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1. Introduction

Tetrahe

The high abundance of naturally occurring polyaytdictones
and their unique biological activities make therexselective
construction of these species a matter of greaditapce for the
fields of pharmaceuticals, agrichemicals, and dgaynthesis:
® Consequently, a range of corresponding synthetithats have
been developed, e.g., Pd-catalyzed intramolecufalization;
Lewis or Bronsted acid—mediated cyclizatforQs-catalyzed
oxidative carboesterification of olefifis,ferrocenium ion—
mediated oxidative cyclizatio7nand Mn-mediated intramolecular
radical cyclizatiorf, although the search for more
environmentally friendly methodologies is still aigg.By way
of an example, polycyclic lactones can be obtaibhgdodine-
mediated electrophilic cyclization performed ufilig a
combination of molecular iodine with strong Lewis dxcior
bases:™

Recently, we have developed iodine-mediated (catdlyz
intra- and intermolecular  transformations  affording
polyfunctionalized heterocyclic compoundsin the course of
our work on iodine-mediated transformation of cagdon
compounds with non-activated C=€Ebonds, we unexpectedly
found that carbocyclization furnished bicyclic lawes:™ which
indicated that the intramolecular formation of aGC-#ond
between the olefin and the carbonto the carbonyl group
occurred in ab5-exo-trig manner (Scheme 1l1a). Therefore, we
proposed that intramolecular C—C/C-O bond formatiould be
realized for olefin moiety-bearing malonates undemilar
reaction conditions (Scheme 1b).
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Scheme 1(a) Previously reported iodine-mediated bicyclic
lactone formation and (b) the reaction investigaiteithis
work.

Table 1. Optimization of reaction conditiofs

dron

Herein, we report that intramolecular C-C/C-O bond
formation in alkene group-containing malonates fficiently
promoted by molecular iodine/base combinations fforé
bicyclic lactones.

2. Result and discussion

Initially, we focused on the lactonization b& to afford2ain
the presence of various iodine/base mixtures uidadiation
with visible light emitted by a compact fluorescéarps (CFLS)
(Table 1). When the above reaction was conductedgusi
methanolic KCO; as the base, only traces 2d were obtained
(entry 1), while other carbonate bases B&;, CaCQ, SrCQ,
and BaCQ) were equally ineffective (entries 2-5). Althougle th
use of Ca(OH)and Sr(OH) as stronger bases did not result in
product formation2a was obtained in 19% vyield in the presence
of Ba(OH), (entries 6-8). Encouraged by this result, sevezgl
parameters including solvent, temperature, andtisradime
were screened for the second step using Ba{@s$i}he base. As
a result, we found that bicyclic lactonization colble achieved
by heatingla in the presence of molecular iodine and Ba(OH)
instead of utilizing visible light irradiation (emgs 8 vs. 9 and
10).

Subsequently, various organic bases were screenddr un
heating conditions. Aliphatic amines such as triryletimine,
diisopropylamine, and pyrrolidine were inferior t@@®H), in
terms of reaction yield (entries 10 vs. 11-13), vathidine and
lutidine, known to induce electrophilic iodine aetilon, being
equally ineffective (entries 14 and 15). When N,N-
dimethylaminopyridine (DMAP) was employed as a bake,
target product was obtained in 63% vyield (entry Eally, the
best yield of 88% was obtained using 1.5 equivalewits
molecular iodine and DMAP even under the air conditentry
18).

With the optimized reaction conditions in hand, teaction
scope was explored by varying substituents on tte chain of
malonates1 (Table 2). Similarly to the non-functionalized
dimethylmalonate derivative la, malonate 1b (dimethyl
substituted at the allylic position) also gave twresponding
bicyclic lactone2b in good yield (77%) in the presence of iodine
and DMAP (entry 2). In the case of 3-phenyl-4-penlimajonate
1c, product2c was obtained in moderate yield with almost
complete diastereoselectivity (entry 3). The iodMAP—
mediated lactonization could also be applied tal2sttuted 4-
pentenylmalonate derivativedd, 1e and 1f, affording the
corresponding products in moderate to good yields \wbod
diastereoselectivities (entries 4-6). Furthermorkemethyl
derivative 1g afforded the desired bicyclic lactorig in good
yield without any diastereoselectivity decreaser{eny.

O.

COyMe I, (1 equiv.), base (1 equiv.) - H-gcoone
CO,Me solvent, conditions
la 2a
Entry Base Solvent Conditichs Yield (%)
1 K.CO; MeOH (1 mL) CFLs, Ar, 20 h trace
2 NaCO; MeOH (1 mL) CFLs, Ar, 20 h trace
3 CaCQ MeOH (1 mL) CFLs, Ar, 20 h trace
4 SrCQ MeOH (1 mL) CFLs, Ar, 20 h trace
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11
12
13
14
15
16
17
18

BaCQ
Ca(OH)
Sr(OH)
Ba(OH)
Ba(OH),
Ba(OH)
EtN
HNPr,
pyrrolidine
pyridine
lutidine
DMAP
DMAP
DMAP

MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (1 mL)
MeOH (2 mL)
MeOH (2 mL)

CFLs, Ar, 20 h
CFLs, Ar, 20 h
CFLs, Ar, 20 h
CFLs, Ar, 20 h
40°C, Ar, 20 h
70°C, Ar, 20 h
70°C, Ar,20 h
70°C, Ar, 20 h
70C, Ar,20 h
70°C, Ar, 20 h
70C, Ar, 20 h
70C, Ar, 20 h
70C, Ar, 20 h
70°C, Air, 20 h

trace
trace
trace
(19)
39
51
trace
35
28

n.r.

63
67

90 (88)

#Reaction conditionsta (0.3 mmol), } (1.0 equiv.) and base (1.0 equiv.) in solvent vetireed under the condition above.

®CFLs represents Compact Fluorescent Lamps

“Yield was determined by the NMR analysis of the cmeghestion mixture using 1,1,2,2-tetrachloroethamarainternal standard.

The reaction performed using(lL.5 equiv.) and DMAP (1.5 equiv.).

¢ Isolated vyield.

Table 2. Scope of the developed bicyclic lactone formation? COMe O 0 68
reactiorf ° z cOo,Me H-gCOZMe dr = 88:12
. 0. Me e
I, (1.5 equiv.) (¢} Me
COMe DMAP (1.5 equiv.) " CoMe 1g 29
CO,Me  MeOH (2 mL) 8 CO,Me Me, o 78
Air, 70 °C, 20 h Me Me O
i CoMe CO,Me
1 2 Me 1h
Entry 1 2 Yield (%) o
1 CO,Me oo 88 9 CO,Me Mex_O__0 68
M \/\/\)\
z CO,Me H CO,Me A COzMe H COMe dr=67:33
la 1i-E
2a 2i
2 COMe oo 77 10 COMe 71
.
%)(\)\cone H CO,Me Z CO Me ' dr=67:33
Me" Me Me Me 1i-Z
1b M
11 CO,Me Pha_O~_0 62
3 CO,Me 0, 50
2 o PhF CO,Me H CoMe dr=88:12
z CO,Me H CO,Me (r> 95:5 1j-E
Ph Ph .
1c 2
2 12 CO,Me 31
4 Me CO,Me oo 66 Z Cco,Me 2j dr=284:16
Z CoMe co,Me dr=85:15 Ph 1j-z
1d . i
ves Y Isolated yield.
2d . . . . .
5 | o 94 ® Diastereomeric ratiodf) was determined b4 NMR analysis
COMe o of crude reaction mixture.
z H co,Me dr=77:23 _ _
z CO,Me \ The developed reaction was applicable to 5,5-
1e \\ Y dimethylsubstituted derivativéh, furnishing the desired product
2e in 78% vyield (entry 8). Moreover, the cyclizatioh o-E and 1i-
6 Ph  CO,Me 53 Z gave bicyclic lacton@i in yields of 68 and 71% with identical
= co,Me dr = 88:12 diastereoselectivity, respectively (entries 9 an@).1The

1f

O _0
H-gCOZMe
Phe H
2f

assignments were based on a comparison of the ebt4h
NMR and®C NMR spectra with those reported by Tagu€hi.
Therefore, the developed lactonization was conclutiedoe
markedly different from the titanium alkoxide/iogiamediated
S\2-type cyclization ofli-E and li-Z, which was reported to
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almost exclusively afford a sing®y/n diastereomer of bicyclic
lactone2i in the case oli-E andtrans bicyclic lactone2i in the

case ofli-Z (entries 9 and 10} This tendency was also observed (route 1)* Second mechanism is

different depend on the structute-l. First, the lactonization of
primary alkyl iodide could be occurred throug{2Sype reaction
through carbocation

when 1j-E and1j-Z were used as substrates (entries 11 and 12jntermediate. The heterolytic cleavage of the Ced of 1a-I

which indicated that the cyclization step proce&dan {1-type

under thermal conditions is believed to furnish teEble

mechanism and gave the thermodynamically most establcarbocation intermediatiea-1l, which undergoes iodide-mediated

diastereomet”

To elucidate the reaction mechanism, control exrpemis
were carried out (Scheme 2). The reaction Id with
iodine/DMAP at room temperature afforded the despeatiuct
in only 13% yield, mainly furnishing cyclopentyhg—containing
la-l (65% vyield), which was tentatively identified as @sgible
reaction intermediate (Scheme 2, eq. 1). Heatintpefat 70°C
in methanol in the absence of base resulted irfdhmation of
the desired product in 66% yield (Scheme 2, eqTRls, it was
concluded that the first carbocyclization proceedwdoothly
under optimal conditions even at room temperatoreafford

cyclization to give the desired bicyclic lactcdéoute 2).
3. Conclusion

In summary, we have developed a robust synthetibadefor
the formation of functionalized and bicyclic lacesncontaining
all-carbon quaternary stereocenters from simpleslirprecursors
and are currently investigating the above transétion in the
context of natural product synthesis.

4. Experimental section

4.1. General Information

intermediate 1a-I, whereas the second rate-determining step

corresponded to lactone formation.

CO,Me I2 (1.0 equiv.) CO,Me
DMAP (1.0 equiv.) CoM )
ove + a (1
= CoMe . -on | @
1a r, 20 h B
65% 13%
o)
CO,Me o
CO-M — - H CO,Me 2
; 7 ®  MeOH, 70°C, 20h z @
H

2a
66%

la-l

Unless otherwise noted, all reactants or reagenhsdimg dry
solvents were obtained from commercial suppliers ased as
received. Malonatela-1j* were prepared according to the
procedure reported. Malonatés,* 1d,” 1e 1i*® are known
and their analytical data are in full agreement wlithse reported
in cited references.

Analytical thin-layer chromatography (TLC) was cadrieut
using 0.25 mm commercial silica gel plates (Meritica gel 60
F.s4). Flash column chromatography was performed witht&an
silica gel 60N (Spherical, Neutral, 40—p@n). Visualization of
the developed chromatogram was performed by UV larbg (2
nm) andp-anisaldehyde or basic potassium permanganate stain
NMR spectra were recorded on a JEOL ECA 500 spectromete

Scheme 2.Control experiments for evaluation of the reaction(500 MHz for *H NMR, 125MHz for ®°C NMR), and are

mechanism

Based on the previously reported iodine-mediatexydic
lactone formation reactions and the results of control
experiments, the following mechanism was suggestetef8e
3).°

NMe,
N
| P
CO,Me Py H MeO POH
R, 2 oM DMAP - | 4 |
2Me CO,Me
R

@ route 1: Sy2 pathway

| Y
n-Bu
q‘ko-Me)
MeO,C 2 | \Oj/ CO,Me
o < -Mel la-: R=H < COzMe
@ route 2: Syl patthfly H 1

H | R

n-Bu
2 qF\'(o—Me)
R \05)
la-1l: R = alkyl, Ar

la-l

Scheme 3Plausible reaction mechanism

The reaction is thought to be initiated by the damation of the
iodonium-DMAP adduct to the olefin moiety df with the
subsequent cyclization at thieposition of the carbonyl affording
the five-membered intermediatéa-l. If the rate of this
cyclization is slow, the iodonium intermediate danattacked by
iodide instead of the carbon nucleophile to forndiedide
species. It is assumed that mechanism for lactboizatep is

internally referenced to residual protic solvergnsils or TMS
(note: CDC} referenced ab 7.26 and 77.0 ppm respectively,
TMS referenced ab 0 and O ppm respectively). Data fo
NMR are reported as follows: chemical shif6 (pm),
multiplicity (s = singlet, d = doublet, t = tripleg = quartet, m =
multiplet, br = broad, dd = doublet of doubletsddddoublet of
doublet of doublets, td = triplet of doublets), pbog constant
(Hz), integration, and assignment. Data'fi@ NMR are reported
in terms of chemical shift$ (ppm). IR spectra were recorded on
a Perkin Elmer Spectrum 100 FTIR spectrometer arel a
reported in terms of frequency of absorption mHigh-
resolution mass spectra (HRMS) were obtained on a JB&-
T100TD and are reported as m/z.

4.2. General procedure for the preparation of 4-peyt
malonate derivative$

Triethylamine (1.5 equiv.) was added to a stirrelditsn of
alcohol (1.0 equiv.) in dry DCM (0.2 M) and cooledQ °C after
which MsCI (1.2 equiv.) was added. The solution wésasd to
warm to room temperature and stirred for 1.5 h aftieich time
aqueous 0.5 M HCI solution (4.5 mL/mmol alcohol) vealsled.
The layers were separated and the aqueous layerwasted
with DCM (3x4.5 mL/mmol). The combined organic extsac
were dried (MgSQ), filtered, and the solvent removéd vacuo
to give the mesylate. Sodium hydride (60 % in nmaheil, 2.5
equiv.) was suspended in dry DMF (0.2 M) and coote@ fC,
after which dimethyl malonate (2.5 equiv.) was addempwise
and the mixture was stirred for 20 minutes. A soluta the
mesylate (1.0 equiv.) in dry THF (0.2 M) was addeitbfved by
potassium iodide (1.0 equiv.) and the solution wased at 80
°C overnight. After cooling to RT, the solution wasuped onto
saturated NECI solution (7 mL/mmol mesylate) and extracted
with EtOAc (3x7 mL/mmol mesylate). The combined organi



extracts were washed with water, dried (Mgg@ltered, and the
solvent removed in vacuo to give the crude product.

4.2.1.Dimethyl(3,3-dimethyl-4-pentenyl)propanediatib)

The product was obtained in 57% yield (2.6 g, 11mMaty after
column chromatography on silica gatifexane : EtOAc = 10 : 1)
as a colorless oitH NMR (500 MHz, CDC)): 8 5.42 (ddd,J =
17.2,10.9, 2.9 Hz, 1H), 4.96-4.91 (m, 2H), 3.74 £4),8.29 (t,J

= 7.5 Hz, 1H), 1.86-1.80 (m, 2H). 1.30-1.26 (m, 2HQNO1(s,
6H).; ®C NMR (125 MHz, CDC)): 5 169.8, 147.4, 111.0, 52.4,
52.1, 39.9, 36.4, 26.5, 24.3,; FTIR (neat): 295841, 1736, 1640,
1457, 1435, 1345, 1273, 1253, 1225, 1203, 114441903, 689
cm’; HMRS m/z (DART) [M+H]": calcd for G,H,Ou
229.1434; found: 229.1439.

4.2.2. Dimethy(3-phenyl-4-pentenyl)propanediatic)

The product was obtained in 52% yield (284 mg, 2r0oth after
column chromatography on silica gatifexane : EtOAc = 10 : 1)
as a colorless oifH NMR (500 MHz, CDCJ): & 7.31-7.16 (m,
5H), 5.91 (dddJ = 17.2, 9.2, 7.5 Hz, 1H), 5.06-5.03 (m, 2H),
3.72 (s, 3H), 3.71 (s, 3H), 3.35 &= 7.5 Hz, 1H), 3.25 (¢ =
7.5 Hz, 1H), 1.98-1.61 (m, 4H)-*C NMR (125 MHz, CDCJ): &
169.7, 143.6, 141.4, 128.5, 127.4, 126.4, 114.6,53.5, 49.6,
32.8, 26.9.; FTIR (neat): 3066, 3028, 3001, 29574521 1733,
1637, 1601, 1493, 1453, 1435, 1346, 1243, 1222711952,
1002, 917, 751, 702 ch1 HMRS m/z (DART) [M+H]™: calcd
for C;gH,10,: 277.1434; found: 277.1432.

4.2.3. Dimethy(2-phenyl-4-pentenyl)propanediatE)

The product was obtained in 16% yield (193 mg, On7oth after
column chromatography on silica gatifexane : EtOAc = 10 : 1)
as a coloress oitH NMR (500 MHz, CDC)):  7.31-7.12 (m,
5H), 5.62 (dddJ = 17.2, 10.3, 6.9 Hz, 1H), 5.01-4.93 (m, 2H),
3.74 (s, 3H), 3.60 (s, 3H), 3.16 (d#l= 9.7, 4.6 Hz, 1H), 2.65-
2.60 (m, 1H), 2.41-2.35 (m, 3H), 2.11 (ddd= 16.0, 10.3, 4.6
Hz, 1H).;®*C NMR (125 MHz, CDCJ): 5 169.8, 142.9, 136.1,
128.5, 127.7, 126.7, 116.5, 52.4, 49.7, 43.6, 4347.; FTIR
(neat): 3064, 3026, 2998, 2954, 1750, 1732, 1660311494,
1435, 1340, 1259, 1231, 1200, 1149, 1027, 999, 848, 765,
701 cm'.; HMRS m/z (DART) [M+H]": calcd for GgH,iOu:
277.1434; found: 277.1436.

4.2.4. Dimethy(1-methyl-4-pentenyl)propanediatiyf

The product was obtained in 77% vyield (1.1 g, 5.1atyrafter
column chromatography on silica getifexane : EtOAc = 10 :
1) as a colorless oitH NMR (500 MHz, CDCJ): & 5.79 (ddd,J
= 16.6, 10.3, 6.6 Hz, 1H), 5.04-4.95 (m, 2H), 3.736(4), 3.30
(d, J = 8.0 Hz, 1H), 2.31-2.25 (m, 1H), 2.17-2.11 (m, 1HY72
1.99 (m, 1H), 1.55-1.48 (m, 1H), 1.33-1.26 (m, 1HPOL(d,J =
6.9 Hz, 3H).;*C NMR (125 MHz, CDGJ)): 5 169.2, 138.0,
114.8, 57.3,52.2, 33.4, 32.9, 31.0, 16.7.; FTI&ath 2954, 1755,
1735, 1641, 1455, 1435, 1346, 1286, 1239, 1223411952,
1018, 1000, 912 cih; HMRS m/z (DART) [M+H]": calcd for
Cy1H1404: 215.1278; found: 215.1286.

4.2.5. Dimethy(5-methyl-4-hexynyl)propanediatéh(

The product was obtained in 75% vyield (1.3 g, 5.9atyrafter
column chromatography on silica gatifexane : EtOAc = 10 : 1)
as a colorless oitH NMR (500 MHz, CDCJ): & 5.10-5.06 (m,
1H), 3.74 (s, 3H), 3.37 (1 = 7.5 Hz, 1H), 2.01 (q) = 7.5 Hz,
2H), 1.93-1.88 (m, 2H), 1.68 (s, 3H), 1.59 (s, 3H)811331 (m,
2H).; ®C NMR (125 MHz, CDC)): 3 169.9, 132.0, 123.6, 52.3,
51.5, 28.4, 27.5, 25.6, 17.6.; FTIR (neat): 295521, 1735, 1435,
1379, 1346, 1288, 1271, 1225, 1201, 1147, 11123,10608,

5
838 cm'.; HMRS m/z (DART) [M+H]": calcd for G,H»O4:
229.1434; found: 229.1437.

4.2.6. (E)-Dimethyl (5-phenyl-4-pentenyl)propanedidjeE)

The product was obtained in 64% yield (3.5 g, 12rBafy after
column chromatography on silica getifexane : EtOAc = 10 :
1) as a coloress oilH NMR (500 MHz, CDCJ): 5 5.45-5.34 (m,
2H), 3.74 (s, 6H), 3.36 (1 = 7.5 Hz, 1H), 2.02 (¢J = 7.5 Hz,
2H), 1.92-1.87 (m, 2H), 1.64 (d,= 6.3 Hz, 3H), 140-1.31 (m,
2H).; ®C NMR (125 MHz, CDC)): 3 169.9, 130.3, 125.5, 52.4,
51.5, 32.0, 28.3, 27.2, 17.8.; FTIR (neat): 30898, 2955, 2859,
1752, 1735, 1435, 1345, 1282, 1265, 1236, 12157,11952,
1054, 1011, 967, 920 ¢m HMRS m/z (DART) [M+H]": calcd
for CigH»10,4: 277.1434; found: 277.1433.

4.2.7. (2)-Dimethyl (5-phenyl-4-pentenyl)propanedidjez)

The product was obtained in 67% vyield (8.6 g, 31 thratier
column chromatography on silica gatifexane : EtOAc = 10 : 1)
as a colorless oifH NMR (500 MHz, CDCJ): & 5.49-5.34 (m,
2H), 3.74 (s, 6H), 3.37 (] = 7.5 Hz, 1H), 2.07 (q) = 7.5 Hz,
2H), 1.94-1.89 (m, 2H), 1.60 (d,= 6.3 Hz, 3H), 140-1.35 (m,
2H).; ®C NMR (125 MHz, CDG)): 5 169.8, 129.5, 124.5, 52.4,
51.5, 28.4, 27.1, 26.3.; FTIR (neat): 3014, 295838& 2862,
1753, 1735, 1435, 1341, 1270, 1238, 1215, 11992,11%19,
1046, 1005, 832, 704 ¢chm HMRS m/z (DART) [M+H]": calcd
for C;gH,104: 277.1434; found: 277.1437.

4.3. General procedure for the preparation of biaythctones2

A Pyrex® test tube (16.5 cm x 1.5 cm) containing iatune
of 2 (0.3 mmol), } (114 mg, 1.5 epuiv., 0.3 mmol) and DMAP
(54.9 mg, 1.5 epuiv., 0.3 mmol) in methanol (2.0)mias stirred
at 70 °C under air for 20 h. After cooling to rodemperature,
the solvent was removed under reduced pressurereEuting
mixture was purified by flash column chromatograpmimysilica
gel (h-hexane : EtOAC) to give.

4.3.1. (3aRS,6aSR)-Methyl 3-oxohexahydro-1H-cyclopenta-
[c]-furan-3a-carboxylate 2a)

The product was obtained in 88% vyield (48.5 mg, &6ol)
after column chromatography on silica gelhgxane : EtOAc =
4 : 1) as a colorless oitH NMR (500 MHz, CDCJ): & 4.56 (dd,
J=9.2, 8.5 Hz, 1H), 4.08 (dd,= 9.2, 2.3 Hz, 1H), 3.78 (s, 3H),
3.13-3.09 (m, 1H), 2.41-2.35 (m, 1H), 2.29-2.25 (H),12.11-
2.05 (m, 1H), 1.85-1.81 (m, 1H), 1.71-1.62 (m, 2HIC NMR
(125 MHz, CDC)): 6 176.4, 170.4, 73.0, 61.5, 53.1, 45.5, 34.6,
34.0, 25.6.; FTIR (neat): 2957, 2874, 1767, 1738}9] 1435,
1379, 1320, 1251, 1203, 1168, 1142, 1114, 1053),1916, 920,
863, 841, 792, 757, 726, 684 CMHMRS m/z(DART) [M+H]":
caled for GH.;s0,. 185.0808; found: 185.0805. Data was
consisted with the literatur&.

4.3.2. (3aRS,6aSR)-Methyl-6,6-dimethyl-3-oxohexahyét-
cyclopenta[c]-furan-3a-carboxylatelf)

The product was obtained in 77% yield (49 mg, 0.280t) after
column chromatography on silica getfexane : EtOAc = 4 : 1)
as a colorless oil*H NMR (500 MHz, CDC)): 5 4.42 (dd,J =
9.7, 7.5 Hz, 1H), 4.28 (dd,= 9.7, 2.3 Hz, 1H), 3.78 (s, 3H), 2.70
(dd, (s,J=7.5, 2.3 HZ, 1H), 2.59 (ddd,= 13.8, 8.0, 5.7 Hz, 1H),
2.22 (dddJ = 13.8, 7.5, 5.2 Hz, 1H), 1.65 (ddbs 13.2, 7.5, 5.7
Hz, 1H), 1.55 (ddJ = 13.2, 8.0, 5.2 Hz, 1H), 1.06 (s, 3H), 1.01
(s, 3H).;**C NMR (125 MHz, CDGJ): 5 176.8, 170.7, 68.0, 61.5,
56.0, 55.1, 42.4, 40.5, 31.7, 28.8, 23.0.; FTIRafhe2959, 2871,
1769, 1738, 1459, 1435, 1370, 1311, 1255, 12061,11125,
1059, 1043, 996, 978, 930, 881, 797, 730, 683.cHMRS m/z
(DART) [M+H]™: calcd for G;H,/0,: 213.1121; found: 213.1111.
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4.3.3. (3aRS,6aSR)-Methyl-3-0x0-6-phenyltetrahyie-  as a colorless oil*H NMR (500 MHz, CDCJ): Major isomer &
cyclopenta[c]-furan-3a-carboxylate¢) 4.44 (dd,J = 9.2, 6.8 Hz, 1H), 4.12 (d,= 9.2 Hz, 1H), 3.80 (s,

: . . 3H), 3.39-3.35 (m, 1H), 2.80-2.75 (m, 1H), 2.32-2.84, (H),
The product was obtained in 50% vyield (39.2 mg, hrirhol) ) )
after column chromatography on silica gehexane : EtOAc = 4 1.89-1.82 (m, 1H), 1.63-1.54 (m, 2H), 1.02 {d= 7.5 Hz, 3H).

: 1) as a colorless oilH NMR (500 MHz, CDCJ):  7.36-7.22 Z/nonarzuscm)erggésg(%% :392'(25;37'25;('; 11':|)) z%g(g(‘;;ff)
(M, 5H), 4.46 (ddJ = 9.2, 6.3 Hz, 1H), 4.22 (dd,= 9.2, 1.2 Hz, o~ 51 2 900 (S, SH), 9.20-3.25 (M, ZH), 2. 75-2 '

2.02-1.93 (m, 2H), 1.71-1.69 (m, 1H), 1.23 Jds 6.9 Hz, 3H).;
1H), 3.81 (s, 3H), 3.08 (dd, = 9.7, 6.3 Hz, 1H), 2.95-2.91 (M, 5 iR (525 MI-)IZ cDG): a,f,'ajor iéomer 1‘%5 4 168.4 73)1
1H), 2.83-2.76 (m, 1H), 2.27-2.17 (m, 2H), 2.05-1.88 (H).; ’ ' S 298 PO

8CNMR (125 MHz, CDGJ): & 176.5, 170.3, 140.5, 128.9, ?;’bg%sgégb“éégb 42656 ?f’éSé 3;35’ 13”;’“2?6';?02;%0%]7:{;“
127.3, 127.2, 70.2. 61.0, 54.5, 53.3, 52.4 3527.3 FTIR 7,630,530, 46.0, 42.3, 355, 32.3, 14.

(neat): 2956, 1771, 17371603, 1496, 1453, 1435513265, was overlapped.).; FTIR (neat): 2957, 2877, 177@6171454,

1435, 1378, 1243, 1167, 1145, 1053, 1004, 972, 936, 797,
1242, 1190, 1149, 1088, 1070, 1057, 1026, 991, 983, 820, 1o o> oot HMRS m/z (DART) [M+H] " calcd for GyHyeOy
792, 753, 701 cth; HMRS m/z (DART) [M+H]": calcd for ’ y ' o

CyeH170,: 261.1121; found: 261.1133. 199.0965; found: 199.0957.

4.3.8. (3aRS,6aSR)-Methyl-1,1-dimethyl-3-oxotetredwidi-
4.3.4. (3aRS,5RS,6aSR)-Methyl-3-0x0-5-methyltetrakijd- ) e
cyclopenta[c]-furan-3a-carboxylated) cyclopenta[c]-furan-3a-carboxylatel)

: . o
The product was obtained in 66% yield (39 mg, 0.2omMrafter Icr:lig;oil;%g:fogg;w;gr:nsiﬁfg;?:geii?]éngé?bzfgm:?t?rl)
column chromatography on silica gettfexane : EtOAc = 4 : 1) as a colorless oil*H NMR (500 MHz, CDC)): .6 3.80 (s SH)
as a colorless oil*H NMR (500 MHz, CDCJ): 5 4.50 (dd,J = 2.91-2.88 (m, 1H.),, 2.35-2.25 (m, ZHB, 1.90-.1.77.(n=i),2,1.61-’
9.2, 6.9 Hz, 1H), 4.16 (dd] = 9.3, 1.2 Hz, 1H), 3.77 (s, 6H), |, (m. 1H) 1.47 (5, 3H), 1.41 (s, 3HE NMR (125 MHz,
3.06-3.03 (m, 1H), 2.77-2.72 (m, 1H), 2.24-2.13 (iH),21.68- CDCL): & 175.3, 171.8, 84.9, 63.8, 54.5, 53.1, 36.8, 38080
1.64 (m, 1H), 1.24-1.17 (m, 1H), 1.05 @z= 6.3 Hz, 3H)..:°C A AU, Horr SaTR 1781 49790 4 ’

NMR (125 MHz, CDC})): 6 176.7, 170.6, 71.5, 61.1, 53.1, 47.5, ig;é ZfégélF'lig?zénelaét%:BZiSZ(;,z22;1:;,9116]-1(.5,017].2]-%,[1;614;%3%435,
41.9, 41.4, 36.4, 18.6.; FTIR (neat): 2957, 287868l 1739, ' ; ; ) ' y ’ . '

1458, 1435, 1377, 1300, 1260, 1246, 1204, 11459,11084, #?QO(bQABS’TfG[& +9|§’]2+'. 9(:2;&3 0%r826H87%43 72816?; Egl;ﬂ\ﬁ%.
1067, 1050, 1015, 985, 950, 844, 788, 722, 669.cHIMRS m/z 2131115 . T : ' .
(DART) [M+H]™: calcd for GoH150,: 199.0965; found: 199.0957. ’ ’

4.3.9. 1RS,3aRS,6aSR)-Methyl-1-phenyl-3-oxotatirak
4.3.5. (3aRS,5RS,6aSR)-Methyl-3-oxo-5-allyltetratmidi- 1H-cyc|op£enta[c]-furan-3a-():arbox§//IatePio y y
cyclopenta[c]-furan-3a-carboxylate¢)

. . . The product was obtained in 71% vyield (42.3 mg, Gr2dol) for
;2; Egﬁgﬁfr]t x?cs)rr?aﬁga;r]:gh;/no?14;/ﬁc)gi:;g{r$féiem%tmozl) 4 the E isomerand 68% yield (40.1 mg, 0.2 mmol) for thésomer
1) as a colorless oild NMR (500 MHz, CDGJ): 5 5.74 (tdd,] after column chromatography on silica gehexane : EtOAc = 4

. al . .
1757100 69 1 1), 30549 (n 2, 450 e 92, Y35 Cloies ol M 500 W, COOD: Ml
6.3 Hz, 1H), 4.16 (dd] = 9.2, 1.7 Hz, 1H), 3.77 (s, 3H), 3.07- ' ’ L iy

3.02 (M, 1H), 2.76-2.72 (m, 1H), 2.26-2.09 (m, 4Hy3l(dd J= (" LH): 2.37-2.32 (m, 1H), 2.29-2.23 (m, 1H), 2.0841(m,
1H), 1.88-1.56 (m, 2H), 1.47 (d,= 6.3 Hz, 3H)Minor isomer &
14.3, 9.7 Hz, 1H), 1.27-1.20 (m, 1H)3C NMR (125 MHz, DT _
, 4.89 (quin,J = 6.3 Hz, 1H), 3.78 (s, 3H), 2.95 (d#i= 7.5, 6.3
CDCl,): 5176.6, 170.5, 136.3, 116.2, 71.4, 60.7, 53.2, 4113,
: : Hz, 1H), 2.43-2.38 (m, 1H), 2.29-2.23 (m, 1H), 1.89%1(f,
39.4, 39.2, 38.3.; FTIR (neat): 2956, 2915, 176839 1641, - 1 .
4H), 1.40 (d,J = 6.3 Hz, 1H).;**C NMR (125 MHz, CDGJ): &
1479, 1435, 1377, 1301, 12565, 1233, 1209, 115131986, 917, 0 =~ 0 oo e N e e 1 500 354, 33.9
846, 790, 728, 668 cfy HMRS m/z(DART) [M+H]": calcd for Y e I T S S

; ..25.7, 22.0Minor isomer o 176.0, 170.6, 63.8, 53.0, 50.7, 34.3,
CioH1/04: 225.1121; found: 225.1116. Data was consisted Wltfb7 1 264, 16.1 (one carbon atom was overlappeBJIR
the literature”® 1, 26.4, 16. .

(neat): 2956, 2873, 1765, 1737, 1450, 1435, 13858211253,
4.3.6. (3aRS,5RS,6aSR)-Methyl-3-0x0-5-phenyltedrahy 1207, 1162, 1128, 1108, 1059, 1039, 992, 976, 938, 803,
1H-cyclopenta[c]-furan-3a-carboxylatef) 733, 660 crit.; HMRS m/z(DART) [M+H]": calcd for GoH1<Os:

199.0965; found: 199.0963. Data was consisted with the

The product was obtained in 53% yield (41.7 mg, Q@ol)  |iorature®

after column chromatography on silica gehexane : EtOAc = 4
: 1) as a colorless oil'H NMR (500 MHz, CDC)): & 7.33-7.21  4.3.10. (1RS,3aRS,6aSR)-Methyl-1-methyl-3-oxotedrakiH-
(m, 5H), 4.58 (ddJ = 9.2, 6.3 Hz, 1H), 4.26 (dd,= 9.2, 1.2 Hz,  cyclopenta[c]-furan-3a-carboxylate)

1d|_(|j)a ?'ézlésé %Hg 3'731:3.216H(m2’ ;;)2 43621'3'113 (r;,l,:?LB{DS The product was obtained in 31% vyield (24.3 mg, 8.68nol)
(ddd,J = 13.8, 8.0, 1.7 Hz, 1H), 2.52-2.46 (m, 1H), 2.17, { for the E isomerand 62% yield (48.5 mg, 0.19 mmol) for the

3
é?I’DiI l,%i?é;??&jij;g (1r28 16H}1.§6'\éM1R2é182572M]—152,60 isomer after column chromatography on silica gethgxane :
5): - T - - ) R EtOAc = 4 : 1) as a colorless oitti NMR (500 MHz, CDCJ):

53.3,47.3, 46.5, 40.8, 40.6.; FTIR (neat): 2958 2326, 1769, Major isomer & 7.41-7.27 (m, 5H), 5.05 (d,= 4.6 Hz, 1H), 3.72

1239, 1711, 1603, 1496, 1435, 1378, 1256, 12382,12204, _

1148, 1116, 1100, 1060, 1030, 985, 935, 848, 799, 672, 663 (s, 3H), 3.15 (ddd) = 7.0, 4.6, 1.9 Hz, 1H), 2.47-2.32 (m, 2H),
’ ! ! ’ g ! ’ ’ ’ ’ 2.05-1.90 (m, 3H)Minor isomer & 7.41-7.27 (m, 5H), 5.88 (d,

-l +. .
Z%”l"ll'z*l'\_"]ffjng?/;(sﬁqg) [M+H]™: caled for GsHiOs g g1y, 1H), 3.84 (s, 3H), 3.33-3.29 (ddds 8.8, 6.9. 5.6 Hz,
el - 261.1129. 1H), 2.48-2.35 (m, 2H), 1.70-1.50 (m, 3H), 1.30-1.B4 (H);
4.3.7. (3aRS,6aSR)-Methyl-4-methyl-3-oxotetrahydieo-1 “C NMR (125 MHz, CDCJ): Major isomer § 175.9, 1708,
cyclopenta[c]-furan-3a-carboxylateg) 139.7, 128.7, 128.5, 125.4, 86.0, 54.3, 53.1, 38326, 25.5.

. . . Minor isomer 6 175.9, 170.8, 136.4, 128.6, 128.0, 124.9, 81.4,
The product was obtained in 68% yield (40.4 mg,mriol) after g3 6 532 347 285 259 FTIR (neat): 29852 1769, 1738
column chromatography on silica getifexane : EtOAc = 4 : 1) ' ' ' ' ' ’ ' '



1497, 1451, 1435, 1340, 1254, 1235, 1212, 11958,11897,
1055, 1007, 924, 842, 766, 735, 718, 698 cnHMRS m/z

(DART) [M+H]*: calcd for GiH,70,: 261.1121; found: 261.1127.

Data was consisted with the literatdte.
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