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Abstract: (-)Quinine effectively catalyzes an intramolecular Michael-type addition of 7-hydroxy-8-
tigloylcoumarin to give a diastereoisomeric mixture of the comesponding cyclized coumarin with a 2,3-
dimethyl-4-chromanone skeleton. Satisfactory enantioselectivity was observed in a cis-chromanone
construction, but not in a rans-one. © 1999 Elsevier Science Ltd. All rights reserved.

A 2,3-dimethyl-4-chromanol skeleton (the ring A-D in Fig. 1) is responsible for anti HIV-1 activity of
Calophyllum coumarins'? and especially the absolute stereochemistries at three chiral centers play a crucial role.
Thus, the strongest activities have been observed in (+)-calanolide A** (1) and (+)-inophyllum B* (2) with
(10R,115,128) configuration.” It is known that the chromanol ring can be readily given from the corresponding
chromanone function by hydride reduction.® We have reported a model
synthetic route to Calophyllum coumarins through a chromanone construction
by intramolecular Michael-type addition (IMA) of an o-tiglolylphenol in the
presence of a base like triethylamine (TEA) as a key step.’ The use of (-)-
quinine in place of TEA led to an asymmetric induction (the quinine-assisted
IMA) in a 2,3-dimethyl-4-chromanone construction, in which only a cis-

chromanone skeleton was built in high enantioselectivity. In this

R="Pr: (+)-calanolide A (1) communication we present the first effective asymmetric oxo-Michael
R=Ph: (+)-inophyllum B (2) addition.

In the previous IMA of 7-hydroxy-5-methoxy-8-tigloylcoumarin (3) we had used two equivalents of TEA
as a base, in which both cis- and trans-2,3-dimethyl-4-chromanones were given with no diastercoselectivity.
Similar treatment of 3 in tetrahydrofuran (THF) using two equivalents of (-)-quinine® at 60 °C quantitatively gave
a1 :1 diastereomeric mixture of a (+)-enantiomer-enriched cis-chromanone’ (+)-cis-4 (see below) and an
optically-inactive trans one (x)-trans-4 (run 1 in Table 1). The enantiomeric excess (ee) of the (+)-enantiomer in
cis-4 was determined to be 75% by HPLC analysis.® Trials for the asymmetric IMA using other commercially
available chiral amines resulted in unsatisfactory asymmetric induction in all cases examined (runs 2-8 in Table
1).

Thus, we further elaborated the asymmetric IMA induced by (-)-quinine at lower temperature (0-2 °C)
(Table 2). The reaction using two equivalents of (-)-quinine improved the enantioselectivity of (+)-cis-4 up to
87% ee (run 1 in Table 2). The use of (+)-quinidine’ in place of (-)-quinine expectedly gave (-)-cis-4 in 75% ce
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Table 1. Trials for Asymmetric IMA of o-Tigolylphenol 3 in the Presence of a Chiral Amine

OMe OMe
N a chiral amine
(2 equiv.)
e
HO\ ° THF 60°C
Me o Ar Me
Me
3
chiral amines time 4
run (h) yield (%) cis (ee %)° : trans (ee %)°
1 (-)-quinine 2 quant. 1(75)°: 1(0)
5 (-)-2-amino-1-butanol 1 quant. 1(2)°: 5(0)
3 (R)-1-phenylethylamine 2 quant. 3): 5()
4 sparteine 1 93 7(0) :10(7)
5 strychnine 24 quant. 2@)F:5()
6 nicotine 24 quant. 32)F: 500
7  L-proline methy! ester 24 quant. 7 (8)° : 10 (6)
8 L-prolinol 1 complex mixture —

¢ Nonoptimized, isolated yield. ® The ee was determined by a chiral HPLC. (+)-Enantiomer was
preferentially formed.

Table 2. Further Examination of the Quinine-assisted IMA
a chiral amine

THF 0-2°C Ar

un chiral amines time 4
(equiv.) G)] yield (%) cis (ee %)b : trans (ee %)°
1 (-)-quinine (2) 2 quant. 3(87)°:2(0)
2 (+)-quinidine (2) 2 quant. 10 (75)%: 7 (0)
3 (-)-quinine (0.2) 6 64° 1(87)°:1(0)

@ Nonoptimized, isolated yield. b The ee was determined by a chiral HPLC. ¢ (+)-Enantiomer was
preferentially formed. d (-)-Enantiomer was preferentially formed. “The starting phenol 3 was
recovered in 18% yield.

(run 2 in Table 2). Next we examined the IMA in the presence of a catalytic amount (0.1 mol equiv.) of (-)-
quinine (run 3 in Table 2). The high ee was also observed in the (+)-cis-chromanone construction albeit slightly

lower chemical conversion.

The (+)-cis-chromanone (87% ec) obtained in run 1 in Table 2 showed the specific rotation of [0t]sg,
+132.5 (CHCL,)."® The stereoselective hydride reduction of (+)-cis-4 with lithium tri(z-butoxy)aluminohydride
(LTBAH)™ afforded the corresponding (+)-cis, cis-chromanol 5, [0t]s, +114.4 (CHCL) 1 (Scheme 1).
Inophyllum E"' (6), one of natural Calophy llum coumarins with a cis-chromanone skeleton, showed the specific

rotation of [a];, +70 (CHCL,). Its absolute configuration has been established as (10R,11S ).% Furthermore,
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OMe OMe

A N
LTBAH
0 0 - 0o
100% de 8 y
Me o Me” o OH
Me Me 5
(+)-cis-4 Scheme 1 R;+R,=0: inophyllum E (6)

R1=0H, Ro=H: inophyllum A (7)

the absolute configuration of (+)-inophyllum A (7) {[e], +43 (acetone)'’; +68.8 (CHCL,)"?} with a cis, cis-

chromanol skeleton has been also established as (10R,11R,125).?° These facts allowed us to assign the absolute
configuration of the (+)-cis-chromanone obtanied in the quinine-assisted IMA as (8R,95)."

A conjugate addition is generally accepted as a mode of Michael addition reaction, in which an enolate
should be formed in the first step under base-catalyzed condition. If asymmetric induction occurs at the addition
step, similar enantiosclectivities must be observed in both diastereoisomers of cis- and frans-chromanones
produced by the quinine-assisted IMA. The fact that asymmetric induction was observed in only the construction
of a cis derivative strongly indicated that the cyclization should be controlled by two independent
paths. We have proposed a concerted cis addition in the diastereoselective frans-chromanone construction by the
CsF-induced IMA of 3.° Thus, in the quinine-assisted IMA the trans-chromanone was also produced by the cis
addition, while the cis-chromanone by trans addition of completely dissociated phenolate and ammonium ions

under chiral environment. (Scheme 2)

iti asymmetric
trans addition ir): et
[
— (+)-CiS-4
{-)-quinine
3
no
Intramolecular asymmetric
cis addition induction
——® (2)-trans-4
Scheme 2

The effective asymmetric induction in the cis-chromanone construction can be reasonably explained by

supposing the transition state T-1 of the quinine-assisted IMA. In the T-1 there could be non-bonding -1
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interaction between each aromatic ring of quinine and 3, in which an electron-deficient pyridine unit in the
quinoline skeleton is interacted with an electron-rich dimethoxybenzene unit of the coumarin one, while an
electron-rich methoxybenzene unit in the quinoline skeleton with an electron-deficient lactone unit in the
coumarin one. Furthermore, each component is fixed by a hydrogen bond'* between an alcoholic function in the
quinine unit and a carbonyl group in the tigloyl group. Thus, concerted trans addition in the relatively rigid
complex would be able to lead to high enantioselectivity.

Chinchona alkaloids were shown to be good catalysts for asymmetric thio-Michael addition’* ** to a, B-

unsaturated carbonyl compounds. However, there are, to our knowledge, no reports on the asymmetric oxo-
Michael addition. Further trials toward the stereoselective synthesis of Calophyllum coumarins using the
quinine-assisted IMA are at present under investigation.
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