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The first asymmetric total synthesis of)-Linderol A, a potent inhibitor of melanin biosynthesis of
cultured B-16 melanoma cells, has been achieved via two key reactions: a diastereoseléive [2
photocycloaddition of a coumarin-3-carboxylate bearing a chiral auxiliary with 3-methyl-1-butene and a
subsequent stereoconvergent transformation of the photoadducts with use of dimethylsulfoxonium
methylide to afford a tetrahydrodibenzofuran derivative.

Introduction

In 1995, Sashida et al. reported the isolation-ef-Linderol
A [(—)-1], (5aR*,6R*,9R*,985%)-4-cinnamoyl-3,6-dihydroxy-
1-methoxy-6-methyl-9-(1-methylethyl)-5a,6,7,8,9,9a-hexahy-
drodibenzofuran, from the bark &fndera umbellatgLaurace-
ae) (Figure 1}:2 It has four asymmetric carbon atoms at the
5a, 6, 9, and 9a positions. In Sashida’s report, the potent i
inhibitory activity of 1 on melanin biosynthesis in cultured B-16 T'/GURE 1. (=)-Linderol A [(=)-1].
melanoma cells was also reported without any cytotoxic effects
to the cultured cells or skinpirritation in guine);\ gibs. cyclopentajbenzofuran-3-ol derivative3].° The key step of
We were interested in the total synthesiafue to its unique the sepond-generatlon synthesis involved direct conversion of
structural and biological features. The fifstand second- 1,2a-disubstituted benzujfyclobutaflpyranone derivatives),

) h o)1 have been reviously reported which was easily prepared by af2] photocycloaddm(_)n qQ
generation syntheses ’ Previously rep to 3-methyl-1-butene, to tetrahydrodibenzofuran derivatije (
_by our group _In the flrst-gene_ratlon synthesis, the_ key step by treatment with dimethylsulfoxonium methylide (Schemé 1).
involved reaction of a coumarin-3-carboxylate derivatiZg (

S ; . . The first synthesis of {)-1 and (+)-1 was achieved via
with dimethylsulfoxonium methylide to afford the 2-substituted optical resolution of the 6-acetoxymethyl derivativetJ¢7],
using HPLC on chiral stationary phase®n the basis of X-ray

T Present address: School of Pharmaceutical Sciences, Mukogawa Women’sanalysis of the-)-camphanate off)-6 [R = (—)-camphanoyl],
University, Koshien Kyuban-cho, Nishinomiya 663-8179, Japan.

(1) Mimaki, Y.; Kameyama, A.; Sashida, Y.: Miyata, Y. Fujii, hem. we were able to dete;rmine the absolute confjguratiom)#:(,
Pharm. Bull 1995 43, 893. which was not previously reported by Sashida et @igure
(2) At that time, the absolute structure of X1 was not determined. 1). Herein, we describe the first asymmetric total synthesis of

(3) (@) Yamashita, M.; Ohta, N.; Shimizu, T.; Matsumoto, K.; Matuura, (-)-1
Y.; Kawasaki, |.; Tanaka, T.; Maezaki, N.; Ohta, 5.0rg. Chem2003 :
68, 1216. (b) Yamashita, M.; Ohta, N.; Kawasaki, |.; OhtaC8g. Lett

2001, 3, 1359. (5) (a) Yamashita, M.; Okuyama, K.; Kawajiri, T.; Takada, A.; Inagaki,
(4) (@) Yamashita, M.; Shimizu, T.; Inaba, T.; Takada, A.; Takao, I.; Y.; Nakano, H.; Tomiyama, M.; Ohnaka, A.; Terayama, |.; Kawasaki, I.;

Kawasaki, I.; Ohta, SHetreocycle2005 65, 1099. (b) Yamashita, M.; Ohta, S.Tetrahedron2002 58, 1497. (b) Yamashita, M.; Okuyama, K.;

Inaba, T.; Nagahama, M.; Shimizu, T.; Kosaka, S.; Kawasaki, |.; Ohta, S. Kawasaki, |.; Ohta, STetrahedron Lett1995 36, 5603.

Org. Biomol. Chem2005 3, 2296. (c) Yamashita, M.; Inaba, T.; Shimizu, (6) Yamashita, M.; Shimizu, T.; Kawasaki, |.; Ohta, Betrahedron

T.; Kawasaki, |.; Ohta, SSynlett2004 1897. Asymmetrn2004 15, 2315.
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Results and Discussion literature procedures, and subjected ta-2 photocycloaddi-

tions with 3-methyl-1-butene to obtain mixtures of the four
possible diastereocisomerdOg—c) in various ratios. These
mixtures were treated without separation with dimethylsulfoxo-
nium methylide to afford a mixture of the stereoconvergently
formed tetrahydrodibenzofurangdfa—c and 17a—c, respec-
tively). The results are shown in Table 1.

The retrosynthesis of<)-1 is shown in Scheme 2. The
conversion of triol [()-6] to (—)-1 was previously reported by
our group® and the transformation &to (—)-6 can be achieved
by applying a similar route to that used in our total synthesis
of (&£)-1.2 This route allows for the installation of the stereo-
chemistry at the 5a-, 9-, and 9a-position®of his was expected ] = )
because we previously reported that the transformation of a Upon irradiation of the esterl{q bearing a £)-8-(2-
mixture of 1exc and lendecyclobutane derivativesl, 14, naphthyl)menthyl group as the chiral auxiliary, using a 400 W
ent13, andent14), obtained by [2-2] photocycloaddition of ~ high-pressure mercury lamp in MeOH, the ratic17¢= 29:

12 with a monosubstituted alkehasing dimethylsulfoxonium 71 (estimated from théH NMR peak area of the 2- and 4-Hs)
methylide proceeded stereoconvergently, irrespective of thewas obtained in 77% overall yield (entry 7). The coumatihg
stereochemistry of the 2a- and 8b-positionsl8f 14, ent13, was subjected to X-ray crystal structure analysis (see the
andent14 (Scheme 3Y. Supporting Information), and the naphthyl grouplibhic was

Thus, the stereoselective introduction of the isopropyl group determined to be located behind the 3,4-double bond of the
at the 1-position iflO was crucial. Therefore, we first planned ~ coumarin ring in order to control the direction of the photore-
to explore the diastereoselectivet{2] photocycloaddition of ~ action by blocking the back side. If the conformationldfcin
3-methyl-1-butene using a coumarin derivatild)(bearing a
chiral auxiliary®? (9) (a) Furutani, A.; Tsutsumi, K.; Nakano, H.; Morimoto, T.; Kakiuchi,

5,7-Dimethoxycoumarin-3-carboxylates with various chiral K. Tetrahedron Lett2004 45, 7621. (b) Sarkar, N.; Nayek, A.; Ghosh, S.

iliari i _ Org. Lett 2004 6, 1903. (c) Shintani, T.; Kusabiraki, K.; Hattori, A.;
auxiliaries (1a-c) were prepared according to well-known Furutani, A.; Tsutsumi, K.; Morimoto, T.; Kakiuchi, KTetrahedron
Lett. 2004 45, 1849. (d) Tsutsumi, K.; Nakano, H.; Furutani, A.; Endou,

(7) (a) Yamashita, M.; Yadav, N. D.; Nagahama, M.; Inaba, T.; Nishino, K.; Merpuge, A.; Shintani, T.; Morimoto, T.; Kakiuchi, Kl. Org. Chem
Y.; Miura, K.; Kosaka, S.; Fukao, J.; Kawasaki, |.; OhtaH&terocycles 2004 69, 785. (e) Tsutsumi, K.; Endou, K.; Furutani, A.; Ikki, T.; Nakano,
2005 65, 2411. (b) Ratiner, B. D.; Elia, L. P.; Otsuki, Them. Express H.; Shintani, T.; Morimoto, T.; Kakiuchi, KChirality 2003 15, 504. (f)
199Q 5, 225. (c) Ratiner, B. D.; Otsuki, TChem. Lett1989 1035. (d) Lange, G. L.; Humber, C. C.; Manthorpe, J. Metrahedron Asymmetry

Suginome, H.; Liu, C. F.; Seko, S.; Kobayashi, K.; FurusakiJAOrg. 2002 13, 1355. (g) Sato, M.; Abe, Y.; Takayama, K.; Sekiguchi, K.;
Chem 1988 53, 5952. (e) Otsuki, TChem. Lett1987 453. (f) Pfoertner, Kaneko, C.; Inoue, N.; Fukuya, T.; Inukai, N. Heterocycl. Cheml991,
K.-H. Helv. Chim. Actal976 59, 834. 28, 241. (h) Seebach, D.; ZimmermannHely. Chim. Actal986 69, 1147.

(8) We have already discussed the detailed reaction mechanism of the(i) Lange, G. L.; Decicco, C.; Tan, S. L.; Chamberlian, Tetrahedron
stereoconvergent transformationid and14 to 15in refs 4a and 4b. See Lett. 1985 26, 4707. (j) Lange, G.; Lee, MTetrahedron Lett1985 26,
the Supporting Information. 6163.
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TABLE 1. [2+2] Photocycloaddition of 11a-c Followed by Treatment with Dimethylsulfoxonium Methylide

MeO ‘g:
MeO 0 o hv, rt

solvent
1Ma-c MeO

-7

11a: [(1R)-exo]-3-exo-
(diphenylmethyl)bornyl 11b : (-)-menthyl  11c: (-)-8-(2-naphthyl)mentyl

photoreaction photoreaction yield (%) diastereomeric
entry 11 solvent time (h) 16+ 17 ratio’c
1 1la MeOH 2 61 43:57
2 1la CH.Cl; 2 62 43:57
3 1la CsHsCHz 3 37 50:50
4 11b MeOH 2 79 48:52
5 11b CHCl» 2 75 50:50
6 11b CsHsCHz 3 83 45:55
7 1lic MeOH 2 77 29:71
8 lic CH.Cl> 2 80 42:58
9 1llc CsHsCHz 3 81 57:43

aQverall yield from11. ? Estimated fromtH NMR spectrum<£ Configuration of the productsl6 + 17) was not determined.

the solid state was also maintained in solution, it is expected In polar solvents such as alcohols and acetonitrile (entries
that 3-methyl-1-butene would approach predominantly from the 1-8), the benzofurari7c was found to be the predominant
front side ofllc,as shown in A of Figure 2. product of the photoreaction and subsequent stereoconvergant
Photocycloaddition ot 1cwith 3-methylbutene followed by  transformation reaction. Higher diastereomeric ratios and yields
treatment of dimethylsulfoxonium methylide was examined in were obtained when fluorinated alcohols such as 2,2,2-trifluo-
various solvents, and the results are shown in Table 2. roethanol, 1,1,1,3,3,3-hexafluoro-2-propanol, and nonafluoro-

J. Org. ChemVol. 72, No. 15, 2007 5699



JOC Article

Back-side attack
(disfavored)

Front-side attack
(favored)

FIGURE 2. A diastereoselective {22] photocycloaddition of1cwith
3-methyl-1-butene.

TABLE 2. Photocycloaddition of 11c with 3-Methyl-1-butene
Followed by Treatment with Dimethylsulfoxonium Methylide.

photoreaction diastereomeric
entry solvent yield (%)  ratioc®’[16c17d pKa

1 CHs:CN 82 34:66
2 MeOH 77 29:71 159
3 EtOH 62 34:66 159
4 n-BuOH 74 37:63 164
5 5%AcOH/MeOH 65 27:73
6 CRCH,OH 86 18:82 1238
7 (CRs),CHOH 79 14:86 9%
8 (CRs)sCOH 20 12:88 9.8
9 benzene 60 63:37

10 methylcyclohexane 94 61:39

a|solated overall yield of.6cand17c P Determined on the basis &fl
NMR spectrum$ Murto, J.Acta Chem. Scand.964 18, 1043.9 Forman,
G. S.; McConnell, A. E.; Tooze, R. P.; Rensburg, W. J. V.; Meyer, W. H.;
Kirk, M. M.; Dwyer, C. L.; Serfontein, D. WOrganometallic2005 24,
4528-4542.

e 8
= e (CF,),COH
S 4 N\(CF2),CHOH
[=]
E i < CF;CH,0H
2
=]
g ) \\I\jEUH
g 9 EtOH
& ~* n-BuOH
21
e
- 0 1 1
[a]
5 10 15 20
pKa R = 0.9804

FIGURE 3. A relationship between theiq value and the diastereo-
meric ratio (7c160).

tert-butanol were used as reaction solvents (entrie8)6 This
suggests that the conformation bfcin the solid state is also
maintained in these solvents. The relationship betweenkhe p
value and diastereomeric ratio @7c16c was translated to
graphical form (Figure 3). With a decrease in th€,pthe

Yamashita et al.

MeO. OMe
|5
H i F
“..uul"' I
o 0O
7
O\R

FIGURE 4. The hydrogen bond between the two carbonyl groups in
1llcand solvent OH.

MeO.

FIGURE 5. Intramolecular dipole-dipole repulsion between the two
carbonyl groups irllc

Therefore, the predominant tetrahydrodibenzofuran is ex-
pected to bd.7¢ which has thé& configuration at the 1-position.
The diastereomers ofl6c and 17c could be isolated by
preparative HPLC, respectively. The mixtures obtained from
entries 6-8 were recrystallized only once fromhexane to
afford purel7c The stereochemistry at the 9-position Iofc
was determined to b8 by X-ray crystal structure analysis, as
suggested below (Scheme 4), which corresponds to the undesired
unnatural form of Linderol A

The asymmetric synthesis of-§-1 was therefore performed
with (+)-19 as described below. The carboxylic aci@)* was
esterified by using-)-19,12 prepared from $)-(—)-pulegone,
to give entllc Diastereoselective {22] photocycloaddition
reactions ofent11cwith 3-methyl-1-butene in 2,2,2-trifluoro-
ethanol or 1,1,1,3,3,3-hexafluoro-2-propanol followed by a
stereoconvergent transformation with dimethylsulfoxonium me-
thylide in DMF afforded a mixture oént16c andentl7cin
diastereomeric ratios of 13:87 and 11:89, and yields of 87%
and 75%, respectively. Separation of the mixture by HPLC gave
ent1l7c Several attempts to hydrolyeat17cand its derivatives
all failed, probably due to steric hindrance around the carbonyl
carbon of the ester group. Successive hydrotydiscarboxy-
lation of ent17c occurred upon microwave irradiation of the
aqueous ethanolic solution in the presence of a catalytic amount
of Amberlyst 15 in a sealed tube to give )-8 in 96% yield134

(10) Nonnatural £)-1, the antipode of naturat()-1, was derived from
17c See the Supporting Information.

(11) (a) Fringuelli, F.; Piermatti, O.; Pizzo, Bynthesi2003 2331. (b)
Song, A.; Wang, X.; Lam, K. STetrahedron Lett2003 44, 1755. (c)

diastereomeric ratio increased, and a good correlation wasHassan, M. A.; Shiba, S. A.; Harb, N. S.; Abou-El-Regal, M. K;

observed between these values. It seems that the chelatin

hydrogen bonds between the two carbonyl group$linand

I-Metwally, S. A. Synth. Commun2002 32, 679. (d) Bonsignore, L.;
ottiglia, F.; Lavagna, S. M.; Loy, G.; Secci, Bleterocyclesl999 50,
469. (e) Watson, B. T.; Christiansen, G. Eetrahedron Lett1998 39,

the hydrogen in the solvent would exist, as shown in Figure 4. 6087. (f) Bonsignore, L.; Cottiglia, F.; Maccioni, A. M.; Secci, D.; Lavagna,
Furthermore, as the acidity of the solvents increases, theS-M. 1 Heterocycl. Cheml993 32 573. (g) Heyes, R. G.; Robertson, A.

blocking effect of the naphthylmenthyl group becomes more

effective.

Interestingly, when less polar solvents such as benzene,

J. Chem. Sacl936 1831.
(12) (a) Tsutsumi, K.; Nakano, H.; Furutani, A.; Endou, K.; Merpuge,

A.; Shintani, T.; Morimoto, T.; Kakiuchi, KJ. Org. Chem2004 69, 785.

(b) Yang, D.; Xu, M.; Bian, M.-Y.Org. Lett 2001, 3, 111. (c) Takahashi,
T.; Kurose, N.; Koizumi, T.Heterocyclesl993 36, 1601. (d) Potin, D.;

toluene, and methylcyclohexane were used, the diastereomerigymas, F.: Maddaluno, Synth. Commur99Q 20, 2805. (e) D'Angelo,
ratios were reversed (entries 9 and 10 in Table 2, and entry 9J.; Maddaluno, JJ. Am. Chem. Sod 986 108, 8112.

in Table 1). In these solvents, intramolecular dipedigpole
repulsion between the two carbonyl group4.irtis thought to
be the primary cause for the inversion (Figure 5).

5700 J. Org. Chem.Vol. 72, No. 15, 2007

(13) The ee of {)-8 was 100% on the basis of HPLC analysis [column:
Chiralcel OJ (4.6 mm 1.Dx 250 mm); eluent:i-PrOHh-hexane 10/90;

flow: 1.0 mL/min; detect.: UV 254 nm; temp: rt; retention time:)¢8

10.9 min, ()-8 14.9 min].
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SCHEME 4
HPLC separation
or
17¢c
Recrystallization
\Q from n-hexane (X ray)
16¢ (minor)
SCHEME 5
COOH MeO
WSC, DMAP .,
HO™ CHClj3, rt o o
(+)-19: R*-OH (89%) entA1c
1) 3-methyl-1-butene
hv, rt HPLC separation
ent-16¢c and ent-17¢ ent17c

2) CH,=S(O)Me,

CF3CH,OH @ 87%, ent-16¢ : ent-17¢c = 13 : 87

DMF, rt (CF3)2CHOH : 75%, ent-16¢ : ent-17c = 11 : 89
Microwave Mc OsO, MeO H
Amberlyst® 15 MePPh;Br NMO
95% EtOH aq n-Buli, THF. acetone-H,0
150 °C (85 %) MO (100%) MeO o I <on
in a sealed tube ~OH
(96%) - 20 Ho ()21
CDI, Et;N KoCOj3 ref. 6
DMAP,CH,Cl, MeOH e 3 steps
98% - - M
(100%) X0 (98%) 100%ee, 10 steps 13 steps
52% overall yield 23% overall yield
from 18 from 18

(-)-22: X=Me, Y=H AcZO. Sc(OTf)3
(-)-23: X=Me, Y=COMe

(-)-24: X=H, Y=COMe

J

3
:-l CHyCly (99%)

According to our racemic synthetic route th)¢1 from (£)-
8,2 the obtained )-8 was converted to-)-6 as described
below. The cyclohexanone—(-8] was converted to thexo
olefin [(—)-20] by Wittig olefination. cis-1,2-Dihydroxylation
with a catalytic amount of microencapsulated QSO the
presence ol-methylmorpholineéN-oxide afforded the diol [f)-
21] as a single isomer in quantitative yielel.The 1,2-diol
portion of (—)-21was protected as a cyclic carbonate according
to well-known transformations. FriedeCrafts acylation of {)-
22 was carried out by treatment with acetic anhydride in the
presence of a catalytic amount of Sc(Gf) give the desired
4-acetyl compound ff)-23].1¢ Selective demethylation of the
3-methoxy group of €)-23 by treatment with BBy afforded
the phenol [()-24] in 99% vyield. Finally, the cyclic carbonate
functionality was hydrolyzed with BCOs;in MeOH to give the
triol [(—)-6] in 98% vyield. Conversion of{)-6 to (—)-1 was

(14) (+)-8-(2-Naphthyl)menthol 19) was recovered in 100% yield
without any epimerization.

(15) Nagayama, S.; Endo, M.; Kobayashi,J5.Org. Chem1998 63,
6094.

(16) (a) Kawada, A.; Mitamura, S.; Matsuo, J.; Tsuchiya, T.; Kobayashi,
S. Bull. Chem. Soc. JprR00Q 73, 2325. (b) Kobayashi, S.; Komoto, I.
Tetrahedron200Q 56, 6463. (c) Kawada, A.; Mitamura, S.; Kobayashi, S
Chem. Commuril996 183. (d) Kawada, A.; Mitamura, S.; Kobayashi, S.
Synlett1994 545.

L|CIO4, CH3NO, (98%)
Br.

previously reported, and the-§-6 achieved here was consistent
with an authentic sample according to spectral data and specific
rotation® Therefore, the triol [()-6] could be prepared via 10
steps in 52% overall yield from8 (Scheme 5).

Conclusion

Herein, we report the first asymmetric total synthesis-of {
in 13 steps with a 23% overall yield from 5,7-dimethoxycou-
marin-3-carboxylic acidX8) via two key reactions: a diaste-
reoselective [22] photocycloaddition of coumarin-3-carbox-
ylate bearing a chiral auxiliareeht11d with 3-methyl-1-butene
and a subsequent stereoconvergent transformation with dim-
ethylsulfoxonium methylide to the tetrahydrodibenzofuran
derivative pnt17d.

Experimental Section

(1S,2R,55)-5-Methyl-2-[1-methyl-1-(2-naphthyl)ethyl]cyclo-
hexyl 5,7-Dimethoxycoumarin-3-carboxylate ént11c). 1-[3-
(Dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (WSC;
2.48 g, 13.0 mmol) was added portionwise to a solution of 5,7-
dimethoxycoumarin-3-carboxylic acid& 1.08 g, 4.32 mmol),t)-
8-(2-naphthyl)menthol )-19; 1.22 g, 4.32 mmol), and DMAP
(527 mg, 4.32 mmol) in CHGI(20 mL) under ice-cooling and N

J. Org. ChemVol. 72, No. 15, 2007 5701
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atmosphere, and the whole was stirred for 48 h at rt. After addition d, J = 6.4 Hz), 0.88 (3H, dJ = 6.2 Hz), 1.06-1.17 (3H, m),
of H,O (15 mL) under ice-cooling, the mixture was extracted with 1.34, 1.44 (3H each, s each), 1-4R54 (2H, m), 1.571.72 (5H,
Et,O (3 x 30 mL). The combined organic layer was dried over m), 1.83-1.91 (2H, m), 2.16 (1H, dtj = 3.1, 13.5 Hz), 3.11 (1H,
Na,SQO, and evaporated. The obtained residue was chromatographed, J = 8.7 Hz), 3.75, 3.77 (3H each, s each), 4.71 (1H) & 5.9

Yamashita et al.

on silica gel (AcOEtt-hexane= 1/10) to giveentllc (2.30 g,
89%). Yellow columns (recrystallized from isopropanol), mp
162.0-163.5°C. [0]?%> +147.4 € 1.0, CHC}E). 'H NMR (300
MHz, CDCl) 6 0.91 (3H, d,J = 6.6 Hz), 1.03 (1H, dgJ = 3.4,
12.9 Hz), 1.15 (1H, ¢J = 12.2 Hz), 1.26 (3H, s), 1.32 (1H, ddg,
=3.1, 12.8 Hz), 1.46 (3H, s), 1.511.64 (1H, m), 1.76:1.88 (2H,
m), 2.05 (1H, dddJ = 3.3, 6.8, 13.4 Hz), 2.32 (1H, dj,= 3.7,
12.3 Hz), 3.86, 3.92 (3H each, s each), 5.15 (1HJdt, 4.6, 10.8
Hz), 6.12 (2H, s), 6.82 (1H, ddd,= 1.1, 6.9, 8.1 Hz), 7.08 (1H,
ddd,J=1.2, 6.9, 8.1 Hz), 7.16 (1H, dl = 8.1 Hz), 7.56-7.58
(4H, m), 7.53 (1H, s)’*C NMR (75 MHz, CDC}) ¢ 21.3, 21.8,

Hz), 5.10 (1H, dtJ = 4.4, 10.6 Hz), 6.02, 6.14 (1H each, d each,

J=2.0Hz), 7.32 (1H, ddd) = 1.1, 6.8, 8.1 Hz), 7.40 (1H, ddd,

J=1.3,7.0,8.1Hz),7.46 (1H, dd,= 1.9, 8.7 Hz), 7.59 (1H, d,

J = 1.5 Hz), 7.68-7.76 (3H, m).13C NMR (75 MHz, CDC}) ¢

16.6, 20.4, 21.6, 21.8, 26.1. 27.0, 2%12, 31.4, 34.4, 40.2, 42.0

x 2, 42.3, 50.2, 55.1, 55.5, 75.0, 81.2, 89.1, 91.4, 101.9, 109.5,

123.1,124.7,125.2,125.9, 127.1, 127.6, 127.9, 131.4, 133.3, 147.9,

157.2, 160.8, 161.6, 163.4, 170.7. IR (CH)C1653, 1595 cm™.

MS nvz (rel intensity, %) 598 (M, 2.7), 169 (100.0). HRM®vz

calcd for GgH4e0s 598.3294, found 598.3290 (M.
(1R,48R,9bS)-7,9-Dimethoxy-1-(1-methylethyl)-1,2,3,4,4a,9b-

26.0, 30.4, 31.3,34.5,39.4,41.7,50.2, 55.8, 55.9, 73.4, 92.1, 94.3,hexahydrodibenzofuran-4-one [{-)-8]. A suspension oént17c

102.9, 110.0, 122.1, 124.0, 125.1, 125.3, 126.0, 1274) 130.8,
133.2, 142.5,149.4, 156.8, 157.8, 157.9, 161.3, 165.8. IR (gHCI
1748, 1613 cm!. MS m/z (rel intensity, %) 514 (M, 12.6), 169
(200.0). HRMSm/zcalcd for G,H3406 514.2355, found 514.2354
(M7).
(1S,2R,55)-5-Methyl-2-[1-methyl-1-(2-naphthyl)ethyl]cyclo-
hexyl (1R,4aR,9bS)-1,2,4a,9b-Tetrahydro-4-hydroxy-7,9-dimeth-
oxy-1-(1-methylethyl)-3-dibenzofurancarboxylate ént-17c) and
(1S,2R,59)-5-Methyl-2-[1-methyl-1-(2-naphthyl)ethyl]cyclohex-
yl (1S,48S,9bR)-1,2,4a,9b-Tetrahydro-4-hydroxy-7,9-dimethoxy-
1-(1-methylethyl)-3-dibenzofurancarboxylate ént-16c¢). A solu-
tion of ent11c(514 mg, 1.00 mmol) and a large excess of 3-methyl-

(50 mg, 0.083 mmol) and AMBERLYST 15 (5.6 mg, 4.7 mg equiv/
g, 0.026 mmol) in 95% aqueous ethanol (5 mL) was irradiated with
a microwave apparatus (2450 MHz) in a sealed tube at’C5for
2.5h. The AMBERLYST 15 was filtrated and washed with ethanol.
The obtained filtrate was evaporated and purified with PTLC
(CHCI,) to give (—)-8 (23 mg, 96%) and-)-19 (23 mg, 100%).
(—)-8: Colorless oil. {1]%°, —66.2 € 1.0, CHCE). 'H NMR (300
MHz, CDCl) 6 0.95, 1.02 (3H each, d each= 6.6 Hz), 1.62-
1.68 (1H, m), 1.7£1.84 (2H, m), 1.851.93 (1H, m), 2.432.58
(2H, m), 3.77, 3.78 (3H each, s each), 3.84 (1H, He; 6.2, 8.6
Hz), 4.70 (1H, ddJ = 0.6, 8.4 Hz), 6.05, 6.14 (1H each, d each,
J= 2.0 Hz).13C NMR (75 MHz, CDC}) ¢ 18.5, 21.0, 21.6, 28.0,
35.5, 43.1, 45.8, 55.2, 55.5, 85.8, 88.8, 92.1, 109.1, 156.7, 161.2,

1-butene (2.10 g, 30.0 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol
(5 mL) was kept in a Pyrex photochemical reactor vessel, and the
whole was irradiated with a 400-W high-pressure mercury lamp in
a water-cooled quartz immersion well for 8 h. The volatile solvents found 290.1514 (M).

were evaporated to afford crude products of the cyclobutane The compounds—)-20to (—)-24 and (-)-6 were prepared Ey
compounds. The solution of the cyclobutane compounds in DMF @ Similar method to the synthesis af)20to (+)-2, and ¢-)-6.

161.9, 208.2. IR 1714, 1617 cth MS m/z (rel intensity, %) 290
(M, 29.6), 178 (100). HRMS$n/z calcd for G;H»,04 290.1518,

(12 mL) was added dropwise to a solution of dimethylsulfoxonium
methylide, which was prepared from trimethylsulfoxonium iodide
(440 mg, 2.00 mmol) and sodium hydride (60% dispersion in
mineral oil, 80 mg, 2.00 mmol) in DMF (2 mL), under ice-cooling
and N> atmosphere. The whole was stirred for 24 h at rt under N
atmosphere. After acidification with 10% HCI under ice-cooling,
the mixture was extracted with AcOEt 825 mL). The combined
organic layer was washed with saturated$§&@; aqueous solution,

dried over NaSQ,, and evaporated. The residue was chromato-

graphed on silica gel (AcOEthexane= 1/10) to give a mixture
of ent16andent17 (488 mg, 75%ent16cent17c= 11:89). The
mixture was separated with HPL{€olumn: Cosmosil 5SL-I1I [(20
mm i.d. x 250 mm)x 2]; eluent: AcOEW-hexane= 5/95; flow:
5 mL/min; detect.: UV 254 nm; temp: rt; retention timent16¢c
76.8 min,ent17¢82.5 mir} to giveentl6candentl7c

ent17c: Retention time 82.5 min. Colorless powder (recrystal-
lized from n-hexane). Mp 165.8168.0°C. [a]%>, +3.8 (¢ 1.0,
CHCl). 'H NMR (300 MHz, CDC}) 6 0.18 (1H, dd,J = 11.5,
16.1 Hz), 0.66 (3H, dJ = 6.6 Hz), 0.68 (3H, dJ = 7.0 Hz), 0.91
(3H, d,J= 6.4 Hz), 0.94-1.14 (3H, m), 1.2%+1.34 (1H, m), 1.26
(3H, s), 1.45-1.63 (3H, m), 1.50 (3H, s), 2.612.06 (2H, m), 2.22
(1H, dt,J= 3.6, 12.2 Hz), 3.72, 3.74 (3H each, s each), 4.29 (1H,
d,J = 9.7 Hz), 5.17 (1H, dtJ = 4.5, 10.7 Hz), 5.99, 6.06 (1H
each, d each) = 2.0 Hz), 7.34-7.41 (2H, m), 7.56-7.54 (2H,
m), 7.70-7.78 (3H, m), 11.84 (1H, s}3C NMR (75 MHz, CDC})

Spectral datald NMR, 13C NMR, IR, and MS) of £)-20to (—)-
24 and (—)-6 were consistent with those of}-20to (£)-24 and
(:l:)_6.3a
(5aR,9R,9a9)-1,3-Dimethoxy-9-(1-methylethyl)-6-methylidene-
5a,6,7,8,9,9a-hexahydrodibenzofuran<)-20: Colorless oil. {t]%%
—95.8 € 1.0, CHC}).
(1R,4S,48R,9bS)-4-Hydroxymethyl-7,9-dimethoxy-1-(1-meth-
ylethyl)-1,2,3,4,4a,9b-hexahydrodibenzofuran-4-ol«)-21: Col-
orless needles. Mp 58:81.0 °C (CHCk). [a]?% —46.0 € 1.0,
CHCly).
(1R,4S,48R,9hS)-7,9-Dimethoxy-1-(1-methylethyl)-1,2,3,4,4a,-
9b-hexahydrodibenzofuran-4-spiro-4-dioxoran-2'-one (—)-22:
Colorless needles. Mp 39:@2.0°C. [a]%% —58.3 € 1.0, CHC}).
(1R,4S,48R,9bS)-6-Acetyl-7,9-dimethoxy-1-(1-methylethyl)-
1,2,3,4,4a,9b-hexahydrodibenzofuran-4-spiro:4ioxoran-2'-
one (—)-23: Colorless needles. Mp 128-030.0°C (AcOEt—n-
hexane). §]%% —102.6 € 1.3, CHC}).
(1R,4S,48R,9bS)-6-Acetyl-7-hydroxy-9-methoxy-1-(1-methyl-
ethyl)-1,2,3,4,4a,9b-hexahydrodibenzofuran-4-spiro-4ioxoran-
2'-one (—)-24: Colorless powder. Mp 236-238.0°C (AcOEt—
n-hexane). @)% —113.2 ¢ 1.0, CHC}).
(5aR,6S,9R,9a5)-4-Acetyl-3,6-dihydroxy-6-hydroxymethyl-1-
methoxy-9-(1-methylethyl)-5a,6,7,8,9,9a-hexahydrodibenzofu-
ran (—)-6: Colorless powder. Mp: 216-:6222.0°C (AcOEt—n-
hexane). §]3% —97.2 € 1.0, CHC}) {lit.® [a]3% —97.2 € 1.0,

6 15.5, 19.9, 21.6, 21.80, 21.83, 26.1, 26.5, 30.4, 31.4, 34.4, 39.5, CHCL)}.

41.6, 41.9, 42.1, 49.9, 55.1, 55.4, 73.3, 81.3, 89.1, 91.4, 102.8,
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