
This article was downloaded by: [York University Libraries]
On: 01 January 2015, At: 07:22
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Synthetic Communications:
An International Journal
for Rapid Communication of
Synthetic Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A C2-Symmetric Chiral 2,2′-
Bipyridine Derived from
Tartaric Acid
Carlo Botteghi a , Alberto Schionato a & Ottorino
De Lucchi b c
a Dipartimento di Chimica , Università di
Venezia , Dorsoduro 2137, I-30123, Venezia,
Italy
b Dipartimento di Chimica , Università di
Sassari , via Vienna 2, I-07100, Sassari, Italy
c Dipartimento di Chimica , Università di
Venezia , Dorsoduro 2137, I-30123, Venezia,
Italy
Published online: 24 Sep 2006.

To cite this article: Carlo Botteghi , Alberto Schionato & Ottorino De Lucchi
(1991) A C2-Symmetric Chiral 2,2′-Bipyridine Derived from Tartaric Acid, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 21:17, 1819-1823, DOI: 10.1080/00397919108021582

To link to this article:  http://dx.doi.org/10.1080/00397919108021582

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all
the information (the “Content”) contained in the publications on our

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919108021582
http://dx.doi.org/10.1080/00397919108021582


platform. However, Taylor & Francis, our agents, and our licensors
make no representations or warranties whatsoever as to the accuracy,
completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of
the authors, and are not the views of or endorsed by Taylor & Francis.
The accuracy of the Content should not be relied upon and should be
independently verified with primary sources of information. Taylor and
Francis shall not be liable for any losses, actions, claims, proceedings,
demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in
relation to or arising out of the use of the Content.

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access
and use can be found at http://www.tandfonline.com/page/terms-and-
conditions

D
ow

nl
oa

de
d 

by
 [

Y
or

k 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

7:
22

 0
1 

Ja
nu

ar
y 

20
15

 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 2 1 ( 1 7 ) ,  1819-1823 (1991) 

A C2-SYMMETRIC CHIRAL 2,2'-BIPYRIDINE 
DERIVED FROM TARTARIC ACID 

Carlo Botteghi,a Albert0 Schionat0.a and Ottorino De Lucchibv 

aDipartimento di Chimica, Universith di Venezia, Dorsoduro 2137, 1-30123 
Venezia, Italy 

bDipartimento di Chimica, UniversitA di Sassari, via Vienna 2, 1-07100 
Sassari, Italy 

ABSTRACT:  The synthesis of the C2-symmetric, homochiral bipyridine 1, 
whose atropisomeric stereochemistry is imposed by a side-chain derived 
from tartaric acid, is reported. 

2,2'-Bipyridines are of interest in coordination chemistry, as 

ligands for catalysts, as herbicides, as  red-ox systems, etc.2 The 
atropisomeric nature of the 2,2'-bipyridine skeleton makes this 

molecule intrinsically chiral, though of difficult resolution into its 
antipods because the interconvertion between the two chiral forms is a 
low-energy process. If properly stabilized, however, this chirality 

feature could be utilized especially in asymmetric synthesis because it 
may impart elipticity to the many catalysts in which 2,2'-bipyridines 
can be used as l i g a n d ~ . ~  We report here the preparation of the optically 
pure and optically stable bipyridine 1 where the labile atropisomerim 

of the system is expected to be fixed by the chirality of a side-chain 
derived from tartaric acid. 

1819 
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1820 BOTTEGHI, SCHIONATO, AND DE LUCCHI 

1 

3 / /  

2 3 

Molecule possessing similar geometric features are, for example, the 
1.1'-bi-isoquinoline z4 and the bipyridine 3.5 but the former racemizes 

with ease and the latter is of unpractical resolution. 
The atropisomeric chirality of 1 is imparted by the ring chain at 

the 3 and 3' positions which is  derived from the inexpensive tartaric 

acid. The chiral ring was planned to give elipticity without sterically 

interfeering with the binding sites for  metals ( i . e .  the pyridine 

nitrogens). Consequently, it is expected that any asymmetric induction 

associated with 1 will be due solely to the chiral twisting of the aromatic 
rings. In other words, the chiral lock should effect only the 
conformation of the bipyridine system without introducing extra chiral 

informations to the system..With what the absolute stereochemistry is 
concern, starting from L-tartaric acid, i . e .  with the chiral carbon atoms 

of 1 with S -absolute configuration, an M-atropisomeric elipticity of the 

bipyridine system is expected on the basis of conformational 

p r e f e r e n c e s .  
Another feature which was taken into accounts in  the planning 

of 1 is the size of the ring, which was considered sufficient to impart 
chirality without affecting flexibility for a proper bidentate metal- 
ligand interaction. Furthermore care was paid not to introduce possible 
extra reactive sites into the ring chain. 

The synthesis of 1 is illustrated in the equation and made use of 

the coupling procedure described by Tiecco and collaborators as the key 

step.6 
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C,-SYMMETRIC C H I R A L  2,2'-BIPYRIDINE 1821 

cH3)(0p + aoH NaOH 
CH, 0 1 s '  OTS phase transfer Br 

4 5 

NlC12. Pph,, zn 
- 1  

DMF. 50". 20 h 
(38%) 

6 (95%) 

Nucleophilic substitution of the pyridine 5 on the readily available or 
commercial ditosylate 4 ,  affonded the intermediate 6, which was 

cyclized with nickel-triphenylphosphine complex to 1 .7 It should be 
noted that several attempts to cyclize directly 2,2'-bipyridine~-6,6'-diol 
under a variety of reaction conditions were so far unsuccessful. 

EXPERIMENTAL 

(+)(4S-trans)-[4,S-Dimethanol-2,2-dirnethyl-l,3-dioxolane]-bis[3-(2- 
bromo)pyridine] (6)- An aqueous solution (9 mL) of sodium hydroxyde 

(1.5 g, 37.9 mmol) and 2-bromo-3-hydroxypyridine 5 (3.3 g, 19.0 mmol) 
was stirred 1 h at room temperature. To the solution were added 

sequentially toluene (18 mL), (-)-2,3-0-isopropylidene-l,4-di-O-tosyl-L- 
threitol 4 (3.0 g, 6.3 mmol) and tetrabutylammonium bromide (2.0 g) as 
phase transfer reagent and the resulting heterogeneous mixture was 
heated into an oil bath at 85 OC for 48 h. The progress of the reaction 

was followed by TLC eluting with 1:l n-hexane-ethyl acetate (UV 
detection). After cooling to room temperature, more water (50 mL) was 

added and the organic layer was separated and washed with brine (3 x 
50 mL). After drying (MgS04) and roto-ewporating the solvent, the 

crude oil was purified by flash-chromatography (230-400 mesh silica 
gel - ca. 20:l weight ratio adsorbant to substrate) eluting with a gradient 

of n-hexane-ethyl ether to give a colorles glas~(2 .8  g, 95% yield): [a] = 
+28.4O (C6H6, c= 2.4). l H  NMR (80 MHz, CDC13, TMS) 6 ,  ppm: 1.52 (6 H, s), 
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1822 BOTTEGHI, SCHIONATO, AND DE LUCCHl 

4.3-4.6 (6 H, m), 7.22 (4 H, d, J = 3 Hz), 7.99 (2 H, t, J = 3 Hz). IR (KBr disk) v: 
3059, 2989, 2887, 1587, 1424, 1372, 1296, 1280, 1243, 1166, 1112, 1077. 1022, 
862, 823, 807, 792, 750 cm-1. 

(-)-3,3'-[(4S-trans)-I ,3- Dioxolane-4 ,S-dimethanoyl-2,2-dimethy1]-2,2'- 
bipyridine (1)  - A solution of NiC12 hexahydrate (5.7 g, 24.2 mmol), 

triphenylphosphine (25.4 g, 96.6 rnmol) and zinc powder (1.6 g, 24.2 
mmol) in dimethylformamide (120 mL) was heated at 50 "C with 

efficient stirring under nitrogen for 1 h. To the resulting red-brown 

solution, the dibromide 6 (5.1 g, 12.1 mmol) was added in one portion and 
the reaction mixture was kept stirring at 50 "C for 20 h. The reaction 
mixture was poured into ammonium hydroxide (30%. 450 mL) and 
extracted with chloroform (3 x 100 mL), washed with water (x 3), dried 
( MgS 0 4 )  and rotoevaporated to a brown solid. Silica gel chromatography 

(230-400 mesh, ca. 20:l weight ratio adsorbant to substrate), eluting with 

a gradient of ethyl acetate in n-hexane, gave a white solid (1.2 g, 38% 
yield): mp 160-1 "C (n-heptane). [a] = -19.0" (C6H6, c= 1.5). lH NMR (200 
MHz, CDC13, TMS) 6 ,  ppm: 1.43 (6 H, s), 4.06 (4 H, m), 4.78 (2 H, d, J =  7.5 Hz), 

7.33 (4 H, d, J = 3 Hz), 8.45 (2 H, t, J = 3 Hz). IR (KBr disk) v: 3059, 2989, 
2887, 1587. 1577, 1424, 1372, 1280, 1242, 1166, 1112, 1077, 1021, 862, 807 
cm-l. Elemental Analysis (Calcd. for C17H18N204): C, 64.64 (64.96); H, 5.59 

(5.77); N, 8.78 (8.91). 

1. 

2. 

3. 

4. 
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