group was found to be replaced by methanol
to form MBH adduct 5b. However, the reaction in toluene provided
the desired MBH adduct 5d in 65% yield (Scheme 2).

In order to diversify the synthesis and to understand the reac-
tivity pattern, MBH reaction with an unexplored bis activated acry-
late 1,6-hexanediol diacrylate (HDDA) 4m has been probed for the
first time. Thus, under optimized conditions 1.0 equiv of 2,2’-bipyr-
idine-4-methyl-4'-carbaldehyde 2 with 1.3 equiv of 4m proceeded
smoothly to afford corresponding mono MBH adduct 5m in 68%
yield. Notably, when the reaction was carried out with 0.5 equiv
of 4m and 1.0 equiv of mono-aldehyde 2 at rt for 15 h it afforded
two bipyridine entrapped bis MBH adduct 5n in 75% yield
(Scheme 3). Noteworthy that one-pot functionalization of bipyridine

o OH O
OMe N o) B o/\
i H I \
N~ %0/\\ N _~ A
~ MeOH, DABCO
N7 Toluene, DABCO ,~
1, 10 h, 80% | t, 10 h, 65% N\ |
2 5d

Scheme 2. Synthesis of MBH adducts 5b and 5d.
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Scheme 3. Synthesis of MBH adducts 5n and 5m.

core and bis adduct 5n formation and use of HDDA in MBH reac-
tion is unknown.

Simultaneous functionalization of both the rings of 2,2'-bipyri-
dine is a difficult task in organic synthesis and for the development
of bipyridine based materials. Thus, functionalization of 2,2’-bipyr-
idine-4,4'-dicarbaldehyde 3 has been envisaged via MBH reaction
with a number of Michael acceptors. The scope of this transforma-
tion was examined and found to be quite general with the acrylates
4a-f and acrylonitrile 4g, reacting smoothly to afford the respec-
tive bis MBH adducts 6a-6g in good yield (Table 3, entries 1-7).
Furthermore, MBH reaction of 3 with acrylates 4d-g has been suc-
cessfully performed in water as medium with 6,7-dihydro-5H-pyr-
rolo[1,2-a]imidazol-7-ol as amine catalyst at rt to provide
respective MBH adducts (Table 3, entries 8-11).

Significantly, we embarked a one-pot method where HDDA 4m
efficiently reacted with 2,2’-bipyridine-4,4'-dicarbaldehyde 3 in
the presence of 10 mol % of DABCO to afford a macrocycle product
6h in 70% yield (Scheme 4). This method allows for an instant and

Table 3
Synthesis of bis MBH adducts 6a-6g from 3

OH

o ‘
10 10mol% DABCO_ "~ 10 mol%q/ dd
“MeOH, 1, 12h N RO, 12h 0
= z

6 OH
Z= COgEt. 4a, CO,Me: 4b, CO,nBu: 4c, Propargyl: 4d, Lauryl: 4e, Isobornyl: 4f, CN: 4g.

OH O OH O OH O
oMe I o™ RN
N N~
N T o~
X
OMe S O by
OH o) OH © OH 0
6c 6d
L\/g oH O OoH
CN
7 OA(\%/O 7
N~ N~
g g
x O\/HTO x oN
OH o OH O OH
6f 69
Entry Activated alkene 4 MBH adduct Time (h) Yield of 6° (%)
1 4a 6a 12 85
2 4b 6b 12 83
3 4c 6¢ 12 80
4 4d 6d 12 63
5 4e Ge 12 88
6 af 6f 12 84
7 4g 6g 12 89
8 4d 6d 12 65°¢
9 4e 6e 12 89°¢
10 af 6f 12 81°¢
11 ag 6g 12 87¢

@ All the reactions were performed at rt.

b Isolated yield after column purification.

¢ Reaction performed using 6,7-dihydro-5H-pyrrolo[1,2-alimidazol-7-ol as
catalyst in H,O at rt.

° OH O
NH 0 , S 0
N~ WO\H 10mol% DABCO | N~

s o7 MOA ZAERY
N o) Toulene, rt, 15 h N7
Ly 4m 70% < o
3 0 eh OH O

Scheme 4. Synthesis of macrocyclic 6h.

selective construction of macrocycle in a one pot, atom and step-
economical manner from a relatively simple building block.

Having the MBH adducts 5 and 6 in hand, protection of -OH
group with p-toluenesulfonyl chloride, p-toluenesulfonyl iso-
cyanate, p-tolyl isocyanate, p-toluene isothiocyanate, di-tert-butyl
dicarbonate, and acid halides was undertaken (Scheme 5). How-
ever, only RCOX was found to be reactive to provide compounds
11b, and 12b in 90% and 74% yields, respectively (Scheme 6). Fur-
thermore, isomerization of MBH adducts 5 and 6 with nucleophile
such as HX (X = Br, (I, I), and CH(OMe)3; and Montmorillonite K10
clay as solid acid catalyst under conventional or microwave irradi-
ation condition failed to provide isomerized products. Upon iso-
merization with phenol/thiol nucleophiles, complex mixtures
were formed (Scheme 5).

In order to demonstrate the synthetic transformation of MBH
adducts 5b/6b, reaction with 3 equiv of m-CPBA in DCM led to
the formation of 2,2’-bipyridine-N-oxide derivatives 7b/8b in 88%
and 73% yields, respectively. Under the condition, with excess m-
CPBA, no alkene epoxide formation was observed. Moreover, [3
+2]-cycloaddition reaction of MBH adduct 5b/6b was carried out
with azomethine ylide generated in situ from isatin and proline
in the presence of Mont. K10 clay afforded spiro pyrrolizidine

OH PTS-Cl/ PTS-NCS/ PTS-NCO/ Boc-anhydride
N Z  K,CO3DCM,0°Ctort,3h )
| - No reaction
N__— OH-protection
7= COLEt
N7 ‘ ‘ Isomerization
HX, Mont. K-10 Caly, pW, 450 W, 8 minutes/ No reaction
5 CH(OMe)3 Mont. K-10 Caly, CH3CN, Reflux, 7 h/ Inseparable mixture

PhSH, Mont. K-10 Caly, uW, 450 W, 8 minutes

Scheme 5. Attempted protection/isomerization of MBH adduct 5.

OH
- | N z
O-N_~ °
o4 o

z

Not formed oH

Z=CO,Me| m-CPBA (excess)

DCM, 3 h, 0° tort
a %Tje OH , OH
N~0 { Z=CO,Me N ‘
H N~ 2 6*N’
e m-CPBA, 3eq Z
Mont K10-clay, |\~ ) PCM3n07tert 5 2
Toluene,Reflux, 5 h R! X J 5
2 OH Z=COMe [ R'= Me: 5b, OH
10b, 71% 1= CH(OH)C(CH2)CO,Me: 6b
"= Me: 9b, 85% Eat 8b, 73%
. 1= Me: 7b, 88%
R2COX KZOCO3, DCM
0°Ctort,3h
z z
[} Q
o=<( —( =0
Rz ¢\ » R?
=N N

12b, 74%
R'=Me: 11b, 90%
Z=CO,Me

Scheme 6. Synthetic transformation of MBH adducts 5 and 6.
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oxindoles 9b/10b in 85% and 71% yields, respectively (Scheme 6).
The structure of 7b/8b and 9b/10b was assigned based on spectro-
scopic data.

In conclusion, we have demonstrated unexplored Micheal
acceptors for the synthesis of functionalized B-hydroxyl MBH ester
appended bipyridine derivatives and a macrocycle. Simultaneous
functionalization of both the rings of bipyridine has been achieved.
The synthesized MBH adducts underwent protection, N-oxide for-
mation and [3+2]-cycloaddition reactions resulting in structurally
interesting bipyridine ligand derivatives. The synthetic potential
opens a new pathway toward direct functionalization of the
bipyridines as functional ligands. Further work on synthetic use
of adducts is under investigation.
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