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A useful and flexible strategy for synthesis of (-)- and (+)-infectocaryone from commercial sugars is 
developed. Key step of the synthesis is an new-type Diels-Alder reaction with good chemselectivity and 
stereoselectivity, in which a mixture of alkene regioisomers in a dynamic equilibrium is employed as 
chiral dienophiles for the first time.   

Introduction 10 
Infectocaryone (1),[1] together with demethylinfectocaryone 
(2)[1b,2] and cryptocaryone (3)[1a,b,2,3], belongs to a special class 
of naturally occurring dihydrochalcones (Figure 1). Unlike most 
dihydrochalcones, as the hydrogenation occur not C2-C3 
position but C5-C6 position, these dihydrochalcones bearing a 15 
reduced A-ring, such as 1-3, are optically active. These chiral 
dihydrochalcone derivatives exist only in the plant genus 
Cryptocarya.[4] (+)-Infectocaryone (1) was first isolated in 2001 
from the trunk bark of Cryptocarya infectoria.[1a] Subsequently, 
(+)-1 was also obtained from the other two species in the genus, 20 
C. konishii[1b] and C. chinensis.[1c] As a member of bioactive 
flavonoid constituents[1-3,5] in the genus Cryptocarya, 1 showed 
strong cytotoxicities against KB, P-388, MCF-7, NCI-H460 and 
SF-268 cell lines,[1] and could be a promising lead compound 
for cancer treatment. Therefore the development of the efficient 25 
and short access to infectocaryone and its analogues is of 
importance.  

 
 

Figure 1. Examples of chiral dihydrochalcones from the plant genus 30 
Cryptocarya. 
 
Up to now, only Helmchen group synthesized 1 from the trityl-
protected allylic carbonate 4 in 14 steps.[6] In the strategy, an 
elegant regioselective iridium-catalyzed allylic alkylation of 4, 35 
under the catalyst system they developed,[7] was used as a key 
step to synthesize terminal olefin 6 with the necessary chiral 
center (Scheme 1a). As a continuation of our interests in 

enantioselective synthesis of natural products[8] and heterocycle 
systems[9] using cheap chiral materials, we herein report a new 40 
asymmetric approach to 1 that starts from commercially 
available monosaccharides. Our retrosynthetic analysis of 1 is 
illustrated in Scheme 1b. Intermediate 7 would provide target 
compound 1 through Wittig reaction followed by functional 
group manipulations. Aldehyde 7 could be obtained by the 45 
oxidative cleavage of the diol derivative 8. The substituted 
cyclohexene ring in 8 should be constructed through an 
asymmetric Diels-Alder reaction based on chiral dienophile 10, 
which could be prepared conveniently from common sugars.  

 50 

Scheme 1. Strategies for the enantioselective synthesis of infectocaryone (1). 
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Results and discussion 
We began our synthesis with 2-deoxy-D-ribose (11) (Scheme 2). 
Treatment of 11 with (carbmethoxymethylene)triphenylphos- 
phorane (12) and a trace of benzoic acid gave unsaturated ester 
13 in high yield.[10] The terminal 1,2-diol functional group of 13 5 
was selectively protected producing acetonide 14, which was 
proposed to prepare dienophile 15a by hydroxyl oxidation and 
double bond rearrangement. Interestingly, 14 was treated with 
IBX to furnish the unsaturated 1,5-keto ester 15a and 15b as a 
1:l mixture of regioisomers.[11] The two isomers can not be 10 
separated, and always exist together in a dynamic equilibrium.   

 

Scheme 2. Synthesis of (-)-17 from 2-deoxy-D-ribose (11): (a) 
Ph3P=CHCO2Me (12), PhCO2H, THF, 70℃, 95%; (b) Me2C(OMe)2, 
TsOH, acetone, RT, 92%; (c) IBX, AcOEt, 80℃, 40%; (d) 16, toluene, 15 
120℃, 43%. 

To the best of our knowledge, Diels-Alder reactions employing 
this kind of tautomeric olefin isomers as mixed dienophiles 
have not been explored yet. In theory, both isomers 15a and 
15b could react with 1-(trimethylsilyloxy)-1,3-butadiene (16) to 20 
yield the corresponding cycloaddition products 17 and 18 
respectively. However, it is possible that the product from the 
reaction of more active dienophile isomer would be obtained 
preferably due to reactivity difference and dynamic equilibrium 
between two olefin isomers 15a and 15b. Indeed, heating of 25 
isomeric alkenes 15a/b and diene 16 in toluene at 120℃ in a 
sealed tube gave 17 as major product in 43% yield, together 
with a mixture of two other cycloaddition isomers in small 
amount (9%, ca. 1:1), which could not be separated by routine 
chromatography to get pure compound for structural analysis.  30 
To identify the structure of the major product, reduction of 17 
with NaBH4 and simultaneous removal of TMS group afforded 
diol 19 as a single isomer (Scheme 3). In its 1H-1H COSY 
spectrum, H-2 signal (δ = 1.76) correlated with H-1 (δ = 4.59), 
H-3 (δ = 2.45) and H-7 (δ = 3.63) signals respectively. It 35 
suggests that the major Diels-Alder product 17 is not derived 
from dienophile 15b but from dienophile 15a, for alkene isomer 
15a with a conjugate ketone carbonyl group is more electron-
poor and active than its isomer 15b with a conjugate ester 
carbonyl group. The next issue is the determination of 40 
stereochemistry of 17 contanining three new chiral centers. 
Catalytic hydrogenation of 17 smoothly furnished the 
corresponding 1,2,3-trisubstitued cyclohexane 20, whose 1H 

NMR spectrum was analyzed in detail. The presence of a large 
coupling constant in H-2 signal (dd, J = 11.1, 2.4 Hz) at 3.00 45 
ppm means that H-2 should be in the axial position of the chair 
conformation. Meanwhile, the absence of any large J value 
from trans diaxial coupling on H-1 (δ = 4.53) attributes to its 
equatorial position. Therefore, the relative configuration of 
1,2,3-trisubstitued cyclohexane 20 has 1,2-cis and 2,3-trans 50 
relationships. A useful method for establishment of absolute 
configuration of secondary alcohols utilizing the O-
methylmandelate ester was developed,[12] and we recently 
applied the approach to establish the absolute configuration of 
natural lorneic acid B.[8a] Here we intend to examine further 55 
their applicability in more complicated alcohol. Thus, removal 
of TMS group in 20 gave the resulting secondary alcohol, 
which was converted to into both (S)- and (R)-O-
methylmendelate derivatives 21 and 22 respectively. The proton 
shift differences between 21 and 22 (upfield H-2 signal at 3.07 60 
ppm in 22 and upfield H-6 signals at 1.65 and 1.44 ppm in 21) 
indicated R configuration of C-1 according to Mosher model 
extended by Trost (Figure 2).[12,13] Hence the absolute 
configuration of major isomer (-)-17 is deduced to (1R, 2S, 3S).  
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Scheme 3. Transformation of (-)-17 for structural determination: (a) 
NaBH4, MeOH, RT, 88%; (b) 10% Pd/C, H2, AcOEt, RT, 92%; (c) 
TBAF, AcOH, THF, RT; (d) (S)-O-methylmandelic acid, EDCI, DMAP, 
CH2Cl2, RT, 72% from 20; (e) (R)-O-methylmandelic acid, EDCI, 
DMAP, CH2Cl2, RT, 70% from 20.  70 

 

Figure 2. Establishment of absolute configuration of (-)-17. 

We then focused on the optimization of reaction conditions to 
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improve the yield of 17. Various Lewis acids including 
Sc(OTf)3, Yb(OTf)3, Et2AlCl and EtAlCl2 were investigated to 
promote the Diels-Alder cycloaddition. Unfortunately, these 
attempts gave poor yield or failed to proceed presumably due to 
instability of the reactants in the presence of these Lewis acids 5 
(Table 1, entry 2-8). To our delight, an appropriate increase in 
concentration of dienophile 15a/b could facilitate the reactions 
performed in heating conditions (Table 1, entry 9-10). 17 was 
obtained in 65% yield when the concentration of 15a/b was 
increased to 1M. However, higher concentrations, including 10 
solvent-free conditions, did not show a further improvement in 
the yield (Table 1, entry 11-12). While the amount of diene 16 
was doubled, only a slight enhancement in yield was observed 

 (Table 1, entry 13). Although the required reaction time could 
be efficiently shortened by elevating the reaction temperature, 15 
17 was still obtained in a similar yield (Table 1, entry 14-15). It 
is worth noting that the selectivities of these reactions under 
heating conditions remain almost unaffected. 17 is always 
formed as a major product through a preferable transition state 
in which the ketone carbonyl unit of dienophile 15a occupies 20 
the endo position. The configuration of the three new 
stereocenters is controlled well under induction of the chiral 
unit in 15. As a chiral dienophile,[14] 15 is promising in 
development of new asymmetric Diels-Alder reactions and 
synthesis of some useful intermediates such as enantiomerically 25 
pure cyclohexenone derivatives[15,16] with control of 
stereochemistry. 

 

Table 1. Optimization of the Diels-Alder reaction with 15a/15b and 16 

 30 
Entry Concentration of 

15 [M] 
Amount of 16 

[equiv.] Solvent Time [h] Catalyst Amount of 
catalyst  [equiv.] 

Temperature 
[ ]℃  

Yield of 17 
[%] 

Yield of the mixture of 
two minor isomers [%] 

1a 0.2 3 Toluene 65 -- -- 120 43 9 

2 0.2 3 CH2Cl2 24 Sc(OTf)3 0.1 -78 0b 0 

3 0.2 3 CH2Cl2 10 Sc(OTf)3 0.1 0 Trace 0 

4 0.2 3 CH2Cl2 20 Yb(OTf)3 0.1 0 5 0 

5 0.2 3 CH2Cl2 2 EtAlCl2 1 0 Trace 0 

6 0.2 3 CH2Cl2 20 Et2AlCl 1 0 14 0 

7 0.2 3 THF 20 Et2AlCl 1 0 9 0 

8 0.2 3 CH2Cl2 20 Et2AlCl 1 -78 0b 0 

9a 0.5 3 Toluene 48 -- -- 120 55 12 

10a 1 3 Toluene 40 -- -- 120 65 14 

11a 2 3 Toluene 40 -- -- 120 64 16 

12a -- 5 --c 45 -- -- 120 58 15 

13a 1 6 Toluene 35 -- -- 120 67 15 

14a 1 3 Xylene 22 -- -- 160 64 16 

15a 1 6 Xylene 18 -- -- 160 66 17 

 
a The reactions were heated in sealed tube. b Material 15 and 16 remained. c The reaction was performed with neat 15 and 16. 
 
With the optimized Diels-Alder reaction conditions in hand, we 
continued to explore the synthesis of infectocaryone. However, 35 
in the purification of dienophile 15a/b, a considerable mass loss 
occurred after column chromatography owing to partial 
decomposition of 15a/b on silica column. Therefore, without 
further purification, the crude oxidation product of 14 with IBX 
was employed directly in the subsequent Diels-Alder reaction. 40 
By this modified procedure, 17 was obtained from in a better 
overall yield (50% for two steps). After treatment of 17 with 
NaBH4, the resulting diol 19 was then acylated to give diacetate 
23. Sequential hydrolysis of acetonide 23 and oxidative 
cleavage of the resulting glycol with periodic acid[17] furnished 45 

the desired aldehyde 24. The Wittig olefination of aldehyde 24 
with the ylide generated by the treatment of benzyl 
triphenylphosphonium bromide with n-butyllithium[18] gave 
olefin 25 as an inseparable mixture of E/Z isomers. The E/Z 
ratio was determined by the 1H NMR spectra and varied from 50 
1:1.5 to 1:3. Deacetylation of the E/Z mixture 25 using 
potassium carbonate in aqueaous methanol afforded the diol 26 
in 71% yield with a small amount of the recovered 25 (20%). 
Prolonged reaction time for full consumption of diacetate 25 led 
to a drop in yield. Diol 26 was oxidized with Dess-Martin 55 
periodinane gave the resulting (E)- and (Z)-1 mixture in a 
reverse E/Z ratio (ca. 2.5:1). Although Z alkene was partially 
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isomerized to more stable E alkene in the oxidation process, the 
E- and Z- isomers still could not be separated at this stage. After 
screening various conditions for Z- to E-alkene isomerization, 
the simple stirring of E/Z mixture in THF in the presence of 
Pd(PPh3)4 (0.1 equiv.) smoothly gave the desired E-isomer 5 
exclusively (Scheme 3). In comparison to the spectral data of 
the natural product,[1a,6] synthetic example 1 indicated identical 
NMR, IR and MS spectra except for the opposite sign in optical 
rotation. Thus, synthetic (-)-1 from 2-deoxy-D-ribose was 
determined to be the enantiomer of the naturally occurring (+)-10 
infectocaryone.  

 
Scheme 4. Synthesis of (-)-1 from 14: (a) IBX, AcOEt, 80 ; ℃ (b) 16, 
toluene, 120 , 50% for two steps; ℃ (c) NaBH4, MeOH, RT, 88%; (d) 
Ac2O, DMAP, CH2Cl2, RT, 96%; (e) H5IO6, AcOEt, RT, 99%; (f) 15 
[Ph3PCH2Ph]·Br, n-BuLi, THF, 75%; (g) K2CO3, MeOH, H2O, RT, 
71% (89% brsm); (h) Dess-Martin periodinane, CH2Cl2, RT; (i) 
Pd(PPh3)4, THF, RT, 92% for two steps.  
 
Theoretically, natural (+)-1 can be synthesized via key 20 
intermediate (+)-17 from 2-deoxy-L-ribose by the same 
synthetic route. However, an alternative strategy to preparation 
of (+)-17 employing L-xylose or L-arabinose as cheaper chiral 
pool material should be much more practical. Thus, Wittig 
condensation of L-xylose (27) with stabilized ylide 12 in 25 
boiling THF followed by acetonation yielded 
diisopropylidenated (E)-unsaturated ester 28.[19] Reductive 
cleavage of γ-functionalized α,β-unsaturated ester 28 mediated 
with Mg in MeOH,[20] gave allyl alcohol 29. Oxidation of the 
hydroxyl group in 29 to ketone still afforded a mixture of (S)-30 
15a and 15b, 1H NMR spectrum of which is same as that of the 
oxidation product of 14. Without purification, crude mixture 
reacted with diene 16 under the optimal conditions to furnish 
the expected cycloaddition product (+)-17 in 52% yield for two 
steps (Scheme 4). Following the same transformation to (-)-1 as 35 
from (-)-17, (+)-1 should be synthesized from (+)-17.  
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Scheme 5. Synthesis of (+)-17 from L-xylose (27): (a) Ph3P=CHCO2Me, 
PhCO2H, THF, reflux; (b) acetone, CuSO4, H2SO4, RT, 91% for two 
steps; (c) Mg, MeOH, 0 , 92%; ℃ (d) IBX, AcOEt, 80 ; ℃ (e) 16, toluene, 40 
120 , 52% for two steps. ℃  

Conclusions 
In summary, we have developed a new strategy for synthesis of 
optically pure infectocaryone featuring an asymmetric Diels-
Alder reaction. From cheap 2-deoxy-D-ribose, (-)-45 
infectocaryone was synthesized via key intermediate (-)-17 in 
11 steps with 17.9% overall yield. (+)-Infectocaryone can be 
obtained via (+)-17 by this strategy using L-xylose as starting 
material. In our synthesis, the Diels-Alder reaction of chiral 
dienophile mixture such as 15a and 15b is explored for the first 50 
time, in which good chemselectivity and stereoselectivity is 
achieved to create the chiral centers on the ring of 17. Efforts to 
utilize the practical strategy for the syntheses of other related 
dihydrochalcones are in progress.  

Experimental section 55 
General: IR spectra were recorded on a commercial 
spectrophotometer. Optical rotations were reported as follows: 
[α]T 

D  (c: g/100 mL, in solvent). 1H NMR spectra were recorded 
on commercial instruments (400 MHz) with TMS as the 
internal standard. Data are reported as follows: chemical shift, 60 
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, 
br = broad), coupling constants (Hz), integration. 13C NMR data 
were collected on commercial instruments (100 MHz) with 
complete proton decoupling. Chemical shifts are reported in 
ppm from the tetramethylsilane with the solvent resonance as 65 
internal standard. HR-ESIMS spectra were recorded using a 
commercial apparatus and methanol was used to dissolve the 
sample. Solvents for reaction were distilled prior to use: 
tetrahydrofuran (THF) from sodium sand, toluene and 
dichloromethane from CaH2, methanol from magnesium 70 
turnings. Ethyl acetate and other reagents were obtained from 
commercial suppliers unless otherwise stated. 

Compound 13: To a solution of 2-deoxy-D-ribose (20.0 g, 0.15 
mol) in THF (380 mL), Ph3PCHCO2Me (55.0 g, 0.16 mol) was 
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added. The resulting suspension was heated at 70℃ until TLC 
control showed complete conversion of the substrate. Then the 
mixture was concentrated under reduced pressure and the 
residue was subjected to flash column chromatography to yield 
triol ester 13 (26.9 g, 95%) as a white solid. m.p. 56–57℃; [α]26 

D  5 
= －24 (c = 1.71, CH3OH); 1H NMR (400 MHz, CD3OD) δ 
6.97 (dt, J = 15.6, 7.3 Hz, 1H), 5.85 (dt, J = 15.6, 1.2 Hz, 1H), 
3.63 (dd, J = 11.4, 3.8 Hz, 1H), 3.61 (s, 3H), 3.55 (ddd, J = 8.3, 
7.3, 3.3 Hz, 1H), 3.48 (dd, J = 11.3, 6.3 Hz, 1H), 3.36 (td, J = 
6.6, 3.7 Hz, 1H), 2.51 (dddd, J = 14.7, 7.0, 3.2, 1.5 Hz, 1H), 10 
2.26 (ddd, J = 15.0, 8.8, 1.2 Hz, 1H); 13C NMR (100 MHz, 
CD3OD) δ 168.6, 148.2, 123.7, 75.8, 72.1, 64.5, 51.9, 37.1; IR 
(thin film): v 3371, 3208, 1712, 1658, 1382, 1209, 1159, 1117, 
998 cm-1; HRMS (ESI) m/z: calcd for C8H14NaO5 [M+Na]+ 
213.0739, found 213.0736. 15 

Compound 14: 2,2-Dimethoxypropane (15.7 mL, 0.13 mol) 
and TsOH (0.54 g, 3.16 mmol) were added to a solution of triol 
13 (12.0 g, 0.06 mol) in acetone (450 mL). The resulting 
mixture was stirred at room temperature for 2 h. Then the 
reaction was quenched with moist NaHCO3 and the solvent was 20 
removed under reduced pressure. Water (180 mL) was added, 
and the aqueous phase was extracted with dichloromethane (3 x 
200 mL). The combined organic layers were dried over Na2SO4, 
filtered, and the solvent was removed under reduced pressure. 
The residue was subjected to column chromatography to yield 25 
14 (13.4 g, 92%) as a colorless oil. [α]26 

D  = +51 (c = 0.45, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ = 6.97 (dt, J = 15.6, 7.3 
Hz, 1H), 5.92 (br d, J = 15.7 Hz, 1H), 4.03 – 3.97 (m, 2H), 3.94 
– 3.90 (m, 1H), 3.87 – 3.79 (m, 1H), 3.72 (s, 3H), 2.45 (dddd, J 
= 14.6, 7.0, 4.1, 1.3 Hz, 1H), 2.41 – 2.22 (m, 2H), 1.41 (s, 3H), 30 
1.34 ppm (s, 3H); 13C NMR (100 MHz, CDCl3) δ = 166.9, 
145.2, 123.5, 109.4, 78.1, 70.5, 65.6, 51.6, 36.1, 26.6, 25.2 ppm; 
IR (thin film): v = 3464, 2987, 2935, 1726, 1657, 1379, 1164, 
1064, 852 cm-1; HRMS (ESI) m/z: calcd for C11H18NaO5 
[M+Na]+ 253.1052, found 253.1054. 35 
Compound 15a/b: To a stirred solution of alcohol 14 (0.35 g, 
1.52 mmol) in ethyl acetate (10 mL) was added IBX (0.85 g, 
3.04 mmol). The resulting suspension was refluxed for 4 h. The 
pale yellow precipitate was filtered through a pad of silica gel 
and concentrated under reduced pressure. The residue was 40 
subjected to column chromatography to yield a 1:1 mixture of 
15a and 15b (0.14 g, 40%) as a yellow oil. 1H NMR (400 MHz, 
CDCl3) δ = 7.08 – 7.00 (m, 1+1 H), 6.62 (d, J = 15.9 Hz, 1H), 
5.91 (d, J = 15.8 Hz, 1H), 4.58 (dd, J = 7.3, 5.9 Hz, 1H), 4.45 
(dd, J = 7.7, 5.3 Hz, 1H), 4.24 – 4.16 (m, 1+1 H), 4.05 (dd, J = 45 
8.1, 5.3 Hz, 1H), 4.02 (dd, J = 8.7, 4.9 Hz, 1H), 3.73 (s, 3H), 
3.71 (s, 3H), 3.55 (t, J = 7.5 Hz, 2H), 3.28 (d, J = 7.1 Hz, 2H), 
1.49 (s, 3H), 1.45 (s, 3H), 1.40 (s, 3H), 1.38 ppm (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ = 207.2, 197.8, 170.2, 166.3, 140.2, 
139.8, 127.8, 124.9, 111.3, 111.2, 80.1, 79.6, 66.6 (x2), 52.4, 50 
51.8, 41.6, 37.8, 26.2, 26.1, 25.3, 24.9 ppm; IR (thin film): v 
= 2990, 2951, 1727, 1630, 1380, 1270, 1213, 1066, 827 cm-1; 
HRMS (ESI) m/z: calcd for C11H16NaO5 [M+Na]+ 251.0895, 
found 251.0893. 

Compound (-)-17: In a sealed tube, a mixture of 15a and 15b 55 
(0.26 g, 1.14 mmol) and diene 16 (1.0 mL, 5.70 mmol) in 

toluene (1.1 mL) was stirred at 120℃ for 40 h. Then the solvent 
was removed under reduced pressure and the residue was 
subjected to column chromatography to yield (-)-17 (0.27 g, 
65%) as a pale yellow oil, together with two other minor 60 
isomers (0.058g, 14%, ca. 1:1) as a inseparable mixture. (-)-17: 
[α]26 

D  = －105 (c = 1.17, CHCl3); 1H NMR (400 MHz, CDCl3) δ 
= 5.83 – 5.77 (m, 1H), 5.73 (dd, J = 9.8, 2.0 Hz, 1H), 4.75 – 
4.71 (m, 1H), 4.44 – 4.39 (m, 1H), 4.16 (t, J = 8.2 Hz, 1H), 
4.01 (dd, J = 8.5, 6.1 Hz, 1H), 3.62 (s, 3H), 3.25 (dd, J = 11.3, 65 
4.0 Hz, 1H), 2.61 – 2.53 (m, 1H), 2.49 (dd, J = 15.1, 3.2 Hz, 
1H), 2.32 (dd, J = 18.7, 5.0 Hz, 1H), 2.26 (dd, J = 14.8, 8.0, 
1H), 1.81 (br dd, J = 18.2, 10.8 Hz, 1H), 1.42 (s, 3H), 1.37 (s, 
3H), 0.05 ppm (s, 9H); 13C NMR (100 MHz, CDCl3) δ = 208.9, 
173.0, 129.4, 127.6, 110.9, 80.1, 66.5, 64.6, 52.3, 51.5, 37.8, 70 
30.5, 26.2, 25.6, 25.2, 0.6 (x3) ppm; IR (thin film): v = 3029, 
2988, 2955, 2819, 1735, 1380, 1255, 1159, 1065, 843 cm-1; 
HRMS (ESI) m/z: calcd for C18H30NaO6Si [M+Na]+ 393.1709, 
found 393.1708. 

Modified procedure for the preparation of (-)-17 from 14: 75 
To a stirred solution of 14 (0.98 g, 4.26 mmol) in ethyl acetate 
(28 mL) was added IBX (2.39 g, 8.52 mmol), The resulting 
suspension was refluxed for 4 h. The pale yellow precipitate 
was filtered through a pad of silica gel and concentrated under 
reduced pressure to afford the crude product as a yellow oil, 80 
which was used in the next step without further purification. In 
a sealed tube, a mixture of the above crude product and the 
diene 16 (2.2 mL, 12.78 mmol) in toluene (4.2 mL) was stirred 
at 120℃ for about 40 h. Then the solvent was removed under 
reduced pressure, and the residue was subjected to column 85 
chromatography to yield (-)-17 (0.79 g, 50% over 2 steps) as a 
pale yellow oil. 

Compound 19: NaBH4 (0.15 g, 4.05 mmol) was added to a 
solution of ketone 17 (0.30 g, 0.81 mmol) in methanol (8.1 mL), 
the mixture was stirred at 0℃ for 2 h. Then the solvent was 90 
removed under reduced pressure. Water (25 mL) was added, 
and the aqueous phase was extracted with dichloromethane (3 x 
30 mL). The combined organic layers were dried over Na2SO4, 
filtered, and concentrated under reduced pressure. The residue 
was subjected to column chromatography to yield diol 19 (0.21 95 
g, 88%) as a colorless oil. [α]26 

D  = －68 (c = 0.98, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ = 5.89 (ddd, J = 9.6, 5.1, 1.8 Hz, 
1H), 5.84 – 5.78 (m, 1H), 4.62 – 4.56 (m, 1H), 4.29 – 4.22 (m, 
1H), 4.18 (dd, J = 8.4, 6.1 Hz, 1H), 4.02 (dd, J = 8.4, 4.7 Hz, 
1H), 3.94 (d, J = 9.7 Hz, 1H), 3.67 (s, 3H), 3.63 (td, J = 9.5, 3.1 100 
Hz, 1H), 2.72 (dd, J = 15.3, 4.8 Hz, 1H), 2.68 (d, J = 4.6 Hz, 
1H), 2.51 – 2.40 (m, 1H), 2.31 (dd, J = 13.8, 6.6 Hz, 1H), 2.26 
(t, J = 6.5 Hz, 1H), 1.96 – 1.86 (m, 1H), 1.76 (dt, J = 11.9, 3.2 
Hz, 1H), 1.38 (s, 3H), 1.34 ppm (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ = 174.0, 131.2, 127.5, 109.5, 76.2, 72.9, 68.4, 66.3, 105 
51.8, 42.1, 37.1, 32.3, 27.1, 26.6, 25.4 ppm; IR (thin film): v = 
3442, 2987, 2930, 1737, 1436, 1376, 1254, 1217, 1068, 1057 
cm-1; HRMS (ESI) m/z: calcd for C15H24NaO6 [M+Na]+ 
323.1471, found 323.1470. 

Compound 20: Under an atmosphere of hydrogen alkene 17 110 
(70 mg, 0.19 mmol) was dissolved in ethyl acetate (5 mL) and 
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10% Pd/C (30 mg) was added to the solution. After being 
stirred 1 h at room temperature the reaction mixture was filtered 
through celite and the filter cake was washed with ethyl acetate. 
The organic layer was concentrated in vacuo and the residue 
was purified by column chromatography to give 20 (65 mg, 5 
92%) as a colorless oil. [α]26 

D  = +48 (c = 0.91, CHCl3); 1H NMR 
(400 MHz, CDCl3) δ = 4.55 – 4.51 (m, 1H), 4.41 (dd, J = 7.6, 
5.9 Hz, 1H), 4.16 (dd, J = 8.5, 7.7 Hz, 1H), 4.02 (dd, J = 8.6, 
5.9 Hz, 1H), 3.63 (s, 3H), 3.00 (dd, J = 11.1, 2.4 Hz, 1H), 2.58 
– 2.48 (m, 1H), 2.29 (dd, J = 14.7, 4.0 Hz, 1H), 2.04 (dd, J = 10 
14.7, 8.3 Hz, 1H), 1.85 – 1.60 (m, 4H), 1.52 – 1.46 (m, 1H), 
1.44 (s, 3H), 1.39 (s, 3H), 1.07 (ddd, J = 21.2, 12.8, 3.7 Hz, 1H), 
0.04 ppm (s, 9H); 13C NMR (100 MHz, CDCl3) δ = 209.4, 
173.2, 110.9, 79.7, 67.0, 66.4, 55.2, 51.5, 39.0, 33.6, 30.7, 28.4, 
26.2, 25.3, 19.0, 0.25 (x3) ppm; IR (thin film): v = 2940, 1738, 15 
1380, 1253, 1155, 1072, 1038 cm-1; HRMS (ESI) m/z: calcd for 
C18H32NaO6Si [M+Na]+ 395.1866, found 395.1864. 

Compound 21: Tetrabutylammonium fluoride (TBAF) (81 uL 
of 1M in THF, 0.081 mmol) and acetic acid (7.3 uL, 0.12 
mmol) was added to a solution of 20 (25 mg, 0.067 mmol) in 20 
THF (5.0 mL). After being stirred for 1 h, water (10 mL) was 
added, and the aqueous phase was extracted with ethyl acetate 
(3 x 15 mL). The combined organic layers were dried over 
Na2SO4, filtered, and concentrated. After purification by 
column chromatography, the resulting alcohol was dissolved in 25 
dichloromethane (2.0 mL), and (S)-α-methoxyphenylacetic acid 
(17 mg, 0.10 mmol), DMAP (4.1 mg, 0.034 mmol) and EDCI 
(20 mg, 0.11 mmol) were added. The mixture was stirred for 12 
h, and diluted with water (5 mL). The aqueous phase was 
extracted with ethyl acetate (3 x 10 mL). The combined organic 30 
layers were dried over Na2SO4, filtered, and the solvent was 
removed under reduced pressure. The crude product was 
subjected to column chromatography to yield 21 (22 mg, 72% 
over two steps) as a pale yellow oil. [α]26 

D  = +50 (c = 0.34, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ = 7.42 – 7.38 (m, 2H), 35 
7.37 – 7.31 (m, 3H), 5.62 – 5.58 (m, 1H), 4.71 (s, 1H), 4.55 (dd, 
J = 7.7, 5.5 Hz, 1H), 4.11 (dd, J = 7.4, 2.6 Hz, 1H), 4.03 (dd, J 
= 8.7, 5.5 Hz, 1H), 3.65 (s, 3H), 3.37 (s, 3H), 3.19 (dd, J = 11.7, 
2.4 Hz, 1H), 2.52 – 2.40 (m, 1H), 2.28 (dd, J = 15.0, 3.6 Hz, 
1H), 2.04 (dd, J = 15.0, 8.5 Hz, 1H), 1.86 – 1.79 (m, 1H), 1.68 40 
– 1.62 (m, 1H), 1.45 – 1.41 (m, 1H), 1.43 (s, 3H), 1.40 – 1.35 
(m, 1H), 1.37 (s, 3H), 1.26 – 1.20 (m, 1H), 1.08 ppm (qd, J = 
12.6, 3.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ = 209.4, 
172.8, 170.4, 136.4, 128.8, 128.7 (x2), 127.2 (x2), 111.0, 82.1, 
79.4, 69.7, 66.1, 57.5, 52.7, 51.6, 38.7, 30.4, 30.0, 28.9, 26.3, 45 
25.0, 19.4 ppm; IR (thin film): v = 2937, 1739, 1452, 1377, 
1257, 1154, 1118, 1069 cm-1; HRMS (ESI) m/z: calcd for 
C24H32NaO8 [M+Na]+ 471.1995, found 471.1992. 

Compound 22: Tetrabutylammonium fluoride (TBAF) (86 uL 
of 1M in THF, 0.086 mmol) and acetic acid (7.7 uL, 0.129 50 
mmol) was added to a stirred solution of 20 (27 mg, 0.072 
mmol) in THF (5.0 mL). After being stirred for 1 h, water (10 
mL) was added, and the aqueous phase was extracted with ethyl 
acetate (3 x 15 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated. After purification by 55 
column chromatography, the resulting alcohol was dissolved in 
dichloromethane (2.0 mL), and (R)-(-)-α-methoxyphenylacetic 

acid (18 mg, 0.11 mmol), DMAP (4.4 mg, 0.036 mmol) and 
EDCI (22 mg, 0.12 mmol) were added. The solution was stirred 
for 12 h, and diluted with water (5 mL). The aqueous phase was 60 
extracted with ethyl acetate (3 x 10 mL). The combined organic 
layers were dried over Na2SO4, filtered, and the solvent was 
removed under reduced pressure. The crude product was 
subjected to column chromatography to yield 22 (23 mg, 70% 
over two steps) as a pale yellow oil. [α]26 

D － = 19 (c = 0.38, 65 
CHCl3); 1H NMR (400 MHz, CDCl3) δ = 7.39 – 7.32 (m, 5H), 
5.54 (s, 1H), 4.69 (s, 1H), 3.94 (dd, J = 7.6, 5.3 Hz, 1H), 3.85 (d, 
J = 1.2 Hz, 1H), 3.84 (d, J = 3.6 Hz, 1H), 3.64 (s, 3H), 3.40 (s, 
3H), 3.07 (dd, J = 11.5, 2.6 Hz, 1H), 2.37 (ddt, J = 20.0, 11.7, 
3.7 Hz, 1H), 2.28 (dd, J = 15.1, 3.6 Hz, 1H), 2.07 – 2.02 (m, 70 
1H), 2.01 (dd, J = 15.1, 8.4 Hz, 1H), 1.90 – 1.83 (m 1H), 1.60 – 
1.50 (m, 3H) 1.36 (s, 3H), 1.30 (s, 3H), 1.15 – 1.07 ppm (m, 
1H); 13C NMR (100 MHz, CDCl3) δ = 208.2, 172.8, 170.5, 
136.2, 128.8, 128.7 (x2), 127.3 (x2), 110.8, 82.5, 78.8, 70.5, 
65.9, 57.5, 52.3, 51.6, 38.7, 30.4, 30.1, 28.9, 26.2, 25.0, 19.5 75 
ppm; IR (thin film): v = 2988, 2936, 1736, 1379, 1257, 1213, 
1156, 1112, 1072 cm-1; HRMS (ESI) m/z: calcd for C24H32NaO8 
[M+Na]+ 471.1995, found 471.1994. 

Compound 23: To a stirred solution of 19 (0.34 g, 1.13 mmol) 
and acetic anhydride (1.1 mL, 11.33 mmol) in anhydrous 80 
dichloromethane (22 mL) was added pyridine (1.4 mL, 17.0 
mmol) followed by DMAP (21 mg, 0.17 mmol). When TLC 
control showed complete conversion of the substrate, the 
reaction mixture was quenched with saturated NaHCO3 solution 
and was extracted with dichloromethane (3 x 45 mL). The 85 
combined organic layers were dried over Na2SO4, filtered, and 
concentrated under reduced pressure. The residue was purified 
by column chromatography to yield diacetate 23 (0.42 g, 96%) 
as a colorless oil. [α]26 

D  = －132 (c = 0.75, CHCl3); 1H NMR 
(400 MHz, CDCl3) δ = 5.88 (ddd, J = 9.9, 4.1, 2.3 Hz, 1H), 90 
5.83 – 5.76 (m, 1H), 5.67 – 5.62 (m, 1H), 5.17 (dd, J = 8.3, 3.8 
Hz, 1H), 4.16 (dt, J = 8.2, 5.8 Hz, 1H), 3.95 (dd, J = 8.4, 5.9 
Hz, 1H), 3.76 (dd, J = 8.4, 5.7 Hz, 1H), 3.66 (s, 3H), 2.63 (dd, J 
= 15.0, 3.5 Hz, 1H), 2.48 – 2.39 (m, 1H), 2.38 (dt, J = 18.0, 4.9 
Hz, 1H), 2.16 (dd, J = 14.8, 9.6 Hz, 1H), 2.12 (dt, J = 10.9, 3.5 95 
Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.87 ppm (br dd, J = 18.0, 
9.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ = 172.9, 170.5 (x2), 
131.4, 124.6, 109.7, 74.5, 71.9, 67.2, 66.2, 51.8, 41.6, 37.6, 32.1, 
27.6, 26.9, 25.5, 21.6, 21.2 ppm; IR (thin film): v = 2987, 2952, 
1731, 1436, 1374, 1250, 1160, 1066, 1019 cm-1; HRMS (ESI) 100 
m/z: calcd for C19H28NaO8 [M+Na]+ 407.1682, found 407.1684. 

Compound 24: To a stirred solution of 23 (0.32 g, 0.83 mmol) 
in ethyl acetate (20 mL) was added H5IO6 (0.48 g, 2.08 mmol), 
and the resulting suspension was reacted for 2 h at room 
temperature. The reaction mixture was filtered through celite, 105 
and the filter cake was washed with ethyl acetate. The filtrate 
was washed with H2O (25 mL) and the organic phase was 
separated. The aqueous layer was extracted with ethyl acetate (3 
x 35 mL), and the combined organic extracts were washed with 
H2O and brine, dried over anhydrous Na2SO4. Removal of all 110 
the solvent in vacuo gave the aldehyde 24 (0.26 g, 99%) as a 
yellow oil, which could be used without further purification in 
the next step. [α]26 

D  = －114 (c = 1.34, CHCl3); 1H NMR (400 
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MHz, CDCl3) δ = 9.60 (s, 1H), 5.91 (ddd, J = 9.9, 4.3, 2.9 Hz, 
1H), 5.81 – 5.75 (m, 1H), 5.42 – 5.38 (m, 1H), 5.26 (d, J = 3.0 
Hz, 1H), 3.67 (s, 3H), 2.53 – 2.44 (m, 3H), 2.37 – 2.23 (m, 2H), 
2.16 (s, 3H), 2.07 (s, 3H), 1.97 – 1.88 ppm (m, 1H); 13C NMR 
(100 MHz, CDCl3) δ = 197.9, 172.4, 170.2, 131.5, 124.2, 78.1, 5 
67.2, 51.75 , 41.9, 37.4, 31.0, 28.4, 21.3, 20.7 ppm; IR (thin 
film): v = 3451, 3037, 2927, 2851, 1734, 1434, 1375, 1236, 
1162, 1019 cm-1; HRMS (ESI) m/z: calcd for C15H20NaO7 
[M+Na]+ 335.1107, found 335.1104. 

Compound 25: To a THF solution (5.0 mL) of 10 
(benzyl)triphenylphosphonium bromide (0.27 g, 0.52 mmol) 
was added n-BuLi (0.22 mL of 2.4 M in hexene, 0.52 mmol) at 
0 ℃  under argon. After stirred for 40 min, a solution of 
aldehyde 24 (65 mg, 0.21 mmol) in anhydrous THF (2.0 mL) 
was added. The suspension was warmed to room temperature 15 
and stirred for 16 h. Then the reaction was quenched with 
aqueous NaCl and extracted with ethyl acetate (3 x 30 mL). The 
organic layer was washed with H2O and brine, dried over 
Na2SO4 and concentrated in vacuo. The residue was purified by 
column chromatography to give colorless oil 25 as a mixture of 20 
two stereoisomers (60.5 mg, 75%, E/Z = ca. 1:2). 1H NMR (400 
MHz, CDCl3) δ = 7.38 –7.23 (m, 10H, 5Z+5E isomer), 6.65 (d, 
J = 15.9 Hz, 1H, E isomer), 6.59 (d, J = 11.9 Hz, 1H, Z isomer), 
6.22 (dd, J = 15.9, 7.9 Hz, 1H, E isomer), 5.97 (dd, J = 9.0, 5.1 
Hz, 1H, Z isomer), 5.91 (ddd, J = 9.8, 4.6, 2.5 Hz, 1H, E 25 
isomer), 5.84 (ddd, J = 9.8, 4.5, 2.3 Hz, 1H, Z isomer), 5.82 – 
5.74 (m, 2H, Z+E isomer), 5.66 (dd, J = 11.9, 9.1 Hz, 1H, Z 
isomer), 5.63 (t, J = 6.9 Hz,, 1H, E isomer), 5.54 – 5.47 (m, 2H, 
Z+E isomer), 3.61 (s, 3H, Z isomer), 3.59 (s, 3H, E isomer), 
2.65 (dd, J = 15.6, 4.1 Hz, 1H, E isomer), 2.56 – 2.44 (m, 3H, 30 
2Z+E isomer), 2.32 – 2.22 (m 2H, E+Z isomer), 2.22 – 2.07 (m, 
3H, 2Z+E isomer), 2.05 – 2.04 (m, E isomer), 2.03 (s, 3H, E 
isomer), 2.02 (s, 3H, Z isomer), 2.00 (s, 3H, E isomer), 1.99 (s, 
3H, Z isomer), 1.96 – 1.88 (m, 1H, E isomer), 1.86 – 1.77 ppm 
(m, 1H, Z isomer); 13C NMR (100 MHz, CDCl3) δ = 172.81, 35 
172.80, 170.47, 170.44, 170.07, 169.91, 136.18, 136.10, 132.92, 
131.55, 131.48, 128.68, 128.52, 128.24, 127.63, 126.71, 126.13, 
124.50, 124.46, 73.83, 69.83, 67.34, 67.00, 51.61, 51.54, 44.90, 
44.75, 31.58, 28.62, 28.22, 21.39, 31.37, 21.30, 21.25 ppm; IR 
(thin film): v = 3441, 2929, 1736, 1624, 1378, 1246, 1021 cm-1; 40 
HRMS (ESI) m/z: calcd for C22H26NaO6 [M+Na]+ 409.1627, 
found 409.1626. 

Compound 26: Potassium carbonate (21.5 mg, 0.16 mmol) was 
added to a solution of 25 (30.0 mg, 0.08 mmol) in 3.3 mL 
mixture of methanol and H2O (v/v = 10:1). The reaction was 45 
stirred for about 10 h at room temperature. Water (8 mL) was 
added and the aqueous phase was extracted with ethyl acetate (3 
x 20 mL). The organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was 
chromatographed on silica gel to give recovered 25 in a small 50 
amount (4.3 mg, 20%) and a mixture of E/Z stereoisomers of 
unsaturated diol 26 (11.9 mg, 71%) as a colorless oil. 1H NMR 
(400 MHz, CDCl3) δ = 7.42 – 7.20 (m, 10H, 5E + 5Z isomer), 
6.72 (d, J = 15.9 Hz, 1H, E isomer), 6.61 (d, J = 11.8 Hz, 1H, Z 
isomer), 6.38 (dd, J = 15.9, 5.1 Hz, 1H, E isomer), 6.00 (dd, J = 55 
11.7, 9.2 Hz, 1H, Z isomer), 5.89 – 5.75 (m, 4H, 2E + 2Z 

isomer), 4.84 (br d, J = 5.5 Hz, 1H, Z isomer), 4.60 (br s, 2H, E 
+ Z isomer), 4.48 (br s, 1H, E isomer), 4.07 (br s, 1H, E isomer), 
3.87 (br s, 1H, Z isomer), 3.70 (s, 3H, E isomer), 3.64 (s, 3H, Z 
isomer), 3.22 – 3.05 (m, 1H, Z isomer), 3.04 – 2.89 (m, 1H, E 60 
isomer), 2.76 (dd, J = 15.3, 5.0 Hz, 1H, E isomer), 2.65 (dd, J = 
15.4, 5.0 Hz, 1H, Z isomer), 2.60 – 2.45 (m, 2H, E + Z isomer), 
2.41 (dd, J = 15.3, 7.7 Hz, 1H, E isomer), 2.35 – 2.29 (m, 1H, E 
isomer), 2.28 (dd, J = 15.3, 8.2 Hz, 1H, Z isomer), 2.18 (br d, J 
= 18.3 Hz, 1H, Z isomer), 1.89 (dd, J = 18.7, 10.1 Hz, 1H, E 65 
isomer), 1.84 (dd, J = 17.8, 10.0 Hz, 1H, Z isomer), 1.70 (dt, J = 
10.9, 3.9 Hz, 1H, Z  isomer), 1.65 ppm (dt, J = 11.5, 3.5 Hz, 1H, 
E isomer); 13C NMR (100 MHz, CDCl3) δ = 173.95, 173.83, 
136.92, 136.63, 133.00, 131.22, 130.97, 130.71, 130.54,, 130.22 
(s), 128.77, 128.68, 128.43, 127.80, 127.95, 127.61, 127.35, 70 
126.57, 72.04, 67.85, 66.56, 66.45, 51.87, 51.77, 47.00, 46.58, 
37.28, 37.12, 32.02, 31.57, 27.67, 27.32 ppm; IR (thin film): v = 
3357, 3025, 2924, 2854, 1735, 1438, 1258, 1159, 1055 cm-1; 
HRMS (ESI) m/z: calcd for C18H22NaO4 [M+Na]+ 325.1416, 
found 325.1410. 75 

(-)-Infectocaryone ((-)-1): Dess-Martin periodinane (152 mg, 
0.36 mmol) was added to a solution of diol 26 (36 mg, 0.12 
mmol) in dichloromethane (10 mL), and the resulting white 
suspension was stirred overnight at room temperature. Saturated 
aqueous NaHCO3 solution were added until the solids were 80 
dissolved, the aqueous phase was separated and extracted with 
dichloromethane (3 × 20 mL). The combined organic layers 
were dried over Na2SO4, filtered and concentrated in vacuo. 
The residue was subjected to flash column chromatography to 
yield a mixture of 1 and its Z-isomer as a bright yellow oil. To a 85 
solution of the above mixture in THF (8 mL), Pd(PPh3)4 (13.8 
mg, 0.012 mmol) was added, and the resulting suspension was 
stirred at room temperature for about 12 h. The mixture was 
filtered through celite, and the filter cake was washed with ethyl 
acetate. The organic layer was dried over Na2SO4 and 90 
concentrated under reduced pressure. Purification by flash 
column chromatography afforded the (-)-1 (32.7 mg, 92% over 
two steps) as a yellow gum. [α]26 

D  = －123 (c = 0.38, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ = 16.15 (d, J = 1.1 Hz, 1H), 7.69 (d, 
J = 15.5 Hz, 1H), 7.60 – 7.56 (m, 2H), 7.42 – 7.36 (m, 3H), 95 
7.01 (dd, J = 15.5, 1.0 Hz, 1H), 6.70 (dddd, J = 9.9, 6.3, 2.1,1.2 
Hz, 1H), 6.18 (dd, J = 10.0, 2.6 Hz, 1H), 3.65 (s, 3H), 3.63 – 
3.57 (m, 1H), 2.69 – 2.63 (m, 1H), 2.62 (dd, J = 15.0, 9.5 Hz, 
1H), 2.43 (dd, J = 18.0, 5.9 Hz, 1H), 2.40 ppm (dd, J = 15.0, 
5.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ = 188.50, 172.64, 100 
172.60, 144.16, 140.48, 135.55, 130.03, 129.42, 129.07, 128.19, 
118.09, 108.95, 51.95, 40.00, 29.73, 29.67 ppm; IR (thin film): 
v = 3446, 3029, 2927, 2854, 1734, 1630, 1560, 1409, 1280, 
1202 cm-1; HRMS (ESI) m/z: calcd for C18H18NaO4 [M+Na]+ 
321.1103, found 321.1098. 105 

Compound 28: A stirred mixture of L-xylose (1.0 g, 0.67 
mmol), Ph3PCHCO2Me (2.67 g, 0.80 mmol) and catalytic 
amount of benzoic acid in THF (20 mL) was heated reflux 
overnight. The solvent was removed, and 15 mL water was 
added to the syrup which precipitated triphenylphosphine oxide. 110 
The precipitate was filtered and filtrate was washed with CHCl3 
(2 x 5 mL). The aqueous layer was evaporated to give a syrup, 
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which was dissolved in dry acetone (20 mL) containing 0.2% 
H2SO4. Then anhydrous Cu2SO4 (1.0 g) was added and stirred 
at ambient temperature for 20 h. Cu2SO4 was filtered off and 
washed with dry acetone. The filtrate rendered neutral by 
shaking with Ca(OH)2 for 1 h. The inorganic salts were 5 
removed by filtration and washed with acetone. The combined 
filtrate was then evaporated to dryness under reduced pressure, 
and residue was purified by column chromatography to give 28 
(1.73 g, 91%) as a colorless oil. [α]26 

D  = +23 (c = 0.76, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 6.87 (dd, J = 15.6, 5.8 Hz, 1H), 10 
6.13 (dd, J = 15.6, 1.2 Hz, 1H), 4.49 (ddd, J = 8.1, 5.8, 1.4 Hz, 
1H), 4.19 (td, J = 6.8, 4.5 Hz, 1H), 4.02 (dd, J = 8.1, 7.0 Hz, 
1H), 3.85 – 3.79 (m, 2H), 3.73 (s, 3H), 1.44 (s, 3H), 1.41 (s, 
6H), 1.36 ppm (s, 3H); 13C NMR (100 MHz, CDCl3) δ = 166.4, 
144.3, 122.8, 110.6, 110.0, 80.5, 76.5, 74.6, 65.6, 51.9, 26.9, 15 
26.2, 25.5 ppm; IR (thin film): v = 2989, 2939, 2892, 1729, 
1663, 1437, 1377, 1217, 1164, 1070 cm-1; HRMS (ESI) m/z: 
calcd for C14H22NaO6 [M+Na]+ 309.1314, found 309.1312. 

Compound 29: To a solution of 28 (1.50 g, 5.24 mmol) in dry 
MeOH (53 mL) was added magnesium turnings (0.38 g, 15.72 20 
mmol) and the reaction mixture was stirred at 0 ºC for 1.5 h. 
Saturated NH4Cl solution (150 mL) was then added and the 
mixture was extracted with ethyl acetate (2 x 200 mL). The 
organic layer was dried over Na2SO4, the solvent was then 
evaporated and the residue was chromatographed on silica gel 25 
column to give alcohol 29 (1.11 g, 92%) as a yellow oil. [α]26 

D  = 
+7 (c = 1.25, CHCl3);

 1H NMR (400 MHz, CDCl3) δ = 5.91 (dt, 
J = 15.6, 7.0 Hz, 1H,), 5.60 – 5.50 (m, 1H), 4.07 – 4.00 (m, 2H), 
4.00 – 3.95 (m, 1H), 3.76 (dd, J = 8.0, 5.1 Hz, 1H), 3.68 (s, 3H), 
3.16 – 3.03 (m, 2H), 2.47 (d, J = 3.3 Hz, 1H), 1.43 (d, J = 4.6 30 
Hz, 3H), 1.35 ppm (s, 3H); 13C NMR (100 MHz, CDCl3) δ = 
171.8, 132.1, 125.9, 109.9, 78.7, 73.5, 65.9, 51.9, 37.5, 26.8, 
25.3 ppm; IR (thin film): v = 3470, 2988, 2952, 2891, 1739, 
1436, 1378, 1212, 1066, 852 cm-1; HRMS (ESI) m/z: calcd for 
C11H18NaO5 [M+Na]+ 253.1052, found 253.1050. 35 

Compound (+)-17: To a stirred solution of 29 (0.77 g, 3.34 
mmol) in ethyl acetate (22 mL) was added IBX (1.87 g, 6.68 
mmol), The resulting suspension was refluxed for 4 h. The pale 
yellow precipitate was filtered through a pad of silica gel and 
concentrated under reduced pressure to afford the crude product 40 
as a yellow oil, which was used in the next step without further 
purification. In a sealed tube, a mixture of the above crude 
product and the diene 16 (1.7 mL, 10.02 mmol) in toluene (3.3 
mL) was stirred at 120℃  for  40 h. Then the solvent was 
removed under reduced pressure, and the residue was subjected 45 
to column chromatography to yield (+)-17 (0.64 g, 52% over 2 
steps) as a pale yellow oil. [α]26 

D  = +109 (c = 1.04, CHCl3); the 
other spectra (1H, 13C NMR, IR and MS)  of (+)-17 are same as 
those of (-)-17. 

 50 

Acknowledgments 
We thank Sichuan University Analytical and Testing Center as 
well as Prof. Xiaoming Feng group for NMR determination. 
This work was supported by grants from the National Natural 

Science Foundation of China (20802045, 21172153, 21321061 55 
and J1103315/J0104), the National Basic Research Program of 
China (973 Program, No. 2012CB833200). 
 

Notes and references 
a Key Laboratory of Green Chemistry ＆ Technology of Ministry of 60 
Education, College of Chemistry, Sichuan University, Chengdu 610064, 
People’s Republic of China. Fax: +86-28-85413712; Tel: +86-28-
85412095; E-mail: chenxc@scu.edu.cn 
† Electronic Supplementary Information (ESI) available: 1H and 13C 
NMR spectra of compounds 13-15, 17, 19-26, 28-29 and 1, and 2D 65 
NMR spectra of compound 19, 21 and 22. See DOI: 10.1039/b000000x/ 
 
1   (a) V. Dumontet, C. Gaspard, N. Van Hung, J. Fahy, L. Tchertanov, 

T. Sevenet, F. Gueritte, Tetrahedron, 2001, 57, 6189−6196; (b) F. 
Kurniadewi, L. D. Juliawaty, Y. M. Syah, S. A. Achmad, E. H. 70 
Hakim, K. Koyama, K. Kinoshita, K. Takahashi, J. Nat. Med., 2010, 
64, 121−125; (c) T.-H. Chou, J.-J. Chen, S.-J. Lee, M. Y. Chiang, 
C.-W. Yang, I.-S. Chen, J. Nat. Prod., 2010, 73, 1470−1475.  

2   (a) R. Feng, Z. K. Guo, C. M. Yan, E. G. Li, R. X. Tan, H. M. Ge, 
Phytochemistry, 2012, 76, 98−105; (b) Y. Ren, C. Yuan, Y. Qian, 75 
H.-B. Chai, X. Chen, M. Goetz, A. D. Kinghorn, J. Nat. Prod., 2014, 
77, 550−556. 

3   (a) T. R. Govindachari, P. C. Parthasarathy, Tetrahedron Lett., 1972, 
33, 3419−3420; (b) T. R. Govindachari, P. C. Parthasarathy, H. K., 
Desai, M. N. Shanbhag, Tetrahedron, 1973, 29, 3091−3094; (c) J. A. 80 
Maddry, B. S. Joshi, M. G. Newton, S. W. Pelletier, P. C. 
Partasarathy, Tetrahedron Lett., 1985, 26, 5491−5492. 

4   H. Van der Werff, H. G. Richter, Ann. Missouri Bot. Gard., 1996, 83, 
409−418. 

5   T. L. Meragelman, D. A. Scudiero, R. E. Davis, L. M. Staudt, T. G. 85 
McCloud, J. H., II, Cardellina, R. H. Shoemaker, J. Nat. Prod., 2009, 
72, 336−339. 

6   G. Franck, K. Brodner, G. Helmchen, Org. Lett., 2010, 12, 3886–
3889. 

7   (a) G. Helmchen, A. Dahnz, P. Dubon, M. Schelwies, R. Weihofen, 90 
Chem. Commun., 2007, 675–691; (b) S. Spiess, C. Welter, G. 
Franck, J.-P. Taquet, G. Helmchen, Angew. Chem., Int. Ed., 2008, 
47, 7652–7655. 

8   (a) X. Ma, Y. Song, H. Liu, R. Chen, X. Chen, Synlett, 2012, 23, 
607−610; (b) R. Chen, H. Liu, X. Chen, J. Nat. Prod., 2013, 76, 95 
1789−1795; (c) H. Liu, R. Chen, X. Chen, Org. Biomol. Chem., 
2014, 12, 1633−1640. 

9   a) D. Zhu, L. Xia, L. Pan, S. Li, R. Chen, Y. Mou, X. Chen, J. Org. 
Chem., 2012, 77, 1386−1395; b) S. Li, R. Chen, X. Liu, L. Pan, L. 
Xia, X. Chen, Synlett, 2012, 23, 1985−1989; c) L. Pan, R. Chen, D. 100 
Ni, L. Xia, X. Chen, Synlett, 2013, 24, 241−245; d) L. Xia, S. Li, R. 
Chen, K. Liu, X. Chen, J. Org. Chem., 2013, 78, 3120−3131. 

10  (a) E. J. Corey, A. Marfat, J. Munroe, K. S. Kim, P. B. Hopkins, F. 
Brion, Tetrahedron Lett., 1981, 22, 1077-1080; (b) P. Zakrzewski, 
C. K. Lau, Synlett, 2003, 215–218; (c) A. R. Van Dyke, T. F. 105 
Jamison, Angew. Chem., Int. Ed., 2009, 48, 4430–4432. 

11 (a) A. G. M. Barrett, R. A. E. Carr, J. Org. Chem., 1986, 51, 
4254−4260; (b) T. Tsuda, Y. Horii, Y. Nakagawa, T. Ishida, T. 
Saegusa, J. Org. Chem., 1989, 54,  977−979; (c) I. Freifeld, G. 
Bose, T. Eckardt, P. Langer, Eur. J. Org. Chem., 2007, 351–355. 110 

12  (a) M. Raban, K. Mislow, Top. Stereochem., 1967, 2, 199; (b) B. M. 
Trost, J. L. Belletire, S. Godleski, P. G. McDougal, J. M. Balkovec, 
J. Org. Chem., 1986, 51, 2370−2374. 

13   J. A. Dale, H. S. Mosher, J. Am. Chem. Soc., 1973, 95, 512−519. 
14   For some chiral dienophiles in Diels-Alder reactions, see: (a) D. A. 115 

Evans, K. T. Chapman, J. Bisaha, J. Am. Chem. Soc., 1984, 106, 
4261−4263; (b) R. K. Boeckman, Jr., Y. Liu, J. Org. Chem., 1996, 
61, 7984−7985; (c) W. R. Roush, R. J. Sciotti, J. Org. Chem., 1998, 
63, 5473−5482; (d) Y. Ding, C. Zhang, W.-Y. Hua, Chin. J. Org. 
Chem., 2003, 23, 1076−1084; (e) S. M. Gueret, D. P. Furkert, M. 120 
A. Brimble, Org. Lett., 2010, 12, 5226–5229; (f) P. Ba nuelos, J. M. 
Garcia, E. Gomez-Bengoa, A. Herrero, J. M. Odriozola, M. 
Oiarbide, C. Palomo, J. Razkin, J. Org. Chem., 2010, 75, 1458–
1473.  

Page 8 of 9Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  9 

15   For some application of cyclohexenones in synthesis, see: (a) A. J. 
H. Klunder, J. Zhu, B. Zwanenburg, Chem. Rev., 1999, 99, 1163–
1190; (b) P. J. Mohr, R. L. Halcomb, J. Am. Chem. Soc., 2003, 125, 
1712–1713; (c) M. Miyashita, M. Saino, Science, 2004, 305, 
495−500; (d) A. R. Angeles, D. C. Dorn, C. A. Kou, M. A. S. 5 
Moore, S. J. Danishefsky, Angew. Chem., Int. Ed., 2007, 46, 1451–
1454; (e) H. Fujioka, K. Nakahara, N. Kotoku, Y. Ohba, Y. 
Nagatomi, T.-L. Wang, Y. Sawama, K. Murai, K. Hirano, T. Oki, 
S. Wakamatsu, Y. Kita, Chem. Eur. J., 2012, 18, 13861–13870.  

16   For some methods to synthesis of optically pure cyclohexenones, 10 
see: (a) G. P.-J. Hareau, M. Koiwa, S. Hikichi, F. Sato, J. Am. 
Chem. Soc., 1999, 121, 3604−3607; (b) R. Naasz, L. A. Arnold, A. 
J. Minnaard, B. L. Feringa, Angew. Chem., Int. Ed., 2001, 40, 
927−929; (c) M. S. Taylor, D. N. Zalatan, A. M. Lerchner, E. N. 
Jacobsen, J. Am. Chem. Soc., 2005, 127, 1313–1317; (d) A. 15 
Carlone, M. Marigo, C. North, A. Landa, K. A. Jørgensen, Chem. 
Commun., 2006, 4928–4930; (e) J. Zhou, V. Wakchaure, P. Kraft, 
B. List, Angew. Chem., Int. Ed., 2008, 47, 7656–7658. 

17  (a) A. E. Wroblewski, I. E. Głowacka, Tetrahedron: Asymmetry, 
2002, 13, 989–994; (b) M. Carda, S. Rodriguez, B. Segovia, J. A. 20 
Marco,  J. Org. Chem., 2002, 67, 6560−6563; (c) L. V. R. Reddy, 
G. N. Swamy, A. K. Shaw, Tetrahedron: Asymmetry, 2008, 19, 
1372–1375; (d) N. Zimmermann, P. Pinard, B. Carboni, P. 
Gosselin, C. Gaulon-Nourry, G. Dujardin, S. Collet, J. Lebreton, M. 
Mathé-Allainmat, Eur. J. Org. Chem., 2013, 2303–2315. 25 

18  (a) L.-Q. Sun, K. Takaki, J. Chen, S. Bertenshaw, L. Iben, C. D. 
Mahle, E. Ryan, D. Wu, Q. Gao, C. Xu, Bioorg. Med. Chem. Lett., 
2005, 15, 1345–1349; (b) F.-D. Wang, J.-M. Yue, Eur. J. Org. 
Chem., 2005, 2575–2579.  

19   D. Horton, D. Koh, Carbohydr. Res., 1993, 250, 231−247. 30 
20   (a) C. S. Pak, E. Lee, G. H. Lee, J. Org. Chem., 1993, 58, 1523–

1530; (b) J. K. Gallos, D. S. Mihelakis,  C. C. Dellios, M. E. 
Pozarentzi, Heterocycles, 2000, 53, 703–707; (c) K. Takahashi, H. 
Morita, T. Honda, Tetrahedron Lett., 2012, 53, 3342−3345. 

 35 

Page 9 of 9 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


