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ABSTRACT

9,9'-Spirobifluorene-1,1'"-diol (SBIFOL) was conveniently synthesized from 1,2-dibromobenzene and 3-bromoanisole in high yield. Both enantiomers
of SBIFOL were obtained in 99% ee by inclusion resolution with 2,3-dimethoxy-N,N,N’,N'-tetracyclohexylsuccinamide. The absolute configurations
were determined by X-ray analysis of a single crystal of molecular complex.

Molecules with a 9,9spirobifluorene backbone are unique need to be introduced into 9;8pirobifluorene at the 1 and

in rigidity and have a wide range of applications in molecular 1' positions, i.e., in the “bay region”. For this purpose,'9,9
electronics, light-emitting materialg, enantioselective mo-  spirobifluorene-1,%diol is a good starting point because the
lecular recognitiorf, and other areas.However, to our OH groups can be easily converted to other coordinating
knowledge, chiral ligands with a 9;8pirobifluorene back-  groups® However, although 9)Spirobifluorene-2,2diol was
bone for asymmetric catalysis have not yet been reported.already reported by Prelog in 1978,9-spirobifluorene-

To form efficient chelating ligands, the coordinating groups 1,1'-diol is still an unknown compound. In this paper, we
describe the synthesis and optical resolution of-§gfro-
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Scheme 1. Synthesis of 9,9Spirobifluorene-1,tdiol through Scheme 2. Synthesis of 9,9Spirobifluorene-1,tdiol through
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lez bifluorene compoun® in 73% vyield at 46-50 °C for 5 h,
Br and the workup of the reaction mixture was very simple.

Br
Having the key intermediat8 at hand, the following
OMe . OMe debromination by Pd/C-catalyzed hydrogenation and the
MeO ' ' demethylation by tribromoboron were easily achieved using
Q Q Meo Q standard condition8. The target molecule, 98pirobi-
9

Brog fluorene-1,1-diol (13), was finally obtained in 27% overall
yield from dibromobenzene.

Inclusion crystallization is an effective method for the
separation of enantiomers of racemic chiral compounds and
is much simpler than traditional diastereomeric resolutfon.

lithium reagent tdb produced alcohob. Compound6 was

so unstable under the bromination conditions that it dehy- ) ) ) ) o
drated immediately to offer the desired '9spirobifluorene The cho.|cg of chiral hOSt,'S most. |mport.an'_c for qch|evmg
compound8 and byproduct9 in a 1:3 ratio® Because differentiation between diastereoisomeric inclusion com-

byproduct9 could not be converted to the desired compound plexes formed in resolution. After screening different chiral
8 and was also not easy to separate from compdina resolving reagents, 2,3-dimethokyN,N,N'-tetracyclohexyl-

vingt - .
very low overall yield can be expected in the preparation of Succinamide14)”was found to have the greatest potential

9,9-spirobifluorene-1,1diol by this separated ring-closing " the resolution of 9,9spirobifluorene-1,diol (13). When
method. (2R,3R)-14 and racemic diol3, in a molar ratio of 1:1, were

To avoid unwanted ring-closing compounds and to facili- dissolved in ethanol at rt, a white precipitate appeared after

o . a few minutes. This slurry was stirred overnight, and crystal
tate the purification of product, a new strategy was designed complexes were collected by filtration. The decomposition
as shown in Scheme 2. The Kumada coupling prodlweas P y ' P

treated withn-BuLi and reacted with 0.5 equiv of dimethyl of the inclusion complex wit 1 N NaOH gave £)-13 in

0, i i i 0
carbonate to produce ketod® in 70% vyield. This ketone 85% y|eld '(based on one enantlomer.) in 80% ee. The
: . . : enantiomeric excess ofH)-13was further increased to 99%
was brominated with NaBr in the presence afdto give

dibromoketonellin a quantitative yield. The brominations by repeating the procedure of inclusion crystallization as
' i I 0,

took place exclusively para to the @Bl groups. In the ring- ;nbegt:]oen deg aitr)m(c);}/ues'ioTnh?ef;32321:3(53(3?3? ee) was

closing step, PPA was initially tested to cyclize ketdrie y g '

and 9,9-spirobifluorene compound was produced in 50% (11) (@) Birman, V. B.; Rheingold, A. L.; Lam, K.-CTetrahedron:
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; .; Zhou, Q.-L.Tetrahedron: Asymmetr2003 14, 3219.
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F.; Tanaka, K.; Stein, Z.; Goldberg, J. Org. Chem1994 59, 5748. (e)
Toda, F.; Tanaka, KChem. Communl997, 1087. (f) Ding, K.; Wang,
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Figure 1. Crystal structure of the molecular complex &){13
and (R,3R)-14.

To determine the absolute configurations of dia a
single crystal of the molecular complex was prepared from
ethanol and subjected to X-ray diffraction analysis. The
perspective view of the molecular complex is shown in
Figure 1'*In the crystal, each block was constructed of one

Org. Lett., Vol. 6, No. 14, 2004

(2R,3R)-14 and one ¢)-13through a hydrogen bond between
the hydroxy group of the diol and the carbonyl group of the
amide. The blocks were linked by ethanol as a bridge in a
zigzag manner. The length of the hydrogen bond between
the diol and the carbonyl of the amide ®HD was 1.82 A
and the angle of the bonds-@®---O was 173, which
indicated the existence of a strong hydrogen bond in the
block. The two hydrogen bonds held by ethanol were 2.10
A long and the two G-H-:-O angles were 179and 150,
respectively. These two hydrogen bonds kept the super-
molecule big enough to precipitate out of ethanol. The
absolute configuration of+)-13 was assigned to b&
unambiguously by relating it to the configuration oR3R)-

14.

In conclusion, we have developed a new strategy toward
the synthesis of 9'Spirobifluorene-1,tdiol with continuous
ring-closing as a feature. The enantiomers of-8@robi-
fluorene-1,1-diol were obtained by inclusion resolution. This
new member of the 9'Spirobifluorene family will provide
a potential backbone for chiral ligands and synthetic material.
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(14) Crystal data for Q)-13-(2R, 3R)-14-EtOH]: Cs7H7aN207, M, =
899.18,T = 293 K, radiatior= Mo Ka, 1 = 0.710 73 A, crystal dimensions
= 0.22 x 0.20 x 0.18 mm, monoclinic, space groli2(1),a = 9.718(3)

A, b=25585(8) Ac=11.268 (4) AV = 2561.0(14) R, Z = 2, 8644
unique reflectionsR; = 0.0687. For crystallographic data for the structure,
see the Supporting Information.
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