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We report the asymmetric total syntheses of telaiiie B and methylteretifolione B, which .
benzochromenes originally isolated fro@onospermumplants. The synthesis involw
enzymatic asymmetric transesterification of raceagetoxychromene and céngtion of the
basic framework via Dielgdder reaction of optically active pyranobenzyned asubstitute
furans. The absolute configuration of the chiralooene was unambiguously determinec
asymmetric total synthesis of teretifolione B ateddharaterization. The first asymmetric tc
synthesis of methylteretifolione B was achieved ansimilar manner and its absol
configuration, for which direct proof has not beeported, was established.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Quinone natural products are widely distributedlanfs and
microorganisms, and they have diverse biologicaivities.'
Angular benzochromenes are a small class of naproaucts
isolated fromConospermunandPentasplants. Conocurvonel),

a trimeric benzochromene isolated fradbonospermunplants,
has potent anti-HIV activit§® The structure of was elucidated
by spectroscopic analyses, derivatization, and -sgmthesis
from the corresponding monomeric unit, teretifooB ().
Methylteretifolione B 8), a derivative with a methyl group at the

8-position? was isolated from the same plant as an another

monomeric benzochromend.o date, total synthesis afhas not

been achievedlin contrast, several total syntheses of monomeric

benzochromene2 and 3 have been reported. (2)-was
synthesized in the course of structure elucidatiemd total
synthesis of (+2 was achieved by Jacobsenh al via kinetic
resolution of a fully constructed racemic benzoadmeoe by
asymmetric epoxidatioh.(+)-3 was synthesized by Stagliano
through regioselective ortho metalatibrizor synthesizing an
oligomeric structure likel, condensation of the monomeric unit,
as in the semi-synthesis, would be a feasible meffigd 1)?

We have developed syntheses of quinone naturalupted
including the concise synthesis of substituted ttagjuinones
and the total synthesis of a benzochromene, 9-Rye3¢3,8-
trimethyt-3H-benzoflchromene-7,10-dione, via the Diels-Alder

reaction (DAR) of benzynes and furan as a key $t&pve
expected that this strategy would be applicabléagoaisymmetric
total syntheses of natural angular benzochromenes as1-3.
DAR of optically active pyranobenzyne and monomeric o
suitably oligomerized furans can produce desirechaneric 2
and3 or polymeric benzochromerie In this paper, we describe

Teretifolione B (2): R=H
Methylteretifolione B (3): R = CH3

Fig. 1. Structures of conocurvong)( teretifolione B B)
and methylteretifolione B3).
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the asymmetric total synthesis of teretifolione2Bgnd the first

asymmetric total synthesis of methylteretifolione(® through Table 1. Examination of cataly for the synthesis (7.
preparing the optically active pyranobenzyne moietia
enzymatic kinetic resolution of racemic acetoxycheme and /@\
DAR with monomeric furans for constructing the basic HO OH
framework. 10 (1.0 eq.)
. . catalyst (0.1 eq.)
2. Results and Discussion MCHO toluene - o] D OH
2.1. Retrosynthetic analysis 9 reflux o
+)-
Retrosynthetic analysis & and 3 is shown in Scheme 1. C
; o atalyst
Construction of the benzochromene framework was emes
through DAR of pyranobenzyngéand monomeric furans The o ®
precursor of benzyné, iodotriflate 6, would be accessible from 2AcO  NHg3 /_/NH2 N(CHy), NHCH,
known chromeng via regioselective iodination. Optically active HaN H,N H,N H3CHN
7 would be obtained from catalytic asymmetric synthes ®
enzymatic kinetic resolutidh of acetate8 in which a remote " 12 13 14
stereogenic center could be recogniZed. O N NH, Ph NH,
N H,N  Ph
15 16 17
Run Catalyst Time (h) Yield of (%)
1 11 3.0 23
2 12 3.0 40
3 13 3.0 38
4 14 7.0 24
6 7:R?=H 5 15 18.0 33
CR2=
8 R =Ac 6 16 3.0 39
Scheme 1. Retrosynthetic analysis @and3.
7 17 22.0 25

2.2. Establishing the synthetic route for racemic total

synthesis of teretifolione B (2) #0.2 eq. of catalyst was used.

L t al ted th . ¢ thesis of . (®)-7 was converted to MOM ethel8. Regioselective
chr eee z;. repor el edconmf_e on::-s_tepgsyn de5|s 0 _raclem'|‘E>dinatioril4 of 18 and deprotection gav®, which was converted
omene7 via cyclocondensation of citrab) and resorcino to iodotriflate6 as a benzyne precursor. Substituted flb@was

(10) catalyzed by ethylenediamine diacetatd; (EDDA) in :
xylene®® With this method, we obtained (F-n 23% yield ﬂg&fg?sfgﬁrgmbee%m tetronateof by our previously reported

using toluene as a solvent instead of xylene (Tdbleun 1).

Because EDDA is highly hygroscopic and insoluble in fmlar DAR of furan5a with benzynet generated fromd andn-BulLi
solvents, and the yield af was low, we screened catalysts for in situ produced a regioisomeric mixture of adduzta and22a
better efficiency in this reaction. We found th#ttydenediamine and these compounds isomerized®8a and24a spontaneously.
(12) catalyzed the reaction and gaven slightly higher yield Because of the anticipated instability of hydroguies23a and
(40%) compared witlil (run 2).N,N-Dimethylethylenediamine 24a, these compounds were separated by column
(13) showed similar results (run 3); however, a longaiction  chromatography and the isolated hydroquinones were
time was required wheN,N'-dimethyl derivativel4 was used immediately oxidized to the corresponding quino2es and26a,
(run 4). Piperidine 15) also catalyzed this reaction (run 5). On respectively. When25a was purified by normal phase SiO
the other hand, tetramethylethylenediamine andhgiamine  column chromatography, a trace amount of cyclizedipct27a
gave only trace amount @f(3~4%). Using chiral diamines, such was obtained. This class of compounds is generateteru
as (R2R)-cyclohexanediamine 16) and (R2R)-  acidic;” basic:® and photoirradiatio conditions. We assumed
diphenylethylenediamine 17), did not result in asymmetric that27awas produced during purification by the acidic natof
induction and gave only racemiqruns 6 and 7).

b | fe)
a c ; d
e /b\;@ ovom Q OH — we Oij\ o=
X / N = OBn
18 19 : 20

Scheme 2. Preparation of benzyne precur$aand furarba. Reagents and conditions: (a) MOMCI, NaH, THF, i, Z1%;
(b) 1)t-BuLi, Et,0, -25 °C, 10 min to rt, 1 h thep tt, 1 h; 2) catp-TsOH, EtOH, 50 °C, 24 h, 57% in two steps; ()O;f
Et;N, CH,Cl,, -78 °C, 2.5 h, 97%; (d) TIPSOTf, &L CH,Cl,, 0 °C, 1 h, 75%.
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Scheme 3. Construction of benzochromene core by Diels-Aldactien. Reagents and conditions: §a) n-BuLi, THF,
-78 °C, 20 min; (b) 1M FeglIMeOH — CHCI,, rt, 30 min,25a: 25%;26a: 35% from6 respectively.

SiO, and light exposure. Therefore, cruB®a was purified by  Table2. Examination of regioselectivity in DAR.
ODS medium-pressure liquid chromatography (MPLC) ldki

with aluminum foil from light and onl5a was obtained without Run Furap Sjvent Conditions —
27a. 26a was obtained in a similar way without cyclizatitn. 1 5a THF -78 °C/20 min 113

The structures of quinoneé2ba and 26a were confirmed by 2 5a THF -40 °C/20 min  1:1.8
2D-NMR analyses. In the HMBC spectra 26a, correlations 3 5a THF 0 °C/20 min 1:1.9
between a carbonyl carbomd:( 184.3, C7) and aromatic o . .

' 4 5 DME -78 °C/30 1:1.7

hydrogens &, 7.92, d,J = 8.2 Hz, C6-Hp, 6.11, s, C8-H), and 3 m"_w
correlations between a quaternar§ sarbon 8§ 126.2, C6a) and 5 5a n-Hexane ~ -78°C/30min  1:33
aromatic hydrogen( 7.92 and 6.11) were observed. In contrast, g 5a Toluene -78 °C/30 min 1:3.2
in the HMBC spectra oR6a, correlations between an aromatic . . .
carbon §c 126.3, C10a), an §;methine b, 7.85, d,J = 10.5 Hz, i 28 THF -78 °C/20 min 114
C1-H), and the isolated aromatic hydrogéq 6.09, s, C9-H) 8 29 THF -78 °C/20 min 1:3.3

were observed. These correlations were reasonablethior

. - %60% yield from6 as a mixture o5a and26a (1:1.7) after purification.
assignment oR5a as benzylate@ and 26a as a regioisomer of °Y ( ) P

25a (Scheme 3). TBDPSQ O;j\
The regioselectivity of the reaction of benzyhand furarba o _ TIPSO OBn

was estimated a&la:20a = 1:1.7 based on isolated yields23&a OBn

and24a. Thus, we examined the effects of the reaction itiond, 28 29

such as temperature, solvent, and substituentsrafi®a, on the 2, TS1 > TS2). Greater formation o22a in less polar solvents
regioselectivity of DAR with benzyné The regioselectivity was was caused by conformational change in the sidencfram
evaluated byH-NMR analysis of the crude product as a mixtureclosed to open, which decreased the steric repulsbmeen the
of quinones25a and26a after the DAR followed by oxidation of side chain and the TIPS group B > TS1). The sterically
the corresponding mixture of unstable hydroquinoR@s and  hindered TBDPS group in furd8 increased the steric repulsion
24a. The regioselectivity was independent of tempeeaflinble
2, runs 1-3). Next, we examined the solvent effect EDjdve a
similar result to that of THF (run 4); however, theneration of
undesired26a was increased in less polar solvents suchn-as
hexane and toluene (runs 5 and'%6The furan substituents
affected the regioselectivity. The ratio @a was slightly
improved when TBDPS-protected fura®was used (run 7). The 5a
amount of undesired6a increased when regioisomeric furad
was used (run 8).

S -

Si

NS
o)
o)

TS2

We proposed transition state models for the DAR ahd5a

based on our observations. The regioselectivity tbe /Lg/ o

cycloaddition reaction with benzyne has been dismliss \[i:/‘o,-g\

relation to the electrostatic effect and stericuisipn? In our o 5a OBn

case, the electrostatic interaction between the fafgittron ~ F

density 5-position in furan and the electrophiligp@sition in 4((;pen) S

benzyne4®! had the largest effect and resulted in the prafiie . 4 (C'Osesd)
TS3 TS4

formation of undesired isome&2a, despite the steric repulsion

between the side chain4nand the bulky TIPS group Ba (Fig.

Fig. 2. Plausible trnsition state modefor DAR of 4 and5a/29.
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with the side chain in the closed conformatior @fnd the ratio Because catalytic asymmetric synthesis of failed, we
of the desired isomawas slightly improved. For fura20,steric  examined the synthesis of optically active chronsertsy
repulsion of the TIPS group and side chain hadrgetaeffect enzymatic kinetic resolution. (#)-was acetylated to (#-and
than the electrostatic effect, possibly becaus¢hefadditional asymmetric hydrolysf§ of (+)-8 using Amano Lipase PS was
steric effect of the TIPS group that was affectedh®yadjacent examined; however, the optical purity b&nd recovere@ were
benzyloxy groupT$4). up to 35% and 18% enantiomeric excesg, (respectively. In
contrast, asymmetric transesterification of §tjith the same
enzyme in the presence of cyclopentdhshowed improved
results, which afforded and8 in 57% and 46%ee respectively
(Table 3, run 1). Sterically hinder&8uOH gave a similar result
(run 2). In further trials usinBuOH, the optical purity 08 was
improved to 73%eeafter 2 h (run 3) and 97%eafter 5.5 h (run
4). Fortunately, () can be recovered after the complete
racemization of (+) under thermal conditiorfS.

Finally, 25a was debenzylated under hydrolytic conditions
generally used for the demethylation of quinonehyletthef® to
give (3)-2, and regioisomeBOa was also obtained in a similar
manner (Scheme 4).

a
258 ——

Next, (-)8 (95% eg was prepared on a large scale and
deacetylated to (-J-for asymmetric synthesis of (£)through
the above synthetic route. The spectroscopic dath specific
rotation (fr]p™> +73,¢ 0.1, CHOH) of synthesized (+3-were in
good agreement with those of natural (o], +66, ¢ 0.1,
CH,OH)* # The absolute configuration of natur@ was
independently established by anomalous scatterinpe X-ray
analysis of the p-bromobenzoate derivatiVe.This result
supported the assignment of the absolute configuraof
()-30a acetoxy chromene (§-obtained by kinetic resolution &

Scheme 4. Racemic total syntheses of teretifolione2B {nd

its regioisomeB0a. Reagents and conditions: (a) 1M KOH, \ ) o
EtOH, rt, 25 min, 94%; (b) 1M KOH, EtOH, rt, 1 h, 97%. 2.4. Asymmetric total synthesis of methylter etifolione B

The synthetic route was used for the asymmetrial tot
synthesis of methylteretifolione B3)( DAR of benzyne4
generated from (-§ and furan5b afforded a regioisomeric
mixture of hydroquinone&3b and24b. 23b and24b isolated by
SiO, column chromatography were oxidized to quinoPfs and
26b, respectively. Total synthesis oR){3 and corresponding
regioisomer30b was achieved by debenzylation28b and26b.
Lower yields in the final two steps (oxidation andeezylation)
were observed in the methylteretifolione B serieantlin the

o OH—* o OAG teretifolione B series. The reason for this ressilhot clear; it
. P . P may be because of thertho-quinone methide formation via
tautomerisrf® of 25b and 26b. The spectroscopic data and

2.3. Synthesis of optically active chromene and deter mination
of absolute stereochemistry via asymmetric total synthesis of
teretifolione B

Table 3. Asymmetric transesterification of (8-

®)-7 specific rotation @]p>> +35.0,c 0.35, CHC}) of synthetic R)-3
were in good agreement with those of nat®&d[a], +29.7,c
CT 0.33, CHCJ).”® The absolute configuration of natural was
assumed to bR from literature datd’ however, the process was
complicated and direct proof has not been repoineithis study,
o we achieved the asymmetric total synthesis of3(#ipm (R)-(-)-
“« _ 8, and the absolute configuration of 3 )was determined aR
directly. The structure 080b was deduced based on 2D-NMR
)7 (-}8 analyses. HMBC showed that the hydroxy grobyp4.28, 1H, br
- o s) and aromatic hydrogem( 7.95, 1H, d,J = 8.2 Hz, C6-H)
Reagents and conditions: (a) &% pyridine, rt, 4 h, 79%; were correlated with a quinone carbonyl carb&n188.0, C7),
(b) Amano Lipase PS, alcohol, toluene, 35 °C (skketa indicating that the hydroxy group was ortho to thebonyl
(c) toluene, reflux, 9 d, 99%; (d) KOH, MeOH, rt, 1quant. carbon and that the aromatic hydrogen was in thieppsition to
Run _ Alcohol Time (h) Ratio 8.7)° %ee (@, 7)° the same carbonyl group. Thu§,30b has an .8-
hydroxybenzdfchromene skeleton, assigned as the regioisomer
1 Cyclopentanol 0.5 56:44 46, 57 of 3 (Scheme 5).
2 'BUOH 1 59:41 42,63
3 ‘BUOH 2 43:57 73,55 3. Conclusion
4 ‘BUOH 55 26:74 97,23 We have achieved the asymmetric total synthesés)ef and
3 with its regioisomers via enzymatic asymmetric
“Ratio was estimated by the integratiortdfNMR of crude products. transesterification and DAR of a benzyne and furakegssteps.
eewas estimated by chiral HPLC analysis of crudelpcts. The absolute configurations of @)- and (+)3 were

unambiguously determined from asymmetric total lsgsis of



25b

(R)-(+)-3 (R)-(+)-30b

Scheme 5. Asymmetric total syntheses of methylteretifolion€3Band regioisomeB0b. Reagents and conditions: &), n-
BuLi, THF, -78 °C, 25 min; (b) 1M FegIMeOH — CHCI,, rt, 40 min,25b: 28%,26b: 17% from6 respectively; (c) 1M KOH,

EtOH, rt,3: 1 h, 46%30b: 1.5 h, 14%.

(+)-2, the absolute configuration of which was determiriBue
regioselectivity in DAR of benzyné and furans was examined
to deduce the transition state models, and usebofly TBDPS
group as the furan substituent resulted in onlyghsli
improvement in the desired selectivity., We proposes
methodology as a novel synthetic route for optjcalkctive
benzochromenes and expect that it will contribute the
evolution of the total synthesis ofl. Studies of the
regioselectivity in DAR of pyranobenzyne, and totaithesis of
1 and related benzochromene natural products areunderway
in our laboratory.

4, Experimental
4.1. General

Commercially available reagents and anhydrous stdverere
used without further purification. Anhydrous solverf@&H,Cl,
and THF) were purchased from Wako chemicals. Analtitin
layer chromatography was performed on silica geF&Q plate
from Merck KGaA. Flash chromatography was carried witl
Silica gel 60N (40-50um) from Kanto Chemical Co. ODS

MPLC was performed on Ultra Pack ODS-SM from Yamaze

Co.
ODS HPLC was performed on Cosmosil;58R-Il 10 x 250
mm from Nacalai Tesque. IR spectra were recorded HRSLCO
FT/IR-4100 spectrophotometer  with  Attenuated

and stirred at same temperature. After 10 min, Ic{f&85 mL,
2.04 mmol) was added and the mixture was refluxedufitner 3
h. The solvent was removeid vacuo and the residue was
purified over SiQ column chromatography (AcOEh:hex. =0 :
100 - 19 : 91) to afford (£J-(a yellow oil, 196.8 mg, 40%). The
spectral data, see (#)-

4.2.2. 5-Acetoxy-2-methyl-2-(4-methylpent-3-en-1-yl)-2H-
chromene §). To a stirred solution of (£J-(12.4 g, 50.8 mmol)
in pyridine (35.5 mL, 439 mmol), A® (33.5 mL, 354 mmol)
was added and the mixture was stirred at rt for ZHe whole
was diluted with AcOEt (600 mL), and sat. NaHC@60 mL)
was added slowly. Organic layer was separated and wastred
5% HCI (1 x 240 mL), brine (1 x 75 mL) and the layes dried
over NaSQ,. The solvent was removead vacuq the residue was
purified over SiQ column chromatography (AcOEh:hex. =5 :
95) to afford (+)8 (a yellow oil, 11.6 g, 79%). The spectral data,
see (-)8.

4.2.3. (R)-5-Acetoxy-2-methyl-2-(4-methylpent-3-en-1-yl)-2H-

rchromene §). To a stirred solution of (§-(4.74 g, 16.9 mmol)

in toluene (126 mL):BUOH (4.8 mL, 50.2 mmol) and Amano
Lipase PS from Burkholderiacepacia (Aldrich, 6.10 wgre
added and the mixture was stirred at 35 °C for 5.5he whole

Tota/Was filtered through Celite® pad, and the filtrateasw

Reflectance Unit ATR PRO450-S. EI-MS was recorded on &oncentratedin vacuo The residue was purified over $iO
JEOL GC-Mate Il and DART-MS was recorded on a JEOL JMs£olumn chromatography (AcOEn:hex. = 5 : 95) to afford ($-

T100LP in positive ion mode'H- (400 MHz) and**C- (100

MHz) NMR spectra were recorded on a JEOL ECX 40

spectrometer with deuterated chloroform (CEGls a solvent
and tetramethylsilane as an internal reference @bmr
temperature. Chemical shifts were reported in ppohJaim Hz.

Abbreviations were used for multiplicity: s = singldt= doublet,
t = triplet, sept. = septet, m = multiplet.

4.2. Experimental procedures

4.2.1. 2-Methyl-2-(4-methylpent-3-en-1-yl)-2H-chromen-5-0L
Resorcinol (220.8 mg, 2.01 mmol) was suspendedlirete (17
mL) and the mixture was refluxed for 5 min. Aftessblution of
resorcinol, ethylenediamine (13i8., 0.202 mmol) was added

4.2.4.

(a yellow oil, 847 mg, 18%, 95%8 and (+)7 (3.11 g, 75%).

olalp™ = -66.2 ¢ 1.0, CHCH); IR Ve 1769 crif; 'H-NMR &

7.07 (1H, tJ = 8.1 Hz), 6.66 (1H, dt) = 8.1, 0.9 Hz), 6.58 (1H,
dd,J=8.1, 0.9 Hz), 6.36 (1H, dd,= 10.1, 0.9 Hz), 5.60 (1H, d,
J=10.1 Hz), 5.08 (1H, t sepfl= 7.1, 1.3 Hz), 2.32 (3H, s, Ac),
2.17 - 2.02 (2H, m), 1.74 (1H, ddd= 14.0, 10.5, 6.0 Hz), 1.65
(1H, ddd,J = 14.0, 10.5, 6.0 Hz), 1.66 (3H, d~ 1.3 Hz), 1.57
(3H, s), 1.39 (3H, s)**C-NMR . 169.1, 154.1, 146.3, 131.8,
130.3, 128.6, 123.9, 116.6, 114.1, 113.9, 78.51,446.3, 25.6,
22.7, 20.8, 17.6 (One Sparbon is missing); LRMS (EH/z (%)
286 (M, 62), 271 (17), 229 (24), 203 (97), 161 (100); HRMS
(El) m/z286.1568 (calcd. for {gH,,05 286.1569A - 0.1 mmu).

(R)-2-Methyl-2-(4-methylpent-3-en-1-yl)-2H-chromepi5-
(7). (-)-8 (847 mg, 2.96 mmol) was dissolved in methanolic KOH



6
(285 mg (85%, 4.35 mmol) in 11.0 mL) and stirredtdor 1 h.
After the solvent was removeid vacug H,O (9.0 mL) was
added to the residue and pH was adjusted to 1 withtd8%(5.0
mL). The whole was extracted with AcOEt (3 x 45 mL). The
combined organic layer was washed with half sat. Naf@&
20 mL) and brine (1 x 15 mL). The layer was drieéroMgaSO,
and the solvent was removiedvacuo The crude (-)? (a yellow
oil, 766 mg, quant.) was subjected to the next wiiiout further
purification. [a]p?®> = -86.4 € 1.0, CHCY); IR Vpnay 3385 cnt; *H-
NMR & 6.93 (1H, tJ = 8.0 Hz), 6.65 (1H, d] = 10.1 Hz), 6.40
(1H, d,J= 8.0 Hz), 6.28 (1H, dd] = 8.0, 0.9 Hz), 5.55 (1H, d,
=10.1 Hz), 5.09 (1H, t septl,= 7.3, 1.4 Hz), 4.74 (1H, s, -OH),
2.18 - 2.05 (2H, m), 1.74 (1H, dddi= 13.7, 10.3, 6.6 Hz), 1.65
(1H, ddd,J = 13.7, 10.3, 6.4 Hz), 1.66 (3H, s), 1.57 (3H, s391.
(3H, s); *C-NMR &¢ 154.2, 151.3, 131.7, 128.9, 128.2, 124.1,
116.8, 109.4, 109.1, 107.5, 78.2, 41.0, 26.2, 2857, 17.6;
LRMS (El) m/z (%) 244 (M, 26), 229 (10), 161 (100); HRMS
(El) m/z244.1481 (calcd. for H,00, 244.1463A +1.8 mmu).

Tetrahedron

dried over NgSQ,. The solvent was removed vacug and the
residue was purified over Sj@olumn chromatography (AcOEt :
n-hex. = 5 : 95) to afford ()9 (a yellow oil, 87.8 mg, 47% from
(-)-18). [a]p® = -41.6 € 1.0, CHCY); IR Vpmay 3385 cni; 'H-
NMR &y 7.31 (1H, tJ = 8.7 Hz), 6.69 (1H, d] = 10.1 Hz), 6.24
(1H, dd,J = 8.7, 0.9 Hz), 5.55 (1H, d,= 10.1 Hz), 5.21 (1H, s, -
OH), 5.08 (1H, t sept] = 7.1, 1.4 Hz), 2.16 - 2.02 (2H, m), 1.73
(1H, ddd,J = 14.0, 10.1, 6.6 Hz), 1.64 (1H, ddii= 14.0, 10.1,
6.4 Hz), 1.66 (3H, dJ = 1.4 Hz), 1.57 (3H, s), 1.38 (3H, $¥c-
NMR 3¢ 154.9, 150.1, 136.5, 131.8, 128.7, 123.9, 11716,4]
109.5, 78.6, 74.7, 41.1, 26.3, 25.7, 22.7, 17.6MBR(EI) m/z
(%) 370 (M, 12), 287 (100), 160 (17); HRMS (Et)/z370.0442
(calcd. for GgH19lO, 370.0430A +1.2 mmu).

4.2.7. (R)-6-lodo-2-methyl-2-(4-methylpent-3-en-1-yl)-2H-
chromen-5-yl trifluoromethanesulfonat®).(To a solution of (-)-
19 (75.6 mg, 0.204 mmol) in C&l, (0.5 mL) was added B
(0.06 mL, 0.430 mmol), and the mixture was cooled7® °C.
Tf,O (0.04 mL, 0.238 mmol) was added and stirred for2@.

4.2.5. (R)-5-(Methoxymethoxy)-2-methyl-2-(4-methylpent-3-en-1After quenched with 5D (0.3 mL), the mixture was warmed to

yl)-2H-chromene 18). To an ice-cooled stirred solution of #)-
(766 mg, 3.14 mmol) in C}l, (8.0 mL),'PrLNEt (0.88 mL, 5.05

rt. Additional HO (0.3 mL) was added, and the whole was
extracted with BO (1 x 5.0 mL, 2 x 2.5 mL). The combined

mmol) and MOMCI (0.33 mL, 4.35 mmol) were added. Theorganic layer was washed with brine (1 x 0.6 mL), dirieer

reaction mixture was warmed to rt and stirred fd& A. The
mixture was poured into ice water (7.5 mL), and wi®le was
extracted with AcOEt (2 x 40 mL, 1 x 20 mL). The condd
organic layer was washed with brine (7.5 mL) and dogdr
Na,SQO,. The solvent was removea vacuq and the residue was
purified over SiQ column chromatography (AcOEh:hex. =5 :
95 - 15 : 85) to afford (-}8 (a yellow oil, 639 mg, 71%, 82%
brsm) and (- (107 mg, 14%).d]p>> = -66.0 € 1.0, CHC}); IR
no characteristic absorptioJrH-NMR 84 7.01 (1H, tJ= 8.2 Hz),
6.71 (1H, d,J = 10.1 Hz), 6.59 (1H, dd] = 8.2, 0.9 Hz), 6.47
(1H, d,J = 8.2 Hz), 5.54 (1H, d] = 10.1 Hz), 5.18 (2H, s), 5.09
(1H, t sept.d = 7.3, 1.4 Hz), 3.49 (3H, s), 2.18 - 2.03 (2H, m),
1.73 (1H, dddJ = 14.1, 10.2, 6.4 Hz), 1.65 (1H, dddi= 14.1,
10.5, 6.2 Hz), 1.66 (3H, d,= 0.9 Hz), 1.57 (3H, s), 1.39 (3H, s);

Na,SO, and the solvent was removadvacuo The residue was
combined with another crude product, which was obtafinem
87.8 mg (0.237 mmol) of (9, and was purified over SjO
column chromatography (CHEIn-hex. = 1 : 9) to afford (-§-(a
colorless oil, 180 mg, 81%)a],” = -39.7 € 1.0, CHCY); IR no
characteristic absorptiontH-NMR &, 7.56 (1H, d,J = 8.5 Hz),
6.60 (1H, dJ = 8.5 Hz), 6.59 (1H, d] = 10.3 Hz), 5.73 (1H, d]

= 10.3 Hz), 5.07 (1H, t septl,= 7.1, 1.4 Hz), 2.15 - 1.99 (2H,
m), 1.77 (1H, dddJ = 13.9, 10.3, 6.4 Hz), 1.66 (1H, dd#i=
13.9, 10.8, 6.2 Hz), 1.66 (3H, d,= 0.9 Hz), 1.56 (3H, s), 1.41
(3H, s); *C-NMR & 155.0, 145.2, 139.4, 132.2, 132.1, 123.5,
118.5 (q,J = 319 Hz), 118.2, 117.3, 116.8, 79.2, 77.2, 4062
25.7, 22.6, 17.6; LRMS (Ebn/z (%) 502 (M, 14), 487 (4), 419
(82), 286 (100); HRMS (El)m/z 501.9924 (calcd. for

BC-NMR 3¢ 154.0, 152.8, 131.6, 128.9, 128.3, 124.1, 117.2C,/FsH:d0,S 501.9923A + 0.1 mmu).

111.4, 110.2, 106.4, 94.7, 78.0, 56.1, 41.1, 263, 22.7, 17.6;
LRMS (EI) m/z(%) 288 (M, 31), 273 (16), 205 (100), 175 (49),
161 (52); HRMS (El) m/z 288.1722 (calcd. for fGH,,0;
286.1726A -0.4 mmu).

4.2.6. (R)-6-lodo-2-methyl-2-(4-methylpent-3-en-1-yl)-2H-
chromen-5-0119). (-)-18 (146 mg, 0.505 mmol) was dissolved in
THF (3.0 mL) and cooled to -78 °C. After 10 mmBuLi (1.55
M in n-hex., 0.46 mL, 0.713 mmol) was added. After 10 rtiie,
reaction mixture was warmed to rt and stirred fomaif. After
the mixture was cooled to -78 °C for 10 min, a solubf |, (154
mg, 0.606 mmol) in THF (1.1 mL) was added. The nrixtwas
stirred at -78 °C for 10 min, then it was warmedttand stirred
for 1 h. Sat. NECI (1.5 mL) was added to the mixture and the
whole was extracted with AcOEt (1 x 10 mL, 2 x 3.0 nilhe
combined organic layer was washed with 5%®a; (1 x 5.0
mL), brine (1 x 1.5 mL) and dried over }&0D,. The solvent was

4.2.8. 4-Benzyloxy-2-triisopropylsiloxyfurarbd). To a solution
of 4-benzyloxy-H-furan-2-one(100 mg, 0.526 mmol) and {5t
(0.10 mL, 0.717 mmol) in C}€l, (0.5 mL), TIPSOTf (0.15 mL,
0.558 mmol) was added afQ and the whole was stirred at©
for 1 h. The mixture was diluted with hexane (anhydro2.5
mL), washed with ice-cooled half sat. NaH{@ x 1 mL) and
ice-cooled brine (1 x 1 mL), and dried over MgS®The solvent
was removedn vacuoand the residue was suspended in hexane
(anhydrous, 1.5 mL) then filtered. The filtrate wamcentrated
in vacuoto give a mixture ofba and TIPSOHin 1 : 0.25 (a
colorless oil, 154 mg, 89% w/w purity, 75% yieldg&. IR Vax
1621 cni; 'H-NMR §,7.42 - 7.30 (5H, m), 6.53 (1H, d,= 1.4
Hz), 5.10 (1H, dJ = 1.4 Hz), 4.82 (2H, s), 1.29 - 1.20 (3H, m),
1.09 (18H, d,J = 7.1 Hz);*C-NMR &¢ 155.1, 149.3, 136.7,
128.5, 128.1, 127.7, 113.0, 79.3, 71.9, 17.5, 1HRMS
(DART+) m/z347.2038 (M+H, calcd. for gH3,05Si 347.2043,

removedin vacuq and the residue was subjected to next reactiom -0.5 mmu).

without further purification.

The residue described above was dissolved in eticaswltion
of p-TsOH monohydrate (35.9 mg (0.185 mmol) in 3.3 mLJ an
warmed to 50 °C. After the reaction mixture was stirfor 2 h,
solvent was removetéh vacuo The residue was dissolved in
AcOEt (8 mL) and washed with ,® (1 x 2 mL). After the
aqueous layer was extracted with AcOEt (2 x 4.0 mhg t
combined organic layer was washed with brine (1 xn2.) and

4.2.9. (R)-9-(Benzyloxy)-3-methyl-3-(4-methylpent-3-en-1¢yl)
((triisopropylsilyl)oxy)-3H-benzo[flchromen-10-ol 23a) and
(R)-8-(benzyloxy)-3-methyl-3-(4-methylpent-3-en-119h
((triisopropylsilyl)oxy)-3H-benzo[flchromen-7-0l 24a). To a
solution of5a (159 mg, 90% w/w purity, 0.412 mmol) in THF
(1.0 mL) was added a solution of 6)(172 mg, 0.343 mmol,



94%e@ in THF (3.5 mL) and cooled to -78 °@-BuLi (1.42 M . *interchangeable; HRMS (DART+n/z415.1929 (M+H, calcd.
in n-hex., 0.48 mL, 0.682 mmol) was added and the nextusis  for C,;H,;0, 415.1909A +2.0 mmu).

stirred for 20 min. After quenched with,@ (3.5 mL), the
mixture was warmed to rt. The whole was extracted witDBic gﬁ_‘kl)ghZé[Ffz])(;ﬁ;Eﬁﬁgﬁé’gx{gf’j}(r)nneé%;'?’ég;—Tvztsh)gfeepn;rzzﬁg;i'yl)
(2 x 10.mL, 1 x 5 mL) and the combined organic fayes 24a (89.1 mg, 0.156 mmol) in similar conditions delked at

washed with HO and brine (1 x 1.5 mL each) and dried over . I
. . compound?5a. The crude material was purified by ODS MPLC
Na,SO,. The solvent was removed vacuoand the residue was (CHCN : H,O = 9 - 1) to affor6a (a yellow oil, 53.2 mg, 37%

purified over SiQ column chromatography (GBI, : n-hex. = 2 : from (6). [alo® = +43.1 € 0.62, CHCY): IR V., 1669, 1644,

_E - i 0
Jellowish brown of. 851 mg, 459%), respectvel. Tomaned 1613 Cr: *H-NMR 8, 8.00 (1H, 0= .5 Hz, C6-+), 7.85 (11
BT T ’ ' d,J = 10.5 Hz, C1-H), 7.44 - 7.32 (5H, m, Ar-H), 7.02 (1H, &

hydrogquinones were oxidized immediately. ='8.5, 0.7 Hz, C5-H). 6.09 (1H, s, C9-H), 5.87 (1HJd 10.5
Hz, C2-H), 5.10 (2H, s, -O&,Ph), 5.07 (1H, t sept} = 7.2, 1.4

Hz, C3'-H), 2.09 (2H, m, C2'-), 1.78 (1H, ddd)] = 14.0, 9.2,
4.2.10. (R)-9-(Benzyloxy)-3-methyl-3-(4-methylpent-3-en-1-yl) 7.2 Hz, C)l’-H), 1(.69 (1H, ddg)J ~ 14_6’ 9.9, 6.6 Hz, C1-H),

3H-benzol[flchromene-7,10-dione25a). To a solution of23a Z ) ,
) 1.65 (3H, d,J = 1.1 Hz, C4'-CH), 1.55 (3H, s, C4'-Ck), 1.43
(50.2 mg, 0.0876 mmol) in MeOH (1.8 mL) - gH, (0.4 mL) (3H, s, C3-CH); “C-NMR 3. 187.8 (C10), 179.2 (C7), 159.8

was added ag. 1M Fe{0.18 mL, 0.18 mmol) and the mixture ,
. ) C4a), 158.2 (C8), 134.3 (Ar), 133.7 (C2), 132.1'jC429.2
was stirred for 30 min at rt. @ (3.0 mL) was added and the gce),) 128.8 (é\r),)128.6 (A(r),)127.5 (A(r), )126.3 (Cll,Oa)25.4

whole was extracted with GBI, (2 x 10 mL, 1 x 5 mL). The c6 , * *
. . . . a), 123.5 (C3’), 120.5 (C10b), 120.4 (C5*%), BRQC1*),
combined organic layer was washed witfOHand brine (1 x 2 (112_5) (C9) 75.5 ()CB) 70.9( (@Iz)Ph) 41_3( (Cl)’) 26(37 (C):3-

mL each), and dried over b&0,. The solvent was removed CHy), 25.6 (CA'CH), 226 (C2), 17.6 (CACH,)

vacuo and the residue was purified by ODS MPLC ¢(CN : i .
H,O = 9: 1) to afford25a (an orange oil, 34.0 mg, 24% from (-)- f;r;tgcnagejfsleigl-élggﬂsl %DQEJSWZ 415.1892 (M+H, calcd.
727 . -l .

6). [a]o™® = +49.6 € 0.61, CHCJ); IR Vi 1676, 1644, 1615 cm
% IH-NMR §,,7.92 (1H, d,J = 8.4 Hz, C6-H), 7.80 (1H, d, =

10.5 Hz, C1-H), 7.45 - 7.33 (5H, m, Ar-H), 7.06 (1H, dd; 8.4, N : L
0.7 Hz, C5-H), 6.11 (1H, s, C8-H), 5.90 (1HJd 10.5 Hz, C2- 4.2.13.General procedure for the examination of regioselétyti

. in DAR of4 and furans.To a solution of (£} (50 mg, 0.10
H), 5.09 (21, s, “OB:A), 5,'07 (H, t sept] 7'_2’ L.5Hz, C3 mmol) in solvent (0.3 mL) was added a solution affu(0.12
H), 2.13 - 2.07 (2H, m, C2'-§), 1.78 (1H, dddJ = 14.0, 9.4, 7.0 . . ;
) d \ mmol) in solvent (1.0 mL) and cooleatBuLi (1.5 M in n-hex.,
Hz, C1'-H), 1.68 (1H, dddJ = 14.0, 10.1, 6.5 Hz, C1'-H), 1.65 \ .
_ ) ) 0.13 mL, 0.20 mmol) was added and the mixture wasedtifor
(3H, d,J=0.9 Hz, C4'-CH), 1.55 (3H, s, C4'-Ch), 1.43 (3H, s, 30 min. After th i hed WIOHL.0 mL), th
C3-CH); C-NMR 5 184.2 (C7), 182.3 (C10), 159.4 (Cg), 30 min. After the reaction was quenched wibOH1.0 mL), the

mixture was warmed to rt. The whole was extracted witDRBiC
158.6 (C4a), 134.4 (C2), 134.3 (Ar), 132.1 (C4)38R (Ar), ) ! .
128.6 ((Ar) )128.1 (CES) )127_5 (Ar() 326.1 (C6(a) )]52&50{3) (3x5 mL) and the combined organic layer was wastigdH,O
1235 (C3’,) 121.4 (C5’) 121.2 (CiOb) 1202 ((EHQQ 6 (C8), and brine (1 x 1 mL each) and dried over,®,. The solvent
792 (C3) 71.0 .(-OH P’h) 41.2 (Cl’), 265 (CEH ') o5 g Was removedn vacuoand the residue was dissolved in MeOH
(Céll’-CHS),, 22_6 (CZ’),217.6 (C.4C-:H3); I’—|RI\/iS (DAR'SI';) m}z (1.4 mL) - CHCI, (0.3 mL). Agueous 1M Fe€(0.14 mL, 0.14

) mmol) was added to the solution, and the mixture stiaed for
415.1891 (M+H, caled. for £H,0, 415.19094 -1.8 mmu). 30 min. HO (3.0 mL) was added and the whole was extracted

with CH,CI,(2 x 10 mL, 1 x 5 mL). The combined organic layer
was washed with }0 and brine (1 x 2 mL each), and dried over
Na,SO,. The solvent was removed vacuoand the residue was
analyzed byH-NMR.

4.2.11. 9-(Benzyloxy)-1,1,3a-trimethyl-1a,2,3,3a-tetrahydid-
4-oxacyclobuta[3,4]indeno[5,6-a]lnaphthalene-7,10{a0cH)-
dione @7a). (+)-23a (43.3 mg, 0.0756 mmol) which was
obtained from5a (161 mg, 89% w/w purity, 0.414 mmol) and

(3)-6 (174 mg, 0.346 mmol), was treated with 1M Rg0I15 . .
mL, 0.15 mmol) in MeOH (1.5 mL) - C&l, (0.3 mL). The 4.2.14. 2-tert-Butyldiphenylsiloxy-4-benzyloxyfura28). 28 (a

crude product was obtained in similar manner desdrit25a brown oil, 234.7 mg, quant.) was prepared from 4-pleny-5H-

o . . furan-2-one (100 mg, 0.527 mmol) in similar conditions
and was purified over Sigxolumn chromatography (AcOEN: . 11
hex. = 15 : 85) to affor@5a containing trace amount @7a. A described at compouriih. IR Vg, 1616 crif; *H-NMR 8y, 7.71 -

portion of the mixture (4.0 mg) was purified by ODS HPL (716H8 34?:?_)37'_'1)7 47729(;]:'1':) rq)ﬁ?g'_'(lgéd:\lbg ';2)1’;4746
(CHCN : H,O = 8 : 2) to afford25a (2.0 mg, estimated yield 149’0 ’ 135;1 131’ 6. 130 2’ 1,28.5 128,0 127.9 n°2113'4’
41%) and27a (yellow solids, 0.1 mg, estimated yield 2%). IR . o e e "~ o g o
Vinax 1684, 1647, 1618 cfa 'H-NMR 8, 7.95 (1H, d.J = 8.2 Hz, 80.2, 71.9, 26.4, 19.3; HRMS (DART+)/z 429.1892 (M+H,

C6-H), 7.44-7.33 (5H, m, Ar-H), 7.18 (1H, &= 8.2 Hz, C5-H), Calcd. for GHz40;Si 429.1886A +0.6 mmu).

6.09 (1H, s, C8-H), 5.14 (1H, d,= 12.3 Hz, -OEi,Ph), 5.09

(1H, d,J = 12.3 Hz, -OEi,Ph), 4.20 (1H, dJ = 9.4 Hz, C10c- _ _

H), 2.63 (1H, t,J = 9.2 Hz, C1&H), 2.50 (1H, dtJ = 3.9, 8.2 4.2.15. (SR,4R)-3,4-D_|hydroxytetrahydrofur_an-2_-one.T|tle_
Hz, Cla-H), 1.99 (1H, dt) = 6.0, 12.1 Hz, C3-H), 1.82-1.65 compound was _syntheS|zed fravaraboascorbic acid _along W|_th
(3H, m, C2-H, C3-H), 1.63 (3H, s, C1-CHi 1.32 (3H, s, C3a- a report of Pavlllgt al (see reference 20a). The obtained resplue
CHy), 0.52 (3H, s, C1-CH: C-NMR 5. 184.7 (C7), 181.8 Was extracted with hot AcOEt repeatedly, and the coedbin

(C10), 159.54 (C4a*), 159.49 (C9*), 134.4 (Ar), 124C10a) extract was concentrated. The crude material waystdlized
128.9 (Ar), 128.7 (Ar), 128.4 (C10b), 127.5 (Ar), 1R7C6a), from AcOEt to give title compound. Mp 102 - 103 °C.

126.4 (C6), 124.2 (C5), 109.5 (C8), 84.9 (C3a)17ICH,Ph),

47.2 (Cla), 41.8 (C1), 40.6 (C3), 39.8 (&187.9 (C10c), 34.4

(C1-CHy), 25.6 (C3a-Ch), 25.2 (C2), 19.0 (C1-CH 4.2.16.3-(Benzyloxy)furan-2(5H)-on&.o a mixture of (&4R)-
3,4-dihydroxytetrahydrofuran-2-one (592 mg, 5.02 afjmand
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Ag,0 (5.22 g, 22.5 mmol) in DMF (7.5 mL) was added BnBr(C2’), 17.6 (C4'CHs); HRMS (DART+) m/z 325.1424 (M+H,
(2.0 mL, 16.8 mmol) and was stirred at 70 °C forH6The calcd. for GgH»,0,4 325.1440A -1.6 mmu).

whole was filtered through Celite® pad, and the dikr was .

concentratedin vacuo The residue was purified over SiO 4.2.20. (R)-9-(Benzyloxy)-3,8-dimethyl-3-(4-methylpent-3-en-1

column chromatography (AcOEmn:hex. = 30 : 70 - 50 : 50) to yl)-7-((triisopropylsilyl)oxy)-3H-benzo[flchromen-1dl  (23b)

afford title compound (brown amorphous solids, 348 86%). and (R)-8-(benzyloxy)-3,9-dimethyl-3-(4-methylpeatial -yi)-

Mp 80 - 82 °C; IR, 1763, 1653 cify *H-NMR &y, 7.41 - 7.32 10-((triisopropylsilyl)oxy)-3H-benzo[flchromen-7-ol  (24b).
PPN ’ Ho : Hydroquinones23b and 24b were prepared by Diels-Alder

(251H'Hr2;_' gc.:l‘ll\IIS/llg,Stleeé.i l-lifl)S g'ofsglzg’ ?2847751%H6 mfz? 6 reaction of furarbb (459 mg, 89% w/w purity, 1.13 mmol) and
. ) - C -4y .0, .0, My .0, .

. 'benzyne derived from (§-(472 mg, 0.940 mmol) in similar
]‘10:Lr4c.:2,H72(.)'c'3,1%71.%7l(—)|8R£/I% gDrﬁrEI;WZ 191.0701 (M+H, calcd, conditions described at compourBa and 24a. The crude
11 111%~3 . -U. .

material was purified over Si&olumn chromatography (CHECI
:n-hex. =2 :8-5:5) to affor#3b (a red oil, 166 mg, 30%) and
24b (a yellow oil, 245 mg, 44%). The obtained hydroquies

4.2.17.2-Triisopropylsilyloxy-3-benzyloxyfurareg). A mixture were oxidized immediately.

of 29 and TIPSOHnN 1 : 0.23 (a yellow oil, 169.2 mg, 90% w/w
purity, 84% vyield a9) was prepared from 3-(benzyloxy)furan-
2(5H)-0ne(99.6 mg, 0.524 mmol) in similar conditions desedb
at compounda. IR Vpay 1665 cnt; *H-NMR &, 7.40 - 7.27 (5H,
m), 6.59 (1H, dJ = 2.5 Hz), 6.15 (1H, d] = 2.5 Hz), 4.91 (2H,
s), 1.29 - 1.20 (3H, m), 1.09 (18H, &= 7.3 Hz);"*C-NMR ¢
144.6, 137.7, 128.6, 128.3, 127.8, 121.7, 107.(,747.5, 12.3
(one sp carbon is missing); HRMS (DART+n/z 347.2028
(M+H, calcd. for GoH3;0:Si 347.2043A -1.5 mmu).

4.2.21. (R)-9-(Benzyloxy)-3,8-dimethyl-3-(4-methylpent-3-en-1
yl)-3H-benzo[flchromene-7,10-dione25p). 25b was prepared
from 23b (166 mg, 0.284 mmol) in similar conditions desedb
at compound25a. The crude material was purified by ODS
MPLC (CH:,.CN : H,O = 9 : 1) to afford25b (an orange oil, 151
mg, 28% fromé). [a]p>® = +48.0 € 0.99, CHCY); IR Vi 1646
cm®; '"H-NMR 8 7.91 (1H, dJ = 8.5 Hz), 7.77 (1H, d] = 10.4
Hz), 7.44 - 7.31 (5H, m), 7.02 (1H, @~ 8.5 Hz), 5.90 (1H, d
=10.4 Hz), 5.30 (2H, s), 5.08 (1H, dt= 7.2, 1.3 Hz), 2.16 - 2.06
mg, 0.0294 mmol) in EtOH (1.0 mL) was added 1M KOH (O.ZOSH’1 T; (139H9 (S?II;ICSIQII\/TR% 11é%80(21Hé3m7), 115686(?)1%35; (f3H6 8
mL, 0.200 mmol) and the mixture was stirred at rt¥0 min. 5% 19;4(') 132 l 1’31 6 12806 12.8 ’4 12.8’3 1é6,£ﬁ 01'21’23 6 o
HCl (1.0 mL) was added and the whole was extracteth wit 5, g" 1571203, 79.2, 74.8, 41.2, 26.5, 25266, 17.6, 9.4
ACOE (1 X 10 _mL, 2 x5 mL). T_he combined organiceayas (one sp carbon is missing); LRMS (Eth/z(%) 428 (M, 6), 359
washed with brine (1 x 2 mL), dried over 88, and the solvent (15), 346 (17), 345 (67), 255 (100), 227 (36), 126); HRMS

was removedn vacuo The residue was dissolved in ¢ : )
H,O = 1:1 (5.0 mL) and the solvent was remoiredacuo This (1) m/z428.1993 (calcd. for £Hz,0, 428.1988A -0.5 mmu).

operation was repeated four times for azeotropicoxein of

BnOH with H,O. The residue was purified over SiGolumn .
chromatography (MeOH : CHEE 0 : 100 - 1 : 99) to afford 4.2.22. (R)-8-(Benzyloxy)-3,9-dimethyl-3-(4-methylpent-3-en-1

: o 25 _ yl)-3H-benzo[flchromene-7,10-dione26p). 26b was prepared
S\gool_rl?.n?svou, 5355;191623 /grhgigge)N,\EIaR],DaH _7;;3(3_1(: ngg from 24b (245 mg, 0.417 mmol) in gimilar cond.it.ions desedb
8.4 Hz), 7_8:,)““(’“1'_| Q=105 Hz), 7.50 (1H, br ) 710 aHm & compound25a. The crude material was purified over ODS
-84 I-iz), 6.26 (,1H, s), 5.96 (iH, d= 10’_5 HZS, 508 (1I1|, t MPLC (CH,CN : H,0 = 9: 216) to afford26b (an orange oil, 68.4
sept.,d = 7.1, 1.3 Hz), 2.18 - 2.02 (2H, m), 1.80 (1H, dag: MY 84%, 17% fron®). [o]p’" = +49.5 € 0.98, CHCY): IR Vinax
14.0. 9.6, 6.8 Hz), 1.71 (1H, ddd = 14.0, 10.2, 6.4 Hz), 1.66 656 cM; 'H-NMR &, 7.93 (1H, d.J = 85 Hz), 7.81 (1H, d =

(3H, s), 1.56 (3H, s), 1.48 (3H, SFC-NMR o 184.4, 184.0, 0-5H2),7.45-7.41 (2H, m), 7.39 - 7.31 (3H, mB17(1H, dd,
J=85, 0.7 Hz), 5.87 (1H, d = 105 Hz), 5.40 (2H, s), 5.07

1582, 156.3, 1355, 132.2, 128.7, 1270, 123.8 321202, 7~ &5 07 Ha). 8.87 (1H, d = 105 Hz), 5.40 (21, ), 5.07

121.6, 120.0, 109.0, 79.4, 41.2, 26.6, 25.6, 22%6; HRMS (M. tsept.J = 7.1, 1.4 Hz), 2.09 (2H, m), 1.98 (3H, s), 1.

) (1H, ddd,J = 13.9, 9.3, 7.2 Hz), 1.68 (1H, dd#i= 13.9, 10.1,
g.DéAri‘lr;]+u))m/z325.l424 (M+H, calcd. for £H»,0,4 325.1440A 6.4 Hz), 1.65 (3H, dJ = 0.9 Hz), 1.56 (3H, s), 1.43 (3H. 5@-

NMR 3. 188.4, 180.6, 159.3, 155.7, 136.9, 133.8, 1333&,11

128.54, 128.50, 128.3, 126.6, 125.7, 123.6, 12026.4, 79.3,
74.8, 41.2, 26.6, 25.6, 22.6, 17.6, 9.8 (twd sprbons are
missing); LRMS (El)m/z (%) 428 (M, 6), 345 (100), 269 (16),
255 (30), 226 (25), 91 (83); HRMS (E1)/z428.1990 (calcd. for
CygH260, 428.1988A +0.2 mmu).

4.2.18.(R)-(+)-Teretifolione B 2). To a solution of25a (12.2

4.2.19. (R)-8-Hydroxy-3-methyl-3-(4-methylpent-3-en-1-yl)-3H-
benzo[flchromene-7,10-dion80a). 30a was preparedrom 26a
(11.7 mg, 0.0282 mmol) in similar conditions desed at
compound2. The crude material was purified over $i€dlumn
chromatography (MeOH : CHEE 0 : 100 - 1 : 99) to afford0a
(an orange oil, 9.1 mg, 99%, 94€6). [a],” = +57.1 ¢ 0.10,
MeOH); IR Vpnay 3330, 1647 cify 'H-NMR &, 7.98 (1H, dJ =
8.5 Hz, C6-H), 7.90 (1H, dd, = 10.5, 0.7 Hz, C1-H), 7.02 (1H,
dd,J = 8.5, 0.7 Hz, C5-H), 6.22 (1H, s, C9-H), 5.90 (1HJ &
10.5 Hz, C2-H), 5.07 (1H, t sepf.= 7.1, 1.4 Hz, C3"-H), 2.14 -
2.05 (2H, m, C2'-H), 1.80 (1H, ddd,= 14.0, 8.8, 7.6 Hz, C1'-
H), 1.69 (1H, dddJ = 14.0, 9.6, 6.9 Hz, C1’-H), 1.65 (3H, &=
1.1 Hz, C4’-CH,), 1.56 (3H, s, C4'-Bl5), 1.45 (3H, s, C3'-Ely);
C-NMR & 188.1 (C10), 180.7 (C7), 161.0 (C4a), 155.3 (C8)
134.0 (C2), 132.2 (C4"), 129.2 (C6), 127.2 (C1a23.44 (C3),
123.36 (C6a), 121.3 (C10b), 120.3 (C1), 120.1 (C1)%.6 (C9),
79.8 (C3), 41.4 (C1), 26.8 (CBH3), 25.6 (C4'CH3), 22.6

4.2.23. (R)-(+)-Methylteretifolione B J). 3 was preparedrom
25b (18.6 mg, 0.0434 mmol) in similar conditions désed at
compound2. The crude material was purified over $i&»lumn
chromatography (AcOEtn-hex. = 1 : 9) to affor@® (an orange
oil, 6.8 mg, 46%, 95%8. [a]p>> = +35.0 € 0.35, CHC)): IR
Vinax 3359, 1654, 1625 ¢ 'H-NMR &y 7.98 (1H, d,J = 8.2 Hz),
7.84 (1H, dJ = 10.8 Hz), 7.44 (1H, s, -OH), 7.06 (1H, dd=
8.2, 0.9 Hz), 5.94 (1H, d, = 10.8 Hz), 5.08 (1H, t septl,= 7.1,
1.4 Hz), 2.14 - 2.07 (2H, m), 2.07 (3H, s), 1.79 (1dd,d =
13.9, 9.4, 6.9 Hz), 1.69 (1H, ddd,= 13.9, 10.2, 6.6 Hz), 1.65
(3H, d,J = 1.4 Hz), 1.56 (3H, s), 1.44 (3H, SYC-NMR ¢



184.5, 183.3, 158.0, 153.3, 135.1, 132.2, 128.§,.0,2123.5,
123.3, 121.7, 121.3, 120.1, 118.6, 79.3, 41.3,,28556, 22.6,
17.6, 8.6; LRMS (Eln/z (%) 338 (M, 22), 323 (6), 255 (100),
227 (36); HRMS (El)m/z 338.1517 (calcd. for £H,,0,

338.1518A -0.1 mmu).

4.2. 24.(R)-8-Hydroxy-3,9-dimethyl-3-(4-methylpent-3-en-1-yl)-
3H-benzolflchromene-7,10-dion80b). 30b was preparedrom
26b (19.5 mg, 0.0455 mmol) in similar conditions désed at
compound2. The crude material was purified over $i&»lumn
chromatography (AcOEt n-hex. = 8 : 92) to afford30b (an
orange oil, 2.2 mg, 14%, 97%9. [a]p”® = +74.7 ¢ 0.24,
CHCL); IR (ATR) Vinax 3342, 1645 ciy 'H-NMR & 7.95 (1H,
d,J=8.2 Hz, C6-H), 7.90 (1H, dd,= 10.5, 0.9 Hz, C1-H), 7.28,
(1H, br s, -OH), 6.99 (1H, dd, = 8.2, 0.9 Hz, C5-H), 5.89 (1H,
d,J = 10.5 Hz, C2-H), 5.07 (1H, t sepl.= 7.1, 1.4 Hz, C3"-H),
2.09 (2H, m, C2'-H), 2.05 (3H, s, C9-CH), 1.79 (1H, ddd) =
14.2, 9.4, 7.1 Hz, C1'-H), 1.69 (1H, dd#i= 14.2, 10.1, 6.9 Hz,
C1'-H), 1.65 (3H, d,J = 0.9 Hz, C4-CH), 1.56 (3H, s, C4'-
CHs), 1.44 (3H, s, C3-Ch); “C-NMR §; 188.0 (C10), 180.1
(C7), 160.6 (C4a), 152.2 (C8), 133.8 (C2), 132.2")C128.7
(C6), 127.4 (C10a), 123.5 (C3’), 123.4 (C6a), 12(C10b),
120.8 (C9), 120.6 (C1), 119.9 (C5), 79.6 (C3), 41L3"), 26.7
(C3-CH), 25.7 (C4'-CH), 22.6 (C2'), 17.6 (C4'-CH), 8.9 (C9-
CH,); LRMS (El)m/z(%) 338 (M, 11), 279 (15), 255 (100), 227
(22), 167 (35); HRMS (Elm/z 338.1517 (calcd. for £H,,0,
338.1518A -0.1 mmu).
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