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ABSTRACT

Bis-BINOLs 7a—c in which two BINOL units are tethered by phenylenebis(ethynyl) groups react with titanium tetraisopropoxide (2 equiv) to
form intramolecular dimeric titanium(V) aggregates 2a—c. Of these, 2a,b with an o-phenylenebis(ethynyl) tether are stable in the presence of
excess titanium tetraisopropoxide. Complex 2a exhibits a relatively high enantioselectivity in asymmetric addition of diethylzinc to an aldehyde.

Titanium complexes of 1,1'-bi-2-naphthol (BINOL) and its by X-ray crystallography.However, its structure in solution
derivatives have been employed as enantioselective catalystsemains elusive owing to the kinetic lability of titanium
in a number of useful asymmetric process&espite their alkoxide ligands. Moreover, the aggregation phenomenon
importance in asymmetric catalysis, there is little information hampered the identification of an active catalyst structure in
regarding the structures of these titanium compléXedf the enantioselective reactiohs.

these, (BINOLate)Ti(O-i-Pp)and their derivatives are rela- Introduction of a proper tether between two BINOLate-
tively well-characterized. The solid-state structure of trimeric Ti units would stabilize a dimeric aggregate structure,
aggregate [(BINOLate)Ti(@-Pr)]s, with one six-coordinate  allowing us to study the enantioselectivity of the dimeric
and two five-coordinate titanium centers, has been establishedorm. Such a bis-BINOLate-Ficomplex would also serve
as a starting point for the development of well-characterized
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Catalytic Asymmetric Synthesis, 2nd ed.; Ojima, I., Ed., John Wiley and ; i i ; _
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the application of compleRa as a catalyst to asymmetric

addition of diethylzinc to an aldehyde. Scheme 2. Preparation of Bis-BINOLFa—c
For the molecular design of bis-BINOL ligands appropriate

[
to a titanium(lV) dimeric aggregate, we started from the OO OO
e omom OMOM

X-ray structure of [(3,3'-MgBINOLate)Ti(O-i-Pr}], (1) _° .
reported by Heppert et al. (Scheme?1)The structure OO OMOM OO OMOM
R R

Scheme 1. Molecular Design for Bis-BINOL Ligands

6a-c: R' = MOM a; Ar=0-CgHy, R=H
¢ b; Ar=0-CgHy, R=Me

7a-c;R'=H ¢; Ar=m-CgHy, R=H

aConditions: (a) (1}-BuLi, THF, (2) I; (b) o- or m-(HC=C})-
CeHs, Pd(PPB)4, Cul, EgN, benzene, 60°C; (c) for 6a,b,
concentrated HCIl, MeOHCHCL;, 70°C; For6c, MesSiBr, CH,Cl,,
room temperature.

0-Bis-BINOL 1a was treated with titanium tetraisopro-
poxide (2 equiv) in CHCI, at room temperature, and the
resulting orange solution was concentrated in vacuo. At 25
°C in CDCk, the'H and3C NMR spectra of the residue
showed sharp signals that are consistent with the formation
of o-bis-BINOLate-Tj 2a of C,-symmetric intramolecular
dimeric aggregate structug®\.*° Thus, for example, kland
Ha protons appear as a singlet (2H)@8.20 (Figure l1a).

suggested that linkage of the two BINOLate units at the
3-positions is promising as shown in struct@réWVe chose

o- and m-phenylenebis(ethynyl) group3a,b as tethers

because of their rigid structure, as well as the sterically less”

demanding character of the ethynyl moiety.
Phenylenebis(ethynyl)-tethered bis-BINOZa—c were

prepared in a convergent manner by a three-components
coupling reaction under Sonogashira reaction conditions

(Scheme 2J.Thus, directed lithiation ofR)-BINOL deriva- | b |
tive 4a with t-BuLi in THF followed by treatment withl )

gave iodidebain 71% yield. Reaction oba (2 equiv) and l

o-diethynylbenzene in benzene andNEin the presence of

Pd(PPh)4 (10 mol %) and Cul (20 mol %) afforded the
corresponding three-component coupling prodact79%), Haa o

which was then hydrolyzed under acidic conditions to give l | I ] ]
0-bis-BINOL 7a in 91% yield. 0-Bis-MeBINOL 7b was : : : : L. Ll
synthesized frordb® in 52% overall yields via a route similar § ! s 5o !
o that for7a. Three-component coupling_ reaCtion@ (2 Figure 1. H NMR spectra ob-bis-BINOLate-Tj 2a(0.06 M) in
equiv) and m-diethynylbenzene gavéc in 91% yield. CDCl;. (a) After removal ofi-PrOH. (b—d) Titration of7a by

Treatment of6c with concentrated HCI gave a complex ianium tetraisopropoxide for the ratio 1:2 (b), 1:4 (c), and 1:12
product mixture, probably as a result of the instability of (q).

them-phenylenebis(ethynyl) moiety under acidic conditions.
Deprotection of the MOM groups was successfully ac-
complished with MgSiBr® to furnish m-bis-BINOL 7c in The spectrum shows twoPrO methyne resonances (2H
77% vyield. each) atd 4.09 and 4.64 and four diastereomeirPrO

5060 Org. Lett., Vol. 5, No. 26, 2003

| i A i

|58
:

3




methyl doublets ab 0.80, 0.81, 0.85, and 0.96. Notably, H  dimeric complexes2b and 2c, respectively? For 2b,
and H, protons of2a resonate at higher field @t 6.04 (d, behavior in the'H NMR titration experiment was almost
2H). The high field shift of i proton can be rationalized similar to that for2a except that even a 1:1 mixture @b
by the shielding influence from the naphthalene ring A’.  and titanium tetraisopropoxide showed the formatiolof
together with a free ligandb (Figure 2). In comparison with

z N\,
O—Ti—0
/
o 7 9
(o] Ti—O
Wiy i
ORR

A

(Hy) (Hp)

2a; Ar=0-CgHy, R=H,R'=i-Pr
2b; Ar=0-CgHy4, R=Me, R'=i-Pr
2c; Ar=m-CgHy, R=H,R'=i-Pr

82 81 8 19 18 11 16 15 14 13 12 711
ppm

Figure 2. H NMR titration of o-bis-MeBINOL 7b (0.03 M) in
CDCl; by titanium tetraisopropoxide for the ratio 1:0 (a), 1:1 (b),
and 1:2 (c).

2a,b, m-bis-BINOLate-Ti complex2c is prone to intermo-
lecular aggregation with excess titanium tetraisopropoxide.
In a similar NMR titration experiment by 4 equiv of titanium
tetraisopropoxide (Figure 3¢ was partially converted to

TheH NMR spectrum of a CDGlsolution of bis-BINOL
7a and titanium tetraisopropoxide (2 equiv) also showed a
set of resonances derived frata and freei-PrOH (Figure
1b). In the presence of titanium tetraisopropoxide, (BINO-
Late)Ti(O-i-Pr} is known to form intermolecular aggregate
(BINOLate)Ti(0O-i-Pr).112In contrast to this, théH NMR
signals of complexX2a were invariant with up to 10 equiv
excess of titanium tetraisopropoxide (Figure 1c,d). These
observations clearly show the stabilization of the dimeric ML
aggregation form by introduction of the-phenylenebis-
(ethynyl) tether. B

By treatment with titanium tetraisopropoxide (2 equiv) and
removal ofi-PrOH in vacuop-bis-MeBINOL 7b andm-bis-
BINOL 7c also afforded the corresponding intramolecular

(6) For structurally related bis-BINOLs and their use as ligands for chiral 2 i
catalysts, see: (a) Vogl, E. M.; Matsunaga, S.; Kanai, M.; lida, T.; Shibasaki, :
M. Tetrahedron Lett.1998, 39, 7917. (b) Ishitani, H.; Kitazawa, T.;
Kobayashi, STetrahedron Lett1999,40, 2161. (c) Matsunaga, S.; Das,
J.; Roels, J.; Vogl, E. M.; Yamamoto, N.; lida, T.; Yamaguchi, K.; Shibasaki,
M. J. Am. Chem. So@000,122, 2252. (d) Matsunaga, S.; Kumagai, N.; 85 3 75 7 55 3
Harada, S.; Shibasaki, M. Am. Chem. So2003 125 4712. (e) Kumagai, pow
N.; Matsunaga, S.; Kinoshita, T.; Harada, S.; Okada, S.; Sakamoto, S.;

Yamaguchi, K.; Shibasaki, MJ. Am. Chem. So2003 125 2169 and Figure 3. H NMR titration of m-bis-BINOL 7c (0.06 M) in CDC}
references therein. (f) Sekiguti, T, lizuka, Y.; Takizawa, S.; Jayaprakash, py titanjum tetraisopropoxide for the ratio 1:2 (a), 1:4 (b), and 1:12
D.; Arai, T.; Sasai, HOrg. Lett.2003,5, 2647. (©)

(7) (a) Sonogashira, K.; Tohda, Y.; Hagihara,Tétrahedron Lett1975 '
4467. (b) Sonogashira, K. IMetal-Catalyzed Cross-Coupling Reactions;
Diederich, F., Stang, P. J.; Eds.; Wiley-VCH: Weinheim, Germany, 1998;
p 203. a complex that could be assignedmnasis-BINOLateTi(O-

8) Compound4b was prepared in 76% vyield froma by successive . . . .
tregtﬂnem \,Bitht_BuLi and Rﬂeﬁ 0y y i-Pr)io. This complex became a main component in the

(9) Huffman, J. W.; Zhang, X.; Wu, M.-J.; Joyner, H. H.; Pennington, presence of 12 equiv total of titanium tetraisopropoxide
W. T.J. Org. Chem1991,56, 1481. (Figure 3c)

(10) Molecular modeling and energy minimization were conducted using 9 ’
AM1 (AM1-d parameters for Ti) method within CAChe 5.04 package
(Fujitsu L.T.D., 2003). (12) High field shifts of a methyl singlet(1.13) and a Ig doublet (6

(11) Mori, M.; Nakai, T.Tetrahedron Lett1997,38, 6233. 5.82) were observed f@b and2c, respectively. See Supporting Information.
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0-Bis-BINOLate-T} complex2a as a catalyst was exam-
ined in prototypical diethylzinc addition to benzaldehyde (eq
1, Table 1)+11.1314 According to the reaction conditions

Table 1. o-Bis-BINOLate-Tj (2a)-Catalyzed Asymmetric
Addition of EtZn to Benzaldehyde
o} 2a, Ti{O--Pr),

A

OH

A 0
Ph

Ph H + Etzzn

0°C, CH,Cl,

entry 2a (mol %) Ti(O-i-Pr)4(equiv) conversion? (%) eeb (%)

1 20 0.8 >98 85
2 20 0.4 >98 84
3 20 0.2 >98 87
4 10 0.9 >98 88
5 2 1.0 >98 81

apDetermined by GCP Determined by HPLC using a Chiralcel OD
column.

reported for (BINOLate)Ti(Q-Pr),'t*3reactions were car-
ried out by using 2 equiv of diethylzinc in GBI, at 0°C

for 19 h in the presence of excess titanium tetraisopropoxide.
With a catalyst load of 10 mol %2a exhibited high
enantioselectivity comparable to that reported for (BINO-
Late)Ti(O-i-Pr) (entry 4)1%1315Even at 2 mol % catalyst
loading, the reaction proceeded smoothly with slightly
diminished enantioselectivity (entry 5). In the previously

(13) Zhang, F.-Y.; Yip, C.-W.; Cao, R.; Chan, A. Setrahedron:
Asymmetry1997,8, 585.
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reported asymmetric alkylation reactions, more than 1 equiv
of titanium tetraisopropoxide was usually employed for
obtaining high turnover frequencies and high enantioselec-
tivity. The use of a reduced amount of titanium tetraisopro-
poxide, as low as 0.2 equiv, in the reaction catalyze@&y
turned out to give similar level of selectivity (entry 3).

In summary, we have demonstrated that phenylenebis-
(ethynyl)-tethered bis-BINOLZa—c form intramolecular
dimeric aggregatea—c, whose solution structures were
characterized by NMR spectroscopy-Bis-BINOLate-Tp
2aexhibited high enantioselectivity in asymmetric ethylation
of benzaldehyde even at low catalyst load and in the presence
of a small excess of titanium tetraisopropoxide.
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