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Abstract: The one-pot synthesis of 1H-inden-1-one from 1-(2-bro-
moaryl)prop-2-en-1-ol was described. The reaction involved a se-
quential intramolecular Heck reaction followed by an aeria
oxidation of alylic alcohal.
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The palladium-catalyzed vinylic substitution reaction
(Heck reaction) enjoys considerable popularity as areli-
able and general method for carbon—carbon bond forma-
tion.? It has been widely applied as a strategy to the
synthesis of complex natural products.? In the past de-
cades, the scope of the reaction has been extended to
many substrates including vinyl iodides, vinyl bromides
and enol triflates. Moreover, the intramolecular variants
have also become one of most important reactions in the
construction of optically active polycyclic skeletons.®

We were interested in constructing multiple chira centers
in one step using intramolecular Heck reaction. Initialy, a
substrate 14 possessing both an aryl bromide and an allylic
alcohol moiety was selected in our study. However, an un-
anticipated result was obtained when we tried the reac-
tion. Hence, when compound 1 was treated with catalytic
amount of Pd(OAc), in the presence of air, an oxidation
product, 1H-inden-1-one 2 was obtained exclusively
(Scheme 1).*° This process was believed to involvefirstly
the Heck reaction followed by aerial oxidation of alylic
alcohol. This unexpected result prompted us to further
investigate the scope and general applicability of this
reaction.
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Upon further examination, we found that the reaction did
not proceed under argon atmosphere (Table 1, entry 1).
However, if argon wasreplaced by air, theindenone 2 was
produced exclusively in moderateyield (Table 1, entry 2).
A few experiments were performed to examine the effect
of each key reagent on the yield. Finally, we found that
DMF wasthe best solvent and K,CO, was the best base to
effect the reaction. The optimal reaction conditions were
found to be at 80 °C for 24 hours using 5 mol% of
Pd(OAc), and 15 mol% of PPhs.

Tablel Optimization of Reaction Conditions

Entry Base Solvent Yield (%)
1 K,CO,4 Toluene ob
2 K,CO4 Toluene 44
3 K,CO4 MeCN 30
4 K,CO3 DMF 62
5 i-Pr,NEt DMF 36
6 Et;N DMF 55
a|solated yield.
b Reaction was run under argon atmosphere.
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To explore the generality of this reaction, other substrates
were prepared and employed in this study under the opti-
ma reaction conditions (Scheme 2).° The results are
shown in Table 2. Interestingly, both electron-donating
and electron-withdrawing substituents (R* and R?) are
tolerated under the reaction conditions, and the product
yields were about 34% to 64%. In addition to aryl sub-
stituents, akyl group was also employed in our study
(entry 9), and the yield was also satisfactory (69%).”

To reveal the reaction mechanism, additional substrates
5-7 were prepared (Figurel). No reaction happened
when compound 5 or 6 was employed. On the other hand,
compound 7 was smoothly converted into compound 2
under the optimal reaction conditions. The results sug-
gested that the benzylic hydroxyl group played an impor-
tant role in the reaction. Based on our knowledge and
those reported in the literature,®® a plausible mechanism
was proposed (Scheme 3). The reaction first involved the
reduction of the Pd(l1) to the active palladium(0) species,
followed by oxidative addition of the aryl bromide to
palladium(ll). Insertion into the carbon—carbon double

Pd(OAc),, PPhg

Br O PAO)L, KBr
PSS

HPdLBr

+ KHCO3

Figurel

bond then produce an organopaladium intermediate
which then undergo B-hydride elimination to form the
indenol and a paladium(Il) salt which can be reduced
back to palladium(0). Finally, indenol was oxidated to
indenone by air.

=0

K»CO3 + L O

I CIP 2 )

Pd(0) + 2 HOAc 1/2 0,

>< H,0

Pd(OAc),
Scheme 3
Table2 One-Pot Synthesis of 1H-Inden-1-one from Compound 3
Entry R! R2 RS Yield of 4 (%)?
1 4-MeOCgH, 3,5-(Me0),CgH; 3,5-Dimethoxy 62 (2)
2 CeHs CeHs H 55 (4a)
3 H 4-MeOCgH, H 34 (4b)
4 4-MeOCgH, CeHs H 60 (4c)
5 CeHs 4-MeOCgH, H 64 (4d)
6 CeHs 4-NO,C¢H, H 61 (4)
7 H CeHs 3,5-Dimethoxy 52 (4f)
8 4-MeOC4H, 4-NO,CeH, H 38 (4g)
9 n-C;H, 4-MeOCgH, 3,5-Dimethoxy 69 (4h)

2 All products were characterized by *H NMR, *C NMR, and MS.
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In summary, a novel approach to construct 1H-inden-1-
one was described. The indenone/indanone skeleton is a
fairly common benzannulated motif in many natura
products.® Because of their exciting pharmacological
properties, e.g., cytotoxic,’** anti-HIV ! and antibacteri-
al activies,2 much attention has been paid to the synthesis
of these molecules and several synthetic methods have
been developed to construct their skeleton.'®* Further
applications of this methodology in natural product syn-
thesis are being pursued in our laboratory.
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4,6-Dimethoxy-3-(3,5-dimethoxyphenyl)-2-(4-methoxy-
phenyl)-1H-inden-1-one (2).

H NMR (300 MHz, CDCl,): § = 7.10(d, J= 8.7 Hz, 2 H),
6.85(s, 1 H), 6.73 (d, J=8.7Hz, 2 H),6.49 (d, J= 2.1 Hz,
2H), 6.43(s,2H),3.85(s,3H), 3.76 (s, 3H), 3.69 (s, 6 H),
3.60 (s, 3H). ¥C NMR (75 MHz, CDCl,): § = 196.6, 162.4,
160.1, 158.6, 156.5, 154.6, 136.9, 134.0, 130.9, 130.5,
123.5, 114.2, 108.0, 103.9, 102.6, 100.9, 55.8, 55.6, 55.3,
55.1. ESI-HRMS: m/z caled for CygH 506 [M + H]*:
433.1646; found: 433.1648.
2,3-Diphenyl-1H-inden-1-one (4a).

IH NMR (300 MHz, CDCl,): § = 7.58 (d, J = 6.0 Hz, 1 H),
7.40-7.42 (m, 4 H), 7.35-7.39 (m, 2 H), 7.24-7.26 (m, 6 H),
7.14 (d, J=6.0Hz, 1 H). 3C NMR (75 MHz, CDCl,): § =
196.5, 155.3, 145.2, 133.4, 132.6, 130.7, 129.9, 129.6,
129.3, 128.9, 128.7, 128.5, 128.0, 127.7, 126.3, 122.9,
121.2. ESI-HRMS: m/z calced for C,,H50 [M + H]*:
283.1117; found: 283.1114.
3-(4-Methoxyphenyl)-1H-inden-1-one (4b).

H NMR (300 MHz, CDCl,): § =8.00 (d, J= 7.2 Hz, 2 H),
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7.76 (d, J = 15.6 Hz, 1 H), 7.47-7.61 (m, 3 H), 7.39 (d,
J=15.6 Hz, 1 H), 6.92 (d, J= 7.2 Hz, 2 H). 3C NMR (75
MHz, CDCI,): = 190.6, 161.6, 144.7, 138.4, 132.5, 130.2,
1285, 128.3, 127.5, 119.7, 114.3, 55.3. ESI-HRMS: m/z
cacd for CigH,50 [M + H]*: 221.0966; found: 221.0963.
2-(4-Methoxyphenyl)-3-phenyl-1H-inden-1-one (4c).

IH NMR (300 MHz, CDCl,): § = 7.55 (d, J = 6.3 Hz, 1 H),
7.41-7.43 (m, 5H), 7.28-7.41 (m, 3H), 7.20 (d, J = 6.3 Hz,
2H),7.09(d,J=7.2Hz,1H),6.78 (d, J=6.3Hz, 2 H). °C
NMR (75 MHz, CDCl,): § = 197.0, 159.1, 153.7, 145.5,
133.4,132.9, 131.8, 131.2, 130.6, 129.1, 128.7, 128.6,
128.4, 123.0, 122.8, 120.9, 113.6, 55.1. ESI-HRMS: vz
caled for C,,H,;0, [M + H]*: 313.1223; found: 313.1225.
3-(4-Methoxyphenyl)-2-phenyl-1H-inden-1-one (4d).

IH NMR (300 MHz, CDCly): § = 7.56 (d, J = 7.2 Hz, 1 H),
7.19-7.38 (m, 11 H), 6.91 (d, J = 8.7 Hz, 2 H), 3.85 (s, 3H).
BCNMR (75 MHz, CDCly): § = 196.4, 160.4, 155.2, 145.1,
133.2, 131.6, 131.0, 130.2, 129.9, 128.8, 128.1, 127.5,
126.1, 124.7,122.7, 121.2, 114.1, 55.2. ESI-HRMS: vz
cacd for C,,H,0, [M + H]*: 313.1223; found: 313.1223.
3-(4-Nitrophenyl)-2-phenyl-1H-inden-1-one (4€).

IH NMR (300 MHz, CDCl,):  =8.26 (d, J= 8.1 Hz, 2 H),
7.60(d,J=7.2Hz,1H),7.55(d,J=8.1Hz,2H), 7.19-7.44
(m, 7 H), 7.07 (d, J= 6.9 Hz, 1 H). 3C NMR (75 MHz,
CDClj): 8 =195.5,152.2, 147.9, 144.2, 139.5, 134.0, 133.8,
130.1, 129.8,129.5, 129.4, 128.3,124.1, 123.5, 120.8. FAB-
MS: m/z=328.1, 307.2.
4,6-Dimethoxy-3-phenyl-1H-inden-1-one (4f).

IH NMR (300 MHz, CDCl,): § = 7.60 (d, J = 6.9 Hz, 2 H),
7.42—7.48(m,3H),6.81(d,J=1.8Hz,1H),6.44(d,J=1.8
Hz, 1H),5.69 (s, 1H), 3.85(s, 3H), 3.68 (s, 3H). ®*CNMR
(75 MHz, CDCl;): 8 = 196.5, 166.3, 163.1, 136.1, 134.9,
130.9, 129.7, 127.8, 127.6, 122.1, 107.2, 103.2, 102.6, 55.8,
54.3. ESI-HRMS: m/z calcd for C;H,,O;Na[M + Na]*:
289.0835; found: 289.0832.
2-(4-Methoxyphenyl)-3-(4-nitr ophenyl)-1H-inden-1-one
(49).

IH NMR (300 MHz, CDCl,): § = 8.27 (d, J= 8.7 Hz, 2 H),
7.56—7.60 (m, 3H), 7.36-7.41 (m, 1 H), 7.25-7.32 (m, 1 H),
7.15(d, J=9.0Hz,2H), 7.02 (d, J=6.9 Hz, 1 H), 6.79 (d,
J=9.0Hz, 2 H), 3.79 (s, 3H). 3C NMR (75 MHz, CDCl,):
8 =196.0, 159.7, 150.6, 147.8, 144.6, 140.0, 133.7, 133.5,
131.2, 130.1, 129.6, 129.0, 124.1, 123.4, 121.9, 120.4,
113.9,55.2. IR (KBr): 1710, 1602, 1512, 1456, 1343, 1292,
1250, 1177 cnrt. FAB-MS: m/z = 356.9, 341.9.

2,3-Dihydr 0-4,6-dimethoxy-3-(4-methoxyphenyl)-2-
propylideneinden-1-one (4h).

IH NMR (300 MHz, CDCl,): § =7.03(d, J = 11.7 Hz, 2 H),
6.92 (s, 1H), 6.73-6.83 (m, 3H), 6.56 (s, 1 H), 4.92 (s, 1 H),
3.88(s,3H),3.79(s,3H), 3.64 (s, 3H), 1.94-2.15 (m, 2 H),
0.88(t,J=7.5,7.5Hz, 3 H). 3C NMR (75 MHz, CDCly):
8 =193.9, 161.3, 157.8, 157.5, 141.5, 140.4, 139.5, 136.1,
134.1,129.1, 113.3,106.1, 96.4, 55.7, 55.5, 55.0, 44.1, 22.4,
12.3. MS(El): mVz (%) = 338 (14) [M*], 245 (43), 166 (72),
138 (100).
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