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A new spirocyclic diol, 9,9 '-spirobixanthene-1,1 '-diol, was synthesized in two steps from readily available starting material m-phenoxyanisole.
Resolution of the racemic diol was achieved by cocrystallization with N-benzylcinchonidinium chloride and  N-benzylquininium chloride in

acetonitrile. The corresponding spiro monodentate phosphoramidite ligand has been prepared for Rh-catalyzed asymmetric hydrogenation of
o-dehydroamino acid derivatives and itaconic acid with excellent enantioselectivities (up to >99% ee).

Transition-metal-catalyzed enantioselective hydrogenation ismonodentate ligands can be effective for asymmetric hy-
a powerful strategy to synthesize chiral substances from drogenation. For example, MonoPhos has been prepared from
unsaturated starting materidlsSince DIOP ligand was BINOLS? and led to excellent enantioselectivities in Rh-
discovered by Kagan in 1971a large number of bidentate catalyzed asymmetric hydrogenation af and S-dehy-
ligands, especially those diphosphine ligands v@thsym-
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Figure 1. 9,9'-Spirobixanthene-1,1'-diol (3).
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enamides? Using 1,1-spirobiindane-7,7-dié1,Zhou et al.

have prepared a series of spiro monodentate phosphoramidite

ligands (SIPHOS), and good to excellent refdishave
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been achieved in asymmetric hydrogenation reactions. Duringprotection with removable substituents on the positjoas
the past few years, our group has examined a variety of to the methoxy groups in the aromatic ring before cyclization

readily available ligands with conformational rigidityin
searching for new structural motifs, we found that'9,9
spirobixanthene was first synthesized in the 193@sd no

occurs?®On the other hand, there is no competing cyclization
in method b. Therefore, it is a preferred strategy to construct
the designed spirocyclic molecule.

further attempts had been made to assemble functional groups  Starting from 3-phenoxyanisolg)(*! the symmetric ketone

onto its aromatic ring%®° We therefore modified this
spirocyclic framework into a neWZ,-symmetric 9,9'-spiro-

bixanthene-1,1'-diol (3, Figure 1), which possesses a larger

biting angle and more rigid coordinating structure than
BINOL.® This new spirocyclic diol3 is among the most

accessible (two-step synthesis) diols reported to date and ca

be practical for many applications. Herein we report the facile
synthesis and resolution & To demonstrate its potential

role in asymmetric catalysis, spiro monodentate phosphor-

amidite ligand4 was prepared, which exhibited excellent

enantioselectivity (up to 99% ee) in Rh-catalyzed asymmetric

hydrogenation ofa-dehydroamino acid derivatives and
itaconic acid.
The original synthesis of 9;%pirobixanthen® involved

the reaction of a Grignard reagent with xanthenone to form
a tertiary alcohol. Subsequent cyclization in the presence of
acetic acid produced the spiran molecule. Considering the

C,-symmetric structure 08, we envisioned double cycliza-
tion of ketoné®would be a more efficient approach. Among

the two possible ways (Scheme 1) to disconnect the spiro-

2 was prepared in a moderate yield by linking 2 equiv of
lithiated 1 with methyl chloroformate (Scheme 2). Further

Scheme 2. Synthesis of Chiral Monodentate Spiro Ligand via
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aReagents and conditions: (a) ()}BuLi, THF, —78 °C, (ii)

CICO,CHj3, THF, —=78°C; (b) (i) AICI3, toluene, reflux, (ii) concd
HCI, reflux; (c) (i) N-benzylcinchonidinium chloride, acetonitrile,

cyclic backbone into its ketone precursor, method a requires(ii) N-benzylquininium chloride, acetonitrile; (d) hexamethylphos-
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J.-H.; Zhou, H.; Wang, L.-X.; Zhou, Q.-LAngew. Chem., Int. EQ®002,
41, 2348. (d) Zhu, S.-F.; Fu, Y.; Xie, J.-H.; Liu, B.; Xing, L.; Zhou, Q.-L.
Tetrahedron: Asymmetr3003,14, 3219. (e) Fu, Y.; Guo, X.-X.; Zhu, S.-
F.; Hu, A.-G.; Xie, J.-H.; Zhou, Q.-LJ. Org. Chem2004,69, 4648.
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Longmire, J.; Zhang, XJ. Org. Chem200Q 65, 6223. (d) Tang, W.; Zhang,
X. Angew. Chem., Int. E®002,41, 1612. (e) Tang, W.; Wang, W.; Chi,
Y.; Zhang, X.Angew. Chem., Int. E003,42, 3509.
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(9) During the course of our work, synthesis and resolution of-9,9
spirobifluorene-1,tdiol was reported by Zhou et al. in a six-step
synthesis: Cheng, X.; Hou, G.-H.; Xie, J.-H.; Zhou, Q.@rg. Lett.2004,
6, 2381.
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phorus triamide, toluene, reflux.

treatment of2 with an acid was expected to produce the
spiran precursob. However, several acidic reagents,{H
SOy, HCI, polyphosphoric acid, acetic acid, and trifluoro-
acetic acid) have been tested, and none of them can lead to
the desired product. Interestingly, when we tried AJ@rget
molecule3 was formed directly? As a Lewis acid, AIC}
can promote not only FredielCrafts alkylation but also
deprotection of methyl ether. That accounts for the direct
formation of3 from 2 in one pot.

To obtain enantiomerically purg, cocrystallizatiok® of
racemic3 with chiral resolving reagents has been extensively

(11) Oliveira, A. M. A. G.; Raposo, M. M. M.; Oliveira-Campos, A. M.
E.; Griffiths, J. Machado, A. E. HHelv. Chim. Acta2003,86, 2900.
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Table 1. Rh()/(R)-4-Catalyzed Asymmetric Hydrogenation of
a-Dehydroamino Acid Derivatives and Itaconic Atid

COOCHs [Rh(nbd),]BF 4/(R)-4 *COOCH3
R NHAC H» (25 psi) R NHAc
7 8
entry substrate ee (%)° configuration®
1d R=H 98.2 S
2 R =Ph 98.4 S
3 R = p-F-Ph 99.9 S
4 R = p-CI-Ph 99.1 S
5 R = 0-CI-Ph 99.3 S
6 R = m-Br-Ph 99.8 S
Figure 2. ORTEP representation of molecular complex crystal of
(R)-3and6. 7 R = 2-naphthyl 99.8 S

studied. The most efficient reagent was found to Nbe 9

benzylcmchqnldlnlum Cth_ﬂddSO, WhICh can p_re_C|p|tate as aRefer to the Experimental Section for details. All hydrogenation
cocrystals with one enantiomer 8fin acetonitrile. X-ray reactions were performed with 0.1 mmol substrate and 0.001 mmol in situ

diffraction of a single crystal grown from the precipitate Prepared [Rh(nbd)BF4/(R)-4in CHCl, at room temperatur@}, = 25psi.
led larl ked | | lex3@ind 6 100% conversion was observed within 12PiDetermined by chiral GC
revealed a regularly packed molecular compile (Chirasil-VAL Ill FSOT). ¢ The Sabsolute configuration was assigned by

in 1:1 molar ratio (Figure 2). Based on the crystal structure comdparisor} of optiﬁal rotation with rep(ért?]d da’ig'-HF/CHZCb (S:dl) was i
: : : : used as solvent. The ee was measured through its corresponding methy

of 6, the absolu.te configuration 8fis §SS|gned aR). The ester (chiral GC, Gamma Dex-225).

other (S) enantiomer & can be obtained from the mother

solution by cocrystallization witiN-benzylquininium chlo-

ride. favorably to those obtained with other monodentate phos-
To demonstrate the utilities of the spirocyclic diol, we have phorus ligands (e.g., Monophos, 97%%8&|PHOS, 94.7%
prepared monodentate phosphoramidite derivadvéor ee”).

asymmetric hydrogenation reactions. Following the procedure In conclusion, we have developed a n€ysymmetric

of Monophos synthesfs, (R)-4 was prepared by reacting spirocyclic diol as a rigid motif for asymmetric catalysis.
(R)-3 with hexamethylphosphorus triamide (HMPT) in Initial studies on its corresponding monodentate phosphor-
refluxing toluene. Then a series ofdehydroamino acid  amidite ligand showed excellent enantioselectivities in Rh-
derivatives7 were explored as substrates in hydrogenation catalyzed asymmetric hydrogenatioroetlehydroamino acid
reactions. The results (Table 1, entries7) confirm excel- derivatives and itaconic acid. With this distinct and readily
lent enantioselectivities of as a monodentate phosphor- accessible structural motif, various transition-metal-catalyzed
amidite ligand in Rh-catalyzed asymmetric hydrogenation asymmetric reactions can be realized.

reactions of dehydroamino acid derivatives (up-@9% ee).
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