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Abstract: A novel chiral aryldichloroborane catalyst bearing binaphthyl

Ar Ar

skeletons with axial chirality was developed as an asymmetric cataly OO PhNTf, OO
for the Diels-Alder reaction of dienes an¢-unsaturated esters, and oy (1equiv) oH PYC Hz
could be reused as the corresponding boronic acid. In addition, a ne¢ OH  2,4,6-collidine OTf  j-Pr,EtN
convenient method for preparing arylboronic acids from aryl alcohols i: OO ga;}l.zgll\:AP OO EtOH
described. Ar reflux Ar

1a (Ar=H) 2a (90% vyield)

1b (Ar=Mesityl) 2b (60% yield)

1c (Ar=Ph) 2¢ (70% yield)

Spectacular advances have been achieved in recent years in -

enantioselective Diels-Alder reaction of dienes anfl-unsaturated Ar Ar
aldehydes catalyzed by chiral Lewis acidsHowever, there has been OO 1. %‘j‘%‘ 718G OO
relatively less progress in the development of asymmetric catalysts fi OH " OPO(OE),
the reaction witho,B-unsaturated esters as dienophiles because of the 2. CIPO(OEY),
L ag . ; . -78°Cto rt
low reactivities># Alkyldihaloborane is one of the most powerful Lewis A A
r r

acids which can catalyze the latter reacfiof For example, Hawkins ) .
. . . 3a (>99% yield) 4a-c (ca. 90% yield)
and co-workers previously reported an effective chiral 3b (70% yield)
alkyldicholoroborane catalyst prepared by hydroboration of 1-(1- 3¢ (63% yield)
naphthyl)cyclohexene for the latter reaction, which gave higlr

Ar.
enamtioselectivit?.d However, in general, since alkyldichloroboranes 1. Li/naphthalene OO
BOH), HNCHCHOH),

readily decompose to alkanes or alkenes by protonolyssshydride ~100°C, 40 min

elimination, it is difficult to recover them as alkylboronic acids  2.B(OMe);

guantitativel\? In addition, in the preparation of optically active 8.Hal OO
alkyldihaloboranes, optical resolution or asymmetric hydroboration it Ar

required since they involve chiral carbons adjacent to BSERT hus, 5a-c (82-92% ee,

- . . . . ca. 70% yield
the utility of chiral alkyldichloroboranes as strong Lewis acid catalysts yield)

in enantioselective synthesis encouraged us to seek new members of 1 OO o
class which would not have the disadvantages mentioned above. Tt B ’B 1. recrystallization

. . . . . "‘NH T —
paper describes novel and practical chiral aryldichloroborane catalys o] 2. INH,S0, in E,O

7a-c bearing binaphthyl skeletons with axial chirality which can be OO !
reused as the corresponding boronic abs.®

5a (>99% ee)

For the synthesis of optically pure 2-dihydroxyboryl-1,1'-binaphthyl 6a (82% ee)

(5a), (R)-1,1-bi-2-naphthol f{a) was first treated with N- Scheme 1. Synthesis of (R)-2-Dihydroboryl-1,1’-binaphthyl
phenyltrifluoromethanesulfonimide and the resulting monotrif2de Derivatives Sa-c

was subjected to hydrogenolysis to give mon8a{Scheme 1§ After

transformation of the phenolic hydroxyl group to a diethylphospHate, exchange of the anhydrides of boronic acids with trichlorobotaiiae
was treated with lithium-naphthalene and trimethylborate successiveliatter procedure is simpler and more convent@ht.

to give binaphthylboronic acifia® As far as we know, this is a new

method for preparing arylboronic acid from aryl alcohol. Method A
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Unfortunately, slight epimerization &&a was revealed by conversion to 1.BCl, Ar
the (R 4R)-24-pentanediol ester andH NMR analysis or by 1. :\QESXH gi’g?g'f”zc‘z OO
conversion to the pinacol ester and HPLC analysis. Therefore, boronic g, . BCl,

acid 5a was esterified with diethanolamine in 2-propanol, from which 2. purmp on 2. pump on

the boronate estéawas crystallized in good yield. Recrystallization of OO
6a and subsequent hydrolysis with dilute acid readily provided
enantiomerically pureR)-5a. (R)-6,6'-Diarylbinaphthylboronic acids

5b8 and5c® were synthesized frorhb andic, respectively, in a similar ~ Method 8

Ar
7a-c

1. BCl, benzene

manner. azeotropic reflux

. . . . . . 5a¢ —— 8a-c 7a-c
To activate chiral arylboronic acidSac as Lewis acid catalysts, benzene (anhydride 2. pump on
conversion to the corresponding aryldichloroborangsc was azeotropic reflux  of 5a-c)

investigated®10 As a result, two different procedurédethod Aand
Method B were developed as shown in Scheme 2: or@isxchange
of the methanol boronate with trichlorobordrteand the other isia

Scheme 2. Preparation of (R)-2-Dichloroboryl-1,1’-binaphthyl
Derivatives 7a-c
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With these complexega-c in hand, we first explored their asymmetry-

. . e . . . 7a (20 mol%)
inducing ability in the Diels-Alder reaction of cyclopentadiene and /\/O\IH @

methyl acrylate as test materials. The results are summarized in Table CH,Cl, -78 °C
The reaction proceeded smoothly at -78 °C in the presence of 10 mol (8 equiv)

of catalysts7a-c to give the endo-adduct in high yield with >99%

diastereoselectivity. Catalys7b showed the highest asymmetric \(@ LIAH

induction, but even this was insufficient (entry 3). The substituents at th 4 Lb\
6,6’-positions of the catalysts had remarkable effects or @)k

enantioselectivity and absolute stereochemistry. Sterically bulk >99%endo
substituents such as a mesityl group increased enantioselectivity (entn 84% yield 78% ee (2R)
vs. entry 3), while a phenyl substituent inverted the absolut

enantioselectivity (entries 1-3 vs. entry 4). 8 + @ 7a (10 mol%)
CH,Cly, -78 °C

. ) . . 1 equiv)
Table 1. Enantioselective Diels—Alder Reaction of Cyclopentadiene (

with Methyl Acrylate Catalyzed by 7a-c® E
i/
7a-c (10 mol%) 0/\/0 o + 9 (2)

A CoMe  + P — 0
CH,Clp, -78°C 2 P

CO,Me  >99% endo 10

52% yield
catalyst adduct >99% endo
68% ee (2R)

entry 7a-c® method®  yield (%) 4 ee (%)¢ config E
1 7a (82%ee) A 91 51 (62) 2R - OH
B 91 60 2R >oo% o R
3 7b (89% eec) A 92 65 (73) 2R
A

23% yield

LiAlH, ‘ THF

2 7a (>99% ec)

4 Te (92% ee)

“Diels—Alder reaction of methyl acrylate (1 equiv) and cl OO

cyclopentadiene (4 equiv) was carried out in dichloromethane [a CI\B,

dichloromethane to diene ratio of 12:1 (v/v)] in the presence of 10 }

mol% of the catalyst at -78 °C for 12 h. b Optical purity is indicated o0

in parentheses. ¢ See Scheme 2. ¢ Isolated yield. ¢ Determined by N ('
reduction with NaBH,, conversion to the Mosher MTPA ester, and g0~
TH NMR (500 MHz) analysis; values in parentheses are corrected for

the optical purity of 7. / See ref. 3 A (favored) B (distavored)

92 48(53) 28 e

steric repulsion
A

The correlation between the enantioselectivity and the alkoxy moiety ¢
alkyl acrylates in the Diels-Alder reaction with cyclopentadiene
catalyzed by7a was also investigated. Sterically bulky alkoxy groups
lowered the enantioselectivity: 48% &9 {or ethyl acrylate, 11% e&X

for t-butyl acrylate. However, the reaction of ethylene diacryl8je (
which is commercially available, and the following reduction with
lithium aluminum hydride gave endo-5-norbornene-2-methanol witt
78% ee (eq. 1). According to a control experiment (eq. 2), the
enantioselectivity in the initial addition and the diastereoselectivity
(double asymmetric induction) in the second additi@ne higher than
that of methyl acrylate (Table 1, entry 2). Although it is not clear why Figure 1. Proposed mechanism on Diels—Alder reaction of cyclo-
the selectivities are increased by the link between dienophiles, simil; Pentadiene with methyl acrylate catalyzed by 7a-¢

effects are expected for other asymmetric reactions.

The proposed mechanism shown in Figure 1 can explain the absolué&posed as shown iB is disfavored due to steric interaction of the
stereopreference in the above Diels-Alder reaction. The followingalkene with the naphthyl. Increased enantioselectivity with the u&e of
features of the intermediates were predicted by a conformationalan be easily understood in terms of steric repulsion between the alkene
analysis: boron complexes the carbonyl oxygatito the C-O bond of  and the mesityl group (se@). Although the reason for the inverse
the estet? the enone unit iss-trans'® and the carbonyl group is absolute stereopreference with the use 7af is not yet clear,
positioned over and approximately parallel to the naphthalene rinfhtermediateD may be slightly favored due to sommer attractive
within the van der Waals radii (ca. 3 &).Thus, the absolute interaction between the alkene and the 6-phenylnaphthy! group.
configuration of the major endo product usiiig as a catalyst is

consistent with the naphthyl shielding treeface of the coordinated

methyl acrylate leading to attack by cyclopentadiene asitfiece, as

shown in A. Coordination of the methyl acrylate with the face

n-x attractive interaction
D
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Table 2. Enantioselective Diels—Alder Reaction of Cyclopentadiene

with Versatile Dienophiles Catalyzed by 7a ¢ 1.
dienophile major adduct  yield endo ee  config
()" fexot (%)
2.
MeO,C MeO,C 5
= 2; 7 s - 0/ a5
CO.Me COMe
[0}
: L7 |
<< S 304 <199 728 2R/
0”0 )(o
%CHO

2 5 >95  18/82 55% h 3
OHC 25

¢ Unless otherwise noted, Diels—-Alder reaction of o,B-unsaturated
esters (1 equiv) and cyclopentadiene (4 equiv) was carried out in
dichloromethane [a dichloromethane to diene ratio of 12:1 (v/v)] in
the presence of 10 mol% of 7a (>99% optical purity) prepared by
method B at -78 °C for 12 h. ? Isolated yield. € 5 equiv of
cyclol}aentadiene was used; a dichloromethane to diene ratio of 3:1 (v
v). “ 5 equiv of cyclopentadiene was used; a dichloromethane to
diene ratio of 5:1 (v/v). ¢ Determined by 'H NMR (300 MHz)
analysis. / Determined by GC analysis (Chiraldex G-TA). 2
Determined by GC analysis (Chiraldex B-TA). b Furuta, K.;
Shimizu, S.; Miwa, Y.; Yamamoto, H. J. Org. Chem. 1989, 54,
1481. ' Van Gastel, F. J. C,; Klunder, A. J. H.; Zwanenburg, B.
Recl. Trav. Chim. Pays-Bas 1991, 110, 175. 7/ Determined by
reduction with LiAlH4 and comparison of optical rotation values with
data in the literature; Mattay, J.; Mertes, J.; Maas, G. Chem Ber.
1989, 7122, 327.

Next, the enantioselectivity and absolute stereochemistry in the Diels-
Alder reaction of cyclopentadiene and other dienophiles were explored
using non-substituted catalyda The results are summarized in Table

2. Dimethyl fumarate reacted with cyclopentadiene with better
enantioselectivity than methyl acrylate, and the absolute
stereopreference was consistent with that of methyl acrylate. The
reaction with 2,2-dimethyl-5-methylene-1,3-dioxolan-4-%heas a
cyclic dienophile also gave good enantioselectivity but low yield, and
the absolute stereopreference could be explained in terms of the
sterically favored intermediate. The enhanced enantioselectivity in
both cases may be ascribed to conformational restriction of the enone
unit. Low enantioselectivity was seen with methacrolein as a dienophile.
Nevertheless, the absolute stereopreference could be explained in terms
of the most favorable intermedidte

In conclusion, a new and effective chiral arylboronic acid and its
dichloroborane derivative with a binaphthyl skeleton was developed,
and its utility has been demonstrated in Diels-Alder reactions with both
o,B-unsaturated esters and aldehydes, although the enantioselectivity is
insufficient. Preliminary studies indicate that this area of research may
yield other catalyst structures and other useful enantioselective
reactions.
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