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ABSTRACT

—

A wide range of multisubstituted 1-indanones of potential pharmaceutical use were synthesized in a one-pot fashion in moderate to excellent
yields via palladium catalysis in ethylene glycol. The Heck reaction first installs an enol functionality on the aromatic ring; this is followed by
an ethylene glycol promoted aldol-type annulation with a neighboring carbonyl group, resulting in the formation of various 1-indanones.

Indanone and related indan structures constitute the core of
a large number of bioactive natural products and pharma-
ceutically interesting molecules (Figure 1).* Some represen-
tative examples include the pterosin family, known for their
cytotoxic and antibacterial activities,'® the antihypertensive
drug (+)-Indacrinone, ¥ the antidepressant Indatraline,” the
HIV protease inhibitor Indinavir,X and the acetylcholinest-
erase inhibitor Donepezil (Aricept).™"

Severd methods have been reported to access the indanone
framework, including intramolecular Friedel —Craft cyclization,?
hydroacylation of 2-formyl styrenes,® isomerization of o-aryl-
propargyl acohols followed by cydlization,* and other proce-
dures.® However, most of these require preformed substrates
viamultistep synthesis. Recently, Hallberg and Larhed reported
a smple one-pot Heck—aldol annulation reaction between
sdlicyladehyde triflates and 2-hydroxy-ethyl vinyl ether, af-
fording indanone ketals in moderate yields.®
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In the course of our study into regioselective Heck
reactions,” we discovered that the Pd(OA c),-dppp-catalyzed
[dppp = 1,3-bis(diphenylphosphino)propane] arylation of
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Figure 1. Representative examples of indanone and indan-contain-
ing compounds.




electron-rich olefins proceeds efficiently in alcohol solvents,
especialy ethylene glycol (EG), furnishing branched olefins
in excellent selectivity.”® In continuing the research, we
thought that if readily available 2-halobenzaldehydes were
used to arylate the cheap n-butyl vinyl ether, the resulting
branched vinyl ether products might undergo intramolecular
nucleophilic attack at the carbonyl group,® yielding 1-in-
danones in a one-pot fashion (Scheme 1). To redlize this

Scheme 1. Working Hypothesis for Accessing 1-Indanones
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seemingly easy, Heck—aldol-type cascade, the use of EG as
solvent could be the key, asit would be expected to facilitate
both the Heck arylation’® and the nucleophilic attack
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through hydrogen bonding with the halide anions and the
carbony!l oxygen.®*° We report herein that 1-indanones can
indeed be readily accessed via this cascade reaction.
Using 2-bromobenzal dehyde (1a) and n-butyl vinyl ether
(2a) as substrates and reaction conditions similar to those
established for other aryl bromides,” we quickly found that
under the catalysis of Pd-dppp in EG, the indanone (3a) could
be isolated in an excellent yield of 85% following acid
hydrolysis (entry 1, Table 1). To our surprise, however, the

Table 1. Screening Reaction Conditions for the Cascade
Reaction®

Br 1) PA(OAC)2dppp 2 o/j)
@;’(H + Popy —SVEN [:i?
solvent, 115 °C, 16 h
1a 0 2a 2)3MHClLrt,1h 3a OH 3aa OH
entry Pd(OAc); (mol %) solvent yield (%)°
1 1 EG 85
2 1 EG 86°
3 2 DMF <5
44 2 DMF 42
5 2 DMSO <5

@ Reaction conditions: (1) 1a (1 mmol), 2a (3 mmol), Pd(OAc), (1 mol
%), dppp (1.5 mol %), EtzN (1.5 mmol), solvent (4 mL), 115 °C, 16 h; (2)
3 M HCI, t, 1 h. ®Isolated yields of 3a. ©No acid hydrolysis; isolated
yields of 3aa. ¢ 1.5 mmol [H,N'Pr,][BF,] was added.

indanone ketal (3aa) was isolated in 86% yield when the
acid treatment was omitted (entry 2), indicative of 3a being
formed from 3aa. Apart from the mechanistic implication,
this provides a simple method for synthesizing ketal-
protected indanones, which were obtained in moderate yields
via Hallberg and Larhed’s method.®® For comparison, the
reaction was also performed in DMF and DMSO. As can
be seen from Table 1, little desired product was formed
(entries 3 and 5), most likely due to the Heck arylation being
sluggish.”®® Introducing the hydrogen bond donor
[H2N'Pr,][BF4], which has been shown to promote the Heck
reaction,” led to an increased but still unsatisfactory yield
of 42% for 3a (entry 4), indicating that EG is highly effective
in catalyzing both the Heck and annulation reactions.

Under the reaction conditions established above (entry 1,
Table 1), we then explored the reactions of 2a with a range
of 2-bromobenzaldehydes (1a—h). As summarized in Table
2, the reaction afforded good to excellent yields of 3-hy-
droxy-1-indanones (3a—h), tolerating electronicaly different
substituents on the aromatic ring. However, when salicyla-
|dehyde triflate was used,® 3a was obtained only in 12%
yield, due to decomposition of the triflate in EG.

With the successin aryl bromides, we turned our attention
to the chloride analogues. However, under the same condi-

(9) Ethylene glycol is an excellent hydrogen bond donor: Reichardt, C.
Solvents and Solvent Effects in Organic Chemistry, 3rd ed.; Wiley-VCH:
Weinheim, 2003.

(10) The carbonyl may be activated through a single-point hydrogen
bonding; seeref 7a. Also see: Unni, A. K.; Takenaka, N.; Yamamoto, H.;
Rawal, V. H. J. Am. Chem. Soc. 2005, 127, 1336.
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Table 2. Heck—Aldol Annulation Reaction of ArBr (1a—h)
with n-Butyl Vinyl Ether (2a)®

1) Pd(OAc),-dppp jo
Br
7 Et;N, EG, 115°C, 16 h X
Ry .y *# oBu R
2)3MHCl 1t, 1 h &
1ah © 2a 3ah M
entry ArBr product yield (%)
Br o
| @(H 1a @ sa 85
OH
[e]
HsC
2 3b 87
OH
0
E
3 \Clrf Cﬁ? 3 65
OH
0
4 @[’( /(:E/? 3d 70
F
OH
o]
HyCO HaCO'
OH
0
acom‘/ Hacom
6 3f 85
HsCO H3CO
OH
o)
< o)
7 o H 1g < 3g 82
o OH
Br o
8 J@%(H 1h Ji;é 3h 80
Q o
-0 o 4 OH

2 Reaction conditions: (1) 1 (1 mmol), 2a (3 mmol), Pd(OAc), (1 mol
%), dppp (1.5 mol %), Et;N (1.5 mmol), EG (4 mL), 115 °C, 16 h; (2) 3
M HCI, rt, 1 h. P Isolated yields.

tions as those for the bromides, the reaction of 2-chloroben-
zaldehyde (1i) with 2a led to only 6% of indanone 3a. A
dlightly higher yield of 15% was obtained at 145 °C. We
have recently shown that the Pd(OAc),-4-MeO-dppp system
[4-MeO-dppp = 1,3-bis(bis(4-methoxyphenyl)phosphino-
)propane] is very efficient for the Heck arylation with various
aryl chlorides in EG.” Bearing this in mind, we changed
the ligand from dppp to 4-MeO-dppp and were gratified to
obtain 3ain 70% isolated yield at 145 °C at a catalyst loading
of 2 mol % (entry 1, Table 3). The yield (55%) was lower
at 115 °C. Subsequently, other substituted 2-chlorobenzal-
dehydes 1j—q were examined. The results are shown in
Table 3. As can be seen, moderate to good yields of
indanones 3 were obtained, albeit slightly lower than those
from the bromides. Worthy of noting is that the sterically
more demanding substrates 1j and 1lo—q successfully
underwent the Heck-annulation cascade, affording good
yields (entries 2, 7—9). Also of interest is that 6-chloro-3-
hydroxy-1-indanone 3j was formed in 50% yield (entry 4),
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Table 3. Heck—Aldol Annulation of ArCl (1i—q) with 2a®

al 1) Pd(OAc),-4-MeO-dppp 0o
R = PN Et;N, EG, 145°C, 16 h i X
T OB L
M 4 ) 3MHOL 1h Z
1iq O 2a 3a-m OH
entry ArCl product yield (%)°
cl o
1 @E(H 1 @:ﬁ sa 70
OH
OCHs OCH; o
OH
o}
F
3 \@( \@ 3 51
OH
o
c
4 \©:( \©5§ 3 50
OH
o
5 @;( /@é 3d 53
F
OH
0
o
6 < C[rf ¢ m 3 72
o}
OH
o}
7 @:’( @ 3K 70
CH; O CH, OH
0
8 @;‘/ @ 3l 63
F OH
0
9 /@(rf @ am 65
OH

2 Reaction conditions: (1) 1i—q (1 mmol), 2a (3 mmol), Pd(OAc), (2
mol %), 4-MeO-dppp (3 moal %), EtzN (1.5 mmol), EG (4 mL), 145 °C,
16 h; (2) 3M HCI, rt, 1 h. P Isolated yields.

showing that the sterically less accessible ortho-chloride is
more reactive when using 2,4-dichlorobenzaldehyde (1I).

To extend further the substrate scope, we next investigated
thereaction of abulkier vinyl ether, 1-ethoxyprop-1-ene (2b),
with various 2-hal obenzaldehydes 1 under the same condi-
tions for the respective halides. These reactions required a
longer reaction time of 20 h, however. As shown in Table
4, a range of 2-methyl-3-hydroxy-1-indanones 4a—e were
produced in moderate yields, as a mixture of cis- and trans-
isomers. The reaction provides a straightforward way for the
total synthesis of pterosins.’®

2-Haoaryl ketones were aso demondtrated to be viable
subgtrates, affording quaternary acohols (Table 5). Using the
ketones 5a—g as subdtrates, 3-hydroxy-1-indanones 6a—d were
obtained in moderate to good yields; even the bulky 2-bromo-
or 2’-chlorobenzophenones underwent the annulation (entries
3 and 7). There are only afew methods for synthesizing 3,3~
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Table 4. Heck—Aldol Annulation of ArX with
1-Ethoxyprop-1-ene (2b)*

Table 5. Heck—Aldol Annulation of 2’-Haloaryl Ketones
(5a—g) with 2a*

O 0
Br/Cl Br/Cl
A 1) [Pd] S = 1) [Pd] ™
R4 + P NoR R CH Ry . + #0BU ———— Ry
();rH 2) HyO* P 3 Pz R 2) H;0* = «
1 © 2b 4a-e OH 5a-g 0 2a 6a-d OH
entry ArBr/ArCl product yield (%)° entry ArBr/ArCl product yield (%)°

o
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o
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CH; O

2 The reaction conditions were the same as those in Table 2 for aryl
bromides and Table 3 for aryl chlorides, except for using 2b and 20 h
reaction time. ® Isolated yields.

disubstituted 1-indanones®*** and to the best of our
knowledge, thisis the first time that 1-indanones bearing a
guaternary 3-hydroxy functionality have been reported.

As aforementioned, the reaction of 1a with 2ain EG led
to 3aa being isolated in high yield, instead of the cyclic enal
ether shown in Scheme 1, if acid hydrolysis was not
performed (entry 2, Table 1). Taking this into account, a
mechanism for the cascade reaction is suggested (Scheme
2). The Heck reaction affords the branched enol ether
product, which undergoes nucleophilic attack at the carbonyl
group activated by EG via hydrogen bonding.®'° The
resulting oxonium ion reacts with EG, giving rise to a mixed
ketal. Elimination of BUOH under acid catalysis then leads
to 3aa, and findly, acidic treatment of 3aa forms 3a. Similar
mixed and cyclic ketals have previously been observed when
the Heck reaction was run in diols.**

In summary, we have developed a new protocol for the
one-pot synthesis of pharmaceutically interesting, multisub-
stituted 1-indanones. The protocol centers on a Heck—aldol
cascade, with Pd catalyzing the Heck arylation while EG
facilitates both the arylation and the aldol-type annulation.
Further study into the mechanism and enantioselective
synthesis of 3-hydroxy-1-indanones is underway.

(11) McConville, M.; Blacker, J.; Xiao, J. Synthesis 2010, 349.
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Scheme 2. Suggested Mechanism for the Heck—Aldol

Annulation
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