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Abstract:  o.-[Bis(methylthio)methylenelethyl-2-styrylcyclopropyl ketones 12a-d and the
corresponding carbinols 19a-¢ have been examined under SnCl, induced ring opening and
tandem carbocationic cyclizations to afford bicycio{3.3.0Joctene and cyclopentajindene

1vac in highly
ives in highly stercosclective manner.
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As a part of our ongoing programme on «-oxoketenedithioacetals,' we have reported that the
cyclopropyl ketones® of general formula 1 (Scheme 1) undergo a facile acid assisted rearrangement to
afford either ketenedithioacetal 4 (R = H), carboxythioate 5 or the cyclopentanone 6 (R = Me)
depending on the reaction conditions and nature of the substituents. Interestingly when the aryl ring
was oxygenated, the cations 7 (Scheme 1) and 10 (Scheme 2) are intramolecularly trapped by the aryl
ring to afford the corresponding cyclopent[a]indenes 8 (Scheme 1) and 11 (Scheme 2) involving novel
tandem carbocationic cyclization. ® The 11-oxosteroids were similarly prepared following the described
protocol 4 In an another set of experiments the carbinols obtained either by 1,2-reduction (NaBH,) or

s, were shown to afford the corresponding cyclopentenes or open
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rn has been successfully exploited for their use as excellent cationic cychzatlon initiators as well

a
Ithough there
are several examples of polyolefinic cationic cycuzauons promoting the formation of two or more si

as terminators providing an effective method for the formation of five membered rings.’

>
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membered rings, % the similar examples for the construction of two or more fused five membered rings”
in one step are rare in the literature. Thus, we became interested to examine the behaviour of styryi
cyclopropyl ketones 12a-d and the corresponding carbinols 19a-c¢ under acidic conditions in polar
medium. The cyclopropyl ketones 12 are expected to follow tandem two step reaction sequence to
afford the corresponding bicyclo[3.3.0]octenones 13. Similarly the cyclopropyl carbinols 19 are of
interest to understand their behaviour under similar reaction conditions. We now present our results
of these studies in this paper.

0040-4020/98/$19.00 © 1997 Published by Elsevier Science Ltd. All rights reserved.
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The required cyclopropyl ketones 12a-d were prepared according to our reported procedure. *
In a typical experiment the ketone 12a was treated with SnCl, in nitromethane at room temperature,
and the reaction mixture after work-up yielded a product which was characterized as Sa (Scheme 3)
on the basis of its analytical and spectral data. The expected bicyclo[3.3.0]octenone however was not
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Scheme 2
detected even in traces in the reaction mixture. Apparently, the styryl doubie bond in i2a is not
sufficiently electron-rich to trap the carbocation 16 (Scheme 4) in the second step to afford the
corresponding bicyclic system. It was therefore decided to examine the styryl systems with oxygenated
aryl rings (12b-d), where the styryl double bond is further enriched with electron density. Thus 12b,
when treated under the described reaction conditions, the reaction mixture after work-up, yielded a

single product (72%) which was characterized as bicyclo[3.3.0]octenone 13b. Similarly the activated
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ketones 12¢ and 12d also yielded the expected bicyclo[3.3.0]Joctenones 13¢ and 13d in 65% and 66%

yields respectively (Scheme 3). The formation of these bicyclic compounds 13b-d was confirmed by their
'H and 3C NMR and analytical data. The presence of a single vinyl proton at & 7.4 was indicative of
the paricipation of styryl double bond in the ring formation. It was further confirmed by PC NMR data
Also DEPT experiments conducted on 13d confirmed the ring closure in the tandem step with the

formation of a new C-C bond.
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The plausible mechanism for the rearrangement is described in Scheme 4. The tandem step ring
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group in the phenyl ring will considerably increase the electron density at the styryl terminal carbon
atom facilitating the allowed 4-exo trig ring closure, rather than disfavoured 5-endo trig process. The
cation 18b then undergoes ring expansion and proton loss to afford 13b. The [3+2] cycloaddition ring

closure’ is another likely pathway to explain the observed rearrangement.

Our attempts to hydrolyse dithioketal moiety in 13b-d using a range of reagents (HgCl,/CH,CN,
DMSO, NBS,AgNO;, BF;.Et,0/HgO etc.) to afford the corresponding bicyclic enediones 14 were not
successful and in most of the cases, only a complex product mixture was obtained. Similarly, the
attempted reductive dethiomethylation of 13¢ with Raney Ni resulted in concomitant ring cleavage to

afford the corresponding cyclopentanol 15c¢ (Scheme 3).

BF ;.Et,0MgCl,
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20a , Ar = 4-MeOCH,

19a, Ar = 4-MeOC,H,
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Scheme 5

We next investigated the ring opening and carbocationic rearrangement of the

cyclopropyl

carbinols 19a-c obtained by sodium borohydride reduction' of the respective cyclopropyl ketones 12b-d.
When 19a (Scheme 5) was treated with SnCl, in nitromethane, the reaction mixture after work-up and
purification afforded only one product, which was characterized as cyclopentene enecarboxythioate 20a

(42%). Apparently, the aryl ring was not sufficiently electron rich

to attack the sulfur stabilized

carbocation, which suffered hydrolysis to yield 20a. We therefore decided to examine dioxygenated
styryl cycloproy! carbinols 19b and 19c in the next experiments. Thus, 19b on treatment with SnCl, in
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iitromethane, the reaction mixture after work-up yielded a single product in 71% yield, which was
characterized as cyclopentiajindene 21b. Similarly 1%c yielded the corresponding 21e¢ in 79% yield. On
the basis of 'H and '*C NMR data, the compounds 21b and 21c were found to be single diastereomers

The n.O.e. experiment conducted on 21b confirmed the cis stereochemistry of the ring junction on the
basis of a strong n.O.e. between the bridgehead protons H, (& 4.16) and H_ (8 2.97). The absence of
n.O.e. between H, (& 4.85)and H_ (8 2.97) confirmed their srans stereochemistry. Additional n.O.e.
correlations were in support of the structure 21b. Further confirmation of the structures 21b and 2lc
was obtained by BF;.Et,O assisted methanolysis of their bis(methylthio)propylidene side chains to the
corresponding methyl esters 22b and 22c¢ in high yields (Scheme 5). The structures of 22b and 22¢ were
also confirmed on the basis of their spectral and analytical data.

The probable mechanism for the formation of cyclopent[alindenes 21b and 21c from 19b and

an
ly stabilized homotrienylic

19¢ is shown in the Scheme 6. The stannic chloride assisted formation of highly stab

carbocation 23A appears to equillibriate with 2, 3 -Z isomer 23B having a favourable geometry for 5-
exo trig cyclization to afford the corresponding cyclopentenyl carbocation 23C which either yields
hydrolyzed product 20a (Ar = 4-OMeC¢H,) or undergoes tandem cyclization involving dioxygenated

aryl ring to afford 21b and 2ic as shown in scheme 6.

In summary, we have demonstrated that the electron rich styryl cyciopropyi ketones undergo a
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facile Lewis acid assisted tandem carbocationic rearrangement to yield a novel bicyclic system. The
overall bisannulation observed in one pot process may follow ambident pathways as described in
scheme 4. Similar ly the functionalized tricyclic cyclopent[alindene framework can be readily assembled

535



536 P. K. Patra et al. / Tetrahedron 54 (1998) 531-540

assembling novel polycyclic structural frameworks of natural origin. Our efforts in this direction are in
progress and will be published in due course.

Experimental Section

chemical shifts (6 n

reference to either TMS as internal standard (for 'H NMR) or the central line (77.1 ppm) of CDCI
(for *C NMR). Mass spectra (MS) were obtained on a Jeol JMS-D 300 Mass spectrometer. Masses
are reported in units of mass over charge (m/z). Elemental analyses were carried out on a Heraeus
CHN-O-Rapid analyzer.

All reactions were conducted in oven-dried (120°C) glassware under a dry argon/nitrogen
atmosphere. All reactions were monitored by analytical TLC on glass plates precoated with silica gel
(Acme) containing 13% calcium sulfate as binder and visualization of spots was accomplished by
exposure to iodine vapour or potassium permanganate (acidic) solution. All columns were packed
using Acme’s silica gel (60-120 mesh) and eluted with mixtures of hexane and ethylacetate.

The commercial samples of 3, 4-d1methoxvhen7aldehvde 3.4- methv]enedmxvhenmld de and

rara Aeiad nrine tn v Qtannin ~nhlarida and mitramaathana Aawa mnenhacad framm Crantrn Mhoany and
WEITC Gri TiOT 10 uUSC. SianiiC Cnulride and nitromeuiane were purcnas€a irom oSpeciro-unem iG
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General Procedure of the Synthesis of Cyclopropyl Ketones 12a-d.

The cyclopropyl ketones 12a-d were prepared according to our earlier reported procedure’ by
cyclopropanation of the corresponding 1, 1-bis(methylthio)-2-methyl-7-arylhepta-1,4,6-trien-3-ones with
dimethyloxosulphonium methylide generated in the presence of phase transfer catalyst.'” The spectral
and analytical data for the known 12a-b have been reported earlier,* while those of the unknown 12¢-d
are given below.

1-[2-[Ris(methylthio)methylenelnpropanoyll-2-(3,4-dimethoxystyryl)cyclopronane (12¢).
N o 4 o E kg F J a4 7 Ol g™ | r A 4
Viscous liquid: vield 82%: IR (CCL): 1658 cm™: 'H NMR (CCl)): 6 0.91-1.13(m, 1H, CH.), 1.40-1.61
i . Y uUiu, yILiU UL /U, BAR (\Nelsigy AVIU Wiy KX ANAVALAN \(WRedgge VUL ST R ARy LRy Sedlagy 2.TVTLNUVA
(m, 1H, CH,), 1.98-2.24(m, 2H, CH), 2.00 (s, 3H, CH,), 2.15 (s, 3H, SCH;), 2.26 (s, 3H, SCH,), 3.70
£ LAT MATT N sg 11 r _. QO 1L£TT 11T Y o} 5 AN L AN 3 T . 1LYY- Y a1 6§ AN £ LO L T L e o2 A A T I
(s, on, ULH;), J.J3 (A4, = o, 10HZ, IH, =UH), 0.4U(Q,s = 10HZ, ={n), 0.00-0./7(mM, 50, ATR)
Anal. Calcd. for C,(H,,05S8, (364.5): C, 62.60; H, 6.63%. Found: C, 62.92; H, 6.50%

1-[2-[Bis(methylthio)methylene]propanoyl]-2-(3,4-methylenedioxystyryl)cyclopropane (12d).

Viscous liquid; yield 86%; IR (CCl,): 1660 cm™; 'H NMR (CCl,): & 0.94-1.3(m, 1H, CH,), 1.5-1.82(m,
1H, CH,), 2.15 (s, 3H, CH,), 2.14-2.4(m, 2H, CH), 2.20 (s, 3H, SCH,), 2.30 (s, 3H, SCH,), 5.68 (dd,
J = 8, 16Hz, 1H, =CH), 5.98 (s, 2H, methylenedioxy), 6.43 (d,J = 16Hz, 1H, =CH), 6.75 - 6.90 (m,
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1H. ArH). Anal. Calc or C.H._N.S. (AR 46)- C 62 03 H § 78 Found 6220-H S 67%
Axy l‘lll’ REIEER o rthiwng AN Uls*‘z vswz \J_'VU—'V’ \/’ v“.v-’, “»’ -~ Ay A NSRRI sy X ﬂh‘-tl’ ARy SaNTT IV
MNernm it P M D B vl onnnes B0 By 2 dhe Wheon o Al Cdoncaln Fa ™ PNy V- \ {7 Mgty Sp fié:
Cyliszauiuvii UI \..yLlupl Upyl NCLUEIICY (148-U) I LT FIOWIICY 01 Dldlulll. vnwriuce 1 INILE Ulllcl dinc.

General Procedure.

To a stirring ice cold solution of appropriate cyclopropyl ketones 12a-d (10 mmol) in
nitromethane (25 mL), SnCl, (3.9 g, IS mmol) was added and the reaction mixture was further stirred
at room temperature for 6-12 h (monitored by TLC). It was then poured into cold saturated NaHCO,
solution (200 mL), extracted with chloroform (3x60 ml), washed with water (3x100 mL), dried
(Na,SO,) and solvent evaporated to afford crude products, which were purified by column
chromatography over silica gel using EtOAc-hexane (1:99) as the eluent.

(IR,S,5 §,R)-2-Bis(methylthio)-3-(4-methoxyphenyl)-1-methylbicyclo[3.3.0]oct-3-en-8-one (13b).
Viscous liquid; yield 72%;IR (CCl,): 1740, 1620 cm™; '"H NMR (CDCl;): & 1.60 (s, 3H, CH;), 2.14 (s,

JI1 1 L

3H, SCH,), 2.18-2.50(m, 4H, CH,), 2.35 (s, 3H, SCH,), 3.75 (s, 3H, OCH,), 4.96 (ddd, J = 3, 5, 6Hz,

....... 2.18-2.0U tn, C,), £.20 (8, oK, 2R, VLERE5), £.70A4g, 4
13

1H, H-5), 6.75 (d,J = 9Hz, 2H, ArH), 7.30(d,J = 9Hz, 2H, ArH), 7.40 (d,J = 3Hz, 1H, =CH); *C
ARAD /M1 Y. & 1842 £8 14 01 1Q 29 794 Q4 DQ A7 24 T1 AL 7L &€ 117 £7 N 112 £27 112 Q2 1129 A1l
NMR (LUL). 0 10.0), 10,01, 10.34, 24.90, 27.47, 30.71,45.70,353.15,0/7.UZ, 113.63, 113.03, 132.41,
1% A L1 1 A7 NE 1L £ ANTT NE . v A ([ o7\ A4 gt O AN MO /QA 117\ AN 71NN A 1 FaPs PR ) py S
134.00, 14/.U0, 10U.01, 2U/.23, MDD (TIVLZ, 70). 334 (IM , 0.4), 20/ (04.12), 407 (1UVU). ANdl. Lalcd. 101
N YT oM ™~ AQN, £ £ A4 LAY o orapor T 1. L Nno.ry L oA™Y

C,sH,,0,8, (334.48): C, 64.63; H, 6.63%. Found: C, 64.95; H, 6.47%

(1R,S,5 S,R)-2-Bis(methylthio)-3-(3,4-dimethoxyphenyl)-1-methylbicyclo[3.3.0]oct-3-en-8-one(13c).

Colourless solid (hexane); mp. 105°C; yield 65%; IR (KBr): 1740, 1623 cm™; 'H NMR (CDCLy): 6 1.70
(s, 3H, CH,), 2.26( s, 3H, SCHj), 2.27-2.61(m, 4H, CH,), 2.40 (s, 3H, SCHj;), 3.76 (s, 3H, OCH,), 3.85
(s, 3H, OCH,), 4.82(ddd, J = 3,5, 6Hz, 1H, H-5), 6.75(d,J = 9Hz, 1H, ArH), 6.81 (d,J = 3Hz, lH,
ArH), 7.04 (dd, J = 3,9Hz, 1H, ArH), 7.43(d,J = 3Hz, lH, =CH); MS (m/z, %): 364 (M*, 9.2),317
(33.5),269 (69.2). Anal. Calcd. for C,H,,0,S, (364.5): C, 62.60;H, 6.63%. Found: C, 62.98;H, 6.44%.

(1R 5,55 R)-2-Bis(methyithio)-3-(3 4-methylenedioxyphenyl)-1-methylbicyclo[ 3.3 0] oct-3-en-8-one  (13d)
b ot ot d 3 J I4 Ny & ' B Ol o v [ ] A

Viecons Hauid: vield 66%- IR (CC1.): 1740 1620 ecm™!s 1TH NMR (CDCLY:- & 1 68(s 3H CH.Y 2 21 (¢
Viscous liquid; yield 66%; IR (CCl,): 1740, 1620 cm™; "H NMR (CDCl,): & 1.68 (s, 3H, CH,), 2.21 (s,
AT QLI D ID)ND) &N+ AL LI Y D AAfe L1 COONY S MY AAA T — 1 ALI, 1L LI &Y £ QQ/s/0 N
II1y, IUI13), &.44&7£, UL, &1, LIy ), L.99 5, J51, OoLily), J.vauuu, v = J5,J,Ur1L, i1, ri-Jj, J. 70\, <11,
OCH,0), 6.77(d,J = 8Hz, IH ArH), 6.88 (d,J = 3Hz, 1H, ArH), 6.96 (dd, J = 3, 8Hz, 1H, ArH),

3} 3C NMR ) 3 26.56, 29.64

8 3
7.40 (d,J = 3Hz, iH, =CH); *C NMR (CDCI3): 8 16.03, 16.98, 18.49, 2 i, 36.81, 45.73,
67.79, 101.38, 108.26, 109.47, 127.21, 128.73, 135.
%): 348 (M*,26), 301 (100), 253 (88). Anal. Calcd. for

C, 62.51;H, 5.58%.

.88, 207.20; MS (m/z,
.03;H, 5.78%.Found:
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S-Methyl 1-methyl-5-8-styryl-2-oxocyclopentane-1-thiocarboxylate (5a).

(cis and trans 33:66); Yellow oil; yield 56%; IR (CCl,): 1740, 1660 cm’: 'H NMR (CDCly): & 1.15 (s,
0.99H, CH,), 1.25(s, 1.98H, CH,), 1.59-1.87(m, 2H, CH,), 2.13(s, 1.98H, SCH,), 2.28 (s, 0.99H, SCH.,),
2.38-2.42(m, 2H, CH,), 3.56-3.59(m, 0.66H, CH), 3.75-3.78 (m, 0.33H, CH), 6.05 (dd, J = 8, 16Hz,

-
Tt T = 24

0.66H, =CH), 6.41-6.58 (m, 1.32H, =CH), 7.15-7.32 (m, SH, ArH). Anal. Calcd. for C,H,;0,S

y =eJt&IR 1y, JI2, x4l T4 S L0 §

6.58 (
(274.384): C, 70.04; H, 6.61%. Found: C, 70.48; H, 6.46%.



n

oD

P. K. Patra et al. / Tetrahedron 54 (1998) 531-540

Raney Nickel Desulphurization of 13¢: 2-Methyl-3-[2-(3,4-dimethoxyphenyl) propyl]cyclopentanol(15c).

A suspension of 13¢ (0.7 g, 2 mmol) and Raney Ni (2 g) in ethanol (15 mL) was refluxed for
6 h (monitored by TLC). The reaction mixture was filtered to remove Raney Ni and the filtrate
evaporated to give a viscous residue which on column chromatography (silica gel) using EtOAc:hexane

(1:90) as the eluent afforded pure cyclopentanol 15¢; viscous liquid; yield 0.28g(51%); IR (neat): 3350

1), 2919, 1608, 1506, 1439cm™; '"H NMR (CDCL,): & 0.83(d,J = 6Hz, 3H, CH,), 0.94(d,J = 6Hz
\WiJy &/ dly AVUVUy LJIUVy A TI Wi b AL ANAVAAN \\/l./\(l] YV V.U \My v VAiALiy JALdy \1113,’ AS e L% ALy
3H, CH,), 1.25-1.82(m, 8H, CH,, CH), 2.66-2.69(m, 2H, benzylic, -CHO-), 3.85 (s, 3H, OCH) 3.87
Vs L A SV AVal 'S SN A Ny L o 10r MY L M0 . LY A _TEN 3/ AIRATY s Y e 1L 0O Y NN N AT
8, o0, Utny), 4.U3{0r §, 10, -Unj, 0./0 {8, don, Arnj; U NMK {LDULjI 0 10.9), 22.U9, L3.47,
28.87, 33.56, 34.12, 47.27, 49.66, 55.78, 55.83, 74.40, 111.03, 111.95, 120.43, 134.36, 147.01,
148.72. Anal. Calcd. for C;H,s0; (273.34): C, 73.35; H, 9.41%. Found: C, 73.73;H, 9.21%.

Stannic Chloride Induced Cyclization of the Cyclopropyl Carbinols (19a-c): General Procedure.

To a stirring ice cold solution of appropriate cyclopropyl carbinols 19a-¢ (10 mmol) in
nitromethane (25 mL), SnCl, (3.9 g, 15 mmol) was added and the reaction mixture was further stirred
at room temperature for 6-12 h (monitored by TLC). It was then poured into cold saturated NaHCO,
solution (200 mL), extracted with chloroform (3x60 mL), washed with water (3x100 mL), dried

(Na,SO,) and solvent evaporated to afford crude products. Purification by column chromatography over

silica gel using EtOAc-hexane (1:99) as the eluent afforded the cyclopent[a]indenes 21b-c¢ from 19b-¢

Fom
11U

o

and the carboxythiocate 20a
(3a3,K,8 S,R,8a R,3)-8-{1-[Bis(methyithio) propen-2-yi]-5,6-(dimethoxy)cyciopentiajind-2-ene (Zib).

Viscous liquid; yield 71%; IR (CCl,): 1621, 1468, 1240 cm™; '"H NMR (CDCl,): & 1.82 (s, 3H, CH,),
2.34 (s, 3H, SCHjy), 2.37 (s, 3H, SCHjy), 2.46 (ddd, J = 1.5,3, 17Hz, 1H, H,), 2.67 (ddd, J = 1.5,9,
17Hz, 1H, H,), 2.95-3.04(m, 1H, H,), 3.80 (s, 3H, OCH,), 3.88 (s, 3H, OCHj,), 4.25 (d,J = 9Hz, 1H,
H,), 4.92 (d,J = 6Hz, 1H, H,), 5.69-5.75(m, 1H, =CH), 5.75-5.83(m, 1H, =CH), 6.38 (s, 1H, ArH),
6.78 (s, 1H, ArH); 3C NMR (CDCly): & 16.97, 18.23, 39.06, 47.52, 56.06, 56.15, 57.39, 58.77,
107.02, 107.35, 128.64, 129.78, 132.31, 136.00, 137.26, 148.00, 148.66; MS (m/z, %): 348 (M",

52.3),253 (89.7). Anal. Calcd. for C;H,,0,S, (348.5): C,65.47;H, 6.94%. Found: C, 65.88;H, 6.73%.
(3aS,R,85,R,8aR,5)-8-{1-| Bis{(methylthio)propen-2- SMe

1 - < l Al _ 1t _ 3 A ____ 1\ | R
ij-5,0-(methyienedioxy) entjajinag-s-ene (Z1cj.

Y= y yyeyclopential . MeSASWE ™\
Colourless solid (hexane), mp. 59-60°C; yield 79%; IR (KBr) H‘r Ha M

1618, 1470, 1360 cm™; 'H NMR (CDC13). & 1.79 (s, 3H, K /Hc ,Hd

CH,), 2.27 (s, 3H, SCH,), 2.31 (s, 3H, SCH,), 2.42 (ddd, J = o— \/ y\"Hey
1.5,3, 16.8Hz, 1H, H,), 2.59 (ddd, J = 1.5,9, 16.8Hz, 1H, [ A IS )

H,), 2.94-3.01(m, 1H, H)), 4.16 (d,J = 9Hz, 1H, H,), 4.85 o7t \'b;J/
d,J = 6Hz, 1H, H,), 5.70 (s, 2H, OCH,0), 5.84 (d,J = H

1.5Hz, 1H, =CH), 5.88(d,J = 1.5Hz, IH, =CH), 6.32(s, IH,
ArH), 6.68(s, 1H, ArH); 'C NMR (CDCL): b 16.85, 18.12,

2ALyy V.03, 442y SRI3) LD W

Fig. 1. Important n.O.e. correlations.

38.91, 47.33, 57.05, 58.37, 100.92, 104.32, 104.53, 128.99,

170 £€ 1217 11 127 1£ 120 NS 146 02 1A7 27 MQ fmad> 03 21 (MY A7 1Y 906 (12 &Y 2A0 (60 N
12Y.0)3, 132.11, 137,10, 130.U), 140.73, 14/.0/, MO \IIWZ, 70). 504 \IMl ,%/.1},£20U10.J), L0757 (U0.2),
237 (86.1). Anal. Calcd. for C,gH,,0,S, (332.46): C, 65.02; H, 6.06%. Found: C, 65.39; H, 6.22%
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S.Methvl 3-I3.{dmethaxvvnhenviicvelanenten-d.vil.2.methvithionronenaate (20a)
S>-Nethyl -1 a-(4-metno xypaenyvicyciepenien-S-yvil-s-methylthiopropenocate (29a),
Viercme lanid: viald A9 « IR (neat): 1682 1A 1887~m - 1T NIMDR (1) & 1 7R (¢ H CH)Y 218
Y AoWAUD  LXY Ulu, Jl\rlu L Iu, FoLN \llwl’. ‘UJJ, lwu, AT ENild 9 ALk LNAVAAN \\4\/!4,- L I S A \Q’ J‘..l’ \J‘LS y ek
(s, 3H, SCH3), 2.15-2.65(m, 3H, CH,, CH), 3.81 (s, 3H, OCH,), 4.11 (dd, J = 3, 6Hz, 1H, CH), 5.71-
s Iy MYY £ NN . A Ty T __ DT T__ ATY A T ¥\ A1 11 Lo M Y YOI AT AN Y "TA NE .,
CH), 6. , AyB,, J = SHz, 4H, ArH). Anal. Calcd. for C;H,,0,S (272.414): C, 74.95;

Boron Trifluoride Etherate Assisted Methanolysis of Cyclopent{alindenes 21b and 21c.

A suspension of either 21b or 21c (10 mmol) and HgCl, (2.7 g, 10 mmol) in anhydrous methanol
(10 mL) was stirred at room temperature (10 min) followed by addition of BF;.Et,O (1.5 mL). The
reaction mixture was refluxed (3 h), cooled and filtered. The filtrate was poured into saturated
NaHCO; solution (50 mL) followed by extraction with chloroform (3x30 mL). The combined extracts
were washed with water (150 mL), dried (Na,SO,) and solvent evaporated to give a viscous residue
which on column chromatography over silica gel (EtOAc/hexane, 2:98) afforded pure esters 22b-c in
nearly quantitative yields.

Mathvl 2_1& K_lr“mnihnvv\t\unlnmntfa]inﬂ=7=nn=ﬂ=v"nr-nnqnnotn (I7h)

LVAI.,loqu £ lu,"_\um.\/‘.luﬂd"a \..l\lll\,ul[_ajluu AT RATUY Jl_‘vl "l’all VALY \dwiwlS ] e

Diastereomeric mixture (65:35); colourless viscous liquid; yield 91%; IR (CCl,): 1733, 1604, 1497 cm’!
lar mrnamy z/v7~1 N, & 1 N1 2 ~ry_ Y\ 1 r Ty L"'l‘l T -~ ¥
H NMR (CDCly): 6 1.01{d,J = 7Hz, 1.05H, CH,), 1.13{d,/ = ,

t\.]

.95 (two overiapped quintets, J = 6Hz, 1H, H)),
0.65H, H,), 3.35(dd,J = 1 5,6Hz, 0.35H, H,), 3.64 (s, 1.95H, OCH,), 3.71 (s,
1.95H, Ar-OCH,), 3.85 (s, 3.9H, Ar-OCH,), 4.10(d,J = 6Hz, H,), 5.62-5.65(m, 1H, =CH), 5.77-5.81
(m, 1H, =CH), 6.57-6.66 (m, 2H, ArH); MS (m/z, %): 302 (M*, 29.9), 215 (100). Anal. Calcd. for

C,sH;,0, (302.36): C, 71.49; H, 7.33%. Found: C, 71.78;H, 7.19%.

- 1 ek ¢
z, 1.95H, C
F 3.
1.0

Methyl 2-[5,6-(methylenedioxy)cyclopent[a]ind-2-en-8-yl]propanoate (22c).
Diastereomeric mixture (65:35); colourless viscous liquid; yield 93%; IR (CCl,): 1727, 1603, 1469 cm™;
'H NMR (CDCL): 8 1.00(d,J = 7Hz, 1.05H, CH,), 1.13(d,J = 7Hz, 1.95H, CH,), 2.14-2.22(m, 1H,

,,,,,,,,

H,), 2.67-2.82(m, 2H, H_ ,), 2.95 (two overlapped quintets, J = 6Hz, 1H, Hy), 3.24 (dd, J = 1.5, 6Hz,
0.65H,H,), 3.33(dd, / = 1.5,6Hz, 0.35H, H,), 3.64 (s, 1.95H, OCH,), 3.71 (s, 1.05H, OCH,), 4.09(d
1‘, - e -F \\.l\.l’ ~ A.J,Ul IL, \lo_l».lll’ AR a’, ol e T \J’ l-/JAL, V\,Llsl, -te & A \J’ U-.IAI’ U\Jllsl, \\-l’
J] — ALT- 1LY LY & £2 K AS (v 1T __MALIY & 78 8§ 7Q(mv 1T LY S QL o N ASLT MNCLT MY £ Q0
J — UHL, ll], ﬂb), LU0 2000 \lll, ln, —\/ﬂ), J. I J.ID\lll, 111, _\.‘ll), J.0U W, V.uon, U\_/ﬂ2u}, J.07
s 1 ATT MOTYT MN £ EN L LY S e nNTY A _TT\ !3"1 ARIRANY 77°9Tw a1 . & 11 OF 17 LN AN 10N AN A7 A AL
(s, 1.3H, OCH,0), 6.53-6.62(m, 2H, ArH); “C NMR (CDCl;): 6 11.85, 13.60, 40.19, 40.43, 43.45,
43.54, 44, 02 46. 46 51 56 54.42, 55. 82, 56.63, 100.98, 101 03 104.29, 104.44, 105. 67 130 02,
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