One-Step Synthesis of Spiropyridines,
a Novel Class of C,-Symmetric Chiral
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Spiropyridines, a novel series of C,-symmetric ligands, can be obtained in moderate yields by means of Co(l)-catalyzed double cocyclization
between bis-alkynenitriles and alkynes. This one-step method allowed the first synthesis of the interesting 7,7'- and 8,8'-spyropyridines from
acyclic precursors.

The rational design and synthesis of novel chiral ligands for biaryls means that any conformational change must neces-
catalysis of asymmetric reactions is currently a major focus sarily involve distortion of the entire molecule, not merely
of attention in synthetic organic chemistriaryls, most rotation about a single boridThis latter property is a
notably 1,1'-binaphthalene phosphane derivatives, occupy apotentially useful attribute of chiral catalysts (since it should

prominent position amon@,-symmetric chiral auxiliaries
and ligands for asymmetric synthesBy contrast, spiranes,
which also have axial chiralifyand possess a quaternary
center that makes their racemization virtually impossible,
have scarcely been used in ligand design.addition, the
major rigidity of its framework compared to that of the

T Initial results were presented at OMCOS 10, Versailles, July 1999.
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blocks for the construction of chiral macromolecules such remarkable that it was possible to assemble the skeleton of

as metallacyclic polygons and polyhetiemd polymers. this interesting novel type ofC,-symmetric spirocyclic

In this paper we report a one-step synthesis of the novel compound in only one step from acyclic starting materials.
Co-symmetric spirocyclic 7,7'- and 8;8icycloalka[b]py- In an effort to improve the yield od4a and minimize the
ridines (4and5), hereafter 7,7, 8,8-spiropyridines, respec- amount of byproduct, we used milder conditions (atmo-
tively, by Co(l)-catalyzed [2+ 2 + 2] cycloadditiorf spheric pressure and room temperature) and the more active
between bis-alkynenitriles (malononitriles and 2) and catalyst CpCo(gH,)>,*® but unfortunately, the reaction yield
alkynes3 (Schemes 1. was lower §a, 21%;6, 11%)1® When typical Co(l)-catalyzed

cycloaddition conditions were used (irradiation, in a sealed
tube, of a boiling toluene solution of saturated with
acetylene and containing 30% CpCo(G@3 catalysty,the
yield of 4awas even worse (7%). To explore the versatility
of the above method for preparing other'7spiropyridines,
we performed CpCo(CQ@xatalyzed [2+ 2 + 2] cycload-

Scheme 1. Co(l)-Catalyzed Double Cocyclization between
Bis-Alkynenitriles1 and 2 and Alkynes3

]
\ 2, Coll) ditions between bis-alkynenitriteand other alkynes. Double
m o+ | ——— cocyclization betweefh and bis(trimethylsilyl)acetyleneb,
NC” CN 2 [2+242] used as cosolvent) produced a 33% yield of the expected
3 (£)-7,7'-spiropyridine 4b. Irrespective of the electronic
; 22 a R'= R%= H ,']:;: g nature of the substituents, when the quantity of alkyne partner
b, R'= R%= TMS was reduced to 2 or 3 equiv, the yield of the reaction
¢, R'= R2= Ph dropped: under these conditions diphenylacetylede), (
d, R'= R%= COMe DMAD (3d), and 1,4-bis(trimethylsilyl)-1,3-butadiyn8¢)
e R'=TMS: R= =—TMS afforded the £)-7,7'-spiropyridinesic, 4d, and4e in 9%,

7%, and 8% yields, respectivelySimilar results were found
when the bis-alkynenitril@ was used: double cocylization
between?2 and3b (as cosolvent) oBe (2 equiv) gave £)-
8,8'-spiropyridines5b and 5e in 32% and 6% yields,
respectivelyt® The moderate or low yields of these reactions
may be due to thgem-dinitrile unit of malononitrile4 and

2 reducing the donor character of the nitrile, disfavoring
stabilization of the cobaltacycle intermediate.

Finally, our first test of formation of coordination com-
plexes with 7,7'-spiropyridines was promising since (+)-4a
almost quantitatively gave the tetracoordinate complex
[CUL,] as a diastereomeric mixtur&,(obtained as pale
yellow crystalls of the hexafluorophosphate salt) when

I [Cu/(CHACN)]PR; was added to solution of)-4ain CHy-

Cl, at room temperature (Figure 2). A salient feature of its

The bis-alkynenitrilesl and 2 were easily prepared by
dialkylation of malononitrile with tosylates of the corre-
sponding alkyn-1-ol§.Gratifyingly, we found that double
cocyclization between bis-alkynenitrileand acetylene3g),
catalyzed at 2.3 b#t by 30% CpCo(CODY in toluene!?
took place in a 32% yield to give the desiredt){7,7'-
spiropyridineda ! Dipyridine 6 was also obtained, in 14%
yield, as a byproduct originated by multiple cocyclization
(Figure 1). The'H NMR spectrum of 4a showed a
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Figure 1.

characteristic series of four well-resolved multiplets corre- 7
sponding to each one of the diastereotopic aliphatic hydro- Figure 2.

gens of the molecule. The two enantiomerdafvere easily
separated by HPLC using a Chiralcel OJ coluthiit is

IH NMR spectrum in CDGl is the deshielding of the
(9) For preparation of bis-alkynenitrile it was necessary to add 2.5 hydrogen para to the nitrogen, which appears at 7.6 ppm vs
equiv of Nal. See Supporting Information. 74 in the f I d
(10) Other pressures, whether higher (5.3 bar) or lower (1.2 bar), gave ‘- ppm in the free ligand. ]
poorer yields of4a (20% and 9%, respectively). To sum up, we have developed the first method for
(11) King, R. B.; Treichel, P. M.; Stone, F. G. A. Am. Chem. Soc. i ; _ T
1061, 83, 35933597, synthesizing a novel series @,-symmetric ligands, the
(12) A similar set of conditions has previously been used to prepare
pyridines from nitriles and acetylene. See: Chelucci, T8trahedron: (13) All new compounds gave satisfactory analytical and spectroscopic
Asymmetn1995,6, 811—826. data.
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