Asymmetric Synthesis of

C,-Symmetric
Vicinal Diamines via Reductive

ORGANIC
LETTERS

2008
Vol. 10, No. 2
221—-223

Dimerization of N-Acylpyridinium and

Related Salts

Pandi Bharathi and Daniel L. Comins*

Department of Chemistry, North Carolina State University,

Raleigh, North Carolina 27695-8204

Daniel_Comins@ncsu.edu

Received October 25, 2007

ABSTRACT

OMe
-
o 7 N7 cl
]
CO,R*
0
or +
o
ol
R* = (+)- TCC

A new route to C,-symmetric diamines via an asymmetric reductive dimerization of 1-acylpyridinium salts and their benzo derivatives is
described. This method is practical as the starting heterocycles and chiral auxiliaries are readily available. The titanium reducing agent is

inexpensive and easy to prepare. Several novel enantiopure

C,-symmetric diamine derivatives were synthesized using this method.

C>-Symmetric 1,2-diamines and their derivatives are impor- attractive approach to vicinal diamines is the reductive
tant in medicinal chemistry, natural products, coordination coupling of imine species promoted by a metal reducing

chemistry, and asymmetric catalydisThey have been
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agent. Most of the systems developed to effect this conver-
sion have resulted in low stereoselectivity and produce
racemic product$A recent reductive homocoupling of chiral
N-tert-butanesufinyl imines with SsIHMPA generated,-
symmetric 1,2-diamine derivatives in a highly diastereose-
lective and enantioselective fashiom limitation of this
method is the destruction of the chiral inducing groups on
their removal from the diamine product.

The dimerization ofN-acylpyridinium salts has the po-
tential for providing unigue vicinal diamines. Although some
reports of this transformation have appeared, the result is
often a mixture of regio- and stereocisomettthe regiose-
lectivity and facial selectivity can be controlled during the
dimerization, then chiraC,-symmetric 1,2-diamines would
result. In this letter we report our successful efforts at
dimerizing chiralN-acylpyridinium and related salts to afford
novel vicinal diamines in an asymmetric fashion.

The addition of organometallic nucleophiles to chiral
auxiliary-containingN-acylpyridinium saltl has proven to
be a versatile method for the asymmetric synthesis of various
heterocycles and natural produéfsWe envisaged that
addition of an electron td would give delocalized radical
2 which, on dimerization at C6 with auxiliary-directed facial
selectivity, would provide &,-symmetric dimer. Regiose-
lective reaction at C6 was anticipated due to the methoxy

the C,-symmetric dimeB as the only diastereomer isolated
(Scheme 2).
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and TIPS groups blocking the C2 and C4 positions (Scheme
1).

Scheme 1
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The assigned stereochemistry3oivas confirmed by single-
crystal X-ray analysis. In a search for a less expensive and
more convenient reducing agent, it was found that a low-
valent titanium species generated from Ti®lg® was
effective and gave a 64% yield of dihydropyridone dir8er
on workup with aqueous acid.

As with relatedN-acyldihydropyridone$the chiral aux-
iliaries could be removed and recovered in high yield by
treatment of3 with NaOMe to give4 as a white solid that
was recrystallized from ether.

To examine other pyridine derivatives in the asym-
metric dimerization reaction, our attention turned to 4-meth-
oxyquinoline (6). As before, it was anticipated that a
4-methoxy substituent would act as a blocking group to effect
regioselective dimerization at the C2 position of the hetero-
cycle. Commercially available 4,7-dichloroquinoline was
converted to6' via 5'' on a 10-g scale as shown in
Scheme 3.
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Addition of (+)-TCC chloroformat& to 4-methoxyquinoline
in toluene formed theN-acylquinolinium saltin situ. A
solution of the low-valent titanium (LVT) was added
dropwise, followed by workup with aqueous HCI, to afford
the C,-symmetric dimer7 in 47% yield (Scheme 4).
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Again, only one diastereomer was obsert&dnlike dihy-
dropyridone dimer3, the auxiliaries on7 could not be
removed with NaOMe/MeOH.
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Since reductive coupling of isoquinoline with Zn/4&x,
presumably via anN-acylisoquinolinium salt, has been
reported.* we decided to apply our asymmetric method to
this conversion. A solution of LVT in THF was added to
the mixture of isoquinoline and (+)-TCC chloroformate in
toluene to afford an 80% yield of a mixture (60:40) of the
desired dimeB and the diastereomé& (Scheme 5).

Hydrogenation o8 over Raney nickel provided derivative
10 which was reduced with LAH to afford the known
diamine 11. The spectral properties of our)-11 are in
agreement with reported data for the racemic compdtind.
Elliott and Williams“® prepared racemit1 and found that
the basicity of this diamine was unusually higghln addition
to its potential as a chiral bas&l and derivatives hold
obvious value as ligands for catalytic asymmetric reac-
tions 1516
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In conclusion, a new route tG,-symmetric diamines via
an asymmetric reductive dimerization of pyridines and their
benzo derivatives has been developed. The method is
practical, as the starting heterocycles are readily available
and the recoverable chiral auxiliary (TCCOH) can be
prepared on multigram scale (>100 g) as either enantiomer.
The titanium reducing agent is inexpensive and easy to
prepare. Most importantly, numerous variations ©f-
symmetric diamines should be accessible by using readily
available substituted heterocycles as starting material, or by
modifying the intermediates, i.e4, 7, 8, and10. The scope
of this method and the application of the enantiopuge C
symmetric diamine derivatives to catalytic asymmetric
synthesis are under study in our laboratories.
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