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Introduction

In the recent past, the development of new synthetic routes
involving one pot transformation has been an attractive area of
research in organic synthesis. Among these, domino' reactions
play an important role, because of their ability to build new
scaffolds in a single step. The indenone core is an important
structural motif in several natural products of biological
importance.” For example, a structural analogue of indenone 1
is used as a fluorescent binding agent to estrogen receptors,’
neo-lignin® 2 was isolated from Virolasebifera plant fruits, and
compound 3 is a structural analogue of the selective COX-2
inhibitor nimesulide.” Indenones were used as intermediates
in the synthesis of fluorenones® (4), which are important struc-
tural motifs in various natural products, and alcyopterosin N”
contains an indanone core (Fig. 1).

Additionally, indenone derivatives are used as fermenta-
tion activators,® estrogen binding receptors,” and precursors
for C-nor-n-homo-steroids,'® gibberellins,'* liquid crystals
such as indenes,'” indanones,'® 2,4- and 3,4-disubstituted
1-naphthols' and photochromic indenone oxides."> On
account of their importance, various methods have been deve-
loped to synthesize indenone derivatives, for example conven-
tional organic synthetic methods such as Friedel-Crafts,'®
Grignard'”” and transition metal-mediated (rhodium,'®**
cobalt'® and ruthenium'®) reactions of alkynes and palla-
dium catalysed coupling methods.'®™" It is worth mentioning
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leading to substituted indenones is reported. This domino reaction involves dehydration, olefin isomeriza-
tion, ketal hydrolysis, [3,3]-sigmatropic rearrangement and dehydrohalogenation. The resultant vicinal
dihalo olefin moiety in the efficiently generated indenone derivatives was utilized to transform into nin-
hydrin derivatives by employing Ru(i)-catalyzed oxidation.
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Fig. 1 Compounds containing indenone cores.

that phenyl derivatives invariably serve as the precursors for
indenones in most of the literature reports.

Results and discussion

Tetrahalobicyclo[2.2.1]heptenyl derivatives'® are readily avail-
able substrates through the Diels-Alder reaction, and are
extensively used as convenient templates in organic syntheses,
particularly natural products. As represented in Table 1,
during the last decade we have reported the Grob-type frag-
mentation reaction of 5 leading to 2,3,4-trihalophenol deriva-
tives.”® We thought that this methodology could be extended
to prepare alkylated benzene derivatives from the corres-
ponding exocyclic olefins through the same mechanistic
pathway. The parent olefin 7, which was not attainable
through a simple Wittig reaction, perhaps due to the enoliz-
able nature of the ketone,”® was prepared via a methyl
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Table 1 Initial approach for synthesis of alkylated 2,3,4-trihalo-
benzene derivative 8 via Grob-type Fragmentation (path-a) and
unexpected formation of indenone 11 (path-b)®

path a
CO,Me MeO_ OMe CO,Me
Br Br Br
Ref [20] 7 c
Br gy \ Br Me
Br
from5 X=0,56 8 (from 7)
X=CHy, 7 ~—2b
MeO_ OMe MeO_ OMe
Br
Br. Br p Br. Br Me
| o | T
OH
Br” Br Br™ Br \
Me Me °
Me Me
9 10a 1

“Reagents and conditions: (a) MeMgl, Et,O, rt, 1 h, 91%, (b) SOCl,,
pyridine, 0° C-rt, 5 h, 60%, (c) p-TsOH, toluene, reflux, 17 h, 84%,
(d) p-TsOH, toluene, reflux, 23 h, 94%.

Grignard addition, followed by elimination. As expected, sub-
jecting 7 to p-toluenesulfonic acid (PTSA) gave 8 in good yield.
Based on the premise that tertiary alcohol 9! under PTSA con-
ditions would also yield the corresponding alkylated benzene
derivative through exocyclic olefin 10a, an experiment was
carried out and the results are represented in Table 1. To our
surprise, the compound 9 underwent a domino reaction via
Cope rearrangement®® to deliver indenone 11 in excellent
yield. It worth mentioning that 4,5,6,7-tetrachloro-3a,4,7,7a-
tetrahydro-4,7-methanoinden-8-one was reported to undergo
smooth Cope rearrangement rather than the anticipated CO
extrusion reaction for these systems.>* Here, we wish to report
this serendipitously observed, efficient acid-induced domino
reaction of tetrahalo-7,7-dimethoxybicyclo[2.2.1]heptenyl alco-
hols leading to indenones. Furthermore, conversion of these
indenones to ninhydrins, by employing Ru(ui)-catalyzed oxi-
dation, is also discussed. This, to the best our knowledge, re-
presents a de novo synthesis.

Initially, the Diels-Alder adducts of methyl acrylate and
vinyl ketones 12 and 13** obtained from 1,2,3,4-tetrachloro-
5,5-dimethoxycyclopentadiene have been utilized to prepare
alcohols 14a-d*' (yield 91-99%) and 15a-1 (yield 92-99%),
respectively, by treatment with Grignard reagents, as rep-
resented in Table 2. After preparing various alcohols, we
turned our attention to executing the domino reaction as
observed for 9. In the beginning, tertiary alcohols with two
similar alkyl substituents (9, 14a-c) were treated with PTSA in
refluxing toluene (23-60 h). As depicted in Table 3, indenones
(11, 16a-c) were obtained in good yields (71-9 4%). Notably, in
addition to the alkyl substituted alcohols, the cyclopentanol
14d delivered tricyclic cyclopentanulated indenone 16d in
good yield.

In order to determine the regioselectivity of this transform-
ation, we became interested in probing the reaction of alcohols
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Table 2 Synthesis of tertiary alcohols (14a—d and 15a-1) from 12 and
13

MeO_ OMe MeO_ ,OMe
cl cl R{MgBr or BrMg-(CHp)s-MgBr cl cl
/ /
o ¢l THF or Et,0, rt o ¢l OH
(0]
R R; R
R= OMe, 12 14 a-d from 12
R=Me, 13 15 a-l from 13, Ry = Me

Entry Product R,R; Time (h) Yield” (%)

1 14a R, R, = -CH; 3.5 89
2 14b R, R, = -CH,-CH; 4 89
3 14c R, R, = —(CH,),CH; 5 99
4 14d R, Ry = (CHy)4- 6 91
5 15a R =-CHj;, R, = -CH,-CH; 5 99
6 15b R = -CHj3, R = (CH,),CHj; 9 98
7 15¢ R =-CHj3, R, = —(CH,);CH; 9 94
8 15d R =-CHj3, R, = —(CH,),CH; 13 99
9 15e R =-CHj3, R, = —(CH,);CH; 13 97
10 15f R = -CHj;, Ry = <(CH,),CHj; 16 99
11 15g R =-CHjs, Ry = «(CH,),;CH3 6 98
12 15h R =-CHj, R, = -CH,-CcHj; 10 98
13 15i R =-CHj, Ry = -CeHs 8 99
14 15j R =-CHj, Ry = p-CH3-C¢H,- 15 98
15 15k R =-CHj, R; = 0-OMe-C¢H,~ 14 92
16 151 R =-CHj;, R, = m-CH;-CgH,~ 13 99

?Yields refers to isolated yields of chromatographically pure products.
For compound 14a see ref. 21.

Table 3 Acid mediated one pot synthesis of 2,3-dihaloindenones via
[3,3]-sigmatropic rearrangement?

MeO_ OMe
X X p-TsOH
toluene
/
X7 X OH reflux
9,14 a-d 11,16 a-d

R=H, CHj3, (CH,),CH3
R1= CHj, (CH2),CH3
n=1,2

R, Ry= -(CHZ),,- n=3
X= Br, C|

11,94%, 23 h 16a, 83%, 44 h 16b, 79%, 55 h

H3C(H2C)2 cl

HaCHaC.

=

16c, 75%, 60 h

16d, 71%, 30 h

@ All reactions were carried out using 5 equiv. p-TsOH. Yields referreds
to isolated yields of chromatographically pure products.

15a-1, and the results are summarized in Table 4. However, the
presence of two different groups (R and -CH,R') in this case
is expected to give two regioisomers, surprisingly in all cases

This journal is © The Royal Society of Chemistry 2014
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Table 4 Regioselective transformation of alcohols 15a—1 via [3,3]-sigmatropic rearrangement?

OMe OMe
Cl
g p-TsOH, toluene
75 _—
o o OH reflux

Ry= H, CH3, (CH2),CHa, Aryl; R

n=1.2 34,6 10 RS
R = CHy, Aryl 1524

17a, 80%, 24 h 17b, 80%, 39 h 17¢c, 81%, 34 h

HiC(HC)1o

17g,80%, 29 h 17h,77%, 38 h

17i, 84%, 42 h

H3C(HxC)s

17j, 97%, 24 h 17k, 94%, 32 h 171,91%, 28 h

“ All reactions were carried out by using 5 equiv. p-TsOH. Yields refers to isolated yields of chromatographically pure products.

isolated indenones (17a-1) as single regioisomers. The high
regioselectivity leading toa single indenone may be attributed
to the preferential formation of a more substituted alkene
upon dehydration and isomerization of the initially formed
exocyclic alkene. A plausible mechanism for formation of inde-
nones (11, 16a) from alcohols (9, 14a) is depicted in Scheme 1.
Under acidic conditions, the tertiary alcohols are expected to
undergo dehydration to give a mixture of two interconvertible
isomeric olefins (10a,b and 18a,b). This was confirmed by
intercepting the reaction after 15 minutes and characterizing
the inseparable mixture of isomeric olefins (10a,b and 18a,b)
using 'H, C NMR (see ESIf). At this stage, refluxing the
mixture of olefins (10a,b or 18a,b), thus intercepted, in xylene
in the absence of PTSA did not afford the indenone. Evidently,
PTSA plays a further role after dehydration to transform the
ketal moiety into the carbonyl group. The resulting ketone
would then furnish the fused bicycle via rearrangement,”® as
detailed in Scheme 1. Finally, dehydrohalogenation of fused
bicyclic intermediates leads to indenones (11, 16a).

MeO_ OMe MeO. OMe MeO_ OMe
X X p-TSOH X X
toluene X X Isomerization
7 - - 4 .
OH reflux

X X" X

x Me X7x N Me Me

Me Me
= 10a, X = Br 10b, X = Br
142? X% 18a, X =Cl 18b, X = Cl

X-ZHXK 10 x X
Me Ve, 2.3 3
‘ Xe— 8 4X -
5 X
0 5 X

11, X=Br
16a, X=Cl

Scheme 1 A plausible mechanism for the formation of indenone.
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Having various substituted indenone derivatives with
vicinal dihalo olefin functionality, we wanted to prepare nin-
hydrin derivatives by Ru(ur) catalyzed oxidation.>® The use of
ninhydrins received significant attention from many research
groups globally, due to their wide ranging applications, which
includes analysis and detection of amino acids, proteins, agri-
cultural, analytical and forensic sciences, and especially for
the detection of latent fingerprints.>® We anticipated that the
synthesized vicinal halo indenones are the best precursors for
the synthesis of ninhydrin derivatives due to the existence of a
facile method for the conversion of vicinal dihalo alkene to the
a-diketone moiety.>® The details of preparation of various nin-
hydrin derivatives (19, 20a-g) from indenones (11, 16a-b,d and
17b,i-1) are tabulated in Table 5. Apart from compound 19*’

Table 5 Ru(m) catalyzed oxidation of compounds 11, 16a—b,d and
17b,i-l

1. Ru-LDH, NalOy4

x MeCN:H,0 R o
R 31 = on
F c
O‘ M 0°C-rt
2. Ac0, Hy804 ohe

o 100°C [¢]

e on HCHC o ° oo o
HC(HLC)2 OAc OAC  He
OH g oAc
Y 0Ac 0Ac one
0 ©
o
19 (82-84%)" 20a (75%) 20b (72%) 20¢ (79%)

CHy

o
o HC
o
onc O o
OAc
’ OAc ’ ohe

OAc ’

© oAc

o
20d (74%) 208 (78%)

o
’ OAc
OAc

o o
20 (77%) 20g (76%)

“ Compound 19 was isolated after Ru-LDH oxidation, from 11 yield
84% and from 16a yield 82%. Yields refers to the isolated two-step,
overall yield, apart from compound 19.
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all the ninhydrin derivatives obtained after oxidation of sub-
strates (16b,d, 17b and 17i-1) were characterized by converting
them into the corresponding diacetate derivatives (20a-g).

Conclusions

In conclusion, we have demonstrated an unprecedented
domino reaction for the formation of indenone derivatives,
and an efficient synthesis of indenones starting from uncon-
ventional (non-aromatic) precursors is described. The method-
ology allows facile incorporation of two different types of
substituents (alkyl and aryl) at the 4 and 5 positions (indenone
numbering) of indenones. The two halogens that are present
on the same side as the endo-substituent (shown in pink) are
retained in the final structure and could serve as convenient
handles for further elaboration. A plausible mechanistic
pathway has been discussed. The indenones with vicinal
dihalo alkene moiety were converted to ninhydrin derivatives
in good yields using cat. Ru-LDH and NalO, as the co-oxidant.

Experimental section
General

All reactions were performed in oven dried apparatus. Com-
mercial grade solvents were distilled before use. Melting
points were obtained in open capillary tubes and are uncor-
rected. Infrared spectra were recorded as neat. The samples for
NMR were made by dissolving in CDCl; and TMS is used as an
internal standard; the 6 values for the peaks in "H NMR were
reported in terms of ppm with reference to TMS (0 ppm) peak
and the coupling constants were reported in Hz. The multipli-
cities are reported as follows br = broad, s = singlet, d =
doublet, dd = doublet of doublets, t = triplet, q = quartet, quin
= quintet, sxt = sextet, m = multiplet. The chemical shift in **C
NMR is assigned by fixing the middle peak of CDCl; at
77.00 ppm. HRMS was recorded using electron spray ioniza-
tion (ESI) or atmospheric chemical ionization (APCI) mode.
The reactions were monitored by thin layer chromatography
(tle) on microscopic slides coated with silica gel and visualiza-
tion of the spots was accomplished by exposure to iodine
vapor or spraying with 4% ethanolic H,SO, solution or by UV
radiation. The silica gel (100 x 200) column chromatography
was carried for purification of compounds with various combi-
nations of hexane and EtOAc solvent system as the eluent.
Diethyl ether and tetrahydrofuran were distilled immediately
prior to use from sodium/benzophenoneketyl under argon.
Distilled water was used for the reactions. LDH refers to
Layered Double Hydroxide.

General procedure for compounds 6, 14b-d, 15a-1 (synthesis
of tertiary alcohols)

A diethyl ether or tetrahydrofuran solution of alkyl or aryl mag-
nesium halide was prepared from Mg turnings (4 mmol), a
catalytic amount of iodine =5 mg, and alkyl or aryl halide
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(5 mmol) in 5 mL dry diethyl ether or THF as per standard pro-
cedures. After the metal was completely consumed, the sub-
strate (1 mmol) in 3 mL ether or THF was added slowly under
an argon atmosphere. The reaction mixture was stirred for a
specified time at room temperature (completion of the starting
material as per tlc), cooled, and quenched with saturated
NH,CI solution (1 mL). The reaction mixture was extracted
thrice with ethyl acetate (3 x 10 mL). The combined organic
layer was washed once with saturated brine solution and dried
over anhydrous Na,SO,. The solvent was evaporated, and the
crude reaction mixture was purified by chromatography using
silica gel.

General procedure for the preparation of indenone derivatives
(11, 16a-d, 17a-1) and compound 8 (synthesis of indenones)

p-Toluenesulfonic acid monohydrate (2 mmol), was added to a
solution of the bicyclic alcohols (0.388 mmol) in toluene
(6 mL) and the reaction mixture was refluxed for specified
time. After the reaction was complete (tlc monitoring), the
reaction mixture was diluted with water (2 mL) and the
aqueous layer was extracted with EtOAc (3 x 10 mL). The com-
bined organic layers were washed with saturated brine solution
and dried over anhydrous Na,SO,. The solvent was concen-
trated under reduced pressure to give a residue, which was
purified by silica gel column chromatography.

General procedure for compounds 10a, 10b, 18a and 18b

p-Toluenesulfonic acid monohydrate (0.151 mmol), was added
to a solution of the bicyclic alcohol (0.076 mmol) in toluene
(1 mL) and the reaction mixture was refluxed for 15 min. After
the reaction was complete (tlc monitoring), the reaction
mixture was diluted with water (2 mL) and the aqueous layer
was extracted with EtOAc (3 x 5 mL). The combined organic
layers were washed with brine (2 mL) and dried over anhydrous
Na,S0,. The solvent was concentrated under reduced pressure
to furnish a residue, which was purified by silica gel column
chromatography.

General procedure for ninhydrin derivatives 20a-g (synthesis of
ninhydrins)

To a stirred solution of indenones (0.418 mmol) in acetonitrile
(3 mL) at 0 °C was added a solution of Ru-LDH (20, mg
0.83 mol% RuCl; loaded on LDH) and NalO, (1.0455 mmol) in
water (1 mL). The mixture was stirred for 5 h at —10 to 0 °C,
after completion of the reaction (monitored by TLC). The
resulting suspension was filtered through a thin pad of silica
gel, which was then washed with ethyl acetate (10 mL). Con-
centration of the filtrate, and followed by silica gel column
chromatography of the obtained residue, afforded a viscous
liquid. Then the liquid was treated with acetic anhydride
(1 mL) and a catalytic amount of concentrated (98%) sulfuric
acid was added. The reaction mixture was stirred for 15 min at
room temperature and was heated at 100 °C. Then the reaction
mixture was cooled in an ice bath and diluted with water
(0.5 mL). The solution was extracted with ethyl acetate (3 x
5 mL), washed with saturated NaHCOj; solution (2 mL) and

This journal is © The Royal Society of Chemistry 2014
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dried over anhydrous Na,SO,. The solvent was then concen-
trated under reduced pressure to yield a residue, which was
purified by silica gel column chromatography.
1,4,5,6-Tetrabromo-7,7-dimethoxy-2-methylbicyclo[2.2.1]-
hept-5-en-2-ol (6). Yield 91%, R = 0.4 (15% EtOAc in hexane,
silica gel tlc); "H NMR (400 MHz, CDCl;) 6 3.89 (s, 1H), 3.69 (s,
3H), 3.60 (s, 3H), 2.33 (d, 1H, J = 12.8 Hz), 2.16 (d, 1H, J = 12.5
Hz), 1.12 (s, 3H); "*C NMR (400 MHz, CDCl;) § 128.8, 125.0,
113.1, 80.2, 68.0, 53.4, 51.9, 49.4, 23.5; IR umqy (Neat) 3521,
2986, 2948, 2843, 1573, 1445, 1393, 1361, 1264, 1214, 1184,
1101, 978, 928, 852, 827, 718, 663 cm™'; HRMS (ESI) m/z caled
for CyoH,,Br,;NaO; [M + Na]" 522.7376; found 522.7368.
Preparation of exocyclic double bond containing compound
(7). To a solution of compound 6, 217 mg (0.434 mmol) in
1.5 mL anhydrous pyridine cooled to —10 °C was treated for
1 min with 1 mL of a 1:1 mixture of thionyl chloride and
anhydrous pyridine. The reaction was stirred at —10 °C to rt
for 5 h and was poured into 50 mL cold pentane. The pentane
solution was treated cautiously with ice chips and the resulting
layers separated. Several pentane extracts were combined and
washed with two portions of 3% aqueous hydrochloric acid,
followed by brine until neutral. The pentane extract was dried
with anhydrous Na,SO,. The solvent was concentrated under
reduced pressure to yield a residue, which was purified by
silica gel column chromatography to afford colorless solid 7,
yield 60% (125 mg, 0.259 mmol), R = 0.64 (5% EtOAc in
hexane, silica gel tlc), mp 69-71 °C; "H NMR (400 MHz, CDCI;)
8 5.40 (s, 1H) 5.08 (s, 1H), 3.63 (s, 3H), 3.58 (s, 3H), 2.99 (d,
1H, J = 14.5 Hz), 2.6 (d, 1H, J = 18.5 Hz); *C NMR (400 MHz,
CDCl,) 5 143.7, 127.1, 125.2, 111.6, 109.5, 67.7, 53.0, 51.9, 42.7;
IR Umay (Neat) 2986, 2947, 2842, 1667, 1569, 1452, 1432, 1251,
1203, 1170, 1107, 1010, 949, 756, 694, 616 cm™"; HRMS (ESI)
caled for CyoH;4Br;O,N [M + NH,]" 499.7717; found 499.7708.
Methyl 2,3,4-tribromo-5-methylbenzoate (8). Colorless solid
8, yield 84%, R¢ = 0.54 (15% EtOAc in hexane, silica gel tlc), mp
71-73 °C; "H NMR (400 MHz, CDCl3) & 7.47 (s, 1H) 3.93 (s,
3H), 2.47 (s, 3H); ">C NMR (400 MHz, CDCl3) § 166.5, 139.6,
134.0, 131.5, 130.5, 129.9, 121.3, 52.9, 25.0; IR 1. (neat)
2951, 2923, 2851, 1731, 1572, 1428, 1381, 1260, 1144, 1051,
989, 917, 891, 770, 641 cm'; HRMS (APCI) caled for
CoHgBr;0, [M + H]" 386.8054; found 386.8052.
1,2,3,4-Tetrabromo-7,7-dimethoxy-5-( propan-2-ylidene)-
bicyclo[2.2.1]hept-2-ene (10a). 10a,b, yield 98%, ratio of
isomers 53:47, colorless liquid, Ry = 0.62 (5% EtOAc in
hexane, silica gel tlc); '"H NMR (400 MHz, CDCl;) § 3.61 (s,
3H), 3.59 (s, 3H), 2.92 (d, 1H, J = 13.6 Hz), 2.41 (d, 1H, J =
13.6 Hz), 2.04 (s, 3H), 1.63 (s, 3H); "*C NMR (400 MHz, CDCl;)
6 140.8, 129.5, 126.0, 125.3, 111.1, 72.7, 67.5, 52.3, 51.7, 42.6,
23.8; IR vpmax (neat) 3080, 2980, 2946, 2841, 1641, 1568, 1451,
1373, 1263, 1180, 1111, 971, 893, 842, 722, 647, 571 cm™};
HRMS (APCI) caled for Cy,H;5Br,0, [M + H]' 510.7764; found
510.7762.
1,2,3,4-Tetrabromo-7,7-dimethoxy-5-( prop-1-en-2yl)bicyclo-
[2.2.1]hept-2-ene (10b). "H NMR (400 MHz, CDCIl;) 6§ 5.00 (s,
1H), 4.73 (s, 1H), 3.64 (s, 3H), 3.63 (s, 3H), 3.28 (dd, 1H, J = 9.3,
4.5 Hz), 2.54 (dd, 1H, J = 12, 9.3 Hz), 1.99 (dd, 1H, J = 12, 4.5
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Hz), 1.82 (s, 3H); *C NMR (400 MHz, CDCl;) § 140.8, 126.5,
125.5, 116.5, 112.3, 73.5, 68.3, 53.2, 52.3, 43.8, 19.6; IR (neat)
2916, 1717, 1607, 1546, 1455, 1343, 1228, 1187, 1092, 833, 763,
693, 638, 601 cm™'; HRMS (APCI) caled for C;,H;5Br,0, [M +
H]+ 510.7764; found 510.7762.
2,3-Dibromo-5-methyl-1H-inden-1-one (11). Yellow solid 11,
yield 94%, Ry = 0.6 (5% EtOAc in hexane, silica gel tlc), mp
91-93 °C; 'H NMR (400 MHz, CDCl;) § 7.35 (d, 1H, J = 7.3, Hz),
7.08 (d, 1H, J = 7.3, Hz), 7.00 (s, 1H), 2.41 (s, 3H); ">’C NMR
(400 MHz, CDC13) 6 186.2, 145.8, 142.2, 129.7, 126.6, 123.1,
122.7, 122.3, 22.1; IR vy (neat) 3080, 2980, 2946, 2841, 1641,
1568, 1451, 1373, 1263, 1180, 1111, 971, 893, 842, 722, 647,
571 cm™"; HRMS (ESI) caled for CyoH;Br,0 [M + H|" 302.8843;
found 302.8837.
3-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)pentan-3-ol (14b). Colorless liquid 14b, yield 98%, R =
0.53 (10% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz,
CDCl;) 6 3.6 (s, 3H), 3.54 (s, 3H), 2.76 (dd,1H, J = 9.3, 4.9 Hz),
2.34 (dd, 1H, J = 11.2, 9.3 Hz), 2.11 (dd, 1H, J = 11.2, 4.9 Hz),
1.94-1.87 (m, 1H), 1.74-1.69 (m, 1H), 1.40-1.28 (m, 2H), 1.07
(s, 1H), 0.9 (t, 3H, J = 7.3), 0.81 (t, 3H, J = 7.6 Hz); >*C NMR
(400 MHz, CDCI;) § 128.6, 128.3, 112.3, 77.9, 75.7, 74.0, 52.8,
51.6, 51.0, 38.0, 29.2, 8.7, 7.1; IR vpax (neat) 3605, 3493, 2970,
2883, 2845, 1607, 1457, 1278, 1193, 1117 cm™*; HRMS (APCI)
m/z caled for Cy4H;0CLO, [(M + H)"(-H,0)]" 361.0062; found
361.0096.
4-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)heptan-4-ol (14c). Colorless solid 14c, yield 99%, R¢ = 0.5
(10% EtOAc in hexane, silica gel tlc), mp 66-68 °C; 'H NMR
(400 MHz, CDCl;) & 3.58 (s, 3H), 3.53 (s, 3H), 2.74 (dd, 1H, J =
9.3, 4.9 Hz), 2.34 (t, 1H, J = 10.0 Hz), 2.12 (dd, 1H, J = 11.2,
4.9 Hz), 1.88-1.81 (m, 1H), 1.59 (td, 1H J = 13.0, 4.4 Hz),
1.43-1.34 (m, 1H), 1.26-1.21 (m, 5H), 1.08 (s, 1H), 0.93-0.88
(m, 6H); >C NMR (400 MHz, CDCl;) § 129.0, 128.3, 112.3,
77.9, 75.2, 73.9, 52.7, 51.6, 40.0, 39.6, 38.0, 17.8, 15.8, 14.4,
14.2; IR umay (neat) 3563, 2960, 2871, 1609, 1259, 1189, 1089,
1012, 794 cm™'; HRMS (APCI) m/z caled for C;¢H,;ClLO,
[(M + H)'(-H,0)]" 389.0423; found 389.0412.
1-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)cyclopentanol (14d). Colorless liquid 14d, yield 91%, R¢ =
0.5 (10% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz,
CDCl;) 8 3.60 (s, 3H), 3.55 (s, 3H), 2.69 (dd, 1H, J = 9.3, 4.9 Hz),
2.44 (dd, 1H, J = 11.2, 9.3 Hz), 2.05 (dd, 1H, J = 11.7, 4.9 Hz),
1.88-1.80 (m, 3H), 1.79-1.70 (m, 2H), 1.65-1.57 (m, 2H),
1.46-1.40 (m, 1H), 1.08 (s, 1H); *C NMR (400 MHz, CDCl;) §
128.9, 128.3, 112.5, 82.1, 78.2, 74.2, 55.0, 53.0, 51.6, 39.8, 39.6,
38.5, 23.8, 22.0; IR (neat) 3600, 2951, 2874, 2846, 1607, 1445,
1275, 1189, 1119, 1040, 985, 897, 798, 781 cm™'; HRMS (APCI)
m/z caled for Cy4H;,CLO, [(M + H)(-H,0)]" 358.9953; found
358.9945.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)butan-2-ol (15a). Colorless liquid 15a, yield 99%, R¢ = 0.56
(5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz, CDCl;)
8 3.60 (s, 3H), 3.55 (s, 3H), 2.67 (dd,1H, J = 9.3, 4.9 Hz), 2.36
(dd, 1H, J = 11.2, 9.3 Hz), 2.1 (dd, 1H, J = 11.2, 4.9 Hz),
1.42-1.36 (m, 5H), 1.14 (s, 1H), 0.88 (t, 3H, J = 7.6 Hz);
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3C NMR (400 MHz, CDCl;) § 128.9, 128.2, 112.4, 78.0, 74.1,
73.3, 53.3, 52.8, 51.6, 37.9, 34.8, 25.5, 7.8; IR v,y (neat) 3603,
2950, 2847, 1606, 1458, 1381, 1275, 1186, 1114, 1035, 986, 905,
796, 724, 610 cm™'; HRMS (ESI) m/z caled for C;3H;oCl,O;
[M + H]" 365.0059; found 365.0046.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)pentan-2-ol (15b). Colorless liquid 15b, yield 98%, R¢ =
0.51 (5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz,
CDCl;) 6 3.60 (s, 3H), 3.54 (s, 3H), 2.67 (dd, 1H, J = 9.3, 4.9 Hz),
2.37 (dd, 1H, J = 11.2, 9.3 Hz), 2.11 (dd, 1H, J = 11.7, 4.9 Hz),
1.41 (s, 3H), 1.36-1.15 (m, 4H), 1.15 (br, 1H), 0.9 (br, 3H); *C
NMR (400 MHz, CDCl3) § 128.8, 128.2, 112.4, 78.0, 74.1, 73.2,
53.6, 52.8, 51.6, 45.0, 37.9, 26.1, 16.7, 14.5; IR vy, (neat) 3602,
2955, 2846, 1606, 1459, 1380, 1329, 1275, 1187, 1115, 1033,
905, 873, 802, 745, 616, 581 cm™'; HRMS (ESI) m/z caled for
C14H;6CL0, [(M + H)'(-H,0)]" 361.0109; found 361.0106.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)hexan-2-ol (15¢). Colorless liquid 15c, yield 94%, R¢ = 0.51
(5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz, CDCI;)
5 3.60 (s, 3H), 3.54 (s, 3H), 2.67 (dd,1H, J = 9.3, 4.9 Hz),
2.39-2.33 (m, 1H), 2.11 (dd, 1H, J = 11.7, 4.9 Hz), 1.41 (s, 3H),
1.34-1.26 (m, 6H), 1.15 (br, 1H), 0.9 (t, 3H, J = 6.8 Hz); °C
NMR (400 MHz, CDCl;) & 128.8, 128.2, 112.4, 77.9, 74.1, 73.2,
53.6, 52.8, 51.6, 42.2, 38.0, 26.2, 25.7, 23.1, 14.0; IR v,y (neat)
3602, 2949, 2856, 1608, 1451, 1379, 1271, 1180, 1113, 1032,
985, 884, 801, 731, 615 cm™'; HRMS (ESI) m/z caled for
C15H,6C1,NO; [M + NH,]" 410.0637; found 410.0635.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)heptan-2-ol (15d). Colorless liquid 15d, yield 96%, R; =
0.53 (5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz,
CDCl;) 6 3.60 (s, 3H), 3.55 (s, 3H), 2.67 (dd, 1H, J = 9.3, 4.9 Hz),
2.36 (dd, 1H, J = 11.2, 9.3 Hz), 2.11 (dd, 1H, J = 11.2, 4.9 Hz),
1.41 (s, 3H), 1.41-1.14 (m, 8H), 1.14 (br, 1H) 0.89 (t, 3H, J =
6.8 Hz); ">C NMR (400 MHz, CDCl;) § 128.9, 128.2, 112.4, 78.0,
74.1, 73.2, 53.6, 52.8, 51.6, 42.5, 37.9, 32.2, 26.2, 23.2, 22.5,
14.0; IR vy (neat) 3604, 2947, 2855, 1606, 1459, 1380, 1275,
1190, 1115, 1034, 989, 889, 802, 736, 616 cm '; HRMS (ESI)
m/z caled for Ci6H,3CL0, [(M + H)'(-H,0)]" 389.0422; found
389.0413.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)octan-2-ol (15e). Colorless liquid 15e, yield 97%, R¢ = 0.54
(5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz, CDCI;)
8 3.60 (s, 3H), 3.55 (s, 3H), 2.67 (dd, 1H, J = 9.3, 4.9 Hz), 2.36
(dd, 1H, J = 11.2, 9.3 Hz), 2.11 (dd, 1H, J = 11.2, 4.9 Hz), 1.41
(s, 3H), 1.33-1.26 (m, 10H), 1.15 (br, 1H) 0.88 (t, 3H, J = 6.6
Hz); "*C NMR (400 MHz, CDCl;) § 128.8, 128.2, 112.4, 78.0,
74.1, 73.2, 53.6, 52.8, 51.6, 42.5, 37.9, 31.7, 29.7, 26.9, 23.5,
22.6, 14.0; IR vpay (neat) 3606, 2932, 2853, 1606, 1459, 1379,
1332, 1275, 1191, 1114, 1034, 987, 905, 868, 804, 731, 616,
583 cm™'; HRMS (ESI) m/z caled for C;;H,5Cl,0,, [M +
H)"(-H,0)]" 403.0579; found 403.0575.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)decan-2-ol (15f). Colorless liquid 15f, yield 99%, R¢ = 0.56
(5% EtOAc in hexane, silica gel tlc); 1H NMR (400 MHz,
CDCI3) § 3.58 (s, 3H), 3.53 (s, 3H), 2.65 (dd, 1H, J = 9.3,
4.9 Hz), 2.32 (dd, 1H, J = 11.2, 9.3 Hz), 2.09 (dd, 1H, J = 11.2,
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4.9 Hz), 1.39 (s, 3H), 1.32-1.25 (m, 14H), 1.18 (br, 1H), 0.86 (t,
3H, J = 6.8 Hz); 13C NMR (400 MHz, CDCI3) § 128.7, 128.2,
112.4, 77.9, 74.0, 73.1, 53.5, 52.7, 51.5, 42.5, 37.9, 31.8, 30.0,
29.4, 29.2, 26.1, 23.5, 22.5, 14.0; IR v, (neat) 3606, 2926,
2853, 1714, 1606, 1459, 1379, 1275, 1190, 1115, 1304, 989, 879,
804, 744, 616 cm™'; HRMS (ESI) m/z caled for C;oH,5Cl,0,
[(M + H)*(-H,0)]" 431.0892; found 431.0898.
2-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)tetradecan-2-ol (15g). Colorless liquid 15g, yield 98%, R¢ =
0.58 (5% EtOAc in hexane, silica gel tlc); "H NMR (400 MHz,
CDCl;) 6 3.59 (s, 3H), 3.53 (s, 3H), 2.66 (dd, 1H, J = 9, 4.6 Hz),
2.35 (dd, 1H, J = 11.2, 9.3 Hz), 2.1 (dd, 1H, J = 11.5, 4.6 Hz),
1.39 (s, 3H), 1.39-1.25 (m, 22H), 1.18 (br, 1H) 0.87 (t, 3H, J =
6.6 Hz); >C NMR (400 MHz, CDCl;) & 128.8, 128.2, 112.4, 77.9,
74.1, 73.1, 53.6, 52.7, 51.6, 42.5, 37.9, 31.9, 30.0, 29.6, 29.6,
29.5, 29.5, 29.3, 26.1, 23.5, 22.6, 14.1; IR v, (neat) 3608,
2852, 1606, 1460, 1379, 1275, 1191, 1115, 1035, 989, 873, 804,
723, 617 cm™; HRMS (ESI) m/z caled for C,3H3,ClL,O, [(M +
H)'(-H,0)]" 487.1518; found 487.1517.
1-Phenyl-2-(1,4,5,6-tetrachloro-7,7-dimethoxybicyclo[2.2.1]-
hept-5-en-2-yl)propan-2-ol (15h). White solid 15h, yield 98%,
Rs = 0.52 (10% EtOAc in hexane, silica gel tlc), mp 98-100 °C;
'H NMR (400 MHz, CDCl;) § 7.30-7.14 (m, 5H), 3.58 (s, 3H),
3.54 (s, 3H), 2.73-2.67 (m, 2H), 2.56-2.45 (m, 2H), 2.33 (dd,
1H, J = 11.2, 4.9 Hz), 1.31 (s, 3H), 1.13 (s, 1H); °C NMR
(400 MHz, CDCl,) 6 135.9, 130.8, 128.7, 128.4, 128.2, 126.8,
112.5, 78.0, 74.1, 72.9, 54.1, 52.8, 51.6, 48.1, 38.3, 26.1; IR Upax
(neat) 3585, 2979, 2949, 2844, 1605, 1494, 1453, 1381, 1279,
1190, 1116, 1096, 1032, 987, 910, 754, 727, 701, 607 cm™;
HRMS (ESI) m/z caled for C,4H;oCL,O, [M + H)'(-H,0)]"
409.0109; found 409.0110.
1-Phenyl-1-(1,4,5,6-tetrachloro-7,7-dimethoxybicyclo[2.2.1]-
hept-5-en-2-yl)ethanol (15i). White solid 15i, yield 99%, R; =
0.61 (10% EtOAc in hexane, silica gel tlc), mp 89-91 °C; 'H
NMR (400 MHz, CDCl;) § 7.32-7.30 (m, 2H), 7.24-7.22 (2H, m),
7.16-7.13 (1H, m), 3.49 (s, 3H), 3.46 (s, 3H), 2.97-2.94 (m,1H),
1.81-1.79 (m, 2H), 1.72 (s, 3H), 1.5 (s, 1H); ">C NMR (400 MHz,
CDCl;) 6 147.4, 128.9, 128.2, 126.8, 124.5, 112.4, 78.0, 74.5,
74.0, 55.4, 52.7, 51.6, 37.9, 30.4; IR (neat) vmax 3585, 2954,
2924, 2848, 1603, 1442, 1326, 1261, 1180, 1160, 1098, 1066,
1029, 981, 900, 868, 782, 696, 581 cm™'; HRMS (ESI) m/z calcd
for C17H;5,C1,0, [(M + H)"(-H,0)]" 394.9953; found 394.9949.
1-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)-1-p-tolylethanol (15j). White solid 15j, yield 98%, R; =
0.53 (5% EtOAc in hexane, silica gel tlc), mp 107-109 °C; 'H
NMR (400 MHz, CDCl3) 6 7.29 (d, 2H, J = 8.3 Hz), 7.15 (d, 2H, J
= 8.3 Hz), 3.58 (s, 3H), 3.56 (s, 3H), 3.03 (t, 1H, ] = 7.3 Hz), 2.34
(s, 3H), 1.9 (d, 2H, J = 7.3 Hz), 1.79 (s, 3H), 1.53 (s, 1H); °C
NMR (400 MHz, CDCl;) § 144.6, 136.4, 128.9, 128.2, 124.5,
124.4, 78.0, 74.5, 74.0, 55.4, 52.8, 51.6, 38.0, 30.5, 20.9; IR pax
(neat) 3548, 2984, 2945, 2847, 1606, 1507, 1447, 1359, 1280,
1194, 1109, 1079, 1033, 987, 904, 874, 814, 762, 721, 584 cm™;
HRMS (ESI) m/z caled for Cy4H;oCL,O, [M + H)'(-H,0)]"
409.0109; found 409.0108.
1-(3-Methoxyphenyl)-1-(1,4,5,6-tetrachloro-7,7-dimethoxybi-
cyclo[2.2.1]hept-5-en-2-yl)ethanol (15k). White solid 15k, yield
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92%, Rf = 0.45 (5% EtOAc in hexane, silica gel tlc), mp
119-121 °C; '"H NMR (400 MHz, CDCl;) § 7.24 (t, 1H, J = 8.1
Hz), 6.96-6.93 (m, 2H), 6.76 (d, 1H, J = 7.8 Hz), 3.80 (s, 3H),
3.57 (s, 3H), 3.54 (s, 3H), 3.04-3.01 (m, 1H), 1.90-1.88 (m, 1H),
1.78 (s, 3H), 1.56 (s, 1H); *C NMR (400 MHz, CDCl;) § 159.6,
149.4, 129.3, 128.9, 128.3, 117.0, 112.4, 111.6, 111.0, 78.1, 27.5,
74.0, 55.2, 52.8, 51.6, 38.0, 30.4; IR vpma, (neat) 3483, 2948,
2844, 1605, 1581, 1484, 1435, 1317, 1280, 1182, 1152, 1035,
990, 913, 879, 789, 757, 706, 621 cm™'; HRMS (ESI) m/z calcd
for C15H;0C1,05 [(M + H)"(-H,0)]" 425.0058; found 425.0056.
1-(1,4,5,6-Tetrachloro-7,7-dimethoxybicyclo[2.2.1]hept-5-en-
2-yl)-1-m-tolylethanol (151). White solid 151, yield 99%, R¢ =
0.49 (5% EtOAc in hexane, silica gel tlc), mp 79-81 °C; 'H
NMR (400 MHz, CDCl;) § 7.21 (quin, 3H, J = 7.7 Hz), 3.60 (s,
3H), 3.56 (s, 3H), 3.04 (t, 1H, J = 7.1 Hz), 2.37 (s, 3H), 1.91 (d,
2H, J = 7.3 Hz), 1.80 (s, 3H), 1.55 (s, 1H); "*C NMR (400 MHz,
CDCl) 6 147.5, 137.9, 128.9, 128.2, 128.1, 127.5, 125.2, 121.6,
112.4, 78.1, 74.5, 74.0, 55.4, 52.8, 51.7, 37.9, 30.5, 21.6; IR vpax
(neat) 3574, 2988, 2949, 2846, 1604, 1448, 1379, 1267, 1184,
1115, 1028, 984, 908, 880, 823, 786, 707, 616, 570, 616 cm™";
HRMS (ESI) m/z caled for Cy3H;oCl,0, [M + H)'(-H,O0)]"
409.0109; found 409.0105.
2,3-Dichloro-5-methyl-1H-inden-1-one  (16a). Yellow solid
16a, yield 83%, R = 0.44 (hexane, silica gel tlc), mp 85-87 °C;
"H NMR (400 MHz, CDCl;) § 7.43 (s, 1H), 7.25 (d, 1H, J =
7.3, Hz), 7.15 (d, 1H, J = 7.8, Hz), 2.44 (s, 3H); *C NMR
(400 MHz, CDCIl;) § 192.1, 149.5, 148.8, 132.5, 132.0, 127.6,
123.8, 78.4, 73.0, 22.4; IR vy, (neat) 2949, 2846, 1720, 1599,
1565, 1374, 1192, 1113, 829, 764, 697 cm™*; HRMS (APCI) m/z
caled for C;oH,CLO [M + H]' 212.9874; found 212.9862.
2,3-Dichloro-5-ethyl-4-methyl-1H-inden-1-one  (16b). Yellow
solid 16b, yield 79%, Ry = 0.46 (hexane, silica gel, tlc), mp
75-77 °C; "H NMR (400 MHz, CDCl;) § 7.27 (d, 1H), 7.07 (d,
1H), 2.65 (q, 2H, J = 7.5, Hz), 2.54 (s, 3H), 1.2 (t, 3H, J = 7.3,
Hz); "*C NMR (400 MHz, CDCl;) § 185.9, 152.1, 151.7, 136.0,
131.8, 129.1, 128.1, 127.4, 121.0, 27.0, 14.3, 13.6; IR vp. (Neat)
2968, 2879, 1722, 1593, 1452, 1213, 1132, 846, 798, 718 cm™;
HRMS (APCI) m/z caled for C;,H;;CLLO [M + H]" 241.0187;
found 241.0176.
2,3-Dichloro-4-ethyl-5propyl-1H-inden-1-one  (16¢). Yellow
solid 16¢, yield 75%, Ry = 0.41 (hexane, silica gel tlc), mp
62-64 °C; "H NMR (400 MHz, CDCl;) § 7.28-7.25 (m, 1H), 7.3
(d, 1HJ = 7.3, Hz), 3.01 (q, 2H, J = 7.3, Hz), 2.62-2.58 (m, 2H),
1.62 (sxt, 2H, J = 7.5, Hz), 1.23 (t,3H, J = 7.6, Hz), 1.01 (t, 3H,
J = 7.3, Hz); "*C NMR (400 MHz, CDCl;) § 185.8, 151.7, 149.7,
138.3, 135.5, 130.4, 128.2, 127.6, 120.9, 34.9, 24.2, 20.0, 16.2,
14.1; IR vy (neat) 2961, 2872, 1722, 1593, 1555, 1450, 1203,
1131, 798, 741 cm™'; HRMS (APCI) m/z caled for C14H;5CL,0
[M + H]" 269.0500; found 269.0496.
1,2-Dichloro-7,8-dihydroas-indacen-3(6H)-one(16d). Yellow
solid 16d, yield 71%, Ry = 0.45 (hexane, silica gel tlc), mp
150-152 °C; 'H NMR (400 MHz, CDCl;) § 7.3 (d, 1H J = 6.8,
Hz), 7.12 (d, 1H J = 7.3, Hz), 3.15 (t, 2H, J = 7.3 x 2, Hz), 2.88
(t, 2H, J = 7.3 x 2, Hz), 2.18-2.10 (2H, m); "*C NMR (400 MHz,
CDCl;) 6 186.1, 154.4, 150.8, 138.6, 134.6, 127.2, 127.0, 124.8,
121.8, 32.5, 30.2, 25.3; TR vmay (neat) 2964, 2987, 2897, 1276,
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1587, 1553, 1453, 1413, 1344, 1290, 1203, 1176, 1112, 787,
780 ecm™'; HRMS (APCI) m/z caled for C;,HoCLO [M + HJ'
239.0030; found 239.0022.
2,3-Dichloro-4,5-methyl-1H-inden-1-one (17a). Yellow solid
17a, yield 80%, Ry = 0.42 (hexane, silica gel tlc), mp
139-141 °C; 'H NMR (400 MHz, CDCl;) § 7.19 (d, 1H, J =
7.3, Hz), 7.04 (d, 1H, J = 7.3, Hz), 2.48 (s, 3H), 2.28 (s, 3H); °C
NMR (400 MHz, CDCl,) 6 185.7, 151.9, 146.1, 135.6, 132.4,
130.5, 127.4, 120.7, 21.0, 14.0; IR vy (neat) 2948, 2836, 1712,
1587, 1547, 1446, 1379, 1338, 1256, 1211, 1128, 965, 921, 848,
791, 760, 712 cm™"'; HRMS (ESI) m/z caled for C;;HoCLO [M +
H]" 227.0030; found 227.0026.
2,3-Dichloro-4-ethyl-5-1H-inden-1-one  (17b). Yellow solid
17b, yield 80%, R; = 0.49 (hexane, silica gel tlc), mp 56-58 °C;
'H NMR (400 MHz, CDCl;) § 7.23 (d, 1H, J = 7.3, Hz), 7.06 (d,
1H, J = 6.8, Hz), 3.00 (q, 2H, J = 7.7, Hz), 2.34 (s, 3H), 1.2 (t,
3H, J = 7.6, Hz); *C NMR (400 MHz, CDCl;) 6 185.8, 151.6,
145.3, 138.6, 135.2, 131.1, 128.2, 127.7, 120.9, 20.6, 20.0, 15.0;
IR vmay (neat) 2966, 2930, 2872, 1715, 1585, 1549, 1448, 1340,
1244, 1207, 1125, 1053, 973, 906, 860, 828, 770, 727 cm™%;
HRMS (ESI) m/z caled for C,,H,;CL,0 [M + H]' 241.0187; found
241.0182.
2,3-Dichloro-5-methyl-4-propyl-1H-inden-1-one (17c). Yellow
solid 17c, yield 81%, Ry = 0.46 (hexane, silica gel tlc), mp
78-80 °C; "H NMR (400 MHz, CDCl;) & 7.21 (d, 1H, J = 7.3, Hz),
7.05 (d, 1H, J = 7.3, Hz), 2.92-2.88 (m, 2H), 2.32 (s, 3H),
1.60-1.51 (m, 2H), 1.04 (t, 3H, J = 7.1, Hz); ">C NMR (400 MHz,
CDCl;) 6 185.7, 151.6, 145.5, 137.3, 135.4, 131.0, 128.2, 120.9,
29.3, 24.4, 20.2, 14.0 1;ay.33; IR (neat) 2960, 2929, 2871, 1720,
1588, 1553, 1456, 1346, 1232, 1212, 1131, 948, 844, 806, 772,
735 cm™'; HRMS (ESI) m/z caled for C;3H;3CLO [M + HJ'
255.0343; found 255.0328.
4-Butyl-2,3-dichloro-5-methyl-1H-inden-1-one (17d). Yellow
solid 17d, yield 79%, R; = 0.43 (hexane, silica gel tlc), mp
49-51 °C; "H NMR (400 MHz, CDCl;) § 7.23 (d, 1H, J = 7.3, Hz),
7.06 (d, 1H, J = 7.3, Hz), 2.96-2.92 (m, 2H), 2.33 (s, 3H),
1.55-1.42 (m, 4H), 0.98 (t, 3H, J = 7.6, Hz); ">C NMR (400 MHz,
CDCl,) & 185.8, 151.7, 145.4, 137.5, 135.4, 131.0, 128.3, 127.7,
120.9, 33.2, 27.2, 23.1, 20.2, 13.9; IR vy (Neat) 2957, 2925,
2863, 1720, 1588, 1552, 1457, 1343, 1219, 1129, 1030, 855, 806,
773, 731 em™'; HRMS (ESI) m/z caled for C;4H;5CL,0 [M + HJ*
269.0500; found 269.0498.
2,3-Dichloro-5-methyl-4-pentyl-1H-inden-1-one (17e). Yellow
solid, 17e yield 88%, Ry = 0.43 (hexane, silica gel tlc), mp
79-81 °C; 'H NMR (400 MHz, CDCl;) § 7.23 (d, 1H, J = 7.3, Hz),
7.06 (d, 1H, J = 7.3, Hz), 2.93-2.91 (m, 2H), 2.33 (s, 3H),
1.55-1.49 (m, 2H), 1.45-1.33 (m, 4H), 0.93 (t, 3H, J = 7.1, Hz);
3C NMR (400 MHz, CDCl;) 6 185.8, 151.7, 145.4, 137.6, 135.4,
131.0, 128.3, 127.7, 120.9, 32.2, 30.8, 27.5, 22.4, 20.2, 14.0; IR
Umax (neat) 2955, 2927, 2858, 1723, 1585, 1554, 1461, 1345,
1223, 1132, 1081, 818, 804, 773, 735 cm™'; HRMS (ESI) m/z
caled for C,5H;,Cl,0 [M + H]" 283.0656; found 283.0650.
2,3-Dichloro-4-heptyl-5-methyl-1H-inden-1-one (17f). Yellow
solid, 17f yield 77%, R; = 0.49 (hexane, silica gel tlc), mp
62-64 °C; "H NMR (400 MHz, CDCl;) & 7.23 (d, 1H, J = 7.3, Hz),
7.06 (d, 1H, J = 7.3, Hz), 2.95-2.91 (m, 2H), 2.33 (s, 3H),
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1.56-1.49 (m, 2H), 1.47-1.40 (m, 2H), 1.37-1.25 (m, 6H), 0.89
(t, 3H, J = 6.8, Hz); *C NMR (400 MHz, CDCl;) § 185.8, 151.7,
145.4, 137.6, 135.4, 131.0, 128.3, 127.7, 120.9, 31.8, 31.2, 29.0,
27.5, 22.6, 20.2, 14.1; IR v (neat) 2923, 2854, 1724, 1587,
1555, 1459, 1374, 1227, 1129, 1086, 977, 812, 767, 728 cm™};
HRMS (ESI) m/z caled for C,,H,,Cl,0 [M + H]" 311.0969; found
311.0963.
2,3-Dichloro-5-methyl-4-undecyl-1H-inden-1-one (17g).
Yellow solid 17g, yield 80%, R; = 0.52 (hexane, silica gel tlc),
mp 63-65 °C; "H NMR (400 MHz, CDCl3) § 7.22 (d, 1H, ] = 6.8,
Hz), 7.05 (d, 1H, J = 7.3, Hz), 2.94-2.90 (m, 2H), 2.33 (s, 3H),
1.56-1.48 (m, 2H), 1.47-1.40 (m, 2H), 1.35-1.27 (m, 16H), 0.88
(t, 3H, J = 6.8, Hz); ">*C NMR (400 MHz, CDCl;) § 185.8, 151.6,
145.4, 137.6, 135.3, 131.0, 128.3, 127.7, 120.9, 31.9, 31.1, 30.0,
29.3, 27.5, 22.7, 20.2, 14.1; IR (neat) 2920, 2851, 1718, 1587,
1552, 1458, 1216, 1130, 850, 809, 771, 730 cm™'; HRMS (ESI)
m/z caled for C,,H,oCL,0 [M + H]" 367.1595; found 367.1595.
2,3-Dichloro-5-methyl-4-phenyl-1H-inden-1-one (17h).
Yellow solid 17h, yield 77%, R; = 0.48 (hexane, silica gel tlc),
mp 149-151 °C; "H NMR (400 MHz, CDCl;) § 7.41 (m, 4H),
7.18 (dd, 3H, J = 6.4, Hz), 2.03 (s, 3H); *C NMR (400 MHz,
CDC13) 6 185.8, 151.6, 145.4, 136.9, 135.9, 130.4, 129.3, 128.4,
128.2, 128.0, 126.9, 122.0, 21.1; IR 14y (neat) 3047, 2922, 2859,
1718, 1588, 1553, 1444, 1372, 1336, 1219, 1225, 1125, 1083,
892, 832, 765, 726, 696, 648 cm™~'; HRMS (ESI) m/z calcd for
C16H1;CLO [M + H]" 289.0187; found 289.0181.
2,3-Dichloro-5-phenyl-1H-inden-1-one  (17i). Yellow solid
17i, yield 84%, R¢ = 0.42 (hexane, silica gel tlc), mp 98-100 °C;
'H NMR (400 MHz, CDCl,) § 7.59 (d, 2H, J = 6.8, Hz), 7.52-7.42
(m, 6H); >C NMR (400 MHz, CDCl;) § 185.5, 149.7, 147.7,
140.9, 139.2, 129.0, 128.8, 128.1, 127.3, 127.0, 126.9, 123.4,
118.7; IR vyax (Neat) 3040, 2919, 2861, 1726, 1603, 1565, 1452,
1418, 1340, 1303, 1213, 1109, 1008, 959, 856, 842, 750,
690 cm™'; HRMS (ESI) m/z caled for C;sHoCL,O [M + HJ'
275.0030; found 275.0034.
2,3-Dichloro-5-p-tolyl-1H-inden-1-one (17j). Yellow solid 17j,
yield 97%, R = 0.49 (hexane, silica gel tlc), mp 138-140 °C; 'H
NMR (400 MHz, CDCl;) & 7.48-7.43 (m, 4H), 7.38 (s, 1H), 7.8
(d, 2H, J = 7.8, Hz), 2.39, (s, 3H); "*C NMR (400 MHz, CDCl;) §
185.5, 149.6, 147.6, 140.9, 138.9, 136.9, 129.7, 127.7, 127.3,
126.6, 123.4, 118.5, 21.2; IR v (neat) 3010, 2911, 2831, 1719,
1601, 1663, 1455, 1424, 1337, 1301, 1216, 1169, 1116, 856, 810,
765, 696, 648 cm™'; HRMS (ESI) m/z caled for C;H;,CLO [M +
H]+ 289.0187; found 289.0182.
2,3-Dichloro-5-m-tolyl-1H-inden-1-one  (17k). Yellow solid
17k, yield 94%, R = 0.48 (hexane, silica gel tlc), mp
111-113 °C; 'H NMR (400 MHz, CDCl;) § 7.54-7.48 (m, 2H),
7.42-7.35 (m, 4H), 7.25 (d, 2H, J = 6.8, Hz), 2.45, (s, 3H); °C
NMR (400 MHz, CDCl;) 6 185.6, 149.7, 147.9, 140.8, 139.2,
138.7, 129.5, 128.9, 128.1, 127.7, 127.3, 126.8, 124.2, 123.4,
118.8, 21.5; IR .y (Neat) 3014, 2918, 2848, 1714, 1604, 1565,
1455, 1379, 1338, 1219, 1112, 1036, 994, 880, 846, 787, 763,
696, 641 cm™'; HRMS (ESI) m/z caled for C;¢H;,CL,O [M + HJ'
289.0187; found 289.0178.
2,3-Dichloro-5-(3-methoxyphenyl)-1H-inden-1-one  (171).
Yellow solid 171, yield 91%, Ry = 0.48 (hexane, silica gel tlc),
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mp 138-140 °C; '"H NMR (400 MHz, CDCl;) § 7.53-7.48 (m,
2H), 7.41-7.37 (m, 2H), 7.17 (d, 1H, J = 7.3, Hz), 7.10 (s, 1H),
6.96 (dd, 1H, J = 8.1, 2.2 Hz), 3.88 (s, 3H); ">*C NMR (400 MHz,
CDCl;) § 185.5, 160.0, 149.7, 147.5, 140.9, 140.7, 130.1, 128.2,
127.3, 127.1, 123.3, 119.5, 118.8, 113.9, 112.9, 55.4; IR pax
(neat) 3013, 2917, 2849, 1714, 1606, 1566, 1462, 1339, 1281,
1199, 1168, 1115, 1048, 1019, 962, 848, 804, 769, 692, 660,
612 cm™'; HRMS (ESI) m/z caled for C;H;,CL,0, [M + HJ'
305.0136; found 305.0135.

1,2,3,4-Tetrachloro-7,7-dimethoxy-5-( propan-2-ylidene)-
bicyclo[2.2.1]hept-2-ene (18a). 18a,b, yield 98%, ratio of
isomers 19:81, colorless liquid, R = 0.69 (5% EtOAc in
hexane, silica gel tlc); 'H NMR (400 MHz, CDCl;) & 3.58
(s, 3H), 3.57 (s, 3H), 3.41 (d, 1H J = 2.9 Hz), 2.37 (d, 1HJ = 13.7
Hz), 1.98 (s, 3H), 1.64 (s, 3H); *C NMR (400 MHz, CDCl;) &
140.7, 129.3, 129.0, 125.8, 111.2, 79.2, 73.6, 52.1, 42.2, 23.6,
19.0; IR vpmax (neat) 2982, 2950, 2844, 1644, 1603, 1454, 1271,
1190, 1156, 1117, 1040, 985, 902, 756, 591 cm™"; HRMS (APCI)
caled for C;,H;3CLLO [(M + H)'(-H,0)]" 312.9720; found
312.9790.

1,2,3,4-Tetrachloro-7,7-dimethoxy-5-( prop-1-en-2yl)bicycle-
[2.2.1]hept-2-ene (18b). "H NMR (400 MHz, CDCl;) & 4.98
(s, 1H), 4.70 (s, 1H), 3.62 (s, 3H), 3.55 (s, 3H), 3.23 (dd, 1H,
J =9.3, 4.4 Hz), 2.50 (dd, 1H, J = 12.2, 9.3 Hz), 1.93 (dd, 1H,
J = 11.7, 4.4 Hz), 1.80 (s, 3H); *C NMR (400 MHz, CDCl;)
5 140.7, 129.1, 115.6, 112.2, 79.4, 74.5, 52.6, 51.8, 51.6,
40.6, 23.5; IR (neat) 2982, 2950, 2844, 1644, 1603, 1454, 1271,
1190, 1156, 1117, 1040, 985, 902, 756, 591 cm™"; HRMS (APCI)
caled for C;,H;3CLO [M + H)'(-H,0)]" 312.9720; found
312.9790.

2,2-Dihydroxy-5-methyl-1H-indene-1,3(2H)-dione (19). To a
stirred solution of 50 mg 11 (0.234 mmol) in acetonitrile
(3 mL) at 0 °C was added Ru-LDH (20 mol%) and NalO,
(125 mg, 0.586 mmol) in water (1 mL). The mixture was stirred
for 5 h at 0 °C-rt; after the reaction was complete (tlc monitor-
ing), the resulting suspension was filtered through a thin pad
of silica gel, which was then washed with ethyl acetate
(15 mL). Concentration of the filtrate followed by silica gel
column chromatography afford white solid 19, yield 84%
(38 mg, 0.197 mmol), R¢ = 0.23 (50% EtOAc in hexane, silica
gel tlc), mp 170-172 °C; "H NMR (400 MHz, CDCl;) & 7.83 (d,
1HJ = 7.8, Hz), 7.62 (s, 1H), 7.42 (d, 1H, J = 7.8, Hz), 7.70 (br,
2H), 2.47 (s, 3H); >C NMR (400 MHz, CDCl;) § 174.0, 173.0,
143.2, 132.1, 132.0, 129.9, 129.6, 127.5, 21.4; IR vyay (neat)
3403, 2925, 2855, 1752, 1720, 1600, 1428, 1381, 1257, 1224,
1192, 1093, 981, 907, 730 cm™'; HRMS (APCI) m/z caled for
C10HoO, [M + H]" 193.0501; found 193.0496.

4-Ethyl-1,3-dioxo-5-propyl-2,3-dihydro-1H-indene-2,2-diyldia-
cetate (20a). White solid 20a, yield 75%, R = 0.54 (20% EtOAc
in hexane, silica gel tlc), mp 71-73 °C; '"H NMR (400 MHz,
CDCl;) 6 7.76 (d, 1H J = 7.8, Hz), 7.64 (d, 1H J = 7.8, Hz), 3.17
(q, 2H, J = 7.3, Hz), 2.77-2.73 (m, 2H), 2.13 (s, 6H), 1.67 (sxt,
2H, J = 7.5, Hz), 1.19 (t, 3H, J = 7.6, Hz), 1.04 (t, 3H, J = 7.3,
Hz); "*C NMR (400 MHz, CDCl;) § 191.2, 190.2, 167.8, 150.9,
143.2, 138.2, 137.1, 136.8, 121.0, 34.7, 24.4, 21.2, 20.1, 14.6,
14.2; IR vpmax (neat) 2960, 2924, 2853, 1749, 1723, 1583, 1460,
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1371, 1259, 1217, 1059, 961, 799, 755 cm™'; HRMS (APCI) m/z
caled for CgH,,NOg [M + NH,]" 350.1604; found 350.1599.
1,3-Dioxo-1,2,3,6,7,8-hexahydroas-indacene-2,2-diyldiacetate
(20b). White solid 20b, yield 72%, R = 0.52 (20% EtOAc in
hexane, silica gel tlc), mp 158-160 °C; 'H NMR (400 MHz,
CDCl;) 6 7.79 (d, 1HJ = 7.3, Hz), 7.69 (d, 1H J = 7.8, Hz), 3.31
(t, 2H, J = 7.6, Hz), 3.04 (t, 2H, J = 7.6, Hz), 2.24 (quin, 2H, J =
7.6, Hz), 2.13 (s, 6H); *C NMR (400 MHz, CDCl;) § 191.3,
190.1, 167.9, 155.5, 143.3, 138.0, 134.7, 131.8, 121.9, 32.9, 32.9,
31.1, 25.2, 20.2; IR vpmax (neat) 2924, 2853, 1749, 1747, 1585,
1464, 1431, 1370, 1219, 1062, 976 cm™'; HRMS (APCI) m/z
caled for C;6H;4NaOg [M + Na]' 325.0688; found 325.0677.
4-Ethyl-5-methyl-1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl-
diacetate (20c). White solid 20c, yield 79%, Ry = 0.56 (20%
EtOAc in hexane, silica gel tlc), mp 145-147 °C; 'H NMR
(400 MHz, CDCl3) 6 7.73 (d, 1HJ = 7.8, Hz), 7.62 (d, 1H ] = 7.8,
Hz), 3.17 (q, 2H, J = 7.5, Hz), 2.49 (s, 3H), 2.13 (s, 6H), 1.18
(t, 3H, J = 7.6, Hz); >*C NMR (400 MHz, CDCl;) § 191.3, 190.3,
167.9, 146.6, 143.6, 138.2, 137.8, 136.4, 120.9, 21.6, 20.1, 19.4,
13.5; IR umax (neat) 2965, 2935, 1747, 1723, 1583, 1472,
1370, 1215, 1192, 1058, 1014, 956, 801, 753, 666 cm™'; HRMS
(EST) m/z caled for Cy¢H;606Na [M + Na]' 327.0844; found
327.0837.
1,3-Dioxo-5-phenyl-2,3-dihydro-1H-indene-2,2-diyldiacetate
(20d). White solid 20d, yield 74%, R = 0.51 (20% EtOAc in
hexane, silica gel tlc), mp 145-147 °C; 'H NMR (400 MHz,
CDCl;) & 8.16 (s, 1H), 8.11-8.03 (m, 2H), 7.67 (d, 2H, J = 8.3,
Hz), 7.53-7.46 (m, 3H), 2.15 (s, 6H); *C NMR (400 MHz,
CDCl;) 6 190.7, 190.2, 168.1, 149.6, 139.9, 138.7, 137.6, 135.1,
129.2, 127.5, 124.0, 121.6, 20.0; IR vy (neat) 3020, 2926, 1749,
1719, 1599, 1423, 1260, 1214, 1017, 1056, 1012, 948, 801, 752,
697, 667 cm™'; HRMS (ESI) m/z caled for C;oH;,0¢Na [M +
Na]* 361.0688; found 361.30675.
1,3-Dioxo-5-p-tolyl-2,3-dihydro-1H-indene-2,2-diyldiacetate
(20e). White solid 20e, yield 78%, R¢ = 0.54 (15% EtOAc in
hexane, silica gel tlc), mp 150-152 °C; "H NMR (400 MHz,
CDCl;) & 8.14 (s, 1H), 8.09-8.07 (m, 1H), 8.03-8.01 (m, 1H),
7.56 (d, 1H, J = 8.3, Hz), 7.31 (d, 1H, J = 8.3, Hz), 2.42 (s, 3H),
2.15 (s, 6H); "*C NMR (400 MHz, CDCl;) § 190.9, 190.2, 168.2,
149.7, 140.0, 139.6, 137.6, 135.9, 134.9, 130.1, 127.5, 124.1,
121.3, 21.3, 20.1; IR vy (neat) 3027, 2924, 1750, 1727, 1601,
1432, 1370, 1305, 1216, 1161, 1161, 1061, 1015, 945, 911, 816,
754, 553 cm~'; HRMS (ESI) m/z caled for C,oH,oNOg [M +
NH4]+ 370.1290; found 370.1288.
5-(3-Methoxyphenyl)-1,3-dioxo-2,3-dihydro-1H-indene-2,2-
diyldiacetate (20f). White solid 20f, yield 77%, R¢ = 0.51 (20%
EtOAc in hexane, silica gel tlc), mp 163-165 °C; 'H NMR
(400 MHz, CDCl;) § 8.15 (s, 1H), 8.10-8.07 (m, 1H), 8.03-8.04
(m, 1H), 7.44-7.40 (m, 1H), 7.26-7.23 (m, 1H), 7.17 (d, 1H, J =
2.4, Hz), 7.00 (dd, 1H, J = 8.1, 2.2 Hz), 3.88 (s, 3H), 2.15 (s, 6H);
3C NMR (400 MHz, CDCl;) § 190.7, 190.1, 168.1, 149.5, 139.8,
137.7,135.1, 130.3, 124.0, 121.6, 119.9, 114.8, 133.0, 55.4, 20.0;
IR vpmax (neat) 3027, 2940, 2838, 1751, 1723, 1601, 1474, 1371,
1218, 1156, 1063, 1026, 957, 915, 844, 782, 732, 687 cm '
HRMS (ESI) m/z caled for CyoH;6NaO; [M + Na]" 391.0793;
found 391.0787.
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1,3-Dioxo-5-m-tolyl-2,3-dihydro-1H-indene-2,2-diyl diacetate
(20g). White solid 20g yield 76%, R = 0.53 (20% EtOAc in
hexane, silica gel tlc), mp 159-161 °C, '"H NMR (400 MHz,
CDCl;) 6 8.13 (s, 1H), 8.07-8.05 (m, 1H), 8.01-7.99 (m, 1H),
7.45-7.35(m, 3H), 7.24-7.23 (m, 2H), 2.42 (s, 3H), 2.13 (s, 6H);
3C NMR (400 MHz, CDCl;) 6 190.8, 190.2, 168.1, 149.8, 139.8,
139.0, 138.6, 137.5, 135.0, 130.0, 129.1, 128.3, 124.6, 124.0,
121.5, 21.5, 20.0; IRy, (neat) 3025, 2923, 2852, 1748, 1720,
1601, 1463, 1415, 1305, 1216, 1156, 1089, 1053, 883, 794,
757 em™'; HRMS (ESI) m/z caled for C,oH,oNOg [M + NH,]*
370.1290; found 370.1289.
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