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Summary: The indium and tin-mediated carbonyl allylations of 1,3- dzcarbonyl compounds
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carbocycle-enlargement in water. Five-, six-, seven-, eight-, and twelve-membered rings are
enlarged by two carbon atoms into seven-, elght- nine-, ten-, and fourteen-membered ring
derivatives re.specnvely Tetraione derivaiives are sumtarty expanaea 10 6-8 ﬁued nng systems;
and indanone derivatives are expanded to 5-7 fused ring systems. The use of both indium and
zinc as the metal mediators provided the ring expanszon products successfully. The use of water
as a solvent was found io be essential for the ring expansion reaction.

© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

The importance of medium size (8, 9, 10) rings in organic chemistry is exemplified by their being the
structural core of a large number of biologically important natural products. These compounds include
byssochlamic acid,? xsabclm 3 dactylol,* precapnelladiene,5 pleuromunlm 6 albolic acid,? steganone,8 taxol,®
and others. The study of varied ring systems closely parallels their availability. Thus, the continuing evolution
of cyclization methods plays a critical role in extending our understanding and in developing the utility of
functionaiized medium and large size rmgs Among the many methods for medium and large ring synthesis
uug cap@ulmuu Uu,up:ca a umquc puamuu, inasmuch as the usual d disfavored cm.ropy effect associated with
medium and large size ring formations can be prevented.1? An important recent advance in ring expansion
studies is the use of free radicals.1! The advantages of free radicals in synthesis include ease of execution,
compatibility with a wide range of functional groups, as well as the capability of specific generation at
designated sites.12 However, as shown by Dowd, free radical ring expansion is not successful with two-atom
expansion, where reductive dehalogenation usually occurs.!! For two-atom ring expansions, the
photochemical method of [2+2] cyclization-decyclization, commonly known as the de Mayo reaction, is the

most successful.!> The [2+2] C‘y‘(‘:u‘)auultl on of an acetylenic ester io the enamine of a cyclic ketone and
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through aldol type condensanons 16 and via Paquette s cycloether—carbocycle enlargement.! 7 Recently, we
described the preliminary investigation of a novel-carbocycle enlargement reaction based on a Barbier-Gri gnard
type reaction in water (Eq. 1).18 Here we report the detailed studies on this carbocyle expansion method.
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The electrophilic alkylation of 1,3-dicarbonyl compounds and related compounds whereby stabilized

carbanions react with an alkyl halide to give the cbrreSponding alkylation products (eq 2, path a) constitutes
one of the most useful methods for carbon-carbon bond formation.1? Dicarbonyl compounds have also been

on-metal catalvzed alkviation reactions2®. in Michael I
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of an organometallic reagent to the carbonyl group of 1,3-dicarbonyl compounds to form a nucleophilic
alkylation product (eq 2, path b) is relatively difficult. Itis a dilemma that while the acidity of the hydrogen on
the carbon in between the two carbonyl groups makes 1,3-dicarbonyl compounds excellent nucleophiles, that
same acidity makes the corresponding nucleophilic carbonyl alkylation extremely difficult. When an
organometailic reagent is ailowed to react with these compounds, instead of addition to the carbonyi group, the
organometallic reagent will be protonated instantly due to the large pKa difference?3 between the hydrogen in
an alkane and the hydrogen in a 1,3-dicarbonyl compound, generating a stable cyclic enolate complex (eg 3).

The 1,3-dicarbonyl compounds are equally prone to acid catalyzed enolization. The enolized structures
generated under both acid and base conditions are inert towards nucleophilic attack. To overcome such an
intrinsic difficulty, the acidity and basicity of the incoming organometallic reagent has to be carefully balanced
(for example, using a ceric reagent) to avoid the competing, facile enolization process.24 The reaction process,

however, is siiii intriguing:
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A convenient carbonyl allylation of 1,3-dicarbonyl compounds was found to be very effective via a
Barbier-type reaction using water as the soivent.25 Stirring ethyl 2-oxo-cyclopentanecarboxylate and allyl
bromide with indium powder26 in a mixture of methanol/water (1:4) for 10 hr at room temperature resulted in
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range of 1,3-dicarbonyl compounds were subsequently investigated (Eq. 4) (Table I). Under slightly ac
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conditions, an equally cfﬁcxent allylation product was obtained when indium was replaced by tin (entry )
The reactivity difference between indium and tin can be attributed to the relatively low first ionization potential
of indium with respect to tin.28 Ethyl 2-oxo-cyclohexanecarboxylate reacts similarly to give the corresponding
products in a higher diastereoselectivity (10:1) (entries 9 and 10). The best yields were obtained when the

allylation was carried out on 2-acetylbutyrolactone. However, in this case, a 1:1 mixture of diastereomers was
produced. An acyclic 1,3-dicarbonyl compound (ethyl acetoacetate) reacted as well as the cyclic compounds.
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Table 1. Allylation of 1,3-Dicarbonyl Compounds in Aqueous Medium

Entry Substrate(1) X- Metal/Solvent/Time(h) Product(2) Yield(%)2
1 ((iji Br IVA/10 \/?q*/ﬁ T6b
2 (T = Br Sw/B/20 58 57b

1a 2a
3 1 1 Br In/B/10 J?;SC/ quant.©
4 c(_)% Br Sn/B/20 ' 9ac
5 1b Cl In/B/10 2b quant.©
6 cl Sn/B/20 90¢
7 Br In/H,0/10 quant.©
8 Br Sn/H,0/48 94¢
9 'j\rj Br In/A/10 w 75d
10 ot Br SwB/20 oet 47d
K N
ic 2c
11 o o Br In/B/10 MO 98
12 oam Br Sw/B/20 AAHom 76
1d 2d
13 o 0 Br In/B/10 OH OoH 75¢
e AN Br St/B/20 P N N 70
le 2e

All reactions were carried out at room temperature with the reactants in a molecular ratio of carbonyl
mpound/allyl halide/metal (1/3/3), unless otherwise mentioned. A: methanol/water (1:4); B: methanol/ 0.IN

~ry
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HCI (1:4); a. isolated yields; b. as a mixture of diastereomers(5:1); ¢. as a mixture of diastereomers(1:1); d. as
a mixture of diastereomers(10:1); e. about 20% of the monoallylation product was also isolated.
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Scheme 1 outlines the rationale of the allylation reaction. Despite the fact that there is an equilibrium
between the enolate form and the dicarbonyl form, allylation of 1,3-dicarbonyl compounds mediated by the
aqueous Barbier-type reaction only occurs on the carbonyl form. Alcohols and olefins are inert under the
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reaction conditions. Reaction of the ketone form cvemuauy drives the equumnum to the desired direction.

Scheme 1. Rationale for Carbonyl Alkylation of 1,3-Carbonyl Compounds in Water
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The success of the carbonyl allylation of 1,3-dicarbonyl compounds quickly led us to investigate the
projected ring expansion. The initial two-carbon ring expansion study was carried out on the cyclopentanone
carboxylate 4a (Scheme 2). The choice of a p-keto ester for the initial study is based on several reasons: (1)
these compounds are readily available; (2) the alkylation of 8-keto esters is simple; (3) the presence of the
carboxylate group facilates the ring opening of the intermediate. Allylation of ethyl 1-oxocyclopentane-2-
carboxylate (1a) with cis-1,4-dichloro-2-butene (3a) or trans-2,4-dibromo-2-butene (3b) was readily
accessible in DMF in the presence of NaH, providing the expansion precursors 4a and 4b. - Then, after the
cyclopentanone derivative 4a was stirred for 10 hr with indium metal powder in water and at room
temperature, TLC showed the disappearance of the starting material. After work-up, the '1H NMR
measurement of the crude mixture indicated the presence of two sets of terminal olefins, corresponding to two
diastereomers (5). Upon treatment with DBU, both sets of terminal olefin signals disappeared and resulted in
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two steps. The presence of a quartet peak at 6.8 (integrated to 1 H) and a double
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H's) in the !H NMR spectrum of the new compound established the location and geometry of the olefin as
indicated.
Scheme 2.
X
o « A /} ro 7 0
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o NaH/DMF \—-( L(
12 3aX=Clcis  4aX=Cl C02C2Hs COLC2Hs
' 3b X=Br, frans &b X=Br Lo J 6

Subsequently, a range of conditions that may affect the reaction have been examined. The studies are

listed in Table 2. When the initial cyclxzatxon was carried out in DMF, at 130°C, a complicated mixture was

- Lnwvnana ot erameme $acee oo g e Al

generated without any rccogmzaolc prouuu whereas at room (emperature, no reaction was observed.
Switching the expansion medium to regular organic solvents, such as methanol or THF, did not lead to the
proceeding of the reaction either, with the ctartmn material bemg recovered r-nmnhstalv Ppnlnmno the chloro
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compound with a bromo derivative 4b resulted in a moderate increase in the yield of the ring expansion
product. The potential use of other metal mediators for the ring expansion was also examined. When the
bromo compound was stirred with zinc powder in saturated aqueous NH4Cl, only the reductive-debromination

~t srimm a2 CErL ___ ca ~f A0, Adea~eio NITY My

product was obtained. Whereas the use of 3% aqueous NH,4Cl as solvent led to the expansion product. On

tha nthor '\nnfl the uses of other metals were less effective. Reaction of bi ith tha ke~ nd 4
il LRl WRkibwl 21 CANJRA WL WU All UG UIUIIIU mllw\l s v
only nmvlgk_sd reductive-debromination products, whereas the use of tin as the mediator resulted in

compl:cated mixture. Thus, it seems that indium is preferable and is used as the standard protocol for
subsequent studies. Through a similar sequence of transformations, a cyclohexanone derivative 7 was

expanded to an octanone ring 9 (Scheme 3).

oo

Table 2. Expansion of Five-Membered Ring

2351

Substrate (4) Meathod Time(h)/Temp.('C) & Overall Yisid (%)
4 0. INHCUCHZOH 10/r.t 50
(3:1)
4a In/fOMF 3/130 complicated
4a In/DMF 244t 0
4a inMeOH 24/, 0
4b In/0.1NHCI/ICHaOH 3nt. 70
(3:1)
b Zn/sat. ag. NHCi 5it 0
4b Zn/3% aq. NH4CI 5.t 60
4b BIH,O/THF 12/rt. 0
pH=1-2
4b SnX. 1NHCI/CHZ0H 8ir.t Complicated
(1:1)
Scheme 3.
Cl Q
(uYCOZC"’HS o [ c(>\\_¢ ] DBU/THF
Cozczh's NI
1b 7 @1 8 9 (51%)
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Scheme &.
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Table 3. Expansion of Seven-, Eight- and Tweive- Membered Rings

Cycloketone Carboxylate (Yieid %) Allylation (Yield %) Ring Expansion Condition Expansion Product (yield %)

0
R _60.GaHs ic.’,/f?.r . InHO/THF (2:1)r../10h /‘\fﬁ\‘\

(% @, C0oCaH 2@
10 {_)COLats
i3 (80) 18 (50) C02CeH;s
q /‘Q)/;_,Br
~L.c0CoHs CFcowcan INHOTHF (2:1)k 8 112h )
N 02C2Hs 23 (50
11 — 14 (70) 17 (50) C:T\ =0
o Cocatis
or
- ﬁé{ 0 Fe
I THF (5:1)k..12h
& !)Y(CO,C CO,CoHs G0 02C2Hs H@
12 15(59) 18 (50) U

Likewise, seven-, , eight- and twelve-membered ring compounds (16, 17, and 18) were expanded

PEEGS P < Giater fA Gius Rime tmin  mend Fmiretasen e _L____l [ I r4a 0 AN 31 mauy
umudny wiih indium in water {0 glvc nmc-, LCIl- alid 10ulCCl-mcmocrea-ring proaucts (1>, 4y, ana 421j
racnectivaly (Qohoama A\ Tahla 2Y In all theca cases onlv the vinul tune nradnate wara initially Ahcarvad
Awvau Voly VWIS 57) | 1 GULe ). 11l All WIVOW VROV, VALY v Viliyl Ly v IJ WALULLY VWillo uuuau_y UUOLL ¥V Wil
Subsequent DBU treatment isomerized the olefin to a conjugated system (22, 23, and 24). In all cases, the

substratcs were not water-soluble. However, under fast-stlmng conditions, together with the use of some
cosolvent (THF), the phase separation did not prevent the proceeding of the reaction. The starting p-keto ester
for each expansion was obtained by carboxylation of the corresponding cycloalkanone by the standard

procedure.

The expansion of tetralone derivatives led to a 6-8 fused ring system. The expansion of both a- and §-
tntenl aman sxrao Awnsinad Tha rad aveanmcinn nrasngenre V7 and O Far sl qtnding srars atmilaslo
U alOLN dd> CAQlllLiIGU. 1 l.lC u:\.{uucu Cl\.l.lau.olull ylvuuouno & i aQllu JV 11Ul DU LUUICS Wl Sliliitlail
prepared from 2 § and 2 8 through the carboxylation reaction followed by allylation with compound 3b (Eq. 5,

Eq. 6). When the a-tetralone derivative 27 was subjected to the indium reaction under our standard
conditions, only reductive-debomination products were observed. However, the use of a medium with a
slightly increased pH (2-3) prevented the reduction from taking place, giving the ring expansion product 32
successfully (Eq. 7). On the other hand, the expansion of the p-teralone derivative 30 was not affected by the



C.-J. Li et al. / Tetrahedron 54 (1998) 2347-2364 2353

acidity of the medium, giving the 6-8 fused ring expecte
Arenditinme (A )
LUl VAW \l-‘i- ).

Q (o] o)

AN, COOCH A AN OO o ANCOLH s )
w NaH/CgHg W NaH/DMF r.t. 1h W‘ﬂ\_\

refiux 4h Br
25 26 2z
B
0 COCaHs CaHOL =/
(Y CoOGH N 1) A0 &
‘ = . 3e
LA NaH/CgHs 9z NaH/DMF r.t. 1h k)\/l
reflux 4h
a8 20 30
| 3« | DBUITHF =
nHO/THF I J —_— % ™
27 CO2CoHs r.t. 3h 0,CaHs
pH=2-3, 1.t 12h 2 32 (37%)
- 3
~ b CoHsOsC CsHs02C

34 (57%) 35 (15%)

The expansion of indanone derivatives was equaiiy successful. The reaction of ethyl 2-(trans-4—bromo—

2-buten-1-yi)- 1-oxo-2-indanecarboxyiate (3 8), prepared from 1-indanone (36) through carooxymuun
followed by alkylation, with indium in a mixture of water/THF generated the 6-7 fused ring system 39, which
was isomerized to 40(Scheme 5). Similarly, the reaction of an indandione derivative 43, synthesized from

YD 19VILVIILWW W T VWi ) RGN 2 )RR 2GRS R aR2 ARSLCAIRAINASY FRAL Y ey 1ILIIC oL LU

1,3-indandione (4 1) through methylation and alkylation, with indium followed by DBU treatment, generated

the corresponding expansion product 45 in 75% isolated yield (Scheme 6).

Scheme 5.
[0}
0o 0 ab |
A — m—COgCgHg (LXC0:C2Hs
A o NaH/DMF \
a7 rt. 1h s Br
8
in
| HoO/THF (10:3)
r.t./10h
(pH=2-3)

ad DBU/THF | (Y‘\{ h |
CO,C2Hs r.t., 8h
40 (50%) e 3% J

N
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Scheme 8.
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o) 0 v
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o) rt 1h N
42 43 Br

Z DBU/THF l AN !

[V I > —= IC1 ) l
)r’&c Hy r.t., 8h l_ \/gr_(c“a J
48 (75%) 44

In order to assess the potential application of the ring expansion method in natural product synthesis,
the eXpansmn of 5-6 fused compound 46 was mvesngated (Scheme 7). Allylatxon of 46 with 3b generated

the expansion precursor 4 7. Reaction of bicyclic compound 47 with indium metal in water generated two sets
b ' o 1
AL W

et m e man mcam £ A @\ W rhaiake wermera of v ad tna ') 8/1 ma1 1 o,
0[ uldblcrcum IS («@0), WwWiiiCii Wit ua.ualuuuuu W ok 71 L AXRL LASIUICURIVID \(F7 & dllu Fovy) wpva
DBU treatment in 63% isolated overall yield over two steps. X-ray crystal analysis shows the major

ARSI\ il wimRARAW

diastereomer corresponding to structure 49a in which all three substituents (t-butoxyl, methyl and carboxylate)
are cis-related (Fig. 1 ).2% In conclusion, a novel two-atom carbocycle expansion method has been developed
based on an aqueous Barber-type reaction. Application of the carbocycle-enlargement method to the synthesis

of a variety of medium-ring bioactive compounds is presently being undertaken.

Scheme 7.
\ \ ~ f_ \ i
7N 7V 73,
A, 2 L, — oare
i
Y O NaHDMF : \3//,\/& H ¥ A
H CoMe : éoza\.‘e " dopme
46 47 - a8 =

2 T—-/ — N
H \ A: \
CO.Me COMe
49a 63% overall 49b
A~
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EXPERIMENTAL

Commerciallv available compounds were used without further Dunf'catlnn_ Indium mwder was

e P ] [-2Qt-10L8 LV el oLl LAY 1 Hiel Qlllieallivuil 11GaILi1It

purchased from Aldnch Chemical Company and was used as received. All organic solvents were freshly
distilled prior to use. Air-sensitive reactions were generally conducted under a positive pressure of dry N»
within glassware which had been flame-dried under a stream of dry N;. Anhydrous solvents and reaction
mixtures were transferred by oven-dried syringe or cannula. Flash chromatography employed E. Merck silica

gel (Kiesegel 60, 230-400 mesh). 'H NMR and *3C NMR spectra were recorded from G.E. Omega 400 (400
MHz) instrument, with TMS as an internal standard. Infra-Red spectra were performed on FT-IR (Mattson

Cyanus 100Y. Mass spectra were obtained at the Center of Instrumental Facilitv of Tulane Universitv and at

\4]511“0 LUV, LVIASS SPWVHG TY Wi UVLHRALIAAL 28 SLI%s RaRsassss L L aty R[iiivy A Mealarv S VL ORL Y Kaalke =2

the Medical School of McGill University. Crystal analysis was performed on an Enraf Nonius CAD-4 X-ray

diffractometer. Elemental analyses were performed at the Center of Instrumental Facility of Tulane University
and at Atlanta Microlab.
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Sample procedure for the carbonyl allylation of 1,3-dicarbonyl compounds, ethyl 2-(2-
propenyl)-2-hydroxycyclopentanecarboxylate (2a):

To a mixture of ethyl 2- oxo—cyclopentanecarboxylate (1a) (156 mg

er

s SRR L e £ ¥ O el Ve ag o

mg, 5> mmoi) in 5 mL Ol MmeLnanoy waier (1 /4) was added indium puw

The reaction mixture was stoppered and stirred vtonrnnclv at room temoperature for
1 1w LWweAWw LiWViL 11iETub WL tvllyvlv\l SeAAWE WAL X b ANINJLEA 'Vllly\tl“l LW A\J1

then stopped bv the addition of 1 N HCI and extracted W1th ether (4x10 mL). The mbi 1ed nrnan_‘g phase

g
aa
93]
=]
3
e
N
5
Q
=
o
=3
Q
3

2a was isolated by flash column chromatography on smca gel (eluent hexane/ethyl acetate = 10:1) (total 150
mg, 76%). Isomer A: IR(film): 3497, 3075, 2977, 1722, 1640, 1445, 1376, 1300, 1179, 1035, 916 cm-L.
1H NMR(400MHz, CDCl3, ppm): & 5.86(m, 1H), 5.07(m, 2H), 4.15(q, J =7.2 Hz, 2H), 3.45(Br, 1H),
2.53(t, J =10.8 Hz, 1H), 2.24(m, 2H), 2.06-1.56(m, 6H), 1.25(t, J =7.2 Hz, 3H). 13C NMR(100MHz,
CDCl3, ppm): & 175.62, 134.15, 118.08, 81.81, 60.61, 51.08, 44.67, 38.12, 28.33, 21.73, 14.17.

HRMS(EI): Caic'd for C11H1803-C3Hs, 157.0865; Found, 157.0874. Isomer B, IR(fiim): 3503, 2980,
1728, 1660, 1447, 1370, 1300, 1193, 111, 1026 cm-!. !H NMR(400MHz, Cun,13, ppm): & 5.89(m, 1H),
£ 1 Al ILIN A 1AL~ F_"7T" I ALY 2 12/Da~ 1LIN A "1™/« Yy "7 & LY IL‘I\ (e ] o 1 LES e
D 1im, 2r1), 4. 1M, J =/.4 ru., 2H), 3.13(Br, 1), 2.77(t, J =7.5 Hz, 1H), 2.24(m, 2H), 1.93- 1.05{m,
6H), 1.26(t, J =7.2 Hz, 3H) C NMR(100MHz, CDCl3, ppm): 8 174.24, 133.55, 119.30, 82.49, 60.42,
£0 217 £0 e OA 21 &N 1A N4 LIDAAC/TTIN. oS PR S R P o B Nz, T
D0, 37.00, 20.54, £1.0U, 14.20. nRvD(EL). Caicda 1or Cp n18u3-\,3r15, 157.0865; Found,

Ethyl 2-(2-propenyl)-2-hydroxycyclohexanecarboxylate (2b):

By the same procedure as described above, the reaction of ethyl 2-oxo-cyclohexanecarboxylate (170
mg, 1 mmol), allyl bromide (363 mg, 3 mmol), and indium powder (345 mg, 3 mmol) in 5 mL of
methanol/water (1:4) for 10 hr followed by column chromatography on silica gel (eluent: hexane/ethyl acetate =
10:1) generated compound 2b (total 159 mg, 75%). Isomer A, IR(film): 3516, 2937, 1709, 1620, 1185, 987

P | TIY WTR AT/ AN AT T TN mememl: R & OF 1IN & N7eee ALIN A 1 1 4 Tr. Aarv 4 — .
antt. ‘i l‘uvu((l-vumvm,{., Loi3, ppmjl 0 J.6(m, 101), J.Ul, <4r1), 4.12(q, 4 =7 nz, Zn), 3 IO(Dr 11‘1),
DI UUYAA T2 & 18 A 1T 1IN D Ve QLN 1 RI.1T AA+n RIIN 1 927+ T "7 1LI» 2ALIN 137 NINAD Z 1NN ALT,
LRG0, 7 =3.J, 1J.0 114, 1I1), &4\, &r1), L.OL*L1.5O\I1ll, OI'l), 1.40\\, v =/ I1Z, 2I1). Y INIVIR( L1VULVITTZ,
CTY 1, memm) R 1T7A QR 12T A2 110 7000 AN ST AQ D) A7) AL NA VENN DA QT ANTA 1412
“LAal, ppiij. U 1/709.60, 135.006, 116.Uz, /U.FVU, UU.J3, 37.44, @/.ULy JI.UU, £0,UV, 24,0/, 2U/4, 14.10
HRMS(EI): Calc'd for C12H2003-C3Hs, 171.1021; Found, 171.1022. Isomer B, IR(film): 3516, 2938,
21864 1700 1620 1184 985cem-1  1TH NMR(A00OMHz. CDCl: nom): 8 SR m 1HY S 10/m 2N A 144
AR, RIVT, ALV, 2 a0, FOa . AL ANIVAIRTTVVIVAL Ly Sl Ry, PPiiL). U SO\ MLy, 111], . LUV, L11j, T 11U,
J =7.2 Hz, 2H), 3.39(br, 1H), 2.48(dd, J =4.2, 11.43 Hz, 1H), 2.30(m, 2H), 1.98-1.54(m, 8H), 1.29(t, J
=7.2 Hz, 3H). 13C NMR(lOOMHz_. CDCl3, ppm): & 174.27, 133,31, 118.28, 72.57, 60.68, 52.41, 39.08,

Ethyl 2-(2-propenyl)-2-hydroxycyclohexanecarboxylate (2c):

By the same procedure as described above, the reaction of 2-acetylbutyrolactone (128 mg, 1 mmol),
romlde (363 mg, 3 mmol) and indium powder (345 mg, 3 mmol) in 5 mL of methanol/water (1:4) for
eluent: hexane/ethyl acetate = 10:1) generated

s
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1375, 1283, 1173, 1022, 958, 922cm-l. IHN R(4OOMHZ CDCl3, ppm): & 5.95(m, 1H), 5.13(m, 2H),
436(m, 1H), 4.17(m, 1H), 3.70(br, 1H), 2.76(m, 1H), 2.25(m, 4H), 1.2(s, 3H). 13C NMR(100MHz,
CDCl3, ppm): 8 179.35, 133.48, 118.52, 72.57, 66.42, 47.25, 44.90, 25.16, 23.59. HRMS(EI): Calc'd for
CgH1403-C3Hs, 129.0552; Found, 129.0540. Isomer B, IR(film): 3491, 3077, 2978, 2915, 1757, 1640,
1456, 1379, 1281, 1171, 1028, 926 cm-l. 1H NMR(400MHz, CDCl3, ppm): & 5.89(m, 1H), 5.15(m, 2H),

4.36(m, 1H), 4.18(m, 1H), 3.45(s, 1H), 2.72(dd, J =5.4, 11 Hz, 1H), 2.32(m, 4H), 1.31(s, 3H). 13C
NMR(100MHz, CDCl3, ppm): & 178.14, 133.00, 119.23, 72.26, 66.32, 48.59, 43.46, 29.69, 24.77.
HRMS(EI): Calc'd for C9H14O3 -C3Hs, 129.0552; Found, 129.0545.



General Procedure for the Carboxylation Reaction:30
A two-necked, round-bottomed flask equipped with a magnetic stirrer was fitted with a 50 ml pressure-
equalizing constant-rate droppmg funnel and a condenser, the top of which was connected to a mercury trap to

A PP, TV 1
ne aro plﬂg funnel was

prevent the entrance of air during the reaction and {o
' 'e

ramanyad amAd ANOL. cndivim redrids Aiemarcinn 1 ineral A1 a 1 Al ramavad e
1CIIIVY U allvg ARSI LHYMIIUC WISPAUISIUIL 1L MILUVIA: Uil wad auu € minerai Oi1 was removeda vy
washing t dnmerqmn fnur times with dry benzene under N, atmmnh re. Rgnzgne was removed with a

of benzene was added to the sodium hydride, followed by diethyl carbonate, this mlxture was heated to reﬂ ux,
and a solution of cycloheptanone in benzene was added dropwise from the dropping funnel over a period of 3-
4 h. After the addition was completed, this mixture was refluxed until the evolution of hydrogen ceases (15-20
min). When the reaction mixture has cooied to room temperature, acetic acid was added dropwise , forming
pasty solid. Then ice-cold water was added and the mixture was stirred until all the solid material has been
dissolved. The organic layer was separated, and the aqueous layer was extracted three times with benzene.
The combined benzene extracts were washed three times with cold water. The organic layer was dried over
MgSO, and filtered. The solvent was evaporated in vacuo. The residual materiel was chromatography on

silica gel (eluent hexane:ethyl acetate).

oY WRo_ o W____ . & AR . _NE___B_a3___ £ 4 3 WAL __ ¥ Y W
Generai Procedure for ihe lllyllll()ll o1 L,0-icaroonyl Lompounas:
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dicarbonyl compound in DMF was added under nitrogen. After completion of the addition, the mixture was
stirred at room temperature for 10 min, followed by the addition of a solution cis-1,4-dichloro-2-butene or
trans- 1 ,4-dibromo-2-butene in DMF. After stirred for 1h at room temperature, the reaction was quenched by
saturated NH,4Cl solution. The mixture was extracted with ether for four times. The combined organic layer
was washed three times with water, dried over MgSQy, filtered and concentrated in vacuo to give crude
material. Flash column chromatography of the crude product on silica gel (eluent: hexane-ethyl acetate) gave

tha ~Aneracmnndinog seadnnat
LIIC \;UIICDWIIUIIIE l.ll VAUV L.

General Procedure for the Ring Expansion:

To a mixture of the ring expansion precursor in the appropriate solvent was added the metal mediator
(In, Zn, Sn or Bi). The reaction mixture was vigorously stirred at room temperature for the specified period of
time, quenched with IN HCI, and extracted with ether. The combined organic phase was dried over

anhydrous magnesmm suifate, fiitered and concentrated to give a crude mixture of ring expansnon proaucts

Tha ~Arida al wwaa tham Aiganls ynrl; THE and mivad with NRIT II annivalan Tha wrng gtirrad
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at room temperature and followed by TLC. After completion, the solvent was removed in vacuo. Flash
column chromatography on silica gel provided the isomerization product.

Ethyl 1-(cis-4-chloro-2-buten-1-yl)-2-oxo-1-cyclopentanecarboxylate (4a):
Following the general alkylation procedure, the reaction of ethyl 2-oxocyclopentanecarboxylate (312
mg, 2 mmol) with NaH (80 mg, 60% dispersion in mineral oil, 2 mmol) and cis-1,4-dichloro-2-butene (375

mm s Y e 1Y I TYRAT 1y s by andirianin Ahemcaantaarnnber an ailinn aal Faliiamts oo/ oty ] sptntas = 18 1\
ng, > mmol) lll LIVID 10O1HOWCU LYy LLLU T Cnroi latvuglapily Uil silita gol (¢l ICiit. nexanc/ Lyl acelaie = 15 1)
provided 42 (310 mg, 63%). IR(film): 3030, 2976, 1749, 1726, 1653, 1448, 1404, 1251, 1026, 860, 756
em-l. 'H NMR(400MHz, CDCl3_ppm): & 5.76(m, 1H), 5.52(m, 1HO, 4.15(q, J =7.2 Hz, 2H), 4.09(m,
ALIN 1 Q1.0 TAlfm R 1 241t 7-_-’7’) > AN 13 NIA (1 H7z CTY1a nnmY A 214 8N 170 78
Sl IV, L. 7 AT&.iTriL, O1i), 1.4 L, o Foka L Riiy ~S1AJ0 N ANIVAINAVVIYRL AL, NelsNa Ly pPILLY) AV S S LT AV PO S AN ]
128.83, 128.79, 61.68, 50.69, 38.98, 38.02, 32.46, 30.77, 1961, 14.08. HRMS: Calc'd for C1oH 050

Ethyl 1-(trans-4-bromo-2-buten-1-yl)-2-oxo-1-cyclopentanecarboxylate (4b):
Following the general alkylation procedure the reaction of ethyl 2-oxocyclopentanecarboxylate (3 g,

19.2 mmol) with NaH (922 mg, 60% dispersion in mineral oil, 23 mmol) and trans-1,4-dibromo-2-butene
(4.5 g, 21 mmol) in THF followed by column chromatography on silica gel (eluent: hexane/ethyl acetate = 15
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1) provided 4b (3.9 g, yield 70%). IR(film): 3041, 2982, 2935, 2903, 1753, 1728, 1734, 1450cm-!. IH
NMR(400MHz, CDCl3, ppm): & 5.72-5.59(m, 2H), 4.08(q, J =7.2 Hz, 2H), 3.83(d, J =6.8 Hz, 2H),
2.58(dd, J =14.0, 7.2 Hz, 1H), 2.39-2.14(m, 4H), 1.97-1.82(m, 3H) 1 17(t, J =7.2 Hz, 3H). 13C

NMR(i100MHz, CDCi3_ ppm): 06 2i4.19, 170.60
A 7T

9.75, 37.88, 35.76, 32.38,
S

ah
'r-

3-(E)-Ethylidene-4-oxo-cycloheptanecarboxylic Acid Ethyl Ester (6):

Following the general procedure for ring expansion, ethyl 1-(cis-4-chloro-2-buten-1-yl)-2-0xo-1-
cyclopentanecarboxylate (245 mg, 1 mmol) was reacted with indium powder (230 mg, 2 mmol) in 10 ml of
aqueous 0. 1N HCl/methanol (3:1). The crude material was treated with DBU (304 mg, 2 mmol) in 10 ml
THF. Work-up followed by column chromatography on silica gel (eluent: hexane/ethyl acetate 20:1) provided
6 (106 mg, 50%). IR(film): 1757, 1726, 1685, 1650, 1618, 1454, 1255, 1192, 1026cm-l. 1

to L

WIA ATRZ AN AT T wminale R LTV~ T "7 I TLIN A 1&/70x AL 1T &N Y OA . OLIN L lEe "o V" | r _
NIVIKIUJIVINLZ, VLA PP, VU7,V =/.4 11z, 1), 4. 10111, <11), 1.0U-4.74 (N, 7ri), 1./Q, J =/.
1y (>3 8 ANNEE T, V. 8 7T LI LI !3r~ RIRADI/AITNANRATT . MY, .\, & AND 12 178 NN 120 11 1 s
Hz, 3H), 1.26(t, J =7.2 Hz, 3H). C NMR(100MHz, CDCl3, ppm): 6 203.16, 175.02, 138.31, 136.36,
LN L2 AR T1T A K& 22 A4 Q2 QN D2 17 1410 12 R HRAC: Calatd fae O 1T M 1IN 1786 Ernrand
V.00, I, J 1, WL JIy T, LAO. TV, ad.di, 177.17, 1J.00 L1RUVIOL. alb U 11Ul Vi1 I8\W3, 41V 1a 0, T 1,
210.1246.

Ethyl 1-(cis-4-chloro-2-buten-1-yl)-2-oxo-1-cyclohexanecarboxylate (7):
Following the general alkylation procedure, the reaction of ethyl 2-oxo-1-cyclohexanecarboxylate (340
mg, 2 mmol) with NaH (80 mg, 60% dispersion in mineral oil, 2 mmol) and cis-1,4-dichloro-2-butene (375

IS Wt ol ]

mg, 3 mmol) in DMF followed Dy column cnromatograpny on silica ge1 (eluent nexane/emyl acetate = 20 : 1)

srovided 7 (333 mg, vield 65%). IR{film): 2930, 28560, 1745, 1716, 1618, 1448 1402 1259 1082cm-!
PIOVIGEa 7 (355 1ig, YidiG UJ570). 1R(1uiily. &50u 7, L7190, 1010, 19490, Ly 1407, 1V0LCHL -,
1H NMR(4A0OMHz CDCh Y A E&Im THY SAO0m 1HY A 1WA JT=77 s AN\ 2024 7..T4& L,
11 LNIVIENA* P ULVLL AL, bublj. yl,lulj- LV e 2 U.l\lll, A1), 7577 MA, R11), HOAVU\Y, v — /.4 XLL, 211), D.70\U, J =/.U 11,
2H), 2.54(dd, J =7.2, 14.4 Hz, 1H), 2.37(m, 4H), 1.93(m, 1H), 1.60(m, 3H), 1.37(m, 1H), 1.16(t, J =7.2
Hz, 3H). 13C NMR(100MHz, CDCl3 ppm): § 207.23, 171.22, 128.87, 128.10, 61.45, 60.48, 41.00,
38.95, 35.86, 32.12, 27.39, 22.43, 14.04. Anal. Calc'd. for C;3H10ClO3: C, 60.21; H, 7.51. Found: C,
60.33; H, 7.40

3-(E)-Ethylidene-4-oxo-cyclooctanecarboxylic Acid Ethyl Ester (9):
Following the general procedure for ring expansmn ethyl 1-(cis-4-chloro-2- buten—l yl) -0Xx0-1-

P | PUURPUURS | G as m b s J 4 Va3 7aY

cycloheptanecarboxylate pi 7 mg, 1 mmol) was reacted with indium powd (LJU mg, 2 mmox) in 10 ml of
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THF. Work-up followed by column chromatography on silica gel (eluent: hexane/ethyl acetate 20:1) provided
9 (113 mg, 50%). IR(film): 1730, 1683, 1618, 1446, 1375, 1182, 1039, 862, 721cm-1. !'H NMR(400MHz,
CDCl3, ppm): 6.78(q, J =7.2 Hz, 1H), 4.14(m, 2H), 2.85(m, 3H), 2.44(m, 2H), 1.50-1.90(m, 6H),
1.80(d, J =7.2 Hz, 3H), 1.26(t, J =7.2 Hz, 3H). 13C NMR(100MHz, CDCl3_ ppm): & 205.29, 174.92,
137.95, 136.95, 60.58, 44.58, 39.51, 29.35, 27.89, 26.34, 23.56, 14.22, 14.13. HRMS: Calc'd for
Cy3H;00;5, 224.1413; Found, 224.1400.

-oxocyciododecanecarboxylate (15):

A 250 ml two-necked, round-bottomed flask equipped with a magnetic stirrer was fitted with a 50 ml
pressure-equalizing constant-rate dropping funnel and a condenser. To the flask, sodium hydride (4.5 g, 112
mmol, 60% dispersion in mineral oxl) was added The mineral oil was removed by washing the dlspersmn four
times with 20 ml portions of dry benzene under N atmosphere. The benzene was removed with a pipette after
the sodium hydride was allowed to settle. After most of the mineral oil had been removed, 60 ml of benzene
was added to the sodlum hydnde followed by diethyl carbonate (6.5 g, 55 mmol), this mixture was heated to

LA NP Vo WY | Yol

e (5.4 g, 30 mmol) in 10 ml of benzene was added dropwise over a
Al 1

trad ta raflire 11l tha agmlitina ~AF
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. 10 ml of elacial
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h)

WYad_ __¥
Ethyl



C.-J. Li et al. / Tetrahedron 54 (1998) 23472364 2359

acetic acid was added dropwise, and a heavy, pasty solid separated. Then ice-cold water (about 100 ml) was
added dropwise and the stirring was continued until all the solid material has dissolved. The benzene layer was
separated; and the aqueous layer is extracted three times with 50 mi portions of benzene. The combined
benzene extracts were washed three times with 50 ml portions of cold water. The organic layer was dried over
MgSO; for 5 hr. MgSO4 was removed by filtration; and the solvent is evaporated under vacuum. Flash
chromatography of the crude material on silica gel (eluent: Hexanes/ethyl acetate=20:1) gave 4.5g compound
15 (yield 59%). The product existed in an equilibrating mixture of the ketone and enol tautomers.
THNMR(400MHz, CDCl3, ppm): 3 ketone 4.06(q, J =6.80 Hz, 2H), 3.54(dd, J =3.6, 11.6 Hz, 1H), 2.75-
1.13(m, 23 H); enol d 12.85(s, 1H), 4.13(q, 2H, J =7.2 Hz), 2.75-1.13(m, 23H). IR(KBr): 3406, 2935,
2870, 1747, 1707, 1641, 1628cm-1. Anal. Calc'd. for C15H2603: C, 70.83; H, 10.30. Found: C, 70.69; H,

10.35.

Ethyl 1-(trans-4-bromo-2-buten-1-yl)-2-oxocycloheptane carboxylate (16):

Egllawine the eeneral alkviation nrocedure. the reaction of prhvl 2-oxocvelohentane carboxvlate (3
1 UARIVYY llls [ 331 % 6&..‘.“‘ mh].““vll y. N L Wy AWEAVEIVEL VL Wl VI\WJVI.\JIA\'I.I\“II.\' WWAJ LEAW, J

g, 20.5 mmol) with NaH (880 mg, 60% dispersion in mineral oil, 22 mmol) and trans-1,4-dibromo-2-buten
(4.69 g, 21.9 mmol) in DMF followed by column chromatography on silica gel (eluent: hexane/ethyl acetate =
15: 1) provided 16 (3.25 g, yield 50 %). IR(film): 3063, 2935, 2864, 1739, 1707, 1655cm-1. 1H
NMR(400MHz, CDCl3, ppm): & 5.55-5.65(m, 2H), 4.05(q, J =7.2 Hz, 2H), 3.76(d, J =6.4 Hz, 2H), 2.65-
1.20(m. 12H), 1.12(t, J=7.2 Hz, 3H)ppm. 13C NMR(100MHz, CDCl3, ppm): d 208.66, 171.57, 131.04,
130.01, 62.68, 61.16, 41.99,37.80, 32.52, 32.33, 29.71, 25.42, 24.55, 14.06ppm. HRMS: Calc'd for

C14H,105Br-Br, 237.1491; Found, 237.1492.

:rn Eﬂ

| 'S T | B fnlc A Lerennn P Lustbnee 1 oI\ V avanvalnanatamananhawvoalads, 717\,

Ethlyl 1-{CiS-#-0roino-2-vulein-1-Yi1j-4-0X0CyTiO0CLANECATOOXY1a1e (17 )8
Followino the general alkvlation n n(‘ednrp the reaction of Pfhv] 2- Ymvrlwtanprnr}v\vvlntp ('X 2 g,
roliowing the gener oced actio etr CyC

16 mmol) with NaH (800 mg, 60‘;{7 dlspel;m on in mineral oil, 2 mmol) and trans-1,4-dibromo-2- butene 3. 4
g, 16 mmol) in DMF followed by column chromatography on silica gel (eluent: hexane/ethyl acetate =20 : 1)
provided 17 (2.7 g, yield 50 %). IR(film): 3063, 2930, 2864, 2856, 1747, 1714, 1655cm-l. 1H
NMR(400MHz, CDCl3_  ppm): d 5.68-5.58(m, 2H), 4.07(q, J=7.2 Hz, 2H), 3.81(d, J =6.4 Hz, 2H), 2.77-
1.23(m, 13H), 1.14(t, J =7.2 Hz, 3H), 0.93-0.83(m, 1H). 13C NMR(100MHz, CDCl3, ppm): & 211.83,
171.01, 131.12, 129.75, 62.39, 61.34, 38.56, 33.82, 32.60, 29.12, 28.54, 25.42, 24.11, 22.90, 14.08.
HRMS: Calc'd for C; sH,3BrO3-0OELt, 285.0480; Found, 285.0475.

Telzl 1 fbdmnma A honnsen DV hirtam T _ ol P . avasvaladadoanamnanarhavointa (1),
Dlllyl l-\‘rl ald="4=Ul lllu-b'uu‘cll-l'! l}-b'UAU\»J vivuvuTuvailicual UUAJ At (10).
Following the gener Ialkylati n procedure, the reaction of e thyl 2-oxocyclododecane _,___rly‘)ymlatg (2.54

alkylation procedu OXO
g, 10 mmol) with NaH (440 mg, 60% dispersion in mineral oil, 11 mmol) and trans-1,4- dxbromo-2 butene
(2.35 g, 11 mmol) in DMF followed by column chromatography on silica gel (eluent: hexane/ethyl acetate = 15
: 1) provided 18 (1.9 g, yield 50%). IR(film) 3036, 2935, 2870, 1747, 1714, 1655cm-1. 1H
NMR(400MHz, CDCl3, ppm): 8 5.78-5.71(m, 1H), 5.59-5.51(m, 1H), 4.180(q, J =7.2Hz, 2H), 3.89(d, J

=7.6Hz, 1H), 2.96-1.24(m, 25H). 13C NMR(100MHz, CDCl3, ppm): & 206.62, 172.11, 130.33, 130.07,
63.46, 61.39, 34.09, 33.19, 32.55, 28.82, 26.47, 26.33, 23.46, 22.62, 22.01, 21.81, 21.49, 18.87, 14.16.
HRMS: Calc'd for C;oH3103Br, 386.1460; Found, 386.1450.

vl AW At 1t AamaY A ~wanvae Inmanan ararhavvlata (29).
nyr J-{L-cuyiiuvn )-'O-U)un._yt.luuuuanc\.al UUAFIALL (&ife

Following the general procedure for ring expansion, ethyl 1-(trans-4-bromo-2-buten-1-yl)-2-
oxocycloheptane carboxylate (471.9 mg, 1.498 mmol) was reacted with indium powder (250 mg, 2.2 mmol)
in 15 ml of water/THF (2:1). The crude material was treated with DBU. Work-up followed by column
chromatography on silica gel (eluent: hexane/ethyl acetate 20:1) provided 22 (255 mg, 72%). IR(film): 3111,

2937, 2876, 1730, 1674 cm-l, 1H NMR(400MHz, CDCl3, ppm): & 6.2(q, J =7.2 Hz, 1H), 4.0(q, J =7.6
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Hz, 2H), 2.7-2.4(m, SH), 1.9-1.8(m, 1H), 1.7(d, J =7.2 Hz, 3H), 1.7-1.30(m, 7H), 1.2(t, J =7.6 Hz, 3H).
13C NMR(100MHz, CDCl3_ppm): 6 210.08, 175.62, 141.80, 132.13, 60.40, 41.63, 40.98, 27.78, 25.27,
24.65, 24.43, 24.17, 14.19, 13.83. HRMS: Calc'd for C; 4H,,0;3, 238.1569; Found, 238.1566.

Followmn the ﬂeneral fing expansion Drocedure reactxon of ethyl 1-(cis-4-bromo-2-buten-1-yl)-2-
oxocyclooctanecarboxylate (350 mg, 1.06 mmol) with indium (350 mg, 3.07 mmol) in 15 ml water/THF
(2:1). The crude material was treated with DBU. Work-up followed by column chromatography on silica gel
(eluent: hexane/ethyl acetate=15:1) provided 23 (130 mg, yield 50%). IR(film): 3040, 2935, 2872, 1730,

1666 cm-l. 1H NMR(400MHz, CDCl3, ppm): & 6.37(q, 1H, J= 6.80 Hz), 4. 11(q, 2H, J= 7.2 Hz), 2.8-

2.5(m, 5H), 1.96-1.88(m, 1H), 1.87(d, 3H, J= 6.80 Hz), 1.82-1 1Z>(m 12H). 13C NMR(100MHz, CDCl3,
ppm): & 207.22, 176.39, 142.08, 134.47, 60.37, 40.06, 39.72, 29.88, 27.81, 26.27, 24.40, 24.01, 23.09,

PR ‘ _... TITAR AN, v (5 N g NSy 1YL r"-_..._l El'\ 1'-124

4.24, 14 HRMS: Caic'd for C,s5H,403, 252.1726; Found,

st
[\)

Ethyl 3-(E-ethylidene)-4-oxocyclotetradecanecarboxylate (24):

Followmg the gencral ring expansion procedure, reaction of ethyl 1-(trans-4-bromo-2-buten-1-yl)-2-
oxocyclododecanecarboxylate (387.2 mg, 1 mmol) with indium (344 mg, 3 mmol) in 6 ml water/THF (5:1).
The crude material was treated with DBU. Work-up followed by column chromatography on silica gel (eluent:
hexane/ethyl acetate=15:1) provided 2 4 (150 mg, yield 49%). IR(film): 3072, 2931, 2860, 1730, 1666 cm-1.
IH NMR(400MHz, CDCl3_ ppm): 3 6. 89(q, IH, /= 6.8 Hz) 4.15(q, 2H, = 7.2 Hz), 2.99-2. 9”(m 1H),

176.31, 140 B85, 139 81, 60 19, 42 12, 34 90, 27 91, 26.86, 26.16, 25 3 , 25 03, 24. 97, 24. 93
YA DTN YY AL 1& 1N 14724 LIDAMMO. MNalatd € M LY M INAEN ANO MIE1 T 2NO ADIEN
4.0 (&L}, 20,40, 10.1U, 14.054.. rinivio. LaiCda 101 Liori3zaig (VIT ) JDUS.2o01, rOUnd, SUo.Lo5U.

Ethyl 3,4-dihydro-2-(trans-4-bromo-2-buten-1-yl)-1-oxo-2-napthoate (27):

Following the general alkylation procedure, the reaction of ethyl 2,3,4-trihydro-1-oxo-2-naphthoate (2
g, 9.2 mmol) with NaH (450 mg, 60% dispersion in mineral oil, 11.25 mmol) and trans-1,4-dibromo-2-
butene (2.14 g, 10 mmol) in DMF followed by column chromatography on silica gel (eluent: hexane/ethyl
acetate = 15: 1) provided 27 (1.65 g, yield 51%). IR(film) 3068, 3024, 2987, 2937, 2876, 2856, 1774,

1732, 1695, 1637, 1602 cm-1. 1H NMR(400MHz, CDCls, ppm): & 7.97(d, J =7.6Hz, 1H), 7.40(t, J

‘o3 LT, 1
10(Q, J=7. iz, 1
2
-7

NMR(lOOMHz CDCl3 ppm) d
127.77, 126.69, 61.31, 57.31, 36.7

i Lb SISy T At .7

351.05967 Found, 351.0597.

Ethyl 1,3,4-trihydro-2-oxo-1-naphthoate (29):
Following the same procedure as for compound 1§, the title compound was prepared from p-tetralone

(5 g, 34.2 mmol), diethyl carbonate (10 g, 85.6 mmol), and NaH (4 g, 60% dlspersmn in mineral oil, 100

crlatar mn An ailina o PR AV ANA

ml‘ﬂOl) in benzene \AUU mL,) The COl_npOunu was isolated b oy flash column on silica gm (cnucm m:xanc:/cmyl
acetate = 15: 1) (3.7 g, S0%), as an equilibrating mixture of ketone and enol isomers and was used directly for
the next reaction. IR(KBr): 3400, 3074, 1726, 1639, 1608, 1575 cm-1. HRMS: Calc'd for C;3H;505

(M+1): 219.1021; Found, 219. 1021.

Ethyl 3,4-dihydro-1-(trans-4-bromo-2-buten-1-yl)-2-oxo-1-naphthoate (30):
Following the general alkylation procedure, the reaction of ethyl 1,2,3-trihydro-2-oxo-1-naphthoate

(29) (1 g, 4.6 mmol) with NaH (200 mg, 60% dispersion in mineral oil, 4.6 mmol) and trans-1,4-dibromo-2-

IR

nte havanal/athol anatata
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1496cm-1. 1H NMR(400MHz, CDCl3_ ppm): & 7.26-7.19(m, 4H), 5.59-5.52(m, 1H), 5.35-5.27(m, 1H),
4.11-4.01(m, 2H), 3.70(d, J =7.2 Hz, 2H), 3.13-2.28(m, 5H), 2.60-2.53(m, 1H), 1.09(t, J =7.2 Hz, 3H).
13C NMR(100MHz, CDCl3, ppm): & 207.86, 170.49, 136.49, 135.44, 130.73, 129.68, 128.57, 127.61,
127.29, 126.87, 62.58, 61.81, 39.11, 32.23, 31.57, 27.70, 13.80. HRMS: Calc'd for C;7H,;O3Br (M+1)
351.0596; Found, 351.0597.

Ethyl 7,8,9,10-tetrahydro-6-(E-ethylidene)-bezocyclooctene-5-one-8-carboxylate (32):
Following the general ring expansion procedure, reaction of ethyl 3,4-dihydro-2-(trans-4-bromo-2-

buten-1-yl)-1-0x0-2-naphthoate (200 mg, 0.569 mmol) with indium (340 mmg, 2.98 mmol) in 15 ml

water/THF (2:1) with the pH of the medium being adjusted at 2-3 with 0.1 N aq. HCI. The crude material was

AAAAAA ial TREMIT R | IR A R

ireated with DBU. Work- up followed by column chromatography on silica gel (eluent: nexanemmyl

acetate=15:1) provided 3 2 (57 mg, yield 37%). IR(film): 3068, 2989, ”943, 2877, 1774, 1739, 1674, 1655,
1608, 1562, 1464cm-1. 'H NMR(400MHz, CDCl3, ppm): 8 7.46-7.39(m, 2H), 7.29-7.26(m, 1H), 7.18(d,
J =72 Hz, 1H), 7.04(q, J= 7.2 Hz, 1H), 4.13(q, J = 6. 8 Hz, 2__), 2.89-2.65(m, 4H), 2.38-2.25(m, 2H),
1.94(d, J =7.2 Hz, 3H), 1.92-1.80(m, 1H), 1.24(t, J =6.8 Hz, 3H). 13C NMR(100MHz, CDCl3 ppm): &

197.59, 175.02, 140.85, 140.28, 138.44, 138.39, 13167 130.15, 128.63, 126.80, 60.66, 46.39, 31.96,
30.69, 28.30, 14.61, 14.21. HRMS(FAB): Calc'd for C;7H;,03(M+1), 273.1491; Found, 273.1490.

Ethyl 5, 6,9,10-tetrahydro-7-(Z-ethylidene)-benzocyclooctene-8-one-5-carboxylate (34) and
Ethyl §, 6,9, il‘}-tetrahydroﬁ (’E-ethyiidene)-benzocyciooctene 8-one-5-carboxylate (35):
r‘UllOWiﬁB the general pi’OCEdunc for ﬁﬁg expans.on, cLu_yl .),‘-i'-uulyUIU-L {trans-4-bromo-2-buten-1-
yl)-2-oxo-1-naphthoate (150 mg, 0.427 mmol) was reacted with indium powder (300 mg, 1.403 mmol) in 8
ml of water/THF (10:3). The crude material was treated with DBU. Work-up followed by column
chromatography on silica gel (eluent: hexane/ethyl acetate=15:1) provided 34 (14 mg, yield 12%) and 35 (67
mg, 57%). Compound 34: IR(film): 3063, 3036, 2982, 2943, 2870, 1739, 1707, 1682, 1655, 1622,
1568cm-1 . 1H NMR(400MHz, CDCl3_ ppm): & 7.23-7.11(m, 4H), 5.24(q, J =7.2 Hz, 1H), 4.19-4.14(m,
2H), 3.79(dd, J =12.4, 4.4 Hz, 1H), 3.01-2.74(m, 5H), 2.40(t, J =12.4 Hz, 1H), 1.47(d, J =7.2 Hz, 3H),
1.21(t, J =7.2 Hz, 3H). 13C NMR(100MHz, CDCl3 ppm): & 212.40, 173.13, 140.32, 139.01, 137.42,
129.91, 127.72, 127.70, 126.27, 125.38, 61.01, 48.39, 45.83, 38.63, 30.88, 29.42. HRMS: Calc'd for

-~ .~ ~——~ 4 8 LY.L sV v P e T 2 U

C17H2,05(M+1), 273.1491; Found, 273.1490. Compound 3 5: IR(Film): 3068, 3022, 2982, 2943, 2877,

1734, 1687, 1660, 1622, 1562, 1543, 1496cm-1. !H NMR(400MHz, CDCl3, ppm): & 7.18-7.08(m, 4H),
L NS F_ £ QO LI- 1LIN ANMA A 1Nfen AN 2 Q027141 T 11 4 £ AL 1IN 2 21 2 NLS o TEAIN DN YIS

O.ULY, v —0.0 I'lL, 1I1), 44594, 1V, &111), 2.00{UU, v —11.0, V.9 I, 1), 2.01-2.20(111, 1I11), 5.U0-<L. /5{Im,
SIIN 1 &27/4 T —£Q LI, AL 1 217+ T "7 LI- AL 13/ NINADA1TANMALT, AT _——e X, & ANS 1N
21}, 1.00\U, v =0.0 I'tL, 2r1), L.&1i\\, J —/7.4 114, oI1). o INLIVIING TUULVINZ, \.,L}\..l3' ppm) O ZLU0.1U,
172 1A 120N2 1R KK 128412 122 () 123026 1282 1277 1977 &1 11 AT T AAQRQ AN 14
LiJ. AU, LIZ.UJ, LIO.UU, LIUTLIT, LJL U, LIVOVU, LLOiTdiy L&L1.07, L&l DU, UL. 1D, 47.7/2, 44.70, JU. 1%,
29.21, 14.125, 13.32. HRMS: Calc'd for C;7H2105(M+1), 273.1491; Found, 273.1500

Ethyl 2-(trans-4-bromo-2-buten-1-yl)-1-oxo-2-indanecarboxylate(38):
Following the general alkylation procedure, the reaction of ethyl 1-oxo-2-indanecaboxylate (1.86 g, 9.1
mmol) with NaI—I (40 mg, 60% dispersion in mineral oil, 10.0 mmol) and trans-1 4—dibrom0 2-butene (3 114

1

1Y e J 2Q /1 YT 5 wviald ANGIN TD/F I-n\ ’lnAQ 2N L ’)(\Q"') Q77 1720 171A 1£&88 1£4NQ 1&Q1
L) pr vided 38 (l.22/ g, ¥i€iQ 4U70). 1n(11iiiij. S, JUDU, &4704, £O0/ii, LI3¥, 1114, 105D, 10VUO, 1001,
TALQA~mA 1 1L NMDRANOMI YL, nomY 8 7 766d T=7& L2 1IN\ T &£A/+ T T &£ LI 1L\ "7 AQ/A T
15UTCIT . CLINIVIISUUIVINLL, LY PPLMLY. U 7 T, 0 — 7.0 TKL, L), 7.00 4 v =7.0 1N, 1n), 1.404, J
=76 H7z 1H) 20(t F=76Hz 1THY SR3.576(m. 1H). S67-550(m 1H) A4 15/g T=72 Hz 2H\ 2 RA-
=70 i, 161}, 71.37\, v —7.0 1L, ill), J.O272. /0, 14k, 2.V 7-2,02\11, i1y, 4.1 0\, v =/i.4 11Z, &rij, 3.60
3.76(m, 2H), 3.64(d, J =17.2 Hz, 1H), 3.09(d, J =17.2 Hz, 1H), 2.90(dd, J=l4.4, 7.6 Hz, 1H), 2.56(dd,
=14.4, 7.6 Hz, 1H), 1.20(t, J =7.2 Hz, 3H). 13C NMR(100MHz, CDCl3 ppm): & 201.845, 170.456,

152.965, 135.539, 134.876, 130.912, 130.103, 127.838, 126.495, 124 731 61.743, 59.963, 37.084,
36.033, 32.263, 14.060. HRMS: Calc'd for C¢H;303Br (M+1), 337.0439; Found, 337.0439.
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Ethyl 7,8,9-trihydro-6-(E-ethylidne)-benzocycloheptene-5-one-8-carboxylate (40):
Following the general procedure for ring expansion, ethyl 2-(trans-4-bromo-2-buten-1-yl)-1-0xo-2-
indanecarboxylate (201 mmg, 0.596 mmol) was reacted with indium powder (203.8 mg, 1.79 mmol) in 8 m!

_______ FTLITS 71.1Y sl ciabad #o Sebe NV INT ool TTONT PPL L
Ul WalCl/ 1 N (1. l) wun e pn DC dUJ UsSiea o 4'3 willl U, 11‘0 ajucous nuld. ine (.,I'uﬂe malenal was [rea[eﬂ

with DRIJ. Work- up followed h\r column rhrnmnfnoranhv on silica opl (e uent: hexane/ethy‘ acetate=15: 3))
provided 40 (76.6 mg, yield 50%). IR(film): 3068, 2989, 2043, 2883, 1774, 1739, 1687, 1655, 1622,
1562, 1469cm-1. 1H NMR(400MHz, CDCl3, ppm): & 7.72(d, J =7.2 Hz, 1H), 7.43(t, J =7.2 Hz, 1H),
7.34(t, J =7.2 Hz, 1H), 7.19(d, J =7.2 Hz, 1H), 7.06(q, J =7.2 Hz, 1H), 4.21-4.12(m, 2H), 3.13-3.09(m,
1H), 2.99-2.93(m, 2H), 2.69(dd, J =14.4, 6.4 Hz, 1H), 2.60(dd, J =14.4, 6.4 Hz, 1H), 1.89(d, J =7.2 Hz,
3H), 1.28(t, J =6.8 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 196.49, 173.93, 138.50, 137.92,
137.03, 136.61, 132.22, 129.94, 129.00, 127.45, 60.89, 42.07, 33.23, 26.29, 14.27, 14.19.
HRMS(FAB): Calc'd for C;gH;903(M+1), 259.1335; Found, 259.1345.

P rmathowl_ P _(tramoe_ A _ heama_ P hntan_ 1_ovN_T _indandiama (A2
‘-l..cl.lJ l-‘-\‘l IO T"T U ul..u-‘-uul‘vll-A-Jl}-l’u-llluallulul.c \"J}
To a su spension of NaH (288 mg, 60% dis sper: rsion in mineral oil, 7.2 mmol) and 1 ,3-indandione (1.0

g. 6.8 mmol) in 10 ml DMF was added dropwise a SOll.Ithﬂ of methyl iodide (965 mg, 6.8 mmol) in 3 ml of
DMF. The mixture was stirred for 30 min followed by the addition of another portion of NaH (288 mg, 7.2
mmol). Then, trans-1,4-dibromo-2-butene (1.54 g, 7.2 mmol) in 10 mi DMF was added to the reaction
mixture dropwise, stirred for another 30 min under nitrogen. The reaction was quenched with 0.1 N aq. HCI.
The reaction mixture was extracted with ether (4x40 ml). The ether layer was washed with water, dried over
MgSOQq4, filtered and vaporized in vacuo. Flash chromatography on silica gel (eluent. hexanes:ethyl
acetate=15:1) gave egh_‘,l 2- methvl 2-(trans-4-bromo-2-buten- 1-y1)-1,3-indandione(O0. 797g, yield 40%).
IR(film): 3074, 3041 2924, 1877, 1753, 1714, 1655, 1601, 1562, I456¢m- . H NMR(4OOMH2, CDCl3,
ppm): & 7.95-7.93(m, 2H), 7.84-7.82(m, 2H), 5.71-5.64(m, 1H), 5.51-5.43(m, 1H), 3.67(d, J =7.2 Hz,
2H), 2.49(d, J =7.2 Hz, 2H), 1.24(s, 3H). 13C NMR(100MHz, CDCl3_ppm): & 203.62, 141.04, 135.98,
130.99, 129.05, 123.47, 53.88, 37.36, 31.89, 19.13. HRMS: Calc'd for Cy4H;40,Br (M+1), 293.0177;

Found, 293.0178.

7,8-Dihydro-8-methyi-6-(E-ethyiidene)-benzocycioheptene-s 9-dione(45):

Following the general procedure for ring expansion, 2-methyl-2-(trans-4-bromo-2-buten-1-
indandione (80 mg, 0.273 mmol) was reacted with indium powder (100 mg, 0.877 mmol) in
water/THF (5:1) with the pH be adjusted to 3-4 with 0.1N agueous HCIl. The crude material was treated with
DBU. Work-up followed by column chromatography on silica gel (eluent: hexane/ethyl acetate 15:1) provided
45 (43.4 mg, yield 75%). IR(film): 3074, 3036, 2976, 2935, 2877, 1774, 1739, 1701, 1687, 1655,
1562cm-1. 1H NMR(400MHz, CDCl3, ppm): 8 7.88-7.84(m, 1H), 7.63-7.59(m, 2H), 7.49-7.47(m, 1H),
7.02(q, J =7.2 Hz, 1H), 2.93-2.89(m, 1H), 2.83(dd, J =14.4, 4.8 Hz, 1H), 2.49(dd, J =14.4, 9.2 Hz, 1H),
1.91(d, J =7.2 Hz, 3H), 1.28(d, J =6.4 Hz, 3H). 13C NMR(100MHz, CDCl3 ppm): & 208.35, 193.87,
139.15, 138.02, 136.17, 135.43, 132.61, 131.74, 129.21, 128.16, 47.23, 29.42, 17.64, 14.48. HRMS:
Calc'd for Cy4H; sO2(M+1): 215.1072; Found, 215.1072.
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4-gvc!gnentacvclohexenecarboxvlate (47)

Following the general alkylation procedure, the reaction of 46 (500 mg, 1.77 mmol) with NaH (71
mg, 60% dispersion in mineral oil, 1.77 mmol) and trans-1,4-dibromo-2-butene (379 mg, 1.77 mmol) in DMF
followed by flash chromatography on silica gel ( eluent: hexanes:ethyl acetate=20:1 to 2:1) gave 47 ( 345 mg,
vield 47%) as a mixture of two diastereomers. Major isomer: IR(film): 3041, 2970, 2883, 1774, 1707cm-1.
IH NMR(400MHz, CDCl3, ppm): & 5.8 (m, 2H), 3.9(m, 2H), 3.67(s, 3H), 3.32(t, J =8.3 Hz, 1H), 2.95(dt,
J =6.3, 14.7 Hz, 1H), 2.5(dd, J =7.3, 13.3 Hz, 1H), 1.3-2.4 (m, 9H), 1.1(s, 9H), 0.93(s, 3H). 13C
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NMR(100MHz, CDCl3, ppm): & 208.54, 172.62, 131.27, 130.04, 79.41, 72.66, 61.71, 52.20, 52.02,
42.36, 37.26, 36.76, 36.34, 32.86, 31.07, 28.66, 20.52, 10.84. HRMS: Calc'd for CyoH;,BrO4-Br,
335.2209; Found, 335.2203.

Mathvl 1@ tart_ Rutavev_ L _(T_athvlidono_a~r 4~ & £ 7T € 0 Qa_nntoahodenan 1020 seatbhed T o
IVACRII Y1 APFRCi T UuLUAy U () Runyuuvnr-Jally Fi,oyUy 7 yUyryra~vitanyGro-1vap-iicuuiyi-/-0X0-
4g-cyclopentacyclooctenecarboxylate (49):

Following the general procedure for ring expansion, compound 47 (60 mg, 0.15 mmol) was reacted

with indium powder (52 mg, 0.45 mmol) in 2 ml of aqueous 0.1N HCl/methanol (3:1). The crude material
was treated with DBU (46 mg, 0.3 mmol) in 1 ml THF. Work-up followed by column chromatography on
silica gel (eluent: hexane/ethyl acetate 20:1) provided 49 (32 mg, 63%) as a mixture of diastereomers (2.5 : 1).

avnmalathsl cnatata Fa SLsiE A e Fada

The mdjor isomer was Técr_ysuuueu in nexanf:lemyl aceéiate 1o glve a u'ySLaJ for x- ray anzuys1s Major isomer:

TRMfiImY: 1722 187R 117 1427 12K1 110’7 I]R1 1118 1ﬂ‘7’)nm'l 111 NIMDR/ANOMLI. ATy e Yo
BENQLIRLEL ], R 70y RNFIOy ANJL T, 2T i, 10U, LT & 101U, 1VU/74llll L1 INLVARN\WJULVIILL, \.U\,lj ppii).

d 6.8(q, J =7.3 Hz, 1H), 3.7(s, 3H), 3.3(m, 1H), 30(m 2H), 2.55(m, 1H), 2.3(m, 1H), 2.0(m, 2H),
1.8(d, J =7.3 Hz, 3H), 1.6(s, 3H), 1.4-1.8(m, 3H), 1.1(s, SH), 0.93(s, 3H). 13C NMR(100MHz, CDCl3

; ARG, S R4, 23], 28R, 211, ZIL;, Y.Z22 N ANAVAIN BVVIVAL By NrRSNALY

ppm): §205.50, 175.08, 137.25, 80.77, 72.84, 51.63, 46.58, 45.87, 42.34, 40.66, 36.86, 30.90, 28.74,

| of sinanlAddddaiaied it B bad = S

27.59, 25.79, 14.59, 14.17. HRMS: Calc'd for C30H3204-C4Hg, 280.1674; Found, 280.1676.
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