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A highly enantioselective intramolecular Michael addition-Lactonization domino reaction of a range of enon
acids catalyzed by nuleophilic organocatalyst (Fc-PIP) was developed, furnishing cis-2,3-dihydrobenzofuran de-
rivatives with excellent enantioselecitivities (94%—98% ee) and good diastereoselectivities (up to 99/1).
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Introduction

Chiral 2,3-dihydrobenzofuran equivalents have been
found extensively as crucial motifs in numerous bio-
logically active natural products and pharmaceuticals,!'>
such as macrocyclic spermine alkaloid,!" (+)-litho-
spermic acid,!" aperindine!’®! and neolignan natural
products (—I—)—conocarpan“d] (Figure 1). These mole-
cules exhibited potent biological acitivities,”™ includ-
ing hypotensive,”**" anti-HIV,*" insecticidal,* anti-
fungal® properties, etc.

Among the developed asymmetric catalytic method-
ologies for the construction of chiral 2,3-dihydrobenzo-
furan scaffolds, C—H insertion process of aryldiazoace-
tates catalyzed by Rh(II) complexes, developed by
Davies,[4] Fukuyama,[la’5] and Hashimoto'® was one of
the most significant routes, which achieved moderate to
good enantioselectivities (up to 99% ee). Furthermore,
organocatalytic = cascade reaction developed by
Jorgensen and co-workers!”! employing prolinol deriva-
tive as the catalyst offered an easy entry to prepare op-
tically active 2,3-dihydrobenzofurans with excellent
enantioselection, in spite of involving relatively intricate
reaction process. Recently, tetramisole was employed to
the intramolecular Michael addition-Lactonization reac-
tion of an array of enone acids by Smith™® (introduced
by Birman™! e al), giving cis-2,3-disubstitute-2,3-
dihydrobenzofurans with good enantiselectivities and
excellent diastereoselectivities, which exhibited several
merits for organocatalytic method. The method toward
enolization in situ generated from carboxylic acids pro-
moted by nucleophilic catalysts was established by
Romo and co-workers precedently.”’ In 2013, Zhou™"
reported intramolecular Michael addition of keto-enones

]

with bifunctional primary amine-squaramide catalyst in
excellent yields with good to excellent diastereo- and
enantioselectivities.
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Figure 1 Natural products containing chiral 2,3-dihydroben-
zofuran motifs.

In the course of developing new organocatalytic
system, we have demonstrated that our own amidine-
ferrocene hydrid (Fc-PIP) displayed exciting enantiose-
lectivities in the Kinetic Resolution (KR) of arylalkyl
carbinols (S up to 1892),'% bulkyl (hetero)arylalkyl
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carbinols furnishing the unreacted alcohols with more
than 99% ee and good yields for all tested substrates,!""™
and the challenging arylalkenyl carbinols (S up to
24).[10°] In this paper, Michael addition-Lactonization
tandem reaction of enone acids catalyzed by Fc-PIP was
reported, furnishing cis-2,3-dihydrobenzofuran with
excellent ee (94% to 98%) and good diastereoselectivi-
ties (dr up to 99/1).

Results and Discussion

Since the significance of the combination of activat-
ing agents and catalyst in such transformations men-
tioned by Romo™? and Smith,* our studies began by
exploring the influence of activating agents on this
process. Enone acid 1a treated as the model substrate
was subjected to the Michael addition-Lactonization
reaction using Fc-PIP as the catalyst in CHCl; at 0 C,
and a range of commercially available activating agents,
which were frequently applicable to the preparation of
mixed anhydride and regarded as condensation reagents

were investigated. Mukaiyama agent gave the desired
product 2a with good enantioselectivity and diastereo-
selectivity (Table 1, Entry 1). Interestingly, the use of
Yamaguchi agent, EDCI, DCC and pivaloyl chloride led
to lower diastereoselectivities, but better enantioselec-
tivities (Entries 2—35), so it was clear that pivaloyl chlo-
ride was relatively superior to others with regard to the
enantioselctivity.

Further screening of solvents showed that pivaloyl
chloride allowed the synthesis of 2a with improved dr
value of 91/9 and no loss in the enantioselectivity by
switching CHCl; to CH,Cl, (Table 1, Entry 11). Other
solvents displayed low enatioselectivities or yields, al-
though the diastereoselectivities were improved com-
pared with that of CHCI; (Entries 6—10).

In addition, we also examined the influence of
bases on the reaction. Et;N proved to be inferior to
DIPEA in terms of both stereoselectivity and yield (Ta-
ble 1, Entries 11 vs. 12). The other two proton scaven-
gers, proton sponge and lutidine, as well as weakly

Table 1 Optimization of the reaction conditions

o (1) 1.1 equiv. activating agent

H Ph

©f\)Lph 2.5 equiv. base, solvent, 0 °C ©\—/Ii\‘§)
o coon BIEER SN 7o coow
L, X
Mukalyama agent  Yamaguchi agent
Entry Activating agent Solvent Base Yield” ar ee”
1 Mukaiyama agent CHCl; DIPEA 64% 94/6 90%
2 Yamaguchi agent CHCl; DIPEA 44% 66/34 97%
3 EDCI CHCl; DIPEA 47% 80/20 93%
4 DCC CHCl; DIPEA 54% 68/32 97%
5 t-BuCOCl CHCl, DIPEA 57% 66/34 98%
6 t-BuCOCl PhMe DIPEA 27% 90/10 95%
7 t-BuCOCl THF DIPEA 61% 89/11 86%
8 t-BuCOCl CH;CN DIPEA 64% 96/4 94%
9 t-BuCOCl DMF DIPEA 47% 90/10 95%
10 t-BuCOCl CICH,CH,Cl DIPEA 51% 72/28 95%
11 +-BuCOCl CH,Cl, DIPEA 54% 91/9 98%
12 +-BuCOCl CH,Cl, Et;N 34% 85/15 87%
13 t-BuCOCl CH,Cl, Proton sponge trace - —
14 t-BuCOCl1 CH,Cl, Lutidine trace — —
15 +-BuCOCl CH,Cl, K;PO, trace — —
16 +-BuCOCl CH,Cl, KOBu-¢ 34% 85/15 95%
17 t-BuCOCl CH,Cl, Cs,CO; 31% 87/13 96%

“Isolated yield. ® Calculated by "H NMR data of the crude reaction product. © Determined by chiral HPLC analysis.
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Table 2 Generality of the Michael addition-lactonization of
enone acids catalyzed by Fc-PIP

) 1.1 equiv. t-BuCOCI
20 mol% Fe-PIP_ w
COOH 2.5 equiv. DIPEA COOMe

DCM, 0 °C
(2) MeOH, r.t.
HA—‘Ph Fo Ph
Ph
Ph Ph
Ph
Fc-PIP
Entry R' R? Time/h Yield/% dr’  ee™/%
98
1 HA Ph 5 54 91/9
(1a) (94)
2 H(b) Me 8 N -
98
3 HA -MePh 8 55 928
(Ie)  p-Me (94)
4 H@d) o-MeOPh 8 64 955 98
H(le) m-MeOPh 8 55 8317 9
H(1f) p-MeOPh 8 52 89/11 98
94
- >
7 H@1g)  p-CIPh 8 57 91 e
H(lh)  o-BrPh 8 53 >991 97
9 H(li) m-BrPh 8 50 96/4 96
10 H(lj) p-BrPh 8 50 928 9
11 H@kK)  p-FPh 8 57 95/5 97
12 H@) 24-di-CIPh 8 55 91/9 96
13 H(1m) 2-Naphthyl 8 55 919 98
14 4Cl(ln)  Ph 1 60 973 95
2-M
15 0 Ph 8 58 >991 97
(1o)
16° H(1a) Ph 8 51 88/12 90

“ Isolated yield. ® Calculated by 'H NMR data of the crude reac-
tion product. ¢ Determined by chiral HPLC analysis. ¢ Data in the
parentheses are ee values reported by Smith. ¢ Using CI-PIQ as
the catalyst instead.

inorganic base led to trace product, probably due to the
poor ability of deprotonation in the context of this tan-
dem transformation (Entries 13 —15). However, the
improvement of basicity did not deliver better enantio-
selectivity and diastereoselectivity (Entries 16 and 17).
With the optimum reaction conditions in hand, the
scope of this domino process was then investigated. As
illustrated in the Table 2, by contrast with the work of
Smith and co—workers[ga], when R? of the chalcone was
alkyl group instead of aryl, none of the desired product
was obtained (Table 2, Entries 2). In the case of aryl
groups, a wide range of enone acids, which bear elec-
tron-donating and electron-withdrawing substitutes on
the o-, m-, p-positions of benzene ring, performed
smoothly under the optimized conditions to furnish

696 www.cjc.wiley-veh.de
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cis-2,3-hydrobenzofuran compounds with moderate to
excellent diastereoselectivities (83/17 —99/1 dr) and
high enantioselectivities (94%—98% ee), respectively
(Table 2, Entries 3—15).

Building upon these results, it revealed that in this
reaction our designed nucleophilic catalyst Fc-PIP was
superior to tetramisole employed by Smith, in whose
system only 84% — 94% ees were obtained for
aryl-substituted chalcone (Table 2, data in the parenthe-
ses of Entries 1, 3, 7). Furthermore, we also studied the
influence of functionality of aromatic ether on the reac-
tion. When weak electron-withdrawing group was in-
troduced in the para-position, the reaction proceeded
faster than others, giving the corresponding chiral
2,3-hydrobenzofuran derivative 2n with 97/3 dr and
95% ee, respectively (Entry 14). Whereas 1o, bearing
electron-rich substitution on the orth-position, displayed
both excellent enantioselectivity and diastereoselectivity
(Entry 15). By contrast the Michael addition-Lactoni-
zation cascade reaction of la using Birman’s CI-PIQ
catalyst gave 88/12 dr and 90% ee (Entry 16).

We reasoned that the catalytic cycle of this reaction
was analogous to that postulated by Smith,**'"! involv-
ing the formation of the mixed anhydride, then acylation
with Fc-PIP giving acyl ammonium intermediate I, fol-
lowed by deprotonation in the presence of base to de-
liver (Z)-ammonium enolate intermediate II, which then
proceeds with asymmetric Michael addition, intra-
molecular cyclization and methanolysis to generate
cis-2,3-dihydrobenzofuran derivatives (Figure 2). Based
on the results, we deduced that excellent enantiose-
lecitivity demonstrated in the asymmetric Michael addi-
tion was probably attributed to the synergy of central
and planar chirality of our catalyst Fc-PIP.

Conclusions

In summary, we have established that highly selec-
tive acyl transfer catalyst Fc-PIP proved to be effective
in the intramolecular Michael addition-Lactonization
tandem reaction of a variety of enone acids to afford
cis-2,3-dihydrobenzofuran derivatives with moderate to
excellent diastereoselectivities (83/17 —99/1 dr) and
excellent enantioselectivities (94% —98% ee), repec-
tively. Futher applications of Fc-PIP to alternative cata-
lytic system are ongoing in our laboratory.

General Procedure

In a flame dried round bottom flask was dissolved
the corresponding enone-acid (1.0 equiv., 0.1 mmol),
Fc-PIP (0.2 equiv., 0.02 mmol) and DIPEA (1.0 equiv.,
0.1 mmol) in dry DCM (1 mL) at 0 °C. Pivaloylchlo-
ride (1.1 equiv., 0.11 mmol) was then added dropwise at
the same temperature. After 20 min, DIPEA (1.5 equiv.,
0.15 mmol) was added and the reaction mixture was
sterred for a specified period of time. The reaction was
then quenched with MeOH and stirred for 1.5 h at r.t.
The solvent was evaporated and the residue was puri-
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Figure 2 Postulated catalytic cycle.

fied by chromatography column to yield indene car-
boxylates 2a—2o.
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