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Concise and efficient asymmetric total syntheses of (þ)-strictifolione 1 and (6R)-6-[(4R,6R)-4,6-
dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one 2 have been achieved based on the
strategic application of one-pot double allylboration and ring-closingmetathesis reactions. The total
syntheses proceeded in only five and seven steps, respectively, from readily available 3-butenal and
represent the shortest syntheses of 1 and 2 reported to date.

Introduction

Natural products possessing R-pyrone (R,β-unsaturated-
δ-lactone) moieties often exhibit useful pharmacological
properties, which include antifungal, antitumor, antibacterial,
and antigrowth effects.1,2 The broad range of biological
activities reported for this class of compounds has been
ascribed to their inherent tendency to act as good Michael
acceptors. (þ)-Strictifolione 1 (Figure 1), an example of this
class of natural products, was isolated by Aimi et al. from
the stem bark of Cryptocaria strictifolia that grows in
the Indonesian tropical rainforests and has been shown to

display antifungal activity.3 The relative and absolute stereo-
chemistries of 1 were proposed based on spectroscopic
analysis and revised by the same group after accomplishing
its first total synthesis.4 To date, four more asymmetric
syntheses and a formal synthesis have been reported, with
Cossy’s route being the most efficient and shortest in litera-
ture (nine steps beginning with 3-phenylproprionaldehyde).5

(6R)-6-[(4R,6R)-4,6-Dihydroxy-10-phenyldec-1-enyl]-
5,6-dihydro-2H-pyran-2-one 2 is also one such natural pro-
duct,6 isolated from Ravensara crassifolia by Hostetmann et al.
along with a structurally similar compound (6S)-5,6-dihydro-
6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one 3,7 which
were both shown to possess antifungal activity (Figure 1).
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Later, the first total synthesis of 2 by iterative Jacobsen’s
hydrolytic kinetic resolutions was accomplished by Krishna
et al. (17 steps).8Recently, another synthetic approach toward 2
using a combination of prins and olefin cross-metathesis
reactions was displayed by Sabitha et al. (11 steps).5e

In context of our research in the synthesis of 6-substituted
R-pyrones, several of these natural products have been
reported by our group.9 Combined with our interest aiming
for ideal synthesis of natural products via a multicomponent
reaction strategy,9d,10,11 herein we describe the concise and
efficient total syntheses of (þ)-strictifolione 1 and (6R)-6-
[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-
pyran-2-one 2 with a powerful one-pot double allylboration
reaction12 and a ring-closingmetathesis reaction (RCM)13 as
the key steps.

Results and Discussion

Structurally, (þ)-strictifolione 1 is a 6-substituted R-pyrone
embodying an (E)-1,5-anti-ene-diol subunit. The novel one-
pot double allylboration reaction reported by Roush and
co-workers in 2002 for the enantio- and diastereoselective
synthesis of 1,5-diol seemed to be an ideal method for pre-
paration of this fragment.12 As shown in Scheme 1, allyl-
boration of aldehyde with the boryl-substituted allylborane
5, generated in situ by hydroboration of 2-allenyl-(1,3,2)-
dioxaborinane 4 with diisopinocampheylborane (Ipc2BH),
gave the β-alkoxyallylboronate intermediate 6, which sub-
sequently reacted with a second aldehyde to produce allyl-
boronate 8 with control over the equatorial nature of the

substituent R to boron in the second allylboration transition
state 7. After oxidation with H2O2, (E)-1,5-anti-ene-diol 9
could be obtained in high diastereo- and enantioselectivity.

First-Generation Synthesis of (þ)-Strictifolione 1. The
retrosynthetic analysis of (þ)-strictifolione 1 is outlined in
Scheme 2 (route A and route B). Our initial synthetic plan
(route A) sought to complete the total synthesis of (þ)-
strictifolione 1 by the addition of alkyl metal species 10 to
aldehyde 11, which could be realized by several functional
group transformations and the RCM reaction from inter-
mediate (E)-1,5-anti-ene-diol 13. The key intermediate (E)-
1,5-anti-ene-diol 13was proposed to be generated by the one-
pot double allylboration reaction from boryl-substituted
allylborane 5,12 3-butenal 15,14and the second aldehyde
16.15 This strategy of synthesis would be very efficient as it
avoids the use of protecting groups.16

In accordance with the retrosynthetic analysis, our asym-
metric synthesis of (þ)-strictifolione 1 began with subjecting
3-butenal 15 to the one-pot double allylboration reaction
(Scheme 3). Thus, addition of 0.6 equiv of 15 to a solution of
in situ generated 5 at-78 �C for 2 hwas followed by addition
of an excess of aldehyde 16. Then the reaction mixture was
warmed to ambient temperature and stirred for 24 h to give
(E)-1,5-anti-ene-diol 13 in 48% yield and high diastereo- and
enantioselectivity (dr g 20:1, 90% ee).17 Esterification be-
tween diol 13 and acryloyl chloride proceeded smoothly to
afford biacrylate 18 in 93% yield, which underwent RCM
reaction utilizing first-generation Grubbs’ catalyst18 under
high dilution conditions in refluxing CH2Cl2 to furnish R,β-
unsaturated lactone 19 in 60% yield. With advanced inter-
mediate 19 in hand, then we turned to the addition reaction
to install the required 1,3-anti-diol by the strategy of 1,3-
asymmetric induction,19 thus completing the synthesis of
(þ)-strictifolione 1. Removal of the acryloyl group and
hydrolysis of the resulting acetal gave the crude aldehyde

SCHEME 1. One-Pot Double Allylboration Reaction

FIGURE 1. Structures of 1, 2, and 3.
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11 in good yield, whichwas subjected to the addition reaction
directly (Table 1). However, only trace amounts of the
desired product (þ)-strictifolione 1 were obtained when
organolithium reagent 21 was used as the nucleophile
(entry 1). The same results were observed when Grignard
reagent 22 and organozinc compound 2320 (entries 2 and 4)
were employed. Fortunately, treatment of aldehyde 20 with
Grignard reagent 22 followed by removal of the acryloyl
group generated the desired product 1 in 9%yield alongwith
the minor product epi-strictifolione 24 in 6% yield.

Second-Generation Synthesis of (þ)-Strictifolione 1.

Although we had succeeded in an asymmetric total synthesis
of (þ)-strictifolione 1, the yield and diastereoselectivity of
the final stage were unacceptable (9%, dr= 1.5:1). We felt
that a second-generation synthesis of (þ)-strictifolione 1

concerning the improvement of the efficiency of construction
of 1,3-anti-diol might be possible. The most obvious varia-
tion in this respect would be the introduction of this subunit
by a hydroxy-directed 1,3-anti-reduction of the carbonyl
groupwith boron reagent. This idea is outlined in our second
retrosynthetic analysis (Scheme 2, route B) employing the
β-hydroxy ketone 12 as the precursor, which could be
obtained by several functional group transformations and
the RCM reaction from intermediate (E)-1,5-anti-ene-diol 14.
The advanced intermediate 14was proposed to be generated
from boryl-substituted allylborane 5, 3-butenal 15, and the

known aldedhyde 1721 using the double allylboration
methodology.12

The realization of the second-generation synthesis of
(þ)-strictifolione 1 is shown in Scheme 4. The similar proce-
dure thatwas employed for the preparation of 13was applied
to generate (E)-1,5-anti-ene-diol 14 in 55% yield and high
diastereo- and enantioselectivity (dr g 20:1, 92% ee). The
esterification reaction between 14 and acryloyl chloride
afforded the RCM precursor biacrylate 25 in 95% yield.
Treatment of 25 with the first-generation Grubbs’ catalyst
under high dilution conditions in refluxingCH2Cl2 furnished

SCHEME 2. Retrosynthetic Analysis of (þ)-Strictifolione 1

SCHEME 3. First-Generation Synthesis of (þ)-Strictifolione 1

TABLE 1. Optimization of the Addition of Organometallic Reagenta

aAll reactions were performed on 0.2 mmol scale with yields based on
19over two steps; for details, see theExperimental Section. bAldehyde 20
was used, then subsequent removal of acryloyl with LiOH. cSee ref 20.
dNot determined.
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the desired R,β-unsaturated lactone 26 in 63% yield. Removal
of acryloyl group by aqueous LiOH solution (1 M) in THF
and acid-promoted hydrolysis of the resulting acetal gave the
ketone 12 in moderate yield (78%). Reduction of the carbo-
nyl group with Me4NBH(OAc)3 in AcOH and CH3CN (1:1)
at -20 �C for 10 h completed the synthesis of (þ)-strictifo-
lione 1 (91%, dr=96:4).22 The analytical and spectral data of
synthetic 1 were in good agreement with the previously
reported data of (þ)-strictifolione 1.3-5

Synthesis of 2.Having achieved concise synthesis of target
1, then we turned to use of similar strategy to synthesis of 2.
The retrosynthetic analysis is depicted in Scheme 5.

As shown in Scheme 6, the intermediate 1,5-diol 28 was
smoothly obtained in 52% yield with excellent enantiomeric
excess (92%)by the above protocol from3-butenal 15, boryl-
substituted allylborane 29 (generated form lIpc2BH), and
aldehyde 30.23 Treatment of 28 with PPTS in refluxing wet
acetone deprotected the acetal group to furnish ketone 31

in 91% yield.24 Reduction of the carbonyl group with
Me4NBH(OAc)3 and protection of the resulting 1,3-anti-diol
with DMP gave the acetonide 32 in 89% yield in a 94:6
diastereoselectivity.22 The anti relative configuration of the
hydroxy groups was conformed by the analysis of the 13C
NMR spectra (δ = 24.73 and 24.84 ppm for the methyl

groups and 100.16 ppm for the quaternary center).25 The
construction of the δ-lactone of 2 required the inversion of
the chiral center at C-6, which was achieved by aMitsunobu
reaction.26 Treatment of 32 with acrylic acid, TPP, and
DIAD in anhydrous benzene gave the desired acrylate 27

in 71% yield. The obtained acrylate was subjected to RCM
reaction (first-generation Grubbs’ catalyst, DCM, reflux)18

and deprotection (PPTS, acetone-H2O)5c completing the
synthesis of (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-
1-enyl]-5,6-dihydro-2H-pyran-2-one 2, the spectral data of
which were in good agreement with those of the natural
product.6,5e

Conclusion

In conclusion, the total asymmetric syntheses of (þ)-stricti-
folione 1 and (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-
1-enyl]-5,6-dihydro-2H-pyran-2-one 2 have been accom-
plished, which proceeded in only five and seven steps with
overall yields of 23 and 21%, respectively, from readily
available 3-butenal. The syntheses reported here represent
the shortest asymmetric syntheses of 1 and 2 reported to date.
Highlights of the synthetic venture included the successful
utilization of organoboron reagents to introduce all the
stereogenic centers in 1 and 2 and the RCM reaction to build
up the δ-lactone. Further investigations on the utility of the
organoboron methodology for other bioactive natural pro-
ducts are currently underway in our laboratory and will be
reported in due course.

Experimental Section

(E)-1,5-anti-Ene-diol 13. In a glovebox, dIpcBH27 (2.87 g,
10 mmol) was weighed into a 250 mL round-bottom flask con-
taining a stir bar. The flask was capped with a rubber septum
and removed from the glovebox and cooled in an ice bath. Ether
(30 mL) was added to the flask followed by the allenylboronic
ester12 (1.23 g, 10 mmol) added neat via syringe. The reaction was
stirred 2 h at 0 �Cduringwhich time the solid borane dissolved to

SCHEME 4. Second-Generation Synthesis of (þ)-Strictifolione 1

SCHEME 5. Retrosynthetic Analysis of 2
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leave a colorless solution. The ice bath was removed, and the
reaction was cooled to -78 �C. To the solution of the above
generated 5 at-78 �Cwas added dropwise aldehyde 15 (420mg,
6 mmol), and the mixture was stirred at -78 �C for 2 h. Sub-
sequently, aldehyde 16 (2.36 g, 20 mmol) was added dropwise,
and the reaction was stirred an additional hour at -78 �C. The
reaction was allowed to warm to rt over 3 h and then stirred for
an additional 24 h at rt. The reaction was cooled by an ice bath,
and 10 mL of 3.0 M aqueous NaOH solution was added
dropwise followed by 4 mL of a 50% aqueous H2O2 solution.
(Caution: Rapid addition of the peroxide can cause a vigorous
exotherm.) The reaction was allowed to stir at rt for 4 h at which
time it was diluted with 400 mL of CH2Cl2 and 200 mL of
saturated aqueous NaHCO3 and 50 mL of brine. The biphasic
mixture was vigorously stirred for 20 min. Then the organic
layer was separated and the aqueous layer washed with CH2Cl2
(3 � 50 mL). The combined organic layers were dried over
anhydrousNa2SO4, and the solvent was removed under reduced
pressure to give a residual which was purified by flash column
chromatography on silica gel (hexane/EtOAc, 1:1) to afford diol
13 (662 mg, 48% yield) as a colorless oil: 90% ee; [R]20D-1 (c=
1.0, CHCl3);

1HNMR (400MHz, CDCl3) δ 5.66-5.85 (m, 2H),
5.58 (dd, J=15.6, 6.4 Hz, 1H), 5.10-5.17 (m, 2H), 4.58 (t, J=
5.6 Hz, 1H), 4.15 (dt, J=4.4, 2.4 Hz, 1H), 3.82-3.84 (m, 1H),
3.37 (s, 3H), 3.35 (s, 3H), 2.99 (s, 1H), 2.20-2.37 (m, 4H), 2.07 (s,
1H), 1.69-1.79 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 135.5,
134.3, 127.3, 118.1, 103.7, 71.5, 67.7, 53.8, 53.0, 41.9, 40.1, 38.7;
IR ν (cm-1) 3393, 2955, 2922, 1738, 1643, 1460, 1378, 1127,
1054, 972, 914, 736, 639; HRMS (ESI) calcd for C12H22NaO4

[M þ Na]þ 253.1410, found 253.1405.
Biacrylate 18. Acryloyl chloride (724 mg, 0.65 mL, 8.0 mmol)

was added dropwise to a solution of 13 (460 mg, 2.0 mmol) and
anhydrous diisopropylethylamine (2.064 g, 2.9 mL, 16 mmol) in
anhydrous dichloromethane (20 mL) at 0 �C under an argon
atmosphere. The mixture was stirred for 3 h at 0 �C. Then the
mixture was concentrated under reduced pressure to give a residual
which was purified by flash column chromatography on silica gel
(hexane/EtOAc, 8:1) to afford the title compound 18 (627mg, 93%
yield) as a colorless oil: [R]20D þ41 (c=1.0, CHCl3);

1H NMR
(400MHz,CDCl3) δ6.33-6.38 (m,2H), 6.03-6.10 (m,2H), 5.76-
5.80 (m, 2H), 5.63-5.71 (m, 2H), 5.49 (dd, J=15.2, 7.2 Hz, 1H),
5.29 (dd, J=13.2, 6.4 Hz, 1H), 5.01-5.10 (m, 3H), 4.40 (dd, J=
6.4, 4.8 Hz, 1H), 3.27 (s, 3H), 3.26 (s, 3H), 2.28-2.41 (m, 4H),
1.81-1.89 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 165.3, 165.2,
133.0, 131.3, 130.6, 130.5, 128.6, 128.5, 128.4, 117.9, 101.6, 73.5,
69.9, 53.2, 52.4, 38.8, 37.2, 36.6; IR ν (cm-1) 3430, 2926, 1724, 1406,
1270, 1193, 1052, 973, 809, 676; HRMS (ESI) calcd for C18H26-
NaO6 [M þ Na]þ 361.1622, found 361.1613.

r,β-Unsaturated Lactone 19.To a solution of first-generation
Grubbs’ catalyst (124 mg, 0.15 mmol) in 80 mL of CH2Cl2 was

addedasolutionof the ring-closingmetathesisprecursor18 (338mg,
1.0 mmol) in 2 mL of CH2Cl2 under argon atmosphere. The mix-
turewasheated to reflux for 8h.Then themixturewas concentrated
under reduced pressure to give a residual which was purified by
flash column chromatography on silica gel (hexane/EtOAc, 3:1) to
afford the title compound 19 (186mg, 60% yield) as a colorless oil:
[R]20D þ71 (c = 1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ
6.81-6.86 (m, 1H), 6.37 (dd, J=17.2, 1.2 Hz, 1H), 5.98-6.11 (m,
2H), 5.71-5.83 (m, 2H), 5.63 (dd, J=15.6, 6.4Hz, 1H), 5.07-5.11
(m, 1H), 4.85 (dd, J=6.4, 2.8 Hz, 1H), 4.40 (dd, J=6.8, 4.8 Hz,
1H), 3.29 (s, 3H), 3.27 (s, 3H), 2.31-2.43 (m, 4H), 1.83-1.89 (m,
2H); 13C NMR (100 MHz, CDCl3) δ 165.4, 163.7, 144.5, 130.8,
130.4, 129.4, 128.4, 121.5, 101.7, 77.6, 69.8, 53.5, 52.6, 37.3, 36.9,
29.5; IR ν (cm-1) 3425, 2925, 1721, 1636, 1385, 1247, 1195, 1056,
972, 815, 666, 484;HRMS (ESI) calcd forC16H22NaO6 [MþNa]þ

333.1309, found 333.1303.
General Procedure for theAddition ofOrganometallic Reagent

10 (Table 1, entry 3). To a solution of compound 19 (62 mg, 0.2
mmol) in 4.0 mL of THF was added 4.0 mL of aqueous HCl
solution (1.0 M), and the mixture was stirred for 3 h at rt. Then
the mixture was extracted with EtOAc (3� 20 mL). The com-
bined organic layers were washed with water (5 mL), saturated
aqueous NaHCO3 solution (2 � 5 mL), and brine, dried over
anhydrous Na2SO4, filtered, and concentrated under reduced
pressure to give the crude 20 as a colorless oil, which was used
directly in the next step.

To a solution of the above-prepared aldehyde 20 in anhy-
drous THF (2 mL) was added dropwise Grignard reagent 22
(1.0 M, 0.3 mL) at-78 �C under an argon atmosphere, and the
mixture was stirred for an additional hour at -78 �C. Then the
mixture was quenched with saturated aqueous NH4Cl solution,
and the resultingmixturewas extractedwith EtOAc (3�20mL).
The combined organic layers were dried over anhydrous Na2SO4,
filtered, and concentrated under reduced pressure to give a residue
which was dissolved in 4.0 mL of THF, and 1.0 mL of aqueous
LiOH solution (1.0 M, 1 mmol) was added. The mixture was then
stirred at rt for 12 h. After that, it was quenched with saturated
aqueous NH4Cl solution, and the resulting mixture was extracted
with EtOAc (3�20 mL). The combined organic layers were
dried over anhydrous Na2SO4, filtered, and concentrated under
reduced pressure to give a residual oil which was purified by flash
columnchromatographyon silica gel (hexane/EtOAc, 1:2) to afford
(þ)-strictifolione 1 (6 mg, 9% yield) and the product 24 (4 mg, 6%
yield). The analytical and spectral data of our synthetic 1 were in
good agreement with the previously reported data of (þ)-strictifo-
lione 1 (for details see the section (þ)-Strictifolione 1 (Second-
Generation Synthesis)). Compoud 24: colorless oil; [R]20Dþ6 (c=
1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.18-7.31 (m, 5H),
6.86-6.91 (m, 1H), 6.05 (d, J=8.4 Hz, 1H), 5.86 (dt, J=15.6, 7.2
Hz, 1H), 5.69 (dd, J=15.6, 6.4 Hz, 1H), 4.91 (dt, J=9.2, 6.0 Hz,

SCHEME 6. Synthesis of 2
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1H), 3.88-3.94 (m, 1H), 3.23 (s, 1H), 3.02 (s, 1H), 2.68-2.78 (m,
2H), 2.42-2.46 (m, 2H), 2.25-2.28 (m, 2H), 1.77-1.84 (m, 2H),
1.53-1.66 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 164.0, 144.6,
141.8, 130.8, 130.0, 128.4, 128.3, 125.9, 121.6, 77.7, 72.2, 71.8, 42.5,
40.9, 39.7, 31.7, 29.8; IR ν (cm-1) 3399, 2921, 2855, 1710, 1494,
1385, 1250, 1054, 1020, 970, 818, 701, 575, 486.

(E)-1,5-anti-Ene-diol 14. Diol 14 was prepared by a similar
protocol that was employed for the preparation of (E)-1,5-anti-
ene-diol 13 from 3-butenal 15, boryl-substituted allylborane 5,
and aldehyde 17 in 55% yield as a colorless oil: 92% ee; [R]20D
þ1 (c=1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.17-7.30
(m, 5H), 5.66-5.84 (m, 2H), 5.57 (dd, J= 15.2, 6.4 Hz, 1H),
5.09-5.14 (m, 2H), 4.14 (q, J=6.4Hz, 1H), 3.94-4.04 (m, 5H),
3.60 (s, 1H), 2.67 (t, J=8.4 Hz, 2H), 2.17-2.32 (m, 4H), 2.07
(s, 1H), 1.94-2.04 (m, 2H), 1.75-1.88 (m, 2H); 13C NMR (100
MHz, CDCl3) δ 141.6, 135.1, 134.4, 128.4, 128.2, 127.4, 125.8,
117.9, 111.5, 71.5, 67.4, 65.0, 64.7, 42.3, 41.8, 40.1, 39.1, 30.0; IR
ν (cm-1) 3420, 2925, 1642, 1496, 1428, 1311, 1133, 1034, 975,
916, 750, 702, 505; HRMS (ESI) calcd for C20H32NO4 [M þ
NH4]

þ 350.2326, found 350.2320.
Biacrylate 25. Biacrylate 25 was prepared by a similar proto-

col that was employed for the preparation of biacrylate 18 from
(E)-1,5-anti-ene-diol 14 in 95% yield as a colorless oil: [R]20D
þ31 (c=1.0, CHCl3);

1HNMR (400MHz, CDCl3) δ 7.16-7.28
(m, 5H), 6.37 (dt, J=17.2, 1.6 Hz, 2H), 6.05-6.12 (m, 2H), 5.79
(dt, J=10.4, 1.6 Hz, 2H), 5.68-5.72 (m, 2H), 5.52 (dd, J=15.6,
7.2 Hz, 1H), 5.33 (q, J = 6.4 Hz, 1H), 5.22-5.28 (m, 1H),
5.04-5.10 (m, 2H), 3.92-3.97 (m, 4H), 2.67 (dq, J=8.0, 2.4 Hz,
2H), 2.34-2.41 (m, 4H), 2.04 (q, J=7.6Hz, 1H), 1.86-1.95 (m,
3H); 13C NMR (100 MHz, CDCl3) δ 165.4, 165.3, 141.9, 133.1,
131.3, 130.5, 130.4, 128.9, 128.8, 128.7, 128.3, 128.2, 125.7,
117.9, 109.9, 69.4, 64.9, 64.8, 40.1, 39.5, 38.9, 38.0, 29.9; IR
ν (cm-1) 3074, 2955, 2929, 1722, 1638, 1406, 1271, 1193, 1045,
973, 809, 702, 503; HRMS (ESI) calcd for C26H36NO6 [M þ
NH4]

þ 458.2537, found 458.2532.
r,β-Unsaturated Lactone 26. R,β-Unsaturated lactone 26was

prepared by a similar protocol that was employed for the pre-
paration of R,β-unsaturated lactone 19 from biacrylate 25 in
63% yield as a colorless oil: [R]20D þ52 (c = 1.0, CHCl3);
1H NMR (400 MHz, CDCl3) δ 7.17-7.28 (m, 5H), 6.82-6.87
(m, 1H), 6.38 (dd, J= 17.2, 1.2 Hz, 1H), 6.01-6.13 (m, 2H),
5.76-5.82 (m, 2H), 5.65 (dd, J=15.6, 6.4 Hz, 1H), 5.23-5.29
(m, 1H), 4.87 (dt, J = 15.2, 6.4 Hz, 1H), 3.93-4.00 (m, 4H),
2.65-2.71 (m, 2H), 2.31-2.49 (m, 4H), 2.08 (dd, J=14.8, 7.6
Hz, 1H), 1.87-1.95 (m, 3H); 13C NMR (100 MHz, CDCl3) δ
165.5, 163.8, 144.5, 141.8, 130.6, 130.3, 129.8, 128.7, 128.3, 128.2,
125.8, 121.6, 109.9, 77.7, 69.2, 64.9, 64.8, 40.4, 39.4, 38.1, 29.9, 29.6;
IR ν (cm-1): 3060, 2926, 1720, 1406, 1383, 1246, 1197, 1047, 972,
815, 702, 666; HRMS (ESI) calcd for C24H32NO6 [M þ NH4]

þ

430.2224, found 430.2218.
Ketone 12.Toa solution of compound 26 (83mg, 0.2mmol) in

4.0 mL of THF was added 1.0 mL of aqueous LiOH solution
(1.0M, 1 mmol), and the mixture was stirred for 12 h at rt. Then
3.0mLof aqueousHCl solution (2.0M, 6mmol)was added, and
the mixture was stirred for 3 h at rt. After that, it was quenched
with saturated aqueous NH4Cl solution, and the resulting
mixture was extracted with EtOAc (3� 20 mL). The combined
organic layers were dried over anhydrous Na2SO4, filtered, and
concentrated under reduced pressure to give a residual oil which
was purified by flash column chromatography on silica gel
(hexane/EtOAc, 2:1) to afford the title compound 12 (49 mg,
78% yield) as a colorless oil: [R]20D þ58 (c = 1.0, CHCl3);
1H NMR (400 MHz, CDCl3) δ 7.16-7.29 (m, 5H), 6.85-6.90
(m, 1H), 6.38 (dt, J=9.6, 1.6 Hz, 1H), 5.79-5.87 (m, 1H), 5.66
(dd, J = 15.6, 6.4 Hz, 1H), 4.87 (dt, J = 15.2, 6.4 Hz, 1H),
4.08-4.13 (m, 1H), 3.17 (d, J=3.6 Hz, 1H), 2.90 (t, J=7.6 Hz,
2H), 2.77 (t, J=7.6 Hz, 2H), 2.40-2.61 (m, 4H), 2.19-2.31 (m,
2H); 13C NMR (100 MHz, CDCl3) δ 210.6, 163.9, 144.7, 140.5,

130.6, 129.8, 128.4, 128.2, 126.1, 121.4, 77.7, 66.8, 48.5, 44.9,
39.1, 29.6, 29.3; IR ν (cm-1) 3424, 2922, 1710, 1383, 1248, 1046,
970, 817, 749, 701, 480;HRMS (ESI) calcd forC19H26NO4 [Mþ
NH4]

þ 332.1856, found 332.1850.
(þ)-Strictifolione 1 (Second-Generation Synthesis). To a stirred

suspension of tetramethylammonium triacetoxyborohydride
(145 mg, 0.55 mmol) in acetonitrile (0.5 mL) was added glacial
acetic acid (0.5 mL). Themixture was stirred at rt for 30min. After
cooling to-20 �C, theβ-hydroxyketone 12 (35mg, 0.11mmol) in a
mixtureof acetic acidandacetonitrile (v/v=1:1, 0.6mL)was added
dropwise. The mixture was stirred at-20 �C for over 10 h. A satu-
rated solution of sodium potassium tartrate (2 mL) and EtOAc
(2mL)was added followedbyvigorous stirringat rt for 30min.The
mixture was extracted with EtOAc (3 � 15 mL). The combined
organic layers were washed with water (5 mL), saturated aqueous
NaHCO3 solution (2� 5 mL), and brine, dried over anhydrous
Na2SO4, filtered, and concentratedunder reducedpressure to give a
residue which was purified by flash column chromatography on
silica gel (hexane/EtOAc, 1:2) to afford (þ)-strictifolione 1 (32 mg,
91% yield, dr=96:4) as a white solid: mp 112-114 �C; [R]20D=
þ43 (c=1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.15-7.29
(m, 5H), 6.85-6.89 (m, 1H), 6.02 (dd, J=9.6, 1.6Hz, 1H), 5.85 (dt,
J=15.6, 7.2 Hz, 1H), 5.65 (dd, J=15.6, 6.4 Hz, 1H), 4.86 (q, J=
3.2Hz, 1H), 3.94-4.03 (m, 2H), 2.90-3.20 (br, 2H), 2.75-2.79 (m,
1H), 2.65-2.69 (m, 1H), 2.40-2.43 (m, 2H), 2.25-2.29 (m, 2H),
1.75-1.87 (m, 2H), 1.63 (t, J=6.0 Hz, 2H); 13CNMR (100MHz,
CDCl3) δ 164.1, 144.9, 141.9, 131.4, 129.6, 128.4, 128.3, 125.8,
121.3, 77.8, 68.5, 68.2, 42.2, 40.2, 38.9, 32.1, 29.6; IR ν (cm-1) 3343,
2932, 1719, 1494, 1393, 1242, 1050, 967, 818, 751, 701, 484; HRMS
(ESI) calcd forC19H28NO4 [MþNH4]

þ 334.2013, found334.2023.
(E)-1,5-anti-Ene-diol 28. Diol 28 was prepared by a similar

protocol that was employed for the preparation of (E)-1,5-anti-
ene-diol 13 from 3-butenal 15, boryl-substituted allylborane 29
(generated from lIpc2BH), and aldehyde 30 in 52% yield as a color-
less oil: 92% ee; [R]20D -2 (c=1.0, CHCl3);

1H NMR (400MHz,
CDCl3) δ 7.15-7.29 (m, 5H), 5.66-5.82 (m, 2H), 5.57 (dd, J=
15.6, 6.4 Hz, 1H), 5.10-5.15 (m, 2H), 4.14 (d, J=6.0 Hz, 1H),
3.90-3.99 (m, 5H), 3.58 (s, 1H), 2.61 (t, J=7.6Hz, 2H), 2.16-2.32
(m, 4H), 1.86 (s, 1H), 1.81 (dd, J=14.4, 1.6Hz, 1H), 1.59-1.73 (m,
5H), 1.37-1.42 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 142.4,
135.0, 134.4, 128.3, 128.2, 127.6, 125.7, 117.9, 112.0, 71.6, 67.5, 64.9,
64.6, 42.1, 41.9, 40.1, 37.1, 35.8, 31.5, 23.5; IR ν (cm-1) 3428, 3025,
2931, 1641, 1496, 1427, 1314, 1137, 1040, 974, 827, 742, 701, 498;
HRMS (ESI) calcd for C22H32NaO4 [M þ Na]þ 383.2193, found
383.2186.

Ketone 31. A solution of diol 28 (180 mg, 0.5 mmol) in wet
acetone (10 mL) containing PPTS (63 mg, 0.25 mmol) was
refluxed for 5 h. Excess solvent was then removed under reduced
pressure. The residual mixture was diluted with EtOAc, washed
with saturated aqueousNaHCO3 and brine, dried overNa2SO4,
and concentrated by rotary evaporation. Purification by flash
chromatography on silica gel (hexane/EtOAc, 2:1) afforded 144
mg (0.456 mmol, 91% yield) of ketone 31 as a colorless oil:
[R]20D -26 (c= 1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ
7.15-7.29 (m, 5H), 5.74-5.85 (m, 1H), 5.64-5.71 (m, 1H), 5.57
(dd, J=15.6, 6.4 Hz, 1H), 5.10-5.15 (m, 2H), 4.14 (q, J=6.4
Hz, 1H), 4.08 (s, 1H), 3.12 (s, 1H), 2.42-2.61 (m, 6H), 2.19-2.32
(m, 4H), 2.07 (s, 1H), 1.60-1.63 (m, 4H); 13C NMR (100 MHz,
CDCl3) δ211.6, 142.0, 135.6, 134.2, 128.3, 128.2, 126.9, 125.7, 118.1,
71.4, 67.1, 48.3, 43.4, 41.9, 39.2, 35.6, 30.8, 23.1; IR ν (cm-1) 3398,
2930, 1706, 1496, 1408, 1028, 975, 916, 746, 700, 638, 497; HRMS
(ESI) calcd forC20H28NaO3 [MþNa]þ 339.1931, found 339.1941.

Acetonide 32. To a stirred suspension of tetramethylammo-
nium triacetoxyborohydride (316 mg, 1.2 mmol) in acetonitrile
(1.0mL)was added glacial acetic acid (1.0mL). Themixturewas
stirred at rt for 30 min. After cooling to -20 �C, the β-hydroxy
ketone 31 (63 mg, 0.20 mmol) in a mixture of acetic acid and
acetonitrile (v/v=1:1, 1.0 mL) was added dropwise. The mixture
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was stirred at-20 �C for over 10 h. A saturated solution of sodium
potassium tartrate (4 mL) and EtOAc (4 mL) was added followed
byvigorous stirring at rt for 30min.Themixturewas extractedwith
EtOAc (3�20mL).The combinedorganic layerswerewashedwith
water (10 mL), saturated aqueous NaHCO3 solution (2� 5 mL),
andbrine, driedover anhydrousNa2SO4, filtered, andconcentrated
under reduced pressure to give a residue which was filtered by a
short silica gel column (hexane/EtOAc, 1:2) to afford pure triol
(60 mg, 0.19 mmol) which was used directly in the next step.

To a solution of the above-prepared triol (60 mg, 0.19 mmol)
inCH2Cl2 (3mL)were added 2,2-dimethoxypropane (52mg, 0.5
mmol) and PPTS (5 mg, 0.02 mmol) in ambient atmosphere.
After stirring for 10 h at rt, saturated NaHCO3 (aq) was added
and the mixture was stirred for additional 10 min. The organic
layer was separated, and the aqueous layer was extracted with
CH2Cl2 (3 � 10 mL). The combined organic layers was dried
over Na2SO4, filtered, and concentrated under reduced pressure
to give a residue which was purified by flash column chromatog-
raphy on silica gel (hexane/EtOAc, 30:1) to afford acetonide 32
(64mg, 89%yield over two steps, dr=95:5) as a colorless liquid:
[R]20D -28 (c= 1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ
7.15-7.28 (m, 5H), 5.76-5.85 (m, 1H), 5.62-5.67 (m, 1H), 5.56
(dd, J = 15.6, 6.4 Hz, 1H), 5.10-5.15 (m, 2H), 4.13 (d, J =
5.2 Hz, 1H), 3.71-3.86 (m, 2H), 2.60 (t, J = 8.0 Hz, 2H),
2.17-2.32 (m, 4H), 1.76 (s, 1H), 1.38-1.65 (m, 8H), 1.34 (s,
3H), 1.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.6, 134.6,
134.2, 128.3, 128.2, 127.3, 125.6, 118.0, 100.2, 71.6, 66.5, 66.2,
41.9, 38.5, 38.1, 35.8, 35.7, 31.4, 25.0, 24.8, 24.7; IR ν (cm-1)
3417, 2986, 2934, 2858, 1641, 1454, 1378, 1224, 1119, 1031, 973,
746, 699, 495; HRMS (ESI) calcd for C23H38NO3 [M þ NH4]

þ

376.2846, found 376.2833.
Acrylate 27.To amixture of acetonide 32 (54mg, 0.15mmol),

TPP (60mg, 0.23mmol), andDIAD(61mg, 0.3mmol) in 2.0mLof
dry benzenewas dissolved acrylic acid (22mg, 0.3mmol) in 1.0mL
of dry benzene and slowly added dropwise at 0 �C. The resulting
reactionmixturewaswarmed to rt and stirred for an additional 6 h.
After that, the reaction was quenched by adding water and
extracted with EtOAc (3� 20 mL). The combined organic layers
were washed with water and brine, dried over anhydrous Na2SO4,
and concentrated under reduced pressure to give a residue which
waspurified by flash columnchromatographyon silica gel (hexane/
EtOAc, 30:1) to afford the acrylate 27 (44 mg, 71% yield) as a
colorless oil: [R]20D -6 (c= 1.0, CHCl3);

1H NMR (400 MHz,
CDCl3) δ 7.15-7.28 (m, 5H), 6.38 (dd, J=17.2, 1.6 Hz, 1H), 6.10
(dd, J=17.2, 10.4 Hz, 1H), 5.70-5.81 (m, 3H), 5.53 (dd, J=15.6,

7.2Hz, 1H), 5.35 (q,J=6.4Hz, 1H), 5.05-5.11 (m,2H), 3.78-3.82
(m, 2H), 2.60 (t, J=8.0 Hz, 2H), 2.39-2.44 (m, 2H), 2.24-2.31
(m, 1H), 2.11-2.18 (m, 1H), 1.37-1.64 (m, 8H), 1.32 (s, 6H); 13C
NMR (100MHz,CDCl3) δ 165.3, 142.6, 133.2, 130.4, 130.1, 130.0,
128.8, 128.3, 128.2, 125.6, 117.8, 100.2, 73.8, 66.5, 66.2, 39.0, 38.5,
38.1, 35.9, 35.7, 31.4, 25.1, 24.8, 24.7; IR ν (cm-1) 3442, 2986, 2933,
1724, 1405, 1294, 1191, 973, 810, 699, 482; HRMS (ESI) calcd for
C26H36NaO4 [M þ Na]þ 435.2506, found 435.2514.

(6R)-6-[(4R,6R)-4,6-Dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-
2H-pyran-2-one2.Toasolutionof first-generationGrubbs’ catalyst
(7mg, 0.008mmol) in 3mL of dry CH2Cl2 was added a solution of
the ring-closing metathesis precursor 27 (17 mg, 0.041 mmol) in
2mL of CH2Cl2 under argon atmosphere. Themixture was heated
to reflux for 8 h. Then the mixture was concentrated in vacuo, and
the residual oil was filtered by a short silica gel column. The crude
product was dissolved in a mixture of acetone (2.4 mL) and water
(0.4 m). PPTS (5 mg, 0.02 mmol) was added, and the reaction
mixture was stirred for 5 h and monitored by TLC. When the
reaction was completed, it was quenched by saturated aqueous
NaHCO3 solution and extracted with EtOAc (3 � 10 mL). The
combined organic layers were washed with water and brine, dried
over anhydrousNa2SO4, and concentrated under reduced pressure
to give a residue which was purified by flash column chromatog-
raphy on silica gel (hexane/EtOAc, 1:2) to afford the title com-
pound2 (10mg, 71%yield) as awhite solid:mp61-64 �C; [R]20D=
þ36 (c=1.0, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.16-7.29
(m, 5H), 6.85-6.90 (m, 1H), 6.04 (dt, J=9.6, 1.6 Hz, 1H), 5.83-
5.91 (m, 1H), 5.69 (dd, J=15.2, 6.8 Hz, 1H), 4.89 (q, J=8.0 Hz,
1H), 4.00 (s, 1H), 3.92 (s, 1H), 2.71 (s, 1H), 2.62 (t, J=7.6Hz, 2H),
2.41-2.45 (m, 2H), 2.26-2.29 (m, 2H), 1.33-1.70 (m, 8H); 13C
NMR (100MHz,CDCl3) δ 164.0, 144.7, 142.5, 131.3, 129.9, 128.4,
128.3, 125.7, 121.5, 77.8, 69.1, 68.2, 42.1, 40.3, 37.3, 35.8, 31.4, 29.7,
25.4; IR ν (cm-1) 3405, 2932, 1710, 1494, 1384, 1250, 1149, 1019,
970, 818, 700, 575;HRMS(ESI) calcd forC21H32NO4 [MþNH4]

þ

362.2326, found 362.2339.
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