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ABSTRACT
= N Rh(acac)(CyHy)2 (3 mol %)
H—@lo (R)-Segphos R
NS
L0 dioxane/H,0 (10/1)
ArB(OH), 60°C

>99% ee (R)

(R)-Tolterodine

Rhodium-catalyzed asymmetric 1,4-addition of arylboronic acids to coumarins proceeded with high enantioselectivity in the presence of a

rhodium catalyst (3 mol %) generated from Rh(acac)(C
ee. This asymmetric reaction was applied to the synthesis of (

2Hs)2 and (R)-Segphos to give the corresponding (
R)-tolterodine.

R)-4-arylchroman-2-ones in over 99%

Some of the enantiomerically enriched compounds possessgive 4-arylchroman-2-ones, in which the stereogenic carbon
ing a chiral diarylmethane unit are known to be biologically center at the 4 position is substituted with two aryl groups,
active, and their preparation by asymmetric synthesis has

recently attracted growing attentiéd.One of the straight-

forward methods of constructing a stereogenic carbon center;

connected with two different aryl groups and one alkyl group
is asymmetric conjugate addition of an aryl nucleophile to
electron-deficient olefins substituted with another aryl group
at the -position. Although the rhodium-catalyzed asym-
metric conjugate additidrhas been successfully applied to
a variety of electron-deficient olefins, includings-unsatur-
ated ketone$? esters’, amides] alkenylphosphonatésni-
troalkenes, and alkenyl sulfone¥, its application to the
B-aryl-substituted substrates remains to be stutfieterein

(4) (a) Takaya, Y.; Ogasawara, M.; Hayashi, T.; Sakai, M.; Miyaura, N.
Am. Chem. Socl998 120, 5579. (b) Takaya, Y.; Ogasawara, M.;
Hayashi, T.Tetrahedron Lett1999 40, 6957. (c) Hayashi, T.; Takahashi,
M.; Takaya, Y.; Ogasawara, MDrg. Synth2002 79, 84. (d) Hayashi, T.;
Takahashi, M.; Takaya, Y.; Ogasawara, M. Am. Chem. So2002 124,
5052. (e) Hayashi, T.; Tokunaga, N.; Yoshida, K.; Han, JJWAm. Chem.
Soc 2002 124, 12102. (f) Yoshida, K.; Ogasawara, M.; Hayashi,JT.
Org. Chem 2003 68, 1901. (g) Hayashi, T.; Ueyama, K.; Tokunaga, N.;
Yoshida, K.J. Am. Chem. Soc2003 125 11508. (h) Tokunaga, N.;
Yoshida, K.; Hayashi, TProc. Natl. Acad. SciU.SA. 2004 101, 5445. (i)
Shintani, R.; Tokunaga, N.; Doi, H.; Hayashi, X.Am. Chem. So2004
126, 6240.

(5) (a) Kuriyama, M.; Tomioka, KTetrahedron Lett2001, 42, 921. (b)
Kuriyama, M.; Nagai, K.; Yamada, K.-i.; Miwa, Y.; Taga, T.; Tomioka,
K. J. Am. Chem. So2002 124 8932. (c) Reetz, M. T.; Moulin, D;

we report that coumarin derivatives are suitable substratesgogperg, AOrg. Lett 2001, 3, 4083. (d) Amengual, R.; Michelet, V.; Géne
for the rhodium-catalyzed asymmetric conjugate addition to J.-P. Synlett 2002 1791. (e) Pucheault, M.; Darses, S.; Geng-P.

(1) As a pertinent review: Bolm, C.; Hildebrand, J. P.; NMuynK.;
Hermanns, NAngew. Chem., Int. EQ001, 40, 3284.

(2) For recent examples: (a) Paras, N. A.; MacMillan, D. WJCAm.
Chem. So2002 124, 7894. (b) Prat, L.; Mojovic, L.; Levacher, V.; Dupas,
G.; Quauiner, G.; Bourguignon, Jetrahedron Asymmetry1998 9, 2509.
(c) Lautens, M.; Rovis, TJ. Org. Chem1997, 62, 5246.

(3) For reviews: (a) Hayashi, Bynlett2001 9, 879. (b) Fagnou, K;
Lautens, M.Chem. Re. 2003 103 169. (c) Hayashi, T.; Yamasaki, K.
Chem. Re. 2003 103 2829. (d). Hayashi, TPure Appl. Chem2004 76,
465.

10.1021/0l0507367 CCC: $30.25
Published on Web 05/04/2005

© 2005 American Chemical Society

Tetrahedron Lett2002 43, 6155. (f) Pucheault, M.; Darses, S.; Ggne
J.-P.Eur. J. Org. Chem2002 3552. (g) Itooka, R.; Iguchi, Y.; Miyaura,
N. J. Org. Chem2003 68, 6000. (h) Boiteau, J.-G.; Imbos, R.; Minnaard,
A. J.; Feringa, B. LOrg. Lett 2003 5, 681 and 1385. (i) Shi, Q.; Xu, L.;
Li, X.; Jia, X.; Wang, R.; Au-Yeung, T. T.-L.; Chan, A. S. C.; Hayashi, T;
Cao, R.; Hong, MTetrahedron Lett2003 44, 6505. (j) lguchi, Y.; Itooka,
R.; Miyaura, N.Synlett2003 1040. (k) Boiteau, J.-G.; Minnaard, A. J.;
Feringa, B. L.J. Org. Chem2003 68, 9481. (I) Ma, Y.; Song, C.; Ma, C.;
Sun, Z.; Chai, Q.; Andrus, M. BAngew. Chem., Int. EQ003 42, 5871.
(m) Duursma, A.; Boiteau, J.-G.; Lefort, L.; Boogers, J. A. F.; de Vries, A.
H. M.; de Vries, J. G.; Minnaard, A. J.; Feringa, B.L.Org. Chem2004
69, 8045.



Scheme 1. Rhodium-Catalyzed Asymmetric Addition of
Arylboronic Acids3 to Coumarins2
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with high (>99%) enantioselectivity (Scheme 1). We also
report that R)-tolterodine (),*2 an important urological drug,
is readily obtained from one of the asymmetric conjugate

Table 1. Rhodium-Catalyzed Asymmetric Addition of
Phenylboronic Acid §m) to 6-Methylcoumarin Za)?

M PhB(OH), (3m) M A
S Rh(acac)(CoHy)J/L* (3 mol %)
m dioxane/H,0 (10/1) m
2a 4am
temp time conversion yield % ee?
entry ligand cC) () (%)° (%) (config)®
1 (R)-Segphos 100 8 70 60 99.1(R)
2 (R)-Segphos 80 8 82 78  99.1(R)
3 (R)-Segphos 60 8 93 88 99.6 (R)
4 (R)-Segphos 50 12 86 78 994 (R)
5 (R)-Binap 60 8 84 75  96.4 (R)
6 (R)-P-Phos 60 8 97 91 96.7(R)
7 (R)-P-Phos 50 12 99 93 971 (WR)
8  (R)-Segphos 60 10 74 64 99.6 (R)

a8 Reaction was carried out in dioxane(10/1, 1.1 mL) with 0.30 mmol
of coumarin2aand 3.0 mmol of boronic aci@m in the presence of 3 mol
% of a rhodium catalyst generated from Rh(acagi{f}, (9.0umol) and a
bisphosphine ligand (9,8mol). ® Conversion oRawas determined biH
NMR analysis of the reaction mixturélsolated yield o4am by chroma-
tography on silica gel (hexane/ethyl acetat&/1). 4 Determined by HPLC
on a Chiralcel OD-H column with hexane/2-propanol (95f5Absolute
configuration was determined by conversion into knowR)-tplterodine
L-tartrate (see textf.Amount of phenylboronic acid3fm) was 1.5 mmol.

conditions are summarized in Table 1. It was found that
coumarin2a is less reactive toward the rhodium-catalyzed
1,4-addition than standaw,3-unsaturated ketones such as
2-cyclohexenoné?® As it has been often observed in the

addition products. To the best of our knowledge, there hasreaction of less reactive substratesydrolysis of phenyl-
been only one example in which coumarin was examined boronic acid giving benzene was a main side reaction, and

for rhodium-catalyzed asymmetric additi&h.
Ph
1008
o
(R)-Tolterodine (1)

The results obtained for the reaction of 6-methylcoumarin
(2a) with phenylboronic acid3m) under several reaction
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hence a large excess (5 or 10 equiv with respe@a)oof

the boronic acid was used to obtain high yields of the 1,4-
addition product. Of three axially chiral biarylbisphosphine
ligands, R)-Binap}* (R)-P-Phos'? and R)-Segphogf which
have been successfully used for rhodium-catalyzed asym-
metric addition to o,f-unsaturated ketones and related
compounds, R)-Segphos was the most enantioselective for
the coumarin substrat2a. The best result was obtained at
the reaction temperature of 8Q (entry 3). Thus, the reaction

of coumarin2awith phenylboronic acid3m) in the presence

of 3 mol % of a rhodium catalyst generated from Rh(acac)-
(CzH,), and R)-Segphos in dioxane#® (10/1) at 60°C

for 8 h gave 88% isolated yield of 6-methyl-4-phenylchro-
man-2-one4am), whose enantiomeric purity was determined
to be over 99% by HPLC analysis with a chiral stationary
phase column. Its absolute configuration was assigned to be
R by correlation with R)-tolterodine (vide infra). At a higher
reaction temperature (100 or 8Q), the yield of4am was
lower (entries 1 and 2) mainly because the hydrolysis of the

(13) Carreira has examined coumarin for his Rh/diene-catalyzed reac-
tion: Defieber, C.; Paquin, J.-F.; Serna, S.; Carreira, EOkg. Lett 2004
6, 3873.

(14) Takaya, H.; Mashima, K.; Koyano, K.; Yagi, M.; Kumobayashi,
H.; Taketomi, T.; Akutagawa, S.; Noyori, R. Org. Chem1986 51, 629.

(15) Pai, C.-C.; Lin, C.-W.; Lin, C.-C.; Chen, C.-C.; Chan, A. S.IC.
Am. Chem. So200Q 122, 11513.

(16) Saito, T.; Yokozawa, T.; Ishizaki, T.; Moroi, T.; Sayo, N.; Miura,
T.; Kumobayashi, HAdv. Synth. Catal2001, 343 264.
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It should be emphasized that the enantioselectivity in the
asymmetric 1,4-addition to the coumarin derivatives with

Table 2. Asymmetric Addition of Arylboronic Acids3 to

Coumarins? Catalyzed by RhR)-Segphos Segphos as a ligand is always over 99%.
ArB(OH)2 (3m-) o The asymmetric 1,4—add|t|0n. producﬂR)(G-methyl-4-
Rh(acac)(C2H4)2 (3 mol %) phenylchroman-2-one4ém), which was obtained from
H@O (R)-Segphos R@@ 6-methylcoumarin Za) and phenylboronic acid3m) in
\ dioxane/H0 (10/1) = o 99.6% ee (entry 3 in Table 1), was readily converted into
2a-d 60°c 4 (R)-tolterodine () according to the procedures reported for
time yield % eer racemicdamt’ (Scheme 2). Thus, reduction d¥)¢4am with
entry coumarin 2 ArB(OH);3 (Ar) (h) (%) (config)?
1 2a 3m (Ph) 8 884am 99.6 (R)
2 2a 3n (4-MeCgHy) 10 914an 99.8(R) Scheme 2. Asymmetric Synthesis ofR)-Tolterodine ()
3 2a 30 (3-MeCgHy) 8 934a0 99.7(R) Ph P
4 2a 3p (4-C1C¢Hy) 10 454ap 99.1(R) m HAI(i-Bu), \@S\
5 2a 3q (4-MeOCeH,) 10 754aq 99.5¢(R) e it
6 2b 3m (Ph) 12 864bm 99.4 (R) ‘0'“6";;;20 c 07 “OH
7 2b 3n (4-MeCgHy) 12 894bn  99.7 (R) 4am ° 5
8 2b 30 (3-MeCgHy) 10 904bo  99.7 (R) >99% ee (R) Ph
9 2¢c  3m(Ph) 8 944em 99.3 (R) Hz (50 psi), Pd-C (10%) A
10 2d 3m (Ph) 12 284dm nd HNG-Pr)2 )N\
_ _ o _ MeOH, 50 °C oH
aReaction was carried out at 8C in dioxane/HO (10/1, 1.1 mL) with 91%

0.30 mmol of coumarir2 and 3.0 mmol of boronic acid in the presence (R)-Tolterodine (1)

of 3 mol % of a rhodium catalyst generated from Rh(acadj¢ (9.0
umol) and R)-Segphos (9.umol). PIsolated yield of4 by silica gel
chromatographyt Determined by HPLC on a Chiralcel OD-H column with . . . .
hexane/2-propanol (95/5) unless otherwise nofgkbsolute configuration diisobutylaluminum hydride at 20 °C gave a 95% yield of

o s oo o e G 12€101 5, which was then subjected (o palladium-catalyzed
(hexane/2-propanck 2/1). hydrogenation in the presence of diisopropylamine to produce
a 91% vyield of R)-tolterodine (),'>'® whose absolute
configuration was confirmed by comparison of the optical
phenylboronic acid is faster. At a lower temperature (G)) rotation of its tartrate salt with that report€dThe present
the conversion was lower even after a prolonged reaction synthetic route, which consists of catalytic asymmetric
time (entry 4). It should be noted that the enantioselectivity arylation of coumarins and a straightforward derivatization,
was kept high ¥ 99% ee) with R)-Segphos as a chiral ligand ~ provides a new and efficient method of preparing enantio-
irrespective of the reaction temperatur@)-Binap and R)- merically enriched chiral diarylmethanes representedy (
P-Phos ligands were slightly less enantioselective tRyn ( tolterodine {). In the literature, R)-tolterodine was obtained
Segphos, although the enantioselectivity was still higher thanby optical resolution of the racematediastereoselective
96% (entries 57). It is interesting that the rhodium catalyst additions using chiral auxiliarie®,or asymmetric hydroge-
coordinated with R)-P-Phos ligand was catalytically more nation:?
active than the others, with the highest yield (93%) being A lineara,S-unsaturated esté which is substituted with
observed at 50C with (R)-P-Phos (entry 7). a 2-methoxy-5-methylphenyl group at tf§eposition, was
Table 2 illustrates the scope and limitations of the presentalso examined for rhodium-catalyzed asymmetric addition
asymmetric addition to coumarin derivatives. Under the of phenylboronic acid, because the addition produebuld
optimized conditions, 6-methylcoumarir2d) underwent be another good precursor to tolterodine if the enantiose-
asymmetric addition of methyl-substituted phenylboronic lectivity is high (Scheme 3). The asymmetric phenylation
acids 3n and 30 to give high ¢90%) vyields of the resulted in low enantioselectivity with either Segphos or
corresponding 1,4-addition produdtsn and4aowith aimost ~ Binap ligand to give7 of around 50% ee. These results
perfect &99%) enantioselectivity (entries 2 and 3). The indicate that the coumarin derivatives are particularly
enantioselectivity was also high for the addition pf suitable for the rhodium-catalyzed asymmetric addition in
chlorophenylboronic acidBf) andp-methoxyphenylboronic  terms of enantioselectivity.
acid (3g), although the vyields are not satisfactorily high In summary, we have developed a rhodium-catalyzed
(entries 4 and 5). Unsubstituted coumaib)(is an equally asymmetric 1,4-addition of arylboronic acids to coumarin
good substrate, giving high yields of the asymmetric arylation derivatives that proceeds in high yields with excellent
products in the reaction with phenyl- and tolylboronic acids
(entries 6-8). The addition of phenylboronic aci@r) to (17) Gage, J. R.; Cabaj, J. E. US Patent 5,922,914, 1999.

_ i (18) Botteghi, C.; Corrias, T.; Marchetti, M.; Paganelli, S.; Piccolo, O.
6-methoxycarbonylcoumarir2€) also proceeded smoothly Org. Process Res, De2002 6, 379,

to give the adducticm in a high yield (entry 9). On the (19) Piccolo, O.; Ulgheri, F.: Marchetti, M. WO Patent 2005005356,

other hand, the addition to 7-methoxycoumagd)(was very 20(()256)( ) And b G Sehink H. E s@riund. K.J. Ora. Ch
: . a naersson, P. G.; Schink, H. E. riuna, K.J. Org. em.
slow (entry 10), demonstrating that the electron-donating 1998 63, 8067. (b) Selenski, C.. Pettus, T. S.R.Org. Chem ;’004 69,

methoxy group impairs the reactivity of the coumarin moiety. 9196.
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different aryl groups, and its highlight is the asymmetric

Scheme 3. Rhodium-Catalyzed Asymmetric Addition of synthesis of R)-tolterodine.
Phenylboronic Acid §m) to Cinnamate Este® ) )
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(>99%) enantioselectivity. This asymmetric reaction pro-
vides an efficient route to enantiomerically enriched com-
pounds where the stereogenic center is bonded to twoOL0507367
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