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Unusual chemoselective addition of diisopropylzinc to the
2-position of 2,2�-bipyridine-5,5�-dicarbonyl compounds
affords the adducts with a quaternary carbon, and
autoxidation of the adducts reconverts them into the initial
compounds with carbon–carbon bond cleavage.

Synthetic utilities of organozinc reagents have dramatically
increased during this decade.1 The relatively mild nucleo-
philicity of dialkylzincs compared with alkyllithiums and
Grignard reagents makes dialkylzincs more chemoselective
reagents. For example, chiral amino alcohol catalysts enhance
the nucleophilicity of dialkylzincs to add to aldehydes in an
enantioselective manner.2 On the other hand, addition of
organometallic reagents to simple 2,2�-bipyridine normally
occurs at the 6-position.3,4 To the best of our knowledge, the
addition of organometallic reagents to the 2-position of
2,2�-bipyridine is very rare due to the steric hindrance of the
2-position.5 Meanwhile, the formation of the pyridine ring is
hardly known by autoxidative carbon–carbon bond cleavage
without using transition metals.6

We here report an unprecedented chemoselective addition
of diisopropylzinc to the 2-position of 2,2�-bipyridine-5,5�-
dicarbonyl compounds and the reconversion into the initial
compounds with autoxidative carbon–carbon bond cleavage.

In the course of our study on asymmetric autocatalysis of
3-pyridylalkanol in the addition of diisopropylzinc (i-Pr2Zn)
to the aldehyde moiety of 5-carbamoylpyridine-3-
carbaldehyde,7 we examined the reaction of i-Pr2Zn with
2,2�-bipyridine-5,5�-dicarbaldehyde 1a.8 Unexpectedly, i-Pr2Zn
(1.1 mol equiv.) did not add to the aldehyde moiety but to
the 2-position of the bipyridine to afford 2a possessing a
quaternary carbon atom in a yield of 69%.9 It should be
emphasized that this chemoselectivity is quite unusual: the
i-Pr2Zn does not add to the aldehyde but to the 2-position of
the bipyridine ring by destroying the aromaticity of the pyridine
ring (Scheme 1).

We examined other organometallic reagents in the addition
reaction to 1a at 0 �C. As shown in Table 1, isopropyl-

magnesium bromide did not add to bipyridine but exclusively
added to the aldehyde to give the corresponding alkanol 3a and
diol 4a in a total 52% yield (run 2). In the case of the addition
using isopropyllithium, 2a was not formed. The reduction of
aldehyde as a side reaction, was a major reaction, and alkanol
3a and diol 4a were obtained in low yields (run 3). Addition of
diethylzinc and di(n-butyl)zinc occurred at the 2-position of 1a
to give the corresponding adducts but in low yields along with
the alkylated aldehyde products (runs 4 and 5). Thus, only
i-Pr2Zn gave 2a in a high yield by the chemoselective addition to
the 2-position of 1a.

Generality of the addition of i-Pr2Zn to the 2-positions of
2,2�-bipyridine-5,5�-dicarbonyl derivatives 1a–d is shown in
Table 2.9,10 2,2�-Bipyridine derivatives possessing two carbonyl
substituents such as methoxycarbonyl, acetyl and dimethyl-
carbamoyl at the 5,5�-positions underwent the addition of
i-Pr2Zn to the 2-position to afford the adducts 2b–d in high
yields of 88%, 93% and 82%, respectively (runs 2–4). Diiso-
propylzinc added to the 2-position of even 2,2�-bipyridine-5-
carbonyl derivatives, possessing only one carbonyl substituent,
to afford the corresponding adducts 2e–h in moderate yields
(runs 5–8). On the other hand, in the cases of 2,2�-bipyridines
(1i and 1j) without any carbonyl substituent at the 5,5�-
positions, no alkylation occurred even at room temperature
(runs 9 and 10). These results show that electron-withdrawing
carbonyl substituent(s) at the 5- (and 5�-) position(s) activates
bipyridine to undergo the addition of i-Pr2Zn to the 2-position
of 2,2�-bipyridine derivatives. This also explains the faster
reactions with 1a–c possessing two carbonyl functionalities
(1.1 mol equiv. of i-Pr2Zn, 1 h) compared with 1e–g with one
carbonyl functionality (3.0 mol equiv. of i-Pr2Zn, 10–20 h).

When 6-phenylpyridine-3-carbaldehyde, without the 2,2�-
bipyridine skeleton, reacted with i-Pr2Zn in the presence of
N,N-dibutylaminoethanol as a Lewis base, i-Pr2Zn added only
to the aldehyde moiety to afford pyridylalkanol in 60% yield.
Thus, the structure of 2,2�-bipyridine is necessary for i-Pr2Zn
to add regioselectively to the 2-position. We think that the
chelation by nitrogen atoms of bipyridine to the zinc atom

Scheme 1
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Table 1 Nucleophilic addition of organometallic reagents to 2,2�-bipyridine-5,5�-dicarbaldehyde

Run RnM (equiv.) Solvent Yield of 2 (%) Yield of 3 (%) Yield of 4 (%)

1
2 a

3 a,b

4
5

i-Pr2Zn (1.1)
i-PrMgBr (5.0)
i-PrLi (3.0)
Et2Zn (5.0)
n-Bu2Zn (5.0)

Toluene
THF–Et2O
Toluene–pentane
Toluene
Toluene

2a 69
2a 0
2a 0

 19
 17

3a 0
3a 17
3a 3

 18
 26

4a 0
4a 35
4a 9

 24
 15

a Reactions were carried out at rt. b Reduction of aldehyde to primary alcohol is a major reaction.

of i-Pr2Zn has two effects: (1) it enhances the nucleophilicity11

of i-Pr2Zn, (2) it places i-Pr2Zn near to the reaction site, i.e., the
2-position of the 2,2�-bipyridine.

The adduct 2a can be isolated and is stable under an argon
atmosphere. We also found that, on exposure to the air at rt
in dichloromethane, adduct 2a converts into the initial 2,2�-
bipyridine-5,5�-dicarbaldehyde 1a in an almost quantitative
yield (99%) (Scheme 1). In the NMR sample tube, we
observed the formation of equimolar amounts of the initial 1a
and isopropyl hydroperoxide (confirmed by 1H and 13C NMR
and GLC analysis). The dealkylative autoxidation is probably
due to the release of the steric congestion around the quater-
nary carbon atom (the 2-position) of 2a and to the stabilization
by aromatization. The addition of a radical initiator (AIBN)
or UV irradiation in air accelerated the autoxidation. Con-
versely, autoxidation was suppressed by the addition of a
radical scavenger such as 2,6-di-tert-butylphenol. Under the
same conditions (air, CH2Cl2, rt, 1–7 d) adducts 2b–h were
easily converted into the corresponding initial 2,2�-bipyridines
1b–h in high to quantitative (91% - quant.) yields.

As described, chemoselective addition of i-Pr2Zn to the 2-
position of 2,2�-bipyridine-5,5�-dicarbonyl compounds affords

Table 2 Addition of diisopropylzinc to the 2-position of 2,2�-
bipyridine derivatives

Run
2,2�-Bipyridine
derivative 1

i-Pr2Zn
(equiv.) Time/h

Yield of
adduct 2 (%)

1 a

2 a

3 a

4 a

5 a

6 a

7 a

8 b

9 b

10 b

1a
1b
1c
1d
1e
1f
1g
1h
2,2�-Bipyridine 1i
5,5�-Dimethyl-2,2�-
bipyridine 1j

1.1
1.1
1.1
5.0
3.0
3.0
3.0
5.0
3.0
3.0

1
1
1

48
10
20
12
48
24
24

2a 69
2b 88
2c 93
2d 82
2e 43
2f 71
2g 71
2h 64

 0
 0

a Reactions were carried out at 0 �C. b Reactions were carried out at rt.

unique adducts with quaternary carbons. Autoxidation of
the adducts liberates the initial 2,2�-bipyridine-5,5�-dicarbonyl
compounds and isopropyl hydroperoxide.
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