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The total syntheses of norartocarpin and artocarpin, two biologically interesting natural flavonoids with
two regioisomeric isoprenyl side chains, were achieved for the first time via a linear reaction sequence of
9 and 12 steps with the overall yields of 14% and 3.5%, respectively, starting from commercially available
1,3,5-trimethoxybenzene.
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1. Introduction

Norartocarpin (1) and artocarpin (2) are natural isoprenylated
flavonoids isolated from the genus Artocarpus (Fig. 1), which were
reported to possess a variety of interesting biological activities in-
cluding inhibitory effects on melanin biosynthesis and 5a-re-
ductase, antibacterial activity, and cytotoxicity.> Recently, 1 was
found to inhibit the activity of pancreatic lipase (PL) by our group'?
with an ICsq value close to that of orlistat, a clinical PL inhibitor used
as an anti-obesity drug.

Norartocarpin (1): R =H Orlistat

Artocarpin (2): R = CH3

Fig. 1. Structures of norartocarpin (1), artocarpin (2), and orlistat.

On the other hand, natural resources of 1 and 2 are limited due
to the low contents in Artocarpus plants, which negatively influ-
enced their further bioactivity evaluation. Therefore, chemical
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syntheses of 1 and 2 will be an important alternative approach for
addressing the problem of their availability. As the continuation of
our study on the chemistry and biology of isoprenylated fla-
vonoids,'*> we herein report the first total syntheses of 1 and 2 via
a linear reaction sequence of 9 and 12 steps with the overall yields
of 14% and 3.5%, respectively, starting from commercially available
1,3,5-trimethoxybenzene.

2. Results and discussion

Retrosynthetic analysis is shown in Scheme 1. These two fla-
vones carry two different isoprenyl side chains, and our key syn-
thetic strategy involves the introduction of isopentanoyl group into
ring A and isoprenyl group into ring C of the flavone scaffold, re-
spectively. The former relies on Friedel—Crafts acylation of 1,3,5-
trimethoxybenzene (7) and the latter could be achieved by the
enolate acylation* of 2-hydroxyl acetophenone 6 followed by al-
kylation with 1-bromo-3-methyl-2-butene at the a-position of two
carbonyl groups of B-diketo 5 and the subsequent cyclization to
obtain the key intermediate 3 with flavone scaffold. The key in-
termediate 3 could be converted into the target molecules 1 and 2
via the reduction of benzylic carbonyl group, dehydration and se-
lective demethylation, respectively.

As shown in Scheme 2, the synthesis of key intermediate 3 is
quite straightforward. Although the structure of 6 seems simple, its
synthesis still remains unreported in the literature. Starting from
1,3,5-trimethoxybenzene (7), twice sequential Friedel—Crafts ac-
ylation of 7 in dichloromethane in the presence of AICl; using acetyl
chloride and 3-methylbutanoyl chloride as the acylated reagents,
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R = H, Norartocarpin (1)
R = CHjs, Artocarpin (2)

Scheme 1. Retrosynthetic analysis of norartocapin (1) and artocarpin (2).
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Scheme 2. Synthesis of key intermediate 3.

respectively, afforded the intermediate 6 in good yields (75% for
two steps). In the course of Friedel—Crafts acylation, the desired
demethylation simultaneously occurred, which may be attributed
to the effect of two carbonyl groups at ortho positions. On the other
hand, if the two F—C reactions were performed in a reversed se-
quence, 2,4,6-trimethoxyacetylbenzene (8) rather than expected
target molecule 6 was obtained as the major product, i.e., the iso-
pentanoyl group was cleaved via reverse F—C reaction during the
second step. 2,4-Dimethoxybenzoyl chloride (9) was readily pre-
pared by reacting the corresponding carboxylic acid with SOCI; at
room temperature. With precursors 6 and 9 in hand, the esterifi-
cation and Baker—Venkataraman rearrangement were carried out
in a stepwise approach under the condition of NaH/THF to give B-
diketo 5 in excellent yields (93% and 91%), rather than in one-pot
manner to afford 5 in a poor yield. The alkylation of 5 with
prenyl bromide in the presence of KyCOs3 in refluxing acetone
provided the prenylated and simultaneously demethylated in-
termediate 4 as the major product (62% yield), and on the other
hand the expected monoprenylated product 11a and diprenylated

product 11b as the minor (14% and 9% yields, respectively). The
demethylation position in product 4 was confirmed by compre-
hensive spectroscopic methods, especially HMBC to be luckily at 6-
position of ring A to give the correct demethylated product for the
next step of cyclization. It was found that prolonging the reaction
time was beneficial to the formation of the desired product 4 but
the formation of 11a—b seemed to be unavoidable. The following
regioselective cyclization of 4 in the presence of H;SO4/AcOH
generated the flavone intermediate 3 in 87% yield (overall yield of
35% from 7).

With key intermediate 3 in hand, we subsequently proceeded to
its reduction with NaBH,4 and dehydration of reduced product. As
shown in Scheme 3, the reduction product 12 could be obtained in
almost quantitative yield. The following dehydration of 12 was
carried out in 20% H,SO4 to give 13 in 74% isolated yield.

OH O
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Scheme 3. Synthesis of artocarpin (2) by demethylation with EtSLi/HMPA.

At this point, the final step of the synthesis was focused on the
demethylation of 13. Attempts to treat with BBrs, AlCl3, 48%
HBr (aq) or pyridinium hydrohalides to give the target molecules
were unsuccessful and in all cases they were proceeded with
decomposed or recovered starting material. However, mono-
demethylated products 14 and 15 were obtained as a mixture
(14/15=2:1) in 77% yield under the conditions of EtSLi (4.5 equiv)/
HMPA,> which encouraged us to carry this synthetic route through
to the end. Prolonging the reaction time, raising temperature and
increasing the amount of EtSLi to 30 equiv did not result in the



5852 W.-J. Zhang et al. / Tetrahedron 69 (2013) 5850—5858

formation of any di-demethylated artocarpin (2) or tri-
demethylated norartocarpin (1). We then switched to further
protect 14 and 15 with p-methoxybenzyl chloride (PMBCI) and
subsequently treat with EtSLi/HMPA. Protection of 14 with PMBCI
(91% yield) and then demethylation of its PMB derivative 16 with
EtSLi (4.5 equiv)/HMPA at 70 °C did not give any 1 or 2, but yielded
debenzylation product 14 (28%) and demethylation product 17
(49%) as the major products. Removal of PMB from 17 in the pres-
ence of SnCl,/EtSH provided the target molecule artocarpin (2) in
60% yield. Alternatively, protection of 15 with PMBCl and then
demethylation of 18 with EtSLi/HMPA also afforded 2 in 18% yield,
and at the same time, debenzylation product 15 and demethylation
product 19 were isolated in 24% and 48% yields, respectively. Since
the Ryvalues of 19 and 15 were almost the same in TLC analysis, the
complete separation of 19 and 15 was not realized. Further raising
temperature (100 °C) or prolonging the reaction time, the reaction
became more complex and the yield of artocarpin (2) was not ob-
viously improved. The obtained analytical data of 2 were identical
to those of artocarpin reported previously.3?

With the extreme difficulties mentioned above in the deme-
thylation of key intermediate 13 to afford the target molecule
norartocarpin (1), we had to take a roundabout way by doing
demethylation first and then reduction of ketone and dehydration
of alcohol to realize its total synthesis. As shown in Scheme 4, the
reaction of key intermediate 3 with EtSLi/HMPA afforded di-
demethylation products 20a and 20b in 88% yield with a 1:1 ra-
tio. These isomers exhibited quite different behaviors in the fol-
lowing steps. Both 20a and 20b were protected with PMBCI to give
21a and 21b in 97% and 66% yields, respectively, which were then
subjected to the second demethylation with EtSLi/HMPA at 70 °C.
The reaction of 21a afforded demethylation product 22 in 61% yield
with the co-production of debenzylation product 20a in 22% yield,
while 21b provided debenzylation product 20b and the complete
demethylation and debenzylation product 23 in 25% and 38%
yields, respectively. With compound 23 in hand, it was then sub-
jected to the reduction with NaBH4 and acidic dehydration. Un-
fortunately, the dehydration of 24 did not give any product 1 under
various acidic conditions (including PTS, 0.1%, 1%, 10% H,SO4 or 7%
HCI) despite the high yield of reduction of 23 to 24.

We subsequently tried to take 22 as the key intermediate for
reduction and dehydration reactions. As outlined in Scheme 4, 22
was then reduced by NaBH4 to give 25 in 77% yield. The de-
hydration of 25 in the presence of 0.1% H,SO4 at 70 °C produced 26
in 30% yield. Direct cleaving PMB group of 26 to 1 could not be
achieved by using SnCl,/EtSH.® Obviously, the target norartocarpin
was unstable under acidic condition, but it can make a detour by
the protection of OH groups of 26 with AcCl in the presence of
pyridine, which resulted in the formation of 27 in 61% yield. Re-
moval of PMB and Ac groups from 27 in the presence of SnCl,/EtSH
and NH;NH,—H>0, respectively, provided 28 and target molecule
(1)in 53% and 72% yields. The analytical data of 1 were compared to
previous report®® and the structure is identical to norartocarpin.

So far, the syntheses of norartocarpin (1) and artocarpin (2)
were accomplished by demethylation of key intermediates 3 and 13
with EtSLi/HMPA, respectively, but the total synthetic routes are
tediously long and inefficient. Attention was next directed toward
seeking for more effective demethylated reagents, then MesSil/
quinoline/CHCly” and 1-trimethylsilylquinolinium iodide (TMSI-
quinoline)® were investigated, respectively. There was no target
products observed when treated 13 either with TMSI or its mixture
with quinoline in CHCl; though mono-demethylated products 14
and 15 were indeed afforded in low yields with most of starting
material remained. Most exciting of all, TMSI-quinoline, which was
prepared according to a modified procedure,® proved to be most
effective to give target product 1. After the optimization of reaction
conditions, treatment of 13 (30 mg) with TMSI-quinoline adduct
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—

HMPA
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3

20a: R = CH3, R'=H, 44%
20b: R =H, R' = CHj3, 44%
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Scheme 4. Synthesis of norartocarpin (1) by demethylation with EtSLi/HMPA.

(24 equiv) resulted in removal of the protective ether methyl
groups to provide 1 and 29 in 55% and 32% yields, respectively, by
heating the reactant mixture in a sealed reaction vessel to 140 °C for
6 h (Table 1, entry 1). The structure of 29 was confirmed by com-
prehensive spectroscopic methods, especially HMBC and NOESY.
Scaling up the amount of starting material 13 (1 g) and prolonging
the reaction time to 12 h, 1 and 29 were obtained in 45% and 17%
yields with the byproducts 14 and 15 in 1% and 2% yields, re-
spectively (entry 2).

3. Conclusion

In summary, the efficient total syntheses of natural iso-
prenylated flavonoids norartocarpin and artocarpin have been ac-
complished via a linear reaction sequence of 9 and 12 steps with the
overall yields of 14% and 3.5%, respectively, starting from com-
mercially available 1,3,5-trimethoxybenzene. The synthetic route
was greatly optimized by using TMSI-quinoline instead of EtSLi/
HMPA as demethylation reagents and provided a simple and
practical approach for the preparation of flavonoids with two
regioisomeric isoprenyl side chains. The success of the present
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Table 1
Demethylation of 13 with TMSI-quinoline

neat, 140 °C
sealed tube

R = H (1), CHj (29)

Entry Compound 13 t (h) Yield of isolated product (%)

1 29 14 15
1 30 mg 6 55 32 / /
2 1g 12 45 17 1 2

concise synthesis will definitely stimulate future efforts on the
preparation of norartocarpin and its diverse analogues for bio-
activity evaluation as pancreatic lipase inhibitors in vitro and
in vivo.

4. Experimental section
4.1. General

Starting materials and reagents were obtained from commercial
suppliers and were used without purification unless otherwise
stated. Melting points were measured in open capillary tubes using
hot stage apparatus and were uncorrected. Reactions were moni-
tored by analytical thin-layer chromatography (TLC) on 0.2 mm
silica gel plates, and visualization of the developed chromatogram
was enabled by UV absorbance or by using an ethanolic phospho-
molybdic acid dip. Flash chromatography was performed using
silica gel (300—400 mesh) with the indicated solvent system. 'H
NMR spectra were recorded at 400 MHz using TMS as an internal
standard and ®C NMR spectra were measured at 100 MHz with
complete proton decoupling. All chemical shifts are reported in
parts per million on the ¢ scale relative to an internal standard of
TMS ('H) or the signals of the solvent (13C). Infrared (IR) spectra
were recorded neat on KBr tablets with frequencies expressed in
cm~ L High-resolution mass spectra (HRMS) were recorded using
either electron impact (EI) or electrospray ionization (ESI)
techniques.

4.2. 24,6-Trimethoxyacetylbenzene (8)

A solution of 7 (2.0 g, 11.8 mmol) in CH,Cl, was cooled down to
0 °C for 10 min, and then added AlCl3 (1.9 g, 14.2 mmol) and acetyl
chloride (1.26 mL, 1.4 g, 17.7 mmol). After stirring 2 h, the reaction
mixture was cooled and quenched by adding a solution of 10%
NaOH (aq) (40 mL), and extracted by CH,Cl; (3x30 mL). The organic
layer was washed with brine, dried over Na;SOg4, and concentrated
in vacuo. The residue was subjected to column chromatography
(Silica gel, hexane/EA 5:1) to provide 8 (2.5 g, 99%) as a white solid:
mp 103—106 °C (lit.° 101-103 °C). IR (neat): » 3373, 2977, 1692,
1602, 1415, 1210, 1130, 818 cm™'; 'H NMR (400 MHz, CDCl3): 6 6.09
(s, 2H, Ar—H), 3.81 (s, 3H, OCH3), 3.78 (s, 6H, 2x OCH3), 2.47 (s, 3H,
CH3CO-).

4.3. 1-(3-Acetyl-2-hydroxy-4,6-dimethoxyphenyl)-3-methyl-
1-butanone (6)

A solution of 8 (0.884 g, 4.2 mmol) in CH,Cl, was cooled down to
0 °C, and then added AlCl3 (1.21 g, 8.41 mmol) and isovaleryl
chloride (0.56 mL, 0.55 g, 4.63 mmol). The mixture was then heated

to reflux for 24 h. The reaction mixture was cooled and quenched
by adding a solution of 10% NaOH (aq) (20 mL), and extracted by
CHCl; (3x20 mL). The organic layer was washed with brine, dried
over NaySOy4, and concentrated in vacuo. The residue was subjected
to column chromatography (Silica gel, hexane/EA 3:1) to provide 6
(0.947 g, 77%) as a white solid: mp 60—62 °C. IR (neat): » 2956,
1703, 1615, 1596, 1410, 1274, 1214, 1167, 1132, 800 cm™'; 'H NMR
(400 MHz, CDCl3): 6 14.15 (s, 1H, Ar—OH), 5.94 (s, 1H, Ar—H), 3.93,
3.89 (each s, 6H, 2x OCH3), 2.72 (d, J=7.0 Hz, 2H, —CH,CO-), 2.59
(s, 3H, CH3CO—), 2.18—2.24 (m, 1H, —CHMe;), 0.96 (d, J=7.0 Hz, 6H,
2x CHz). 3C NMR (100 MHz, CDCl3): 6 204.1, 202.8, 163.7, 163.5,
162.9,110.9,107.4, 85.9, 55.7, 53.7, 33.0, 24.9, 22.7. ESI-MS: [M+H]"
281.1; HRMS (ESI) calcd for Ci5H2105 [M+H]T 281.1383, found
281.1383.

4.4. 2-Acetyl-3,5-dimethoxy-6-(3-methylbutanoyl)phenyl-
2,4-dimethoxybenzoate (10)

To a cooled (ice bath) solution of 6 (0.238 g, 0.81 mmol) in THF
(10 mL), NaH (60%, 65 mg, 1.62 mmol) was added. After stirring at
0 °C for 15 min, the mixture was added 2,4-dimethoxybenzoyl
chloride [prepared from (0.222 g, 1.22 mmol) of 2,4-dimethoxy
benzoic acid with 5 mL SOCI;], and refluxed for 30 min. After the
acylation was complete, the reaction was cooled to room tempera-
ture, poured into ice water (40 mL), and extracted with EtOAc
(3x40 mL). The organic phase was washed with brine, dried over
MgSO4 and evaporated, and the residue was chromatographed over
silica gel. Elution with hexanes/ethyl acetate (2:1) gave 10 (0.333 g,
93%) as awhite powder: mp 99—100 °C. IR (neat): » 3544, 2954, 1741,
1710, 1571, 1603, 1464, 1359, 1213, 1089, 1020, 833 cm™!; 'H NMR
(400 MHz, CDCl3): ¢ 7.93 (d, J=8.8 Hz, 1H, Ar—H), 6.50 (dd, J=8.8,
2.0 Hz, 1H, Ar—H), 6.45 (d, J=2.0 Hz, 1H, Ar—H), 6.37 (s, 1H, Ar—H),
3.91, 3.88 (each s, 9H, 3x OCH3), 3.85 (s, 6H, 2x OCH3), 2.65 (d,
J=6.8 Hz, 2H, —CH,CO-), 2.46 (s, 3H, CH3CO—), 2.12—2.19 (m, 1H,
—CHMe,), 0.86 (d, J=6.8 Hz, 6H, 2 x CH3). 3C NMR (100 MHz, CDCl5):
0 201.8, 199.5, 165.0, 162.8, 162.1, 159.2, 159.0, 146.1, 134.7, 118.6,
118.1, 110.7, 104.8, 98.9, 92.6, 56.0, 55.9, 55.6, 55.5, 53.3, 31.8, 24.2,
22.5.EIMS m/z (%): 444 (M™, 2),223(1),166 (11),165 (100), 164 (10),
71 (5), 57 (10); HRMS (EI) calcd for Ca4H280g (M) 444.1784, found
4441778.

4.5. 1-(2,4-Dimethoxyphenyl)-3-(2-hydroxy-4,6-dimethoxy-3-
(3-methylbutanoyl)phenyl)propane-1,3-dione (5)

To a cooled (ice bath) solution of 10 (0.275 g, 0.62 mmol) in THF
(10 mL), NaH (60%, 37 mg, 0.93 mmol) was added. After stirring at
0 °C for 10 min, the mixture was heated to reflux, for 90 min and
the Baker—Venkataraman rearrangement was over with the solu-
tion changed from colorless to dark yellow. The reaction was
cooled to room temperature, poured into ice water (50 mL), and
extracted with EtOAc (3x40 mL). The organic phase was washed
with brine, dried over MgS0O4, and evaporated. The residue was
chromatographed over silica gel. Elution with hexane/ethyl acetate
(2:1) gave 5 (0.232 g, 91%) as a yellow powder: mp 162—164 °C. IR
(neat): » 2924, 1710, 1597, 1572, 1459, 1211, 1311, 807 cm~'; 'TH NMR
(400 MHz, CDCl3): 6 16.34 (s, 1H, enolic-OH), 14.13 (s, 1H, Ar—OH),
13.85 (s, 1H, Ar—OH), 7.97 (d, J=8.8 Hz, 1H, Ar—H), 7.92 (d, J=8.8 Hz,
1H, Ar—H), 7.01 (s, 1H, enolic-H), 6.58 (dd, J=8.8, 2.4 Hz, 1H, Ar—H),
6.56 (dd, J=8.8, 2.4 Hz, 1H, Ar—H), 6.47 (d, J=2.4 Hz, 1H, Ar—H),
6.45 (d, J=2.4 Hz, 1H, Ar—H), 5.98 (s, 1H, Ar—H), 5.88 (s, 1H, Ar—H),
4.51 (s, 2H, —COCH,CO—), 3.93 (s, 6H, 2x OCH3), 3.86—3.90 (m,
12H, 4x OCH3), 3.80 (s, 3H, OCH3), 3.68 (s, 3H, OCH3), 2.81 (d,
J=7.0 Hz, 2H, —CH,CO-), 2.69 (d, J=7.0 Hz, 2H, —CH,CO-),
2.20—2.23 (m, 2H, 2x CH), 0.97 (d, J=6.4 Hz, 6H, 2x CHs), 0.95 (d,
J=6.4 Hz, 6H, 2x CH3). From the 'H NMR data of compound 5, it is
obvious that the tautomerism occurred between its keto and enol
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forms with about 1:1 ratio. >C NMR (100 MHz, CDCl3): 6 205.2,
203.6, 199.9, 193.2, 188.8, 178.7, 165.0, 163.8, 163.6, 163.3, 163.1,
163.0, 162.8, 161.0, 160.4, 132.9, 131.9, 120.0, 116.8, 112.1, 108.2,
106.2,105.5, 105.1,103.9, 98.8, 98.2, 86.3, 86.0, 60.0, 55.9, 55.7, 55.6,
55.5, 55.4, 53.7, 53.6, 29.7, 25.1, 24.8, 22.8, 22.7. EIMS m/z (%): 444
(M, 4), 426 (2), 413 (59), 265 (18), 247 (6), 207 (27), 181 (13), 165
(100); HRMS (EI) caled for Cp4Hog0g3 (M) 4441784, found
444.1790.

4.6. 1-(2,6-Dihydroxy-4-methoxy-3-(3-methylbutanoyl)phe-
nyl)-3-(2,4-dimethoxyphenyl)-2-(3-methylbut-2-en-1-yl)pro-
pane-1,3-dione (4), 1-(2,4-dimethoxyphenyl)-3-(2-hydroxy-
4,6-dimethoxy-3-(3-methylbutanoyl)phenyl)-2-(3-methylbut-
2-en-1-yl)propane-1,3-dione (11a) and 1-(4,6-dimethoxy-2-
((3-methyl-2-butenyl)oxy)-3-(3-methylbutanoyl)phenyl)-3-
(2,4-dimethoxyphenyl)-2-(3-methyl-2-butenyl)propane-1,3-
dione (11b)

To a solution of 5 (67 mg, 0.15 mmol) in acetone (10 mL), K;CO3
(42 mg, 0.30 mmol) was added. After stirring for 30 min, the sus-
pension was added 1-bromo-3-methyl-2-butene (24 mg,
0.16 mmol), and then refluxed for 24 h. After the alkylation was
over, the reaction was worked up by cooling to room temperature,
quenching with water (10 mL), removing acetone, and extraction
with EtOAc (3x10 mL). The organic phase was washed with brine,
dried over MgSQg4, and evaporated, and the residue was chroma-
tographed over silica gel. Elution with hexane/acetone (5:1) gave 4
(46 mg, 62%), 11a (11 mg, 14%), and 11b (8 mg, 9%) as light yellow
oils. Compound 4: IR (neat): » 2955, 1635, 1602, 1445, 1288, 1208,
1154, 1032, 739 cm™'; 'H NMR (400 MHz, CDCls): ¢ 13.39 (s, 1H,
Ar—OH), 7.25 (d, J=8.2 Hz, 1H, Ar—H), 6.55—6.60 (m, 2H, Ar—H),
6.34 (s, 1H, Ar—H), 5.07 (br t, J=6.6 Hz, 1H, —CH,CH=), 3.85 (br s,
1H, —COCHCO—-), 3.88, 3.83, 3.79 (each s, 9H, 3x OCH3), 3.03 (br d,
J=6.6 Hz, 2H, —CH,CH=), 2.74 (d, J=7.0 Hz, 2H, —COCH,-),
2.22—2.26 (m, 1H, —CHMe,), 1.61, 1.41 (each br s, 6H, 2x CH3z), 0.97
(d, J=6.6 Hz, 6H, 2x CH3).3C NMR (100 MHz, CDCl3): § 202.8,182.3,
162.7,161.9,159.0, 158.4,158.3,132.2,131.3,121.9, 121.1, 114.4, 105.2,
104.6, 98.7, 89.7, 56.0, 55.5, 53.7, 25.6, 24.9, 24.1, 22.6, 17.5. ESI-MS:
[M—H0+H]t 481.1, HRMS (ESI) calcd for CpgH340g [M+Na]™
521.2145, found 521.2150. Compound 11a: IR (neat): » 2955, 1701,
1658, 1593, 1463, 1407, 1252, 1209, 1157, 1124, 834, 802 cm™'; 'H
NMR (400 MHz, CDCl3): 6 14.00 (s, 1H, Ar—OH), 7.90 (d, J=8.8 Hz,
1H, Ar—H), 6.54 (dd, J=8.8, 2.2 Hz, 1H, Ar—H), 6.42 (d, J=2.2 Hz, 1H,
Ar—H), 5.85 (s, 1H, Ar—H), 5.42 (t, J=6.4 Hz, 1H, —COCHCO-), 5.10 (t,
J=7.0 Hz, 1H, —CH,CH=), 3.85, 3.84, 3.75, 3.63 (each s, 12H, 4x
OCH3), 2.69 (d, J=6.8 Hz, 2H, —COCH,—), 2.52—2.66 (m, 2H,
—CH,CH=), 2.15—2.26 (m, 1H, —CHMe3), 1.63, 1.60 (each s, 6H, 2x
CH3), 0.95, 0.94 (s, 6H, 2x CH3). 3C NMR (100 MHz, CDCl3): 6 203.9,
201.3, 195.0, 164.6, 163.8, 162.8, 162.5, 160.3, 133.6, 132.6, 122.4,
119.8, 106.4, 105.3, 98.1, 85.7, 65.1, 55.7, 55.5, 55.3, 55.2, 53.7, 27.1,
25.8, 24.8, 22.7,17.7. ESI-MS: [M+H]* 513.2; HRMS (ESI) calcd for
Co9H360gNa [M+Na]* 535.2302, found 535.2292. Compound 11b:
IR (neat): » 2957, 1704, 1593, 1460, 1209, 1108, 831 cm~'; '"H NMR
(400 MHz, CDCl3): ¢ 7.54 (d, J=8.7 Hz, 1H, Ar—H), 6.42 (dd, J=8.7,
2.3 Hz, 1H, Ar—H), 6.35 (d, J=2.3 Hz, 1H, Ar—H), 6.05 (s, 1H, Ar—H),
5.37 (t, J=6.8 Hz, 1H, —COCHCO—), 5.24—5.32 (m, 1H, —CH,CH=),
5.11-5.15 (m, 1H, —CH,CH=), 4.29 (d, J=7.1 Hz, 2H, —OCH,CH=),
3.82, 3.77, 3.76, 3.63 (each s, 12H, 4x OCH3), 2.63—2.73 (m, 2H,
—CH,CH=), 2.52 (d, J=6.4 Hz, 2H, —COCH,—), 2.14—2.17 (m, 1H,
—CHMe3), 1.70, 1.63 (each s, 6H, 2x CH3), 1.61, 1.59 (each s, 6H, 2x
CH3), 0.93, 0.92 (each s, 6H, 2x CH3). 3C NMR (100 MHz, CDCls):
6 203.3, 197.4, 195.6, 163.7, 159.8, 158.3, 158.1, 154.8, 137.5, 132.5,
121.5,121.4,119.5,118.8,117.5,104.4, 97.7,90.3, 73.8, 65.4, 55.2, 55.1,
55.0, 53.5, 27.3, 25.4, 25.4, 23.8, 22.2, 17.7, 17.4. ESI-MS: [M+Na]*
603.2; HRMS (ESI) calcd for C34Hg40sNa [M+Na]™ 603.29284,
found 603.2939.

4.7. 2-(2,4-Dimethoxyphenyl)-5-hydroxy-7-methoxy-3-(3-
methylbut-2-en-1-yl)-6-(3-methylbutanoyl)-4H-chromen-4-
one (3)

A solution of 4 (0.522 g, 1.05 mmol) in acetic acid (10 mL) was
added conc. H,SO4 (0.02 mL) and stirred at room temperature for
30 min. The resulting mixture was added H;O (25 mL) and
extracted with CHCly (3x20 mL). The organic phase was washed
with brine, dried over MgS0O4, and the solvent was removed in
vacuo, and the residue was subjected to column chromatography
(silica gel, hexane/acetone 5:1) to afford 3 (0.371 g, 74%) as a light
yellow oil. IR (neat): » 2956, 1709, 1615, 1450, 1352, 1280, 1206, 1158,
1031, 832 cm™!; "H NMR (400 MHz, CDCls): 6 13.39 (s, 1H, Ar—OH),
7.24(d, J=8.0 Hz, 1H, Ar—H), 6.58 (dd, J=8.0, 2.0 Hz, 1H, Ar—H), 6.55
(d, J=2.0 Hz, 1H, Ar—H), 6.34 (s, 1H, Ar—H), 5.07 (br t, |=6.8 Hz, 1H,
3-CH,CH=), 3.88, 3.83, 3.79 (each s, 9H, 3x OCH3), 3.03 (br d,
J=6.8 Hz, 2H, 3-CH,CH=), 2.73 (d, J=6.8 Hz, 2H, —COCH,—),
2.19—2.29 (m, 1H, —CHMe3), 1.61, 1.41 (each br's, 6H, 2x CH3), 0.97
(d,J=6.8 Hz, 6H, 2x CH3). *C NMR (100 MHz, CDCl3): 202.9, 182.4,
162.8,161.9,161.0,159.1,158.5,158.4,132.2,131.3,122.0, 121.2, 114.5,
114.4, 105.2, 104.6, 98.7, 89.7, 56.1, 55.6, 53.8, 25.7, 24.9, 24.2, 22.7,
17.6. EIMS m/z (%): 480 (M, 82), 449 (84), 437 (80), 423 (100), 251
(40),193 (72), 175 (48), 75 (63). HRMS (EI) calcd for CogH3,07 (M™)
480.2148, found 480.2149.

4.8. 2-(2,4-Dimethoxyphenyl)-5-hydroxy-6-(1-hydroxy-3-
methylbutyl)-7-methoxy-3-(3-methylbut-2-en-1-yl)-4H-chro-
men-4-one (12)

To a solution of 3 (2.60 g, 5.42 mmol) in MeOH (30 mL), NaBH4
(0.82 g, 21.66 mmol) was added. After stirring for 0.5 h, the reaction
was quenched with water (40 mL), and extracted with EtOAc
(3x50 mL). The organic phase was washed with brine, dried over
MgSOg4, and evaporated, and the residue was chromatographed
over silica gel. Elution with hexanes/acetone (2:1) gave 12 (2.59 g,
99%) as a light yellow oil. IR (neat): » 3558, 2955, 2865, 1713, 1616,
1585, 1449, 1352, 1206, 1147, 1030, 833 cm~'; 'H NMR (400 MHz,
CDCl3): 6 13.55 (s, 1H, Ar—OH), 7.23 (d, J=8.2 Hz, 1H, Ar—H),
6.51—-6.58 (m, 2H, Ar—H), 6.35 (s, 1H, Ar—H), 5.17—5.23 (m, 1H, 6-
CH(OH)—), 5.08 (br t, J=7.0 Hz, 1H, 3-CH,CH=), 3.87, 3.85, 3.78
(each s, 9H, 3x OCH3), 3.02 (br d, J=7.0 Hz, 2H, 3-CH,CH=),
1.86—1.93 (m, 1H, —CHMe3), 1.63—1.76 (m, 2H, —CH,CHMe3), 1.61,
1.41 (each br s, 6H, 2x CHj3), 0.97 (d, J=6.3 Hz, 3H, CH3), 0.93 (d,
J=6.3 Hz, 3H, CH3). 3C NMR (100 MHz, CDCls): § 182.5,162.8,162.2,
161.0,158.6,158.3,157.0,132.0, 131.3,121.5,121.4, 114.6, 105.3,104.7,
98.7,89.7,65.7,55.9, 55.6, 55.5, 46.2, 25.7, 25.1, 24.2, 23.2, 22.4,17.6.
ESI-MS: [M—H]~ 481.1; HRMS (ESI) caled for CogH3307 [M—H]~
481.2231, found 481.2246.

4.9. (E)-2-(2,4-Dimethoxyphenyl)-5-hydroxy-7-methoxy-6-(3-
methylbut-1-en-1-yl)-3-(3-methylbut-2-en-1-yl)-4H-chro-
men-4-one (13)

A mixture of 12 (2.712 g, 5.62 mmol) in 20% H2SO04 (50 mL) was
heated to reflux for 3 h. The resulting mixture was cooled to room
temperature, and extracted with EtOAc (3x40 mL). The combined
organic extracts were washed with brine, dried over MgSO4, and
concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, hexane/acetone 5:1) to obtain 13
(1.93 g, 74%) as a light yellow solid, mp 160—161 °C (lit.'® 152 °C). IR
(neat): v 3606, 2919, 1714, 1628, 1589, 1434, 1357, 1210, 1134,
938, 792, 761 cm~!; 'H NMR (400 MHz, CDCl5): 6 13.71 (s, 1H,
Ar—OH), 7.26 (d, J=8.4 Hz, 1H, Ar—H), 6.72 (dd, J=16.0, 6.8 Hz, 1H, 6-
CH=CH-), 6.55—-6.61 (m, 3H, Ar—H, 6-CH=CH-), 6.35 (s, 1H,
Ar—H), 5.11 (br t, J=6.8 Hz, 1H, 3-CH,CH=), 3.88 (s, 6H, 2x OCH3),
3.79 (s, 3H, OCH3), 3.04 (br d, J=6.8 Hz, 3-CH,CH=), 2.45—2.53 (m,
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1H, —CHMe3y), 1.57,1.40 (each br s, 6H, 2x CH3),1.13 (d,J=6.4 Hz, 6H,
2x CHs). *C NMR (100 MHz, CDCl3): 6 182.4, 162.6, 162.6, 160.4,
159.0,158.3,156.4,142.2,131.9,131.4,121.6,121.4, 115.8, 114.8,109.3,
105.3,104.6, 98.7, 89.3, 55.9, 55.6, 33.1, 25.7, 24.2, 22.7,17.6. ESI-MS:
[M-+H]* 465.2; HRMS (ESI) caled for CpgH3306 [M+H]* 465.2271,
found 465.2261.

4.10. (E)-5-Hydroxy-2-(2-hydroxy-4-methoxyphenyl)-7-
methoxy-6-(3-methylbut-1-en-1-yl)-3-(3-methylbut-2-en-1-
yl)-4H-chromen-4-one (14)and (E)-5-hydroxy-2-(4-hydroxy-2-
methoxyphenyl)-7-methoxy-6-(3-methylbut-1-en-1-yl)-3-(3-
methylbut-2-en-1-yl)-4H-chromen-4-one (15)

A solution of EtSH (1.1 mL, 14.82 mmol) in HMPA (10.0 mL) was
cooled down to 0 °C for 10 min, and then added n-BulLi (2.5 M,
5.9 mL, 14.82 mmol) under N, atmosphere at that temperature and
stirred for 30 min. Subsequently, compound 3 (1.153 g, 3.29 mmol)
was introduced to the fresh solution of EtSLi in HMPA, and the
resulting solution was warmed to 70 °C under N, atmosphere. After
stirring at 70 °C for 2 h, the reaction mixture was cooled to room
temperature and quenched with a saturated solution of NH4Cl
(7 mL), and extracted with ethyl acetate (3x10 mL). The organic
phase was washed with saturated aqueous LiCl (20 mL), dried over
MgSO4, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/acetone 5:1) to provide
14 (0.583 g, 52%) and 15 (0.371 g, 25%) as light yellow powders.
Compound 14: mp 161—-162 °C. IR (neat): » 3240, 1708, 1624, 1432,
1352, 1205, 1147, 968, 807 cm™~'; 'H NMR (400 MHz, acetone-dg):
0 13.95, 8.94 (each s, 2H, 2x Ar—OH), 7.32 (d, J=8.4 Hz, 1H, Ar—H),
6.74 (dd, J=16.0, 6.8 Hz, 1H, 6-CH=CH-), 6.59—6.65 (m, 3H, 2x
Ar—H, 6-CH=CH), 6.56 (s, 1H, Ar—H), 5.13 (br t, J=7.2 Hz, 1H, 3-
CH,CH=), 3.97, 3.85 (each s, 6H, 2x OCH3), 3.13 (br d, J=7.2 Hz,
2H, 3-CH,CH=), 2.43—2.48 (m, 1H, —CHMe>), 1.58, 1.44 (each br s,
6H, 2x CH3), 1.10 (d, J=6.8 Hz, 6H, 2x CH3). >C NMR (100 MHz,
acetone-dg): 182.4, 163.0, 162.8, 161.2, 158.9, 156.6, 156.3, 1414,
1314, 131.4, 121.6, 121.2, 116.1, 113.0, 109.0, 105.6, 104.7, 101.7, 89.6,
55.7,54.9, 33.1, 24.9, 23.7, 22.2, 16.8. ESI-MS: [M—H]~ 449.2; HRMS
(ESI) calcd mass for Cy7H310g [M+H]™ 451.2115, found 451.2102.
Compound 15: mp 195—196 °C. IR (neat): » 3248, 2958, 1614, 1586,
1478, 1449, 1349, 1302, 1203, 1163, 835, 812 cm™!; 'H NMR
(400 MHz, acetone-dg): 6 13.96, 9.04 (each s, 1H, Ar—OH), 7.26 (d,
J=8.0 Hz, 1H, Ar—H), 6.74 (dd, J=16.4, 6.8 Hz, 1H, 6-CH=CH-), 6.67
(d,J=2.0 Hz, 1H, Ar—H), 6.59—6.63 (m, 2H, Ar—H, 6-CH=CH-), 6.54
(s,1H, Ar—H), 5.09 (br t, J=7.2 Hz, 1H, 3-CH,CH=), 3.97,3.82 (eachs,
6H, 2x OCH3), 3.05 (br d, J=7.2 Hz, 2H, 3-CH,CH=), 2.42—2.47 (m,
1H, —CHMe,), 1.59, 1.41 (each br s, 6H, 2 x CH3),1.10 (d, J=6.8 Hz, 6H,
2x CHs). 13C NMR (100 MHz, acetone-dg): 6 182.3, 163.0, 161.5,
161.0, 159.0, 158.7,156.5, 141.4,131.3, 131.2, 121.6, 121.0, 116.1, 113.3,
109.0, 107.2, 104.7, 99.2, 89.6, 55.7, 55.1, 33.1, 24.9, 23.7, 22.3, 16.7.
ESI-MS: [M—H]|~ 449.2; HRMS (ESI) calcd for Cp7H3106 [M+H]*
451.2115, found 451.2098.

4.11. (E)-5-Hydroxy-7-methoxy-2-(4-methoxy-2-((4-methoxy
benzyl)oxy)phenyl)-6-(3-methylbut-1-en-1-yl)-3-(3-methyl
but-2-en-1-yl)-4H-chromen-4-one (16)

A solution of 14 (0.106 g, 0.24 mmol) in DMF (5 mL) was cooled
down to 0 °C, NaH (19 mg, 0.47 mmol) was added. After stirring for
10 min, PMBCI (48 pL, 0.35 mmol) was added. The mixture was
warmed to room temperature and stirred for 2 h. The reaction
mixture was cooled to room temperature and poured into ice water
(30 mL), and extracted with EtOAc (3x30 mL). The organic phase
was washed with brine, dried over MgSOg4, and evaporated, and the
residue was chromatographed over silica gel. Elution with hexanes/
acetone (5:1) gave 16 (0.122 g, 91%) as a yellow oil. IR (neat): » 3002,
2957, 1613, 1584, 1448, 1248, 1203, 1165, 1037, 825 cm™'; 'H NMR

(400 MHz, CDCl3): ¢ 13.72 (s, 1H, Ar—OH), 7.25 (d, J=8.4 Hz, 1H,
Ar—H), 7.20 (d, J=8.4 Hz, 2H, Ar—H), 6.80 (d, J=8.4 Hz, 2H, Ar—H),
6.72 (dd, J=16.0, 7.2 Hz, 1H, 6-CH=CH-), 6.56—6.62 (m, 3H, Ar—H,
6-CH=CH-), 6.30 (s, 1H, Ar—H), 5.09 (br t, J=6.8 Hz, 1H, 3-
CH,CH=), 5.01 (s, 2H, ArCH,0-), 3.88, 3.84, 3.76 (each s, 9H, 3x
OCH3), 3.05 (br d, J=6.8 Hz, 2H, 3-CH,CH=), 2.44—2.53 (m, 1H,
—CHMe3), 1.59, 1.40 (each br s, 6H, 2 x CH3),1.12 (d, J=6.4 Hz, 6H, 2 x
CH3). 3C NMR (100 MHz, CDCl3): 6 182.1, 162.3, 162.1, 160.2, 158.9,
158.6,157.1, 156.0, 141.8, 131.7, 131.1, 128.2, 127.9, 121.2, 120.9, 115 .4,
115.0, 113.5, 108.8, 104.9, 104.7, 100.1, 88.9, 69.9, 55.5, 55.2, 54.9,
32.8,25.3,24.0, 22.4,17.3. ESI-MS: [M+H]" 571.2; HRMS (ESI) calcd
mass for C3sHzg07 [M+H]" 571.2671, found 571.2690.

4.12. (E)-5-Hydroxy-2-(4-hydroxy-2-((4-methoxybenzyl)oxy)
phenyl)-7-methoxy-6-(3-methylbut-1-en-1-yl)-3-(3-methylbut-
2-en-1-yl)-4H-chromen-4-one (17)

Compound 17 was prepared as a light yellow oil in 49% yield
according to the previous procedures. IR (neat): » 3584, 2955,
1612, 1512, 1449, 1246, 1172, 1031, 815 cm™ L. 'H NMR (400 MHz,
CDCl3): ¢ 13.69 (s, 1H, Ar—OH), 7.18—7.20 (m, 3H, Ar—H), 6.80 (d,
J=8.8 Hz, 2H, Ar—H), 6.71 (dd, J=16.0, 6.8 Hz, 1H, 6-CH=CH-),
6.49—6.58 (m, 3H, Ar—H, 6-CH=CH-), 6.32 (s, 1H, Ar—H), 5.07 (br
t, J=6.8 Hz, 1H, 3-CH,CH=), 4.99 (s, 2H, ArCH,0—), 3.87, 3.77 (each
s, 6H, 2x OCH3), 3.05 (br d, J=6.8 Hz, 2H, 3-CH,CH=), 2.45-2.50
(m, 1H, —CHMe>), 1.58, 1.40 (each br s, 6H, 2x CHs), 1.11 (d,
J=6.3 Hz, 6H, 2x CHs). 3C NMR (100 MHz, CDCl3): 6 182.5, 162.7,
161.0, 159.4, 159.2, 158.7, 157.6, 156.3, 142.3, 132.7, 132.1, 131.5,
128.7, 128.5, 128.2, 121.4, 121.2, 115.7, 113.9, 113.8, 109.2, 107.6,
105.2, 101.0, 89.3, 70.1, 55.2, 33.1, 25.6, 24.3, 22.7, 17.6. ESI-MS:
[M—H]~ 555.2; HRMS (ESI) calcd mass for C34H3507 [M—H]~
555.2368, found 555.2388.

4.13. (E)-5-Hydroxy-7-methoxy-2-(2-methoxy-4-((4-methoxy
benzyl)oxy)phenyl)-6-(3-methylbut-1-en-1-yl)-3-(3-methyl
but-2-en-1-yl)-4H-chromen-4-one (18)

Compound 18 was prepared as a yellow oil in 84% yield
according to the previous procedure. IR (neat): » 2958, 1612, 1584,
1448,1352,1202,1163,1032, 820 cm™'; 'H NMR (400 MHz, CDCls):
0 13.71 (s, 1H, Ar—OH), 738 (d, J=8.8 Hz, 2H, Ar—H), 7.23 (d,
J=8.4 Hz, 1H, Ar—H), 6.94 (d, J=8.8 Hz, 2H, Ar—H), 6.72 (dd, J=16.4,
7.2 Hz, 1H, 6-CH=CH-), 6.63 (dd, J=8.4, 2.4 Hz, 1H, Ar—H),
6.56—6.61 (m, 2H, Ar—H, 6-CH=CH-), 6.33 (s, 1H, Ar—H), 5.09 (br t,
J=6.8 Hz, 1H, 3-CH2CH=), 5.00 (s, 2H, ArCH,0-), 3.86, 3.82, 3.76
(each s, 9H, 3x OCH3), 3.03 (br d, J=6.8 Hz, 2H, 3-CH,CH=),
2.44—2.52 (m, 1H, —CHMe,), 1.60, 1.38 (each br s, 6H, 2x CH3), 1.12
(d,J=6.8 Hz, 6H, 2x CH3). >*C NMR (100 MHz, CDCl3): 6 182.4,162.7,
161.8, 160.4, 159.7, 159.0, 158.3, 156.4, 142.2, 131.9, 131.3, 129.3,
128.4,121.6, 121.4, 115.8, 115.0, 114.1, 109.4, 105.5, 105.3, 99.6, 89.3,
70.1, 55.9, 55.6, 55.3, 33.1, 25.7, 24.2, 22.7, 17.6. ESI-MS: [M+H]*"
571.2; HRMS (ESI) calcd for C3sHs3g07 [M+H]" 571.2690, found
571.2689.

4.14. (E)-2-(2,4-Dihydroxyphenyl)-5-hydroxy-7-methoxy-6-
(3-methylbut-1-en-1-yl)-3-(3-methylbut-2-en-1-yl)-4H-chro-
men-4-one (2)

Artocarpin (2) was prepared as a yellow powder in 18% yield
according to the previous procedures, mp 164—165 °C (lit.!!
174—175 °C). IR (neat): v 3296, 2959, 1644, 1609, 1478, 1450, 1354,
1206, 1147, 978, 811 cm~'; 'H NMR (400 MHz, acetone-dg): 6 13.97
(s, 1TH, Ar—OH), 8.82 (br s, 2H, 2x Ar—OH), 7.22 (d, J=8.4 Hz, 1H,
Ar—H), 6.73 (dd, J=16.4, 6.8 Hz, 1H, 6-CH=CH-), 6.61 (br d,
J=16.4 Hz, 1H, 6-CH=CH-), 6.58 (d, J=2.4 Hz, 1H, Ar—H), 6.56 (s,
1H, Ar—H), 6.54 (dd, J=84, 2.4 Hz, 1H, Ar—H), 5.14 (br t,
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J=7.2 Hz, 1H, 3-CH,CH=), 3.98 (s, 3H, OCH3s), 3.14 (br d, ]=6.8 Hz,
2H, 3-CH,CH=), 2.43—-2.48 (m, 1H, —CHMe;), 1.58, 1.45 (each br s,
6H, 2x CH3), 1.10 (d, J=6.8 Hz, 6H, 2x CHs). 3C NMR (100 MHz,
acetone-dg): 0 182.4, 163.0, 161.6, 160.6, 159.0, 156.5, 156.3, 141.3,
1314, 131.3, 121.6, 121.1, 116.1, 112.0, 108.9, 107.2, 104.7, 103.0, 89.6,
55.7,33.1, 24.9, 23.8, 22.2,16.8. ESI-MS: [M—H]~ 435.2; HRMS (ESI)
calcd for CygH2706 [M—H]™ 435.1813, found 435.1803.

4.15. 5,7-Dihydroxy-2-(2-hydroxy-4-methoxyphenyl)-3-(3-
methylbut-2-en-1-yl)-6-(3-methylbutanoyl)-4H-chromen-4-
one (20a) and 5,7-dihydroxy-2-(4-hydroxy-2-methoxyphenyl)-
3-(3-methylbut-2-en-1-yl)-6-(3-methylbutanoyl)-4H-chro-
men-4-one (20b)

Compounds 20a and 20b were prepared according to the pre-
vious procedure in 88% yield with a 1:1 ratio. 20a: a yellow oil. IR
(neat): v 3401, 2959, 1624, 1584, 1456, 1377, 1172, 1035, 823 cm™
TH NMR (400 MHz, acetone-dg): ¢ 15.97, 14.15, 9.03 (each s, 3H, 3x
Ar—OH), 7.33 (d, J=9.0 Hz, 1H, Ar—H), 6.62—6.64 (m, 2H, Ar—H),
6.27 (s, 1H, Ar—H), 5.1 (br t, J=7.0 Hz, 1H, 3-CH,CH=), 3.84 (s, 3H,
OCH3), 3.12 (br d, J=7.0 Hz, 2H, 3-CH,CH=), 3.08 (d, J=6.7 Hz, 2H, 6-
COCH,—), 2.24—2.31 (m, 1H, —CHMey), 1.58, 1.44 (each br s, 6H, 2x
CH3), 1.01 (d, J=6.4 Hz, 6H, 2x CH3). >C NMR (100 MHz, acetone-
dg): 0 206.6,182.8,169.3,167.5,163.0,161.9,160.7,156.3,131.9,131.4,
121.1, 121.0, 112.4, 106.0, 105.7, 103.1, 101.7, 94.2, 54.9, 52.8, 24.9,
246, 23.7, 22.1, 16.8. ESI-MS: [M—H]~ 451.1; HRMS (ESI) calcd for
Ca6H2907 [M+H]" 453.1907, found 453.1895. 20b: a yellow oil. IR
(neat): v 3408, 2959, 1636, 1584, 1457, 1382, 1307, 1177, 960, 887,
822 cm~!; "H NMR (400 MHz, acetone-dg): 6 15.96, 14.15, 9.08 (each
s,3H, 3x Ar—OH), 7.28 (d, J=8.0 Hz, 1H, Ar—H), 6.65 (d, J=2.0 Hz, 1H,
Ar—H), 6.60 (dd, J=8.0, 2.0 Hz, 1H, Ar—H), 6.24 (s, 1H, Ar—H), 5.09
(brt,J=7.2 Hz, 1H, 3-CH,CH=), 3.82 (s, 3H, OCH3), 3.08 (d, J=6.8 Hz,
2H, 6-COCHy—), 3.04 (br d, J=7.2 Hz, 2H, 3-CH,CH=), 2.28—2.33 (m,
1H, —CHMe,), 1.59, 1.42 (each br s, 6H, 2x CHz), 1.01 (d, J=6.8 Hz,
6H, 2x CH3). >C NMR (100 MHz, acetone-dg): ¢ 207.5, 183.6, 170.2,
168.4,163.0,162.1,161.6,159.7,132.6,132.3,122.0,121.7,113.5, 108.2,
107.0, 103.9, 100.2, 95.1, 56.1, 53.7, 25.8, 25.5, 24.6, 23.0, 17.6; ESI-
MS: [M—H]~ 451.1; HRMS (ESI) calcd mass for CygHp707 [M—H]™
4511762, found 451.1773.

4.16. 5,7-Dihydroxy-2-(4-methoxy-2-((4-methoxybenzyl)oxy)
phenyl)-3-(3-methylbut-2-en-1-yl)-6-(3-methylbutanoyl)-4H-
chromen-4-one (21a) and 5,7-dihydroxy-2-(2-methoxy-4-((4-
methoxybenzyl)oxy)phenyl)-3-(3-methylbut-2-en-1-yl)-6-(3-
methylbutanoyl)-4H-chromen-4-one (21b)

Compounds 21a and 21b were prepared according to the pre-
vious procedure. 21a: a yellow oil, 97% yield. IR (neat): » 3462, 2958,
1632, 1582, 1457, 1380, 1172, 1037, 823 cm~'; 'H NMR (400 MHz,
CDCl3): 6 15.64, 14.23 (each s, 2H, 2x Ar—OH), 7.21-7.24 (m, 3H,
Ar—H), 6.84 (d, J=8.8 Hz, 2H, Ar—H), 6.61 (d, J=2.0 Hz, 1H, Ar—H),
6.57 (dd, J=8.4, 2.0 Hz, 1H, Ar—H), 6.24 (s, 1H, Ar—H), 5.05 (br t,
J=6.8 Hz, 1H, 3-CH,CH=), 5.01 (s, 2H, ArCH,0—), 3.84, 3.77 (each s,
6H, 2x OCHj3), 3.05 (d, J=6.8 Hz, 4H, 2x CHj), 2.26—2.32 (m, 1H,
—CHMe;), 1.61,1.43 (each br s, 6H, 2 x CH3),1.00 (d, J=6.8 Hz, 6H, 2 x
CH3). 13C NMR (100 MHz, CDCl3): 6 207.0, 182.9, 169.4, 167.6, 162.8,
161.3,160.7,159.4,157.6,132.6, 131.5,128.8, 128.2, 121.1, 114.6, 114.0,
106.3,105.1,103.4,100.4, 94.5, 70.4, 55.6, 55.2, 53.2, 25.7, 25.0, 24.3,
22.8, 17.7. ESI-MS: [M—H]~ 571.2; HRMS (ESI) calcd for C34H370g
[M+H]" 573.2483, found 573.2470. 21b: a yellow oil, 66% yield. IR
(neat): » 3435, 3388, 1636, 1582, 1446, 1383, 1280, 1174, 1040,
820 cm~'; 'H NMR (400 MHz, CDCl3): 6 15.65, 14.21 (each s, 2H, 2x
Ar—OH), 7.37 (d, J=8.4 Hz, 2H, Ar—H), 7.23 (d, J=8.4 Hz, 1H, Ar—H),
6.94 (d, [=8.4 Hz, 2H, Ar—H), 6.64 (dd, J=8.4, 2.4 Hz, 1H, Ar—H), 6.61
(d, J=2.4 Hz, 1H, Ar—H), 6.25 (s, 1H, Ar—H), 5.07—5.09 (m, 1H, 3-
CH,CH=), 5.07 (s, 2H, ArCH,0—), 3.83, 3.78 (each s, 6H, 2x

OCH3), 3.06 (d, J=6.4 Hz, 2H, —COCH3—), 3.03 (br d, J=6.8 Hz, 2H,
3-CHCH=), 2.26—2.33 (m, 1H, —CHMey), 1.62, 1.42 (each br s, 6H,
2x CHs), 1.00 (d, J=6.4 Hz, 6H, 2x CH3). 3C NMR (100 MHz, CDCl3):
0 206.9, 182.7, 169.2, 167.4, 161.9, 160.9, 160.6, 159.5, 158.2, 1324,
131.2,129.2,128.1, 121.1, 120.8, 114.0, 106.1, 105.2, 103.3, 99.5, 94.5,
70.0, 55.5, 55.2, 53.1, 25.6, 24.9, 24.0, 22.6, 17.5. ESI-MS: [M+H]"
573.1; HRMS (ESI) calecd mass for C34H3703 [M+H]|T 573.2483,
found 573.2471.

4.17. 5,7-Dihydroxy-2-(4-hydroxy-2-((4-methoxybenzyl)oxy)
phenyl)-3-(3-methylbut-2-en-1-yl)-6-(3-methylbutanoyl)-4H-
chromen-4-one (22)

According to the previous procedure, compounds 22 and 20a
were obtained in 61% and 22% yields, respectively. 22: a light yellow
oil. IR (neat): v 3368, 2925, 1632, 1582, 1454, 1379, 1172, 1012,
822 cm~!; TH NMR (400 MHz, CDCls3): 6 15.62,14.24 (each s, 2H, 2 x
Ar—OH), 7.24 (d, J=8.4 Hz, 2H, Ar—H), 7.18 (d, J=8.0 Hz, 1H, Ar—H),
6.84 (d, J=8.4 Hz, 2H, Ar—H), 6.57 (d, J=2.4 Hz, 1H, Ar—H), 6.49 (dd,
J=8.0,2.4 Hz, 1H, Ar—H), 6.25 (s, 1H, Ar—H), 5.07 (br t, J=6.8 Hz, 1H,
3-CH,CH-), 5.00 (s, 2H, ArCH,0—), 3.78 (s, 3H, OCH3), 3.05 (d,
J=6.8 Hz, 4H, 2x CHy), 2.28—2.31 (m, 1H, —CHMe,), 1.56, 1.44 (each
brs, 6H, 2x CH3), 1.00 (d, J=6.8 Hz, 6H, 2x CH3). '>*C NMR (100 MHz,
CDCl3): ¢ 207.2, 182.9, 169.3, 167.6, 161.5, 160.7, 159.4, 159.3, 157.9,
132.7,131.6,128.8,128.1,121.2, 121.0, 114.2, 114.0, 107.6, 106.3, 103.5,
101.0, 94.6, 70.3, 55.3, 53.2, 25.7, 25.0, 24.3, 22.8, 17.6. ESI-MS:
[M—H]~ 557.2; HRMS (ESI) caled for Cs3H3sOgNa [M+Na]*
581.2146, found 581.2135.

4.18. 2-(2,4-Dihydroxyphenyl)-5,7-dihydroxy-3-(3-methylbut-
2-en-1-yl)-6-(3-methylbutanoyl)-4H-chromen-4-one (23)

Compound 23 was prepared as a yellow powder in 38% yield
according to the previous procedure, mp 183—185 °C. IR (neat): »
3292, 1623, 1581, 1452, 1367, 1173, 820 cm™!; 'H NMR (400 MHz,
acetone-dg): 0 16.02, 14.14 (each s, 2H, 2x Ar—OH), 8.91, 8.86 (each
brs, 2H, 2x Ar—OH), 7.23 (d, J=8.4 Hz, 1H, Ar—H), 6.57 (d, J=2.0 Hz,
1H, Ar—H), 6.53 (dd, J=8.4, 2.0 Hz, 1H, Ar—H), 6.28 (s, 1H, Ar—H),
5.12 (br t, J=6.8 Hz, 1H, 3-CH,CH=), 3.13 (br d, J=6.8 Hz, 2H, 3-
CH,CH=), 3.08 (d, J=6.4 Hz, 2H, 6-COCH,—), 2.26—2.33 (m, 1H,
—CHMe;), 1.58, 1.44 (each br s, 6H, 2x CHs), 1.00 (d, J=6.4 Hz, 6H,
2x CH3). 3C NMR (100 MHz, acetone-dg): ¢ 207.4, 183.7, 170.2,
168.4,163.1,161.7,161.6,157.3,132.7,132.3,130.4, 122.0, 121.6, 114.2,
112.1, 108.2, 103.8, 95.0, 53.6, 25.8, 25.4, 24.6, 23.0, 17.6. ESI-MS
[M—H]™: 437.1; HRMS (ESI) calcd mass for CysH507 [M—H]~
437.1606, found 437.1623.

4.19. 2-(2,4-Dihydroxyphenyl)-5,7-dihydroxy-6-(1-hydroxy-3-
methylbutyl)-3-(3-methylbut-2-en-1-yl)-4H-chromen-4-one
(24)

Compound 24 was prepared as a yellow oil in 99% yield
according to the previous procedure. IR (neat): » 3236, 1705, 1621,
1433, 1363, 1228, 1152, 978, 845, 811 cm™'; 'H NMR (400 MHz,
acetone-dg): 6 13.59 (s, 1H, Ar—OH), 10.26 (br s, 1H, Ar—OH), 8.81
(brs, 2H, 2x Ar—OH), 6.93 (d, J=7.2 Hz, 1H, Ar—H), 6.52 (d, J=2.0 Hz,
1H, Ar—H), 6.48 (dd, J=7.2, 2.0 Hz, 1H, Ar—H), 6.32 (s, 1H, Ar—H),
5.39—5.41 (m, 1H, 6-CH(OH)—), 5.07 (br t, J=6.8 Hz, 1H, 3-CH,CH=),
3.05 (br d, 2H, 3-CH,CH=), 1.73—-1.89 (m, 2H, —CH,CHMej),
1.48—1.50 (m, 1H, —CHMe;), 1.52, 1.38 (each br s, 6H, 2x CH3), 0.93
(d, J=6.4 Hz, 6H, 2x CH3). >C NMR (100 MHz, acetone-dg): 6 183.2,
164.2,162.4,161.4,158.4,157.8,157.2,132.1,130.4, 122.5,121.4, 1141,
112.8,112.3,107.9, 103.7, 94.9, 67.6, 46.5, 25.7, 25.2, 24.5, 23.7, 22.0,
17.5. ESI-MS: [M—H]~ 439.2; HRMS (ESI) calcd mass for C;5H707
[M—H]~ 439.1762, found 439.1760.
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4.20. 5,7-Dihydroxy-2-(4-hydroxy-2-((4-methoxybenzyl)oxy)
phenyl)-6-(1-hydroxy-3-methylbutyl)-3-(3-methylbut-2-en-1-
yl)-4H-chromen-4-one (25)

Compound 25 was prepared as a white powder in 77% yield
according to the previous procedure, mp 81—83 °C. IR (neat): v
3239, 2956, 1616, 1459, 1360, 1247, 1169, 1030, 821 cm™~'; 'H NMR
(400 MHz, acetone-dg): ¢ 13.60 (s, 1H, Ar—OH), 10.32, 9.00 (each br
s, 2H, 2x Ar—OH), 7.32 (d, J=8.4 Hz, 2H, Ar—H), 7.26 (d, J=8.0 Hz, 1H,
Ar—H), 6.87 (d, J=8.4 Hz, 2H, Ar—H), 6.75 (d, J=2.0 Hz, 1H, Ar—H),
6.61 (dd, J=8.0, 2.0 Hz, 1H, Ar—H), 6.30 (s, 1H, Ar—H), 5.44—5.48 (m,
1H, 6-CH(OH)-), 5.07—5.09 (m, 1H, 3-CH,CH=), 5.09 (s, 2H,
ArCH,0-), 3.77 (s, 3H, OCH3), 3.08 (br d, J=7.0 Hz, 2H, 3-CH,CH=),
1.80—1.91 (m, 2H, —CH,CHMe,), 1.52—1.55 (m, 1H, —CHMe,), 1.57,
1.42 (each br s, 6H, 2x CH3), 1.00 (d, J=6.4 Hz, 6H, 2x CH3). >*C NMR
(100 MHz, acetone-dg): 6 182.3, 163.4, 161.7, 160.8, 159.5, 157.8,
157.6,156.9, 1314, 131.2,128.9, 128.8, 121.8, 120.5, 113.9, 113.7, 113.7,
111.6, 107.5, 103.6, 100.9, 94.1, 69.8, 66.8, 54.6, 45.7, 24.9, 24.4, 23.8,
229, 21.2, 16.8. ESI-MS: [M—H]~ 559.2; HRMS (ESI) calcd for
C33H3508 [M—H]~ 559.2337, found 559.2362.

4.21. (E)-5,7-Dihydroxy-2-(4-hydroxy-2-((4-methoxybenzyl)
oxy)phenyl)-6-(3-methylbut-1-en-1-yl)-3-(3-methylbut-2-en-
1-yl)-4H-chromen-4-one (26)

A mixture of 25 (71 mg, 0.13 mmol) and 0.1% H,SO4 (20 mL) was
warmed to 70 °C. After stirring for 2 h, the reaction mixture was
cooled and extracted with EtOAc (3 x20 mL). The organic phase was
wash with brine, dried over MgS0O4, and evaporated, and the resi-
due was chromatographed over silica gel. Elution with petroleum
ether/acetone (2:1) gave 26 (20 mg, 30%) as a yellow solid, mp
70—74 °C. IR (neat): » 3375, 1613, 1458, 1362, 1301, 1247, 1172, 1008,
820 cm~!; TH NMR (400 MHz, CDCl3): 6 13.54 (s, 1H, Ar—OH), 7.21
(d, J=8.6 Hz, 2H, Ar—H), 717 (d, J=8.0 Hz, 1H, Ar—H), 6.82 (d,
J=8.6 Hz, 2H, Ar—H), 6.56 (d, J=2.0 Hz, 1H, Ar—H), 6.49 (dd, J]=8.0,
2.0 Hz, 1H, Ar—H), 6.42 (br d, J=16.8 Hz, 1H, 6-CH—=CH—), 6.34 (s,
1H, Ar—H), 617 (dd, 1H, J=16.8, 6.6 Hz, 6-CH=CH—), 5.08 (br t,
J=6.6 Hz, 1H, 3-CH,CH=), 5.00 (s, 2H, ArCH,0—), 3.78 (s, 3H, OCH3),
3.04 (br d, J=6.6 Hz, 2H, 3-CH,CH=), 2.54—2.57 (m, 1H, —CHMe,),
1.58, 1.39 (each s, 6H, 2x CH3), 1.14 (d, J=6.7 Hz, 6H, 2x CHs). 13C
NMR (100 MHz, CDCl3): ¢ 182.6, 161.4, 159.3, 159.1, 159.0, 157.7,
156.4,143.3,132.2,131.6,128.6,128.4,121.5,121.0, 116.8, 114.7,114.0,
108.5, 107.7,104.9, 101.1, 93.4, 70.2, 55.3, 32.5, 31.0, 25.6, 22.5, 17.6.
ESI-MS: [M+H]* 543.2; HRMS (ESI) calcd for C33HzsO7 [M+H]*
543.2377, found 543.2364.

4.22. (E)-2-(4-Acetoxy-2-((4-methoxybenzyl)oxy)phenyl)-5-
hydroxy-6-(3-methylbut-1-en-1-yl)-3-(3-methylbut-2-en-1-yl)-
7-acetoxy-4H-chromen-4-one (27)

To a solution of 26 (28 mg, 0.052 mmol) in pyridine (3 mL) was
added acetyl chloride (20 pL) dropwise at room temperature, and
followed by stirring for 1 h. The resulting reaction mixture was
quenched with H,0 (10 mL) and extracted with CH,Cl, (3x10 mL).
The combined organic extracts were dried over NaySOg4, and con-
centrated in vacuo. The residue was purified by flash column
chromatography (silica gel, hexane/acetone 3:1) to obtain the
product 27 (20 mg, 61%) as a viscous oil. IR (neat): » 2960, 1770,
1616, 1446, 1198, 1153, 1017, 823 cm™'; "H NMR (400 MHz, CDCl5):
0 13.65 (s, 1H, Ar—OH), 732 (d, J=8.4 Hz, 1H, Ar—H), 719 (d,
J=8.4 Hz, 2H, Ar—H), 6.86 (d, J=2.0 Hz, 1H, Ar—H), 6.80—6.84 (m,
3H, Ar—H), 6.56 (s, 1H, Ar—H), 6.46 (dd, J=16.0, 6.8 Hz, 1H, 6-CH=
CH-), 6.29 (dd, J=16.0, 1.2 Hz, 1H, 6-CH=CH-), 5.00—5.04 (m, 1H,
3-CH,CH=), 5.00 (s, 2H, ArCH,0—), 3.78 (s, 3H, OCH3), 3.04 (br d,
J=6.4 Hz, 2H, 3-CH,CH=), 2.43—2.52 (m, 1H, —CHMe;), 2.33, 2.32
(each s, 6H, 2x COCH3), 1.57, 1.38 (each br s, 6H, 2x CH3), 1.10 (d,

J=6.4 Hz, 6H, 2x CH3). '>C NMR (100 MHz, CDCl3): 6 182.9, 168.9,
168.3,160.7,159.7,159.5,157.1,154.8, 153.3, 153.1, 143.6, 132.5, 131.1,
128.7,127.8,121.9,121.0, 119.8, 115.6, 114.3, 114.1, 113.8, 108.5, 107.1,
101.2, 70.6, 55.2, 32.7, 25.5, 24.0, 22.5, 21.2, 21.0, 17.5. ESI-MS:
[M+H]* 627.2; HRMS (ESI) calcd for Ca7H3909 [M+H]" 627.2588,
found 627.2574.

4.23. (E)-2-(4-Acetoxy-2-hydroxyphenyl)-5-hydroxy-6-(3-
methylbut-1-en-1-yl)-3-(3-methylbut-2-en-1-yl)-7-acetoxy-
4H-chromen-4-one (28)

A mixture of compound 27 and SnCl, (20 mg, 0.032 mmol) in
acetonitrile (3 mL) was added EtSH (15 pL) at room temperature
under N atmosphere, and monitored by TLC. After 3 h, the solvent
was removed and the residue was subjected to column chroma-
tography (silica gel, hexane/acetone 2:1) to give the product 28 as
a light yellow solid (6 mg, 53%) with the recovery of 27 (6 mg, 30%).
Further prolonging the reaction time, the reaction became more
complex. 28: mp 77—80 °C, IR (neat): » 2960, 2926, 1771, 1618, 1446,
1368, 1199, 1147, 1017, 978, 899 cm™'; 'H NMR (400 MHz, CDCl3):
0 13.54 (s, 1H, Ar—OH), 7.31 (d, J=8.8 Hz, 1H, Ar—H), 6.78—6.80
(m, 2H, Ar—H), 6.60 (s, 1H, Ar—H), 6.48 (dd, J=16.0, 7.2 Hz, 1H, 6-
CH=CH-), 6.28 (dd, J=16.0, 1.2 Hz, 1H, 6-CH=CH-), 5.09 (br t,
J=6.8 Hz, 1H, 3-CH,CH=), 3.13 (br d, J=6.8 Hz, 2H, 3-CH,CH=),
2.45—2.50 (m, 1H, —CHMey), 2.32 (s, 6H, 2x COCH3), 1.63, 1.44 (each
brs, 6H, 2x CHs), 1.10 (d, J=6.8 Hz, 6H, 2 x CH3). 3C NMR (100 MHz,
CDCl3): 6 182.7,168.9, 168.4, 159.6, 159.3, 154.5, 154.4, 153.3, 153.2,
143.9,133.6,131.0,122.2,120.3, 117.2,115.3, 114.7,114.1, 110.4, 108.2,
101.2, 32.7, 25.6, 24.1, 22.4, 21.2, 21.0, 17.6. ESI-MS: [M+H]" 507.1;
HRMS (ESI) caled for Ca9H310g [M+H]* 507.2013, found 507.2016.

4.24. (E)-2-(2,4-Dihydroxyphenyl)-5,7-dihydroxy-6-(3-methyl
but-1-en-1-yl)-3-(3-methylbut-2-en-1-yl)-4H-chromen-4-one
(1

Compound 28 (10 mg, 0.02 mmol) was dissolved in THF (1 mL),
and followed by deacetylation with NH,NH,—H,0 (6 uL, 0.11 mmol)
at room temperature. The mixture was stirred for 1 h, and the
resulting solution was diluted with CH,Cl, (10 mL) and filtered by
silica gel. The organic solvent was concentrated in vacuo, and the
residue was purified by flash column chromatography (silica gel,
hexane/acetone 3:2) to achieve 1 (6 mg, 72%) as an orange solid: mp
163—164 °C (lit>® 158—159 °C). IR (neat): » 3468, 3415, 1711, 1616,
1435, 1364, 1230, 978, 818 cm ™ !; 'H NMR (400 MHz, acetone-ds):
0 14.08 (s, 1H, Ar—OH), 9.80 (br s, 1H, Ar—OH), 8.80 (br s, 2H,
2Ar—0H), 7.20 (d, J=8.4 Hz, 1H, Ar—H), 6.78 (dd, J=16.4, 7.2 Hz, 1H,
6-CH=CH-), 6.65 (dd, J=16.4, 1.0 Hz, 1H, 6-CH=CH-), 6.57 (d,
J=2.0 Hz, 1H, Ar—H), 6.52 (dd, J=8.4, 2.0 Hz, 1H, Ar—H), 6.43 (s, 1H,
Ar—H), 5.13 (br t, J=7.2 Hz, 1H, 3-CH,CH=), 3.13 (br d, J=7.2 Hz, 2H,
3-CH,CH=), 2.42—2.50 (m, 1H, —CHMe), 1.58, 1.44 (each br s, 6H,
2x CH3),1.11 (d, J=6.8 Hz, 6H, 2x CH3). '>*C NMR (100 MHz, acetone-
de): 6 182.4,161.3,161.3,160.6, 159.9, 156.3, 156.1, 140.9, 131.4, 131.2,
121.8, 120.7, 116.4, 112.1, 108.3, 107.2, 104.1, 103.0, 92.9, 33.0, 24.9,
23.7, 22.2, 16.7. ESI-MS: [M—H]~ 421.1; HRMS (ESI) calcd for
C25H2706 [M+H] ' 423.1802, found 423.1817.

4.25. Demethylation of compound 13 with 1-trimethylsilyl
quinolinium iodide. (E)-5,7-Dihydroxy-2-(4-hydroxy-2-
methoxyphenyl)-6-(3-methylbut-1-en-1-yl)-3-(3-methylbut-
2-en-1-yl)-4H-chromen-4-one (29)

Hexane, quinoline, and iodotrimethylsilane were freshly dis-
tilled before use. In a glove box, a solution of iodotrimethylsilane
(1.25 mL, 9.18 mmol, 1.0 equiv) in hexane (5 mL) was slowly added
to a solution of quinoline (2.18 mL, 18.38 mmol, 2.0 equiv) in hexane
(12.5 mL) with vigorous stirring, and a yellow precipitate formed
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immediately. The solid was filtered and washed with hexane
(5 mLx3) to afford 1-trimethylsilylquinolinium iodide, which was
stored in a glove box.

In a glove box, compound 13 (30 mg, 0.0646 mmol, 1.0 equiv)
and freshly prepared 1-trimethylsilylquinolinium iodide (510 mg,
1.55 mmol, 24.0 equiv) were added to a sealed tube equipped with
a magnetic stir bar. The reaction vessel was sealed and heated to
140 °C for 6 h. Then the dark red mixture was cooled to room
temperature and 1 N HCl (aq) was slowly added. The reaction
mixture was extracted with EtOAc (10 mLx4). The combined or-
ganic layers were dried over anhydrous MgSQy, filtered, and con-
centrated under reduced pressure. The crude residue was purified
by thin-layer chromatography (silica gel, hexane/acetone 2:1) to
achieve 1 (15 mg, 55%) and 29 (9 mg, 32%). 29: a light yellow
powder, mp 90—91 °C. IR (neat): v 3327, 2960, 1698, 1617, 1458,
1303, 1165, 1033, 979, 817, 738 cm™!; 'H NMR (400 MHz, acetone-
dg): 0 14.06 (s, 1H, Ar—OH), 7.23 (d, J=8.4 Hz, Ar—H), 6.77 (dd,
1H, J=16.4, 7.2 Hz, 1H, 6-CH=CH—), 6.64 (dd, J=16.4, 1.0 Hz, 1H, 6-
CH=CH-), 6.64 (d, J=2.0 Hz, 1H, Ar—H), 6.58 (dd, J=8.0, 2.0 Hz, 1H,
Ar—H), 6.40 (s, 1H, Ar—H), 5.08 (br t, J=6.8 Hz, 1H, 3-CH,CH=), 3.80
(s, 3H, —OCH3), 3.02 (br d, J=6.8 Hz, 2H, 3-CH,CH=), 2.45 (m, 1H,
—CHMe;),1.57,1.39 (each br s, 6H, 2x CH3),1.09 (d, J=6.8 Hz, 6H, 2 x
CH3). 13C NMR (100 MHz, acetone-dg): 6 183.1, 162.2, 162.1, 161.8,
160.7,159.5,156.9,141.9,132.2,132.0,122.6,121.5,117.3,114.2,109.2,
108.1, 105.0, 100.1, 93.8,60.0, 33.9, 25.8, 24.6, 23.1, 17.6. ESI-MS:
[M+H]" 437.1; HRMS (ESI) calcd for CogHpg90g [M+H]' 437.1959,
found 437.1942.
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