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Synthesis and Properties of Optically Active Organoantimony Compounds
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The chemistry of chiral ligands for transition metal-catalyzed asymmetric reactions is an interesting research field in
synthetic chemistry and has recently been the focus of much attention. Although a number of chiral ligands containing
phosphorus (P) and arsenic (As) have been widely studied and are well documented, asymmetric reactions with optical-
ly active organoantimony compounds have not been reported so far. We are interested in the synthesis and utilization of
optically active organoantimony compounds for asymmetric synthesis. We present here the synthesis and resolution of
Sb-chiral and C,-symmetric compounds containing antimony as well as their physical and chemical properties. Resolu-
tion of (=+)-1-phenyl-2-trimetylsilylstibindole (1), Sb(R/S)-(aryl) [2-(S)-(1-dimethylaminoethyl) phenyl] (p-tolyl)
stibane (9), and (%) -2,2’-bis (diarylstibano) -1,1"-binaphthyl (13) can be achieved by the separation of a mixture of the
diastereomeric antimony-palladium complexes. The optically pure Sb-chiral stibanes (1, 9) isolated here were optically
stable, and no racemization on the chiral antimony center was observed even when they were heated under a neutral or a
basic condition. Single-crystal X-ray analysis of Sb-chiral triarylstibane 9b-B revealed the presence of an intramolecular
interaction between the antimony and nitrogen atoms. The optically active BINASb (13) can be used as powerful chiral
ligand for the palladium-catalyzed asymmetric allylic alkylation of racemic 1,3-diphenyl-2-propen-1-yl acetate with
dimethyl malonate. We also report the synthesis, molecular structure, and fluxional behavior of the (R) - (—)-7-p-tolyl-
dinaphtho [2, 1-b; 1”,2"-d]stibole (21¢) which is the first isolated example of optically active C,-symmetric group 15
dinaphthoheteroles.

Key words——optically active organoantimony; Sb-chiral; BINASD; diastereomeric palladium complex; dinaphtho-
heterole; fluxional behavior
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BENTNGZ 7 2B, AIEIL I O, 9¢ DI
ZENCHE#TH o7 (Chart 2, Fig. 1).
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EMS 9IIHME RO EMESMAT, Sb Eox> Y Fig. 1. Molecular Structure of the Triarylstibane 9b-B
)l/’ﬁ[iw@ @ﬂ‘liﬂ_’, %E ha é fci blﬁiﬁfg{té\fw.@ 35 2 All hydrogen atoms were omitted for clarity.
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Chart 2
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Chart 3
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OAc (R/S)-BINASb Me0,C.-CO;Me
[PA(C;H5)CI],
N * =\
CHz(COzMe)z
base
15 16
Chart 4
Table 1. Palladium—Catalyzed Asymmetric Alkylation of 15 with BINASb (13a, b)?

No. Ligand Base Additive? Solvent Temp. hr % E.e. %9
1 (R)-13a NaH — THF 50°C 30 56 74(S)
2 (R)-13a ZnEt, — THF rt 24 — —

3 (R)-13a BSA AcOK THF rt 24 37 85(S)
4 (R)-13a BSA AcOK CH;CN rt 24 33 84(S)
5 (R)-13a BSA AcOK CH,Cl, rt 24 70 96(S)
69 (R)-13a BSA AcOK CH,Cl, rt 24 68 81(S)
(R)-13a Cs,CO; — CH,Cl, rt 24 64 80(S)

(S)-13a BSA AcOK CH,Cl, rt 24 73 93(R)

(R)-13b BSA AcOK CH,Cl, rt 24 73 84(S)

10 (R)-BINAP BSA AcOK CH,Cl, rt 24 48 49(S)

a) The ratios of allyl acetate, dimethyl malonate, base, ligand and [Pd (C;H;) Cl], in entries 2—10 were 1 : 3 : 3 : 0.04 : 0.02, and other 1 : 1.5 : 1.2 : 0.04 :
0.02. b) Additive 0.02 mol eq. ¢) Isolated yield. d) The optically purity was determined by HPLC (Daicel Chiralpak AD-H). e¢) Pd cat. : ligand=1 : 2.

?
Ph
i'“‘i st ci
Spg”
P2RaN
b ©l
| "Ph
Ph
(R)-17

Fig. 2. ORTEP Drawing of 17
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(a)

Fig. 3. Molecular Structure of (£)-21c

(b)

(a) Front view, selected bond distances (A) and angles (°): C(6a)-Sb(7) 2.116(9), C(7a)-Sb(7) 2.128(8), C(19)-Sb(7) 2.161(7), C(13b)-C (13¢) 1.504(9),
C(6a)-Sb(7)-C(7a) 80.5(3), C(6a)-C(13¢c)-C(13b)-C(7a) 21.1(8), C(13a)-C(13b)-C(13¢)-C(7d) 37.6(9). (b) Side view.
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Fig. 4. Variable Temperature 'H-NMR Data of Aromatic Region of (+)-21¢ in DMSO-dj
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Me
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Chart 7
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LT, HAKZHED AMSb-Cr sk (26) 23755
N5Z2&xHRHLTWS (Chart 7). B 5N /=
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DRI EBD T AT VAR —REWITHEET S Z
ETCHEGITNFSEINTREL RS, 2) Sb LOF T
VDSBS B ZEICHEET S, 3) BINAP
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MEICILE ST, AHEARGEER EISATRER T
TN KA ERETE D T OMEZIEML T E
FNEZEZTNSD,

BT AHKRF THAS U 7o R FE R R T A B R 25K
FHENEHETHDONZDHOTH O, KA
M, CHiIREERIR D £ U2 EHEREIR IR RS #
BEERLET. 2, XEEEMHT 2% NMR
2 ERELHICDWT THREN NG /sikm e L
THWTWS, TERZSE S —OILIHKRR
i, WoNchB EriE i oS ELE L BT
£9. £k, TUEEEHD ELERRKFEER
HHERAEERE, EEHRFEALARNCZBE
1%, @IRKFREETMAFEE IR L 7
AHECBNTIHHEEELZME BEK, K%
BB NS B D 2 IE L LB L BT £,
AWFFE D —ERISCERRL 2 B A FE B DN IR R
LRI DB E2 Z 1 TIThbNTnW5HDT
HO, BOTHBILHEL EFET.
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